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SECTI ON 19: | NTEGRATI ON OF BUI LDI NG SYSTEMS

19.1 Ceneral. This section provides guidance for the use of
Integration of Building Systens (IBS) concepts for the design of al
nmedi cal and nedical research facilities. IBS design involves the
coordi nated design of all elenments of a building, integrating the
functional, architectural, electrical, energy, fire protection
nechani cal, structural, and other features into a unified whole. Al
design el ements are recogni zed as essential to a successful facility,
and are therefore to be treated sinultaneously and with equal weight.
The objective of IBS design is to achieve a building of optimm
functionality, appearance, nmaintainability and adaptability. Attention
nmust be given to structure, utility systens and equi pment with the

i nvol venent of all design disciplines fromthe begi nning of design in
order to mininmze interference with the facility mssion and at the
same time assure high quality utility services. |Inherent in |IBS design
for medi cal and nedical research facilities is the nminimzation of

mai nt enance traffic and operations within functional areas through
careful consideration of equi pnent room|locations and the routing of
utility services. Equally inportant is the assurance of proper
installation, and maintainability, of primary and distribution

equi prent through careful consideration and coordi nati on of envel ope
space requirenents. UWility system space pl anni ng nust occur

simul taneously with overall site and facility planning. Aesthetic
prom nence or idealized functional planning without full coordination
with structure and all utility systens is not acceptable.

19.2 Policy. The basic IBS design concepts apply to all nedical and
nmedi cal research facilities regardless of size. The nore sophisticated
| BS Systens Modul e desi gn concepts, including utility pods and
interstitial wal k-on decks dedicated to utility distribution, are to be
considered only for larger or nore conplex facilities. Use of the IBS
Systens Modul e desi gn concepts must be approved by TMA- DMFO.

19.3 Basic IBS Design Concepts.

19.3.1 Equi pnrent Room Locations. In planning the |ocations of
mechani cal, electrical and communi cati ons equi pnent roons, designers
shal | consider such factors as exterior access, the routing path and
| ength of service feeders to the areas served, and the proximty of
ventilation air intakes to potential contam nation sources. Wl

di stributed equi pnent roons ninimze problens in design, construction
and nai ntenance. Coordinate all equi pnent room |l ocations to mninze
utility distribution "choke points," particularly in above-ceiling
spaces, where nultiple systens may cross or converge. Such crossings
| ead to i nadequate space for equi pnent installation, maintenance and
ventilation. Mjor equi pnment roonms shall have exterior access with
paved surfaces for wheel ed transport of equipnent. Consider also
requirenents for horizontal and vertical access to interior, bel ow
grade or upper |evel equipnment roons including transport of the |argest
items of equipnment that may require replacenment.

19.3.2 Equi pnrent Room Space Requirenments. The designers shal
assure that equi pnent space requirenents are properly coordinated anbng
the different design disciplines thus permtting proper installation
whi | e preserving required nmai ntenance cl earances. As equipnment is
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normal Iy conpetitively bid, the designers nust assure that space
envel ope requirenments are provided based on worst-case anal yses of
equi prent froma m ni mum of three manufacturers. Plan and el evation
vi ews showi ng coordinated equi prent and space envel opes shall be

i ncluded in the required design subni ssions.

19.3.3 Uility Distribution Considerations. The |length and
conplexity of utility distribution runs should be reasonably m nin zed
to avoid unnecessarily high flow resistance with resulting additiona
energy consunption, larger duct and feeder sizes, and | oss of future
flexibility. When practicable, avoid routing utility feeders through
areas they do not serve in order to mnimze the inmpact and conplexity
of future facility nodifications. Service isolation and bal anci ng
devices, and term nal equipnent, that nay require periodic inspection
or mai ntenance should be | ocated above corri dors.

19.3.4 Di stribution and Terninal Equi pmrent Space Requirenents.
The designers shall assure that distribution and term nal equi pnent can
be installed in the spaces indicated, including above-ceiling spaces,
di stribution spaces, chases, etc. This requires thorough coordination
of all equipnent with the architectural and structural features of the
buil ding. To assure that installation is possible, the designers shal
pl an distribution space requirenents on the basis of sizing

cal cul ations and the worst-case joining, reinforcement and support
conditions permtted by the design. The designers are particularly
cautioned to carefully consider the vertical space requirenents of

sl oped gravity piping services. The designers nust also be aware of,
and provide for, code-nmandated dedi cated space requirenents above, and
adj acent to, electrical panels and equiprent.

19.4 |1BS Systens Mddul e Design Concepts. |BS Systens Mdul e design
concepts, as discussed below, are normally only economcally
practicable for larger or nore conplex facilities. Systens Mdul e
design locates the majority of utility distribution and term na

equi pnment on interstitial wal k-on decks, thus permtting conveni ent
installation and mai ntenance. A candi date project for Systens Mdul e
design shall be evaluated during initial design by an econonic
conparison with conventional design. All costs associated with

acqui sition, operation, maintenance and alteration for a period of 25
years, or the designated |life of the proposed building, shall be

i ncluded in the conparison

19.4.1 Systens Module. The Systens Mddul e, a designated unit of
space one story in height, is the basic building block of a Systens
Modul e building, i.e., the building is conposed of separately
identifiable Systens Mddul es each consisting of a utility pod, a

di stribution zone, a connection zone and an occupi ed zone. Each
Systenms Module is served by its own utility distribution systens. The
rel ationship of the various zones is illustrated in Figures 19-1 and
19-2. Systems Mddul es should range in area from 930 to 2090 nf (10, 000
to 22,500 ft?). Although there is a spatial discipline associated with
the Systens Modul e, the overall organization and massing of a building
can be varied according to specific project requirenents. Repetitive
Systens Modules will all ow both expanded forns to acconmpbdate the need
for a day-lighting/solar approach or conpact forns to allow a cl osed
approach that attenpts to negate the effect of climate. These forms
are illustrated in Figure 19-3. In multistory buildings the utility

19-2



M L- HDBK- 1191

pods shall be stacked fromfloor to floor so that plunbing and
electrical risers can be efficiently and econonical ly accomobdat ed.

19.4.1.1 Uility Pod. The utility pod contains air handling unit(s)
and associated risers, fans, punps, etc.; electrical and conmunications
equi pnent and associated risers; and other main equiprent and risers
serving the Systenms Mddule. Fresh air and exhaust openings are
generally part of the utility pod enclosure. Access to the utility pod
is fromadjacent stairs. The utility pod is defined by the floor and

t he underside of the floor or roof structure above.

19.4.1.2 Distribution Zone. The distribution zone accomopdates the
mai n horizontal utility distribution systems of a Systenms Mdul e and
provi des conveni ent access to these systens by nmeans of a suspended
wal k-on deck. Wility distribution systens enter and | eave the utility
pod through the distribution zone. The distribution zone consists of
hori zontal |ayers of space, or sub-zones, individually dedicated to
specific utility distribution equi pnent (pipes, ducts, raceways,
conduit, cable trays, etc.). This equipnent is run in distribution
channels within the sub-zones. Structural suspension nenbers for the
wal k- on deck should be placed to define the distribution channels.
Except for gravity piping services, nost systens in the distribution
zone down feed to the connection zone bel ow. Access aisles are

provi ded on the wal k-on deck for naintenance access to equi pment and at
the perinmeter of the wal k-on deck. These shall provide sufficient

cl earance, exclusive of major structural nenbers, for a worker to
stand. Access aisles should have clearly marked dust-free wal ki ng
surfaces. Any fireproofing of structural nmenbers crossing the access
ai sl es should be covered or otherw se protected. Access to the

di stribution zone shall be from adjacent stairs and also, in multistory
bui | di ngs, from key-operated service el evators designed to stop at the
wal k-on deck levels. No access to the distribution zone shall be
permitted through access panels fromthe connection zone. The

di stribution zone is defined by the wal k-on deck and the underside of
the floor or roof structure above.

19.4.1.3 Connecti on Zone. The connection zone is the |layer of space
bet ween t he undersi de of the wal k-on deck of the distribution zone and
the architectural ceiling of the occupi ed zone below. The connection
zone accommodat es the horizontal distribution of utilities to

i ndi vidual roonms. It shall be deep enough to accommpdate recessed
lighting fixtures and air diffusers and their supports. Access to the
connection zone shall be fromthe occupied zone usually through the
architectural ceiling.

19.4.1. 4 Qccupi ed Zone. The occupi ed zone is the zone of functiona
activity in a Systems Mdule. The occupied zone is defined by the
floor and the architectural ceiling above.

19.4.2 Systens Modul e General Consi derations.

19.4.2.1 Desi gn Exceptions. Certain spaces within a building my
not |lend thensel ves practicably or economically to the use of wal k-on
decks. Exanples are sloped floor areas; high ceiling roons such as
operating roons, auditoriuns, warehouses and atriuns; and MRl suites
where equi pnent wei ght or unusual structural requirenents may be
appl i cable. These exceptions should be established early in the design
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process so that the IBS Systens Modul e desi gn concepts can be nodified
for such spaces.

19.4.2.2 Bui | di ng Expansi on. The Governnent shall informthe
designers at the beginning of the design process of any vertical or
hori zontal buil ding expansion requirenments, and to what extent

pl anni ng, structure and utility systenms nmust provide for these

requi renents. Placenent of utility pods should not encumber building
expansi on.
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FI GURE 19-1

19.4.2.3 Exi sting Buildings. Wen a Systens Mdule building is to
be connected to an existing conventional building, design concerns may
arise. Existing floor-to-floor heights are typically less than

the heights required for Systens Mddul e construction. Therefore, it
wi Il be necessary to determ ne which new floors should align with
existing floors. Continuity with existing buildings should not be
hastily assunmed to preclude application of the IBS Systens Mdul e
desi gn concepts.

19.4.2. 4 System and Equi prent Capacity Increases. The designers
shoul d reconmend which utility systenms should be oversized to
accommodat e future change. Air handling units in utility pods and
ducts in distribution zones nay be designed to have their capacities

i ncreased for future denand growh. Qher distribution systenms may

al so be designed to accommbpdate a degree of capacity increase. During
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initial design, the Governnent and the designers shall jointly
determ ne the extent of system and equi pment capacity increases
required.

19.4.2.5 Di stribution Zone Accessibility. The available vertica
space clearances within the distribution zone shall be sufficient to
pernmit the organization of the utility distribution systens for easy
accessibility. It may not be practicable to arrange the distribution
zone for conplete accessibility to every conponent. However, it is

i mportant to exami ne the various accessibility requirenents in order to
best | ocate access aisles for primary accessibility to all main
systenms, feeders, connections and mai ntai nabl e equi prent .

19.4.3 Systens Modul e Mechani cal and Pl unbi ng Consi derati ons.

19.4.3.1 Ri ser Locations. Risers and vertical circulation elenents,
not located in the utility pods, shall be l|ocated at the boundaries of
t he Systens Modul es adjacent to pernmanent structural elenents, stairs
or elevators.

19.4.3.2 Val ves. Control valves, except those required to be in the
occupi ed zone such as nedical gas control valves, should be located in
the utility pod to pernit centralized control. Shutoff valves |ocated
in the distribution zone should be tagged and identified on a val ve
list that shows their distribution zone |ocations and the areas or

equi pnment served in the occupi ed zone.

19.4.3.3 Systens Expandability. Prime noving equipment, i.e.,

punps, fans, etc., shall be selected with conservative judgment and the
di stribution systens sized for expansion capability. 1In general, air
handl i ng units and punps shoul d be sel ected for operation at the

m dpoi nt of their operating characteristic curves. Ducts and piping
shoul d be sized to pernit future flow increases. Stubs, valves and
caps shall be provided in plunbing risers and in horizontal branch
term nations for future service extensions.

19.4.3. 4 Air Handling System Sel ection. System selection shall be
based on functional needs, life cycle cost anal yses, energy efficiency
and ease of nmintenance and repair. To enhance maintainability, it is
normal ly desirable to “standardi ze” the size of air handling units when
practicable froma performance standpoint. For exanple, several air
handl i ng units of the same unit size and notor horsepower, i.e., a
nmodul ar design, will allow econony in the stocking of spare parts.
“OfFf-the-shel f” packaged air handling units should be selected in lieu
of custom manufactured units to assure parts availability and ease of
future nodification.

19.4.3.5 Ventilation of Distribution Zone. Under normal conditions,
the distribution zone will not require fresh air ventilation. However,
if so determined by the designers, ventilation nay be required for

noi sture or tenperature control in distribution zones exposed to

roofs. A neans of purging the distribution zone of snoke and ot her
products of conbustion shall be provided.
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FI GURE 19-2

19.4.3.6 Gravity Systens. The vertical depth requirenment of sloped
gravity piping services should be checked to determine if such piping
will drop into the next [ower distribution sub-zone or if an

i nternediate riser should be provided.

19.4. 4 Systens Modul e El ectrical and Comuni cati ons Consi derati ons.

19.4.4.1 Distribution Systenms. Distribution systemrouting
(horizontal and vertical), and the quantity and |ocation of unit

subst ations, shall be based on the size of the facility, life cycle
cost anal yses, overall flexibility, and long-termsystemreliability.
The benefits of underground utility service distribution to the utility
pods shoul d be conmpared with service distribution through the

di stribution zones considering flexibility, reliability and safety.

19.4.4.2 El ectrical and Conmuni cati ons Room Locations. Electrica
and comuni cations roons shall be located in the utility pods and
shoul d be stacked vertically fromfloor to floor. Provisions should be
made for easily running vertical cabling fromfloor to floor, i.e.
conduit risers with pull boxes at each distribution zone. Cabling and
wiring shall be sized for allowable voltage drop at full design | oad.
For very long Systens Mdul es, the need for additional electrical and
conmuni cati ons roons, |ocated at opposite ends of the Systens Mdul es
fromthe utility pods, should be evaluated for naintenance of

accept abl e vol tage drops, reasonable |engths of secondary cabl e runs,
and nunbers of devices per circuit. These additional roons shall be
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| ocated in the occupi ed zones adjacent to permanent structura
el ements, stairs or elevators and should al so be stacked vertically
fromfloor to floor.

19.4.4.3 Capacities for Flexibility. Capacities of najor electrica
conponents such as main distribution panels and transforners shall be
based on the areas served, rather than specific use, to allow for
flexibility. Comrunications systems shall be designed in a sinilar
manner .

19.4.4. 4 El ectrical Secondary Distribution. Branch circuiting
shoul d be routed through the distribution zone to allow for

nodi fication with minimal disruption of the occupied zone. Cable trays
shall be used to distribute electrical systens wiring. G ound
continuity shall be provided throughout the cable tray system Cable
trays shall be designed using conservative judgnment and space shall be
dedicated in the distribution channels assigned to electrical services
for future cable trays. See Section 13: Fire Protection for plenum
rated cabl e requirenents.

19.4.4.5 Conmmmuni cati ons Systens Distribution. Cable trays shall be
used to distribute comruni cati ons systens wiring. Gound continuity
shal | be provided throughout the cable tray system Cable trays shal
be desi gned using conservative judgnent and space shall be dedicated in
the distribution channels assigned to conmuni cations services for
future cable trays. See Section 13: Fire Protection for plenumrated
cabl e requirements.

19.4.4.6 Identification. Coded identification of electrical conduit
runs by voltage and function shall be provided. GCircuit identification
for electrical wiring and systemidentification for comunications
wiring shall also be provided.

19.4.4.7 Lighting. Fifty lux (five foot-candles) of |ighting shal
be provided throughout the distribution zone. One hundred fifty | ux
(fifteen foot-candles) shall be provided over access aisles, using
damage-resistant lighting fixtures. Egress lighting and exit signs
shall al so be provided over access aisles and at distribution zone
exits. Switches shall be provided at each distribution zone entry and
exit. Providing all switches with timers to turn off distribution zone
lighting after a certain tinme interval should be considered.

19.4.4.8 Power. A pattern of electrical outlets shall be provided
in the distribution zone for portable tools and extension cords.

19.4.4.9 Tel ephones. A pattern of tel ephone outlets shall be
provided in the distribution zone for portable tel ephones. Tel ephone
outlets | ocated adjacent to maintainabl e equi pnent shoul d be
consi der ed.

19.4.5 Systens Module Fire Protection Requirenents. Refer to
Section 13: Fire Protection for fire protection requirements.

19.4.6 Systens Modul e Construction Tine and Cost Considerations.
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19.4.6.1 Construction Tine. Construction tine for a Systens Mdul e
buil di ng can be less than for a conventional building. Wth a wal k-on
deck, trades can work concurrently in the occupied zone and the

di stribution zone rather than in sequence as in a conventiona
building. The nmajority of the work in the distribution zone can be
performed in a confortable standing position on the wal k-on deck
instead of froma ladder as in a conventional building. Repetition by
nodul ar desi gn and standardi zati on of equi pment can al so reduce
construction time.
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FI GURE 19-3

19.4.6.2 Construction Cost. The initial construction cost for a
Systens Modul e buil ding can be greater than for a conventional building
due to the interstitial walk-on decks and increased buildi ng hei ght.

19.4.6.3 Maintenance Cost. The mai ntenance cost for a Systens Mdul e
buil di ng can be | ower than for a conventional building when
accessibility to utility systens in the distribution zone is assured by
observance of the IBS Systems Mdul e design concepts presented in this
section. Equipnent is nore easily accessed and workers are provided

wi th conveni ent power, comunications and lighting to facilitate

mai nt enance tasks. However, there will be sonme added mai nt enance cost
for the distribution zone, i.e., lighting, wal k-on deck and access
aisle repair, fireproofing repair or replacenment, etc.
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19.4.6.4 Flexibility for Mddification and Alteration. Mst nedica

and nedical research facilities undergo frequent and significant

nodi fication and alteration during their lifetinmes. |In a conventiona
bui | di ng, such changes nornally result in extensive utility disruption
for other areas due to the need to upgrade or nodify systens.

Typically, a Systens Mddul e buil ding nodification requires only changes
to distribution zone utility systenms and equi pnment serving the portion
of the occupied zone undergoi ng change, resulting in a sinplified work
effort and |l ess disruption to the ongoing building function. Systens
Modul e buil dings i nherently provide capacity for future expansion, |oad
grow h and nodi fication, often without requiring costly prinmary and

di stribution equi prent upgrades.

19.4.7 Systens Modul e Docunentation and Construction Consi derations.

19.4.7.1 Construction Docunentation. Draw ngs for Systens Modul e
bui l di ngs shall include plans and sections delineating utility

di stribution channels in each distribution zone sub-zone. Draw ngs
shal |l be coordinated with all disciplines. Interdisciplinary cross-
sections at critical locations, i.e., above operating roons, equiprent
roons, corridors, etc., shall be provided. Requirenents for

coordi nation of all disciplines prior to construction shall be included
in all pertinent specification sections.

19.4.7.2 Pre-Bid Conferences. To ensure that construction contractors
take the I BS Systens Modul e design concepts into account when preparing
bi ds, presentations of these concepts are recomended for pre-bid

conf erences conducted by the CGovernnent.

19.4.7.3 Pre-Construction Consideration. For a Systens Mdul e
construction project, a sanple distribution zone, at |east 93 nf (1000
ft?) in area, should be constructed at the project site. The sanple
shoul d i nclude a conpl ete wal k-on deck assenbly w th suspension
menbers. The sanple should al so include el enents of the utility
systens within the distribution zone. Construction of the sanple
shoul d be sufficiently in advance of building construction to all ow
time for necessary testing and approval. Various construction details
can al so be addressed and finalized with this sanple, i.e., tenporary
protection of the wal k-on deck during construction, proper support and
sealing of ducts and fire danpers at wal k-on deck penetrations, and
permanent fire sealing of the wal k-on deck to abutting walls and ot her
per manent structural elenments.
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