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Topics:

1. What Is serviceability?

2. Serviceabllity load and limit states

3. Serviceability in concrete, steel, wood
4. Serviceability lessons learned

5. Serviceabllity and Building codes. Where do
we go from here?




What Is structural failure?

When a structure can
no longer support the ™ =SS
loads imposed by the 72t
intended use of the | /
structure.

Photo credit: http://www.exponent.com/structural_failures/



What Is structural failure?

A significant reductiont |
in the quality of the .
space caused by the
movement or
deterioration of the
structural system.

Photo credit: http://www.chamberlinltd.com/



What is structural failure to a lab
technician?

The transient
vibrations in the floor
do not allow him to
complete necessary
experiments.

Photo credit: http://www.consumersafetyinstitute.org/



What Is structural failure to an
office building owner?

The floor deflections
result in unlevel floors,
which prevent the sale
or lease of the building
at a competitive price.



http://www.nachi.org/material-defects-for-home-inspectors.htm

What Is structural failure to an
apartment building owner?

The number and size
of cracks in the floors
and walls of the
apartment rooms
result in lower
occupancies and rent
collected.

Photo credit: http://www.diynetwork.com
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Service loads that may require
consideration:

* Temperature fluctuations

* Dynamic loads from human activities,
wind-induced effects, or the operation of
building service equipment.




3 Limit States Loads

1. Ultimate Loads
2. Nominal Loads
3. Service Loads
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Ultimate Loads

 Utilized for strength design in the IBC.

 Intended to be maximum loads imposed on
the structure during its life.

1.4(D +F) (Equation 16-1)
1.2(D+F) + 1.6(L+H) + IZZI.5|[.Lr or S or R) (Equation 16-2)
1.2(D + F) + 1.n‘5(.’_r or SorR) + 1.6H + (flf_ or 0.5W) (Equation 16-3)
1.2(D+ F) + 1.0W + f,L+1.6H+ U.S(Lr or S or R) (Equation 16-4)

1.2(D+ F) + 1.0E + fL+1.6H+ £,5 (Equation 16-5)



Nominal Loads

* Loads specified in Chapter 16 (except
wind and seismic)
— Live loads: Panel of experts
— Snow loads: 50-year mean recurrence interval

— Rain loads: Amount of rain water retained if
the primary drainage system fails
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Service Loads

* The service loads are those loads that act
on the structure at an arbitrary point in
time.

* Not defined or used in IBC.
« See ASCE 7-10, Appendix C Commentary

Appendix C
SERVICEABILITY CONSIDERATIONS

C. SERVICEABILITY CONSIDERATIONS

This appendix is not a mandatory part of the
standard but provides guidance for design for
serviceability in order to maintain the function of a
building and the comfort of its occupants during
normal usage. Serviceability limits (e.g., maximum
static deformations, accelerations, etc.) shall be
chosen with due regard to the intended function of
the structure.

Serviceability shall be checked using appropriate
loads for the limit state being considered.

discomfort or damage to the building, its appurte-
nances, or contents.

C.2 DESIGN FOR LONG-TERM DEFLECTION
Where required for acceptable building performance,
members and systems shall be designed to accommo-

date long-term irreversible deflections under sustained
load.

C.3 CAMBER

Special camber reauirements that are necessarv to
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Small Small
Probability of Probability of
Being Exceeded Being Exceeded
In 50 Years In 1 Year

Loads Act on
the Structure at
an Arbitrary
Point In Time
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Serviceability Considerations

1. Short Term:

— Vertical Deflections
— Drift of Walls and Frames
— Vibrations

2. Long-Term Deflections
3. Expansion and Contraction
4. Durability
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Load Combinations: Vertical
Deflections

For serviceability limit states involving short-term effects,
the suggested load combinations are:

D+L
D + 0.5S

For serviceability limit states involving creep, settlement, or
similar long-term effects, the suggested load combination
IS:

D+ 0.5L

** Dead Load “D” may be portion of dead load that occurs after attachment of
nonstructural elements. **



Deflection Limits: Vertical Deflections

Limiting values of deformations depend on the type of

structure, detailing, and intended use.

TABLE 1604.3 )
DEFLECTION LIMITS® b ¢ hvi
CONSTRUCTION L SorW' | D+ 49
Roof members:*®
Supporting plaster ceiling /360 | K360 | 4240
Supporting nonplaster ceiling 1240 | 1240 | 1180
Not supporting ceiling /180 | /180 | 4120
Floor members /360 — 11240
Exterior walls and interior partitions:

With brittle finishes — 1240 —
With flexible finishes — 120 —
Farm buildings — — 1180
Greenhouses — — 120

General:
D+L - L/240
L -> L/360

A
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Deflection Limits: Vertical Deflections

D+L: L/240

Except:

» Specific finishes may require alternate criteria

Ex: Members supporting marble, granite or ceramic
= L/720 guidelines (verify with manufacturer)

« Metal roofing
- L/60




Deflection Limits: Vertical Deflections

o Structural Steel or Joists, DL=0

Generally only the live load limits are of concern.

TABLE 1604.3 _
DEFLECTION LIMITS® B = hii

CONSTRUCTION L SorW'| D« (08
Eoof members:*
Supporting plaster ceiling 360 i360 i240
Su pporting nonplaster ceiling F240 i SR
Mot supparting ceiling M1EQ ) M0 | F1Z0
Floor members #3360 H240
Exterior walls and interior partitions:

With brittle finishes — 240 —
With NMexible finishes — 120 —
Farm buildings H180
Greenhouses — — H120

i. For wood structural members having a moisture content of less than 16 per-
cent al tinwe of installation and wsed under diy conditions, the defllection
resulting fromy £ + 0,500 i permiiied (o be substituted for ihe deflection
resulting from L+ 12

e. The above deflections do not ensure against ponding. Roofs that do not have
suflficient slope or camber o assure adequate drainage shall be imeestigated
for ponding. See Section 1611 for rain and ponding requirements and Sec-
ticm 1503.4 for roof drainage requirements.

f. Thewind load is permitted to be taken as 0.7 times the “component and clad-
ding” leads Fer the purposs of determining deflection limis herein

b, For alurminum stractural members or aluminum panels used in skylights and
sloped glazing framing, roals ar walls of sunroom additlons or patio covers,
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Deflection Limits: Vertical Deflections

S17-99
T1604.3

Proponent: Hank Martin, American Iron and Steel
Institute

Add a new footnote as follows:

TABLE 1604.3
DEFLECTION LIMITS **¢
CONSTRUCTION L SorW D+L™

! For steel structural members the dead load shall be
taken as zero.

Reason: This table is a combination of the requirements in the
National Building Code and the Uniform Building Code. Both the
National Building Code and the Standard Building Codes establish
deflection limits only under live load unless additional requirements
are placed on a specific material by its associated design standards.
The UBC establishes deflection limits under live load and dead load
by the application of the load combination of L + KD. Table 16-E in the
UBC establishes different K factors for wood, concrete and steel. The
K factor for steel structures is set at zero. We believe the Table in the
IBC has mistakenly added a requirement for steel structures that was
never intended. The addition of Footnote "I will bring the IBC back
into conformance with current practice. To our knowledge steel
structures have not nor are currently being designed to this more 21
stringent criteria



Deflection Limits: Vertical Deflections

D+L: L/240

« AISC design guide 3:
« Partitions butting into perimeter walls, or
« Spandrel panels are supported by floor framing.
- More restrictive limits may be appropriate to

mitigate non-structural damage to partitions and
window frames.

\ Steel Design Guide Series

e T FoRTYPCFWALL )y | | |
Low-RlseBuzldmgs oo (ag? | consus ot
LLE AND FRAMING INFO
1
e
Co ‘i
SR
|
L14GAR2 W (2 —
#10 TEK SCREWS T
TO STUD AT

(4) 0.145"0 PAFs ‘ ‘ i




Deflection Limits: Vertical Deflections

D+L: L/240

L/480 for concrete floors supporting brittle non-structural
elements.

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Ilizligil;ct)gfgenggfrll.l;)gpgét;)nyglgrrgaettggftrggitc?ngonstruciural elements Immediate deflection due to live load L ¢/180°
’izlig?;stonggsdus?rﬁgg;ndgb? |2trt§§ %%?I;%T?{;Jnnsstructural elements Immediate deflection due to live load L ¢/360
Roof or floor construction supporting or attached to nonstructural | That part of the total deflection occurring after attachment 0 /480+
elements likely to be damaged by large deflections of nonstructural elements (sum of the long-term _

Roof or floor construction supporting or attached to nonstructural | deflection due to all sustained loads and the immediate 212408
elements not likely to be damaged by large deflections deflection due to any additional live load)

*Limit not intended to safeguard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering long-term effects of all sustained loads, cambet, construction tolerances, and reliability of provisions for drainage.

TLong-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attachment
of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members similar to
those being considered.

Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.

SLimit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.
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Deflection Limits: Vertical Deflections

ROOFS: Live Load

Supporting plaster, Portland Cement stucco or gyp board ceilings
- L/360

Supporting other ceilings such as suspended ceilings

- L/240

No ceiling

—> L/180 for typical roofing

- L/150 for metal roofing

Concrete roofs supporting brittle non-structural elements

9 L/48O TABLE 1604.3 )
DEFLECTION LIMILS™ b o hi
CONSTRUCTION L Sor W' | D+ 129
Raaof members:”
Supporting plaster ceiling NGB0 WAG0 | K240
Suppﬂ[liug nonplaster ceiling 240 240 H1E0
Mot supporting ceiling JIRO|f FLBD | 120
Floor members HAG0 #2410
Exterior walls and interior partitions;
With briitle finishes — 240 —
With Mexible finishes — 120 —
Farm buildings i180

Greenhouses — — W12




Deflection Limits: Vertical Deflections

« Spandrels with bypass exterior wall:
- Live Load: L/360 but not more than 3/8”

TSN VERTICLIP SLBXXX W/ : (X) 0.145"@ PAFs (KNURLED),
(X) #12 TEK SCREWS. AT L | LOCATE PAFs IN HOLES IN CLIP.
JAMB PROVIDE 1 CLIP EA | HEAD OF PAF TO BE SEATED
SIDE OF JAMB PACK. )

|

|

|

| | FIRMLY AGAINST CLIP.
e |
— i T
= FOR SLAB
\Z540p/EDGE INFO

12" MAX
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Deflection Limits: Vertical Deflections

« Members supporting unreinforced masonry, brick or stucco:

- L/600
—> Consider added control joints to capture cracks.

 Members supporting reinforced masonry can be relaxed.
—> L/600 is often still used to limit cracking.

W= [X]KLF <‘;{>

FORTYP CF/ o i ! /" "\ FOR SLAB EDGE
STUD INFO o \25.407, AND FRAMING INFO
= :
i i | | % / ADHESIVE ANCHO

HORIZ STUD L
SUPPORT BY CFSF \L | : HAXCONT
CONTRACTOR :

[3!4"]

X

X o

I
X 1
. CAST-IN-PLACE POST-INSTALLED
. POST-INSTALLED DOWELS
DL = [X]KLF A NOT PERMITTED FOR
f x x CANTILEVERED PARTITIONS

= M KLF = ——
W = [X] KLF 26



Deflection Limits: Vertical Deflections

« Members supporting folding partitions should come from the
partition manufacturer.

FLUTES, TYP

(2) 1/2"@x3 1/2 EMBED EXP 6" MIN WHERE DECK
ANCHORS CENTERED ON \ /- PARALLEL TO BRACE

BETWEEN 30 & 60
DEGREES

5"
1

L4xdx1/4 @ 4-00C

COORD WITH
PARTITION
SUPPLIER

g
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Deflection Limits: Vertical Deflections

« Elevator sheave beams and members supporting sheave beams
- L/1666
« Elevator rails supports

- Maximum deflection of 1/8” (Laterally under horizontal rail
load)




Deflections/ Serviceabillity

General Serviceability/ Deflections References:

Ad Hoc Committee on Serviceability Research. (1986). “Structural serviceability: A critical appraisal and
research needs.” J. Struct. Engrg., 112(12), 2646—-2664.

Cooney, R. C., and King, A. B. (1988). “Serviceability criteria for buildings.” BRANZ Report SR14, Building
Research Association of New Zealand, Porirua, New Zealand.

Ellingwood, B. (1989). “Serviceability guidelines for steel structures.” Engineering J., 26(1), 1-8.
Freeman, S. A. (1977). “Racking tests of high-rise building partitions.” J. Struct. Div., 103(8), 1673—-1685.

Galambos, T. U., and Ellingwood, B. (1986). “Serviceability limit states: Deflection.” J. Struct. Engrg. 112(1),
67-84.

International Organization for Standardization (I1SO). (1977). “Bases for the design of structures—
Deformations of buildings at the serviceability limit states,” ISO 4356, International Organization for
Standardization.

National Building Code of Canada. (1990). Commentary A, serviceability criteria for deflections and
vibrations, National Research Council, Ottawa, Ontario.

West, Michael, and Fisher, James. (2003). Serviceability design considerations for steel buildings, second
ed., Steel Design Guide No. 3, American Institute of Steel Construction, Chicago.



Drift of Walls and Frames

Appendix C
SERVICEABILITY CONSIDERATIONS

C. SERVICEABILITY CONSIDERATIONS

This appendix is not a mandatory part of the
standard but provides guidance for design for
serviceability in order to maintain the function of a
building and the comfort of its occupants during
normal usage. Serviceability limits (e.g., maximum
static deformations, accelerations, ete.) shall be
chosen with due regard to the intended function of
the structure,

Serviceability shall be checked using appropriate
loads for the limit state being considered.

C.1 DEFLECTION, VIBRATION, AND DRIFT

C.L.1 Vertical Deflections

Deformations of floor and rool members and
systems due to service loads shall not impair the
serviceability of the structure.

C.1.2 Drift of Walls and Frames

Lateral deflection or drift of structures and
deformation of horizontal diaphragms and bracing
systems due to wind effects shall not impair the
serviceability of the structure.

C.1.3 Vibrations

Floor systems supporting large open areas free
of partitions or other sources of damping, where
vibration due to pedestrian traffic might be objection-
able, shall be designed with due regard for such
vibration.

Mechanical equipment that can produce ohjec-
tionable vibrations in any portion of an inhabited
structure shall be isolated to minimize the transmis-
sion of such vibrations to the stracture.

Building structural systems shall be designed so
that wind-induced vibrations do not cause occupant

discomfort or damage to the building, its appurte-
nances, or contents.

C.2 DESIGN FOR LONG-TERM DEFLECTION

Where required for acceptable building performance,

members and systems shall be designed to accommo-
date long-term irreversible deflections under sustained
load.

C.3 CAMBER

Special camber requirements that are necessary to
bring a loaded member into proper relations with the
work of other trades shall be set forth in the design
documents,

Beams detailed without specified camber shall be
positioned during erection so that any minor camber
is upward. If camber involves the erection of any
member under preload, this shall be noted in the
design documents.

C.4 EXPANSION AND CONTRACTION

Dimensional changes in a structure and its elements
due to variations in temperature, relative humidity, or
other effects shall not impair the serviceability of the
structure.

Provision shall be made either 1o control crack
widths or to limit cracking by providing relief joints.

C.5 DURABILITY

Buildings and other structures shall be designed to
tolerate long-term environmental effects or shall be
protected against such effects.

Commentary Appendix C
SERVICEABILITY CONSIDERATIONS

CC. SERVICEABILITY CONSIDERATIONS

Serviceability limit states are conditions in which the
functions of a building or other structure are impaired
because ol local damage, deterioration, or deformation
of building components, or because of occupant
discomfort. Although safety generally is not an issue
with serviceability limirt states (one exception would
be for cladding that falls off a building due w0
excessive story drift under wind load), they nonethe-
less may have severe economic consequences, The
increasing use of the computer as a design tool, the
use of stronger (but not stiffer) construction materals,
the use of lighter architectural elements, and the
uncoupling of the nonstructural elements from the
structural frame may result in building systems that
are relatively flexible and lightly damped. Limit state
design emphasizes the fact that serviceabilily criteria
(as they always have been) are essential to ensure
functional performance and economy of design for
such building structural systems (Ad Hoc Committee
on Serviceability Research 1986, National Building
Code of Canada 1990, and West and Fisher 2003)

In general, serviceability is diminished by

1. Excessive deflections or rotation that may affect
the appearance, functional use, or drainage of the
structure or may cause damaging transfer of load to
nonload supporting elements and attachments;

2. Excessive vibrations produced by the activities of
building occupants, mechanical equipment, or the
wind, which may cause occupant discomfort or
malfunction of building service equipment; and

3. Deterioration, including weathering, corrosion,

rotting, and discoloration

In checking serviceability, the designer is advised
L ; 1o

PPNPPNRTI | !

a small probability of being exceeded in 50 years.)
Appropriate service loads for checking serviceability
limit states may be only a fraction of the nominal
loads.

The response of the structure to service loads
normally can be analyzed assuming linear elastic
behavior. However, members that accumulate residual
deformations under service loads may require exami-
nation with respect to this long-term behavior. Service
loads used in analyzing creep or other long-term
effects may not be the same as those used to analyze
elastic deflections or other short-term or reversible
structural behavior.

Serviceability limits depend on the function of
the building and on the perceptions of its occupants.
In contrast to the ultimate limit states, it is difficult 1o
specify general serviceability limits that are applicable
to all building structures. The serviceability limits
presented in Sections CC.1.1, CC.1.2, and CC.1.3
provide general guidance and have usually led
to acceptable performance in the past. However,
serviceability limits for a specific building should be
determined only after a careful analysis by the
engineer and architect of all functional and economic
requirements and constraints in conjunclion with the
building owner. It should be recognized that building
occupants are able to percelve structural deflections,
motion, cracking, and other signs of possible distress
at levels that are much lower than those that would
indicate that structural failure was impending. Such
signs of distress may be taken incorrectly as an
indication that the building is unsafe and diminish its
commercial value.

CC.1.1 Vertical Deflections

Excessive vertical deflections and misalignment
5 H H T 2 1l A i 1 1c




Drift of Walls and Frames

Use of the nominal (700-year mean recurrence
interval (MRI) or 1,700-year MRI) wind load in
checking serviceability is excessively conservative.
The following load combination, derived similarly to
Egs. CC-1a and CC-1b, can be used to check short-
term effects:

D+ 0.5L + W, (CC-3)

in which W, is wind load based on serviceability wind
speeds in Figs. CC-1 through CC-4. Some designers
have used a 10-year MRI (annual probability of 0.1)
for checking drift under wind loads for typical
buildings (Griffis 1993), whereas others have used a
50-year MRI (annual probability of 0.02) or a
100-year MRI (annual probability of 0.01) for more
drift-sensitive buildings. The selection of the MRI for
serviceability evaluation i1s a matter of engineering
judgment that should be exercised in consultation with
the building client.



Drift of Walls and Frames
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Drift of Walls and Frames
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rift of Walls and Frames

TABLE 1604.3
DEFLECTION LIMITS* b hi
CONSTRUCTION L E Sor W' D+ 158

Rool members:®

Supporting plaster or stuceo ceiling [1360 17360 1240

Supporting nonplaster ceiling 11240 11240 1180

Nol supporting ceiling {10 1180 120
Floor members 1360 —_ 11240
Exterior walls:

With plaster or stucco finishes — 17360 —

With other brittle finishes — 11240 —

With flexible finishes — 1120 —
Interior partitions:"

With plaster or stuceo finishes 11360 — —

‘With other brittle finishes 11240 — —

With fexible finishes 2o - —
Farm buildings — — 180
Gireenhouses — — 20

For 510 1 fool = 3048 mim.

. For structural roofing and siding made of formed metal sheets, the total load defection shall nod exceed (60, For secondary roofl structural members
supporting formed metal rooling, the live load deflection shall not exceed 77150, For secondary wall members supporting formed metal siding, the design
wind load deflection shall not exceed 7790, For roofs, this exception only applies when the metal sheets have no roof covering.

h. Flexible, folding and portable partitions are nol governed by the provisions of this section. The deflection crilerion for interior partitions is based on the
horizontal load delined in Section 1607.14.

c. See Section 2403 for glass supporls.

. The dellection limil Tor the 4L load combination only applies to the deflection due to the creep component of long-term dead load deflection plus the shorl-

term live load deflection. For wood structural members that are dry at lime of installation and used under dry conditions in accordance with the AWC NDS,

the creep component of the long-lerm deflection shall be permitted o be estimated as the immediate dead losd deflection resulting from 0.5, For wood
siructural members at all other moisture conditions, the creep compaonent of the long-term deflection is permitied to be estimated as the immediate dead load
deflection resulting from 12 The value of 0.5/ shall nol be used in combination with AWC NDS provisions for long-term loading,

The ahow_ deflections do not ensure against ponding. Roofs that do not have sufficient ﬁlt)pL of camber 1o ensure adequate drainage shall be investigated for

h 611 Tor rain and pondin uirements and Section 1503 4 for roof drainage requirements.

L The wmd ]imd is permitied to be taken as (0,42 times the “component and cladding™ loads for the purpose of determining deflection limits herein, Where

members supporl glass in accordance with Section 2403 using the deflection limil therein, the wind load shall be no less than 0.6 times the “component and
cladding™ loads for the purpose of determining dellection.

(=%

.“-

. For steel structural members, the dead load shall be taken as zero.
For aluminum structural members or aluminum panels used in skylights and sloped glazing framing, rools or walls of sunroom additions or pao covers not
supporling edge of glass or aluminum sandwich panels, the fotal kil deflection shall not exceed /160, For continuous aluminum structuyl IIIl.'II'Il‘I:r\
supporling edge of glass, the total load deflection shall not exceed 17175 Tor each glass lile or /760 Tor the entire length of the member, whicheWr is
siringent, For aluminum sandwich panels used in rools or walls of sunroom additions or patio covers, the tolal load deflection shall nol exceed 1/1
i. For cantilever members, { shall be taken as iwice the length of the cantilever.

_:r(rc

“Wind load
0.42 C&C
for
deflection”




Drift of Walls and Frames

115 mph, Exposure C, Ht= 80 ft, Risk Category Il, Zone 4

ASCE 7-10x0.42 Serviceability Maps:

P=Punie(EAF)(RF)K,, = (0.97)(37.5psf) = 36.4 psf 10-year: 36.4 psf (76/115)°=15.9 psf
25-year: 36.4 psf (84/115)%= 19.4 psf

W=.42x36.4=15.3 psf 50-year: 36.4 psf (90/115)%= 22.3 psf
100-year: 36.4 psf (96/115)%= 25.4 psf

Al 504.3
DEFLECTION LIMITS*> =~

CONSTRUGTION L | Sorw’ | Dy 1%
Roof members:” | |
Supporting plaster or stucco ceiling 360 1360 240
Supporting nonplaster ceiling 240 240 1180
Not supporting ceiling F180 1180 2o
Floor members 1360 —_ 1240
Exterior walls and Interior partitions: s - B
With plaster or stucca finishes — 1360 - B L
With other brittle finishes - 240 -
With flexible finishes = fity - b
— — 7180 J 1k 3
— — Ti20 L

Far SE: 1 foot = 3048 .

a. For struetural roofing and sidiag mde of formed metal sheets, the total load deflection shall not excoed 560, Far secandary roof structural members
suppoeting formed metal roofing, the ive laad deflection shall ot exceed #150. For secondary wall members supparing forméd metal siding, the design
wind load deflection shall not exceed #90. For roafs, this exception only applies when the metal sheets fave no reof covering,

b. Interiar pastitions not exceeding f fout In helght and flexible, folding and poriable partitions are nat governe by the provisiors of this section. The deflection
criterion for interior partitions is based on the horizontal load defined in Section 1607.14.

. See Section 2403 for glass supports.

d For nembers having a s han 15 percent i im of i e e Gy coniios, th flecon euing =
from .+ 0.3 e D Tl

. Thw above deffcions o o ensre gt pnding, Rowfs te sonoihave e siope or cambe o ssure adeqse dainage shall b investigated for |
ponding. See Section 1611 for 15034 for roof

. ‘T wind Ioad I peemies to be: taken as 0,42 tmes the “camponent o cladding.” loads for the purpase of determining deflection limits berein,

& For sl structural members, the dead load shall be token as zeso

. For aluminum structural merbers or aluminum panels used I skyllghts and sloged glazing framing, roafs or walls of sunroom additions o patio covess, ol
supporting edge of glass or alumimum sandwich panels, the total lood deflection shall not exceed 060, For continuous aluminum sinuctural members
supparting e of gliss, the total load deflection shall nod exceed FLT for each glass lte or F60 For the entire Jenpth of the member, whichever is more
siringeni. For aluminum sandwich paneks wsed in roafs or walls of sunraoim additions. or gati covers, the total losd deflection shall not exceed 120,

1. For canti embers, {shall be lok the




Deflection Limits: Drift

* Drift imits In common usage for building
are on the order of 1/600 to 1/400 of the
building or story height.

* An absolute limit on story drift may also be
needed due to reduce damage
(nonstructural partitions, cladding, and
glazing) which may occur if the story drift
exceeds 3/8 In.
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Deflection Limits: Drift

 Density reduction for wind?

27.3.2 Velocity Pressure
Velocity pressure, ¢., evaluated at height 7 shall
be calculated by the following equation:

_ The mass density of air

will vary as a function of altitude, latitude, tempera-

g: = [}_[‘H‘_lljf;j;’_j;’__rﬁdlr': (bt (27.3-1) ture, weather, and season. Average and extreme
values of air density are given in Table C27.3-2.

« Use of | = 1.0 for components and cladding
deflections even when building | > 1.0

- Deflection limits are generally not a life safety
ISsue.



Deflection Limits: Drift

Members supporting anchored veneer
- L/600 (BIA TEK note 28B).

Do not reduce to 0.42W based on BIA recommendations.=z; | ;
Members supporting Portland cement or Gypsum Stucco
- L/600

Members supporting adhered veneer, synthetic (flexible)
stucco/EFIS, gyp board and tile

- L/360.
Members supporting metal wall panels
- L/180
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Deflection Limits: Drift

Wind Serviceability Resources:

ASCE Task Committee on Drift Control of Steel Building
Structures. (1988). “Wind drift design of steel-framed buildings:
State-of-the-art report.” J. Struct. Engrg., 114(9), 2085—-2108.

Griffis, L. G. (1993). “Serviceability limit states under wind load.”
Engineering J., 30(1), 1-16.

Tallin, A. G., and Ellingwood, B. (1984). “Serviceability limit
states: Wind induced vibrations.” J. Struct. Engrg., 110(10),
2424-2437.
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Vibration

* In recent years vibration complaints have

Increased.
 Traditional static deflection
checks do not cover vibration

concerns.

ACEMENT, Inches

DISPL

01000 ——

1 10
FREQUENCY, Hz



Vibration

VIBRATION
PERCEPTION

Transient




Vibration

« Human activity imparts dynamic
forces at frequencies of 2-6 Hz.

« If the fundamental frequency of the
floor matches this range

resonance may occur. Csimatod Loading Do i Evrts
Forcing Puﬂw:::rtr;[ o Dynamic Dynn:;l:PLn-d
Activity I'Q?:'B:ncv KkPa pst wmw kPa pst
 The natural frequency of structure feeee 1 | | [ [ .. | . |
should be at least 2x the frequency sz,
of excitation. Seodiet | 05 4 Lo L on lem s ]

- Tune the system away from this range. | e memn o ofecoms o hecupe e o tefororommony econers




Vibration

Increase Stiffness: Minimize vibrations by controlling the deflection
(independent of span).

_ T |Eb . _z |E

Fundamental frequency ° 212\ p ° T 27\ w/g

) 5wl *

. 5wl * 5w YY)
Deflection & = — El = ¢ _ 7 13845 _ 18

Limit the deflection to an absolute
value rather than a fraction of the
span (L/X)
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Vibration

Human activity: Assume 4 Hz
Floor system to be 2 times excitation frequency
Prefer a floor system with a frequency greater than 8 Hz.

- The static deflection due to uniform load must be limited to about 0.20 in. if
the frequency of the floor system is to be kept above 8 Hz.
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Vibration

Vibration References:
Allen, D. E. (1990a). “Floor vibrations from aerobics.” Can. J. Civ. Engrg., 19(4), 771-779.
Allen, D. E. (1990b). “Building vibrations from human activities.” Concrete Int., 12(6), 66—73.

Allen, D. E., and Murray, T. M. (1993). “Design criterion for vibrations due to walking.” Engineering J., 30(4),
117-129.

Allen, D. E., and Rainer, J. H. (1976). “Vibration criteria for long-span floors.” Can. J. Civ. Engrg., 3(2), 165—
173.

Allen, D. E., Rainer, J. H., and Pernica, G. (1985). “Vibration criteria for assembly occupancies.” Can. J. Civ.
Engrg., 12(3), 617-623.

American National Standards Institute (ANSI). (1983). Guide to the evaluation of human exposure to
vibration in buildings, ANSI S3.29-1983, American National Standards Institute, New York.

Bachmann, H., and Ammann, W. (1987). “Vibrations in structures.” Structural Engineering, Doc. 3e,
International Association for Bridge and Structural Engineering, Zurich, Switzerland.

Ellingwood, B., and Tallin, A. (1984). Structural serviceability: Floor vibrations.” J. Struct. Engrg., 110(2),
401-418.

Murray, T. (1991). “Building floor vibrations.” Engineering J., 28(3), 102-109.
Ohlsson, S. (1988). “Ten years of floor vibration research—A review of aspects and some results.”

Proceedings, Symposium on Serviceability of Buildings, National Research Council of Canada, Ottawa, 435—
450.



Long Term Deflection

« Under sustained loads, structural members may
experience time-dependent deformations due to

creep.
« Use a multiplier on immediate deflections.

— Provided in material standards (1.5 to 2.0.)
— Use load combination D + 0.5L




Expansion and Contraction

Designs should consider dimensional changes due to
expansion or contraction.

Provide for such effects through relief joints or controlling
crack widths.

Restraint of thermal, shrinkage, prestressing.




Durability

« Buildings may deteriorate in certain service environments.
« May be visible upon inspection (weathering, corrosion,
staining) or may be undetectable visually.

« Designer should provide a specific amount of damage
tolerance in design or specify adequate protection system or

planned maintenance.




IMPOSED
LOAD

PREDICTED
BEHAVIOR
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Concrete: Immediate Deflections

Two Options (One-Way, Non-Prestressed): TABLE 9.5(a) — MINIMUM THICKNESS OF

1) Minimum thickness from table

2) Calculate deflections per equations.

M., 3 M. 3
o= (32) ,'g+[1 (&) ch, (9-8)
a a
where
f.l
M, = 4 (9-9)
Vi
and

f,=7.54 [f] (9-10)

NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous | continuous | Cantilever
R
Load Stage #1 & Mo _
A L Momert \—M ]
E First crack —
Load Stage #2 4 2/_{fc-rms v
a e
A QO Moment 0
S
P ?.ddiiionul cracks )
orm where -
Lood Stage #3 ¢ 3/‘{I'.lcu exceeds Mor TN -
= i crocks \
| 2y l —
A

LMJ L Moment
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Concrete: Creep and Shrinkage

* Time Effects: Creep and shrinkage

HH—+—+—+—1+ }
0136 12 18 24 30 36 48 60
Duration of load, months
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Concrete: Lateral Drift

« Section 10.10.4: Elastic second order analysis related to drift
— Problem: “EI" for strength design (assume cracked sections)
— Very conservative for wind drift

10.10.4.1 — It shall be permitted to use the following
properties for the members in the structure:

(a) Modulus of elasticity...................... E_. from 8.5.1
(b) Moments of inertia, [
Compression members:

COlUMNS et 0.7ﬂlg
Walls—Uncracked ..........ccoooeiviiiiian. 0.7OJ'g
—Cracked......ccccoeeiiiiiiiiiiie O.SSJ‘g

Flexural members:
Beams ... O.SSJ‘g
Flat plates and flat slabs............................ 0.25/,
(C) AT AL 1.04,

« Unless a more accurate estimate of the degree of cracking at
service load level is available, it is satisfactory to use 1= 1.43l.



Steel

Rolled structural steel

Open-web joists \%j

Composite steel

Fabricated trusses

Cold-formed steel

N
e
e S
I
<
ey
4
A
I

53



Steel: Non-Composite

Deflection
Vibration
No significant time effects

Assumed to act elastically at service
level
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Steel: Composite

« Similar to non-composite design

« Camber: Counteract deflections due to self-weight of
structure

» AISC 360 Section L.3: "additional
deflections due to shrinkage and creep of
the concrete should be considered.”

« AISC 360 Commentary L3.2: “in the US
shrinkage and creep of the concrete flange
IS generally not considered.”
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N (0MPO
Steel: Composite CONSTRUCTON

DESIGN
FOR

BUILDINGS

* Long-term deflection due to shrinkage
significant? - L/1200 to L/1000. e e

« Simplified method of predicting additional
deflection due to beam shrinkage by modeling

shrinkage strain as a compressive force in the
slab.

» Suggestion: Long-term deflections due to creep/
shrinkage are usually small and can be ignored.

— Consideration for long spans, high sustained loads, high
composite action. 56




Steel: "Pinned” Connections

o At ultimate levels,
bolted connections
behave as pinned.

« At service levels,
bolted connections In
WEF framing provides
restraint to reduce
deflections up to 80%
of a pin-connection.

SHOP WELDED/FIELD BOLTED CONN _ SHOP & FIELD BOLTED CONN

COLUMN WEB OR x\\
FLANGE

DOUBLE ANGLEOR +—__| !
END PLATE
'\ @

T/ZMIN
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Open-Web Jolists

* Vibration: High stiffness to mass ratio
— See SJI, AISC references
* Deflection
— Connection flexibility: Pinned s
— Camber . | |
A
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Open-Web Joists: Deflection:
Camber

« Supplied with standard camber unless
otherwise specified.

« Camber is related to the dead load deflections

based on the capacity of the joist. _
» Uniform depth joists?
* Heavy live loads?




Wood

[WEB STIFFENER EA
FACE, TYP]

 Natural Wood

ER] EA

« Engineered Wood :

IMPSON [XXX]
HANGER

[3/4"] ANCH BOLT @ [X",

» Compatibility of Wood with == \
Other Systems I %@; I \

CONTINUOUS (2) 24X]
PLATE W/ (2) 10d @ X"




Natural Wood

* Wood Is not isotropic and not stable over
time
— Shrinkage and creep depend on moisture
content and drying of material

 Typical creep about equal to initial deflection
— NDS increase short term deflections to

account for creep /// ’
g //

\\

A=K A_+A ,f, =
= 1.5 for seasoned lumber, structural glued /
!ar.'mnated timber, prefabrlcafted wood |- = 2.0 for unseasoned lumber or for seasoned 1
joists, or structural composite lumber used . . L
lumber used inwet service conditions as 61

indry service conditions as defined in 4.1.4,

5.5, 7.1.4, and 8.1.4, respectively. defined in 4.1.4.



Natural Wood “

Y
4

!

* IBC 2304.3.3: Prescriptive
requirements to limit differential
shrinkage.

2304.3.3 Shrinkage. Wood walls and bearing partitions
shall not support more than two floors and a roof unless an g
analysis satisfactory to the building official shows that o
shrinkage of the wood framing will not have adverse effects
on the structure or any plumbing, electrical or mechanical
systems, or other equipment installed therein due to exces-
sive shrinkage or differential movements caused by shrink-
age. The analysis shall also show that the roof drainage
system and the foregoing systems or equipment will not be
adversely affected or, as an alternate, such systems shall be
designed to accommodate the differential shrinkage or .

3

&

AN NN H L

AN RS AN TN

I7

=
-
-

movements.

TMH.  GRADE




Natural Wood

* Wood Trusses: Time dependent effect- “set”.
— EXxperience, engineering judgment
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Engineered Wood

* Glulams, parallams, LVLs, plywood, I-
Joists, composite lumber, wood panels.

Serviceability design: See product data along with engineering judgment.
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. Adjacent wood walls of varying

Compatibility of Wood and
Other Systems

. Wood floor/ roof in parallel

with steel.
Load bearing wood walls

adjacent to CMU/ concrete
walls.

Load bearing wood walls
adjacent to steel columns.

height due to basement walls.




Commonly Missed Serviceability Issues

GUIDE TO THE DESIGN OF BUILDING
SYSTEMS FOR SERVICEABILITY
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Commonly Missed Serviceability Issues
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Commonly Missed Serviceability Issues

® 400"

@
L BEAM IS SUPPORTED
5 . BY INVERTED K BRACE
3 5=00"
OPEN LOBBY
®

FLOOR PLAN
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Poll:

Should the building code include a
more thorough treatment of
serviceability?

- Yes
-NoO
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“Why should the bui

ding code NOT

include a more thorough treatment of
serviceability.”
Serv




Questions?



Summary

Serviceabllity considerations vary by building type,
construction material, client, usage, analysis method.

—> Discuss early with client, PM/ PIC

Many of the serviceabillity requirements are in material
standards and/or design guides.

Serviceability is only partially addressed in the building
code, and the direction of
SEFINED serviceability requirements in the
LIMIT code is evolving.

IMPOSED PREDICTED Emlly GU9|ie|m0
o PEnATIOR eguglielmo@martinmartin.com
415-814-0030



