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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

Performance data becomes extremely useful to the subsystems designer when it is
presented along with costs—an essential ingredient in the systems approach. For this
reason, and also to establish the actual cost targets for ABS, an extensive cost study
was undertaken.

This section presents summaries and comparisons of the cost and performance data
(detailed in the sections following) for six science and engineering buildings, selected
as typical examples in Indiana and at the University of California. These buildings
are as follows:

Bioscience Buildings: Californiaa
U.C. Davis — Biological Sciences Unit 3
U.C. Irvine — Natural Sciences Unit 1
U.C. Santa Barbara — B.olcgical Sciences Unit 2

i
|
Science, Engineering Buildings: Indiana

Jordan Hall — Indiana University, Bloomington

Krannert Hall — Indiana University and Purdue University, Indianapolis
Civil Engineering Building — Purdue University, Lafayette

The source materials were the working drawings, specifications and bid documents
cf the six buildings, estimated for purposes of comparison as if they had been bid in
January 1970, in the San Francisco Bay Area, with an Engineering News-Record
{ENR) Construction Cost Index of 1300.

The buildings are presented in terms of their individual subsystems. This
organization of cost and performance data readily permits comparisons between
buildings or subsystems. Each building can be considered as a separate package of
subsystems which, working together, exemplify the ranges of performance of that
building. Once the buildings are seen as packages, or related groups of subsystems, it
is possible to consider and evaluate other hypothetical combinations or packages of
subsystems. Thus the subsystems were considered in terms of performance and cost
separately, and new groupings formed of the highest and lowest performance
packages of subsystems, and of the highest and lowest cost packages. The
hypothetical packages provide a base of the extremes of existing costs and
performance against which proposed packages may be evaluated.
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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

The following charts are included in this Summaries and Comparisons Section:

Chart Description
A Subsystem Equivalent Costs, $/OGSF
B Component Unit Costs, $/Component Quantity
C Subsystems Cost/Performance

Structure Subsystem

HVAC Subsystem

Partitions Subsystem
Lighting/Ceiling Subsystem
Exterior Skin Subsystem
Laboratory Casework Subsystem

D Highest Cost Package of Subsystems

E Lowest Cost Package of Subsystems

F Highest Cost Performance Package of Subsystems
G Lowest Performance Package of Subsystems

Summary charts of alteration costs and functional area costs appear in other sections
of this document.

Cost/Performance data on other than science and engineering buildings is presented
in the section dealing with a classroom-office building beginning on page 149.

10
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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS
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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

SUMMARY CHART B — SIX EXISTING BUILDINGS
COMPONENT UNIT COSTS, $/COMPONENT QUANTITY -~ ENR 1300°

FLOORS INTERIDR EXTERIOR
(STRUCTURE) ROOF *° PARTITIONS SKIN

S/SF. S/SF. S/SF SSF
Davis 5.39 5.6C 488 9.78
Irvine 5.89 6.06 423 12.75
Santa Barbara 4.83 6.73 3.64 7.69
Calif. Avg. 5.36 6.12 424 10.06
Bloomington 4.99 6.84 5.76 17.58
Indianapolis 5.17 5.26 490 11.40
Purdue 6.29 7.33 574 10.76
Indiana Avg. 5.48 6.47 5.46 13.23
Six Buildings Avg. 5.43 6.30 4.86 11.68

*January 1970 prices, San Francisco Bay Area.

**Includes ceilings and finishes.
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SUMMARY CHART D

SIX EXISTING BUILDINGS

MIGHMEST COST PACKAGE OF ABS SUBSYSTEMS

LU YL T & Ot SCIr YO

STRLCTURAF

PURDUE

i PERFORMANCE

$6 29 S F (Hoor)

Poutodd comcrete sviatn beatm jonts
ata] ¢ Oy Ty

F ottt Boot vieed Reged comnectrom

HVAC

SANTA BEARBARA

g
i

Bay szes 200 x 24°6°. 28", 34° 6"
13" 1 3/8 Hoor 10 floor henghts
2° 8 structure depth

f oo Live load S0 10 300 PSF

$5 83/0OGSF

Doutrie GuCt systm wath Mains runming
over COMaors

PARTITIONS

BLOOMINGTON

100% building served, 175 OGSF/ton,
1.25 CFM/OGSF

100% tresh air, SO% filter etficiency
15% of buihting has humidity control

85 76/S.F. (partition)

80% comcrote block replecceab)'e

20% metla® demountable

LIGHTING. CEILING

DOAVIS

4" and 6 thick STC 41 48,
1 hour tire rating

3" thick STC 40

$1.80/0CSF

8271 tiuorescent suspended 1n labs
and offices

8 & 427 recessed 1n classrooms

4’ 27 recassed 10 corndors

S and 6° 0.c.., 3 t0 4 watts/S.F.

5° 0.c.. 4 watts/S.F.

10’ o.c., 0.6 watts/S.F.

TOTAL SUBSYSTEMS COST PACKAGE

$1968
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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

SUMMARY CHART E — SIX EXISTING BUILDiINGS
LOWEST COST PACKAGE OF ABS SUBSYSTEMS

s vstTEM DESCRIPTION

PERFORMANCE

STRUCTURE

SANTA BARBARA

$4.83/S.F. (floor)

£ o, rexd concrete columns and waffle
v poured concrete shear walls.

HMVAC

IRVINE

30’ x 30’ bay size

14'-6" floor-to-floor height

1°.7%" structural depth

Floor live load uniform @ 100 PSF

$3.66/0GSF

Double duct system with mains running
owver corridor.

PARTITIONS

SANTA BARBARA

100% building served. 1.14 CFM/OGSF
40% return air

295 OGSF/ton, 35% filter

No humidity control

$3.64/S.F. (partition)

Metal studs, lath and plaster.

Demountable laminated gypsum
board 2%’ thick.

LIGHTING/CEILING

IRVINE

6’ and 4" thick, STC 40
2 and 1 hour fire rating

2%:" thick, STC 35
2 hour fire rating

$1.40/0GSF

4°-27T fluorescent, suspended in labs
and classrooms.

4’'-27T fluorescent recessed in offices.

4°.2T fluorescent recessed in corridors.

Fittings @ 6’ o.c., 3.0 to 3.4 watts/S.F.

Fittings @ 8’ o.c., 3.5 watts/S.F.

Fittings @ 10’ o.c., 1.3 watts/S.F.

TOTAL SUBSYSTEMS COST PACKAGE

$13.53

2R )



COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

SUMMARY CHART F — SIX EXISTING BUILDINGS
HIGHEST PERFORMANCE PACKAGE OF ABS SUBSYSTEMS

SUBSYSTEM DESCRIPTION I PERFORMANCE
STRUCTURE SANTA BARBARA $4.83/S.F. (floor)
Poured concrete columns and waffle 30’ x 30’ bay size

slab; poured concrete shear walls. 14’6’ floor-to-floor height

1'-7%"" structural depth
Floor live load uniform @ 100 PSF

HVAC SANTA BARBARA $5.83/0GSF
Double duct system with mains running 100% building served, 175 OGSF/ton,
over corridors. 1.26 CFM/OGSF

100% fresh air, 50% filter efficiency
15% of building has humidity control

PARTITIONS BLOOMINGTON $5.76/S.F. (partition)
80% concrete block replaceable. 4’ and 6’ thick,STC 41-48
1 hour fire rating
20% metal demountable 3’ thick STC 40
LIGHTING/CEILING INDIANAPOLIS $1.43/0GSF
4’27 fluorescent suspended in labs 5’ o.c., 3.1 watts/S.F.
4'-2T recessed in classrooms and offices 5’ o.c., 4.5 - 5.2 watts/S.F.
4'-4T recessed in corridors. 16’ o.c., .98 watts/S.F.
TOTAL SUBSYSTEMS COST PACKAGE $17.85
22
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COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

SUMMARY CHART G — SIX EXISTING BUILDINGS
LOWEST PERFORMANCE PACKAGE OF ABS SUBSYSTEMS

SUBSYSTEM DESCRIPTION | PERFORMANCE
STRUCTURE BLOOMINGTON $4.99/S.F. (floors)

Poured concrete slab, columns, beams Variety of bay sizes 14’ x 30" to 22" x 32’
and joists, rigid connections. 11'-6" floor-to-floor height

2'-2'" structural depth
Floor live load 40 to 100 PSF

HVAC BLOOMINGTON $4.56/0OGSF

Single duct with local reheat coils 100% heating, 80% air conditioning
.66 CFM/OGSF; 75% return air
450 OGSF/ton, electrostatic filter
90% efficiency

No humidity control

PARTITIONS SANTA BARBARA $3.64/S.F. (partition)
Metal studs, lath and plaster 6’ and 4’ thick, STC 40
2 and 1 hour fire rating
Demountable laminated gypsum board 2%"" thick, STC 35
2%" thick. 2 hour fire rating

LIGHTING/CEILING BLOOMINGTON $1.61/0GSF
8'-2T fluorescent, suspended In labs, 8’ o.c., 2.2 watts/S.F. in classrooms and labs

classrooms and offices. 2.5 watts/S.F. in offices
1T no lens surface mounted in corridors 1.1 watts/S.F. in corridor
TOTAL SUBSYSTEMS COST PACKAGE $14.80

vy 24 23



COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

COMPARISONS

General Building Characteristics and Costs: Of the six buildings studied, Bloom-
ington is by far the largest with 222,066 OGSF; the middle-sized group includes
Indianapolis with 134,276 OGSF, Santa Barbara with 132,000 OGSF, and lrvine
with 121,000 OGSF; the smallest buildings are Purdue with 113,000 OGSF and
Davis with 92,167 OGSF. Purdue has the most efficient ratio of assignable to gross
square feet: ASF/OGSF = .61. Bloomington has the least efficient ratio: ASF/
OGSF = .54. Of the Indiana buildings, Indianapolis has the most efficient ratio of
exterior wall area to gross square feet: .26, because in plan it is a simple rectangle
with a length to width ratio of 2 to 1, and a good deal of interior space. Of the
California buildings, Irvine has the most efficient ratio of exterior wall area to gross
square feet: .37, due to combined factors such as a relatively low floor-to-floor
height and a very large area per floor; like Indianapolis, it also has a simple
rectangular shape without projections, which tend to dramatically increase the
perimeter area. The other two California buildings are rectangular in plan, but
Bloomington is U-shaped and Purdue is L-shaped. All of the Indiana buildings have
five stories, with one floor below grade in both Bloomington and Indianapolis, and
two in Purdue. In California, Irvine has five stories, Santa Barbara and Davis have
six, and all have one story below grade.

All the buildings analyzed as part of this project were estimated to the same cost
base. The average cost was $38.73/OGSF for the Indiana buildings and $40.56 for
the California buildings. The range of the six buildings is from $33.44/0OGSF for
Indianapolis to $44.88/0GSF for Santa Barbara. Although all the California
examples are similarly complex, rather heavily serviced buildings, of the Indiana
buildings only Bloomington is strictly a science building. Its cost is $44.13/0GSF. In
spite of these similarities in total cost per OGSF, there are significant differences in
the areas of expenditure in the two groups of buildings. In Indiana, the buildings
tend to have more costly exterior walls and HVAC systems, whereas the California
buildings are costly in plumbing and electrical installations.

The three Indiana buildings range from $33.44 to $44.13/0GSF. The highest cost at
Bloomington results from such factors as the cut stone and ashlar exterior wall, a
complex configuration, heavy utility services and an extensive greenhouse instal-
lation. The least costly building is |ndianapolis, a simple rectangular block with a
brick cavity exterior wall and a very high percentage of general classrooms requiring

minimum services. 9)/1/
25 -




COST/PERFORMANCE DATA
SUMMARIES AND COMPARISONS

Of the California buildings, ranging from $37.60 to $44.88/0OGSF, the facility at
Santa Barbara is conspicuously more costly than the other two. The reason for this
is principally the higher performance characteristics of the building. Santa Barbara
has more plumbing systems (sea water, etc.), more electrical power capacity, air
conditioning with 100% fresh air (no recirculation), humidifiers which none ot the
other buildings have, considerably more instrumentat/on and controls on all systems,
a completely separate air conditioning system for the animal study areas in the
upper floors, and similar refinements. Irvine is the least costly of the California
buildings for a combination of reasons; it has a very large area per typical floor
(reducing the relative amount and therefore price of the exterior wall), a lower
floor-to-floor height, and lower service capacity, particularly electrical, than the
other buildings.

The Indiana buildings vary in construction over a fairly long period of time.
Bloomington was contracted for in 1952, Indianapolis in 1960, and Purdue in 1962;
whereas Irvine was bid in 1963, and Davis and Santa Birbara in 1966. Naturally
there have been changes in construction materials during ihat time, and some of the
materials and mechanical equipment would be exorbitantly expensive to duplicate.
Yet, in spite of the cut stone walls and terazzo corridors in Indiana, even at today’s
prices the buildings are slightly less costly than their more recent California
equivalents.

Structure: All six buildings have reinforced concrete structures, but each of the
subsystems has a set of performance characteristics particular to it. The three
Indiana buildings have a poured concrete joist, beam and column structural system
using a moment resisting frame to take the lateral forces. In California, Davis has a
poured concrete frame and slab, and both Irvine and Santa Barbara have poured
concrete columns and waffle slabs; in all three the lateral forces are taken by shear
walls. The California buildings are all in UBC Earthquake Zone 3. In the six
buildings the range of bay sizes is fairly consistent, with primary spans from 14’ to
30’, and secondary spans from 30’ to 40’. The waffle slabs at Santa Barbara and
Irvine are 30’ square. The structural depths range from 3’-0"’ at Indianapolis to 1°-7"’
at Irvine. One advantage of the waffle slab is this relatively shallow structural depth.
A disadvantage is the lack of horizontal permeability that the waffle slab implies.
The structure-services deptn is greatest at Davis, where it is 5-10"", the second
deepest at Santa Barbara, where it is 5°-5’"; and least at Bloomington, where it is
2°-6’". In this latter case the users complained that when air conditioning had been
added, there was inadequate space for ductwork and terminals. Laboratories at

26
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Davis, levine arwd Hlouwmungton ate  dowgned foe Fiom lawe soxis of % pat
Indianapoliis for 75 m? and at Sants Battas s Purdue 1ot The hghwet lomlmg of
100 pst

Although ail the buiidings ate ementialiy of concrete frtare conetructon e
Califormia buildings ate genetally mote cxpenuwve Than ther Liduena (o ierDalts o
a result of the high somiumic desgn loads The ome 1ujiene buskdeng Thet
exceptionslly high in cost s Purtduc. with some o can deugned for 300 on! trew foat
In terms of cost of structure per OGSF . not inchadeng costs of foundetxom ot sletn
on grade. the Indiana subsysterms sverage $5 100OGSF . the Celiforme structund
subsysterrs average $7 48/0OGSF

HVAC: Dawvis, lrvine and Purdue have hesting and cooling sugphed fram cmntrel
campus sources. Santa Barbaras and Indisnspoin have thewr own heating end cocing
plants. Bloomington has its own coo'ing plant, but hestsng comes from s central
plant. Air handling units are central to the buildings at Senta Barbere. (rwene,
Bloomingion and Indianapohs. Daves has a asr handhing unit on eeth tlour of the
building. Purdue has 3 combination of mult-zone units on each 100r wrth locst unit
ventilaion and reheat coils. Indianapolis has unit venulators vngder The wwndows 10
minimize window drafts, but at the expense of pomble casswork locstons. The
multiple air-handling units at Davis appear 10 take up » shightty higher percentage of
floor area than a single unit, but with varsous advantages for zoning and adap tability

The six buildings use fume hoods for exhaust. but ntake locatrons wvary from
basemert. grade. each floor (Purdue and Dawnis). or the root. The dstribuhon sysiam
a8t Santa Barbara and Irvine 1akes air from two separate asw handting units in the
basement, via two separate vertical cores, each serving halt the building, to man
horizontal ducts n the corridor cerlings. In Bloomington, the perwmetsr s heated by
radiation, air handling units feed air In four separate shatts Air CONGILONING was an
after-thou t, and the chiller was placed under the main auditorium with high
disruption 10 the usse of this space. Further, cold aw ducts run down the
non-air-conditioned cormridors causing extensive condensation through the mwial

ceiling. The dual duct system at indianapolis fesds up the middie of the building n 2
vertical service shaft.

The California buildings have 100% heating and Jir conditioning. The Indiand

buildings all have 100% heating and 80%. 90% and 75% ar conditioning n
Bloomington, Indianapolis and Purdue respectively. The capacities of the buildings

27
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Servioss Organizatton. The wx buildings illustrate a varety of ways of handling
SAVICES OrgaNnization. The torm “sarwices” s inclusive of electrical, plumbing, utility
wrvices, eand HVAC Three of the buildings—Indianapolis, lrvine, and Santa
Barbars —demonsirals very strong patiterns of vertical organization, and three—
Bloomington. Purdue and Davis—are less 1ormal and demonstrate an ad hoc
placement of vertical service risers. The strong vertical patterns are of three different
tvpes. Indianwpolhis has a simple, continuous INterior cavity or vertical service space;
Irvene has a3 combination of two major interior, structural shafts housing service
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COST Pt AF ORMANCE DATA
SUMBMARILS AND TCOMP ARISONS

risers with a less sigmificant ca nty. Santa Barbara has six structural shatts housing
service risers on the pernimeter of the building. In the other three buildings the risers
are randomly placed but usually related to another building element such as a
staircase. elevator shaft or corridor. HHorizontal services movements are all related to
the corridor patterns of the buildings with the exception of Indianapolis, where
horizental movements are direct between the vertical mains and the spaces they
supply. In all six buildings. floor drains are randomly positioned.

The greatest problem of services distribution ‘n most existing buildings is in the area
of accessibility; most service:r are hard to get at and modify or repair. Users at
Indianapolis were enthusiastic abcut vheir generous vertical service cavity which
made possible the repair of services distribution elements without disruption to
usable space and without physical cifficulty. A problem brought up recurrently by
building users concerns the fact that drainage is always below the structural floor of
the space it serves. When it has to be r' »aired or rerouted because of a desired
change in that space, the space directly below must also be disturbed. Generally any
major alteration to services distribution has been difficult, costly, and formidable to
the point of constraining users from making desirable changes.

Exterior Walls: In terms of exterior materials, the six buildings fall into three
groups: (1) the three California buildings are concrete, Davis poured and Santa
Barbara and lrvine precast; (2) Indianapolis and Purdue are concrete block and
brick, with limestone trim at the windows; and (3) Bloomington is sheathed in
split-face ashlar limestone, with smooth-face and carved limestone at the doors and
windows. Davis is the only building with structural exterior walls. With the
exception of the collegiate Gothic detailing at Bloomington and the highly

sculptured walls at Irvine, the buildings have quite simple, straightforward exterior
treatments.

In Indiana, the exterior wall itself make. no provision for sun control, and of the
three buildings, only Indianapolis has any exterior sun control, with metal
sunscreens attached to individual windows on the south side. In California buildings,
however, where sunlight is a greater problem, elaborate provision is made for sun
control: applied sculptured window surrounds at Irvine, cantilevered shades over
each window at Davis, and cantilevered extension of the complete floor slab at Santa
Barbara. The percentages of glazed area to total exterior wall area are surprisingly

close in the six buildings, with a range from 3% at Santa Barbara to 32% at
Indianapolis.
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The cost/OGSF of exterior skin ranges from $2.44 to $7.03. The cost per square
toot of exterior ranges from $7.69 to $17.58. Bloomington is highest in cost because
of the block cavity wall with limestone facing and elaborately carved bay windows,
entrances and trim; the other Indiana buildings were $10.76 and $11.40/SF wall.
The exterior skin of the California projects is generally less costly than the Indiana
projects because of the lesser insulating requirements. They do, however, have
extensive structural shear walls. It is clear that the lower buildings, with large areas
per floor, have relatively low exterior wall costs if stated in dollars per OGSF. Thus
the expensive Irvine enclosure is only $3.91/0GSF, compared io $2.67/OGSF at
Santa Barbara and $4.03/0OGSF at Davis.

Casework: All six buildings have a complete range of laboratory furniture.
Hardwood and plywood casements are used in all the buildings with a variety of
bench tops, including materials such as plastic laminates, stainless steel, epoxy resin

compound, cement asbestos and soapstone. Sinks are generally made of similar
materials.
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SUBSYSTEMS PACKAGES

The comparative cost and performance data are of use in evaluating the effectiveness
of subsystems in existing facilities. These data may be further developed in order to
demonstrate the extremes of cost and performance which are represented. This will
be of great value to the subsystems designer and building user in outlining the range
of choices available to them. From the complete range of subsystems cost and
performance hypothetical combinations or packages of subsystems have been
composed in order to demonstrate:

The highest cost package of subsystems (Summary — Chart D)

The lowest cost package of subsystems (Summary — Chart E)

The highest performance package of subsystems (Summary — Chart F)
The lowest performance package of subsystems (Summary — Chart G)

b WnN -

The extraction of highest and lowest costs is a simple mechanical process whereas
the extraction of highest and lowest performance is judgmental. Summary Charts
D-G represent the four packages drawn from the existing facilities subsystems, and
consist of a statement of subsystem cost and its related performance, and a total
cost for all the subsystems in the package. The names of buildings from which the
subsystems are extracted are interesting, retrospectively, but incidental to formu-
lating the projections which are the object of this exercise.

Significant comparisons may be made between these subsystem packages. The
highest cost package is not the highest performance package. HVAC and partitions
in these packages are identical. However, there is a noticeable difference of
$.37/0GSF in the lighting-ceiling subsystem cost, and a substantial difference of
$1.46/SF in the cost of the structural floor component.

The lowest performance package is not the lowest cost package. Although partitions
are the same in both cases, there is a much higher level of performance in the lower
cost ($.21/0GSF) lighting-ceiling subsystem. The cost difference of $.90/OGSF in
the HVAC subsystem is not substantiated by the performance difference. The less
expensive subsystem of the two has a higher level of performance, providing .48
cfm/OGSF more than the other and 35% more fresh air. Of particular significance is
the fact that the lowest cost structural floor component has also the highest
performance in the six buildings.
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It would be a mistake to oversimplify the conclusions from this kind of comparison,
but they are indicative of the kinds of savings possible without loss of performance,
or where performance may be increased and paid for by a more economical toal
package. It must also be borne in mind that reshuffling of different packages may
not result in the same unit costs and could increase the total package cost. However,
this same consideration is vital to the subsystems design process of formulating
packages of proposed subsystems performance and cost. Therefore this method is
valid for making comparisons between the cost and performance range of theoretical
packages and the content of any proposed package.
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BIOSCIENCE BUILDINGS

The ABS consultant analyzed and compared three University of California biological
sciences buildings recently completed at the Davis, Irvine, and Santa Barbara
campuses. These buildings are:

Biological Sciences Unit No. 3, Davis (Storer Hall)
Natural Sciences Unit No. 1, Irvine
Biological Sciences Unit No. 2, Santa Barbara

Cost and performance data in the preceding “Summaries and Comparisons’’ section
are extracted from the detailed information herein.

COST DATA

The costs of existing facilities establish the bases for those cost parameters
applicable to ABS subsystems. Working drawings, specifications, and bidding
documents for the three buildings were submitted to the Koch Ccmpany,
Construction Cost Consultants, of San Francisco, assisted by J. Rumsey for
mechanical and electrical work. They prepared an estimate for each project as if it
were bid January 1970 in the San Francisco Bay Area with an Engineering
News-Record (ENR) Construction Cost Index of 1300.

The base bid, without alternates or change orders, was the amount estimated. For
comparison, the actual base bids were projected to ENR 1300 and adjusted from the
campus location to the San Francisco Bay Area by application of the American
Appraisal Company’s Boeckh Time-Location Modifiers for institutional reinforced
concrete frame buildings. The estimates exceeded the adjusted actual low bids by 2%
in two cases and 3% for Irvine. The three study projects are compared by
component costs. Within the component cost divisions the cost of elements
equivalent to the ABS subsystems were isolated and tabulated separately, for use in
establishing target prices for the subsystems. Upon completion of the subsystems
design, these tabulations were reassessed and revised to correspond as precisely as
possible with the ABS final design. No change was made in cost division estimates
except for redistribution of cost elements between systems and non-systems
categories.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Table 1 indicates, in dollars per outside gross square foot ($/OGSF), the costs of
components equivalent to ABS subsystems and components outside of the ABS
system. Table 2 indicates, for certain cost divisions, the component unit cost in
terms of dollars per square foot of component surface area as tabulated in the last
column of cost division breakdowns.

All costs represent subcontract prices, including subcontractor’s overhead and profit,
but general contractor’s mark-up is itemized separately.

The three buildings studied at the Davis, Irvine, and Santa Barbara campuses are
quite similar in character, although the costs of some of their elements vary
considerably. Observed reasons for variation are discussed with relationship to the
individual cost divisions.

In general, the higher cost of the Santa Barbara building may be attributed to
meachanical, plumbing and electrical systems which are more elaborate than the
others, even though the cost of steam boilers, chillers, and their eiectrical switchgear
was omittad for comparison with the other two buildings served by central plants.

A number of the more costly items at Santa Barbara such as the ocean water supply
system and the lecture hall, were postponed or eliminated by alternate bids or
change orders during construction,

The relatively low unit cost of the Irvine building results from mechanical
efficiencies, and from most of the site work and utility instaltations being completed
under a previous contract.

The relatively high cost laboratory utility distribution at Santa Barbara is mostly
“non-subsystem’’ in the tabulations. It should be noted that these systems are
designed for a high degree of adaptability.

For the purposes of this study, laboratory casework estimates for all three buildings
were based on the same unit pricing structure, without cost adjustment for
individual differences in laboratory tops, types of fume hoods and quantity of
fixtures, sin.e it was believed that the installations were comparable in quality and
the differences were not significant. ‘
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PERFORMANCE DATA

The performance characteristics of subsystems in the three sample buildings were
studied concurrently with costs for analysis of the relationships and for projection
of proposed performance requirements for ABS subsystems. The intent was to
indicate in simple descriptive terms the subsystems capabilities and how well they
perform. Data, in the form of gross measurable quantities expressed as percentages

of gross floor area, are supplemented with descriptive and quantitative statements of
the performance characteristics.
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U.C. Davis — Biological Sciences Unit No. 3 (Storer Hall)

Architect: Anderson. Simonds, Dusel & Campm
Structural Engineer: McClure & Messenger

Mechanical Engineer: Ralston & Owyer

Electrical Engineer: C. P. Martinesu_ Jr.

Bid Date: April 12, 1966 Completion Date: June 1968

U.C. trvine — Natural Sciences Unit No. 1

Architect: W. L. Pereira & Associates

Structural Engineer: Brandow & Johnson & J. A. Martin & AssoCiates
Mechanical Engineer: Ralph E. Philips, Inc.

Electrical Engineer: Ralph E. Philips, Inc.

B8id Date: October 31, 1966 Completion Date: July 1968

U.C. Santa Barbara — Biologicsl Sciences Unit No. 2

Architect: A. Quincy Jones & Frederick Emmons
Structural Engineer: Greve & O’'Rourke

Mechanical Engineer: Ayres & Hayskawa

Electrical Engineer: Frumhott & Cohen

Bid Date: July 7, 1966 Completion Date: June 1968

39



TABLE
SUBSYSTEM EQUIVALENT COSTS $/OGSF ENR 1300

U C OaAViS U C vt UL SANTA BARBARA
VOGS ¢ - $/00Css * O0s ¢ -
Sy:1e¢M*
TRt re 1> " '» 9 n LR 4
MV AL 420 " ) 66 10 SR LR
P an tetecern i» 9 790 e 2 80 L]
L g Canderng 180 5 140 4 152 .
Satows lems &y 1840 an 18 00 a0
NON SYSTEM
Site Wark | Betow Gr ate 23 ) 31 ® 3 ?
@t Bawerment
HVAL 34 1
Pt G tecamy 12 2 <0 1 126 3
Pramiieng 320 10 Is @ 607 14
t ectncsl 2M ? 21 6 4 04 9
Cenling 08 a2 o2
Ertmnior Shan 403 10 s 10 267 6
€ wvatoen 72 2 80 2 12% 3
Other 1.8 3 227 ] 258 6
Genoval Contractor 18?7 5 1.74 -] 227 -
Subiotal 18 14 a8 18.00 4% 2350 53%
TOYAL 3482 3340 418
Laboratory Casowork 4.8 " 420 " 3.3% 7
YOTAL .20 100% .00 100% 44.58 100%

NOTE . Costs n Table | are expressed in Wrms of the 101al cost of the subsysiem dwided by the 10wl outside
grow building floor ares (OGSF)

In contrast, costs in Table 2 are expressed in tering of the 10w cost of the subrystem divided by the towl
area of the components involved .

* Inciudes all components eQuivalent to AN‘ wbsystems .
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TABLE 2
COMPONENT Uis: T COSTS S/COMPONENT QUANTITY - ENR 1300

FLOORS W TYERIOR EXTERIOR
S TRUCTURE) ROOF * PARTITIONS SKIN

UC DAVIS BYOLOCICAL SOIENCES UNIT 3

$5F $SF $SF $SF
I 5 80 488 978

UC IRVINE NATURAL SCIE ._ESUNIT

$SF &SF $SF S/SF.
S8 6 06 423 1275

UC SANTA BARBARA 210U OGICAL SCIENCES UNIT 2

$SF $SF $/SF SSF.
483 673 364 769

NOTE Costs in Table ¢ are expremsod in torrms of the total cost of the subsystem divided by the
1ot aea of the componants iNvolved .

*Inclucdes coslings and finshes.
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Cost Divisions

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3
Bid April 12, 1966; ENR Construction Cost Index 1006
92,167 Outside Gross Square Feet (OGSF)

Base Bid: $2,606,000 @ ENR 1006 ($28.27/OGSF)
Projected: $3,367,500 @ ENR 1300 ($36.53/OGSF)
Geographical Adjustment: [$3,535,900 ($38.36/0GSF)*|

Cost Estimate {Jan. 1970 — ENR 1300)

$/0OGSF_ %
Site Work, Beiow Grade & Basement $ 217,260 2.35 6
Floors 508,600 5.52 14
Roof 77,350 .84 2 :
Interior Partitions 497,200 5.37 14 :
Interior General 457,700 4.97 13
Exterior Skin, above ground 450,390 4.89 12 ;
HVAC 419,386 4.54 12
Plumbing 346,465 3.76 9 ;\
Electrical 402,129 437 11
Elevators 65,000 72 2
General Contractor 172.075 1.87 5 :
|$3.613,535 $39.20] ]
;
The cost estimate exceeds the projected and adjusted base bid figure by 2%. i
*Boeckh Modifier Sacramento te San Francisco Bay Area = 1.05
43
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Cost Divisions

U.C. IRVINE NATURAL SCIENCES UNIT 1
Bid October 31, 1963; ENR Construction Cost Index 910
121,000 Outside Gross Square Feet (OGSF)

Base Bid: $2,844,500 @ ENR 910 {$23.50/0GSF)
Projected: $4,063,370 @ ENR 1300 ($33.58/0GSF)
Geographical Adjustment: {$4,429,080 ($36.60/0OGSF)* |
Cost Estimate {(Jan. 1970, ENR 1300)
$/0GSF_ %
Site Work, Below Grade & Basement $ 403,410 3.33 9
Floors 761,140 6.29 17
Roof 187,860 1.55 4
Interior Partitions 558,020 4.61 12
Interior General 620,040 5.12 13
Exterior Skin, above ground 524,600 4.34 11
HVAC 442,548 3.66 10
Plumbing 424,981 3.51 9
Electrical 344,655 2.85 8
Elevators 72,000 .60 2
General Contractor 211,000 1.74 5
[$4,550,254 $37.60 |

The cost estimate exceeds the projected and adjusted base bid by less than 3%.
*Boeckh Modifier Los Angeles — San Diego to San Francisco Bay Area = 1.09

NOTE: This cost estimate is based on the contract documents as bid, and it includes
an attached lecture hall (not illustrated) of 13,200 OGSF.

Q 43

o i AR R A ke T

NIRRT LN




COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Cost Divisions

U.C. SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2
Bid July 7, 1966; ENR Construction Cost index 1047
132,000 Qutside Gross Square Feet (OGSF)

Base Bid: $4,936,000 @ ENR 1047 ($37.39/0GSF)
Projected: [ $6,128,540 @ ENR 1300 ($46.43/0GSF)* |.
Geographical Adjustment: None. Santa Barbara and San Francisco

Bay Area costs are approximately equal.

Cost Estimate {(Jan. 1970 — ENR 1300)

O UP LS L/ LR

$/0GSF_ %_
Site Work, Below Grade & Basement $ 440,580 3.34 7 .
Floors 666,210 5.05 : 11
Roof 170,550 1.29 i 3 :
Interior Partitions 706,410 5.35 j 12
Interior General 663,670 5.02 : 11 .
Exterior Skin, above ground 537,870 4,08 9 :
HVAC* 769,768 5.83 13
Plumbing 800,537 6.07 14
Electrical 703,618 5.33 12
Elevators 165,000 1.25 3
General Contractor 300,000 2.27 5
| $5,924,213 $44.88 |
Boiler and Chiller Plant* 356,877 2.70
$6,281,090 $47.58

*The total cost estimate of $6,281,090 ($47.58/0GSF) exceeds the projected base
bid by 2%. Unlike the Davis and Irvine buildings, served by central plants, this
building supplies it own steam for heating and its own chilled water. For
comparison, therefore, the costs of boilers and chillers and their electrical switchgear
are excluded in this cost analysis.
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CJUST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Cost Division: SITE WORK, BELOW $ Sub- Subsystem Equiv. $/OGSF  $/S.F.
GRADE & BASEMENT Contracts $/OGSF Non-Subsystem Basement
i
U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3
1. Concrete Work 188,580 2.04 2.04 ;
2.  Site Preparation & Grading 24,360 .26 .26
3. Waterproofing 4,320 .05 .05 !
217,260 2.35 235 16.09
Basement Area = 13500 S.F. = .15 OGSF
U.C. IRVINE NATURAL SCIENCES UNIT 1
1. Concrete Pavers 14,230 12 12
2.  Concrete Work 287,120 2.37 2.37 4
3. Earthwork 79,560 .65 .65
4, Grouted Rock Riprap 8,000 07 .07 E
5. Membrane Waterproofing 8,100 .07 .07 ]
6. Precast Concrete Benches 6,400 .05 .05 ‘5
403,410 3.33 3.33 25.21 ;
Basement Area = 16,000 S.F. = .13 OGSF ;
U.C. SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2
1. Bldg. Excavation 119,470 91 91
2. Caissons 8,250 .06 .06
3. Concrete 275,650 2.09 2.09
4. Resilient Floor Cover 1,960 .01 .01
5. Site Prep. Grading, Paving, Drainage 31,890 24 24
6. Waterproofing 3,360 .03 .03
440,580 3.34 3.34 25.10
Basement Area = 17,555 S.F. = .13 OGSF
{
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COST/PERFORMANCE DATA
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Sita Work, Below Grade and Basement Cost Division.

This cost division includes batszment walls and slab, foundations and
sitework. None of these are within the scope of an ABS subsystem.

The Davis building has a full basement containing laboratories as well as
mechanical rooms.

The lrvine building has a partial basement containing storage, mechanical
and electrical rooms.

The Santa Barbara building has a full basement with boiler and chiller rooms,
fan rooms and electric switchgear.

The lower cost of this division for the Davis project results from simple
foundation and wall conditions and a minimum of site improvement work.

46 47
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Subsystem Equiv. $/OGSF_ $/S.F.
Cost Division: FL.OORS $ Sub- Struc- Ceil- Non-Sub  Floors
Contracts $/0GSF ture ing System Structure
U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3
1. Acoust. Tile Ceiling 25,160 .27 21 .06
2. Ceramic Tile Floor 6,400 .07 .07
3. Concrete 410,520 4.46 4.46 5.39
4. Gyp. Bd. Ceiling & Insulation 1,060 .01 01
5. Lath & Plaster Ceiling 5.330 .06 .06
6. Membrane 840 .01 01
7. Painting 5.580 .06 .06
8. Resilient Fioor 47,950 52 52
9. Terrazza Floor 5,760 .06 .06
508,600 552 4.46 34 72 5.39
Floor Cost Division Area = 76,200 S.F. = .83 OGSF
U.C. IRVINE NATURAL SCIENCES UNIT 1
1. Acoustical Celling 29,390 24 24
2. Concrete 582,150 481 4 .81 5.89
3. Concrete Pavers 84,110 69 69
4, Membrane Waterproofing 2,790 .08 .08
5. Paint Ceiling 13,720 1 A1
6. Resilient Flooring 24 040 2¢ 20
7. Special Floor Finishes £3'0 07 .07
8. Susp. Plaster Ceiling 8,470 .07 .05 .02
9. Wood Flooring 2,100 .02 02
761,140 6.29 481 .40 .08 5.89
Floor Cost Division Area =92 W3 F. = 81 OGSF
U.C. SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2
1. Acoustical Ceiling 13,320 10 .10
2. Ceramic Floor Tile 23,840 .18 .18
3. Composition Deck 1,090 01 01
4. Concrete Work $07,360 384 384 4.60
5. Insulation 5.280 .04 04
6. Metal Ceck > Stainless Steel Floor 14,690 A1 A1
7. Misc. Metal-Unistrut 18,000 .14 .14
8. Paint Ceiling 9,000 07 .07
9. Resilient Floor Cover 24,680 139 .19
10. Suspended Plaster Ceiling 10,570 .08 .06 .02
11. Vermiculite Fills 25,620 13 .19 .25
12. Waterproof & Damproofing 12,66U _ 10 .10
666,210 5.05 103 .23 79 483

Ficor Cost Division Area= 110,350 3.F = 82 OCLS!-
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COST/PERFORMANCE DATA
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Floors Cost Division.

The Irvine and Santa Barbara buildings have similar floor construction
systems, concrete waffle slabs with 30’-0"’ x 30°-0"" bays. The variance in cost per
OGSF of the complete floor components results mainly from tte degree of finish,
with Irvine having a paved cantilevered deck and considerably more ceiling, which is
included as an element of the Floors Cost Division.

The Davis building is principally of long-span joist construction in concrete,
with more suspended ceiling than Santa Barbara.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Subsystem Equiv. $/OGSF
Cost Division: ROOF $ Sub- Struc- Ceil- NonSub $/S.F.
Contracts $/0OGSF  ture ing System Roof

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Concrete 65,520 1 71
2. Misc. Metalwork 1,500 .02 .02
3. Roofing & Insulation 7,690 .08 .08
q. Sheet Metal 2,640 .03 .03
77,350 84 71 A3 5.60
Roof Cost Division Area = 14,000 S.F. = .15 OGSF

U.C. IRVINE NATURAL SCIENCES UNIT 1
1. Acoustical Treatment 11,879 .10 .10
2. Clay Tile Roofing 17,010 .14 14
3. Concrete Work 26,980 .23 .23
4. Membrane Waterproofing 3,780 .03 .03
5. Sheet Metal 6,050 .05 .05
6. Special Ceiling 10,200 .08 .08
7. Sprayed-on Fireproofing 13,920 11 1
8. Struct. Gypsum Concrete 14,170 12 12
9. Structural Steel 63,000 52 52
10. Susp. Piaster Ceiling & Soffit 11,940 .10 .10
11. Thermal Insulation 8,940 07 07

187.860 155 .98 .28 .29 6.06

Roof Cost Division Area = 31,000 S.F. = .26 OGSF

U.C. SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2

1. Concrete Structure 87,140 .66 .66
2. Metal Deck & Fiashing 5,600 .05 .05
3. Met. Lath & Plas. Ceiling 13,610 .10 .10
4. Roofing 11,990 .09 .09
5. Structural Steel 36,000 27 27
6. Vermiculite Fill 16,210 .12 12
170,550 1.29 1.05 10 .14 6.73

Roof Cost Division Area = 24,580 S.F. = .19 OGSF
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Roof Cust Division.

The $/OGSF cost of the roof components, including ceilings, insulation and
surfacing, naturally varies with the size of the roofed area compared with the OGSF
of the building. Therefore, Irvine is the most costly and Davis the least.

Further, however, Irvine has a considerable amount of relatively expensive
clay tile.

In unit cost per square foot of roof, the Santa Barbara project is the most
costly, principally because of provisions for equipment and penthouses requiring
special steel structures.
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COST/PERFORMANCE DATA
BIOSCIENCE BU'LDINGS

Subsystem Equiv. $/OGSF
Cost Division. INTERIOR PARTITIONS $Sub Struc:  Parti NonSub S/SF.

Cont acts S/OGSF ture tions System Partitions

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Ceramic Tile Finish 8,120 .09 .09
2. Concrete Walls 116,600 1.26 1.26
3. Finish Hardware 23.520 25 21 .04
4, Hollow Metal Doors & Frames 21.380 23 .19 .04
5. Met. Stud & Plaster Part. 82,220 89 54 .35
6. Paint and Finishing 54,090 58 53 .05
7. Rubber Base 6.720 .07 .07
8. Sound Insulation 1,270 .01 .01
9. Treated Wood Stud & Gyp. Bd. Part. 158,560 1.72 1.62 .10
10. Wood Doors 24,720 27 .23 .04
497,200 - 5.37 1.20 3.39 72 488
Interior Partitions Cost Division Area = 109,450 S.F. = 1.10 OGSF
U.C. IRVINE NATURAL SCIENCES UNIT 1
L 3
1. Ceramic Wall Tile & Base 19,610 .16 .16
2. Cold Glaze Finish 1,920 0 .02
3. Concrete Walls 140,020 1.16 1.16
4, Cork and Sound Insulation 3,250 .03 .03
5. Finish Hardware 32,900 27 24 .03
6. Hoilow Metal Work 35,280 29 27 02
7. Met. Stud & Plaster Partitions 208,320 1.72 155 A7
8. Painting 66,420 55 - A7 .08
9. Panelling 7.820 .06 .06
10. Unistrut Supports 12,400 .10 .10 .
11. Wood Doors 30,080 25 22 .03
558,020 4 .61 1.16 2.96 .49 4.23
Interior Partitions Cost Division Area = 132,000 S.F. = 1.09 OGSF
U.C.SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2
1. Ceramic Tile Finish 46,880 .36 .36
2. Finish Hardware 28,8G0 22 .18 04
3. Glazing ,1,220 .01 .01
4, Insulation (Sound, Thermal) 10,560 .08 .08
5. Interior Concrete Walls 170,120 1.29 1.29
6. Masonry Interior Walls 2,770 .02 02
7. Metal Doors & Frames 29,310 22 .19 .03
8. Met. Studs, Lath & Plaster 147,850 1.12 74 .38
9. Movable Partitions 144,630 1.09 1.09
10. Painting & Finishing 53,940 41 .38 .03
11. Special Doors (Refrig., etc.) 27,500 21 21
12. Special Finish & Trim 16,500 .12 .12 >
13. Wire Partitions 5,940 .05 .05
14. Wood Doors 20,390 .15 . a1 .04
706,410 5.35 1.29 2.80 1.26 3.64
Q. Interior Partitions Cost Division Area = 193,760 S.F. = 1.47 OGSF
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COST/PERFORMARNCE DATA
BIOSCIENCE BUILDINGS

Interior Partitions Cost Division.

The costs of interior partitions per OGSF reflect both planning character-
istics and the quality of the products used. The floor-to-floor height at Irvine is
considerably less than that of the other projects, so results in a saving in quantity
and the lowest cost ner OGSF.

The highest partition cost, at Davis, is due to fire-retardent wood studs with
gypsurn board faces. This design has been very satisfactory according to interviews
and inspection. It nermits easy attachment of equipment to the walls. This relatively
expensive wall (treated studs at this date are about three times the cost of untreated
Douglas fir studs) i: approximately the same cost per OGSF as the lower cost
partitions at Santa Barbara because the Davis plan is essentially a double-loaded
corridor, whereas the Santa Barbara plan is an interior ‘‘race track’’ corridor
requiring more lineal feet of partition. (“’Race track’’ is a double-loaded corridor
encircling the entire floor, generally with offices on the outside and laboratories
inside.)

The Santa Barbara partitions are laminated gypsum board with relatively
simple demountability.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Subsystem Equiv. $/OGSF

Cost Division: INTERIOR GENERAL SSuL Lab. Non-Sub
Contracts $/0GSF Casework. System

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Chalk and Tackboards 6,950 .08 .08
2. Laboratory Casework 403,080 4.38 4.38
3. Misc. Metal, Stairs, Rails 20,500 22 22
4, Painting 2,000 02 .02
5. Reception Counter, Coat Racks 2910 .03 .03
6. Seating, Cabinets, Shelves, Mailchute 17,910 .19 .19
7. Toilet Partitions 4,350 05 .05
457,700 497 4.38 59

U.C. IRVINE NATURAL SCIENCES UNIT 1

1. Blocking, Backing 8.280 .07 .07

2. Chalk and Tack Boards 16,100 A3 .13

3. Laboratory Casework 508,630 4.20 4.20

4, Miscellaneous Metals, Gratings, Ladders 31,930 26 26

5. Miscellaneous Specialties Conc. Fountain, 3,590 .03 .03

Stair Rails, Bulletin Boards, Display Cases

6. Revolving Stage 15.0G0 13 A3

7. Room Signs 4,950 .04 .04

8. Seating 25,500 21 21

9. Toilet Partitions & Accessories 6,060 .05 .05
620,040 5.12 4.20 92

U.C.SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2

1. Blocking, Backing & Bucks 8,000 .06 .06
2. Chalk & Tackboard, Directory 16,300 .12 .12
3. Controlled Temperature Rooms 31,680 24 24
4. Fixed Seating 7.200 .05 .05
5. Incinerator, Appliancer Misc. Equip. 29,680 22 22
6. Laboratory Casework 441,950 3.35 3.35
7. Misc. Metal, Stairs, Rails 98,520 .75 .75
8. Shielding & Trolleys 8,180 .06 .06
9. Tanks, Storage Shelves 13,050 .10 .10
10. Toilet Partitions & Accessories 9,110 .07 .07
663,670 5.02 3.35 167
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Interior General Ccst Division.

The principal interest in subsystems in this division concerns the educational
and scientitic aids such as laboratory casework and chalk and tack boards.

The cost differences in -hese elements mainly reflect the degree to which
sinks and utility connections were specified under "laboratory equipment’’ or
“plumbing.”” The quality and nature of all installations are similar.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Subsystem Equiv. $/OGSF
Cost Division: EXTERIOR SKIN — $ Sub- Ext. $/S.F.
ABOVE GROUND Contracts $/0GSF Skin Structure Exterior

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Alum. Entrance Doors 3,070 .03 .03
2. Caulking 6,050 .07 .07
3. Concrete Work 348,030 3.78 2.92 .86
4. Dampproofing 2,650 .03 .03
5. Door Hardware 2,300 .03 .03
6. Exterior Doors 2,750 .03 .03
7. Glass & Glaz g 13,430 .15 .15
8. Metal Window. 38,300 41 41
9. Painting 10,550 1 L1
10. Sheet Metal Work 7.710 .08 .08
11. Stucco Dash on Concrete 7.320 .08 .08
12. Venetian Blinds 8,230 .09 .09
450,390 4.89 4.03 .86 9.78

Exterior Skin—Above Ground Cost Division Area = 46,000 S.F. = 50 OGSF

U.C. IRVINE NATURAL SCIENCES UNIT 1

1. Alum. Window Wall 32,780 27 27
2. Alum. Windows 30,600 25 .25
3. Caulking 3,630 .03 .03
q, Zoncrete Work 104,470 86 43 43
5. Glass & Glazing 41,880 35 .35
6. Plaster & Stucco 31,0290 .26 .26
7. Precast Concrete 280,220 2.32 2.32
524,600 4.34 3.91 43 12.75

Exterior Skin—Above Ground Cost Division Area = 41,000 S.F. = .34 OGSF

U.C. SANTA PARBARA BIOLOGICAL SCIENCES UNIT 2

1. Alum. Windows 30,380 .23 23
2. Caulking 13,200 .10 .10
3. Concrete Work incl. Precast 398,650 3.02 1.61 1.41
4. Ext. Doors & Frames 5,290 .04 .04
5. Glass & Glazing 18,550 14 .14
6. Insulation 1,500 .01 .01
7. Masonry 24,130 .18 .18
8. Met. Studs, Lath & Plaster . 31,160 24 24
9. Painting & Finishing 15,020 .12 a2
537,870 4.08 2.67 1.41 7.69
Exterior Skin--Above Ground Cost Division Area= 70,000 S.F. = .53 OGSF
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Exterior Skin Above Ground Cost Division.

The exterior skin costs relate to building configuration. Although the Irvine
building has by far the most elaborate exterior treatment, with sculptured precast
concrete sunshades at each opening, its low floor-to-floor heights and a large floor
area io peripheral area ratio result in a cost per OGSF which is median in the group.

The Santa Barbara building has the lowest unit cost, either per OGSF or per
square foot of wall, yet it includes large areas of exterior utility shafts.

The Davis exterior wall costs are increased by the use of an elaborate
five-story precast concrete grille in the wing connecting to Hutchison Hall, and a
trellis-like screen concrete parapet around the roo?.
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Cost Division: HVAC $ Sub- Subsystem Equiv. $/0GSF
Contracts $/0GSF HVAC Non-Subsystem

U.C. GAVIS BIOLOG CAL SCIENCES UNIT 3

1. Controls 37,000 .04 .40
2. Ductwork and Insulation 167,900 1.82 1.82
3. Laboratory Steam 31,914 .34 .34
q. Supply Units each floor 182,572 1.98 1.98
419,386 4.54 4.20 .34

WNOTE: Steam and chilled water from central plant. Only the connections were in contract.

U.C. IRVINE NAT!'RAL SCIENCES UNIT 1

1. Controls 32,700 27 27
2. Ductwec rk and Insulation 173,825 1.44 1.44
3. Supply. Air-Handling and Fans 236,023 1.95 1.95

442 548 3.66 3.66

NOTE: High temperature and chilied wa*er from central plant. Only connections in contract.

U.C. SANTA BARBARA, BIOLOGICAL SCIENCES UNIT 2

1. Building and Laboratory A.C. 398,718 3.03 3.03
2, Controls 57,000 .43 43
3. Ductwork and Insulation 313,950 2.37 3.39
769,668 5.83 583
4, Chilled Water Generation 254,423 1.93
5. Steam Generation, Boilers 92,424 .70
1,116,615 8.46
NOTE: 1tems 4 and 5 are central plant costs amounting to $2.63/OGSF and are peculiar to Santa
Barbara only, and are, therefore, excluded in cost comparisons.
58

a7



COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Heating, Ventilating, Air Conditioning Cost Division.

A conspicuots reason for the highest cost HVAC system at Santa Barbara is
that it supplies its own steam for heating and its own chilled water, the o e of
the three projects to do so. Also, it is more elaborate in controls, supplies | - BTU
per area unit, has the lowest OGSF per ton of refrigeration, and is the only project
with 100% fresh air, no return. The location of the shafts at the outside corrers of
the building contributes to large runs of ductwork.

By contrast, the lrvine building uses high temperature water and chilled
water from a campus central plant. The building is served from a central core of
essentially two basic zones from 2 basement air-handling room. This has resulted in
the lowest cost installation.

The © ivis system has an air handling unit at each floor, utilizing campus-
plant team od chitled water. The lower cost of controls is becasuse there 1s one
thermostst per 1,000 squére feet at Dawvis as against 2% per 1,000 squure feet at
irvine snd Santa Barbara,
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COST/PERFORMANCE DATA
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Cost Division: PLUMBING $ Sub- Subsystein Equiv. $3/OGSF

Contracts $/OGSF ~ “MonSubsystems

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Acid waste 105,936 1.15 1.15
2. Air 12569 14 14
3. Building plumbing 90,399 98 .98
4. Chilled water, steam, gas and
demineralized water connections 5835 06 .06
5. Distilled and aquarium water 11,301 12 A
6. Fire protection and dry standpipe 13.695 .15 15
7. Gas 7.619 .08 .68
8. Industrial coid water 15,475 A7 17
9. Industrial hot water 14,047 15 .15
10. Insulation 7 800 .09 .09
11. Lab, casework connections 43,709 .48 .48
12. OQutside utilities 12.342 13 13
13.  Vacuum 5.738 06 .06
346 46% 3.76 3.76

U.C. IRVINE NATURAL SCIENCES UNIT 1

1. Building plumbing 110860 92 92
2. Fire protecuon — spanklers 9,360 c8 .08
3. Hookups 1,435 Ke))| .01
4 Laboratory plumbing 303,326 250 250

424 981 351 351

U.C. SANTA BARBARA, BIOLOGICAL SCIENCES UNIT 2

1. Acid waste 162.357 124 1.24
2. Building plumbung 134,919 1.02 1.02
3. Carbon dioxwde and oxygen 7.040 05 05
q, Compressed aur 64,736 .49 .49
5 Distitied water 41,165 31 31
6. Fire Protecuion, sprinkiers 9.100 07 07
7 Gas system 48,908 37 .37
8 Laboratory plumbing 220503 1.67 167
9. Outnde utihities 13.733 n 1
10. Sea water 26816 20 .20
11, Vacuum system 71.260 54 .54

800,537 6.07 6.07
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Plumbing Cost Division.

The Santa Barbara project is again conspicuous in the cost of its plumbing
because it has more systems than the others and more elaborate details. The acid
waste, for instance, extends throughout the entire building; whereas in the other
buildings it extends only to the point where it is mixed with other effluent. The
water and gas supply lines provide valves periodically for new tap-ins so that
extension may be made without shutting down the system. Although costly initially,
these provisions enable additiors or relocation of facilities at a minimum cost.

The plumbing costs at Davis and Irvine reflect good current practice but not
as much flexibility as at Santa Barbara.
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Ccst Division: ELECTRICAL S Sub- Subsystem Equiv. $/OGSF
Contracts $/0OGSF Lighting Non-Subsystem

U.C. DAVIS BIOLOGICAL SCIENCES UNIT 3

1. Ciock system and TV 3,776 04 .04
2. Fire alarm 6,724 .07 .07
3. Laboratory distribution 80,828 .88 .88
4, Lighting — fixtures and switches 147,963 1.61 1.46 .15
5. Lighting — wire and conduit 38,400 .42 .42
6. Other building distribution 27,746 .30 .30
7. Site work 5,510 .06 .06
8. Telephone and sound 9,428 1 1
9. Total building power 81,754 .88 .88

402,129 4 .37 1.46 291

U.C. IRVINE NATURAL SCIENCES UNIT 1

1. Alarm-clock sound, conduit oniy 5,487 .05 .05
2. Building power 101,361 .83 .83
3. Laboratory distribution 89,310 74 74
q. Lighting, fixtures and switches 118,348 .08 72 .26
5. Lighting, wires and conduit 19,752 .16 .16
6. Underground 10,397 09 .09

344,655 285 72 2.13

U.C. SANTA BARBARA BIOLOGICAL SCIENCES UNIT 2

1. Fire alarm 8,641 .07 .07
2. Laboratory distribution 117,381 88 .88
3. Lighting fixtures 185,389 1.40 1.29 1
4. Lighting — panels and switches 15,313 12 12
5. Lighting — wire and conduit 41,474 31 31
6. Other building distribution 36,283 .28 28
7. Site work and yard lighting 8,466 .06 .06
8. Telephone and intercom 11,622 .09 .09
9. Total building power 268,360 2.04 2.04
10. TV and clocks 10,689 .08 .08

703,618 5.33 1.29 4.04
11. Boiler, chiller switchgear 10,030 .07

713,648 5.40
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Electrical Cost Division.

The diiference in the $/OGSF costs of the three projects varies with the
capacities provided, except that Santa Barbara provides a continuous bus-duct
system around each corridor. This makes additions and changes very easy to
accommodate.

The relative lighting costs again reflect capacity. In none of the buildings was
there complaint about the quanity of light. Location of fixtures, however, because
of shadows, was criticized in some cases.
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GENERAL DATA

COST/Pr RFORMANCE DATA
BIOSCIENCE BUILDINGS

SANTA
DAVIS IRVINE BARBARA

OGSF 92,167 S.F. 111,580S.F. 132,006 S.F.

ASF 51,702 S.F. 65,922 S.F. 77579 S.F.

AREA TYPICAL FLOOR 12,800 S.F. 21,600 S.F. 17,000 S,F,

ASE 0.56 0.59 0.59

OGF

AREA OF EXTERIOR WALLS 0580 0.370 0.523
OGSF

AREA SERVED BY HVAC 100% 100% 100%

LINEAR FEET PARTITIONS 0.08 0.1 0.08 *
OGSF

FLOORS AT AND ABOVE GRADE 6 5 6

FLOORS BELOW GRADE 1 1 1

TOTAL STRUCTURE/SERVICES DEPTH £.10" 4'.0" 5.5

NOTE: For Irvine, data relates only t. the main building, exclusive of the attached lecture hall.



U.C. IRVINE — NATURAL SCIENCES UNIT |

U.C. SANTA BARBARA — BiOLOGICAL SCIENCES UNIT 2
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STRUCTURE SUBSYSTEM

COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

SANTA
DAVIS IRVINE BARBARA
Flat Slab Waffle Slab Waffle Slab
STRUCTURE TYPE Beams Posts Posts
Posts

MATERIAL

Poured Concrete

Poured Concrete

Poured Concrete

SHEAR STRUCTURE

Internal Walis

Internal Cores

Internal Walls

and Moment Frame and Cores

STRUCTURAL BAY SIZES 30° x 20°

40° x 20" 30° x 30 30" x 30°
FLOOR TO FLOOR HEIGHTS 14" - 0" 12' -0 14" - 6"
STRUCTURAL DEPTH 2.4 1.7 1 - 7%
HORIZONTAL AREA OF VERTICAL 240 S.F. 195 S.F. 995 S.F.
STRUCTURE WITHIN EXT. WALLS
FLOOR LIVE LOADING 50 Ibs. 50 Ibs. 100 Ibs.
ROOF LIVE LOADING 20 Ibs. 20 Ibs. 20 Ibs.
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SV T PEREORMANCGCE DATA
OO CE BUILDINGS

DAVIS STRUCTURE

Poured concrete tHoor and 0! slabs are supported by poured concrete columns and

teams Shear resistance 1s by internal pourcd concrete shear walls

IRVINE — STRUCTURE

A poured concrete waffle slab is supported on poured concrete columns. The precas?
concrete panels on the north and south walls are structural. The roof framing to the
fifth floor penthouse is structural steel. Shear resistance is by internal poured
concrete shear walls to vertical shafts and by poured concrete spandrels.

SANTA BARBARA — STRUCTURE

A poured concrete waffle slab is supported on poured concrete columns. Shear :

resistance is by internal poured concrete shear walls and by poured concrete walls to
vertical shafts.

iriam e s I

it AR

i o

.

k.

. =
RES

71




HVAC SUBSYSTEM

COST PERFORMANCE DATA
B10SCIENCE BUILDINGS

SANTA
DAVIS IRVINE BARBARA
» BUILDING SERVED 100 100 100
HE ATING SOURCEvf Central Central Building
(HPS) (HTW) {HPS Boiler)
FUEL Gas 'HPS Gas/HTW Gas
COOLING SOURCE Central Centrai Building
(CHS) {CHS) {Absorption)
FUEL Electricity/Gas Electricity/Gas Gas/HPS
2 Units Building

AIR HANDLING SOURCE

Floor Zones

% Building Each

Basement — 5 Floors
Roof — 2 Floors

EQUIPMENT ROOM SIZE HEATING
COOLING

AIR HANDLING

TOTALS

600 S.F /Floor

4200S.F.

4,000 S.F.

3,000S.F.
4,600S.F.
4,000 S F.
11,600 S.F.

CAPACITIES HEATING

5,620,000 BTUH

7,100,000 BTUH

9,600,000 BTUH

COOLING 385 Tons 380 Tons 753 Tons
AIR HANDLING CFM 117,255 CFM 127,000 CFM 166,000 CFM
BTUH/OGSF 61 63 73
OGSF/TON 240 295 175
CFM/OGSF 1.80 1.14 1.25
% RETURN AIR 165 40 -
% EXHAUSTED VIA HOODS 16 25 14
% MAIN EXHAUST 67 5 35 86
INTAKE LOCATIONS Each Floor Basement Area Basement and Roof
EXHAUST LOCATIONS Roof Roof Roof
MAXIMUM GROSS SECTIONAL AREA . 85 S.F. 88 SF.
MAIN VERTICAL SUPPLY DUCTS
MAXIMUM GROSS SECTIONAL AREA .

12 S.F. 70S.F. 75S.F.
MAIN HORIZONTAL SUPPLY DUCTS S-F S.F

FiLTER TYPE AND EFFICIENCY

Replaceable
30% - 35%

Replaceable
35%

Replaceable
50%

HUMIDITY CONTROL % BUILDING

15%
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Fresh Air
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DAVIS — HVAC

High pressure steam and chilled water supply are from « central campus plant. Each
floor has a machinery room . onsisting of air handling urit and fresh air intake with
cooling and preheat coils. Air is recirculated from classrooms and offices. Each floor
is a separate HVAC zone in which distribution is by a singte duct with reheat coils in
each room. Temperature control is by a thermostat in eacn room. Air is exhausted
by exhaust ducts (to which fume hoods are also connected! via periodic vertical
mains with fans at roof level.

IRVINE — HVAC

High temperature water and chilled water supply are from a central campus plant.
Two air handling units and preheat coils, each serving one half of the building, are
located in the basement with air intakes. Air is recirculated from classrooms, offices
and miscellaneous spaces via corridor ceiling plenum and main vartical shafts.
Vertical distribution is via two main shafts within the building, an. from these,
double ducts over the corridors serve each floor. Control is by zones of one or two
rooms. Air is exhausted by fume hoods and exhaust plenum both contained in a
central services cavity. Air supply, return and exhaust is at low pressure.

SANTA BARBARA — HVAC

High pressure steam and chilled water are from gas fired boilers and absorption
chiller in the basement machinery room. Air handling and preheat coils for the first
to fifth floors are in the basement with 100% fresh air intake. The sixth floor and
penthouse are served by a separate air handling unit on the roof. This is the only
zoning of HVAC in the building. Vertical distribution is via two main shafts on the
perimeter of the building, and from these, double ducts over the corridors serve each
floor. There are a number of special temperature rooms on reheat coils or
refrigeration coils with humidity control. HVAC controtl in the building is central.
Air is exhausted at roof level via fume hoods and corridor ceiling plenum carried
vertically in perimeter shafts.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

Spandrel wail )
10" Concrete, Cast in FPlace

Bush Hammered Concrete

Sarndblasted Concrete

rFa/nted Concrete

+ Light & Heavy Stucco
Dash on (oncrete

End walls 2 Cornice

cast /n Place Concrete
Exterior Wall/

Precast Concrete
Sculptured Wall
Vernreer Farnel/s

IRVINE

9’ High Windowsill Typrcal
&°~ 14° Concrete Spandrel

Eyealeve! Windows at
East ard South Wwalls

SN
1

4 Concrete wall
A

Wafrle Siab Floor

SANTA BARBARA
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DAVIS — EXTERIOR WALLS

The spandrel walls are poured concrete with poured concrete cantilever sunshades
over windows. The exterior finish of the spandrel panels is bush hammered and
delineated by a sand blasted edge or trim. The interior finish is plaster and paint.

{RVINE — EXTERIOR WALLS

The panels on the north and south walls are structural precast concrete welded in
place. They have an exposed aggregate finish. Spandrel panels are poured concrete
with an exposed aggregate, precast concrete facing. Interior finishes are exposed
concrete. Windows are surrounded by a precast concrete sculptured form for sun
protection with exposed concrete finish. The poured concrete casing to the
penthouse framing is also sculptured and has an exposed concrete finish.

SANTA BARBARA — EXTERIOR WALLS

Mullions and spandrels with varying window sill heights are formed in precast
concrete with a plain, painted concrete finish. The interior finish is exposed
concrete. Sun shades are formed by cantilever floor slabs.
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

DAVIS — INTERIOR PARTITIONS

10% of the interior walls are structural poured concrete plastered and painted. The
remainder are replaceable: 52% are gypsum board on wooden studs; 23% are plaster
on metal laths and metal studs; and 15% are solid plaster partitions. There are no
demountable partitions.

IRVINE - INTERIOR PARTITIONS
17% of the interior walls are structural poured concrete plastered and painted. The

remainder are replaceable: plaster on metal laths and metal studs. There is a srall
amount of gypsum rib partition. There are no demountable partitions.

SANTA BARBARA — INTERIOR PARTITIONS

15% of the interior walls are structural poured concrete painted finish. 35% are
replaceable: plaster on metal laths and metal studs. 50% are demountable: laminated
gypsum board.
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BIOSCIENCE BUILDINGS

LIGHTING/CEILING SUBSYSTEMS

LABORATORIES CLASSROOMS

SANTA SANTA
DAVIS IRVINE BARBARA DAVIS IRVINE BARBARA
8'-2T 4'-2T 4’ -2T 8’ and 4’ 4'-2T 4" -2T
LIGHTING TYPE Susp. Susp. Susp. -2T Susp. Susp.
Direct Direct Direct Recessed Direct Direct
SPACING Cont. Cont. Cont. Cont. Cont. Cont.
5’ oc 6’ oc 6’ oc 5’ oc 6’ oc 6’ oc
WATTS/SQUARE FOOT 4.0 3.0 3.4 4.0 34 34
VOLTAGE 277 277 277 277 277 277
SWIiTCHING ZONE Room Room Room Room Room Room
Line Line Line Line Line Line
SWITCHIME TYPE 1 Way 1 Way 1 Way 1 Way 1 Way 1 Way
2 Way 2 Way 2 Way 2 Way 2 Way 2 Way
CEILING TYPE Struct. Struct. Struct. Susp. Struct. Struct.
MATERIAL Gypsum
Concrete Concrete Concrete Board Concrete Concrete
MODULE 10’ - 0" 3 -0 3 -0 10" - 0" 3 -0" 3 -0
NOISE REDUCTION Poor Poor Poor Poor
Slab) Slab) Stab) Slab)
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LIGHTING/CEILING SUB3YSTEMS

OFFICES CIRCULATION
SANTA SANTA
DAVIS IRVINE BARBARA DAVIS IRVINE BARBARA
8 -2T 4’ -2T7 4 - 2T 4'-2T 4’ -2T 4 .27
LIGHTING TYPE Susp. Recessed Susp. Recessed Recessed Surface
Direct Direct
SPACING Separate Cont. Cont. Separate Separate Separate
6’ oc 5’ oc 5’ oc 10’ oc 10’ oc 9’ oc
WATTS/SQUARE FOOT 3.0 35 3.4 0.6 1.3 2.0
VOLTAGE 277 277 277 277 277 277
SWITCHING ZONE Half
Room Room Room Floor Floor Floor
Line Line Line Remote
SWITCHING TYPE 1 Way 1 Way 1 Way Remote Control Remote
2 Way 2 Way 2 Way Control (Key) Control
CEILING TYPE Susp. Susp. Struct. Susp. Susp. Susp.
MATERIAL Mineral Mineral Mineral Mineral Acoustic
Fiber Fiber Concrete Fiber Fiber Tile
MODULE 2'x 4’ 2'x 4 3-0" 2'x 4" 2'x 4" 2'x2'
NOISE REDUCTION Poor
Slab)
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LABORATORIES CLASSROOMS
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

DAVIS — LIGHTING/CEILING

There are no suspended ceilings provided in labs; fluorescent light fixtures are
suspended from the structural ceiling. In classrooms suspended ceilings are painted
gypsum board; fluorescent light fixtures are recessed in wooden trims. In offices,
suspended mineral fiber tile ceilings are provided; fluorescent light fixtures are
suspended below the ceilings. In corridors suspended mineral fiber tile ceilings are
provided; fluorescent light fixtures are recessed into the ceilings.

IRVINE — LIGHTING/CEILING

There are no suspended ceilings provided in labs; fluorescent light fixtures are
suspended from the structural ceilings. There are no suspended ceilings provided in
classrooms: some acoustic tiling is aprlied to the coffers of the waffle slabs;
fluorescent lighting fixtures are suspended from the structural ceilings. In offices,
suspended mineral fiber ceilings are provided; fluorescent light fixtures are recessed
into the ceilings. In corridors suspended mineral fiber ceilings are provided;
fluorescent light fixtures are recessed into the ceilings.

SANTA BARBARA — LIGHTING/CEILING

There are no suspended ceilings provided in labs; fluorescent light fixtures are
suspended from the structurai ceiling. There are no suspended ceilings provided in
classrooms; fluorescent light fixtures are suspended from the structural ceiling.
There are no suspended ceilings provided in offices; fluorescent light fixtures are
suspended from the structural ceiling. In corridors suspended acoustic tile ceilings
are provided; fluorescent light fixtures are mounted on the surface of the ceilings.
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CASEWORK SUBSYSTEM

COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

SANTA
DAVIS 1IRVINE BARBARA
WIDTHS WIDTHS WIDTHS
FREESTANDING CABINETS 1672 2'-3%, 29" 1, 16", 2,
2’6", 4’
WALL BASE CABINETS 2’6"”,3’ 2’ 2',2'6"
WALL MOUNTED CABINETS 1’ 1’ 1’,1'4”
SINGLE LOADED BENCHES 2’6" 2’6", 3" 2'-6"”
DOUBLE LOADED BENCHES 4’6’ 4”,4'6" 4’6"
FUME HOOD CABINETS 2'e” 2’4", 2’9" 3
CONCRETE BALANCE TABLES - Varies 2’6"
MOVEABLE BENCHES - 3’ 2’8"
CASE MATERIALS Hardwood, Hardwood, Hardwood,
Plywood Plywood Plywood
E1NISH — WOOD ‘ Stain and Stain. and Clear
Varnish Lacquer Plastic Coating
FINISH — METAL Epoxy Coating Epoxy Coating Epoxy Coating
Plastic Laminate, Plastic Laminate, Plastic Laminate,
BENCH TOP MATERIALS Stainless Steel, Stainless Steel, Stainless Steel,
Cement Asbestos Cement Asbestos Epoxy Resin Composition
Stainless Steel,
Stainless Steel, Cement Asbestos, Stainless Steel
SINK MATERIALS Epoxy Resin Composition Soapstone, Epoxy Resin Composition
Polyethylene Epoxy Resin Composition

0 | 9
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

DAVIS — CASEWORK

A comglete range of wood laboratory furniture is supplied. Bench tops are plastic
laminate, stainless steel or cement asbestos (‘‘Colorlith™).

IRVINE — CASEWORK

A complete range of wood laboratory furniture is supplied. Bench tops are plastic
laminate, stainless steel or cement asbestos (“’Colorlith™).

SANTA BARBARA — CASEWORK

A complete range of wood laboratory furniture is supplied. Bench tops are plastic
laminate, stainless steel or epoxy resin composition (“Durcon”).
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COST/PERFORMANCE DATA

BIOSCIENCE BUILDINGS

SERVICES SUBSYSTEM

DAVIS

IRVINE

SANTA
BARBARA

PLUMBING

DOMESTIC COLD WATER
DOMESTIC HOT WATER
INDUSTRIAL COLD WATER
INDUSTRIAL HOT WATER
COMPRESSED AIR
VACUUM

GAS

DISTILLED WATER

SEA WATER

SANITARY SOtL
SANITARY WASTE, VENT

ACID WASTE, VENT: above grade

buried

STEAM

OXYGEN

CARBON DIOXIDE
INDIRECT DRAINS

Copper Tubing L

Black Steel 40
Aluminum
PVC 80
Cast lron
Galv. Steel 40

Cast lron XH

Corrosion-
Resisting lron

Copper Tubing L

Copper Tubing K

Black Steel 40

Polyethylene 40

Cast lron

Tempered Glass

Corrosion-
Resisting lron

Capper Tubing K

Copper Tubing L

Black Steel 40
PVC 80
Cast Iron
Copper Tubing DWV

Epoxy Resin

Corrosion-
Resisting lron

Black Steel
Copper Tubing K

Copper Tubing L

PIPE HANGER SPACING

FOR: STEEL PIPE, under 1-%" 8’ 8’ 6’
STEEL PIPE, over 1-%"* g0’ 10° 9’
COPPER TUBING,

under 1-%" 6’ 5’ 6’
over 1-%" 8’ 10° 9’
CAST IRON PIPE 5° 5’
PVC PIPE, under 3” - - Continuous
PVC PIPE, over 3"’ - - 6’
POLYETHYLENE PIPE Continuous - -
ALUMINUM PIPE,
under 1-%" B’ - -
over 1-%" 8’ - -
PIPE SLEEVES THROUGH Removable Form — 14 Ga. Iron, 14 Ga. Iron,
CONCRETE SLAB Pipe Grouted With or Iron Frame, Pipe Packe '
Mastic Pipe Packed and Sealed
With Lead With Lead
FREQUENCY OF PIPE PENE-
TRATION OF FLOOR SLAB, 162 274 220

OGSF/HOLE

ool s S s AT O

o

2rh sl i
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COST/PERFORMANCE DATA
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SERVICES SUBSYSTEM

SANTA
DAVIS IRVINE BARBARA
PLUMBING (continued)
FREQUENCY OF PIPE DROPS 413 S.F. 254 S.F. 174 SF.
FROM CEILING MAINS TO BENCH
Sl(;iFMP:l?\I\(,:IIE-II:;lEC,?’;: FI:CIONOR 3:200 4,300 3.400
ELECTRIC POWER
:’Ai?:.PPEERR\;ELZBEAL ELECTRIC 12,800 10,800 8,500
OGSF PER BRANCH CIRCUIT 840 1,540 1,350
OGSF PER CIRCUIT BREAKER 56 100 39
CIRCUIT BREAKERS PER 5 5 35
BRANCH CIRCUIT
AMPS PER CIRCUIT BREAKER 20 20,50
OGSF PER AMPERE 256 39 22
AnEa oF LooR ELECTRC s 2
COMMUNICATIONS
FIRE ALARM VERTICAL MAINS 1 1 2
TV CONDUIT VE RTICAL MAINS 1 - 2
TELEPHONE VERTICAL MAINS 1 2 2
MOTOR CONTROL CIRCUITS Yes - Yes
CLOCK Yes Yes -
Q
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COST/PERFORMANCE DATA
BIOSCIENCE BUILDINGS

DAVIS — SERVICES

This building has four main vertical risers for plumbing, and one for electricity and
communications. The corridor and HVAC ducts separate the horizontal plumbing
distribution zones. Benches are supplied down from ceiling mains. Floor pene‘ra-
tions for drain lines are random. Bus ducts for horizontal electrical distribution are a
feature of this building.

IRVINE — SERVICES

This building has four main vertical risers for plumbing and two for electricity. The
corridors, HVAC ducts and main vertical chases separate the horizontal plumbing
distribution zones. Benches are supplied down from ceiling mains or up through the
floor with main runs on alternate floors. Floor penetrations for drain lines are
random.

SANTA BARBARA — SERVICES

This building has three main vertical risers for plumbing and one for electricity. The
corridor and HVAC ducts separate the horizontal plumbing distribution zones.
There are five rnain vertical risers for nlumbing waste lines. Benches are supplied
down from ceiling mains or up through the floor with main runs on alternate floors.
Floor penetration for drain lines are random.
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

The ABS consultant analyzed and compared three existing science and engineering
buildings in Indiana. These buildings are:

Jordan Hall, Indiana University, Bloomington, Indiana

Krannert Hall, Indiana University and Purdue University,

Indianapolis, Indiana
Civil Engineering Building, Purdue University, Lafayette, Indiana

Cost and performance data in the preceding ““Summaries and Comparisons’’ section
are extracted from the detailed information herein.

COST DATA

The costs of existing facilities establish the bases for those cost parameters
applicable to ABS subsystems. Working drawings, specifications, and bidding
documents for the three buildings were submitted to the Koch Company,
Construction Cost Consultants, of San Francisco, assisted by J. Rumsey for
mechanical and electrical work. They prepared an estimate for each project as if it
were bid January 1970 in the San Francisco Bay Area, with an Engineering
News-Record (ENR) Construction Cost Index of 1300.

Estimates were based on contract documents without change orders. In the case of
the Krannert Building, the estimate includes work under contracts bid in April 19€0
for the original building, but not contracts bid Febri:ary 1966 for an addition. For
comparison, except for Jordan Hall, the actual bids were projected to ENR 1300
and adjusted to San Francisco Bay Area prices by the application of the Amurican
Appraisal Company’s Boeckh Time-Location Modifiers for institutional reir.forced
concrete frame buildings. For Jordan Hall, kccause of the lengthy interval from the
bid date of March 1952 to January 1970, Marshall Valuation Indexes were used
instead. The estimates varied from the projected and adjusted bids by minus 4% for
Jordan Hall, minus 2% for Krannert Hall, and plus 7% for the Civil Engineering
Building at Purdue.

The three study projects are compared by component costs. Within the component
cost divisions the cost of elements equivalent to the proposed ABS subsystems were

Y
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

isolated and tabulated separately, for use in establishing target prices for the
subsystems. Upon completion of the subsystems design, these tabulations were
reassessed and revised to correspond as precisely as possible with the ABS final
design. No change was made in cost division estimates except for redistribution of
cost elements between systems and non-systems categories.

Table 1 indicates, in dollars per outside gross square foot ($/OGSF), the costs of
components equivalent to ABS subsystems and components outside of the ABS
system. Table 2 indicates, for certain cost divisions, the component unit costs in
terms of dollars per square foot of component surface area as tabulated in the last
column of cost division breakdowns.

All costs represent subcontract prices, including subcontractor’s overhead and profit,
but general contractor’s mark-up is itemized separately.

The three buildings studied at Bloomington, Indianapolis, and Purdue are generally
similar in character, although the costs of some of their elements vary considerably.

Observed reasons for variation are discussed with relationship to the individual cost
divisions.

Laboratory casework estimates were not included initially, but were added for cost
comparison witn the three California buildings, wherein the general contract work
included laboratory casework.

PERFORMANCE DATA

The performance characteristics of subsystems in the three sample buildings were
studied concurrently with costs for analysis of the relationshizs and for projection
of proposed performance requirements for ABS subsystems. The intent was to
indicate in simple descriptive terms the subsystems capabilities and how well they
perform. Data, in the form of gross measurable quantities expressed as percentages
of gross floor area, are supplemented with descriptive and quantitative statemeants of
the performance characteristics.
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Jordan Hall, Indiana University, Bloomington, Indiana

Architects, Engineers: A. M. Strauss, !nc.
Bid Date: March 1952

Krannert Hall, Indiana University and Purdue University, Indianapolis, Indiana

Architects, Engineers: Walter Scholer & Associates, Inc.
Bid Date: April 1960

Civil Engineering Building, Purdue University, Lafayette, Indiana

Architects, Engineers: Walter Scholer & Associates, Inc.
Bid Date: June 1962
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

TABLE 1
SUBSYSTEM EQUIVALENT COSTS, $/0OGSF — ENR 1300

BLOOMINGTON INDIANAPOLIS PURDUE
$/OGSF % $/OGSF % $/OGSF %
SYSTEM*
Structure 454 10 482 14 5.96 15
HVAC 456 10 485 15 417 11
Partitions 498 11 3.96 12 5.33 14
Lighting/Ceiling 1.61 4 1.43 4 1.44 4
Subtotal 15.69 35% 15.06 45% 16.90 44%
NON-SYSTEM
Site Work, Below Grade 187 4 3.00 9 2.07 5
and Basement
HVAC 2.58 6 .30 1
Partitions .20 2 1.10 3 1.29 3
Plumbing 384 9 2554 8 3.66 10
Electrical 259 6 3.18 9 3.48 9
Ceiling .03 .08 .06
Exterior Skin 7.03 16 244 7 3.61 9
Elevators .33 1 53 2 33 1
Other 2.37 5 1.73 5 2.99 8
General Contractor 3.62 8 162 5 2.83 7
Subtotal 25.06 57% 16.12 48% 20.62 53%
TOTAL 40.75 31.18 37.52
Laboratory Casework 3.38 8 2.26 7 1.12 3
TOTAL ' 44.13 100% 33.44 100% 38.64 100%

NOTE: Costs in Table 1 are expressed in terms of the total cost of the subsystem divided by the total outside
gross building floor area (OGSF).

In contrast, costs in Table 2 are expressed in terms of the total cost of the subsystem divided by the
total area of the components involved.
Q '
E MC *Includes all components equivalent to ABS subsystems. 9 3

Full Tt Provided by ERIC.
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TABLE 2
COMPONENT UNIT COSTS, $/COMPONENT QUANTITY — ENR 1300

FLOORS INTERIOR EXTERIOR
{STRUCTURE) ROOF* PARTITIONS SKIN

JORDANM HALL, INDIANA UNIVERSITY, BLOOMINGTON, INDIANA

$/S.F. $/S.F. $/S.F. $/S.F.
4 .99 6.84 5.76 17 58

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS, INDIANA

$/S.F. $/S.F. $/S.F. $/S.F.
5.17 5.26 490 11.40

CIVIL ENG!NEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE, INDIANA

$/S.F. $/S.F. $/S.F. $/S.F.
6.29 7.33 574 10.76

NOTE: Costs in Table 2 are expressed in terms of the total cost of the subsystem divided by the total
area of the components involved.

*Includes ceilings and finishes.




COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Divisions

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON, INDIANA
Contracts Bid March 1952; 222,065 Outside Gross Square Feet (OGSF)

General $2,892,495
Mechanical 1,444,620
Electrical 243,675
Elevators 64,585
Steam & Electric Dist. 51,438

$4,696,813 ($21.15/0GSF)
Projected: * $8,876,976 ($39.97/0OGSF)
Geographical Adjustment:* |$9,587,134 ($42.16/0GSF)|

Cost Estimate (Jan. 1970 — ENR 130C0)

$/OGSF | %
Site Work, Below Grade & Basernent $ 471,290 1.87 5
Floors 1,254,270 5.64 14
Roof 336,180 1.51 4
Intericr Partitions 1,305,820 5.88 14
Interier General 146,110 .55 2
Exterior Skin, above ground 1,564,570 7.03 17
HVAC 1,682,612 7.14 18
Plumbing 851,527 3.84 9
Electricai 740,823 3.34 8
Elevators 76,000 .33 1
General Contractor 780,000 3.52 8
$9,049,202 $40.75
Chilled Water Piant 117,515 .53
[$9,166,717 $41.28 |
Laboratory Casework 750,580 3.38

For comparison with other buildings served by central plants, the cost of the building
chilled water plant is excluded from the HVAC cost division. The cost of laboratory

casework was estimated separately and is not included in the Interior General cost
division.

*Because of the long time period from bidding to date, the bid total was projected
and adjusted on the basis of Marshall Valuation Indexes, rather than ENR. The cost
estimate of $9,166,7 17 is 4% less than the projected and adjusted bid total.

& g5
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SCIENCE, ENGINEERING BUILDINGS

Cost Divisions

KRANNERT HALL, INDIANA UNIVERSITY AND PURDUE UNIVERSITY, INDIANAPOLIS, INDIANA
Original contracts bid April 1960; ENR Construction Cost Index 813
134,276 Outside Gross Square Feet (OGSF)

General $1,213,540
Mechanical 544,445
Electrical 448,500
$2,206,485 @ ENR 813 ($16.43/0OGSF)
. Projected: $3,530,376 @ ENR 1300 ($26.29/0GSF)
Geographical Adjustment: [ $4,201,147 ($31.28/0GSF*)|
Cost Estimate (Jan. 1970 — ENR 1300)
$/OGSF %
Site Work, Below Grade & Basement $ 403,190 3.00 10
Floors 665,810 4.96 16
Roof 172,700 1.29 4
Interior Partitions 680,500 5.06 16
Interior General 121,660 90 3
Exterior Skin, above ground 327,540 2.44 8
HVAC 652,791 4.85 15
Plumbing 341,027 2.54 8
Electrical 549,786 4.09 13
Elevators 70,500 53 2
General Contractor 204,000 1.62 5
$4,188,804 $31.18
Boiler, Chilled Water Plant 112,647 .84
[ $4,301,451 $32.02 |
Laborator' Casework 303,464 2.26

For comparison with other buildings served by centrai plants, the cost of the building boiler
and chilled water plant is excluded from the HVAC cost division. The cost estimate of
$4,301,451 exceeds the projected and adjusted bid total of 2%. The cost of laboratory
casework was estimated separately and is not included in the Interior General cost division.
This cost estimate does not include a 35,454 OGSF addition bid February 1966.

EMC *Boeckh Modifier, Indianapolis to San Francisco Bay Area= 1.19
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

AN e LT

Cost Divisions

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE, INDIANA
Original contract bid June 1962; ENR Construction Cost Index 872
113,000 Outside Gross Square Feet (OGSF)

Bid Amount: $2,218,037 @ ENR 872 {$19.63/0GSF)
Projected: $3,327,055 @ ENR 1300 ($29.44/0GSF) :
Geographical Adjustment: [$3.959,195 ($35.04/0OGSF)*|

Cost Estimate (Jan. 1970 — ENR 1300) -

$/0OGSF % __ .
Site Work, Below Grade & Basement $ 234,470 2.07 6 '
Floors 703,430 6.22 16
Roof 145,630 1.29 3
Interior Partitions 747,710 6.62 18
Interior General 229,870 2.04 5
Exterior Skin, above ground 408,940 3.61 10
HVAC 504,780 4.47 12
Plumbing 412,925 3.66 10
Electrical 495,415 4.38 11
Elevators 37,500 .33 1
General Contractor 320,000 2.83 8

|$4,240,671 $37.52 |

Laboratory Casework - 126,560 1.12

The cost estimate exceeds the projected and adjusted bid by 7%.

The cost of laboratory casework was estimated separately and is not included in the
Interior General cost division.

*Boeckh Modifier Indianapolis to San Francisco Bay Area= 1.19

MC I":;.,‘; 3 X 105




COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Division: SITE WORK, BELOW GRADE
AND BASEMENT

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

Demolition, Preparation & Earthwork
Site Concrete

Building Concrete

Green Houses

Stone Work (Site)

ol

Basement Area =51,500 S.F. = .23 OGSF

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

Demolition, Preparation & Earthwork
Paving

Site Concrete

Building Concrete

Waterproofing

GhwN=

Basement Area = 33,800 S.F. = .25 OGSF

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE

1. Preparation and Earthwork
2. Site Concrete and Paving
3. Building Concrete
4. Waterproofing
Basement Area = 19,365 S.F. = .17 OGSF
106

$ Sub- Subsystem Equiv. $/OGSF  $/S.F.
Contracts $/OGSF Non-Subsystem Basement
51,650 .23 .23
39,190 18 .18
300,700 1.35 1.35
4,990 .02 .02
. 20,760 .09 .09
417,290 1.87 1.87 8.10
97,780 73 73
84,100 .61 .61
22,110 .16 .16
193,560 1.44 1.44
5,640 .06 .06
403,190 3.00 3.00 1193
69,440 61 61
7.710 .07 .07
154,180 1.36 1.36
. 3,140 .03 03
234,470 2.07 2.07 12.10



COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Subsystem Equiv. $/OGSF  $/S.F.
Cost Division: FLOORS $ Sub- Struc- Ceil- Non-Sub  Floors
Contracts $/OGSF  ture ing System Structure

DA ‘:L*»E- TR i ;

St
SR

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Structural Concrete 767,200 3.45 3.45 473
2. Structural Steel 42,750 .19 .19 .26
3. Green Houses 13,360 .06 .06
4. Steel Stairs 47,200 21 .21
5. Resilient Flooring 59,580 .27 27
6. Terrazzo 87,520 .39 .39
7. Lath & Plaster 9,340 .04 .01 .03
8. Controlled Temp. Rooms 37,920 .18 .18
9. Painting & Misc. Spec. 6,240 .03 .03
10. Acoustical Work 183,160 .82 82
1,254,270 5.64 3.64 .86 1.14 4.99

Floor Cost Division = 162,573 S.F. = .73 OGSF

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

1. Structural Concrete 459,980 3.42 3.42 474
2. Metal Specialties 41,500 .31 .31 43
3. Resilient Flooring 37,070 .28 .28
4, Terrazzo and Tile 54,250 40 .40
5. Lath and Plaster 13,410 .10 10
6. Painting and Misc. Spec. 500 .01 .01
7. Acoustical Work 59,100 44 .36 .08
665,810 4.96 3.73 47 .76 5.17

Floor Cost Division = 96,936 S.F. = .72 OGSF

CIVIL ENGINEERING BUILDING, PURDUE UNIVF3SITY, LAFAYETTE

1. Structural Concrete 579,040 5.12 5.12 6.17
2. Metal Specialties 11,840 .10 .10 .12
3. Resilient Flooring 25,640 .23 .23
4, Terrazzo and Tile 39,330 .35 .35
5. Lath and Plaster 8,920 .08 .02 .06
6. Painting and Misc. Spec. 5,930 .05 .05
7. Acoustical Work 32,730 .29 .29
703,430 6.22 5.22 .36 .64 6.29

Floor Cost Division = 93,629 S.F. = .83 OGSF
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Subsystem Equiv. $/OGSF
Cost Division: ROOF $ Sub- Struc- Ceil- Non-Sub  $/S.F.
Contracts $/OGSF  ture ing System Roof

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Concrete 200,150 90 90
2. Built-up Roofing 19,670 .09 .09
3. Metal Roofing 8,000 .03 .03
4, Green Houses 88,500 40 40
5. Water Proofing 9,100 .04 .04
6. Sheet Metal & Misc. 10,760 .05 .05
336,180 1.51 .90 .61 6.84

Roof Cost Division Area = 49,150 S.F. = .22 OGSF

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

1. Concrete 146,380 1.09 1.09
2. Built-up Roofing 9,560 .07 .07
3. Lathing and Plastering 6,370 .05 .05
4. Insulation 6,370 .05 .05
5. Sheet Metal and Misc. 4,020 03 .03
172,700 129 1.09 .05 .15 5.26
Roof Cost Division Area = 32,940 S.F. = .24 OGSF
CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE
1. Precast “oncrete Roof and Concrete 44,340 39 - .39
2. Built-up Roo.ig and Insulation 4540 .04 .04
3. lron anc Steel 39,180 35 .35
4. Tile Roofing 10,960 .10 .10
5. Lath and Plaster 14,260 A2 12
6. Sheet Metal and Misc. 25,870 23 23
7. Acoustical Treatment 6,480 .06 .06
145,630 1.29 74 .18 .37 7.33
Roof Cost Division Area = 19,862 S.F. = .18 OGSF
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Subsystem Equiv. $/0OGSF

Cost Division: INTERIOR PARTITIONS $ Sub- Non-Sub $/S.F.
Contracts $/OGSF  Partitions System Partitions
JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON
1. Special Doors 30,400 .14 .14
2. Rubber Base 14,050 .06 .06
3. Terrazzo Base 32,400 .15 .15
q. Lath and Plaster 16,000 .07 .07
5. Structural Facing Units and 629,740 2.84 2.19 .65
Masonry Block
6 Controlled Temperature Part. 75,840 34 34
7. Movable Partitions 333,520 1.50 150
8. Hollow Metal Work 64,950 .29 27 .02
9. Wood Doors & Casework 25,170 A1 .09 .02
10. Finish Hardware 46,500 21 .18 .03
11. Painting 32,050 .15 .12 .03
12. Miscellaneous Specialties 5,200 .02 .02 3
1,305,820 5.88 4.98 90 5.76 g
2
Interior Partition Cost Division Area = 226,580 S.F. = 1.02 OGSF ?;.
KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS
1. Doors and Finish Hardware 46,890 .35 27 .08
2. Rubber Base 7 .,680 .06 .06
3. Tile Work 1,800 .01 .01
q. Lath and Plaster 35,200 .26 .26
5. Rough Bucks 3,000 .02 02
6. Masonry Block 510,760 3.81 2.87 94 .
7. Glass and Glazing 7.000 .05 .05
8. Painting 32,840 .24 .20 .04
9. Metal Specialties 35,330 .26 22 .04 E
680,500 5.06 3.96 1.10 4.90
Interior Partition Cost Division Area= 138,720 S.F. = 1.03 OGSF
CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE
1. Rough Carpentry 8,000 .07 .07
2. Rubber Base 14,200 .13 .13
3. Glass and Glazing 7.000 .06 .06
4. Lath and Plaster 73,080 .65 .59 .06
5. Acoustical Treatment 5,950 .05 .05
6. Masonry Block 364,710 323 2.26 97
7. Concrete 99,940 .88 .83 .05
8. Marble 9,470 .08 .08
9. Wood Doors and Casework 26,610 24 .18 .06
10. Finish Hardware 30,000 27 21 .06
11. Painting and Virwyl Wall Covering 92,480 82 .78 04
12. Miscellaneous Specialties 16,270 .14 .09 05
747,710 6.62 5.33 1.29 5.74
Interior Partition Cost Division Area= 130,310 S.F.~ 1.15 OG!;'F
109
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Division: INTERIOR GENERAL $ Sub- Subsystem Equiv. $/OGSF

Contracts $/0GSF Non-Subsystem

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Railings 4,320 .02 .02
2. Toilet Partitions 6,620 .03 .03
3. Toilet Accessories 8,550 .04 .04
q, Chalk and Tack Boards 20,540 .09 .09
5. Bulletin Boards, Directories 5,600 .02 .02
6. Casework 65,480 .29 29
7. Seating 15,750 .07 .07
8. Miscellaneous Specialties 19,350 .09 .09

146,110 .65 .65

The cost of laboratory casework was estima*ed separately and is not included above.

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNMIVERSITY, INDIANAPOLIS

1. Iron and Steel 26,150 .19 .19
2. Toilet Partitions, Metal Specialties 39,6580 .29 .29
3. Toilet Accessories 2,960 .02 .02
4. Counters and Cabinets 36,800 27 27
5. Casework Installation 12,670 .10 .10
6. Incinerator 3,510 .03 .03

121,660 90 .90

The cost of laboratory casework was estimated separately and is not included above.

CIVIL ENGINEERING BUILDING, FURDUE UNIVERSITY, LAFAYETTE

1. Railings and Anchors 56,500 50 - 50
2. Toilet Partitions 2,530 .02 .02
3. Toilet Accessories 2,650 .02 .02
4. Chalk and Tack Boards 4,080 04 .04
5. Casework 15,380 .14 .14
6.

Misc. Specialties, Constant Head Tanks 148,730 1.32 1.32
and Other Equipment .

229,870 2.04 2.04

The cost of laboratory casework was estimated separately and is not included above.




COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Division: EXTERIOR SKIN — $ Sub- Subsystem Equiv. $/OGSF  $/S.F.
ABOVE GROUND Contracts $/0OGSF Exterior Skin Exterior

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Building Concrete 5,000 .02 .02
2. Green Houses 125,640 .56 .56
3. Caulking 10,700 .05 .05
4, Stone Work 703,500 3.17 3.17
5. Glass and Sash 98,400 44 44
6. Water Proofing 22,500 .10 .10
7. Sheet Metal 21,600 .10 .10
8. Special Doors, Enclosures, 10,210 .05 .05
Ornamen .dl Metal, Paint
9. Misc. Metal — inserts, Lintels 89,600 .40 .40
10. Structural Facing Units 140,380 .63 .63
11. Masonry Block 273,680 1.23 1.23
12. Movable Partitions (Face) 63,360 .28 .28
1,564,570 7.03 7.03 17.58

Exterior Skin Above Ground Cost Division Area = 90,000 S.F. = .40 OGSF

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

1. Building Concrete 6,000 .05 .05
2, Caulking 10,460 .08 .08
3. Stone Work 99,740 74 74
4. Lath and Plaster 4,500 .03 .03
5. Marble Work 10,800 .08 .08
6. Metal Specialties, Windows, Doors 116,070 .87 87
7. Misc. Metal — Inserts, Lintels 20,000 14 .14
8. Brick Masonry 139,970 .45 .45
327,540 2.44 2.44 11.40

Exterior Skin Above Ground Cost Division Area = 28,770 S.F. = .21 OGSF

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE

1. Building Concrete 35,880 32 .32
2. Cut Stone, Granite and Marble 132,780 1.17 1.17
3. L.ath and Plaster 12,430 A1 1
4, Waterproofing, Caulking, Painting 12,420 1 11
5. Sheet Metal 4,860 .04 .04
6. Misc. Metal Doors, Windows — 56,480 50 50
Inserts, Lintels
7. Masonry 154,090 1.36 1.36
408,940 3.61 3.61 10.76

Exterior Skin Above Ground Cost Division Area = 38,000 S_.F. = .34 OGSF
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Cost Division: HVAC $ Sub- Subsystem Equiv. $/OGSF
Contracts $/0OGSF HVAC Non-Subsystem

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Building Heating and A.C. 880,953 3.97 3.97
2. Greenhouse Heating 118,893 53 53
3. Constant Temperature Rooms 330,558 1.49 1.49
4. Process Heating and Cooling 146,128 .66 .66
5. Autoclaves 94,500 43 .43
6. Hood Fans and Duct Work 11,580 .06 .06

1582,612 7.14 4.56 2.58
7. Chiilled Water Plant 117,515 53

1,700,127 7.67

NOTE: Central Plant Costs {Item 7) are excluded in cost comparisons.

KRANNERT ALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

1. Building Heating and A.C. 632,268 470 4.70
z. Hood Fans and Duct Work 19,823 .15 .15
652,001 485 4.85
3. Boiler and Chilled Water Plant 112,647 84
764,738 5.69

NOTE: Central Plant Costs {1tem 3) are excluded in cost comparisons.

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE

1. Steam Piping 55,280 .49 .38 11
2. Chilled Water Piping 10,070 .09 .09
3. Radiators, Unit Ventilators, Convectors 29,160 .26 12 .14
4. Ductwork 187,040 1.65 1.65
5. Controls 40,800 . .36 .36
6. Insulation 41,600 37 32 .05
7. Fans, Heating/Cooling Units, Etc. 140,830 1.25 1.25

504,780 4.47 4.17 .30
112
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Division: PLUMBING $ Sub- Subsystem Equiv. $/OGSF
Contracts $/OGSF Non-Subsystems

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

1. Site Utilities 51,671 23 23

2. Fixtures and Piping 80,418 .36 .36

3. Laboratory Fixtures and Piping 261,713 1.18 1.18

{Rough in only)

4. Rainwater Leaders 41,472 .19 .19

5. Fire Protection 66,791 .30 .30

6. Demineralized Water 30,038 .14 .14

7. Compressed Air 28,360 A3 .13

8. Water Heating 76,999 .35 .35

9. Water Softener 47 568 21 21

10. Cold Water System 87,611 39 .39

11. Gas system 36,390 .16 .16

12. Greenhouse Cooling 42,496 20 .20
851,527 3.84 3.84

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

1.  Site Utilities 46,215 34 .34 :
2. Fixtures and Piping 109,426 81 81
3. Laboratory Fixtures and Piping 168,943 1.26 1.26
{Rough in only) J)

4.  Fire Protection 16,443 13 13
341,027 254 254 I

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE

1. Site Utilities 18,937 17 A7
2. Building Fixtures and Piping 97,904 87 .87
3. Laboratory Fixtures and Piping 296,085 2.62 2.62

{Rough in only)

412,926 3.66 3.66
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Cost Division: ELECTRICAL

JORDAN HALL, INDIANA UNIVERSITY, BLOOMINGTON

Power Distribution
Lighting — Fixtures and Switches
Lighting Panels

PN~

and Clock Systems
Motors & Lab Equip. Connection

o

Telephone, Fire Alarm, P.A. Buzzer

$ Sub-

Contracts

Subsystem Equiv. $/OGSF

$/OGSF  Lighting

Non-Subsystem

P T STV R SOU S

KRANNERT HALL, INDIANA UNIVERSITY/PURDUE UNIVERSITY, INDIANAPOLIS

Site Work and Area Lighting
Power Distribution

Lighting — Fixtures and Switches
Lighting Panels

grwN=

Clock Systems and Television

o

Telephone, Fire Alarm, P.A. Buzzer

Motors and Lab. Equip. Connection

CIVIL ENGINEERING BUILDING, PURDUE UNIVERSITY, LAFAYETTE

Site Work and Yard Lighting
Power Distribution

Lighting — Fixtures and Switches
Lighting Panels

Wire and Conduit

Telephone, P.A. Buzzer and
Clock Systems

Motors and Lab. Power

SORLN~

N

ottt
o=

235,433 1.06 1.06
325,695 1.47 .75 72
75,179 .34 34
31,901 .14 .14
72,615 33 .33
740,823 3.34 .75 2.59
22,671 A7 a7
137,234 1.02 1.02
244,754 1.82 91 91
18,805 14 .14
79,570 .59 .59
46,752 .35 .35
549,786 4.09 91 3.18
20,034 .18 .18
174,632 154 1.54
126,314 1.12 .90 22
12,296 A1 11
43,050 .38 37
41,972 37 .37
77,112 .68 .68
495415 4.38 90 3.48
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

A

S L

GENERAL DATA
BLOOMINGTON INDIANAPOLIS PURDUE i
OGSF 222,065 134,276 113,000
ASF 120,277 79,230 69,000
AREA TYPICAL FLOOR 38,500 34,450 19,980
ASF
OGSE 0.54 0.59 0.61
AREA OF EXTERIOR WALL 0.472 ' 0.260 0.477
OGSF
AREA SERVED BY HV/AC 100%/80% 100%/90% 100%/75%
LINEAR FEET PARTITIONS 0.0704 0.1260 0.0635
OGSF :
g
FLOORS AT AND ABOVE GRADE 5 5 5 i
FLOORS BELOW GRADE 1 1 2
TOTAL STRUCTURE-SERVICES .
2 6" LaN ~344 r_ n
DEPTH 8 36 32
115
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JORDAN HALL, BLOOMINGTON

KRANNERT HALL, INDIANAPOLIS
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Mech. Mech..

G.House | Fan

Fan G. House

b
Lab's., Offices | ibrary

\Lab's,, Offices,

'

cab's., Offices, Mechanical
Pipe Trench

BLOOMINGTON
cab's., Classrooms, Qffices '
Lab's., Classrooms, Offices
cab's., Classrooms, Offices :
Lab's., Classrooms, Offices ?
Lab's., Otfices, Mech St i
INDIANAPOLIS
. i
/ i
Ctfices / i
T 3
Offices, Lab's. | !
Offices, Lab's. | :
Offices, Lab'is.
Offices, Lab's. Lab
L_oOffices, Mech,
|
Mechanical, Sforagg, 1
PURDUE
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS
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Waste, Air &
BLOOMINGTON Gas Piping

Convector

Supply Aé Ducts

] i | HWEEE

s—/j
akd
. o
ot
I~
6\—0—‘—0
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STRUCTURYE SUBSYSTEM

BLOOMINGTON

COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

INDIANAPOLIS

PURDUE

STRUCTURE TYPE

Joist, Beam
and Columns

Joist, Beam
and Columns

Joist, Beam
and Columns

MATERIAL

Poured Concrete

Poured Concrete

Poured Concrete
4th Floor Steel

SHEAR STRUCTURE

Moment Frame

Moment Frame

Moment Frame

22" x 32°, 14’ x 32 22° x 30’ 20" x 24'6"
STRUCTURAL BAY SIZES 20" x 34'6"
22" x 30", 14’ x 30 22° x 35' 20 > 28’
FLOOR TO FLOOR HEIGHTS 116" 120" 13'-1-3/8"
STRUCTURAL DEPTH (MAXIMUM) 2'2" 30" 2'8"”
AREA OF STRUCTURE WITHIN 917, S.F. 1,024 S.F.
EXTERIOR WALLS
FLOOR LIVE LOAD, 60 PSF/ 100 PSF 100 PSF
CORRIDORS—STAIRS 100 PSF
FLOOR LIVE LOAD, CLASSROOMS 40 PSF 50 PSF 75 PSF
FLOOR LIVE LOAD, LABORATORIES 50 PSF 75 PSF 100 PSF
FLOOR LIVE LOAD, OFFICES 50 PSF 50 PSF
FLOOR LIVE LOAD, SANITARY 200 PSF
PILOT PLANT LABORATORY
ROOF LIVE LOAD 30 PSF - 30 PSF 30 PSF
119
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COST/PERFORMANCE DATA

SCIENCE, ENGINEERING BUILDINGS L S "e—el - -
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON — STRUCTURE

Poured concrete floor and roof slabs are supported by poured concrete columns,

joists and beams. Shear resistance is achieved through rigid column and beam
connection.

1
§

INDIANAPOLIS — STRUCTURE

o

Poured concrete floor and roof slabs are suppoited by poured concrete columns,
joists and beams. Shear resistance is achieved through rigid column and beam
connection.

R e

PURDUE — STRUCTURE

Poured concrete floor and roof slabs are supported by poured concrete columns,
joists and beams. Shear resistance is achieved through rigid column and beam
sonnection.
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

HV/AC SUBSYSTEM

BLOOMINGTON INDIANAPOLIS PURDUE
% BUILDING SERVED HV/AC 100%/80% 100%/90% 100%/75%
HEATING SOURCE Central HPS Building Hot Water Central HPS

COOLING SOURCE

Building—Electric

Building—Electric

Building—Electric

FUEL

Electricity

Electricity

Coal

AIR HANDLING SOURCE

Central With Reheat

Centra! Dual Duck

Multi-Zone, Room UV,

Fan Coil, Reheat Coils

EQUIPMENT ROOM SIZE HEATING
COOLING, AIR HANDLING

TOTALS

7,000S.F.

7,000S.F.

3,000 S.F.
2,540 S.F.

55640 S.F.

8,405 S.F.

8,405 S.F.

CAPACITIES, HEATING

24,384,000 BTU/H

13,118,000 BTU/H

14,400,000 BTU/H

COOLING 500 Tons 299 Tons 275 Tons
AIR HANDLING CFM 148,000 166,930 101,400
BTUH/OGSF 108 83 155
OGSF/TON 450 530 340
CFM/OGSF 0.66 1.05 1.10

% RETURN AIR 75 72 69

% EXHAWSTED ViA HOODS 9.2 28 17

% MAIN EXHAUST 15.8 0 14
INTAKE LOCATIONS Roof Grade Each Floor
EXHAUST LOCATIONS Roof Roof Roof
MAXIMUM GROSS SECTIONAL

AREA MAIN VERT. SUPPLY DUCTS 55 S.F. 3-25S.F. 45S.F.
MAXIMUM GROSS SECTIONAL

AKREA HORIZ. SUPPLY DUCTS 3-3S.F. 10.1S.F. 5.5 S.F.

FILTER TYPE & EFFICIENCY

Electrostatic 90%

Roll Type 35%

Roll Type 35%

HUMIDITY CONTROL % BUILDING None None None
TERMINALS PER 1000 S.F. 2 2 2
THERMOSTATS PER 1,000 S.F. 1 1 1
CONTROL ZONE Room Room Room
114 (27123
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON

INDIANAPOLIS
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BLOCMINGTON - HVAC

High pressure steam is from a central plant. Chilled water is from an electric chiller
in the basement. Air handling equipment is installed in four fan rooms located on
the roof. Perimeter of building is heated by radiation. Each floor has four cooling
and veniilating zones with radiation control in each room. Air is exhausted by fume
hoods and exhaust ducts via periodic vertical mains with fans at roof level.

INDIANAPOLIS — HVAC

Hot water and chilled water are from gas fired boilers, and electric chiller is located
in the basement. Air handling units are in the basement with provision for 30%
outside air. Dual duct system feeds vertically in the center of the building. Provisions
have been made for an additional floor. Classroom type unit ventilators are installed
around the perimeter of the building. Contro! is by room with individual
thermostats. Air is exhausted by fume hoods. Air supply and return are low
pressure.

PURDUE - HVAC

High pressure steam and chilled water supply are from a central campus system. The
building system consists of a combination of multi-zone units on each floor plus
heating cooling type unit ventilators. Control is by individual rcam. Air is exhausted
by fume hoods and exhaust ducts at the roof level. Fresh &ir is taken in at each
fioor. Air sunnly, return and exhaust 13 at iow pressure.
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

10" cavitv wall = 4" block
2" insulation
perforated-suspended 4" split-face ashlar |imestone

metal accustic ceiling

cut stone trim

plaster
connection unit

2 3" concrete floor
10" cavity
wall

4" block

2" insulation

14" concrete joist

30" concrete beam

BLOOMINGTON 2 3" concrete slab —~ 4" brizk
10" concrete joist ||2
3R" concrete beam = cut stone trim
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON — EXTERIOR WALLS

The exterior walls are concrete block and split-face limestone irsulated cavity wall

construction. Smooth-faced and carved limestone is also used at doors and windows.
The interior finish is plaster and paint.

INDIANAPOLIS — EXTERIOR WALLS

The exterior walls are concrete block and brick, insulated cavity-wail construction.
Limestone trim is used at the windows. The interior finish is plaster and faint.

PURDUE — EXTERIOR WALLS

The exterior walls are concrete biock and brick, insulated cavity-wall construction.
Limestone trim is used at the windows. The interior finish is plaster and paint.
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

Demountable metal (classrooms,
offices) partition w/insulation
core,

2" structural facinqg tile (corridor)
on 4" block wall,

Y 4" concrete block,

BLOOMINGTON

— 4" concrete block with (classrooms,
offices) plaster on metal lath,
both sides, )

@z‘zi-—-Z" structural facing tile (corridor)
on 4" concrete block,

A" concrete block, painted,

4" concrete block with plaster .
metal lath, both sides.

—— Vinyl fabric surface cver plaster,
this side (carridorl,

GRAPHIC o' 4 4 3 48"
PURDUE SCALE

noa 121




COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON — INTERIOR PARTITIONS

None of the interior walls are structural; 80% of the walls are replaceable and 20%
are demountable. Replaceable walls are constructed of concrete block with and
without structural facing tile. Demountable walls are made of manufactured metal
panels with baked-on enamel finish and an insulation core.

INDIANAPOLIS — INTERIOR PARTITIONS

None of the interior walls are structural; 100% are replaceable. Replaceable walls are
constructed of concrete block, painted concrete block and structural facing tile and
concrete block plastered and painted.

PURDUE — INTERIOR PARTITIONS

6.2% of the interior walls are structural; 93.8% are replaceable. Structural walls are
reinforced concrete and occur below grade. Replaceable walls are concrete block
plastered and painted or covered with vinyl vall fabric.
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

LIGHTING/CEILING SUBSYSTEM

LABORA . ORIES

CLASSROOMS
BLOOMINGTON | INDIANAPOLIS | PURDUE BLOOMINGTON | INDIANAPOLIS | PURDUE
8'-2T 4°'-2T 2" x4 82T 4'-2T 2" x4’
LIGHTING TYPE Suspended Suspended 3T Suspended 3T
Direct Direct Recessed Direct Recessed Recessed
Continued Continued Continued Contiriued Continued Continued
SPACING 8’ o.c. 5’ o.c. 8’ o.c. 8'o.c. 5'0c. 8'o.c.
WATTS/SQUARE FOOT 2.2 3.4 3.75 22 45 3.75
VOLTAGE 208 208 208 208 207 207
SWITCHING ZONE Room Room Room Room Room Room
Line Line Line Line Line Line
SWITCHING TYPE 1 Way 1 Way 1 Way 1 Way 1 Way 1 Way
2 Way 2 Way 2 Way 2 Way 2 Way 2 Way
o
134
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LIGHTING/CEILING SUBSYSTEM

COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

OFFICES CIRCULATION
BLOOMINGTON | INDIANAFPOLIS | PURDUE BLOGMINGTON | INDIANAPOLIS PURDUE
) 8-2T 4'2T 2'x 4’ 4'4T 2'x 4
LIGHTING TYPE Suspended 4T 8’ Cove 4T
Direct Recessed Recessed Recessed Recessed
SPACING Continued Continued Continued Continued
5’0.c. 8’ o.c. 16’ o.c. 12°o.c.
WATTS/SQUARE FOOT 25 5.2 39 1.1 98 B4
VOLTAGE 208 208 208 208 208 208
SWITCHING ZONE Room Room Room Room Room Room
Line Line Line Line Line Line
SWITCHING TYPE 1 Way 1 Way 1 Way 1 Way 1 Way 1 Way
2 Way 2 Way 2 Way 2 Way 2 Way 2 Way
135
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

LABORATORIES CLASSROOMS OFrICES CORRIDORS
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COST/FERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON -- LIGHTING/CEILING

Suspended perforated metal pan ceilings are providzd in laboratories, classrcoms, -
offices and corridors. Pendent mounted eight-foot fluorescent fixtures are provided
in the laboratories, classrooms and offices. In corridors fixtures are single tube
fluorescent cove type.

INDIANAPCLIS — LIGHTING/CEILING

No finish ceiling is provided in the laboratories. Ceilings in the classrooms, offices
and corridors are suspended exposed tee bar with lay-in mineral panels. Lighting in
the laboratories is provided by means of a pendent mounted fluorescent fixture.
Light fixtures in the classrooms and offices are recessed fluorescent with a drop lens.
Light fixtures in the corridors are fully recessed fluorescerit with a flush lens.

PURDUE — LIGHTING/CE\LING

Ceilings in laborstories and corridors are suspended exposed tee bar with lay-in
mineral panels. Ceilings in classrooms and offices are acoustical mineral tile mounted
to suspended plaster. Light fixtures in laboratories, classrooms, offices, and corridors
are recessed with a drop lens.
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COST/PERFORMANCE DATA

SCIENCE, ENGINEERING BUILDINGS

CASEWORK SUBSYSTEM

iNDlANAPOLlS

BLOOMINGTON PURDUE
DEPTHS | DEPTHS DEPTHS
! iy
FREESTANDING CABINETS 1o e
WALL BASE CABINETS 2'-6"
22" With 25" Top 2'7" 27"
WALL HUNG CABINETS 10" 14" 14"
3"611
SINGLE LOADED BENCHES 25" 27"
22" with 25" top 3.0" 32"
5'_9”
DOUBLE LOADED BENCHES 46" 5°-0"
310" e .
2'-8"
FUME HO. D CABINETS 28" 2°.6" 25"
3'-1 e
CONCRETE BALANCE TABLES 2'.0"
MOVEABLE BENCHES 40" 2-.6"

CASE MATERIALS

Hardwood, Plywood

Hardwood, Plywood

FHardwood, Plywood

FINISH — WOOD

Stain, Varnish

Stain, Varnish

Stain, Varnish

FINISH — METAL

Paint Paint Paint
Stainless Steel,
BENCH TOP MATERIALS Soapstone, Durcon, Laminated Plastic.
Hamilcore Soapstone Soapstone

SINK MATERIALS

Stainless Steel,
Soapstone, Durcon

Stainless Steel

Stainless Steel

SPECIAL BENCHES
WITH UPPER WORK TOP

4'_2"
31_1 e
Electrical Labs.

WALL MOUNTED BENCHES

1 "8"
2:_01:

WALL CABINETS

110"
14

AUDIO TUTORIAL CARRELS

3"8”

Yes, Similiar

o 38
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)RAFTING ROOM
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LABORATORY BENCHES
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/\///

STORAGE CABINETS
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGS

BLOOMINGTON — CASEWORK

A complete range of wood laboratory furniture is suppiied. Bench tops are stainless
steel, soapstone, ‘"Hamilcore’’ and ‘“Durcon.”’

INDIANAPOLIS — CASEWORK

A complete range of wood iaboratory furmniture is suppiied. Bench topti are plastic
laminate and sospstone.

PURDUE - CASEWORK

A complets range of wiod laboratory fumiture is supplied. Bench tops are
SOMPIIONE .
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COST/PERFORMAMNCE DATA

STIENCE, ENGINEERING BUILDINGS

SERVICES SUBSYSTEM

BLOOMINGTON

INDIANAPOLIS

PURDUE

DOMESTIC COLD WATER

Galvanized Steel

Copper-Tubing 'K’

DOMESTIC HOT WATFR

Galvanized Steel

Copper-Tubing ‘K’

iNDUSTRIAL COLD WATER

Galvanized Steel

Copper-Tubing ‘K’

INDUSTRIAL HOT WATER

Galvanized Steel

Copoer-Tubing ‘K’

COMPRESSED AIR

Galvanized Steel

Copoper-Tubing ‘K’

VACUUM
GAS Black lron Black lron
DISTILLED WATER Aluminum K oroseal
SEA WATER
SANITARY SOIL Cast lron Cast lron
SANITARY WASTE VENT Cast Iron Cast lron
' Corrouon Resisting Corrosion Resisting
ACID WASTE ton iron
Carrouon Reusung Corrosion Resssting
helow grade 1ron lron
STEAM Black Stoe
OXYGEN N
CARBON DIOXIDE
INDIRECT DRAINS Gaetvaniren Stewl Gatvanuzed Svee
OGSF
ELECTRICAL MAINS PER FLOOR 950! 15.000 16,800
oGSF
BRANCH CIRCUIT b.. § 000 3.000
= Jrersepp—
OGSF
CIRCUY BREAXKER
CIRCULT BREAXER
BRANCH CIRCUIT N 18 »
ERET BREARTR 203 2 2030
oGSk © 50 ”s
AREA OF ¥ R TR
Er&’; ; ELECTRIC 1265 F Parwit o ot tighon

00s F
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PLUMBING SUBSYSTEM
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COST/PERFORMANCE DATA

SCIENCE, ENGINEERING BUILDINGS

ELECTRICAL SUBSYSTEM
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COST/PERFORMANCE DATA
SCIENCE, ENGINEERING BUILDINGE

BLOOMINGTON —~ SERVICES

Plumbing vertical risers are dispersed throughout the building gning down in the
corridor walls. Benches ar: supplied up through the tioor. There are four main
electrical verticai risers.

INDiANAPOLIS -- SERVICES

The huilding has ore main vertical riser for plumbing with each electrical
distribution having an individual feed. There are two vertical risers tor plumbing
waste lines. Horizontal mains a' each tloor are located in the central utility core.
Fioor penetration for drain lires o e st random.

PURDUE - SERVICES

The building hac one main verticsl riser for plumbing with one vertical electrical
teed. Floor penetrstion for drain lines are &t random. Horizontal mains 1y’ sbove
the corridor ceillings.

147

-

136

oot

doi



COST/PERFORMANCE DATA
CLASSROOM OFF!CE BUILDING

The Cost/Performance Study was centered on six science and 2ngineering buildings
in California and Indiana. However, for comparison with a different type of
building, the ABS consultant analyzed a ciassroom-Gffice building at the University
of Califcrnia Berkeley campus—Barrows Hall.

Cost data was developed in exactly the same way. The cost estimate was based on
contract dccuments, without change orders, and was prepared as though the project
was bid January 1970 in the San Francisco Bay Area with an Engineering
News-Record (ENR) Construction Cost Index of 1300.

The Barrows Hal! HVAC cost ($4.44/0GSF) was about the same as the average for
the six science and engineering buildings ($4.54/0GSF). While this, at first, did not
appear realistic (Barrows is a non-laboratory building without air conditioning),
investigation showed higher control, duct and insulation costs and a lower fan cost
than the other buildings. Apparently the higher percentage of smaller zones in
Barrows balanced the higher airflow and air conditioning costs in the science and
engineering buildings.

As far the other ABS subsystems equivalents, the cost of the structure at
$7.14/OGSF was comparable to the average cost of $7.48/0GSF for the three
California bioscience buildings; the cost of partitions at $3.72/0OGSF was higher
than the $3.06/0GSF California average; and the lighting/ceiling cost of $1.93/
OGSF was higher than for any of the six science and engineering buildings.

ABS subsystems equivalents in Barrows Hall accounted for 56% of the total
construction cost. This, of course, is considerably greater than for any of the other
six buildings, and indicates that an economical ABS system would have application
to clamroom-office buitdings and similar non-science buildings.
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IIGTPERNIORMANMCYL LATA
CLASSROOW OF 7 1CT RUIL DING

TABLE 1
SUBSYSTEM EQUIVALENT COSTS 8/0GSF - ENR 1300

UC BMRXELLY BARROWS MALL

$/0GSF S

SYSTEM®*

Strocture 714 23

HVAC 4 44 15

Partitions 3.72 12

Lighting Cetling 1.93 6

Subtotal 1723 56%
NON SYSTEM

Site Work. Below Grade & Basement 224 7

HVAC -0-

Partitions .43 1

Plumbing 1.07 4

Electrcal 1.89 6

Ceiling 06

Exterior Skin 3.66 12

Elevators 1.06 4

Other 1.43 5

General Contractor 1.46 5

Subtotal 13.30 44%
TOTAL : 30.53 100%

TABLE 2
COMPONENT UNIT COSTS, $/COMPONENT QUANTITY — ENR 1300

FLOORS INTERIOR EXTERIOR
{(STRUCTURE) ROO ** PARTITIONS SKIN

U.C. BERKELEY, BARROWS HALL

$/S.F. $/S.F. $/S.F. $/S.F.
5.28 7.74 3.68 11.20

NOTE: Costs in Table 1 are expressed in terms of the total cest of the subsystem divided by the
total outside gross building floor area (OGSF).

In contrast, costs in Table 2 are expressed in terms of the total cost of the subsystem
divided by the total area of the components involved.

*includes all components equivalent to ABS subsystems.

**Includes ceilings and finishes.
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COST PERFORMANCE DATA
CLASSROOM OFFICE HLUILDING

Cost Divisions

U.C. BERKELEY, BARROWS HALL
8id October 31, 1961: ENR Construction Cost Index 854
192,000 Outside Gross Square Feet (OGSF)

Base Bid: $3,855,389 @ EfJR 854 ($20.08/0GSF)
Frojected: [$5,855,631 @ ENR 1300 ($30.49/0GSF)]

Cost Estimat (Jan. 1970 — ENR 1300)

$/0GSF_ %
Site Work, Below Grade & Basement $ 430,380 2.24 7
Floors 1,284,650 6.69 22
Roof 216,480 1.13 4
Interior Fartitions 957,000 4.98 16
Interior General 82,040 .43 1
Exterior Skin, above ground 839,990 437 14
HVAC 853,100 444 15
Plumbing 205,210 1.07 4
Electrical 511,520 2.66 9
Elevators - 202,000 1.06 3
General Contractor 279,200 1.46 5
|$5.,861,570 30.53 |

The cost estimate exceeds the projected base bid by 1/10 of 1%.
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COST PERFORMANCE DATA
CLASSROOM OFFICE BUILDINC

UC BERKELEY BARROWS HALL

Subsystem Equw $/OGSF

S Suy NonSuh &~ °F
Cortrats $/OGSF System orrpanent
SITE WORK . BELOW GRADE & BASEMENT
{Ground Floor)
1. Excavatung. Grad ng & Precarsuon 88.660 46 .46
2. Site Concrete 29 370 1% . 1Y
3. Building Concrete 272530 142 1.42
4. Site Utihties » 820 ra i
430,380 224 224 13.77
Ground Floor Area = 31263 S.F¥. - .16 OGSF
FLOORS Struc:  Cad-
ture ing Structure
1. Concrete 849 880 4.43 4.43 528
2. Baicony Waterproofing 18,070 09 09
3. Struct. Steel & Misc. fron 31,660 16 .16
4. Plaster Ceiling 8,570 04 01 .03
5. Ceramic Tile—Terrazzo 26,680 14 e
6. Floor Covering (Linoleum) 124,160 86 66
7. Acoustical Ceiling 225,630 1.18 1.1% 03
1.284 650 6.68 459 1.18 54 528
Floor Cost Division Area = 160,737 S.F. = 84 OGSF
ROOF Struc-
ture
1. Concrete 174 260 o 21
2. Struct. Steel & Misc. Metal 19010 10 10
3. Roofing & Flashing 23,210 12 12
216,480 1.13 1.01 12 774
Roof Cost Division Area = 27,945 S.F. = .14 OGSF
INTERIOR PARTITIONS Struc- Partu-
ture tions
1. ~ ncrete 158,660 B3 B3
2. voors & Frames 123,130 .84 58 £6
3. Lath & Plaster 434 420 2286 s 74 19
4, Glass & Glazing 9,510 .06 06
S. Ceramic Tile 17.200 09 .09
6. Rubber Base 10,750 .06 .06
7. Finish Hardware 68,200 34 32 02
8. Painting 113,830 59 56 03
9. Plastic Wall Covering 18,660 09 00
10. Misc. Equipment 6,660 D4 04
957,000 498 83 372 43 3.68

Intaerior Partitions Cost Division Area = 260,000 S. F. = 1.36 OGSF
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COST PERENAVASGE DATA
Cl ASSRO AL (8 it TN,

UC BERKELEY BARROWS MALL

. ¥ Mo S | SR
Caange g 2y . OGSE §ystowe O orrgue oot
INTERIOR GENERAL
1 Mise Metad Stary Raite 21 360 T 11
2 Parwibing Catrnetwork I? 410 v IR ¥ |
k| Toelet Pastitions 8 t40 ] (4]
4 Choth & Tachhoarth 13410 (204 [ 24
5 Fueplace & M 6.720 . 4 o
82 040 43 43
EXTERIOR SXIN ABOVE GROUND € xt Struc
Shn ture
1 Concrete 430 470 224 153 n
? Muc. Metad - Reling 29.020 1% %
3 Shewt Metal 15 B840 a8 o8
4. Windows & Doons 114120 S9 59
- Metal Stooh & Enclosurem $3.500 8 28
6. Fumng 116,730 61 81
7. Giam & Glarng 62 83 o & | 3
8. Pantng 17 480 09 00
839 990 437 3686 n 1730
Extenor Skin Above Ground Cost Divison Ares = 74 880 S F. - 30 OGSF
HVAC
HVAC
1. Cuntrols 70 200 28 ]
2. Ductwork & Insufation 430 280 220 200
3 Supply Aw Handiing 343,620 1.79 179
863.100 444 4.44
NOTE : Heating snd Venulating Only.
PLUMBING
1. Buiiding Plumbing 154 400 B0 B0
2. Rain Water Leaders 34410 18 18
3. Fire Protection 16,290 08 09
206 210 1 107
ELECTRICAL Light-
ing
1. Light Fixtures 154,087 8O 7?7 03
2. Building Power & Distribution 238 541 180 150
3. Telephone 26,000 A4 4
4, Fire Alarm 13530 07 07
5. Clock, TV, Communications 20,382 18 15
511520 266 77 180
£
184 LN

Sudriyt toor [3 S 5 (0G5 EF
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rEYT PIREOBUWANY SATA
CLAMGROCCM OF $30 1 mi1L OING

PERFORMANCE DATA - UC BERKELEY, BARAOWS HALL

GENE RAL DATA

(56 192 000 5§

ASF (R I:"-% 0

ARt A TYPICAL FLOOR 17 X0 S F

= 008

AREA OF EXTERIOR WALLS c4
OGSF

AREA SERVED BY HV. AC 100%7 T

LINEAR FEET PARTITIONS 008
OGSF

f LOORS AT AND ABOVE GRADE s

£ LOORS BELOW GRADE 1

STRUCTURE SUBSYSTEM
STRUCTURE TYPE Flat Siad>
Posts

MATERIAL Pouted Co voretr

SHEAR STRUCTURE Inteenel Waik

STRUCTURAL BAY SIZES . 7;7;:' -

FLOOR TO FLOOR HEIGHTS 12°6 v

FLOOR LIVE LOADING 75 e

ROOF LIVE LOADING 50 s

,El{llC . 143 166




(T PERICRWANYC T DATA
CUARSRGON (088 7§ 8.4 DG

MVAC SUSAYSTIM

. LI i, ST RVED

saf ATING SORIRCE
f Ut

COO 1 G SCRIRC T

100, v
2 Th MV AL

Cantnat DEPS )
Com, WP,

B Soreg

[ SVINT € o trucaty

At MANDL NG SAOURCT Root

CQUIPMENT ROOM SIZE ME ATING 14908 F

AIR MAMDL ING 16768 ¢

TOTAL

CAPALCITY HEATING $ 242 000 8TUN

AIR HANOL ING CFM 155 340 CFM

BTUN OGST n

CFM/ OGSF os

“ RETLAN AIR 15

 MAIN E XHAUST o

INTAKE LOCATIONS Root

€ XHAUSY LOCATIONS Root
EXTERIOR WALL SUBSYSTEM STRUCTURAL

%50 FY OF EXTERIOR WALL 100

% TOTAL SO FT GLAZED 30

% GLASS AREA OPENASLE a8

SUN CONTROL MEASURE Vensuan Slinds

PLANNING MOOUL € 20

WALL CORE Poured Concrets

INSIDE FACE MATERIAL Plaster

INTEFRIOR FINISH Painwd

EXTERIOR FACE MATERIAL Concrew, Plasser

EXTERIOR FINISH Painted
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CORTPEREOBWANE [ 472
CLASSROON OF §5CT 8L % 1%

INTESUOR FPARTITIONS LS VETEM

STRUCTURAL REMLACE 2 OLE
w (3 L1ve) AT S EE T 2 ars
O 1%TERIOAR MALLS '
hhovaf Slaiacde
WATE 1AL  omcnete Whotas L
arud Pianton
o g
EIGHMMTS 120 Tye W0 o
12 O
THMIC K NESS ‘o P
SOUND TRANSMISSION . &0
COEFFICIENT OXECIBELS
FIRE RATING 4 2™
UTILITY SAPPORY Yen Yeon
FURNITURE SUPFORT Y Yo
Daon Doon
PERMEABILITY S S
UIGHTING/CEILING SUSSYSTEM
(3, \ [ %4 Y] [+, 8}
CLASSRONME OFFICES CIRCULATION
4 47 Rexc 447 Rec 2 A7 & &7
LIGHTING TYPE g Scut Dawct ot St Duec Rec and St
Dweci
¥ o 3 oc 117 oc
WATTS/SQUARE FOOT 184w 28 196 1.45
W TCHING ZONE Room Room Fioor
Lire Ling Line
SWITCHING TYPE 1 Way 1 Way 1 Way
2Way 2 Way 2 Way
CEILING TYPE Sum. Susp. Susp.
MATERIAL .‘F':u‘ “Flnr “F.::v‘
MODULE 12" % 12" 12° » 12 1727 2 12
NOISE REDUCTION 07 0.7 7
COEFFICIENT ’ 0.
167
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ALTERATION COSTS

GeENnERAL

Orw nt the main abpectrves of the ABS propect s (0 attach the probns inherent in
methath ~ deugn snd comtruchon thet resull n buikdengs nOt esty adaptalile to
changeng eUvcationst, technologece!l, and admunatretsve cornditrors The ABS™ goels
ae to ncreaw buikding sdeptstelitly and 10 reduce buildeng ife costs by peemitting
1aater and mote economucal changes

In studws 0! the cost of adaptabibily. the ABS consultent investgated the following

Cost historses ot several scrence buildings.
Comparative siteratron costs —1x existing buildngs.
Compar stive driruption COstI—six existing buildings.
Cost of change of occupancy.

swnN -

These investigations provided the beses for evaluating relative costs of adaptability in
exrsting facilities and for establishing target costs for ABS.

COST HISTORIES

The need for adaptability in university laboratory buildi~gs may be dramatically
expressed by graphs relating cnsts of construction, additions, and alterations to the
life end evolution of & few existing laboratory buildings. These graphs were derived
from records of construction costs incurred during the life of the buildings. tu date.
The extent of change in some buildings is surprisingly high, as illustrated by the Lite
Sciences Building st Berkelgy. It now represents a 330% increase in investment over
the initial construction cost of 40 years ago.

Costs for aslurstions have increassd substantislly in recent years, due to rising
construction costs, more rapid evolution of the sciences, and more sophisticated
service and squipment requiremeants. This trend toward more expensive changes in
laboratory buildings clearly indicates the need for improved sdaptability.
4
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AL TERATION ( (XLTS

The graph teprewent.ng 2 ok) buikding the Lite Scienceyr Buiding at Betholey,
W wery Lille doila incroase for the hint 25 yeary of the buiddings hite
Theveater howewver the altetation costy tive thaply Thiv esarrpie may be
contranted with the ather graphs pettarning 1o more recent latrraiory buiddingy,
wheve cants 1o+ changes e fell much wonet atter thewr iniLial comituction

Whether this pattern o due more 1o obwolescence of (e buikdmg_ or 1o the evolution
of reweerch end teaching techriques. 53 not koown The fact that the newer burkdings
need alterations 30 early in thewr Lives, howewver tends 1o indicste that phywcal
olsolewcenue 1 not 8 Mmayor couse of change. unce components do NOt becuoms
sntequated 1n a3 very short period of ume Thus the growing rate of evolution in
science and relsted tesching methods 13 strong evidence 1n favor of providing
mexmum adeptability wathin gn academic building sysiem.

LIFE SCIENCE BUILDING
U.C.BERKELEY 1928-1968
CUMULATIVE CAPITALIZED COSTS (BOOK VALUE)

initial]construcitio

1930 1940 1950 1960 1970
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ALTERATION COSTS

BIOLOGICAL SCIENCES !
UC DAVIS 1958 1968
CUMULATIVE CAPITALIZED COSTS (BOOK VALUE)

S - —

initjal consttuction

millions of

1980 1960 1970

REVELLE COLLEGE BUILDING B
U.C. SAN DIEGO 1960-1970
CUMULATIVE CAPITALIZED COSTS (BOOK VALUE)

° T

initial constructiop

millions of

1960 1970

o5 1681
L
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ALTERATION COSTS

KRANNERT BUILDING
INDIANAPOLIS 1960 1969
CUMULATIVE CAPITALIZED COSTS (BOOK VALUE)

S

linitial c¢ nstructlocJ

millions of

1960 1970

NATURAL SCIENCE UNIT I
U.C. IRVINE 198606 1970
CUMULATIVE CAFITALIZELC COSTS (BOOK VALUE)

S

lnltiﬁl constryctio

millions of

1960 1970
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ALTERATION COSTS

AL TERATION COSTS -81X EXISTING BUILDINGS

The bawe measure for adaptability is the cost of making changes relative to first
c«na The cost of change itself depends on such factors as the ease or difficulty of
xcew to components, the skill required of the labor involved, the time it takes,
dwruptron to Other users, mechanical system '‘down-time’” and the size of the
wolatson 2zone, and the equipment used.

L:te comts of exmsting buildings are high in relation to first costs, partly because
wradstiorslly built tacilities are so expensive to change. In considering how to
prowde buildings that easily and relatively inexpensively respond to changing needs,
it wes necessary 10 study the particulars of alterations and modifications in existing
buildings Since comparing costs of actual changes made in the six existing buildings
wes not practicable, a hypothetical model was developed to illustrate an opening
aondhron and two successive changes.

A Wboratory plan segment .our 30° x 30’ bays) applicable to any of the six existing
busidings was chosen. A logical service configuration was selected from the original
drawangs of the three Indiana and the three California buildings as a potential
location for change, and so applied to the model. This Initial Plan A was analyzed
tor cost. Two subsequent alteratiors were then made to each model, and the services
modified accordingly. These changes r~nerated cost estimates and provided a cost
breakdown by subsystem to show the areas most expensive and least costly to
modity. Thus, by demonstrating the common cost hierarchies involved in most
alterations, the models provide guidelines for designing more adaptable components.

Cenain assumptions were made upon which the cost estimates were based. These
asumptions were reassessed at the completion of system design. Cost estimates were
modified as required to compare with systems composition and to eliminate
.nconsistencies of assumption application among the California and Indiana
facilities. Following are some of the general assumptions in the final analysis:

1. Resilient base is used on both sides of all partitions and walls (except outside
surface of exterior walls).

2.  Where new resilient tile is added, new resilient base is also added.
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ALTERATION COSTS
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ALTERATION COSTS

3. Existing resilient tile and base is patched as necessary in modification areas, not
replaced entirely.

4. Storage roorn floors and concrete ceilings are unfinished.
5. In modification areas, existing partitions, concrete walls, and exposed concrete
ceilings are painted. However, the cost of repainting existing walls untouched

by medification is not included in this cost estimate.

6. Casework and fume hoods, including sinks and trim, are not included in this
cost estimate.

7. Removal of deleted casework is included in this cost estimate. Space is emptied
of all deleted items, ready to receive new casework and equipment.

8. All plumbing, electrical and mechanical hook-up for casework is included in
this cost estimate.

9. All deleted waste lines are capped-off at floor. No pipes are removed.

10. All deleted utility supply lines are capped-off at ceilings with only verticat
drops removed.

11. Al deleted mechanical ductwork is removed.

12. Acid vents are not included in this cost estimate.

13. New electrical distribution is surface mounted, rather than concealed.
14. Lighting fixtures are salvaged, relocated.

15. For HVAC changes, zone addition costs are identical for reheat systems or
double duct systems; diffusers are salvaged, relocated.

16. The general contractor’s cost is estimated at a fixed percentage, the same in all
cases.

17. Five percent of suspended ceilings is replaced in modification areas.

18. Alterations from A to B and from B to C are made five years apart.

165

a7 ) ':152



ALTERATION COSTS

Following are tables showing estimated costs in each of the six buildings studied for
the Initial Plan A, Alteration B (changing a store room to a preparation room and
graduate research laboratory), and Alteration C (converting a chemistry laboratory
and two offices into a biology laboratory and darkroom). The same cost base
applicable to all other studies is used herein (ENR 1300, January 1970, San
Frarcisco Bay Area prices).

Cost estimate tabulations and drawings for U.C. Irvine are included as illustrative

samples only.

INITIAL PLAN A (COST — EXISTING CONDITIONS)

CALIFORNIA INDIANA
SANTA

DAVIS IRVINE BARBARA BLOOMINGTON INDIANAPOLIS PURDUE
STRUCTURE 27,000 23,400 23,400 ' 16,344 17,352 21,456
EXTERIOR 13,440 16,704 13,224 24,260 16416 16,925
PAINTING 354 354 750
CEILING 1,614 1614 756 4,536 4,536 4,536
PARTITIONS 17,138 16,738 17,726 19,803 16,485 19,734
FLOORING 2,244 1,884 2,244 1,080 1,080 1,080
PLUMBING 18,000 18,000 18,000 18,000 18,000 18,000
ELECTRICAL 10,800 10,800 12,600 10,800 10,800 10,800
LIGHTING 6,500 5,310 5,510 5,292 6,552 4,032
HVAC 27,720 16,200 25,200 18,324 19,944 16,092
MISCELLANEOQUS
GENERAL CONTRACTOR 13,760 12,239 13,165 12,140 11,395 11,547
TOTALS 138,570 123,243 132,575 130,578 122,561 124,202
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ALTERATICN COSTS

ALTERATION B (COST OF CHANGE FROM A TO B)

CALIFORNIA INDIANA
SANTA

DAVIS IRVINE BARBARA | BLOOMINGTON INDIANAPOLIS PURDUE
PAINTING 483 426 474 172 173 172
CEILING 3,196 3,198 3,196
PARTITIONS 1,797 1,762 1871 2,036 1,803 2,030
FLOORING 1,080 1,080 1,080 1,080 1,080 1,080
PLUMBING 5360 4,247 4,713 3956 5459 3,504
ELECTRICAL 474 501 748 628 564 667
LIGHTING 170 330 490 210 170 290
HVAC 676 916 802 1510 1,342 2,170
MISCELLANEOUS 60 60 60 60 60 60
GENERAL CONTRACTOR 2,121 1,958 2,150 2,698 2,488 2,784
TOTALS 12,221 11,280 12,388 15,544 14,334 18,042

ALTERATION C (COST OF CHANGE FROM B TO C}

CALIFORNIA INDIANA
SANTA
DAVIS IRVINE BARBARA | BLOOMINGTON INDIANAPOLIS PURDUE
PAINTING 545 469 589 231 231 231
CEILING 150 150 2,840 2,840 2,840
PARTITIONS 1,284 1,286 1,248 1,669 1546 1,667
FLOORING 120 120 120 120 120 120
PLUMBING 1,650 285 788 1677 1,233 1,309
ELECTRICAL 355 369 383 369 432 350
LIGHTING 720 930 620 380 920 920
HVAC 758 480 558 360 806 210
MISCELLANEOUS 180 180 180 180 180 180
GENERAL CONTRACTOR 1,210 1,043 942 1,643 1,745 1,644
TOTALS l 6,972 6,012 5,426 9,469 10,053 9,471

Q S F
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ALTERATION COSTS

SAMPLE DRAWING
A. INITIAL PLAN LUMBING-U.C. IRVINE
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ALTERATION COST

SAMPLE DRAWING
8 ALTERATION-PLUMBING-U.C. IRVINE
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ALTERATION COSTS

SAMPLE DRAWING
C. ALTERATION-PLUMBING—-U.C. IRVINE
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SAMPLE COST ESTIMATE

B8ILDING: U.C. IRVINE
CONDITION: “A’ INITIAL

ALTERATION COSTS

MATERIAL DESCRIPTION QUANTITY UNITS  COST/UNIT COST
STRUCTURE 3,600 S.F. 6.50 $ 23,400 ‘:
EXTERIOR WALL 1,440 S.F. 11.60 16,704 l
PARTITIONS 3,591 S.F. 426 15,208 '{
DOORS 12 EA 120.00 1,440 i
PAINTING — CONCRETE CEILING 1,419 S.F. 25 354 i
HUNG CEILING 1,281 S.F. 126 1,614
FLOOR — CONCRETE HARDNER 1,419 S.F. .40 568
RESILIENT TILE 1,281 S.F. .40 512
RESILIENT BASE 804 LF 1.00 804
PLUMBING 3,600 S.F. 5.00 18,000
ELECTRICAL (NON-LIGHTING) 3,600 S.F 3.00 10,800 !
HVAC 3,600 S.F. 450 16,200 1
ELECTRICAL (LIGHTING)
4’0" FLUOR. FIXTURES 99 EA 50.00 4,950
SWITCHES 12 EA 30.00 360
SUBCONTRACTS — TOTAL 111,004
GENERAL CONTRACT (1.05 x 1.05) 12,239
TOTAL $123,243
|
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ALTERATION COSTS

SAMPLE COST ESTIMATE

BUILDING: U.C. IRVINE
CONDITION: “B” ALTERNATE

MATERIAL DESCRIPTION QUANTITY UNITS  COST/UNIT cosT
PARTITIONS — NEW 315 S.F. 426 $ 1,342
DOORS — NEW 3 EA 120.00 360
PATCH EXISTING PARTITIONS 1 MD 60.00 €0
REPAINT EXISTING PARTITIONS 245 S.F. .16 151
REPAINT EXISTING WALL 315 S.F. 16 50
REPAINT EXISTING CEILING 200 SF. 25 225
RESILIENT TILE 900 S.F. 1.00 900
RESILIENT BASE 180 LF 1.00 180
REM. EXISTING CASEWORK 1 MD 60.00 60
PLUMBING
CAP-OFF EXISTING 1% MD 100.00 150
LAB TABLE OUTLETS 28 EA 50.00 1,400
WASTE CONNECTIONS 5 EA 15.00 75
PIPING (G,W&V) 529 LF 350 1,852
PIPING (AW) 52 LF 10.00 520
SHOWER & EYE BATH 1 EA 250.00 250
ELECTRICAL (NON-LIGHTING)
DELETE OUTLETS 20 % MD 80.00 40
RELOCATE OUTLETS 2@ % MD 80.00 40
ADD OUTLETS 9 EA 7.00 63
FUME HOOD CONNECTIONS e % MD 80.00 40
LAB TABLE CONNECTIONS e % MD 80.00 40
CONDUIT 185 LF 150 278
HVAC
NEW DUCTWORK 30 LF 12.00 360
MIXING BOX 1 EA 320.00 320
THERMOSTAT 1 EA 80.00 80
FUME HOOD DUCT 8 LF 12.00 96
FUME HOOD CONNECTIONS 1 MD 60.00 60
RELOCATE DIFFUSERS 1 MD 60.00
ELECTRICAL (LIGHTING)
DELETE FIXTURES e % MD 80.00 40
RELOCATE FIXTURES 8@ 2% MD 80.00 200
SWITCHES 3 EA 30.00 90
SUBCONTRACT TOTAL 9,322
GENERAL CONTRACT (1.1 x 1.1) 1,958
TOTAL $11,280
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ALTERATION COSTS

SAMPLE COST ESTIMATE

BUILDING: U.C. IRVINE
CONDITION: "C” ALTERNATE

MATERIAL DESCRIPTION QUANTITY UNITS COST/UNIT COST
PARTITIONS — NEW 168 S.F. 426 $ 716
REMOVE DOORS 2@ 1 MD 60.00 60
RELOCATE DOORS 1® 1 MD 60.00 60
REMOVE EXISTING PARTITIONS 48 LF 6 MD 60.00 360
PATCH EXISTING PARTITIONS 1% MD 60.00 90
REPAINT EXISTING PARTITIONS 1,260 S.F. .16 202
REPAINT EXISTING WALLS 420 S.F. .16 67
REPAINT CONCRETE CEILING 800 S.F. .25 200
PATCH RESILIENT TILE & BASE 2 MD 60.00 120
REMOVE EXISTING CASEWORK 3 MD 60.00 180
REMOVE SUSPENDED CEILING 2 MD 60.00 120
PATCH SUSPENDED CEILING Y% MD 60.00 30
PLUMBING
CAP-OFF EXISTING 2 MD 100.00 200
LAB TABLE OUTLETS 2 EA 50.00 100
PIPING (G W&V) 97 LF 3.50 340
PIPING (AW) 30 LF 10.00 300
WASTE CONNECTIONS 3 EA 15.00 45
ELECTRICAL (NON-LIGHTING)
DELETE OUTLETS 8@ 1% MD 80.00 120
RELOCATE OUTLETS 5@ 1 MD 80.00 80
NEW OUTLETS 2 EA 7.00 14
DELETE TELEPHONE OUTLETS Ya MD 80.00 40
LABR TABLE CONNECTIONS Ya MD 80.00 10
CONDUIT 50 LF 150 75
HVAC
DELETE EXISTING DUCTWORK 2 MD 60.00 120
DELETE FUME HOOD DUCT Ya MD 60.00 30
NEW DIFFUSERS 3 EA 50.00 150
RELOCATE DIFFUSER 1 MD 60.00 60
NEW DUCTWORK 10 LF 12.00 120
ELECTRICAL (LIGHTING)
RELOCATE FIXTURES 7@ 3 MD 80.00 240
ADD FIXTURES 4'-0” 9 EA 50.00 450
ADD FIXTURES INCAND. 2 _EA 25.00 50
SWITCHES 1 EA 30.00 30
RECIRCUIT LIGHTING 2 MD 80.00 160
SUBCONTRACTS — TOTAL 4,969
GENERAL CONTRACT (1.1 x 1.1) : 1,043
TOTAL $6,012
Q o
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ALTERATION COSTS

The cost breakdown of the hypothetical alterations on the six buildings discloses a
number of interesting conclusions about the comparative costs of adaptability in
existing buildings and in future ABS buildings. The task here is not to analyze
precise cost breakdowns in the six existing building, but to identify and analyze
areas where costs are significantly different.

Alteration B involved changing a storeroom to a prep-room and graduate research
laboratory.

In the California examples, by far the most expensive item to change was the
plumbing, ranging from 38% to 44% of the total cost. The second most costly item
was General Contractor’s Fee, in all cases amounting to around 17% of the total

cost. Third most costly item was partitions at 15% of the cost, and fourth was
flooring.

In the Indiana buildings, several items amounted to large expenditures. Because their
plaster suspended ceilings must be ripped out and replaced in the space being
remodeled as well as the one below, the ceiling costs represented from 20% to 22%
of the total. Plumbing costs were high for essentially the same reasons as the
California buildings and accounted for 22% to 25% of the total. Third was the
General Contractor’s Fee. Partitions accounted for 10% to 13% of the total. HVAC
ranged from 9% to 14%.

In Alteration C, a chemistry laboratory and two offices were converted into a
biology laboratory and darkroom. Total remodeling costs wrre highest in the
Indiana buildings, where the average is $9,664; the California average is $6,137.

In the California buildings, partitions and plumbing were the most expensive items
to change. The partitions costs were especially high because of adding new partitions
and removing old ones, accounting for 18% to 23% of the remodeling costs. The
plumbing costs were due to the addition of pipe arid outlets, accounting for 14% to
24%. Aside from the 17% General Contractor Fee, the next mast expensive items to
change are HVAC and lighting, which range from 8% to 15% of the costs. Although
material costs here are significant, so are labor factors for such tasks as removing
existing ductwork and light fixtures.

in the Indiana buildings, the ceiling again was the most costly item to change,
accounting for 28% to 30% of the total ~=modeling expenses. Second was the
partitions at 15% to 18%, principally because the block partitions are difficult and
slow to remove. Third was plumbing at 12% to 18% ot the total.
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ALTERATION COSTS

DISRUPTION COSTS — SIX EXISTING BUILDINGS

Although alteration cost is usually used to measure idapiability in a general sense,
the evaluation of a building’s adaptability must tak . into account other, less
aquantifiable considerations. The most important of these concerns disruption of
spaces other than those being remodeled.

In the Alterations and Modifications study of the sample buildings, a brief study was

made of disruption to users during alteration. The results of this study are tabulated
below.

- (A

[ 1 o aays
1 - 6 days
B over 6 days

Disrupted spaces

alteration 2 3 4 5 6 A
Davis B E
Cc
Irvine B
(o]
Santa Barbara B
Cc
Bloomington B
Cc
Indianapolis B
Cc
Purdue _B
Cc
NOTE:
1. Disruption in corridor ignored.
2. Casework assumed ready for installation. ) '
3. Ten days down-time attributed to necessity of removing and replacing hung
ceiling in Indiana buildings.
Q
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ALTERATION COSTS

In the existing buildings, conventional plumbing is the major expense, especially
when plumbing services must be brought from another area in use, involving new
plumbing connections or rerouting. Because waste lines are under the floor, in the
ceiling of the space below, that space is also disrupted.

Disruption time for uriversity personnel costs, conservatively, is $70 per room
disrupted per day of disruption. In most alterations to academic facilities today,
disruption to personnel costs an additional 15 to 30 percent of the total remodeling

work. The elimination or reduction of these costs would represent a sizeable cost
saving.

Changes are continually occurring in university academic programs, and the physical
facilities that house them are subject to correspondingly changing requirements.

In general, academic buildings have not been able economically to meet new
demands, thus placing major physical constraints on the changing activities of the
building users. Traditional design and construction methods are in large measure
responsible for the lack of adaptability of these buildings, principally because the
need for change has only recently been recognized. Partitions are built as virtually
immovable walls, plumbing and services are fixed. When physical changes are
needed, major remodeling work is necessary. This in itself is costly, and inevitably
involves disruption to the normal activities of the users. Not only is the space being
remodeied disrupted, but also the adjacent spaces. The rooms below, providing
access to drains and plumbing for the remodeled space, cannot be used while the
workmen are active. Those rooms directly above may be affected by the noise of
hammering or of making ccnnections in the floor slab. Because of this, even when
administrators acknowledge the need of one man or a department fcr physical
changes, they are constrained by the costs and the disruption to others that the
changes would entail.

COST OF CHANGE OF OCCUPANCY
A major objective for ABS is to meet the continuing need for change by providing

buildings that can better accommodate both foreseeable and unanticipated trends
during their lifetimes, and within a realistic cost context. The goal is to lower the
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ALTERATION COSTS

cost of change, while, at the same time, maintaining or improving the performance
of the building. In designing for adaptability, it must be recognized that, on account
of costs, compromise will be necessary. mmediate changes of services and total
interchangeability of different space types (laboratories, offices, specialty rooms,
etc.) is not economically feasible. The task is to determine the degree of spatial and
service capability to provide, in order to give the best dollar return for future
alterations. In doing so, all the subsystems of the building must be considered as a
unit; the cost of providing a higher degree of adaptability in one subsystem will be
wasted if the remaining subsystems cannot adapt to the same degree. The first step
in the process is to examine the potential range of adaptability and its implications,
and then to set realistic design goals.

ADAPTABILITY OF SPACE AND SERVICES

The two related aspects of a building most susceptible to change are the area
requirements of various space types, such as research labs, teaching labs and offices,
and the required services which vary in intensity according to the activity housed.
Because the utility and mechanical services are the most expensive subsystems to
alter, they typically account for up to 50% of remodeling costs. In science buildings,
especially, it is important to understand how services relate to particular space types,
and how those space types are likely to be affected by demands for change.

A simplified set of adaptability characteristics related to spaces makes the following
distinctions:

High intensity of service requirements.
Low intensity of service requirements.
High likelihood of service and/or spatial change.
Low likelihood of service and/or spatial change.

A

Minimal likelihood of service and/or spatial change.

The following chart relates these characteristics to typical space types in present
laboratory buildings.
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ALTERATION COSTS

HIGH SERVICE HIGH SERVICE LOW SERVICE LOW SERVICE MINIMAL
HIGH CHANGE LOW CHANGE HIGH CHANGE LOW CHANGE CHANGE

RESEARCH LABS —
LARGE, SMALL X

ANCILLARY SPACE —
PREPARATION ROOMS, ETC. X

TEACHING LABS X
OFFICES X

SEMINAR ROOMS, LIBRARIES,
CONFERENCE ROOMS, ETC. X

CLASSROOMS X
WORKSHOPS X
CORRIDORS, LOBBIES X

LECTURE THEATER
(SLOPED FLOOR) X

SPECIAL EQUIPMENT ROOMS X
ANIMAL ROOMS X

ADAPTABILITY SCALE

NOTE: This scale refers to existing conditions; a more adaptable building might change the scale; e.g., offices and
classrooms might become high change spaces.

As far as the space/services relationship affects adaptability, it is easy to
““downgrade’’ a space, that is, to move from a high degree of services to a low one.
Although it is not usually economical to utilize a space at a lower standard than it
was designed for, laboratories, for example, can fairly easily become classrooms. On
the other hand, a move from low to high on the scale greatly affects the costs of
structures and services. For example, if the capacity for “‘upgrading’ is to be built
into an office, it must be built initially with a high degree of service capability but
without certain equipment.

The Adaptability Scale groups space types on the basis of likely changes and degree

of services. Clearly, those spaces on the same scale should be economical to
interchange, though often today they are not.
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ALTERATION COSTS

The following chart compares the relative costs of changing space uses under
conventional conditions today, and clearly illustrates the principle of “down-
grading” as it operates in traditional laboratory buildings. Presented in dollars per
square foot, the figures are taken from the cost data generated in the studies of the
six existing buildings, and are estimated to the same bases (ENR Construction Cost
Index 1300).

COST OF CHANGE OF OCCUPANCY TYPE — CONVENTIONAL BUILDINGS

TO: RES. TEACH. CLASS- SEMINAR, CIRC. WORK- STORAGE
FROM: LABS LABS ROOMS CONF. OFFICES LOBBIES SHOPS SPACES
RESEARCH LABS 23.75 7.90 1175 13.60 8.70 215 2.15
TEACHING LABS 23.75 78 11.75 13.60 8.70 215 2.15
CLASSROOMS 29.40 29.40 5.25 6.75 7.25 45 A5
SEMINAR, CONF. 30.15 30.15 1.10 7.10 7.60 80 80
OFFICES 34.35 3435 1195 16.10 8.2 .05 05
CIRC., LOBBIES 32.60 32.60 6.05 10.20 12.4¢ 2.95 295
WORKSHOPS 3040 3040 655 10.70 9.95 7.25 0.00
STORAGE SPACES 30.40 30.40 655 10.70 995 7.25 0.00

This study is based on the hypothetical model of a typical 30 x 30’ bay of a
conventionally constructed laboratory building to which various uses and their
accustomed services are applied, and upon which subsequent changes of occupancy
are imposed.

For example, in determining the cost of change from a research laboratory to a
teaching labcratory, first the scope of the alteration is delineated by tasks, such as
“remove and replace laboratory equipment and casework,’” and "“add acoustical
ceiling’’; each of the necessary operations is then estimated for cost; and finally
these figures are added up to show total cost of change of each occupancy type. In
cases when a space is to be "‘upgraded,” or changed to an occupancy type with a
higher degree of service provision, utilities mains are assumed to be in the adjacent
corridor and submains may be connected to them. It is the objective of ABS to
lower these costs, and to provide a higher standard of adaptability performance.
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FUNCTIONAL AREA COSTS

The cost data provided for each subsystem in the existing facilities has a direct
application in establishing cost targets for the proposed ABS system. When these
data are presented as price per OGSF, they include statements abcut both the
quality and the quantity of the subsystem as used in the context of each building
wherein its own particular configuration and size affect the cost figures. In order to
establish an equitable basis of comparison of subsystems, both quality and quantity
must be well defined. Some subsystems, such as partitions, provide a rapid quantity ?
analysis by the simple computation of area as of partition. This type of enumeration
of quantity characteristics has been done for structure and partitions, but HVAC
and Lighting/Ceiling have been omitted. Quantity is more elusive, particularly as
regards the HVAC subsystem. The number of quantity variables in HVAC (such as
cfm, BTU, number and size of zones, number of controls, quantity and size of ducts, :
number and size of fans), and those of the Lighting/Ceiling to a lesser degree, ‘
become overwhelming when subjected to quick review. /

R e i

An alternative method of assessing the quantity characteristics of subsystems, in a
general way, is to determine the cost impact of various occupancy types. It is
assumed that certain occupancy types consume more of some subsystems than
others. It has been verified that a spectrum of costs exists, where occupancy types
such as laboratories are highest and storage is lowest, and that the contribution of
specific subsystems is significant. With these relationships established, the com-
parison of occupancy type percentages with subsystem ::osts tends to substantiate a
general quantity level for a specific subsystem. For example, it is known from
analysis that HVAC costs are higher for laboratories than any other space. If
laboratories for a particular building occupy a smail percentage of the building, it
can be deduced that the guantity level should be lower for that building, with a
resultant lower HVAC unit cost.

Costs of functional areas in the six buildings studied have been compiled in the
tables of Functional Area Costs, on pages 183 and 184. The quantities are expressed
as percentages of gross square feet. Average costs on page 184 for occupancy types
derived from the studies of existing facilities provide an accurate and useful tool for

the facilities planner in establishing a building budget.
90
<

167



FUNCTIONAL AREA COSTS

The traditional means of establishing building budgets begins with a program of
assignable areas for departments to be housed. An acceptable ratio of assignable to
gross area is applied. The resulting gross area is multiplied by a cost per gross square
foot factor to determine building cost. The cost per gross square foot is a figure
generally acceptable for that particular type of building, such as classrocm-office
building, engineering building, bio-science laboratory building. The accuracy of this
method is dependent on assumed ratios of space use or occupancy types.

The first table indicates the variation in occupancy types of six similar facilities; all
could be classified under the same building type. The disproportion of the more
expensive laboratory space in one building could cause a serious budget constraint
on quality within a fixed building area cost. A more accurate method is the direct
application of area costs for the specific functional use within the indicated
percentage of total space.

These costs will vary for building types other than the six studied. For example the
cost of offices will differ among science, humanities, or administration. Although
offices do not need the services or the sophisticated HVAC systems of laboratories,
they must share part of the basic costs of such systems when grouped together in the
same building. Office buildings do not have this degree of basic services
sophistication and therefore will have lower unit costs. Breakdown of unit costs
within a proposed science and engineering facility provides a more meaningful basis
of budget projections than the customary single unit figure for the total building,

since the latter does not take the proportion of various occupancy types into
account. "

In the following tabulations, specific costs were assigned to the precise functional
area types within each building to discover how the types of uses directly affect
cost. The procedure was as follows: costs of finishes unique to a specific functional
area (such as an office, a classroom, a teaching laboratory, a research laboratory)
were tabulated for each building. To these are added a general figure called the
“common component costs,” which signifies the costs of shared elements: site work,
floors excluding finishes, roof, interior partitions, general interior features, exterior
wall, plumbing for fire protection and outside lines, general electrical costs for
clocks, fire alarms, telephones, elevators and general contractor. Although these
costs do not pertain to a specific space but to the building as a whole, the costs are
shared by every square foot of the building, and are therefore incorporated equally
into all functional and non-assignable areas.
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FUNCTIONAL AREA COSTS

TABLE 2

AVERAGE FUNCTIONAL AREA COSTS

FUNCTIONAL AREAS AVERAGE $/S.F.
CLASSROOM 34.99
OFFICE 35.06
TEACHING LAB 5487
RESEARCH LAB 54.83
LIBRARY 40.90
GENERAL SERVICE 31.20
NON-ASSIGNABLE 29.18

Where significantly higher costs occur they appear to result from one or more of the
following reasons:

1. A program requirement for the higher performance.
2. Redundancy in materials or equipment.
3. Relatively inefficient configuration or arrangement of spaces.

The most conspicuous difference between the unit costs is the much greater cost of
laboratory spaces in the Santa Barbara project than in the others. This project
resulted in the highest cost per OGSF also. The apparent principal reason for this is
the higher performance characteristics of the building.

The higher performance capabilities of the Santa Barbara laboratories resuit from
more plumbing systems, more electrical power capacity, air conditioning with 100%
fresh air (no recircilation), humidifiers (lacking in the other projects), considerably
more instrumentation and controls on all systems, a completely separate air
conditioning system for the animal study areas in the upper floors and similar
refinements. The result is the capability of alterting offices to laboratory use and of
revising space arrangements with a minimum of disruption.

The high cost of Bloomington’s Non-Assigned Area reflects its exterior wall
construction, corridor treatment and collegiate Gothic stone detailing. The low costs
of the other Indiana examples reflect their relative simplicity and inexpensive
treatments of non-assigned space.




