


UNITED STEEL DECK, INC.
ROOF DECK DATA BASE

DECK DESIGN DATA SHEET
No. 17

Attribute

Type B Deck
iB.

BI. BA. BIAI

Type F Deck

INS

Trpe N Deck

+ NI, NSA, NIA)

gage

20

22

20 18

thickness

«02958

weight, paf

Ies In.Y 11D

In .

0.40

Se

0.19

0.44

Se s

0.20

0.45

Ext.R'%) . 1bs.

450

1860

1410

Ext.R'3) ,1bs,

540

2100

1590

Int.R'*' lba.

1270

1830 4670

2370

3e00

Int.R'%),1bs.

1320

1880 4750

2700

4020

Viei, 1bs.

1920

2300 a7epo

4960

Max.l span'T)

8*10"

s'a” #1*

15"8"

18°3"

Max.2 span'?®!

6'11"

T'10" 10°9"

185"

1n's"

Cant.'?!

1‘u-

24T 210" 33

4'10"

5°8"

Max.

411" 8'8" &°%°

FMS span' i) 6'0" 6'6" 7’8"

NOTES
Isy In, Se, and Sa are the section properties per foot of width. These values were
calculated using the American Iron and Steel Institute Specifications. The subscripts
dencte positive or negative bending.
Allowable end reaction per foot of deck width == 2" bearing.
Allowable end reaction per foot of deck width -- )" bearing.
Allowable interior reaction per foot of deck width == 4" bearing.
Allowable interior resction per foot of deck width -- 5" bearing.
Allowable vertical shear per foot of width == do not confuse this with horizontal
shear strength provided by the diaphragas.
Maxisus span recommended for roof construction based on SDI criteria -- single span.
Maxisum span recommended for roof construction based on SDI criteria -~ 2 or more
spans,
Maxisus recommended cantilever span based on SDI criteria:
to the length of the adjacent span as they are contrelled by deflection. Call
need a4 more precise calculation.
Maxisum spans for Factory Mutual Class I construction. Factory Mutual will allow
these apans to be extended by 10X (maximum) when the insulation is mechanically
fastened to the deck by screws and plates. Whenever this extension is used, sidelap
fastening must occur at 18" (maximumi rather than the normal 36”. Refer to the Factory
Mutual Systea Approval Guide.
B is generically known as “wide rib" deck:

deck is “deep rib".
The deck type B means flat side lap; BI is the “interlocking”™ side lap; BA and BIA

means the decks are acoustic. F deck is only available with the flat sidelap. NS ia
flat sidelap: NI is “interlocking” and NSA and NIA are acoustic decks. Better sidelap

connections are obtained by screwing or welding through the flat sidelaps and

therefore this ia the recommended type.
Information not provided on this chart may be obtained by calling our office in
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In these days of declining profits, Structural Software's
computerized Estimating gives you the accuracy you
need to stay competitive. An accurate bid can mean
the difference between a healthy profit and an unwel-
come surprise. Plus, you're able to bid more jobs using
the same personnel. Our Estimating program cor-
rectly prices all items that go into a job, from the mill to
the warehouse. The only thing left for you to calculate
is the savings! Almost all of the pricing levels and labor
codes can be changed to suit your needs. In fact, our
customers agree that Estimating's flexibility makes it
the best estimating program on the market. And Esti-
mating's unique modular design for IBM computers
lets you easily add on our other programs, like Multing,
Inventory and Production Control, to give you even
greater accuracy and control over shop production.

“The Structural Software system enabled us 1o
bid and run more projects through. Our estimates are
more accurate. And because Production Control tracks
everything in a job, you can keep full control of a project
in the office from the time you bid it to the time it goes out
to the site.”

Greg Householder
Qriffith-Custer Steel

“Our estimates are faster and more accurate now.
Wae are providing more estimates than ever before. We
all had a basic understanding of the system soon after it
was installed. Within a few weeks, we were totally used to
the systermn and wondering how we'd ever goften along
without it."

Phil Griggs
Topper & Griggs, Inc.

Call (800) 776-9118 for details on Estimating and other Structural Software

programs, including

*FabriCAD - A total unit detailing process that includes shop drawings

*Inventory Control, Production Control and Purchase Orders - Material
Allocation programs that link purchasing with production to cut waste and boost
profits. Structural Software Co., 5012 Plantation Road, Roanoke, VA 24019

Estnmatmg

Gives you unrivaled
accuracy - and an accurate
bid is money in your hand

“The computer saves so much compilation time
and analysis time, since it groups the pieces automati-
cally. We can bid a lot more work now, and thats really
important in today's competitive market. Using the
computer saves us hours, or days, on turning astimates
around.”

Greg Lewis
Elwell Iron Works, Inc.

“Estimating saves us the cost of one person per
year. We also appreciate the consistency that computer-
ized estimating adds to our operation. Since this pro-
gram was writien by a structural steel fabricator, and for
a structural steel fabricator, we dont have to rethink
anything to use it"

Jack Holcomb
Berlin Steel Construction Co.

"We're extremely satisfied. Estimating has en-
abiled us 1o do another 20 to 35 percent more quotes and
increased our accuracy tenfold. The computar elimi-
nates the tallying errors that creep in sometimes when
you're totaling up the weights Wa've had our system for
close 1o five years, and we're very happy with t.”

Dave Fritzer
Coastal Steel Corp.

STRUCTURAL SOFTWARE CO0.
SOFTWARE FOR THE STEEL INDUSTRY
(800) 776-9118
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~ » HIGH YIELD STRENGTHS (up to
65 KSI) - aven for ultra-heavy
sections.

* OUTSTANDING TOUGHNESS
PROPERTIES.
* EXTREMELY LOW CARBON

EQUIVALENT — ensures excel-
lant weldability

A NEW PROCESS... QST.

The secret is in ARBED's revolu-
tionary new in-line QST process.

OTHER RECENT ARBED
INNOVATIONS:

af R : _
- B, AL : ¥ 4 “TAILORMADE" (WTM) series —
o i~ A% B famous for high section moduli,
A m nane " LN ? T3 great lateral buckling resistance,
- el - AR H ! and big savings In fabrication
SR ’ costs and waights. These products
are also available in the new

HISTAR quality as is our standard
WF series and H BEARING PILES.

and column sha

fOf ONOMICE 1 NEW LITERATURE AVAILABLE
steel construction. | Sarc now or complate dat on a1

Trade ARBED, INC., 825 Third
Ave., New York, NY 10022 (212)

Once again, ARBED leads the 486-9800, FAX 212.355-2150/2421.
industry by featuring a trendsetting In Canada: TradeARBED Canada,
combination of mechanical, 1 Inc., 3340 Mainway, Burlington,
chemical and technological Ontario, Canada LTM 1A7.
properties: (416) 3355710, FAX 416-335-1292

TRADE /AVEIEED. ..
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You Say Tomato...

n the East Coast it’s an inverted “V”, in the Midwest it's a “K”,

and on the West Coast it’s a Chevron. But regardless of the

terminology, engineers throughout the country have long
depended on braced frames for stiffness.

Now, some cutting-edge engineers are wurkmg with a variation on
the theme to even further improve the seismic performance of structural
steel buildings. Steel, due to its unique combination of strength and
ductility has long been recognized as the material of choice for seismic
areas. Still, designers were always faced with the dilemna that
increasing stiffness tended to reduce ductility, and vice versa.
Fortunately, there is a solution.

Instead of a traditional Concentric Braced Frame, some
designers—especially in California—are increasingly relying on
Eccentric Braced Frames (EBF). As the name implies, with a EBF the
bracing members do not meet at the same point, but instead are slightly
offset. This separation, or link, builds additional ductility into the
system. As Jason Louie, S.E., points out in his article beginning on 20,
“the ultimate desire is to have the link yield first to dissipate energy in
any potential overload situation.” And as an added benefit, moving the
bracing element away from a corner simplifies connections.

The vast majority of EBFs built to date have been in California,
though this type of design is slowly making its way east (see the article
on a Boston project beginning on page 14). One reason for the slow
movement is that an awareness of seismic risks is relatively recent
outside of California. But another reason is a basic resistance to ideas
emanating from the West Coast.

But regardless of accents or terminology, it's important to take note of
advances in engineering, whatever their source.

As more of the country becomes aware of the need for seismic design,
California’s experience with earthquakes will be an important lesson. In
addition to reporting on EBFs, this issue also presents an innovative
seismic retrofit project (page 24) and some information on upgrading
bridges to withstand earthquakes (page 32). SM
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Steel Interchange is an open forum for Modern Steel Construction
readers to exchange useful and practical professional ideas and in-
formation on all phases of steel building and bridge construction.
Opinions and suggestions are welcome on any subject covered in
this magazine. If you have a question or problem that your fellow
readers might help to solve, please forward it to Modern Steel Con-
struction. At the same time feel free to respond to any of the gues-
tions that you have read here. Please send them to:

Steel Interchange
Modern Steel Construction
1 East Wacker Dr., Suite 3100
Chicago, IL 60601

questions from previous Steel Interchange
columns, as well as to other articles in this and
other AISC publications, have been received:

f I Yhe following comments and responses to

What is the effect of designing with LRFD on de-
flection and vibration?

ith the increasing popularity of LRFD, |
expect that deflection and vibration related

concerns will become a large part of claims
of structural engineers.

. Conclusions from deflection studies (such as
those in MSC April, 1992 Mega Mall Creates New
Shopping Experience, p. 20) may be helpful in keeping
structural engineers out of court, where the project
size is not adequate to justify such studies.

Discussions of the deflection, vibration concerns
may also reduce the hesitam:{)on the part of
engineers to change from ASD to LRFD.

Roger W. McGarrigle, P.E.
Van Domelen/Looijenga/McGarrigle/Knauf
Portland, OR

What is a good “wind” connection for the top
of a column?

connection for the top of a column, | offer the

detail shown in Figure 1. This is a slight variation
or the “semi-rigid” sketches shown in the April Steel
Interchange.

In response to the question regarding a “wind”

Donald |. Shurilla, P.E.
F & M Associates, Inc.
Allentoun, PA

Steel |nte_rchange

Answers and/or questions should be itten and double
spaced. Submittals that have been prepared by word-processing
are appreciated on computer diskette (either as a wordperfect file or
in ASCII format).

The opinions expressed in Steel Interchange do not necessarily
represent an official position of the American Institute of Steel Con-
struction, Inc. It is recognized that the design of structures is within
the scope and expertise of a competent licensed structural engineer,
architect or other licensed professional for the application of princi-
ples to a particular structure.

Information on ordering AISC publications mentioned in this ar-
ticle can be obtained by calling AISC at 312/670-2400 ext. 433.

here are many different possibilities concerning
a good “wind” connection at the top of a

column depending on shop and field
preferences. My favorite is shown in Figure 2.

Robert O. Disque, P.E.
Besier Gibble Norden
Old Saybrook, CT

Figure 1: Semi-Rigid Wind Connection

Modern Steel Construction / July 1992/9




Steel Interchange

For A36 steel there is an increase in going from
0.4Fy to 0.3Fu. For A572 Gr. 50 steel there is a

decrease.
|  [Type of steel 04Fy  0.3Fy 4
A36 144ksi  (17.4ksi |
& » eeunco AS72 Gr. 50 [200ksi  |19.5ksi |
T e — Three questions arise from this paradox:

. _ a)When a single round hole penetration is
' . < required in a beam web, is it proper to use Fy = 0.4Fy

1 El or Fy = 0.3Fy when calculating the beam shear
| = capacity?
N
N b)Would a row of bolt holes behave differently
. b than one large round hole which resulted in the same
net area?

. ¢)Does the presence or absence of bolts in holes
affect the shear capacity of the member?

David T. Ricker, P.E.
Payson, AZ .

2. The AISC design procedure for end-plate

) . moment connections is for static loading only. (See

Figure 2: Wind connection at top of column LRFD manual, 1st Edition, p. 5-143 and ASD Manual,
9th Edition, p. 4-116.) Why is this restriction made?
What is the definition of static loading? Can this
connection be used for a utility bridge that has wind

New Questions loading? Can it be used on a frame that supports a

crane runway?

isted below are some questions that we would

like the readers to answer or discuss. If you Barry K Shriver, P.E.

have an answer or suggestion please send it to Piedmont Olsen Hensley
the Steel Interchange Editor. The question and Greenville, SC

responses will be printed in future editions of Steel
Interchange Also if you have a question or problem
that readers might help solve, send these to the Steel 3. How should I connect wide flange beams to
Interchange Editor. all four faces of a structural tube column in such a
way as to transfer wind moments as well as dead and
1. The following oddity exists when comparing  live load reactions?
0.4Fy versus 0.3Fu shear stress values. The ratio of Fy

to Fu for A36 and A572 Gr. 50 steel is not John W. Kush, P.E.
roportional, reflecting the lesser ductility of the Zurheide-Herrmann, Inc.
igher strength steel. For applications based on Fv = St. Louis, MO

0.4Fy, the allowable shear stress for A572 Gr. 50 steel
is 39% greater than A36 steel; however, for
applications based on Fv = (.3Fu, the allowable stress
is only 12% greater for the A572 Gr. 50 steel.

10/ Modern Steel Construction / July 1992




_ 'Gﬁmnl Steel‘sA361A5‘7250 steel. This
_ wmlﬂﬂwUS Canada and Mexico. The
~ A36/A57250 steel meets all the specifications of our A36, A572 Grade 50, 44W and

' m R’lmwmmmmmlmm Plus, it costs the same as
the A36, and has the same carbon equivalent range, an important factor for welding and
formability. It's also just as easy to get, thanks to our innovative shipping techniques and
central location. Call your Chaparral representative today and order the structural steel that
makes the grade a number of ways: Chaparral’'s A36/A57250.

_—_V/—

STEEL"
300 Ward Road  Midlothian, Texas 76065-9651

Toll Free (800) 527-7979 U.S. and Canada
Local (214) 775-8241 Fax (214) 775-6120

€192 Chaparral Steel 4‘
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NEWS AND

Metric In Construction

new newsletter, “Metric In
Construction”, is being pro-
duced by the Construction Metrica-
tion Council of the National Insti-
tute of Building Sciences.

The first issue reports of a vari-
ety of topics, ranging from the Fed-
eral mandate toward metrication to
other countries’ experiences with
metric conversion. According to
the newsletter, design firms in Brit-
ain, Australia, South Africa and
Canada all found that it took less
than a week for staff to begin
thinking and producing in metric
when those countries converted
from the inch-pound system dur-
ing the past two decades. “The ar-
chitecture/engineering community
preferred metric dimensioning
since it was less prone to error and
easier to use than feet and inches,”
the report concluded.

Metric also offered a chance to
reduce the many product sizes and
shapes that had accumulated over
the years but were no longer use-
ful.

The newsletter also includes a
listing of large federal metric pro-
jects and publication resources.

Publications on metric conver-
sion are available from both NIBS
and AISC.

NIBS offers a 34-page booklet,
“Metric Guide for Federal Con-
struction”, which includes: an in-
troduction to metric; a primer on
metric usage for the a/e/c commu-
nity; guidance on metric manage-
ment and training; and a complete
list of metric construction refer-
ences. To receive a copy, send $15
to Metric Guide, NIBS Publications
Dept., 1201 L Street, NW, Suite 400,
Washington, DC 20005 or call (202)
289-7800.

AISC offers two publications:
“Metric Properties of Structural
Shapes with Dimensions Accord-
ing to ASTM A6M"” and “Metric
Conversion: Load and Resistance
Factor Design Specification for
Structural Steel Buildings.” The for-
mer is a 92-page metric version of
Part 1 of the Manual of Steel Con-
struction, while the latter is a 159-
page metric version of the 1986
LRFD Specification. Both cost $10.

For information, contact AISC at
(312) 670-5411.

EVENTS

Research @

Funding

ISC has joined with the Na-
tional Science Foundation
and AISI to sponsor structural steel
research. The focus will be on: ap-
plications of high performance
steel, innovative types of connec-
tions, fabrication and erection tech-
niques; innovative applications of
steel in buildings, deep founda-
tions, bridges and other structures;
and technology transfer tools.
Suggested topics include: super-
structure and substructure interac-
tion of steel bridges; steel-framed
multi-family residential construc-
tion systems; sandwich panels;
steel building structures and steel
pile foundations, including par-
tially restrained connections low-
to-moderate seismic effects; and
fabrication-oriented projects.
Proposals are due July 15, 1992
and should be sent to NSF, 1800 G
Street, NW, Washington, DC
20550. For more information, con-
tact: AISC (312) 670-2400; AISI
(202) 452-7196; or NSF (202) 357-
9542.

"PROTECT YOUR
BUILDING FROM

MULTI-RUBBER
BEARINGS (MRB)”

EARTHQUAKE DAMAGE
WITH ZRIDGESTONE

Nashville: P.O. Box 140993-T, Nashville, TN 37214
Los Angeles: P.O. Box 6147-T, Huntington Beach, CA 92615-6147

LRIDGESTONE

ENGINEERED PRODUCTS CO.

r
]
i
!
1 )
t !
L/
N N
Th e — - —
[ F
bty Woth Ry Fodats s

Seismic Protection

Tel: (615) 391-1557, Fax: (615) 872-2640
Tel: (714) 962-1666, Fax: (714) 968-3441
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The News

Timnthy J. Gates has been
named president of AISC-
member Southern Ohio Fabrica-
tors, Inc. and ].J. Kling will move
from president to Chairman of the
Board of Directors of the Cincin-
nati-based structural steel fabrica-
tor and erector located. Gates, for-
merly vice president—finance,
joined the company in 1984. The
company has annual revenues of
$45 million. In addition to its high-
profile construction projects within
a 300-mile radius of its plant, it fab-
ricates industrial plate assemblies
for industry nationwide.

Quality
Management

he American Consulting Engi-

neers Council’s new video-
based course, “Quality for Design
Firms”, features Bill Hayden, a
well-known authority on total
quality management. The video
and accompanying 186-page work-
book are a full how-to course. Cost
is $345 for ACEC members and
$495 for non-members. For more
information, contact: American
Consulting Engineers Council, 1015
Fifteenth St., NW, Washington, DC
20005.

he American Society of Civil

Engineers has more than 10
publications available on quality
management, including: “Four
Propositions for Quality Manage-
ment of Design Organizations;”
“Construction Quality Manage-
ment;” “Quality Management and
the Civil Engineer;” and “Meeting
the Quality Management issue on
Highway Construction.” For more
information or a complete listing of
QM publications, contact: ASCE
Marketing, 345 East 47th St., New
York, NY 10017 (800) 548-ASCE.

Clarifications

Re: The International Facility
at Chicago O’Hare Interna-
tional Airport. Michael S. Fletcher,
P.E., should have been listed as a
joint author of “O’Hare Airport
Landmark” (page 12, June 1992).
Fletcher is an associate and director
of structural engineering at Perkins
& Will in Chicago.

e: Shortspan Bridges. J.M.
Montgomery, Jr., P.E, C.D.
Gorman, P.E., and R.P. Alpago,
PE, all from Bethlehem Steel
Corp., should have been listed as
co-authors of “Shortspan Bridge
Design In The 1990s” (page 32,
June 1992). The other authors listed
did not work on that paper but did
present information on shortspan
bridges at the National Steel Con-
struction Conference.
We apologize for the errors and
ommissions.

Calendar

July 7-8. Welding Structural Design
two-day seminar, Houston. Designed to
provide engineers and welding inspectors a
greater understanding of weld mechanics
and welded engineering structures. Contact:
AWS, 550 N.W. LeJeune Road, P.O. Box
351040, Miami, FL 33135 (800) 443-9353.

July 16. Southeast Steel Bridge Forum,
Columbia, SC. Contact: Camille Rubeiz,
Steel Bridge Forum, ¢/o AISI, 1101 17th 5t.,
N.W., Suite 1300, Washington, DC 20036
(202) 452-7190.

August 18-19. Welding Structural De-
sign two-day seminar, Miami (See July 7-8).

September 17. Northeast Bridge Forum,
Trenton, NJ. Contact: Camille Rubeiz, Steel
Bridge Forum, ¢/o AISI, 1101 17th St., N.W.,
Suite 1300, Washington, DC 20036 (202)
452-7190.

September 22-24. Fracture & Fatigue
Control in Structures short course, Law-
rence, KS. Contact: The University of Kan-
sas, Division of Continuing Education, Attn:
Management Programs, Continuing Educa-
tion Building, Lawrence, KS 66(45-2608
(913) B64-3968,

SLUGGER"by Jancy Engineering Co. ‘&

Manufacturer of Portable Magnetic Drilling Systems

2735 Hickory Grove Road, Davenport, lowa, USA
Phone 319-391-1300 FAX 319-391-2323
Ask for Pat, Steve or Jeff

Call fora
ln Demonstraﬁon
I'| TOdav

Made in
America's
Heartland

Lightweight-Accurate
Durable-Convenient
Affordable

Available Exclusively Through the Best Stocking Distributors
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Eccentric Braced
Frames Head East

An eccentrically braced building in Boston is one of the
first uses of the new AISC LRFD Seismic Provisions

By John R. Boekelman, P.E., and
Bruce E. Randall, P.E.

or both its owner and de-
signer, the Boston University

Medical Campus Center for
Advanced Biomedical Research in
Boston represents a series of
“firsts”.

For Boston University, the build-
ing is an important first step in a
joint development
between its medi-
cal campus and
University Hospi-
tal to create a
medical research
center in Boston’s
South End.

For Cannon, ar-
chitects and struc-
tural engineers on
the project, the re-
search center pre-
sented a unique
opportunity to be
one of the first de-
signers to put into
practice the stan-
dards set forth in
the 1990 “Seismic
Provisions for
Structural  Steel
Buildings—Load and Resistance
Factor Design.”

Challenging Program

The university’s program for the
10-story research facility placed a
premium on adaptability of the lab-
oratory spaces and specified a 16
floor-to-floor height to accommo-
date equipment and mechanical
services. Working with a laboratory
consultant, the design team deter-
mined that the ideal lab size would
have a 22’ x 33'-4" bay.

14 / Modern Steel Construction / July 1992

The program also called for nu-
merous full-height grouted ma-
sonry partitions on the upper lev-
els designated for animal care. The
added weight of these heavy inte-
rior partitions, combined with a bi-
level mechanical penthouse and a
brick exterior that required ma-
sonry back-up, placed significant
mass at the top of the structure.

An additional consideration was

that the site is underlaid with an
organic layer of soils up to 25 thick
and deep clay deposits. Competent

soils are more than 100" below
grade, requiring a deep founda-
tion. Also, the deep, soft soils could
potentially  amplify  bedrock
ground motion, requiring a soil
seismic load factor of 1.5 in accor-
dance with the Commonwealth of
Massachusetts Building Code.

The program requirements for
this building made it difficult to
determine an appropriate lateral

resistance system. The tall floor-to-
floor height: increased the wind
“sail” area per floor; increased the
overturning per level; reduced any
given column’s allowable axial ca-
pacity; and increased the column’s
flexibility. The additional mass at
the top of the building, the soil am-
plification factor, and the floor-to-
floor heights all contributed to
boosting the seismic base shear

and overturning

moment well
above the nor-
mal level for a

10-story  build-
ing.  Adequate
drift control be-
came a major de-
sign criteria and
several alternate
lateral load sys-
tems were ana-
lyzed.

In the broad
face (transverse)
direction, mo-
ment frames
were not efficient
at controlling
drift, especially
given the tall
floor-to-floor
heights and relatively long, 33’
spans in open plan. The required
girder depths would have taken
away from the desired interstitial
spaces and made a strong col-
umn/weak girder system difficult
to achieve.

Conventional concentrically
braced frames would have con-
trolled drift, but their lack of duc-
tility is penalized in designs gov-
erned by seismic forces.
Concentrically braced frames have
no mechanism to deform in a duc-
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tile manner when overloaded; the 0
frame fails by buckling of the com- — EFELCT 0N BALTS

pression diagonal, a brittle failure.
The higher design load factors on
this project would have required
that the lateral load system be de-
signed for seismic loads well in ex-
cess of wind loads, a potentially
large cost inefficiency.

Instead, the designers looked at
eccentrically braced frames (EBFs).
Since their introduction in the late F_ LI “_”?.7_1:
1970s, EBFs have shown to be a Ep 5 v o o
highly desirable lateral load resist- A \ /IJ_‘I';‘T(;TE"DDI ATE LITK STIFFENERS
ing system, combining the ductility
of special moment frames with the
stiffness of concentrically braced
frames. For this project, EBFs could
control drift with a minimum of
material, and without reliance on | e Bais 119 )
the stiffness of long, slender col-

. umns. The ductility of the system

allowed code level seismic forces to
nearly equal wind forces. The re-
sulting system has exceptional abil-
ity to absorb energy during seismic
overload, provides damping, and
increases the building dynamic pe-
riod to limit seismic forces.

Code Problems e (73
Unfortunately, EBFs had not pre- :
viously been used in the Northeast. Lo

In fact, due to a lack of recognition
of the system’s ductility and perfor-
mance by most model codes and a
lack of a set of coherent design

guidelines, use of the system was AL
not widespread outside of Califor- Hwp. =
nia. While Massachusetts has been a £ BEa

leader in incorporating modern
seismic design principles into its
code, neither the Massachusetts
Code nor BOCA had appropriate
EBF “K” factors (though UBC does).

Fortunately, Massachusetts does
recognize LRFD as an appropriate

h I~ ERECTION BOLTS (TYP.)
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TRALTES

A Chevron bace configuration was selected
for the main EBFs in the Boston
University Advanced Biomedical Research
Center. This geometry moved the highly
stressed link area away from the
beam/column connection and reduced
reliance on properly made full penetration
field welds for good performance in the
inelastic range.
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steel design method, and the 1990
AISC LRFD seismic provisions
were published at about the same
time as the building was being de-
signed. The provisions specify a K
factor of 0.67 for EBFs and outlines
a series of guidelines for use in
EBF design. This was important
because a proper K factor, or
building response factor, is neces-
sary to make EBF systems econom-
ically competitive. As a result of
this inclusion, Massachusetts al-
lowed the building to be designed
with an eccentrically braced frame.

Lateral Resistance System
In plan, two Chevron-type EBFs

were placed symmetrically in the
transverse  direction. Moment
frames were introduced along the
narrow face perimeter of the build-
ing to provide redundancy as a
dual system and help control drift.
To reduce the amount of uplift at
the base of the columns in the EBF,
one story Vierendeel outrigger
frames were introduced at the sec-
ond floor. In the longitudinal direc-
tion, the columns are spaced more
closely (22" centers) and the num-
ber of bays available made a perim-
eter ductile moment frame a rea-
sonable system.

During design development of
the exterior facade, the second floor
slab was recessed behind the plane
of the exterior columns. A perime-
ter moment frame at this level was
no longer possible and moving the
frame to the interior column lines
was ruled out due to two-story in-
terior spaces and headroom re-
quirements. Instead, in the longitu-
dinal direction, single diagonal
EBFs were created adjacent to the
stair shafts (see Plan). These EBFs
were carried up to the fourth floor
to engage two levels of diaphragm
for transferring the shear from ex-
terior to interior. The columns
common to frames in both direc-
tions were boxed and the connec-
tions carefully detailed.

A Chevron brace configuration
was selected for the main EBFs.
This geometry moved the highly
stressed link area away from the
beam/column connection and re-
duced reliance on properly made
full penetration field welds for
good performance in the inelastic
range. The other advantages of this
configuration for the 27°-8" center
bay are symmetry and appropri-
ately steep braces. If the
brace/beam angle gets to be too
shallow—Iless than 35 degrees, for
example—then the axial forces to
be resisted by the beam segment
outside the link become very lar%
under link yielding and are dif:
cult to control.

The remainder of the building
frame is conventional composite
slab and beam construction, with
the typical beams spaced at 11" cen-
ters. Slabs are 314" lightweight con-
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crete on 3" composite metal deck
with headed shear studs to create |
the composite action. Depending
. on whether stress or stiffness con-
trolled design, either A36 or A572
Grade 50 steel was used for both - .
columns and beams. All were de- @ 17180 o
signed according to the LRFD Spec-
ification.

The ETABS program from Com-
puters & Structures, Inc. was used | 87 "}.,,
for 3D analysis. 7

Designing EBFs —— ]
Chapter 9 of the “Seismic Provis- m/ \ |

ions for Structural Steel Buildings— FEMOSE FLO®
Load and Resistance Factor De- F

sign”  provides the  most ; / .'
comprehensive code requirements &
for EBFs published to date, and in- T v S|

cludes an extensive commentary to
aid in understanding the principles M \\

involved. An eccentric brace is cre-
ated when one end of each brace is Eliail Lo

deliberately offset along the beam - o
from the normal common intersec- / &
tion point at the column to create a / \ :
“link” (see detail). The link is a very swmnar |17 wo
ductile zone which is expected to NG
yield under overload. The link e TN
properties are included in the frame . &
. analysis and sized for both allow- SUAH AL

El
able stress and building drift. EI % &
Under normal wind and seismic &l 13 ’r%
conditions, eccentric braced frames A | Il
. FIFTH H.& y |
5 N
§ 7/ &,

perform in much the same way as
concentric braced frames, with all
members expected to remain elastic
at these force levels.

However, while code level wind ©) @)

forces attempt to approximate the T e~ ETOSCH TR TR P
maximum expected wind load dur- e 'ﬂ - "
ing the life of a building, the actual ity = i : t

forces generated by the maximum aa -

I

probable earthquake for any given | ! ?// \ | 4i 4 §
41 9 ' |

5 l ' | % :

!

|

code level earthquake forces. Since
earthquakes are an infrequent
event—at least in the eastern U.S.—
eccentrically braced buildings are
not designed to remain elastic | s iw
under this maximum load, but in-
stead are expected to remain stable
and survive without collapse. Dur-

ing overload the link is propor- | s RACING ELEVATIO
tioned to be the element which will gocfrn® THES'S' S
yield.
Well-designed links will deform
. in shear, which research has shown

is an excellent means of absorbing

B |

—

site may be far greater than the
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Steel Design

New Steel
Design Software
Aids Transition
to LRFD

E P-STEEL gives you more dasign opfions
In less time

Within P-STEEL is the AISC steel table
The engineer defines parameters then the
new MS-DOS software searches and
designs based upon your crilena (least
weight, lowest cost, least flange width,
elc) ... either single step iteration or
automated design/analysis

The hypertext on-line help links the code
details with LRFD excerpts and speeds
your understanding of this code

E P-STEEL is a graphical package with full
mouse support. It runs with Softek’s
popular 20 analysis package, P-FRAME

and if you know Windows™ you can
start designing immediately

For information on P-STEEL, P-FRAME
(2D) and S-FRAME (3D), contact

| — Softek Services Lid.
A 374 East Holy, Sule 106
44 Belingham, WA
98225

Phone: (604) 732-3763
Fax: (604) 732-8467
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energy while retaining strength
and stability. The links are stabi-
lized by stiffener plates to prevent
premature buckling and by per-
pendicular braces at each end to
restrain out-of-plane warpage.

The ensure that the links will be
the element to yield, the braces, the
portion of the beam outside the
link, the columns, and the connec-
tions of the frame are all designed
using the strain hardened capacity
of the link rather than code lateral
forces. In other words, once the
links have been designed for
proper elastic behavior under code
level forces, the design criteria for
the other members are determined
using a load factor multiplied by
the plastic capacity of the link as
the design input force. This capac-
ity design approach is to ensure
that the link will be able to achieve
its full inelastic capacity while the
rest of the frame remains elastic,
regardless of the magnitude or dis-
tribution of the dynamic forces.

Lessons Learned
Experience on this project indi-
cates that the frame should be pro-

| portioned to keep the link width at

or slightly less than the ratio
1.6Mp/Vy. This ratio is specified
in the code as the limit whereby
link yielding is primarily in shear
rather than in bending, as shear
has been shown to be the superior
mechanism of inelastic behavior.
The brace and the beam outside
the link should be selected as col-
umn-like sections. The beam

| should be selected based on the

plastic shear capacity of the web of
the beam exceeding the factored
shear resulting from code level
forces. The beam outside the link is
designed as a beam-column, resist-
ing a percentage of the moment in-
duced by the link beam and the
horizontal axial component of the
diagonal brace.

The LRFD provisions specify
that the brace connection to the
link beam be designed for the
nominal capacity of the brace

| member. This creates a rigid con-

nection that has stiffness at the link
beam. This stiffness causes the
brace member to resist a percent-

age of the link beam moment as
well as the axial force from the
strain hardened capacity of the
link.

Project experience indicates that
approximately 80% of the link
beam moment is transmitted to the
beam outside the link and the re-
maining 20% is resisted by the di-
agonal brace. These values can be
used when initially selecting the
members.

Designing for the strain har-
dened capacity of the links has the
most dramatic effect on the frame
columns. At present, the code re-
quires that columns be designed
for the sum of all the links above
the level under consideration
reaching strain hardened capacity
simultaneously, which would cor-
respond to building vibration in
the fundamental mode only. While
space prohibits a full discussion of
the probability of this mode of fail-
ure, it can be briefly stated that the
forces accumulated at the bottom
of a multi-story building get to be
very large.

The sections selected for the link
beams must be chosen with care
and not conservatively designed,
especially at the top floors. Other-
wise, the accumulated forces on the
columns will become too great; re-
sisting the amount of uplift at the
foundations especially could be-
come impractical. For this project,
widening the base of the frames to
reduce the uplift at the base of the
main EBF columns was desirable.
Additional bays of EBFs could not
be introduced at the lower levels
for architectural reasons. The one-
story-high Vierendeel frames pro-
vided the means to shed some of
the uplift from the EBF columns to
the exterior columns,

Fabrication Modifications

All of the connections within the
EBFs were designed and detailed
by Cannon Design. The steel fabri-
cator then suggested modifications
to aid in fabrication and erection.
These were reviewed and incorpo-
rated where possible. Close control
of the connections was considered
important to the frame behavior;

this approach was used in lieu of .
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listing rmance criteria and
having the fabricator design the
connections.

Correct detailing of the frame is
essential to proper inelastic behav-
ior. The code lists requirements for
stiffener size and spacing within
the link, and defines the lateral
support required at each end of the
link for both the top and bottom
flange. In this case, the end stiffen-
ers were used as single shear
plates to connect full depth per-
pendicular beams for lateral stabil-
ity.

Connection of the brace to the
beam at the link is another key de-
tail. The code recommended detail
is to cut the brace parallel and as
close as sible to the bottom
flange of the beam, and to provide
stiffeners on the bottom edge of
the gusset plate to prevent buck-
ling. These requirements compli-
cated field erection, as either the
Eussel prevented swinging the

race into position, or the gusset
would have to be field welded.
The fabricator solved the problem
by field bolting each brace to the
gusset plate of the link beam above
and then lifting the entire assem-
bly into place.

With the publication of the
LRFD Seismic Provisions, and now
with the publication of the 1992
supplement to BOCA, eccentrically
braced frames are a defined struc-
tural system across the US. As en-
gineers become more familiar with
the advantages of this system, its
use should become more wide-
spread in buildings where seismic
loads govern lateral system design
and where drift is a primary con-
cern. To purchase a copy of the
LRFD Seismic Provisions, send $5
+ $4 postage and handling (IL, N,
and CA residents please add sales
tax; foreign orders are $5 + $5 ship-
ping) to: AISC, Inc, P.O. Box
806276, Chicago, IL 60680-4120 or
call (312) 670-2400 ext. 433. Specify
publication S339L.

John R. Boekelman, P.E., and
Bruce E. Randall, P.E., both are senior
associates with Cannon Design, an ar-
chitecturalfengineering  firm  head-
quartered in Buffalo. "
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Each of the five
four-story
buildings of the
Apple R&D
Center consists of
two wings with
two | l('."I'I.'I"'Il'IHrf'_lf
Braced Frames in
each wing and
Special Moment
Resisting Frames
located at the
butlding's

perimeter

SElgM; C p Es IgN

Combined Systems
Enhance Seismic
Performance

Utilizing both Eccentric Braced Frames and Special
Moment Resisting Frames creates a structure with both
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ductility and stiffness

By Jason J.C. Louie, S.E.

hile many residents of the

earthquake-prone  San

Francisco Bay area give
only occasional thought to “The
Big One”, for structural engineers
it is a constant concern.

Fortunately, design engineers
have developed a variety of meth-
ods to cope with the threat of
earthquakes. Among the most ef-
fective is combining Special Mo-
ment Resisting Frames (SMRF)
with Eccentric Braced Frames
(EBF), such as was done on .-\pph'
Computer’s R&D Center in Cuper-
tino, CA.

The R&D Center consists of five,
four-story steel framed office
building and one two-story com-
mons building featuring a cafete-
ria, library and auditorium. As is
often the case with low-rise office
complexes, the buildings were de-
signed in a cluster arrangement
and feature an extensively land-
scaped campus. Because the com-
puter and manufacturing equip-
ment in the buildings is so
valuable, it was essential that the
structure and its contents be able to
survive an earthquake.

In the past, it would be common
to design the structure with a Con-
centric Braced Frame (CBF). This
type of system is designed to re
strict a structure’s lateral move-
ment, thereby limiting damage to
non-structural elements. However,
CBF's have little ductility and only




a limited ability to absorb cyclic
seismic energy. Also, CBF's are
generally associated with high
overturning forces, where one col-
umn may tend to go into tension,
or lift off, requiring piles, deep
foundations or large footings
(mass) to hold them down.

Today, structural engineers are
increasingly depending on alter-
nate systems in seismic areas.

Martin, Middlebrook & Louie,
the Apple project’s structural engi-
neer, has been designing combined
SMRF/EBF systems since 1985,
“As building technology increases,
our designs have become more
streamlined and sophisticated,”
noted Ron Middlebrook, S.E., the
firm’s managing principal. “And
with refined technology and appli-
cation, the buildings get better seis-
mically, while construction costs,
not to mention maintenance/dam-
age repair costs, can actually de-
crease.

SMRF's have long been recog-
nized by the Uniform Building
Code (UBC) as an excellent lateral
load resisting systems for seismic
areas due to the system’s very high
ductility. And for low-rise build-
ings, an added advantage is that
the system is less likely to require
special treatment for overturning
because dead loads are sufficient to
offset the tendency for tension
forces on foundations.

EBF's, like the more familiar
CBF's, consist of columns and
beams with angled bracing. How-
ever, the placement of the bracing
in EBF's joins floor and roof beams
a slight distance away (eccentri-
cally) from the column/beam joint,
forming a girder link. A certain
amount of ductility or reserve is
achieved through bending in the
girder link induced by the force
from the original angled brace
when excited by an earthquake or
other lateral loads.

EBF's must be carefully de-
signed for the correct link dimen-
sions (amount of eccentricity) for
the desired combination of stiff-
ness (drift control) and redun-
dancy, and carefully detailed with
the appropriate number of web
stiffeners and a positive brace at
the bottom flange of the girder at

the link point. The ultimate desire
is to have the link yield first to dis-
sipate energy in any putvntial over-
load situation. An added advan-
tage of EBF's is that by moving the
connection from the corner where a
beam meets a column, it simplifies
the corner detail for the fabricator
and erector

Ductile Design

Ductile steel design—as in
SMRF's and EBF's—allows,
through displacement, the absorp-
tion of greater amounts ol energy
with less distress. The idea is to
have the ultimate “failure” occur as
plastic hinges in the girders outside
the joints—and to keep the col-
umns and joints stable (as per the
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Combining SMRF's with EBF's proved
especially advantageous given the Bishop
Ranch’s 16" floor-to-floor heights. Had
only SMRF's were used, more steel would
have been required to control building drift
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strong column/weak beam theory).
EBF's exhibit more ductility than
CBF's and more stiffness or resis-
tance to drift than SMRF's. There-
fore, while code penalties for CBF's
for seismic resistance are 50% over
those for SMRF’s, the penalty for
EBF's is only 20% more
than for SMRF's. Also, |
EBF's are generally asso- '
ciated with moderate |
overturning forces |
(greater than SMRF's but |
less than CBF's), which |
means that tension forces |
are more easily dealt with |
than with a CBF. |
A combined SMRF/ |
EBF has a variety of ad- |
vantages over an SMRF
alone. Combined SMRF/EBF lay-
outs provide superior ductility and
redundancy with no seismic force
penalty. The combined system also
decreases overturning effects as
well as minimizing building drift—
which theoretically results in less
damage to contents and non-struc-
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Jobber 111

Dimensional Calculator
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tural components.

Current UBC seismic provisions
are primarily written to maximize
life-safety and not necessarily to
minimize damage. Combined
SMRF/EBF systems generally re-
sult in dispersion of lateral load re-

architectural design

sisting elements throughout the
building floor plate, resulting in
shorter spans and greater drift con-
trol for floor and roof dia-
phragms—again, less movement
and better redundancy. If one
frame is overstressed, another will
pick up the excess.

Combining EBF'’s with SMRF’s

proved faster to erect and
lower in cost, while also

allowing greater flexibility in

Combining Systems

Often the best combination is
comprised of SMRF's on the perim-
eter and judiciously placed EBF's
in the core or other interior loca-
tions, as was done with the $82
million, 1,175,000-sq.-ft.
Apple R&D Complex.

Each of the five four-
story buildings consists
of two wings with two
Eccentrically Braced
Frames in each wing and
Special Moment Resisting
Frames located at the
building’s perimeter. An
additional advantage of
this configuration is that
it allowed the project’s
architect, Helmuth, Obata
& Kassabaum, greater flexibility
when placing windows and doors:
There was no tell-tale diagonal an-
gling seen through exterior glaz-
ing. ETABS and SAP 90, both from
Computers & Structures, Inc., were
used for frame analysis.
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The beams on the project are
A36 steel and range in size from
W30 to W36, while the columns are
A572 Grade 50 and range in size
from W14 to W18. The braces are
standard and built-up W10s. A va-
riety of connections were utilized,
including complete penetration
welded flanges, bolted, and welded
web. Fabricators on the project in-
cluded AISC-member PDM-Strocal,
Inc. Contractor was Rudolph &
Sletten.

Variation On A Theme

Martin, Middlebrook & Louie
has used slightly different configu-
rations of combined SMRF/EBF
systems on a number of projects,
such as Sunset Development Co.’s
award-winning  Bishop Ranch
Complex in San Ramon, CA. De-
signed by architects Hoover Asso-
ciates, Palo Alto, CA, the several
million sq. ft. complex accommo-
dates several large corporate clients
in their own facilities as well as
dozens of buildings owned by the

developer.

Bishop Ranch 3, 5, & 7 are three
prototypical, three-story, steel-
framed office buildings utilizing the
combined system. Each building,
due to a large, 240,000-sq.-ft. foot-
print, is separated into three parts
by seismic joints. The main central
portion of each building is hexago-
nal in plan with large central court-
yards. The hexagons are further di-
vided into two L-shaped SMRF
ringed shapes joined by floor and
roof diaphragms at their ends. The
rectangular wings also have perim-
eter SMRF's. In addition, each of
the three floor plan elements has a
U-shaped (in plan) EBF. The braced
frames were sized to provide stiff-
ness to control drift, while the Spe-
cial Moment Resisting Frames were
designed to resist the seismic
forces.

The combined system proved es-
pecially advantageous given the
project’s 16’ floor-to-floor heights. If
only SMRF's were used, more steel
would have been required to con-

trol building drift.

A36 steel was used for the W24
beams, while A572 Grade 50 steel
was used for the W12 and W18 col-
umns. The braces are 8"x 8", 10"x
107, and 12"x 12" tubes. Tubes are a
more efficient compression mem-
ber than are wide flange shapes,
and therefore using tubes for the
bracing reduced the amount of
steel on the project. Fabricator was
AISC-member The Herrick Corp.
and contractor was Sunset Devel-
opment Corp.

The combination frame proved
faster to erect and lower in cost
than either concentric braces or or-
dinary moment resisting frames.
And, of course, the combined sys-
tem allowed for greater flexibility
in architectural design.

Jason |.C. Louie, S.E., is a principal
with Martin, Middlebrook & Louie,
Consulting Structural Engineers, in
San Francisco, CA.
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Damping System Aids ®
Seismic Retrofit

The first
commercial
application of an
Added Damping
and Stiffness
element in the
U.S. proved
successful in
retrofitting a bank
building

By Eduardo Fierro, P.E., Cynthia
L. Perry, P.E., and Thomas R.
Varner, S.E.

any structures in the San
Francisco Bay Area were
badly damaged by the

1989 Loma Prieta earthquake and
the results are still in evidence in
communities throughout the re-
gion. Lots remain vacant where
buildings were demolished and
plywood continues to cover win-
dows that were destroyed. Many
building owners and tenants still
are weighing the relative merits
and financial implications of demo-
lition, cosmetic repairs, or volun-
tary seismic upgrades.

Following the Loma Prieta earth-
quake, Wells Fargo Bank retained
Dames & Moore to evaluate the
seismic exposure of many of its

T'he photos above show an Added Damping and Stiffness (ADAS) element during buildings. In addition, the firm was
fabrication and after installation in the Wells Fargo Building in San Francisco. The unit hired to evaluate the seismic vul-
includes five 1.5 "-thick 50 ksi steel plates clamped together with A490 bolts nerability of a prominent Market

Street building into which the bank
planned to relocate a major branch
otfice

The study indicated that the
14,000-sq.-ft., two-story, non-duc- .
tile concrete building could be vul-
nerable to damage and possible col-
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lapse in a major earthquake, such
as the 8+ magnitude earthquake
that hit San Francisco in 1906.

Earthquake Damage

The building was constructed in
1967 on top of an underground
parking garage that occupies an en-
tire city block. The lightweight con-
crete-frame building measures 81 x
81" in plan and consists of three
frames in each direction located at
27" intervals with four corner col-
umns omitted. The floor and roof
slabs are each 18.5" deep waffle
slabs with integral interior beams
and deeper spandrel beams at the
perimeter. A concrete shear wall
runs along the west side of the
building from the street level to the
second floor. The typical interior
column is 24" x 24", reinforced with
16 #11 Grade 40 reinforcing bars
with #3 ties spaced at 18" on center.

Although it appears the concrete
frames were originally designed to
resist seismic loading in both direc-
tions, the presence of the shear wall
and partial mezzanine along the
west side of the building has a pro-
found effect on the dynamic charac-
teristics of the structure. The struc-
ture had a significant torsional
problem as a result of the increased
stiffness of this shear wall and the
fact that two of the interior columns
were restrained against frame ac-
tion by the mezzanine floor.

And, in fact, the building suf-
fered both structural and non-struc-
tural damage during the Loma
Prieta earthquake. Predictably, the
two “short” columns showed clas-
sical shear cracking between the
mezzanine level and the second
floor. Also, a 22-high plate glass
window along the east side of the
building shattered as a result of the
structure’s torsional deformations.
A dynamic response spectrum
analyses of the building simulating
the Loma Prieta earthquake
showed a similar pattern of dam-
age.

Performance Standard

Both the bank and Dames &
Moore were concerned that the
Uniform Building Code’s (UBC)
“life safety” standard, which pro-
tects against building collapse in an
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| The ADAS units were
attached to 10"x10" tube
\ steel chevron braces.
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MAKING THIS BUILDING
WOULD GIVE MOST

But not Vulcraft. We saw it as one of our greatest challenges ever. Because
we not only supplied steel joists and joist girders for the project, we also helped
design the framing system so that only limited structural damage could be ex-
pected from an earthquake measuring up to 7.5 on the Richter scale.




AFE FROM EARTH S
MPANIES THE SHAKES.

That was essential because the building, which was constructed for Evans
& Sutherland Computer Corporation, is located within a mile of the Wasatch
Fault in Salt Lake City. What's more, Evans & Sutherland is a leading designer
of special-purpose digital computers, software systems and display devices —
products extremely vulnerable to damage from seismic tremors.

To plan for maximum protection, Vulcraft was asked to join
with the architects and engineers at the design stage of the project.
Already, they'd decided to use a “base isolation” system, the most
advanced buffering method available. But using our steel joists
and joist girders was also an important decision. The joists and
joist girders are much lighter in weight than wide flange beams,
so the entire building required less steel, lighter columns and less
foundation. And this not only lightened the load for the base iso-
lators, it saved appreciably on building costs.

Throughout construction, Vulcraft remained constantly
involved, tailoring our delivery of materials to the exact erection
schedule and meeting deadlines with- F
out fail. What's more, our joists and
joist girders helped the steel erectors
meet their deadlines. That's because
our products are fast and easy to erect
— afact that saves time and money on
virtually any job where theyre used.  FEm——C————

Sowhether you need Vulcraft's T dsinemdhaca ook ssemvaczom
help to protect your building from ik . Lm”m e il
earthquakes or you want to stay out of the hole when it comes to

construction costs, contact any of the plants wumr
listed below. Or see Sweet's 05100/VUL.

PO. Box 637, Bnigham Ciry, UT 84302 801/734-9433, PO. Bax F-2, Flovence, SC 20502 803/662-038]; PO. Bax 169, Tf‘mu \|' 15067
A5/845- 2460 PO, Bax 186, Grapeland, TX 75844 409%687-4665: PO, Box 59 Norfolk, NE 68701 402/644-850 PO Box 1000, St Joe, IN
46785 219/337-5411. Archuect: Erlich-Romimger Archutecss AIA - Seructural Engineer: Reaveley f"ns_-:-u\'!n‘“' A ssocuates, Inc iin‘u—-.xi Comtracsor

The Bettibyon Corporation; Steel Fabricator: DEH Swel Supply, Inc.; Swel Evector: Steel Deck Evectons, Ing




earthquake but allows construction
| that could result in a structure
being damaged beyond repair, was
| insufficient for the bank’s needs.
‘ According to Thomas Bender, vice
president and division manager of
retail facilities for Wells Fargo, “the
| bank wanted to be able to repair the
‘ building, if necessary, and resume
| operations at this prominently lo-
cated Market Street branch without
| any significant inconveniences to
| our downtown customers.”
| Unfortunately, typical retrofit al-
ternatives, such as adding new
|

shear walls or steel braces, were not
practical since they would have in-
terfered with the below-grade park-
ing structure.
Instead, Dames & Moore de-
. signed a system which employs
force-limiting energy dissipation
devices in conjunction with steel
chevron braces located at the pe-
rimeter of the building. In addition,
the existing shear wall was retained
and upgraded. This scheme signifi-
| cantly reduced the torsional re-
' sponse of the building and also al-
leviated the need for costly
foundation work.

| High-Tech Energy Dissipation

. The energy dissipation devices

| used for this project, known as
Added Damping and Stiffness
(ADAS) elements, were develo

| jointly by Roger E. Scholl, Ph.D., of
CounterQuake Corp., Redwood

; City, CA, and William H. White,

|

Ph.D., of the Bechtel Corp., San
Francisco. White and Bechtel jointly
hold a patent for the devices, which
‘ | were testing in 1988 at the Univer-

_m_@ sity of Calitornia (Berkeley) Earth-

s (@ e @ quake Engineering Research Center

l e — under the direction of 1990 AISC

| e Higgins Award Winner Vitelmo V.
Bertero.

L Sy _ S NI | Each of the seven ADAS devices
_ . ! consists of a series of 50 ksi steel
(Section details are shown on the previous page) plates cut in an hour-glass shape
that bends in double-curvature

flexure when subjected to lateral

loading. The hour-glass shape was

designed to match the moment dia-

gram and provide uniform plas-

tification over the height of the steel

plates. These devices exhibited pre-

dictable, post-yield behavior during

testing, with stable hysteretic loops
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for many cycles of the load rever-
sal, resulting in significant energy
dissipation

According to Scholl,
vices have been used for the seis-
mic retrofit of three concrete struc-

these de-

tures in Mexico City, but the Wells
Fargo project is the first commer-
cial building in the US. to
them.

The devices are custom de-
signed for each project. For Wells
Fargo, they consisted of five 112"
steel plates with an overall height
of 19" and a total weight of 1,300
Ibs. The plates were clamped to-
gether and bolted to the structure
using 212" diameter A490 bolts
each torqued to a pretension force

use

in excess of 200 kips. The design
_\'ii'ld force for the devices was 150
kips, dictated by considerations
which included the seismic capacity
of existing elements at the parking
level and the need to limit story
drifts, and thus the seismic de-
mands, on the non-ductile concrete
columns that form the vertical load-
carrying system for the building.

The chevron braces consist of 10"

10" tubes. Tubes were utilized in-
stead of wide flange shapes both for
aesthetics and because tubes have
some capacity out of plane. In addi
tion, 2' pipe tubes were used as lat-
eral braces to prevent torquing by
the weighty ADAS device

Dames & Moore used the SAP90

YOU'LLBE
AMAZED AT
- WHAT YOU
| CAN DRAW
FROM OUR
EXPERIENCE.

CADVisions,
Burchfield Detailing, has been a
tlL‘\l‘}t-|1lll_:_' CAD
AEN

in conjunction with

leader in
solutions for the
1989

industry
since

Our 1'\]'“‘1“'1\\(' [llll\llli."v you
software and

with advanced

hardware products, service,
support and professional training
Our products provide the best
CAD solutions for architects,
fabricators and
Our
imperial or metric dimensioning:
steel database for AISC, CISC,
DIN and BS4 standards;

much more

Cnginecrs,

detatlers .llj\.llll.l_i_..'t“\ are

plus

CADVisions 1s an authorized
dealer and training center for
Softdesk and i1s an authorized
dealer for AutoCAD
« AACADD™ Structural

Designer Series by Softdesk

I'he Modeler
Plans & Elevations
Sections & Details
I'he Steel Detatler
« Combined with AutoCAD

for a powertul, intuitive solu
A/E/IC
For an experienced vision into

tion tor [llllll'\\lllllili\

structural software technology
call on CADVisions Ill\!.l_\-

2200 North 1
Dallas,
214 720-2023,

Suite 104
Texas 75202
FAX 214 720-0617
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IT’S HERE!
A Brand NEW
Publication
For Safe
Construction
Practice in
Steel Floor
and Roof Deck
Installation

“SDI MANUAL OF
CONSTRUCTION WITH STEEL DECK™

i5 a new and complete guide to safe construction
It covers responsibilities for Design, ion,
Bundling, Loading, Unlpading, Hoisting, Placing,
Attaching, Placement of Construction Loads. It
serves as a safety pnmer for Contractors, Erec-
tors, Architects, Engineers and Inspectors who are
responsible for safe and proper field installation
of Steel Deck

PRACTICAL...

EASY TO READ...

EASY TO FOLLOW...

EASY TO TAKE TO THE JOBSITE...

BRAND NEW -FIRST PRINTING
SDI MANUAL OF CONSTRUCTION
WITH STEEL DECK-No.MCO1

Quantity o $18.75 each

U.S. Currency Total
Out of Continental U S Add 15%

Call SDI for Special Shupping such as
Express Mail. Air Mail_ gtc - additional
NAME
ADDRESS
CITY .

STATE Z2IP

l ALLOW 3 10 4 WEEKS FOR DELIVERY
e i i

STEEL DECK INSTITUTE

P.0. Box 8506 Canton, Ohio 44711 (216) 493-7886

S

Both the design team and Wells Fargo's project manager agreed that any attempts to
camouflage the structural elements would be more obtrusive than the braces themselves,
so the structural elemenis were left exposed




program from Computers & Struc-
tures, Inc., to perform linear analy-
sis and for non-linear analysis
DRAIN-2DX, which is distributed
by NISEE for the Earthquake Engi-
neering Research Center at the Uni-
versity of California (Berkeley).
These analyses revealed that the be-
havior of the structure was stable
and that the maximum
deformations of the
structure were within
acceptable limits con-
sistent with the bank’s
desire for “damage
control.” They also re-
vealed, however, that
some elements of the
existing building
would be overstressed
when subjected to large |
earthquake forces. As a
result, several additional strength-
ening procedures were undertaken,
including: adding steel jackets
around the two interior columns
restrained by the mezzanine floor
and around all four interior col-

umns at the second floor; the up-
grade of the existing shear wall
along the west side of the building;
and the strengthening of the two
concrete columns in the basement
directly below the west wall.

Architectural Treatment
One of the important architec-

The project team agreed that any
attempts to camouflage the
structural elements would be more

obtrusive than the braces
themselves

tural issues for the project involved
the visual impact of the seismic
upgrades on the bank lobby. The
combination of TS 10 x 10 chevron
braces and columns, ADAS ele-
ments, and the connection hard-

ware are all highly visible due to
their location directly in front of
full-height plate glass windows.
Both the design team and Wells
Fargo’s project manager agreed
that any attempts to camouflage
the structural elements would be
more obtrusive than the braces
themselves, so the structural ele-
~ ments were left ex-
posed. Architect on
the project was
Whisler-Patri and con-
tractor was Dinwiddie
Construction Co., both
of San Francisco.

Eduardo Fierro, P.E.,
Cynthia L. Perry, P.E.,
| and Thomas R. Varner,

S.E., all are associates at

Dames & Moore, an en-
vironmental and consulting engineer-
ing firm headquartered in Los Ange-
les. All three are part of the Earth-
quake Engineering Group at Dames &
Moore and work mn the firm's Oakland

office.

0 THE WORLD’S LARGEST COVERED DOME
STADIUM DEbIGNED USING LARSA

**...LARSA provides not only the answer to the everyday analysis and
design problem, but also the nonlinear s

structures require."’

Linea

Respc
Resta

Truss
Plate
(Tran
- Bea

Bridg

Integrated Software for Structural &
Earthquake Engineering
for 386/486PCs and Macintosh Computers

r & Nonlinear Static Analysis

Eigenvalue Analysis at any load stage

mse Spectra & Time History
rt in Nonlinear Analysis

Integrated Steel & Concrete Design

Element Library includes

- Beam - Cable - Foundation Spring -
& Shell - Nonlinear Spring
slation & Rotation)

m with Plastic Hinges

¢ Analysis with Moving & Lane Loads

solutions that large deformation

Inne

Proceedings of The 8th ASCE Conference in CE

“Analysis of the Geargia Dome Cable Roof"'
by G. Castro & M. Levy of Weidlinger Associates

330
|-R(

ZAmsA

wative Analysis Incorporated
West 42nd Street, New York, NY 10036
H)-LARSA-85 (in NY 1-212-736-1616)

Modern Steel Construction / July 1992/ 31



SelgM; C p Eg IgN

Sharing California’s
Seismic Lessons

As municipalities outside of California become more
earthquake-conscious, their highway officials can learn
important retrofit lessons from Caltrans

Figures 1 & 2: Cable restraining systems were added to older bridges to prevent girders

from coming off of their supports durmg an earthquake

32 / Modern Steel Construction / July 1992

By James E. Roberts, P.E.

hile structural steel brid-

ges have historically per-

formed well during mod-
erate earthquakes in California,
most were designed prior to the de-
velopment of modern seismic codes
in the early 1970s. As a result, most
were designed to withstand seismic
forces of 0.06 g or 6% of the contrib-
uting dead load acting laterally at
the deck level, as compared with
current seismic requirements that
are typically eight to 10 times as
great in most California locations
and even greater in severe seismic
zones.

However, even with such low
seismic design forces, most damage
to steel bridges during earthquakes
have been limited to the substruc-
ture and to the superstructure joints
and connection details. Examina-
tion of damage to structural steel
bridges after recent earthquakes
demonstrates the need for continu-
ous bridges or for seismic retrofit
details to tie superstructure joints
together, as well as tieing together
the superstructures to the support-
ing substructures. For example, the
most severe damage to a structural
steel bridge during the 1971 San
Fernando earthquake occurred
when the girders came off their
supports and fell because they were
not tied down. In contrast, perfor-
mance of the same type of bridge in
the 1989 Loma Prieta earthquake
was significantly improved as a re-
sult of the addition of cable re-
straining systems to tie the girders
to the substructure (see Figures 1




Figures 3, 3A, & 4: Figure 3 shows the
afdr?hil\{t'lf truss end ;'ll‘-f,'h'ﬁ't'?' chord
bearing of the Bay Bridge after the Loma
Prieta earthquake. Figure 3A shows a
damaged backup bumper system on the
same bridge. Figure 4 shows a typical
seismic retrofit collar on an elevated
viaduct

and 2).

While structural steel is inher-
ently a ductile material, it must be
designed to resist the highest ex-
pected seismic forces or retrofitted
to resist those forces. Additionally,
the large relative displacements re-
sulting from ductile columns going
plastic during a seismic event must
be considered in the initial design
or retrofit scheme. The analysis of
11 major bay; and river crossings
in California is now underway and
retrofit designs will be initiated in
1992 and contract work will begin
in 1993.

Performance And
Damage

San Francisco-Oakland Bay
Bridge

The San Francisco-Oakland Bay
Bridge was designed in the mrly
1930s for a seismic force of 7.5% to
10% g. It is a tall column sup-
ported structure providing naviga-
tion clearance for capital ships.
This height is both a benefit—be-
cause the steel towers are flexi-
ble—and a problem—because they
are all of different heights, which
causes non-uniform movements. It
has been determined that the dam-
age at Pier E-9 during the Loma
Prieta earthquake was caused by
the differential movement of these
varying height towers. Figure 3
shows the damaged truss end
post/lower chord bearing where
40 1"-diameter anchor bolts failed
in shear and the east truss moved

Modern Steel Construction
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7" away from the west truss during
the 10 to 15 second shaking period.

At other locations on this
bridge, evidence of joint movement
as low as 5" and up 12" was ob-
served. Investigators have calcu-
lated that a force of more than 2
million Ibs. was required to shear
all the anchor bolts simultaneously
and break the friction force be-
tween the bearings and the top of
the steel tower.

During the seismic event the 50’
closure spans on the upper deck
came off their sliding bearings and
dropped onto the lower deck. De-
spite the publicity at the time, this
was the only major damage to this
5Vo-mile-long  structural  steel
bridge. Damage was limited be-
cause Caltrans had completed the
first phase of a billion dollar multi-
phase seismic retrofitting program
for older bridges on the State High-
way System. The retrofitting con-
sisted of restrainer cables at deck
joints (similar to those shown in
Figure 1) and backup bumper sys-
tems constructed around the slid-
ing bearings on the easterly ends of
all the truss spans. These bumper
systems are intended to keep the .
sliding bearings of truss spans
from dropping off the pier cap.
During the earthquake, these sys-
tems performed well as evidenced
by minor damage to the bump-
ers—damage that was repaired by
replacement of individual elements
of the bumper system (see Figure
3A).

Figures 5 & 6: Figure 5 shows the north end of the main girder span of the Van Duzen Elevated Viaducts
River bridge after the April 25-26, 1992 tremors. Note that the restrainer cables on the left
side of the girder is slack, while the cables on the right side are taut, indicating a
movement to the left. Figure 6 shows a buckling of the lateral bracing system on the same
bridge.

Several structural steel viaducts
were in the area close to the Cy-
press Street viaduct and the Bay
Bridge. The damage was tvpuall\'
limited to columns and bearings.

Figure 4 shows an example of a
typical seismic retrofit collar that
had been installed on all the col-
umns of the West Grand Avenue
Viaduct that connects the Port of
Oakland with the Bay Bridge near
the Toll Plaza. While this structure
suffered considerable damage to
non-ductile concrete columns, su-
perstructure damage was limited
due to these retrofitted collars.

Most of the damage was repaired .
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while the superstructure was sup-
ported on falsework and traffic con-
tinued to use the structure. This
. was also the case on the viaducts in
the interchange at the east end of
the Bay Bridge, where Figures 1
and 2 originate. Contracts are now
underway to reinforce the footings
and construct steel jackets around
the columns for improved ductility
and seismic performance. '

Eel River and Van Duzen
River Bridges

On April 25-26, 1992, three con-
secutive tremors hit the Humboldt
County area south of Eureka, CA,
with Richter Magnitude Scales of
6.9, 6.5, and 6.0 between 11 a.m. on
the 25th and 4:20 a.m. on the 26th.
This area had previously been
heavily instrumented by the Cali-
fornia Division of Mines and geol-
ogy, Strong Motion Instrumenta-
tion Program (SMIP), so excellent
data on ground acceleration and
structure response was obtained.
Major damage consisted primarily
of landslides and houses sliding off
foundations; no State Highways
were closed. Bridge damage was

. limited to spalling of deck joints
caused by deck segments banging
together, some minor cracking of
abutment walls, and buckling of
vertical and horizontal members of
the wind bracing systems.

There are a large number of
structure steel plate girder bridges
and one through-truss over the Eel
River near the epicenter of the first
shock, a 6.9 Richter Scale event
with a north-south orientation—the
same orientation as most of these
bridges. Bridge inspection engi-
neers reported minor damage after
that first event, and only minor ad-
ditional damage after the next two
tremors—nothing serious enough
to warrant the closing of any brid-
ges. This success story is a testimo-
nial to the superstructure retrofit
program completed in 1989.

Figure 5 shows the north end of
the main girder span of the Van
Duzen River bridge after the trem-
ors. The entire superstructure
moved northward about 112" on
the bearings. Note that the re-

. strainer cables on the north end of

Figures 7 & 8: Figure 7 is another view of the buckling of the lateral bracing on the Van
Duzen River bridge after the April 25-26, 1992 tremors. This buckling was evident on
several river crossings after the seismic event. Figure 8 shows the installation of a

structural steel jacket on an older, non-ductile concrete column

Modern Steel Construction / July 1992 / 35



the girders are slack and those on
the south end of the shorter span
are tight, indicating a movement to
the north. This is typical of all the
large River crossings in the affected
area. Figures 6 and 7 show the only
damage to the bridge, a buckling of
the lateral bracing systems. This
also was typical of all the girder
spans on the several bridges that
were inspected after the tremors.

While this buckling is evidence
of tremendous movements during
the seismic events, there is little ev-
idence of any other damage to
these bridges. An instrumented
bridge approximately five miles
south of this bridge recorded an ac-
celeration at the deck level of 1.25
g. The only other damage to brid-
ges in the area was settlement of
approach embankments ranging
from 4" to 6" This is typical of
earthquake damage in California
and is readily repaired by state
maintenance crews within hours of
the events.

The Eel River Bridge at
Robinson’s Ferry, about 3 miles
south of the Van Duzen River
Bridge, had been retrofitted in 1988
with base isolation bearings on its
two 300'-through-truss spans. By
reducing the base shear forces that
could be transmitted from the su-
perstructure, this retrofit detail pre-
cluded the necessity of upgrading
the older piers. These bearings per-
formed well and damage, as ex-
pected, was limited to spalling at
the joints. This was the first test of
a base isolation system on a bridge
in California and demonstrates its
validity as a solution for older,
hard to repair piers. Caltrans plans
to systematically replace existing
rocker bearings with neoprene
pads and base isolation systems as
it implements later phases of the
bridge seismic retrofit program.

Steel Jackets For Concrete
Columns

While hinge and joint restrainers
performed well in several moder-
ate earthquakes, shear failure of
columns on the [-605/1-5 grade
separation bridge during the mod-
erate Whittier Earthquake of Octo-
ber 1, 1987, reemphasized the inad-
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equacies of pre-1971 column de-
signs. Even though there was no
collapse, the extensive damage re-
sulted in plans for basic research
into practical methods of retrofit-
ting bridge columns on the existing
pre-1971 bridges. The research pro-
gram was initiated in early 1987
and is currently being conducted at
the University of California at San
Diego. Funding levels for imple-
mentation were increased four-fold
after the Whittier earthquake. After
the Loma Prieta earthquake the re-
search funding was increased by a
factor of 16 and several additional
university research facilities were
engaged to assist in this massive
program.

One possible retrofit method for
increasing concrete column ductil-
ity is the installation of confining
jackets. These external jackets are
primarily structural steel but
Caltrans has tested and will begin
using fiberglass wrapped blankets
and possibly prestressing strand if
construction details for wrapping
around small diameter members
can be developed.

For the jackets to work, on sin-
gle column supported bents the
columns and footings must both be
retrofitted to provide resistance to
overturning from lateral forces.
Most footings on the older struc-
tures must be rebuilt with the addi-
tion of top reinforcing steel mats
and additional piles or soil anchors
to provide the required additional
overturning resistance.

In many cases, “super bents”
must be constructed in areas that
are accessible and out of the way of
traffic. These bents are designed to
take most of the lateral forces and
preclude or reduce the need for ret-
rofit on columns near traffic lanes.
Figure 8 shows the installation of a
structural steel jacket on an older
non-ductile concrete column in the
Los Angeles area. Light erection
equipment and off-site fabrication
make this retrofit detail a very
competitive retrofit solution.

James E. Roberts, P.E., is Chief, Di-
vision of Structures, for the California
Department of Transportation.

Seismie

rucial for any analysis of

structural steel bridges is
agreement on basic seismic de-
sign principals and nomencla-
ture. t follows is a brief re-
view of the terminology and
design philosophy used by
Caltrans,

Earthquake Ma%l;l:ude
Scale Richter Scale)
k Ground
Acceleraﬂon

he Richter Magnitude
Scale is a measure of the
total energy released in a par-
ticular earthquake. Its signifi-
cance is that it is a function of
the length, width and perma-
nent displacement of ru
on the fault. Seismologists have
some limited capability to esti-
mate the potential ruptures and
ena-g releases or magnitudes
for faults. For practical pur-
poses, most engineers design
for the maximum credible
event effect at a site. In general,
the higher magnitude earth-
quake will generate a larger
peak acceleration, a longer du-
ration shaking period, and
cause damage over a more
widespread area. Most faults in
the U.S. are capable of enerat—
ing moderate earthqua
they typically shake for about
15 to 25 seconds even though
their duration varies. The major
fault offshore from Northern
California to Alaska is a “sub-
duction fault” where the adja-
cent tectonic plates have over-
lapped and there is a potential
for very large earthquake en-
ses and a long dura-
hon of shaking—resulting in




®* Design Considerations

great damage and soil liquefac-
tion. Some experts predict this
level of damage in the Midwest
from a large earthquake on the
New Madrid fault zone in Mis-
souri, even though that fault is
not on a subduction zone.

Peak Ground Acceleration is
an important factor in seis-
mic design because it is a mea-
sure of the rock acceleration
below the structure. Peak Ground
Acceleration data can be obtained
from ground shaking maps,
which are prepared by compiling
seismogenic faults, estimating
their maximum credible earth-
quake magnitudes, and then re-
lating the magnitudes to ground
shaking parameters, such as peak
acceleration. Peak acceleration
dissipates with distance from the
fault rupture and sometimes is
also reduced by energy absorp-
tion of the soils overlying the
bedrock. Maps of predicted peak
rock acceleration for the US. are
included in the AASHTO Seismic
Design Specifications.

Acceleration at Ground
Surface

n most harder soils and al-

luviums the incoming seis-
mic energy imparted by the bed-
rock acceleration is absorbed and
the acceleration at the surface
usually is reduced. The reduction
is dependent partly on the depth
and type of material over the bed-
rock. ARS curves [a combination
of expected peak acceleration on
rock (A), the associated bedrock
response spectra (R), and the soil
amplification ratio (S)] must be
developed for various typical site
conditions. Deep, soft soils tend
to amplify the accelerations and

are of critical importance to tall,
slender columns and longer period
structures. Structures built on
harder soils must be designed to
withstand high frequency vibra-
tions with small amplitudes while
those built on deep, soft soils and
mud tend to be subjected to lower
frequency vibration with larger am-
plitudes. This latter case was inter-
preted to be a major cause of dam-
age to many buildings and some
bridges in the Loma Prieta earth-
quake in 1989,

he terms “Near Field” and

“Far Field” effects are used by
seismologists and geotechnical en-
gineers in describing nearby and
distant earthquake ground shaking
effects on structures. Even distant
but large earthquakes can be dam-
aging, as was the case in the 1985
Mexico City earthquake. This
means that one must consider all
the distant and nearby faults and
design for the worst effects that
will cause damage to the structure,
For example, in some parts of Cali-
fornia the designer must consider
the effects from perhaps five or six
faults (nearby and distant) to deter-
mine the apEropriate design earth-
quake. In the April, 1992, Hum-
boldt County earthquakes, more
bridge damage was caused by the
last two of the three tremors, even
though they were offshore and of
lower Richter Magnitude Scale.

Performance Criteria

n agency or designer must

have a performance criteria
established. What do you want the
structure to do in an earthquake?
The current California Performance
Criteria are No Collapse, No Major
Damage, No Secondary Injuries or
Fatalities  Because = Emergency

Equipment Cannot Get
Through, Major Important
Structures and Routes Must Re-
main Operational. These criteria
are generally attainable, though
the last one can be expensive if
structures are expected to with- |
stand severe earthquakes such
as a 45 second shake for large
earthquakes on a major fault.

Seismic Design
Principles

Continuily is extremely im-
portant and is the easiest
and cheapest insurance obtain-
able. If structures are not contin-
uous and monolithic, they must
be tied together at deck joints,
supports and abutments. This
will prevent them from pulling
apart and collapsing during an |
earthquake. Performance of seis-
mically designed and seismi-
cally retrofitted structural steel
bridges in the most recent Cali- |
fornia earthquakes prove that
adherence to this principle will
provide safe bridges.

Duclility in the substructure

elements is the second key
design consideration. It is im-
portant to note that when you
design for ductility you accept
some damage during an earth-
quake, but collapse or major
damage is unacceptable. The se- |
cret to a good seismic design is
to balance acceptable damage
levels with the economics of
preventing or limiting the dam-
age. Properly designed ductile
steel structures will perform
well during earthquakes as long
as the design has accounted for
the movements and controlled
them or provided for movement
at abutments and hinge joints.
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With MicasPlus,
Analyze And Design Up To 4 Times Faster.

Gain the competitive advantage. Boost your productivity with always model in true scale — placing steel and concrete mem
MicasPlus bers in 3D space as they would actually be built in the field. A
Unparalleled integration. Only MicasPlus integrates column needs to be moved? Move it — and watch connected
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package native framing schemes. Define an unlimited

lasks that used to take days now take only

hours. Single point-and-click interface. One-to

number of load cases and combinations. And
relv on MicasPlus to help keep each phase of the
project on track

It's no wonder some customers have seen
productivity gains of up to 4-to-

For details. call 800-826-3515. Or contact
vour Inlc'r}_:r;iph representative

one relationship between physical and analytical
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1982 T.R.

Higgins Lectureship Award

Computers
And Steel Design

A solid education in structural
design is needed to avoid the misuse
of computer-aided engineering

William McGuire, P.E., is the

recipient of the T.R. Higgins
Lectureship Award and a professor
emeritus of structural engineering at
Cornell University. This article is
condensed from his lecture. The entire
text will be printed in a future issue of
Engineering Journal. Also, McGuire
will present his paper six times in the
next 12 months, including St. Louis
on October 14, Kansas City on
October 15, and San Antonio on
October 16. Also scheduled are fall
presentations in Chicago and New
York.

omputer-aided  structural
engineering is no longer an
idea that has to be sold. Its
widespread use in planning, analy-
sis, element design, detailing, and
the control of fabrication shows
broad acceptance. Nevertheless,
this is still a critical time for the
medium. Further development is
needed, and the professional mag-
azines that are full of ads describ-
ing the wonderful things that can
be done on the computer too often
contain disturbing accounts of its
SErious misuse.
State-of-the-art

computer pro-
grams are very powerful.
* Today’s commercial programs

are capable of giving designers
voluminous structurally signifi-

grate analysis and design in a co-
ordinated interactive graphics
package exist, but may still be
too expensive for small firms.
The continuing revolutions in
hardware and underlying soft-
ware that have made the ad-
vances of the last 15 years possi-
ble have the side effect of
complicating the tasks of devel-
oping and assimilating applica-
tions software. The needed fu-
sion of workstation and personal
computer technologies is coming,
but too slowly. And the variety
of operating and graphics sys-
tems is an obstacle to program
dissemination.

The power of these systems
makes critical their proper use,

L

cant graphical information on which requires understanding
two- and three- ~ their capabilities
dimensional and limitations,
frames and | Some have attention to de-
continua. ' . | tail in their im-
« Three-dimens- | pPredicted thata | plementation,

ional linear and, above all,

elastic analysis
of frames and |

continua is |
handled thor-
oughly.

Commercial in-
elastic analysis
programs exist
but those that
include second as well as first
order effects still require com-
puter power beyond the reach of
most structural engineers, and
even these are limited in their
treatment of significant behav-
ioral phenomena.

¢ Commercial programs that inte-

| catastrophic failure | sound structural
attributableto
- computer misuse is

only a matter of time

engineering
knowledge from
beginning to
end—from de-
velopment of the
structural model
| to interpretation

of the results.

While these seem like trite pre-
cepts, there is ample evidence they
are often violated. In a recent ENR
article (October 28, 1991), leaders
in the development and applica-
tion of computer-aided engineer-
ing expressed alarm over the inci-
dence of misuse. They gave
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numerous examples and some pre-
dicted that a catastrophic failure at-
tributable to computer misuse is
only a matter of time.

| share their concern, but neither
I nor any of them would say the
remedy is to ban the computer.
Computer misuse has its special
characteristics and dangers, but it
is just one manifestation of the
broader problem that engineers
have always faced: Coping with
side effects of advancing technol-
ogy. | suspect each of us has his
own gallery of structural horrors.
In mine the most frightening exam-
ples are abuses of the principles of
good weld design and practice.
And as with other structural prob-
lems, the answer for computer
aided engineering is not to halt the
advance of technology.

It seems to me that the better
computer-aided engineering sys-
tems are indeed good and that the
fault is in the users and not in the
computer. How then do we ap-
proach the 21st Century—a time in

which technological advances will
far surpass anything we have seen
so far—with some assurance that
structural engineers will partake
fully of the advantages of this tech-
nology while retaining control of
it? I look toward R&D, improved
education, further evolution of de-
sign specifications, and increased
professional responsibility.

Research And Development

Though there is much good re-
search work being done, there are
some disturbing trends. Notably,
while the sheer volume of univer-
sity research in computer-aided en-
gineering makes R&D activity look
healthier than ever before, this is
misleading. Much of the material is
beyond the limits of helpfulness—
at one end it is too close to theoreti-
cal mechanics to have any near-
time application in  design
engineering and at the other end
too small a modification of things
done before to be of interest.

Another disturbing trend is the

reduction in R&D spending. In its
latest report, the National Science
Board said overall spending on re-
search by the Federal Government,
industry, universities and private
sponsors slowed during the second
half of the 1980s and began to fall
in 1989. This is happening at a time
when similar investments in Japan
and Germany are rising rapidly.

With respect to research in steel
structures, and particularly in com-
puter-aided steel design, the pic-
ture is every bit as gloomy. In the
National Science Foundation, the
major supporter of this type of uni-
versity research, funding for all in-
dividual project research related to
steel is less than $1.5 million per
year.

As technological tools—such as
computers—advance, it is essential
that theory advances to take advan-
tage of these tools.

Education

That a proper education in struc-
tures is the essential prerequisite

Don’t Gamble With Your Business.

Design Data's software solutions stack the deck in your favor, giving you the upper hand
to compete effectively with proven productivity. Why gamble with software products
that do not give you the integration, flexibility or range of solutions
available with SDS/2? It pays to invest in a sure bet—SDS/2.

Engineering, Analysis
and Design Module

Estimating Module

DESIGN llm
DA'I'AD
“'First in...Software, Service, Solutions™

800-443-0782 402-476-8278

CNC Interface
Module

Production Control
Module

CALL TODAY FOR YOUR BEST BET IN STEEL FABRICATION SOFTWARE
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for the intelligent use of a compu-
terized analysis or design system
can’t be overemphasized. Other
safeguards may be needed, but no
design engineer without adequate
knowledge of structural analysis
and behavior should be permitted
to sit down unattended
at a computer,
Unfortunately, what
constitutes “proper edu- |
cation” and “adequate
knowledge” is debatable. |
During the past decade, |
there has been a renewed
emphasis on undergrad-
uate education in many
universities. More pro-

non-linearity and torsion, can not
receive adequate coverage in four
undergraduate years. For example,
knowledge of the principles of con-
temporary methods of numerical
analysis—matrix and finite ele-
ment methods in particular—is es-

No design engineer without
adequate knowledge of
structural analysis and behavior
 should be permitted to sit down
unattended at a computer

creasingly complex technology re-
quires more. The education of a
structural engineer may start in the
first four years, but there are topics
that are now basic to everyday
practice that can only be treated
adequately in professional and
graduate programs. Ex-
tension of basic engineer-
ing education to this
higher level would not
cure all the problems of
computer misuse or, for
that matter, poor weld
design. However, it
would help, and at the
same time the general
quality of design would

fessors are spending
more time with under-
graduates inside and outside the
classroom. While this is to be
applauded, consideration also
must be given to what is being
taught, and not just to how it is
being taught.

But some topics, such as connec-

improve,

sential to understanding of compu-
terized analysis and interpretation
of results, such as the significance
of a reported stress.

don’t advocate scrapping or
modifying present undergraduate
programs. But taking advantage
and staying in control of our in-

Design Specifications

According to Hardy Cross (Engi-
neers and lvory Towers, McGraw-
Hill, 1952), “As the size and com-
plexity of projects increased, the
time came when there was more
work to do than men to do it or

tions, stability, structural analysis,

Design Programs for PC's

COMPOSITE
EAMS (LRFD/ASD)

= Comprehensive Loading

= Selection of Economical Section
for Strength and Deflection

= Design and Investigation Modes

= Design of Cover Plate

* Axial and Biaxial Bending
= Run Down Ultimate Load
*  Built-Up Section Design

= Base Plate Design

R. CONC./COMPOSITE

COLUMNS (ACI-89)

= Axial and Biaxial Bending
= Design for Reinforcing Bars with
or without Structural Shape

@IESCO  (713)545-9820

13839 S W Frwy #128, Sugar Land, TX 77478

time in which to think out prob-

' TRY IT FREE FOR FOUR MONTHS

THE MDX AASHTO COMPOSITE STEEL BRIDGE
| GIRDER DESIGN PROGRAM

This is not a demo, bul the same program being used under icense
by some of the largest ENR Top 500 Firms. Use the program lor

‘ four months under no obligation, then either enter a license agreement
or simply return the program and purge it from your system

Generates and loads influence lines far up o I‘weivo
continuous spans, then designs on the first pass with
a powerful optimization method (one that works/)
« Horizontal (variable radius) curvature capability
Box girder, plate girder, rolled shapes, hybrid stee/
« Designs so that fatigue stress ranges are safisfied
All types of web haunches

« Shear conneclor spacing
| » Dead and live load deflections
= Analysis or design mode
= Sequential slab placement studies for constructitiity
1991 AASHTO Intenim
(And many more) |

Features: -

Requires DOS 3.0 or above, 640k RAM, and math coprocessor
To order a free, four month trial of our program
send fax with company cover sheel specifying:

(1) Load Factor or Working Stress version
(2) 5.25" or 3.5" disks

MDX SOFTWARE

Fax; (314) 446-327
Ph. (314) 446-3221
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lems. It became desirable and even
necessary to set up a series of rou-
tine procedures for analysis and
design. This meant the develop-
ment of a series of formulas and
rules and standards which could
be followed within limits by men
trained in that vocation.”

He noted that there appeared,
in effect, an intellectual “assembly
line” without which it would be
impossible for engineers to turn

GT STRUDL
structural engineers
with the integrated
system for graphical
frame and finite
element modeling;
static, nonlinear
and dynamic
analyses; steel
and reinforced

provides

LS

concrete dchign:‘-”
links to CAD
systems; and
interactive

graphics.

r
-
; PR

-

by C A Engis fna

ges

out the needed volume of work.
But, he added, “much of the most
important work cannot be done by
using fixed rules, standardized for-
mulas or rigid methods.”
Standards—and | include steel
design specifications—are not ev-
erything, and they must be
changed over time. Today, com-
puter-aided engineering is aiding
us to move away from relying on
“K factors” for estimating effects of

The Premier structural
analysis and design
software for A- E-C

utilities, u.ffwmm'_
industrial and
civil works.

AL 18 Teet,
fret Tnterstate World Conter
aMag
propct
building

OF exjun alent an
engineerned using,

GITSTRUII

of Mhouston, Tevas

e e e e ——etetts e ettt ettt .. et et s e Sttt
For more informatign, please contact:

Georgia Tech Research Corporation
GTICES Systems Lab/Georgia Tech’

Atlanta, Georgia 30332-0355 USA
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member interaction and towards
practical nonlinear methods. Right
now, second order elastic analyses
programs that eliminate the need
to calculate B1 and B2 factors and
their associated effective length co-
efficients are available. | wish
more engineers would use them
But there are other }1|.Itit'- where
effective lengths are still the best,
or only, practical expedient for
routine design, though future re-
search may change this.

Professional Responsibility

Everything I've said so far that
relates to human problems in the
use of technology also involves
professional responsibility: the
idea that, regardless of an
engineer’s place in the scheme of
things, he has the responsibility to
apply sound technology intelli-
gently and conscientiously, and to
stand behind the results.

This notion includes technical
competency, which means know-
ing how to do the job one takes on
at any stage in an individual’s ca-
reer,

In this present business and
legal climate, this concept of pro-
fessional responsibility may sound
as idealistic and Ilﬂpﬂk‘xlblt‘ to live
up to as a Victorian code of con-
duct. Well, it always has been
Even in simpler times every engi
neer has on occasion been wrong
But that is not the point here.

It is simply that awareness of
one’s professional responsibility is
all important. It means asking at
the start of a job: “Do | know how
to do it, will | take the time to do it
decently, and if I fail, will I be
ready to accept the consequences.”
Such introspection should not be
an exercise in timidity, but it may
be all that is needed to avoid head-
ing into trouble. As it applies to
the latest technology, it can make
the difference between using a so-
phikti(dlml computer system with-
out proper preparation, taking the
time to understand it and learn
how to use it properly, or falling
back on less advanced but sound
methods that you know well. |}

’
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AISC Database

The AISC Database contains properties
and dimensions of structural steel shapes,
corresponding to Part 1 of the 1st edition
LRFD Manual of Steel Construction and
the 9th edition ASD Manual of Steel
Construction. Two versions, one in U.S.
customary units and one in metric units,
are available. Please specify,

The computer database, in ASCII format,
contains W, S, M, and HP shapes,
American  Standard Channels (C),
Miscellaneous Channels (MC), Structural
Tees cut from W, M, and S shapes (WT,
MT, ST), Single and Double Angles,
Structural Tubing, and Pipe

An explanation of variables specified in
each data field is included as are a BASIC
read/write program and a sample search
routine by which the database may be
manipulated, and a routine to convert the
file to Lotus 1-2-3 format. Additionally,
the metric version includes a text file
which cross references the ASTM
designations in SI units to U.S. customary
units,

Available on 3" or 5° disk, £60.00

AISC for AutoCAD

AISC
Software

to place an

order, call
(312)670-240

STEMFIRE

Save time! Have AISC shapes drawn at
your command with AISC for AutoCAD
(Release 10 and above). It draws shapes
and lists properties corresponding to data
published in Part 1 of the lst edition
LRFD Manual of Steel Construction and
the 9th edition ASD Manual of Steel
Construction.

The program will parametrically draw to
full scale the end, elevation, and plan

views using the design dimensions of the
shapes shown below.
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Available on 3" or 5° disk. $120.00
AutoCAD is a registered trademark in the US Patent and
Tragemark Office by Autodesh, Inc
AISC for AutoCAD is copyrighled in the US Copyright Of-
fice by Briogetarmer and Associates. Inc.
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CONXPRT is a knowledge based PC
software system for steel connections.
Expert advice from long-time fabricator
engineers is used to augment the design
rules, CONXPRT incorporates provisions
to set dimensional and material defaults
for a particular project or general shop
needs. Additionally, CONXPRT is menu
driven and incorporates help screens
designed for easy use,

Module I: Shear Connections

Available in either 1st edition LRFD or
9th edition ASD format. Designs more
than 80 configurations of double framing
angles, shear end plates, and single plate
shear connections is possible.

Module I1: Moment Connections

Available in 9th edition ASD format only.
Provides a set of four knowledge bases for
the design of strong axis moment
beam-to-column flange connections; direct
welded, flange welded-web bolted, flange
plate welded-web bolted, and flange plate
bolted-web plate bolted connections.
Additionally, a knowledge base for the
column side design of web stiffener plates
and doubler plates is a part of the module,
Avatlable on 3" or 5" disk.

Module I ASD or LRFD £300.00
Module I ASD & Module | LRFD $550.00
Module I1 ASD $400.00

WEBOPEN

STEMFIRE  determines safe and
economical fire protection for steel beams,
columns, and trusses. STEMFIRE is
based on rational procedures developed by
AISI which extend the published UL fire
resistive designs to other possible rolled
structural shapes and common protection
material requirements. For a required
fire rating, STEMFIRE determines the
minimum spray-on thickness for various
rolled shapes as well as the ceiling
membrane or envelope protection for
trusses. This methodology is recognized
by UL and has been adopted by the three
national model building codes in the USA.

The software database contains all
pertinent steel shapes and many listed
UL Fire Resistance Directory construction
details and fire ratings. In this manner,
user search time is minimized and the
design and checking of steel fire
protection is  optimized. Hence,
STEMFIRE is easy to use with little input
effort to quickly produce specific design
recommendations. Two & disks
containing executable software bearing
AISC copyright and a users manual with
instructions and sample problems are
included with purchase,

Available on 5° disk only. $96.00

WEBOPEN is designed to enable
engineers to quickly and economically
design beam web openings. An expedient
tool, WEBOPEN uses state of the art
criteria and features a clear and logical
data entry system with easy to use color
coded input windows. Furthermore,
WEBOPEN accesses a shape database
allowing the selection of any W, 8 or M
shape for use in the design procedure.

WEBOPEN was written by practicing
engineers for engineers and incorporates
expert design checks and warning
messages which enhance the application
of the AISC Design Guide to specific
design problems. Using this software,
unreinforced or reinforced, rectangular or
round openings, concentric or eccentrie, in
both composite and non-composite steel
beams may be designed. The design is
complete with stability and proportioning
checks.  Additionally, the design is
optimized through user interaction during
the design sequence. Included with
purchase are the WEBOPEN program,
the WEBOPEN Users Manual and the
AISC Design Guide Steel and Composite
Beams with Web Openings

Available on 3" or 5" disk. $495.00
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AutoDesign has revolutionized the

structural design process.

AutoDesign"s the only software that allows structual analyss/design rom wit
AutoCAD"; and provides you with full control on the design process ranging fron
architectural/prefiminary design to the final design/drafting, with a wide spectrum
of analysis capabilities.

2]

Building Drawing in AutoCad Deformed Shape Results For Building
Using AutoDesign

features:
* Structural modeling, analysis and design from within AutoCAD"
-mq;]ra;gmedmwmedddmhdmmm

* Interactive design capabilities and evaluation of aitemate designs.

* Automated minimum weight design.

* Finite element technology based on new p-version elements, along with
standard h-version elements,

+ Built-in analysis and design assistants, based on Artificial Intelligence.

+ Static, dynamic and earthquakes analysis.

+ Earthquake module for development of UBC forces and site-specific response

spectra.
* AISC steel stress check and member selection,

Stress Shade Results For Bullding Stress Shade Results For Pipe Joint
Using AutoDesign Using AutoDesign™

Benefits:

+ Dramatic savings in man-hours for development of structural models,
structural analysis and structural designs.

+ Significant improvement in quality and cost-effectiveness of structural designs.
* Complete control on structural design process.

* Minimal training required before becoming fully productive in structural
andlysis and design.

PMatfoms:

* PC/DOS

* Work Station/UNIX

for your free demontration disk
Call: (408) 496-1120 or Fax: (408) 496-119%

AUTODESIEN

The Salution...From Within.

SAT, Inc. - 4677 Old lronsides Drive, Suite 250 + Santa Clara, CA 95054
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M-Strudl

M-Strudl, developed and sup-
ported by CAS.T., is a gen-

eral purpose structural analysis/de-
sign program. The program is
capable of solving 5,400 3D joints,
16,000 members, and 8,000
plate/shell elements for both static
and dynamic (RSA and/or time his-
tory) problems with almost an un-
limited number of load cases and
mode shapes on computers using
either a DOS or OS2 operating sys-
tem. It also is available on UNIX
operating systems, where the
program’s capabilities are even fur-
ther enhanced. M-Strudl features a
number of special commands; for
example, an extensive EDIT com-
mand enables the user to duplicate
frames (vertical or horizontal) to
different locations, while a DIS-
TRIBUTED LOAD command en-
ables the user to specify area load.
A Windows version will be avail-
able late in 1992.

The cost of the program is $340.

For more information, contact:
Ta Chang at (510) 226-8857; fax
(510) 226-7328.

FRAME mac

y taking advantage of the su-
perior graphics of the Macin-
tosh computer, Compuneering’s
FRAME mac program achieves ac-
curate results with minimal user ef-
fort. The program also allows users
to quickly consider a wide range of
alternatives. For example, by com-
bining FRAME mac and MacS-
hapes, one user cut his outside con-
sultant fees by $3,500 on one project
by doing the work himself in only
30 minutes.
The cost of the program is $595.
For more information, contact:
Dorete Sivkin at (416) 738-4601; fax
(416) 738-5207.

COSMOS/M

. Structural Research & Analysis

Corp.’s COSMOS/M is a full
function, easy-to-use finite element

analysis (FEA) software program.
The Basic System offers the user a
comprehensive statics and dynam-
ics analysis capability as well as
easy to use pre- and post-processor.
Additionally, the program offers a
Steel Design Module (SDM) that
performs checking of structural
steel members modeled and ana-
lyzed by COSMOS/M. As a result,
users can utilize the program’s
AISC ASD code checking capability
while designing their structures. In
addition to its DOS versions, the
company has recently introduced a
Macintosh version.

For more information, contact:
Structural Research & Analysis
Corp., 1661 Lincoln Blvd., Suite 200,
Santa Monica, CA 90404 (213) 452-
2158; fax (213) 399-6421.

MERLIN DASH

ersion 4.5 of MERLIN DASH

(Design Analysis of Straight
Highway Bridge Systems) is now
available from OPTI-MATE. The
program is fast with an extremely
user-friendly menu driven input.
Output is complete, tabular and
well organized. The program will
consider welded plate and rolled
beam sections, non-composite or
composite, continuous up to 10
spans. Automatic live loading in-
cludes HS and multiple user de-
fined vehicles (which may be stored
in a truck file). AASHTO destruc-
tion and impact factors are com-
puted but may be overridden. A
Code Check is performed for both
LFD and WSD.

Also available is DESCUS On
The PC For Curved Bridges. These
programs are identical to the DES-
CUS programs used for years by
many state DOTs and consultants
for the analysis and design of
curved “I” and “Box” girder bridge
systems—except they run on
386/486-based PCs rather than on
mainframes accessed  through
timesharing. Live loading is auto-
matic, structures may be skewed,
bifurcated, non-composite or com-
posite, and continuous up to 8
spans. An AASHTO Code Check is

ENGINEERING SOFTWARE PRODUCTS

performed at each design point in-
dicating compliance with specifica-
tions.

For more information, contact:
Ollie Weber, OPTI-MATE, Inc.,
P.O. Box 9097, Dept. Al, Bethle-
hem, PA 18018 (215) 867-4077.

RISA-2D

he popular RISA-2D program
provides a fast, truly interac-
tive environment for the solution
of a wide range of structural design
problems. RISA-2D can easily han-
dle frames, trusses, shear walls,
continuous beams and much more.
Statics and dynamics are included,
with full steel design (including
member selection). Customized
spreadsheet editing combined with
powerful graphics to simplify use.
A free demo disk with docu-
mentation is available.For more in-
formation, contact: RISA Technolo-
gies, 26212 Dimension Dr., Suite
200, Lake Forest, CA 92630 (800)
332-7472,

LARSA

nnovative  Analysis Corp.'s

LARSA—Advanced Structural
and Earthquake Engineering soft-
ware is now available for use on
Macintosh computers, in addition
to the already existing versions for
386/486 DOS, 286 DOS and VAX
VMS based computers. The new
Macintosh version uses a 3D
graphical interface with pull down
and pop-up menus and dialogue
boxes. The graphical point and
click environment simplifies the
use of the program’s most ad-
vanced features. LARSA analysis
options include linear & non-linear
static, eigenvalue, response spectra
and time-history analysis. The pro-
gram supports AISC codes for
steel.

For more information, contact:
Innovative Analysis Inc., 330 West
42nd St., New York, NY 10036
(800) LARSA-85.
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GT STRUDL

‘ ’ ersion 91.01 of GT STRUDL is
now available on the follow-
ing systems: DEC VAX under VMS,
IBM RISC System /6000 under AlX,
Intergraph Lllppu workstations
under CLIX, SUN SPARC and
SunOS, and PCs under DOS. En-
hancements include: GT MOD-
ELER, a menu-driven, interactive
graphical modeling environment;
API code checking; fatigue analysis
and platform launch simulation;
composite modal damping; and
elastic buckling analysis. In addi-
tion, interfaces between GT
STRUDL and several CAD systems
are availablee CADAM AEC 3D
Structures; Frameworks from the
AEC Group; GDS from McDonnell
Douglas; MicasPlus and [/FEM
from Intergraph; Patran from PDA;
PDMS from CadCentre; and Auto-
CAD from Autodesk.

software survey.

“RAMSTEEL allowed us to meet
a very tight schedule with a
smaller, more efficient design
team. The savings in man hours
quickly paid for the cost of the

program.
Nabih Youssef, S.E., President,
Nabih Youssef & Associates, Inc. Los 05 Angeles, fi

RAMSTEEL was the highest rated of all Structural
Engineering Software on the market today according
to the 1992 Modern Steel Construction Magazine user

RAMSTEEL provides user interaction like
you've never seen before!

For more information, contact:
Michael T. Lee, Software Market-
ing Manager, GTICES Systems
Laboratory, at (404) 89402260; fax
(404) 894-2278

L.._.”

MicasPlus

Inlvr};mph'n MicasPlus consists
of a tightly integrated set of
modules (Design, Analysis, Model-
Draft, and InterSect) and offers
modeling, analysis, postprocessing,
design and drawing production
tools for structural engineering
projects. Automating the entire
structural engineering workflow
and blending graphics and
database management, MicasPlus
is suited for commercial and resi-
dential building, light and heavy
industry, transportation and ut:ht\
projects. The ModelDraft module
provides 3D structural layout,
drawing extraction, and revision
tracking. The Analysis module is a

‘- \LYSIS, DESIGN
STEEL BUILDINGS

INTEGRATED
AND DRAFTING (

For more information or an in-house
demonstration, call 800-726-7789
FAX 916-895-3544

RAM ANALYSIS
55 Independence Circle, Suite 201
Chico, CA 95926

Break into the LRFD competitive edge with full

®

ASD vs. LRFD comparisons at the click of a button

finite-element modeling and analy- .
sis application where engineers can
lavout 3D frame and finite element
models and analyze them. Through
integration with ModelDraft, the
Analysis module can use pre-
viously defined geometry to define
the anal\hml model, nlunlnalmh re-
dundant data entry. By directly
evaluating results from the Analysis
module, the Design module auto-
matically optimizes structural mem-
ber sizing based on user-controlled
parameters. Aiding the process, the
InterSect module contains a com-
prehensive library standard
structural steel ¢ross-sections from
American and international steel ta-
bles. The InterSect module is avail-
able as part of MicasPlus or sepa-
rately.

For more

ot

information, contact:
Laurie Harris, Intergraph Corp.,
Huntsville, AL 35894-0001 (205)
730-2000; fax (205) 730-2461.

MERLIN DASH &x4.4

Design & Analysis of Straight Steel Girder Bridges

« AASHTO — 1991 Interim

« FHWA — Endorsed and Used by

« DOT's — Used by Most States

# Design — New Capabllity

¢ Menu-Driven Input — Yery Easy

« Graphics Display of Output

« Output Report Selection ",‘;‘,"ﬁm

MICROBARS

Micro-Computer Bridge Analysis & Rating System

# Derived from Original BARS Program
+ Compatible with DOT's Structural Databases
+ Rates All Conventional Member Types

« Considers All Construction Materials

DESCUS | & I

CURVED GIRDER ANALYSIS & DESIGN
...and other quality bridge software and
time-sharing services

Avaimbie Exciusrvely Thiu: (215) 8674077

[:]PTI-MATE

P.0. Box 9097, Depl A, Bethiehem, PA 18018




ASG Architectural &
Structural

. S\'alt'm ASG 1s a series of soft-

ware programs for all aspects
of the construction industry. ASG
Core i1s the foundation for the sys
tem. Its a valuable utility and can
be used to customize an AutoCAD
environment well as to run a
wide range of ASG applications, in-
cluding: ASG Architectural, which
is designed to enhance AutoCAD
productivity in architectural design
and drafting; ASG/Vertex Detailer
which enables the user to assemble
building details from more than
25,000 components, rather than
drawing them by hand; and ASG
Structural, which quic I\l_\' prmim es
accurate structural plans and de-
tails. Included in ASG Structural
are structural frames, rolled steel
shapes, miscellaneous steel mem
bers, and automatic weld notes, as
well as metal decking and other
structural materials

as

SAVE TIME AND MONEY
CALCULATE CONNECTIONS
with CONNECT " version 35

Software and Data Base
for IBM PCs and Compatibles
Proven, easy to-use, moderate price

DETAILERS, STRUCTURAL ENGINEERS
design, document, check:

Framed Beam Connections
Seated Beam Connections
Eccentric Connections
Connections in Tension
Moment Connections
Hip and Valley Details
Oblique bracing with Setbacks
Web Stiffeners
Triangulation
and more
Print a hard copy of calculations
and/or save on disk
Updated to AISC 9th Ed.

Demo package available.
Write or call today

Hess Technical Services
2389 Mill Grove Road
Pittsburgh, PA 15241

(412) 831-2010 or (412) 833-7525

For more information, contact:
ASG, 4000 Bridgeway, Suite 309,
Sausalito, CA 94965.

TPCFM1

I< eck Tech’s TPCFM1 is an engi-
neering program that can

compute the flexural and/or tor
sional cross-sectional properties of
virtually any shape in 10 minutes or
less, from start to finish. It breaks a
cross-section into many short line
elements within a Cartesian coordi-
nate system. Line elements of zero
thickness can represent holes or
punch-outs in the cross-section, or
be connecting lines such as between
bolts themselves
are treated as square line elements
whose thicknesses are m]ll‘!] to their
lengths. Output includes: location
of the center of gravity and the
shear center within the Cartesian
coordinate system; the moments of
inertia, section moduli and radii of
gyration about the X- and Y-axes;

Bolts or screws

FREE!!

and the moments of inertia and
radii of gyration about the principal
axes, plus location of these axes
from the X-axes; the product of in
ertia; and the polar moments of in
ertia about the center of gravity and
shear center

For more information, contact
Keck Tech, Inc., 28614 East State St.,
Salem, OH 44460 (216) 332-1132; fax

]

(216) 3324)556.

Composite Steel
Girder Design

In addition to existing capabilities
for designing and rating multi
span girders, Version 5.0 of MDX's
AASHTO Composite Steel Girder
Design program includes interac-
tive graphical output for viewing
and plotting stresses and deflec-
tions. MDX licenses both load factor
and working stress versions of its
DOS-based bridge girder design
programs. Qualified bridge design

SPACE FRAME ANALYSIS PROGRAM

t, for just a nominal charge to cover materials and

$29), we will send you our powerful MICROSPACE
program. This is our fullblown MICROSPACE, not a watered-
down version. How can we possibly afford to do this? It is
because we are convinced thatonce you have tried our software,
you will be back for more. You will also receive all required
documentation, as well as a catalog for our 100+ programs for
concrete, masonry, steel, timber, and post-tensioned concrete
design, including design and graphics modules for
MICROSPACE. Qur programs are developed to run on IBM-

PC, XT, AT, PS2 and most compatibles.

* Design modules available:

Concrete, Steel, Timber
* Graphics module available: GSPACE
* FREE MICROSPACE/TALK module
* Up to 100 member properties

4 load cases, 10 load combinations
Member forces at 1710 points
Unlimited loads

Self-weight computation

50 joints, 100 members

Also, you will be senta freecopy of "SPACE/TALK", SAI's fast, easy, and powerful INTERACTIVE
softwaremodule for SPACE programs. This “add-on” TALK module allows users togreatly speed
up input preparation and problem reruns. The SPACETALK module is menu-driven, has a
spreadsheet format,and many on-screen help features. Alsoincluded areabuilt-in texteditor, and
error checking.

Graphics software "GSPACE", is available for MICROSPACE. GSPACE allows engineers to
obtain validation on input geometry.

SA

STRUCTURAL
ANALYSIS, INC.
555 S. Federal Hwy. |

Sulte 210 | PHONE
Boca Raton, FL 33432 |
(407) 394-4257

THE MOST PRODUCTIVE STRUCTURAL DESIGN SOFTWARE SINCE 1944
[ YES, Mease

send me FREE MICROSPACE (829 10«

Offer walidd i the |

LA end Cansls only, expures Sepiom

NAMF

STREET ADDRESS
CITY /STATE/ZIY

] MASTERCARD L] visa

ALCT NO - EXF DATE _ [ilflf"|"-li"-ll‘

SIGNATURE DATE
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firms may receive a free four month
trial.

For more information, contact:
MDX at (314) 446-3221; fax (314)
446-3278.

SAP90 & ETABS

omputers and Structures, Inc.,

has released new versions of
both SAP90 and ETABS. SAP90 is
based on modern equation and
eign/ritz solving techniques and
new finite element formulations.
The program now includes P-Delta
effects for either static or dynamic
analysis. The ETABS System is a se-
ries of large capacity programs spe-
cifically developed for three-dimen-
sional analysis and design of
building structures. ETABS can an-
alyze moment frame, braced frame
or shear wall buildings, or combi-
nations of these. Dead, live, wind,
static seismic and/or dynamic

earthquake load analysis (includ-
ing time history) are all possible.
STEELER V5.3, a post-processor
program for ETABS, now supports
LRFD, as well ASD, UBC and the
Canadian CAN/CSA code. In ad-
dition, the program provides the
capability to perform automated
stress checks of Eccentrically
Braced Frames. The design post-
processor SAPSTL V5.4 for SAP90
now offers an option for LRFD.
Sway and non-sway load condi-
tions are differentiated and their
moments separately magnified.
Also, Version 2.0 of Auto-
FLOOR, the AutoCAD-based pro-
gram for automated drafting, anal-
ysis, and design of steel floor
framing systems, is now available.
This release allows all design op-
tions to be performed without leav-
ing AutoCAD. Composite and non-
composite design options are
available for ASD and LRFD. A
new feature called “Design-One”

Structural Material Sorter Ver. 4.0

A series of programs
designed to help
steel fabricators

manage malerial.

" Call Today
For
Free Demo Kit!

Reduces labor — Increases accuracy.
Automatically computes weights, surface

g s T

areas, bolt counts and lineal totals.
Quickly sorts lists into proper order.
Produces optimum length-cutting lists from
in-house stock, vendor's stock or the best
combination of each.

Provides shipping lists based on piece-
mark sequence.

Tallies material costs, shop hours and field
hours for easy estimating.

Uses simplified terms so non-tech person-
nel can operate with ease.

External Data Interface can import existing
computer-based material lists,

Call today for a FREE demo kit, including
the full system's operator's manual!

E.J.E. INDUSTRIES. INC.

COMPUTER SOFT
287 Dewey Avenue
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Washington, PA 15301

WARE FOR STEEL PROFESSIONALS

(800) 321-3955

permits beams to be designed in-
teractively on a member-by-mem-
ber basis, with the capability to re-
view loads, forces, stresses and
vibrations.

For more information, contact:
Computers and Structures, Inc,
1995 University Ave., Berkeley, CA
94704 (510) 845-2177; fax (510) 845-
4096.

STAAD-III/ISDS

esearch Engineer's STAAD-

[I1/1SDS is an integrated soft-
ware system for structural analysis,
design and drafting first intro-
duced in 1978. Analysis facilities
include 2D/3D static/dy-
namic/seismic/P-Delta  analysis,
frame/ plate/shell elements and all
possible loading support condi-
tions. Extensive load generation fa-
cilities are available including mov-
ing loads (AASHTO and user

DESCON

DESIGNS AND DETAILS
STEEL CONNECTIONS

09

FOR A FREE DEMO DISK
CALL OR WRITE TO

OMNITECH ASSOCIATES
P.0. BOX 7581
BERKELEY, CA 94707
(510) 658-8328




provided), UBC seismic loads,
wind loads, and floor loads. Inter-
active model generation and elabo-
rate verification capabilities, such
as plotting of structure geometry,
deflected shapes, bending mo-
ment/shear force diagrams and
stress contours, are available.
STAAD-HI/ISDS is fully integrated
with AutoSTAAD, an AutoCAD-
based structural drafting and
model generation software. Struc-
tural drafting facilities include gen-
eration of framing plans, sections,
elevations, and foundation plans.
Hardware platforms supported in-
clude 286/386/486 PCs, work-
stations (SUN, HP/Apollo, DEC,
IBM, Silicon Graphics, Intergraph)
and mainframes (IBM, Prime,
DEC).

For more information, contact:
Research Engineers, Inc., 1570 N.
Batavia St., Orange, CA 92667 (714)
974-2500; fax (714) 974-4771.

The Best Selling
Civil/Structural Program Since 1987

ANALYSIS

* 2D/3D Frame / Truss / Plate / Shell

® Static / P-Delta /| Dynamic / RSA Analysis

® Capable of 1000's of joints and 100's of
load cases

* Moving load generator

* Interactive geometry, deflection. mode
shape, plots

* Interactive shear and moment diagram plots

® AISC Library included

* Interactive graphic menu driven design

* Continuous beam, section properties,
frequency calculations

* AISC code check and sizing including LRFD

* ACI column, beam, footing, retaining wall design
* Design details can be output to AUTOCAD
* Excellent in report presentations

SATISFACTION GUARANTEED*

*See our brochure for details
Supports DOS/OS2 operation systems

“Ask for a brochure today!"
You'll be glad you did.

P.O. Box 14676
Fremont, CA 94538-4676
510/226-8857
Fax 510/226-7328

COMPUTEN
AlDED
STRUCTURAL
TECHMOLOGY
e ———

Structural
Optimization Design
and Analysis

Windows version of Water-
loo Engineering Software’s
SODA  (Structural Optimization
Design and Analysis) software,
which is designed automate the
steel design process, is now avail-
able. The engineer can start with a
sketch, and simply ask the software
to find the least-weight solution.
The software runs all the necessary
reiterations, sparing the engineer-
ing from doing all the manual cal-
culations. At the same time, it
checks its work against all applica-
ble building codes, including ASD,
LRFD and CAN3-516.1-M89. The
software also can display 3D views
of the design.
For more information, contact:
Waterloo Engineering Software at
(519) 885-2450.

RISA-2D

Rapid Interactive Structural Analysis
Two Dimensional

R TR BT
-2D is th for the jo

For a demo, call: 1 (800) 332-7472

FAX: (714) 863-0244

17900 Sky Park Circle, Suite 106 L
Irvine, CA 92714 1ECH HB!%

RAMSTEEL

Ram Analysis’" RAMSTEEL is a
specialized structural software
program that automates the gravity
analysis and design of steel build-
ings. With a powerful, yet easy-to-
use Windows interactive graphical
modeler, this PC-based software al-
lows the user to graphically model
buildings, floor-by-floor, creating a
database of floor loads, slab proper-
ties, and member locations. The
program calculates tributary loads
and live load reduction factors, and
selects the optimum beam sizes of
either composite or non-composite
beam design. Automation of the
gravity design provides substantial
time savings and increased quality
over traditional methods. The pro-
gram is in strict compliance with
AISC, BOCA, SBC and UBC and
works with either ASD or LRFD.

For more information, contact:
Ram Analysis, 55 Independence
Circle, Suite 201, Chico, CA 95926
(916) 895-1402; (916) 895-3544.

TPCFM1
10% OFF

Limited Time Only!
Find section properties for Tal-
most any shape! See the review
this issue!

Send money order or check®,
shipping address, and this ad,
postmarked before July 31, 1992
to:

Keck Tech Inc.
286" E. State Street
Salem, OH 44460
Copies (@ $225.% =__
10% Discount -
Net Price L=
Shipping & Handling +$10.%
6% Sales Tax (Ohio
addresses only) +
TOTAL ENCLOSED
Disk: __ 5.25" ok 3.5" required
For more information:
Call: (216) 332-1132
Fax: (216) 332-0556

*For personal or company checks. TPCFMI will be
sent after check clears
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Composite Beam
Design & Column
Design

ESCO offers reliable design
programs featuring friendly
data entry and comprehensive de-
sign. Software includes not only an
LRFD composite beam design pro-
gram and an LRFD steel column
design program, but also an ASD
composite beam design program.
Each program displays default
data on the screen for the user to
accept or change. The composite
beam design programs are appli-
cable both in new building design
and in the design of cover plates at
bottom flanges in existing build-
ings when the loads are greater
than the capacity of existing
beams. The program will handle:
uniformly distributed loads; up to
30 concentrated loads; up to 20
partial uniform or varying loads;
end moments due to cantilevers;
shored and unshored construction;
cost of each design; required num-
ber of shear studs between maxi-
mum and zero moment and stud
layout when concentrated loads
are preset; camber for unshored
construction; final deflection due
to total load with long-term effect;
and vibration behavior analysis.
For more information, contact:
HESCO, 13839 SW Freeway #128,
Sugar Land, TX 77478 (713) 545-
9820.

ANSYS

wanson Analysis Systems
Inc's ANSYS software is an
FEA program to help integrate de-
sign and analysis. It's design opti-
mization capability enables the
user to automatically define a de-
sign based on geometric, material,
and performance parameter limits.
For more information, contact:
Swanson Analysis Systems Inc.,
Johnson Road, P.O. Box 65, Hous-
ton, PA 15342-0065 (412) 746-3304;
fax (412) 746-9494.

Softdesk

Softdesk is the world’s leading
supplier of application soft-
ware for Autodesk. The Softdesk
Structural Engineering Family, in-
cludes: Plans & Elevations, which
creates accurate construction de-
tails with steel, wood, concrete and
masonry; and the Steel Detailer,
which provides the tools to create
shop fabrication erection and bolt
setting drawings. In addition, The
Modeler provides an environment
for creating frame analysis models
inside AutoCAD and supports a di-
rect link to industry-standard
frame analysis programs.

For more information, contact:
Softdesk, 7 Liberty Hill Road,
Henniker, NH 03242 (603) 428-
3199,

BEST Center Software

MER['N'DASH Anclyss. rating. and minmum cost/wesght design for steel graer bnoges

MOTE MERUN-OASH & P most wioesy sed slee Sesgn Crogram by Feaeral Siote. ond prvate coneuing procSionen

MER['N SABRE Design ond analyss of sign bridge ond support struchures
TRAP']I Design. analysis, and rating of highwoy fruss bridges.

3 COpObE Of Providng anayia of Compian INOEtENMMINOTE s DrUODes with Cobie-axssied eivofll semernty

For more information on these and other bridge related programs
Bridge Engineering Software (BEST) Center
Dept. of Civil Engineering » University of Maryland = College Park, MD 20742
Telephone: 301-4052011 « FAX: 301-314-9129
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CADVisions

CADVisions has been desig-
nated an authorized Softdesk
Training Center. Training classes
are available at the company’s facil-
ity in Dallas or at the client’s work-
site.

For more information, contact:
CADVisions, 2200 N. Lamar Suite
104, Dallas, TX 75202 (214) 720-
2023.

Design Data

Design Data’s SDS/2 Engineer-
ing, Analysis and Design
package is designed to work with
its SDS/2 Detailing, SDS/2 Esti-
mating and SDS/2 Production Con-
trol programs. The total package al-
lows engineers, fabricators and
detailers the opportunity to com-
municate more effectively from the
start of a project through its com-
pletion.

For more information, contact:
Design Data, 1033 “O" Street, Suite
324, Lincoln, NE 68508 (800) 443-
0782.

AutoDesign and
EXPERTISE

uring automated structural
design, AutoDesign automat-
ically calculates the sizes of all
members of the structure, while at
the same time satisfying specifica-

1 tions throughout the structure, all

within an AutoCAD environment.
A unique AISC module is available
for the design of steel structures.

EXPERTISE performs seismic
hazard analysis and develops peak
ground accelerations, site specific
response spectra and UBC equiva-
lent static forces. The user is asked
to input the zip code and the lati-
tude of the specific site. The soft-
ware then develops recommenda-
tions for the types of seismic
analyses for structures and sites.

For more information, contact:
Structural Analysis Technologies,
Inc., 4677 Old Ironsides Dr., Suite
#250, Santa Clara, CA 95054 (408)
496-1120; (408) 496-1196.




What’s in
a name?

A comprehensive business insurance program
designed especially for AISC.

When you look closely at what a name like CNA
offers the American Institute of Steel Construction,
you'll find everything you need in a comprehensive
business insurance program for your business.

This coverage is offered by the CNA Insurance
Companies. CNA offers you experience, stability, finan-
cial strength, and benefits that associations just like
AISC have been taking advantage of for over 20 years.

In fact, CNA is the one name that offers you a
business insurance program endorsed with the AISC
“Seal of Approval’’

It's a comprehensive program that includes
commercial property, commercial liability, commercial
auto and workers' compensation. Plus optional cover-

*Based on efficient control of losses. Salety dividends, available in most states, are declared

ages such as inland marine, business interruption
and commercial umbrella. Even eligibility for a safety
group dividend”

And regardless of how much or how little coverage
you need, CNA delivers the kind of personalized loss
control services and responsive claims handling that
no structural steel fabricator should be without.

CNA, a multi-line insurance group, has nearly
100 years' experience, over $9 billion in revenue, over
$30 billion in assets, $4.5 billion in stockholders’ equity
and consistently high ratings™*

Find out more about this custom business
insurance program designed especially for AISC.

Call 1-800-CNA-6241.

CNA's Board of Directors and cannot ba guaranised

**AM Best. Standard & Poor's, Moody's, Duft &

For All the Commitments You Make"

The CNA insurance this program will vary g 1o the 0 in the C US only Thess companiss include Transportation Insurance
Compary. Valley Forge insurance C c ity Company, National Fire insurance Company of A C C of A g, Pennayh or
T In v CNA Plaza/Chicago, IL 60685
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For mde inddemation .

Computers & Structures, Ine.
1995 Universily Avenue
Berkeley, Calffornia 74704
TEL: (510) 845-2177

FAX: (510) 845-4096
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