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Objectives

This session will cover

Aommon building envelope concerns of several types of
buildings.

Alesign & construction Issues

We explore these as possible causes of
Aigh utility costs,

Aooor indoor air quality,

Aexcessive condensation,

Aremature degradation of buildings.
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The only criterion of value becomes the
answer to the ultimate question:

nNnDoes |t Wo r
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Each Design is a Prototype

Design vs. Reality

A A Prototype is the place where all assumptions are put to
the test.

A They are put to the test to see how well they will work
before becoming operational.
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Energy Efficient Building Shell

A 40% of energy used by buildings for heating & cooling is
lost due to air infiltration (U.S. Department of Energy
2001)

A Enemies are: air infiltration, moisture infiltration and
thermal short-circuits.

Source: Whole Building Design Guide

ﬁAir Barrier Systems in
By Wagdy Anis, AIA

02-12-2007
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Moisture Movement Above Ground

The movement of moisture into a building through the 2 .

wall assembly above grade can take two main forms. \

The first is the slow transmission of water vapor \

through vapor diffusion, driven by pressure and tem- RIGEAE

perature differentials. The second is the more severe Oy TP o * lJ
movement of moisture-laden air through porous build- g A Kofareh
ing materials, holes and/or penetrations in the building : #’

envelope. /

Addressing moisture movement above grade by air is
the most significant vehicle in eliminating moisture in

the wall. Moisture movement by air accounts for 70- S
90% of the moisture, while the remaining 10-30% 1s Sypsum voard. Ly
moved by vapor diffusion. & terol o 70T PRl R
{ e WpEEEE
s T
i
NN

pa s

Diffusion vs. Air Leakage
Source: Building Science Corporation ‘Builder’s Guide’
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Alr leaks through the building envelope
can take one of several forms

A Orifice flow
A Diffuse flow
A Channel flow

CONCENTRATED
CONDENSATION i
VAPOR BARRIER z

TS p—
[ Oifuse Flow [T[ Channel Flow

Bl Orifice Flow

333333 - Whole Building Design Guide

yyyyyyyy
0000000000
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Types of Moisture Problems

<+ Dry wall

Mold growth on

Outdoor air infiltration backside of drywall
86 deg F ---------------------- Interlor DeSIgn
132 gr/lb 72 deg F
67.5 %rh 54.5 gr/lb
/4 deg F dp 45.0% rh
~ 49.5 deg F d
0.85 nHg VP 0. 36 ﬁpl-g VP

building envelope
with poor moisture barrier
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Energy Efficient Building Shell L]

There are three major air pressures E
on buildings that cause infiltration
and exfiltration:

A Wind pressure
A Stack pressure (chimney effect)
A HVAC fan pressure e

WIND EFFECT STACK EFFECT

1 Ll

|

HVAC FAN EFFECT COMBINED EFFECT
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FIGURE 10,14  Flow around a building in a boundary layer.
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, Benefits vs. Costs to
Benefits or
il Cost Savings Change per Phase

Cost to Implement
or Change

Pre-Design  Design Construction Turnover  Occupancy
Phases
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Building Considerations

Altds a systemé not just

I Uncontrolled air flow through the envelope and
between spaces

A Control outside air and moisture at

the source
A Control dew point and control condensation
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Problem Buildings T EXxisting

I What are the problems

I Form Hypothesis

I Test Hypothesis

I Report Findings

I Determine Course of Action
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Commercial Hotel

Issues

A Water running down through walls since the owners took
occupancy.

Cause

A Improper windows for wall system

A No end dams in windows

A Poor EIFS design and installation

Repairs

A Replacement of entire EIFS finish, exterior sheathing and
windows on 220 room hotel

A Mold remediation and replacement of drywall on exterior walls

@ WWW.VANMETERINC.COM TRIRE




‘ VAN METER’S

tNKGREEN

SUMMIT 2011

(VW) WWW.VANMETERINC.COM 10.14.11



@ WWW.VANMETERINC.COM 10.14.



HGREEN

@ WWW.VANMETERINC.COM 10.14.11



(VW) WWW.VANMETERINC.COM



tKGREEN

No unexpected moisture entry from test
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Direct Repair Costs: $569,544.28
Windows: $102,000.00
Business Disruption/Loss of Revenue (est.): $182,000.00
Total Direct Loss: $853,544.28
Percent of Original Project: 18.97%
Litigation Expense: ??7??7?7?

Insurance didn't cover loss

Set the client back 4.5 years on paying for the structure. If you add the $853,544.28 onto the bac
end of the loan, what is the direct and indirect cost to the client?

Loss to Contractor: Unable to obtain bonding
Unable to obtain insurance coverage
Litigation Expense: ??7?7?7?7?
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Community Library

Issues
A Water running through walls, through first floor down to
basement since construction

Repairs
A Replacement of entire brick facade, affected exterior

sheathing, mold remediation and replacement of
Insulation and drywall on interior surfaces.
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Air Leaks and Improperly Placed Insulation in Cathedral
Ceiling
-
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Community School District

A Structure built in 2003.
A HVAC never worked properly i high humidity

A Condensation a problem in drawer units on outside wall
units since occupied

A Dripping from coil housings since occupied

A Three periods of construction, two areas heating and
cooling one area heating only.
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Cold surfaces
condense water

vapor at or below
the surrounding
ambient dew point. P28
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Apartment Buildings
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Positive Pressure Conditioned Space

Pressure (Pa) 75.1 70.0 65.1 60.0 54.9 49.9 62.5

CFEM@50 Pa 2565 2415 2270 2120 1900 1745 2169

Pressure (Pa) 74.9 70.1 65.1 60.0 54.9 50.0 62.5

CFM@50 Pa 2505 2370 2275 2090 1955 1780 2163

Ave. Pressure (Pa) 75.0 70.1 65.1 60.0 54.9 50.0 62.5

Ave. Total CFM@50 Pa 2535 2393 2273 2105 1928 1763 2166

Negative Pressure Conditioned Space

Pressure (Pa) -75.1 -70.2 -65.1 -60.0 -55.0 -50.0 -62.6

CFEM@50 Pa 2375 2255 2115 2005 1870 1735 2059

Pressure (Pa) -75.0 -70.0 -65.0 -60.2 -55.2 -50.0 -62.6

CFEM@50 Pa 2420 2295 2180 2020 1905 1805 2104

Ave. Pressure (Pa) -75.1 -70.1 -65.1 -60.1 -55.1 -50.0 -62.6

Ave. Total CFM@50 Pa 2398 2275 2148 2013 1888 1770 2082

Ave. Total CFM @ 50 Pa 2466 2334 2210 2059 1908 1766 2124
Average 2124

Total Envelope Area 15,122SF

ASHRAE 0.3CFM/SF of Envelope

ASHRAE CFM 4536.6CFM

USACE 0.25CFM/SF of Envelope

USACE CFM 3780.5CFM

Door Fan Capacity 16,000CFM

Fans operated at 95% capacity CFM @ 50 Pa

Total Air Leakage of 0.140CFM/SF Building Envelope @ 50 Pa
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Community Fire Protection Facility
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The following issues have been noted since the
building was occupied in 2008

A Excessive humidity

A Mechanical system unable to keep the interior humidity
levels below the condensation point on the interior of the
conditioned space.

A Removal of approximately 100 gallons of water with
dehumidifiers each week during the summer months.
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The following issues have been noted since the
building was occupied in 2008 cont.

A Condensation on the bottom of the precast concrete and
the corrugated steel deck above the suspended ceiling.

A Accumulation of 1/8th of an inch of water on the floor.
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Pressure Recording

Pressure trend logging provided the following results:

A Pressures between the crew quarters/offices and the
apparatus bay ranged from +0.003 to -0.003 psi.

A Not a significant pressure difference between the
conditioned and the semi-conditioned spaces.
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Community Fire Protection District

DateTime CO2ppm CO ppm Temperature°F Humidity %RH Dew Point°F
. . 16-Feb-11 04:54:15 PM 429 1.3 69.0 46.2 475
I n Ve Stl g at I Ve to O I S 16-Feb-11 05:09:15 PM 481 1.0 713 418 46.9
16-Feb-11 05:24:15 PM 522 1.0 72.7 38.7 46.2
16-Feb-11 05:39:15 PM 532 1.0 73.7 36.8 45.7
16-Feb-11 05:54:15 PM 539 1.2 745 35.3 453
16-Feb-11 06:09:15 PM 546 0.9 75.2 34.3 451
. ‘g 16-Feb-11 06:24:15 PM 529 1.0 75.6 335 448
Amblent COﬂdItIOﬂ trend 16-Feb-11 06:39:15 PM 537 1.0 75.9 32.6 44.4
. 16-Feb-11 06:54:15 PM 531 0.8 76.0 32.2 442
Iogg | ng 16-Feb-11 07:09:15 PM 550 0.6 76.2 31.8 441
16-Feb-11 07:24:15 PM 543 0.9 76.4 31.2 437
16-Feb-11 07:39:15 PM 559 1.0 76.2 30.9 433
16-Feb-11 07:54:15 PM 560 0.6 76.5 30.8 435
16-Feb-11 08:09:15 PM 548 0.7 76.1 30.5 428
16-Feb-11 08:24:15 PM 545 0.8 76.6 30.3 432
16-Feb-11 08:39:15 PM 543 0.8 75.8 30.3 42.4
16-Feb-11 08:54:15 PM 548 0.6 75.8 30.5 426
16-Feb-11 09:09:15 PM 559 0.7 76.0 30.8 432
16-Feb-11 09:24:15 PM 549 0.7 76.6 30.7 435
16-Feb-11 09:39:15 PM 533 0.6 75.9 30.6 428
16-Feb-11 09:54:15 PM 523 0.7 76.0 30.8 43.0
16-Feb-11 10:09:15 PM 509 0.7 75.3 31.3 428
16-Feb-11 10:24:15 PM 514 1.2 76.3 30.8 433
16-Feb-11 10:39:15 PM 496 0.7 75.8 31.9 437
16-Feb-11 10:54:15 PM 492 0.7 76.6 32.0 446
16-Feb-1111:09:15 PM 489 0.6 775 31.0 44.6
16-Feb-11 11:24:15 PM 484 0.6 78.0 29.8 441
16-Feb-11 11:39:15 PM 486 0.3 78.6 29.0 437
16-Feb-11 11:54:15 PM 496 0.4 79.0 28.3 433
17-Feb-11 12:09:15 AM 491 0.4 79.3 27.7 432
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Large Building Air
Leak Testing
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CFM@50 Pa

CFM@50 Pa

Total CFM@50 Pa

Pa

CFM@50 Pa

CFM@50 Pa

Total CFM@50 Pa

Total Envelope Area

ASHRAE
ASHRAE CFM

USACE
USACE CFM
Door Fan Capacity

Positive Pressure Conditioned Space
22.6

7130

20.1

9860

21.35
16990

28.6 33
6730 7175
26 32.2
9875 9045
27.3 32.6
16605 16220

Negative Pressure Conditioned Space

-18.4
-10350
-19
-7965
-18.7
-18315
18315
17653

Fans operated at 95% capacity

Total Air Leakage of

-23.1 -31.7
-8965 -8860
-24.2 -30.2
-8965 -9865
-23.65 -30.95
-17930 -18725
17930 18725
17268 17473
20,217SF

36.5
6545
314
9680
33.95
16225

-33.9

-8820

-34.1

-9055

-34

-17875

17875

17050
Average

0.3CFM/SF of Envelope

6065.1CFM

0.25CFM/SF of Envelope

5054.25CFM

16,000CFM

18450 CFM @ 50 Pa

0.857447 CFM/SF Building Envelope @ 50 Pa

2 N A /!
10.14€

A

. ¥

35.3
7000
31.9
9645
33.6
16645

=35:2
-8660
-34.3
-9160
-34.75
-17820
17820
17233
17335
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Quantified Volume of
Alr Leaks
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Square inches of opening @ 1Pa
Total Negative Pressure -3980

Total Positive Pressure 2935

Square Feet of opening @ 4

Pa
Total Negative Pressure -15.30
Total Positive Pressure 12.01



South side

Thermal anomalies apparent in the
static and positive pressure
images. These are indicative of
air leaks near these points.

A1 DIGITAL IMAGE B1 STATIC PRESSURE

C 1 NEGATIVE PRESSURE D1 POSITIVE PRESSURE

SPO2F NP02D PPO9B
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Lounge

Apparent air leaks in northwest
corner

A'i DIGITAL IMAGE BT STATIC PRESSURE

Ci NEGATIVE PRESSURE D1 POSITIVE PRESSURE

| Lounge | spssD NP73D PP74B
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Conference room

Air leaks at the base of wall and
thermal anomalies noted under
static and negative pressure.

AT DIGITAL IMAGE BT STATIC PRESSURE

C 1 NEGATIVE PRESSURE D1 POSITIVE PRESSURE

Conference
Room SP25B NP32B P38F
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Lounge

Apparent thermal briding at the
steel framing members

Air infiltration behind the drywall
becoming apparent around the
outlet and also decreasing the
temperature of the wall cavity and
drywall

Bi STATIC PRESSURE

- gy

D7 POSITIVE PRESSURE

Ci NEGATIVE PRESSURE

| Lounge | spssB NP71B PP71B |
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Apparatus bay

Apparent air leakage at roof/wall
intersection

3
B1 STATIC PRESSURE

Ci NEGATIVE PRESSURE Di POSITIVE PRESSURE

SP38B NP48B PP80B
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Air leakage at just slightly above positive pressure T wind load was close to pressure imposed
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Pre-Design/Planning

Owner 0s Project Requirement :

A The development of the OPR is the first step in the
Commissioning (Cx) Process.

AThis document details the
requirements for the facility and its performance

AServes as a fihandbooko for
project
A Collaborative team approach
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Pre-Design/Planning

Basis of Design (BOD)

A The BOD is the collection of information designed by
the designers in creating a design that meets the
requirements set forth 1 n t

A Each designer records any assumption, code,
standard, or calculation used in creating the design,
then submits this information to the commissioning
authority for documentation in the basis of design
document.
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The Negative Air Machine and Spray Rack used for construction
verification testing to perform the ASTM E1105 test .
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The only criterion of value becomes the
answer to the ultimate question:

nNnDoes |t Wo r

(VW) WWW.VANMETERINC.COM




tKGREEN

Application I Institutional Wa

The best wall we

build today. It works
everywhere, in every

climate zone. It costs
mor e, but

sustainable. It will
pass from generation
to generation.
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Cladding: brick, stone or precast veneer
Keeps rain out of the wall

Drainage cavity .
Keeps inward water leakage from soaking control layers

Exterior rigid insulation
Keeps heat out of the building

Continuous waterproof drainage layer
Membrane, or trowel-applied, or spray-applied
This is the water barrier, the air barrier, and the vapor-retarder

Concrete block _
The structure, and useful interior thermal mass

Furring
Metal channel or wood - to attach and support interior gypsum board

Gypsum board
Installed with a gap at the bottom of the wall, filled with fire sealant.

Porous, highly-permeable interior wall finish
Latex paint, textured finish or other (Greater than 15 perm)

Wall dries both inward and outward,
from the waterproof layer
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Application - Commercial Wall

Cladding: brick, stone, stucco or precast
Keeps rain out of the wall

The almost-best wall
we construct today.

| t 6s affor
Actual l vy,
cheapest wall that
works, and it works
In any climate zone.

)

Drainage cavity
e Or, in the case of stucco—two layers of building paper

®
®

h e Exterior rigid insulation
) Keeps heat out of the building

L)

Continuous waterproof drainage layer
Membrane, or trowel-applied, or spray-applied
This is the water barrier, the air barrier, and the vapor-retarder

SNARES

- * Exterior sheathing
Which needs protection from soaking, and from condensation

* Steel stud _
The structure, which needs protection from condensation

3

Gypsum board
Installed with a gap at the bottom of the wall, filled with fire sealant

JJI]

L

Porous, highly-permeable interior wall finish
Latex paint, textured finish or other (Greater than 15 perm)
B . -

Wall dries both inward and outward,
from the waterproof layer
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In concept, the perfect wall

Perfect Wall

has the rainwater control
layer, the air control layer

® Cladding
Protects control layers from ultraviolet, and rain

and the vapor control layer | |«
all under the cladding, but all

* Drainage Gap
Stops any inward water leakage, and keeps the
control layers from staying wet

directly on the exterior of the /f/
structure. The c}) ad
functions include shedding

rain, but itods pfinci

IS to protect the control layers
from ultraviolet radiation.

(VW) WWW.VANMETERINC.COM

® Control Layers
Exclude water, air, vapor and heat, protecting the

| d | Tyuerréerg the interior finish, and making it

posstble to condition the air inside the building.

t
ﬁ I;g cf?vallporufarlmptogns e

<—= Interior Finish
Improves the look and feel of the wall,
and allows trapped moisture to dry inwards

10.14.11
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Application T- Roof Wall Connection

Notice the control layer for
rain on the roof is L

connected to the control \- "'22:tt,|:,7|ayers
layer for rain on the walls. i )% in the roof...

And the control layer for air \
IS connected to the control ..

layer for air on the wall,
and so on. 7
... are all connected to each other.

Control layers in the wall..
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Application - Residential

The best residential wall

we construct today. | tos
not cheap, but it works

everywhered evenin

cold climates, where

more insulation inside

the structural frame is

called for.
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