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The Milam Building

Phasta cowrtesy of Trammell Crow Company

INJuLy OF 1927 WHEN THISPHOTO WAS TAKEN, THE MILAM BuiLDING WAS THE
TALLEST REINFORCED - CONCRETE HIGH-RISE OFFICE BUILDING IN THE NATION.

HEN IT opened in January 1928, San Antonio’s 21-story

Milam Building, originally owned by the Travis Investment
Company, was the nation’s tallest brick and reinforced-concrete
structure — taller than comparable concrete-framed buildings in
New York and Chicago — and the first high-rise air-conditioned
office building in the country.

Named for Col. Ben Milam, who was considered by many
Texans the real hero of Texas independence, the 210,851 square-
foot tower was a blend of modern technology and Gothic majesty.
The owner’s progressiveness, ably backed by the architect,
consulting engineer and contractors — all of whom were from
San Antonio — quickly established 115 East Travis Street as the
address of choice for many of the state’s and nation’s leading oil
and gas companies, such as Shell, Standard Oil, Mobil and
Sun Ray Oil.

CoVERPHOTO: THEMILAMBUILDING-1928. REPRINT OFPHOTO REPORT, “THE
MiLAM Co. OF SAN ANTONIO, TEXAS.” ORIGINALLY, THE REPORT W AS PROPERTY
OFD.G.FRANCISWHOWAS TREASUEROF THEMILAMCO. PHOTOGRAPHER:
HARVEY PATTESON. Photo courtesy of San Antonio Conservation Society.



ILLIS CARRIER’S first-of-its-kind air

conditioning equipment for a high-rise
building promised a constant temperature of 75
degrees Fahrenheit at 56 percent relative humidity.
This was a level of comfort conspicuously absent in
the South, where summer heat and humidity
border on unbearable. Buildings such as stores,
auditoriums and theaters had been air-conditioned
earlier, but high-rise office buildings required that
provisions be made in the original design to allow
for ducting and air-handling and control
equipment.

Carrier’s “Manufactured Weather” allowed
doors and windows to be closed year-round,
reducing dirt and noise from the street and creating
for the first time a comfortable and therefore more
efficient working environment. In fact, Milam
Company literature espoused air conditioning as
the building’s principal feature. The building was
air conditioned throughout — from the basement
cafeteria to the penthouse suite — taking in several
stores, a post office, a barber shop and a drugstore
(known as the “Linoleum Club”) on the street
floor and approximately 750 offices in between.
Early tenants report that the basement’s Milam
Grill received daily crowds of lunch-goers who
stood in lines pouring out onto the sidewalks,
eager for the comfort of the refrigerated air within.

The Carrier Engineering Corporation, today a
division of United Technologies, designed and

installed the building’s semi-automatically-
controlled 375-ton maximum capacity air-
conditioning system in cooperation with architect
George Willis (student of the eminent architect
Frank Lloyd Wright), engineer M.L. Diver and
contractor L.T. Wright and Company.

San Antonio Public Service Company’s electrical
engineer Carl Evans worked with Diver to design
the subterranean transformer vault, housing three
100-KVA and 12, 50-KVA submersible transformer
banks. The Milam Building’s 900-KVA peak design
load provided for the additional capacity necessary
to power 11 air handlers, two refrigeration units,
centrifugal pumps, and a semi-automatic airflow
control system, all of which comprised the air-
conditioning system.

Selecting San Antonio’s standard service voltage,
1207208, allowed the electric utility to inter-
connect the Milam Building with other
transformers in the city’s downtown underground
network. This provided the new building a high
degree of service continuity. In 1928, the year of
its grand opening, the Milam Building was one of
San Antonio Public Service Company’s largest — if
not the largest — electric customers in the
downtown area.

Willis Carrier, deemed by magazine writers of
his day as the “Father of Air Conditioning,” is
thought to have overseen the Milam installation
and start-up. That was two years before Carrier was

RiGHT: A BIrDs-EYE ViIEw OF SAN ANTONIO IN 1873, DRAWN BY AucusTus KocH. EAsT OF TRAVIS STREET AND THE SAN
ANTONIO RIVER (RIGHT CENTER) STANDS THE LAUX MiLL, SITE OF TopAY's MILAM BUILDING.

LEFT: WHEN THIsPHOTO W As PuBLISHED ON JUNE 10,1930, IN THE SAN ANTONIO LIGHT THE CAPTION READ: “THE
Five-SToRY LAUX MiLL, ERECTED HERE IN 1870 ON THE SITE WHERE STANDS THE PRESENT MILAM BUILDING, ONCE

HEerRALDED FAR AND WIDE As THE TALLEST BUILDING IN THIs PART OF THE COUNTRY. WiLLIAM B. KREMPKAU, OLD TIME
FREIGHTER,

FURNISHED THEPHOTOGRAPH.”

dreres, San Antosin Light Collection
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commissioned to air-conditiion both -~
the first railroad car and the Oval

Office of then-President Herbert _f”
Hoover.

TheAir-Conditioning |
System
HE MILAM Building’s L
air-conditioning and
cooling system consisted
principally of 11 units of air-
conditioning equipment
(fans, dehumidifiers, heaters);
two units of refrigeration with
a maximum 375-ton capacity
(nominally 300 ton) for cool-
ing water; water storage and ¥
distribution lines made up of &
tanks, pumps and piping; air-
distributing ducts with grills and
dampers; and manual and automatic
power, air-flow and dampening
controls. Generally, one air-con-
ditioning unit (air handler) served
two floors, except for the basement
cafeteria, street floor and 17th floor,
each of which has its own air-
conditioning unit, and the four
tower floors served by one unit. The
refrigeration and water cooling equipment, along
with various pumps and tanks, were located in the
basement.

A cooling tower, located in the rear of the
Milam Building at ground level, had the function
of cooling warm return water from the chiller. An
axle fan blew air over coils wet with spray water.
Originally, this closed system used water taken
from the San Antonio River. Today’s Milam cool-
ing tower uses City water.

The Carrier system was designed especially to
handle summer weather conditions, but it took
care of winter conditions as well. The system
removed heat and humidity during hot weather
and added them during cold weather. In 1929, the
maximum indoor summer temperature was 80
degrees Fahrenheit with a relative humidity not
exceeding 55 percent; the inside winter temper-
ature was 70 degrees Fahrenheit or above with a
relative humidity of approximately 45 percent.

BuiLDING.

Calculating The “Comfort Zone”

N DETERMINING a comfortable temperature
range and relative humidity combination for
both summer and winter, the Carrier Engineering
Corporation studied local weather bureau records
and the sensitivity of San Antonians to the extremes

MRrRs. W.E. GiILLANDLILLIAN
BARNETT, BoTH TOuURISTS FROM
TuLsaAa OkLAHOMA, WERECAP
TURED IN THIS 1931 PHOTO EN-
JOYING THE AIR- CONDITIONED
CoOMFORTOFTHEMILAM

Photo courtesy of the Institute of Texan
Cultures, San Antonio LightCollection.

of heat and cold. Carrier staff
discovered that San Antonio ex-
perienced often long periods of
continuous bright sunshine,
making the heat of the sun a
potent factor in the calcu-
lations and design. They
further discovered that the
hottest period of the day
usually occurred around 4
p.m. and continued up until
7 and even 9 p.m. Finally,
they found that continuous
exposure to the South Texas
climate made native San
Antonians slightly more heat-
tolerant in summer and, con-
versely, slightly less cold-tolerant in
winter than native New Yorkers, for
instance.

Once the proper atmospheric
conditions were determined, Carrier
engineers had to consider inside
heat-generating factors (lights,
people and machines) and heat-
generating factors from the outside
to size a conditioning system with
sufficient capacity to absorb all the
heat. The single-most challenging factor for the
engineering team was the high ratio of radiant heat
imposed by a “traveling” sun to the total heat to be
absorbed, a complication created by the con-
struction of a high-rise office building not found in
previous air-conditioning problems.

Radiant Heat and the “Traveling” Sun

O SINGLE factor presented a greater

challenge for the architectural and
engineering design team — because of multiple
variables — than the conditions affecting radiant
heat. In most cases, the problem of radiant heat is
handled by gradual absorption and distribution
throughout an entire enclosure. In the case of an
office building, which is honeycombed with offices,
each of which is approximately 1/1000 of the
entire building, the heat absorbed through an
exterior wall or window of any one particular office
primarily affects that office. Without some means of
manual temperature control, an office exposed to
the sun could be eight to 10 degrees higher in
temperature than one not exposed, doubling the
necessary air volume requirement for that office.

Controlling radiant heat is further complicated
by the “traveling” sun. In the morning, offices on
the eastern side of the building require more



cooling, while in the afternoon the
western side has an even greater
cooling requirement. Further compli-
cations are caused by cloudy days,
when there is no sun and by shifting
winds, which vary in both direction
and velocity. The magnitude of the
radiant-heat problem can be fully
appreciated when one considers that
these conditions can change hourly.

Combating variable load due to the |
changing sun was addressed at the
Milam Building through a combi-
nation of radiant-heat reduction,
individual room control and group
volume control in the main supply

ducts. For periods during the year Air-SuppLy bucTs WERE ERECTED BEFORE CEILINGS AND PARTITIONS WERE

when the temperature on the shaded
side of the building was slightly lower
than desirable, 60 degrees for example, steam
heating units located in the main air supply ducts
were activated.

On hot days, venetian blinds allowed the most
light in and blocked 25 percent of the radiant heat.
Cloth window shades created a better radiant
insulator, blocking 50 percent of the heat but
reducing the light. Street-level awnings reduced
virtually all radiant heat. Dampers were placed in
the main air-supply ducts to manually shift the bulk
of the conditioned air to one side of the building
or the other to reduce the problem caused by the
traveling sun on hot summer days.

ONEOF11A IR- HANDLING UNITSSERVING THEMILAM BUILDING, THEUNIT
ReceIvED RETURN AIR FRoOM THE CoRrRRIDOR, MIXED IT W ITH AP ERCENTAGE OF
FRESH AIR, PULLED THE AIR THROUGH AR EFRIGERATION UNIT To CooL IT, A
STEAM REHEAT SECTION To DEHUMIDIFY IT AND FINALLY THROUGH AM ASSIVE

CENTRIFUGAL FAN To THE AIR-DucT SYSTEM.

INSTALLED AT THE MILAMBUILDING. CORRIDORS W ERE PosITIONED DIRECTLY
BENEATH THE DucTs.

Air Distribution

NCE ALL sources of heat gain had been

taken into consideration, Carrier engineers
went about determining the correct volume of air
to yield the proper temperature and relative
humidity. In the Milam Building, approximately
eight tons of air were handled every minute — a
net change of air every seven to eight minutes —
carrying several hundred times more oxygen than
the total consumption of all the people inside the
building at any given time. This large volume of air
was handled by 11 air-conditioning units. For the
office floors, the air-handling units were located in
the space between the rear building wall and the
elevator shaft. Outside air was taken
throuph a window opening and
return air through louvres in the
corridor Wall.

Good air distribution is considered

i
y ' Yot Sy

to be 70 percent to 80 percent of an
air-conditioning job according to
industry experts and no two buildings
are exactly alike in their distribution
configurations. In the Milam Build-
ing, the main air supply ducts are
placed overhead in the corridor. They
were originally built of galvanized
steel sheet and plastered underneath
to match the office ceilings. Air ducts
are shallow enough that the corridor
ceiling is only 10 inches to 12 inches
lower than that of the office ceilings,
but with sufficient area to carry 75
percent of the total air volume re-
quired for maximum conditions.
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Motor-driven dampers were placed in the main
duct lines on each floor in the building and
arranged to allow the bulk of the conditioned air to
be shifted from one side of the building to the
other, depending on the location of the sun. In
addition, the dampers could be positioned to
balance the air flow evenly to both sides of the
building on cloudy days.

For more precise area heating, main air-supply
ducts on every floor were equipped with automatic
steam heaters, located at several key points, or
zones, along the inside duct walls. Beyond each
steam heater — located several feet further from

the source of the air supply — was a thermostat,
which measured the temperature in each zone.
When the temperature dropped below the ideal, 70
degrees, the thermostat sensed the drop in temp-
erature and added steam to the conditioned air in
the main supply duct.

From the main air-supply ducts, connections
branched to each office. Within each branch
connection was a permanently-set, air-volume
adjuster that provided uniformity of air flow
throughout the building. Each branching duct
dead-ended inside each office at an adjustable air-
supply grill in the corridor wall near the ceiling.

THIs AIR FLow DIAGRAM ILLUSTRATES THAT FRESH AIR ENTERED THE OFFICES FROM THE AIR-SupPLY DucCT IN
THE CorRIDOR ABOVE WHILE. THE WARMER AIR RETURNED To THE AIR- HANDLING OR BLOWER Room BELOw

THROUGH LouUVRES IN THE BoTToM OF THE DoOR.
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Return Air

T O OPERATE the Milam’s air-conditioning
system efficiently, large portions of condition-

ed air were re-used, re-puri-
fied and reconditioned,
drawing in just enough out-
side air for proper ventila-
tion. The air delivered to
each office returned to the
corridor through “V-shaped”
louvres in the lower part of
office doors, then returned
along the corridor to the
back of the air-handling unit
near the rear of the elevator
shaft. The corridor thus
serves as a return-air duct.

Lavatories in the Milam were not air
conditioned or ventilated as part of the main air
distribution system — they were cooled by air
leakage from both the corridor and the stair tower
and independently ventilated. Corridor air leakage,

During periods when the air was heated
or cooled, the engineer could, at his
discretion, bring in outside air beyond
the volumes required for ventilation,
although taking in more fresh air than
necessary increased the cost of oper-
ation. The building engineer was con-
sidered the best judge of the require-
ments, which is one reason manual con-
trol of fresh air was preferred at the
Milam Building over fully automatic
control.

therefore, provided for some lavatory cooling.
Outside return-air dampers were originally

controlled manually to bring
in 100, 70, 40 or 15 percent
outside air, depending on
existing weather conditions.
All of the dampers for the 11
air handlers could be con-
trolled manually from the
basement by the building
engineer. During periods
when the air was heated or
cooled, the engineer could,
at his discretion, bring in
outside air beyond the

volumes required for venti-
lation, although taking in

more fresh air than necessary increased the cost of
operation. The building engineer was considered
the best judge of the requirements, which is one
reason manual control of fresh air was preferred at
the Milam Building over fully automatic control.

ONE OF THE TWo ORIGINAL CARRIER CENTRIFUGAL REFRIGERATION UNITS USED IN THE MILAM BUILDING. EACH UNIT
HADp THE CAPACITY TO CHILL 650 GALLONS OF WATER PER MINUTE AND OccurlED APPROXIMATELY 215 SQUARE FEET
OF FLOOR SPACE.




Air Leakage

HE TIGHTNESS of a high-rise building is a

factor that affects the quantity of fresh air to
be used. The more air that leaks from the building
through windows and doors and other openings,
the greater the demand for fresh-air replenishment.
Special windows were incorporated into the Milam
Building’s design to make the structure quite tight.
For this reason, little conditioned air was wasted,
which helped keep the cost of operation down.

Had not building tightness been a design
consideration, the entire air-conditioning project
potentially could have been inefficient and thus
economically unsound. Air leakage

through cracks around doors and COMPRESSOR
windows in a high-rise building has
the potential for severe losses of
cooled or heated air.
For example, in a 20- WARM
story building with a sum- WATER IN

mertime inside-to-outside ‘fi‘ M
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During the winter, the air inside is lighter and
the direction of air leakage is reversed, leaking in at
the bottom and out at the upper levels. Thus the
building becomes a huge stack. Because
temperature variances in the winter are usually
greater than in the summer, the “stack” action
is even more pronounced. It's apparent that
structural tightness was an important design
consideration for the 21-story Milam Building.

Air Delivery

N A 1929 technical article from a
professional engineering journal
on the Milam Building’s air-con-
ditioning system, Herman
Worsham describes a system

of 11 units of air-condi-
tioning equipment consist-
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IN THis TypicaL DiIAGRAM OF CARRIER CENTRIFUGAL REFRIGERATION, THE REFRIGERANT, DIELENE, REACHED NEARLY ATMOSPHERIC
PRESSURE AT THE COMPRESSOR OUTLET IN THE CONDENSER. THE TRAP WITH FLOAT AcTED As AN ExPANSION VALVE TO HoLD
Hi1GHER PRESSURE IN THE CONDENSER. AN EVACUATOR REMOVED AIR AND WATER CONTAMINATION FROM THE ENCLOSED SYSTEM
WHILE THE ELIMINATOR PREVENTED LIQUID SLuGgs FROM ENTERING THE CoOMPRESSOR AND DAMAGING THE BLADES.

temperature differential of 20 degrees, a column of
denser, cooler inside air one-foot square and 200
feet high (20 stories) will weigh 0.6 of a pound
more than an equal column of outside air. The
total volume of air inside such a building will weigh
7,500 pounds more than an equal volume outside.
The column of denser air exerts a tremendous
downward pressure, tending to force its way out-
ward on the lower floors. As it does so, outside air is
drawn in at the upper floors. The pressure is suf-
ficient, with a 20-degree temperature difference, to
create an outward and downward velocity of 1,360
feet per minute through any cracks or crevices.

ing of fans, dehumidifiers, heaters and motors (see
air-handling figure, bottom of page 3). He states
that dehumidification was accomplished by a spray
water system of air conditioning. Research shows
that such a system was installed in 1924 at the
Palace Theater in Dallas, Texas, however, visual in-
spections and staff interviews seem to indicate that
such a system did not exist at the Milam building.
Therefore, it is possible Worsham was in error and
that the 11 original air handlers were actually
surface condensation systems with cooling coils.
The present-day air-handling unit consists of air
filters, cooling coils, heaters and a centrifugal fan.



Refrigeration and Cooling Equipment
HE REFRERATION and cooling equipment
is located in the basement. Originally, two

centrifugal refrigeration units with a total cooling
capacity of 375 tons (nominally 300 tons) served
the Milam Building. That capacity approximates
the cooling effect of 375 tons of ice (750,000
pounds) melting over a 24-hour period.

Since office rental space produced most of the
owner’s income, space limitations necessitated the
use of a compact system of refrigeration. In
addition to compactness, the system also had to be
simple, safe and economical. A storage tank for
chilled water was originally provided under the
basement floor, which allowed the refrigeration
equipment to be operated at non-peak electric rate
periods to reduce the cost of operation. With one
refrigeration unit operating at night, the tank had
the capacity to store enough chilled water so that
only one refrigeration unit was required in service
the following work day. If the weather was cool
that day and the chilled water was not needed, it
could be held for several days with only a slight rise
in temperature.

Also, both refrigeration units could be shut

CoLD WATER STORAGE TAMN™

UNDER BASEMEMT FLOOR

down and the building cooled with chilled water
from the storage tank alone. The use of storage
water from the tank was under positive automatic
control, with the amount of chilled water
withdrawn varying from zero to 100 percent
depending on load. The tank was designed to
prevent relatively warm returning water from
mixing directly with the cold tank water.

Chilled water was delivered to the 11 air-con-
ditioning (air-handling) units by three motor-
driven centrifugal pumps, located near the
collection tank in the refrigeration room. In the
Milam’s chilled-water system, it was necessary to
use an open system of water circulating lines,
thereby losing the “head” due to the elevation of
the water in the risers.

Given this condition, dividing the 11 air-
handling units into three pumping groups
permitted a savings in the total power consumption
for pumping. Pump 1 was large enough to handle
the entire quantity of chilled water at a pressure
sufficient to deliver it to all the units on or below
the 5th floor. Pumps 2 and 3 were booster pumps,
with Pump 2 supplying floors six through 14 and

THis DIAGRAM SHOws THE PRINCIPAL EQUIPMENT INTHE
: REFRIGERATION AND W ATER-COOLING RooM LOCATED IN
it THEBASEMENTOFTHEMILAMBUILDING.E ACH
REFRIGERATION UNITWAs AC oMPLETE WATER- COOLING

e SYSTEM.

Bagemrny
‘wimme S e

: /IS, x’fﬁ’?’?ﬁ?’ff’@&&é’é@fﬂﬁ A
5:'}: e

AsEwor i MATE Chmers mioras oF o

B

'I‘ o —aLy AT ¥ L Hege
i
2|
I: I
BHE P
& . o
i-; [ 'J-.I el nun
1§4 Con Y
i N
. H
|/_.- Liguan Pess

weaer

FormigE®RAT) omy Llnaiy B84

S

Fowd Huwet s §

i
Lo

Eaan LY BuRFLY

5 is SR DELF WL w— !

1.:‘-687‘ o /?X%E????//?/mﬁ:%z
SUPPLY TheE l-;’__.
Z
Z
"

BoiLEr Foon

SEmay wWeres

N

ERNNNNNENNNNENNNRNRNN

EEremseeation Unim ML

-l

S SR Y A TR

=P 5y

(kTS 8 T I -T.5



Pump 3 serving the air
handlers on floors 15
through 21.

The Milam’s air-cond-
itioning system returned
the warmed water to the
evaporative cooler to be
cooled by the refriger-
ation equipment for re-
turn to the upper floors.
The Carrier system at the
Milam Building was de-
signed to deliver about
1,200 gallons, or 50 tons,
of chilled water for air
conditioning per minute.

Controlling the
System

HE ENTIRE Milam air-conditioning system

was designed with a combination of manual
and automatic controls. At a time when computers
and microprocessors did not exist, it would not
have been prudent to overload with automatic
controls a system dependent upon a matrix of
climatic variables. In 1928, it was the philosophy of
the architect and system designers to allow the
building engineer to decide when, where and how
to move the building’s large volume of fresh and
conditioned air. Individual tenants had limited
control over the temperature in their office by
adjusting the air-flow at the register (building
regulations prohibit opening Windows, but tenants
then, as now, were instructed how to open them in
case of an emergency). But control was more of a
semi-automatic function that followed a decision
by the building engineer. From his post in the
basement, the engineer could open and close the

THE MiLam BuiLDING'S
THE CoMPRESSOR AND CONDENSER OF ONE REFRIGERATION UNIT Is
LocaTeED AT THE EXTREME RIGHT.

REFRIGERATION

fresh-air or main air
ducts and start or
stop any of the air-
handling units at the
| main control panel.
He could also turn an
air handler on or off
at the unit inself.

With the success-
ful installation of the
Milam Building’s
first-of-its-kind  air-
conditioning system
for a high-rise office
building, other com-
panies and institu-
tions, such as the
U.S. Government, began to follow suit. Prudent
southern businessmen began to view air con-
ditioning—once thought a frivolous luxury — with
eyes like the inventor’'s. Carrier’'s “Manufactured
Weather” eliminated dust, noise, perspiration and
fatigue in the office environment and helped
increase efficiency. Building owners found they
could get 10 to 15 percent more rent for air-
conditioned offices, while southern owners
discovered how cool offices helped them retain
tenants, even in the summer months.

Room As ITWas IN 1928.

The partnership struck between the Travis
Investment Company and the Carrier Engineering
Corporation on the nation’s first high-rise air-
conditioned office building—the Milam Building
—heralded an evolution of an environmental kind.
It was the first step in transforming the inner-offtce
environment in the South from drudgery and
discomfort to optimism and productivity.
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The ASME History and Heritage Program

HE ASME History and Heritage recognition program began

in September, 1971. To implement and achieve its goals,
ASME formed a History and Heritage Committee, initially
composed of mechanical engineers, historians of technology and
(ex-officio) the curator of Mechanical Engineering at the
Smithsonian Institution. The Committee provides a public service
by examining, recording and acknowledging mechanical
engineering achievements of particular significance.

National
Mechanical Engineering
Heritage Site

TP, =

High-rise Air-conditioned
Office Building
1928

The Milam Building was the first high-rise
air-conditioned office building in the
United States. Many others followed suit.
The air-conditioning design team was led by
Willis H. Carrier, founder of the Carrier
Engineering Corporation. The system
provided 300 tons of refrigeration capacity
with chilled water piped to air-handling fans
serving all floors. The original unit was
updated in 1945 and further
modernized in 1989.

The American Society of
# Mechanical Engineers

1991

The Milam Building is the 4th National Mechanical
Engineering Heritage Site to be designated. In addition, two
Mechanical Engineering Heritage Collections, 99 National, 34
International and 12 Regional Historic Mechanical Engineering
Landmarks have been designated. Each reflects its influence on
society, either in its immediate locale, nationwide or throughout
the world.

The History and Heritage program recognizes our
technological heritage and serves to encourage the preservation of
the physical remains of historically important works. It provides a
roster for engineers, students, educators, historians and travelers
and helps establish reminders of our past, pride in the present and
hope for the future.
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