THEME IV. EARTHQUAKE RESISTANT DESIGN,
CONSTRUCTION, AND REGULATIONS

GENERAL REPORT

By Emilio Rosenblueth

Introduction

Few forces in nature are as unpredictable as earthquake forces, and no
other frequent cause of failure involves s0 many unknowns, The major uncex-
tainty lies in the characteristicg of future earthquakes themselves and on how
these features can be expected to vary from place to place. Due to the nature
of the present theme, guch matters are hardly to be considered here: earth-
quake characteristics are assumed to be known or im some manner specified.

The influence of ground conditions on earth motion and soil-structure interac~
tion are also covered under different headings in this conference. It is not
surprising that of the 37 papers reviewed in the present report,®® omly a few
should concern themselves to some extent with regional seismicity, one of them
from a special point of view -~ earthquake insurance, -- and only ome paper
should deal with foundations (bridge pile-piers). Of the remainlng works one
deals with elevated tanks, two with bridges, three with special structures,
five with dams, and the other 24 with buildings and with building code prowi-
sions.

The development of criterfa to evaluste the forces against which build-
ings must be designed to resist earthquakes begins at the turn of the century.
There have been some changes in bullding codes since the widespread adoption
of Tachu Naito's methods following the 1923 Tokyo earthquake. Some building
codes still require that eaxthquake forces be computed assuming a uniform hor-
fzontal acceleration in the entire structure. Most codes have sdopted static
methods of analysis that tend more closely to reflect the dynamic nature of
the problem and the results of experience. Thus the horizontal accelerationm
is made z function of elevation sbove ground level and often it is also made
to depend on the fundamontal period of the bullding, usuaslly estimated using
crude formulas. Several regulations include s dependence of the base shear
coefficlent on the local nsture of the ground. Im an effort to be realistic,
many building codes proevide for reductions in staticslly computed overturning
moment and introduce minimum or additions! torsionsl eccentricities. Few
codes include detailed imstructions on modal dynamic enslysis as s basis for
design us an alternntive to static methods(l).

It might seem desirable that ell bulldings be designed on the basis of
dynamic snalyses. But dynamic snalysis that neglects the coatributions of
"nonstructural” elements and assumes linear behavior and base fixity greatly
overestinetes structural respomses, especially those due to stromg sarth-
quakes(2). The comtribution of "nonstructural"™ elements, including stesircases,
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partitions, and cladding, leaves no room for other than its explicit considera-
tion. The problem is ignored in oxdinary design but rises in full when recon=~
ciling periods of existing structures(3) or explaining earthjuake damaye.

Nonlinear behavior iz often responsible for the mujor fraction of the
discrepancy between computed and actual structural responses to strony yround
motions(4), and this portiom frequently reaches seversl hundred percent. At
least three quantitative methods have been proposed for incorporsting nonlin-
ear behavior ipm design(8). Ume is the reserve encryy techniquein’. Another
assumes that maxisum deformations in a linesr stiructure thal hus natural perl-
od T and degree of damping { for small oscillations will be the same a3 those
of a linear (equivalent) system having the natural period T and deyree of
damping £ (7). The third maintains that the energy of deformation of the non-
linear and the equivalent lineaxr systems are equal{fi}. The first method is
more complicated snd refined than the other two, and through & proper cholce
of parsmeters can be made nearly to colacide with either of them. Lach ol the
latter have been confirmed through analeg and digitsl computation of responses
to strong-motion accelerogrums and each has its range of spplicabilityi®), al-
though there are cases for which both are overly conservative and cazes of ex-
treme rigidity (calling for wery high ductility factors) for which neither is
conservative enough (see results of snalyses in 1U,11). Im all, the zesponse
of firmly founded systems having & single deyree of freedom hay Deen sdequate-
ly covered to date, but there is no wmethod appropriate for the design of sys~
temz with several degrees of freedom: it is not possible, In wmozt cases, to
predict whether & major poxtion of the eneryy of inelastic deformation will be
shsorbed in only one or a few deyrees of freedom or will be uniforsly distrib-
uted in the structure{(9). Efforts in the dirsction of estsblishing such maeth-
ods are such woxthwhile, and the SERAC project(l2) now is process wmarks sn ex-
cellant oxample in this direction, but the stegye bas nol been reached whore
genexralizations are feasible from these and other mmalyses of {andividusl
structures subjected to specific grownd motion.

Seil~styucture interaction is apparently of little siynificance fur sost
substantial bulldings in California{d, 13}, This is certaialy nol the case
with very rigid Japanese butldings on compressible s011(14) nor is i1 for
slendex bulldings on Mexico City's clay(l5,16). Horeover, many now classical
accelerograms were recorded inm the basesents of bulldings, zo they probably
lead to exroneous conservative predictions of base motion in the open fleld
and under othexr structures ss well as of the latter’'s responses()7).

Owing to these consziderstions it is clesxr thet the simplest dynamic snal~
ysez, whother used as u gulde to sstablish supedient static welbods or direct-
ly for purposes of designm, metit drastic reductions before belsg useful, end
that these reductions should vary over a wide range and depend om meny fectors.

The possibility that energy of inelastic deformation be sbsorbed im » sin
gle or & few especially weak elements rather than throughout the structure, hat
profound lmplications not apparent at first sight. For tuau?in, the base zhen
coefficient for elastic structures should wary roughly as T°1 within some rangd
of natursl periods, and sbove that as T"2(5). Yet many codes wark s buse
shear coefficient that is independent of T for 1; ¢ pariods, asd the mew Uni~
foxm Building Code specifies » variatios with T~ 73. This apparent overcop~
sexvativeness for long periods protects agsimst the need for excessively
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high, localized ductility factors in tall buildings (provided such buildings
have indeed lonyg fundemental periods). also, the fact that ordinary struc~
tures are nor capable of developing extremely high ductility factors, which
they may be called to develop in tall bulldings, justifies the requirement
contained in many codes to the effect that, beyond a certain height, a frame
be provided, capable of developing the ductility of a structural steel frame
(with very caxefully detailed connections, or the ductility of an exquisitely
detailed reinforced concrete frame). (There is an obvious duplication of re-
strictions in this ovexdesign of tall buildings and the height limitation on
moderately ductile structures.)

Some important buildings are being analyzed as imelastic (usually bilin-
ear) structures subjected to specific earthquake records. Aside from the dif-
ficulty of using this approach in routine design, there exists the question of
the number of different earthquake motions for which it is practical to ana-
lyze @ structure. Hence therxe is still much room for modal analysis based on
design spectra, on some rules for combining the maximum responses in the vari-
ous natural modes, and on the use of Important reduction factoxrs. But wethods
of modal analysis have other serious limitatioms, besides those due to nonlin-
ear behavior, especially when two or more natural frequencies are close to each
other (as in some cases of torsional oscillations (18)), and the’'results of ex-
perience can best be incorporsted into static methods. Horeover, most houses
and buildings do not mexit even the most elementary dynamic amalysis. Accord-
ingly present-day designs sre quite properly based on one of the three differ-
ent approaches (static, model, and transient-state analyses) and sometimes on
8 combination of them,

Ductility plays such an important role in the design and behavior of
buildings that connections deserve the most meticulous attention. To express
it with greater generality, in eaxrthquake zresistant design "every detail is
important and no detail is unimportant™(19). I1f there is & well defined weak~
est link in the structure it will be called to sbsorb an enormous amount of
energy, indeed the entire enexgy of inelastic deformation, whether that link
is a cold joint, & connection, or a careless detail.

The design of short snd wedium-~spsn bridges hes proceeded along similex
lines as that of buildings, but there are problems that are pecullar to them.
This is the cese with pler foundations and with the question of the supports
of discontinuous spans. Most failures of bridges during earthquukes can be
traced to these two matlers. In continucus spens there is slso the nearly un-~
explored problem of stresses induced by unequal displacements of the plexs.

Suspension bridges, srch dams, nuclear reactors, and certain other spe-
cial structures pose a set of problems all their own. They axe structures in
which extensive plastic behavior is (at leest presumasbly) objectionable, in
which dlsplacements within the elastic range may resch excessive amplitudes;
several of the natural periods of vibration in these systems are close to each
othex; there is little 1f any experience with theixr responses to strong ground
motions; and these structures lend themselves to conservative critexis of de-
sign sgainst lateral forces. Suspension bridges present, besides, difficulties
of asnalysis owing to their complexity and to nonlinecarity within the elastic
xange. Dams and other hydraulic structures, as well as tanks, exhibit the ad-
ditional fascinating problems associated with hydrodynamic pressures.
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Earth and rockfill dams are being designed on the basis of static meth-
ods, sometimes supplemented with the results of dynamic analyses; and model
tests. The dynamic methods are again divided between the linear{(20) and the
nonlinear schools(21). In general, there is good justification for the former
in dams that may undexgo sudden major failure, and for the latter in dams that
would fail plastically.

In what follows, papers classified undexr Theme IV are cormented upon.
The comments -- rather than the papexrs =~ are gronped undexr various headings.

Archivecture and Trends in the Cholce of Structural Materials

As described by BLAKE~KELLY, New Zealand is a country where architectural
and censtruction trends have absorbed the experience gmined from earthquake
effects. Eaxly settlexs built their houses of timber, which was and still is
plentiful. Unreinforced masonry came next, but fared badly under strong
earthquakes. The experience led to widespread snd successful adoption of ma-
sonry panels enframed in timber. Present-day architecture leans heaviily to-
ward use of reinforced concrete shear walls for medium~tall buildings and com~
posite (concrete-encased steel) f{rames for the tallest buildings. (See also
JUHNSTON, GLOGAL, CANDY, and MCKENZIE.Y In small dwellings, timber 1s much
used and, in one locality, thevre is preference for reinforced masonty.

bespite recent earthquake experience in lran, present trends do not lead
to increased earthquake resistance. This is forcefully brought out by NOINFAR

POLYAROV and KONOVOUCHENKO report on trends in the USSK. These covex: 1)
masonry bearing walls with bond beams and sometimes with vertical reinforce-
ment; £} masonxy enclosed in reinforced concrete frames; 3) large concrete
blocks; 4) large precasi concrete panels; and ) rooms or groups of rowas of
precast concrete completed in a plant, including paint. The latter type is in
experimental stages. Statle, impact, and shaking-table tests oum all types of
construction are mentioned, including one-fourth scale models. This impres-
sive paper contains conclusions dexived from economic comparisons.

Seiswlcity and Insurance

The first step in earthqueke resistant design involwes estimating sels-
micity of the site. Hence the importance of regiomalization, and there ave
yuantitative methods fox establishing regionsl seismicity(22). Yet every re-
gionalization map known to this reporier contains a major dose of subjeciive
interpretation. Papers clessified undex Theme IV do not change the situation
matexislly, althouwgh BLIME, in the first and fascinating part of his paper,
does set bases for s more guantitative detexminution of seismicity and in-
c¢ludes pertinent considerations on the matter. UESPEYROUX calls sttention to
the need for at least two parameters to define regionsl seismicity.

DUZINKEVICH mentions the fact that microregionalization has progressed in
the Soviet Union to the point that it now covers most areas of interest.

France did not quite rid itself of earthquakes when it gave up Algeris.

Although strong ground-motions axe wirtually unknown throughout wost of the
country, the phenomenon cannot reumsonably be ignored {n small areas, especial-
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ly near the Alps. This calls for a far more careful study of seismic zoning
than is ordinarily done. DESPEYRGUX aptly describes the data and reasoning
that led to the zoning incorporated in the present code for France.

BENNET narrates the history of earthquake coverage in New Zealand. Dam-
age to tangible property is financed by government through the device of using
a pexcentage of fire coverage. Loss of profits and excess of indemnity con-
tracts are covered by insurance companies against premium rates that depend on
the type of building, nature of the ground, and populaxr demand for insurance,
but not truly on regional seismicity; demand for coverage is heavily concen-
trated in regions where the most recent destructive earthquakes have stricken.
Fully 90 percent of claims since 1944 correspond to damage in unreinforced-ma-
sonry chimneys.

BLUME modifies published empirical correlations of ground acceleration
with magnitude and distance and incorporates another empirical formula to pre-
dict spectra as a function of these two variables., His proposals differ from
those of other researchers(23,24). He sugyests the use of microtremor spectra
to yuide in the selection of design spectra. Kanai(25) has also advocated
such an approach; it has actuslly been used by TAKEYAMA, OTA, NAGATA, ATSUMI
et 8. for the design of a building in Indonesia.

Behavioxr of Wood FPanels

MEEHAN xefers to repeated-load tests on diagonal sheathing plywood and
laminated deck investiqated as roof, solid wall, and mullion wall diaphragms.
Attention was given to strength, stiffness, and energy absorption and to the
influence of such variables as the omission of framiny, omission of solid
blocking, and distribution and charxacteristics of nails. To the reportexr's
knowledge this is the most comprehensive study available on wood diaphragms.
It sets @ beautiful example of pertinent research on behavior.

Behavior of Masonry

Most of the world's expenditure in construction goes into low-cost dwel-
1ings (26) and mwost lives lost during earthquakes are lost through collapse of
these dwellings. Uncouraylingly, types of construction thet are normal for
such dwellings have received incressed attention in the last few years. This
is true of wood disphragms and it is also valid of unreinforced masonry bear-
ing walls, sometimes provided with timber ox reinforced concrete elements.

KRISHNA and CHANUKMA report on an ambitious series of tests to determine
modulus of rupture, compressive sirengih, static and dyramic moduli of elas-
ticity, and degree of damping of brick work using various kinds of mortar.
Most of these tests were run on short cantilever columns. The authors include
an snalysis of walls with rectangulsr openings, which conforms to conventional
strength of materials. Finally, they report on static tests of models of
houses on four walls. The varisble in the tests was the presence of bond
beams and/or vertical steel reinforcement at the corners and jambs. Small
amounts of reinforcement in bond beams and at the corpers increased the capa-
city on the oxder of fourfold.
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KENNA reviews the earthquake behavior of brick masonry in New Zealand.
» traces some failures to inadequate foundations, faulty ties with othez
tructural elements, insufficient strength, and absence of braces. Neost fail-
res have ocurrved im chimneys, owing to the lack of reinforcement {ses DENNET),
e reports tests oo brickwork panels, leaded norzwmal 1o their plane, both with
nd mithont timbexr fruming. Pulsating ia-plane load tests age cuntemplated
‘oxr the future.

MEEHAN mentions lmportant tests done in California, chiefly 1o revise
specifications and construction proscedures applicable to public school bulld-
ings. In brickwork pancls litile influence is found of mortar stcenylh on the
capacity to resist lateral loads, but periphersl reinforeement is found 1o be
deciszive in this respect (see slso POLYAKOV and KONGYVOLCHIENAO). Forced vibra-
tion tesis op 25 schoel buildings gave damping vatios of 1.9 1o 1.4 percent
critical, with an averaye of 5.6 percent.

Behavior and Censtzuctiop Practices fox Relnlorved Loncrele

CHANDRASEKARAN and KRISINA describe free-vibralion testsz on 13 towers fox
plevated water tanks and comparizon with analytlceal caleulatlen of thelr natu~
ral periods. It iy found that the effective EI (& ~ modulus of slasticity,

I » ¢ross-sectional moment of inertial) of reinforced concrete columns increas-
s markedly with sxiel load. They find percentages of damplng of 1.5 1o 3.0
of critical for small amplitudes. In one instance of lorvge amplitudes of vi~
bration, 5 to 6 percent critical was found.

Precast comcrete is used impressively in the Soviet Unlon. CHUKAYAN and
DIABUA discuss various types of monmolithic-concrete connections belwoan pre-
cast panels and detnil them with amuch clarity. These jolnts include keys,
welding of steel bars that protrude fxom the panels, and special leops alse
foxmed with protruding bars. UDesign assumptions and the influence of impori-
ant and often ignored factors axe slso discussed, especially for exterior pan-
els. (See POLYAKOYV and KONOVODCHENKC.)

ZAVRIEV discusses the merits and demerxits of preostressed concrele ss used
in bxidges, from the viewpoint of structursl responses ta earthquakes.

DESPEYROUX expresses pros and cons on the use of prestressed concrete in
seismic zones, primcipally for buildings, leaning towsrd & favorable outlock.
His paper includes considerstion on damping, ismelastlc energy absoxption,
flexibility, connections, recuperation of cracking, and ability to undexgo al-
ternating flexure. The behavior of 27 buildings having prestressed concrete
structure, duxing the 1964 Alaska earthquake is described and explained. It
is of interest to compare with Bindexr's report(19) and with Sutherland's paper
on the same earthquake. A concise imtroduction by Guyon precedes this paper.
The conclusion is imescapable that more research is needed to dilucidate mat-
ters concerning energy absoxption.

SUTHERLAND maintains am even more favorable outlock om the earthquake re-

sistance of prestressed concrete structures. First he describes curxemt prasc-
tice in the United States, Hewaii, New Zealand, and Japan. Next he snalyzes
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behavior of these structures during the recent earthquakes of Skopje, Alaska,
and Niigata, devwoting special attention to the Alaskan Four Seasons Bailding.
Finally he cites research by Nakano, Oladapo, Spencer, and Penzien. fHe con-
cludes that prestressed concrete structures will prove efficient and economi-
cal, presumably independently of the local cost of materials.

Behavior of Sieel Connectionsz

BULHEANP describes the design and laboratory testing of girder-to-column
connections for the steel frames of two 15 snd 16 story buildiags to be erect-
ed In San Francisee. The | ings are approximately 30~m sguare im plant
witnoutl Interior columns an ye Wi T-co~deep H columns at the pexiphery. The
paper describes tesis on oo ntative connestions. Ualy one flenge of the
beaw was reproduced in each {full-size) lsbozalory speclmen. The flange is
welded to a T seetion bolted to the column flsnges. In the perpendicular di-
rection 15" op 2% plutes ave welded to the column web. The column [{langes
gre 2% or 3.0% plates. Palrs of nearly identical connections were tested, sae
of them snnealed to eliuiante residunl stresses due mostly to welding. An-
pealing did not materially change the moment capaclty but did result in o more
favorable distribution of stress and posiponed cracking of the welds. The
shearinyg-stress distribution along the welds was swrpuisingly similar to that
alony a restungulay section awsy from the supporis,

Nepstructural loments

besplite the ecpnowic siynifisance of the behovier of the nonstructural
elepents, only SoEHAN refers to yuantitative studies on the matter. Thess
coneern statlc and impact tests on windows having glass panes. The zesults
have been huown for some time(27) and are of great interest; they should stim-
ulate research on this yeneral area.

Other papers classified under the present theme gefer Lo nonstructural
elements by yuoting or proposing code requirements on the subject.

Field Inspoaction

MERHAN mentions X~cvay control of field welding with positive results in
the sense that the quality welding practice hag probably fmproved in Califox-
nia. The samo office has attempted nondestructive tests (sonie, snd X-rays),
to establish the quality of masonry, but these have not been successful.

Behavior of Bulldings During Earthguskes

THE LEPAUTMENT OF SCIENTIFICAL AND TECHNOLUGICAL HESEARCU OF THE CATHOLIC
INIVERSITY OF CHILE bas analyzed statically with much care and precision, twoe
structures, three and six stories tall, that were damaged by the 1960 Chilean
eurthquakes. The method of analysis used {3 iterative snd capable of incorpo-
reting base rotatious, effects of secondary members, and shesring strains.
Both buildings heve reinforced concrete structures und anreinforced masonry
walls., The damage in one building is attributed essentially to torsion, and
the analysis that was applied justifies the damsge observed, save in one of
the beams, and this is indirectly explained considering wall-frame interme~
tion. Damsge in the second bullding is attributed to underrxeinforcement of
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columns, some of them with U.25 percent vertical steel. (This reporter has
misgivings on the interpretation, especially in what concerns the assumplion of
infinite rigidity of horizontal diaphragus for the second building.) kefer-
ence is made to a dynamic amalysis of the first building, assuming linear be-
havior and a base motion that is a scaled down El Centro 1940 record. Lesults
show definitely greater torsion than in the static computations. (See also
DESPEYROUX and SUTHZULAND on behavior of prestressed concrete structures.)

Duilding Code Hequirements and énalysis of Multistory Bulldings

There is a trend toward waiving of height limitations; witness Japan, hew
Zealand, ond the city of Los aAngeles. »~t the sane tize many codes preserve
absolute height limitations oxr limitations that depend on the type of struc-
tural solution and muterials, and new codes are being proposed which include
such clauses. Limitations cen be justified for solutiony and muterials that
exhibit low ductility, on the basis that they may be called to develop locelly
high ductility factors In tall buildings. There is also implicit a distrust
of the efficacy of the analysis and design that tall bulldings demand.

The USSR preserves height limitations for unreinforced masenry hearing
wall construction (POLYAROV and KONOVOLCIENKO)., The building code proposed
for Iran (NOINFAR) also contins height limitations for swch buildings.

The proposed Iranian code contains clauses for a static method that in-
corporates features from the San Francisce and the Uniform Hiuilding Codes with
some modifications.

Not all bullding codes muke seismic forces depend on the conseguencies of
a structure’s failure; some specify requirements independent of the use intend-
ed fox the structure. Such practice implies the impossibility of failure of &
well-designed structure, which is at lesst a debatable assumption, 235 there is
for example, no substantial reason to reject the possibility of an earthyuake
stronger than any arbitrxarxily chosen limit.

Many important buildings are being designed using static methods of anmnl~
ysis. This may be quite a proper approach when the sssumed sccelerations are
sufficiently conservative and the building lends itself to design for high
lateral forces without becoming excessively expensive, or when it is not ame-
nable to trustworthy dynamic analysis, oxr when such an approach is mundutoxy
by law. Thus just as the 333-m Tokyo tower was designed before the Second
World Conference using statie¢ requirements in the Japanese code(28), the new
131-m Kyoto Tower building was designed usiny very nearly the same critaeria.
(TANABASHI, KANETA, SHINKAX, and TAKEMURA.) Several othex papers in this theme
report the use of other variations of the static method as a basis for the de~
sign of important buildings throughout the world.

The base shear coefficient adopted for New cealand, as described by
JOHNSTON, GLOGAU, CANDY, and MCKENZIE, varies with regional seismicity. Fox
the zone of highest seismicity it varies with the fundamental period of vibra-
tion following a simplified spectrum of the El Centro 1940 earthqueke, NS com~
ponent, for 10 percent of critical damping and a ductility factor of 4.

DAVID proposes minimum torsion to assume in design. He also gives formu-
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las for stresses set up by individual~member torsion in columns, and reports
tests on static and dynamic toxrsional loading of steel columns.

Accidental torsion arising from irregular distxibution of rigid parti-
tions is avoided in one New Zealand building by the use of sliding connections
between partitions and structure (JOHNSTON, GLOGAU, CANDY, and MCKENZIE).

In many static methods of design the base sheaxr coefficient depends om
the fundamental period of vibration. The manner of establishing this relation
is studied by UMEHURA, OSAWA, and SHIBATA using five of the many medium-inten-
sity earthquakes recorded in Japan. Buildings are analyzed using the analog
computer SERAC. The authors conclude that it 1s on the safe side in a multi-
story building to use a base shear coefficient equal to that for a simgle-de~
gree structure whose natural period coincides with the fundamental peried of
the multistory building amd has the same degree of damping.® It is alse com-
cluded that the distribution of seismic shezrs can be adequately obtained from
the linear combination of those due to a concentrated force at the top of the
building and those produced by a linear varviation of hoxizental accelerations,
with zexro ascceleration at the base of the structures. Practical recommenda-
tions are included for the estimate of the preporxtions of these two distribu-
tions to take in design.

The foregoing paper parallels to some extent the one by BUSTANANTE on
seismic shears and overturning moments. BUSTAMANIE uses results of modal
analysis of 31 elastic shear buildings to evaluate the requirements of the
Uniform Building Code or horizontal sheaxs and overturning moments in bmild-
ings baving 8 height-to-base ratic swallex than 5. Cowmparisons are also made
with the Mexican Federal District code requirements. Assuming that the base
shear coefficient has been correctly chosen, it is found that the triangularx
distribution of accelexations is not always conservative, but becowmes so by
adding a concentrated force equal toe 5 percent of the base shear at the top of
the building. The Uniform Building Code's reduction factox for overturning
moment at the base of the structure is satisfactory, but the lincar variation
that this code specifies leads to excessively conservative values near the top
of the building. The Mexican code, with the addition of a force equal to 5
pexcent of the base shear at the top, gyives reasonably uniform safety factors.

Methods that fix the base shear coefficient as u function of the funda~
mental period of vibration imply the possibility of s rapid estimate of this
quantity, for if it were to be computed using elaborate methods of amalysis
there would be little reasom to omit a thorough modal analysis. Yet, formulas
that incorporate nc more than the height and base of the structure ss perti-
nent parameters give one-hundred percent errors on the average for the typical
buildings of some countries(29); errors for individual buildings are substan~
tially greaster. Even standard wethods of dynamic anzlysis are far from trust~
worthy(29), although there is some implicit claim to the effect that proper
consideration of the stiffness of “"nonstructural™ members and cladding as well
as of base rotations and displacements will normally lead to estimates within
@ few percent of measuxed periods(3,16). There are reasons to doubt the gen-
erality of such successful approaches (see, for example, CHANDRASERARAN and

% This general conclusion can be easily proved for shear buildings, as
pointed out by N.il. Newmark to this reportex.
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KRISHNA on the matter of the effective EI of xeinforced concrete columns. See
also KRISHNA and CHANDRA on the effective modulus of elasticity of brick
work). Still, introduction of properly evaluated parameters into simple for-
melas or charts permits a rapid estimate of lateral displacements from which
it is easy to estimate the fundamental period. Precisely such charts are pro-
vided by BURNS for shear walls coupled through single-bay beams; the charts
permit consideration of several parameters, and the author illustrates the cs-
timate of the fundamental period of vibration using this approach. DBUKNS' re-
sults are useful in analysis of coupled shear walls. They cover a ranye of
conditions not included in other works on the subject, such as the extensive
charts by Khan and Sbarounis(30) for coupled shear walls and frames. He§uit5
of the paper by BURNS were used in one portion of the paper referred to in

the next paragraph.

JOHNSTON, GLOGAU, CANDY, and MCKENZIE describe siguificant results of dy-
namic analyses of two buildings. The first is a reinforced concrete, 17-stoxy
office building designed fox a base shear coefficient of 0.18 and triangular
distribution of accelerations. It was next analyzed, using = digital comput-
ex, for the El Centro 1940 earthquake, NS component, assuming linear behaviorx
and 7.5 percent damping. Dynamic forces were up ito about 2.5 times laryer
than those used for design. The design was deemed adequate because the shear
walls and frames can be expected to furnish ductility factors inm excess of
2.5. In one direction the coupled shear-walls were snalyzed using an approxi-
mate procedure and the analysis was refined to take into conslderation defor-
wmations due not only to flexure but to shear and axial strain az well, and ef-
fects of cracking. All these facters influenced the resulls appreciably.

The second bullding has @ steel welded frame enclosed in reinforced con-
crete. It consists of basement, ground floor, snd 13 off-set additional
flooxs. It is the Post~Office building in Wellington, the building having the
largest flooxr aream in New Zealand. After tentatively designing the structure
on the basis of static analysis it was analyzed dynamically in an analoy com
puter fox the classical El Centro earthquake and severml other recorded yround
motions, all to the seme scale. Behavior was ideslized as linesr with & per-
cent damping and the first three modes were taken intoe considerstion. Comput-
ed shears were divided by (a ductility factor of) 4. The fina) desiynm covers
the maximum shears obtained from both the static and the dynemic analyses.

The latter gives shears of twice the static values in the upper stories, due
to the reduction in flooxr area. It is intended to reanalyze the building in
the SERAC computer assuming elastoplastic behavior.

Design of a 29-story steel-frame building in Indonesia is described by
TAKEYAMA, OTA, NAGATA, ATSUME, . The bage shear coefficlent was estah-
lished from the expression C = 0.1/T (C = base shear coefficient, T » funda~
mental period in seconds) taking T = Q.095 times the namber of stories. The
curve C(T) adopted is based on the spectrum deduced from Kansi's semiempirical
formulas (25), fixing the prevailing period of the ground st 0.1 sec from micro-
tremox determinations. The veriation of horizontal asccelerations was first as-
sumed to be as in the Japanese code. The preliminary design was based on
shears determined in this manner. Next, the resulting structure was ahulysed
for three recorded sarthquakes adjusted to s maxioum sceelexstios of 100 gals.
The calculations were done in & computer mssuming linesr behavior snd & percent
damping., The ratios of computed drifts to drifts required to produce yiwlding
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in each story were found to vary pronouncedly along the height of the build-
ing. The structure was redesigned on the basis of the dynamically computed
shears but preserving the original base shear coefficient. Structural re-
sponges were recomputed and it was found that the envelope of computed drifis
over yield drifts was nearly uniform and that the structure remained withinm
the elastic range for the three earthquakes, even when their accelerograms
were adjusted to maximum ground accelerations of 150 gals.

The 1964 code for France is aptly deseribed by DESPEYROUX, who includes
several pertinent comments on the subject. The code stipulates a dynamic
method which comprises calculation of the fundsmental mode, its participationm
coefficient, and the corresponding spectral structureg. One interesting fea-
ture concerns consideration of vertical mcceleratioams.

COOPER presents an excellent summary of pertinent mattexs to be consid-
ered in earthquake resistant design of buildings. His complete paper is worth
reading as a reminder even for experienced designers.

DUZINKEVICH proposes that the International Asscciation for Earthquake
Engineering write a world-wide set of bases for earthqueke-resistant building
codes and finish it by 1966. He cites the work of UNESCO on general princi-
ples and describes interesting aspects of the USSH Code.

Direct Design

An ingenious approach to the esrthquake resistant design of single~degree
reinforced concrete structures is proposed by BORGES. If one neglects torsion
and assumes that only the lower-story columns deflect, it is possible directly
tc establish a relationship between the depth-to-height-ratio in the columns
and the ratio of the average stress on their gross section to the concrete
strength, such that the maximum drift does not exceed a certain fraction of
the column height. The relationship is established on the assumption of con-
stant pseudovelecity spectrum in the range of natural periods of imterest.
Points of inflexion axe assumed to lie at midheight of the columns. The rela-
tion between average compressive stress and concrete strength is established
50 that a maximum strain not be exceeded in the concrete. By fixing the maxi-
mum ductility factor at 3.5, the percentage of reinforcement is alse found di-
rectly. This paper includes a set of graphs for application of the method.

Unusual Buildings and Special Structures

TANABASHI, KANETA, SHINKAI, and TAKEMURA descrxibe the Kyoto tower. Om
top of a three-basement and nine-stoxy bullding will xise a 100-a tower for TV
antenna and observation platform. The structure for the building is s steel
frame with light-weight reinforced concrete cover. It has no sheasr walls or
braces. The tower is of welded steel plates giving & surface of revolution.
It houses stairs and elevators. Earthquake analysis was done statically, The
tower was also analyzed for vortex shedding using a formule applicable to ecyl~
inders.

The paper by YOKOYAMA, TOMIZAMA, and SHIBATA comcerns a 9~stoxy building
having 16 hollow ¢ylindrical columns, 5 m in diameter, which house stairxs, el-
evators, and other services. The columns and footing girders are of steel-
zkeleton reinforced concrete. Answering to architectural requirements, gird-
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ers are pin—connected to the columns. Hence, lateral forces are essentially
resisted by cantilever columns, continuous with massive foundation girders.
Paper includes a comparison of expected behavior with riyid and pin connec-
tions and a study of the beading mewments that the ,irders would intruduce in
the columns il rigidly connected thereto. The structure was analyzed in the
SEsAC computer for responses to the El Centro 1940 and saitaua 1956 earth-
quakes assuming linear behavior and 5 percent dauping.

FLOS describes the design of a steel plent’s second blost furmees 1o g
strongly seismic Chilean region., The first furnace underwenl insi milicont
damage during the 1960 earthquakes. The second furnaere was destaped on the
basis of both static and dynamic (wodal) anclyses profiting from the experi-
ence qained with its predecessor. The paper is inleresting chielly bheoause of
the relative lack of literature on seismic desiyn of Indwitrial structures.

TSURGT and KAWAGLCHIT describe the design of the speetaculur mwoprasion
roof for the Ulympic pool in Tokyo. A I/00U-medel was tosted statically and
dynamically as well as in a wind tunnel. 031 dowpers were installed Lo redece
vibrations below velues provided for in desiygn.

BLUNE expounds n nuwber of comments of the greatest interest on the phis
losophy of desiyn of important installations (remctors, tall bulldings, ete.j,
especially near getive fanlts. Next he estimates design spentin for those in-
staliations. The paper ends with a review of the reserve encrgy leehniguets,
6.

MATSUSHITA end 14UMI advance sn oriyginul selotion temding o 1seluate
buildings from ground motions: the double basement.  The propessal calls for g
relatively rigid structure uwp to a certain floor (for exauple the stroel level
slab), The rest of the building is supported on un indepeandent <trurtuge,
which is extremely flexible up to the floor in question. The selulion i1y resm-
iniscent of the "flexible first story” scheme In vogue in the literaturxe of
the 30's(31)., In intent it pazallels Joshi's propesal te found buildings
through flexible bearing pads(32). The double basewent is alse intended o
provide a relatively uniform distribution of masses and stif{fnesses. The au-
thors analyze two shesr bulldings, sssuminy that they are subjected to ihree
different earthquake records. They assign the bulldings 5 percent danping.

By providing a promounced difference in riyidities belween basement and upper
stories in the second structure, s substantial reduction is sbtained In upper-
story drifts. The case is aise considered of leaviny a moderste gap belweon
the structures of the two basements and is anulyzed assuming bilinear elastie
behavior., Hesults show, for exmmple, that a d-cm gap will lead to upper-story
drifts most of which are 18 to 34 percent smuller than without the gap.

Elevated Tanks

CHANDRASEKAHAN and KRISHNA find thut e¢levated water tanks can be treuted
with reasonable accuracy as systems with a single degree of freedom. This
conclusion differs from thet found in much of the literature on the subject,
according to which at least two degrees of freedom are required for a satis-~
factory idealization of the dynamic bebavior of these structures, one for the
tank and one for the liquid contained(33,34). From their tests on such struce
tures they establish dynamic properties of concrete and conclude that the
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stiffuness is a function of load, es described sbowe. The paper includes rec-
ommendations on earthquake-resistant design of towers and foundations for ele-
vated tanks.

Suspension Bridge

Apalysis of onme of the world's longest bridges (1300 m center span, 650 m
each lateral span, at Seto Naikai in Japan; the main span is 1.6 m longexr tham
that of Verrazanme~Straights) is described by KONISHI and YAMADA. The bridge
is regarded as consisting of component systems -~ plers, towers, cables, and
suspended structure, =~ with a total of 29 degrees of freedom. It is subject-
ed to two types of dynamic analysis: modal and calculation of tramsient state
responses to the Port Huememe, California earthquake of 1957. Several natural
periods are found to lie close to each other. Nevertheless, at least for the
towers, the square root of the sum of maximum medal responses compares well
with the maximum stresses computed for the assumed earthquake. Stresses in
the cables and suspended structure are found to be small compared with those
due te dead and live load, but in the towers the stresses induced by the
earthquake are comparatively important. The paper contains an interesting
comparison with static methods of analysis and g discussion of the effects of
unequal displacements of the ground at the pilers.

Bridge Foundationsg

A series of fleld tests on hollow steel piles is reported by ISHII and
FUJITA. The tests consisted in lateral static losding and forced wibrations
of piles 1,2 and 1,5 m in diameter, driven 22.5 m into soil, of which 10 n
were of clay and the rest of sand and silt. The static force was applied 10 m
sbove ground lewel, in alternating cycles. Top deflections were measured as
well as strains at verious sections. Hesults were compared with Chang's theo-
ry (35) (of which Palmex~Thomson's theory(36) may be regarded as a generaliza-
tion) but agreement required different adjustments of the modulus of subgrade
reaction for deflection and for bending moment. Excellent agreement was found
with the predictions of Shinohara-Kubo's theory. Good agreement also exists
between the experimental natural frequencies and these computed by Shinohara-
Kubo's theory from the modulus of subgrade reaction obtained from the static
tests. Implications of the results sre discussed in connection with the
earthquake responses of a bridge that is to rest on these piles, once they axe
filled with concrete.

Pams: Genexal

NAPETVARIUZE reviews research on the earthquake-resistant design of dams
in the USSR. After a historic introduction, he mentions the importance given
to regionalization, local ground conditions, and consequences of failure.
Temporary instxuments are used near the dam site to verify design assumptions.
Paper includes an elastic analysis of gravity sections and reference to its
application, incorporating hydrodynamic pressures, idealizing earthquakes as
stochastic processes. Models 3 to 5 m in height have been tested, reproducing
the abutments, and subjecting them to explosion-generated vibrations. Degrees
of damping are established by mesns of forced vibration tests. Smaller models
are tested on shaking tables. Prototypes are instrumented, to the extent of
measuring stresses during earthquakes, to verify design assumptions. Con-
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ditions of similarity and the use of adequate materials in the models are dig-
cussed in the paper. Nonlinear effects ere alse discussed. Th? paper ends
with a discussion of the Hussian code in what concerns earthyuake resistant
design of dams,

Axch Dams

CRAWFORD describes the present practice of the U.5. Lureau of Keelawa-
tion. Two modes of vibration are comssidered; fox symmetrie dans Lhe first is
a symmetric mode and the second antisymmetric. The modes are mu@yuLWd cons fd-
ering the deflections of cantilevers and arches and ewunting radial @isplﬁﬂ@~
ments. Virtual masses of water to be considered with each mode of vibration
are obtained through spproximate formmlas {(Westergmaxd's for the first mode)
given in the papex. Good correlation with observed natursl frﬁqueng%ex is
quoted. Damping is taken as 5 percent critical on the basis of published in-
formation.

Eazth and Rockfill Dams

PATEL and ARORA mnalyze an earth dem under rapld drasdown. They assums
the dam has a sloping fllter near its axis. They use Highop's methed with a
cirgular surface of falluxe. Next they assume thal waler in the reservelr i3
incompressible, whence hydrodynamie pressures on the wpsiream fase cgn be
found using an electric analogy. By taking the soil and water in the dan as
incompressible and making additional assumptions it iz comcluded that flow
lines do not change shape but potentiaml limes do, So the resulting f{low net is
not orthogonal. The change in potential is assumed to be constant throughout
a flow line and equal to the hydrodynamic pressure. A second application of
Bishop's method leads to the conclusion that the critical surfece of failure
under seismic loading colncides with that for rapid drawdown. Lritical
heights of dews are computed for various combinatlens of eohesion and internal
friction.

MEDVEDEY and SINITSYM discuss, qualitatively, finite~difference solutions
for earth and rockfill dams taking into consideration foundation deformations
caused by surface waves. The possibility of iscorporating nonlinear bahaviox
iz also discussed. Next, the suthoxs cowpare an analoyg solution to the steady
state vibrations of a trilinear single~degree elaostic system with the measured
response of a 20~m dam, and find that there is resemblance between both gurves,
concluding that the trilineax idealization may he adequate, The paper im~
cludes graphs to estimate stresses in various types of rocks, relating them
directly with maximum ground velocity. (See slsc NAPETVARILZE.)

BUSTANANTE presents results of dynamic tests on seven models (60 and 100
cm tall) of noncohesive material and results of anslog computations on thelr
response to transient disturbances. He finds that embankments having slopes
steeper than the materials angle of repose fail suddenly through a state of
unstable equilibrium and collapse of & large wedge of the embankment. The
phenomenon does not occur with gentler slopes. Unstable equilibrium is showm
to be caused by grain interlocking, which is broken under = small disturbance.
Embankments having gentler slopes do not fail in the usual sense of the term
but their crown gradually descends and their profiles become rounded; this be-~
havior sets a critexrion for design of rockfill dams through loss of freebourd.
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The paper contains a study of similitude requixements derived from comparison
of the behavior of models of different heights. The idealized model analyzed
in an analog computer is assumed to be rigid-plastic. Its predicted behaviox
agrees rather well with that of the physical models tested.

Instxumentation
It is encouraging that recent years have seen a Serious eflort loward exten-
sive instrumentation and related siudies ip variocus countries. Thus, eccoxd-
ing to UM:SMURA, O0SAMA, and SHIBATA, by July 1963 there were 120 JAC lastxu-
ments in Japan. JUHNSTUN, GLOGAU, CaxDY, and MNOUE ytion the installia~
tion of several strong-motion instirumentis in cach of s Lant MNew
#ealand buildings. NAPETVART ' 2 usiv siruments
Hussian dams.

T
fad 3 THES

Concluding Remarks

Papexs in Theme IV are symplomatie of progress in the Ivllowisny mullers.

1. Mechanmica) properties of muterisls. There is new informatlon, espe-
clally concerning unceinforeed masonry and weod diaul 1. Yei mueh revaing
to be leamned on behavior under repeated, laorge-amplitude josds (Clow-cyole
fatigue™); im this aspect only wood diaphragms seem to hove Doen sublected to
systematic rescarch. Yven for smoli amplitude escilistions there is a varlely
of opinlous and data on intermal dumping in stroactural meteclals; the faet
that many Structures are analyzed assuming 5 percent of erxitieal damping ox
more, contradicis recent expeximental evidence, which ofien favers 0.8 to 3
percent for steel and concrete structures(3b).

2. Development of connection details. lImgenious selutions are beiny used
to solve, for example, connections between large steel wembers or between pra~
cast concrete panels. Uevelopment is relatively new, and behavior of such
connections under earthyuake-like forces remuins to be determined.

3. Behavior of actual structures. There Is aew information on the re~
sponse of prototypes to small-amplitude distuzbauces, some resuits of destruc-
tive tests on laxge and on full-scale models, and ianterpretation of carthquake
damage on actual bulldingss speciel attention is beiny devoted to prestressed
concrete. Since the subject is complex and requires considerable interpreta-
tion there are apporently no trustworthy methods for computing the dynamic
characteristics of any moderamtely complicated structure. There is room fox
considerable speculation about the manner in which earthguake damage shomld be
interpreted. This matter is of great importance, as it is mostly through at-
tempts at interpretation of behawior that the engineer, and in particulax the
researcher and the designer, becomes truly aware of the abyss that separates
assumed strengths, stiffnessesg, dimensions, and loads from their actual values
and of the random nature of these parameters.

4. Analysis of multidegree systems can be dealt with in several satis-
factory ways. The same is true, to some extent, of the design of single-de-
gree structures even when one incorporates nonlinear behavior. But adequate
methods are yet to be developed for the design of multideyree systems taking
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into account sheir nomlinearity. It is impractical to have to analyze every
structure for dozens of earthquake motions and there is little justification
for assuming that, if the structure reslsts the El Centro 1940 earthquake, it
is adequately designed. The comment concerning shortcomings of design methods
for multidegree systems is especially applicable to those having parameters so
distributed that they are very far from being lumped. This is the case with
arch, earth, and rockfill dams, for which many new methods of analysis have
evolved and much has been done on model testing openiny up new roads of re-
search, but the adequacy of such methods and of conclusions derived from the
tests, as a basis for earthquake resistant design, is still much openr to ques-
tion. OUOynamic tests on 5-m models of rockfill dams currently under way in the
Soviet Union are encouraging as a step to bridge this gap.

5. Advance is noticeable in the calibration of static methods on the ba-
sis of elastic dynamic analyses in what concerns the distribution of horizon-
tal shears. BMuch remains to be done on the matters of overturning moments and
torsion, and much on the calibration against nonlinear dynamic analyses.

6. Dynamic pore pressures in earth and rockfill daws are beginning to
receive attentionm, This is of paramount importance and deserves additional,
careful study.

7. There is awakening conscience of behavior under earthquake forces in
the architectural and construction trends. In many cases swmall dwellings and
important buildings reflect it in their conception, LEfforts are worthwhile to
extend such tendencies and to influence insurance policies as well.

D .

There are many subjectis of deep interest in the present theme. Yet the
time available for their discussion is quite limited. It is thereforxe suy-
gested that the discussion concentrate on the following subjects.

1. Adequacy of assumptions usually made in the dynamic snalysis of
structures: a) Under low-amplitude oscillations., This covers damping and the
manners of computing stiffnesses. b) Under large-amplitude excitation; this
covers the energy absoxption and the criteria of failure that it is proper to
assume in the light of data concerning behavior under low~cycle fatiyue.

2. Limitations of design criteria for multistory buildings, incorporat-
ing nonlineax behavior.

3. Applicability of current theories and model-test data to the earth-
quake resistant design of earth and rockfill dams.
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ERRATA

EARTHQUAKE RESTSTANT DESIGN, CONSTRUCTION AND REGULATIONS
BY K, ROSENBLUETH

PAGE 2: Para 2, Line 6 should read: "....maximum deformations
in a non-linear structure ...."

PAGE 13: Para 3, Line 7: for reference (35) read (37)

PAGE 19: To add:

36. Palmer. L.A., Thompson, J.B., "The Earth Pressures
and Deflections Along the Imbedded lengths of Piles
Subjected to Lateral Thrust", Proc, 2nd Int. Conf,
on Soil Mech. and Foundation Eng., Vol V, srt. V1I-
b-3, pp 156~161 (1948},

37. Y.L. Chang, Discussion of "Lateral Pile lLoading

Tests", by L.B, Feagin, Trans. ASCE, Vol. 102,
pp 236 - 288 (1937)
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BARTHCUAKE RESISTANT DESIGN, CONSTRUCTION, AND REGULATIONS

GENERAL REPOAT : ORAL PRESENTATION

BY EMILTO ROSENBLUZTH*

Few structures are built strictly in accordance with their designg
few desipgns comply strictly with regulations; and no existing building
code E in full accord with results of research and of field
obrervations. It tzkes a destructive earthquake to bring forth the full
measure ol these discrepancies, Rarely are the researcher and the engin-
ear so keenly aware of the magnitude of differences between the design
and the actual values of loads, cross—sectional dimensions, and strength
as when attempting to reinforce an earthquake—damaged structure and assess
s effective capacity to resist unknown ground motions. Under the
circumstances tne details that may have seemed the least significant become
tne truly significant matters, for in sarthquake resistant design and
construction, careless partial overdesign is as dstrimental as partial
underdesign, and the weakest link must absorb almost the entire energy of
deformation and nence may be tne only link tnat counts; and in earthquake
regintant design and construction the capacity to deform is at least as
imporiant as strength.

In the ligut of tnese considerations it is encouraging to notice in
tie papers classified under tue present theme that attention is being given
to field control of tue gquality of construction, even if nondestructive
testo of masonry can still not furnish pertinent information and even if
only sucn details as welded connections are being effectively controlled
by menng of these tests; 1t is gratifying to learn that tne behavior of
connections in rigld steel Prames of wnprecedented dimensions is being
studied in full-sizod models; that new, effective types of connection are
buing doeveloped and used between small and between huge precast concrete
elemunta; tnat the adequacy of combinations of structural materials sucn
as prestressed concrete, ox plain masonry used in combination with wooden
or reinforced concrote frames, is being gaged no longer in terms of strength
alone but of flexibility, damping, and ductility; and that these properties
are receiving systematic study,

Blevated water tanks bave been the subject of conscientious study.

Other encouraging contributlions submitted under the present theme
include porioun evaluations of earthquake ingurance and of architectural
trends and tueir interrelation with earthquake resistant designg experi-
mental study of laterally loaded bridge pile~piers; the nonlinear analysis
of tall buildings, carried out under such varied conditions, that, although
goneralization ig not yet possible, gsome insight is beginning to be gained
into the actuml benavior of these structures; a method for the direct
design of single~degree reinforced-concrete buildings; the application of
principles for the design of truly exceptional structures, including nuclear
ingstallations in the vicinity of active geologic faults, the bridge having
what may become the world's longest span, the Kyoto tower, and earthquake
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forces in other most unusual buildings,

The fact that the nonlinear behavior of tall buildings is beginning
to receive the study it deserves has fortunately not detracted from many
of the matters that are still far from being solved even in tue linear
range, such as problems pertaining to shear distribution, inertia forces
in small appendages, and overturning moment.

Building codes have been slowly incorporating these aud other resulis
of research, including matters related to seigmic regionalization.

Special attention is devoted to a type of structure tuat certainly
merite it because of its importance ag a civil enginecring work and because
it encompasses practically all the difficulties imaginable in earinyushe
engineering: dams; particularly earth, rockfill, and arch dams, OStudy of
these structures incorporates such disgimilar fields as hydrodynamica, flow
of water in soils, soil dynamics, and structural engineering. In it,
matters that may be regarded as having only academic interest for other
structures, become significant, as is the case with the vertical component
of acceleration, the simultaneous vibration in three dimensions, deformat-
ions of the base, and, to an outstanding degree, coriteris of failure,.

Two interesting papers were not covered in the written report: that
by Mr. Holmes, "Concrete Masonxy Buildings in New Zealand", and the one by
Mr, Miller, "Design of a 240 foot High Reinforced Concrete Building in
Wellington", Their authors will bave an opportunity to expound them
during their oral presentation,

In accordance with the wide spectrum of subjects covered in Theme IV,
their relative importance, and the need to limit discussion time, it has
been deemed advisable to orient the discussiong principally to the follow-
ing matters,

1. Adequacy of assumptions usually made in the dynamic analysie of
structures: a) Under low-amplitude oscillationa. This covers damp-
ing and the manners of computing stiffnesees. b) Under large-nmpli-
tude excitation; this covers energy absorption and the criteris of
failure that it ie proper to assume in the light of duta concerning
behavior under low-cycle fatigue.

2. Limitations of design criteria for multistory buildingm, Incorporating
nonlinear behavior.

3. Applicability of current theories and model-test dats to the emrthe
quake resistant design of earth and rockfill dams.
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