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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

12



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.

36 35



COST/PERFORMANCE DATA
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
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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.
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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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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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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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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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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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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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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?.

57




COST/PERFORMANCE DATA
BIOSCIENCE BUILD'NGS

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
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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 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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>