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_1ive end dead loads, shall be es rried by it%,

HIGE BUILDINGS.

Some immense structureé heve been built ever since the deys of the
Pyramids. The construction of very high buildings for commercial use
primerily énd for erchitectural effect secondarily, is 6f modern practice.
We have no records or experience by which we mgy determine whether these
build ings are permanent or temporary as compared with world renouned
buildings of other countries. Somwe pmrts of our so-called fire proof
buildings are expected to deteriorate in & few years but the lerger pert
is designed with great care and is expected to last, how long, we
cannot say.

Simce the invention of fire proof structures there have been various
neterials used for fire proofing but all have been more or less temporary.
The introduection of the hollow tile in 1871 is, however, sn exception esnd
this material is considered the best fire proofing material of the present
time, Iron is, and alwa;}s has been, used for columns end floor beams on
accoun‘é of ite fire proof properties as well as its superior streanght.

In the early days of ths high buildings, & building of eight or
ten stories was considered the prectical meaximum of height. The walls
were designed to carry their shere of the floor loads and the beams and
girders rested on them. 1In the buildings of today, however, the skeleton
st ructure is made %o cerry the walls as ¥ell es the floor loads. The
walls of the modern high building carry no load whatever. This mey be
said to be the essential difference between the old and the modern high
building, that the walls carry no load and are carried by the skeleton
structure instead of carrying the floor loads, beasms and girders.

The theory of the modern high building is thet the steel skeleton
construction shall be complete in itsel f, furnicshing the entire strength
and rigidity, &#11 other portions of the stfucture, inside and out,

Fran this we can sece



thet the walls should be no thicker at the hottom than at the top. Thess
walls are called durtain walls as they ere merely a covering on the out-
gide and fofm & protection from the weather. They are, however, quite
rigid as well as protect the stsel structure.

In designing a modern high building the work should naturally be
takken up in the following order: select first the fire proof floor arch;
arrenge the spscing of beams, girders, &nd columns, determine the wall
sections and method of supporting walls; make schedule of loads on columnsg
end foundetions; design the foundations; calculate sizes of beams and
girders; celeulate the columns; calculate wind brac ing.

In this discussion the sbove details will be discussed dbriefly with
a few suggestions and concrete examples from practical works.

Before proceeding further, however, we must determine the live load
for whieh the building is to be designed to cerry. 1In general, good
practicé calls for 40 to 75 pounds per square foot on floors used for office
purposes, hotels or dwellings; 100 to 120 pounds per squere foot on floors
for stores, ball rooms, theatres, or places of publiec assembly and 150
pounds per square foot and upwerds for factory and warehouse floors or
floors subject to shoeck or vibration. The Bew York City building law
requires 70 pounds per square foot for hotels and dwellings; 100 pounds
for office buildings; 180 pounds for floors of public assenbly and 150
pounds and upwards for factories, warehouses, stores, ete. These losads
include weights of parthtioms, stationary and moveble furniture, and all
live losads.

. The choice of the fire proof arch depends somewhat upon the purpose
for which the floor is to be used. In generd , however, that floor systenm

which weighs the less will be the most economical as the metsl in beams and

columns will be less. FEach case must be studued independently, however



as the conditions vary widely. There are guite & few gecod floor systems
in use now, some of which are the following: hollow tile system of
arching, metropolitan system, Rodling system, Melan system &nd others.
Tach one of these has its individual sdvantages and & study of each in
regaemd to the existing conditions for which it is to be used should be
carefully made.

In designing the floor beams the use of the following formula is

. comion,
a7

in which
R = section modulus in inch units
W.= uniformly distributed load over whole beam.
l = spanm of beam in feet
T = allowed fiber stress in 1bs. rer sq. in.
Af.ter finding R from the sbove formula the proper size I beam mey
be found from any of the mill hendbooks. The lightest beem which will
fill the conditions should be selected. If no beam cen be found near thse
gsbove mundulus then the beams msy be rearranged and a new modulus conputed.
Care must be taken to slect & beam which will not exceed the limiting
span which, in New ‘York. is determined by the condition that the center
deflection shall not exceed 1/360 of the span when beam ig fully loaded.
The wall sections should now be determined and the ouestion at what
floore to carry the walls settled. In New York the law requires all 12"
walls .to be carried at esch floor and permits & 16" wall to run two floors
unsupported. This seame law sgys that the walls of the four top floors
shall be 12 inches wide and that for each four storiss or fifty feet

downweri 4" shall be added to the width of walls of section just above.
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This is said to be a a far too rigid requirement and the Boerd of
Fxaminers makes mény concessions in regerd to it. However, 12" walls
are not ellowed throughout the entire structure.

The next work to be tsken up is to caleulste 8ll the column loads
down through the building. If the building is to rest on yielding
soil, the live and dead loads should be kept sepaerate. 1lost author-
ities agree that the floor beams should be celculated to sustain all
the assumed live loesds in addition to the actual.dead loed. The Chicapgo
building law requires thst the girders shall be calculated to carry
eight tenths of the assumed live losd in add ition to the dead le® d and
thet colunns be caleulsted tc carry six tenths of the assumed live load
in eddition to the dead losd. In New York ell of the girders ami
columns are celculated to sustain the total assumed live losd for each
floor in sddition to the sctusl dead loed &nd that this total lozd be
assumed to rest on the foundations. This, however, is said to be
in excess of the practice of the engineers. This, however, is left
to the discretion of the engineer except when laws compel him to do
otherwise. Tach column is usually numbe red on the plen; the different
stories of the building are den‘oted by the letters of the alphabet, A
being the first story. The losads are generally divided into three parts;
floor loads, wall loads, and specisl loads. The Bloor losds sre under-
stood to include &n sllowance for fireproof partitions, the beams, the
girders, the weight of interior columns &nd fireproofing them, and for
plumbing end heating fixtures, ete., 211l of which items should be ecalecu-
lated and reduced to a uniform smount per sq. ft. of the floor area snd
added to the dead load of the floor itself. The well loads include,
besides the weight of walls, the wall columns, the windows and every-

thing in walls themselves. In New York one half weight vhich would
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£i11 the window is deducted from weight of wells. Under special loads,
al lowance for wind, weights of tenks, vaults, safes, elevators, @and all
permanent machinery are included. The column loads are placed in a
table. For each column is given its deed and live loads and its total
load. From this teble the total losed on the foundations is obteined.

The foundations of & modern high building are probably the most
important part. Should the foundation be too wesk to carry the lmd
of the strueture, the building is likely to collspse at any time, The
materiel upon vhich the building is built is important in determining
the nature and class of foundation. The high build ings of today are
constructed with such small baeses that it is difficult to get the re-
quired bearing area for the various classes of soil. Whenever possibl:
the foundations are acrried to solid rock. When the s0lid rock is

neer enough to * he surfece to be reached by piles, these are driven,

~in the area of the bese until solid rock is reasched. Then up on the

top of these piles end the soil, which ere level, grillage msde.

Grillage consists of concrete in which ere paleced I besms running
in both directions. Grillage is used by msny engineers for the founda-
tions of these buildings and in nearly all cases where solid rock is
not reached. The thickness of the grillage, the size &nd length of the
I beams, ete., depend on the loed and the manner in which this load is
transmitted to the foundation; whether by one single column or & number
of eolumns, ete. The general classes of foundations from which the
builder has to seleet &re the following:

Pirst. Simply building the foundation walls or pillars on the
naturel bed, spreading the beses with projecting courses of mesonry.

Second. Obtaining the necessary spread with a timber platform

or grillage.



Phird. Driving piles, either to some hard or firm meterisl or to rock.

These two methods mey, however, cause set tlement by rotting of the
timber.

Fourth. Building the wells on beds of concrete of sufficient
area, either alons or strengthened by iron or timber beams built in
- the concrets.

Fifth. Sinking cylinders of iron or ceissons of timber or iron
of such dimensions as to support either & single column or & series of
. columns or walls, these caissons being sunk either to roek or to such
a depth and msterieal as will preclude the possibility of feilure
occurring from eny of the sbove ment ioned causes.

Generally &1l buildings which have & height over 1 1/2£ times
their least horizontal dimension must be provided against wind pressure
 which in generally teken &s 30 pounds per square foot of exposed sur-
face. TFectors of resistance to wind pressure &re; dead weight of
structure, especially in its lower parts; diagdénel braces; rigidity of
construction between vertical and horizontel members; end construction
0f iron end steel columns in such manner as to pass through two stories
with joists breasking in slternate stories.

In the erection of a high building much depends upon the accurate
l alignment of the tese plates or shoes for the basement columns; they
. should be set exactly both for line and for level, and'seourely bolted
in the ir plsces on the foundation. Built steel columns are usuelly
erected in two story lengths, sometimes in three story lengths,a preactice
which results in much s&ving of time and expense.

The beams and girders sre first bolted temporarily in their places.il
about one third of the bolt holes being filled; if any of the connections

ere to be riveted, & riveting gang follows closely behind the erectors.



Columns should be jointed just sbove & tier of beams so thet the beams
frame near the top of the column. The rapidity of ereection is not
detemmined so mﬁch by the cubic contents of the building as by its
linear height,.tbe’ rate of putting the work together being about

two tiers of beams per week:swithout regerd to the size of the building.
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