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PREFACE.
By Josepu A, HoLMES,

Immediately after the San Francisco earthquake and fire of April
18, 1906, it was decided to arrange for an investigation of their effects
on buildings and materials of construction. Accordingly, on April
19 Richard L. Hamphrey was sent to San Francisco for this pur-
pose, as secretary of the National Advisory Board on Fuels and Struc-
tural Materials and representing the structural materials division
of the United States Geological Survey. At the request of the Presi-

. dent, Capt. John Stephen Sewell, Corps of Engineers, United States
Army, was sent to San Francisco on a similar errand by the War De-
partment under order of April 23, 1906. Frank Soulé, dean of the
college of civil engineering of the University of California, was asked
late in the fall of 1906 to prepare a report on the general earthquake
and fire conditions. G. K. Gilbert, of the United States Geological
Survey, also a member of the California earthquake investigation
commission, who was near San Francisco at the time of the disaster,
.was asked to prepare a brief special report on the phenomena of the
earthquake. :

Mzr. Gilbert has brought into his paper onlv the sahont features
and results of the earthquake, for the reason that the subject is being
treated more fully in the report of the California earthquake inves-
tigation commission.

Mr. Humphrey, who during the last two years haq had charge of
the structural materials laboratories of the United States Geological
Survey, has had many years’ experience in the investigation of struc-
tural materials, especially with regard to their fire-resisting qualities.

Before going to San Francisco Captain Sewell had studied care-
fully the effects of fire on buildings and materials, especially as indi-
cated by the results of the conflagration at Baltimore in 1904.

Professor Soulé has had the advantage not only of a large experi-
ence, but also of being thoroughly familiar with the conditions in
San Francisco prior to the earthquake and fire, and of being on the
ground during their occurrence. He has had subsequently every -
opportunity for studying, at first hand and in great detail, the effects

of both the earthquake and the fire.
: xr



XI1 PREFACE.

The investigations of these three engineers were conducted inde-
pendently, and their reports have been prepared without collabora-
tion. Under these circumstances there are necessarily some differ-
ences of opinion as to matters of detail, but as to the more important
features the writers are in hearty accord. About four hundred illus-
trations were submitted with the original reports; many of these do
not appear with the printed reports because their use would have
involved duplication, but wherever a view given by one author was’
rejected because of its similarity to a view by another author show-
ing the same engineering features, a reference to the accepted view
has been inserted. The legend appended to each illustration indi-
cates whether the original view was actually taken by the author or
was procured from another source.

Persons interested in this subject are advised not only to read each
of these papers, but also to consult a number of other important
papers on this subject which have appeared in the different technical
journals and the proceedings.of technical societies during the last
several months. (See list at end of bulletin, pp. 159-161.)



THE SAN FRANCISCO EARTHQUAKE AND FIRE OF APRIL
18, 1906, AND THEIR EFFECTS ON STRUCTURES AND
SlRUCl‘URAI MATERIALS.

By G. K. Giueerr, R. L. Husengey, J. S. SeweLr, and Frank SouLs.

THE EARTHQUAKE AS A NATURAL PHENOMENON.

By G. K. GILBERT. .

INTRODUCTION.

The 1nvestwat10ns to which the San Francisco earthquake has
given rise are of two classes—the study of the natural phenomena
constituting or associated with the earthquake, and the study of the
relations of the San Francisco earthquake and future earthquakes to
human activities.

The principal studies of the earthquake as a natural phenomenon .
are under the direction of the California earthquake investigation
commission, which was appointed by the governor of the State:
three days after the occurrence of the shock. The human or economic
aspects of the subject have been studied chiefly by engineers and
architects, of whom a number have acted in private capacity, while
others have.acted as the representatives of governmental or private
organizations. In many of the avchitectural studies the earthquake
and fire have been considered together, as the destructive effects of
these two sources of danger were closély associated in the San
Francisco disaster. ,

This volume is devoted to certain economic aspects of the subject,
and the present chapter on natural phenomena of the earthquake
- selects those features which seem contributory to an understanding
of the papers which follow. A fuller account of the earthquake
may be found in the preliminary report of the State commission

L



2 THE SAN FRANCISCO EARTHQUAKE AND FIRE.

above referred to; and a monographic report is to be expected when
the labors of this commission shall have been completed.

An earthquake is a jar occasioned by some violent rupture. Some-
times the rupture results from an explosion, but more commonly
from the sudden breaking of rock under strain. The strain may be
caused by the rising of lava in a volcano or by the forces that make
mountain ranges and continents. The San Francisco earthquake of
April 18, 1906, had its origin in a rupture associated with mountain-
making forces. A rupture of this sort may be a mere pulling apart
of the rocks so as to make a crack, but examples of that simple type
are comparatively rare. The great majority of ruptures include not
only the making of a crack but thé relative movement or sliding of

" the rock masses on the two sides of the crack; that is to say, instead
of a mere fracture there is a geologic fault. After a fault has been
made its walls slowly become cemented or welded together; but for
a long time it remains a plane of weakness, so that subsequent strains
are apt to be relieved by renewed slipping on the same planu of
1upture, and hundreds of earthqudkes may thus originate in the
same place.

A faulting may occur far beneath the surface and be known only
through the resulting earthquake; but some of the quake-causing
ruptures extend to the surface, and thus become visible. The New
Madrid and Charleston earthquakes are examples of those having
deep-seated origins; the shocks at Inyo and San Francisco, of those
whose causative faults reached the surface of the ground.

The San Francisco earthquake had its origin, wholly or chiefly, in
a new slipping on the plane of an old fault. The trend of the fault
is northwest and southeast, and it is known through a distance of sev-
eral hundred miles. Visible evidence of fresh slipping—a surface
trace, to be described presently—does not appear through its whole
extent, but has been traced from San Juan at the south to Point
Arena at the north (fig. 1), a distance of about 180 miles. Because
the earthquake was severe in Priest Valley, 60 miles southeast of, San
Juan, it is thought that subterranean slipping on the old fault plane
extended beyond San Juan. At Point Arena the visible fault trace
passes under the ocean, and the line of its trend does not again touch
the coast, so that its northwestern course and extent are in doubt.
A fault trace which appears at Point Delgada, 75 miles to ‘the north,
may be part of its continuation or may represent a separate fracture.
In a general way the intensity of the shock was greatest near the

e The California earthquake investigation commission is composed of Andrew C.
Lawson (chairman), A. O. Leuschner (secretary), G. K. Gilbert, FI. F. Reid, J. C. Branner,
George Davidson, Charles Burkhalter, and W. W. Campbell. Its work is organized under
three committees—a committee on isoseismals, A. C. Lawson, chairman; a committee on
coseismals, A. O. Leuschner, chauman, and a committee on the geophysncs of the earth-
quake, H. F. Reid, chairman.
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fault trace and diminished with distance therefrom; but to this rule
there are important exceptions, and it has been noted especially
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that an area of high intensity coincided approximately with the
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4 THE SAN FRANCISCO EARTHQUAKE AND FIRE.

fault. As the ridges of the neighboring Coast Range have-the same
northwestexly trend, it is thought probable that a subterranean slip-
ping here occurred on a fault associated with the valley. In that
case the 0‘60100‘10 event causing the earthquake included coincident
or nearly comadent yleldmg on more than one fault plane of the
Coast Range system, and various other peculiarities in the distribu-
tion of 1nten81ty may be ascribed to local faulting.

The reglon of high intensity, to which most of the destruction was
limited, is a belt 20 to 40 miles wide, extending from the mouth. of
Eel River at the northwest to Priest Valley at the southeast (fig. 1).
This belt includes the surface expression of the principal fault—a
feature distinctively known as the fault trace—a large number of
cracks, and many local and superficial dislocations of soil and rock
variously characterized as landslides and slumps.

THE FAULT TRACE.

The plane of the earthquake-causing fault, where it appears at the
surface, is approximately vertical. The movement which took place
along this plane was approximately horizontal.

Fia. 2.—Diagrams illustrating the nature of the earthquake-making fault.

As the statement of these relations is sometimes found confusing,
they are here illustrated diagrammatically. The upper diagram in
fig. 2 represents a rectangular block as if cut from the land, the thick-
ness being 25 feet, the length east and west (right to left) 150 feet,
and the width 100 feet. The dotted line NS indicates the surface
outcrop of the old fault plane, trending northwest and southeast,
this plane cutting the face of the block in the vertical line SD. AB
stands for any straight line on the surface of the land—such as would
be defined by a road, a fence, or a row of trees—crossing the fault
outcrop at right angles. The lower diagram represents the same
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rectangular block after the earthquake, its two parts dislocated by
sliding horizontally along the fault plane, and the line AB made dis-
continuous by an offset.

To return, now, from the ideal to the actual, the sides and bottom
.of the earth block disappear. The depth to which the fault pere-
trates is indefinite and unknown, and so is the extent of the lands on
either side affected by the displacement. For nearly 200 miles there
is a fracture on the face of the land, and everything traversed by the
fracture is dislocated, the part on the southwest side having appar-
ently moved toward the northwest and the part on the northeast side
having apparently moved toward the southeast. The total horizontal
offset ranges in general from 2 to 16 feet, but at one place, affected by
abnormal conditions, reaches 20 feet (Pl. I, 4). The effect is also
shown by a redwood tree (Pl II), which was situated at a place
where the displacement was slight. The average offset is 10 to 12
feet. Associated with the horizontal dislocation are vertical disloca-
tions of minor and variable amount. This line of fracture, with the
associated dislocation, is the surface expression of the fault which
occurred on April 18, 1906. It is the visible trace of the fault across
the surface of the land and in the followmg pages will be called the
“ fault trace.” ¢

The fault trace itself is in some places inconspicuous, as in the flat
meadow represented in Pl. I, B, where one might readily walk across
it without noticing that the ground had been disturbed. Its ordinary
phase, however, includes a disruption of the ground suggestive of a
huge furrow, consisting of a zone, between rough walls of earth, in
which the ground is splintered and the fragments are dislocated and
twisted. This phase is shown in PL ITII. In many places the fault
trace sends branching cracks into bordering land, and locally its
effect in dislocation is divided among parallel branches.

The views of the fault trace given in Pl. VII represent it at a
point not far from the head of Tomales Bay, where it traverses a
hillside having a general slope toward the southwest. In the upper
view we look toward the northwest; in the lower, toward the south-
southeast. The horizontal displacement is here about 16 feet, the
ground at the left, in each view, having moved from us, and the

& In the case of an earthquake fault with important vertical displacement the surface
expression Is a small cliff or scarp, and to such a feature the name * fault scarp’ has
been given; but this name does not serve to characterize the feature produced by the
horizontal displacement of April 18, 1906. In default of an appropriate and established
.name the geologists who first traced the feature made tentative use of “furrow” and
, “rift;” and the word rift was employed in the preliminary report of the California com-
- mission, in a popular article by the present writer, and probably in other places. The com-
misston, however, in giving more deliberate attention to terminology, has determined to
reserve the word rift for a meaning more in consonance with earlier geologic usage and
to substitute * fault trace” for the surface expression of the fault. 'The present paper
conforms to the nomenclature accepted by the commission.

7171—Bull. 324—07——2
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ground at the right toward us. There is also a vertical displacement,
the ground on the southwest side having been relatively lifted 1 or 2

feet, and the expression of the vertical change is exaggerated in the
lower view by the relation of the horizontal change to the local
slope of the hillside. There is nothing in the pictures to show the

amount or even the direction of the horizontal displacement, but .

measurements were -made at neighboring points where the fault
{race intersects.a road, a trail, and a small gully.” The nature of the
evidence as to displacement is illustrated by Pl I, B, which shows a
dislocated fence. The locality is on the farm of E. R. Strain,
near the head of Bolinas Lagoon, and the camera was directed
toward the northeast—at right angles to the trend of the fault trace.
The main branch of the fault trace (which is here divided) crosses
the foreground from left to right, touching the dissevered ends of the
fence, but the shear is at this point so smooth that its surface trace
is concealed by the grass. The fence, which before the earthquake
was straight and continuous, was broken across and oftset to the dis-
tance of 84 feet. '

Between Point Arena and Fort Ross the course of the fault trace
(see fig. 1, p. 3) is approximately parallel to the coast, passing to the
east of all the coastal towns. TFrom Fort Ross to the head of Tomales
Bay it traverses the water, except at Bodega Bay and Preston Point,
where for short distances it crosses the land. It again enters the
water at Bolinas Lagoon, passing several miles outside the Golden
Gate, and returning to the land at Mussel Rock, whence it follows a
nearly direct course to San Juan. It does not touch any large town,
but passes within a mile of Manchester, Plantation post-office, Fort
Ross, Bodega, Inverness, Point Reyes station, Olema, Woodville, Boli-
nas, Woodside, Portola, Wrights, Chittenden, and San Juan.

On the east and west sides of the fault trace, respectively, the
right-line distances to various places are as follows:

Distances from the fault trace to newr-by prominent points.

EAST SIDE. EAST Ssing—continued.. :
Miles. . Miles.
Ukiah oo 26 San EFrancisco—Cliff House ______ 3
Cloverdale - _________ - ________ 22 San Mateo___ . _____ 4
Healdsburg - _______ 20 Stanford University_:___________ 5
Santa Rosa.____.________________ 19 San Jose______________________ 13
Freestone . __ . ___________ 8 :
San Rafael ______.______________ 0 . WEST SIDE.
SOROMA. oo e e 25 Point Reyes light-house_________ 11
Petaluma e 15 Halfmoon Bay__________________ G
Martinez - _______________ 29 peseadero - 10
Berkeley oo Y santa OO0 12
Oakland - 17T Salinas o e 13

San Francisco—city hall_________ 9
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CRACKS.

All through the area of high. intensity cracks were made, and these
were specially numerous near the fault trace. The cracks were
also more numerous in soft alluvium than in hard ground, but the
number which deeply penetrated the bed rock was large. Perhaps
this feature is better expressed by saying that the bed rock was gen-
erally and profoundly shattered, but without important dislocation
except on the old fault plane. The wide prevalence of shattering is
shown by the derangement of the underground circulation of water.
In every farming district within the main earthquake belt persons
familiar with the springs noted changes in the flow of water, rang-
ing from moderate diminution or increase to compléte stoppage or
to the breaking out of new springs. In some places the derange-
ments were temporary only, but more commonly a permanent change
was reported. '

At the surface the cracks had ‘great vzu'lcty of expression. Some
were barely perceptible as partings; others gaped so widely that one
might look down them several yards. Some were mere pullings
apart; others showed small differential movements of the nature of
faulting. Some were solitary; others, especially those exhibiting
faulting, were in groups. Some 'stracrcr]ed and-branched irregularly;
others were nearly straight for hundreds of feet. Theoretically, some
cracks were primary as regards the earthquake and others secondary;
that is to say, some were caused directly by the preexistent stresses
which produced the main fault and others were caused by the waves
constituting the earthquake.

PlL. IV shows two types of secondary cracks. In 4 the cracks are
crooked and without faulting. They traverse tidal mud near the
head of Bolinas Lagoon and are near the main branch of the fault
trace, which follows the base of the bluft seen at the right. The
cracks seen in B are in Bolinas, within half a mile of the supposed
position of the fault trace. The greater part of the village lies in a
narrow valley dividing a plateau. The valley floor is of alluvinm,
the surface of which curves upward at the sides. As a result of the
earthqualke the alluvium settled somewhat toward the middle of the
valley, thus forming along the bases of the hills a system of cracks
associated with faulting. ‘

DISLOCATIONS OF SURFACE MATERIAL,

The district most strongly affected by the earthquake is one in
~ which landslips are normally of frequent occurrence. On many hill
slopes were masses of earth or rock, the descent of which was sure to
take place whenever conditions became favorable. The shaking of
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the earth on the morning of April 18, 1906, supplied the lacking
factor, and they were all loosened at once. In the simplest case, a
poised rock toppled over and rolled down a-slope. In other cases
adhesion was overcome, with resultant sliding. In yet others strains
occasioned by the sapping of cliffs were reinforced by kinetic strains
and cohesion was overcome, with resultant fracture. Elsewhere an .
unconsolidated formation, even though in a dry condition, was made
to flow by simple agitation. Hillside bogs and other bodies of wet
earth lost coherence and flowed as mud. Slips of this character grade
into those of wet alluvium or “ made ground” resting upon gentle
slopes—ground which under ordinary conditions flows or creeps at an
almost imperceptible rate, but which by shaking was made-to move
several feet or yards in a few seconds. The filled districts of San
Francisco afford several examples, and two of these are illustrated by
Pls. V and VI, B. The view shown in Pl. V is northwestward on
Ninth street, near Brannan. Before the earthquake the car tracks
and curb line were straight and approximately level, and this condi-
tion was not disturbed on the relatively firm ground shown in the
distance. In the nearer part of the view the street crosses a tract of
made ground created by filling a valley tributary to a narrow tidal
inlet called Mission Creek. The descent of this valley was south-
westward, and the made ground flowed in.that direction, carrying
street and buildings with it. In taking the photograph reproduced
in Pl. VI, B, the camera stood on ground made by the filling of Mis-
sion Lagoon, an expansion of Mission Creek, and was pointed north-
ward, commanding a portion of Howard street. The made ground
here flowed northeastward and the buckling of street-car tracks was
caused by its motion. Where the same earth flow crossed Valencia
street the horizontal movement amounted to 6 feet.

In the various cases of dislocation enumerated the motive force
. appeared to be gravity, and the apparent function of the earthquake
was to initiate movement by ‘overcoming equilibrium, adhesion, or
cohesion, or else to increase mobility by agitation, and thereby tem-
porarily convert a quasi solid into a quasi liquid. While I do not
doubt that this explanation is ordinarily adequate, there is at least
one dislocation of surface material for which it is inadequate, and
this raises the question whether in various other instances it may
not require qualification. I refer to an extensive shifting of mud on
the bottom of Tomales Bay. At the head of the bay and thence for
a distance of several miles northwestward the soft mud was moved
bodily westward. It not only descended from the northeast shore, so
as to cause deeper water, but ascended toward the southwest shore,
creating a broad shoal (Pl. VII). The horizontal change of posi-
tion near the southwest shore was in places more than 25 feet, and
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the vertical change as much as 2 feet. As the ascending movement
can not be ascribed to gravity, it must be referred to the earthquake,
even though the way in which the earth waves produced the effect is
not evident. The locality is adjacent to the fault trace, the position
of which is along the bottom of the.bay, east of the shoal.

The 1]lustrat10ns may require a few words of explanation. The
upper view of PL VII looks northward from the southwest shore
of the bay. Tide being low, the newly formed shoal or mud bank is
broadly exposed, but the receding tide has left a lane of water to
mark the separation of the mud bank from the firmer ground that
withstood the quaking. Immediately after the earthquake the mud
was rigid; as in the tract shown in Pl. VIII, 4 but before the view
~of PL VII, 4, was taken (April 28,1906) the surface had been largely
smoothed by the action of wind waves. A single ridge which es-

caped that action appears at the left in the upper view of Pl VII
and in the foreground of the lower view.

A permanent disturbance of the ground also 1esulted In many
instances from compacting. Just as sand:or grain that has been
poured into a measure can be made by shaking to settle down and
occupy less space, so various loose formations, and especially arti-
ficial fillings, were shaken together by the earthquake and the ground
surface lowered. In such compacting the particles making up the
aggregate are readjusted so as. to fit more closely together and the
voids are reduced. In dry.formations compacted by the earthquake
the reduction of voids was opposed only by the elasticity of the
contained air. - In wet formations 1t encountered the effectual resist-
ance of the contained water, and could be accomplished only by the
extravasation of some of the water. Ordinarily it was impossible to
measure the settling due to compacting, or even to determine its
occurrence as a phenomenon independent of ground flow, but it was
clearly seen in various localities in San Francisco where those parts
of graded streets which retained their simple shapes and straight
lines served as reference planes for neighboring parts that were
disturbed. (Compare the distance and foreground .of PL V.
Another example of the effect on the filled-in land in this part of
the city is shown in PL. VI, 4, a view of Dore street between Bryvant
and Brannan streets. The settling of the soft ground caused the
street to drop at least 5 feet at this place.)

The only notable water waves generated by the shock were in
Tomales Bay, where a group of waves estimated to be 6 or 8 feet high
came to the northeast shore. The automatic tide gage at the Presidio
showed a depression of about 4 inches, with subsequent oscillations
of similar amount. Water was spilled from tanks, etc., and in at -
least one place was thrown from a pool out on the land.
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MOTIONS CONSTITUTING THE LARTHQUA]\E

The earthquake occurred between 10 and 15 minutes after 5 o’clock
a. m,, standard time of the one hundred and twentieth meridian. As
time was consumed in the propagation of the shocks, the moment, of
beginning at any place depended in part on the distance of the place
from the zone in which the disturbance originated. As this zone was
hundreds of miles in extent it is probable that the time of beginning
was not the'same at all points along it. For similar reasons’the char-
acter and sequence of the motions constituting the earthquake were °
not the same at any two localities, and the differences in the vicinity
of the zone of origin may have béen very great. In and near San
Francisco the principal part had a duration of about one iminute; it
was preceded by comparatively faint tremors for several seconds, and
it was followed by minor tremors. During the stronger part the
motion was chiefly in horizontal directions and oscillatory, but its
rhythm was irregular in period and emphasis. On firm ground in the
same region the range of motion 1s believed to have been more than 2
inches, but was not measured, there being no seismograph capable of
recording it. On soft ground the range of oscilhtory motion may
have been several times greater, and it was also greater in thc
immediate vicinity of the fault trace. :

The following paragraphs present my conception of the essential
character of the motions constituting the earthquake in the region
of its destructive intensity. ‘In the endeavor to make a brief and
clear statement the conception is expressed somewhat badly, with
little reference to the various uncertainties of fact and theory by
which it is actually qualified. '

The earthquake fault has a length of 300 miles, possibly 400.
Nothing is known of its depth. Tt coincides with a plane of earlier
faulting, on portions of which there have been movements within a
few decades. The fact of recurrence on the same plane shows that
the rock faces in contact had not become welded, so that the molec-
ular force which there resisted motion was less than the cohesion
of solid rock and may have been little stronger than adhesion. A
tract of the crust including the fault plane had come to be affected
by a system of slowly increasing shearing strains, and the associated
stresses were the forces directly causing the fault. When the stress
component coincident with the fault plane at some point became
greater than the adhesion (or cohesion) a local slipping took place.
This caused a redistribution of strains and stresses, the local relief
of strain being followed by increase of strain and stress in all adjoin-
ing tracts of the fault plane, with the result that the adhesion was
overcome in those tracts and the area of incipient faulting thereby:.
enlarged. Thus from the initial tract the lesion was propaaated
as a sort of wave through all the fault plane.
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At the initial tract a small movement sufficed to relieve the local
- strain, and the motion was then arrested by friction, but the move-
ment was renewed by reaction from other tracts, and it alternately
started and stopped till the accumulated stresses had spent them-
“selves. There was a similar rhythmic sequence in other parts of the
fault, the frequency of the alternations depending on loc¢al conditions;
and the total movement of dislocation at each point was accomplished
by a series of steps and not by a single leap.

The time consumed in these reactions was not infinitesimal. The
rate of propagation of changes in strain was of the same order of
magnitude as that of earthquake waves in general, and the rate of
propagation of the initiation of movement on the old fault plane
may have been somewhat slower because of the necessity of accumu-
lating a certain amount of stress increment to overcome the adhesion.
It is probable that the completion of the fault required more than
one minute, and it may have required more than two minutes. It is
even possible that the displacement had been completed at the ini-
tial point. before it began at the most remote. '

In the succession of slippings and stoppings at any point of the
fault plane each separate slip communicated a jar or pulse to the
surrounding rock, and this pulse was propagated in all directions.
The earthquake at any locality in the neighborhood of the fault
consisted of such pulses from different directions. The general dis-
tribution of intensity indicates that the pulses weakened in trans-
mission somewhat rapidly, whence it may be inferred that the particu-
lar pulses constituting the dominant elements of the local earthquake
were those from the nearer parts of the fault.

If this conception of the earthqualke is correct, the rhythm observed
in the region of high intensity was a phenomenon distinct from the
- rhythm of harmonic waves. It was essentially a frictional rhythm,
dependent on the relation of certain rock strains and rock stresses to
the resistances afforded by adhesion andsliding friction. Tt was
irregular not only because the intervals of local starting and stopping
were unequal, but because it was derived from a considerable area of
the fault surface, in which the local rhythms were neither harmoni-
ous nor synchronous.

The compounding of unevenly spaced pulses from different points
of the fault plane caused both reinforcement and interference, intro-
ducing a character analogous to beats in music, but without the regu-
larity of musical beats. It also at times made oscillatory motions
swifter in one direction than the other, so that reciprocative accelera-
tions were not always symmetrically arranged. In less technical
language, the motion was jerky and included abrupt phases that were
almost blows. The compounding also introduced variety in the
direction of motion, especially-at the end, when for a short time the
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pulses from remoter parts of the zone of origin ceased to be over-
powered by those from the nearest parts. The motion in that closing
phase of the violent part of the earthqualke has been compared by an
observer to the motion of a vessel in a choppy sea; and I conceive
that this comparison is the expression of a veritable analogy.

DISTRIBUTION OF INTENSITY.

When the isoseismal curves for this earthquake are drawn those
for the higher intensities will show a remarkable elongation in the
northwest-southeast direction. They will also show irregularties
expressive of high intensity in the Santa Rosa Valley and other
outlying areas. These features are related to the position and form
of the zone or zones of origin. If drawn in detail they will show
also the great influence of peculiarities of geologic formations. De-
tailed surveying has been attempted by the State commission only in
San Francisco, partly because the results will there have the greatest
practical value, and partly because the data are there most avallable
‘Notwithstanding the abundance of cracks, landslides, and broken
trees in the region of high intensity, it is nevertheless true that
natural structures in general are much less sensitive to earthquake
violence than artificial structures, and for that reason grades of in-
tensity are most easily mapped in cities.

The word “intensity ” has various meanings as applied to earth-
quakes. As technically defined, it is the acceleration of the earth
particle and is a quantity to be measured by the seismograph. But
the field of instrumental observation 1s so limited that another defini-
tion practically obtains—that of power to destroy, a property which
depends on the duration and direction of the motion as well as its
acceleration, and which may have other factors:

It has long been known that buildings and other structures on
ground of certain kinds -are more susceptible to earthquake injury
than on ground of other kinds, and these differences were strikingly
illustrated in San Francisco. The general fact appears to be that
the amplitude of vibration and the acceleration are greater in loose,

unconsolidated formations than in solid rock. The firmer and more
~ elastic a rock formation, the less the intensity of the earthquake
shocks it transmits to buildings standing on it; and there is a grada-
tion in this quality from the firmest bed rock to the loosest gravel,
sand, and mud. For strong shocks, at least, the intensity is greater
in loose formations saturated with water than in those that are dry.

Closely related to the control of intensity by the peculiarities of
formations is the subject of surface undulations. Observers of strong
earthquakes sometimes report visible progressive undulations of the
ground, similar to water waves, and such observations are usually

)
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made where the formations are alluvial. Doubtless many of the
observations are fallacious, depending on a subjective illusion as to
the direction of verticality, which arises from the horizontal move-
ments of the observer’s support; but some of them may also be
objective. Not only is there a gradation in physical condition from
dry earth through mud to water, but the shaking of a loose formation,
whether wet or dry, overcomes the adhesion of particles and thereby
imparts for the time being a mobility analogous to that of liquids.
"It is therefore conceivable that gravity waves, altogether analogous to
those of water, may be produced by a violent earthquake on the sur-
face of a loose formation. Certain ridges on soft ground caused by
earthquakes in Japan are inferred by Omori and Kikuchi to repre--
sent such soil waves and to indicate a wave length (crest to crest) of
20 to 40 meters. The San Francisco earthquake produced a similar
ridging on tidal mud in Tomales Bay, the average ridge interval
being not more than half that of the Japanese examples. The
Tomales Bay ridges are roughly parallel to the fault trace (which is
close at hand), have about the same irregularity as wind waves, and
originally ranged in height from 1 to 3 feet. They were observed
chiefly, but not exclusively, on the body of mud already mentioned as
having been shifted toward the southwest shore. The tract shown in
Pl. VII lies so low as to be submerged much of the time, and the
ridges had been so nearly obliterated when the views were taken that
little remained besides an obscure indication of their ground plan;
but an area nearer the head of the bay, and probably lying somewhat
higher, not only seemed to have preserved its character when photo-
Oldphed (April 28; see P1. VIII, 4), but showed little change when
visited nine months later.

Notwithstanding the persistence of the ridges at the last-mentioned
locality, there is no reason to question the statement that the whole
mud plain had the smooth surface common to tidal flats until it was
disturbed by the earthquake. Nor. do I find any room for doubt
either that the ridges originated as waves on the surface of the mud
while it was rendered quasi liquid by violent agitation, or that they
persisted because the mud promptly resumed its normal coherence
when the agitation ceased. It is by no means equally clear that the
arrested waves were true gravity waves rolling across the mud plain.
Whatever their mechanism and history, they illustrate a mode of
response of wet, unconsolidated material to powerful earth tremors,
they suggest an explanation of certain wavelike ridges produced on
areas of made ground in San Francisco, and they contribute to an
understanding of the peculiar destructiveness of the earthquake in
such areas.



THE EFFECTS OF THE EARTHQUAKE AND FIRE ON
VARIOUS STRUCTURES AND STRUCTURAL
MATERIALS.

By RicHARD I.. [TUMPHREY.

GENERAL DISCUSSION OF THE EARTHQUAKE CONDITIONS.

On the 18th of April, 1906, the whole civilized world stood aghast
at the appalling destruction which visited the city of San Francisco
and vicinity. Three weeks later, for the purpose of studying the
effect of the earthquake and fire on structural materials, the writer

began the investigation herein described, lasting six weeks and cov-

ering the entire affected territory. It would be impossible, however,
to describe the extent of the damage adequately or comprehensively
in a report of this character. When we consider the terrific destruc-
tion wrought in the surface of the earth by the first movement or
“glip,” which developed structural weaknesses, it is not surprising

that this movement and the resulting vibrations should prove so .

fatal to the structures of man.

In the. fire that followed hundreds of thousands of people were
rendered homeless and dependent on public bounty for shelter and
the necessities of life. This phase of the disaster appealed to popular
sympathy and drew spontaneously from all parts of the country
contributions of food, clothing, household furnishings, and money for
the relief of the destitute.

To the user of the materials of building construction the study of
the behavior and relative efficiency of the various classes of such
materials under the unusual and rigorous conditions imposed by the
earthquake and fire is most interesting and instructive. The test was
one of such violence that only structures of first-class design and
materials and honest workmanship could survive. Flimsy and loosely
built structures collapsed like houses of cards under the terrific
wrenching and shaking, and many of the structures which withstood
the earthquake were subjected to a second test in a fire which surpassed
all the great conflagrations of recent years. Some of.these structures

14
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which successfully withstood the first test failed signally under the
second, by reasen of inadequate fireproofing. A very few withstood
both tests successfully.

"It is a generally accepted fact that no structure could have with-
stood the stresses produced by the movement of the earth at the
“fault trace,” along which the maximum intensity of disturbance
was localized. The stresses produced by the vibrations at other points,
however, could have been resisted with safety if proper design, first-
class materials, and honest workmanship—constituting the whole
secret of earthquake-resisting power—had been employed in the struc-
tures so located. In tall structures rigidity of construction, attained
by adequate diagonal and portal bracing, is absolutely essential. In
such buildings, owing to the inertia of the mass of the upper portion,
the maximum bending moment exerted by the earthquake was ap-
plied at some point between the foundation and the top—generally
just below the middle. While reenforced-concrete structures were
few in the zone of seismic disturbances, these few stood the test by

earthquake and fire in a highly satisfactory manner. Rigidity and

stiffness and a high fire resistance are inherent qualities of concrete,
and this material proved admirably suited to resist these extraordi-
nary tests.

The destruction was greatest in structures built on filled trronnd
or on alluvial soils in thc valleys of rivers, with fox,mdatlons whlch
did not go through to solid ground, the settling of the earth caused
by the vibrations resulting in permanent displacement or distortion
of such structures. At many places where great destruction took
place, as at Palo Alto, San Jose, Salinas, Santa Rosa, ete., the struc-
tures were built on soft ground. In structures built on solid ground
or rock formation the action was much less severe and was confined
to shaking, producing a maximum oscillation in the upper portions
of the structure. ‘

In order to understand properly the conditions under which such
destruction as that caused by the earthquake could occur, one should
study the geologic conditions prev-llent just prior to the earthquake.

The h]stm v of the Pacific coast is repl(,te with records of seismic
disturbances, the entire region being in a condition of unstable
equilibrium and cut by long rifts in the surface, called “ faults,”
which have produced a series of long, narrow valleys. The forces
which produce elevations and subsidence of the surface also produce
stresses, which finally overcome the adhesion of the opposing rift
walls, and earthquakes take place in the slipping of these walls,
through a few inches or a few feet, in the effort to adjust the stresses.
These earthqualkes are of two classes—volcanic and tectonic. The
former occur in regions of volcanic activity, are shallow in extent,
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and affect comparatively small areas; the latter not only extend.to
a much greater depth, but also affect much .greater areas. The
region north and south of San Francisco is regarded as particularly
susceptible to earthquakes of the latter type.

A. C. Lawson has traced several of the “ faults” referred to, and
about ten years prior to the San Francisco earthquake he indicated
the location of the present fault trace south of the Golden Gate.
His relief map of California serves to show the lines of known faults
by the parallelism of the ridges and valleys. In following these
valleys one finds evidence of faulting on every hand—the scars and
markings on the earth and rocks, and the presence of little lakes or
ponds without visible source of supply other than the watershed of
the adjacent ridges. According to Lawson, the coast of California
is rising, and the seismic disturbances whose record is found in the
rocks have been produced by movements in the process of upheaval
and subsidence, of folding and faulting, which are, perhaps, greater
along the coast of California than in any other p’ut of the world.
Whatever may be the causes of these movements, it is apparent that
the resultant stresses relieve themselves by producing these faults
or rifts in the earth’s surface.

The average Californian becomes accustomed to the earthquakes
which produce “ temblors 7 of sufficient intensity to rattle windows.
Prior to the great earthquake of April 18, 1906, these temblors
were of frequent occurrence, but. occasioned no alarm and, indeed,
scarcely excited a passing interest. Over two hundred earthqua.kes
were recorded during the period from 1850 to 1886, being more
prevalent in the vicinity of San Francisco Bay than elsewhere. The
writer is informed that during the period just prior to April 18
few if any noticeable temblors occurred. It is fair to assume, there-
fore, that the great earthquake resulted from an accumulation of
stresses which would ordinarily have been relieved by smaller move-
ments.

The relative intensities of earthqu‘lkes are indicated, on the Rossi-
" Forel scale, by Nos. I to X. All under V produce no v1'51b1e destruc-
tion, and from V the destruction increases up to X, which represents
those in which complete destruction tales place. The writer under-
stands that the earthquake of April 18 is rated at IX on this scale.

This earthquake, the most severe in the history of the State, took
place at 5 hours 13 minutes and 38 seconds a. m., Pacific time, the
main shock lasting one minute and five seconds. Between this time
and 7 a. m. about thirty minor shocks were recorded. A zone of
destruction 50 miles wide was produced, extending for a distance.of
150 to 200 miles north and south of San Francisco (see the map, fig. 1,
p. 3), beginning at Point Arena, paralleling the coast to Fort Ross,
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passing under the ocean bed just west of the Golden Gate, reappear-

ing on the land at Mussel Rock, and following the Pilarcitos and San

Andreas pipe lines of the Spring Valley Water Company in a direct

line to Hollister. The zone included San Francisco Bay, Russian

River, and the Sonora, Santa Clara, and Salinas valleys. The first

movement was along this zone in a southeasterly direction, and the

vibrations set up on all sides produced a continuous twisting, rocking,

wrenching movement that brought down chimneys, walls, towers, etc.

In the opinion of the California earthquake investigation commission

‘the slip commenced at the northwest end of the zone, and the force

which occasioned the rupturing or shearing movement was a progress-

ively decreasing one to the southeast end. As in the earthquake of

1868, the destruction was greatest in proportion to the nearness to
the fault trace, and in parts built on soft or alluvial soil, or on “ made

ground.” The earthquake as recorded by the seismographs showed a

horizontal movement of about 38 inches and a vertical movement of

about 1 inch, the velocity of propagation being about 2.1 miles per

second. The wave movement was long and slow in hard soil and
rock and comparatively short and incoherent in soft ground.

EFFECTS. ON STRUéTURES OUTSIDE OF SAN FRANCISCO.

In considering in detail the damage wrought by the earthquake
one must look for evidence in the country surrounding San Francisco,
since the fire in that city obliterated most of the signs of the damage.

The greatest loss in the city of San Francisco was principally the
result of the fire, which was rendered uncontrollable owing to the
wrecking of the water-supply system by the earthquake. (See the
maps of the city and vicinity, Pls. LVI and LVIL.) An examination
of the damage to the system at once suggests itself, especially as some
of the main conduits are located on or near the fault line.

The city is supplied principally by gravity from three main dis-
tributing reservoirs, viz, University Mound, College Hill, and Lake
Honda; there are also two supplementary sources—Alameda Creek,
on the east side of the bay, and Lake Merced. The University Mound
reservoir, having a capacity of 33,000,000 gallons, is supplied from
Crystal Springs Lake through 17 miles of 44-inch wrought-iron pipe,
carried for a considerable distance on trestles over the-marshes. The
College Hill reservoir has a capacity of 15,000,000 gallons and is sup-
plied from San Andreas Lake through 14 miles of 44-inch, 37-inch,
and 30-inch wrought-iron pipe. The Lake Honda reservoir, with a
capacity of 31,000,000 gallons, is fed from Pilarcitos Lake through
16 miles of conduit, 14 miles of which is wooden flume and the re-
mainder cast-iron and wrought-iron pipe and brick tunnel. Of the
two supplementary supplies, the water from Alameda Creek is car-
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ried 27 miles, crossing San Francisco Bay through submarine pipes,
and thence passing through the Crystal Springs conduit to the city;
that- from Lake Merced is pumped into the Pilarcitos conchut and
thence to the city.

In company with Herman Schussler, chief engineer of the Spring
Valley Water Company, the writer made a dgt(ulcd examination of the
principal conduits and reservoirs. On the San Bruno marsh the 44-
inch line to the University Mound reservoir had been thrown off the

trestle for a distance of 1,300 feet; and, while the pipe was readily .

repaired, the trestle had to be rebuilt, as many of the timbers had
rotted. Near Baden the line had been telescoped 42 inches, shearing
off an 8-inch gate valve. The reservoir itself was undamaged, yet its
three days’ supply was rendered useless by the breaks in the cast-iron
distributing mains.

The only damage done to the condult between San Andreas Lake
and the College Hill reservoir was at Baden, where the slip joint had
been broken, tearing out.the four cast-iron lugs—an effect indicating
a force of at least 2,000,000 pounds. .

The principal breaks in the Pilarcitos conduit, Whlch was so badly
damaged that the company decided to abandon it, were examined.
This conduit had been located for convenience in one of the long, nar-
row valleys, and therefore on the line of an old fault. Tt is evident
that it would be futile to attempt to build this conduit strong enough
to withstand a slip on the fault line. The breaks in this 30-inch
wrought-iron pipe ranged from 30 inches to 6 feet in length. At
other points it was telescoped and twisted beyond repair. (Sec PlL
IX.) The Pilarcitos conduit crosses Frawleys Gulch on a trestle.
The movement of the earth produced a compression in the pipe line
at this point, which threw it off and wrecked the trestle, and the water
in the conduit leading to the trestle line was released so rapidly that
it formed a vacuum, which caused this conduit to collapse, as shown
in PL. X, 4. The conduit crosses and recrosses the fault for a dis-

. tance of 6 miles south of Frawleys Gulch. The 30-inch wrought-

iron pipe line was torn and twisted at each crossing, while the earth
dam of Pilarcitos Lake was uninjured. -

The San Andreas earth dam lies across the fault, the crossing being
about 100 feét from its east end, and the dam shows a dlstulbance for
a distance of more than 100 feet. One of the worst cracks runs diag-
onally across a culvert 4 feet 6 inches in diameter, which appears to
be uninjured.. Although San Andreas Lake had considerable water
in it, no appreciable loss of head was observed. There is a roadway
over the dam, along which runs a fence. Both were offset at the
fault line about 3% feet. = A wooden flume used for diverting storage
water to the reservoir lines crosses the fault, and was wrecked at that

et
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“point for 50 feet. A brick conduit used for waste purposes extends
across the fault. All the four rings, of hard-burned brick, are laid

in first-class Portland-cement mortar, mal\ing a first-class piece of
~ work in every way. This conduit, which is 9 feet 6 inches in diam-
eter, was crushed together at the cr ossing.

The Searsville dam, a structure similar to the San Andreas earth
dam, 1 mile east of the fault line and ‘parallel to it, was also found
to be uninjured.

Very little damage was done to the pumpmg stations, and the steel
standpipes of this company were not injured. The Lake Honda
reservoir was slightly damaged by a crack in its concrete lining. No
damage was done to the Alameda Creek supply, except to the con-
néction at the Belmont pumping station.

The concrete dam near San Mateo, at the lower end of Crystal
Springs Lake, parallel to the fault line and a few hundred feet east
of it, was undamaged. This dam, a view of which is given in Pl
X1, B, is built of large blocks of concrete, thoroughly keyed together
* and molded in place, each block containing between 200 and 300 cubic
feet. The dam 1s 680 feet long, with a present height of 146 -feet.
When completed it will be 170 feet high, 176 feet thick at the base.
and 25 feet thick at the top. It is arched upstream to a radius of
637 feet. _

The clay-core earth dam of the upper Crystal Springs Lake lies
across the fault line at nearly right angles. This dam is now main-
tained as a county causeway, equalizing pipes having been placed -
through it. At the time of the earthquake the water was at the same
helcrht on each side, and the absence of any “head ” made it impos-
31ble to tell the extent of the damage. The dam moved about 6 feet,
however, this fact being shown clearly by an oftset of that amount in -
the fence which runs across it. The roadway over the dam also
shows the same offset, although not so clearly. :

The water supply of San IFrancisco, as compared with that of other
cities, was fairly good and had a rated capacity of 36,000,000 gallons
per day. The failure to control the fire by reason of the crippling
of the water supply was not due to the failure of the system outside
of the city, but to the breaks in the distributing mains within the
city, which rendered unavailable about 80,000,000 gallons of water
stored within the city limits. These breaks occurred (see the map,
Pl. LVI) wherever the pipes passed through soft or made ground.
No breaks occurred where the cast-iron pipe was laid in solid ground’
or rock. It is evident that in earthquake countries water-supply
pipes, at least, should be so laid as to avoid the action of slips, set-
tling, and ground movements of all kinds. The pipe lines should
also be arranged with gates and by-passes, making it possible to cut
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out any portion of the system which may become crippled. - There
should also be some means of preventlng the loss of water wh1ch is
occasioned by breaks in the house service pipes.

While one of the main conduits was badly damaged wherever it
crossed the fault, this damage was no greater than that done to any
other structure that was situated at the fault line. Structures so
located were torn apart, the gap in the case of a fence (Pl I, B) or
road (Pl I, 4) being from 6 to 20 feet, according to local conditions.
In the country around Fort Ross there were many trees located on
the fault that showed the effect of the slip. Great redwood and
pine trees were either twisted out of normal position or split (Pl. II)
from the roots up for distances of 35 feet or more, even when per-
fectly sound. This splitting action was due to the earth on the west
of the line of faulting moving the roots on that side, a motion which
tended to pull the tree apart. Where the tree had some defect or
was unsound (as from dry rot) the action was even more marked
and the destruction much greater. Redwood trees grow to great
heights and are perfectly str‘ught and to ﬁnd one out of plumb is
very unusual.

Another interesting example of the effect of the slip along the
line of the fault is afforded by the Southern Pacific Railroad bridge
over Pajaro River near Chittenden station. This bridge crosses the
fault obliguely at a very acute angle—about 10°. It consists of two
girder shore spans of 50 feet each and three Pratt truss river spans
of about 100 feet each. The piers and abutments are built 'of con-
crete, with granite coping and bridge seats (Pl. XI, A). The bridge
was badly racked by the movement of the earth, which dragged
the piers and abutments. The movement of the south abutment
was about 24 inches, a distance sufficient to leave the girder with-
out support. The ground also moved a greater distance than the
abutment—perhaps 8 or 10 inches farther. The movement of the
earth tending to pull the piers from under the trusses was resisted
by the anchor bolts, resulting in a cracking of the piers, appar-
ently on the lines marking the different daily batches of concrete
used in constructing them. The granite caps were moved out of
position and many of them cracked, and the anchor bolts were twisted
and bent. The bridge was put into service by the constructlon of a
timber support.

In the vicinity of Los Gatos, where the line of faulting passes
through the Santa Cruz Mountains, it crosses the first tunnel of the
narrow-gage railroad to. Santa Cruz near Wrights. In this tunnel
a portion of the loose roof, of shale on a layer of serpentine or soap-
stone, caved in, completely closing the tunnel. A house on this fault
line near Wrights was split in twain, the movement of the earth
throwing the west side of the house from its foundation (PL X, B).
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The Saratoga reservoir of the San Jose Water Company lies in a
saddle of the Santa Cruz Mountains between Saratoga and Los Gatos,
and the fault line crosses it at right an«rles, the cracks extending
through the body of the dam. The reservoir was. full at the time,
but there was no apparent loss of head. :

As already stated, in the country bordering the line of faulting the
damage done was greater in soft or rtllu_vml soil or made Uround
Most wooden water tanks on low supports were wrecked, not only in
the - vicinity of the fault line but throughout the affected zone, the
failure being due to a lack of lateral bracing of the trestle support.
~ Chimneys generally collapsed, the cause being the unequal movement

of the inelastic brickwork and the usually elastic frame structure
surrounding it. Wooden buildings on good foundations stood well, the
chief damage being to the chimneys and plastering. The alluvial
-or soft soil forming the banks of rivers generally moved toward the
river under the earthquake vibrations, the settling of the ground
being most marked (Pl. VIII, B). The country in the vicinity of
Salinas River presented interesting features of this character. The
county road crosses the river near Salinas on a wooden bridge, and
the slipping of the banks carried the 'south abutment 6 feet toward
the river. The ground was badly cracked and there were a number of
slips in the neighborhood. The road leading to Spreckels’s sugar
mill, 4 miles south of Salinas, was also greatly damaged by the slips.
- Spreckels’s sugar mill (Pl XII, 4) is located on soft alluvium. . The
main building, which is 500 feet long, is said to be the largest sugar
mill in the world. The vibrations of the earth )arred the bmckwork
loose at the end of the bulldlng, which buckled in the middle, where
. theire were no floors above the second floor. The damage to other
buildings was also extensive. The town of Salinas itself was severely
shaken. ~The high-school building and some of the buildings on the
main street were damaged, chimneys were thrown down, and a water
tank of the Southern Pacific Railroad, supported on a steel trestle
near the station, collapsed.

Along the Bay of Monterey the whole shore slipped about 12 feet
into the bay, the movement buckling the rails on a railroad trestle
and the cars dropping about 5 feet. A frame house and surroundings
moved 12 feet, still maintaining their relative positions. In Mon-
terey the principal damage was in the loss of chlmneys and cracking
of plaster. :

At San Jose, located on the soft alluvium of the Santa Clara
Valley, the destruction was extensive. The post-office, a very sub-
stantial building, lost its tower, which was laid up .in lime mortar,
and was deficient in lateral bracing. The walls were of brick with
a 4-inch or 6-inch stone veneer, and there was a wooden-framed slate-
covered apex. The collapse of the tower damaged the pavement, and
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to some extent the building itself. The damage to the hall of
records, along the end walls, was due entirely to defective construc-
tion. The Hall of Justice (Pl. XII, B), which was completed in
1905, had the wall along the cornice line thrown down.  The reen-
fTorced-concrete roof contributed no little to the support of the walls
of the building, and had the stonework been less heavy and of better
quality the damage probably would not have been so extensive. The
high school (Pl XIII, B), a flimsy structure of brick with wooden
_frame, was so badly wrecked that it had to be torn down as a matter of
safety. The destruction of the buildings along First street, the
principal business thoroughfare, was also extensive. Lime mortar,
flimsy framing, poor design, and lack of tie between floor and roof

" - members and walls were ‘the causes of these failures.

Perhaps the worst example of poor design, bad wmkmanshlp,
and poor materials in the earthquake territory, except in the city
of San Francisco, is the insane asylum at Agnew, about 6 miles
northwest of San Jose, consisting of a main building surrounded by
a number of others—all flimsily constructed brick structures with
timber frames. The construction of these buildings, with their
thin walls (in many places devoid of mortar) and light, insufficient
wooden framing, indicates a criminal negligence that is appalling.
One hundred and seventeen patients and attendants lost their lives,
principally from the fall of the central tower of the main building.
The brick stack of the power plant and the towers of surrounding
buildings collapsed. In the farmyard near by is a water tank
supported on a wooden trestle. This tank moved about 10 inches,
while less than a stone’s throw away are four water tanks supported
by a diagonally braced steel trestle, which were undamaged (Pl
XIIL, - 4).

The most interesting ruins are those of the Lel‘lnd Stanford Junior
University, at Palo Alto, 6 miles east of the fault line. These build-
ings were on a soft soil and were therefore subjected to the severest
earthquake conditions; and as they represent several different types
of construction they afford a profitable study in the earthquake-
resisting power of various structures and structural materials. The
destruction was very great, most of the buildings being wholly or
partially destroyed.

Three types of wall constructlon were represented— (1) solid
stone, (2) brick and stone veneer, and (3) reenforced concrete. The
buildings of the first-mentioned type, which were erected by Senator
Stanford by day labor, were examples of good substantial work, and
the damage to-them was not so great. The stone-veneer buildings
represent a later type, resorted to as a matter of cheapness, and suf-
fered the most. The third type, of reenforced concrete, sustained
practically no damage. * The stone-veneer buildings have a 4-inch or



v

EFFECTS ON STRUCTURES 6UTSIDE OF SAN FRANCISCO. 23

6-inch face of stone, poorly bedded, containing a large percentage of
spalls, the lime mortar being of good quality. The construction is
fairly common in other parts of the country. The roof trusses were
not anchored to the walls, but to a great extent were butted against
the walls; the floor joists rested in the walls and were not tied.
Under the vibrations the walls were pushed out of plumb and, having
no proper connection with the floor and roof members, collapsed.

The gymnasium and library presented interesting features. The
dome of the library was supported by a skeleton of steel, and although
the surrounding walls collapsed, this dome was not damaged (PL }xV
4). The gymnasium dome rested on intermediate brick walls, whlch
collapsed with the dome (Pl: XV, B).

The boys’ dormitory (Encina I-Iall) was built of stone, and was one
of the buildings erected by Senator Stanford. The chimneys of this
structure collapsed and crashed through the roof and floors, killing one
student and injuring several others. The walls themselves were but
slightly cracked. The girls’ dormitory (Roble-Hall) had walls of
reenforced concrete with wooden floors. The chimneys on this struc-
ture also collapsed, but no other damage was done, the walls being left
-intact, without any cracks.

The memorial .arch (Pl. XVI) was a poorly designed structure,
100 feet high, with stone-veneered walls. The structure above the
arch ring was hollow, and an attempt had been made to stiffen it by
the use of a number of I beams. These beams were not tied to the
_stonework, but simply rested upon it, and under the action of the
. earthquake they became battering rams and helped to accomplish the
destruction of the arch. The arch as first designed was 75 feet high,
and it will be noted that the earthquake reduced it to the height orig-
inally intended (P1.-XVI, B).

The memorial chapel, one of the most beautiful buildings in thls
country, was almost completely wrecked (Pl. XVII, B) by the col-
lapse of the tower. A platform of steel beams had been placed under
the clock as a precaution against the chance falling of the pendulum,
and this platform saved the clock. The damage done to the mosaic
work and the interior decoration is probably irreparable.

The chemical laboratory was damaged by falling chimneys, and
gable walls were pushed out and suffered considerable damage by the
collapse of the assay stack. The plastering was also badly cracked.
Great damage was also wrought in the power plant of the mechanical
engineering department by the falling of the stack.

The quadrangle, or main academic portion of the 11n1ver91ty, was
built by day labor and was a fair piece of work. The cloister (PL
XVIII, B) suffered considerably, the bases and caps of the columns
being spalled and chipped, indicating that they must have been sub-
jected to a rocking motion. The arches apparently opened up, for in
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a number of them the arch stones had dropped partly out of place.
‘The department of geology (Pl. XVIII, 4), the newly completed end
of the quadrangle, suffered the greatest damage; many of the walls
will have to be rebuilt, having been either cracked very badly or
destroyed entirely. The plastering was badly cracked and showed
the outline of each sheet of metal lath. Where reenforced concrete
was used the ceilings were free from cracks.

The most interesting building is the museum (PL..XIV, 4), which
consists of a central pavilion of reenforced concrete and wings of
brick plastered with cement mortar. The columns of the central
pavilion are solid concrete, having been cast in place. This building
had wooden floors. The wings were wrecked by the earthquake, but
the central pavilion escaped injury, although its contents were more
or less damaged, principally by being shaken from their positions.

Although the destruction at Stanford University was very great,
the character of construction was fair and did not suffer by com-
parison with that used in other parts of the country. The excellent
qualities of reenforced concrete and its ability to withstand earth-
quake shock were strongly demonstrated.

The town of Palo Alto suffered considerably from the earthquake
Chimneys were generally thrown down. A number of buildings
were wholly or partly wrecked, the causes of the failures being
similar to those in other sections, consisting largely of defects in de-
sign, lack of adequate bracing, poor mortar, and bad workmanship.
Three concrete-block bmldlngs were either wholly or partly destroyed
and have especial interest, since they have been cited as evidence of.
the failure of concrete blocks.” Two of these buildings are located on
Alma street opposite the station and on opposite sides of University
avenue—the Thiele Building (Pl XVII, 4), a partially completed
three-story structure, which was entirely wrecked; and the Fuller
Building, a two-story structure, which also collapsed. The concrete-
block walls, 13 inches thick, laid in cement mortar, were not braced
in any way—the joists, 1} by 13, simply resting upon the wall. When
the building vibrated, the wall was pushed out and collapsed because
there was nothing to restore it to its normal position. This defect
was more clearly shown in the one-story building of Vandervoort
Brothers (Pl. XIX, B), in which the roof truss was simply butted
against the block wall without tie or other connection.

At Santa Rosa the destruction was greater than in any other section
affected by the earthquake, and the fire that followed completely
. wiped ouit the business section of the town, which suffered a greater
proportionate total loss than San Francisco. A concrete-block build-
g (Pl XIX, 4) in this town escaped with slight damage at the
cornice only, where the blocks were thrown down, the reason
being that the walls were tied to the roof timbers by tie-rods which
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held the walls and roof togethér and made them move as a unit.
The cornice was rebuilt before the view wvas taken. While blllld]ll"‘S
of brick and stone collapsed all around this one, it received practi-
cally no damage and demonstrated that structures that will success-
fully withstand earthquake shock can be built of concrete blocks. -
The other buildings at Santa Rosa did not present any interesting
features, as they were mostly defective in design and workmanship
and the material. was generally poor. - The city hall, the court-house
(PL. XIV, B), the Masonic Temple, the Keegan-Brush Building, and
the St. Rose Hotel were all completely wrecked, and added their
testimony against poor mortar in brickwork, light wooden fr’tmes
and insufficient bracing.

Towns like Berkeley and O'tkland did not suffer as greatly from
the earthquake as many neighboring towns, the reason lying in the
fact that these towns are built on solid ground or on rock. In Berke-
ley, while chimneys were shaken down, there was no extensive earth-
quake damage. The Greek Theater, a massive structure of concrete,
was uninjured In Oakland, however, greater destruction occurred.
Just outside of Oakland is located the Mills College for Girls. The
science “building had brick walls plastered with cement mortar,
and was con51derab]y damaged by the shaking it received and the
falling chimneys. The building had wooden floors and was con-
siderably racked, the walls being pushed out slightly. Within a few
feet is the bell tower (Pl. XX, B), a reenforced-concrete structure
80 feet high with walls 4 inches thick, which was not damaged in the
slightest degree.

CONDITIONS IN SAN FRANCISCO.
GENERAL EARTHQUAKE CONDITIONS AND EFFECTS.

Within the city of San Francisco (see the map, PL. LVI) the havoc
wrought by the earthquake depended on the character of the con-
struction and its foundation. Bordering San Francisco Bay, from
Telegraph Hill to Mission Cleek, the land consists of mud flats, which
have been gradually filled in, and on this land many large com--
mercial buildings had been erected, among others being the Union
Ferry building, the post-office, the mint, and the custom-house.
-Adjoining th_is ﬁ]led land was comparatively level ground composed.
of sand and clay formed by the wearing away of the hillsides and by
the incoming sand from the seacoast—a fringe of 'soil on which were
located many of the principal buildings. From Telegraph Hill
southwestward along Russian Hill to Sutro Heights runs a ridge of
rocky hills composed of indurated clay shale, with serpentine and
other rocky formations on their highest sumnuts
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The signs of destruction wrought by the earthquake in the city of
San Francisco were more or less obscured or in many places entirely
obliterated by the fire. The best evidence of the earthquake can
therefore be obtained outside the burned district, and the following
notes cover the most important examples of damage due to the

Irthque alone.

As in districts outside of San I“rancrsco, the greatest damage was
done to those structures having insuflicient fOund‘LthDS built on soft
alluvium or filled ground. The settling of the ground in the mud
flats along San Francisco Bay and of the filled ground in old water
courses was. accompanied with great destruction. It was in such
ground that the greatest number of breaks occurred in the cast-iron
gas and water mains and the sewers. The breaks in the sewers werc
not so evident as those in the gas and water mains, for the reason that

" the latter were under pressure and breaks in them resulted in breaks
in the streets themselves. The most noticeable destruction resulting
from the settling of soft or filled ground occurred in Howard and
Shotwell streets between Seventeenth and Eighteenth streets, Bryant
street betwen Ninth and Tenth streets, Dore street between Bryant
and Brannan streets (Pl. VI, 4), and at the corner of Seventh
and Mission streets. The settling was greatest in Howard, Dore, and
Bryant streets, being in Dore street at least 5 feet.

On solid ground the earthquake had a rocking effect which pro-
duced X cracks (Pl. XXII, 4) in the brick or stone walls of those
buildings which were deficient in diagonal bracing. This was espe-
cially true in the upper stories of tall buildings, the cracks generally
appearing in the piers between windows or around doorways. The
brick curtain walls of buildings well braced diagonally, brick. walls
reenforced with band iron, and well-buttressed brick walls, as in such
old structures as the Palace Hotel, Sailors’ Home, St. Mary’s Hos-
pital, Synagogue Emanuel (Pl ‘{‘{I, B), and others, and walls of
reenforced concrete proved best adapted to withstand this rocking
action. The Palace Hotel was stiffened with cross walls in addition
to the band-iron reenforcement in the brickwork, and is in good con-
dition as far as earthquake effects are concerned. It was completely
gutted by fire, however (Pls. XXX, B; LII, B), being a nonfire-
proof structure with wooden floors and roof which yielded readily. -

Weak and flimsy framing, insufficient bracing, and poor mortar
were the cause of most of the failures in San Francisco. The, Albert
Pike Memorial, a recently completed building on Geary street west
of Fillmore, was seriously damaged, and so also was the adjoining
Jewish synagogue (Pl. XXT, 4), which had not been'quite completed.
Both buildings are examples of defective design and workmanship.
In the girls’ high school the damage to the brick walls resulted from a
lack of proper tie between the floor and roof timbers and the walls
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and the poor quality of the mortar used in the brickwork. Again,
in the Hahnemann Medical College, on California street near Maple
street, the destruction of the end walls was the result of bad design,
the Ioof trusses butting against the walls and the floor timbers resting
upon the walls without adequate tie. The poor quality of the mor-
tar permitted a re‘Ldy disintegration of the brick-veneered walls,
although some'band iron had been used for the purpose of str ength-
-ening them. The Cathedral of St. Dominic, with its high, unblflced
brick walls and its peculiar wood-sheathed spires, also proved a
victim of poor design and workmanship; the sheathing on the spires
was shaken off and the collapse of the walls IeSulted in extensive
damage to the interior.

In interesting contradistinction to these failures was the Sailors’
Home, erected in 1858 for use as a marine hospital and condemned
as unsafe after the earthquake of 1868. 1Its heavy brick walls, reen-
forced with band iron and further stiffened by cross walls thmoucrhly
bonded, are in excellent condition. The building rests upon rock
and the framing is excellent; the rafters are fastened to a wall
plate which ties the walls, causing the structure to move as a unit.
The only cracks occurred where partition walls which had been added
were shaken loose from the main walls and around the archways
leading to the main stairway on the second and third floors, where
no extra stiffening of the walls had been provided. The building in
all other respects suffered no damage, there being no new cracks
apparent in the exterior walls. )

The old red-tiled Spanish Mission Dolores (Pl. XXIIT, B), built
in 1777, with its adobe walls and wooden frame, was not injurved,
" while its more modern successor was greatly damaged. The com-
plete collapse of the tower of the new Mission Dolores was not
brought about directly by the.earthquake, but the damage was such
that the tower had to be taken down, as shown in Pl. XXIII, B.

The group of buildings comprising the plant of the San Francisco
Gas and Electric Light Company, built on the soft ground along
San Francisco Bay just west of Fort Mason, was badly shaken, and
none of the bul]dmcrs escaped damage. The collapse of the stack
wrecked the light sl'lte covered iron roof of the power house and
started the fire that destroyed the roof of the boiler house. The
ground settled very considerably under the vibrations of the earth-
quake, and further destruction was caused by the unequal settling
of the building. The main shock appeared to come from the north,
and the north walls received the greatest damage. The end wall of
the retort house was pushed out 1 foot at the center, but was saved
from collapse by the tie-rods which held it to the roof truss. The
walls were cracked at the northwest and northeast corners. The

scrubber and gas-tar holder houses were wrecked, the heavy wooden
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roof trusses collapsing. Nearly every wall was moved slightly, but
~ the brickwork was generally very good, and apparently had cement in °
it. The exhaust house had thrée intermediate walls, 18 inches thick
at-the top. The north wall and the next one fell into the building,
the side walls being pushed out 6 inches. The building had wooden
roof trusses and the north truss cracked at the center mortise. The
floor settled badly around the condensers. The gas holder collapsed
from the sudden release of the gas due to a break in the mains. The -
trestle pier extending into the bay also collapsed.

Most of the structures built on. piles along the bay suffered. consid-
erable damage, especially. the frame sheds on the wharves. The.
* Union Ferry Building (Pl. XLVI, 4), the terminus for all the fer-

ries plying on the bay, is built on piles. It was more seriously dam-
aged by the earthquake than would appear at first sight, and barely
escaped the fire also. It 1s of interest to consider in some detail the
behavior of this structure under the action of the earthquake. The
ten-story tower was so seriously damaged as to require the removal of
the masonry walls, and will probably have to be rebuilt. This tower
consists of a steel frame which was inclosed with heavy sandstone
walls backed with brick for several of the lower stories, and with
sheet metal above. The floors above the masonry part were of stone
concrete reenforced with expanded metal between I beams. The brick
walls were badly shattered, and a large section was thrown out just
below the clock on the west front, while on the east front a large mass
fell through the skylight onto the upper story of the main building.
There were but few cracks in the north and south walls. The steel
time-ball staff was badly bent, indicating a considerable movement of
the top of the tower, probably resulting from the first shock. The
steel work was severely racked, the greatest damage being just below
the middle. Some of the diagonal braces were sagged, having been
stretched beyond their elastic imit (Pl. XLVI, B). In the southeast
corner of the third story the bottomr and top loops of one of the 2-inch
square diagonals were pulled apart, and several of the rivets in the
angle connection were sheared oft; in the southwest corner also the
top diagonal loop pulled apart, the diagonal being considerably bent;
in the northwest corner seven of the eight #-inch rivets in the angle
of the connection for the diagonals were sheared off (Pl. XLVTII, B) ;
“and in the northeast corner all but 2 inches of the top angle was
sheared, and the north diagonal was bent, the loop having been pulled
apart. On the second floor, in the northeast corner, the top east -
diagonal connection pulled away, shearing the rivets; in the south-
east corner the top angle of the diagonal connection sheared for
about 2 inches, and four of the 1-inch rivets holding the cover plate
of the southwest column (Pl. XLVII, 4) were sheared, as were also
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two of the rivets holding the clip support for the west girder. The
" floor of the main huilding consisted of groined arches of stone con-
crete springing from concrete piers supported by cluster piles. The
self-supporting walls of sandstone backed with brick were more or
less shaken, and the piers of the driveways were badly cracked; the
floors were of stone concrete reenforced with expanded metal between
T beams and ‘supported by cast-iron columns. The concrete in this
building appeared to be undamaged. : : .

Most of the entrances to the cemeteries were wholly or partially
wrecked, and the burial vaults and gravestones were all more or less
disarranged. It has been estimated that perhaps 60 per cent of the
monuments, vaults, ete., in cemeteries were overturned or moved.

In Golden Gate Park nearly every stone or brick structure was
damaged. The emergency hospital, a single-story brick and stone-
veneered building, lost its gable walls and was damaged in the same
manner as other structures having improperly bonded walls laid in

“lime mortar, and deficient in proper ties between the masonry and the
" other stmctuml parts. The gable walls of the restaurant in the
children’s playground were thrown down by the earthquake, but
the greatest: damage resulted in the settling of the foundation of one
of the columns, which caused the collapse of the structure. The
music stand, a stone-veneer brick-backed structure, was racked and
shaken. Part of the pediment was shaken Joose, and many of the
columris were spalled and moved. Some of the walls of the museum
were thrown down, and its contents were more or' less damaged.
- All the monuments were damaged. The Francis Scott Key monu-
‘ment (Pl. XX, 4) was racked so badly that the arch stones were .
- shaken loose, the columns spalled at cap and base, and the monument
as a whole moved on its foundatlons

The most interesting structure in Golden Gate Park i is the cvclo-
rama (Pl. XXIII, 4), on the top of Strawberry Hill, built abont
fifteen years ago. The top of the hill had been leveled off in order to

* form a foundation. The cyclorama consisted of circular walls of
reenforced concrete, the aggregate of which was a hard shale crushed
to concrete size. This material was very inferior and yielded a poor
concrete. The reddish-brown effect was obtained by means of a
veneer (1} to 4 inches thick) of a concrete consisting of crushed brick,
sand, and cement. The reenforcement in the base consisted of four
I-inch .cables -of thirty strands each. The reenforcement of the
columns consisted of 4-inch twisted bars and 4-inch stirrups. The
entrance, with its very heavy, massive top, should have been of hol-
low-construction reenforced concrete. The settling of the foundation
or fill under the vibration of the earthquake caused the structure to
collapse. The slip (Pl. XXII, B) occurred principally on the north-
cast side, the movement -being 4 or 5 feet. The principal crack in



30 THE SAN FRANOCISCO EARTHQUAKE AND FIRE.

the base was about 11 inches wide, with a half-inch horizontal
crack leading from it along the reenforcement. The floor is in good
condition, except the pavement, which broke into blocks, most of the
planes of fracture coinciding with the actual joints between the dif-
ferent sections. Under the circumstances—the undermining of the
foundation by the slip as described—the structure developed remark-.
able strength. No brick or stone structure could have stood the shock
so well. The rustic.railing around the outside of the walk (PL
XXII, B), which was of wrought-iron pipe covered with wire mesh
and plastered with Portland-cement mortar, was distorted by the slip,
but otherwise uninjured. ’

At the bottom of Strawberry Hill is a bridge crossing over Stow
Lake. This bridge is made of concrete, and showed no signs of
cracking, although the banks of the lake slipped into the water.

BEHAVIOR OF INDIVIDUAL STRUCTURES.

GENERAL STATEMENT.

The numerous fires that broke out all over the city were doubtless
caused by the collapse of chimneys and the breaking of electric con-
nections. These fires were at first confined to the territory south of
Market street, and it is said that by 8 a. m. on the morning of April
18 more than fifty fires were recorded. The early failure of the
water mains rendered the city helpless and placed it at the mercy of
the flames, the fury of which for three days threatened to complete
one of the greatest disasters of recent years and to obliterate one of
the most beautiful cities in the country. The conflagration was
finally checked, at the barrier presented by a wide avenue, by a
change in the direction of the wind and through the efforts of the
fire department, using water pumped from the bay at the foot of
Van Ness avenue.

San Francisco consisted principally of frame and brick structures,
with perhaps forty or niore so-called “fireproofs,” a few buildings
of slow-burning construction, and the substantial Government build-
ings. Many of the buildings contained mercantile stocks, and most
of them were exposed to exterior fire conditions of maximum sever-
ity. Since every type of construction was represented, the ruins
afford a most excellent opportunity for comparative study, although
the scope of the information obtained is incomplete, as a water test
is lacking. ‘ :

In comparing the behavior of the various structures and structural
materials it has been thought best to describe the condition in which
certain individual buildings were left by the earthquake and fire,
and to present the salient features of these buildings by illustrations
with descriptive legends. The following descriptions, which for
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convenience are arranged in alphabetical order, cover the structures
not previously mentioned that were inspected by the writer, the
total number embracing nearly every building that was left stand-
ing in the burned district. The locations of these buildings can
be found by reference to the map, Pl. LVI, and to the panorama,
Pl LV.

ACADEMY OF SCIENCES BUILDING.

‘The Academy of Sciences building, 819 Market street, views of
parts of which are shown in Pls. XXIV, 4, and XXV, B, was of
ordinary concrete construction and six stories high, and was com-
pletely destroyed. -

A six-story annex having brick walls, concrete-filled cast-iron col-
umns, and reenforced-concrete floors, was connected to' the main
“building on the rear. The brick walls of the annex were badly
cracked by the earthquake, and the building was subsequently com-
pletely gutted by fire. The structure itself passed through a fairly
hot fire successfully, although surrounded by buildings which were
completely wrecked. Plaster of Paris was used on the concrete-filled
cast-iron columns and seemed to stand fire much better than lime mor-
tar. These columns are:shown in Pl. XXV, B, a view taken from
the third floor looking southeast.- An ‘interesting feature of the
building was the concrete-filled cast-iron column that supported the
south wall. Owing to the unequal expansion of the cast iron and the
concrete the cast iron failed, bulging from the heat and cracking on’
cooling, as shown in Pl. XXIV, 4. The #-inch or 1-inch thickness
of concrete which covered the reenforcing bars proved insufficient in
the basement, where the fire was fairly hot. The heat expanded the -
bars, thereby ripping off the concrete layer and leaving the rods
exposed.

ATNA (YOUNG, OR COMMISSARY) BUILDING.

The five-story Atna Building (Pls. XXIV, B; XXV, 4 XXIX,
B), on the southwest corner of Spear and Market streets, was occu-
pied by the Sellers Brothers Hardware Company. It was.built on
piles and had self-supporting walls of gray granite, pressed brick,
and terra cotta. The steel columns and girders were fireproofed with
expanded metal, plastered. The expanded-metal reenforced-concrete
floors rested upon steel girders with intermediate ribs of concrete
supported by 5-inch by 4-inch bands of steel without fireproofing
which hooked onto the top flanges of the girders.

One panel of the fifth floor, which was rather heavily loaded with
tin plate, collapsed because of the expansion of the above-mentioned
steel bands from the heat, which was sufficient to volatilize the tin
even from the middle sheets of the pile. The fall of the load of tin
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plate caused the failure of the third floor, as shown in Pl. XXIX, 5.
The plaster protection of the columns was in fair condition, and the
columns were uninjured. The principal damage from earthquake
was to the brick walls, the south and west walls showing a number of
cracks. The granite trimmings around the doorway and the terra-
cotta trimmings of the building were badly spalled by the fire, as
shown in Pl. XXTV, B. The basement, floor, which was of concrete
7 or 8 inches thick, was pushed up under the sidewalk, reducing the
headroom at this point from 8 feet to 33 feet, approximately. - This

“bulging was probably caused by settling (Pl. XXV, 4), as the

foundation piling did not extend under the sidewalk.
APPRAISERS’ WAREHOUSE (UNITED STATES CUSTOM-HOUSE).

The four-story custom-house building, on Jackson, Washington,
and Battery streets, shown in Pl. XXVIII, 4, passed through both
earthquake and fire without injury, although located on the alluvial
flats. All the bu1ld1ngs around it were burned, but the fire did not
gain a foothold in this building, and there was, therefore, no fire test.
As an example of successful resistance of the earthquake test, how-
ever, this building stands as a favorable testimony to first-class mate-
rials and workmanship. The walls were of brick, with granite
ornamentation, and the roof was slate covered. The partitions and
cross walls were all of solid brickwork, and the only damage that they
sustained consisted of a few cracks in the archways near the stairways
on the upper floors.

ARONSON BUILDING.

The ten-story Aronson Building, on the corner of Third and Mis-
sion streets, had a steel skeleton with hollow-tile partitions and fire-
proofing for the columns. The floors were of concrete reenforced
with expanded metal. '

Two of the columns on-the first floor buckled by reason of the fail-
ure of the hollow tile (Pl. XXVII, 2), the columns being shortened
about 10 inches. Columns also buckled in the basement and on the
fifth, eighth, and tenth floors. 'In the basement two columns were
fireproofed with concrete, and remain in first-class shape, but near
them are two badly buckled columns which were fireproofed with
terra cotta. This result 1s an excellent object lesson on the merits of
the two systems of fireproofing. The sandstone was badly spalled by
fire, and the walls were badly racked by the earthquake. The cast-
iron stairways were very much damaged. The fire in this building
was not severe. '
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BEKINS VAN .AND STORAGE COI\IPANY’S BUILDING. -

The. building in process of construction by the Bekins Van and
Storage Company, at the corner of Thirteenth and Mission streets,
was the only example of the pure type of reenforced concrete in the
city (Pl. XXVII, 4). Two of the six floors were erected, the walls
being made of brick laid in lime mortar and the floors and columns of
reenforced concrete.

The walls were badly cracked by the earthquake, but the reenforced
concrete was not injured. Considerable furniture stored in the
building was burned, and the heat slightly ‘blistered the under surface
of the concrete floor, which was still green at the time of the disaster.

BULLOCK & JONES BUILDING.

The Bullock & Jones Building, on Sutter street west of Mont-
gomery street, is an eight-story steel skeleton with floors of reenforced
cinder concrete, hollow-tile partitions and column protection, and
bearing walls of ornamental terra cotta and terra-cotta pressed brick.
The reenforced-concrete floor arches were haunched between steel
girders, but were not continuous over the girders.

The earthquake damaged the outside very considerably. The build-
ing is of rather flimsy construction, and.it is a wonder that the fire
did not wreck it. The terra cotta was badly spalled by the fire,
especially around the windows, and the hollow tile failed badly, both
in partitions and as column protection. The 3-inch terra-cotta parti-
tions failed generally, and several columns buckled on the third and
cighth floors (Pl. XXVI, 4). The elevator inclosure, which was
plastered on expanded metal, failed, as did also the cast-iron stair-
ways. The wood covering of the floors and the wooden nailing.
strips were burned. The concrete floor is in excellent condition. A
few panels collapsed where the steel girders were displaced. The
distorted unprotected beams and girders around openings show.
strikingly the folly of unprotected steel work.

CALIFORNIA CASKET COMPANY’S BUILDING.

The building which was in process of construction on Mission
street between Fifth and Sixth streets by the California Casket Com-
pany was seven stories in height and had a steel skeleton and floors of
reenforced cinder concrete. The self-supporting walls were built on
the sides and vear of brick and on the front of brick faced with
sandstone, which was spalled by the heat, although there was no
stock and little combustible material in the building. The columns
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were fireproofed with concrete. The brick protection around many
of the columns was jarred loose, and the brick vaults on the first, sec-
ond, and third floors were badly cracked areund the archways of the
openings into them, as shown in Pl. XXIX, 4, a view of a vault in
the second story. The stairways were constructed of concrete with
steel channel horses and were cracked in a number of places, espe-
cially at the landings. Some of the wooden window frames were
burned, but the fire was not very severe either in the building or sur-
rounding it, the greatest damage resulting from the earthqualke.
The partitions inclosing stairways and elevator shafts were of the
usual flimsy metal lath and plaster type. The walls were so badly
cracked as to require partial 1Lbu11dlng, cspcually at the southwest
and northwest corners.

CALL (CLAUS SPRECKELS) BUILDING.

The Call Building (fifteen stories besides the dome), corner of
Third and Market streets, was one of the best-designed skeleton build-
ings in San Francisco. It was fairly well braced laterally, and the
workmanship was first class. It stood the earthquake shock well be-
cause of its excellent foundation, which extended 25 feet below the side-
walk and consisted of a grillage of steel beams embedded in concrete.
The main defect was in the fireproofing of the floors and columns,
in which terra cotta was used, and the greatest damage to the build-
ing was from fire. Although some of the diagonal braces were bent
and had apparently been stretched so as to take a permanent set, the
general behavior of the structure demonstrates that high build-

.ings subject to earthquake can be erected wﬂ;h safety even on sand

toundatlons

The floors were of reenforced concrete up to the seventh story and
of hollow-tile arches above, topped with cinder concrete. The par-
titions were principally 3- inch hollow tile, and these failed very gen-
erally. The terra-cotta fireproofing around the columns proved mef-
fective, and although the steel did not buckle, the paint had been
burned off the metal. Wood floors laid on wood nailing strips were
used in all offices and were all destroyed by fire.. The marble tiling
and wainscoting of the corridors was either shalken down by the
earthquake or destroyed by the fire. The stairways had cast-iron
horses and marble treads, most of the latter being calcined. The
suspended wire lath and plaster ceilings were generally destroyed
because of the lack of proper fastenings. The curtain walls of
granite and sandstone were not damaged by the earthquake, but were
considerably spalled by the fire.
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Cl_-lRONlUthl BUILDINGS.

The Chronicle buildings, corner of Market and Kearney streets,
comprised an old ten-story structure and a new fifteen-story annex
that was in process of construction, both shown in P1l. XXX B. The
old building consisted of steel beams and protected cast-iron columns,
with self-supporting walls, which had a brownstone front up to the
second story and. were ornamented with terra cotta above. The
floor was of hollow tile, filled with cinder concrete and covered with
wood. The cast-iron columns were fireproofed with 3-inch hollow
tile, and 4-inch hollow tile was used for the partitions. The terra-
cotta partitions and fireproofing entirely collapsed. The building
appeared to have stood the earthquake shock, and received its prin-
c¢ipal damage through the fire. The collapse of the western section
of the building was probably due to the buckling of the cast-iron
columns. ' : o .

In the annex terra-cotta hollow tile was used for the floor con-
struction, 4-inch hollow tile for the partitions, and 3-inch hollow
tile for fireproofing the columns and girders. The curtain walls
were built of.sandstone, with terra-cotta trimmings for the front
walls of the first and second stories, and brick and terra cotta for
the remainder. The building was racked considerably by the earth-
quake, the front walls developing the characteristic X cracks (a
number of which may be perceived by a close inspection of Pl
XXX, B), due to a lack of diagonal bracing of the steel skeleton.
The tiling failed extensively, the lower webs spalling off and the
columns buckling in the southwest corner on the upper floors above
the roof of the old Chronicle Building. There was little combustible
material in the building, and the trim had not started; a few of the
wooden window frames only burned; so that the fire test was not
great. ' ‘ ’

CITY HALL AND HALL OF RECORDS.

The city hall (Pl. XXXI) was a brick building, at City Hall

-avenue, Larkin street, and McAllister street, consisting of steel floor,

beams and corrugated-iron arches with cinder-concrete filling. It
was wrecked by the earthquake and subsequently gutted by the fire.
A prominent feature was a central tower, surmounted by a dome

built over a structural steel skeleton. Grouped around the dome’

‘were a number of cast-iron columns of half-inch metal filled with
brick concrete supported on brackets. Some of these columns in
falling broke into small picces. The brickwork was completely
-shaken from the central tower. The cement-plastered brick walls
were laid in lime mortar of generally poor quality and without
adequate tie to the steel work, In some places there was an absence
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of any mortar, but in others it was very g good, the buck walls falling
in large masses and the broken bricks showing the mortar to have
been the stronger. The massive architectural ornamentations were
top-heavy and lacked adequate bracing. The ceiling was formed of
corrugated metal against which the mortar plaster was pressed, with
intermediate brick partitions where the span of the beams was too
great. The expansion of the corrugated-iron arches by the heat
produced a rise at the crown, and the softening of the iron caused
the arches to fail; they would have been much stronger without the
unprotected corrugated iron.. In the treasury department a granite
column was badly spalled by the fire. The building was a monu-
ment of bad design and poor materials and workmanship, and was_
not, therefore, of such a character that it could be expected to~
resist successfully the effect of earthquake or fire.

The damage done to the hall of records by the earthquake was not
serions; and consisted of the falling of a small section of brickwork
from the third story on the west side and other cracks in the walls.
The fire, however, destroyed the contents of the building, leaving only
the shell standing.

CROCKER BUILDING.

The ten-story' Crocker Building, corner of Powell and Market
streets, was a steel-skeleton structure, with hollow-tile floor arches,
partitions; and fireproofing for columns and girders.  The first two
stories of the self-supporting walls were granite, and the remainder
buff brick with terra cotta.

On the ninth and tenth floors the light Pheenix columns buckled
through the failure of the hollow-tile fireproofing. The fire was only
moderate, however, and except on- the ninth and tenth floors the
steel appeared to be in good condition. The weakness of hollow floor
tiles for carrying heavy loads was demonstrated in a number of
places where the tile floors had been broken by the fall of safes.
The lower webs of the floor tiles had failed over extensive arcas.
The stairways, with their cast-iron horses and slate treads, were nct
damaged to any great extent. The floors were topped with cinder
concrete and covered with wood in the offices and with mosaic in
the corridors.

EMPORIUM.

In the building known as the “Emporium,” 825-855 Market
street, west of the Academy of Sciences, the first two stories were
fireproofed” with terra cotta. Slow-burning wooden construction
was used above the second floor. As shown in Pl. XXXII, very
little of this structure save the exterior walls was left standing.
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FAIRMOUNT HOTEL.

The six-story Fairmount Hotel, California, Mason, Powell, and
Sacramento streets, was nc;u]y complctcd, and the only combustible
in it was the lumber used in constr uction. It consisted of a steel
skeleton with floors of cinder concrete reenforced with expanded
metal. The walls were self-supporting and were constructed of
granite backed with brick up to the third floor and of light-colored
terra cotta in the upper stories. The ceilings were of the suspended
type plastered on metal lath. The original plans called for the
columns to be fireproofed with concrefe, but because of the greater:
expense of this material the plans were changed and the e\p‘mdud
metal and plaster partitions were molded around these columns. The
result was that even under the moderate heat to which the building

was subjected about 40 of the columns buckled, including 23 on the
third floor alone (Pl. XXXTIV), and the partitions were completely
wrecked. The effect of the earthquake shock was principally con-
fined to the west end of the north front. The terra cotta was spalled
considerably and the granite only shghtly by fire. The exterior dam-
age was not very great. '

JAMES FLOOD BUILDING.

.

The steel-frame twelve-story James Flood Building, on the north-
east corner of Powell and Market streets, was constructed with seg-
mental hollow-tile floor arches topped with cinder concrete and sus-
pended ‘ceilings plastered on metal lath. The columns were con-
structed of Z bars and were filled with common brick to the outer
edge of the section and the whole inclosed with 3-inch hollow tile.
This tile failed (Pl. XXXV, 4), although the fire could not have
been very severe, for the wooden floor in the offices was only partly
burned and there were a number of wardrobes and switch boxes of
“wood, besides the door and window frames and wainscoting, which
were not burned. The stairways, which had cast-iron horses and
marble treads, were in fair condition.- The corridors were tiled with
_marble. The stonework was very slightly spallcd by fire, and the
principal damage by earthquake was a cracking of the sandstone at
several of the entrances (Pl. XXXITI, B).

GRANT BUILDING. -

The lower floor of the Grant Building, at the southeast corner of
Seventh and Market streets, was used for a bank, the upper floors for
offices. It was eight stories high and had a steel frame with cinder-
concrete floors, the beams and girders being of solid concrete. The
first story had self-supporting walls of sandstone, and the remaining

7171—Bull. 324—07—4
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stories walls of pressed terra-cotta brick, trimmed with sandstone..
Hollow tile was used to fireproof the columns and for the partitions.

The cast-iron stairways with marble ‘treads were damaged but
slightly. The hollow-tile partitions were badly wrecked, most, of
them being thrown down. The building was injured considerably
by dynamiting, which partly disguised the damage caused by the
earthquake. '

HOTEL HAMILTON,

The twelve-story apartment house known as the Hotel Hamilton, on

- the north side of Ellis street between Mason and Powell streets, was

a steel-skeleton structure with floors of reenforced concrete and gird-

ers and beams of solid concrete. Plastered wire lath served as

fireproofing for the columns, and the suspended ceilings were of the

same material. This construction may be seen in Pl. XXXVI, 3.
TFour-inch hollow tile was used in the partitions.

The marble treads of the cast-iron stairway were to a large extent
calcined. A number of the columns buckled on the first, sixth, and
seventh floors, the wire lath being entirely insufficient. This buckling
caused the floors throughout the building to settle. The damage by
earthquake to the curtain walls was slight. The sandstone finish of
the first four floors spalled but little from the heat; tlie terra cotta
above, however, was considerably spalled. ,

'
HIBERNTA SAVINGS AND LOAN SOCIETY’S BUILDING.

The two-story bank building of the Hibernia Savings and Loan
Society, on the northwest corner.of McAllister and Jones streets (PI.
XXXVII, 4), was constructed with two street fronts of granite and
rear- walls of brick. The gallery and a portion of the second floor
were constructed of brick and concrete arches. The cetlings and
" ornamental work were plastered wire lath. The dome was sheathed
with copper. The granite fronts, especially around the doors and
windows, were badly spalled by fire; other damage to the structure
was confined almost entirely to the roof.

HOBART BUILDING.

The five-story Hobart Building, on the north side of Market street
near Post street, had bearing walls of brick faced with granite up to
the second story and of brick trimmed with terra cotta for the remain-

~ing stories. . The framework consisted of cast-iron columns with steel
girders and beams; the floors of segmental arches of plain concrete.
The cast-iron columns were fireproofed with brick in the basement,
and with wire lath and plaster on the first floor. The partitions were
of 4-inch hollow tile. The ceilings were plastered wire lath attached
to the lower flanges of the beams.
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The granite columns were spalled practically to destruction by fire,
as shown in Pl XXXVI, 4. The fire in one section appeared to be
very hot and caused a collapse of one of the floors, which was followed
by the failure of the other floors of that section of the building.

JACKSON BREWING COMPANY’S BUILDING.

The plant of the Jackson Brewing Company, on the southeast
corner of Eleventh and Folsom streets (Pl. XXXVII, B), was in
process of construction and was wrecked by the earthquake, the
damage by fire being but slight.  The brick walls were laid in lime
mortar of poor quality. The steel beams and girders were supported
by cast-iron columns. Many of the various steel members were
bolted together with an insuflicient number of bolts, the girders
and beams vesting upon the walls without any tie; the columns,
girders, and beams were not fireproofed, and in the eastern half the
concrete floor slabs, 6 iriches thick, were without reenforcement. Sev-
eral persons were killed by the collapse of the tower. That this build-
ing should have been wrecked is not surprising, as the design was bad
and the material and workmanship were very poor.

HALL OF JUSTICE.

A steel frame and floors of cinder concrete reenforced with ex-
panded metal were used in the Hall of Justice, at the corner of
Kearney and Washington streets. The earthquake largely wrecked
this building (Pl. XXXIX, 4). The cupola of light steel angles
collapsed from the heat after being racked by the earthquake. The
walls were laid in lime mortar, and the floor panels were stiffened,
as in the Atna Building, with 5 by § inch steel bands. The floors
were wood covered and were burned. The suspended ceilings were
of plastered expanded metal lath, the partitions of 3-inch expanded
metal, plastered, while the columns had a double layer of plastered
expanded metal with a 1}-inch dead air space between. The sus-
pended ceilings failed, as shown in Pl. XXXV, B, a view taken on
the second floor. One of the central basement columns buckled
and collapsed 18 inches, presenting the appearance of having punched
a hole in the floor. Two of the six-cell prison cages fell through
the floors into the basement. The cast-iron stairways with marble
treads are in fair shape.

KAMM BUILDING.

The seven-story L-shaped Kamm Building, on Market street, west of
the Call ]3ni1c'ling and adjacent to it on two sides, had a steel skeleton
and self-supporting sandstone walls. The floors were of reenforced
stone concrete, covered with wood, with hollow partitions and sus-

9
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pended ceilings of plastered wire lath, the steel columns, beams, and
girders being also fireproofed with pla%ter ed wire lath.
The rear structure collapsed when a number of columns in the base-

ment buckled under the intense heat produced by the burning. wall

paper, of which there was a large quantity stored in the bdsunent
KOHL (HAYWARD) BUILDING.

The Kohl Building, on the northeast corner of California and Mont-
gomery streets, which presented a number of interesting features, is
of a modern type of steel-skeleton construction, 11 stories in height.
The floors were of concrete, reenforced with expanded metal, and the
columns were incased with e\panded metal, plastered: The partitions
were made of hollow tile, with metal-covered frames, doors, and
windows. The suspended ceilings were of plastered expanded metal.

The earthquake did but little damage, breaking a few panes of glass
and loosening the marble wainscoting. Theré were also a few cracks
in the stone facing at the southwest corner of the first floor. The
first, second, third, fourth, and part of the seventh floors were burned,
the remainder-of the building being undamaged. The structure was
surrounded by a series of rather low buildings, and the fire was not
severe either on the outside or inside. The character of the inside
trim prevented to a considerable degree the spread of the flames.
One defect in the construction was in the use of plate g vlass instead of
wire (rlass for the doors and windows.

MAJESTIC THEATER.

The Majestic Theater, at the corner of Ninth and Market streets
(Pl. XXXIX, B), although one of the largest and best of the San
Francisco theaters, was particularly bad in design. The roof trusses,
of about 80-foot span and perhaps 75 feet above the ground, were
carried on 18-inch walls insufficiently reenforced by pilasters.

The common brick bearing walls were completely wrecked by the
carthquake. The roof trusses over the stage collapsed. The walls
still show extensive earthquake cracks, as will be seen from the illus-
tration. 'The building was subsequently gutted by fire.

MERCANTILE TRUST COMPANY’S BUILDING.

The three-story Mercantile Trust Company’s building, on Califor-
nia street east of the Kohl Building, like most of the low structures,
appeared to be immune from the earthquake and fire. The principal
damage was caused by the falling walls of adjacent buildings, which
smashed in the stéel roof with its heavy glass and started a fire in
the interior. The granite facing around the windows spalled to a
slight extent, but the building was not badly damaged.
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MERCHANTS’ EXCHANGE BUILDING.

The recently constructed modern office building known as the
Merchants’ Exchange, onCalifornia street between Montgomery and
Sansome streets, caught fire from the outside and its contents were
destroyed. The edifice was 13 stories in height, with steel skeleton,
fireproofed with plastered wire lath and reenforced-concrete floovs.
The floors of the rooms were of wood; the corridors were floored and
wainscoted with marble. The fireproofing of the columns consisted
of two layers of quarter-inch wire lath with a dead air space between, -
except those which were bricked into the outside walls. The sus-
pended ceilings and partitions were likewise of plastered wire lath,
and the same material formed the walls of the *fireproot ” vaults.
The curtain walls were of brick on the sides and rear; on the front
the first two stories were of granite, the remainder being pressed
{erra cotta with terra-cotta trimmings. The heat of the fire was
sufficient, to calcine a large portion of the wainscoting and the marble
treads of the cast-iron stairways. Though not completely destroy-
ing it, the fire burned the life out of the plaster, all of which will
have to be renewed. The rear walls were cracked by the earthquake.
The enameled brickwork of the light well (Pl. XTI, 4) also shows
earthquake cracks, and is badly spalled by the fire. The stonework
was slightly spalled by the heat. The metal frames between the
windows opening into the court were buckled, the cinder-concrete
fireproofing beinig insufficient. The terra-cotta trim in the light well
was also badly spalled. '

MILLS BUILDING.

The eleven-story Mills Building, at the northeast corncr of Buéh
and Montgomery streets, had a steel skeleton with hollow-tile fire-
proofing and hollow-tile partitions. The floors were also of hollow -
tile topped with cinder concrete and covered with wood in the offices;
the tiling and wainscoting of the corridors were of marble.

The walls were racked by the earthquake. The hollow tile failed
and left the steel skeleton exposed to the fire. Just how seriously
it was damaged is problematical; four of the basement columns
buckled (Pl XL, B), the lower webs of the floor tiles failed over
large areas (Pl. XLV, B), and the partitions and the marble treads’
of the cast-iron stairways were destroyed. In the light well the
window casings were distorted by heat because of insufficient fire-
proofing, and the terra cotta, granite, and exterior trim of the wall
were badly spalled. Owing to the failure of the floor tile many
safes fell through the several floors. The building should be rebuilt.
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UNITED STATES DMIN'T.

The massivé three-story Government butlding occupied by the
United States mint, at Fifth and Mission streets (Pl. XXXVIII),

which was not damaged to any appreciable extent by the earthquake,

was inspected in company with the superintendent, Mr. Leach. One
of the interior walls was weakened by a break in the sewer which ran
under it, and one of the chimneys was cracked at the top. This struc-
ture, which is located at the intersection of two wide streets, is built
on soft alluvium, but rests upon a substantial pile foundation. The
bearing walls were of solid brick faced with granite, the northwest
face of which was badly spalled by fire (PL. XXXVIII, B). The
floors consisted of brick arches between steel beams, finished in cement.
They were supported by cast-iron columns, which were unprotected
except where they were incased by the heavy brick wall partitions.
The doors and windows were of wood glazed with plate glass, the
windows on the first and second floors being fitted with folding inside

iron shutters. The roof and northwest side of the third story caught .

fire from without, but as an artesian well provided an independent
supply of water the fire was prevented from gaining a foothold, and
the building was but slightly damaged.

MONADNOCK BUILDING.

The ten-story Monadnock office building, on the south side of
Market street between the Palace Hotel and the Call Building, was
in process of construction and was damaged by the earthquake and
by dynamiting in the vicinity, besides being gutted by fire. .

The west wall was not erected, as thatsection was incomplete, pend-
ing the satisfactory-purchase of the land. The structure had a steel
skeleton frame, reenforced-concrete floors, with a ceiling of plastered
expanded metal. The columns were incased with two layers of plas-
tered expanded metal, with a dead air space between them. The
partitions were 3 inches thick, plastered on wire lath. The floors were
topped with cinder concrete and covered with tile in the corridors
and with wood in the offices. The corridors were to have been wain-
scoted with marble also. The building was not adequately braced
.diagonally. Large areas of the exterior were damaged and will
have to come down. Two unprotected columns in the basement col-
lapsed, settling the floors for 7 inches. The building is to be repaired
by jacking up the floors and replacing the buckled columns. What
effect this will have on the reenforced-concrete floors is problematical.
Certainly their factor of safety is reduced, and in the judgment of
the writer the building is materially weakened, for the reason that
the buckling of the columns, which resulted in the settling of the
floor, cracked the floor beams at their points of connection with the
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columns. While the jacking up closes the cracks, it can not restore
the original strength of the connection, which although not entirely
gone has been reduced to a Very small percentage of its former value.

MURPILY BUILLDING.

The .columns of the five-story Murphy Building, at the corner of
Kearney and California streets, were constructed of corner angles
latticed and filled with cinder concrete, the whole being incased with
plastered metal lath, with a dead air space between. The floors
consisted of cinder-concrete arches between channels.

This building was completely gutted by the fire, although the
structure itself was left in fair condition. The metal-lath ceilings
and partitions stood the test fairly well, though some of the parti-
tions were buckled out of shape. A view of this damage on the third
floor is shown in PL XLI, B. The terra-cotta trimmings and the

copper work around the bay windows were badly damaged by fire.
, MUTUAL LIFE BUILDING.

The nine-story Mutunal Life Building, at the southeast corner of
Sansome .and California streets, was fireproofed .throughout with
terra-cotta hollow tile, with hollow-tile partitions. The treads of
the cast-iron stairways and the wainscoting and tile of the corridors
were of marble. The office floors were constructed of cinder con-
crete covered with wood.

The damage to this building from the earthquake was very slight.
The fire in the building, while not severe, was suflicient to cause the
failure of the tile fireproofing of the roof trusses, which collapsed
from exposure to heat (Pl XLII, 4).

PACIFIC STATES TELEPHONE AND TELEGRAPH COMPANY’S BUILDING.

The recently completed eight-story building of the Pacific States
Telephone and Telegraph Company, on Bush street between Grant
and Kearney streets (Pl. XLI, 4), embodied many good and a few
bad features of construction. The side and rear walls were of brick,
and the front was of terra-cotta pressed brick and terra-cotta trim-
mings. All the walls were self-supporting. The floors were of reen-
forced concrete between steel beams, and the ceilings for all floors
above the basement were suspended metal lath, plastered.

The walls were cracked somewhat by the earthquake, and the
pilasters on the exterior were spalled. The girders and columns
supporting the floors were fireproofed with concrete and were in
excellent shape after the fire. The window protection was excel-
lent; the front was provided with Kinnear rolling shutters, with
plate-glass metal-covered windows, while the side windows had.
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metal-covered sash and frames, with wire glass, and tin-covered
sliding shutters. The earthquake racked the front sufficiently to
prevent the shutters from working. The heat produced by the burn-
ing insulated wire and other supplies was high and protracted. The
reenforced-concrete beams of the roof were weakened by heat and
will have to be replaced. The concrete in general, however, stood
this trial exceedingly well in view of the protracted high tempera-
ture. The fire caught through an unprotected rear door in the south-
west corner, and the break in the roof made possible a very hot fire,
which melted glass and even welded nails. The concrete floors and
the column protection were not damaged in the slightest. If the
methods of fire protection had been consistent throughout, it is prob-
able that this building would have escaped without damage.

POST-OFFICE BUILDING.

The writer made a thorough examination of the post-office build- .
ing, on Mission street between Sixth and Seventh streets, in'company
with J. W. Roberts, superintendent of construction, of the Supervis-
ing Architect’s Office. This three-story structure rested on a founda-
tion consisting of steel beams incased in concrete, carried through the
soft alluvium to a hard gravel, the depth varying from 30 feet at
Seventh and Mission streets to 12 and 14 feet at the opposite corner.
The building had a steel frame, expanded-metal and concrete floors,
and plastered expanded-metal suspended ceilings. All partitions or
interior walls were of terra-cotta hollow tile, laid with full joints of
Portland-cement mortar, the terra-cotta work being first class in every
particular. The corridors were tiled and wainscoted with marble.
The exterior walls were of granite and were thoroughly anchored,
each stone being fastened to the steel work and doweled and pinned
to the adjacent stones, The outer facing of granite is carried on the
steel work and is not backed with brick, there being an inner wall of
terra cotta, with a dead air space between, which serves as a passage- -
way for pipes, flues, etc. -

The ground at the corner of Seventh and Mission streets settled
about 5 feet (Pl. XLIII, B). The floor of the building was slightly
cracked at that point,’and Mr. Roberts stated that there was a set-
{ling of about 1# inches. The outer walls were considerably racked
(Pls. XLIII, 4, XLIV) by the earthquake, many stones having
been shaken entlrely loose from the steel work in some places, Vhlle
in others a number of stones were started. from their beds, and the
anchorage was broken. There were also many cracks, especmlly in
some of the exterior pllasters, which were formed of two steel col-
umns, 12 feet apart, without diagonal bracing, the hollow space being
used for heating and ventilating appamtus These pilasters were
badly racked. :
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The worst damage appeared to be in the interior walls of hollow
tile, .which were very extensively cracked, especially on the first
~and second floors. The plaster finish on the hollow-tile partitions
strengthened them very considerably. Omne portion of the mosaic
ceilings ‘of the corridors on the main floor was laid in Portland-
cement mortar on a flat tiled arch and was badly cracked; another
portion, laid in Portland cement against wire lath plastered, was
undamaged. In the mail-handling room the end wall was moved
out of plumb by the earthquake, and the enameled-brick covering of
several columns was shaken off. The only damage done by fire was in
the district-court room, in the north corner of the third floor, which
caught from without and was burned out, together with two adjacent
rooms oh the northwest front. On the northeast end of the first floor
the exterior stonework was also spalled by fire.

A very considerable amount of damage was done by the dynamiting
of near-by buildings, which was so severe as to smash the glass and
blow out the window and door frames. In many places the marble

- wainscoting on the opposite side of the corridor was shaken loose.
Probably 20 per cent of the injury done to the building is in the
glass, marble, and finish. The building is substantial, and the mate-
rials and workmanship are first class.

RIALTO BUILDING.

The eight-story Rialto Building, at the southwest corner of Mis-
sion and New Montgomery streets, had a steel frame and reenforced
cinder-concrete floors. ‘The partitions were of hollow tile and the
ceilings of suspended expanded metal, plastered. The columns were
fireproofed with two layers of plastered expanded metal for all floors
except the basement, where only one layer was used. The corridors
had mosaic floors, and the stairways were of cast iron with marble
treads. :

The building was considerably racked by the earthquake and was
further damaged by fire and dynamiting (Pl. XLVIII, B). The
fire was only moderately hot, but was sufficient to destroy the fire-
proofing of two columns in the northeast corner of the basement, so_
that they failed by buckling (Pl. XLVIII, 4), causing extensive
wrecking of the upper floors. The failure of the column protection
was caused by the expansion of a pipe inside of it. The terra cotta
around the entrance to the building was cracked by. the .earthquake.

ST. FRANCIS HOTEL.

The twelve-story St. Francis Hotel, in West Union square, at the
corner of Geary and Powell streets, was of a modern type, having a
steel skeleton, reenforced-concrete floors, with suspended ceilings plas-
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tered on wire lath. The fireproofing of beams and girders in the
basement and first floor was concrete; in the upper floors it was wire
lath and plaster. The columns of the first floor were fireproofed with
concrete, those in the basement with brick, and on the upper floors
4-inch hollow tile was used. On the first floor the concrete was
omitted for 18 inches at the top and a cap of plaster of Paris used;
this was a serious mistake and might have caused trouble.

The stone was slightly spalled by fire and on the front was shcrhtlv
damaged by the earthquake.. The enameled bricks of the light well
were badly spalled by heat. Two columns failed by buckling. The
fire was not severe, and the damage was not very great.

SCOTT BUILDING.

The Scott Building, on the south side of Mission street between
First and Fremont streets, was a four-story structure with a man-
sard roof. Machinery sales rooms occupied the two lower floors,
printing and lithographing offices the upper. The building was con-
structed of steel girders and beams, with reenforced-concrete floors,
suspended ceilings plastered on metal lath, and unprotected cast-
iron columns. The curtain walls were carried on steel work which
was unprotected over the windows. '

The mansard roof and the upper part of the walls were destroyed
by the earthquake. The western section was wrecked by dynamite.
The ceilings failed, and the stonework spalled slightly. The fire
was not severe, to judge from the appearance ‘of the undamaged
naked cast-iron columns. :

SECURITY SAVINGS BANK. .

The Security Savings Bank, a two-story building on Montgomery
street between California and Pine streets, received its principal
damage from the falling walls of an adjacent building. The granite
and marble front was slightly spalled by the earthqualke..

SHREVE BUILDING.

\

The eleven-story Shreve office buiiding, at the northwest corner of

Post and Grant.streets, was constructed with steel frame, reenforced-
concrete floors, and suspended ceilings plastered on metal lath. The
columns above the second floor were fireproofed with 3-inch hollow
tile; those below with concrete. This latter protection, as well as the
concrete floors, is in first-class condition. The difference in efficiency
between the concrete and hollow-tile protection for columns is clearvly
demonstrated, the former being in excellent shape, whereas the latter
failed, resulting in a number of buckled columns.
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SLOANE BUILDING.

The seven-story Sloane Building, on Post street between Grant and
Kearney streets, had bearing walls of terra cotta, brick and -terra-
cotta trimmings, and a framework of cast-iron columns and steel
beams and girders. The partitions and fireproofing were of ex-
panded metal, plastered, and the floors were of concrete, veenforced
with expanded metal. All columns except those in the basement
were fireproofed with expanded metal, plastered.

There is every indication of a very hot fire in the basement, which
buckled several of these unprotected columns, causing a collapse in
the central portion of the building (Pl XLIX, 4).

SPRING VALLEY WATER COMPANY’S BUILDING.

The City of Paris Dry Goods Company occupied the two lower
floors of the Spring Valley Water Company’s building, at the south-
cast corner of Geary and Stockton streets, the remaining four stories
being used for office purposes. The building, a general rear view of
which is shown in PIL I, 4,had a steel skeleton, the partitions, column
protection, and floor arches, the lower web of which spalled off exten-
sively, being of hollow tile. The floor arches were topped with cinder
concrete and covered with wood. The columns in the southeast corner
of the basement buckled, and the upper stories collapsed. The hollow-
tile partitions were in bad condition, and the 2-inch tile on col-
umns failed generally. Where the tile ceilings were unprotected
the webs spalled extensively; where there was a suspended ceiling
remaining in position the tiles were in fair condition. The cast-iron
stairways with marble treads were also damaged. There were a few
slight earthquake cracks along the Stockton street side, and the south
wall had a vertical erack.

TNITED STATES SUBTREASURY.

The four-story brick subtreasury building, on Montgomery street
between Commercial and Clay streets, had rolling shutters on the
lower front windows and a combination of wood and concrete floors.
The wood burned, causing the collapse of that portion of the build-
ing. The remainder of the concrete-floor portion seemed to be in fair
condition. :

UNION TRUST COMPANY’S BUILDING.

The Union Trust Company’s ten-story office building, on the cor-
ner of Market and Montgomery streets, was constructed with a steel
frame. The front walls of the first two stories were granite; the
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remaining walls were of pressed terra-cotta brick, with terra-cotta
trimmings. The floors and partitions were of hollow tile, and the
girders, beams, and columns were fireproofed with the same material.
The floors were topped with cinder concrete covered with wood,
except in the corridors, where cement finish was used. The cast-iron
stairways had marble treads. The granite walls were spalled
around the openings by fire. The hollow-tile partitions failed ex-
tensively, and the lower web of the floor tile spalled over-large
areas. The fire was not intense, and the steel appeared to be in
fair condition except on the ninth and tenth floors. The extent of
the damage can be seen in Pl. L, B, a view on the ninth floor.
The steel trusses on the tenth floor were very much distor tcd by heat,
owing to the failure of the hollow tile fireproofing.

VOLK]\IAN BUILDING.

The lower floor of the Volkman Building, on the north side of
Jackson street between Montgomery and Sansome streets, opposite

the unburned block near the appraisers” building, was occupied -

by a branch of the post-office. The structure was surrounded on
the sides and rear by completely gutted buildings, and its es-
cape was probably due to its protected openings. The windows
were glazed with wire glass and the sash and frames were metal
covered. The rear doors were equipped with Kinnear rolling shut-
ters. A few windows were so badly damaged that they will have to
be replaced, but the building was only slightly injured, for the fire
did not gain a foothold.

WELLS-FARGO. BUILDING.

The six-story Wells-IFargo Building, on the northeast corner of
Mission and Second streets, is devoted exclusively to Wells, Fargo
& Co.s express business. It has a steel skeleton, self-supporting
walls, and reenforced-concrete floors. The ceilings are of plastered
wire lath, as are also the hollow partitions and the fireproofing on

the columns. The outside walls are of granite for the first two -

stories and pressed brick and terra cotta for the remaining stories.
The openlnas into the air and light well were of metal frame, glazed
with wire glass.

This bulldlng shows, especially in the Mission street front, the

racking effect of the earthquake. The marble treads of the cast-

iron stairways were considerably damaged by the fire, and the marble
wainscoting of the corridors was thrown down by the earthqualke.
The window frames in the light well (Pl XLIX, B) were warped
by the fire, which also spalled the terra-cotta trim.
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ASPECTS OF THE FIRE DISASTER.

The San Francisco fire, which lasted three days, was one of the
greatest conflagrations of recent times. The loss by fire was greater
than it should have been, by reason of the failure of the cast-iron
water mains in the city; although the loss must necessarily have been
great because of the character of the buildings, 90 per cent of which
were frame. This disaster demonstrated that the lessons from the
Chicago and Baltimore fires are still unlearned. The same faults in
construction continue to be repeated. The only sure way to-remedy
grave defects of this character is to enact strict building laws which
will compel an observance of the essentials for fireproof structures.

The conditions at San Francisco were unusual, and even had not
the water supply failed it is doubtful whether they could have been
controlled, for the reason that it would have been impossible for the
fire department to handle efficiently so many fires at a time, especially
as there were so many nonfireproof structures. Large conflagrations
demonstrate that there is no such thing as a fireproof building. To
label one as such is bad practice, since it gives a false sense of
security and induces a relaxing of necessary precautions.

FIRE HISTORY AND RECOMMENDATIONS OF INSURANCE BOARDS.

It is claimed that the recorded destruction by fires in San Fran-
cisco up to 1899 was excessive, showing an average loss between two .
and three times that expected in cities having ordinary fire protec-
tion.- In every year since 1899, except 1903, although the number of
fives increased materially, the average loss per fire 1enmlned moder-
ate. In any of these years the numbe1 of fires involving losses of
$40,000 or more did not exceed two. In 1903 there were ten large
fires, each involving a loss of more than $40,000, thus bringing the
total up tora high ﬁgmc, and at each of these fires the greater por-
tion of the loss was to the contents rather than to the bulldmg‘s

In October, 1905, a- board of fire-insurance experts presented the
report of an examination made under the direction of the National
Board of Fire Underwriters on the fire-hazard conditions of San
Francisco. This report is extremely interesting and shows clearly
how a body of trained expérts can accurately locate defects and pre-
dict the consequences likely to result from them. The criticisms and
recommendations embodied in the report are particularly pertinent
to San Francisco; and when the conditions prior to the great fire are
considered, the conclusion must be inevitable that no other result of
these conditions—a general conflagration which swept. the city—
could reasonably have been expected. Attention was called to the
following principal features of construction affecting the fire hazard
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in the business district: (1) Bad exposures and unprotected open-
ings; (2) poor construction; (3) an absence of sprinklers or of any
of the modern protective devices; and (4) excessive height in non-
fireproof structures. It is stated that in the congested district about
2.2 per cent were fireproof, 68.3 per cent were wooden joisted blle,
and 29.5 per cent were frame buildings. A very bad feature lay in
the fact that a large number of so- cmlled “fireproofs ” were sur-
rounded by nonfireproofs. The mixture of dwellings .and minor
mercantile buildings surrounding the congested-value district also
greatly increased the hazard.

The board recommended the mun1c1pa1 ownershlp of the water sup-
ply. They considered the present supply ample in amount for the
existing requirements, but subject to a decided probability of local
failure in emergencies, owing to faults in the distribution system.
They deemed it very desnable to increase the capacﬂ:v of the existing
system and to install at the earliest possible date a sep‘u'ate fire-main
¢ystem, and recommended that all dead ends of pipe mains be con-
nected with the network wherever practicable. They advised that
the system of distribution be equipped with a sufficient number of
gate valves, so located that no single case of accident, breakage, or
repair to the pipe system would necessitate the shutting from service
of a length of main greater than the side of a single block (a maxi-
mum of 500 feet) in important mercantilé manufacturing districts,
or than two sides of a single block (a maximum of 800 feet) in other
districts. ' .

The building code was found to be satisfactory on the whole, but
the board recommended that it be so amended as to limit floor areas,
provide for the protection of exposed openings in fireproof build-
ings, and encourage the use of modern protective devices and construc-
tions, such as sprinkler equipments, automatic fire doors, wire glass,
etc. They recommended that prompt measures be taken to relieve
the hazardous conditions in narrow streets by widening the streets
or enforcmcr adequate window protection, or both, and advne«l that
automatic sprinkler equipments be required in all buildings which by
reason of their size, construction, or occupancy, singly or combined,
might act as conflagration breeders. The potential hazard was con-
sidered very severe, in view of the exceptionally large areas and
great heights of many buildings and of their highly combustible
nature by reason of sheathed walls and ceilings, numerous urpro-
tected openings-and light wells, and the general absence of fire
breaks, taken in conjunction with the presence of interposed frame
buildings and the comparatively narrow streets. These numerous
and mutually aggravating conflagration breeders, considered in con-
nection with the almost total lack of sprinklers and general absence
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- of modern protective devices, and the prevailing high winds, made
the probability feature alarmingly great.

They advised that the 1nddcqu<mt<, force of four buﬂdmor 1nspcct01'8'

be -at least doubled, and that the bu1]d1ncr laws be 1'101dly and im-
‘partially enforced.

They found the fire department to bé an efficient force, well or gan-
ized under an exceptionally competent chief, and though weak in

powerful engines, otherwise fairly well equipped, the number of.

engine companies being particularly large.

In their report the board summarized the situation in San IFran-
cisco as follows: ‘

While two of the five sections into which the congested-value district is
divided involve only a mild conflagration hazard within their own limits, they
are badly éxposed by the others, in which all the elements of the contlagration
hazard ave present to a marked degree. Not only is the hazard extreme
within the congested-value district, but it is augmented by the presence of a
compact surrounding, great-height, large-area, frame-residence district, itself
unmanageable from & fire-fighting standpoint by reason of adverse conditions
introduced by the topography. In fact, San Francisco has violated all under-
writing traditions and precedents by not burning up; that it has not done so is
largely due to the vigilance of the fire department, which can not be relied upon
indefinitely to stave off the inevitable.

FIRE-RESISTING QUALITIES OF STRUCTURES AND STRUCTURAL
MATERIALS.

The fire which has. practically destroyed San Francisco has more
than fulfilled this prophecy. The destruction was greater than in
the Baltimore fire because the fire was hotter, owing, as has been
pointed out, to the inflammable surroundings and the unprotected
openings, and to the unchecked sway of the flames. The heat was
so intense that sash weights and glass melted and ran together freely.
In some places the edges of broken cast-iron columns softened, the tin
coating in piles of tinned plate volatilized, even in the middle of the
piles, and nails were softened sufficiently to weld together. (See also
PL LI, A.) The maximum temperature, lasting for a few minutes
in each locality, was probably 2,000° or 2,200° I., while the average
temperature did not exceed 1,500° F.

Nearly all the so-called “fireproofs” were gutted and their con-
tents destroyed, the fire damage done to these buildings being fully
60 per cent. The early collapse of protected steel frames owing to
the failure of the fireproofing was of common occurrence. The
extent of the damage to a building from fire can be determined
only after the débris and wreckage have been removed and will
then be found to be much greater than was at first supposed. This
is particularly true of steel structures in which the effect of fire is
partly hidden by the débris.
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Of perhaps thirty fireproofs of good height with reenforced- -

concrete floors, all but two had steel frames. Steel beams and

columns were generally protected with metal lath and plaster, cinder -

concrete, or terra-cotta tile. "Practically all floor construction con-
sisted either of hollow terra-cotta tile or reenforced concrete. Ceil-
ings of light angles and metal lath, plastered, suspended from floors,

served as addltlonal means of ﬁIeprooﬁng, by keeping the fire fmm(
} comlng into direct contact with the flooring material. Steel beams

in many buildings had no protection, even where concrete filled,
except this subceiling. The lower webs of floor tile came off to per-
haps a greater extent than in the Baltimore fire. It is said to be
impossible to procure a suitable hard-wood sawdust on the Pacific
coast, such as is required in the manufacture of porous terra-cotta
tile. The tile used is therefore denser and of poorer quality. The
behavior of reenforced-concrete floors was most excellent.

Partition walls were in a very few buildings of brick. As a rule,
however, they were either of 3-inch hollow terra-cotta tile or met‘ll
lath, plastered.

The matter of column protection is very important, as the number
of failures in the San Francisco fire was particularly large, especially
in the Fairmount Hotel (Pl. XXXIV). Unprotected cast-iron col-
umns failed as a result of unequal expansion caused by the lugs. A
few light cast-iron columns filled with concrete came through without
damage, and at the Academy of Sciences (Pl. XXIV, 4), as already

described, cast iron failed around a concrete core, which carried the

load. Brick-filled columns gave fair satisfaction, but concrete-pro-
tected columns afforded the best results. The questlon of fireproof-
ing, however, is one of degree, being dependent on the intensity and
duration of the fire. A column may be fireproofed sufficiently for an
office building, but entirely too little for a warehouse; or a column
which may be suitable for the upper stories may fail in the basement,
as in the Kamm Building (p. 40). Again, the practice of running
piping back of the fireproofing on columns, especially if the fireproof-
ing is of hollow tile, is extremely bad. Many failures were caused by
the expansion of such piping throwing off the terra-cotta tile. Con-
crete is probably the best fireproofing material, because, as shown by
experience, its stiffness will enable it to support not only the steel
within, if the latter is softened by the heat, but perhaps the structure

itself. The following types of column protection were used in San .

Francisco buildings: (1) Plaster on wire lath, both single and double
layers, the latter having a dead air space; (2) single terra-cotta tile;
(8) concrete; (4) concrete covered with terra-cotta tile; (5) brick.

Of the fire loss, perhaps 75 per cent was in the trim and ornamental
work. Inflammable woodwork in the corridors, doors, and windows
proved a source of great loss, and should be eliminated for orna-
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mental purposes. The behavior of the metal-covered woodwork in
the Kohl and other buildings was satisfactory and immensely better
than that of the naked wood. It is certain that a building may be
finished and trimmed and even decorated with noninflammable mate-
rials. Although the additional security of such materials in case of
fire does not appeal to owners and architects as compensating for
their extra cost in comparison with wood or other inflammable mate- -
rials, the building laws should nevertheless compel this type of
construction.

The loss in ornamental stonework was particularly great, especially
in the case of marble, which in many structures was completely
calcined. Brickwork suﬁ’exed most from the earthquake and least
from fire, and sandstone splintered less than granite, which suf-
fered severely, a number of badly spalled columns showing how
futile this material is for other than ornamental purposes. Con-
crete proved superior to brick as a fireproofing medium.

It is estimated that over 80 per cent of the so-called “ fireproof ”
safes failed. Many valuable records and much other property were
thereby destroyed. An ordinary fireproof safe was of absolutely no
value, and the contents of nearly every one were destroyed. In many
office buildings so-called fireproof vaults were constructed of hollow
tile or plastered metal lath, being formed partly by the partitions
of the rooms, and were so flimsy that they yielded readily to the
flames. In Pl LII can be seen groups of so-called “ fireproof safes,”
many with walls 20 inches or more thick, which failed to serve the
purpose for which they were designed. Pl LII, B, shows part of a
collection of over 50 of these “ safes” whose contents were destroyed.
In a number of jeweler’s safes silver and other precious metals were
melted. The warping of the doors also resulted in the loss of the
contents in many vaults, even where they were otherwise well de-
signed. In short, fireproof vaults and safes behaved in the San
Francisco fire very much as they did in the Baltimdre fire. = Little
progress seems to have been made toward the productlon of a satis-
factory fireproof safe. The only really fireproof vault is one with
brick or concrete walls not less than 10 inches thick. The cement-
filled metal safe proved to be a very good type of fireproof. Even
in well-desigried safes and vaults, great care must be exercised in
opening them after they have been exposed to fire. Time should be
allowed for the temperature in the interior to become reduced to
somewhere near the temperature of the surrounding air, as otherwise
the contents may be destroyed by spontaneous combustion on exposure
to the air. Pl LI, 4, is a view of one of the oldest vaults in San
Francisco, that of the old Wells, Fargo & Co.’s Express, which passed
the fire test satisfactorily.

The writer is of the opinion that the present commercial hollow
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.terra-cotta tile is largely, if not entirely, devoid of merit for fire-
proofing purposes. Iiven when it is of the best grade and workman-
ship it can hardly be considered a first-class building material. At
a comparatively low temperature the tiles fail, the thin webs spalling

from unequal expansion. A ‘more porous tile, with thicker webs
~ keyed together and laid in Portland-cement mortar with tight joints,
would unquestionably be more suitable for the purpose. It may be
true that in case of repairs after a fire damaged tile of the usual
commercial type can readily be detected and renewed. Terra-cotta
tiling may, however, allow sufficient heat to pass through it to soften
slightly the steel member which it encases and still remain in posi-
tion, thus hiding the defect. Several examples of this condition were
found. ’

The advocates of terra-cotta tile contend that concrete may be

seriously damaged by dehydration without noticeable change in its .

appearance. - While this contention may be justified, it should be
noted that any weakness or softness may be as readily detected and
repaired in concrete as in terra cotta. Concrete, moreover, has the
great advantage of being a nonconductor of heat, and so will with-
stand a prolonged heat before the damage extends to any great depth;

and it usually remains in place, maintaining its protective qualities.
The value of a structure or of a method of fireproofing is determined
largely by ascertaining what portion of the structure is left avail-
able for use after the fire. The word “fireproof” is of course a
misnomer, for no building is absolutely fireproof; and the resist-
ance offered to fire is one of degree only, for if the heat be sufficiently
high and prolonged, nothing can withstand it. - The best materials
are nonconductors of heat,, having high fusing points. At high
temperature concrete loses its water of crystallization, but the depth to
which this dehydration goes and. the rate at which it takes place are
the factors that determine the effectiveness of the material. The
heat insulation afforded by concrete is of a high order, and to obtain
- the best results a sufficient thickness must be applied. This required
thickness is naturally a variable quantity; 2 inches, or even 1 inch,
may be sufficient for an office building, but would be inadequate for
a warehouse. These remarks concerning concrete also apply to all
other forms of fireproofing. The prime point on which information
should be procured is the thickness of the insulation for proper pro-
tection against fire.

Perhaps the most important problem is that of protecting a build-
ing from fire from without. To do so means the protecting of all
openings and the making of the roof equally as resi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>