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Section 5: STRUCTURAL DESI GN

5.1 Ceneral. This Section provides criteria for the selection
anal ysi s, and design of structural systen(s) and naterials to be used for
mlitary health care facilities. Additional criteria relating to seismc
design is provided in Section 6, Seismc Design, of this MIlitary Handbook

5.2 Design Criteria. Structural design for mlitary health care
facilities shall be in accordance with references A through F. Structural
mat eri al design considerations shall be in accordance with references G

t hrough L.

5.3 Desi gn Loadi ngs. Unl ess otherw se indicated herein, the mninum
design loadings for nmilitary health care facilities shall be in accordance
with ASCE 7-95 (reference AA).

5.3.1 Fl oor live | oads shall be as given in Appendix A Roof |ive |oads
ot her than snow | oads which are addressed bel ow, shall be in accordance with
ASCE 7-95 (reference AA). The live load factors to be used in | oad

conbi nati ons nust include dead, wi nd, seismc, etc.

5.3.2 W nd Loads. Determine basic wind speeds fromthe tables in TI
809-01 (reference A), unless a site-specific study of local records indicates
a higher value should be used. The tables are based on a wind speed with a
recurrence interval of 50-years, an Exposure C condition (open terrain with
scattered obstructions having heights generally |less than 30 feet), and a 3-
second gust 33-feet above the ground. Using these basic w nd speeds, use ASCE
7-95 (reference AA) procedures to deternine the design wi nd pressure | oading.
Desi gn basic wind speeds will nornmally be based on "Exposure C' conditions;
exceptions are allowed where it can be clearly established that |esser |oads
associ ated with "Exposure B" conditions (towns, city outskirts, wooded areas
and rolling terrain), or where greater |oads associated with a coasta
waterfront site, are applicable. G ve appropriate consideration to unusua
channeling, lifting, or gusting effects frompronmontory nmountain, hill, or
val | ey exposures. Do not use "Exposure A" conditions for pernanent mlitary
health facilities.

5.3.3 Snow Loads. Determine ground snow | oads fromthe tables in TI
809-01 (reference A), unless a site-specific study of local records indicates
a higher value should be used. |If a building location is not in the

referenced tables, the ground snow |l oad map in ASCE 7-95 (reference AA) may be
used. Use ASCE 7-95 procedures to determ ne the design roof snow | oads,
including drifting, sliding, etc.

5.3. 4 Sei smi ¢ Loads. Requirenents for seisnic design are contained at
Section 6 of this MIlitary Handbook

5.3.5 Load Combi nations. The basic design | oadings shall be considered
to act in union in the strength design conbinations given in ASCE 7-95
(reference AA). Use the conbinati on or conbi nations of |oadings that produce
the greatest overall |oading and the nost unfavorable effects on the building

or its structural conponents as the basis of design

5.3.6 Frost Penetration. Deternine the m nimum design depth of buil ding
foundati on bel ow fini shed grade using the tables and procedures in TI 809-01
(reference A).
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5.4 Site Conditions & Soils Investigations. Soil Investigation
Program Conduct soil investigations in accordance with TM 5-818-1 (reference
R). If arctic or sub-arctic construction conditions are present at the site,
the programw || address the provisions for building foundati ons contained in
TM 5-852-1 (reference S) and TM 5-852-4 (reference T), respectively.

5.4.1 Seism c Ceologic Site Hazards. Seismc geologic site hazards

i nclude surface fault rupture, soil liquefaction, soil differential conpaction
(or settlenent), landsliding, and flooding. Use Tl 809-04 (reference D) to
define requirenents for seismc hazard screening.

5.4.2 Site-Specific Seismc Gound Mtion Study. Use TI 809-04 (reference
D) to deternine when a site-specific seismc ground notion study is required,
and the required scope of the study. Retain a qualified geotechnical seismc
ground notion specialist to conduct these site-specific studies. Conplete the
study during the early prelimnary stage of the soil investigation program so
the results will be available during the structural system selection process.

5.5 Addi tional Design Considerations. Several aspects of structura
design typically associated with nedical facilities are addressed below. It is
essential that structural design considerations enter into the earliest stages
of concept planning and design, to assure conpatibility with nedical function
and the building architectural and equi pnent features.

5.5.1 Open Area Concept. Provide colum-free functional areas as
appropriate. Long-span structural construction usually increases functiona
area openness and flexibility. Al though exceptionally |ong spans or speci al
| ong span structural techniques are generally nmore costly (in terns of first
cost), designers should give consideration to the life cycle cost benefits
provi ded by the additional flexibility.

5.5.2 Acoustical Design Considerations. Noise attenuation is an

i mportant consideration in the structural design of health care facilities.
Structural elenents can be both transmitters and attenuators of sound, and
t herefore nmust be considered into the acoustical design of each project.
Refer to Section 23 of this MIlitary Handbook for additional information.

5.5.3 Vi bration. The vibration response of the structure requires
special consideration. Vibration factors qualify the geonmetry of the building
and affect its lateral |oad resistance. Designs nmust consider the vibration
potentials of floor and roof framing and floor systens, and the overal
structure, to assure adequate isolation and danpi ng of vibrations produced by
HVAC equi pnent, energency generators, elevator equi pnent, and ot her nachinery
and equipnent. |In addition to assuring a living environnent free from

di stracting or annoying vibrations, designers nust be aware of the

requi renents of vibration sensitive equipnent, such as anal ytic scal es,

optical equipnent, electronic equipnent and X-ray nachi nes.

5.6 Sei smi ¢ Design Considerations. Building configuration plays an

i mportant role in the performance of the structure when subjected to seisnic
ground notion. For this reason, seismc considerations may require limts on
t he height and configuration of some structural systemtypes. Optimal seisnic
resi stance and performance is obtained with a symmetrically configured
structural fram ng system A systemwith a synmmetric and unifornly
distributed placenment of frames, shear walls, braced frames and wall openings
will be nore effective and efficient in resisting lateral forces and, nore
importantly, in reducing horizontal torsional nmonments. For these reasons,
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buil ding structural systems with irregular shapes (L, U, T, E, H or cross),
set backs, or other unusual features will be avoided. |If these building |ayout
shapes nust be used, the structural systemw || be divided by expansion
(seisnic) joints into regular rectangular (plan view) shapes.

5.7 Structural System Type.

5.7.1 Ductil e nonent-resisting space fram ng systens are adequate, but
the large floor-to-fl oor heights and | ong spans necessary in sone nodern
health facilities nay make adequate drift control difficult and expensive.

5.7.2 Pure shear wall box systens provide excellent seismc resistance
but are generally restrictive and inflexible froma planning point of view

5.7.3 Braced franes, both concentric and eccentric, provide good
strength and drift control characteristics. They are nore restrictive froma
future planning perspective than nonent franmes, however, since the frames can
be strategically placed to |l essen the restrictions, they can be significantly
| ess restrictive than shear wall box systens.

5.7.4 Dual bracing systens, conbining conplete nonment-resisting frane
systemw th shear walls, or braced franes have good drift control
characteristics. Space franes offer stiffness and tie the buil ding together
I ndi vi dual space franme nmenbers nust resist at |east 25 percent of the
required lateral load. Shear walls or braced franes nust resist 100 percent
of the lateral load. Resistant frames nust resist forces based on their
relative stiffness and nust satisfy deformation conpatibility requirenments.

5.8 Seismic Structural System Considerations.

5.8.1 Ceneral . Al'l health care facility buildings nust have a
conplete lateral force resisting structural systemthat provides a continuous
and direct load path with nenbers and connections that possess the strength
and ductility to transnmt seismc forces to the foundation. This structura
system shall be capabl e of withstandi ng design earthquake ground notions
while, (1) remaining within prescribed limts of strength, (2) naintaining
deformation limts, and (3) providing adequate energy di ssipation capacity.

5.8.2 I nnovative Systens. Both base isolation and passive energy

di ssipation are considered to be innovative seismc force resistant structura
systens. Innovative systens shall be considered for nmajor health care
facilities in high seismc risk areas, where the design spectral response
accel eration at short periods (Sps) is equal to or greater than 0.50. The
specific types of base isolation systens that are considered for use in health
care facilities nust have been researched, tested and proven to be acceptable,
based on sound engi neering principles and experience. Base isolation

materials nust be durable, i.e., have mnor aging and tenperature effects and
have reliable, long term perfornance characteristics Sel ection considerations
shall include a life-cycle cost conparison between a conventional, fixed base

system and the base isolation system |f a base isolation systemis proposed,
it nust be subnmitted to HQUSACE, CEMP-E for approval along with data
supporting and justifying the selection

5.8.2.1 The designs of innovative systens are often specific to the
device, which may be a proprietary item The entire design, including the
choi ce of device and the detailing of the entire structural system shall be
conpl eted by the building designer. The conpletion of the design of the
structural systemshall be extended to the construction contractor by the use
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of a performance specification. |If the design becones proprietary, this shal
be i mediately reported to the Design Agent’s Project nanager. Also, the
types of tests needed to evaluate the specified perfornmance of these devices
are often specific to the type of device. The A-E shall include in design
docunents the requirenents for performance tests that are appropriate for the
actual device(s) provided for by the design.

5.8.2.2 Certain nonstructural systens, services, and will be required for
the post-earthquake |ife-safety or operational perfornance |evels of the
health care facility, as addressed at Section 6 of this MIlitary Handbook
The structural design of the restraints and anchorages of these inportant
nonstructural elenments is an integral part of the structural design of the
facility.
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STRUCTURAL M LI TARY DESI GN CRI TERI A AND GUI DANCE
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T™M 5-818-1

TM 5-852-1

TM 5-852-4

Docunent Title

Load Assunptions For Buil dings
Structural Design Criteria for Buil dings

Structural Design Criteria For Structures O her
Than Bui | di ngs

Sei sm ¢ Design For Buil dings

Sei smi ¢ Evaluation and Rehabilitation For
Bui | di ngs

Masonry Structural Design For Buil di ngs
Desi gn O Load-bearing Col d-Forned Steel Systens
Wel di ng- Design Procedures And | nspections

Concrete Floor Slabs On Grades Subjected To Heavy
Loads

Desi gn And Construction O Reinforced R bbed Mat
Sl abs

Structural Considerations For Metal Roofing
Met al Buil di ng Systens

Sei sm ¢ Screeni ng And Eval uati on Procedures For
Exi sting MIlitary Buil dings

Conmentary On Snow Loads
Sel ection Considerations For Roofing Systens

Soil's and Geol ogy Procedures for Foundation
Desi gn of Buildings and Ot her Structures (Except
Hydraul i ¢ Structures)

Arctic and Sub-arctic Construction Genera
Provi si ons

Arctic and Sub-arctic Construction: Foundations
for Structures
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STRUCTURAL NON-M LI TARY DESI GN CRI TERI A AND GUI DANCE

Non-
Mlitary
Criteria
Docunent

ASCE 7-95

FEMA 302

FEVA 273

Docunment Title

M ni mum Desi gn Loads for Buil dings and O her
Structures

NEHRP Recommended Provisions for Seismc
Regul ations for New Buil di ngs and Ot her Structures,
February 1998

NEHRP Gui delines for the Seismc Rehabilitation of
Bui | di ngs, October 1997
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STRUCTURAL NATERI ALS APPLI CABLE CRI TERI A

Ref er ence Materi al s Codes or Specifications

BA Al um num The Al um num Associ ati on (AA),
“Speci fications for Al um num Structures”

BB Concrete Anerican Concrete Institute (AC),
“Bui | di ng Code Requirenents for Structural
Concrete”

BC Masonry ACl, Building Code Requirenents for
Masonry Structures

BD Prestressed Prestressed Concrete Institute (PCl),

Concrete Manual s
BE St eel
BF St eel Steel Joists Institute (SJI), “Standard
Joi sts Speci fications and Load Tabl es, Open Wb

Steel Joists and Longspan Steel Joists,”
and simlar publications covering deep
| ongspan steel joists.

BG St eel , Anerican lron and Steel Institute (Al SI),
Li ght “Specifications for the Design of Cold-
Gage Forned Steel Structural Menbers”

Steel Deck Institute, Design Manual and
Di aphragm Desi gn Manual

BH Wel di ng Aneri can Wel di ng Soci ety (AWS) Codes,
St andards and Specifications

BI Wbod Anerican Society of Cvil Engineers
(ASCE), “Standard for Load Resistance
Factor Design (LRFD) for Engi neered Wod
Construction”, ASCE-16
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