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Outline

* Natatorium considerations

* Optimization thru computer modelling

« HVAC and pressurization considerations

o Case Study 1: Natural Ventilation of an Indoor Pool

» Case Study 2: Pool Install within a Historic Building

e Case Study 3. Pan Am Aquatics Centre

» Conclusion/Reiteration of key points
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Natatoriums

Fundamental Considerations
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Natatoriums — things to consider

e Giant body of water INSIDE a
building

« Waterproofing concepts
e Indoor Air Quality

* Air temperature, relative humidity
e Contaminant risk
* Proper ventilation of space

e Pool Water Quality

 Pool water temperature
e Evaporative risk
air barrier Pool water chemistry

abhaa

association of
america




Natatoriums — things to consider
e Occupant Comfort and Health

e Bather and spectator

 Condensation Considerations
« Thermal bridges | _.
*  Moisture and chloramine laden air  EEZZEF2 i’ e =7 | VPR
« Air tightness and Vapor control = e By oy

* Pool-to-Exterior
 Pool-to-Interior spaces

« HVAC

* Ventilation Strategy, Pressurization,

air barrier Dehumidification, Purge cycle
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Natatorium Enclosure Considerations

i Thermal
 Reduce thermal_brldges and Control Layer 1
enhance insulation
 Air tighten and provide vapor control
) Air Control ~
* Fenestration placement Layer —J1
 Interface with thermal barrier
° " -- " . /4
Tie-ins with adjacent systems Water Control —1
* Interaction between mechanical s A
system and building enclosure
» Heat washing exterior glazing to Water Control
air barrier Minimize condensation Layer
(shedding plane)
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Natatorium Enclosure Considerations

Additional considerations for
existing structures:

» Understand how the previous design
worked

* How to improve through alterations

 Integrate new systems with original
structure
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ASHRAE Recommended
Design Conditions

Space Type Water Temperature Air Temperature Relative Humidity

Recreational Pools 75°F - 85°F 75°F - 85°F 50% RH - 60% RH

Competition 76°F - 82°F 78°F - 85°F 50% RH - 60% RH

Diving 80°F - 90°F 80°F - 85°F 50% RH - 60% RH

_ Winter: Winter:

Offices, 70°F - 74°F 20% RH - 30% RH

Conference Rooms, n/a
Common Areas Summer: Summer:
74°F - 78°F 50% RH - 60% RH
air harrier Source: 2015 ASHRAE Handbook — HVAC Applications
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Interior Enclosures —
Occupancy and Comfort

air barrier
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Air Barrier Zones - Exterior

air barrier
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Air Barrier Zones - Interior

Corridor

Hot Tub | Office Office Sauna Office

air barrier
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Critical Air Tightness Details

Improve thermal, air, and vapor tightness at interface conditions:
e Interior pool-to-exterior : | ) i
« Interior pool-to-interior spaces i

e \Wall-to-window
e Curtain wall and other fenestration

» \Wall-to-roof/slab
» Wall-to-foundation

* Penetrations
air barrier ¢ Framing/structural, MEP
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LAYERS 02 & 03:
Apply mambrane + backer
- rod patch on gither side of
pipe, on lop of Layer 01.




Computer Models

* Provide a feasible and reliable approach to optimize energy and
thermal performance

» Consider psychrometrics and mechanical buffer zones

» Difference between interior/exterior conditions
e Condensation risk

» Optimize/validate using computer models
* Thermal and hygrothermal

* Optimize building enclosure, then the mechanical systems
air barrier
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Computer Modeling — Thermal Analysis

» Evaluate critical thermal aspects
and heat transfer

« Material type/thickness and
configuration

» Localized thermal bridge effects

e Dew point location and
condensation potential

» Air barrier location

Thermal Analysis

air barrier
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Computer Models - Hygrotherma

Locaton Ratomany coid pusr

e Depending on exterior environment,
vapor diffusion rates differ

e Summer and winter concerns as well
as swing seasons

» Consider spaces adjacent to pool

* Condensation potential and
vapor barrier location

air barrier
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HVAC and Pressurization

Corridor +VE

Sauna

Office

Corridor +VE

air barrier
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Case Study 1

Natural Ventilation of an Indoor Pool Space

air barrier
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Case Study 1

Natural Ventilation of a
Pool Space

 Indoor pool is open all
12-months of year

» QOutdoor pool is open
Memorial Day to Labor Day

» High occupancy of outdoor
pool expected late morning
until before dinnertime

air barrier
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Case Study 1

Natural Ventilation of a
Pool Space

e Large natatorium doors on
east elevation

» Operable windows on west
elevation

e Qutdoor pool on east side of
building
» Risk for higher energy usage

s barrie?nd moisture accumulation
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Case Study 1: HVAC Operation Mode

RETURN
high at middle, _—7 SUPPLY
but below at perimeter
ceiling.
air barrier
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Case Study 1: HVAC Operation Mode

air barrier
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Case Study 1: Natural Ventilation Mode

Band of
OPERABLE
DOORS Band of
on east OPERABLE
elevation. WINDOWS
on west
air barrier elevation.
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Case Study 1: Natural Ventilation Mode

air barrier

abhaa

association of
america




Case Study 1: Climate Considerations

Wind Rose Summer Months

air barrier
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Case Study 1: Key Findings

e |[ssues Arise when Outdoor Air Conditions Fall Outside
ASHRAE Recommended Values

Space Type Air Temperature Relative Humidity

Recreational Pools 75°F - 85°F 50% RH - 60% RH

St Qg il 80°F - 85°F 50% RH - 60% RH
Conditions for Pool
Source: 2015 ASHRAE Handbook — HVAC Applications

air barrier
Operating Condition Dew Point

a b a a Ranges from = 59.7°F to 69.5°F
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Case Study 1: Key Findings

 |[ssues Arise when Outdoor Air Conditions Fall Outside

ASHRAE Recommended Values 75°F - 85°F, 50% to 60% RH)

- High / Low Temperature

Normal High/Low Temps Record High/Low Temps Today

120
105
90
75
60
45

. . 30
air barrier 15

abaa:
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Case Study 1: Key Findings

 |[ssues Arise when Outdoor Air Conditions Fall Outside

Temperature  Dew Point  Normal High/Low

ASHRAE Recommended Values
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Case Study 1: Key Findings

e |ssues Arise from Outdoor Air Conditions that Fall Outside the

Range of ASHRAE Recommended Values (75°F - 85°F, 50% to 60% RH)
July 21, 2011 ¢

Temperature Dew Point  Normal High/Low

F
0o
95
90
39

0
i

Iofelel 1|

70
65 .

midnight1 2 3 4 5 6 7 & 9 10 1M noon 1 2 3

F Temperature Dew Poirt Narmal High/Low August 15, 2013
air barrier % |- . e e —— =
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30 1 1 1 1 1 L 1 1 1
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Case Study 1: Key Findings

« Weather Events Including Precipitation, Fog, and High Velocity
Wind Flows Can Increase Risk

air barrier L

a b a a *Note that these images are from other projects.*
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Case Study 1: Recommendations

e Open/Close Doors and Windows at Specific Conditions to
Minimize Energy Impact and Condensation Risk

e Pool staff operate doors/windows on a consistent schedule:
« OPERATE doors/windows between Memorial Day and Labor Day.
 OPEN doors/windows at 11am and CLOSE by 4:30pm.

e Unless:

air barrier

abaa
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Case Study 1: Recommendations

Outdoor Air Conditions To Open Doors and Windows
Operating Conditions:
80°F - 85°F, 50% - 60% RH
(69.5°F Dew Point)
Outdoor Outdoor Relative Humidity
Temp (F)| 75% 80% 85% 90% 95%
75 66.5 68.4 70.2 71.9 73.5
80 71.3 73.3 75.1 76.8 78.4
85 76.2 78.1 80 81.7 83.4
90 81 83 84.9 86.7
95 85.8
Legend
DO Open Windows CAU-\I-AI/C.)N Clgeiing
indows
air barrier

abaa
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 OPEN doors/windows,
once OA temperature raises to 75°F.

e CLOSE doors/windows,
before OA temperature lowers to 75°F.

o Keep doors/windows CLOSED:

« If OA will be greater than 90°F and
greater than 85% RH.

« If precipitation or fog is predicted.

« If wind flows greater than 15 mph are
predicted.



Case Study 2

Pool in Historic Building — Using Garage Ramp for Pool Slope

air barrier
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Case Study 2: Historic Building

» Historic building in Midwest e b
» Brick masonry and concrete T, 4
accents — T

* Re-purposing of parking
garage at one floor for pool
amenity

air barrier
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Case Study 2

Water Tightness

e Pool slab and below pool, two
critical planes for
waterproofing

« Redundancy is key
e Deck to wall critical

air barrier

abaa
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Air Tightness

» Use one layer of water
tightness as air tight plane

* Make sure to tie floor to wall
to ceiling

 Carefully pick insulation
strategies
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Case Study 2

e e e EEEIEEIEEEEEEEEEEEIEEEIEEEE S E S S =
.......................

Tile finish

Gunite

— 11 Hot applied waterproofing

: Pool slab

air barrier |

a b a a Concept sketch of pool waterproofing layers

association of
america




Case Study 2

| |

Single shower to ! !

service all pool | | |

occupants? How is the slab attached to the cast in place concrete pool walls? A tie
system reinforcing can be designed in a way to reduce the rigk of

—— = e differential movement between the slab and the walls of the poal. The = — il |

‘ ‘ system must also be designed in a way to reduce the risk of cracking that ‘

|

may be caused by the restraint itself. Structural engineer to design.
T T T
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| | | ]
COORDINATE WITH NEW STEEL BEAMS | ™ A
Carry waterproofing SHORING UP EXISTING STRUCTRE and Ceiling | | @)‘
up onto pool deck - - ) I
——— | below finish and onto Consider choosing L L l
. . 6" curbs. _ wasllemmuﬁn_g inaof: [ 7|~ — —— — —{tis recommended to waterproof existing Structural engineer to Possible trench =11
System consisting of: ramp before pool slab construction for validate that the structural drain location
a I r a rr' e r hot applied y | waterpmoﬁng redundancy Waterproofing members can withstand
WH'H{P"{Oﬁ"Q- gunite fram I hydrostatic pressure and the =i = i
I and tile finish weighl of the water itself.
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Case Study 2

air barrier J
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Case Study 2

air barrier
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REFERENCE KEY FOR
LONGITUDINAL SECTION

THROUGH POOL DECK

(From Helix Preliminary Set, Sheet A122)

Concrete
Sealant

ile Trim
Tnemec
Epoxy
Coating
System

concrete is
cast

separately .~

Protection q
Board
7

Hot Applied
Waterproofing
Membrane

Base of pool walls to
be doweled into slab

Waterstop
location if
concrete is
cast
separately

Pool walls to be
designed to withstand
hydrostatic pressures.
Pool slab and existing

slab to be designed
to withstand weight
of self, pool water,
and occupancy.

We recommend
monolithically casting

the pool to prevent

a comer crack that
may occur from
differential movement
if the pieces are cast
separately.

We recommend that
the condition of the
ramp be surveyed
(if it has not been
already) by a structural
engineer. If repairs
are required, these
should be taken
care of before any
waterproofing is
installed .

We recommend
installing electronic
vector field mapping
for its advanced leak
detection.

| 4
Waterstop '
location if

>

Air Barrier
rb Finish

Concrete
De ealay

Tnemec
Epoxy

Coating
System

Protection
Board

Hot Applied
Waterproofing
Membrane

Waterstop
location if
concrete
is cast
separatel;

Turn up waterproofing
system outboard of pool
structure to isolate pool

waterproofing system.

Possible
Waterstop
Location

Install under-pool
standard single stage
roof drains with alarm.
Alarm to sound if water
is present to signal
potential leak in pool
waterproofing system.



Case Study 2
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Sto Interior
Finish
System. Wrap
along bottom
edge of
gypsum
board,

Sheet Applied
Air Barrier

Consider fillet
seal only if
compatible
with epoxy
deck sealant.

Ipe Decking

Concrete =

Deck Sealant

Mew Concrete
Slab

Extruded
Paolystyrene
Insulation Set to
Interior Face of
Existing Masonry

Stud

Existing Masonry

87 Curb




Case Study 3

Pan Am Aquatics Center and Field House

air barrier
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Case Study 3: Pan Am Aquatics Center

air barrier
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Case Study 3: Pan Am Aquatics Center

air barrier
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Case Study 3: Pan Am Aquatics Center

Observation
and stands
on both sides
of pool

Diving
competition

Pool deck
and
competition
pool

air barrier
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Case Study 3

Athlete Considerations Fan and Family Experience

e Limit risk for cramping — e Pool smell limited based on
better air flow at deck and up return layout
towers e Fans at ceiling — push air

 Platform divers and down but also sound —
swimmers — different cheering is louder
considerations « Better athlete performance —

i o better experience

abaa

association of
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Case Study 3

Atmospheric Acclimation
Chamber

e Air tightening walls — isolates
zone
* Provides better acclimation

e Ventilation in small air
tightened space — needs
more air

air barrier

abaa

association of
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Field House and Other Space

Isolation

» Pool smell limited based on
air tightness and zone
pressure

 Each zone has own
experience

* Fieldhouse athletes not
impacted by pool smell



Case Study 3: Pan Am Aquatics Center
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Case Study 3: Pan Am Aquatics Center

| a = 1
00 1 [ ‘ | | [ = { |
‘ I Verify HVAC layout will prevent stagnation | |1
2L TR - B = ' = of humidified air supplied to pool along this
I zone. If air stagnates, moisture load will
9
i [ = increase in this zone. -/_
I | o
pressure - 1 = | i iy el KSR —-—L—____ N | = = =
l | Sy e ——f--— SR 2 S, PRI P
Meeeod B T R T ] < 7 Tt il
1 —1 1
< i
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Case Study 3: Pan

|

5.0,
MEMBER K. ICISK

JUICE
OUTLET

4.03.02

66.9m*

40404 ce!
11.0me || SIORAGE
:
11.3m¢
STUDEMNT
CLUB
FECEFTION

it

U U

Am Aquatics Center

+ve pressure to CONCOURSE
pool across all
spaces adjacent to 518.6m?
MENDING competition and
4.03.04-02 i
T dive pool space.
S.4m* W.C.
4.02.03-02
STUDENT 2 WL WC
Lc%ygns 14, 5m FEMALE MALE
[eoie
60.7m= v T 87.6m* I64me
PERMANENT
SPECTATOR-SEATING
{iashion]
s92(5m*

air barrier
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Consider air flow patterns to avoid stagnation of air at corridors leading to permanent spectator seating.




Case Study 3: Pan Am Aquatics Center

+ve pressurization to pool and air
seal interior partition wall closest
to pool. As stadiums, and field
houses can have a moisture load
during games that is heigthened,
controlling where that moisture
goes, although not as critical as a
pool, is still important. Check
roof to wall transitions.

=== T
3208.7m*

air barrier
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Case Study 3: Pan Am Aquatics Center

‘0 R-TA, EXCEPT WITH BLACK CAP SHEET.

FIED ROOFING

Where 2 or more

layers of insulation are \/ S/ \‘/ y \{ y v y V y

used, offset seams g— ; : ——
—_— —

between layers (2-in.

4 ACM-1A
ON TRAYS ther layer) \% AACM-1B
RRIER ON Sinnnnnnnnnnne AACM-1C
E BOARD ON Nnnnnnnnnnn 4ACM-1D
ous R1 ]
odhered roof membrane This line on all metal decks is the air barrier At eﬁlds of flutes over all
for stack preessure and for setting the partition walls at pool
haard HVAC control line; over the pool, membrane and over exterior walls,
on i e ots should be carried up from interior partitions fill top ad bottom side of
board ' ~|and inside of exterior walls and tied into this flutes with fire-rated or
barrier and then lapped over. approved spray foam.
air barrier cterns sl adhered Alternatively, can use
b};re. :|ir- burrler -c\u-:er plug seals for deck
board wrapped onto sealed in place. Use
o plug seals or rigid
a a a t metal installed to the insulation fit into deck to
raide of metdal deck create p|UgS for CU-1
"Rl sheathing in sealent at sealaing. IGU-2

america



Case Study 3: Pan Am Aquatics Center

air barrier
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perimeter of
interior air barrier;
should be

room.

Blue line indicates

consdiered for this
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283.6m?




Case Study 3: Pan Am Aquatics Center

CLOSET
| TN

11.7m*

wig ey v )

SURGE

EEI%EJS Waterproofing will
be needed on the

Lidm?®

floors in some of
these rooms and
walls and floors in

ERDC
ROOM others (i.e. surge
tanks) - consider
31.Bm* HEgh :
air tightening any
e chemical storage

% 1

/ room. |

air barrier

HEAT
EXCHANGER
RODM
! ROLT0

. - 20.2m*
association of —
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Case Study 3: Pan Am Aquatics Center

nnnnnnnn

——f

|

|

In this configuration, air !
barriers need to carry all the || ‘
way around plus insulation ‘
system. ‘
|

|

|

[COMRETTION POOL

I
ITo avoid stagnation of air, air seal here to
close off the soffit.

air barrier

abaa
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Case Study 3: Pan Am Aquatics Center

| oo

M RAILING TYP.

5 / RAILINGS TO COMPLY

BC REQUIREMENT 3.3.1.17)
- =l

Stack effect in this space will be the
greatest when compared to the shorter
height of space of the training pool and

i

SCOREBOARD RE FEQ TO

slight -ve to exterior and

surrounding space; also important|

of where air flow is going.

may be more challenging to control

i

17640 |

depending on HVAC layout.

TOP OF RAILI

| TO 700mm AP

|
can be neutral to main pool, but
needs to be slight -ve to outside
and other non-pool spaces.

T

COMPETITION
POOL

" | SCOREBOARD REFER T
DETAIL 02/PG-A41-00-

el

I
]

| TRAINING &
WARM UP
POOL

10302

air barrier

,

See sheets later in set for comments on HVAC layout. }

I
[

e

p——

Consider hot-applied waterproofing -
treat like the pool - below this space, if
accessible for inspection, also
waterproof space below surge tanks and
consider an alarm grid if water is found
at that level

abaa
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Summary

Air Tightness HVAC

* Air tightening exterior walls,  Pressure in spaces understood
roof and below-grade, and « Design layout for good flow of
slab on grade supply and return

 Air tighten interior between e Care when using natural
spaces ventilation

o Air tighten transitions to  Fieldhouse athletes not impacted
isolate by pool smell

air barier » Interaction with enclosure

a b a a important
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Paul Totten, PE, LEED AP air barrier
Vice President

National Practice Leader - Enclosures a b a a

Paul. Totten@wspgroup.com assoc_iation of
Direct: +1-703-945-1469 Mobile: +1-571-217-0165 dMmerica

CONFERENCE

& TRADE SHOW
Amanda Stacy, LEED Green Assoc. APRIL 18-20

Consultant Il - Enclosures
Amanda.Stacy@wspgroup.com
Direct: +1-703-945-1473 Mobile: +1-937-470-8158
abaa www.wsp-pb.com/usa RESTON’ VA

EEEEEEEEE AIR BARRIER EDUCATION TRACKS FOR
= THE CONSTRUCTION INDUSTRY
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