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Today’s live webinar will begin shortly. Please stand by.

As a reminder, all lines have been muted. Please type any questions or
comments through the chat feature on the left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(800)-289-0459
Passcode: 572920
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AlA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing Education Systems
(AIA/CES). Credit(s) earned on completion of this program will be reported to AIA/CES for AIA members.
Certificates of Completion for both AIA members and non-AlA members are available upon request.

This program is registered with AIA/CES for continuing professional education. As such, it does not include
content that may be deemed or construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or dealing in any material or
product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.
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The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any specific
application without competent professional examination and verification by a licensed professional
engineer. Anyone making use of this information assumes all liability arising from such use.
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Course Description

Design Guide 30: Sound Isolation and Noise Control in Steel Buildings
November 13, 2018

Many have the perception that acoustics qualities of steel structures are not as robust as
those of other major building materials. This presentation will shed light on the superior
acoustical qualities of steel structures that can be achieved, as described in AISC Design
Guide 30. Practical design applications will be incorporated including discussions on
floor/ceiling and wall assemblies. Both engineers and architects will find this
presentation immediately applicable to their projects.

AISC Live Webinars

Learning Objectives
* Select acoustical design criteria through observation of source sound levels, noise
sensitivities, and adjacencies.

¢ Describe building code sound isolation requirements, industry guidelines and design
standards that apply to practical acoustical design in steel buildings.

* Identify and prioritize paths of sound transmission.

¢ Explain how sound-isolating constructions in steel-framed structures achieve
applicable performance criteria.
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Director, Architectural Acoustics
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Cambridge, MA

: Smarter.
Stronger.
: Steel.
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Introduction

* Introduction to Sound / Acoustics
» Architectural Acoustics is four things:

Background
Noise
Amplification

N2
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Design Guide 30: Sound Isolation and Noise Control in Steel
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A Road Map to Good Sound Isolation Design

1. How Sensitive is your Room?

2. How Loud is the Source?

3. Codes, Standards, and Derived Criteria

4. Identify the Paths

5. Design Sound-Isolating Constructions
@
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Introduction to Sound

Sound is vibration through an elastic medium.

N
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A Few Properties of Sound

*  Amplitude

* Frequency

* Propagation

* Speed

» Diffraction and other wave-behavior

=

Amplitude

=

* Sound pressure and sound power
» Scale is ~ 13 orders of magnitude
» Decibel (dB) is a log ratio
— Unitless
— Manageable scale (roughly 0 to 130 dB)
— Better matches perception (loudness)
— “pressure level” and “power level”

Frequency

High Frequency

Low Frequency
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Room ACOUStiCS Wallace Clement Sabine Discovered a Formula for Reverberation Time

P THRRT . Tl

S e Reverberation Time =k * Mm.e
Absorption
17 18
Natatorium — 6 Second RT What is Sound Absorption?
* 6 second RT The ratio between energy not reflected and incident energy
without treatment for a sound wave hitting a surface
* 1.7 second RT
ith an Transmitted Energy
wi i . Converted
absorptive ceiling Energy (Heat)

v v CA
AT AT '-?L Graphic, courtesy: Ecophon
Qs Qs
19 Ny
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Coefficient of Absorption, a Absorption Versus Frequency
Absorption Coefficients by Frequency
for Selected Values of NRC
1]0.05 0.3 0.55 0.95 1 095
little absorbing very absorbing _§§§
30%
- — - €0
Material Coefficient of Absorption §oss
Sous
Brick, concrete block, glass 0.05 §8§2
2030
Carpet combined pile and foam 0.30 2§§§
Heavy velour 0.55 §é§ ...... P SRR P
- 50 80 125 200 315 500 800 1250 2000 3150 5000 8000
Glass wool (fiberglass) 0.95 "% s etave Band Centor Froquency
’ a— 0.90 080 —=- 0.70 —— 050 & 030 e 0.05
) )
= 21 = 22
Noise Reduction Coefficient Sabins
a= E Sntn
d250 + As500 + X1000 T A2000 YS a
NRC = __ XSuay
4 a= =
S total
...rounded to the nearest 0.05. Where: All rooms have surfaces
S = surface area All surf h :
a = absorption coefficient surtaces have a.
_ . . ~ All rooms have sabins.
a = absorption (sabins)
@ an
) 23 S 24
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Alphabet Soup of Acoustics

Room Acoustics and Materials

* NRC: Noise Reduction
Coefficient (of a material)

* RT: Reverberation Time

+ GWB: Gypsum wallboard

* LVP: Luxury vinyl plank
(flooring)

=

Sound Isolation and Noise
Control

* NC: Noise Criteria

* dBA: A-weighted decibels
¢ TL: Transmission Loss

¢ STC: Sound Transmission
Class

* NIC: Noise Isolation Class
* [lIC: Impact Insulation Class
* NR: Noise Reduction

Effects of Absorption
0.049V
T=——

+ Time it takes an
impulse to decay 60
dB

* Vis volume in ft3

* ais absorption in
sabins

» Affects speech
intelligibility and music

* Range: 0.2 to 6+
seconds

=
= %4

a
NR =10log—
a;

* Reduction in level, for
a given source, by
increasing a

* a,is absorption
“before”

* a,is absorption “after”

+ Range: 0to 5 dB
(usually)

26

Mechanical Systems Noise Control
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Quiet Background Sound
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Background Noise Goals
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TYPICAL PROJECT NOISE GOALS
Pro Recording Studios: Threshold
Concert Halls: Threshold
Professional Theaters: NC-15-20
High School Auditoria: NC-20-25
High-end Board Rooms: NC-25

Classrooms: NC-30
Typical Offices: NC-35-40
Lobbies: NC-45

28
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Mechanical Systems: An Example

Background Sound — HVAC Systems
Equipment Location: Rooftop

Noise Control Solutions

Noise Generators
High Airflow Velocities — Large Ducts ‘ =
o
Quiet Machines & al s |
> Sound Attenuators B = | & —1
= = = & =
== ~— ~ — ~—
= 0 = = =
Vibrating Equipment —l Vibration Isolation Nemns N S N s
. P T oEE == owr X
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Privacy: S/N in Reverse

Transient Sound Level Criteria

From Design Guide 30, Table 4.2: Criteria for Transient Sounds

Transient to Background Noise
Room Usage Difference (NC points or dB)

Critical listening (music performance,
sound editing, etc.) and confidential -10

speech

Teaching, learning, studying -5to 0

Sleeping, residential activity -5to 0

Office work, research -5to +5

+5 to +10
Dassault Systemes HQ: © Acentech
32

Circulation, waiting, support function

31
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Source Levels (examples from Ch. 6)

Example criteria calculation

* Aircraft flyover

Table 4-3. Example Calculations of Sound Isolation Requirement (500
Hz

Chiller with reciprocating compressor

Normal speech 56 dBA

Cocktail party 75 to 85 dBA

Music (fortissimo) 90 to 95 dBA

Diesel locomotive from 100 feet 90 dBA

Truck driving 55 mph, from 50 feet 80 dBA

Footsteps on an IIC 45 floor/ceiling 55 dBA in the room below
Chiller with rotary-screw compressor 90 dBA

97 to 103 dBA

33

produces P classroom Research Lab
Steady-state criterion from
+ 80 dB at 500 Hz, at ble 1 30d8 a5ds

* New academic lab
building

Plus transient criterion from
Table 4-2 -5dB +5dB

Equals criterion for intruding 25 dB 50 dB

sound level

Source level 80dB 80dB

Minus criterion for intruding 25 dB 50dB
sound level
Equa.ls sound isolation 5548 30dB
requirement

34

Offices
Multifamily housing

Schools
Healthcare
Courts

“Green” Buildings

&

Sound Isolation Codes and Standards (Ch 5)

GSA P-100 — NIC requirements

HUD: STC and IIC
ICC Guideline: NNIC and NISR
IBC and other codes: STC and IIC

ANSI S12.60: STC requirements
FGI Guidelines: STC requirements
GSA Courts Design Guide: NIC
ASHRAE, IgCC, LEED, and others

35
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Sound Isolation Metrics

Airborne Sound Isolation Impact Sound Isolation

Laboratory Field Laboratory Field

STC ASTC, NIC, IiIC AlIC, ISR, NISR
NNIC

36
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Rating system - STC

* Transmission Loss varies with frequency
» Sound Transmission Class (STC) is a single-number
rating (like NC, dBA)
— Simple
- Misies things (i.e. not good for low-freq music, diesel trucks,
etc.
* On adecibel scale. 0 to 80+
— Aof 1 =insignificant
— Aof 5to 10 = significant

=
= %4

37

Sound Isolation

» Outdoor-to-outdoor

— Highway barriers

— Outdoor music venues
* Outdoor-to-indoor

— Envelope construction
+ Curtainwall design
» Fenestration

* |ndoor-to-indoor

=
= %4
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Buildings

Sound Isolation: Space Planning

N
Choral Rehea oom
g Ensemble
s Practice
o
n

Corridor \

39

Space Planning

o o
® ®
Band Rehearsal S 5 || Choral Rehearsal
Room 2] o || Room
Office || Office
Corridor
Practice||Practice || Practice Ensemble ||Ensemble
Practice Practice

=
0 '-““/5

40

Copyright © 2018
American Institute of Steel Construction

10



AISC Live Webinar Design Guide 30: Sound Isolation and Noise Control in Steel
November 13, 2018 Buildings

— For a given frequency:

» TLincreases ~5 to 6 dB/doubling of mass
— For a given mass:

» TLincreases ~5 to 6 dB/octave

* Mass law ideal for /imp monolithic
homogeneous structures

Insulation/Absorption

CETy

e e

_

* TLis a low-frequency problem « Need to beat mass law

* Varies with: ___ _ — « Stop those molecules from bumping into
. controlled controlled controlled eaCh Other

1. Internal stiffness — hgh Damping ctonsion

of Mass Law

——— Medium Damping
|—— Low Daming

* De-couple mass layers
+ Steel Buildings: WHERE IT’S AT

2. Internal resonance
3. Angle of incidence

Stiffness
Contralied

Transmission Loss.

Mass Law Coincidence
‘+— or Critical
i Frequency

FREQUENCY (Hz)

Nl 44
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* Insulation inside the cavity
* Related to NR (NR = 10log 2
1

» Like a very small room — fill it with fuzz

< Eliminates reverberance/resonance
inside the cavity, and

* Damps the movement of the skins

Sound Isolating Constructions

|I Structure

=
c =
3 i€
8
o«
(2) Layer GWB per side
-[— Ceiling
3 /— Metal stud
=
c =
3 4
[ =
< Sound tion blanket
1

Section

—
ﬂ% o
!

Provide a cont. bead of acoustical sealant around ceiling

and floor perimeters of partition.

Section

Acoustical sealant at deck
flutes where raquired

Structure

Min 1" between studs
Calling

Varies - ref details

Plan

XK XKRX XX
1088308 .000¢

| Section

Provide a cont. bead of acoustical sealant around ceiling
and floor perimeters of partition.

|
/— Metal studs
|~ Sound attenuation blanket
| 2 Layers GWB per side

W%% -
1

45
Sound Isolation — Flanking Paths
/Permanem Structural Ceiling E’(;ﬁ”or
b N Y
HVAC
| Open Air Space | | /Ductwork
T
q /Jw < ] [ J‘\ / Coiing
] Ceiling
Y £ O Exterior
/ \@ Sources
—_— Sound Source 7 Dywall ()
Dour\* Lf’,a\\\ - | _——Rigidly Connected Stud Separating Wall
@
A ’/1 /®Elecmc Qutlet Conduit
RN = =Y
\: soc oc‘oooo‘.a OO?OOOOOZ*—Baseboard
5 {) ~
47

STC 52 STC 64 i
Eliminate gaps
Fill deck flutes above partition
with mineral wool insulation
Seal top of wall and deck
flutes with non-hardening
sealant such as firestop joint
spray
Structure
Ceiling
Partition as
scheduled
Sound attenuation
blanket
48
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Floor/Ceiling Assemblies

Finished floor as
scheduled
g Resilient underiayment
3|

Concrete, no ceiling

6" Min.
yp.

Finished floor as.
scheduled
Resilient underiayment

. y & U o
< < ook < < deck
B A N »
a | —— Hanging wire | ——— Resilient hanger secured . _
Fosien 8" P-T Slab
I A : e aaaaaas daaanaaaaaas oo 3" Acoustic batt » No Ceiling
I, insulation

1%" Cold rolled channels
%" Hat channels
9" GWB (continuous)

1 %" Cold rolled channels /
7" Hat channels
%" GWB (continuous)

Perimelers angle (1mm to 2.5mm)
Resilient acoustical caulk at D:‘r";is:mw:ﬁ . N :8

STC 60 STC 64 to 69 " pIC vales from

IIC 50 to 60 IIC 60 to 65 °

6” CIP Concrete Slab 8” CIP Concrete Slab

* LVP with integral
impact sound
isolation material

@Compare to {"‘"“"»gi
5| . 5|
Y concrete: STC 55 1IC 50 to 60 STC58 11IC 50 to 65+ 49 Y 50
Concrete, with Ceiling; Same Floors Concrete Comparison
+ 8 P-T Slab _
+ Wire-hung GWB i B
ceiling, 3” batt H i H
+ LVP with integral : !
impact sound H i :
isolation material : H i
(1mm to 2.5mm) : *
« N=8 ..
» AIIC values from 54 { CEI|Ing
to 57 =3 i I8 Y 5P 1 L A B + 3-pointspread * 3-pointspread
« Tightly clustered | | (+3 points)
AT AT spectra * Divergent
i % | | - i :i i+ 4 * LFcontrolled s oy spectra = 5
oty ot i * LFcontrolled
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Steel Concrete versus Steel
* 6-1/4” Total Slab Depth
(TSD) Composite Slab s A | | T
« LW Concrete on Metal o ) )
Deck i oM : :
* 1 layer GWB on resilient 5 3 i
clips, batt insulation i H
+ LVP with integral sound : _: i -
mat (1mm to 2.5mm) i : 3.
« N=4 i
- AllC-58 ? | -
Concrete,
{“‘ N {» 5 No Ceiling
N 53 Ny 54
Concrete versus Steel Wood — Open-Web Truss
_______ » Wood floor nailed through \\\
fiberboard “underlayment” to TR
. : subfloor \‘\
i « 12" OW Truss =N
i JR + 1 layer GWB on 2-legged i A
£ i - LA U S “resilient channels”, compromised 1
] i R ™ . . 3
* i SN « Batt insulation
i Nk + AlIC 38
- i oo AN * Subject of lawsuit
Concrete i - \
- * |Steel, resilient [}
" w/ Ceiling N
ceiling
I FYE =P o§ FEEE 55 56
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Wood — Open-Web Truss

LVP on 1-1/2” Gypsum
Concrete

V4" resilient mat

18” open-web truss

Batt insulation

1 layer GWB on resilient
channels

AlIC 45 to 50 (n=9)

(No lawsuits)

Steel vs Wood

[ —

{ |Steel, with 7.

i |resilient N
P ceiling Tl
ALy

: Wood, with
Gypcrete
‘| and Ceiling

FEEFF FEFEFEFEE

58

s
qaq|L My 1l
y 5 F
=Y § 57
Floor/Ceiling Assemblies
Finished floor as
‘scheduled
Resilient underlayment Floating mechanical room
slab where it occurs.
2" Isolation pad
6 %" Composite concrete 3 i
dock . 2elzkcumpn!m concrete
Isolation hanger Isolation hanger
3" Acoustic batt 3" Acoustic batt
insulation insulation
1 %" Cold rolled channels 1 %" Cold rolled channels
%" Hat channels %" Hat channels
2 Layers %" GWB (continuous) 2 Layers %" GWB (continuous)
Resilient acoustical caulk at partition at Resilient acoustical caulk at partition at
inner wall inner wall
STC 70+ STC 75 to 80
IIC65t0 70 IIC70t0 75
59

Example: EMPAC
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EMPAC: Springs for Floated Floors EMPAC: Springs for Floated Floors

AR

i ke
=

61 62

e

EMPAC: Springs for Floated Floors

By

@

=4

g@ : Smarter.
) 5| : Stronger.
AISC | Questions? WY steel.

63
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CEU / PDH Certificates CEU / PDH Certificates
* You will receive an email on how to report attendance from: ¢ Reporting site (URL will be provided in the forthcoming email).

registration@aisc.org.

e Username: Same as AISC website username.

* Be on the lookout: Check your spam filter! Check your junk folder!

¢ Password: Same as AISC website password.

* Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!
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