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Presentation Overview

Alntroduction to moisture movement through facades

ACase Study #4.186-Unit Multi-Family Complex

ACase Study #260-Unit Multi-Family Complex

ABuilding Code Requirements

ALessons LearnegiManaging Moisture Movement and Condensation
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Introduction

ABuildings are being designed to be more and more air tight and better
iInsulated.
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Important factors effecting envelope performance today.

AHumidity and condensation control are directly linked to type of
cladding, WRB, vapor barriers and mechanical ventilation.

AThis seminar will focus on wall assemblies experiencing excessive
water damage due to moisture diffusion and condensation.
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Introduction

AWater damage from Condensation or moisture diffusion can occur
with or without designed vapor permeable air barriers.

AThis seminar discusses lessons learned from investigation and analysi
of actual projects in California.

AWe used data loggers and WUFI analysis to understand how buildings
behave in real time versus design parameters and Code requirements.

AWe will discuss mechanical ventilation and the role it plays in
managing moisture movement through walls.

AWe will also review code changes that now require ventilation for
multi-family residential.
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Case Study #

186-Unit Multi-Family Complex
San Ramon, CA
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Project Background

A186-Unit Multi-Family Complex
ALocated in San Ramon, CA
AOriginally Built in 2011
AConsists of 5,-$tory Buildings

AConstruction
AType 5 construction
AWood Sheathing over Wood Framing fs
A2 Layers of 60inute WRB
A3-Coat Traditional Stucco System
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Previous Attempt to Fix Exterior Wall

AThere was an initial

remediation attempt prior to ABBAE involvement.

AReports of mold and moisture damage on the interior walls of 1 stack

of 3 units in one of t
AWater damage and

ne Buildings.

niological growth were reportedly uniform across

the backside of gypsum board and moisture damage on OSB.
ADamage ranged from heavy damage on the 1st floor to less damage

on the 3rd floor.
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PreABBAE Remediation Effort
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PreABBAE Remediation Effort

AManagement believed cement plaster was leaking.
AThey hired a contractor to replace all the plaster in the unit stack.
AAIl the windows were rdlashed

AApprox. 1 year after the repair, same mold/damage developed on the
same unit stack.

A2nd time around, Management called us...
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Typical Unit Stack
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Water Intrusion Investigation

To Determine the Source(s) of Damaging Water Intrusion
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Facade Assessment

APhase  visual assessment of the
building exteriors and select unit
Interiors.

APhase 2, Destructive Testing

APhase 3, data loggers and WUF|
modelling

AWe were given access &vacant
units across 3 buildings.

AWe observed mold or biological
growth at 7 out of 8 of units.
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Building 1500, Unit 100 Interior
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Mold Growth at SGL and Window Frames
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Active Condensation On Glass At a Window
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Carpet Tack Strip Damage at Exterior Wall
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High Interior Humidity & Moisture Reading
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High interior moisture readings (despite unit being vacant)
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Visual Investigation of Potentlal Leak Sources

O Significant cracks in the 3 coat traditional plaster system
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Potential Leak Sources at Exterior Walls
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Recommended Further Destructive Testing
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ABased on observed interior/exterior damage, interior humidity levels,
additional testing was required.

AWe opened up gypsum board in the various units.

AWe observed severe damage to the exterior oriented strand board
(OSB) sheathing.

ABased on our observations, we identified several potential sources of
wall and window leaks for testing.
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Damage In Wall Cavity After Removing Drywe
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2 Days of Extensive Water Testing

Alncluded extensive testing of the
windows and wall assemblies.

AWindows were tested under
ASTM EL105 under differential

pressure.

AExterior stucco facade was testec
with a spray rack for 2 hours with
no differential pressure.

AResultsVery isolated water
Intrusion, not responsible for
uniform and extensive damage
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2 Daysof Water Testing No Slgnlflcant Leaks
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No Significant Interior Leaks from Water Testing

hyS &WKAY 2 NR C
glazing stop leak was
observed during

negative pressure

testing of a window
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No Significant Change In Wood Moisture from Test

We tested wood moisture levels Interior moisture levels did not

moisture levels before, during  change significantly within the
and after 2 hr. testing. 6-8 hour testing period
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If Not the Wallls, then Foundation Slab?

ASince liquid water was not coming directly through the stucco walls
(WRB), next potential source was the foundation slab.

AWe performed concrete coring and calcium chloride testing of the
Interior unit slabs.

AWe looked for water travelling under the slab and if there was an
under-slab vapor barrier present.

ACalcium chloride tests indicated an elevated slab moisture vapor of
between 3.7 and 5.7 pounds/1000 square feet.
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Concrete Coring to Check for Undé&b Water
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Water Under The Concrete Slab
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The foundation wall was allowing
water from the landscape irrigation
system to migrate under the slab

Liquid water migrated on top of the
vapor barrier during water testing

. This undesslab water still does not
explain the interior humidity levels
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Moisture Study For Diffusion Through Slab

DATA COLLECTED
Specimen A Specimen B Specimen C

date wt, grams  date wt, grams date wt, grams
7724118 1145 4866.86 724118 11:45 458243 7124118 1145 4783.50
72718 1028 486323 7278 10:28  4580.58 71278 10:268 4780.32
730018 1157 4860.04 73018 11:568 4578.60 7308 1158 A7T7.27
82118 10:16 4857.32 8/2M186 1016 4576.74 8/2M18 1016 4774.40
6/3/16 9:12 4656.50 8/3/M16 9:12 4576.01 8/3M16 9:12 A773.48
8/6/18 13:41 4653.74 8/6/18 13:41 4573.85 8/6/18 1341 4770.38
8/8/18 13:11 4856212 8/6M186 13:11 457244 8/8M8 13:12 4768.48
86/10/18 14:26 4850 46 8/10/M18 14:26  4571.07 8/10/18 1427 4766.51
61318 1337 484821 8/13/18 13:38 4569.04 8/13M18 13:38 4763.65
8/15/18 9:39 4846 .81 8/15/18 940  4567.79 8/15M18 940 4761.93
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Destructive Testing Signs of Wetting and Drying
\

Traditional cement plaster with 2 layers of Grade D paper shows wetting and drying
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Study For Diffusion Through Plaster = 3.5 Per

RESULTS

WS Stucco 3.5 perms (grains h' ft2in Hg'1)

SPECIMEN PHOTOGRAPH

SPECIMEN INFORMATION

Client ID WS Stucco

CTLGroup ID 4718704

Material type Stucco

Specimen thickness, in. 0.95-in.

Exposed area, in’. 54.3

Balance EP6102C s/n M028112
Last Calibration 23-Feb-18

Prepared by M. Klaric
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AAccording to plans, there was ducted fresh air intake in mechanical
system, so why the high interior humidity?

ANeither exterior walls or slab accounted for significant enough water
Intrusion to raise humidity levels, especially with designed HVAC
exhaust/fresh air.

AWe installed data loggers to track temperature, humidity and actual
moisture levels in exterior sheathing during rains.

A2 to 3 data loggers were installed in 3 units for comparison.

AData loggers were installed inside the wall cavity and living space to
measure relative humidity levels.
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Using Data Loggers

To Track Temperature, Humidity and Actual Moisture Levels in Exterior Sheathing
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Data Logger Results

WME = Wood Moisture Equivalent

Unit Location Temp (Dai Temp % Ir_lt. Hum. % Ir_lt. Hgm. %WME %WME
Low) (Daily High) (Daily Low) (Daily High) (Daily Low) (Daily High)

1100100 East BD 1 66.9 7.7 48.9 71.1 10.6 12.6
1100100 Hall 73.9 77.3 46.8 51.1 7.6 8

1100100 West Master 67.3 79.4 55 77.7 11.8 14.4
1400100 South BD 1 67.2 83.4 49 72.2 10.1 12.5
1400100 Hall 72.3 79.7 44.8 52.8 6.5 7.4
1400100 East Master 66.8 81.9 57.1 76.2 10.1 12.1
1500311 Hall 74 80.1 39.5 48.9 6.3 7.1
1500311 South Master 65.5 80.5 51 75.8 8.4 10.5
1800202 East BD 1 68.3 83.7 53.7 82.6 9.4 13.1
1800202 Hall 75.4 80.1 53.1 56.5 8.3 8.7
1800202 East Master 63.1 88.1 43.3 73.8 6.4 8.6
1100115 Hall 54.2 79.1 45.6 4.7 9.6 20

1100115 East Master 54.7 89.1 45 98.7 9.6 21.5
1100115 East Master Ceiling 54 87 45.8 80.3 10.1 20.1
1100115 South Master Closet 53.7 80.5 45.4 77.1 7.7 18.8
1500100 North West BD 1 54.4 76.9 45.8 68.7 10.1 18.6
1500100 Hall 54.3 78.4 40 60.2 8 18.6
1500100 North East Living Room 53.8 79 39.5 66.1 8.8 18

1500100 West Master Closet 50.8 80.6 39.6 73.7 9.2 18.9
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WUFI Modeling AsDesigned Conditions

AWUFI stands fowarmeUnd Feuchtetransportnstationar
(or Transient Heat and Moisture Transport).

Alt is a software suite designed to realistically calculate heat and
moisture transport through muHliayered building components.

AFirst we modeled the building exterior and ventilation as designed.

ADesign included mechanical ventilation ducted to the forced air fan
coil system used for heating and cooling.
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WUFI Model I AsDesigned Conditions

AThis model uses the following parameters and generated the

following results:

Climate Interior Exterior | Mechanical Sheathing
Construction Zone Source Source | Ventilation Mold Index Moisture
Moisture Moisture Rate Content

Acé ahGdz002 oo NnRaaRamon j0.83pghy | None 1.5 ACH 0 11%
A 60 min. building paper CA (2-bedroom

(2 layers) residence
Royé hi per WUFI)
Aoodopé TFTAOSNACL I

(1.2pcf)
Apkyé¢ AYOISNRA2NI F3eLladzy 6021 NR

(painted)

CBEC
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WUFI Model  With ACH = 1.5

‘WUFI Pro 6.3 ‘

Materials:

Component Assembly
- Portland Cement-Lime Mortar - Type S 0.95in

Case: As-Designed (no external moisture)-1.5 ACH

Exterior __Interior - - Asphalt Impregnated Paper (60 min Paper) 0.039in

- Asphalt Impregnated Paper (60 min Paper) 0.039in
- Oriented Strand Board 0.492 in
D
- *Low Density Glass Fiber Batt Insulation - unlocked 3.504 in
0.95 (OBEB.492 3.504 0.625
¢ @ ¢ ¢ $ - Interior Gypsum Board 0.625in
Thickness [in]

(O - Monitor positions
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WUFI Model X Mould (Mold) Index Low
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WUFI Model £ Mould (Mold) Index

— As-Designed (no external moisture)-1.5 ACH (OSB: Sensitive, decline 0.1, type 0.0, surface 1.0 )
0.00475

0.00450
0.00425
0.00400
0.00375
0.00350
0.00325
0.00300
0.00275
0.00250
0.00225
0.00200
0.00175
0.00150
0.00125
0.00100
0.00075
0.00050
0.00025
0.00000

Mould Growth Index [ -]

MOLD INDEX 0

2018 2019 2020
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WUFI Model  Sheathing Water Content (WMI

Oriented Strand Board
14 14
OSB SHEATHING
MOISTURE
~—1 CONTENT 11%
DURING WINTER
12 _ SEASON J 12
& s
< 10 10 g-
3 l 2
ks E
g° w ° &
6 6
4 |
2/1/2019 8/1/2019 2/1/2020 8/1/2020 21172021 8/1/202
WUFI* Pro 6.3; 4984 Valencia Moisture Report 5.7.20.w6p; Case 6: As-Designed (no external moisture)-1.5 ACH; 5/12/2020
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Data Logger Results and WUFI Modeling

AData loggers showed high humidity and moisture levels in OSB.

AWUFI model 1, showed mold and high moisture levels were not
possible (as designed)

ABase on data, we decided to du further modelling in WUFI

AWe also used the data loggers to monitor changes in moisture and
humidity in exterior OSB sheathing before and after rain events.

AChanges In humidity during a rain event allowed us to model how
YdzOK af SF{1I3S¢ g a-ceapsENdmMWREand K
soaking through the walls.

AWe modeled the actual results and studied in WUFI.
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Moisture Diffusion Through Exterior Walls?

AThere was no liquid passing through WRB on to interior finishes.

AHowever, moisture must have been diffusing through building the
paper, through the exterior sheathing.

A2 4 OKSNB afSFE{1lF3Sé¢ ¢l a RdzS 2
and openings through the stucco?
AWas damp WRB building paper acting like a wet towel against the

OSB sheathing and the moisture gradually absorbing into the wall
cavity?
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Was the HVAC System Functioning Properly?

AHVAC investigation scope included:
AReview of design drawings and specifications
AOnsite verification of the mechanical systems installed

A Air flow measurement of:
A Bathroom exhaust fans
A Fancoil unit outside air intakes

ABlower door air barrier testing

AWe knew the HVAC design had a fresh air intake duct connected to
the fan coil unit.

AWere the exhaust fans and fresh air ducts working properly?
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Mechanical System Per Design Documents
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Existing HVAC Unit

Fresh Air
| Intake was
missing
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HVAC Investigation Results

Alnstalled indoor fan coil system did not comply with existing
construction documents.

AThe fresh air intake duct as designed by the mechanical engineer was
not installed.

AHad the ducted fresh air inlets been per design, it would have
resulted in a ventilation rate of 1.5 to 1.7 Air Changes per Hour (ACH).

AActual Air Exchange Rate was 0.4 ACH
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HVAC Investigation Results

ABathroom exhaust fans were undersized and also did not match the
specifications.

AOriginally designed exhaust fans were specified to flow at 110 cfm
(two exhaust fans per residential unit).

AOur calculations showed 1.5 air changes per hour (ACH) can be
achieved in bathroom from designed 110 cfm fans (working 24/7).

AThe 80 cfm units installed can only achieve 0.3 ACH (bathroom) when
working 4 hours per day.
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Bathroom Exhaust Fans Were Undersized

DISCONNECT POWER AT SERVICE ENTRANCE BEFORE
To protect finish, wash with mild soap or detergent only.

Permanently lubricated motor-Do not oil or lubricate.
Mav be used over bathtubs and showers when installed in a GFCI protected branch circuit.

VER UNIT for use only with QTXRO00HF-A Project H

nergy Star qualified
BroanNuTone LLC
Hartford, Wisconsin




More WUFI Modeling

Replicating Actual Field Conditions with WUFI model
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Air Leakage / Blower Door Testing
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