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US Building Code Requirements for Vibration

Barely discussed in IBC, NDS, etc.
ASCE 7 Commentary Appendix C has some discussion, no metrics



US Building Code Requirements for Deflection

Deflection performance does not necessarily equal vibration performance

TABLE 1604.3
DEFLECTION LIMITS™ B. ¢ hd

CONSTRUCTION L Sorw' D +4L% 0
Roof members:®
Supporting plaster or stucco celling {380 {1360 /240
Supporting nonplaster ceiling {1240 1240 /180
Not supporting ceiling /180 1180 17120
Floor members 17360 - /240
Exterior walls and Intancr pariions.
With plaster or stucco finishes - 11360 -
With other brittle finishes — /240 -
With flexible finishes - 120 -
Farm buiidings - - 11180
Greenhouses - - /120




Systems View of Vibration
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Framing Materials Properties for Vibration [/A

Material Floor Weight Damping Material Material Mass Example Floor
(psf) Stiffness (pcf) System

(108 psi)

Concrete 100-150 120-150

2-way slab on

columns
Steel 50-100 0.5-5% 30 490 Concrete on

metal deck on
purlins and

girders
Mass Timber 15-65 1-5% 1.2-1.8 30-40 Beam or wall

supported

panels
Wood Frame 10-40 2-12% 1.2-2.0 30-40 Wall supported

joists or trusses




Vibration Design Methods

Empirical Slmpllfled FEM/ModaI

A < L/360 for floor live load IBC code limit on floor deflection

Wood Frame

/Joists:

A <L/360 for L< 15 ft
A<0.5” forL=>15ft
Woeste and Dolan

Trusses: Beyond Code: Preventing Floor Vibration.
A < 1/480 with strong—back5/ 1998, Journal of Light Construction




Vibration Design Methods

Rules of Thumb Empirical Simplified FEM/Modal

Methods Analytical Superposition 4

Wood Frame

f, 2 14 Hz for occupied (e.g. furnished) floors
f, 2 15 Hz for unoccupied floors

Dolan, Murray, et al.
Preventing Annoying Wood Floor Vibration
1999, Journal of Structural Engineering

{Proprietary rating systems from Joist Manufacturers }




Vibration Design Methods

4D AMERICAN WOOD COUNCIL

Where can | find criteria for vibration
control for wood members?

o Dolan and Woeste developed some information on controlling vibration published

in Structural Engineer magazine.

o APA Technical Note called Minimizing Floor Vibration by Design and Retrofit
hitp//www.apawood.org/SearchResults.aspx?7q=E710&tid=1

o Wood Design Focus paper by Dolan and Kalkert called "Overview of Proposed Wood
Floor Vibration Design Criteria" (Vol. 5, #3).

http//www.forestprod.org/buy _publications/wood_design_focus past_articles.php#volumes




Vibration Design Methods

June 2007 » Feature Article

Frank Woeste, Ph.D., PE., and Daniel Dolan, Ph.D., PE.

Recommendations to minimize annoying wood-floor vibrations

this issue, yet the engineer-of-record for a project may face the isg
engineer may be engaged to determine the cause of an annoying
under the prescriptive provisions of the IRC. While wood floor vibr:
deserves attention by the design professional at the design stage
impossible to fix.

f=1.57 J3B6El (Equation 1)
Wi s

Truss Depth (in.)

IS A "SPRING IN YOUR STEP" CAUSING PROBLEMS?

Annoying vibration is probably the most common performance complaint for light-frame wood floors.

Annoying vibration is probably the most common performance complaint for light-frame wood floors. The International
Code Council’s 2006 International Residential Code (IRC) and its 2006 International Building Code (IBC) do not address
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Vibration Design Methods

Multi-family floor spans in o 1 LA80 |
the 24’-30’ range work well . 240 o
from a layout perspective. g %.,
Floor design of wood g M‘ | | -

members in this span range g ' = A =
are often governed by g m‘“’ : o
vibration and/or deflection " = Wm“m\ﬂ@‘

control, not structural 4 /,,,-/’/

capacity. ’ 5 100 158 20 25 30" 35 40 45 50

Span (ft)
Live Load Deflection Chart, Courtesy: Redbuilt



Vibration Design Methods

Tools available to designers

Vibration Analysis: FP Innovations Joist Manufacturer’s
(Spreadsheet available upon request) Rating Systems
Oy <4 Floor Performance Expectations
?ON g 10 44

o -

NOISE AND VIBRATION CONTROL OF LIGHT FRAME WOOD
JOIST FLOORS TOPPED WITH CONCRETE

Lin Hu', Mobammad Mohammad® and Sylvain Gagnon’ Less demaneding Typical More domanding

ABSTRACT: Light frame wood jont floons Save sodacod sound atum b of their Ightweight mtere. The populsr
wodaion 0 the solse iratmesisnion prodiess s to fost & Jemen o Suicier comentiions lopping over the Soor. Although his
whawn cfficiently tmproves sosnd issalation of light Same floon, & sukes conmad walkndeced videations more
peroeivadle thas with the Doors withowt the wppung Carvently, more has haif of the bowsng markes in Canads (s smin.
(laéymA moee walt-farnily light frame wood buiidings are bomg built, more aad more cooplaings about
evmnine feelahs arough woped wood jelst Soors ae deing meoeived Thes paper explains the myths
WMMdMWmehdﬂmmm

KEYWORDS: Light frame, muki-fanily dalding, wood jobt floor, concrols wopping, sete coatrol, witnatios sostrol




Vibration Design Methods
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Some All Lxpert Tips

What methods exist for checking floor vibration of light-frame wood
structures?

Vibration of light-frame wood floor construction can be o significant
occupant comfort mue Mowever, achieving acceptable levels of floor
vibration » not & code reguarernent. As sudh, it » possible 10 design &
code compliant wood Hoor structure that produces annoying or
unacceptabla levels of vibration due to standard foot traffic

A variely of factors can affect & floor's vibration performance,
including

o Prasance of concreta topping or othee massing matarials

‘ -~ ’
o Thicknesvstifiness of floor sheathing T r’m”r ﬂ _L
y ¢ ' 8.1 4 5 -

o Stiffness. spacing and span of floor joiste/trusses

iy

q@'“
TN | e

o Presence of partition walls e—

* Presence of direct-applied ceiling

, —
o Presence, size and spacing of blocking/bndging/stong backs e — :
— i

o Stifiness of jont supporting elements (1o, bedrm, bearmg wally)

Several vibeation analysis methods have been published, each of p \ML 7 im S
which takes into account some or all of these vanables - - . /'A "‘D‘ -,
RN s B

“an. 8 v,

What comtitutes an “acceptabls vibration level™ is subjsctive, but

level of performance i generally measured by floor frequency 1 = L i
According 1o an article by Frank Woeste and Dan Dofan, *Occupants < - —
are very sersitive (o vibratiom in the range of 7-10 Hz, In theory, jont SRS ,

designs (or Hloor system desgnz) that vibrate well above 7-10 M2
should Be judged by tha accupants as acceptable umply bacaute thay

can't feel the higher frequentes. As a general rule, widder joist spadingg
(24 inches on center versus 12 inches on center) will produce a higher

frequency because deeper members, having a greater bending stiffoess (E1), will be required to meet bulkding code deflection
reguirements,” However, studivs by FRinnovations have shown that this approach may be “too simple to differentiate the vib

behavior of the floors with and without concrete topping. and to control vibration in a broad range of light-frame wood joist http ://WWW_WOOdWO rkS .0 rg/as k-a n-expe rt/

floars For examole. a lona-soan haht-frame wood 1woated floor with 4 condrete topnina can have frequency below 14H: but



Structural Floor Design

Common Wood Floor Assembly:

* LW Concrete TOppIiNGg G
* Acoustical Mat

 Wood Floor Sheathing

* Wood Trusses/I-joists

e Batt Insulation

* Resilient Channel

e Gypsum Ceiling




Topping on Floor Sheathing i s —

Can topping be poured directly on wood floor ;
sheathing?

APA Engineered Wood Construction Guide, E30 states:

APA Rated Sheathing or Sturd-I-Floor (plywood and
OSB) panels are an excellent base for lightweight
concrete floors. For gypsum concrete
recommendations, contact manufacturer of floor
topping. Install panels continuous over two or more
spans with the strength axis across supports. Use a
moisture barrier when recommended by concrete
manufacturer.




Topping on Floor Sheathing

Can topping be poured directly on wood floor
sheathing?

Can assume that WSP panels will receive F
more moisture from the curing concrete than £
without

If WSP can properly dry to a typical
equilibrium moisture content of 8 to 12%
during construction, moisture exposure from
the topping does not appear to be a great
concern. Always check with flooring and
topping manufacturer for additional
information.



Corridor Floor Framing Options

Corridor floor framing often shallower than
adjacent rooms:
Shorter spans, room for MEP

Approximate Max Corridor Width for

Solid Sawn Floor Framing Options

@ 16” @ 24”
2X6 6’-2" 5-0”
2x8 7’-10" 6’-4”
2x10 9’-6” 7’-10"
2x12 11’-0” 9’-0”

SPF #2, DL =30, LL=100



Corridor Floor Framing Options

UL L502
GA FC5104

1 HOUR
FIRE

‘_;‘
-

}/

\ |

1” gypsum underlayment
19/32” WSP

3 5" Fiberglass Batt

2x10 joists @24 “ oc
Resilient channel

5/8” Type-X Gyp

Common issues with UL approved
assemblies:

* Shallow Floor depth

* Use prescriptive assemblies: IBC
721.1(3) assembly 21-1.1

* Or use the CAM method in IBC 722
e Use of Structural Composite Lumber

 Manufacturer’s ESR shows
equivalent fire performance to
solid sawn



Head of Partition Wall Detailing

How should we detail head of wall conditions where a non-
bearing wall intersects the underside of structural floor
assembly?

Perpendicular to Truss

. \ Required clearance
Clip attached to equal to deflection
truss only




Head of Partition Wall Detailing

Options for connection of non-bearing partition to wood frame
floor/roof structure:

e Deflection clips
e Cold formed steel deflection track




Head of Partition Wall Detailing

Options for connection of non-bearing partition to wood frame
floor/roof structure:

* Rolled steel angle with vertically slotted holes
e Screws intended for vertical movement

* Blocking on either side of wall, attached to
floor/roof framing




Head of Partition Wall Detailing

Can a wall interrupt the ceiling gypsum of a
rated horizontal assembly?

Ye S ! / PARTITION WALL

e |IBC2012 714.4.1.2, Except. 7:
Permitted if wall is rated to

match horizontal assembly AN IS

INd .

ASSEMBLY

RATED FLOOR

* IBC 2015 714.4.2, Except. 7 or ] \ o )
IBC 2018 714.5.2, Except. 7/ N f_ DOUBLE TOP PLATE OF WALL
Permitted if wall is covered with |

type X gypsum each side INTERIOR WALL TO FLOOR INTERSECTION




Joint vs. Assembly Intersection

SECTION 202 ik T eieh f Dot Ca0k
DEFINITIONS J= Expansonor
Joint. The opening in or between e \fT
adjacent assemblies that is created . =11 i
due to building tolerances, or is ”_j::;;iﬁLﬁf“i\i\H\ Fireresistance-
designed to allow independent i ;::-'551"’ tontat \ smearsy ||
movement of the building in any ;«i{v&iﬁam = ;:*ﬁ:m'o"\7
plane caused by thermal, seismic, \j/ fmﬁf‘}m
wind or any other loading. s assembly




Joints - IBC 715

Exceptions to rated joints:

Walls that allow unprotected
openings

Control joints not exceeding .625”
and tested in E119 assembly

Joint Assemblies available through UL
Directory

Not easily searchable
HWS or HWD
Very few wood assemblies

Joint manufacturer may supply
engineering judgement

1ONS RIRECTORY Mo Quick Casde  Contac Us UL <

Joint Systems (XHEN & XHNO)

A Jont system is 3 spaURC CONStrucion consisting of adiacent wall and/or Noor assemblies and the materisls Sesigned e
provent the spreed of Are Brough 3 knedr coening Detween the wall snd/or Soor asemiiles.

Numbereg System

mwimunmnﬂnmlmmvhwmmlcm yslem, The sighy components ierdly
the type of JOE Syitems and whether the SOINL Systemm had foovemint Capabiities. The sumeric COMOONants ientiy the
nomingd joint s n the case of haad of wall [oirt systerms, the wicth of the joint does not Indhude the voids created under
the creals of mwtal Seck Bodr or rocf syt

The fin2 twg Sipha charactons iently tha trpe of Joint rvstem o Sollows:

Descrigtion of Joint System
Floce -to-Floor

Wall-to-Wal

Flooe to. Wal

Voad ot Wl

Bottos-of Wb

Wall-to-Wall Jomts Irtended for wae e Corner Guards

uS!i?i*i
E

Contmulty Masd-of-Wal

The third slohy chacacter s aitter S of D. The 5 siontien Joire yaterms that &0 2ok Rave movernert capebities. T™His O
SOnifies Joirt systens that 0o have movement Cacabilities,

The fratmedic COmpanent coet seguentisl numBens Lo idertify the nomieal width of the joist systems, The sondicance of the
rumber used Is:

No. Renge Nominal doint Wiath

0000 - 0999 Less Bhan o agual to 2 i,

1000 - 1999 Greater than 2 in. and less 2an or 80ual £ 6 In.
2000 - 299% Gruater than & in. and less Bhan o 003l te 12 =,
3000 - Y095 Grester than 12 In. and hess than or eousl to 24 In.
4000 < 499 Geaster than 24 in.




oint Systems

.@mnmuunwnw

System No. HW-S-0088
XHBN.HW-S-0088
Joint Systems

Design/System/Construction/Assembly Usage Disclaimer

o Atk Moy durmd e b ot n ol Genne 0n % e partiiudar repa v the »l ol o o A
eleraly

el ettt ooted for e deagn. Usins of In oty advend 20 coradl e grwst Oude formation Ne s
product ategery and each orowp of sssembian. The Guide Informatson iInchudes 1pecticx conceming stermates materals and abemete
rativiuds o (et o

o Ouly pradacts oMl bosr LA s MaA s svtndered Cantifad.

XHBN - Joint Systems

System No. HW-S-0088
Devamdar &9, 2008
Assnrbly Koty — 1 He
Sl VIl — 572 I (53 seem) Mas




Do we need sprinkler protection in floor cavities?

Sprinkler protection (or other means of protection) typically only
required in “combustible concealed spaces.”

[ [ s - Combustible
T el concealed space

| Noncombustible
i | A—/ concealed space

Credit: CADM Architecture



Concealed Spaces: NFPA 13

When does NFPA 13 require for protection of concealed spaces?

- Combustible concealed spaces such as o>
floor/ceiling and roof/ceiling assemblies may =X A
require sprinkler protection per NFPA 13 T LE

 NFPA 13 section 8.15.1.1 requires combustible
concealed spaces to have sprinkler protection
unless one of the alternate options are used

Py




Concealed Spaces: NFPA 13

NFPA 13 options for omitting sprinklers in concealed spaces

 When assembly includes bar joists and there is less than 6" from
floor/roof deck and ceiling (NFPA 8.15.1.2.4)

 When assembly includes wood joists or similar solid members and
ceiling is directly attached to or within 6" of joists (NFPA 8.15.1.2.5)




Concealed Spaces: NFPA 13

NFPA 13 options for omitting sprinklers in concealed spaces

« Composite wood joists with
ceiling directly attached or
attached to metal channels 1”
or less in depth

* Requires that joist cavities are
firestopped into volumes not
exceeding 160 ft3 with materials
equivalent to web construction

« Also requires min. 3.5" batt
insulation at bottom of joist
cavities when celling is
attached to metal channels
(NFPA 8.15.1.2.6)




Concealed Spaces: NFPA 13

NFPA 13 options for omitting sprinklers in concealed spaces

« Concealed spaces filled with noncombustible insulation (27 air
gap at top of space is permitted) (NFPA 8.15.1.2.7)




Concealed Spaces: NFPA 13

NFPA 13 options for omitting sprinklers in concealed spaces

Concealed spaces with wood joists or composite wood joists,
with noncombustible insulation filling the space from ceiling to
underside of joists.

Requires that composite joist cavities are firestopped into
volumes not exceeding 160 ft3 with materials equivalent to
web construction (NFPA 8.15.1.2.8)

For composite wood

joists, firestop into
volumes not
exceeding 160 ft3

Noncombustible

insulation from ceiling

to underside of joists



Concealed Spaces: NFPA 13

NFPA 13 options for omitting sprinklers in concealed spaces

« Concealed spaces with noncombustible or limited combustible
ceilings suspended from wood joists or composite wood joists
with max. nominal chord width of 2”.

* Requires that space from ceiling to underside of joists, and
between joists, be filled with noncombustible insulation. Max.
2" air gap allowed at top of insulation (NFPA 8.15.1.2.17)

Noncombustible
/ insulation from ceiling
to within 27 of

underside of
‘ ‘ sheathing




> QUESTIONS?

This concludes The American Institute
of Architects Continuing Education
Systems Course

Mike Romanowski, SE

Mike.Romanowski@Woodworks.org
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