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KARIMALLANA, P.E., RRC, RWC

i EDUCATION: B.S., Civil Engineering, Santa Clara University, 1983
i REGISTRATION: P.E., Civil Engineering, California, 1987
i P.E., Civil Engineering, Nevada, 2002
P.E., Civil Engineering, Hawaii, 2005
i CERTIFICATION: Registered. Roof Consultant (RRC), Roof Consultants Institute
i Registered Waterproofing Consultant (RWC), Roof Consultants Institute

i OVERVIEW:
Over 20 years experience providing technical standards in building envelope technology.

Expert Witness in-Construction Defect Litigation

Principal consultant in design of building envelope, roofing and waterproofing systems, forensic
Investigations of building assemblies and failure analysis.

Expert in all aspects of building envelope technology.

Specialization in-cement plaster, other siding types, roofing, wood, water. intrusion. damage,
window assemblies, storefronts; below grade waterproofing; and complex assemblies.

Completed over 1300 projects: new construction, addition, rehabilitation, remodel and
modernization projects for-public and private sector clients.
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OVERVIEW

i Review of Exterior Wall Assemblies

Barrier Wall Systems
Rain Screen Principal
Drainable Wall Assemblies
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OVERVIEW

it Address the effects of moisture movement
In wall assemblies

Principles of water phases, relative humidity,
condensation, vapor retarders and vapor
pressure

Examples of condensation caused by vapor
transmission through interior and exterior walls,
Indoor showers, pools and spas

Calculations for vapor barrier design and water
accumulation due to condensation over given
time period.
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OVERVIEW

it Material Selection for Exterior Wall

Selection of Sustainable Materials

Materials less prone to mold and water damage
Selection of Vapor Retarders

Selection of Sealants for Exterior Wall
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BARRIER WALL ASSEMLIES

it When exterior skin/mass Is designed to be the
only water barrier.
i Examples:

. Traditional Exterior Insulation & Finish (EIFS)
. Mass Masonry Walls
. Curtain Wall

. Cast in Place (CIP) Concrete Wall
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Traditional EIFS Barrler WaII
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EIFS Wall, Perimeter Sealants are Critical for
Preventing Water Intrusion
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Barrier Wall Systems
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BUILDING AREAS SUSCEPTIBLE
TO CONDENSATION

ii Compact roof assemblies, I.e., no attic T flat
roofs or cathedral ceilings

it Exterior wall assemblies in cooling, heating and
mixed climates

it Interior wall assemblies

it OSB sheathing materials are more susceptible
to damage

it Hardboard siding manufacturers require vapor

% barrier r@|
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Relevant Terminology:

0 WATER PHASES

it RELATIVE HUMIDITY

0 CONDENSATION

u WATER VAPOR TRASMISSION
it PERMEANCE/PERMEABILITY
it VAPOR PRESSURE

i DIFFUSION
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WATER PHASES

it Water can exist in three phases

Ice
Liguid, between 32 degrees (freezing) and 212 degrees F

"~ (boiling)
_ Gas phase (steam) from bolling, or gas phase (water vapor)

from evaporation, when the temperature Is below boiling
point

it When cooled, water vapor will lose energy and return
to liguid, 1.e., it will condense

£
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RELATIVE HUMIDITY

i The amount of water In itS gaseous phase that
can be contained within a given volume of air Is a
ffunct i on-of - the ailros

- Warm air holds more moisture than cold air!!

i Relative humidity Is expressed as a percentage:

100% humidity means that the air Iis saturated at
that temperature
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DIFFUSION/PERMEABILITY

i Diffusion Is the transmission of water vapor
through a material

i Some materials allow diffusion to occur more
rapidly than others

it A mater i al-os -abid ki ty t
v-apor--is: measured by 0
NNpermeanceo

% Copyright 2020 Allana Buick & Bers, Inc

Karim P. Allana, PE, RRC, RWC March 27, 2006 15



PERMEANCE

it Permeance Is based on given
thickness of material.

~ Unit of measure = Perm

_|Is measured In perms per sguare
meter

~ Rating under 0.5 = vapor barrier
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PERMEABILITY

i Permeabllity Is based on a given
thickness range of material.

- Unit of measure = Perm.inch

~ Example, Permeabillity of concrete = 3.2
perm.in

"Per - meance: of 60 -t h
3.2 per m.kn/ 60 =
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Figure 5

Typical Water Vapor Permeance and Permeability Values™?

Material Permeance Permeability
(perm) (permein)

Common roof membrane materials:
Asphalt (hot applied, 2 Ibs/100 ft?) 0.5
Asphalt (hot applied, 3.5 Ibs/100 ft?) 0.1
Built-up membrane (hot applied) 0.0
No. 15 asphalt felt 1.0
No. 15 tarred felt 1.0
Roll roofing (saturated and coated) 0.05

Common insulation materials:

Expanded polystyrene insulation
Extruded polystyrene insulation
Plastic and metal films and foils:
Aluminum foil (1 mil)
Kraft paper and asphalt laminated, reinforced
Polyethylene sheet (4 mil)
Polyethylene sheet (6 mil)

Other common construction materials:
Brick masonry (4 in. thick) 0.8
Concrete (1:2:4 mix)
Concrete block (with cores, 8 in. thick) 2.4
Gypsum wall board (plain, %, in. thick) 50
Hardboard (standard, 7 in. thick) 1
Metal roof deck (not considering laps and joints) 0.0
Plaster on metal lath 15
Plaster on wood lath 11
Plywood (Douglas fir, exterior glue, Y in. thick) 0.7
Plywood (Douglas fir, interior glue, % in. thick) 1.9
Wood, sugar pine
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CONDENSATION

i When air containing moisture cools, some of the
moisture Is released 1 It condenses into liquid

water
u The temperature at whi c
poi nt o

i Condensation occurs when humid air meets cold
surfaces such as walls, chilled water lines, even
Insulation, above or near pools
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Figure 4

WET BULB
TEMPERATURE ,°C

DRY BULB TEMPERATURE, °C

FIG. AA—Calculation of relative humidity and dew point temperature from psychrometric
measurements.
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The NRCA Roofing and Waterproofing Manual—Fifth Edition

APPENDIX 4: PSYCHROMETRIC TABLE

Dew-Point Temperature (F)

Relative Humidity Design Dry Bulb (Interior) Temperature (°F)

50°F | 55°F | 60°F | 65°F | 70°F | 75°F | 80°F | 85°F

100% 35 50| 55 | 60 | 65 | 70 | 75 80 | 85

90% 33 47 | 52 | &7 |62 | 6f| 72 7 o

80% 30 44 | 49 | 54 | 58 | 64 | 68 73 | 78

70% g 40 | 45 | 50 | 55 | 60 | 64 | 69 | 74

60% 24 36 | 41 46 | 51 | 55 | 60 | 65 | 69

50% 20 33 | 36 | 41 | 46 | 50 | 55 60 | 64

40% 15 27 | "8l 35 | 40 | 45 | 49 53 | 58

30% 10 21 | 25 | 29 4 &8 |87 |42 46 | 50

20% 7] 8 9 131 16 | 20-i 24 | 28 |" 31 35 | 40

10% 4 4 15 5 6 8 9 101 18 =47 4 120 24

Adapted from ASHRAE Psychrometric Chart, 1993 ASHRAE Fundamentals Handbook.
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WATER VAPOR PRESSURE

i Gases, including water vapor, exert pressure.

it The atmospheric pressure created by water vapor in the
air.

i Water vapor will flow from the place of higher vapor
pressure, to the place where the vapor pressure is lower

i Higher temperature = higher energy

it Pressure difference in building assemblies occurs in two
typical conditions:
Cooling Climate, where exterior temperature and humidity is high

Warming Climate, where interior temperature and humidity. Is
higher then exterior
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Figure 1
Cooling Climate
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Figure 2
arming Climate

Mean Average January Temperature
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Below 4.4° C (40°F)
FIG. 10—Area of the United States that has a mean average January temperature belo;r 4.4°C
(40°F).
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AREAS SUSCEPTIBLE TO
MOISTURE ACUMULATION

Exterior wall assemblies
Interior wall assemblies
Chilled water line insulation
Indoor pools and spas
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Case Study #1
(COOLING CLIMATE)
EXAMPLE OF
CONDENSATION IN
HOTEL PARTY WALL




