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Editorial |

Important Meeting for All Practicing

Structural Engineers
By James O. Malley, S.E., PE., SECB

Vice President of Engineering, Degenkolb Engineers, and NCSEA Immediate Past President

he 2012 NCSEA Annual Conference will be held in St.

Louis from October 3 — 6. The theme will be “ The Spirit

of St. Louis — Design Trends for the Future’. 1 strongly

encourage all practicing structural engineers to attend, for
an outstanding opportunity to learn from and interact with leaders
of the structural engineering profession.

The conference will kick-off on the morning of Thursday, October
4% with a series of talks on hot topics in the code and standards
development arena. After an overview talk on the main changes
in the 2012 IBC by NCSEA Code Advisory Committee (CAC)
Chair Ron Hamburger, Wind Subcommittee Chair Don Scott
will provide details on the newly adopted ASCE 7-10 wind provi-
sions and insight into the likely direction of the next edition of the
ASCE 7. Seismic Subcommittee Chair Kevin Moore will tackle
how to apply the ACI 318 Appendix D provisions on anchorage to
concrete in seismic applications, a controversial topic that can be
misinterpreted by practicing engineers. This will be followed up by
a summary of the implications of the new provisions for strength-
based masonry design by General Engineering Subcommittee Chair
Ed Huston. Evaluation Services Subcommittee Chair Bill Warren
and ICC Evaluation Services Director of Engineering Jim Collins
will wrap up the session by describing the ICC Evaluation Services
program for approving new structural products and how it affects
your engineering practice.

Once we've all been updated on the latest important code develop-
ments, we will be further enlightened by keynote speaker Lawrence
(“Larry”) Griffis of Walter P Moore and Associates. Larry, one of the
world’s pre-eminent structural engineers, will speak on Structural
Engineering Practice — Instilling “A Culture of Discipline”. His
talk will focus on the changes to our professional practice that now
require structural engineers to not only have technical skills, but also
be trained to collaborate, communicate, and document their every
move. To achieve success, or even survive, in this challenging but
rewarding profession, engineers must learn and practice a certain
culture of discipline.

Thursday’s afternoon session will begin by focusing on the latest
developments related to snow loading provisions of ASCE7-10.
Dr. Michael O’Rourke will cover the basis for the changes to snow
provisions. This will be followed by discussion from Joe Zona
on lessons learned from snow-induced collapse of buildings last
winter from the heavy snowfall in New England. Joe’s emphasis
will be on the primary factors that led to the collapses, including
the performance of buildings constructed using current ASCE
7 provisions for snow loading. Thursday’s program will wrap up
with a presentation on the devastating effects of the 2011 Joplin,
Missouri tornado by Randall Bernhardt and Malcolm Carter, who
participated in an effort by SEAKM to investigate the performance
of some of the building types damaged by the tornado. This
investigation found commonalities in damage patterns, regardless
of building type, and developed recommendations for building
code updates and further research.

On Friday morning, the focus will shift to updates on emerging
tools and technology for seismic design. Jon Heintz of the Applied
Technology Council (ATC) will present key findings, conclusions,
and discoveries from recently completed and ongoing ATC projects
addressing R factors, tall building design, ground motion selection,
soil-foundation-structure interaction, and soft-story building evalu-
ation and retrofit. Ron Hamburger will follow up with a detailed
overview of the ATC-58 project report, Seismic Performance Assessment
of Buildings (FEMA P-58), the next-generation of performance-based
methods that estimates the consequences of seismic damage on indi-
vidual buildings in terms of casualties, repair costs, and downtime.

The technical sessions on Friday afternoon will be presented by
NCSEA Publications Chair, Dr. Tim Mays, who will present material
from two recent NCSEA-generated design guides that should be on the
shelves of all practicing engineers, as well as two soon-to-be-published
design guides that many practicing structural engineers have been
seeking. Tim’s presentation on the first two guides, titled Guide to the
Design of Diaphragms, Chords and Collectors and Guide to the Design
of Out-of-Plane Wall Anchorage, will focus on example problems and
appropriate hand and computer modeling techniques necessary to
design these elements. Tim’s presentation on the second two guides,
titled Guide to the Design of Building Serviceability and Guide to the
Design of Foundation Systems, will focus on all areas of serviceability,
including practical example problems, 2012 IBC Chapter 18, and
ASCE/SEI 7-10. Tim will conclude with an overview of the topics
of other upcoming NCSEA design guides.

While I hope you agree that this is an outstanding lineup that will
provide you with valuable information and new tools to improve
your practice, the conference has much more to offer. On Wednesday,
October, 3", the conference will host ICC Evaluation Services hear-
ings, NCSEA committee meetings, exhibitor and vendor presentations
and a tour of the nearby AZZ Galvanizing plant, all at no additional
cost to Conference attendees. The annual meeting of NCSEA’s 43
Member Organizations will occur from 8 a.m. — 9:45 a.m. (Member
Organization reports) on Friday and from 8 a.m. thru lunch on
Saturday. Social events include a Wednesday evening reception hosted
by the Structural Engineering Certification Board (SECB), a Thursday
evening Exhibitor Reception, and a Friday evening Awards Banquet,
presenting the NCSEA Excellence in Structural Engineering awards
and honoring engineers who have made outstanding contributions
to the structural engineering profession. Also note that for the first
time, Young Members (defined as members age 35 and younger) will
be offered a special 25% discount on Conference registration fees.

St. Louis was selected for this year’s Conference because of its central
location, as well as reasonable air fares and hotel rates ($102/night plus
tax). I hope that you will agree that the outstanding technical program,
as well as all of the other activities at the conference and the reasonable
price point, make this year’s annual conference a terrific
value. For more information and to register, please visit
NCSEA Conferences and Institutes at www.ncsea.com.
I hope that all of you will meet me in St. Louis!®
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Brace Yourself!

Novel Uses for the

Buckling Restrained Brace

By Kimberley Robinson, S.E.

Kimberley Robinson, S.E. is the chief
engineer with Star Seismic, Park
City, Utah. Kimberly can be reached
at KimR@StarSeismic.net.

he Buckling Restrained Brace (BRB)

was introduced in the United States

in the late 1990s and since then has

been used in nearly 500 structures. The
Buckling Restrained Braced Frame (BRBF), the
lateral-load resisting system that uses the brace as
an integral component, has been codified since
2005. However, due to the attributes of buckling
restrained braces, many projects use the BRB in
unique ways that differ from the standard BRBF
concentrically braced frame.

The BRB brace consists of two main parts: the
central steel core and the surrounding outer casing
assembly. The brace’s main load-carrying element,
the core, is encased in an outer assembly that con-
fines the core and provides stability to the system,
to the point that the core will yield in compres-
sion. This creates a brace with a strength that is
nearly the same in both tension and compression
and is designed not to buckle. Some of the attri-
butes of the BRB brace are that the yield load,

expected strain-hardened
capacity and elastic stiff-
ness can all be defined and
controlled. The symmetri-
cal capacity of tension vs.
compression allows BRB
braces to be used in single-diagonal configurations
without penalty. And the system harnesses the
ductility of steel to provide sustained, repeatable
performance and energy absorption. Due in part
to these features, BRBs have been used in or
proposed for a variety of applications, including
bridges, civil structures, horizontal diaphragm
elements, highrise outrigger frames, externally
anchored braces, wind towers and many other

unique applications. The following projects show
a sampling of some innovative applications.

Single Brace Retrofit

Rutherford & Chekene, a structural engineering
consulting firm in San Francisco, was presented
with a unique challenge in the seismic evaluation
and retrofitting of a historic steel and concrete
structure. This two-story electrical substation
was built in the early 1920s and remains an
important link in the region’s electrical power
network. Renovations performed over the years
had removed the lower portion of one of the
concrete walls. The resulting structure was not
adequate to meet the owner’s seismic perfor-
mance objectives.

Retrofit options were limited. Replacement of
the concrete wall that had been removed was not
an option, as critical communications equipment
that could not be moved had been placed in that
area. Bracing on the exterior of the structure was
not possible because of the historic character of the
building and the presence of high-voltage buried
conduits. A single brace could be allowed in the
high-bay room adjacent to the area where the wall
had been removed. A buckling restrained brace was
selected as it was able to support both tension and
compression loads while maintaining the required
strength and ductility (Figure I). In addition, the
brace strength could be “tuned” to avoid overload-
ing collectors and floor diaphragms, and to match
the strength of the remaining walls and reduce the
possible plan-torsion of the structure under strong
earthquake shaking. A new collector and foundation
was provided to complete this portion of the retrofit.

Figure 1: Single BRB brace project. Courtesy of Rutherford & Chekene.
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Tuned Liquid Damper ~——

Concrete Core ——>

Buckling Restrained Braces

Outrigger Columns

Figure 2: Schematic of the One Rincon outrigger
system. Courtesy of Magnusson Klemencic Associates.

Highrise Outrigger System

The One Rincon Hill South Tower is a
56-story, 578-foot tall residential structure.
It is located next to the western approach of
the San Francisco — Oakland Bay Bridge.
In the heart of one of the most seismically
active regions in the US, the design was also
governed by considerations from powerful
Pacific winds due to its prominent location
on the skyline.

The design of the structure includes a rect-
angular concrete core for the seismic and
wind forces. The length of the core in one
direction was sufficient to resist overturn-
ing demands, but the other was too narrow
to adequately control building sway. The
design team at Seattle based Magnusson
Klemencic Associates decided to incorpo-
rate an outrigger system into the structure
to bolster the stiffness in the core’s narrow
dimension, much the same as the use of
ski poles can stabilize a skier. The outrig-
ger system served to reach out to the large
concrete outrigger columns to engage them
for resistance to overturning at four levels of
the structure (Figure 2). Buckling restrained
braces allowed the design team to limit the
amount of load that would be delivered to
the outrigger columns while controlling
the stiffness and response of the building.
In addition, a large tank at the top of the
building holding up to 50,000 gallons of
water is used for two purposes: as a tuned
liquid damper to counter the sway from
wind forces and as a reservoir for firefight-
ing purposes.

Bridge

The tallest bridge in California, the Foresthill
Road Bridge, was determined to be in need
of seismic retrofitting. This famous bridge,
spanning the North Fork Canyon of the
American River, was built in the early 1970s
and measures 2,428 feet from one side to the
other. At more than 730 feet above the river,
it is the fourth highest bridge in the United
States and the ninth highest bridge in the
world (Figure 3). The bridge is a truss bridge
and provides the primary link between the
towns of Auburn and Foresthill, California.
As part of the retrofit, the bridge deck is being
widened to maintain traffic flow while the
retrofit is taking place.

The design team at Quincy Engineering
in Sacramento, CA, along with the Placer
County Department of Public Works,
completed the seismic evaluation and
developed alternate retrofit solutions. The
project included a very detailed project spe-
cific design criteria that was reviewed by a
Technical Peer Review Panel and had very
specific performance measures. There were
multiple sets of ground motions that were
based on a 1.0g peak ground acceleration.
Through all of the detailed analysis, it was
determined that BRBs achieved the perfor-
mance objectives and allowed for repairable
damage after a maximum credible event.
One important design objective was to limit
the seismic forces on the longitudinal abut-
ment anchors of the bridge, both to protect
the anchorages themselves and protect the
surrounding truss members, by confining the
inelastic demands to sacrificial link-plates
that will fail at a prescribed strain and then
allow the BRB’s to engage. The link plates
can easily be replaced and, once the BRBs
begin yielding, they will perform in a stable
inelastic, ductile behavior which allows large
energy dissipation. The final configuration,
with BRBs located longitudinally at the truss
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bottom chord connections to the abutments,
was an effective and economical way to meet
the design objectives.

Civil Structure

Casad Dam is a concrete gravity arch dam
built in the 1950s that includes an integral
intake tower located on the upstream face
at the center of the dam. The intake tower
was not adequate to support the anticipated
seismic demands, where the peak ground
acceleration was increased due to the proxim-
ity of the Seattle fault and new research into
the magnitude of potential events. A retrofit
scheme was needed for the intake tower that
would have minimal impact on the normal
operation of the dam, would have minimal
underwater work, and could be done with
minimal expense.

The design team at Hatch Associates
Consultants, Inc. in Seattle, WA investi-
gated several options and found that bracing
the tower back to the dam best met their
key objectives for the retrofit, rather than
strengthening the tower at its base. However,

L i Bt

structure.

k|

Figure 4: Casad Dam and intake
Courtesy of Star Seismic.



the arch dam required protection by limit-
ing the brace forces. Viscous dampers and
buckling restrained braces were considered
and, after detailed simulations, stainless steel
buckling restrained braces with a yielding steel
core were selected (Figure 4, page 9).

The project successfully met diverse func-
tional objectives that included preventing
tower collapse under a maximum credible
earthquake with a 0.78g peak ground acceler-
ation, meeting low maintenance requirements
while providing high reliability, and ensuring
that there were no environmental or water
quality impacts.

Horizontal Buttresses

Retrofitting of structures can create par-
ticularly difficult design challenges. When
the structure being retrofitted is congested
with piping and equipment that must stay
in place, the level of complexity is increased.
When the structure is a manufacturing
facility that runs 24 hours per day and must
stay in service during the retrofit, the design
team is presented with opportunities for
creative solutions.

The design team at Simpson Gumpertz
& Heger (SGH) were faced with such a
project, which presented limited access to
much of the interior of the structure. The
solution originally relied on braced frames
to resist seismic loads in one direction and
moment frames in the other. It had been
modified and partially retrofitted in the
past, but still relied on vulnerable braced

e

Figure 5: Horizontal BRB braces to buttress frame. Courtesy of Dave McCormick, SGH.

frames. Consequently, a retrofit system
compatible with a structural system of sig-
nificant stiffness was required. Part of the
solution developed by the team included an
exterior buttresses frame of traditional brac-
ing, which were designed to remain elastic
during a seismic event, tied to the structure
using horizontal buckling-restrained braces
(Figure 5). The geometry and the height
of the buttresses varied based on seismic
demands and limited access to the por-
tions of the exterior (including adjacent
buildings, equipment and a major pipe
rack.) BRBs were selected because they
could deliver a specifically designed level
of stiffness while limiting the maximum
load to be transferred, providing ductil-
ity to the system. In addition, they would
provide similar capacities in both tension
and compression, and were designed not
to buckle at the design loads. Additional
BRBs were included in the interior of the
structure using traditional BRBF frames,
including the use of a spliced BRB brace
in order to facilitate transportation through
congested areas and erection around the
obstacles encountered within the structure.

Externally Anchored Braces

Degenkolb’s engineers were faced with a
similar problem. They, too, were working
with a facility that could not be shut down
during the retrofitting process. Several
external braced frame configurations were
developed, including one which involved
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Figure 6: Externally anchored bracing. Courtesy of
Mitsui & Co. (U.S.A.), Inc.

using BRBs to brace directly from an exte-
rior foundation to the first and second levels
of a two-story structure (Figure 6). This
required the use of very long braces, up to
50 feet in length, and the combination of
length, overall size, and the need to control
of the brace yield force for the roof level
braces would simply not have been practi-
cal if conventional braces had been used.
In addition, the bracing accommodated
the aesthetical appearance of the structure
that the architect envisioned. Careful design
of the bracing elements and connection
details achieved the visual impact desired
from the structure.

The projects listed above provide only a
small sampling of unique uses for buck-
ling restrained braces. As the brace usage
expands, functions requiring symmetrical
capacity between tension and compression,
calibrated stiffness of elements, limiting
of force transfer through an element, the
incorporation of ductility and energy
absorption and other features of the brace
will continue to be found. The applications
found truly demonstrate the abundant cre-
ativity of the engineering designers using
the technology.=

The projects used in this article represent
projects from all three of the domestic
BRB manufacturers. The author
appreciates the input from each of the

engineering firms listed, as well as SIE,
Inc. and Corebrace, LLC.
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CODES AND
STANDARDS

updates and discussions
related to codes and standards

By Jeff Ellis, PE., S.E.

Jeff Ellis, PE., S.E. is a Code
Report & Branch Engineering
Manager for Simpson Strong-Tie
Company Inc. He has served on
the Board of Directors for the
Structural Engineers Association of
Southern California (SEAOSC),
chaired the AISI COFS Lateral

Design Subcommittee, and served
as a director as well as president of
the Cold-Formed Steel Engineers
Institute (CFSEI). Jeff can be

reached at jellis @strongtie.com.

Designing Cold-Formed
Steel Framed Lateral
Force-Resisting Systems

systems were first introduced in the 1997

edition of the Uniform Building Code
(UBCQ). Since that time the provisions have been
refined and expanded, and currently address CFS
framed diaphragms with wood panel sheathing,
shear walls, and diagonal strap braced walls. This
article discusses the history of the code provi-
sions, some of the design considerations unique
to CFS framed lateral force-resisting systems, and
resources available to aid designers.

rovisions for the design of cold-formed
steel (CFS) framed lateral force-resisting

History of Code Provisions

The original code provisions for CFS framed lat-
eral force-resisting systems appeared in Chapter
22 of the 1997 UBC and covered fully sheathed
shear walls with overturning restraint at each
end (Type I shear walls) as shown in Figure 1,
and diagonal strap braced walls used to resist
wind and seismic forces.
However, the shear wall
applications were lim-
ited to those sheathed
with wood structural
panels and gypsum board
attached to 33 mil (20 ga)
and 43 mil (18 ga) fram-
ing, with an aspect ratio
of 2:1 or less. The 2000 International Building
Code (IBC) added steel sheet sheathed shear
walls and permitted shear wall assemblies with
an aspect ratio up to 4:1. Also, nominal assembly
strengths were tabulated, which were multiplied
by a resistance factor, ¢, or divided by a safety
factor, Q, to determine the LRED or ASD shear
strength, respectively. In the 2003 IBC, Type I
(segmented) and Type II (perforated) shear wall
types were introduced.

In 2004, the American Iron and Steel Institute
(AISI) published the Lateral Design Standard and
Commentary (AISI-Lateral) with tabulated dia-
phragm strengths and shear wall and diaphragm
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Figure 1: Typical CFS framed shear wall.
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CFS framed structure. Courtesy of Don Allen
of DSi Engineering.

deflection equations. This standard was referenced
in the 2006 IBC. In 2007, AISI published a new
edition of the Lateral Design Standard, A1SI S213-
07, which was adopted by the 2009 IBC. AISI
$213-07 contained more robust provisions for
diagonal strap braced walls, provisions for seismic
forces contributed by masonry and concrete, as
well as Canadian provisions for CFS framed shear
walls. The most recent Lateral Design Standard,
AISI S213-07-S1-09, is adopted by the 2012
IBC. This document adds another steel sheet
shear wall assembly and limits the aspect ratio of a
diagonal strap braced wall (Figure 2) to 2:1 unless
an analysis is performed taking into account joint
flexibility and end moments in the vertical bound-
ary members (end studs).

Boundary Member
and Hold-down Design

One of the most discussed code provisions for
CEFS framed shear walls and walls with diagonal
strap bracing designed using a seismic response
modification coeflicient, R, greater than 3 is the
requirement to design the vertical boundary
members (end studs) and the overturning restraint
for the minimum of the amplified seismic force or
the load the system can deliver. This requirement
to design for increased seismic forces is found in
AISI S213 Section C5.1.2.2 (shear walls) and
C5.2.2.2 (walls with diagonal strap bracing) and
is intended to help protect elements in the wall
from premature failure and allow energy to dis-
sipate in the sheathing to framing connections
or diagonal strap bracing.

The amplified seismic force is defined as the load
determined using the code seismic load combi-
nations that include the overstrength factor, 2.
It should be noted that ASCE 7 Table 12.2-1
footnote g permits 0.5 to be subtracted from
the overstrength factor when the diaphragm is
considered flexible. ASCE 7-10 permits untopped
steel deck or wood structural panel diaphragms
to be idealized as flexible for one- and two-family
dwellings, when the simplified design procedure



is used, and for light-frame structures where
there is no topping on the diaphragm or
where the non-structural topping is less than
or equal to 1%2-inch thick and each line of
seismic force-resisting elements complies with
the seismic story drift limitation.

The nominal shear strength for CFS framed
shear wall assemblies are tabulated in AISI
S213. However, as AISI S213 Commentary

Figure 2: Diagonal strap braced wall with 4:1 aspect ratio. Courtesy of AISI & McGill University.

C5.1 states, the tabulated values are based on
a test protocol and the backbone curve which
underestimates the nominal strength of the
shear wall by up to 30%. This greater strength
should be considered in design when deter-
mining the maximum the system can deliver.

The nominal strength of the vertical
boundary studs and overturning restraint
(hold-down) is required to be greater than

the amplified seismic load or the maximum
load that the system can deliver. The nominal
tension strength for the overturning restraint
device (hold-down) is listed in the manufac-
turer’s literature. If the nominal hold-down
tension strength is not available, designers
may divide the LRFD tension strength by the
resistance factor, ¢, provided by the manu-
facturer, or multiply the ASD tension load
by 1.2 for use with the ASD seismic load
combinations with the overstrength factor as

permitted by ASCE 7-10 Section 12.4.3.3.

Aspect Ratio

CFS framed shear walls, walls with diagonal
strap bracing, and horizontal diaphragms have
aspect ratio restrictions to limit excessive deflec-
tion of the assembly. For walls, the aspect ratio
is defined as the height divided by the width
(h/w), and for diaphragms it is defined as the
length divided by the width (I/w). For horizon-
tal diaphragms, the maximum aspect ratio is 4:1
for blocked diaphragms and 3:1 for unblocked
diaphragms (Figure 3, page 14). The aspect
ratio is limited to a maximum of 2:1 for wood
sheathed, steel sheet sheathed, and gypsum
board sheathed CFS framed shear walls as well
as for walls with diagonal strap bracing. The
ratio for wood panel or steel sheet sheathed
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test specimen.

CEFS framed shear walls can be increased up
to 4:1 for assemblies identified in AISI S213,
as long as the shear strength is multiplied by a
load reduction factor equal to 2w/h.

AIST S213 also permits the aspect ratio to
be increased for walls with diagonal strap
bracing resisting wind or seismic forces, as
long as “a rational analysis is performed which
includes joint flexibility and end moments in
the design of the chord studs.” For walls with
high aspect ratios, the chord studs develop
bending moments in addition to axial forces.
These bending moments can be conservatively
predicted in a standard 2D frame model of
the diagonal strap braced wall. If the chord
studs are designed with these bending
moments included, strap braced walls at high
aspect ratios may still perform adequately.
Fiberboard sheathed CFS framed shear walls
are limited to a maximum aspect ratio of
1:1. It is also worth noting that fiberboard
sheathed shear walls may be used in Seismic
Design Category (SDC) A through C, and
gypsum board sheathed shear walls may be
used in SDC A through D.

Shear Transfer near
Edge of Concrete
The 2009 IBC requires bolts embedded in

concrete be designed in accordance with ACI
318-08 Appendix D where strength design
or load combinations including earthquake
loads are used. Although Appendix D only
provides strength design procedures for use
with LRED, it's somewhat common for engi-
neers to divide calculated values by 1.4 to
obtain allowable anchor strengths for use with
seismic design. Such a calculation results in
allowable loads for the embedded bolt that are
significantly lower than the allowable bearing
of the bolt in the CFS track. For example,

the allowable shear strength in bearing for a
%-inch diameter anchor bolt in a 54 mil CFS
track is 1860 lbs, while the allowable shear
strength parallel to the edge of concrete for
the embedded bolt is 364 lbs (based on SDC
C through F with L-bolt embedded 7 inches
and located 1% inch from the edge of cracked
concrete with f'.=2500 psi.)

To address this issue, AISI supported a
research project that showed the bolt to track
connection (Figure 4) provides the necessary
ductility for shear wall shear anchorage, and
substantiated a code exception (2012 IBC
Section 1905.1.9) allowing the near edge
shear anchorage design strength to be deter-
mined based on the bearing strength of the
bolt in the track in accordance with AISI
S100 Section E3.3.1. The exception applies
to CFS track between 33 mil and 68 mil in
thickness anchored with shear anchor bolts
5% inch or less in diameter, that are embed-
ded a minimum of 7 inches and are located
a minimum of 1% inch from the edge of
concrete, and a minimum of 15 diameters
from the end of the foundation.

Fasteners

There are several methods to attach sheath-
ing to CFS framing including self-drilling or
self-piercing tapping screws, power-driven
driven smooth and knurled pins, and adhe-
sive. While the code does not specifically
recognize power-driven driven pins to attach
sheathing to CFS framing, several products
are recognized in product evaluation reports
— based on testing — that may be referenced
to determine if the application warrants
their use. The code also does not specifi-
cally recognize adhesive to attach sheathing

Figure 3: Blocked wood sheathed CFS
Sframed diaphragm. Courtesy of Don Allen
of DSi Engineering.
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Figure 5: Winged tip and non-winged tip #8 and
#10 self-drilling tapping screws.

to CFS framing. Furthermore, AISI S213
Commentary Section C2 states that there
is only limited testing regarding this assem-
bly method and the data demonstrates that
installations will not perform the same as an
assembly with the sheathing attached to the
framing with screw fasteners, and the system
may have limited ductility.

The typical method to attach sheathing to
CFS framing is with steel tapping screws.
When an R factor of 3 or more is used for the
seismic force-resisting system, Table C2.1-3
must be used to determine the nominal
shear strength of shear walls, and the noted
limitations on screw size and framing thick-
ness must be followed. For example, a wood
sheathed CFS framed shear wall with #8
screws may not use framing thicker than 54
mil. $213 Commentary Section C2.1 states
that $213 “prescribes a maximum stud thick-
ness in order to preclude a change in failure
mode of the screw fasteners.” In addition,
minimum screw head diameters are prescribed
in 8213 Section C2.2.2 for wood sheathing
attachment to the framing members (0.285
inch and 0.333 inch for a #8 and #10 screw,
respectively).

Screws with a winged tip and with a non-
winged tip have been used to attach wood
sheathing to CFS framing. Recent full-scale
testing at the Simpson Strong-Tie Tyrell Gilb
Research Laboratory compared the perfor-
mance of shear walls constructed with these
two screw types (Figure 5). Test walls consisted
of 4 x 8 foot CFS framed assemblies with
76-inch thick wood structural panels with #8
screws spread at 6 inches on center spacing
at panel edges and 33 mil framing on one
assembly and #10 screws spread at 2 inches
on center and 54 mil framing on the other
(Figure 6). Results showed that, while the peak
loads were within 5 to 10% of one another,
the assemblies with the winged tip screws were
less stiff compared to the non-winged tipped



screws and this resulted in an approximate
20% design strength reduction. This may be
due to the wings creating a larger hole in the
wood panel sheathing, which in turn creates
a less stiff assembly.

Some limited testing has been conducted on
wood sheathed, CFS framed shear walls to
investigate the effect of overdriven fasteners,
and is referenced in AISI $213 Commentary
Section C2.1. The wood sheathing was ¥s-
inch plywood and 50% of the fasteners were
overdriven by at least ¥-inch. The results
showed significantly reduced strength, stiff-
ness and ductility for the overdriven

(AISI D110-07). Currently, there is AISI
supported CFS framed lateral force-resisting
system research at McGill University and the
University of North Texas, as well as an NEES
project entitled “Enabling Performance-
Based Seismic Design of Multi-Story CFS
Structures.” For more information on the

NEES project, visit www.ce.jhu.edu/cfsnees.

Conclusion

Cold-formed steel framed lateral force-
resisting systems are relatively new to the

construction industry. The code provisions
for these systems have been revised and
enhanced over the last 15 years for clarifi-
cation, and new provisions have been added
to increase the number of potential solutions
for a given project. CFS systems have some
unique design considerations, but more tools
and design aids are becoming available and
additional research is underway. Expect to
see additional changes and improvements
that will enhance the requirements and
methods for successful cold-formed steel
framed lateral system design.=

fastener assembly, so care should be
taken so as not to overdrive the sheath-
ing fasteners.

Design Resources
and Tools

There are many useful tools to help
facilitate and expedite the design pro-
cess. These include design guides, new
product systems and connections, as
well as computer software and research
reports. Many of these are available
from the AISI and CFSEI websites.
Additional resources include the Cold-
Formed Steel Engineers Institute’s
(CFSEI) Cold-Formed Steel Framed
Wood Panel or Steel Sheet Sheathed Shear
Wall Assemblies Design Guide, several
CFSEI technical notes, the AISI General
Provisions standard (AISI S200), the
AISI Wall Stud Standard (AISI S211),
the AISI Manual (AISI D100-08), and
the AISI CES Framing Design Guide

Figure 6: Non-winged self-tapping screw test
assembly failure.
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Gate Bridge

The Real Story — Part 2

By Reinbard Ludke, S. E.
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Structural Engineers and

Architects of the Golden

his is Part 2 of the real story of the

Structural Engineers and Architects

of the Golden Gate Bridge. Part 1

(STRUCTURE?® July 2012) described
the history of spanning the Golden Gate. Joseph
Strauss proposed a hybrid steel truss suspension
bridge across the Golden Gate in 1921. From
1921 to 1930, Strauss had the good fortune to
have hired Charles Ellis to be the Vice President
in charge of bridge engineering and construction
at his firm and have the Golden Gate Bridge
District include Leon Moisseiff as an expert
advisor for this monumental bridge project. The
history continues.

Trying to sell his vision of the bridge, Strauss
mentioned Ellis’ credentials as often as he could
in business meetings and proposals, often pre-
fixing Ellis’ name with “Doctor” or “Professor.”
Ellis was too immersed in his duties to pay much
attention. He was spending months working out
the calculations and then refining the design
and details of a suspen-
sion bridge dreamed up
by bridge designer, Leon
Moissieff. The two vision-
aries worked in tandem to
master all of the equations
necessary to calculate
forces at the Golden
Gate, though they were
separated by hundreds of miles. Telegrams flew
between Ellis in Chicago and Moissieff in New
York, aggravating Strauss, who did not understand
the complexity of the engineering work. Strauss
did not understand the complex calculations or
appreciate the necessity to have confidence in the
calculations. This was pioneering engineering and
new territory for a 4,000 foot long suspension
bridge. A pioneering step that went too far proved
disastrous for Moisseiff five years later when his
Tacoma Narrows Bridge failed in a wind storm,
with the steel girder bridge deck destroyed and
in the water.

In the twenty years from 1915 to 1935, the
science and art of long span bridge design and
engineering went through a great deal of change.
One man, Leon Moisseiff, was a key member of
this revolution. Moisseiff had developed a theory
to distribute wind stresses on suspension bridges by
balancing the lateral displacement of the cable and
bridge deck structure. Leon began by estimating
the share of the wind load carried by the truss. The
remainder is supported by the main suspension
cable. This generates a load line and stress limit, for
both the cable and the truss. By using the principles
of integral calculus, he was able to use the estimated
load line to determine the shear curve and then
the moment curve and the displacements along the
length of the bridge. Four different integrations
were required to find the slope of the elastic curve
for the truss, and two integrations were required
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Golden Gate Bridge — 75" Anniversary. Courtesy of
Reinhard Ludke.

for the cable. The relationship of the vertical dead
load — weight of the bridge — to the horizontal
wind load at any point in the truss determines the
slope of the suspender; once this was known, the
difference between displacement of the truss and
that of the suspension cable were known. Moisseff
compared the calculated displacement of the truss
with the calculated displacement of the main cable
and suspenders. The first trial did not check, so the
truss wind load line was refined and the calcula-
tions repeated until the displacement converged
to a solution. Each iteration of these calculations
took several days, and it required several iterations
of these manual calculus calculations to converge
on a solution. From these calculus integrations,
Moisseiff was able to determine the displacement
of the stiffening trusses which yielded the forces
and stresses that needed to be supported.

According to this theory, developed by Moisseiff
and Frederick Lienhard, as much as half the wind
pressure could be supported by the main cables in
a long suspension bridge and transmitted to the
towers and cable anchorage. At the same time, the
deflection of the truss and of the cable would tend
to balance each other, thus restoring the bridge
to equilibrium under gravity loads only; after
the wind stops, the lateral displacements return
to zero. In a properly balanced bridge, the wind
loads would not damage the bridge if it is flexible
enough to bend and sway without overstressing
the truss structure. The Golden Gate could be
lighter, longer, and narrower than thought pos-
sible, which resulted in construction that took
less time and cost less.

Charles Ellis fully grasped and embraced Moisseiff’s
theory and the implications of the mathematics.
The Golden Gate was an opportunity to implement
these new suspension bridge theories. Ellis applied
this mathematics in the design for the suspension
bridge. America had moved to the forefront of
long span bridge engineering and construction.
Strauss had abandoned his promotion of his hybrid
bridge concept. It was heavy, used more material,
and would take at least a year longer to construct.

Leon Moisseiff worked in tandem with Charles
Ellis on the engineering of the Golden Gate
Bridge. Moisseiff especially contributed to the



force calculations related to wind loading
on the bridge. From his New York office, he
traded telegrams with Ellis in Chicago, going
over numerous engineering questions. Ellis
was responsible for directing the thousands of
calculations required for the computation of
stresses, refining the structure design, as well
as development of the technical specifications,
construction contracts, and proposal forms.
Ellis worked tirelessly on the calculations for
the suspension span, and he also tackled the
frame calculations for the towers.

Strauss was getting impatient with “all the
time” Ellis was taking to finalize the bridge
design. Ellis would not release the design until
he was confident that the structural analysis
calculations were correct. All these calculations
had to be done manually and he did not have
multiple staff members who could complete
some of this complex work, so he did much of
the analysis himself. Finally, on December 5,
1931, by telegram from San Francisco, Strauss
insisted that Ellis take a vacation. Three days
before his vacation was over, Charles Ellis
received a letter from Strauss instructing him
to turn all his work over to his assistant Charles
Clarahan, Jr., and to take an indefinite unpaid
vacation. The reason(s) Joseph Strauss removed
Ellis from his pivotal role as Structural Engineer
are not documented in the records. Clifford
Paine took over Ellis’ role as the “Assistant
to Joseph Strauss” on the project. Strauss
remained as the “Chief Engineer.”

For reasons not clear today, Mr. Strauss had
fired Ellis. Whether it was a disagreement
on technical matters, a conflict of personali-
ties, or some other issue, Charles A. Ellis had
lost his place in the engineering and design
history of the Bridge and received no credit
for his critical role in the final design of the
landmark Bridge upon its opening. He went
on to join the engineering faculty at Purdue
University in 1934, from where he retired
as Professor Emeritus of the Division of
Structural Engineering in 1947. Forced into
semi-retirement, Ellis revisited the computa-
tions for the Golden Gate Bridge. He labored
over the numbers obsessively. Investing about
70 hours per week, he executed a complete
review of the numbers in five months,
working unpaid. Unfortunately for him, his
connection with his primary obsession for
so many years had been severed. When the
Golden Gate Bridge opened in 1937, many
men were credited with “building” it, among
them Strauss, Moisseiff, and Clifford Paine,
Ellis’ successor on the project. Yet Charles
Ellis was not mentioned.

Not until 1949, when an obituary named
him as the bridge’s designer, did Ellis receive
any recognition for his enormous role in

the design and engineering of the bridge.
Whether he ever saw or stood on the bridge
is not known. In all the years Ellis spent
laboring over the numbers — in ten vol-
umes of calculated dimensions, loads, wind
stresses, and the like — he had made the
bridge his own.

Ellis, Moissieff, and Othmar Ammann were
great engineers in their own right and, for the
bridge project, they brought their own unique
contributions to the ultimate collective effort.
Chief Engineer Joseph Strauss was the lead-
ing visionary, campaigner, and organizer for
the development of the Bridge. Consulting
Engineers Leon Moisseiff and Othmar
Ammann were among the leading suspension
bridge designers of their time; Moisseiff having
developed the deflection theory and Ammann
was known for developing traffic load theories
which lead to design of light weight and eco-
nomical bridges. Charles Ellis was the dedicated
engineer performing endless calculations seek-
ing to bring perfection to the design. He is the
Structural Engineer of the Golden Gate Bridge.
Clifford Paine completed the detail construction
plans that carried the Ellis design to comple-
tion through construction. Resident Engineer,
Russell Cone, lead the on-site construction
engineers and had significant contributions in
engineering the construction of complex tower
foundations, erection of the towers, and manag-
ing Roebling spinning the main cables.

Strauss first sought out John Eberson, a famous
movie theater architect of the time, to consult
on bridge design and architecture. Some of his
sketches remain in the historic archives, and
he is recognized for his contribution of the Art
Deco vocabulary of the bridge towers.

Strauss considered Eberson’s fees too high,
so in 1930 he replaced the consulting bridge
architect with Irving F. Morrow. Irving E.
Morrow, a local Berkeley architect, is respon-
sible for the Golden Gate Bridge’s graceful
art deco design and paint color. Morrow
expressed his visions in charcoal drawings.
He designed small detail elements like street
lamps, railings and pedestrian walkways,
added vertical fluting to the bridge towers,
stylized geometry in the era’s Art Deco style.
He created the two magnificent 700-foot tall
Art Deco Sculptures — the main suspension
cable support towers.

Morrow’s most famous contribution to the
Golden Gate Bridge was its distinctive burnt
red-orange hue called International Orange.
Others had suggested the bridge be painted
aluminum, dull gray, or the Navy’s preference,
highly visible yellow with black stripes. He
states in his April 6, 1935 report, “the bridge
should be a color which contrasts with the
surrounding sea, sky and land regardless of
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South Anchroage & Tower. Courtesy of Associated
Oil Company.

weather or season.” One by one, members of
the bridge’s brain trust relented, as Morrow
identified a paint durable enough to need less
frequent reapplication. In the end, the bridge’s
design fit harmoniously into the bay’s natural
palette of sky, water, and land.

In early 1936, Morrow sent lighting guide-
lines for the bridge to Strauss. Though
lighting was normally a job entrusted
to electrical engineers, Strauss followed
Morrow’s recommendations. After his
work on the Golden Gate Bridge, Morrow
returned to designing residential and small
commercial buildings.

The suspension bridge used less steel and
was faster to build. Persuaded by these cost
and time considerations, Strauss endorsed
the suspension plan. Seventy five years later,
the bridge that resulted from Charles A. Ellis
and Leon Moisseiff’s engineering and Irving
Morrow’s architecture and color is the inter-
national icon for San Francisco.

It is the collective efforts of the structure
engineers that created the design of the iconic
Golden Gate Bridge. Joseph Strauss, Leon
Moisseiff, Clifford Paine, Russell Cone, and
especially Charles Ellis share the legacy that is
celebrated in 2012. The contribution of each,
as individuals and as a team, led to the premier
suspension bridge of all time. We would not
be celebrating the 75" Anniversary of the
bridge without the efforts, promotion and
leadership of Joseph Strauss. The imagination,
engineering, pioneering technical achieve-
ments, art, and spirit of this bridge, at this
location, was created by Charles A. Ellis, Leon
S. Moissieff, and Irving F. Morrow.

On May 25, 2012, as part of the 75%
Anniversary of the Bridge, the Golden Gate
Bridge District acknowledged and celebrated
the contributions of Charles A. Ellis. ASCE
and the Structural Engineers Association of
California placed a plaque at the south bridge
plaza, that states “American Society of Civil
Engineers, recognizes the contributions of
Charles A. Ellis, Bridge Engineer, on this 75®
Anniversary of the Golden Gate Bridge.”
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Answer provided by Tyler
Witthubn, Project Engineer with
the National Concrete Masonry
Association. He manages research
projects, handles technical
inquiries, assists with technical
publications, and participates as
staff liaison to NCMA task groups
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Jason Thom pson, Vice President
of Engineering for the National
Concrete Masonry Association,
is responsible for overseeing the
technical activities, services, and
research for the Association.

Changing Masonry Standards

Question: Table 2 of TMS 602-11/ACI 530.1-11/
ASCE 6-11, Specification for Masonry Structures,
seems to provide conservative values for the specified
compressive strength of concrete masonry construc-
tion, f .. 10 achieve greater economy in our designs,
we often choose to make and test prisms instead of
using these tabulated values. Is there any attempt
being made to reduce the conservatism in Table 2?

Answer
Table 2 of TMS 602 has been a part of build-

ing codes and standards for decades, providing a
convenient method (Unit Strength method) of
correlating assembly compressive strength (f,)
to unit compressive strength and mortar type.
'This approach to specifying or verifying concrete
masonry assembly strength, however, is recog-
nized as a tradeoff between the table’s convenience
and inherent conservatism. This conservatism is a
byproduct of the table’s original data, which was
developed when
testing practices
were not as refined
as today.

To improve econ-
omy in design,
the National Concrete Masonry Association
(NCMA) began compiling prism test data several
years ago to create a new unit strength table that
is more representative of contemporary prism
testing practices. The results indicated:

e Compressive strengths are generally higher
than previously used in Table 2, TMS 602.

e The mortar compressive strength does not
impact the measured prism compressive
strength unless very high strength units
are used.

o Prisms constructed using Type S and Type
N follow the same general trends, but Type
N mortar has a statistical maximum of
approximately 2,600 psi.

o The most significant revelation from this
research is that the weakest combination

L e B -
mpression testing.

o :
Prism specimen following co

of permitted unit strength and mortar type
produces an assembly compressive strength
of over 2,000 psi.

A proposed new unit strength table stemming
from this investigation is illustrated in the table
below. It is being reviewed by the Masonry
Standards Joint Committee for potential inclu-
sion to the proposed update of TMS 602-11/
ACI 530.1-11/ASCE 6-11, Specification for
Masonry Structures. Once adopted, the ease
and convenience of the unit strength method
will continue, albeit without the inherent con-
servatism in previous versions of this table.
The research shows conclusively that properly
constructed and tested concrete masonry always
produces prism strengths greater than 2,000
psi, regardless of mortar type. Therefore, in the
near future, there will be no need to specify /",
values less than 2,000 psi. The increased net
area compressive strengths (f",) derived from
the proposed table will facilitate the design
of more economical and sustainable concrete
masonry structures.

The full version of the research report and its
conclusions will be posted summer 2012 at the fol-

lowing link: www.ncma.org/resources/design/
Pages/ResearchReports.aspx.®

Proposed New Unit Strength Correlation for Concrete Masonry

Net Area Compressive

Net Area Compressive Strength of Masonry, psi (MPa)

Strength of Concrete
Masonry Unit, psi (MPa)

Type M or S Mortar

Type N Mortar

2,000 (13.8

2,000 (13.8)

2,000 (13.8)

2,500 (17.2

2,500 (17.2)

2,500 (17.2)

3,000 (20.7

2,700 (18.6)

2,600 (17.9)

2,800 (19.3)

4,000 (27.6

3,100 (21.4)

4,500 (31.0

3,200 (22.1)

5,000 (34.5

3,600 (24.8)

)
)
)
3,500 (24.1)
)
)
)
)

5,500 (37.9

4,000 (27.6)
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Our latest innovation for cold-formed steel construction is the new Simpson Strong-Tie® SUBH
wall-stud bridging connector. It requires only one screw for most installations, reducing

the installed cost over conventional clip-angle connections that require four screws. The
SUBH connector features a unique geometry that grabs the stud web and fits snug
over 1.5" U-channel, enabling superior rotational and pull-through resistance. It
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Level of Development in BIM

300 350 400

The image shows a structural steel bracing member at three LOD levels. The LOD 300 brace is for permit level
structural documents. LOD 350 brace with gusset plates is for trade coordination and LOD 400 brace with welds

is for shop drawings.

o technology has applied as great of

an external force of change to the

structural engineering profession

as Building Information Modeling
(BIM). BIM is requiring firm owners to be flex-
ible as project scopes, and possibly their standard
of care, evolve.
The trend for
building owners
requests for the
design teams to
share their 3D
models with contractors continue to increase.
Additionally, building officials are beginning to
look at structural models as the deliverable for
automated code checking. The need for tighter
scope definition highlights the importance of
establishing the Level of Development (LOD)
of BIM structural elements. All structural engi-
neering firm owners in 2012 must take an active
role in understanding the changes BIM enables
in the building industry, and how to properly
define the scope of their base services as well as
additional services.

This article addresses the background of the
LOD concept, discusses the author’s newly pro-
posed LOD 350, and discusses current trends in
LOD. Most importantly, no two sets of firms,
projects, contract forms, or clients are the same.
There are many different opinions on the topic
of who should model what and to what LOD.
Some firms seek to limit the LOD they model
in an effort to manage risk within traditional fee
structures. Others seck to expand their scope for
additional fees and possible risk. The importance
of LOD is that it allows all of these firms to clearly
define the scope they choose.

The AIA E202 document contains a table for
defining the “Level of Development” of the BIM
(AIA E202 § 1.2.3 Model Element) on a scale
of 100 to 500. LOD in AIA E202 describes the
level of completeness to which a model element
is developed. It is important to emphasize that
LOD only applies to individual model elements
and not an entire model. For example, there is no
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such thing as an LOD 300 model when defining
scope. Additionally, a model element author is
defined as the party responsible for developing
the content of a specific model element to the
LOD required for a particular phase of a Project.

Definition of the intended use of the model ele-
ments is also possible in E202, which addresses
use cases. Currently, the dominant use case for
structural engineers is the creation of 2D docu-
ments. Other structural use cases are estimating,
3D spatial validation (clash detection), auto-
mated (CNC) fabrication, and many others,
such as automated structural code checking in
building departments.

Model elements at LOD 100 may be graphi-
cally represented with a symbol, but they do not
have any indication of actual physical geometry.
For structures, there is seldom any content mod-
eled at LOD 100. Information related to the
model elements (i.e., cost per square foot, steel
or reinforcing pounds per square foot, etc.) is
often derived from a textual structural narra-
tive that the engineer provides to accompany
the architects early mass model of the build-
ing. At LOD 200, an element is graphically
represented as a generic system, object, or assem-
bly with approximate quantities, size, shape,
location, and orientation. From this point the
model elements progress to LOD 300 where it
is graphically represented as a specific system,
object or assembly which is accurate in terms of
quantity, size, shape, location, and orientation.
For full trade coordination, however, additional
element development is often needed beyond
LOD 300. For this reason, the author has advo-
cated on the joint BIM Forum (AIA working
group on LOD) for a newly proposed LOD
350, “Assemblies for Coordination”. LOD 350
is defined as the Model Element being graphi-
cally represented within the Model with the
construction layout. Beyond 350 is LOD 400,
“Detailed Assemblies.”

At LOD 400 the model element is graphi-
cally represented as a specific system, object or




assembly that is accurate in terms of size,
shape, location, quantity, and orientation
with detailing, fabrication, assembly, and
installation information. While LOD 500
is beyond the scope of this discussion, it
is the model element level where As-Built
and facility management information is
integrated into the model elements. Non-
graphic information may also be attached
to the model element at any LOD.

The Figure shows an example of LOD with
a main structural steel brace member at

three different LOD levels. At LOD

is responsible for modeling items such as floor
depressions, openings, top of wall heights of
parapets, etc.

Future trends to look for are new use cases
for models that include automated struc-
tural code checking. Such trends may require
structural engineers to expand their tradi-
tional scope to include modeling elements
to a higher LOD during design, including
gravity and lateral loading along with classi-
fications for special inspection requirements
for each member.

Regardless of one’s personal opinions of
how the structural profession should use
BIM, few fail to see that BIM use is expand-
ing in structures far beyond just a tool for
creating 2D documents. The significance of
the LOD concept is that it is an important
tool to help define the structural engineer’s
scope in BIM. For additional information
on this topic, visit www.SEIBIM.org for
resources on the topic or send an email to
structures@] KERD.com.=

300, the brace is sufficiently developed
to create permit construction documents
with plan and framing elevation images.
However, for cross trade coordination
with MEDP systems, for example, the
construction team needs the member’s
gusset plates modeled which correlate
to a brace at LOD 350. After trade
coordination, the brace element would
be developed further to LOD 400 for
fabrication level modeling. This level
includes all the connection information
of the brace needed for shop drawing
creation and computer numeric con-
trolled (CNC) automated fabrication
and welding.

In structural design models, main
structural members and systems are nor-
mally modeled with standard modeling
tools for the creation of 2D construction
documents. Higher levels of structural
element information are usually pro-
scribed with typical details. Examples of
these structural elements are gridlines,
levels, columns, beams, slabs, walls,
main gravity systems and main lateral
systems. Construction drawings made
from the LOD 300 model are accompa-
nied by additional 2D information such
as general notes, typical details, spe-
cific details and specifications to define
higher level information not typically
shown in ¥-inch scale plans or modeled
for permit drawings.

Most main structural member elements
are at LOD 300. However, structural engi-
neers must be mindful that LOD 300
requires elements to be in the correct loca-
tion. Thus, sloping roof members that are
modeled flat are not at LOD 300, even
though the 2D plans made from them
appear correct. Other areas of misunder-
standing are structural elements shared
with architecture such as tilt walls, slabs
and load bearing masonry walls. The struc-
tural engineer’s scope should address who
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Survival of a Crane Truss
in a Waterfront Project

odern container terminals are
often built on sites with existing
infrastructure like tunnels, sewers
and pipelines. Sometimes the

relocation of these obstructions is not feasible.
These conditions often require the engineering of
long-span trusses for container cranes. Nowadays,
availability of suitable waterfront industrial sites
dictates the direction of development of new port
facilities. This article gives some insight into the
most critical issues of the design of waterfront
crane trusses and discusses fatigue, dynamic
impact allowance, torsional resistance, effect
of dynamic impact on fatigue, fracture critical
connections and buckling analysis of built up
box elements. Other important issues discussed
include the impact of the environment on cor-
rosion fatigue, methods of corrosion protection
within ice fluctuation zones, and proposed deflec-
tion and camber criteria for long-span crane ways.

Background

Cyclical movements of
long-span crane girders
and crane trusses have
been identified as the
cause of many structural
failures in the past. Repeated fluctuating loads can
result in fractures at stress magnitudes well below
elastic failure in monotonically loaded elements
and connections. Failure due to accumulation of
plastic deformation is known as fatigue. Normal
fatigue can be described as a process of cumulative
plastic damage in a non-aggressive environment.
Fatigue aggravated by a corrosive environment
is known as corrosion fatigue. Fatigue nor-
mally develops at connections or discontinuities
where local stresses exceed the steel yield stress.
Accumulated plastic damage initiates a crack,
which in turn aggravates the discontinuity and
increases stress in the remaining part of the con-
nection, causing crack propagation and ultimately
structural failure. Geometry of the detail, mate-
rial and weldment quality is described by stress
category. The AISC 13* Edition and AASHTO
LRFD 4™ Edition define eight such categories,
each described by a reliability constant (Cy) and
an endurance limit, called the stress threshold
(Fra). The temperature and aggressiveness of the
medium also affect fatigue resistance.
Among the most effective methods of increasing

the fatigue lifespan of a connection are:

* Upgrading the stress category.

* Reducing the stress range.

* Decreasing the severity of stress

concentrations.
* Implementing corrosion protection.
Stress concentrations can be reduced by incor-

porating smooth transitions with large radii and
avoiding sharp geometrical discontinuities in welds.
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Corrosion fatigue behavior is affected by the same
parameters as normal fatigue. However, in a corro-
sive environment, the fatigue threshold limit is lower
and crack propagation is faster at all stress intensity
levels. Common corrosion types — particularly crev-
ice, pitting and inter-granular corrosion — affect
crack propagation. Pitting corrosion is the most
damaging type. How much should the threshold
limit be lowered in a corrosive environment? There
is no definitive answer, but it would be reasonable
to reduce it by 10-15% unless a protective coating
can provide reliable protection. Frequently the weld
becomes the source of stress concentration, which
itself leads to accelerated corrosion, which in turn
increases the chances of fatigue. The whole process
can be described by a simple sequence of events:

Corrosion — Stress Concentration —
Accelerated Fatigue, or Stress Concentration
— Corrosion — Growing Stress
Concentration — Accelerated Fatigue

On many occasions, corrosion is initiated in tran-
sition welds, at weld discontinuities and at sharp
transition angles.

Stresses Affecting
Long-Span Crane Trusses

Crane trusses undergo a complex, fluctuating
loading cycle. An overview of fluctuating load
terminology can be seen in Figure I and Figure 2.



Stress cycles shown in Figure I represent ideal
constant-amplitude fatigue stresses. However,
actual stress fluctuation is much more com-
plex; a graph would show several short-term
load cycles. Each cycle can be described by
three operations:
* Load pick-up (maximum load on
crane wheels).
* Load carry-over into the loading bay.
* Unloading (minimum load on
crane wheels).

A new short-term load cycle starts when a crane
moves into a new stationary position. There are
also sub-cycles, characterized by crane travel
between stationary positions. Sub-cycles are the
least frequent events. The type of load fluctua-
tion described by the curve shown in Figure 2 is
known as variable-amplitude loading. The cycle
with the largest stress range is called a primary
cycle. Crane relocation and operation from
other stationary positions along the truss creates
a series of secondary cycles, with much smaller
stress range magnitudes. Therefore, the estimated
fatigue life of the connection should be based on
an equivalent constant-amplitude fatigue stress
range, rather than the maximum stress range.

Engineering for Fatigue

Stresses during the cyclic load are described
by several parameters (Figure 1), including the
maximum stress (f,,..), the minimum stress (f..,),
and the stress range (f; = fon — frin). Another
important parameter, called the stress ratio
(R = fin/fna), Is strangely missing from the
AASHTO LRFD 4" Edition and AISC 13%
Edition. Figure 1a shows idealized cyclic stresses
with complete stress reversal, R =f,;, / " = - 1.
Figure 16 shows compression to tensile stress
reversal with compression stress £, = — (0.5
frd> R=—0.5. Figure Ic shows cyclic stresses
with zero to full tensile stress, R = 0/ *f,,,. = 0.
Figure 1d shows a tensile to tensile stress cycle,
0 <R < 1. Both f,,, and f,,;, have positive signs.
Figure 3 shows the fatigue limit correlation for
different stress ratios, R = -1, R=0and R = 1.
The fatigue strength was compared at 2,000,000
cycles and significantly decreases as the stress ratio
decreases from R = 0 to R = -1. The fatigue limit
with stress ratio 0 < R < -1 can be analytically
interpolated from S-N stress curves shown in
the USS Steel Design Manual for A36 and A50
steels. The threshold stresses shown in Table A-3.1
of AISC 13* Edition and Table 6.6.1.2.5-3 of
AASHTO LRFD 4" Edition were referenced
to a complete stress reversal cycle (R = -1).
Comparison of the data streams indicates that
threshold limits, referenced by both manuals, lead
to overly conservative results. Zzble 1 will help the
designer to justify a constant-amplitude fatigue
threshold (Fry;) based on the stress ratio (R).

Load Combinations
-1

and Dynamic Impact R=

The dynamic vertical load is a random

event. The main cause of impact is

a combination of crane rail vertical

misalignment and crane loading —

e.g., unloading operations. Crane rail

vertical misalignment affects impact

R=-1/2 S max
80 R=1
60
Fy = 50 KS|
b 40 |y l 36‘KSI
20
60 40 20 0 20 40 60 _ +Smin

during crane sub-cycles, and therefore S ™in

should not be combined with impact
due to loading-unloading operations.
AISE Technical Report No 13 sets crane
rail vertical misalignment criteria at %4-inch. In
the absence of any better references, designers
of waterfront crane railways should indicate
a Y4-inch vertical misalignment as a practical
design limit. Presently, documents used for the
design of crane ways, notably AISC 13 Edition
and UFC 4-152-01, Design: Piers and Wharves,
prescribe a 25% impact factor applied to the
maximum listed wheel loads of the crane bogie.

A paper presented by P. H. Griggs (1976) indi-
cated that measured vertical impact typically
does not exceed 7% of the vertical static load
on a crane wheel. The summary of suggested
vertical impacts referenced by different sources
is illustrated in 7able 2 (page 24).

The impact produced by a crane lift is
explained by the ramped impulse equation

described by S. P. Timoshenko (1974):

1able 1: Fatigue threshold limits.

Figure 3: Comparison of fatigue strength of as received
structural steel plates at 2,000,000 stress cycles.

Bimax = Oy (1+ T/mx *sin(nt/T)) (Equation I)

where,

(1+ T/mz *sin(nt/T)) = the dynamic ampli-
fication factor;

7 = is the duration of the impulse; and,

T = is the period of the first mode, known as
the fundamental natural period.

Reverse analysis of Eguation 1 presented in
Table 3 (page 24) shows the (¢/T) influence
on impact results. Zable 3 explains why mea-
sured impacts were never larger than 7% of that
predicted by Equation 1. Weaver provides the
following explanation for measured impact phe-
nomena: “Actual tests have shown that impact
on the crane girders rarely exceeds 5 to 7% of
static load, even for relatively fast hoist speeds,
due to cushioning effect resulting from torsion-
spring action of the ropes (cables) and leaf-spring

Stress Category | Reliability Factor, Cf | Stress Ratio, R | Threshold Limit, FTH (ksi)
A 250*108 0 33 (0 to tensile)
250*%108 -1/2 33 (partial reversal)
250*108 -1 24 (full reversal)
B 120*108 0 26 (0 to tensile)
120*108 -1/2 21 (partial reversal)
120*108 -1 16 (full reversal)
B’ 61*108 0 20 (0 to tensile)
61*108 -1/2 16 (partial reversal)
61*108 -1 12 (full reversal)
C 44*108 0 16 (0 to tensile)
44*108 -1/2 13 (partial reversal)
44*108 -1 10 (full reversal)
D 22*108 0 11 (0 to tensile)
22*108 -1/2 9 (partial reversal)
22*108 -1 7 (full reversal)
E 11*108 0 7 (0 to tensile)
11*108 -1/2 6 (partial reversal)
11*108 -1 4.5 (full reversal)
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Table 2: Vertical impact on crane railway.

Table 3: Theoretical impact.

Reference Description
Griggs < 7% of the crane static load
Whiting Crane Handbook. 5% to 7% from sum of hoist lifted load

and weight of grappling device.

Russian Standard, SNIP 2.01.7-85 for
Container Cranes (GOST 25546-82)

10% of the crane static load on the crane
bogie wheel.

action of the girders.” The boom of the con-
tainer crane compliments leaf-spring action
of the crane girder. A more gradual rise of the
impulse duration reduces the effect of dynamic
amplification. Since 1991, many crane girders
used for support of heavy 300- to 400-ton steel
mill cranes were successfully designed using a
10% impact factor applied to the maximum
listed wheel load. Russian SNIP 2.01.7-85 has
prescribed a 10% impact allowance applied to
crane wheel loads since 1975. The majority of
sources that have done independent research on
impact agree that a 25% impact factor is overly
conservative and highly unrealistic. 7ables 4
and 5 present load combinations suggested for
crane way analysis. Notice that impact in these
load combinations is taken as 10% of the static
wheel load.

Very similar load combinations were sug-
gested by Bhimani and Soderberg (2006). The
impact suggested by Bhimani and Soderberg
was included in load combinations WOP1
and WOP2 with 50% of the AISC 13
Edition and UFC 4-152-01 recommended
value, virtually restricting the effect of vertical
impact to 12.5% of the static load acting on
the crane wheel. The author strongly believes
that a 10% vertical dynamic impact allowance
for crane runway design is a reasonable and
sufficiently conservative assumption.

Crane History
UFC 4-152-01 and the AISC 13" Edition

have no provisions for fatigue design based
on variable-amplitude loading. Design based
on a maximum stress range coupled with the
maximum number of load cycles is beyond
reasonable conservatism. A properly designed
long-span crane truss is always based on the
anticipated future loads. “Future history” can
be created by the facility operator, using data
from the assumed ship sizes and scheduled
arrivals. The ship data helps to locate the crane
stationary positions for loading-unloading
operations. Crane positions predetermine pri-
mary and secondary short-term load cycles for
each critical location along the truss span. For
fatigue analysis, all short-term load cycles are
compiled into one variable-amplitude loading
case. Fatigue analysis of all tension elements
and connections of the structure is based on

statistical formulas known as Miner’s Rules
and fatigue resistance curves.

Miner’s Rules

Fatigue analysis based on maximum stress
levels and the maximum number of cycles
yields ultra-conservative results. Shilling et al.
(1979) expanded the Miner’s Rule for the case
of variable-amplitude loading. The first rule of
that analysis states that the stress response of
each joint is based on a fatigue damage ratio,
which should not exceed unity:

D=X(n/N) (Equation2)

where,
n = number of cycles applied at a given stress
range.

Table 4: Suggested service load combinations.

S max== Oy *
/T *[(1+T/mt*sin(nt/T)]
1.000 | 1.008,
0.500 | 1.635,
0.250 | 1.905,
0.125 |[1.978,
0.000 |2.005,

N = number of cycles for which the given
stress range would be allowed by the appro-
priate S-N curve.

The second rule implies that the effective
stress range is equal to the cube root of the
mean cube of the stress range.

Seﬂf = (Z(ni/N(mal) * S3ri)0‘333 (Equﬂtz'on 3)

S-N Curves

Fatigue resistance is derived from exponential
curves, called the S-N relationship, where N
is the number of cycles to failure and S, is
the stress range.

N=Ci/S, (Equation 4)

n = 3 for all stress categories except E

Operating
Mode WOP1 * WOP2** WOP3**+* Stowed
Crane Dead Load, DL 1.0 1.0 0.66 1.0 /(0.66)
Lift System, LS 1.0 1.0 0.66 1.0 /(0.66)
Lifted Load, LL 1.0 1.0
Impact Load, IL 0.1(LS+LL) | 0.1(DL+LS+LL)
Operational Wind, OWL | 1.0/ (0) 1.0/ (0)
Storm Wind Load, SWL 1.0
Earthquake Load, EQ
Collision Load, CL 0.66(DL+LS)
Table 5: Suggested factored load combinations.
Operating
Mode WOP1 * WOP2** WOP3*** | Stowed

Crane Dead Load, DL 1.2 1.2 1.0 1.2 /(1.0)
Lift System, LS 1.2 1.2 1.0 1.2 /(1.0)
Lifted Load, LL 1.6 1.6
Impact Load, IL 0.1*1.6(LS+LL)[0.1*1.6(DL+LS+LL)
Operational Wind, OWL 1.6/ (0) 1.6/ (0)
Storm Wind Load, SWL 1.6
Earthquake Load, EQ
Collision Load, CL 1.0(DL+LS)

NOTES:
* Load Combination for load pick up

** Load Combination for load carried by crane along the crane way within the crane loading bay.
*** Factors shown in parenthesis | () are given for load cases when wind load causes uplift.
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Figure 4: Crane truss elevation.

C; = stress category reliability coeflicient.

S, = design service load stress range.

The S-N curves were developed for differ-
ent stress categories and are presented in the
AISC 13" Edition and AASHTO LRFD
Specifications Tables (based on constant-ampli-
tude, full-stress-reversal loading). The following
example provides step-by-step direction on
how to determine the service life of a connec-
tion detail, converting variable-amplitude stress
ranges into an equivalent effective stress range.

Example 1

Assume four short-term load cycles. Figure
4 shows a crane truss with four stationary
positions. Obviously, the designer can select
stations at 1 foot o.c. However, experienced
designers should select strategic stations,
allowing for a more efficient analysis. Load
cycle #1 denotes the primary load cycle. Load
cycles from #2 to #4 are secondary load cycles
for investigated stationary positions of the
crane. Thus, each crane stationary position
denotes the cycle number. Service load stresses
imposed by each load cycle at the connection
are shown in column S,.. The number of stress
ranges for each cycle is shown in column
n;. Table 6 gives the number of cycles per
day; the ideal time history will be based on a
longer term. The longer the time history, the
greater the analysis precision. Analyses of the
effective stress range and fatigue damage ratio
are presented in Zables 6 and 7. The result of
the analysis compiled in 7zble 6 shows that
the effective constant-amplitude stress range
Sur = 14.12 ksi.

Using the S-N relationship formula
(Equation 4), the designer can calculate the
equivalent number of cycles, or fatigue life,
of the connection.

N = C; /S", for stress category B, (n = 3)

Np =1.20%10"°/ 14.12° = 4,262,625 cycles

If the stress category is changed to B', the
number of load cycles will become signifi-
cantly lower:

NOTE:

1 - PIPE SECTION
2, 3, 4 — FABRICATED BOX SECTION
5 — VERTICAL HINGE DETAIL FOR WAVE STRUT

Np=0.61*10"/14.12° = 2,166,835 cycles.

Knowing the estimated number of annual
cycles, the designer can estimate the lifespan
of the structure. Assuming 160 cycles per day
or 160 x 365 = 58,400 per year, the life span
of the connection,

Npyeas = 2,166,835 / 58,400 = 37.10 years
for Stress Category B'.

N years = 4,159,059 / 58,400 = 71.21 years
for Stress Category B.

Fatigue life of the structure is determined
from the lowest number of cycles attributed
to each joint. Similar checks should be made
for each connection detail subjected to tensile
stresses. In general, the design fatigue life of
each joint and member should be at least 25%
longer than the intended service life of the
structure. In other words, all elements have
to be designed with a safety factor of 1.25.
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Figure 5: Fatigue resistant box section for truss fabrication.

The lifespan of the structure can be derived
from the limit imposed on the fatigue damage
ratio, D < 1.0 (Equation 2). An analysis of the
Fatigue Damage Ratio is compiled in 7zble 7.

Ng' yeas = 1.0 /0.02 = 50 years for Stress
Category B'.

The estimated service life of the truss derived
from Equations 3 and 4.

N service = 37.10 / 1.25 = 30 years

All connections and joints of the crane
truss should be specified with prequalified
full-penetration welds. Weldments prone to
lamellar tear must be excluded. Weldment
details recommended for the best fatigue
resistance performance are shown in Figure 5.

Connections designed with the highest stress
category and lowest stress range, S,, will have
the best fatigue resistance.=

Part 2 of this article will appear in an

upcoming issue of STRUCTURE.

Table 6: Analysis of effective stress range, connection 1, miner rules, equation 4.

Niow =160
Stress Category B’
S n; number of S &
Cycle # Cs ksi | stress ranges S; | 0/ Ny | (i / Nope)*S?s ksi
1 0.61*1010 18 40 0.25 1458.0
2 16 40 0.25 1024.2
3 10 40 0.25 250.0
4 7 40 0.25 85.75 14.12
2(n; / Nooea)*S’s)
=S¢ =2,817.9
Table 7: Analysis of fatigue damage ratio, connection 1, miner rules, equation 3.
Stress Category
Stress Range B’ (n=3)
Cycle # S, n C N=C;/ S, n/N
1 18 40*365 0.61*1010 1,045,953 0.0104
2 16 40*365 1,489,258 0.007
3 10 40*365 6,100,000 0.0018
4 7 40*365 17,784,256 0.0006
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Designing Column Base
e e e Plates for Uplift

Figure 1: 45-degree-progression bending plane.

ccording to the father of the atomic

age, Albert Einstein, we should all

try to “Make everything as simple

as possible, but not simpler.” In the
spirit of this admonition, the following article
describes a simple way to analyze steel in bend-
ing, and specifically a steel base plate supporting
an HSS column subject to uplift forces. Once
properly understood, the method can be used for
most conceivable configurations of steel compo-
nents where a flat-plate-bending, bending plane
can be identified. For comparison purposes, a
corresponding base plate analysis will also be
performed using the AISC procedure for locating
the bending plane of a base plate supporting an
HSS column.

We will analyze a 14-inch x 14-inch base plate,
supporting an HSS 8x8 column resisting a net
ultimate uplift of 40 kips. The steel design refer-
ence will be the 13" Edition of the AISC Stee/
Construction Manual (AISC 13* Edition).

The anchor bolts, that secure the base plate to
the foundation, are symmetrically placed at the
column corners. Following clear spacing guid-
ance in Table J3.4 of the AISC 13* Edition,
each anchor bolt is located as shown in Figure
1. Since the anchor bolts are symmetrically
placed, and the base plate is a uniform thick-
ness, they share the 40 kips equally. Therefore,
each bolt resists 40 kips / 4 or 10 kips of uplift.
The more difficult challenge is to locate the
bending plane, and corresponding effective
width, in the base plate as the column is pulled
upward. If we assume that the bending plane
is located at the column corners and the area
of steel developed is based on a 45 degree dis-
tribution of the tension force from each bolt,
the base plate’s bending plane can be visualized
as shown in Figure 1. Using this approach,
the required base plate thickness based on the
flexural strength of the bending plane is just
under 0.75 inches.

contl'nued on nextpﬂge
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PRACTICAL
SOLUTIONS

solutions for the practicing
structural engineer

45-Degree-Progression
Bending Planes vs

AISC HSS Base Plate
Bending Planes

By Dan Mazzei, PE.

Dan Mazzei, PE. is an Associate

at Wallace Engineering,
headquartered in Tulsa, OK. He is
a member of the American Concrete
Institute and a member of the

Oklahoma Structural Engineers
Association. Dan can be reached at
dmazzei@wallacesc.com.
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Figure 2: AISC HSS base plate bending plane.

For comparison purposes, our next step would be to locate the
bending plane per the AISC 13* Edition, Chapter 14. It is important
to note that this procedure is based on a base plate designed for
gravity loads, but it can still be used to locate the bending plane for
net uplift. Using the same base plate configuration, we will identify
the plate width (B) = 14 inches and the base plate length (N) = 14
inches. With the base plate’s bending plane being near the face of
the column and considering the portion of the base plate beyond
the face of the column as cantilevered out to the edge of the base
plate, the actual location of the bending plane is the greatest of m,
n and An' from the edge of the base plate.

As shown in Figure 2 and per AISC 13 Edition, Chapter 14,
for a square HSS shape m = n = [N - (0.95)(column width)] / 2
= [14—(0.95)(8 inches)]/2 = 3.2 inches This dimension is the dis-
tance from the edge of the base plate to the bending plane in the
base plate near the face of the column. For a base plate subjected
to gravity loads, the 3.2 inch dimension must then be compared
to the theoretical location of the bending plane based on yield
line theory, An'. However, the calculation for An'is not applicable
for a net uplift condition since it is dependent on the capacity of
the base plate with respect to concrete crushing (i.e. Pu/ ¢ Pp).
See Punching Shear In Thin Foundations in the April 2012 issue
of STRUCTURE Magazine.

Therefore, the bending plane for uplift loads is at m = n = 3.2
inches. In other words, this calculation shows that the bending
plane is 3.2 inches from the edge of the base plate. Up to this
point, the AISC procedure for determining the dimensions m
and n is essentially the same as what is used when designing a
base plate in bearing with continuous support by a footing (i.e.
what is shown in AISC 13* Edition, Chapter 14). However,
since the base plate is supported in the reverse direction by the
heads of the anchor bolts, the bearing plate procedure cannot be
used to solve for the moment in the effective section nor for the
required base plate thickness. Instead, the location of the bending
plane from the center line of the anchor bolts can be found by
subtracting the bolt’s clear space (1Y% inches for the edge of the
plate) from the 3.2 inch dimension determined above, giving 3.2
inches — 1.5 inches = 1.7 inches. This is the dimension between
the bolt’s centerline and the bending plane, and is also the moment
arm needed to solve for the moment at the bending plane. The
moment at the bending plane is simply the tension load on two
bolts multiplied by the 1.7 inch moment arm. Since both sides
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Figure 3: Bending at horizontal leg of ledger angle example.

resist the load equally, the moment at the bending plane is, M =
Tu/2 x 1.7 inches = 40 kip/2 x 1.7 inches = 34 kip-inches. Using
the same logic as shown in Figure 1, the effective section for this
case is the full length of the base plate and the required thickness
can be determined as follows:

t=[(HM) / (0.9)(b)(Fy)]"

t = [(4)(34 kip-inches) / (0.9)(14 inches)(36)]'"

t = 0.55 inches

As you can see, the required thickness, based on the AISC HSS
base plate bending plane, is less than that based on the 45-degree-
progression bending plane. This is because the latter accounts for
unbraced base plate corners by using a reduced effective section.
Therefore, the 45-degree-progression procedure is both simpler,
more accurate, and will result in a more conservative design (i.e.
a thicker base plate) when designing for uplift.

Another example of how useful the 45-degree-progression bending
plane procedure can be is shown in Figure 3. This calculation checks
a ledger angle’s ability to support a load applied near the toe of its
horizontal leg. The procedure is the same as that outlined in Figure
1 and simply shows that the required thickness of a steel component
is easily determined by identifying the bending plane, calculating
its section modulus, calculating the applied bending moment at the
bending plane and then determining how much steel is necessary to
resist the bending moment.

In conclusion, I hope that the reader can see how useful and simple
the 45-degree-bending plane procedure can be when checking the
capacity of steel components. It has helped me, on several occasions,
check the capacities of structural components for which there was
no clearly defined design procedure.®
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Cobe UPDATES

By Thomas Sputo, Ph.D., PE., S.E.

teel decking was first used to support a

concrete floor in the 1920s. Loucks and

Giller described a steel-deck system in a

patent filed in 1926. In this early devel-
opment, the steel deck provided all the structural
resistance, concrete was added to provide a level
walking surface and fire resistance. The use of
steel deck was attractive to constructors as it
served as permanent formwork and construc-
tion platform, and was an attractive alternative
to reinforced concrete slab floors.

By 1938, engineers were using a non-compos-
ite cellular floor system produced by the H.H.
Robertson Company (referred to as the keystone
beam because of the dovetail shape of the steel
deck cross section) in industrial buildings.

History of the
Steel Deck Institute
Organized in 1939 as the Steel Roof Deck

Industry Technical Committee, the name
of the organization was changed in 1947
to the Metal Roof Deck Technical Institute
and changed again in 1964 to the Steel
Deck Institute.

The steel roof deck industry’s first design
specification was dated June 1945 and
Suggested Architect’s Roof Deck Specifications
and Code of Recommended Standard Practice
were adopted in 1948. Standard load tables
for roof decking were first adopted in 1966.
Specifications and commentary for com-
posite steel floor deck were adopted and
published in 1978.

The SDI today consists of 16 Member
Companies that manufacture steel deck,
and 14 Associate Member Companies that
manufacture related products used in the
production or erection of steel deck. The
Institute is involved in a broad range of
activities associated with the engineering,
design, production and field usage of steel
decks developed through the combined
efforts of the entire membership. SDI
Member Companies are responsible for
the production of approximately 95 percent
of the steel deck used in the United States.

Free downloads of all SDI Standards, white
papers, additional technical resources, and
additional information regarding the SDI
and its member companies can be found
on the SDI website, www.sdi.org.

Development of Composite Steel Deck

code developments and announcements

The first composite slabs, concrete reinforced
by the steel deck, appeared in the 1950s. The
first was a product known as Cofar, produced
by the Granco Steel Products Company,
which was a trapezoidal deck section with cold
drawn wires (T-wires) welded transversely
across the deck ribs. The slab was analyzed
as a traditional reinforced concrete slab and
found to be in good correspondence between
predicted and experimental strengths.

In 1961, the Inland-Ryerson Company
produced a trapezoidal steel deck with
indentations rolled into the profile to achieve
horizontal shear transfer between the concrete
and steel. This floor deck, known as HiBond,
was the forerunner of most modern composite
steel decks that use embossments to develop
bond between the concrete and the deck.

By the mid 1960s, a number of manufacturers
were producing composite steel decks, validat-
ing the load carrying capacity of the composite
slab through proprietary testing. Each steel deck
manufacturer, employing sound engineering
design principles, developed their product by
extensive independent research so that the
approving building code agency would grant
acceptance of the particular steel deck system.
In many cases the local building code official
requested additional test data from the manufac-
turer, depending on the particular construction
situation. This, resulting from the independent
nature of the competitive product, created costly
situations that caused an adverse affect on steel
deck reinforced floor construction.

Loucks 1926 Patented Deck.

Recognizing the need for one design standard,
the American Iron and Steel Institute (AISI)
initiated a research project in 1967, at lowa
State University under the direction of the late
Professor Carl Ekberg, to develop a basis for the
design criteria related to composite steel deck-
slabs. Extensive research by both Professors
Carl Ekberg and Max Porter at Iowa State, and
other researchers at University of Waterloo,
Lehigh University, Virginia Polytechnic
Institute and State University, West Virginia
University, and the University of Washington,
resulted in a body of public domain knowledge

on composite steel deck-slabs.
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H.H. Robertson Patented Composite Deck.

These research efforts resulted in the American
Society of Civil Engineers (ASCE) developing
the ASCE 3-84 Specifications for the Design and
Construction of Composite Slabs by the Steel Deck
with Concrete Standard Committee under the
leadership of Professor Porter. This document
was again revised in 1991. Both the 1984 and

1991 documents were recognized by the model
building codes as an acceptable standard for the
design of composite deck-slabs. Having a build-
ing code recognized design standard simplified
the acceptance process for composite steel deck
by building officials, and resulted in the growth
of the market for this product.

The first Steel Deck Institute (SDI) Composite
Deck Design Handbook was published in 1991,
with a revised edition in 1997. Recognizing
changes in technology, the SDI began activi-
ties to develop new standards for composite
deck slabs, initially publishing the ANSI/
SDI C1.0 Standard for Composite Steel Floor
Deck in 2006. The 2006 Standard was revised
and expanded in 2011 with the ANSI/SDI
C-2011 Standard for Composite Steel Floor
Deck-Slabs and the ANSI/SDI T-CD-2011
Test Standard for Composite Steel Deck-Slabs.

Over the past 80 years, the design of compos-
ite steel floor deck has evolved from empirical
design based on testing into a product with
well-understood behavior and mature design
standards that are recognized by the building
codes. This evolution has lead to a more effi-
cient and cost effective floor system.=

Thomas Sputo, Ph.D., RE., S.E. is the
Technical Director of the Steel Deck
Institute. Additionally, he is a consulting
structural engineer with the Gainesville,

FL firm of Sputo and Lammert
Engineering, LLC, and a Senior Lecturer
in the Department of Civil and Coastal
Engineering at the University of Florida.
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LEGAL PE RSPECT'VES ‘ discussion of legal issues of inferest fo structural engineers

Missouri Enacts First “Peer Review” Privilege for Design Professionals

By G. William Quatman, Esq., FAIA

o encourage open and candid dis-

cussions, U.S. law prevents some

communications from being

revealed in court. Common exam-
ples are those between a lawyer and client; a
priest, rabbi or member of the clergy and a
member of his or her synagogue or church; a
physician, surgeon, therapist or psychologist
and patient; and an accountant and client.
These protections are called a legal “privi-
lege” and date to the early 1800s. Some of
the first privileges covered communications
between doctors and their patients. In later
years, courts questioned whether one doctor’s
“peer review” of another doctor’s work would
be protected by the same privilege.

A Missouri lawsuit in 1984 answered this
question in the negative, finding that there
was no privilege for statements or documents
by medical personnel participating in peer
reviews. A year later, the doctors lobbied
for a new statute, which passed in 1985.
Missouri statute 537.035 now states that,
with limited exceptions, “the interviews,
memoranda, proceedings, findings, delib-
erations, reports, and minutes of peer review
committees” are not admissible in court.
Further, in order to encourage doctors and
others to serve on peer review committees
without fear of getting sued, the law states
that the peer reviewers “shall be immune from
civil liability” if their acts are performed “in
good faith.” Missouri is not unique in this
regard, and today nearly all 50 states have
adopted laws granting a “peer review privi-
lege” to health care providers.

Peer review is the name given to the evalu-
ation, critique and commentary by one
professional of a peer’s work. In the medical
field, most hospitals have committees that
perform reviews of their doctors to improve
quality of patient care. A federal law, the
Health Care Quality Improvement Act of
1986 (HCQIA), was enacted after Congress
determined there was a nationwide prob-
lem of medical malpractice that could be
remedied “through effective professional
peer review,” but that “the threat of pri-
vate money damage liability... unreasonably
discourages physicians from participating
in effective professional peer review.” (42

U.S.C.A. §§ 11101, et seq.)

Under the HCQIA, those participating in
the peer review process are not liable for dam-
ages under any federal or state law for their
role in the peer review process. (42 U.S.C.A. §
11111.) Persons providing information to the
peer review body are likewise immune from
liability, with the exception of false testimony.
Some states, like Colorado, adopted their
own peer review laws modeled on the federal
act. See the Colorado Professional Review
Act (CPRA), CR.S.A. §§ 12-36.5-101, et
seq., which states, “All proceedings, recom-
mendations, records, and reports involving
professional review committees or governing
boards shall be confidential” Without statu-
tory protection, doctors would be unwilling
to participate in a peer review, and health
care would not improve, at risk to the public.

Engineers are also licensed to protect public
safety, health and welfare. Like physicians, the
profession would benefit from peer reviews,
but the same fears about liability and admis-
sibility hold many back from engaging in
such reviews. To remedy this dilemma, the
engineering community should seek the same
protections as health care providers enjoy, and
for the same reason.

While some design firms hire outside “peer
reviewers” to look at their documents as part of
their quality control process, the practice is not
widespread. Firms are even reluctant to teach
“lessons learned” classes to co-workers due to
fear of aggressive lawyers seeking those course
materials. Like physicians, design professionals
fear that some attorney will use the report in
court, pointing out all of the mistakes found
by a reviewer. This discourages firms from con-
ducting peer reviews, teaching lessons learned,
and catching errors and omissions that might
otherwise be picked up by a second set of eyes.
Consulting engineers are reluctant to perform
peer reviews for a relatively small fee, at risk of
being named in a lawsuit if a problem is later
found in the design.

Taking a cue from the medical profession, in
2011 the Missouri legislature introduced and
passed a “peer review privilege” law for archi-
tects, engineers and land surveyors. Missouri’s
S.B. 220 passed in the House 111-31, and
passed overwhelmingly in the Senate 33-1.
However, the bill was subsequently vetoed by
the Governor due to his objection that the law
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was too broad. The design community worked
with the Governor’s office to introduce a revised
bill in 2012, H.B. 1280, which passed in the
last week of the 2012 session by votes of 33-1
in the Senate and 95-57 in the House. The
Governor signed the bill on July 10, 2012, and
it will become law effective August 28, 2012.
As amended, the 2012 law provides immunity
to outside peer reviewers who are engaged to
provide only that service, but are otherwise not
involved in the project. It also protects from
discovery internal “lessons learned” that are
taught post-completion in-house to the design
firm’s employees and partners. The bill expires
in January 2023, giving the design community
a decade to produce results to the “Show-Me
State” legislature, which can then renew the law’s
provisions or allow them to lapse.

Missouri may be the first state to enact such
a law, but other states have been closely watch-
ing. The time has come to give all design
professions the same protections that doc-
tors have had for decades. By encouraging
aggressive critiquing of our work and learning
from mistakes — both our own and those of
others — we can provide safer buildings and
structures for the public. Passing “peer review”
privilege legislation for design professionals
in all 50 states will encourage this.=

Bill Quatman, Esq., FAIA
(bquatman @burnsmed.com), is

general counsel and a senior vice
president at Burns & McDonnell in
Kansas City, Missouri.
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CONDITION ASSESSMENT;

d RA. - °
An Existing Composite Concrete Slab and
Steel Beam Framed Parking Structure — Part 3

By D. Matthew Stuart, PE., S.E., F ASCE, SECB

This article, a continuation of those that appeared in the April
and June 2012 issues of STRUCTUREY, presents a description of
the repairs developed as a result of the condition assessment and
analysis of the physical observations and material testing discussed
in Parts 1 and 2.

Repairs

As a result of the condition assessment, the property management
company retained Pennoni to develop a set of biddable repair and
renovation documents. The intent was to develop effective procedures
and specify appropriate materials for the repair of the deteriorated
concrete surfaces, metal deck and structural steel associated with the
expansion joints and trench drains.

Important criteria for development of the repair documents included
the following:

1) Due to the relatively shallow thickness (3% to 4% inches)
of the concrete slab over the 2-inch-deep composite deck,
repairs of surface spalls and subsurface delaminations would
need to involve the complete demolition and replacement
of the deteriorated slab and metal deck. However, at the
loading dock slab (6-inch slab over 2-inch metal deck), there
were situations where it was possible to accomplish shallow
(2-inch maximum) repairs involving conventional saw cutting,
mechanical demolition and placement of an infill topping.

2) The nature of the flexural capacity of the existing composite
deck dictated that the majority of the full-depth repairs
extend from supporting beam to supporting beam at most
areas of concrete deterioration, in order to avoid a situation
in which discontinuity of the metal deck would occur
within a significant portion of the clear span of the existing
slab. However, at a few isolated locations, a full-depth
repair was possible that allowed for the replacement of the
portion of lost composite deck with external, full-span
soffit reinforcement as described in note 5 below.

3) Due to the high levels of chlorides, any new concrete repairs
would result in the real potential for accelerated deterioration
of the surrounding slab because of the incipient anode
affect, which occurs through the following process. When
an area of steel is corroding under the influence of chloride
contamination, steel reinforcing is dissolving, which causes
the formation of iron ions (tiny charged particles of iron).
Simultaneously, electrons are released that flow along the
reinforcing and react at some point remote from the point of
corrosion with both air and oxygen. The corroding areas are
therefore supplying electrons to surrounding areas of steel,
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4)

Ramp Renovation in Progress.

effectively providing localized cathodic protection to the
adjacent steel. If you remove the corroding area and apply a
repair patch without dealing with chloride contamination in
adjacent areas, the natural cathodic protection system will be
removed. As a result, new corrosion cells will rapidly spring
up on either side of the repair, and premature failure of the
surrounding concrete will often occur.

In order to prevent this phenomenon, the slab repairs
included the use of a sacrificial, passive galvanic protection
system to protect both the internal slab reinforcement and
the metal deck from further corrosion. A passive galvanic
protection system is different from an active or cathodic
system, in which an impressed electrical current is provided
from an external power source. A passive system protects the
existing reinforcement and metal deck from further corrosion
through the following process.

When two dissimilar metals are coupled together in

an electrolyte, the metal with the higher potential for
corrosion (i.e., more negative electrochemical potential)
will corrode before the more noble metal. By placing a
sacrificial zinc anode in the slab repair, corrosion of the
anode will occur while an electrical current prevents
corrosion activity at either the reinforcing or the deck

due to the direct connection of electrical lead wires from
these elements to the anode. The service life of this
system ranges from 15 to 20 years, at which point it will
be necessary to replace the anodes in order to prevent
further reinforcing and metal deck corrosion, and resulting
concrete deterioration.

Because the true extent of concrete deterioration at the slab
soffit could not be determined until the areas of corroded
metal deck were removed during the renovation phase, it
was necessary to develop the base bid repair details under
the assumption that the full depth of concrete slab would
have to be demolished and replaced. Similar to the full-depth
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6)

alternate detail allowed for just the remediation of the deck
deterioration in lieu of a full-depth slab repair.

The alternate repair method for the metal deck presented
the challenge of how best to replace the flexural capacity
of the area of deck that had to be removed due to the
resulting discontinuity of the deck, and how best to
attach the new deck to the concrete above to ensure full
composite action. Originally it appeared that carbon fiber
reinforcement would be the best solution, but adhering
the fabric strips to the bottom of a rust-stained concrete
slab soffit was going to be problematic. In addition, there
were issues with how best to lap and develop external fiber
reinforcement with the remaining existing metal deck.
The eventual solution was to employ galvanized sheet
metal strips that could be attached to the concrete slab
above using powder-actuated fasteners.

Non-technical concerns included phasing the renovation
work as required to maintain normal operation of the
garage, and phasing the repair work such that the property
manager could fund the project over a number of years. The
construction phasing and sequencing assumed that work

at the entrance and exit ramps could only be done during
weekend hours. In addition, all work would be done during
the summer months when the occupancy rate of the garage
was at its lowest. Work in the loading dock area had to be
phased such that no more than half of the facility would be
closed at any one time. To facilitate the construction phasing,
the plans segregated areas of repair and altered the normal
traffic patterns accordingly. The available annual funding

of the $3 million project required that it be spread out over
a period of not less than five years. To facilitate this, the
repair bid quantities were categorized by type and area of the
garage, so that the submitted bids could be funded based on
an established order of priority.
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Isolated metal deck repair detail.

Conclusion

The renovation work for this project started during the summer of
2011 and is expected to extend until 2015. The initial work included
the temporary shoring of a number of areas that exhibited such exten-
sive metal deck deterioration that there was an immediate concern for
the structural load-carrying capacity of the affected slab spans. The
renovation that continues into 2012 includes the full-depth repair
of the most significantly deteriorated and temporarily shored areas
of the garage. Other areas that exhibit the most severe s
surface deterioration have been covered with steel plates R
that are capable of spanning from steel beam to steel
beam under the imposed garage live load.=

D. Matthew Stuart, PE., S.E., E ASCE, SECB
(MStuart@Pennoni.com), is the Structural Division Manager

at Pennoni Associates Inc. in Philadelphia, Pennsylvania.

The online version of this article contains additional photographs
of a portion of the actual, in-progress and completed renovation

work. Please visit www.STRUCTUREmag.org.
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Westside Pavilion

Seismic Retrofit for a Pre-Northridge
Moment Frame Building

By Bill Williams, RE., S.E.
and Arvind Nerurkar, PE., S.E.

he 1994 Northridge Earthquake was among the costliest

seismic disasters in North American history. A sizable

portion of the economic loss resulted from inadequate

moment-resisting steel frame detailing. The pre-North-
ridge connection, previously thought to be very ductile, was found
in many cases to be prone to fracture. The problems discovered in
pre-Northridge connections have led to great improvements in the
construction of moment-resisting steel frame buildings designed and
built since the event. However, many steel frame buildings built before
the January 1994 quake still exist with these connections. Because
connection damage was often discovered in buildings with little or
no apparent architectural damage, many of these existing buildings
may already be weakened.

It is because of this risk to life, safety and property that a major retail
company and owner of a broad range of retail buildings embarked on
an investigation into the structural adequacy of their building inven-
tory to resist seismic events. During this investigation, their building
at the Westlake Pavilion in Los Angeles, California was determined to
present a substantial risk to public safety and economic loss.

Originally built in 1984, the three story structure relies on a moment
resisting steel frame for the lateral-load resisting seismic system to
maximize usable floor space. As was common at the time, the system
used multiple interior lines of moment frames, each with multiple
bays. The beams were typically 27-inch deep sections supported on
W14 columns. With brick cladding and parking on the roof, the store
was particularly heavy for a three story building.

The structural engineer was engaged by the owner to evaluate the
original structure for significant deficiencies using the procedures
in ASCE 31, Seismic Evaluation of Existing Buildings. This standard
provides an array of “broad brush” tools to quickly evaluate existing
buildings. As is commonly the case with moment-resisting steel frame
buildings designed to older codes, the primary issue discovered was
excessive drift under a modern design level event, in this case almost
twice the code-allowable drift of 2 percent of the story height. At
this drift level, a majority of the pre-Northridge connections would
be expected to fail during the seismic event. Ultimately, a structural
report was issued to the owner listing an increased risk to the safety
of the occupants and to the profitable operation of the store.
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Decisions

As part of their effort to improve the safety and longevity of their
stores, the building owner immediately made the decision to retrofit
the building. The owner had two major requirements: First, the system
should be as cost effective as possible, and second, the installation of
the system should be as minimally invasive as possible. The second
requirement is critical in retail buildings where usable floor area directly
equates to sales and profitable operation. Passive viscous dampers were
selected as the ideal retrofit system to achieve the owner’s goals in the
most cost-effective and least disruptive way.

Retrofit

Of all of the structural systems available to reduce building drift,
passive viscous dampers were selected by the structural engineer for
their unique ability to reduce inter-story drift without significantly
increasing the lateral stiffness of the system. Maintaining the original
flexibility of the system avoids a dramatic increase in base shear and

Reslponse Spectlra,
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Performance
With Strengthening
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X Original Performance
25% Damping t

3 Performance =~ < \
5 +————With Viscous
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2 -
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Story Drift ——

Figure 1: Retrofit performance comparison. Note that while both damping and
strengthening reduce drift, only damping reduces drift while simultaneously
reducing base shear.

August 2012



|
GL SYM ABOUT

(E) CONC SLAB

(E) WF BEAM

T

58.75" L
VERIFY W/ DAMPER MFR

DAMPER MOUNT
SEE D3/S-513

NOTES:

1. PATCH FIREPROOFING OF
EXIST FLG & WEB OF BM.

2. NEW FIREPROOFING ON SLIDE

PLATE & GUSSET PLATE TO

MATCH EXIST. SEE D9/S-513

Figure 2: Typical damper installation.

the associated structural demands encountered in strengthening
systems (Figure I). This ability is critical, for projects of this type, to
avoid extensive foundation upgrades. Foundation upgrades would
have been prohibitively expensive and severely disruptive to the
operation of the store.

The problems with adding lateral stiffness stem from the low stiffness
of the original building and its associated long fundamental period
of approximately 1.7 seconds. This period is well beyond the peak
spectral response period of 0.3 seconds and correlates with design
accelerations much lower than would be the case with a stiffer build-
ing. This means that any solution to lower the drift of the building
by adding stiffness would lead to larger lateral loads, potentially by
as much as a factor of 2.5. This increase in load effectively ruled out
a traditional braced frame or shear wall retrofit, primarily due to the
inability of the existing foundations to carry the additional load.

Viscous dampers, on the other hand, reduce drift through energy
dissipation instead of through added stiffness. This allows the con-
tinued safe use of the existing moment frames and limits the required
retrofit to economical levels.

This drift reduction strategy, however, requires a drift target substan-
tially lower than current code requirements for new buildings. This
lower building drift must be achieved to ensure the performance of
the pre-Northridge MRSF connections. Prior to the Northridge event,
MRSF connections were simple and primarily prescribed by code. The
standard of care at the time for both structural engineers and contractors
did not require the design, detailing and fabrication techniques neces-
sary to ensure adequate ductility and performance of the connections.
Modern codes for special moment-resisting frames require connections
be tested and shown to be able to achieve an interstory drift angle of
0.04 radians. Pre-Northridge connections are typically only able to
achieve an interstory drift angle of 0.005 to 0.015 radians, depending on
beam depth. Based on this a target drift of 1.35 percent was calculated
using the provisions in FEMA 351 Recommended Seismic Evaluation
and Upgrade Criteria for Existing Welded Steel Moment-Frame Buildings.

Analysis and design was performed using ASCE 41 Seismic
Rebabilitation of Existing Buildings. Based on the analysis, a retrofit
design was produced consisting of the installation of 32 viscous
dampers on two of the three stories. Each damper was selected and
fabricated to deliver 220 kips of damping force at peak velocity. With
the added damping, the interstory drift is anticipated to be reduced to
design target levels, and the demand on the existing pre-Northridge
connections would fall well within acceptable levels.
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Construction

Many different damper configurations have been used on retrofit projects
successfully, each with its own benefits and drawbacks. Horizontal installa-
tion (Figure 2) was chosen for this project for its simplicity and to maximize
the efficiency of the dampers and lower the damping forces required in
the system. The dampers were mounted in pairs in a horizontal position
and supported with chevron braced frames. Upper damper mounts were
detailed to slide against the beam above using Teflon bearing plates to
minimize friction. Existing beams above the dampers were reinforced to
support the moments and axial loads generated by the damper mounts.
Due to the limited space available while working in an operational build-
ing, many of the new beams, columns, and braces had to be delivered in
two pieces and spliced together in the field.

Installation was complicated by an architectural feature of the original
building; perimeter beam lines were set into the building several feet
and did not line up with the existing perimeter columns. Because the
dampers could not be installed on the interior bays of the building
due to the open space requirements of the owner, all of the dampers
were installed at the perimeter. To accomplish this, new columns
were installed in line with the perimeter beams to resist the vertical
damper forces to the existing foundation.

The effective installation of the dampers required a significant upgrade
to the beams and connections in the collector system. ASCE 41
requires that all of the elements in the damper load path be designed
to remain elastic during the design events. The existing connections
were single row bolted shear tabs and did not have sufficient capacity to
resist the loads from the dampers. In order to upgrade them, tie plates
were welded to the beam web and supporting column or beam (Figure
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3). These tie plates were designed to carry the entire collector design
load, leaving the original connection to resist shear. These tie plates were
located as close to the centerline of the beam as possible to minimize
the potential effects of added rotational restraint. The collector beams
were also refitted with added plate, tee, and HSS sections to improve
their compressive capacity. Because the dampers were installed on the
perimeter of the building, in some locations the existing diaphragm
was not capable of transferring the load between the dampers and the
existing drag system on the interior column lines. In several locations,
HSS bracing was installed to transfer these loads directly.

At several locations, the uplift from the dampers was enough to
overcome the dead load ballast in the existing column. This presented
the challenge of adding uplift capacity to a pile cap system designed
for gravity-loads only. The solution was to add deep micropile anchors
on either side of the pile cap. The column loads were delivered to the
micropiles using sloped anchor rods stabilized by a compressive strut
through the existing pile cap.

Steel had to be moved and installed by hand due to the limited space
and access in the operational building (Figure 4). In many cases, the
welding involved had to be performed in extremely tight quarters.
Often, details were reworked on the fly by the structural engineer in
order to allow the contractor to complete the work. These collector
retrofits, and the difficulty in building them, represented the vast
majority of the complexity in the construction of the retrofit.

Conclusion

Through the use of viscous dampers, the owner was able to extend the life ~ Figure 4: Installation of the viscous dampers by hand. Each damper weighs
of a profitable store for years to come. The retrofit successfully satisfied 500 pounds.
the owner’s requirement to retrofit the building cost effectively and with )
minimal impact to the operation of the store. With the unique ability to Project Team
lower both seismic drift and force demands, viscous dampers are an ideal
system to retrofit existing pre-Northridge moment frame
buildings. This and similar systems provide an economic Mg
method to extend the useful life and significantly improve
the safety of these buildings throughout the region.=

Structural Engineer of Record: Coffman Engineers, Seattle, WA

Owner: Nordstrom Inc., Seattle, WA

Architect of Record: Callison, Seattle, WA

General Contractor: Pacific National Group, Los Angeles, CA

Viscous Damper Manufacturer: Taylor Devices, North

Bill Williams, PE., S.E. is a Senior Engineer at Coffman Engineers. Tonawanda, NY

He can be reached at Williams@Coffman.com. Steel Fabricator and Erector: Riverton Steel Construction,
South Gate, CA

Software: ETABS Nonlinear V9

Arvind Nerurkar, PE., S.E. is a Principal at Coffiman Engineers.
He can be reached at Nerurkar@Coffman.com.
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EDUCATION ISSUES

Principles for Engineering Education

Part 3
By Eric M. Hines, Ph.D., PE.

n the previous two articles (STRUCTURE®
magazine April 2012 and June 2012), I
discussed four principles that are criti-
cal for improving the “technical and
practical quality of education for structural
engineering students.”
1) Theory and practice are indivisible.
2) Engineering is a creative discipline.
3) Drawing is the language of the engineer.
4) There is more than one way to model
every problem.

In this final article, I continue my discussion
in the context of my Junior level course Stee/
Design at Tufts University, and I will offer
conclusions for the entire series.

My students arrive swimming in tools that
are so sophisticated, they don’t even recog-
nize them as tools. It is my responsibility
to narrow the field. Stee/ Design restricts
students to pencil, paper, scale and calcu-
lator. Restricting the tools allowed in Stee/
Design and explaining this philosophically
over the course of several weeks helps stu-
dents understand a type of imagination
that is unique to engineers. For instance,
I teach my students how to bound a prob-
lem. Bounding a problem not only presents
an immediate conservative solution, but it
also allows an engineer to judge whether
further investigation will lead to improve-
ment of the design. We don’t keep our work
simple because we are stupid or lazy, we
keep it simple because we are sophisticated.
Simple work can be checked. It can be

core requirements and lifelong learning for structural engineers

1he purpose of design in university engineering
education is not to expose students to all the
problems they will see in practice, and it is
certainly not to teach them how to use the code.

communicated, and it can be mulled over
in one’s subconscious. Flashes of inspira-
tion in the shower and sleepless nights are
only helpful to those who understand what
they are doing.

Prior to the rise of computational analysis,
the nature of hand calculations was twofold
— developing a process and an answer. The
purpose of hand calculations now has shifted
more toward process. Engineering calcula-
tions are a form of communication. And
ultimately, they are a record of an engineer’s
thoughts — right, wrong or indifferent. In my
practice, I have learned that remembering
the process by which I arrived at an answer
is as important to me as having the answer
itself on record. I tell my students that we
probably differ in terms of how we approach
our mistakes. They somehow believe that
a wrong answer reflects their lack of intel-
ligence. I know that a wrong answer is an
inevitable result of my humanity, so I have to
work according to a discipline that will allow
me and my colleagues to catch my mistakes.
Clear communication of my thought process
is fundamental to this discipline.

struware

Structural Engineering Software

The easiest to use software for calculating
wind, seismic, snow and other loadings for
IBC, ASCE7, and all state codes based on
these codes ($195.00).

Tilt-up Concrete Wall Panels ($95.00).

Floor Vibration for Steel Beams and Joists
($100.00).

Concrete beams with torsion ($45.00).

Demos at: www.struware.com

Steel Design requires 4 contact hours per
week, with two 75 minute lectures and
one 75 minute studio run by a practicing
professional appointed for one semester
as an “Engineering Fellow”. The course
proceeds in three phases.

Phase I introduces the language of steel
design, and therein introduces students
to relationships between systems and
details. These relationships form the
heart of engineering design. This phase
aims to provide students with the basic
vocabulary and grammar for expressing
structural ideas in steel. It is appropri-
ate to design a whole building, but it
is also appropriate to use only the most
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simplified loads and analytical methods. The
level of design is conceptual, the kind students
may practice in 10 years, but the drawings
and details produced are real and could be
used as the basis for construction. The object
is not for students to hit the ground running
when they start work, but rather to help them
understand how calculations, member selec-
tion methods and codes are at the service of
drawings. The work produced during Phase
I over the course of four to five weeks forms
the basis from which detailed analyses and
construction documents could be executed
if there were time.

Phase II creates a space of approximately
four weeks to review fundamental principles
and engineering methods that facilitate cre-
ative thought in structural design. Students
begin to develop an understanding of model-
ing — the act of approximating reality with
calculations. Emphasis is placed on compar-
ing approximate and exact solutions along
with the nature of the approximations and
exactness. Finally in Phase II, the importance
of drawing is extended from representation
of physical objects in Phase I to the repre-
sentation of conceptual objects. Students’
understanding of drawing as a language,
possessing similar richness to words and
mathematics, is deepened in preparation for
their work in Phase III.

In recent years, Phase III has consisted of
two design assignments related to my cur-
rent work. Assignments are stated in a few
lines, and provide the context for countless
design solutions. Lectures discuss my work
on these and other projects, with particular
emphasis on my design process. Student
work is evaluated during Phase III in a studio
environment, where students pin-up and
explain their work to classmates, professors
and Engineering Fellows.



Conclusion

About three years ago, I reached a turning
point in my teaching. I had become disil-
lusioned, wondering if I was ever going to
produce work that could be expressed in
textbook problems. Every real problem, no
matter how simple, needed some context in
order for its reality to make sense. I even-
tually realized that my professional work
would defy the textbook format for the rest
of my career. Reality is messy. I decided
that it wasn’t my work that was flawed so
much as it was the textbooks. Textbooks
deliver example problems in step-by-step
format — and teach students to look for the
steps as opposed to thinking for themselves.
Textbook problems are nicely typed and
give the impression that whoever solved
them made no mistakes along the way. My
point here is that I had to gather up some
courage in order to take reality seriously —
and it has greatly benefited my teaching.
What should engineers learn in school
and what should they learn on the job?
Clearly, work exposes people to hundreds

of problems. The question is whether these
problems get integrated into a conceptual
framework that sees them as variations on
a few important themes. When the frame-
work is not intact, it is more likely that
these experiences continue to appear liter-
ally as hundreds of problems. The National
Research Council highlighted the relation-
ship between this conceptual structure and
the essence of expertise in their landmark
treatise How People Learn. The frequency
with which my senior colleagues relate sto-
ries about their own undergraduate years
emphasizes the persistent power and mean-
ing of their education as the foundation for
their practice.

The purpose of design in university engi-
neering education is not to expose students
to all the problems they will see in prac-
tice, and it is certainly not to teach them
how to use the code. Rather, design classes
ought to motivate and challenge students’
fundamental understanding in the con-
text of a creative process. The relationship
between theory and practice is so strong
that the two cannot be separated without

doing violence to reality — which itself is
a unity — no matter how messy it may be.
Not all real-world problems are appropri-
ate for educational purposes. And, simple
examples which illustrate a theory as well
as they reflect reality are rare indeed. It is
a wonder, therefore, that the development
of high quality examples for teaching is not
an intellectual discipline in its own right.

Eric M. Hines, Ph.D., PE. is a Principal
at LeMessurier Consultants, Inc. and

Professor of Practice, Depay
and Environmental Engine

nent of Civil
g, Tufis
University. Dr. Hines specializes in the
design and renovation of building structures,
renewable energy infrastructure, and the
seismic performance of bridges. In 2011 he
received the Henry and Madeline Fischer
Award, recognizing him as “Engineering’s
Teacher of the Year” at Tufts; and in
2012 he received the Designer Special
Achievement Award from the American
Institute of Steel Construction. He can be
reached at ebines @lemessurier.com.

Keep your professional license

as mobile as you are.

ncees.org/records
records@ncees.org
800-250-3196

STRUCTURE magazine

ADVERTISEMENT - For Advertiser Information, visit www.STRUCTUREmag.org

licensure.

August 2012

To practice in multiple states, professional
engineers need their licenses to be mobile.

NCEES records are accepted by licensing
boards nationwide. Once established,
your records can quickly and easily be
transmitted to any state board to simplify
and expedite your application for comity

You don’t have time for unnecessary
paperwork. Let NCEES keep track of your
record so you can focus on what’s ahead.

L NCEES

advancing licensure for
engineers and surveyors



(GREAT ACHIEVEMENTS

William Hubert Burr

By Frank Griggs, Jr, Dist. M. ASCE, D. Eng., RE., PL.S.

illiam Hubert Burr was widely

known as a Professor of Civil

Engineering at Columbia

University, New York,
and internationally known as a Consulting
Engineer and one of the greatest bridge engi-
neers of the post civil war period. He was born
in Watertown, Connecticug, July 14, 1851.
He attended the Watertown Academy and
then entered a four-year program at Rensselaer
Polytechnic Institute (RPI), Troy, NY. He grad-
uated in a class of 17 students in 1872 with a
degree of Civil Engineer.

In 1872, he went to work for the Philipsburg
Manufacturing Company in Philipsburg,
New Jersey that had recently moved into the
bridge building field with Alfred P. Boller, RPI
’61. After a promising start, the firm went
bankrupt in 1874 and Burr went to work for
the City Water-Works of Newark, NJ, for part
of one year. In the following year, he returned
to Rensselaer as an Instructor in Mechanics. In
1876, he was appointed Professor of Rational
and Technical Mechanics and served in that
position until 1884.

His bridge building career began anew
when he was appointed Assistant to the Chief
Engineer of the Phoenix Bridge Company,
Aldolphus Bonzano. Phoenix Bridge was the
successor to Clark, Reeves and Company that
ceased operations when Thomas C. Clarke left
the firm. The President of the firm was David
Reeves, Burr’s classmate at RPI. William
Reeves, RPI class of 73, was also an officer in
the parent company, the Phoenix Iron Works.

Working with Adolphus Bonzano, Burr
designed, or detailed the design of other
engineers, and fabricated and erected some
major bridges in the United States, including
the Chesapeake and Ohio Railroad Railroad
Bridge across the Ohio River at Cincinnad,
Ohio, then the heaviest truss bridge in existence;
the Louisville & Jeffersonville bridge across the
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Chesapeake and Ohio Railroad Bridge connecting.
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Ohio River; the Red Rock cantilever bridge
across the Colorado River near Needles, Cal.,
designed by J. A. L. Waddell, (RPI ’75); and,
the Pecos viaduct in southwestern Texas, then
the highest viaduct structure in the country.

He left Phoenix Bridge in 1891, when
work slowed, and returned to New York
City to become President of Sooysmith and
Company, one of the early firms specializ-
ing in foundation design and construction.
Sooysmith, a General in the Civil War, had
a son by the same name who graduated from
RPI in 1872, the same year as Burr, who was
running the company at the time. He stayed
with Sooysmith for one year and returned to
engineering education as a Professor of Civil
Engineering at the Lawrence Scientific School
at Harvard University.

In 1893, he became a Professor of Civil
Engineering at Columbia University in New
York City. Burr remained at Columbia until
1916, but his appointment evidently permit-
ted him to maintain an extensive consulting
practice with offices in New York City. His first
consulting position was on two swing bridges
across the Harlem River, on which Alfred
P, Boller, his mentor from the Philipsburg
Manufacturing Company was the chief engi-
neer. They were the Harlem Ship Channel
Bridge and the 145™ Street Bridge. He was
successively consultant to the Department of
Public Works 1893-1895, the Department of
Parks 1895-1897, the Department of Docks
1895-1897 and the Department of Bridges
1897-1903. In 1897, he entered a competi-
tion to design the Arlington Bridge across the
Potomac River at Washington, DC. Designs
were also submitted by Leffert L. Buck, George
Morison, and William Hutton. Burr proposed
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three designs, the
third of which had six
segmental concrete
(Melan) arch spans
of 192 feet, a double
leaf bascule draw span
with a clear opening of
159 feet and 27 masonry arches with spans of
60 feet. The total length of bridge was 3,400
feet. The long concrete arches consisted of
five ribs with the exterior faces being covered
with granite. The commission accepted Burr’s
design, but bridge work did not begin on the
bridge until 1926. It opened in 1932.

In 1894, Burr was appointed to a committee
by President Cleveland to determine whether
a proposed bridge across the Hudson River
should be a 2,400-foot span cantilever with
piers in the river or a 3,200-foot span suspen-
sion bridge. The committee recommended the
suspension bridge, but such a bridge, the George
Washington bridge, was not built until 1931.
While still teaching and serving as consultant to
New York City, he was appointed by President
McKinley in 1899 to a Board investigating
the proposed route for a canal to connect the
Atlantic and Pacific Oceans. He was a member
of the majority, George S. Morison being the
minority, which selected the Nicaragua Route.
The committee later recommended the Panama
Route. In 1902, he was appointed by President
‘Theodore Roosevelt to determine whether a sea
level or lock canal was the best solution. He
recommended a sea-level canal, but Roosevelt
chose the lock canal that was built later.

In 1906, Burr designed the Sandy Hill
Reinforced Concrete Bridge across the
Hudson River between Saratoga and
Washington Counties near Glens Falls. It

- A
William H. Burr
1851-1935.




Arlington Memorial Bridge.

was a series of 15 concrete arches reinforced
with steel arched ribs.

In 1908, he submitted a design for the
Henry Hudson Memorial Bridge spanning
the Spuyten Duyvil Creek that was widened
as part of the Harlem Ship Channel. It was
another reinforced concrete bridge with a
main span of 703 feet, reinforced in a manner
similar to his Sandy Hill Bridge.

In addition, Burr had been a consultant for
the Governor of New York on a study for the
New York State Barge Canal, a Consultant
on the Holland Tunnel, Member of a Board
to locate a deep water port for Los Angles,
California, member of a board to review

Gustav Lindenthal’s design for the Queensboro

formal, and forceful manner, he always empha-
sized the fact that Engineering should be held
to a professional parity with the professions of
Law and Medicine...and... In fact, there were
few major American engineering undertakings
of the Twentieth Century in connection with
which his approval or advice was not sought.”

James Kip Finch, his colleague at
Columbia, stated, “With the death of
Professor Burr at the Doctors Hospital in
New York City on December 13, 1934,
the Engineering Profession lost one of the
great leaders of an engineering generation
whose record of achievement is written in
the greatest engineering works the world
has ever known.”=

Proposed Hudson-Fulton Memorial Bridge.
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Dr. Griggs specializes in the restoration of
historic bridges, having restored many 19"
Century cast and wrought iron bridges.

He was formerly Director of Historic

Bridge Programs for Clough, Harbour &
Associates LLP in Albany, NY, and is now an
independent Consulting Engineer. Dr. Griggs
can be reached at fgriggs@nycap.rr.com.

(Blackwell’s Island) Cantilever Bridge,
Report on the Necessity for the Catskill
Water System, a tunnel under the East
River, the second Croton Dam, and
designer of the Harlem River Speedway
and City Island bridge (1901).

He was a prolific writer, with seven
books written between 1886 and 1913.
In addition, he wrote many articles in the
professional literature of his day. He was
awarded the Thomas Rowland Fitch award
in 1891 and the Order of the Sacred Treasure
by the government of Japan. His Memoir
in the Transactions ASCE stated, “Although
he possessed to an almost uncanny degree
that inherent structural sense and ability to
check and design structures by judgment,
on which great engineers of earlier days
had to depend so largely, he was a leader
in the development and advancement of
the present rational, scientific technique
of design... Professor Burr occupied an
outstanding position in earlier American
engineering education. He stood for the
most advanced development of technical
theory, and he also was a staunch advocate
of the broad and liberal training of the
engineer — a training which would enable
him to develop into a cultured and useful
citizen. In his papers on engineering educa-
tion, written in his characteristically crisp,
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Plugging Analysis and Design

into Your 3D Workflow

TH new processes like BIM (Building
Information Modeling) and new project
delivery methods like IPD (Integrated Project
Delivery), more and more engineering firms are
being asked to participate in collaborative, model-
based workflows.

Migrating to these new processes can be made
easier with software designed to support them—
software like Scia Engineer from Nemetschek.
Scia Engineer is a new breed of integrated
structural design software that goes beyond
analysis and helps firms successfully join in
today’s 3D workflows.

Fast and Efficient Modeling

Modeling is an essential requirement for any 3D
workflow. As projects become more complex and
project timelines compressed, modeling needs
to be fast and efficient, but also not restrictive.
Engineers need to be able to keep up with the
modern designs coming from architects and
contractors who push the limits of new materials
and methods.

“A unique feature of Scia Engineer is its
modeling capabilities,” says Mark Flamer, M.L.
Flamer & Associates. “It’s a very fast and efficient
FEA (Finite Element Analysis) modeling tool.
freeform modeling capabilities make it easy for
me to work up designs in 3D and keep pace
with my architect’s avant-garde designs. And,
its parametric object technology has allowed
me to automate routine and repetitive work. I
can quickly work up and test design concepts.
Then, when the design has gelled, I can develop
an accurate structural model in Scia Engineer or
link my design to another modeling program for
coordination and documentation.”

With support for open standards like IFC 2x3
and direct links to a number of BIM software
programs like Autodesk Revit® Structure & Tekla
Structures, Scia Engineer makes it easier for
engineers to reuse models created by others
and leverage them into analysis. This is a huge
advantage when working in a collaborative
workflow.

“For the new National Music Centre project
in Calgary, Canada, the architect made frequent
and sometimes dramatic changes,” says Andrea
Hektor, KPFF Portland. “We needed to be able
to give them a quick thumbs up or thumbs down
on their revised designs. With Scia Engineer it
was great. The architects would just send us their
updated models. We would import them into

Scia Engineer, update our model, run a quick
analysis, and give them enough information to
continue moving forward. I don’t think we would
have been able to do this with any of the other
analysis software we have in our office.”

Another advantage of Scia Engineer is its
extensive functionality. Analysis and design is
becoming more rigorous, and owners are looking
for highly optimized structures to minimize
materials, construction time, and costs. Being
able to have one program that is efficient for your
day-do-day work, and at the same time offers the
ability to handle complex analysis tasks is a
big benefit.

“With support for non-linear, multi-material
design and multiple codes, I've avoided having
to invest in disparate analysis programs,” says
Michael Ajomale, Principal, Design Depictions
Structural Engineering, PC. “Reducing the
number of analysis programs we manage saves on
maintenance costs and makes it less expensive to
train new employees. Most importantly, it reduces
the risks that come with manually coordinating
multiple analysis models. For occasions when I
need to go outside Scia Engineer, I appreciate
its ability to integrate my Excel™ checks and its
XML support.”

Growing with Technology

In addition, the right software makes a firm
more flexible, allowing them to go beyond
their usual projects, and take on work wherever
they find it. “Scia Engineer allows our firm to
confidently compete for bigger building projects
as well as go beyond buildings,” says Flamer.
“While our expertise is in commercial, we just
completed a bridge project and are ready to take
on larger, complex structures. A flexible tool like
Scia Engineer makes all the difference.”

He added: “I evaluated the usual list of
structural analysis programs, and there isn’t
another program in the market like it. Scia
Engineer is the only program I found that
integrates fast and efficient modeling, advanced
multi-material design, and lets me easily reuse
and share 3D models. For us, Scia Engineer was a
logical choice.”

For information, call 1.877.808.Scia (7242) or
visit www.nemetschek-engineering.com

Daniel Monaghan is the U.S. Managing Director
of Nemetschek Scia, developers of leading software
products for AEC software industry. He can be

reached at dmonaghan @scia-online.com
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Software Makers Bullish on Business

By Larry Kahaner

he consensus among structural software companies and

their customers is clear: the construction industry is on

its way back from the downturn of the past several years.

Until now, companies have been hopeful, even guardedly
optimistic about growth. Now, however, rising optimism is being
confirmed by an increase in software sales. To meet growing customer
needs, software makers are keeping up on codes, adding improve-
ments and allowing users to access software through different media,
including smartphones and tablets.

At Devco, Software, Inc. (www.devcosoftware.com) in Corvallis,
Oregon, President Rob Madsen sees definite business improvement.
“We have seen a definite uptick in sales and a more optimistic cus-
tomer base in the last six to nine months,” he says. To meet customer
demand, the company has rolled out LGBEAMER v8 Pro which
Madsen describes as “the latest release of our powerful and user
friendly design software for cold-formed steel studs, joists, channels
and zee’s. In addition to the standard component design modules,
LGBEAMER has many useful design modules for framed openings,
shearwalls, x-braces, floor joists and rafters. The latest release also
includes the 2007 NASPEC (AISI S100-07) which has recently been
adopted by most building jurisdictions.” He says that the primary
improvement is in the ability to calculate distortional buckling capac-
ity as well as warping torsion as required by current building codes.
(See ad on page 46.)

Dan Monaghan, Managing Director, North America, Nemetschek
Scia (www.scia-online.com) in Columbia, Maryland is also witness-
ing improved conditions. “Overall, the business outlook from the
firms we are talking with are more positive than last year,” he says.
“The trend towards Building Information Modeling continues to be
a driving force for the adoption of software. Most firms who jumped
into BIM early are now recognizing that it’s a process not a technol-
ogy. They are looking for flexible software that can help them plug

analysis and design into as many workflows, and not be forced into
using one vendor’s software.”

Adds Monaghan: “As a result, we're seeing more demand for the
support of Open BIM standards like IFC (Industrial Foundation
Class), a neutral file exchange format, and ISO standards that all
BIM software supported. With support for Open BIM, our users
can exchange BIM models with any BIM compliant software which
gives engineering offices a competitive advantage.”

The company recently released Scia Engineer 2012. “While Scia
Engineer may be a new brand to some, it has a long development
history-over 35 years,” says Monaghan. “This new release represents
a milestone in our development history and in the industry. Scia
Engineer is now the only integrated structural design software pro-
gram that links structural modeling, analysis, and multi-material
design with support for several international codes, and offers bi-
directional drawings and calculation reports in one program. With
support for open standards like IFC 2.x3, SDNE and bi-directional
links with Revit Structure and Tekla Structures, Scia Engineer makes
it easy for engineers to participate in today’s BIM process. This new
release offers some great improvements for day-to-day work including
expanded code support for IBC and Eurocodes, and new support for
Brazilian codes. It is also the only structural analysis software that offers
advanced parametric optimization, which allows engineer’s to set up
engineering problems and have the computer run through hundreds,
or even thousands, of calculations to help derive an optimal solution
that can be checked against codes.”

Amber Freund, Director of Marketing for RISA Technologies
(www.risa.com) in Foothill Ranch, California echoes the upbeat
responses of others. “We are hearing more about new projects and
older projects that are being revisited. I¢’s a slow growth, but I think
construction is definitely coming back. Hopefully this time it will be
at a more sustainable rate.” To accommodate customers needs, RISA
Technologies recently partnered with Tekla to link Tekla Structures
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and RISAConnection. This gives engineers the ability to design their
connections from within their steel detailing model. RISA will be at the
Tekla User’s Group in August demonstrating this new link, according
to Freund. “RISA has had the ability to design the connections in the
past, but not provide the detail drawings,” she says. “This new link with
Tekla will allow engineers to both design and detail the connections
without having to do any manual data entry or drawing. Engineers
were asking RISA how to get detailed fabrication drawings and were
asking Tekla how to get connection design. The collaboration of the
two companies to create this link means engineers can have both the
design and fabrication drawings in one model.” (See ad on page 67.)

“Sales are up dramatically,” says Engineer and Developer Terry
Kubat at IES, Inc. (www.iesweb.com) in Bozeman, Montana. “The
message we are getting from this is that our customers are not waiting
for work; they either have it or believe it will be coming very soon.
Many companies put off investments in their productivity tools
during the construction crisis, but that crisis is obviously over with
IES customers.”

The company relies on the day-to-day feedback from thousands of
customers to fine tune its products, according to Kubat. “IES custom-
ers are clever engineers who are fed up with software bureaucracy, those
products with too much power that force you to relearn your job.

IES customers much prefer software that is friendly and flexible
enough for daily tasks. Engineers in all industries and sectors appreci-
ate tools that are simple enough to use without a manual.” He adds:
“IES offers nine products to meet a wide range of needs. We continue
to improve on these tools, and in 2012 we are focusing on reliability
and stability of our products to help insure a smooth work-flow for
our customers.” One product is VisualAnalysis 9, “a far more accu-
rate design-platform compared to any previous release,” says Kubat.
“We performed automated validation to insure the highest quality of
analysis and check results. In addition, we have built-in crash reporting
that has allowed us to reduce instability issues by over 1000 percent
with no effort on the customer’s part.” (See ad on page 48.)

Offering new software is Design Data (www.sds2.com) of Lincoln,
Nebraska. “In addition to the rebranding of our entire SDS/2 product
line — which now includes SDS/2 Engineering, SDS/2 Erector and
SDS/2 BIM - Design Data has launched SDS/2 Connect,” says Doug
Evans, Vice President of Sales. “SDS/2 Connect is a new add-in for
Autodesk Revit Structure that automatically designs connections
within the Revit environment. SDS/2 Connect helps make it possible
for structural engineers and fabricators to design, conduct code check
analysis, and extend steelwork designs to fabrication within a BIM
workflow. SDS/2 Connect is the only product that enables structural
engineers to design and communicate steel connections based on their

Revit Structure design model as an active

Cold-Formed Steel
Design Software

Complete Modeling and Design of Steel Studs,

Joists, Channels and Z’s

part of the fabrication process,” he says.

Previously, Evans notes, their product
was developed for the manufacturer and
used in the manufacturer’s office. “The
recent release of SDS/2 Connect now
allows the engineer to use the product in
the engineer’s environment. This, along
with the other modifications to the SDS/2
core product line, encourages the model
to be used through the lifecycle of the
project.” Evans agrees that the business

Includes 2007 North American Specification
(AISI 5100) as Adopted in the 2509 IBC

environment has improved and adds, “In
all sectors, people are optimistic about the
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continued future growth.”

The recent economic downturn
has changed the landscape, accord-
ing to Heather Johnson, Marketing
Manager for StructurePoint, LLC
(www.structurepoint.org) in Chicago,
Illinois. “Mergers and acquisitions have
continued this year to close some doors
yet open opportunities in other areas.
This results in strong support for software
assets and heavy licensing activity glob-
ally geared towards ensuring engineering
access to the latest technology across all
operating platforms,” says Johnson, who
adds, “We feel very optimistic about the

continued on page 48
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steady recovery in North American markets and continuing improve-
ments in the Middle and Far East.”

As the Engineering Software Department of the Portland Cement
Association since 1960s, StructurePoint specializes and focuses entirely
on reinforced concrete buildings and structures. It also serves its
end users as the gateway to cement and concrete industry resources,
according to Johnson. The group has updated its software to reflect
relevant provisions of the ACI 318 code and commentary issued in
2011, and these updates have been incorporated in the software suite
and released to the public at the end of 2011. “Taking advantage of
the latest provisions in the code allows our end-users to optimize their
design and arrive at the maximum level of reliability and economy
for their structures,” says Johnson.

Also updating their products to meet code requirements is Chicago-
based CSC, Inc. (www.cscworld.com). “We specialize in developing
code-based structural design solutions,” says Vice President Stuart
Broome. “This means that rather than adding design post proces-
sors on to a frame analysis program, we build our software from
the ground up around the requirements of a design code, such as
AISC360 as in the case of Fastrak.” Fastrak is the company’s steel
building design software that works with CSC’s Integrator, a new
and free tool for synchronizing Fastrak and Revit Structure models
back and forth. Another product is Tedds, a calculation production
suite which automates the design and documentation of structural

components. “It offers the best of both worlds: a completely library
of calculations, along with powerful functionality for engineers to
create their own calculations,” Broome notes. “The primary benefit
of Tedds is increased productivity, but many of our clients value the
detailed and transparent output which Tedds produces. Tedds works
within a Microsoft Word environment ,meaning that most engineers
know how to use it before they even open up the software for the
first time. Microsoft Word makes it easy to compile full calculation
documents including sketches, photos, Autocad and Revit Drawings,
contents pages and Excel spread sheets,” he says. (See ad on page 3.)
For concrete construction, Bentley Systems, Incorporated
(www.bentley.com), based in Exton, Pennsylvania, has introduced
ProConcrete, which is software for advanced 2D and 3D parametric
modeling, detailing, and scheduling of cast-in-place and precast
reinforced concrete structures, now available on MicroStation or
AutoCAD, says Huw Roberts, Global Marketing Director-Building
and Structural. “ProConcrete provides engineers, detailers, fabrica-
tors, constructors, and contractors a strong visual understanding of
reinforcement interactions across multiple planes, including clash
detection capabilities. By integrating tools and collaborating data
across reinforced concrete projects, from design and detailing upstream
to fabrication and construction downstream, ProConcrete can reduce
documentation production time, construction costs, and project

timelines, while eliminating errors and design flaws,” Roberts says.
continued on page 50
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He notes that Bentley has tried to simplify SE’s software choices by
offering interoperability among products. “Structural organizations
typically use multiple software packages and tools to do their jobs.
The challenge is then to get these specialized products to interoperate
and avoid inefficiencies. Bentley addresses this by offering its open
ISM methodology to facilitate structural interoperability, primarily in
the areas of visualization, change management, and revision histories.
Bentley offers ISM free of charge to the structural community. The
newest version offers feature additions and subtractions, more new
materials, coordination of member end and base reactions, connec-
tion tags, and coordinate system transformations.”

Keeping its products current and up to code changes is also a priority
at S-Frame Software (www.s-frame.com) in Guilford, Connecticut.
“The latest enhancements of S-FRAME Structural Office R10 focuses
on supporting the trend of engineering practice and building codes
towards more advanced forms of dynamic analysis, especially for
seismic loading, and larger, more complex models, due to more
prevalent use of shell finite elements and the influence of BIM,” says
CEO Marinos Stylianou.

In March, the company also released S-CALC in North America,
a new, full-featured sectional properties calculator for sections of
any size, shape or material. “S-CALC offers all the calculations one
would expect from a sectional properties calculator, and some that
structural engineers have been desiring for years, including Shear
Center, Shear Area, Torsional Constant, and Warping Constant.
S-CALC is the first of a series of brand new BIM Components we
plan to release that will add structural analysis and design depth to
BIM. S-CALC features a modern look and feel, customizable user
interface, powerful import/export, unparalleled report generation,
a scripting environment for automation and flawless integration
with BIM products,” he says.

As for business conditions, Stylianou adds, “The energy sector
in North America, Canada in particular, has been very good to
us in 2012, and we continue to see considerable business growth
in Asia. We believe that Europe will offer some unique business
opportunities in 2013, and we plan to fully evaluate them.” (See
ad on page 4.)

At the Canadian Wood Council (www.cwc.ca), a national,
non-profit association located in Ottawa, Ontario, representing
manufacturers of Canadian wood products used in construction,
their mission is to ensure that building professionals have the infor-
mation in hand to specify and use wood products in a safe, secure,
and code-compliant manner, says Robert Jonkman, Manager,
Structural Engineering. “One way we do this is through our wood
engineering software, WoodWorks. Separate Canadian and U.S.
versions of WoodWorks software are available. For the U.S. ver-
sion, compatible with the IBC, NDS, SDPWS, and ASCE7, we
work closely with the American Wood Council (AWC) to ensure
consistency in technical interpretations.” The software is available
for free for building officials, plans examiners, and university and
college professors.

“Most engineers designing with wood have used WoodWorks Sizer
already,” says Jonkman. “Sizer is very popular — our most commonly

“We are hearing more about new projects
and older projects that are being revisited.
Its a slow growth, but I think construction
is definitely coming back.”

used software module — enabling engineers to design beams, columns,
studs, and joists using light frame construction as well as heavy con-
struction such as timber, glulam and engineered lumber.” Jonkman
considers their most time saving module to be Wood Works Shearwalls
because it allows engineers to very quickly model a building either
using an AutoCAD exported file as a template or drawing from
scratch. “The software automatically will calculate the wind pressures
and suctions as well as seismic forces, distribute the forces to each
level, within each level to each shearline, and within each shearline to
each shearwall segment. It does this using both the flexible and rigid
diaphragm distribution methods for both seismic and wind forces.
For rigid distribution, Shearwalls uses a either a “capacity” approach
or a “stiffness” approach (using shearwall deflections) to distribute
forces to shearlines and shearwalls. Shearwalls designs both perforated
and individual full height wall segment type shearwalls,” Jonkman
says. (see ad on page 53.)

At Computers & Structures, Inc., in Berkeley, California,
(www.csiberkeley.com) Executive Vice President Syed Hasanain
says that they have been busy working on new versions of their SAP
and ETABS software. “The new ETABS product will, hopefully, be
out in a month or so. We've been working on it for the past eight
years. We have products that have served the industry for the past
twenty-some years before the earlier versions were in place, and now
we want to do something which will be good enough for the industry
for the next twenty years.”

Hasanain adds: “We have also recently come up with a new product
for the bridge industry. It’s called CSI Bridge and is also based on
our SAP platform.” As for their customers, some of the feedback is
mixed. “I think in the recent past the building industry, especially
new construction in the U.S., has not been doing well, but we've
seen a huge increase, as far as sales are concerned, from the bridge
industry. We've seen big markets created in India and China.” (See
ad on page 60.)

“As market conditions improve, our customers are seeing incremental
improvements to their business,” says Paul McEntee, Engineering
R&D Manager at Pleasanton, California-based Simpson Strong-Tie
(www.strongtie.com), which manufactures connector products for
the construction industry that cover a broad range of residential, com-
mercial, industrial and infrastructure projects. Strong-Tie’s customers
include contractors, builders, distributors and homeowners. They also
offer technical support, training and service for engineers, architects,
building officials and other design professionals.

In the software area, they are focusing on serving customers’ needs
with web and mobile applications to help them get their work done
more efficiently “without being tied to their desk,” says McEntee.

continued on page 52
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Intelligent
Structural Design

Model, Analyze, Design, Document
and Deliver... in an Integrated Workflow

Having all the applications you need for the tasks at hand, along with the ability
to easily synchronize your work with the rest of the project information, helps
you get your job done right, fast and profitably. And when the structural project
workflow can be integrated, the whole team benefits.

Bentley’s new Passport Subscriptions for structural engineers provide access to
the full range of structural software (including upgrades) and training documents
and information that most projects require. These options are available as an
affordable alternative to traditional licensing.

Contact us to learn more.

www.Bentley.com/Structural

© 2010 Bentley Systems, Incorporated. Bentley, the “B” Bentley logo, MicroStation, RAM, and STAAD are either registered or unregistered trademarks
or service marks of Bentley Systems, Incorporated or one of its direct or indirect wholly-owned subsidiaries. Other brands and product names are
trademarks of their respective owners.

With RAM™, STAAD® and
Documentation Center, Bentley

Steel/Steel Composite
Reinforced Concrete

Wood and Wood Products
Foundation Design
Post-Tensioned Design

Steel Connections

Structural Drawings and Details

... all easily coordinated with the
Architect and other team members and
their design applications —such as
AutoCAD, Revit, MicroStation® and more.

= Bentley
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SPECIAL SECTION

Engineering Software

“We are creating calculators and other online and mobile applica-
tions to help structural engineers in their daily jobs. We have PC
applications for moment frames, connector and anchor design, and
we continue to update these to handle new products and meet the
current building code.” He adds: “A dozen web-based applications are
available already to help specifiers select the right fastener, calculate
wood shrinkage, or simply find a drawing or code report. Some of the
engineering-focused web apps coming in the second half of 2012 are
the Holdown Selector, Rod Elongation Calculator, and a Coil Strap
Deflection Calculator.” (See ad on page 19.)

Barry Ashwell, Vice President of Sales and Marketing at USP
Structural Connectors (www.uspconnectors.com) in Burnsville,
Minnesota says that business is coming back. “We see a lot more
activity in the marketplace, certainly a lot of projects in the design
and/or planning stages. Multi-residential still continues to do fairly
well and builders are getting back to business. There’s still not a lot of
specs out there, but especially in markets where it’s vacation homes,
the smaller regional builders seem to be showing signs of recovery
more so than some of the big guys. But it’s coming back, and overall
people are pretty happy with what’s going on.”

USP is a structural-connector company, a subsidiary of MiTek
Industries, which primarily manufactures structural connectors for

A software guide for Structural Engineers

connecting wood to wood, wood to concrete, wood to metal. “We
have over 4,000 SKUs including dimensional standard construc-
tion hardware, but we also offer a complete line of plated truss
and wood products.” The company offers a proprietary line called
Gold Coat, which is a multi-layer protection system comprised of
an organic polymer top coat barrier layer and a zinc layer placed
over a steel substrate. This double barrier protects the steel from
its environment.

On the software side, the company’s newest offering is a free
downloadable tool called USP Specifier which allows engineers
and others to very quickly find the right connector solution for
the design that they’re developing, says Ashwell. “It will also allow
them, if they have our competitor’s products, to perform an accurate
product conversion. Our catalog can also be downloaded to the iPad
and other portable devices. We've also produced QR codes for the
connector category.”

Ashwell concludes: “I want people to know that we’re customer
focused and we are going to continue to provide inno-
vative tools. We're excited about the future, and we O} =]
understand that we need to earn the specification and
our customers’ business daily.” (See ad on page 57.)=
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ADAPT Corporation
Phone: 650-306-2400

SOFTWARE

ADAPT-Builder Edge Floor Pro MAT SOG

PACKAGES/SUITES
LIGHT GAUGE

RETAINING WALLS
STEEL

BUILDING
COMPONENTS
BUSINESS/
PRODUCTIVITY
FOUNDATIONS/
GENERAL/

>
>

Email: info@adaptsoft.com

Web: www.adaptsoft.com ADAPT-ABI

X | X ey

x| X
>

American Wood Council
Phone: 202-463-2766
Email: info@awc.org

Web: www.awc.org

Online Calculators

Bentley Systems ) STAAD

_j Sustaining Infrastructure

Phone: 610-458-5000 ProConcrete

Email: structural@bentley.com

Web: www.bentley.com RAM

CMC Steel Products

Phone: 972-772-0769

Email: marketing@cmc.com
Web: www.cmcsteelproducts.com

RAM SBeam CMC

Computers & Structures, Inc. A
Phone: 510-649-2224 [
Email: miriam@csiberkeley.com 1 \
Web: www.csiberkeley.com ST

SAP2000
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@ WOO dWO r k S® Design wood structures effectively,

SOFTWARE FOR wooD DESIGN  economically and with ease!

Design Office Suite

includes 3 programs:

Sizer PR — 5
* Designs beams, columns, studs and joists B 1
(light frame, heavy timber, glulam and engineered lumber) B —=
* Allows eccentric axial loads and combined axial and lateral
loads for up to 100 loads using any distribution (point, 2 Se—
trapezoidal, partial uniform, etc.) |
* Designs sloped and oblique angled beams up to 6 spans !

Shearwalls P :L
Most buildings can be modelled in minutes. Shearwalls then :
generates wind and seismic loads, distributes forces to :r

shearwalls using rigid and flexible diaphragm methods, and
designs perforated and full height segment shearwalls.
Free training videos available on our website!

Connections
Designs connections using lag screws, bolts,
wood screws, nails, rivets and shear plates

w Canadian  Conseil /

Wood canadien
AMERICAN WOOD COUNCIL Council du bois

= US Design Offie 9 also includes: B+l CDN Design Office 8 also includes:
Editable Database, NDS 2005 (PDF) Editable Database and CSA-086-09 (PDF)
and SDPWS 2008 (PDF)

US Design Office 10 - Coming this Fall
NDS 2012,IBC 2012 and ASCE 07-10 compliant

Download a Free Demo at woodworks-software.com

www.woodworks-software.com 800-844-1275
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SOFTWARE

COMPANY NAME

Concrete Masonry Association of CA and NV (CMACN)

Phone: 916-722-1700 CMD09 Computer Program X

Email: info@cmacn.org
Web: www.cmacn.org

césc o | Fastrak X X X X
Phone: 877-710-2053 Csc

Email: sales@cscworld.com

Web: www.cscworld.com Tedds X X X X X X X
Design Data

Phone: 402-441-4000 SBS/E
Email: marnett@sds2.com CONMNECT

Web: www.sds2connect.com

Devco Software, Inc.
Phone: 541-426-5713

Email: rob@devcosoftware.com

SDS/2 Connect X

LGBEAMER v8 Pro X X X

Web: www.devcosoftware.com

Digital Canal
Phone: 800-449-5033 SES software library X X X X X X X X

Email: clint@digitalcanal.com
Web: www.digitalcanal.com

Dimensional Solutions, Inc.
Phone: 281-497-5991 Foundation 3D and DimSoln Foundation X
Email: Info@DimSoln.com Design Suite
Web: www.dimsoln.com

ENERCALC, INC.
Phone: 800-424-2252 Structural Engineering Library X X X X X X X

Email: info@enercalc.com

Web: www.enercalc.com

GT STRUDL ~
GTSPRUDL
Phone: 404-894-2260 - GT STRUDL X | X X | X X[{X|X|[X

Email: casec@ce.gatech.edu
Web: www.gtstrudl.gatech.edu

Hilti, Inc.
Phone: 800-879-8000
Email: us-sales@hilti.com

Hilti PROFIS Anchor, PROFIS DF XX X[ X[X[X|X X X

Web: www.us.hilti.com

IES, Inc. 1 I VisualFoundation X
Phone: 800-707-0816 B . E

Email: sales@i b.
mail: sales@iesweb.com “S VisualAnalysis X X | x X | x

Web: www.iesweb.com

Intuitive Creations Inc.
. _970_135
P‘hor?c. 800-279-1353 StruCalc 8.0 X X X X
Email: strucalc@strucalc.com

Web: www.strucalc.com

MDX Software

Phone: 573-446-3221

Email: info@mdxsoftware.com
Web: www.mdxsoftware.com

Curved and Straight Steel Bridge X

Design Software for Segmental Retaining X
National Concrete Masonry Association Walls SRWALL
Phone: 703-713-1900

Email: dgraber@ncma.org

Web: www.ncma.org

Direct Design Software

Structural Masonry Design System X X X

Nemetschek Scia |||I LELLLLELn
Phone: 877-808-7242 NEMETSCHEK

i N Scia Scia Engineer 2012 X X[ X|X[X|X[X|X|X|X]|X[X
Email: usa@scia-online.com

Web: www.nemetschek-engineering.com
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Design Data
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Email: marnett@sds2.com CONNECT

Web: www.sds2connect.com

Devco Software, Inc.
Phone: 541-426-5713

Email: rob@devcosoftware.com

SDS/2 Connect X

LGBEAMER v8 Pro X X X

Web: www.devcosoftware.com

Digital Canal
Phone: 800-449-5033 SES software library X X X X X X X X

Email: clint@digitalcanal.com
Web: www.digitalcanal.com

Dimensional Solutions, Inc.
Phone: 281-497-5991 Foundation 3D and DimSoln Foundation X
Email: Info@DimSoln.com Design Suite
Web: www.dimsoln.com
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Email: info@enercalc.com
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GT STRUDL X | X X[ X X | X X

Hilti PROFIS Anchor, PROFIS DF XX X[ X[X[X|X X X

Web: www.us.hilti.com

IES, Inc. k| | VisualFoundation X
Phone: 800-707-0816 Ny .E

Email: sales@i b.
mail: sales@iesweb.com S VisualAnalysis X X | x X | x

Web: www.iesweb.com

Intuitive Creations Inc.
. _970_135
P‘hor?c. 800-279-1353 StruCalc 8.0 X X X X
Email: strucalc@strucalc.com

Web: www.strucalc.com

MDX Software

Phone: 573-446-3221

Email: info@mdxsoftware.com
Web: www.mdxsoftware.com

Curved and Straight Steel Bridge X

Design Software for Segmental Retaining X
National Concrete Masonry Association Walls SRWALL
Phone: 703-713-1900

Email: dgraber@ncma.org

Web: www.ncma.org

Direct Design Software

Structural Masonry Design System X X X

Nemetschek Scia |||I (RN ARIT
Phone: 877-808-7242 NEMETSCHEK
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VULCRAFT GROUP SALUTES FIREKEEPERS CASINO

MODELED IN BIM, THIS PROJECT HAS BEEN A SHOWCASE OF THE LATEST EVOLUTIONS IN THE CONSTRUCTION INDUSTRY
L. Vulcraft Group is proud to have been a part of the expansion of FireKeepers Casino in Battle Creek Michigan.

: Modeled in BIM, this project has been a showcase of the latest evolutions in the construction industry.

Vulcraft modeled, manufactured and delivered 333 joists (for a total weight of approximately 260 tons

including joists, deck and bridging).

Standout components include six 120" deep by 120’ long field-spliced joists, and two 96” deep by 120" long joists.

This beautiful building is immediately recognizable by its unique “bird’s-beak” entry — built utilizing Vulcraft deck.

This is another example of how Vulcraft Group and BIM are helping businesses like

FireKeepers Casino bring their visions to life.
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COMPANY NAME

Opti-Mate, Inc.
Phone: 610-530-9031
Email: optimate@enter.net

Web: www.opti-mate.com

BRIDGES

SOFTWARE

Bridge Engincering Software X

Pile Dynamics, Inc.
Phone: 216-831-6131
Email: gina@pile.com

Web: www. pile.com/pdi

GRLWEAP

Powers Fasteners
Phone: 985-807-6666

Email: jzenor@powers.com

Web: www.powers.com

Powers Design Assist Software 2.0 X X

RISA Technologies Fe
Phone: 949-951-5815 ”'/r ;, ,
i /

Web: www.risa.com

RISA-3D X | X

S-FRAME Software Inc.
Phone: 203-421-4800
Email: info@s-frame.com

Email: info@risatech.com

S-FRAME

Web: www.s-frame.com SOFTWARE

S-FRAME Analysis X | X

S-CALC

S-CONCRETE™

Simpson Strong-Tie
Phone: 925-560-9000
Email: web@strongtie.com

Web: www.strongtie.com

E=

Simpson Strong-Tie Wall-Bracing-Length
Calculator

Simpson Strong-Tie Code Report Finder

Strong Frame® Moment Frame Selector

Software

SoilStructure Software
Phone: 510-371-5019

Email: sales@SoilStructure.com
Web: www.SoilStructure.com

Lateral Foundation

strand7 Pty Ltd.

Phone: 252-504-2282

Email: anne@beaufort-analysis.com
Web: www.strand7.com

Strand7 X

Structural Soft, LLC

Phone: 650-813-9500

Email: contact@structuralsoft.com
Web: www.structuralsoft.com

BuildingWorx X

STRUCTURE POINT
Phone: 847-966-4357
Email: info@structurepoint.org

Web: www.StructurePoint.org

|1castrumru_Pﬂinl

Concrete Design Software X

USP Structural Connectors
Phone: 800-328-5934
Email: info@uspconnectors.com

Web: www.uspconnectors.com

ALSP

STRUCTURAL
CONNECTORS™
A MiTek Company

USP Specifier

USP iPad App

Weyerhaeuser

Phone: 888-453-8358

Email: wood@weyerhaeuser.com
Web: www.woodbywy.com

Weyerhaeuser Modus™ Software

WoodWorks Software
Phone: 800-844-1275
Email: sales@woodworks-software.com

@ Wood\Works’

SOFTWARE FOR WOOD DESIGN

Web: www.woodworks-software.com

WoodWorks® Design Office Suite
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The FREE USP Specifier.
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SEAOI SE Exam Review Course

the most comprehensive revie

e 40 sessions, organized by subject area
Earthquake Resistant Design,
Geotechnical Design,
Structural Steel Design,
Structural Concrete, Masonry,

Bridge Design, Timber Design

Comvemernts from past participants:

“I just wanted to take a quick minute to say THANK

YOU for having an absolutely amazing SE Review

course. | have taken the SE Exam a few times (the

° Outstanding value in terms of SE-2 exam was easy, butl could never pass the SE-1)

cost per hour of class and have taken review courses in the past ... This
course was absolutely wonderful.”

o Web-accessible “Both days I was able to walk out of the test and
know that I passed the test. So now I will be able to
get my lllinois SE license, and my company is very

e 70+ contact hours of class time

e Continuing education credit
available for most sessions

pleased.”
e Highly-qualified instructors with “Thanks for all of the help in getting together my
experience in practice and academia CEU’s. Ireally got a lot out of the course, and I will be

recommending it to other engineers in my office.”

“I have to say your review class was immensely

The SEAOI Course is fully updated for helpful in passing the exam. During previous
the 16-h N attempts to pass it I am sure | studied many things
GO N~ that were irrelevant. By concentrating on what was

covered in the class I believe I made much better

All courses are taught on Monday and o
use of my study time.

Thursday evenings from 6:00—7:45 p.m.

in downtown Chicago. The class is fully “(I) just wanted to let you know thatIreceived exam
AN RN Y results over the weekend ... I was successful, and |

believe the review class was very helpful for me.

Participants can take the entire course Thanks to you & SEAOI for offering it via the Web.”

or focus on specific areas.



SPOTLIGHT

award winners and outstanding projects

UCSF Ray and Dagmar Dolby Regeneration Medicine Building

By Michael Gemmill, S.E. and Steve Marusich, S.E.

Forell/Elsesser Engineers, Inc. and Nabih Youssef Associates were both Outstanding Award winners for g
the Ray and Dagmar Dolby Regeneration Medicine Building project in the 2011 NCSEA Annual
Excellence in Structural Engineering Awards Program (Category — New Buildings over $100M). i

t first glance, most would never

guess that a building could be

constructed on the steep hills

behind the dense Parnassus
Medical Campus of UCSE. The desire to
efficiently use one of the last remaining sliv-
ers of land on the campus, combined with
a daring architectural and structural design,
resulted in the recently completed $123M
Ray and Dagmar Dolby Regeneration
Medicine Building (RMB), which houses
new laboratories for the University’s emerg-
ing stem cell research program.

The project team was tasked with a signifi-
cant challenge: develop a showcase building
on a demanding and steeply-sloping site that
is constrained by myriad obstacles located
just 6 miles from the powerful San Andreas
Fault. The entire team collaborated to develop
a design which follows the curve of the adja-
cent roadway and floats above the existing
terrain, which slopes up to 65 degrees. The
final result is a 700-foot long by 65-foot wide
serpentine-shaped building with a form that
is largely derived from the site topography.

‘The architect’s dramatic vision for the build-
ing to appear to float above the hillside had
to be balanced with the UCSF’s desire for
enhanced seismic performance. The final
result is a relatively economical solution using
a base-isolated steel space truss substructure
topped with a conventionally-framed steel
superstructure. The space truss is versatile
enough to accommodate the varying slope
of the hillside, and curves in plan while still
maintaining a level platform to economi-
cally construct the conventional steel framing
above. The team’s integration of architecture
and engineering essentially created a building
on what could have easily been viewed as an
otherwise un-buildable piece of land.

The use of seismic isolation provided
the desired enhanced level of seismic per-
formance, permitting the building to be
designed with limited damage in a Maximum
Considered Earthquake. “Triple Pendulum”
isolation bearings, manufactured by

Earthquake Protection Systems of Vallejo,
California, were selected because of their
ability to limit the torsional response of the
long and narrow structure. Based on non-
linear response history analysis, the structure
is anticipated to move a maximum of 26
inches laterally and 2 inches vertically in the
Maximum Considered Earthquake.

Initial analysis indicated that the narrow
building configuration resulted in the ten-
dency for the structure to “tip” during an
earthquake. Since the isolation bearings
cannot resist tension directly, the team had
to conceive a solution that could resist the
required 200-kip tension force at any point
of the building’s travel while being fab-
ricated using structural steel techniques.
Forell/Elsesser, in collaboration with Schuff
Steel, created a custom dynamic uplift
restraint device. The device consists of two
pairs of rollers that ride on curved tracks,
which are interconnected by an articulat-
ing linkage assembly. The performance of
the uplift restraint was successfully verified
by shake table testing at the University of
California, San Diego.

RMB is connected to the 9 floor of the
adjacent Health Sciences Building by a 140
foot long steel bridge. The bridge utilizes
plate girders to span the 100 foot main
span. The bridge is vertically supported by
an 8-foot diameter concrete shell at the north
end and a steel service elevator tower to the
south. The concrete shell and steel tower
also provide lateral support for the bridge by
cantilevering more than 90 feet from their
foundations. The bridge is seismically sepa-
rated from RMB and the Health Sciences
Building to permit the anticipated 3 feet of
differential lateral movement.

RMB achieved LEED Gold Certification.
The building is the first LEED Gold Certified
project to receive an Innovation-in-Design (ID)
Credit for High Performance Seismic Design.
The design-build team was able to show that the
base isolated design resulted in a 40% reduction
of structural materials and 43% reduction of
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Courtesy of Bruce Damonte.

CO,; over a conventionally designed structure
of equal seismic performance.

The successful completion of the project
was the result of close collaboration between
UCSE the Design-Build team of DPR
Construction, SmithGroup]JR, and Forell/
Elsesser Engineers, and the Bridging-Design
team of Rafael Vinoly Architects and Nabih
Youssef Associates Structural Engineers.
Together the team was able to deliver the
project $20M under the original budget and
two years ahead of schedule.=

Michael Gemmill, S.E. is a Senior Vice
President for Nabib Youssef Associates in
San Francisco. Michael may be reached ar
mgemmill@nyase.com.

Steve Marusich, S.E. is a Senior
Associate ar Forell/Elsesser Engineers in
San Francisco. Steve may be reached at
s.marusich @forell.com.
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NCSEA News

NCSEA Publications Committee Report

Timothy W, Mays, Ph.D., RE., Chair, NCSEA Publications Committee

The NCSEA Publications Committee is in the process of
completing several new and exciting publications which should
be available to our membership by the end of 2012, while
just beginning several other design guides with anticipated
publication dates sometime towards the beginning of summer
2013. Inspection, Testing, and Monitoring of Buildings and
Bridges was recently released and is now available from the
ICC Bookstore.

A major initiative of the NCSEA Publications Committee is
to create a new series of design guides based on the 2012 IBC
and ASCE/SEI 7-10. The first two guides under this charge
follow and are expected to print by the end of 2012.

1) Guide to the Design of Building Serviceability in
Accordance with the 2012 IBC and ASCE/SEI 7-10
by Kurt Swensson, PE. This design guide focuses on
serviceability provisions contained in the 2012 IBC
and all referenced load/material standards. Topics
considered include beam and wall deflections, story
drift, floor vibrations, crack control, and special limit
states associated with specific materials. Various design
procedures are introduced as necessary to address
serviceability requirements.

2) Guide to the Design of Building Foundations in
Accordance with the 2012 IBC and ASCE/SEI 7-10
by Mike Valley, PE. This practical design guide is

a problem-based, step-by-
step review of all provisions
contained in Chapter 18 of
the 2012 IBC. Emphasis is
placed on structural provisions
and interaction with
geotechnical engineers.
Under the same initiative, the NCSEA Publications Committee
is just beginning other new guides on the following topics:
¢ Seismic Design for Low and Moderate Seismic Areas
* Design of Irregular Structures
¢ Coastal Construction
* Design of Structures in High Wind Areas
* Design of Structures in Low and Moderate Wind Areas
* Sheet Pile Design Guide
NCSEA Publications Committee Chairman, Timothy W. Mays,
Ph.D., PE., will be presenting an overview of these and other
publications during a four hour talk at the NCSEA 20th Annual
Conference in October of 2012. If you are interested in bringing
a Ys-day or full-day short course on any of these publications, or
other NCSEA Publications, to your state through your Member
Organization, please contact Dr. Mays directly at timothymays@
bellsouth.net. The courses can be run as part of your group’s
annual meeting, as a stand-alone course run by your leadership,
or directly by the NCSEA Publications Committee leadership.

INSPECTION, TESTING, AND

MONITORING OF BUILDINGS
AND BRIDGES

NCSEA Aluminum Webinars August 7 and 21

Presented by Randy Kissell, Co-Author of Aluminum Structures

Randy Kissell co-founded TGB, an engi-
neering firm specializing in aluminum
structures, in 1993 and has engineered
the design, fabrication, and construction
of aluminum structures since 1978. He co-
authored Aluminum Structures, published
by John Wiley, and has been a profes-
sional engineer in over 20 states. Randy
is also the secretary of the Aluminum
Association committee responsible for the Specification for
Aluminum Structures, used throughout the US for aluminum
structural design. He is secretary of the American Welding
Society’s Subcommittee on Aluminum Structures, a member
of ASTM’s Light Metal committee, and a member of the
Canadian Standards Association’s committee on Strength Design
in Aluminum.

August 7: Webinar on Aluminum
Structural Member Design

This webinar addresses the design of aluminum structural
members and is based on the 2010 Specification for Aluminum

Diamond
Reviewed

Structures, published by the Aluminum Association. The
strength of aluminum members in axial tension, axial compres-
sion, bending, and shear is addressed. Mechanical properties,
including yield strength, ultimate strength, and modulus of
elasticity for commonly used aluminum alloy-tempers and
products are explained. Safety and resistance factors for building
and bridge structures are also discussed.

August 21: Webinar on Aluminum
Mechanical and Welded Connections Design

This webinar addresses the design of aluminum struc-
tural connections and is based on the 2010 Specification
for Aluminum Structures, published by the Aluminum
Association and the American Welding Society’s D1.2 alu-
minum structural welding code. The strength of aluminum
mechanical connections, including bolted, riveted, and
screwed connections, and the strength of groove and fillet
welded connections, are addressed. Quality requirements for
aluminum structural welding are also discussed, including
inspection and qualifying weld procedure specifications and
welding operators.

The cost per webinar is: $225 -NCSEA member, $250 — SEI/CASE member, $275 — non-member,
FlexPlan option available. Several people may attend for one connection fee. This course will award
1.5 hours of continuing education. The times will be 10:00 am Pacific, 11:00 am Mountain,
12:00 pm Central, and 1:00 pm Eastern. Approved in All 50 States
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NCSEA Annual Conference and ICC-ES Meeting
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Monday — Tuesday, October 1-2

ICC-ES Committee Meeting and Hearings — Environmental
and Evaluation Committees

Wednesday, October 3

ICC-ES Committee Meeting and Hearings — Structural
engineering topics

NCSEA Board Meeting

NCSEA Committee Meetings

Software and Non-Software Vendor Presentations

AZZ Plant Tour and Lunch

SECB Reception — Everyone invited.

Thursday, October 4
The Spirit of St. Louis...Design Trends for the Future
Overview of 2012 Codes and Standards
Ron Hamburger, S.E., SECB
Where ASCE 7 Wind Provisions Might Go in 2016
Don Scott, S.E.
Seismic Anchorage and Appendix D
Kevin Moore, PE., S.E., SECB
Strength Design of Masonry
Ed Huston, S.E.
ICC-ES Collaboration, Process, and Effect
Bill Warren, S.E., SECB, and Jim Collins, Ph.D., RE.
Keynote: Structural Engineering Practice — Instilling “A
Culture of Discipline” — Larry Griffis, RE.
Snow Load Provisions in ASCE 7-10
Michael O’Rourke, PE., Ph.D.
The Performance of New England’s Buildings in the Winter
of 2010-2011
Joe Zona, PE., SECB
The 2011 Joplin Tornado
Randall Bernhardt, PE., S.E. and Malcolm Carter, RE., S.E.

Thursday Night — Welcome Reception

at the Hilton Frontenac,

St. Louis, MO chober
Friday Morning — October 5

Roll call and Member Organization Reports

For Member Organization Executive Directors: Lessons
Learned and Strategies Session

ATC Cliff Notes: What You Should Know But Don’t
Have Time to Read — Jon Heintz, RE. S.E., and Ronald
Hamburger, S.E., SECB

1-6, 2012

Friday Afternoon
Diaphragms and Wall Anchorage / Serviceability and
Foundation Systems — Timothy Mays, Ph.D., PE.

Friday night — Awards Banquet

Saturday, October 6 — NCSEA Business Meeting

The NCSEA Business Meeting will be a little different this year.
Member Organization(MO) reports will be given on Friday, from
8 a.m. — 9:45 a.m., per Delegate requests that they hear from each
other, and therefore get to know each other better, eatlier in the
course of the Conference. Saturday, October 6, will be reserved
for Committee Reports, followed by discussion of the following
topics, brought to you by members of the NCSEA MO Ad Hoc
Committee on Collaboration and Communication:

¢ MO to MO Communications

e NCSEA and MO Communication

e Executive Directors

e SE Exam

® Webinars

o Websites

The NCSEA MO Ad Hoc Committee identified the above

initiatives this past April, formed subgroups on these initiatives
in May, discussed the initiatives with their subgroups in July,
discussed and received input on their recommendations from the
Delegates in a web-based meeting in August, and will be finalizing
their proposed recommendations in September for presentation
and discussion at the NCSEA Business Meeting on October 6. Ad
Hoc Committee findings and recommendations will be addressed
through the noon hour, with lunch tables earmarked for discussion
on the topics above. Lunch table leaders will report additional
feedback to members, and the NCSEA Business Meeting will
conclude at approximately 1:30 p.m.

Encourage Young Members to Attend the NCSEA Annual Conference

Consider three fundamental tenets of NCSEA that relate to
local SEA’s and your individual structural engineering firm:

NCSEA advocates for the practicing structural engineer.

NCSEA and local SEA’s both seek to develop future leaders
to assume leadership positions on their Boards.

NCSEA, local SEA’s and our individual firms all seek to develop
engineering skills of practicing engineers.

What better way to infuse our profession with enthusiasm
than with our young professionals? Beginning with NCSEA’s
2012 Annual Conference in St. Louis, the NCSEA Board
of Directors announces an ongoing incentive to encourage
Young Member attendance by discounting their conference

registrations by 25% (Young Members are members of SEA’s
under the age of 35).

Encourage and allow even more Young Members to attend
NCSEA’s Annual Conference and learn from the best — sponsor
a conference registration Scholarship’ of a deserving Young Member!
Ben Nelson, upcoming NCSEA President, writes: “I feel Young
Members are so vital to the future success of our individual
firms, our local SEA’s, and to NCSEA, that my company will
sponsor the first full conference registration ‘scholarship’ for a
highly motivated Young Member to attend.” Please contact the
NCSEA offices at 312-649-4600 to obtain more information
on how to contribute to the scholarship fund.

STRUCTURE magazine ¢ August 2012
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Structural Columns

2012 SEl and ASCE Structural Awards

The Structural Engineering Institute (SEI) proudly recognized
the following recipients at the Structures 2012 Congress in
Chicago, llinois on March 29, 2012:

Structural Engineering Institute Awards

2012 Chapter of the Year Award

The SEI Chapter of the Year Award was initiated this year to
recognize an SEI Chapter for its exemplary activities and efforts
to advance the structural engineering profession. The first SEI
Chapter of the Year Award has been given to the SEI New
Orleans Chapter. This Chapter has been operating successfully
since its formation in 1990 as the ASCE New Orleans Branch
Structures Committee. Since then it has gained admiration
from engineering professionals and local organizations for its
contributions through technical activities, student support,
community activities, public and government relations, and
involvement in ASCE and SEI activities.

Dennis L. Tewksbury Award

The Tewksbury award recognizes an individual member of the
Structural Engineering Institute who has advanced the interests
of SEI through innovative or visionary leadership, promoted the
growth and visibility of SEI, established working relationships
between SEI and other organizations, or otherwise rendered
valuable service to the structural engineering profession. The
2012 Award was presented to Craig Barnes, P.E., SECB,
M. ASCE. Mr. Barnes has a distinguished history of service
to SEI and the structural engineering profession. He served
for several years on the SEI Business & Professional Activities
committees, and has been a lead supporter in developing a
standardized structural engineering curriculum in universities

REGISTER TODAY! juin your fellow colleagues for the

perfect opportunity to advance your professional development and

earn up to 23.5 PDH credits.

DON’'T MISS THIS DYNAMIC CONFERENCE, held once

every three years.

Find out more at www.asce.org\ets2012
or call (703) 295-6095.

= = — - - - -

Award winners, left to right: Ahsan Kareem, Fahim Sadek, Michael
Scott, Om Dixit, Steven E. Pryor, John W, van de Lindt, Charles
Roeder, Shiling Pei, Don Dusenberry, Craig Barnes, Sherif El-Tawil,
Nicholas Isyuwmov, Jeffrey A. Packer, Sam Ribani, Andrew Herrmann.

throughout the United States. Craig has long served on the
STRUCTURE magazine editorial board producing articles of
interest to practicing engineers, while forging links between

SEI, CASE and NCSEA
Walter P Moore, Jr. Award

This award is presented for significant contributions to the
development of codes and standards. The 2012 recipient was
Don Dusenberry, PE., F. ASCE. Mr. Dusenberry has given
generously of his time and talents to ASCE and SEI. For many
years, he has played a leadership role in key ASCE standards
activities affecting the practice of structural engineering. In
addition to his numerous leadership roles in ASCE Standard
Committee 7 on Minimum Design Loads, he has served as Chair
of the SEI Technical Activities Division Executive Committee,
Chair of the Performance of Structures Technical Administrative
Committee, as Associate Editor of the Journal of Structural

Solutions

Building

he Grid

lomc
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ONLINE ™

before September 6'"
to receive the

Early Bird
discount!
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Engineering and as Editor of the Handbook for Blast-Resistant
Design of Buildings, published in 2010. He is currently Chair of
ASCE Standard Committee 59 on Blast Protection of Buildings,
and serves on the SEI Board of Governors.

SEI President’s Award

The SEI President’s Award recognizes exemplary contribu-
tions to the success of SEI. The recipient of the 2012 SEI
President’s Award was Roberto T. Leon, Ph.D., PE., F. ASCE.
In addition to serving as President of SEI from 2009 to 2011,
Dr. Leon was a member of the following SEI/ASCE boards
and committees; SEI Board of Governors, ASCE Technical
Region Board of Governors (TRBG) representing SEI, the SEI
Technical Activities Division Executive Committee, Structural
Steel Beams with Web Openings Standards Committee,
Joints & Connections in Monolithic Concrete Structures

Committee, Development and Splicing of Deformed Bars
Committee, Composite Construction Committee, Methods
of Design Committee.

Call for 2013 SEI/ASCE Award Nominations

Nominations are being sought for the 2013 SEI and ASCE
Structural Awards. The objective of the Awards program is
to advance the engineering profession by emphasizing excep-
tionally meritorious achievement, so this is an opportunity to
recognize colleagues who are worthy of this honor. Nomination
deadlines begin October 1, 2012 with most deadlines falling
on November 1, 2012.

For more information and nomination proce-
dures, visit the SEI Awards and Honors page at

http://content.seinstitute.org/inside/honorawards.html.

American Society of Civil Engineering Structural Awards

Jack E. Cermak Award

This award was created by the Engineering Mechanics Institute/
Structural Engineering Institute to recognize Dr. Jack E. Cermak’s
lifetime achievements in the field of wind engineering and industrial
aerodynamics. The 2012 award went to Nicholas Isyumov, Ph.D.,
PE., E. ASCE, in recognition of his contributions in developing a
wind tunnel methodology now used routinely in the design and
testing of tall building, long span bridges, and other structures.

Shortridge Hardesty Award

The Shortridge Hardesty Award may be given annually to
individuals who have contributed substantially in applying
fundamental results of research to the solution of practical
engineering problems in the field of structural stability. The
2012 award went to Jeffrey A. Packer, Ph.D., D.Sc., PEng, F.
ASCE, in recognition of a career in research on the use of hollow
structural section tubes, a desirable but inherently more difficult
to connect structural member. Prof. Packer has researched and
developed practical connections for these members in structural
design, and worked with specification writing bodies in the US
and Canada to translate these results into engineering practice.

Moisseiff Award

The Moisseiff Award recognizes a paper contributing to
structural design, including applied mechanics, as well as the
theoretical analysis or construction improvement of engineer-
ing structures, such as bridges and frames, of any structural
material. The 2012 award was presented to Yasser Alaskher,

Ph.D.; Sherif El-Tawil, Ph.D., P.E., F. ASCE; and Fahim
Sadek, Ph.D., M. ASCE for the paper “Progressive Collapse
Resistance of Steel-Concrete Composite Floors,” published in
the October 2010 issue of the Journal of Structural Engineering.

Raymond C. Reese Research Prize

The Raymond C. Reese Research Prize may be awarded to the
author(s) of a paper published by ASCE that describes a notable
achievement in research related to structural engineering and rec-
ommends how the results of that research (experimental and/or
analytical) can be applied to design. The prize was established in
1970 in honor of Raymond C. Reese. The 2012 prize was presented
to John W. van de Lindt, Ph.D., M. ASCE; Shiling Pei, Ph.D.,
PE., M. ASCE,; Steven E. Pryor, PE., S.E., M. ASCE; Hidemaru
Shimizu, Ph.D.; and Hiroshi Isoda, Ph.D., Af M.ASCE. They
are receiving the prize for the paper “Experimental Seismic Response
of a Full-Scale Six-Story Light-Frame Wood Building,” published
in the October 2010 issue of the Journal of Structural Engineering.

ASCE Journals Associate Editor Award

The Associate Editors Award is presented annually by the ASCE
Board Publications Committee recognizing an Associate Editor
who has provided consistent and exemplary service to a par-
ticular journal or practice periodical, or a substantial unique
contribution to the enhancement of ASCE’s publication activi-
ties. ASCE Journals Department would like to thank Michael
H. Scott, Ph.D., for his contributions as Associate Editor of
the Journal of Structural Engineering.

Building and infrastructure professionals, make your plans today to
attend the ATC-SEI Advances in Hurricane Engineering Conference

Make your plans today to attend the first-of-its-kind event:
the ATC-SEI Advances in Hurricane Engineering Conference
held Oct. 24-26 in Miami. This event will focus exclusively
on wind and flood design topics of interest to professionals
who design, engineer, regulate and build projects in hurricane
affected regions. Specific hurricane engineering topics include
wind design using ASCE 7-10, building code changes in Florida
and in the 2012 International Building Code, storm surge inun-
dation modeling, discussion of wind pressure modeling using
new wind tunnels, and more.

View the technical program and learn about the educational ses-
sions given by industry luminaries such as Larry Grifhis, PE.; Chris
Jones, PE.; David Prevatt, Ph.D., PE.; Ron Cook, Ph.D., PE.; Scott
Douglass, Ph.D., PE.; Peter Irwin, Ph.D., PEng, and many more.

Thought-provoking, post-conference workshops allow for more
in-depth discussions of key topics, while post-conference tours
visit interesting local sites including the new Miami Dolphins
Stadium, the RWDI wind tunnel, the National Hurricane
Center and the Wall of Wind at Florida International University.

For more program and lodging details visit www.atc-sei.org.
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CASE in Point

Structure Your Firm to Avoid Risk

CASE Tool No. 3-1: Risk Management Program Planning
Structure is the first tool related to the Third Foundation for
Risk Management, Planning.

Risk in our business can come from many sources. The firm
that is able to identify risks before they occur, and take the
necessary steps to mitigate them, is well on its way to being
successful. This tool is designed to help firm principals or
managers focus their thinking on what may occur and what
can be done to prevent it from being a disaster. It is a template
that uses the Ten Foundations for Risk Management as one
axis and four aspects of your business (staff, clients, owners/
users, and projects) across the other axis. Use the intersec-
tions of each of these elements of your business to help you
understand the risk that can be categorized there, and the
policies and procedures that you can implement in your firm
to mitigate that risk.

The CASE Toolkit committee has crafted 10 sample risk factors
with associated policies and procedures to show how we believe
the template can be used. When you click on the risk factor
on one page of the Excel worksheet, it will link you to the cor-
responding grid intersection on the policy and procedure page
that describes what can be done to deal with that risk factor.

You may take our suggested sample policies and procedures and
implement them in your firm and/or develop your own policies
and procedures that will best deal with issues within your firm.
By using this tool, it is hoped that you will start to plan now
for how to deal with the risk that is inherent in your business.

This fall, CASE will be releasing three new products, Tool 6-2
— Scope of Work for Engaging Subconsultants, Tool 7-2 — Fee
Development Methods, and Tool 2-5 — Insurance Management
Guidelines. As always, CASE products are free to CASE mem-
bers. Look for them at www.booksforengineers.com.

SAVE THE DATE

CASE Convocation at the ACEC Fall Conference

October 14-17, 2012 ACEC is holding its Fall Conference in
Boca Raton, FL. CASE will be holding convocation on Monday,
October 15™. Sessions will include: Seismic Assessment and Repair
Design: Washington Monument and National Cathedral, Daniel
J. LeMieux & Eric Sohn, Wiss, Janney, Elstner Associates, Inc.,
Project Risk Management Plans, Stephen Cox, GHD, and Risk
Management Essentials for Structural Engineers, Randy Lewis,
CPCU, XL Group.

ACEC’s program will include:

* CEO Insights on Firm Growth and Profitability

* Industry Economic Update — Where is the Movement
for 2013?

* Tour of the Everglades and learn about the Federal
Government Restoration Project

* Play in the Annual ACEC PAC Golf Tournament

For more information, go to www.acec.org/conferences/fall-12/.

CASE is on LinkedIn

LinkedIn is a great virtual resource for net-
working, education, and now, connecting
with CASE. Join the CASE LinkedIn Group

today! www.linkedin.com.

—
11

You can follow ACEC Coalitions
on Twitter - @ ACECCoalitions.

JOIN CASE!

The Council of American Structural Engineers (CASE) is a
national association of structural engineering firms. CASE pro-
vides a forum for action to improve the business of structural
engineering through implementation of best practices, reduced
professional liability exposure and increased profitability. Our
mission is to improve the practice of structural engineering by
providing business practice resources, improving quality, and
enhancing management practices to reduce the frequency and
severity of claims. Our vision is to be the leading provider of risk
management and business practice education, and information
for use in the structural engineering practice.

Your membership gets you free access to contracts covering vari-
ous situations, as well as access to guidance on AIA documents,

free national guidelines for the Structural Engineer of Record
designed to help corporate and municipal clients understand
the scope of services structural engineers do and do not provide,
free access to tools which are designed to keep you up to date on
how much risk your firm is taking on and how to reduce that
risk, biannual CASE convocations dedicated to Best Practice
structural engineering, bi-monthly Business Practice and Risk
Management Newsletter, AND free downloads of all CASE
documents 24/7.

For more information go to www.acec.org/case or contact
Heather Talbert at htalbert@acec.org. You must be an ACEC
member to join CASE.
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Invest in Your Firm’s Future
Register for September SEI Class 18

Since its inception in 1995, ACEC’s prestigious Senior
Executives Institute (SEI) has provided the industry’s top leader-
ship program to public and private sector engineers and architects
from firms of all sizes, locations and practice specialties.

In five separate five-day sessions over 18 months, participants
acquire new high-level skills and insights that foster the adapt-
ability and innovative systems thinking necessary to meet the
challenges of the ever-changing A/E/C business environment.

SEI Class 18 will meet in Washington, D.C. in September,
2012 for its first session. A limited number of slots remain.

To inquire, contact Deirdre McKenna, 202-682-4328, or
dmckenna@acec.org.

CASE B:Siness Practice Corner

e — M ——

Apply Now for an
ACEC Designation

Executives at engineering firms develop a unique skill set that
transcends the technical practice of engineering — the skill and
adroitness of running an engineering business. Experience in man-
aging programs, projects, personnel and budgets drives a firm’s
profitability. These vital skills are not learned in technical programs,
but are acquired through company programs, from industry groups
— such as ACEC - and via direct business practice experience.

ACEQC, as the industry leader in best business practices, rec-
ognizes that business acumen is critical to success but difficult
to quantify for a client. ACEC is proud to offer its designation
program — a way for our members to codify their experience
and use it to market their services.

Visit www.acec.org/education/designations to apply.

If you would like more information on the items below, please contact Ed Bajer, ebajer@acec.org.

Paying Prevailing Wages
Everyone has heard of the Davis Bacon Act that defines prevail-
ing wages for construction, but are you aware of the Service
Contract Act which defines prevailing wage requirements for
service providers to the federal government. There are a number
of exceptions to the act where prevailing wages need not be paid
to service provider employees. The FAR allows service providers
to pay less than prevailing wage when the services rendered are
related to the maintenance or repair of commercial off-the-shelf
items and when the services are priced pursuant to established
market prices. The FAR 52.222-48 certification outlines the
requirements for this exemption.

Cell Phone and Texting Laws

Ten states prohibit all drivers from handheld cell phone use.
Police may cite a driver without any other traffic offense taking
place. 39 States ban text messaging. No state bans all cell phone
use for all drivers. The Governor’s Highway Safety Association

has an excellent matrix on all state cell phone and texting bans
(www.ghsa.org/html/stateinfo/laws/cellphone laws.html).
Municode.com provides easy access to over 2700 local govern-
ment codes in the fifty states.

Talking Compensation
with a Client

Traditional negotiating wisdom says when it’s time to bargain on
remuneration, wait for the other guy to make the first move just
in case it would have been better than what you had expected.
Then you can only improve. However, a different view is start
with a high number, maybe unrealistically high, and negotiate
from there. It changes the dynamics of the discussion about
where you ultimately end up. By taking the lead in negotiating
you may be able to “frame” the discussion and force the other
party to rethink what is acceptable to them. The trick is to pick
a starting point that is not so unreasonably high that the other
party views it as not worth considering.
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STRUCTURAL FORUM

opinions on fopics of current importance to sfructural engineers

American Job Creators

By Thomas M.B. Brooks II, RE.

he economic recovery has been
a bumpy road over the past few
years. The U.S. unemployment
rate has been stuck at around 8
to 10% during this time. This has been the
key factor hindering a full recovery. One
practice that is driving this phenomenon is
American businesses outsourcing and offshor-
ing jobs to India and China. This is necessary
for those companies to remain competitive
in the rapidly expanding global economy.
It is increasingly difficult for our citizens to
keep pace with the low-wage, highly skilled
workforce of the Eastern world. We need
domestic job creators that provide new and
better opportunities for our labor force.

For a five-year civil engineer with a BS
degree, the average U.S. salary is $60,000
per year, compared to India at $8,000 per
year. To compete and create jobs, the U.S.
must pave the way for innovative technolo-
gies. Innovation comes from engineers. For
innovation to increase, the U.S. must create
more engineers, and the engineers of today
must improve their skill sets. What can
our country do to achieve this goal? How
can we as engineers stay competitive with
engineers overseas?

As a nation, we must ultimately educate
our young people with a strong foundation
in math and science. Reports estimate that
India is graduating 120,000 engineers per year
and China is graduating 517,000 per year. In
the U.S., an estimated 170,000 engineers are
receiving diplomas per year. We must improve
our education system by increasing its funding
to provide better incentives for teachers and
students through grants and scholarships.
This is no secret; many economists share this
fundamental view of the proper long-term
goal. However, what can we do right now to
create jobs and grow our country?

For one thing, we must keep spending
money on research and development (R&D)
to spark innovation. As of 2011, the U.S.
spends 2.7% of its GDP towards R&D. India
spends only 0.9% of its GDP, while China
spends just 1.4%. However, R&D growth

for the U.S. is about 3.3% compared to 19%
growth in China. The U.S. has spent a large
sum of money towards R&D for decades
now. In 1960, the U.S. spent 3% of its GDP
on R&D. It is interesting to note that today
about two-thirds of spending comes from
industry, and the rest from government. These
ratios were reversed in the 1960s. This sug-
gests that more development is being done,
and less research. Development has certainly
spawned innovation and will continue to do
so, but I believe that basic research is the
most direct path.

A great example of what R&D can do for
our country is the evolution of computers.
The first modern computer was built in 1946.
When it ran, the room temperature rose to
120 degrees. There was not a lot of interest in
computers at the time without government
backing. The U.S. government was the only
entity in the world with enough resources
to pursue the development of the computer.
In 1964, R&D jointly funded by the U.S.
government and IBM produced the revo-
lutionary System 360 mainframe computer
for practical business needs. This spawned
many other new technologies on which the
U.S. thrived, including the microprocessor
and semiconductor industries. These innova-
tions would not have been possible without
ongoing R&D throughout the past 50 years.

R&D naturally results in patents. In 1990,
the U.S. awarded 52,977 patents. In 2010,
this number climbed to 121,179. In 1990,
India received a mere 23 U.S. patents, while
China received 199 patents. However, in
2010 India’s patents jumped up to 1,137 and
China’s up to 4,020. These are very signifi-
cant increases and will continue for years to
come. To maintain our competitive edge and
keep profits pouring into the U.S., we must
continue to lead in R&D.

Finally, to help our country grow and create
jobs, the engineers of today must increase
their skill levels. A large amount of knowledge
will be lost when the Baby Boomers retire,
so let’s focus on the younger engineers. They
should be getting licensed to create a strong

base in their respective industries. Each PE
should specialize in a particular field. This is
important for multiple reasons — such an engi-
neer becomes more marketable to the world,
has higher job security, tends to develop new
technologies that spark innovation, and makes
other engineers around him or her become
better educated.

For example, an engineer who designs
reinforced concrete structures can focus on
concrete mixes. Perhaps he or she develops a
stronger, cheaper mix that is more workable
and environmentally friendly, therefore cre-
ating a worldwide demand. Or, look at the
case of an engineer who works with hydrau-
lic fracturing of petroleum and natural gas.
Hydraulic fracturing has been a hot topic
in the news lately due to environmental
concerns. What if this engineer creates a
better way of addressing those issues, sub-
sequently leading the U.S. to become more
energy-independent? Additionally, blast-
resistant engineering specialists will be in
high demand due to the increase in terrorist
attacks over the last 20 years. The world
will pay a substantial amount of money to
these individuals for their knowledge about
risk and security.

In conclusion, to create jobs and drive our
nation’s wealth, we must innovate. Funding
must be provided to educate our people and
create opportunities for this innovation. The
engineers of today must increase their skill
level to compete with the rest of the world.
The backbone of America is its engineers,
and it is up to us to pave the path to a
brighter future.®

Thomas M.B. Brooks II, RE.
(tbrooks @burnsmcd.com) is a

Sll"ll(‘fll]’ll[ E’ﬂgl.ﬂfl’}" at Burns &

MecDonnell in Kansas City, Missouri.

The online version of this article
contains detailed references. Please visit

www.STRUCTUREmag.org.
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Celebrating 25 Years of

Innovation

Back when state-of-the-art structural analysis meant creating an input file, feeding that file into an analysis
program and then getting the results written out to yet another file, RISA Technologies introduced RISA-2D.
This innovative program enabled engineers to create model data interactively on screen, view graphic images
of the model with the push of a button, solve the model and review results instantly.

RISA Technologies started as a one person operation, developing and marketing a single 2D statics program.
That simple program was at the forefront of a new era of interactive, computer based structural engineering.
Today RISA Technologies offers multiple high-end software solutions such as RISAFloor, RISAFoundation and,
of course, RISA-30, the most widely used structural engineering software in the United States.

We wish to thank our innumerable loyal clients, many of whom have been using RISA software for more than
20 years, for making our success possible. We look forward to many more years of innovation!

HIRISA

www.risa.com 800.332.RISA TECHNOLOGIES

2002 RESA, Technologess, LLC
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