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Fart 1.
EARTHQUXE FORCES

There does not sxist today, and perhgps there n#var will be, any known
nethod of predicting the location and time at which an earthguike will sccur.
Neither can we predict the maximum intensity that sarthgquekes in any given
logality will bring. Hence the practicing structursl angineer is constantly
faced with the problam of deciding how much, if amny, sslsmic force to include
when designing any rarticular structure, and from the economic viswpeint, how
often will this force occur. it pressmt, he will, of course b® guided by the
particular building code of the area in which he is working but thess codes,
because of the lack of mmy very conclusive information bzsed om reseszrch or
experience, are likely to skip over the subject very lightly or to omit it
altogether.

Some areas mre known to be subject to frequent sartiiquikes of varying
intensity and others only infrequantly if at all. Due to lask of adequate
measuring instruments the intensities of quakes prior to 1933 cam be only
roughly computed based on thes extent of known damage. The intemsity of the
earthquske at Lomg Heach, Calif. in Mareh, 1933 was measured by instruments
mmd these records constitute the first adequate measursment of the mation of
the esrth during a major sarthquaeke in the U. . Under the impetus of this
disastroue earthquakce much additionzl study mnd research has been undertskcan
and maeh has been learned since that time. However, present knowledge is still
inadeguate, and o great degl mors must be lsarned before snelytis of structurss
for sdiemiig forces will becoms very preciss.

The U. S. Coast =nd Geodetic Survey published a Seismic Probability Map
of the U. 5. (See #igure 1) in 1948 showing the areas im which esrthquskes of
varying proportions might be expected to occur. Thiz msp is basesd onm records
of past seimmic activity wmd beczuma of the skestchiness of these records prob-
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abdly ne two persons would be akle $0 agree on the same map. It indicates
sones of probability only and does mot infer thal sn earthguske of grester
intensity than indicated might net occur in any some. In general, sone O
indicates that area which has had some seismic activity of intemsity not great-
or than IV (referring to the Modified Mercalli Saale, See ippemdix I). Zone

1l is the ares where the intensity has %een V or YI. Zone Z is that arex where
the intasasity of VII or VIII has been frequently measured and am intensity of
IX has been occasisnaiiy measured. Sone 3 is that arsa where major destruc-
tive earthquskes af higher intensity have occurred. Ssimmic forces should de
sonsidered in the designm of structures locsted in Zones ), 2, sad 3.

Rarthquakes are believed t0 be caused by the maovement of immense hlodkas
of the earths crust relative $o sagh other elong irregular planes galled
fanlts. The movement may be horisontal, versical, or a combinatiom of hath
md varies greatly in magnitude. This movement causes horiszontal mad vertical
vibrations af the earths surfass, the horigontsl ususlly being the most des-
tructive and varying from § to 10 times thes magnitude of the vartical vibra-
tiens. The point of the earths surface directly over the center of mevemsnt
19 called the epigentar, With modern methwds it has been possidle t0 calcu~
late the faults ¢n whigh movement has taken place and the location of the
epicenters of the quakes. The location of many active faults is known %0
govloglists.

It is not the purpose of this paper to discuss the subject of selsmology
at any great lengih. It is important, however, for an engineer to0 have some
knowl edge of the instiruments used in the measurement of seismic forces and the
intarpretation of the records secured therefrom. The diseussion of these
instrumentg which follows 1s intended to 1llustrate their wse in securing data
which is valualle to the strustural engineer.

4 program for the study of ground movements by the usa of strong-mogism

insirusents was initinted by the Coast and Gecdetic Survev in 1925 and re-
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ceived much impetus after the Long Beach, California earthquake of Mareh 10,
1933. *The main purpose of the strong-motion instruments is to gather selis-
mologicel data necessary in designinmg structuares which are reasonably earth-
queke-resistant. The sngineer must know, among other things, something about
the forces which such structures will have to withstand, In the past most
buildings have been designed primarily from a static viewpoint, considering
only vertical loads. The engineer has had %o consider primarily the dead
vertical loads, and such maximum live loads that were considered were just that
mach more weight added to dead load. These live loads were relatively slow
moving and there was usnally an sppreciable interval between the maximum and
minimom. The live horizontal loads have been treated very similarly to the
vertical loads. When such horizontal loads have been considered, it has
usually been a wind force, in which case the change from maxiwum $0 minimum has
taken an apprecislle iuterval of time. Ia earthquakes this interval is some-
times only a few tentha of a second mnd in such casies static considerastions &0
2ot hold. The probtlam becomes one of dynmmics. In a dynamic analysis the
necessary data consist of comtiouous records of szccelearation and displacement
during the active period of the earthquake. This 1s the kind of information
“obtained by the strong-motion instruments.

"The instruments developed fur the respective purposes are called accel-
srographs and dlsplacemsnt meters. IKach sonsists of the instruments which
respond directly to the earthquske, a starting device, the autsmatic recorder,
fhe time-marking clock, the light and optical system, electric circuits, and
batteries.” (Quoted from "Earthquake Investigations in California, 1934-35,
pullished by U. §. Department of Commerce.)

The primary purpose of the instrumental equipment is to measure the motion
of the ground or structure. A seismograph 1s an automatic, continuously oper-

ating and recording instrument based on medifications of the prinoiple of the
pmadulum. A somplete installation consists of two solsmomsters set at righs
4=



angles to sach other o meamure horizondal motion, and a vertical seiemometer
te measure vertical metism. A stylus bears against a paper disk or eylinder
mounted oa a clock operated turntable or 4drum and preduces the seismogram.
The free period of vibhration of $he seismograph is larger than that of earthe
quakes.

Taen the support of the selsmograph is foruidbly set in mation by some
force such as an earthquske the pendnium is set in motion and records the move-
ment of the earth, but hecsuse the selsmograph pendulum has a natural period 4iff-
erant from that of the earth this record will not accurately represamt$ ths
true movemnent or vibration of the earth. Obviously then, 2 large sumder of
instrumeniys of varylng degres of sensitivity would be reguired $o record the
large range of ground motions., This is impractical. A system of magnifying
levers has been used which greatly increases the instruments usafulness with
respest to the mumber of shocks it is capable of recoriing satisfactorily.

The analysis of seimmograns is based upon the asgumption of simple har-
monic motion and the Fourrier statemamt that any irresular curve may be brokem
up into a series of simple harmonic vibrations. The engineer is inierassted
in the acceleratisn and dieplucement as measures of the forcee in action amd
he is also interested in the period af vibratien fnsofar 25 it mey ba synchron-
ous with the structure he iz concerned with. As long as the selsmogram records
peariodic action similar to simple harmonic motion, the period may be read
sizmply by inspection since the pendulum is forced %o oscillats in thas perled
of impresesd vibration. The range of visiltle pariods, however, will dspend
largely on the perisd of the penduius. Short period pendulumns accentuate shart-
period waves; loang period pendulums accentuate leong-pericd waves.

The differsnces hetween recorded smd impressed accelerations snd displace-
ments or amplitudes may be vepY great becmuse of the difference bdetween periods
of the ground ahd the pendulum. The well kmown formula for scoeleratiom gne
o gtmple harmonic metion 1m:

=5~
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in which o is eacceleretion
A 1is smplitude of displacement ¢f ground L
T. 4s the paried of the earth.
It osn de shewn that when the earth wave period is more than 3 or ¥ times the
pendnlum pericd the acceleration csn be computed from the seismogram as follews:
g=2TA _ 2mA, T.° _ 4mnA,

T’ Te VT Tl
in whieh T, 4s the period of seiemograph pamdulum

A; s $he trace amplitude

V 4s the lever nagnification of the pendulum.
Trom this squation it is sean $hat the acceleraticon depends only cn the tracs
mplitude and the instrument fusctions as en accelerometer md is called an
accel erpgx sph-

When the earth periods are less than about one-third the pendulum perieds
the seismograph functions as a displacement meter. Because of the lever mag-
nification nelther accelerographs nor displacement meters are operated oontin~
wously dbut are equipped with specisl starting devices which operate whea jolted.

When the mio-od periods are clese ¢ tha peadulum pariod the seimmeo-
graph records neither displacement nor accelefation directly. This represents
the condition existing betvean the useful periods of the accelerograph snd the
displacenent meter. Under this sondition and when simple harmonic motion 4a
nct visible on records of accelerographs and displacement meters, the displace-
ment may be computed by integration. This is based on the fundamental equation
of motion of a damped pendulum when subjected $0 an extarmal accelerationm;

Be0-ag-
in which x is She instantanecus displacement of ths ground or suppors, y is
the instantanecus 4isplacement of the pendulum relative to the instantaneocus
pesition of the ground (measured directly from the record), k is a damping
constant, and p2 ie an instrument periof fastor. ¢ is the time. The integre-
tien of this expression is a very laberisus ocomputatien.
-6



From the records and analysis of seismograms as outlined abave 1% 1s seen
thas the acceleration, displacement, and pariod of an earthquake can be detar-
mined by measurement and calculation. 4§ would seem then that the forves ash-
ing on a structure could be deterained by the application of Newtons second
law of motion, ¥ — M a, using values of acceleration which seem typical of past
earthqusikes in the region. Accelerations during the Long Beach earthguake of
1933 were measured between 0.1 and 0.23 gravity; records for other quakes in
Galifornia have shown accelerations from O %o 0.3 gravity. Indeed mamy of the
present~day building oodes use this forsula with reguirements of design aceel-
sration frem 0.02 %¢ 0.2 grawvity. The use of shie formilas naglects ihe effecs
of foundation materisl and the $ype of the structure itself which mey eliher
dsmpen or accelerate the movéments of ths groumd.

In the Long Beach eartihgquake of 1933 it was found that masonry buildings
located on well somsclidated alluvial fill with a low water t:ile suffered more
danage than these locaied on more recently deposited alluvium with a water table
frem 2 %o 10 feet bslow the surface. Experimental work on determining the per-
io€e af the ground has been done in Japan, Germany, and in Southern California.
It has besn found that earthquskes have induced periods in the ground at AULff-
erent los altiss not necessarily the same as thase of the earthquake itself.

In the experiments conducied in Southern Oaliformia, for example, it was found
that there was a predominance of periods of 0.5 t¢ 0.6 ssgonds asd 1.0 %o 1.1
seconds as long as the easrithquske was over 50 kilomsters away. For local guskes
the periods were different., Structures should not be built having pericds the
sameé as the prevailing periods of the ground on which they are %0 de buils
without considering the effect of such resonance as might result. The experi-
ments on periods of the soil conducted $o date are far from conclusive as far

a8 application to any locality other than the one in which the experiments were
conducted is concerned.

Using selsmagrachs similar to those descrided above the U, 8. Coast amd

e



! I : ; R oo
. | | | f
!
- AR e S O gl 50 L
| ENrE
et mee -~—~—:*‘——;~—~—* - = 1-——-—!———-*——-
: a | !
| | | ‘
340 — + — —ak A———i——-o-a-—«—-g e e e e es——" 4
| / |
| | l__ { | |
220 ; . e e U S, SO W ; -
300 A ,r e —_— b A e : :
1
1 a : 1
&y oo - Phls "R A
2 4 1 | I
Buill! 1898
| el B B
A i [ | :/ ME £ l *F wWols Joos ers ed_
i i p I 3 1 /in 7906 &Q. T
. | l |
| | |
240}1— vI; _.._._.._:7_/‘-,., =1 2., e j |
- | ' * ! } -
-1 Z v | ’ , | |
| 4 = u:-?; g | 1 = ——— —t— T jlli
| |
& /] 1 |
. . | / l . |
i [ | "o | [ I
| 1
| ! |
- | |
4! R e e i l——‘——-—————-a;»— _— ! e
2% . | Z o &0 | !
e v " 'af; e
e e Moita » oF roce or
"‘1| a;‘?"l o R e P Pa, aycd /4 /933 £Q.
e H 4 1_ e | - —
| : l :
P/ s o | |
== SHRE - S B — st F—al’ 1
| [ | F {
| ] | QCL.Z
- P / . it ' ‘ /?e/ot‘/onsb/ orX ri/o
s e lto Height
12|
Bk~ ad%%e _M_l__l____!_ | ey o Stee/ Frome -8rick wolls.
e | c Steel! Frome-~RC walls [
. / | I | o /C rrormre f swaol/ls |
Y RC frome —8rick wolls |
60— i : e Ty, W T2 x Woodd Frome |
/ | r Steel Frorme orn/ |
/ | ’ 2 /?}Uﬂo’ Cross-sectron I
I Datag Frorm ENRA,Vo/ 128 |
o — — Lt ' . p.859, May 21942
* | . ‘ | - | |
20 1 . s i Pl J J 2 bic ; S—
| | | [ .
0.2 4 6 8 7.0 7.2 7.4 7.6 7.8 2.0 2.2 2d 2.€
Fundamenta/ Aeriod - Secord's -4~




Geodetic Survey has conducted experiments on the vebration of Wmildings %o
deternine their fundamental periods. In most of the structures measurements
woere tsken with moderate or light winds blowing and the amplitudes were gonse-
quently small. In some cases vidrations were induced using s vidrating machine
having sseentrie revolving wheeis of comeideralle mass. By varying the speed
of rotation, points of resonsznce in ths structure could be studied. It should
be noted that in mome of these studies was the amplitude of vibration large
enough $o break the bond between any of the principle parte of the siruciure.
Should sugh a break eccur the period of the strusture would be vastly different
than that noted and would probably appraach that of the duillding frame itsalf.
Those structures having the shorter periods are the more rigid bus it should
be remembered that if some puart of the structure begomes inuzctive through fail-
ure the period may iacrease considerably.

Some of the results af the vibration tests of the U. 8. Ceast and Geodetie
Sarvey were pullished by Mr. H. M. Engle in Engineering News Record, May 21,
19482, This date is reproduced graphicslly here as Pigure 2. Data included are
for all types of mlldings as indicated and the graph shows a very rough linear
relation betwesm the period and she height. It also shows that those structures
designed for a latersl foree of approximately 0.1 gravity have a shorser perisd
Shan the structures not so designed. (The structures designed for the gravity
force have theiy periods marked in red.) It should be noted that variations in
materials of sonstruction and the stiffness of partitions effect the stiffness
of the building and it is difficult to ecaloulste thelr exasht effest.

Results of some of the building vidbration teats mads By the Const and
Geodetic Survey are pressnted here in Table I. 'The structures selected for Shis
Table are principslly reinforaesd concrete (Bil) or reinforced sencrete walls amd
steel frams dut a few sxaples are inclided of steel frame with brick walls and
reinforced concrete frame with bdrick walls for somparative purposes. BExasples
ware selected about which the available information was the greatest. %The values

-9
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of fundamemtal pericds tecem from Table I have besa plotted agaimst height in
Figure 3 and against the ratio of height to depth in the diregtion of trans-
iation in Pigure M.

The pericd of a structure is a funciion of the mass, height. depth, aad
rigidiily of the structure. In the emalysis of any structure the mass ¢aa de
@proximately computed and the height and depth in dirsciion of tramslatien san
bo dotermined with relative precision. ©he rigidity, hewever, depends upon the
shape, materials of consiructiien, wesknanehip, and foundeticn smi the salola-
tion of this rigidity in the case ¢f most relatively simple struninres results
An a very complex if not imposeilble mathematigal molution. Theseffect of par-
$itions and walls, for instance, exerts a varying influence on the rigidity
depending em thelr lecatioR and Sype of comstruetion.

A examinsbion of Figures 3 snd ¥ will, however, show that the reinforeed
soncrete strustures and those structures desigmed for a latersl force have
sherser periods thaa structures built of other materiais. This is mol $0 be
tsken as a oriterion indigating that buildings having short periods are always
earthquake resistant. Before a ssall period ¢ an be assumed %0 indicate a high
degree of asrthquske resistance, it must be ssrrelated wibh the desiga and
quality of gomstrustion. Nuildinge 23, 35, and 40 have periods in the alass of
the earthguske resistant buildings dut experiemcze with this typs of sonstrustiea
in past earthquakes has showst them t0 be highly susceptilile to damage.

Generally a period of 0.7 sesond or less indigstes structural streagth and
7igidity end a period of 1.0 ar larger ie indicative of Llask of Wraging and
lateral rigidisy. Whsther the larger periods alse indicate a flexibility cspa~
We of withstanding the earthquske ghock is a matter whigh cannot de declded
undil she argument betwesn the advogates of rigid construoction amd those of
flexibie sonstraction if finally resclved. It may be observed in Figures 3 and
4 that there is a temdemngy toward a straight line relationghip betwesn the fumd-
smmtal paried and height or height/depth raite ut the varisnce of the peiats
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from the straight line is %00 great for a conclusive result. Using the data
shown in Tadle I the writer has attempted to0 develep a curve, or relaSiossbip,
gi7ing closer correlation of all points than those of Figures 3 and M.

The first study was made on the relaticmship of the peried per story to
the height in stories, the height ia feet and the height/depth ratie. Ome
reference in the literature stated that the pericd of structures varied from
sse-tenth to one-tweatieth of a second per stery. YThe writer found the pariods
of ¥he strustures alwwn in Taile I to renge from 0.03 %e 0.13 secend per staryy,
a range %00 great %0 be of amy precticsl value. Nartharsare the range of perieds
withia eagh Wilding classification was almost as great. The sssulis were aa
fallowe:

Range of Periods  Average Period

RC. frame and walls 30 0.030-0.103 0.0639

8. frame and RC. walls 27 0. .130 0.0
RC. frame and Brick walls ] 0.063-0.095 0.
8t. frame snd Brick walls 6 0. .130 0.09%0

It should be noted that the more rigid structurcs have tha lower aversge pericds
per story. The m_« relstionships mentioned at $She haginning of this pare~
€7l waie eatirely insonclusive and $heir grephs are nat reprodused here.

Other studies were made $0 show the oorrelation bdetwsam the seasured periods
of ihe struotures (Tadle I) and varicus ratios of height and depih as suggested
- Wy formalas devised by othars as relatively aimple means of 0blaining the pericis
of structures mathematically. The formulas used were:

(a) Nor tall buildings T = cﬂg%’—"- (Creskofy)

(b) For short bulldings T = 1[6 wH"(, w72 H‘) (Creskoss)

{e) Tor all bulldinmgs T = Zﬂ’ﬂg 32,

In these formlas ¥ is the fundsmental period of the Muilding, v is the veighs
Per unit of height, N is the height, 4 is the depth in Airection of trasalatien,

R 4s the modulus of Qlastigiiy, I is the mement of inertia, & 1s the socaleration
-16-



Gue o gravity, & 1is a soefficlieat upcnliu on ond ocondisions {0.1% for
fized base and 0.55 for hinged bas) nd ¢ is a coefficient alss depending on
ond sonditions. OCousidering omly the exterier walls as contiribusiag the majer
perdien of the monent ¢f inertia these formlas may be reduced tos

(a) r=~.f§‘-;é o« T=nNE

™) T= N8 2% for fized Vase.

ldJ/
T=N%4/#*+05d* for ninged base.
(o) 7=/ 7@ 3 7557 ia which k is the ratin of width of

bullding to depth. The velues of X are dependent wpon physical constants.

Figures 5 and 6 shew the values of the fundaments)l pericds pletted against
equations (a). Alshough the points are scattered ihese ourves are perheps the
09t sstisfactory studied. 8inge this psper was started, a semmittee of engineers
from 8an Francisce has recommended that selsaic coefficients be computed from the
owrve shown in Pigure 6. In wiew of the vide spreed of points on both sides of
She curve it is the writers opisiom that the adeption of the curve im Muilding
codes as standard would, in some cases, be a dangerous procedure.

The results fyom equatisas (b) are shewa in Pigures 7 and 8 and the results
from equatisn (o) are shown in Figure 9. Equetions (b) and (c) sre more cum-
Bersome than equation (a) and $he resulis are no more assurate.

IS was coneluded from thege studies that thers is pradably no simple rela-
Slonship for detesmining the period of a strusture dased upon its physical
prepsrsies alone. This might well hars been expsctad since the formulas do net
Sake into account the damping or accelerating influemce of the soils upen whish
fhe duilding stands. It would gppear shen that more inforamation adeut the
sttion of solls is necessary hefore the periods of individusl siructures in
differemt localities nay be predicted with any degree of accuracy. i study eof
She curves herein preseanted and the data on wshich they wers based may, however,
%o of some assistance in estimating the pericds of specific structures.
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DAMAGR TO BUILDINGS CAUSED BY EARTHQUAKES

The first eartaquare resistant %uilding designs were hased on amalysis
of the damage done %o other buildings during earthquakes., Such analysis is
st1ll ome of our most valuzbie tools in dotqﬂa%u hw\ﬁo ‘design \gdut
these forges. Much was learned about earthquake resistant construction from
he Long Beach earthquake of March, 1933 and from the Imperial Valley earth-
quske of 1940, Mest of the damage in these earthquakes was in-the improperly
designed brick or gtone buildings and from this lesson we have learned that
all parts of a structurs must be designed $0 act as a unit. In minor quakes
there has been considerable damage and some loss of 1life from the falling off
of parspets, coraiges, or othar sppemdsges. In bota of ths iwo quakes men-
tioned the damage %o mlldings designed for a lateral force of spproximately
0.1 gravity was negligidle.

Two theories of design have been used, a flexible tasory snd a rigid
theory. The flexidle tuneory ia dased on making the structure flexible enough
%o vidrato with the earihquake without damage to the structure. In practice,
however, it is very difficalt o make the whole structure so flexidle that
this will occur and consequently those parts of the structure having some
rigidisy, mueh as light wallye, riveted joints, eta., have suffared extensive
Gamage or complete fallure. The rigid theory is based on msking the structure
so rigid that it will dampen out the vilrations csused by the sartnquake with-
oﬁt damage to the structure. The design af structures based on tane flexilie
Mry has almost completely given way to tne desigzm dased on the rigid tneory.

Typical damage t0 reinforced conerete structures during tke Long Beach
earthquake was:

(1). A considerable number of columms cracked in flexure at the fleor
levels while the adjacent floor system did not. This indicated that the
solumh was BOY alsquately designed tn take the moments caneed by contimuity.

(2). Walls, acting as lateral brasing, relieved the siresses om the

colammns. Thal walls carried most of the lateral farce was indicated Wy
-23-



I-cracks in a mumber of walls. Oracks runaing cut from the cormers of wiadows
were noted. OCraiks ooccurred at some comstrustion joiats in walls.

(3). BSpandrel beans gontimuocus over several spams wers cracked inm their
exterior bays. This indicsted thet the plers or colums evidently carried
shear in proportion %o their rigidities sinse the moment in interior piers
would be distributed to two Desms, while the moment in sxterior plers womld
be distributed to only one spamndrel beam.

(k). Columms supperting wood or stesl reof systems failed $n flexure ad
their bduses in cases where their tops were mot connected hy concrete tie bemms.

(5). any offort at tae interpretation of structarsl damage in terms of
the acceleration alomne brougit the usual contradictions becunase of the egual
iAmportance of the periad of acceleratlon and the stifiness of the structure.
4ocelerations ia the Long Hench sarthquske were measured as high as 0,23
groviky.

Inspsction of & structure after sn earthquake to determine the extant
of structural damage is a difficult task, Usualily the frame sad resisting
walls are covered with plaster or other ornaseatation to such an extemt thak
visual exminaition of ihe structural elements is an impossidility. Where
walls are out of plumb or where cradks in the structural frame or walls are
visible, serious damasge has oocurred. Hew crecks 1in plaster at Jusctare of
walls or eolumns with beans, movement of roof tTusses or rafters relative te
bearing walles, eeparation of floors from bearing walls, smd cracks in struc-
tural members indicate some damage %0 the structure. Iinor damage such as
!i-l oradiing of partitions mnd lociening of veneer may ususlly be easily
discovered.

A method of deteramining damage t0 the structural frame has been sug-
gested by lir. J. J. Creskoff. His method is %o mezsure the period of vidra-
tion of the structure before amd after the earthquake, If the pericd has in-
ereassd it s probable that damege to the stiuctural elezents has cecurred.

-2k~



BUILDING CODE REQUIRSMAATS
Many Builldiig codes in the areas subject to earthquakes have adopted
provisions for safeguarding structures against the forges imparted by earth-
fuakes. These provisions are not proposed to make the structure earthquake
proof tut to make it sarihquike resistant, within economical limite, agaiast
the magnitude of sarthguske forces koomi to0 have ocourred in the particular
lecality during receant history.
These codes base their provisions on the spplication of static horizom~
tal loads proportional to the mass of the structure in a manner believed %o
be somewhet analogous to the forces resulting from an earthquske shock,
There is comseidarable 4ifferemce between the provisions of the various codes
and they are presented here t illusirate this varianas, which only emphasises
the fact that we have so much $o learn about earthquake resistant design.
Date 1s presenisd from the following codest
Uniform Building Code (1946 Bdition) adopted by the Facifis Cosst
Building Otﬂ.l.{ah Conference. This code 1s in quite general
use in the smzllor cities of the Facifia Coasi.
Los Angeless, Oalif., Building Code (19h3)
State of California Administrative Oode, Title 21, Fublic Works.
This code governs the design of all public schools in Californim.
Bullding Regulations for Reinforced Concrete, 19UlL, of the American
Congrete Imstituta.

General Beguirements. Every buildinmg or structure and every portiem
thereof shall be designed and construsted to reseis: the horizontal forces of

‘wind and earthquake as such sre specifically designaiad in the respective

codes, provided however, that wind amd earthquaxe forces need not be combinmed.
The effect of sontinuity in comstruction shall be provided for in the design

af all Jjoints and members connecting - thereto.

-25=



Ingrease in Allowable §iresses, As earthquakes ocour infrequently all of
the codes memtioned herein permit an increase in the allowable destign stresses

of 33 1/3 per cent. Allowsble design stresses permitted by the various codes
are shown in Table II. The ACI Code does not contain specific earthquske

provisions but its allownble stresses are shown %o illustrate that the other

godes are sssentially in cosplete agreemant on these items,
Earthguske Forge Formula, Aldl of the codes express fthe deaign load by
the formula
P=C (¥ & xW)
in which F = Lateral or horizontal force of the earthquake, spplied {ia
any direction.
Wy = Total weight (vertical dead load) of the portion comsidered
¥, = Total 1ive load (vertical) on the portion considered.
See Talle IIX
C = Cgefficient depanding on the structural elmment ar on
foundation conditions. BSee Table IV
k = Joefficient depending on the code being used and varying
with ”th.o type of load, See Tabdle V
v The force "F* is applied turough the center of gravity of the structure, or
| in the case of buildings it is applied as a series of loads acting at the var-

. fous floor levels. Thua the term W, is composed of the weight of the floor mmd

seatributing walls, columns, and parsitions.

Ristribution of Horizoptsl Shear. The %olal horisontal shear at any level

shall be distriduted to the various resisting units at that level in praportion
%o their rigidities, giving due consideration $o the distortion of the horisontal
distributing olemsnts. he resisiing units are somsidered to be ths walls, pies,

columns or otner bracimg in a vertical plane.
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SARLE X1 MINDMUK ALLOVARLE LIVE LOADS (IN PGUSDS PER SQ. FX.)

1IPE.QF JQAR VHINORM GODR Lo AaQODE  QALIN, QODY
ipartamts, dwellings 50 4o

Mditoriums, movakle seats 100 100 100
Dange floors 100 100 100
Garages 100 100 100
Gymnagiuns 100 100 100
Lidraries, reading rooms 60 50 €0
Lidraries, corridors 100 100 50
Libraries, stack rooms 125 125
Manufacturing, light 75 100 125
Mamufacturing, heavy 125

Marquees 60 €0 50
0ffiges % 50 50
Roofs 20 20 20
Sohools, class rooms 4o ho 50
8chools, corridors 100 100 50
Statlrways 100 100 75
Storage, light 125 100 125
Storage, heavy 250 200

Stores, retall 4] 100

Stares, wvholesale 100 100

¥ind, above 60' edev. 20 20 20
¥ind, below 60' elev. 15 15 15
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Warehouse 1.0 1.0 0,75
Tanks 1.0 1.0 .75
Other Storege 1.0 heO 0.75
Others 0.5 0.0 e.&

ing which resist the force of the aa;jtbqn&o shall be so arranged that, in any
horiscatal plane, tne centroid of mch resisting structural uoits is coineident
with the center of gravity of the weight of tne building, oir else proper provi-
sion shall be made for the resuliing torsional moment in the Bullding. Tae
Junotures between wings and the main portiom of a Milding may be designed for
theze rotational moments, or the juncture may be made by means of sliding fyagile
Joints having a width sufficient to prevent the two parts of the duilding from
knogking together during an earthquake.

Sbear in ¥alls. The Uniform Code limite the design shearing stress ia
walls $0 0.05 £'q. Assuming the norsal wall reinforcemont acting as web re-
inforcement the allowable value under the other eodes would be 0.06 ',

Ieuadations. In the desizn of Buildings of more thonm one story for
which fhe foundations rest q:n. piles or on scil having a safe Bearing value of lées
thsn 2,000 1. /sq. ft., the foundations shall be completely inter-conneoted in
two directions approximately at right engles to each other. Bach such inter-
connecting member shall ba capable of transmitting by both tension and come
pression at least 1O per cent of the total vertical load carried by the
heavier only of the fontings or foundstions connected. he minisus size of
such a reiaforced tie shall be 12" by 12" and it shall be reinforced with
not lese tham four 5/8 ineh round bers and tied with at least § round ties
spaged not greater than 12" The foundation ties shall be =zt the lewvel of

the pile csps.



Qveriurning Momang. In no cese shall the galculated overturning moment
of any milding or structure due %o tho ‘earthquake forces exceed t-d thirds
of tne moment of stability of such duilding or structure. The Uniform and
los ingeles Codes purmit the moment of stability to be calculated using the

" seme vertical loads that were used in determining the overturning moment
while the California GCode requires the moment of atadility to Ve ealculated
from the desd load only. Sail pressures may be increased 33 1/3 per cent
when resisting horisontal forges.



PAR? 11
PROCEDURE JOR THE DESIGN OF A REINFORGED CONCRETR BUILDING JOR SEISMIC FOROES. -
The design of reinforced oconcrete structures will be discuseed in ten steps
a8 follows and an sxmsmple will be showm in Part 1I1.

1. The A0AiNg, oX atrusture, will firet de designed fop all statle
logds, §.o depd Joed, )ive leod. snd wiad forges. The prineiple structural
Qlemsnts of the dullding should be mads as symmetrica) wheut both bhorisontal sad
vertical axes as possitie sinces this will elininate $orsional vibrstioas and ¢
stressés and greatly increase the stability of She Muilding against earthqueke
forces.

2. Rebermine $he coofficients for selsmio leading, These coeffislemts
should be based omn proximity of the location %0 astive faults, dominant periods
of the s0il in the area, seismic prodadility, probable fundameantel period ef
the structure, and duilding cods requirements. The location of active famlds
and the doninant periods of soile in some areas sy be obtained from the U, 8.
Coast & Oeodetic Survey. In general Af the soil em whigh the foundatisns
rest is very bhard and compact with a high elastic value, its damping value will
be poor and 1% will have a lew amplitude. However if the soll is softer, mon-
unifors in character, or Gontains gonsideradle moisture, it will be less elas-
tis, have a higher damping value and will have a higher amplitude of vidbration.

The seisnio prolability of the area may be obtained from the Seisaic Prod-
adlisy Map of the U. 8., pullished by the U. 3. Coast & Geodetic . Survey(See
Figure 1). %The fundamentsl pericd of the stracture msay he sstimated very .
svughly from Figure 6. This fundamemtal period is dependent upon 80 many
varialles such as size, shaps, mass, rigidity and damping characteristics that

its somputatios 1s usually too time-consuming to be inacluded in practical de-
sign procedures. %o avpilil resonant vidration, the M.-tat peried of the

building should nmot be the same as the dominant period of the soil.

-3e-



The ssiwmi® force is based upon the deal 1load of the flogr amd trimmtery
walls and the live 10ad carried by the floor; its magnitude is esmm: o the
deall 1oad plus a portion of the live load depending on the $ype ef occupancy,
both miliiphied Wy the ssimmic coefficiens. The selsmic 10ad is epplied as a
horisontal force astiag at eash floor level or as a uniferam horitontal lead
ashing on such vertigcal members as walls, columms, oF piers. Where ihs gov-
eraing duilding codes specify these seimmic coefficients, the specified coeffi-
cacass will be the mintimum zllowadle and need be inareassd only in such in-
stantes as a study of seismic prodadility and magnitude may se indigste. It
shonld Be noted thatl different parts of the structure are subject to differeas
essfficients. (See Zable IV.)

From Newtons seoond lax P =M a = l a/g. Assuning harmonic motionm

= % Cos (at) = £IE cos (2T¢)

w qrr"ﬁ - wwm*R
h F = ‘—9—- a = 7’—- Cos (211' t) 25—_’15‘{— (M@‘I.)

ia which ¥ is the seismic forge, M is the mass, a iz the sccelaration, g 1is
tho accaleration due to gravity, v is the horisental veloeity, R is half tha
smplitude, T is the pericd, & is the time, and is the angular velocity.

Daring the 1906 esrthguake in Sen Francisce 1% was reported thag the
pariod was 1 mecond and the asplitude gbout ¥ inghss. Them;

LITTLRW_I/n'"Z W'

F=CW.= g7 T = ocos W

In 1923 4t was assumed that She normal peried of the Tokye earthquske
was 1.5 seconds, while she amplitude was assumed %o be U inches. There-

i L stk
fore: ' T #2222 x(/_y)"‘ w

These values represent typical coefficients for two of the most destructive
earthquakes on record.

3. mmmmmmm In the ordinary ease a wall
which is adequate to withstend wind stresses will also Dbe adequate to with-

.02/

stand the transverse horisontsl seismic load. However some cases demand

special attention.
-3



Rarmet. malls. These walls have a very poor record of parforssigsy &ur-
ing past earthquskes. The trouble has usually dean that they have bem inad-
oquately tied to the main partien of the structure resulting in their complete
colliise and falling to the sireet in many cases. During an sarthgusks a
parspet wall acts as a vertics)l cantilever wall sudjeacsed o 2 uniform bheri-
sontal foree. In sones 3 of the Zarthquske Probadility Msp most duilding
codes require that the parapet walls be designed for a lateral force equal %o
1%s om weight or

P=Owl in which ¢ =1.00
AS the jumstion of 3he parspet wall and reof the moment will equal

KEm$Cw u
which nay cans® tunion nn either face depending on She direction of the force.
Reinforesuent ehould be plased in the amount required Wy this noment and for
temperature change requirsmamts. $ypical detalls for reinforecing in one or
two lgrers are showm in Figure 10.

Qurtain wally. Thess walls should bde designed for the iraneverss seismic
load which may act on them and in $he cgase ¢f exterior curtaln walls thay
should also be designed for wind stresses. Alshough a wall is ordinarily
supported on four sides it 1s custonary %0 design these walls to ¢arry the
full horisontal load over the shortest span, whieh in buildings 4is umally
in She vertical direction. If the wall 1e Wilt integrally with floors amd
columns it could be considered $6 be ad luast partially fimed sgainst rota-
tion at its supports but since the seismic force may act in either direction,
it ie om the safe slde to consider the wall as a simple beam and reinforee
both faces equnally. In that gase the moment Decomest

Nuiowi/s
in which C is the seismic coefficient specified for walls. In most cases,

reinforgement specified for temperature change will also bo adequats for

seignic loads.
-3t
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“  Doaripg walls. DBesring walls should be designed for the transverse sgis-
mio loading as for curthin walls but the axial load on the wslls must also be
oansidered. Methods for determining stresses in reinforced concrete walls
and columns subject to combined bending and direct stresses are discussed in
all text boaks onm reisforced concrete design and will not be further discussed
here oxcapt to point out that where the bending is canssi by seisuis forgeas
an increase of one-third is ellowed & the working stressces.

Walls designsd for trammsverse loads may also have to be chedked for
shearing stresses in their longitudinal direction but will not be sudject ta
both transverss and longitudinal seismic forces at the same time.

%. Galeulate fhe selemig forces or shears %o e goncentrated st She
Rarious fleor Levels. These forces are determined by multiplying the seismic
egefficient previously determined by the sum of the dead load of the floor
ad tributery walle and a partion of the live load on the fioor. The trid-
wiary walls to be includsd msy Be ome half of the weight aof the walls in the
story above and below the floor under consideration, er if there are many
vindows in the walls the trilitary wall load may he taken as that weight af
wall included Getwesn the cinters of windows adove mnd below the floor umder
sonsideration. The emount 0f live load %o be included may be specifisd Wy
the code but in any case should depend uwpon the type of occupancy. For in=
stanoe in the desigr of warehouses perhaps as much as 1008 of the live 10ad
msy be ingluded while in office Bulldings only 50% or less may bhave to be
included. The smount of live load %o be inpluded should be dependenti wpon
the percentage of time that full live load may reasonably be expected to be
present im the bduilding. The force may be formulated ast P =0(Wp +Xk W).
Binge theuwe foroes are actually distributed suproximately uniformly ever the
floor area the floor sast act as a transmitting disphragn So carry the foree

to the vertical resisting elements.
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5. Design the floor disphragms %o garry the horizontsl seismis fleox
dead %o She xesisting columng end walls. ALl seisaic shears must be carried
to the ground Shrough the resistance of wulls, plers, and colums. The design
of floor 4laphragms, thersfore, must de sonsidered in relstiion to the cspasity,
of the walls, plers, and columns mupporting the fNloor, to resist the shears.
The simplest case is that of a floor with no openiags, or symmetrical openings,
#appoTsed on end walls of equal rigldity. (See Pigure 12) In ¢his case the
reaction of each wall (a and b) is equal %0 1/2‘ and the floor mst be designed
o resist the resulting shearing and flexural stresses. If walls a and b are
mot of eanal rigidity, or if another wall is intireduced at ¢, the flexibility
or rigidity of the diaphraga wust W considered.

Flexible disphragms. In Figure 12, if the floor diapheagn has less rig-
1dity then the wall ¢ (i.e., its deflection betwean & and b is greater thaa
that of wall o}, She force ¥ should be distriduted to the supporting wells in
gropertion to the floor sreas adjagent to the respective wslls. In this case
fhe shear in the floor adjecent %o walls a and ¢ would be the greatest amd
would be one-half of the portion of ¥ acting between a and e, Correspondingly,
the total shear takem by wall ¢ is F/2 with the remaining shear divided be-
tween walls a and b.

Rigid Piephragms. In Figure 12, if the floor disphragm has greater
rigidity tham the wall ¢ (i.e., its deflection between a and b is less than
that of wall ¢}, the force F should be &istriduted %o the suppoerding walls
in prepertion %o the relative rigidity of the walls themselves. Most concrete
floors, without an abnormal number of opemings, are of the rigid type.

In gase there is doubt whetier the floor is more rigid than the walls,
the floors may be guickly checked for shearing and flexursl stresses for both
eonditions of distribdution,

6 pistrilute the seigmig shears §o ghe Yerticsl resisting msmbers

(3.8., walls, piers. snd golumns). As previeusly stated, the seismic shears
-37-



mst be carried %o the ground through the shear and moment resistance of walls,
plers, and columns. ¥Where cross walls are available they offer a great dssl
sore rigidity than columns and in those cmses where both wolls and columms

ame avallable practically sll seismic shewr will be taken by the walls. If
there are no walls rigid frames may be used to transmit the shears; this must
be done in open fromnt buildings, for example.

In cases where the floor diaphrogms are more flexible than the supporting
walls, sach wall must be designed %o carry one-hslf the herizontal floor shear
betwoen Limelf and adjacent walls. The wall will then de designed as shown
in step 8.

In casas whers the floor dispbragms are more pigid than the supporting
valls or rigid frames, sach wall or rigid frame mnst be designed to garry a
portion of the horiszental floor shear in proportion to its relative rigidity.
The walls may have openings of various sizes which divide the wall into a
series of piers of different gizes. The problem, them, is to determine the
relative deflections at the floor level of the different walls, since rigidity
if defined as 1/a, where A is the total deflection duze to a unit fores.

The spplicsble formles for dsflection will depend upon the condilions
of end restraint of the walls or piers. 08imee the height to depth ratie is
likely to be small in meny cases (sometimes less then one) the deflsctien
tansed by shear must be considered as well as that caused by moment. Assusisg
the foundations %0 rest on unyielding soil, or assuming the footiags so de-
signed as to produce egual settlement, the Dottom of the walle may be consid-
ered fixed. Three walls of equal story height mnd width are shown in Figure 13.
In Pigure 13 all of the piers in (a) may o¥viously bs considered fixed at
both ends. In Mgure 13 (b) the shallew beam H has ineufficiemt rigidity %o
fix the top of plers J and L while pier X may probally be considered fixed a$
both ends. In Figure 13 (o) the wall may be considersd fixed at both top amd
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botton as showa but Af there were mo wall adeve the floor at the lead P, 18
would be a simple vertical cantilever. %The selsation of the correct condition
will depend to a considerable extent upon the JudFement of the deslgner unleas
& rigorous analysis can be nade.

The formulas for deflection are as shown in Talile VI. These formilas
are strictly spplicable to homogeneous mmd isotroplc sections smd their
mplicabllity to reinforceld concrete beams and walls, which are meither homo-
geneous nor isotropie, end o which Hookes Law does not fully sgply, may be
questioned. However we are concerned only with relative deflection and consid~
ering alse fhat the values of E, Xy, and I can be only approximate at dest,
further #afinenent would prabably e unnecessary.

If the floar disphragm 48 very rigid, the supporting walls und frames
will deflect sqially, providing the center of mass coincldes with the center
of rigidity. Thus the horizontal forees will be distributed to the croszs walls
in preoportion to their rigidities. The daflection of each of the supporting
walls may be computed under the action of equal horizontal forces, say P =
1,000,000 1bs. The deflection of a wall consisting of & series of piers is
the sum of the deflections of the plers on each level. OQonaldsr, for example,

the wall shown in Pigure 13 (a): | |
A:AA-F_A;'_&L_L.*——‘-{‘WJ_ _,__.

For the wall of e 13 (b):

M 3 (v) Dy= Byt Ay + ‘A"" :
The rigidities of the taree walls of Figure 13 ave tith: :kn AL
The relative rigidisties of the walls and hence the praporuon of Qatd. Sort-

sonial lead carried by each wall are:
i i

-

i
l‘).“ _f“' ‘u""’ Aé (‘)m ZA‘ -
s L
) nmrﬁ*poum out here that-ihe tosal horisontal shéar $o be applied
at each floor may mot be the seme for the design of the floor disphragm as for

the shear walls. If dynamic forces are considered the seismic coefficients

will not be the same for sucoessive floors and may even be negative at some
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elevations. Murthermore, the walls sust be designed fop the summatien of w1}
horisental farees above the wall itsalf wnile $ha floor is desizned for the hor-
izontal force of inertia of itg om weight. Variations of coefficients accord-
ing to the laws of dynamlcs are considered in the lLos ingelass Code.

7. Qorrecst distribution of shears $o walls. ebe., for torsional effect.
In step 6 the horizontal seismic shears were distriduted to the supporting walls
in proportion %o their rigidities. If the center of mass of the floor load
ooinoclder wikh She center of rigidity of the supperting walls $his distribution
will be porregt. If mot, a correction mmat be made %o allow for the sersifonsl
moment developed by the smount of eccentricity.

The center of mass will be located at the center of the weight of the floor,
The canter of rigidity may be found by Saking static moments about the senter
14ine of one of the end walls, using the relative rigidities of the walls as

weizhts. Thus- S LN B PR

A g % e

From A--Uanter of mass = t.t.}.".’..l

From A-Center of rigidisy = Ryla) + Ro(a + %) +Ryla b & ¢)
Whers 1 4f the relative rigidity of the wall indicated in the subsaript aad a,
‘b, and ¢ are the distances Detween center lines of walls, The torsliesial mment
is the produst of She horimontal force and the distance between the centers
of mass and rigidity.

In resisting this sorsional moment the walls will Be subjeet to additional

deflastions aver Yhose found in Stap 6. Those walla on the same side of the
gamter of rigldisy as the centar of mass will be subjected to an additive de-

flection while those wells on the opposite side will de subjected to = wad-

tractive or relieving deflection. It i3 ocustomary te desizn the walls with
-n-



_additive deflections for the total deflection tims found but those walls with

 wibtractive defleotions are designed for the deflcotions of step 6 without
the subiraction deiag mads. 4n example of these compusasions 1s shown in
Part III.

The walls and piers are then designed for the maximum shears applied so
tham.

8. Deslan She shesr walls for sembined horimentsl gnd yersical leads
The walls mast be designed fur a) shearing stresses cansed by the horiscatal
ssiamie shear, b) flemrsl siresses, teasion and compression, cansed by bdesm
action and overfurning, snd a) compression due %o gravity loads.

a). The shearing stress equals P/A and if 1t exceeds the value allewadle
for congrete alome it must bte provided for by wall reinforcement.

b). The moments camsing flexaral stress will be cansed by the shears
Seken By individuzal piers amd the total shear acting om the wall and teading
%o oversurn it. The moments on $he piers shown in Talle ¥I are Ph/2 anéd Ph
respectively for the conditions sbown. The moment causing overturniag may
be represeated dy Z PR whare E 1s the varsical distance from the total
horisontal shear = P % ihe plane om which the stresses are being somputed.
As an spproximation the flamural formmle Na/l may be used to compute stresses,
or more exsdt methods Vaking inte acocount the correct position of $he msutral
axis may be used. iny met temsion mast De taken ty the steel reinforcemeat.

8). Gravity loade on the vall from the roof ¢r floars shove it will
swise gompression stresses in the wall.

Hetnods for the desigm of walls sudjeot to combined axial and bending
stresses are availadle in stamdard textbooks on reinforgad oomcrete and will
no$ bs repeated here.

9. Qheck gverturning pressures on footingse.

The effect of the oversurning mosent of the harisontal forees is %o in-
erease the versisal footing pressure on the side of the bullding in the air-

Ra-



eation of the forge. Nost tnilding codes allow an increase of one-third in
seil presmures for combined loading with the requirement that the moment of
stability of the vertical loads be one and oae-hslf times the overturning
monamt. The foundatsions desigavu for vertsicel loads must then be checkad for
these requiresents.

An adsquate, rigid foundation greatly isoresses ke résistance of a
building to earthquske forces. Individusl footings should preferedly de tied
together with reinforced eoncrete ties or struls sspaile of transmitting st
least 104 of the maximum load of the heaviess footing in either tension ar
sompression. 7This is wmmy important if the Building rests on a soft wofl
or if the footings are at substantially different elevations or are very far
below she ground floor. This hunom&n is easily accomplished and ue~
ually at little added expemse.
gespnance. The caloulation of fundamental periocds of mulsistory etrustures
involves she solution of "n" differential sGuasions where "mn" is the nuaber
of stories. Several snortcuts in she solution have been proposed. Mr. Johm
B Goldberg, in the Froceedings ¢f the \uorim Cancrete Ingtituse, Sept. 1939,
developed the formula: | = 27 é%’;i\)‘—f‘
in which "P* are the forces at each floeor, developed by a method of trial ead
error in the ratio to the deflection and ihe masses "a*, and A equals ihs

deflection at the respective floor. f

Aosher spproximation 1» givem By Mr. M. V. Pregmoff in ihe same publica~
wion in 1940 b Sollowss T = /. .-.2_(% g_
in which "W* equals the weight of the strusture as each floor im pounds and
A equals the movement of each floor relative o the ground in feet by lateral
loads equal %o its own weighs.

Should resonance with the natural period of the soil ocour, it may de

negessary $o ingrease the seismic coefficients.
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DESIGN OF A TWO STORY REINFORCED CONCRETEZ SCHOOL BUILDING FOR CLASSROOM USE

The design procedurs sutlined {n Pert Il will mow be spplied %0 an actual
sxample, the desifn of a two story reinforced comerete sghool olassresm puilé-
ing. Thie design was governed hy the provisions of bhoth the Los ingeles
Building Oode sad the Stale of California AMdministrative (ode, Title 22. (See
Part 1.)

he eqlevations and reof and floor plame are shown in Figures 1¥ and 15.
The gabled roof was of joist construesion with a 2} inch glab and 6 inghes
wide by 12 inchep desp joists 3 feet on centers. The jolsts were supported
or four beams, twe exterlor and two iaterior, running %he lonag dimension of
the duilding. The seeond floor and a portion of the firet floor were alse of
Joist construction consisting of a 2 3/M inch sdah on joists 3 feet on centers
and formed with metal pans 30 inches wide mad 14 inghes deep. The bemms
were similar to Shase of the roof. Tne remainder of the first floor vas a
b inch slab restimg on fill. The interior columms were 18 x 18 inches resting
oa individusl spread footings and the side walls were 12 inches sShick with the
piers between windows being desigmned as columms. Ths end walls were 10 inches
thick and interior shear walls were of varying thigkness as noted later.
Tootings under all walls were contimuous wall footings and the bottom af all
footings, column and wall, was 7§ feet below the elevation of the first floor.

The bullding was designed to use a concrete having an ultimate campress-
ive stremgth of 3000 1b. per square ingh and the California Gode limited the
working compressive ssress inm the gonerete to 1125 1b. par square imck (K =
159). The California Gode slso limited the reinforcing stedl stress %s 18,000
1b. per square inch. The foundation material was Ssanish gray coarse emnd
%0 goarss gravel having an allowadle dearing pewer of 6,000 1b, per sq. f%.
for vertical lead enly or #,000 1b. per sq. f8. for oomdined load. Desif®

leads persinent %0 the ssiamic analysis follew:
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” 75 1b/eq. f%. 1b/sq. £'%,
Eave

780 1b/14in. f%. 20 1b/sq.f$.
Ceiling 10 1b/nq. £%. 10 1b/sq. fs.
Partition - 20 1b/sq. 18,
Cl assrooms BC 1b/sq.fs. 50 1b/sq. £%.
Corridors 8C 1b/nq. 1%. 100 1b/sq. £t
Yalls 105 1b/eu. 2.

A 33 1/38 increase 1a allowalils working stresses was used for oombined lead.

As ssen from Figures 1 and 15 the shear resisting walls in the north-
south direction were located adjucent S0 stalrwaye and emtrances whigh gave
a reasonadly qymmetricel arrangement of she walls. fa the eaid-west direction
the only walls were the extarior walls which were considerably brokem up by
windows making the shear snd moment in the plers the critical item. The int-
erior columns were not considered as offering anmy seismic resistance in eigher
direction after their relative rigidities were checked and found to Dde negli-
€idle. However the walls and piers would deflect under sofeutc load and Shis
deflection would be transferred to the golumns 80 they were designed for the
resul ting bending moment combined with tneir vertical loads.

The building was to be located in the San FPernando Valley in California,
a region of high seismic achivity. The location was on alluvisl f111 which
night be expected to have a dominant period of between 0.3 znd 0.% seconds.
For the small height-depth ratio of #his strugture its natural peried of
vibration should be in the vigcinisy of 0.1 to 0.1% seconds so resonance of
vibration :wpuld be unlikely %o occur. Henge, the seismic coefficients as
required in the codes were accepted as more tham ample.

The seismic coefficisat requirements were:

Oslifornia Qpde-- Pw=0C (¥p+0.6W) 1in which G =0.08 for soil haw-

ing a bearing caspacity of 3 tons or greater per
Wﬂet.

.



Los Angeles Gode- Pwg iy
in which G *0.133 for the roof
0.133 for the second floor
0.109 for the second story
0.093 for the first story
The seismic shears ware computed for doth Galifornia and Las Angeles
soeffiotemts and the larger valuss ware used. Thas total loads on the roof,

sescnd floor, and for each wall were first computed as follows:

Boof area~— 62 zsiw = 18,700
Raves- b, 5(2:297.17 + 23% + 2x63) T o
i x Total % . 8.
Second floor area~—- Total 19,500 oq. 1.
_iSotal yoof dead load--= 19550885 = 3,660,000
T8O x 728 = ___ 570,
? Totad
‘fotal roof live loade—- 22,800 x 0 = 685,000 1%

%2l socond floor dead load—- 19,560 x 90 = 1,760,000 1b.

Potal second floor live load~--
Gorridor and classrooms = 105”0“

plus corridor 13: r:a‘ - o

(Live 1oads based on 50 + 20 + 10 = §0 in el assrooms .nnoono
= 110 in corridors)

Second story walls and nxunu--nu walls 688,000
- Bast end wall 98 ,500

Vest end wall 100,500

Two interior walls »000

M interior colums
fotal b 1b.
(One-half of this shear comtridutes to the roof and one-half $o the
second floor.)

First story walls and columns---Side walls 828,000
Sast end wall 104,000

West end wall 106,000

6 interior walls - 273,000

38 interior columns
Total 1,405,000 1b.

(One-half of this shear contributes to the sacmd "foer and one-half
to She first floor.)

The next step was the computation of horisontal selewic shears for the roof

and seiond floor levels as icwa on the fellowing pages
=l




North-south direction: total seismic shears.

+is828 t B0k 1 - €060)= 291 Kipe

loo¥ g.a(&ig 1% & ,6x685) = 243
2nd FMoor 0.08
£ad Story O. gzzcn' %+ . 6x685) = 243 kips
lst Story 0.08(223% +1760+. 5+ .6x1600 + 685 + 114 + 12828 + J9W)= 525 kips
Los dnzeles Code '
202 Mowr 3'3’%17& Q-;zﬁﬂ + :) 5
e i-m = 349 kips
2nd Story o.xog 2230 + &
1at Story 0.093(2230 +1760 J-Gu o-nk & ) = H30 xips

Note: Weights of north-south walls are not ineluded in this table becanse
these weights are garried by the walls themselves and should not de Pro-
portioned.

For the design of walls the larger, or underlined, values were used.

East-west direction: e,

W(ztgt W&tiﬁ:z +4x9 g ;&3.@ 228 kip:
=

SR SoR Lo s k) S e T
lst Story 0.08 2230 -0-11&) * 6x685 + m%o ﬁoﬁs" ﬁg *w )} *m kips

Wﬁ“ + ;93.5 4-&33 3 *wh)&mmﬁgts %WB

2nd Floor 0.133(17 =11l 4

2nd Story 0.109 w\w 688) =

1st Story 0.093{2230 tuﬁo +1 +}zﬂo§ ) = 576 u;-
Note: [Fer the design of walls the larger, or underlined, viiuee were used.
The total seismic shears on roef and flsor levels ware then propertioned

Spopg the resisting walls as follows:

North-south direction. The roof and second floor digphragms were donsidered
more flexible than the ﬁp—wﬂill walls. The seismia force, ¥, was distrid-
uted to the shear walls A, B, 0, D, X, &4 F as follows:

—EXopertions
¥all Roof oad Fieoy A 7SH Y
A 1/3 29 .0 g 2.5
3 - 1f e .3 5.2
] L .' 1, aoo .0 20.9
D /% a/h &a.0 73.0 20.9
B - 1/9 — &3 6.2
r 13 2f9 8.0 7 20.8

. Xote The shears shown in this tadble in the "¥all® oolumn are camsed
by the seimuic force on $he wall itself.

=43~



W The roof and the second floor diaphragms were consid-
infinitely rigid in this direction., Thersfore the seismic force was
distributed to the side walls in proportion %o their relative rigidities
:upt that each wall was designed to take at least one-half of the total
ear.
The proportioning of the seismic force and the desisn of the pilers and walls
%o resist 1% are so closely inter-related that they will be taken up to-
gether in a later paragraph.

Considering the seismic force in the north-south direction the disphragms
and walls were mext desizned to resist thu forces shown on page N9.

The roof disphragm was subjected to a maximum shear of 350 kips and the
thickness of the dlaphragm was 2} inches. The unit shearing stresses are shown
in the following tahle:

AS Total Shear Lengzth Cross-sectional Unit shear stress
= ﬁ"'é'i‘ir L '

CL 350 -ll w:;, 76-7

Wall D : L 1

¥all ¥ 353/3 - u'l

The maximum allowable shearing stress in the concrete alone was 1.33x60 = §0 1b.
per ag. in. [In order to keep the shearing stress in the disgphragm at Walls C and B
within the allowable as shown it was necessary %o extend the wall sscross the
¢orridor as ahown in the aketah.

The second floor diaphragm, 2 3/M inches thick, was subjected to a maximum
shear of 349 kips. The 511«1:( shearing stresses remul ted:

At iz Total Shear Oross-sectional  Uni$ shsar stress
R TET W‘W T e
Yolls & &% ,z = 38 818 47.

Talls 0 4D W9 l‘z. 2079

These stresses are also well within the allowable for concrete alone.

The shearimg strasses in the walls were a maximum in the firat story Just
adbeve the first flaor for the shear of 525 kips. All the wellm were 10 inches
thick in the first story.



Shearing Stresses in Walls
Tl Total Shear Length Cross-sectional Unit :hm stress

-‘“}“:m‘ v St S3Ah

| gt

Dazg 58.5 2k 2976 19.
¢6&pd 525@./2 =132 hg:% 59£ za.;
4 525x2/9 =117 WG' 59 | 19.7

The code raquirsments for resistance mgainst overturning will be met 1if the
moment of etabilily of the vertical dead loads only is at lemat 14 times the over-
turning moment &nd 1f the mariwum gomdined load soll pressure does not exceed
8,000 1b./8q. 4. Rach wsll wes checiced for those conditions but sines 'theoal-
calations are all similar only those for Wall A will be siown here.

(Roo?) gﬁ‘.u‘ ;2&;%0;1

éznd n)6ek. 7x21. 5= 1390
¥all) a.sﬂ'{ ™
Mg = k525 £%.-kips

(23 A OUE :‘%’"

CE R
266
Iﬁ‘ £4.-kips

Facter of Safetly = 1hN55/4525 = 3,2
¥all A which is greater tham 1.5,

Soil pressure. M = 1525 fi.kips. P w 266 + 53 + 47 + 145.1 = 4.1 kips.

ﬁ% t%g.;lstmﬂ- 6.00 or 0.32 kips/sq. £V

In combination with live load the

§% '—l«vaaz% maximam combined load soil pressure
W was 6.4k kips/sq. f%.

The unbal anced soil pressure gaused shears and moments in the wall beaums
a, b, and ¢. The moments and shears were computed and additional reinforce-
ment was addet in the walls as shown in the above sketch.

Yor seismic forces in the egst-west direction the forces were propertioned
between the two loagitudinsl walls on tha basis of relasive rigidities. These

relative rigidities depend upon the total deflections of the two walls which
were calculated using the methods shown in Part II and which are shown in tabular
form on the following pages, The first ten columns of the tables give tha infor-
mation from which the relative rigidities of the walls were calculated.

5=
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1 2 3 | 5 6 7 5 9 10 1n 12 13 1%
Pler tidth Thickness spea, 1 % B Am AL A 4 Prop. eof Shear '.'é'h ¥ l¥
(959 9" Gt i A0 2 e 0 #(0° Aok
&l 66 12 792 287,500 89 0.272 0.112 0.38% 2,60 0.047 8.3 10.5 8.5
Ml 8H 12 1008 592& g9 0.132 0.088 0.220 k.55 0.080 1%.2 b1 105.0
&TA 93 12 1116 SoN, 66 o. 0.059 0.099 10.10 0,177 .8 28.1 173.0
AT 8l 12 972 51,400 66 0,060 0.068 0.128 7.8 0.137 2k.2 25.0 133.0
kI A 12 972 5RmM,400 66 0.060 0.068 0.128 7.81 0.137 k.2 25.0 133.0
&7 93 12 1116 80k 00 66 0.040 O. 0.099 10.10 0.177 in.b 28.1 1&0
AMl24  85.5 12 1026 625,000 66 0.0 0.068 0.115 &.70 0.153 27.1 26.» 159.0
13 66. 5 12 8 295,000 66 0.108 0.083 0.19 _gg 0.092 16.3 20.h 39.6
56.

ﬁ %5 (av/2)
o | 66 12 792 287,500 €9 0.068 0,112 0.180 5.55 0.035 11.1 1k B
AlA 84 12 1008 592,700 89 ©0.033 0.088 0.122 s.ia 0,050 15.9 15.8 53.0
T4 9 12 1136 8So4 %00 90 0,025 0.081 0,106 9, 0.057 18.1 16.2 g.l
o718 s'f 12 972 531.H00 27 0.001 0.038 0.029 3U.50 0,207 5.8 67.8 0
¢ @A 12 972 5:1,h00 ‘27 0.001 0.028 0.029 33—.& 0,207 65.8 67.8 0
#7093 12 1116 804,400 90 0.025 0.081 0.106 9.8%4 0.057 18.1 16.2 7.1
124 225 12 1026 625,000 27 0.001 0.026 0.027 37.10 0.22 .3 £5.5 79.0
13 5 12 798 295,000 27 0.002 0.03% 0,036 15&‘& 0.166 52.8 66,3 59.4

Bote: Deflectionms for P = 1,000,000. Stresses for I’ =177 kips in second story and 7E
kips in first story.



Gelumas 1-6 give the physical properties ef the plers. From Part 1I,
page 39, A m Ay & Ay, Tor the sast-west walls the piurs of the second story
are considersd to act as cantilevers, hence Am Ay + A, uﬁ#&& . Por
P = 1,000,000 1b., B = 3,000,000 1b./0q.i8. end By = O.43 = 1,200,000 1. /sq.42.,
this formala reduces %o A mE3/91 4 N/A The piers of the first story are oon-
sidered fixed at bLoth ends, hemae A-&‘Fg& whigh reduces %0 A =
B3/361 + B/A Columas 7, 8, and 9 show the spplisstion of these formlas to the
respective pilers. Column 10 shows the relative rigidity of each pler.

Using the formulas shown on page HO she deflection of the north wall be-

RS-~

A= lrget dema ¥ A2nt e T a0 B *gt;‘ St S

*qul—“ stery plers.
o v = St by 0.9 2
Sgan ol -%}0% = 0.0009 inches

Aot b, A 0.00093 inches

g

A ivaz
S1/A (frem Goluma 10, page 52) is 56.07 for the wecomd story and 119.12

for the firss story. Than--
A 20,0009 4 0.0019 + 0.00093 *'!E‘bf"ﬂkﬂ“"“’ inches
Sinilarly for the goulh wall-w
A = .0009 +0.0019 4+ 0.00093 +§e:’. 1-;&-?-::.0:7 inches
Them the relative rigidities are:
Horvh wall 5-0%0" Al — M Ml
South wall 0.0273 36.6 0.52}4

iavestigaiion of Sorsional memeal. Siace the two walls do not have equal
rigidities there would be alditional stresses due %0 rofstion. %The cenmter of

sass was 33'0" frem the cutside face of the south wall. The center of rigidity,

e



y feat from She south wall was—
1y =0.k76(63 ¢2.7234) = 31.5 £3. from the outeids face of the

sonth wall. Therefore the ecomiricgity was 33.0 = N.5 = 1.5 5. and the rofa-
tional moment was equal o 1.5 2.

9 __33_.1 123", grar
w
i | .
:ra Center ':\'D

2y ,
" of Mass _L_ = -:
b :\ni‘ L_C‘en/e/- of 1

4] Figidity

I

- 297:2"

Since there are only two resisting walls the rotational shear in each must de
equal in magnitude. Taking moments about the center of rigidity:
N.EP +(N.54+0.T2x)P =1.5 F
Pmso.23y
Then the final shaars in each wall becose:
Sescond Btery Mret Story

Sorth Wall % D23xi#0 =171 kips o.hrﬁ%ﬁ&ﬁo = 307 kips
South Wall _ 0.524xM0 = 177 kips 0.5x@0 =B kips

These shears were ithen proportioned $o the plers =s sbown in Colummg 11 and

12, pages %52 and 53. The shearing stresses are ehown in Oolumm 13 and the moments
in Columm 1¥. The pisis were then designed for combined axizl and hamding stress-
es, the work met heing shown here.

The fundamental period of toe Building was checked spproximately using the
formla shown on page 43 (Pregnoff) and determined to be 0.17 second.

[ S 2
= 1.1
. 7/ 2.232.03 ¥ 1.76mo0093 = =917
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MORIPLED KERCALLI _INTENSITY SCALE OF 1931

I. Eot felt except by a vary few under especially fovorable circumstances.

I11. Yelt only by a few persons at rest, especially on upper floors of pglld-
isiga. Delicately suspended objects may swing.

111. ¥elt quite noticeably indsurs, expeclally om upper floors of tuildings,
but many people do nmot recognise it as an earthquake. Standing motor cars

. may rack slightly. Vibration like pasaing of truck. Duration estimated.

- IV. During the day felt indoors by mamy, outdoors by few. At night some awek-
ened., Disghes, windows, doors disturbed; walls made cresking sound. Sen-
sation like heavy truck striking Puilding. Standing motor cars rocked

noticeably.

V. PYelt by mearly everyone; many awskened. Some dishes, windows, etc., Broken;
a few instances of ciracked plaster; unstable objects overturaned. Distur-
banoe of trees, poles, anid other tall objects sometinmes noticed. Pendulum
clodks may stop. [

VI. Polt by all; many frightemed and zun outdoors. Some heavy furniture moved;
a fow instances of fallea plaster or damaged chimneys. Damage slight.

VII. Bverybody runs ocutdoors. Damage negligible in buildings of good design
and sconstruction; slight to woderate in well-built ordinary structures;
consideradble in poorly Muilt or bedly designed structures; asome chim~
neys brokea. Noticed by persoms driving motor cars.

¥111. Damage elight in epecially designad structures; conelderable in ordinary

substantial buildings with partial collaspse; great in poorly bduilt atrue-
tures. Panel walls throwmn out of frame structures. Fall of chimney,
factory stacks, columna, monuments, walls. Heuvy furniture overturned.
Sand and mud ejected in small amounts. Changes in well water. Disturbd-
ed persons driving motor gars.

IX. Damsge considersble in mpeclially designed structures; well-designed frame
strugtures thrown out of plumb; great in substantial buildings, with
partial oollapse. Buildings shifted off foumdations. Ground cracked
conspicucusly. Underground pipes broken.

X. 8Some well-built woodmm structures destroyed; most masonry and frame
strugtures destroyed with foundations; g£round badly oracked. Rails bent.

Lhand slides considerable frem river banks and stesp slopts. Shifted sand
and mud. Waler splashed (slopped) over banks.

X1. Few, if any (masonry) structures remain standing. BEridges destroyed.
Broad fissures ia ground. Underground pipe lines completely out of sexr-
vigce. Earth slumps and land slips in soft ground. Rails beat greatly.

X1I. Damage total. Wnves seen on grouud surfaces. Lines of elght and level.
distorted. Objects thrown upward imnto the air.
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