








velocity Vo times time T plus one-half times the
uniform acceleration rate A times the time interval
T squared. If at time T = O the unit is at rest, the
velocity Vo = 0 and Vo x T = 0, so that the first
term on the right side of the equation drops out,
having a value of O so that:

S=05xAxT"2
Again all units used must be consistent.

In Kobe, Japan most of the newest earthquake
resistant buildings survived with little or no dam-
age, while most of the older structures were com-
pletely leveled.

Historically, estimates of quake intensity have
been very much too low for high intensity zones.
In the past we have underestimated the possible
accelerations and consequently the forces and
stresses to be resisted. Many older buildings are
seriously deficient. Efforts have been going for-
ward to strengthen many buildings in the San Fran-
cisco and Los Angeles areas.

Earthquake loadings are somewhat different
from wind loads in that they result from accelera-
tions of structures at their foundations. Estimated
horizontal and vertical seismic zone accelerations
are used to calculate a shear force which is multi-
plied by a series of correction factors to estimate a
maximum design base horizontal shear force. This
force is distributed through the structure by code
rules and the resulting loads are added to conven-
tional loads in the structure according to code speci-
fied rules.

At present building codes recognize a number
of seismic design classifications which define seis-
mic design procedures for piping systems, piping
support design, various building and equipment
support structures, and architectural components.
Maximum probable horizontal and vertical seis-
mic accelerations are defined based on geographic
site zone seismicity and the nature of the struc-
ture. An importance factor based on performance
level and degree of survivability required and a
factor for type of structure and structure ductility
are determined. A factor for the natural period of
structure vibration and a site structure interaction

factor based on the nature of the soil or ground are
chosen. In the case of tall structures located close
together a structure interference factor may be re-
quired. The maximum probable horizontal accel-
eration is multiplied successively by each of these
factors and then by the total structure dead and live
load to obtain the Design Total Base Shear Force.

This base shear force is then distributed to the
various floors in accordance with the code.

Horizontal and vertical acceleration values
range from about 0.05 up to about 0.30 times g,
the acceleration of gravity, which is usually taken
as 32.17 feet per second per second.

Concrete structures have suffered earthquake
damage disproportionately relative to steel struc-
tures. Concrete is an essentially rigid material hav-
ing very low ductility. It is strong in compression,
particularly in blocks and large masses, but we have
seen repeated failures of elevated highway piers
even when well reinforced with steel. Such con-
crete members don’t seem to be able to flex or bend
enough to absorb enough energy from the sudden
shock of a big quake without rupturing.

Steel, in contrast to concrete, is quite ductile
and will stretch or flex and absorb significant
shocks. But any structures must be well designed
and well built, and located on suitable soil or rock.
The ductility of steel structures enables them to
flex and absorb some of the energy from an earth-
quake, reducing the stresses and strains.

Foundations built on soft alluvial soil and on
fills are subject to soil liquefaction with sudden
settlement and instability during a quake. Under
certain conditions water and steam may be forced
into these soils and they may essentially suddenly
liquefy or fluidize, losing almost all physical
strength almost instantly.

Connections are of utmost importance in any
structure. Steel welds cracked in 120 supposedly
earthquake resistant buildings in the Northridge,
California quake. Improved welded connection
designs are being developed.

High strength bolts and high strength steels are
very good, but some ductility is necessary to with-
stand the very sharp initial shock loadings. Very
high strength bolts cannot be overtightened beyond
specifications without risk of failure. Shock ab-
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sorbing moment resisting beam to column and col-
umn to footing connection designs have been and
are being developed and tested. Vibration fre-
quency analyses are being used in designing tall
structures.

For piping systems, better designs with clear-
ances and flexing joints on long runs can allow
displacement and flexure without failure to reduce
the loss of fuels and water supplies, also reducing
the feeding of natural gas fed fires and maintain-
ing water supply integrity for disaster fighting ca-
pability.

Earthquake loadings are not required by stat-
ute in many areas of the world, but are increas-
ingly being added to design specifications. As re-
search and design development progress, tech-
niques and standards are being continuously im-
proved and changed.

Tornados:

Tornados are very intense cyclonic windstorms
capable of major local damage. They may occur
aloft as well as at surface level, and vary in diam-
eter from as little as 30 feet to as much as 3000
feet. Wind velocities as high as 300 miles per hour
have now been reported. Much of the continental
U.S. is susceptible to potential tornado damage.
There does not appear to be much hope in attain-
ing any real accuracy in predicting frequency or
locality of occurrence. Fortunately, the duration
of tornados is usually short, the land area impacted
by a single tornado is usually quite small, and the
probability of a hit in any particular area is very
slight.

Building practices and codes do not generally
provide for forces generated by intense tornadic
winds, but since most wind storms are not “killer
storms” the use of good sound construction prac-
tices and avoidance of building obviously vulner-
able structures are sound practices. There is little
justification in over building simple isolated farm
structures which are usually unoccupied. Keep-
ing such constructions low to the ground, securely
anchoring roof structures, and using good connec-
tions will help minimize wind damage at the most
frequently encountered wind velocities. Public
structures with high occupancies should be de-

signed with higher “importance factors” to better
safeguard continuing function during emergencies
and to better protect human life.

Electrical Storm Damage:

Damage from lightning strikes is not unusual,
with fire being a frequent result. Fortunately, sys-
tems of lightning rods or arrestors and grounding
rods are quite efficient and are advised for wooden
structures or those considered vulnerable to light-
ning or fire. Fuel storage tanks are vulnerable and
fires in such tanks resulting from lightning strikes
are not unusual. Information on lightning rod and
ground systems can be found in the National Elec-
trical Code Manual.

Hurricanes:

Hurricane risks are well known. These are large
tropical maritime wind storms which can cause
major damage to coastal areas from high velocity
winds, wind driven water, waves and surf action,
and high water flooding. In contrast to tornados
hurricanes are large storms with greater repetition
in susceptible areas, more lengthy durations, and
much greater land area coverage by an individual
storm. Wind and storm surges of rising water usu-
ally cause the most damage.

Consideration of hurricane risk should certainly
be taken in plant location studies, and exposed sites
in hurricane flood plain areas are to be avoided
where possible. Sturdy construction, often of open
wall, well anchored shed roof type has been fairly
successful.

Codes and Standards:

The American Society of Civil Engineers pub-
lishes an ANSI/ASCE Standard entitled MINI-
MUM DESIGN LOADS FOR BUILDINGS AND
OTHER STRUCTURES, which is revised and re-
issued from time to time as new technical knowl-
edge warrants. It contains recommendations on
minimum wind, snow, rain, and earthquake loads,
giving maps which set forth various geographic
zones and zone factors. Care should be taken that
the latest available revision is obtained and used.
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The Uniform Building Code is a model code
published by the International Conference of Build-
ing Officials which is revised every two years.
Many local codes have adopted provisions from
this code, but the latest edition of the appropriate
local code should always be consulted.

The codes are not teaching tutorials, and they
expect that users will be properly qualified and that
they will keep themselves up to date and currently
informed as to theory and methods.

The European Convention for Constructional
Steelwork (ECCS) in Brussels offers similar ma-
terials.

Design:

It is beyond the scope of this paper to discuss
design in depth, but a few remarks may be useful.
In conventional design, using established proce-
dures and data from the applicable codes, various
static and dynamic loads are determined and ap-
plied to the structure and transmitted to the foun-
dations through members of the structure.

The structure as a whole and each member and
connection are then analyzed and checked to as-
sure compliance with various design requirements.
Loads include dead loads caused by the weight of
the structure itself and all installed fixtures and
equipment, and live loads caused by occupancy,
weight of material being processed, wind and snow.
These loads are all applied to the building struc-
ture as appropriate in accordance with the stan-
dards.

Earthquake loads differ in that they originate
from movement of underlying soil and foundations
and occur throughout the structure as a result of
various accelerations in the structure. Because of
safety factors already present in a properly designed
conventional structure, increases in allowable
stresses against added vertical earthquake loads
may be allowed but certain checks must be made.
Bracing against horizontal lateral forces in a con-
ventionally designed structure may be found to be
quite inadequate for earthquakes. Many existing
space frames have insufficient horizontal bracing
to withstand lateral side forces. A typical possible
failure mode in a horizontal plane in such a frame
is shown in Figure 2. Excessive side forces may

cause buckling in the unbraced top flanges of
beams, possibly weakening the beams and over-
stressing beam to column connections.

A number of specific requirements are detailed
in the codes. A proper analysis is lengthy and te-
dious but most important.

Figure 3 shows several ideas for lateral restraint
of heavy rotating shell equipment such as dryers,
coolers, and granulators. Foundation piers should
be well anchored and proportioned to resist ten-
dencies to turn over under lateral displacements.
Anchor boits should be made substantially stron-
ger than they otherwise might be and should be
fitted with long pipe sleeves to allow for lateral
displacement and some vertical stretching with-
out failure. Baseplates should be keyed to founda-
tions with shear keys placed in slots in the
concrete piers. Thrust roll assemblies provide natu-
ral restraints against lengthwise lateral movement,
but trunnion bases and thrust roll assemblies should
be designed for possible earthquake loads. A
possible design for a lateral and vertical restraint
placed over a shell tire consisting of a rolled steel
plate band bolted to the ends of a trunnion base is
shown.

Figure 4 shows a design of a possible earth-
quake shock and energy absorbing moment
resisting beam to column flange heavy welded con-
nection intended to reduce the possibility of weld
cracking under severe earthquake loading.
Connection designs for this purpose are being de-
veloped. Much research is being done currently
on earthquake design and codes and standards are
being revised continually. Probabilistic design is
being used, and for the worst earthquake and tor-
nado loadings design is focussed on survival of
structures as a whole to protect human life, but may
allow permanent yield deformations to occur un-
der extreme conditions.

Current structural steel design information is
contained in the 9th Edition of the “Manual of Steel
Construction - Allowable Stress Design” published
by the American Institute of Steel Construction,
Inc. In addition to design information this manual
contains specifications, codes, and commentaries.
The basic standards are contained in the “Specifi-
cation for Structural Steel Buildings,” called the
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AISC Specification. Various specifications, codes,
commentaries, design information, and extensive
data on properties of structural steel shapes are
included. This ASD manual is the fundamental
working reference employing traditional elastic
design principles and some coverage of the newer
plastic design techniques.

An alternate design method has been available
for about ten years, covered in the AISC “Manual
of Steel Construction - Load and Resistance Fac-
tor Design, 1st Edition.” This technique is consid-
ered to provide more uniform structural reliability
and better economy, but either is currently ac-
cepted.

Conclusions

Throughout the world, building codes are be-
ing progressively updated and improved, and the
engineering schools and universities will certainly
train their students in the best available technolo-
gies for safer designs. In many places legislation
will probably place added restrictions on the build-
ing of facilities on poor sites.

Managers and owners need to ask the right
questions when planning facilities or reviewing
operations to assure that all participants are in-
formed and committed to dealing with the poten-
tial effects of natural disaster events.
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OCTOBER 23, 1995 TO OCTOBER 28, 1996
Cash Balance October 23, 1995

Income October 23, 1995 to October 28, 1996

Registration Fees - 1995 Meeting & Cocktail

Party & Coffee Break Receipts $ 8,635.49
Sale of Proceedings 701.78
Registration Fees - 1996 Meeting & Cocktail

Party & Coffee Break Receipts 25.160.00

Total Receipts October 23, 1995 to October 28, 1996

Total Funds Available October 23, 1995 to October 28, 1996

Disbursements October 23, 1995 to October 28, 1996

1995 Meeting Expenses (Incl. Cocktail Party) $ 13,085.17
Misc. Expenses Incl. Postage, Stationery, etc. 460.27
1995 Proceedings 7,082.50
1996 Meeting Preliminary Expense 3,519.00
Directors’ Meetings 1.415.15

Total Disbursements October 23, 1995 to October 28, 1996

Cash Balance October 28, 1996

Respectfully submitted,

Paul J. Prosser, Jr.

Secretary\Treasurer

Meeting Attendance 143
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