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ABSTRACT

The history of foundation engineering in Chicago is of more than local
significance because many present-day practices stem from the ex-
periences of Chicago engineers during the period from 1871 to 1915.
As these engineers improved upon their invention the skyscraper, the
necessity for providing adequate foundations beneath the new struc-
tures in spite of unfavorable subsoil conditions led different engineers
to different expedients. The success or failure of these attempts is of
interest even to the engineer of today.

In 1873, Frederick Baumann enunciated the principles of his
“Method of Isolated Piers,” probably the first statement in this
country of a rational procedure for proportioning footings. Many Chi-
cago structures designed according to these principles were eminently
suececessful. As building heights and weights increased, settlements
grew apace, but the movements were anticipated and were considered
normal by most architects and engineers.

By 1890, a few engineers recognized the possibility of using long
piles to provide less vielding support. A slow trend to pile foundations
began, but it was cut short by the development of piers constructed in
shafts excavated by the so-called “Chicago caisson’” method. By 1900,
the transition to deep foundations was virtually complete, and ac-
counts of the activities of Chicago foundation engineers almost dis-
appeared from contemporary literature.
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HISTORY OF BUILDING FOUNDATIONS IN CHICAGO

I. InTRODUCTION
Scope of Study

The history of building foundations in Chicago between 1871, the
vear of the great fire, and 1915 epitomizes the development of founda-
tion engineering throughout the world. Within less than half a century,
and within the confines of the small arca known as the Loop, the art
of construeting building foundations grew to maturity by a process
of trial, error, and correction. Seldom in anyv field of engincering has
so much experience been concentrated in so little time and space.

Many factors worked together to produee this unique experience.

The most important. undoubtedly, was the presence of a deep bed
of compressible clay which underlies the Loop, and without which no
foundation problems would have arisen.

Of almost equal importance, however, was the rapid growth of the
city. At the time of the great fire, on October 9, 1871, the population
was 300,000. By 1880 it was 500,000; by 1890, 1,100,000; and by 1900,
1,700,000.

The phenomenal growth of the eity after the fire was accompanied
by the continual construction of new and larger buildings. The pro-
gressive settlement of these structures on the soft clay bed became
apparent, but the pace of new construction afforded little opportunity
to observe the behavior of one structure before designing the next.
Therefore, different architects and engineers diagnosed the difficulties
differently, and many variations in foundation practice were intro-
duced. These variations constituted full-scale experiments in the field
of foundation engineering.

The final factor which made the Chicago foundation experience
unique was that the period of phenomenal growth of the ecity was
coincident with the transition from the traditional wall-bearing strue-
ture to the modern skeleton-frame building., Differential settlement
became a matter of prime importance because it led to distortion of
the masonry and of the structural framework and introduced supple-
mentary stresses which were difficult to consider in the design. The
quest for an unyielding foundation for the new skyseraper had an
important influence on the history of Chicago foundations.

A scientifie study of the records of the settlements of the strue-
tures built in Chicago during this period is a promising field for re-
search in soil mechanics and foundation engineering. However, even

9



10 ILLINOIS ENGINEERING EXPERIMENT STATION

a non-technical history of the developments provides the practicing
engineer of today with a valuable background, and helps him develop
an insight into present foundation practice. It is the purpose of this
bulletin to present such a history. Although the subject-matter is likely
to be of particular interest to Chicago engineers, it should be of some
significance to the foundation engineer everywhere. In addition, the
non-technical history presented herein will serve as a framework for
a more detailed, scientific study of the records of individual buildings.
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. I1. Soi CONDITIONS

Onriginal Topography

The general nature of the soil deposit in the Loop area at the
present time is shown in Fig. 2, which represents the summary of a
number of boring logs. All elevations refer to Chicago City Datum
(El. 579.94 M.S.1..) which corresponds roughly to the level of Lake
Michigan. The site of the city was originally swampy and low-lying
ground, and the carliest buildings experienced foundation troubles due
to the unstable nature of the wet, silty soil. Furthermore, because of
the low elevation, the area could not be drained adequately. The early
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conditions were described in 1883 by John M. Van Osdel, Chicago’s
first architect, who arrived in the city in 1837. At that time, he states,

“From the Fort [on the south side of the river, just west of Mich-
igan Avenue| . . . south on Michigan Avenue, the surface of the
ground was . . . about nine or ten feet above the surface of the lake.
[At this time, the elevation of the lake and river was probably about
+ 3 feet, C.C.D.]. The surface drainage was from Michigan Avenue
west to the river, and from State Street west was nearly a level plain,
elevated some two or three feet above the river [i.e., at elevation + 5
or + 6]. The topography of the north division was similar, the surface
declining from Rush Street toward the west. The surface-water cut
large gullies in the soil, known as sloughs; three of these sloughs
opened into the main river. One at State Street was about sixty feet
wide at the mouth, and extended in a southwesterly direction to the
site of the present Tremont House [S.E. corner Dearborn and Lake
Streets]. Another had its outlet between Clark and LaSalle Streets,
and extended across Lake Street. The third and most formidable one
was on the north side, near Franklin Street, being eighty feet wide at
the river, and extending north through the Kingsbury and Newberry
tracts to Chicago Avenue, In 1838 . . . the depth of water in the
slough was sufficient to float . . [a] . . scow.”V¥

Raising the Grade

The progressive nature of the voung city was demonstrated by

“ the decision, in 1855, to raise the grade of the entire area. According
to Van Osdel,

“The grade established by the city . . . made it necessary to build

Mr. James Brown, of Boston, an expert in raising buildings, contracted
with J. D. Jennings to raise his store on the northeast corner of Dear-
born and Randolph Streets. This was done in 1857, and was the first
brick building raised to the new grade. An entire block of heavy build-
ings on the north side of Lake Street, extending from Clark to LaSalle
Street, was raised simultaneously. This was accomplished in 1859.
The raising-business extended through seven years, from 1857 to
1864.7%

After the fire of 1871, the grades were raised once more, and debris
from the fire was used for much of the filling. These final grades,

* The parenthesized numbers throughout the bulletin refer to Appendix B.
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which refer to the sidewalk level at the building line, were EL. 4+ 15.0
on Michigan Ave., El. + 14.5 on Wabash, and El. + 14.0 in all other
parts of the south division, making a level grade from State St. west to
the river.

Subsotl Conditions

On account of the raising of the grade, the upper eight feet of soil
indicated in Fig. 2 consist of miscellaneous fill. Beneath the fill is com-
monly found a gray, lake-bottom silt of variable quality, but usually
loose and compressible. It has a thickness of about six feet. Approxi-
mately at datum is a erust of partially oxidized blue and yellow clay
which acquired its stiffness by desiceation during a temporary low-
water stage of the geological forerunner of Lake Michigan. Although
the strength and thickness of this erust vary, the laver is one of the
most important features of the Chicago subsoil, because it is the only
material of high quality at shallow depth. Most of the early sky-
serapers were founded upon it, and the crust undoubtedly served to
spread the loads from their footings before the pressure was trans-
mitted to the soft clay beneath.

The soft clay deposit beneath the oxidized crust was the principal
seat of settlement of the early buildings. Tt extends to El. — 40 or
— 50. Beneath it the clay becomes stiffer, and hard dry clay is found in
some localities at El. — 60 to — 70. Bedrock is encountered at eleva-
tions between — 80 and — 120. The hard clay is an extremely variable
deposit. In places it is missing altogether. It may be underlain or
replaced by waterbearing sand, silt, or boulders, or it may extend
to the bedrock. )

Within the area bounded by Roosevelt Road on the south, Canal
Street on the west. Division Street on the north, and Lake Michigan
on the east, the subsoil conditions are represented with reasonable
accuracy by Fig. 2. Actually, the subsoil contains many local variations
which must be taken into account in design and construction. In this
general survey, however, the preceding information is sufficient for
an understanding of the prineipal foundation problems.
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II1. FounpaTioN PracTICE IMMEDIATELY AFTER THE
GreAat Fire (1871-1878)
Primitive Practices

The buildings erected after the fire of 1871 were different in no
important respects from those constructed during the previous two
decades. The driving urge in the reconstruction period was to restore
the city to its former condition. Indeed, when Van Osdel observed
the approach of the flames, he buried his building plans and records,
and after the conflagration many structures were rebuilt according to
the exact plans of their predecessors. Most of these structures were
from three to six stories in height, with bearing walls and few interior
columns. The foundations consisted of dimension stone footings with
their bases from three to five feet above the surface of the stiff clay
crust. The width of the footings varied in a general way with the
number of stories in the building, but almost without exception there
was no attempt to proportion the width to obtain a uniform soil
pressure under all parts of a structure.

Information regarding these foundations comes largely from the
observations of men who examined them while the buildings were being
demolished. For example, in 1910 E. C. Shankland wrote:

“The load per square foot on the soil under these buildings is often
very great, and averages much greater than those under buildings
erected later. There are buildings of this type where the pressure on
the soil from the dead weight of the buildings is from 14,000 to

“ 15,000 pounds per square foot.

“These excessive loads caused very great and very uneven settle-
ment, but the buildings being of brick and wood could withstand all
distortion produced by the great variation in settlement, — variations
which would not be allowed in the more recent steel frame buildings.

“Then, too, the settlement was not noticed, because the street
grades varied so much. Only a few years ago it was common to have
steps in the sidewalk, caused by the different grades of adjoining
buildings, and several such sets of steps would be found in the same
block. Where the street varied in height several feet in the same block,
the settlement of the buildings, however great it might be, would
attract little attention.”®

The Contribution of Frederick Baumann

The settlement of the buildings and the distortion and cracking of
the structures did, however, attract the attention of at least one Chi-
cago architect, Frederick Baumann. For a number of years he had
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observed the behavior of the buildings in the Loop area, and also
experimented with possible improvements in his own practice. In 1873
he published his conclusions in a pamphlet entitled “The Art of Pre-
paring Foundations for All Kinds of Buildings, with Particular Illus-
tration of the ‘Method of Isolated Piers’ as Followed in Chicago.”
This pamphlet of 38 pages, written in clear and forceful language, is
undoubtedly the first statement made in the United States of prin-
ciples for the scientific design of foundations. It had a far-reaching
influence upon the future development of Chicago foundations.

Baumann stated two principles which should govern the design
of footings. First, “the areas of base must be in due proportion to the
superincumbent loads”; second, “the centers of these areas of base
must coincide with the axes of their loads.”” He added that these
“principles are self-evident, well known, and often loosely mentioned,
yet so seldom observed.”

For the use of the architect he summarized his principles into a
set of three rules:

“First Rule.—Resolve the building, upon its ground plan of the
lower story, into isolated parts, and mdependently apportlon to each
its proper share of foundation.

“Second Rule—Estimate the weights of all those (really and
ideally) isolated parts, in order to apportion to each its due share of
foundation.

“Third Rule—Determine, upon the ground section, centers . . .
of all . . . parts, which in upright section will be the axes . . . of
these parts, and place the . . . bases so that the centers of their areas
of contact will coincide with the first centers. . . . Observation of
this rule is of the utmost importance, for upon it will depend the
perpendicularity of all the walls and corners of the structure. . . .
There will . . . be no particular need of any anchors, except for
temporary use, while in the contrary case the strongest and best
applied anchors will not suffice to preserve the exact normal posltlon
of the walls and corners.”®

Baumann claimed no originality for these rules, which he grouped
together as the “Method of Isolated Piers.” Rather, it was the extent
to which he carried the application of the rules that was original and
that influenced the work of later architects so strongly. Since the
buildings of Baumann’s time were wall-bearing structures, continuous
footings were the rule, and the guiding principle was to obtain all the
bearing area possible. In contrast, he advocated “a principle which
makes isolated piers the rule in all cases, and continuous foundations
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Fic. 3. AppLicaTiON oF METHOD OoF Iso-
LATED Piers 10 QUTER WALL AND
ABUTTING DWaARF-WALL
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the exception, where, for instance, piers of uniform weights are so close
to each other that the bases will interconnect.”

As an example of the consequences of failure to follow his prin-
ciples, Baumann considered the pier of an outer wall and an abutting
dwarf-wall (Fig. 3). His discussion was as follows:

“If, as the old method would suggest, in order to furnish ‘all the
bearing possible,’ the dwarf-wall is connected with the pier at its line
of intersection, ef, the pier will be thrust outward and the dwarf-wall
crack as indicated. The cause may readily be found. Construct the
axis, da, of the pier, and see whether it coincides with the center of
area occupied by the base of the pier. Were the dwarf-wall not con-
nected at ef and ab = ac, 1.e., were the construction made in accord-
ance with the ‘method of isolated piers,” there would be no thrust
against the pier. But the usual old random mode of ‘all the bearing
possible’ extends the area of base insidely to ¢/, and thereby shifts the
axis of the pier off the center toward the outer edge of the supporting
base, be’, which causes the ground to be pressed into an inclined
surface and, consequently, the pier to be thrust outward. Were the
base of the dwarf-wall made so narrow as to cause a settling of the
dwarf-wall equal to that of the pier, it would at first sight appear as
though then the wall might be connected. Yet this is, nevertheless, for-
bidden by the circumstance that the base of the dwarf-wall would
receive all its load before the pier would, say, one-fifth part of it.”®!

He concluded that the axis of the load should “always strike a
little way inward from the center of the area of the base, in order to
make sure that it shall not be toward the outside,” because inward
inclination is resisted by the floor beams. Further, he recommended
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that the dwarf-wall should be built independently from the outer pier
or wall, with perhaps a clear space of four inches to be walled up after-
ward. In case certain foundations would receive their load more quickly
than others in the same structure, he suggested pre-loading the latter
with pig iron so that all foundations would settle at the same rate.

Additional examples discussed in detail the common types of
defects in Chicago buildings due to differential settlement, and in a
convincing manner each failure was aseribed to a deviation from the
strict application of the method of isolated piers. These examples,
explaining for the first time the cause of well-known defects, made a
considerable impression on Chicago architects. However, the full im-
portance of Baumann’s work was not felt for five or ten years after
its publication. The last example presented in the pamphlet was a
critical discussion of the foundation of the new Federal Building, then
under construction. According to Baumann, the mat foundation of
this structure violated every principle, and would prove unsatis-
factory. The complete and prompt failure of the foundation greatly
increased the reputation of the method of isolated piers, and influenced
the design of foundations for at least two decades.

-Engineers of today have an understanding of the manner in which
stresses are transmitted through the subsoil from individual footings,
and are aware that the compression of a deep bed of clay is not
appreciably altered, as Baumann believed, by minor details in the
arrangement of the footings. This understanding has been obtained
largely from a study of the theory of elasticity, which was, at the
time of Baumann’s pamphlet, in its infancy. Indeed, the method of
isolated piers antedates the theory of Boussinesq, now the basis for
settlement computations, by more than a decade. Hence, Baumann's
work must be regarded as an important forward step. It concen-
trated the attention of Chicago architects and engineers on the
rational design of foundations and introduced conservative values for
allowable soil pressures. In this connection, Baumann states that the
most suitable bearing capacity is “twenty pounds to the square inch
[2880 1b. per sq. ft.]. . . . Such proportionate load will compress the
hardpan [now known as the blue and yellow clay crust] to the extent
of about one inch during construction of the building, and about
one-half of an inch during the next six months.”(®

Compared to the customary loads of 14,000 to 15,000 pounds per
square foot, mentioned previously, Baumann’s practice was indeed
conservative. With the publication of his pamphlet, Chicago founda-
tion design became recognized as an engineering problem.
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IV. Era oF DiMENsioN StoNE Foorines (BEFore 1874)

Description of Stone Footings

Until about 1874 the most common construction material for foot-
ings was hard limestone quarried at Lemont, a few miles west of
Chicago. This stone was even-bedded, about eight to twenty inches
thick. If the material was cut into large slabs of rectangular shape,
it was known as dimension stone. According to Baumann, there “can
be no better material in the whole world than this dimension stone.”
Footings were built up in layers (see Fig. 4a), with a mortar between
the joints of “two parts of roofing gravel and one of fresh cement.”
The offsets were generally made somewhat less than the thickness of
the stone. If the footing rested on sand, it was bedded on “a thin layer
of gravel or broken stone, rammed into the surface, and grouted with
liquid cement-mortar.”

Smaller, irregularly shaped pieces of the same stone were laid
up into rubble stone piers. (Fig. 4b). The offsets were generally four
inches for each foot of height. Both dimension stone and rubble stone
footings were used commonly in construction. The choice between the
two types was generally a matter of economy. Rubble stone was
usually cheaper for narrow bases, and dimension stone for wider ones.

Concrete, made of natural cements and not reinforced, was not yet
considered a reliable material. It was used by some builders for con-
structing mat formations, but as will be discussed subsequently, these
early mats met with spectacular failure.

Polk Street Station

Figure 5 shows two cross-sections through the foundations of the
Chicago and Western Indiana Railroad Station, now known as the

.

%

i

Fic. 4. (a) TypicaL FooTiNg oF DIMENSION STONE;
(b) RueBLE StoNE PIER



BUL. 873. BUILDING FOUNDATIONS IN CHICAGO 19

¢ Sidewalk ﬂ‘
, = .

26 ¢ I
sio” 1‘{
e
|I 1
o I a® 2 [
0-0 2" 4la | r | &
= et g e
e T A T s o 4
- { I [ | 12 3;(}
2;0 o
gl
16°0% Sec. 8
Sec. A ’
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PoLk Streer StATION (1883)

Polk Street Station, on Polk St. at the foot of Dearborn St. Section A
shows the foundation for the base of the tower, 170 feet high, and
Section B for the three-story part of the structure. The Polk Street
Station, which was completed in 1883, was ome of the Iast important
buildings now in existence in which masonry footings were used. How-
ever, in 1885 the Continental National Bank Building and the Home
Insurance Building were completed, both with dimension stone foot-
ings. The former, located at 208 S. LaSalle St., was demolished in 1912,
and the latter in 1931.

Home Insurance Building )

The Home Insurance Building, on the northeast corner of LaSalle
and Adams Streets, is now generally recognized as the first structure
embodying the principle of skeleton construction. The procedure in
constructing its footings was probably representative of the best
practice. According to its architect, W. L. B. Jenney, the top of the
blue and yellow clay crust, known at that time as the hardpan, “is used
for the bottom of the masonry foundations, care being taken not to
remove any of the hard pan.

“The system of foundations adopted is what is known as that of
independent piers, each basement pier and each interior column having
its independent foundation. . . . [Weights] on each separate founda-
tion were carefully calculated, it being of the greatest importance that
the load per square foot of footing course should be uniform over the
entire building, otherwise the settlement would be unequal. . . .



20 ILLINOIS ENGINEERING EXPERIMENT STATION

“It is not easy to decide in advance as to the exact permanent load
on the floors of the building. This, however, is of much importance in
calculating the foundation of the interior columns which as a rule are
made disproportionally large, and give trouble by not settling so
much as the outside walls. In the Home Insurance Building there was
added to the weight of the material actually used in the construction
of the building a further weight of eighteen pounds per square foot
for the average permanent load on the floors, the building being solely
for office purposes. Borings were made in some twenty places over
the site [to a depth of twenty feet], and the thickness of hard pan
[five to six feet] was found sufficiently uniform to allow of a uniform
weight of two tons per square foot to be used as the permanent load
on the foundations. . . . "™

Figure 6 shows a section through one of the exterior piers.
Jenney’s account continues:

“The alternation of rubble and dimension stone is for economy.
Rubble can be laid directly on undressed dimension stone, while if
large dimension stone are placed, the one directly upon the other, it is
necessary to dress the surface in order to obtain an even bearing. The
offsets on dimension stone can be made much greater than on rubble
stone, and also the large stone serve as a bond to the pier,—so that
at least each alternate course should be dimension stone, and in the
instances where the weights are excessive, every course must be dimen-
sion. This must be done in order by many large offsets to obtain the
necessary surface of concrete without disturbing the hard pan which
is the best foundation this locality offers, every inch of whose thickness
should be preserved.”®
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V. GriLLAGE Foorings (1878-1894)

Drawbacks of Stone Piers

Mr. Jenney'’s description of the foundations for the Home Insurance
Building suggests the impasse which designers of office buildings
seemed to be approaching. Under heavy loads, the footings had to be
of dimension stone rather than rubble masonry to spread the load
adequately without having to cut into the stiff clay crust, but even
in the nine-story Home Insurance Building the piers, in order to
attain the required width, occupied the full height of the basement.
The weight of the piers themselves was at least as great as that of
an additional story of the superstructure. Furthermore, as the build-
ings became taller the demand for basement space increased, but the
greater volume of the piers reduced its availability.

Timber Grillages

The combination of the factors just mentioned appeared to set a
limit to the height of structures which could be built on spread founda-
tions. The first solutions of the problem were made by S. S. Beman
in the Pullman Building, built in 1884 and still standing at 79 E.
Adams St., and by W. W. Boyington in the Board of Trade, built in
1885 at 141 W. Jackson Blvd. In both these buildings the dimension
stone piers rested on timber grillages probably consisting of two layers
of 12-by-12-inch oak timbers. The members of the upper layer were
placed at right angles to those of the lower. The offset between the
lowest stone course and the edge of the timbers was made as great as
two feet, whereas with dimension stone an offset was commonly
restricted to one foot. Hence the timber grillage permitted use of a
somewhat smaller stone pier within the basement. Use of timbers was,
of course, restricted to elevations below the water table or to a
distance of two or three feet above the stiff clay crust. Consequently,
the timber grillages did not solve the problem completely.

Rail Grillages

A more far-reaching solution was developed by John Wellborn
Root, junior partner of the young firm of Burnham and Root. In 1878
this firm was commissioned to design a 10-story office building at 64
W. Monroe St., known as the Montauk Block. The structure, which
was completed in 1882, was the first tall building to be designed by the
partners, and to it they brought the genius which led to their undis-
puted leadership during the next decade. The history of the solution
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of the footing problem has been related by Harriet Monroe, from
whose writings the following paragraphs are quoted.

“In the planning, it was found that stone piers, of the size neces-
sary for supporting a heavy column of fireproof vaults, would seri-
ously obstruct, not only the basement, but also the first story. Mr.
Owin F. Aldis, one of the owners, mentioned this objection to Root,
and told him that he must make room somehow for the dynamos. ‘A
day or two later,” Mr. Aldis reports, ‘he said to me: “I believe we
could make the piers smaller without loss of strength by buying old
steel rails, which would be cheap, and laying them row on row, with
concrete around them to prevent rust.” He made preliminary calcu-
lations then and there, and decided that it would be feasible. . . . ’.

“In the Montauk Block, the new foundation was used merely as a
temporary expedient, with no thought of extending the system to
other buildings. But after the Insurance Exchange had heen built in
the old way, the firm found that there was scarcely room enough in its
stone-obstructed basement for necessary machinery. Resolving not
to be caught in that way again, they studied various expedients for
gaining space without digging deep into the earth, which the condi-
tions of our soil make inexpedient. The old Montauk experiment
recurred to their minds as the most available plan, and accordingly
they determined to use steel-rail-and-concrete experiments throughout
under the tall buildings then in the office — the Rialto, the Phoenix,
and the Rookery.”®

The Rookery Building, still standing at 209 S. LaSalle St., was
completed in 1886. It was the first structure to be supported entirely
on rail grillages, and during the next five years most of the spread
footings were of this type. In 1891, the north half of the Monadnock
Block, the heaviest office building in Chicago, was completed on such
a foundation. It still stands on the southwest corner of Dearborn St.
and Jackson Blvd. Figure 7 shows a cross-section through one of the
footings of this building.

The rails used in the grillages were commonly of a section weigh-
ing 75 pounds per yard. At a unit stress of 16,000 pounds per square
inch, each rail was capable of resisting a moment of 12,500 foot-pounds.
The rails in each course were designed as if they were uniformly
loaded cantilever beams with a length equal to the length of the
projection beyond the overlying course. The offset was taken as three
feet (sometimes less), and the number of rails per course caleulated.
Since the height of each course was only 434 inches, the new footings
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Fi1c. 7. Section THrRoUGH RAIL-GRILLAGE Footing oF MoNADNocK BLock

possessed a great superiority over their dimension-stone predecessors,
because the basement space was very slightly obstructed. The dis-
tance from the clay surface to the base of the column on a dimension
stone pier 16.5 feet square would be about 8 feet, whereas that for
a rail grillage footing of the same base area would be about 314 ft. The
space between the rails was filled with cement grout to preventsusting,
and the whole grillage was bedded on a layer of concrete generally
about one foot thick. The grout and concrete were not considered in
the calculations as adding to the strength of the footing.

The rail-grillage footings saved both weight and basement space.
They also possessed the advantage that they could be constructed
more quickly than piers and, since heavy cranes were no longer re-
quired to handle stone blocks, could be installed during the winter
under protection of tarpaulins. In the early 1890’s, the speed of con-
struction became a matter of considerable importance.

I-Beam Grillages

Root’s invention of the rail-grillage footing made possible con-
tinued progress in the development of the tall building. By 1886, the
office building had grown to 13 stories, and by 1892 to 20 stories. In
1888, the steel rails were replaced by I-beams in the grillage for the
Tacoma Building, designed by the new firm of Holabird and Roche.
The greater efficiency of the I-beams in resisting bending moments
caused the new type of grillage to be widely adopted, and to remain
the dominant type of spread footing until the introduction of rein-
forced concrete footings in the early 1900's.
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Fi6. 10. SectioNn THroucH CoMBINED FoOTINGS OF AUDITORIUM

A typical I-beam grillage under a single column in the Marquette
Building, constructed in 1896 at 140 S. Dearborn St., is shown in
Fig. 8. Although the depth of such footings was somewhat greater
than that of rail grillages, the quantity of steel was considerably less.
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Various combinations of the spread-footing types were used to
suit the particular needs of the structures. In the Fair Store, located
between State and Dearborn Streets north of Adams St., Jenney com-
bined the rail and I-beam grillages as shown in Fig. 9. In the Audi-
torium, under construction in 1887, Adler and Sullivan combined rails,
I-beams, dimension stone, rubble masonry, timber, and concrete. Some
features of these footings are shown in Fig. 10.

Cantilever Footings

One of the principal advantages of the I-beam grillage footing is
the ease with which the load from two or more columns can be trans-
mitted to a single footing. Before the use of I-beams, the load from
exterior wall columns had to be supported by footings laid out with
their centers of gravity directly below the columns. As a consequence
the footings projected beyond the building line. When the wall of a
new building was constructed adjacent to that of an older one, it was
necessary to underpin the old wall with new party-footings common to
both walls. This operation was expensive, and in some instances not
feasible.

In the Auditorium, a few lightly loaded columns adjacent to the
Studebaker Building were supported on beams cantilevered from foot-
ings about four feet inside the building line. One of these footings is
shown in Fig. 11. This appears to be one of the earliest uses of the
cantilever footing. More extensive use of the principle is reported by
Mr. Adler to have been made in the Chicago Edison’s Building on
Adams St. Construction of this building was begun at about the same
time as the Auditorium, but details of the foundation are not known.
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The first large-scale use of the cantilever footing was made in 1890
by Burnham and Root in the Rand McNally Building located be-
tween Adams and Quincy Streets west of LaSalle St. At almost the
same time, Jenney used cantilever footings to support the walls of the
Manhattan Building,. still standing at 431 S. Dearborn St. Figure 12
shows a cantilever footing used to support the south wall of the Old
Colony Building, constructed in 1894 at 407 S. Dearborn St. This foot-
ing was underpinned a few years later because of excessive settlement
(see page 58).

In the design of all of the structures on grillage footings, the archi-
tects and engineers complied strictly with the principles laid down by
Frederick Baumann. Combined and cantilever footings were carefully
proportioned so that the centroids of the footings were coincident with
the resultants of the column loads. The amount of live load which
should be taken into account when the footings were proportioned
for equal settlement was a matter of some controversy. It was agreed
by the foremost architects and engineers that only a small fraction
of the nominal live load should be considered. For office buildings and
stores, many designers considered only the dead load of the structure.
A few included a floor load of five pounds per square foot, and the
maximum value which seems to have been used was 18 pounds per
square foot, by Jenney in the Home Insurance Building. In the Fair
Store, the same architect later used the conservative value of 2880
pounds per square foot in proportioning the footing areas, with no
allowance for live load.
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VI. Tue PuBric BuiLpings, 1871-1894

Federal Bwlding

The development and popularity of spread footing foundations in
Chicago were due not only to the impact of Baumann’s treatise on
Chicago builders, but also in large measure to the fate of three
monumental public buildings, two of which were founded on concrete
mats and the third on piles.

The first of these was the Federal Building, in the block bounded
by Jackson, Clark, Adams and Dearborn Streets. This structure was
founded on a continuous bed of plain concrete 314 or 4 feet in thick-
ness, spread upon the surface of the stiff clay crust. The exterior of
the structure consisted of a series of masonry piers of unequal weight,
with fairly large openings between. In the interior were many lightly
loaded columns, and several piers earrying loads of 380 tons or more.
It was assumed that the concrete would act as a rigid base which
would spread the loads uniformly to the underlying clay.

In “The Art of Preparing Foundations” Baumann commented
upon this foundation, which was then under construction. His first
observation was that “any masonry is essentially a yielding mass,
through which the loads act, in proportion to their weights, compress-
ing the ground bencath, forcing the masonry to accommodate itself
accordingly.” Thus, he recognized the fallacy of the fundamental as-
sumption of the designer that the mat would remain rigid. In dis-
cussing the foundation of the outer wall, he presented the cross-section
(Fig. 13). According to his method of isolated piers,

“The axis da is shifted off the
center of its base; the clay be-
neath will consequently be com- %d
pressed . . . with a tendency to \
thrust the wall out of its perpen- \
dicular line. This tendency need,

however, not become reality, be-

cause of the very probable rup- 202
R R Y

ture of the bed of concrete, as SRATRERE TR

indicated in [the figure]. Had
this wall an independent central AR BN
base, as dictated by the ‘method

of isolated piers,’ no possible con- Fic. 13. Secrion THroucH PortioN oF
tingency could ever arise Mar FounparioN oF FEDERAL
o * BuiLping
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“Considering the large inequality of the weights of the piers of
the outside walls, the heavier piers will sink down, in some measure,
proportionate to the weight of pier and size of base upon the clay,
such as it may assume for itself, while the little piers will almost
wholly retain their original levels.” (19

Baumann’s judgment was more than justified. By December, 1885,
six years after completion, repairs to the building due to the unequal
settlement amounted to $94,000. The mat was said to have broken
up when it had experienced a settlement of about 14 inches. In 1896,
the building had to be demolished.

City Hall

In 1882, another mat foundation of similar construction was built
to serve as the base for the new City Hall, which occupied the west
half of the block bounded by LaSalle, Randolph, Clark, and Wash-
ington Streets, the site of the present City Hall. Even during the
construction of the building, the settlement became noticeable. In
1891, Mr. D. C. Cregier recalled that ‘“‘when we came to put in the
floors, it had settled in some portions seven inches and a quarter,”'"
By the time of its removal, the structure had settled differentially at
least 14 inches.

Chicago engineers and architects derived considerable satisfaction
from the fact that the architects of these two structures were Kast-
erners. With Baumann's forecast to emphasize the merit of their own
focal methods, they dismissed mat foundations from consideration,
believing them inherently unsuited to the local conditions. Even after
the introduction of steel beams into foundations, so that mats of
sufficient rigidity and strength became feasible, only one building of
any consequence, the 14-story Owings or Bedford Building, built in
1890 at 203 S. Dearborn St., was constructed on a foundation of this
type before the turn of the century.

County Building

The east half of the block bounded by LaSalle, Randolph, Clark,
and Washington Streets was occupied by the County Building, com-
pleted in 1885. The superstructure of this building was the counter-
part of the City Hall on the west half of the block. The foundation,
however, consisted of footings supported by short piles. The char-
acter of the piling is not exactly known, but all records agree that
the length of piling was 30 feet and that the tops were cut off at about
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city datum. One record, which may be unreliable, states that after
the thirty-foot piles were driven, twenty-foot piles were driven on top
of them without providing a substantial connection. It is certain that
the piles did not penetrate to the bottom of the soft elav. Mr. Cregier
reported that the piles were “so thick that when they drove one down
where they wanted it, the next one that was driven down drove up the
first one, and thev had to keep driving right along; they were a good
many months at it.”2

By 1891, the County Building had experienced a- differential
settlement of 18 inches, and was in worse condition than the City
Hall. The failure of the foundation demonstrated the inability of short
piles to support heavy loads without excessive settlement. However,
the statements of Chicago engineers at the time leave no doubt that
the failure was aseribed to the mere fact that the structure had a pile
foundation, and that no mental distinction was made between short
friction piles and long point-bearing piles. Since this foundation also
was designed by an Eastern architect, the local engineers were more
than ever inclined to use and to refine their own specialty, the founda-
tion of isolated spread footings.

Hence. from the time of the great fire until 1890, the spread
foundation was the dominant type in Chicago, and many architects
had dismissed the thought that any other type was worthy of con-
sideration. The behavior of the public buildings in the early 1880's
merely added to their conviction.



30 ILLINOIS ENGINEERING EXPERIMENT STATION

VII. TaE PROBLEM OF SETTLEMENT
Introduction

In retrospect it seems obvious that one important characteristic
which the three publie buildings had in common was the extreme
variation in the distribution of the weight of each building over the
total area covered by the structure. The excessive differential settle-
ment of the structures was attributed solely to the use of a foundation
type believed to be unsuited to the local conditions. Yet, in the period
between 1883 and 1887, three equally monumental buildings were con-
structed on spread footings, with equally poor results. These strue-
tures were the Polk Street Station (18831, the Board of Trade (1885,
and the Auditorium (1889). The unsatisfactory behavior of the first
two was attributed to the belief that their Eastern architects, although
wisely using spread footings, did not fulfil the requirements of the
method of isolated piers. The Auditorium, however, was designed by
one of the ablest Chicago architectural firms, and the requirements
of the method were meticulously satisfied. Its subsidence began a dis-
cussion among Chicago engineers which was not resolved for two
decades. Details of the controversy are given in Chapter X (pages

56-60) .

Polk Street Station

The Polk Street Station, Fig. 14, contains a brick tower, originally
170 feet high and 21 feet square at the base. Adjacent to the tower
the structure was only two stories high, whereas bevond the two-story
sections the height was three stories. The foundation plan of that
portion of the structure.facing Polk Street is shown in Fig. 15a. All
the walls, including those of the tower, are supported by continuous
rubble stone footings. Interior columns, which support onlyv the floors
and roof, are founded on individual spread footingz. The tower foot-
ing extends to the elay surface at city datum, whereas the wall and
column footings rest on silt or elay at approximately El. -+ 1.00.

The weight of the original tower, including the foundation, was
about 1860 tons, and the area of the tower footing was 1200 =quare
feet. Hence the unit soil pressure under the tower was 3100 pounds
per square foot. The pressure under the smaller footings was approxi-
mately the same. Therefore, it appears that the structure was designed
for a moderate soil pressure. It is also apparent that the tower foot-
ing and the footings for the adjacent walls were not separated from
each other and that the method of isolated piers, as such, was not used.



-BUL. 373. BUILDING FOUNDATIONS IN CHICAGO 31

In 1897 Mr. Artingstall stated
that, to his knowledge, the tower
had twice been cut away from the
main building in order to allow it
to settle and not wreck the build-
ing. In 1899 a set of levels was
taken along the front of the build-
ing which indicated that the
tower had settled about 8 inches,
whereas the two-story building
had settled less than one inch.

In 1943 a series of differential
levels was made along the origi-
nally horizontal stone base course.
The results, as shown in Fig.
15b, indicate a differential settle-
ment of 7% inches between the
tower and the main building;
most of the settlement is concen-
trated in the main building within
a few feet of the tower. The top
of the present tower is some 45
feet lower than the original, be-
cause of the destruction of the
original roof by fire.

The failure of the foundation
of the Polk Street Station was
well known, and was magnified
by ignorance. Even Frederick
Baumann, who was usually con-
servative and reliable in his state-
ments, wrote that “the Polk
Street Railroad Depot stands up-
on ground which had been sof-
tened by extinet water courses,”
and that [1898] the “central
tower . . . has sunk more than a
foot below where it ought to
stand, and the whole fine building
is, in view of this fact, little bet-
ter than a wreck.”®

Fic. 14. PoLK STREET STATION, SHOWING
THE ORIGINAL ToWER
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Old Board of Trade

The Board of Trade Building is shown in Fig. 16. It was located
on the site of the present structure of the same name, between Sherman
and LaSalle Streets on the south side of Jackson Blvd. The front
portion of the structure was 240 feet high. It contained the trading
hall, a large room without interior columns. At the middle of the
front wall, on Jackson Blvd., rose a tower 32 feet square to a height
of 303 feet. The lower 225 feet of the tower were of granite masonry,
whereas the upper 78 feet consisted of a cast-iron lantern. The rear
of the building, 160 feet high, contained offices.

The total weight of the structure was 69,700,000 pounds, of which
53,800,000 pounds were carried by the wall footings. The foundation
appears to have consisted of individual masonry piers resting on timber

Fic. 16. Boarp oF Trane Buitping, SHowiNG OrIGINAL Tower
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grillages at the clay surface. The average load of the structure over
the entire building area, not considering the reduction in load due
to the basement excavation, was only 1780 pounds per square foot.
However, the average soil pressure under the wall footings was 6900
pounds per square foot, and the values of pressure actually ranged
from 5680 to 8800 pounds per square foot. On the other hand, the
soil pressure beneath some of the interior columns was as small as

2060 pounds per square foot.
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Fic. 17. SETTLEMENT oF Boarp oF TRADE
FROM 1884 TOo 1889

Within five years after the structure was completed, its settlement
had become so alarming that the owners retained General William
Sooy Smith, one of the foremost foundation engineers of the day and
a resident of the suburb of Maywood, to study the problem. At this
time (1889) the maximum settlement had reached 1014 inches. Figure
17 shows the results of Sooy Smith’s levels on the outer walls.

In November, 1893, Sooy Smith made a report stating that the
uneven settlement demanded prompt and costly repair. He proposed
that deep masonry piers should be constructed to hard foundation at a
cost of $150,000. In February, 1894, a popular account stated:
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“Levels taken for five vears show that the building has settled at
the rate of one-sixtcenth of an inch a month, the settlement [of the
building proper| amounting in the whole to eight inches. . . . The
northwest corner has scttled most and is now almost entirely separate
from the rest of the structure, there being a crack ten inches wide
between it and the partition wall. . . . The heavy weight of the
tower has caused another depression, greater still than that of the
north wall,” 1%

The owners did not follow Sooy Smith’s recommendation to under-
pin the building, but in the interest of safety the cast iron lantern was
removed from the tower in 1895, and a system of steel tie rods was
installed to hold the walls together.

After the removal of the lantern, the structure stood until 1929,
when it was removed and the present Board of Trade Building erected.
During this entire period, level readings were taken periodically and
the condition of the structure was closely observed. At the time of
its destruction, the maximum settlement was 21 inches.

Auditorium

The settlement of the Board of Trade was public knowledge, and
was almost universally aseribed to the failure of its Eastern architect
to use a constant and conservative value for the soil pressure. Of the
Auditorium, however, it could hardly be said that the best Chicago
practice was unobserved. Hence a history of this structure is of more
than usual interest to the student of Chicago foundations.

The Auditorium (Fig. 18), upon which construction started in
August, 1887, was designed to combine the facilities of a hotel, an
office building, and a theater. The structure is roughly rectangular,
extending 160 feet along Wabash Ave. and Michigan Ave. and 360 feet
along Congress St. The portion fronting on Wabash Ave. and partly
on Congres= St. comprises the office building. The Michigan Ave. front
and most of the rest of the Congress St. face is the hotel. The entire
area enclozed by these three {aces is occupied by the theater, with its
stage toward Michigan Ave. and its balconies ioward Wabash Ave.
Above the theater is a large banquet hall. The theater entrance is
located in a 19-storv tower at about one quarter of the distance from
Wabash Ave. to Michigan Ave. The rest of the structure is 10 stories.

The building consists of exterior and interior masonry bearing
walls which support most of the floor and roof loads. Within the
theater itself there are no columns except those which support the floor.
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The banquet hall and roof are carried by wrought iron trusses resting
upon the masonry walls. The foyer at the rear of the theater contains
a number of columns which support the balconies, and the interior
loads of the office building, hotel, and tower are carried by cast iron
columns and steel or iron floor beams. The bearing walls are con-
tinuous along the back of the building, parallel to Congress St., and
for the most part in the interior. The fronts on Michigan Ave., Con-
gress St., and Wabash Ave., however, consist of separate piers and
columns in the lower stories. The general arrangement is shown in
Fig. 19.

A study of Fig. 19 shows that the distribution of load over the
building area is extremelv non-uniform. Under the tower the concen-
tration of load is very great. On the other hand, under the theater
floor the weight of material excavated for the basement is greater
than the applied building loads. Furthermore, the requirements of
head room in the basement, particularly below the stage, made it
necessary to establish the footings below the top of the desiccated
clay ecrust. All these factors suggested to Adler and Sullivan, the
architects, that the foundations must be designed with great care.
Mr. Adler was himself an engineer of considerable skill, and he re-
tained General Sooy Smith as consultant on foundations.

Sooy Smith made a series of borings at the site of the structure,
and conducted a series of load tests. The results of these tests have
not been located, but it is known that the areas of the test plates were
varied and that tests were made at different elevations in the upper
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clay strata in order to study the effects of these factors upon the prob-
able settlement of the footings. On the basis of the tests it was decided
to locate the base of the tower footing at El. — 5 and of the others at
El. — 4, and to proportion all the footings for a unit load of 4500
pounds per square foot including an allowance for live load. The in-
tensity of dead load beneath the footings was approximately 4100
pounds per square foot.

All footings consisted of 2 lavers of 12-inch timbers laid at right
angles to each other in prepared beds of gravel. So great was Sooy
Smith’s concern lest the water level might drop below the level of the
timbers that he interconnected all the gravel beds and established a
free connection to the water of Lake Michigan, which at that time
was only a short distance across Michigan Avenue.

Above the timbers was placed a stepped grillage of railroad rails,
steel beams, or both, embedded in concrete. On top of the grillage
were placed dimension stone or rubble piers. The foundation of the
tower was one large footing approximately 100 by 67 feet. It is shown
in cross-section in Fig. 20.

The footings were proportioned with great care for the same soil
pressure. Many of the footings were combined in order to satisfy the
condition of concentricity of loads. Furthermore, since it was antici-
pated that the 10-story part of the structure would be completed
before the tower reached its full height of 19 stories, Baumann’s sug-
gestion of pre-loading was adopted. The bricks to be used for con-
struction of the entire tower, supplemented by loads of pig iron, were
placed on the tower footing at such a rate that when the entire building
reached the height of 10 stories, the full weight of the tower rested
upon its footing.

Thus, in every respeet, the foundations represented the best prac-
tice. The amount of settlement expected is reflected in the fact that
the entire building was set two inches above grade. However, Sooy
Smith and Adler took additional precautions to minimize the effects
of such differential settlements as might occur. In order to avoid sepa-
ration of the tower from the adjoining parts of the structure, such
as had already become apparent in the Polk Street Station and the
Board of Trade, Sooy Smith tied the tower footing to the adjoining
wall footings by a series of 15-inch I-beams, which are clearly shown
in Fig. 20. Furthermore, it was feared that several lightly loaded
columns which carried loads from only one story would not settle as
much as the rest of the structure, and serewjacks with a run of six
inches were inserted at the top of these columns to allow for ad-
justment in the future.
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The care with which Dankmar Adler considered the foundations
for the Auditorium was representative of the design of the entire
building. The artistry of Sullivan and the engineering skill of Adler
produced what has generally been regarded as a masterpiece of archi-
tecture. The theater, with perfect acoustics, was the largest of its time.
The decision to hold the World’s Columbian Exposition of 1893 in
Chicago was strongly influenced by the fact that the city possessed
this remarkable building.

Yet Adler and Sooy Smith were compelled to watch the settlement
of this structure grow within two years to seven inches, and in five
years to eighteen. The tower did not separate from the rest of the struc-
ture, but the distortion of the frame was very great and on several
occasions the safety of the building was a matter of litigation.

Fortunately, continuous settlement levels have been taken since
the construction of the structure. A curve showing the progress of
settlement at the point of maximum subsidence is shown in Fig. 21.
Figure 22 shows a profile of the foyer floor in 1942.

Other Buildings

The full significance of the Auditorium’s settlement was not felt
until about 1895. In the meantime, many other large buildings were
constructed on spread footings, with a considerable degree of success.
Table 1 is a list which includes all downtown structures nine stories
or higher, except the Auditorium and the Board of Trade, which were
built on spread footings between the years 1884 and 1895.
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The asterisk indicates that the structure was still in use in 1940, approximately 50 years after

construction.

Fic. 22. ProFiLE oF Fover FLoor 1N AupiTorium (1942)

TasLE 1
Buipings on Spreap Foorings, NiNE Stories or HicHEr, 1884-1805

Date Name Stories “ Location Architect
1884 Calumet 9 111-17 8. LaSalle Burnham & Root
Mallers 12 224-26 8. LaSalle John J. Flanders
Pullman* 10 79 E. Adams 8. 8. Beman
Goff 9 230 S. LaSalle 8. V. Shipman
Counselman 9 N.W. cor., 8. La- Burnham & Root
Salle & W. Jackson
1885 Chicago Opera House 10 8. W. cor., N. Clark Cobb & Frost
Block & W. Washington
Continental Nat'l Bank 9 208 S. LaSalle Burnham & Root
Royal Insurance 12 160 W. Jackson W. W. Boyington
Home Insurance 9 N.E. cor., 8. La- W. L. B. Jenney
Salle & W, Adams
1886 Rialto* 9 132-48 W. VanBuren Burnham & Root
Union Bank 9 21-29 N. Dearborn
Mercantile* 9 305 W. Adams Bauer & Hill
Rookery* 11 209 8. LaSalle Burnham & Root
Austin (Western Union)* 11 111 W. Jackson Burnham & Root
Adams Express 11 109-19 8. Dearborn Geo. H. Edbrooke
Bd. of Trade Hotel 9 319-21 8. LaSalle
(Atlantic)*
1887 Como 9 443 S. Dearborn John M. Van Osdel
1889 Tacoma 13 N.E. cor., N. La- Holabird & Roche
Salle & W. Madison
1890 Chamber of Commerce 13 S.E. cor., N. LaSalle Edward Baumann,
& W. Washington Harris Huehl
Rand MeNally 10 W. Adams west of Burnham & Root
S. LaSalle
Manhattan® 16 431 S. Dearborn W. L. B. Jenney
Monon* 13 436-44 8. Dearborn John M. Van Osdel
Bedford (Owings) (Mat)* 14 203 B. Dearborn H. I. Cobb & Frost
Caxton®* 12 508 S. Dearborn Holabird & Roche
1891 Monadnock (North)* 16 53 W. Jackson Burnham & Root
125 8. Market St.* 10 125 8. Market
Virginia Hotel 10 N.W. cor., N. Rush Clinton J. Warren
& E. Ohio
Pontiac* 14 N.W. cor., 8. Dear- Holabird & Roche
born & W. Harrison
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TasLE 1 (CoNcLUDED)
BuiLpings ox SprEap Foortings, NINE Stories or HicHER, 1884-1895
The asterisk indicates that the structure was still in use in 1940, approximately 50 years after

construction.
Date Name . Stories Location Architeet
1892 Venetian®* 13 15 E. Washington Holabird & Roche
Woman's Temple 13 102-16 S. LaSalle Burnham & Root
Great Northern Hotel® 16 237 8. Dearborn Burnham & Root
Fair Store* 9 S. State, W. Adams Jenney & Mundie
& 8. Dearborn
Unity* 16 127 N. Dearborn Clinton J. Warren
Isabella® 11 21 E. VanBuren Jenney & Mundie
Chicago Title & Trust* 17 69 W. Washington Henry 1. Cobb
Ashland Block® 16 155 N. Clark D. H. Burnham
City Hall Sq. Hotel 9 87-91 W. Randolph Edmund R. Krause
Kedzie Bldg.)*
‘erminals® 14 537 8. Dearborn J. M. Van Osdel & Co.
Boyce* 12 30 N. Dearborn Helir{y I. Cobb
Marshall Field & Co. 9 N. Wabash & E. D. H. Burnham
(8o.)* Washington
Masonic Temple* 21 N.E. cor., N. State Burnham & Root
(Capitol) & E. Rlndolph
1893 Teutonic* 10 179 W. Washington Handy & Cady
ngress Hotel* 10 504 8. Michigan Clinton J. Warren
Centul Y.MCA-" 16 19 8. LaSalle Jenney & Mundie
; 9 15-19 N. LaSalle
Monadnock {Suuth)‘ 17 53 W. Jackson Holabird & Roche
Columbus Mem: 14 31 N. State W. W. Boyington
C’h.leaco Athletlc Ciub' 10 12 8. Michigan Henry I. Cobl
14 8 B. Dearborn Henry I. Cobb
: 12 15-23 8. Wells James Gamblu Roxem
Bocun y* 14 189 W. Madison Clinton J. W
Majestic Hotel* 17 20 W. Quiney D. H. Bumha.m
VanBuren* 10 210-14 W. VanBuren
1894 0ld Colony* 17 407 8. Dearborn Holabird & Roche
Champlain 15 N.W.cor., N. State | Holabird & Roche
& W. Madison
Chemical Bank (Iroquois) 9 21-23 N. LaSalle Burnham & Root
LaSalle-Monroe* 12 37-43 8. LaSalle Jenney & Mundie
(New York Life)

The fact that 38 of the 57 structures listed were still in service in
1940 is convincing evidence that the buildings served their purpose
well. Furthermore, with one exception, there is no record of structural
damage to any of them as a result of settlement under their own
weight, such as occurred in the Polk Street Station, the Board of
Trade, or the Auditorium. It is also worth noting that all these build-
ings exerted a relatively uniform load on the ground. None of them
contained either a high tower with adjacent lower sections, or heavy
load-bearing walls combined with lightly loaded interior columns.
After 1885, almost every building listed was of skeleton construction
and had a fairly uniform column spacing.

On the other hand, it should not be assumed that the structures
did not settle or that Chicago engineers were ignorant of the settle-
ment. In fact, it was the practice at least as early as 1884 to set the
buildings above grade such a distance as would, in the judgment of the
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TaBLE 2
ALLOWANCES FOR SETTLEMENT

Date Building Allowance Architect
inches

1885 Home Insurance 214 W. L. B. Jenney
1889 Auditorium 214 Adler & Sullivan
1891 Monadnock (North) 8 Burnham & Root
1892 . Capitol 8 Burnham & Root
1892 Great Northern Hotel 9 Burnham & Root
1892 Fair Store 415 Jenney & Mundie
1894 New York Life 419 Jenney & Mundie
1896 ¢ Atwood 6lq Holabird & Roche

engineers, cause the structure to be at grade after settlement. As ex-
perience disclosed the progressive settlement of the buildings, the al-
lowance for settlement became greater. A chronological table (Table 2)
showing the allowance for several structures is informative of the
manner in which the importance of the settlement problem grew in
the minds of the designers.

The actual settlement of a few of these structures is known in
some detail, and fragmentary information exists about others. Mr.
Jenney kept records of the settlements of his structures during the con-
struction period. The maximum settlement of the Home Insurance
Building at the time of completion was 214 inches, and the greatest
differential settlement was 1144 inch. There is no record of subsequent
levels, but in February, 1889, Jenney wrote: “experience has taught
that foundations calculated to carry 3500 to 4000 pounds per square
foot . . . will settle four to five inches.”**) Since the soil pressure
used for designing the Home Insurance Building was 4000 pounds per
square foot, his statement suggests that after five years the Home In-
surance Building may have settled that amount. The Fair Store,
probably designed for 16 stories with a soil pressure of 3500 pounds
per square foot and actually constructed with 9 stories at a pressure
of 2850 pounds per square foot, settled a maximum of 13§ inches
during its first four years. The Central Y.M.C.A., built in 1893 by
Jenney, settled 211 inches during its construetion period.

The 16-story Monadnock Block (north half) is one of the heaviest
structures in Chicago. Although built in 1891, it was of wall-bearing
construction. The average footing pressure was 3750 pounds per square
foot, and the average pressure over the gross area of the structure was
3300 pounds per square foot. The area of the structure between build-
ing lines is a rectangle 66 feet wide and 398 feet long. On the basis of
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various surveys made from time to time, Mr. V. O. McClurg has re-
constructed the settlement record shown in Fig. 23. The differential
settlement of the structure in 1900 was of the order of 3 inches.
~ Figure 24 shows a profile along the east side of the building, taken at
that time. The profile extends through the south half of the building,
built one year after the north half was constructed.

The Masonic Temple (Capitol Building), erected in 1892, was the
first 21-story building in the world. It was rectangular in plan, 195
by 132 feet between building lines, and was designed for a soil pres-
‘sure of 3200 pounds per square foot. In contrast to the heavy Monad-
nock Block, the Masonic Temple was of skeleton construction and
exerted a load of only 1600 pounds per square foot over the gross area
of the structure. Figure 25 shows time-settlement curves corresponding
to two points in the building from the start of construction until
1913, twenty-two years afterward. The maximum settlement was ap-

397L93% -

Z T
o FProbable original elevation +/5-/3
RN (Ser 8" higher than fixed inside grade)
RN
g
§ /2

/
A\
=
b
& /8

Fia. 24. SerrLEMENT ProFiLE Aronc East Sme or MoNapNock Brock (1900)



BUL. 3713. BUILDING FOUNDATIONS IN CHICAGO

45

proximately one foot, and the greatest differential settlement was 7%
inches. Curves of eqyal settlement are shown in Fig. 26. They corre-
spond to the year 1913. Settlement during the construction period was

approximately 2% inches.

The Great Northern Hotel, 16 stories, built of skeleton construec-
tion in 1892, settled between 9 and 10 inches during the first year after
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construction. After this period three additions were constructed — the
Great Northern Office Building, the Majestic Hotel, and the Great
Northern Theater. The mutual relation of the four parts of the struec-
ture is shown in Fig. 27. One comfnentary on the new construction
gives an interesting picture of the complacency with which Chicago
engineers of this period regarded differential settlements:

“The new additional structures stand between the original hotel,
which is of nearly equal weight . . ., and two other old style buildings
which came to their permanent bearings many years since. Yet the
new part fills the whole intermediate space, and it has been required
to provide for the necessary settlement of the new building while re-
garding the safety and avoidance of disturbance of two classes of con-
tiguous buildings. When it is understood that the estimated settlement
of the new structure was nine inches, the difficulty in doing this can
be readily appreciated. As a matter of fact, the Jackson street ad-
dition has settled nine inches and the Quincy street addition has set-
tled six inches. But the former now has its full weight, while the latter
has not yet attained its full weight, and the construction has been
slower. The theater which stands between is therefore three inches
lower on the south than on the north side, but as its whole construction
is sufficiently elastic, nothing has to be feared while waiting for the
north side to go down three inches more.”*®

During 1894, the Old Colony Building, a 17-story steel-frame struc-
ture, was completed. It was designed for a soil pressure of 3200 pounds
per square foot. The average load over the gross area of the building
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was about 2500 pounds per square foot. The average settlement over its
nine-month construction period was 4.2 inches, and the maximum
value 5.1 inches. This settlement was considered quite normal.

Indeed, by 1895 most engineers and architects in Chicago felt
themselves masters of their foundation problems. They accepted the
idea that a certain amount of distortion of the building frames due to
differential settlement was inevitable and, if anticipated, was not
harmful. They did not consider it worth their while to investigate the
possibility of less yielding foundations. As a matter of fact, the archi-
tect who contemplated a deep foundation for an office building would
probably have failed to find any business, because Chicago business
men were of a particularly utilitarian mind. Competition was keen
among the architects to produce serviceable buildings at the lowest
cost, and the expense of deep foundations seemed prohibitive and
unnecessary.
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VIII. Risk oF THE LoNG-PiLe FounpaTion (1883-1903)

Earliest Uses of Piles

It is generally believed that pile foundations were first used in
Chicago beneath the grain elevators along the waterfront. The earliest
of these was built in 1848 on the northwest corner of Wells and S.
Water Street (now W. Wacket Drive). In 1857, the first elevator con-
structed of 2-by-4 staves was erected, and from that date until the
advent of reinforced concrete every elevator built in the city was of
that type. All these structures were supported on long wood piles,
loaded to about 20 tons per pile. The success of the foundations ap-
pears to have had little influence on the architects who constructed
the tall buildings of a generation later, possibly because the construc-
tion of elevators was in the hands of a few specialists who did not
engage in ordinary building construction. Furthermore, the apprentice-
ship of the skyscraper archjtects was usually in smaller buildings on
spread - footings, and as structures grew taller they were regarded
merely as a development from the small structures.

The first use of piles beneath a conventional building was probably
under the Sibley Warehouse, still in existence on the north bank of
the Chicago River, on the east side of Clark St. Construction was
started in 1883. This structure was of nine stories, each designed for
a live load of 500 pounds per square foot. Only the river-front wall,
240 feet long, was supported on 30-ft. oak piles. The rest was carried
on footings and masonry piers which, according to a contemporary
account, “seem to nearly cover the whole area.” The piles did not
entirely prevent settlement or lateral movement of the river-front
wall as the channel of the river was deepened from time to time, and
the structure was tied together at an early date by iron tie-rods. In
1945, extensive alterations were made to the foundation along the river
front. Systematic levels and alignment surveys have been made on the
building for many years.

The first complete long-pile foundation under a building is that of
the Grand Central Station, on the southwest corner of Harrison and
Wells Streets, known formerly as the Wisconsin Central Station and
as the Northern Pacific Station. It consists of a masonry tower, 27
feet square and 236 feet high, at one corner of the building, and ad-
jacent portions only 8 and 5 stories in height. The piles are all about 50
feet long and loaded to 25 tons. This structure, built in 1890 by
S. S. Beman, is still in use. A careful examination shows no signs of
structural distress due to differential settlement, and the heavy tower
and adjacent lighter portions are still perfectly bonded together.
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The second long-pile foundation was that of the German (Garrick)
Theater, built by Adler and Sullivan in 1892 at 64 W. Randolph St.
The different parts of this structure range from

“a height of four stories for certain small portions of the structure to
thirteen stories for the greater part of the same and from this to
seventeen stories for the tower. . . . Borings made upon the ground
show that the characteristic soft Chicago mud attains a depth here
of from forty-two to forty-eight feet below the cellar floor, and that
below this is found the well-known tunnel clay, so hard that it was
impossible to bore through it with the ordinary boring tool used.
Fifty-foot piles were driven through this soft mud until, as in the
case of the Northern Pacific Station, their points strike the tunnel
clay. Here they were merely given a sufficient number of blows to
make sure that their points had penetrated the hard clay. . . . The
heads of these piles are cut off at a uniform level of about three feet
below . . . water line, and are then covered by a grillage of oak
timbers running crosswise of each other and both layers drift-bolted
into the heads of the piles. Upon this is formed a foundation of con-
crete and I-beams, of which the outer parts act as cantalevers [sic]
for carrying the parts of the new enclosing walls, which are erected
in immediate contact with the old party walls of the adjacent
buildings.”*?

In itself, the foundation of the German Theater was an outstanding
success. However, because of damage to adjacent structures due to the
pile driving, the construction was followed by litigation.

In 1892 and 1893, three structures on long piles were completed.
These were the Illinois Central Station, east of Michigan Avenue at
Twelfth Street, Bradford L. Gilbert, architect; the Newberry Library,
60 W. Walton Street, Henry Ives Cobb, architect; and the Medinah
Temple, northwest corner of Wells and Jackson, with Beers, Clay and
Dutton as architects. Figure 28 shows a cross-section through one of
the pile footings of the Illinois Central Station which is representative
of the practice at this time.

In discussing this foundation, Mr. C. J. Mitchell, Assistant Civil
Engineer for the Illinois Central Railroad, stated:

“Piles varied from 11 to 16 inches in diameter at the butt end, and
were from 40 to 60 feet in length, averaging about 51 feet. . . . A cast
iron cap was used in driving. . . . The drivers used, three in number,
were of the usual pattern of drop hammer, the weights of which were
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2800, 3200, and 3800 pounds respectively. . . . The fall of the ham-
mer at the last blow was usually 35 to 40 feet, . . . [the] penetration
under the last blow averaged about 3 inches, though a large number
went less than 11% inches. . . .

g Grade

Grarite
Bedrora
Blue Storne
2 [ ]
| I
ll lI Jolret
Limesione
| L
| |
s 3
12x12 over eact Row of Piles ?
P
| ... Z %

i
I

| |
Rl R R RN
b ldialbinfia gl Jvlad

Fi1c. 28. P FooTiNG oF ILLINOIS CENTRAL STATION

[ S ——

at

s

w

“After the piles had been driven, the tops were sawed off to a
uniform height of 3 feet below datum in order that all timber should
be below low water. . . . After the piles were cut off, the earth was
excavated 18 inches below their tops and rich Portland cement con-
crete was tamped in even with the tops of the piles. Oak caps 12 x 12
inches were fastened on by a drift bolt in the center of each pile, and
the space between the timbers was filled with concrete; on top of this
came the masonry work.”(*®

During pile driving, it was noted that piles previously driven were
lifted as much as four inches. No mention is made of any redriving.
" Hence, the information given by Mr. Mitchell indicates that the piles
were not driven to a particularly resistant layer and that the founda-
tion did not attain present-day standards. Nevertheless, the structure,
which consists of a 13-story tower, a 9-story office section, and a
3-story station structure, has not been damaged by settlement.
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“The piles were driven [in the soe Fusene Lmeiny
bottom of a sheeted trench] by a
steam hammer . . . made by the Vulean Iron Works; weight 4500
lbs.; fall, 42 ins., making 54 blows per minute. The last 20 feet were
driven with a follower of oak. It was found that it required 48 to 64
blows to drive the last foot with the follower, and as the ratio of
blows without follower to blows with follower is as one to two, it may
be estimated that it would have required from 24 to 32 blows of the
above hammer to drive the last foot directly, without follower. . . .

“The piles were driven 214 feet between centers . . . deemed to be

as close as thev can be driven with ease. They were about 54 ft. long
and were driven about 521 ft. They had an average diameter of 13 in.
.. . The heads of the piles, after being sawed off were 27 ft. below
the street grade, and the tips were about 80 ft. below the same
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[El. — 65]. They were driven about 27 ft. in soft, plastic clay, 23 ft.
in tough, compact clay, and 2 ft. in hardpan.”®

A load test was made on a group of four of the piles by Mr. N. E.
Weydert, Superintendent of Buildings for the City. A platform seven
feet square was constructed and placed on four piles. It was then
loaded with pig iron to a height of 38 feet, subjecting each pile to a
load of 50.7 tons. The load acted for eleven days, without producing
measurable settlement. The design load was taken as 30 tons per pile.

Similar pile foundations were constructed by General Sooy Smith
in 1894 for the Stock Exchange, still standing at the southwest corner
of LaSalle and Washington Streets, and in 1897 for the Post Office,
located between Clark, Dearborn and Adams Streets and Jackson
Blvd. In the Stock Exchange, 30-ton piles were driven at three-foot
centers and cut off at El. — 16’-10”; in the Post Office, piles were
driven at 3%%4-foot centers and cut off at El. — 13’-8”. With a single-
acting hammer weighing 4400 pounds, the average penetration per blow
under the last 200 blows was less than one-half inch.

These foundations were practically unyielding and entirely satis-
factory. However, Sooy Smith’s fears of lowering the water table
by drainage were based upon his failure to recognize the ability of the
pervious sand and silt layer overlying the clay to furnish water more
rapidly than it could be removed through the less pervious clay by
any sewer or subway structure. Therefore, pile cut-off one or two feet
below datum became the accepted practice, and no subsequent pile
foundations were cut off at low level. In 1903 the LaSalle Street
Station, located on the south side of VanBuren St. between LaSalle
and Sherman Streets, was constructed, with E. C. and R. M. Shank-
land as engineers, It rests on 50-foot piles cut off just below datum.
Hence, in this strueture, the earlier practice became re-established;
however, stone piers, such as were used in the Illinois Central Station,
were superseded by grillages of I-beams and concrete.

A number of pile foundations have been constructed in the Loop,
but as column loads grew heavier, piers to hard elay or bedrock
became more popular. Piles are still the predominant foundation type
for buildings north of the Chicago River, where a number of 15- to
25-story apartment houses have been built. In order to avoid cut-off
at datum, concrete piles have been used extensively in this area.
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IX. THE “CHIicaco Carsson” To Harppan

Limitations of Pile Foundations

In the congested Loop district, the pile foundation was not without
its disadvantages. The vibrations due to the pile driving were injuri-
ous to adjacent structures, particularly if these were of old construc-
tion and founded on the silt layer, because under vibration the silt
tended to compact. Furthermore, even newer structures were damaged
by the heave caused by displacement of the soil by the piles.

Foundations for Stock Exchange

The litigation associated with the construction of the German
Theater has already been mentioned. In 1894 the owners of the new
Herald Building, adjacent to the side of the Stock Exchange, obtained
an injunction preventing the driving of piles for the foundations of
the wall of the Stock Exchange nearest their structure. To overcome
the difficulty, General Sooy Smith introduced a line of cylindrical
piers to replace the piles. These piers were the first to be constructed in
shafts excavated by the so-called “Chicago caisson method.” The
term “caisson” was not used by Sooy Smith but was incorrectly in-
troduced at a later date by construction men. Nevertheless, the term
has persisted, and became accepted in Chicago to describe foundation
piers of this type.

The Stock Exchange caissons were the outgrowth of several years’
thought and experience on the part of Sooy Smith. The forerunner
of the caissons was a group of wells sunk beneath the stage of the
Auditorium in 1887 to house hydraulic eylinders for raising and lower-
ing part of the stage. The procedure is best described in the General’s
own words in 1892,

“I sank these wells after the adjacent walls of the building were
built. Some of them went to a depth of 24 feet below the footings of
the foundations and were only four and one-half feet from them. The
weights resting on the soil amounted to . . . 4320 pounds per square
foot. . . .

“Extraordinary precautions were taken to prevent the movement
of the earth around the walls, as such movement might have caused
serious settlements of the walls. Strong steel rings were used, and
tongued and grooved sheathing was driven outside of these rings, and
kept well in advance of the excavation as this proceeded. We got the
wells down without the slipping of a spoonful of earth outside of them,
and this without the difficulty anticipated.”®
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In 1893, Sooy Smith prepared plans and estimates for underpinning
the Board of Trade Building by an extension of this method, but
the scheme was rejected by the owners in favor of dismantling part
of the tower. Hence, the Stock Exchange represented the first full-scale
trial of the method. According to a contemporary account:

“The clay at this point is as soft as has been encountered in any
part of the city. The conditions were such that pile foundations seemed
especially desirable, yet it was quite out of the question to drive piles
so close to the Herald Building as would have been necessary in
supporting the building wholly upon piles. The foundation plan finally
adopted was that shown in [Fig. 30], all footings resting on pile
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Fi1c. 30. FounpaTioNn PLaw oF Stock EXCHANGE

foundations except those near the Herald Building. These rest on
foundations made by excavating wells down to the hard clay and
filling the same with concrete. In making the excavations, the sides
of the well were supported by oak sheathing held in place by steel
rings, the sheathing being put in place as fast as the excavation
progressed. These concrete foundations vary in diameter from 5 ft.,
to 6 ft. 4 in., increased at the base to 6 ft. 6 in. and 8 ft.”@»
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Later Applications

The next use of the caissons was for underpinning the south wall
of the Old Colony Building in 1896, three years after its erection.
The footings for this wall had proven inadequate and excessive set-
tlement occurred. The success of the operation, which was super-
vised by Sooy Smith, established the fact that the well method of
construction was admirably suited for underpinning operations.

The first use of caissons under an entire new building probably
occurred in 1899 at the Methodist Book Concern, now known as the
Stop and Shop Warehouse at 12-14 W. Washington St. Within-the next
few years, many buildings were constructed on Chicago caisson
foundations. Some 250 separate piers were constructed for the Cook
County Hospital on Harrison St. between Wood and Lincoln Streets
in 1912, and for the first time load tests were made to establish the
bearing capacity of the hardpan at a building site. On the basis of the
tests, the design load of 13,300 pounds per square foot at the bottom
of the caissons was permitted.
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X. THE CONTROVERSY OVER SHALLOW AND DEEP FOUNDATIONS

Before 1890, serious consideration had never been given to the use
of deep foundations in Chicago. By 1892, the settlement of six promi-
nent buildings on shallow foundations reached the values given in
Table 3.

Of these buildings, only the Auditorium had been designed by
Chicago engineers and architects. Dankmar Adler and his consultant
on foundations, Sooy Smith, remained in Chicago, where they could
not but observe the settlement of their structure. Further, Sooy Smith
was at the same time observing the settlement of the Board of Trade
in order to recommend remedial measures. Hence it is not surprising
that these two men should have been the first to conclude that spread
foundations above the soft clay did not represent sound engineering
and should be abandoned. In June, 1891, Mr. Adler wrote:

“Neither the timber and concrete foundations of the Board of
Trade and the Pullman buildings, nor the rail and conerete founda-
tions of the Rialto, Phoenix and Rookery buildings, nor the timber,
concrete, rail and I-beam foundations of the Auditorium, nor the con-
crete and I-beam foundations of the Tacoma and later buildings
are the last word. . . . We should take into consideration the bril-
liant success of pile foundations as used under most trying conditions
as supports for our grain elevators and as the substructure of the
Northern Pacific Railway station.”**

In October, 1892, General Sooy Smith, addressing the engineering
students of the University of Illinois, said:

“It is the common practice of Chicago architects to load the soil
at the rate of 3000 pounds per square foot. . . . Experience with heavy
buildings shows that in the course of months and years they . ..

TABLE 3
APPROXIMATE SETTLEMENT OF BuiLpINGgs 1N 1892

- Maximum Differential

Building Age Settlement Settlement
Post Office® 13 yrs. 14"
Polk Street Station 9 yrs. 8" (7) e
Board of Trade 8 yrs. 144" 7
City Hall* 7 yra. 147
County Buildingt T yrs. crl 18"
Auditorium 5 yrs. 17 % 17"

* Mat.
t Short Piles.
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continue to settle when the soil is not loaded to exceed the limit above
stated. Experience also shows that while the initial settlements under
a given load may be uniform throughout the area covered by a build-
ing, the progressive ones may eventually =o differ as to cause serious
cracks and demoralization in the structure. . . . [We] must, if prac-
ticable, secure an unyielding foundation. . . . Wherever it is practi-
cable, the foundations of heavy buildings should rest upon the rock
or upon the hard-pan immediately overlving it. . . . [Piles] can be
driven . . . down to the rock, or into the hard-pan immediately over-
lving it. . . . And in cases in which the rock is within easy reach by
wells, say, at a depth not exceeding 60 feet, they may be sunk to the
rock and a pillar or column of rubble masonry or concrete may be
carried up to the level of the basement or sub-basement floor.

“Careful estimates show that these foundations will cost less than
those which are now generally employed; namely, platforms of steel
and concrete, resting on compressible soil.” %

Excerpts from Sooy Smith’s speech were printed in Chicago papers;
the reaction of the designers of office buildings was swift and unfavor-
able. Mr. Jenney, designer of the Home Insurance Building, responded:

“As to the deep piling . . . recommended by the General, . . . it
is unnecessary in my estimation, and would be only a waste of money.
The great high buildings put up on foundations supported by piers at
datum are proving highly satisfactory. For instance, the Home In-
surance Building has settled so uniformly that the greatest variation
throughout is only three-fourths of an inch. . . . The present method
of putting up buildings, if carefully and scientifically followed out,
leaves nothing to be desired. Gen. Sooy Smith’s ideas are above
scientific eriticism, but I am afraid it would be hard to persuade capi-
talists to pay the extra money to put them in practice. Nothing but an
Eiffel tower would demand them.” 4

Mr. D. H. Perkins, manager for D. H. Burnham, whose works in-
cluded the Rialto, Phoenix, Rookery and other buildings, remarked,

“T do not like to criticise so great an authority as Gen. Sooy Smith
at a moment’s notice. . . . As to the piling principle we do not use it
and all our buildings stand on separate column footings which rest
on the blue clay. We have not found that piles are necessary and
our buildings have not suffered for lack of them.”2%
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Evidently the architects and engineers involved in the controversy
felt that there was no middle ground. Adler and Sooy Smith stood
almost alone in 1892. Adler’s belief in the lesson to be learned from
the Northern Pacifie Station was evidently not shared by Mr. Corydon
T. Purdy, who remarked four months after Adler’s article:

“If we could drive piles to bear upon a real hard pan or solid rock
we could put a greater load per square foot over the area covered,
than we can with the spread foundation. . . . Some claim that this
can be done, but its practicability has yet to be demonstrated.

“We believe that the secret of equal settlements is very largely
in the proper distribution of . . . loads. . . . T have vet to learn of
a case where reasonable care was exercised to secure the proper propor-
tions that settled unevenly enough to reveal the fact in the con-
struction.” %

The statement that the practicability of pile foundations had not
been demonstrated was challenged by Mr. H. B. Herr, who drove the
piles for the Northern Pacific Station. He rejoined:

“We have pounded down a good many piles for foundation work
and other purposes. . . . I am well satisfied that if you drive a pile
until it reaches the hard clay anywhere in this city, that is the best
you can do for foundation support, and I believe it can be done any-
where in the city.”*"

Before 1900, Adler and Smith had demonstrated the practicability
of both pile and pier foundations. Indeed, after 1892 there is no record
that either man was ever again associated with a spread foundation
for a building of any importance in Chicago. Mr. Purdy’s confidence
in the ability to proportion footings for equal settlement must have
been shaken by the necessity for having Sooy Smith underpin the
south wall of his Old Colony Building only three vears after con-
struction. In fact, by 1900 there was a slow trend toward the deeper
foundations. By that time, the settlement even of some office buildings
had become unpleasantly great. Table 4 lists the settlement of a few
of the structures.

Hence, evidence in favor of deep foundations began to accumulate,
and one by one the architectural firms began to adopt them. Adler and
Sullivan built their first deep foundation in 1891. The firms of D. H.
Burnham (successor to Burnham and Root) and Holabird and Roche
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TaBLE 4
APPROXIMATE SETTLEMENT oF BuiLpixes 1y 1900

il Maximum Differential
Building Age Settlement } Settlement
oard of Trade 16 15
Board of Trad 5" 9*
Auditorium 13 234" 23"
Monadnock 9 14° W
Masoniec Temple 8 8"
Great Northern Hotel 6 10" !
Old Colony* 6 5" |

* South wall underpinned.

began their transition in 1896 and 1897, respectively. Mr. Jenney, the
strongest supporter and probably the most successful user of the spread
footing, did not alter his methods until 1904.

After 1904, contemporary accounts of Chicago foundation practice
almost disappeared from engineering literature. Indeed, in 1904, an
event oceurred which made any future argument strictly academic.
At that time the Chicago Tunnel Company began the construction of
small freight tunnels along the principal streets of the Loop. The
digging of the tunnels, about nine feet high and six feet wide and
located fifty feet below the ground surface, caused the settlement of
many structures and initiated a widespread need for underpinning.
From that date, the possibility of settlement due to adjacent excava-
tion could not be ignored, and very few new buildings were set on
spread footings.

The transition from spread to deep foundations is illustrated by
Fig. 31, which shows the height of the buildings erected during any
one year and the number of buildings on spread footings, piles, or
caissons. Only buildings of six stories or more are considered. The
slow transition between 1890 and 1900 is significant, for during this
period the average building height did not increase. The rapid change
to almost no spread footings after 1905 is very likely the result of the
combined influence of settlements due to excavation and of increased
height of buildings.

Thus, the controversy which was so active in the decade from 1890
to 1900 resolved itself. The superior merits of deep foundations and the
disadvantages of spread footings gradually forced themselves upon the
attention of Chicago foundation engineers and architects, and nullified
all arguments to the contrary.
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APPENDIX A
SELECTED REFERENCES

The Inland Architect and News Record, published in Chicago
from 1883 to 1908, contains many articles and news items concerning
foundations for Chicago buildings. Among the more extensive are the
following:

Recollections of Van Osdel, July 1883, p. 78; Aug. 1883, p. 89.

W. L. B. Jenneyv, The Construction of a Heavy, Fireproof Build-
ing on a Compressible Soil, Dec. 1885, p. 100. (Concerning the Home
Insurance Building)

Dankmar Adler, Foundations of the Auditorium Building, Chicago,
March 1888, p. 31.

Dankmar Adler, Tall Buildings, June 1891, p. 58.

W. L. B. Jenney, The Chicago Construction, or Tall Buildings on
a Compressible Soil, Nov. 1891, p. 41.

Tall Buildings in C'hicago, Railroad Gazette, Oct. 30, 1891.

Foundations of the Chicago Stock Exchange Building, Railroad
Gazette, April 27, 1894, p. 302.

The Development of Shallow and Deep Foundations for Chicago
Bwildings, Engineering News, Dec. 22, 1904, p. 560.

Caisson Foundation Work in Chicago, R. C. Smith, Purdue Engi-
neering Review, May 1922, p. 20.

The Building Problem in Chicago from an Engineering Standpoint,
Wm. Sooy Smith, Illinois Technograph, 1891-1892, pp. 9-21. Sum-
marized in Engineering News, Oct. 13, 1892.

The Foundations of the New Post Office and Government Building
at Chicago, Engincering News, Jan. 27, 1898, p. 66.

Steel Skeleton Construction in Chicago, E. C. Shankland, Proceed-
ings of the Institute of Civil Engineers (London), Vol, 128, Part 11,
1897, p. 1.

Industrial Chicago, Goodspeed Publishing Co., Chicago, 1891,
Vol. 1, p. 473.
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THE ENGINEERING EXPERL-\‘IENT STATION

Bulletins

The Effect of Cold Drawing on the Mechanical Properties of Welded Steel
Tubing, by W. E. Black. 1942. Forty cents.

Pressure Losses in Registers and Stackheads in Forced Warm-Air Heating, by
A. P. Kratz and S. Konzo. 1942, Sizty-five cents.

Tests of Composite Timber and Concrete Beams, by F. E. Richart and C. B.
Williams, Jr. 1943, Seventy cents.

Fatigue Tests of Commercial Butt Welds in Structural Steel Plates, by W. M.
Wilson, W. H. Bruckner, T. H. McCrackin, Jr.,, and H. C. Beede. 1943.
One dollar.

Ultimate Strength of Reinforced Conerete Beams as Related to the Plasticity
Ratio of Concrete, by V. P. Jensen. 1943. Seventy cents.

Highway Sl.lh-lintigos with Curbs: Laboratory Tests and Proposed Design
Method, by V. P. Jensen, R. W. Kluge, and C. B. Williams, Jr. 1943.
Ninety cents.

Fracture and Ductility of Lead and Lead Alloys for Cable Sheathing, by H. F.
Moore and C. W. Dollins. 1943. Sevenly cenis.

Fuel Savings Resulting from Closing of Rooms and from Use of a Fireplace,
by 8. Konzo and W. S. Harris. 1943. Forty cents.

Performance of a Hot-Water Heating System in the I =B =R Research Home
at the University of Illinois, by A. P. Kratz, W. S. Harris, M. K. Fahnestock,
and R. J. Martin. 1944. Seventy-five cents.

Fatigue Strength of Fillet-Weld and Plug-Weld Connections in Steel Strue-
tural Members, by W. M. Wilson, W. H. Bruckner, J. E. Duberg, and
H. C. Beede. 1944. One dollar.

Temperature Drop in Ducts for Forced-Air Heating Systems, by A. P. Kratz,
S. Konzo, and R. B. Engdahl. 1944, Sixty-five cents.

Impact on Railway Bridges, by C. T. G. Looney. 1944. One dollar.

An Analysis of the Motion of a Rigid Body, by E. W. Suppiger. 1944. Seventy-
Jive cenls.

The Viscosity of Gases at High Pressures, by E. W. Comings, B. J. Mayland,
and R. 8. Egly. 1944, Free upon request.

Fuel Savings Resulting from Use of Insulation and Storm Windows, by A. P.
Kratz and S. Konzo. 1944. Forty cents.

Heat Emission and Friction Heads of Hot-Water Radiators and Convectors,
by F. E. Giesecke and A. P. Kratz. 1945. Fifty cents.

The Bonding Action of Clays: Part I-—Clays in Green Molding Sand, by
R. E. Grim and F. L. Cuthbert. 1945. Free upon request.

A Study of Radiant Baseboard Heating in the I=B =R Research Home, by
A. P. Kratz and W. 8. Harris. 1945, Thirty-five cents.

Grain Sizes Produced by Reerystallization and Coalescence in Cold-Rolled
Cartridge Brass, by H. L. Walker. 1945, Free upon request.

Investigation of the Strength of Riveted Joints in Copper Sheets, by W. M.
Wilson and A. M. Ozelsel. 1946, Free upon request.

Residual Stresses in Welded Structures, by W. M. Wilson and Chao-Chien Hao.
1946,  Seventy cents.

The Bonding Action of Clays: Part II—Clays in Dry Molding Sands, by R. L.
Grim and F. L. Cuthbert, 1946, Free upon request.

Studies of Slab and Beam Highway Bridges: Part I—"Tests of Simple-Span
Right I-Beam Bridges, by N. M. Newmark, C. P. Siess, and R. R. Penman.
1946. Free upon request.

Steam Turbine Blade Deposits, by F. G. Straub. 1946. Free upan request.

Experience in Illinois with Joints in Concrete Paveme tlh, by J. Crandell,
V. L. Glover, W. C. Huntington, J. D. Lindsay, I. Ilmhart ‘and C. C.
Wiley. 1947. Free upon request.

Performance of an Indirect Storage Type of Hot-Water Heater, by A. P. Kratz
and W. 8. Harris. 1947. Free upon request.
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NO.

Bulletins (Continued)

367. Influence Charts for Computation of Vertical Displacements in Elastic Founda-

tions, by N. M. Newmark. 1947. Free upon request.

368. The Effect of Eccentric Loading, Protective Shells, Slenderness Ratios, and

Other Variables in Reinforced Concrete Columns, by F. E. Richart, J. O.
Draffin, T. A. Olson, and R. H. Heitman. 1947. Free upon request.

369. Studies of Highway Skew Slab-Bridges with Curbs: Part I—Results of

Analyses, by V. P. Jensen and J. W. Allen. 1947. Free upon request.

370. The Illinois Smokeless Furnace, by J. R. Fellows, A. P. Kratz, and 8. Konzo.

37

37

1947. Free upon request.

1. Rate of Propagation of Fatigue Cracks in 12-inch by 34-inch Steel Plates with
Severe Geometrical Stress-Raisers, by W. M. Wilson and J. L. Burke. 1947.
Free upon request.

2. The Effect of Non-Uniform Distribution of Stress on the Yield Strength of
Steel, by D. Morkovin and O. Sidebottom. 1947. Free upon request.

373. History of Building Foundations in Chicago, by R. B. Peck. 1948. Free upon

request.

Circulars

NO.

44

45.

47.
48.

49.
51.
52.

. Combustion Efficiencies as Related to Performance of Domestic Heating Plants,
by A. P. Kratz, S. Konzo, and D. W. Thomson. 1942, Forty cents.

Simplified Procedure for Selecting Capacities of Duct Systems for Gravity Warm-
Air Heating Plants, by A. P. Kratz and S. Konzo. 1942. Fifty-five cents.

. Hand-Firing of Bituminous Coal in the Home, by A. P. Kratz, J. R. Fellows,
and J. C. Miles. 1942. Free upon request.

Save Fuel for Victory. 1942, Free upon request.

Magnetron Oscillator for Instruction and Research in Microwave Techniques,
by J. T. Tykociner and L. R. Bloom. 1944. Forty cents.

The Drainage of Airports, by W. W. Horner. 1944. Free upon request.

. Bibliography of Electro-Organic Chemistry, by 8. Swann, Jr. 1945. In press.

Rating Equations for Hand-Fired Warm-Air Furnaces, by A. P. Kratz, 8. Konzo,
and J. A. Henry. 1945, Sixty cents.

The Railroad Dynamometer Car of the University of Illinois and the Illinois
Central Railroad, by J. K. Tuthill. 1947. Free upon request.

5 Reprints

27. A Brief History of Lime, Cement, Concrete, and Reinforced Concrete, by J. O.
Draffin. 1943. Free u request.

28. Tenth Progress Report of the Joint Investigation of Fissures in Railroad Rails,
by R. E. Cramer and R. S. Jensen. 1944. Free upon request.

29. Second Progress Report of the Investigation of Shelg‘rJ Spots in Railroad Rails,
by R. E. Cramer. 1944. Free upon request.

30. Second Progress Report of the Investigation of Fatigue Failures in Rail Joint
Bars, by N. J. Alleman. 1944. Free upon request.

31. Principles of Heat Treating Steel, by H. L. Walker. 1944. Fifteen cents.

32. Progress Reports of Investigation of Railroad Rails and Joint Bars, by H. F.

oore, R. E. Cramer, N. J. Alleman, and R. S. Jensen. 1945. Free upon

request.

33. Progress Report on the Effect of the Ratio of Wheel Diameter to Wheel Load on
Extent of Rail Damage, by N. J. Alleman. 1945, Fifteen cents.

34. Progress Report of the Joint Investigation of Methods of Roadbed Stabilization,
by R. B. Peck. 1946. Free upon request.

35. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E.
Cramer, N. J. Alleman, and R. 8. Jensen. 1946. Free upon request.

36. Electro-Organic Chemical Preparations: Part IIT, by S. Swann, Jr. 1947. Free
upon request.

37. Progress Reports of Investigation of Railroad Rails and Joint Bars, by R. E.
Cramer, N. J. Alleman, and R. S. Jensen. 1947. Free upon request.

38.

Second Progress Report of the Investigation of Methods o Roadbed Stabiliza-
tion, by R. Smitﬁ, R. B. Peck, and T. H. Thornburn. 1947. Free upon

request.
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