






Figure 7 – Test Area 2 – Window head with “weep screed” formed into the 
sheet-metal collar along with a nail-on fin. Note the sheet-metal collar forms 
a substrate to which the window perimeter sealant can adhere. Several 
minutes into testing at 6.24 psf, a small amount of water was observed on

Figure 6 – Test Areas 2A and 2B – flashing collar. top of the metal flashing at the head (aligned with the jamb). 

TEST RESULTS 

Testing at 0 psf: Water first began run­
ning down the back of the jamb-casing bead 
shortly after testing began. Subsequently, 
water was observed entering from holes in 
casing bead flanges and from the WRB sides 
of casing beads. At the end of an hour, 
water had spread a few feet onto the floor. 

Testing at 3 psf: Leakage increased 
down the jamb-casing bead. By the end of 
this test period, water had migrated 3 to 5 ft 
out onto the floor. Water also dripped from 
the casing bead above the window head 
shortly after application of differential air 
pressure. A water pool 30-in long formed on 
top of the window frame during this test 
period. 

Testing at 6.24 psf: All leaks 
increased. At the end this test cycle, water 
had spread 5 to 7 ft out across the floor. 

TEST AREAS 2A AND 2B, CUSTOM FLASHING COLLAR 
•	 A small amount of water appeared 

on top of the metal head flashing 
at 6.24 psf. 

Flashing was the same at both sides 
(Areas 2A and 2B) of the window. Area 2A 
had control joints in the stucco, and Area 
2B did not. 

This design was developed by one of the 
authors in the course of a repair project. It 
had been successfully installed and tested 
to 6 psf differential air pressure in three 
repair projects prior to this testing. It is a 

one-piece sheet-metal collar (Figures 6 - 8). 
It provides the following: 

•	 An unbroken substrate for window 
perimeter sealant, 

•	 Stucco “key” returns (at jamb and 
sill) into the stucco surface, 

•	 A head flashing that directs water 
draining from the WRB to weep out, 

•	 A nail-on flange for conventional 
integration (ASTM E2112, Method A 
or B) with flexible flashing and WRB, 

•	 An integral pan flashing, and 
•	 Integral weeps for the pan flashing. 

Integration with the water-resistive bar­
rier (Figures 7 - 8) was achieved using ASTM 
E2112 flashing Method B at jamb and head 
and both Methods A and B at jambs (mem­
brane flashing both under and over the 
jamb flange of the flashing collar). Nail-on 
flanges of the flashing collar were embedded 
in sealant. Building paper (WRB) was inte-

Figure 8 – Test Area 2 – Windowsill with pan flashing integrated into the sheet-metal collar. 
The metal collar counterflashes the top of the stucco and has a “nail-on fin” for integration 
into the WRB and flexible flashing. 
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grated shingle fashion with the flexible 
flashing (over at head and under at sill) and 
was integrated between flexible flashings at 
jambs. Weep tubes were soldered into the 
pan flashing and exited out of the face of the 
downturned “key” edge of the flashing. 

TEST RESULTS 

Testing at 0 psf and 3 psf: No leakage 
was observed. 

Testing at 6.24 psf: Water was found 
on top of the head-to-jamb joint of the win­
dow, midway and just minutes into initial 
testing at this pressure. This was traced to 
a window joint and was subsequently 
caulked (wet sealed) and did not reappear. 

During retesting, water was found on 
top of the head flashing (Figure 7) on Area 
2A midway into testing Area 2B. The 
amount of water appeared to be small – less 
than a thimble full. It appeared that water 
entered though a solder joint in the flash­
ing. How water reached this side of the wall 
is unexplained. 

TEST AREA 3A. POLYMERIC WRB MANUFACTURER’S 
DETAILS 

•	 Leakage began at 3.0 psf and 
became very rapid. 

VaproShield is a manufacturer of poly­
meric weather-resistive barriers and acces­
sory products. Test Area 3A is based on the 
authors’ understanding of 12 detail draw-

Figure 10 – Test Area 3A – Manufacturer’s detail did not show sealant between window 
and sill-pan flashing. Water was drawn over the pan flashing starting at 3 psf. Leakage 
was so rapid that sealant was applied between the top of the pan flashing and window 
frame. This controlled leakage over the pan. 
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ings for “Non ­
flanged Window 
Flash ing,” which 
are designated 
Va p r o  S h i e l d ­
0007 and dated 
6/20/07. De ­
tails focus on 
the integration 
of VaproShield’s 
WRB and flash­
ing products. 
Products shown 
in their litera­
ture for the 
flashing of store­
front windows 
include “3-D 
Pre formed Cor­
ners,” “Vapro ­
Tape,” and “Va ­
p ro  F lashing . ”  
The assembly 
fol lows Vapro ­
Shield recom­
mendations to 
the extent possible with some variations as was added during testing to reduce leakage 
described below (Figures 9 and 10). and as an attempt to simulate expanding 

Expanding foam tape (VaproShield foam tape. 
Expanding Foam Tape) shown on 
VaproShield’s drawings was reportedly not 
available from the manufacturer, and thus, 
none was used. Low-rise ex panding foam 
spray be tween window frame and flashing 

Figure 9 – Test Area 3A – Manufacturer’s detail did not show sealant 
between window and head flashing. Water was drawn over the head 
of the window starting at 3 psf differential air pressure. Leakage was 
so rapid that expanding spray foam was applied between window and 
wood framing. This greatly slowed leakage. 



 

Figure 12 (below) – 
Test Area 3B – Head­

to-jamb transition 
flashing. Weep 

screed above head 
flashing. End dam of 
head flashing. Jamb 

flashing lapped 
under soldered 

extension attached to 
the bottom of the 

head flashing. 

Figure 11 (above) – Test Area 
3A – Window jamb-to-head 
flashing transition. Head 
flashing extends be yond the 
end of the win dow and turns 
up at the end. The casing 
bead butts up to the bottom 
of the head flashing, leaving 
a small gap. The head 
flashing laps over the win ­
dow without forming a con ­
ventional gap for backer rod 
and sealant. Note the control 
joints have not been 
installed. 

No sealant was shown in VaproShield’s 
drawings between the window perimeter 
and flashing, and thus, none was used. 
VaproShield’s literature shows the window 
sill bedded in sealant at the inside corner of 
the pan flashing. As shims under the win­
dow prevent the window frame from seating 
on the pan flashing and thus bedding into 
sealant, no sealant was used at this loca­
tion. Sealant at the top of the pan flashing 
was added during testing to control leakage 
and attempt to simulate the bedding seal. 

A casing bead was installed at the jamb 
in order to terminate the stucco (the pub­
lished design did not include details for 
cladding termination). Casing beads were 
not embedded in sealant. 

Note that the head flashing extends past 
the jamb (Figure 11) roughly 1½ inches or 
about the width of a typical casing bead wall 
flange. This arrangement is consistent with 
details from the Northwest Wall and Ceiling 
Bureau (Areas 4A and 4B). 

TEST RESULTS 

Testing at 0 psf: No leakage was ob ­
served. 

Testing at 3 psf: Water was drawn up 
and over the pan flashing less than one 
minute into testing 
(Figure 10) and was 
drawn over the head 
of the window (Figure 
11). To control rapid 
leakage, testing was 
halted and sealant 
was applied between 
the top of the pan 
flashing and the win­
dowsill. Spray foam 
was also applied be ­
tween the wood fram­
ing and the window 
frame at the head and 
jamb. 

Testing at 6.24 
psf: Water ran down 
the head of the win­
dow, aligned with the 

jamb, shortly after testing began. Soon 
after, moisture was detected below the cor­
ner of the pan flashing. 

TEST AREA 3B. MODIFIED POLYMERIC WRB 
MANUFACTURER’S DETAILS 

•	 After repair of an opening in the 
perimeter sealant, no leakage was 
observed. 

Test Area 3B is based on a combination 
of VaproShield’s information, typical stucco 
termination needs, typical storefront win­
dow manufacturers’ requirements, and the 
authors’ experience. It varies from Area 3A 
as follows: 

Perimeter sealant joints were added 
between the window and flashings at the 
head and jamb. A sloped head flashing was 
added as opposed to a “flat” nondraining 
head flashing. A weep screed was used 
above the head flashing (Figure 12) as op ­
posed to a casing bead in Area 3A (Figure 9). 

The jamb and sill casing beads had 2­
in-wide nonperforated flanges as opposed to 
a 1-3/8-in-wide perforated flanges in Area 
3A. The wall flanges of the jamb casing bead 
were embedded in VaproTape (butyl-like 
tape) over building paper (Figure 13), think­
ing this might control water migrating 
between the WRB and casing bead. A short 
section of casing bead was soldered to the 
end of the head flashing to allow the jamb 
casing bead to lap into it (Figure 12), avoid­
ing the butt joints between head flashings 
and jamb casing beads found at Area 3A 
and Areas 4A and 4B. The end of the sill-
pan flashing had a return flange, as 
opposed to no return flange at Area 3A. 
A “wing” di verter was soldered to the end of 

Figure 13 – Test Area 3B – Window jamb metal flashing. Two-
inch-wide nonperforated flange of the casing bead was imbedded 
in butyl tape over the building paper. 
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Figure 15 – Test Area 4A – Window jamb flashing. No sealant 
under casing bead and no flexible flashing similar to Area 1. Water 
leaked in down the jamb beginning at 0 psf. 

Figure 14 – Test 
Area 3B – Head-to­
jamb transition. 
Opening found in 
sealant allowed 
initial leakage. 
After removing 
stucco residue from 
head flashing and 
reapplying sealant, 
no leakage was 
observed in 
subsequent testing. 

the pan flashing in 
line with the jamb-
casing bead, and 
the jamb-casing 
bead was lapped 
over the diverter 
shingle-fashion. 

Weep holes with 
wind baffles were 
inserted into sill 
sealant. The pan 
flashing was spaced 
further inward, and 
the backer rod and 
sealant were 
installed between 
the windowsill and 
end dam of the pan 
flashing. 

TEST RESULTS 

Testing at 0 psf: No leakage was ob ­
served. 

Testing at 3.0 psf: Water leaked at the 
head of the window midway through test­
ing. An opening was found in the sealant at 
the end of the head flashing where stucco 
residue was not completely cleaned off of 
the metal flashing (Figure 14; see also 
Figure 17). After the metal was cleaned and 
the end was recaulked, no leakage was 
observed. 

Testing at 6.24 psf: No leakage was ob ­
served. 

TEST AREA 4A, INDUSTRY TRADE GROUP DETAILS 
•	 Leakage began at 0 psf and 

became very rapid once differen­
tial pressure was applied. 

Area 4A follows the Northwest Wall and 
Ceiling Bureau (NWCB, 1997) details as 
published and as confirmed in a telephone 
call and e-mails. The jamb-casing bead 
butts to the bottom of the head flashing 
(similar to Figure 11). The end dam of the 
pan flashing does not have a wall-return 
flange. Casing beads are used around the 
perimeter and are not embedded in sealant 
(Figure 15). There is no sealant, inside or 
out, between the pan flashing and window 
(Figure 16). The jamb-to-sill joint of the cas­
ing bead has an open corner (similar to 
Figure 5). The head flashing and pan flash­
ing have drip lips that project out from the 
plane of the stucco (Figures 16 and 17). 
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Figure 16 – Test Area 4A – Windowsill 
flashing. No sealant was installed between 
pan flashing and windowsill (at inside or 
outside) per NWCB’s detail. 

Figure 17 (below) – Test Area 4B – 
Head-to-jamb transition prior to 

application of stucco. Sealant 
application changes plane between 

head and jamb, requiring careful tooling 
at the transition. Note control joints 

intersecting the head corner are similar 
at all areas where control joints are 

installed. See also Figures 11 and 14. 

TEST RESULTS 

Testing at 0 psf: Water ran down the jamb-casing bead 
(Figure 15) and reached the framing below. 

Testing at 3.0 psf: Leakage was observed early in the test 
at the top of the jamb-casing bead where it adjoins the bottom 
of the head flashing. 

One minute into testing, water was drawn up and over the 
top of the pan flashing and splattered onto the floor and fram­
ing (Figure 16). 

Testing at 6.24 psf: Testing had to be halted as leakage 
out of the top of the pan flashing had wet an area of the floor 
6 ft x 8 ft, mostly aligned with the end of the pan flashing. To 
slow leakage, spray foam was injected between the end of the 
pan and window frame. This decreased leakage. 

Leakage down the jamb-casing bead increased and flowed 
steadily down the casing bead from several locations. Water 
leaked onto the window head. The path of entry was unclear 
but may be related to leakage at the head-to-jamb butt joint in 
the flashing. 

TEST AREA 4B. INDUSTRY TRADE GROUP-MODIFIED DETAILS 
•	 Leakage began at 0 psf and became very rapid once 

differential pressure was applied. 

Area 4B is a modification of Area 4A as described below. 
Sealant was in stalled between the pan flashing and win ­

dowsill (Figure 18). Two-inch-long weep holes (per ASTM 
E2112) with reticulated foam wind baffles were in stalled in the 
sill sealant. The pan flashing end dam was tapered so that the 
entire edge of the metal did not extend out to the plane of the 
perimeter sealant. The head flashing was sloped. 

At the recommendation of NWCB, flexible flashing (not a 
self-adhering membrane) was wrapped into the jamb (Fig ure 19). 

TEST RESULTS 

Testing at 0 psf: Water ran down the jamb casing bead. 
Testing at 3.0 psf: Leakage was observed at the top of the 

casing bead (where it butts up to the head flashing) early in the 

Figure 18 – Test Area 4B – Sill flashing. Sealant was added between 
the window and pan flashing at the exterior. Two-inch-long weep holes 
were included in the sealant. Wind baffles were installed in the weep 
holes. 
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Figure 19 – Test Area 4B – Window jamb flashing. Nonadhering Figure 20 – Test Area 5A, window flashing. Casing bead corners
 
flexible flashing installed that wrapped into opening. Casing bead infilled and soldered. Sheet metal pan flashing installed. WRB,
 

Figure 21 – Test Area 5A – Window flashing. Flexible flashing 
added. Casing bead embedded in sealant like it were a nail-on 
fin. Head weep flashing added. WRB and stucco are not shown. 
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was not embedded in sealant. 

test period. Water ran down the jamb cavi­
ty, dripped off of the shims, and wet the 
framing and floor below. Water also collect­
ed over the head of the window early into 
this test. 

Testing at 6.24 psf: Leakage increased 
over and down the jamb-casing bead. A 2-ft­
long pool of water formed on top of the win­
dow. The path of entry was unclear, but it 
may be related to leakage at the head-to­
jamb joint of the flashing. 

As an experiment, the foam wind baffles 
were removed (Figure 18) from the weep 
holes in sealant (ASTM E2112 does not 
require wind baffles in sealant weep holes). 
Testing resumed at 6.24 psf, and water 
quickly began “spitting” out of the pan 
flashing, rapidly wetting the floor and fram­
ing. 

TEST AREA 5A, COLLAR, PAN, AND HEAD FLASHING 
•	 Area 5A is an attempt to improve 

on Area 1 flashing. It has a peri ­
meter casing bead embedded in 
seal ant, self-adhered membrane 
flashing, pan flashing, and head-
weep flashing. Leakage began at 0 
psf at the lap joint in the jamb-
casing bead. 

Test Area 5A is an assembly of commer­
cially available stucco accessories and self-
adhering flashing with the addition of a cus­
tom-formed sheet-metal pan flashing. A 
casing bead is used around the perimeter of 
the window. Corner-joint flanges of the cas­
ing bead were infilled with sheet metal and 
then soldered closed (Figure 20). Backer rod 

flexible flashing, and stucco are not shown. 


and sealant were used between the window 
and casing bead. The jamb-casing bead had 
a lap joint midway up (Figure 22). The lap 
joint was not sealed in order to avoid poten­
tial compatibility issues with the perimeter 
sealant or sealant beneath the casing bead. 

Self-adhered membrane was integrated 
with the casing bead (Figure 21) per ASTM 
E2112, method B for flashing nail-on fin 
windows (9-in-wide flashing membrane was 
installed first at sills and jambs; then the 
casing bead was embedded in seal ant; and 
finally, flashing membrane was in stalled 
over the head flange of the casing bead). A 
soffit-drip flashing was lapped over the 
head-casing bead (Figure 21). Building 
paper was integrated 
shingle fashion with 
the flashing mem­
brane (under at the 
sill and over at jamb 
and head). 

The pan flashing 
was installed before 
the casing bead and 
directs collected wa ­
ter down between the 
stucco and building 
paper (WRB). Pieces 
of flashing membrane 
were used as spacers 
between the casing 
bead and down-
turned lip of the pan 
flashing to provide 
gaps for drainage. 
The bottom fin of the 
casing bead was not 

embedded in sealant to allow drainage from 
the pan flashing. The ends of the pan flash­
ing have end dams and wall-return flanges. 
Wall flanges of the pan flashing were not 
embedded in sealant. 

TEST RESULTS 

Testing at 0 psf: Water appeared late 
into testing at the lap joint in the casing 
bead. Leakage also appeared on the floor 
and wall about 6 and 12 inches to the side 
of the window near the bottom of the wall. 

Testing at 3.0 psf: Leakage at the 
jamb-casing bead repeated rapidly, as did 
leakage on the framing, sheathing, and 
floor. The framing below the end of the pan 



 

 

Figure 22 – Test Area 5A – Window jamb flashing. Lap joint in 
jamb casing bead was not sealed to avoid potential sealant 
compatibility issues. Water leaked through the unsealed lap 
joint. 

Figure 23 – Test Area 6A – Drawings from Dupont 
illustrating StraightFlash VF flashing concept for 

a “nonflanged aluminum window.” 

flashing also became wet. 
Testing at 6.24 psf: Leakage repeated 

quickly and spread further out onto the 
floor. 

TEST AREA 5B. WIDE FLANGE-CASING BEAD 
EMBEDDED IN SEALANT, UNSEALED LAP JOINT IN 
JAMB-CASING BEAD, SELF-ADHERED FLASHING 
MEMBRANE, PAN FLASHING, AND HEAD WEEP 
FLASHING. 

•	 Leakage began at 3 psf at the lap 
joint in jamb-casing bead. 

Area 5B has casing beads with 2-in­
wide nonperforated flanges. The lap joint in 
the jamb-casing bead was slightly different; 
otherwise, Area 5B is the same as Area 5A. 

TEST RESULTS 

Testing at 0 psf: No leakage observed. 
Testing at 3.0 psf: Water began to 

migrate through the lap joint in the jamb-
casing bead early into testing. 

Testing at 6.24 psf: Leakage sped up 
almost immediately at the lap joint in the 
jamb-casing bead. Midway into testing, 
water “spit” over the top of the casing-bead 
joint, wetting the framing. Most water ran 
down the casing bead and into the pan 
flashing during testing. Late into the test, 
the floor below the jamb became wet. 

TEST AREA 6A. CREPE-SURFACED POLYMERIC WRB 
MANUFACTURER’S DETAILS OVERLAID WITH 
POLYMERIC INTERVENING LAYER. 

•	 Leakage first appeared late in 
testing at 0 psf. 

DuPont (DuPont, 2007) manufactures 
Tyvek, a polymeric weather-resistive barri­
er, as well as accessory products. Straight ­
Flash VF is the principal product recom­
mended by DuPont for the flashing of store­
front windows. This product is intended to 

add a “fin” to finless windows to facilitate 
integration with Tyvek. Note that the details 
available at the DuPont Tyvek Web site have 
been updated since our testing was com­
pleted (DuPont 2009). 

Test Areas 6A and 6B are based on the 
authors’ understanding of the eight pages of 
drawings in Tyvek litera­
ture found on the Web site 
(circa June 2008), show­
ing the installation 
sequence for “Non flanged 
Aluminum Win dows Using 
StraightFlash VF” (as dis­
cussed with the local 
Tyvek representative). 

A key element of Du ­
Pont’s design is a unique 
self-adhering flashing, 
StraightFlash VF, that has 
adhesive on half of one 
side and adhesive on the 
other half of the opposite 
side (Figure 23). This 

adhere to a window frame and the other 
part to adhere to the surrounding WRB, in 
effect, providing a self-adhering flexible 
flange adhered to both the window and 
WRB. StraightFlash uses a butyl adhesive. 

The crinkled, crepe-surfaced polymeric 
WRB is intended by the manufacturer to 

arrangement allows one
 
part of the flashing to Figure 24 – Test Area 6B, window head flashing.
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promote drainage behind cladding. It was 
in stalled over the wall and wrapped into the 
opening as shown in ASTM E2112 for 
installation methods A1 or B1. 

Self-adhering and conformable, flexible 
flashing membrane was installed over the 
frame sill (Figure 26) and turned-up jambs. 
It did not turn up at the inside edge of the 
window to form a full-pan flashing. DuPont 
sealant was installed between the inside of 
the windowsill and the flexible flashing 
beneath it. This sealant was applied about 
three inches up the jambs. 

The StraightFlash VF was adhered to 
the head and jambs of the window and then 
adhered over the crepe-surfaced WRB at 
jambs and under the WRB at the head. 
Metal head flashing was embedded in 
sealant over the head flange of the 
StraightFlash VF. A flap of WRB was taped 
over the head flashing. The metal head 
flashing was installed with a gap between it 
and the window to allow sealant installation 
in plane with the stucco and window frame 
face (Figure 24). Ends of the metal head 
flashing were turned down. 

The manufacturer’s details did not show 
how stucco would terminate around the 
window. The casing bead was spaced away 
from the window sufficiently to allow instal­
lation of backer rod and sealant (Figures 25 
and 26). It was installed with open folded 
corners at sill-to-jamb transitions and was 
not embedded in sealant when applied over 
the crepe-surfaced WRB. Casing bead was 
butted up under the ends of the metal head 
flashing (similar to Figure 11) and installed 
above it. 

An intervening layer of standard, flat-
surfaced, nonwoven polymeric WRB was 
installed over the completed wall and casing 

beads prior to 
lath installation. 
Lap joints in the 
polymeric WRB 
intervening layer 
were taped. 

TEST RESULTS 

Testing at 0 
psf: At the end of 
this test, water 
was found on the 
floor, beneath 
framing, about a 
foot to the side of 

Figure 25 – Test Area 6B, window jamb flashing.

the window. 

Testing at 
3.0 psf: Leakage below framing re peated 
and slowly increased. 

Testing at 6.24 psf: Leakage below 
framing re peated and slowly increased. 

Midway into testing, water dripped from 
the membrane sill flashing onto the floor, 
starting below the sill-to-jamb corner of the 
window. Sealant was found to be incom­
pletely adhered to the self-adhered sill 
flashing and window, allowing water to 
migrate between components. 

TEST AREA 6B. CREPE-SURFACED POLYMERIC WRB 
MANUFACTURER’S DETAILS OVERLAID WITH 
BUILDING PAPER. 

•	 Leakage began at 6.24 psf beneath 
the sill sealant. 

Test Area 6B is the same as test Area 6A 
except the “intervening layer” is 60-minute 
Grade-D building paper. (Head, jamb, or sill 
details are not included in this paper due to 
the similarities in these areas.) 

TEST RESULTS 

Testing at 0 psf: No leakage observed. 
Testing at 3.0 psf: No leakage 

observed. 
Testing at 6.24 psf: Water was found 

on the self-adhered membrane flashing 
below the windowsill corner, midway into 
testing. Sealant was not well adhered to the 
window frame and the self-adhered mem­
brane beneath. Sealant could be removed 
intact by pulling on it. Sill sealant was 
removed and testing was repeated. Water 

Figure 26 – Test Area 6B – Windowsill flashing. 

M A R C H  2 0 1 0  I N T E R F A C E  •  4 1  



quickly began draining off of the sill’s self-
adhered membrane and onto the floor 
below. 

CONCLUSIONS 
In general, Areas 2 and 3B were consid­

ered successful. The others leaked. With 
some improvements, Areas 5 and 6 would 
likely work. The concepts that helped 
designs to work and those issues that led to 
observed leakage are summarized below. 

WHAT WORKED 

•	 Providing a continuous flashing 
substrate for sealant applied around 
the perimeter of the window is 
important. Assemblies that had dis­
continuities in the sealant sub­
strate, such as unsealed casing-
bead joints, open corners in casing 
beads, and unsealed butt joints 
between casing beads and head 
flashings were not successful. Areas 
2A and 2B had a continuous sub­
strate. Area 3B had a shingled lap 
between the jamb-casing bead and 
the sill flashing (via a formed rib in 
the pan flashing to notch and lap 
over the casing bead) as well as 
“nested” lap between the jamb-
casing bead and head flashing (via a 
soldered-on extension to the head 
flashing). Areas 5A and 5B had sol­
dered corners for casing beads and 
no leakage at the top of the head-to­
jamb corners. Areas 1A and 1B, with 
open corners, leaked. Note: Caution 
needs to be exercised when using 
sealant to caulk joints in perimeter 
flashings if the perimeter sealant or 
window frame joint is of a different 
type or brand; adhesion testing is 
prudent (ASTM C1193, 2005). 

•	 Forming a continuous seal between 
the jamb flashing and the WRB, or 
forming an adequately wide lap 
between the WRB and jamb flashing 
per ASTM E2112, should form a 
successful flashing. For instance, 
encapsulating the edge of the WRB 
with self-adhering flashing proved 
adequate for these 6-ft-tall windows 
(Areas 2A and 2B), and bedding a 
two-inch-wide casing bead in butyl 
tape over the WRB (Area 3B) also 
proved adequate. Both of these walls 
used solid flanges (no prepunched 
nail holes). Additional effort would 
likely be needed to form a complete 
seal when using casing beads with 
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perforated flanges (prepunched nail 
holes). 

•	 Head flashings that allow a uniform 
sealant bead around the window 
were successful as witnessed by 
results at Areas 2A, 2B, 3B, 5A, 5B, 
6A, and 6B. 

•	 It is unclear if pan flashings need to 
weep to the exterior or can merely 
weep down the WRB. Areas 5A, 5B, 
6A, and 6B directed pan-flashing 
water down the WRB. No dedicated 
weep path was provided between the 
pan flashing and casing bead in 
front of it at Areas 6A and 6B, possi­
bly contributing to the volume of 
water in the pan there. Pan flash­
ings at Areas 2A, 2B, and 3B 
drained to the exterior. Areas 4A and 
4B also drained to the exterior and, 
with a baffled weep in the sealant, 
proved successful at 4B. 

•	 Wind baffles in sill-pan flashing 
sealant weep holes seem prudent, as 
witnessed by the test results at Area 
4B, where leakage from the pan only 
occurred after the wind baffle was 
removed. Note that reticulated foam 
wind baffles are prone to degrada­
tion by the sun (Journal of ASTM 
Inter national, Bateman 2008, 
Volume 5, Issue 3). 

•	 Pan flashings with end dams at the 
back side of the window were suc­
cessful (see results at Areas 2A, 2B, 
3B, and 4B). Areas 6A and 6B failed 
due to sole reliance on sealant adhe­
sion to form a vertical leg for the pan 
flashing. If flashing strategies are to 
rely solely on sealant adhesion, then 
pretesting for adhesion is more 
important (ASTM C1193, 2005). 

•	 Design must consider control joints 
as allowing greater amounts of water 
to reach the drainage plane behind 
them (as witnessed by greater leak­
age at Area 1A, with control joints, 
than Area 1B, without). Flashings 
need to be appropriately robust to 
manage this volume of water. 

WHAT LEAKED 

•	 Lack of perimeter sealant between 
windows and flashings allowed leak­
age, particularly under differential 
pressure, as witnessed by test 
results at Areas 3A and 4A. Head 
flashing alone is not sufficient with­
out a sealed connection to the win­
dow frame, as witnessed by the test 

results at Area 3A. 
•	 Pan flashing vertical height alone 

will not prevent leakage. Air cur­
rents are sufficient to carry water up 
and over pan flashings that lack 
exterior and/or interior seals, as 
witnessed by test results at Areas 
3A, 4A, and 4B. 

•	 Unsealed joints, butt joints, or 
incompletely soldered joints in 
perimeter flashings allow water to 
bypass perimeter sealant and run to 
the interior, as witnessed by test 
results at Areas 1A, 1B, 4A, 4B, 5A, 
and 5B. 

•	 Unsealed, prepunched holes in cas­
ing beads allowed leakage, as wit­
nessed by test results at Areas 1A, 
1B, and 4A. Sealant or self-adhering 
membrane flashings are needed to 
close these holes. 

•	 Complex perimeter sealant transi­
tions are prone to leakage. Where 
head flashings extend into stucco 
past jambs, they are prone to conta­
mination (of bonding sealant) during 
stucco application, as witnessed by 
initial test results at Area 3B. Where 
head flashings extend out over win­
dow heads, sealant must change 
plane from the jamb to the head, a 
maneuver requiring some skill and 
understanding by the installer as 
well as the designer. See Figure 17. 

•	 Omission of a pan flashing likely 
contributed to the volume of leakage 
at Areas 1A and 1B. A pan flashing 
may have collected some of the leak­
age and directed it to the exterior. 

•	 Lack of a return flange (of the end 
dam) at the end of the pan flashing 
leaves an opening for water to 
migrate under the pan flashing. 
Some of the leakage at Area 3A may 
have migrated through such an 
opening. 

•	 Lack of a clear path for pan flashing 
drainage is thought to have allowed 
water to build up in Areas 6A and 
6B and bear against sealant, con­
tributing to the volume of leakage. A 
drainage space between casing-bead 
and pan-flashing membrane would 
seem prudent. Or, alternately, one 
may consider the inclusion of a pan 
flashing that weeps to the exterior. 

•	 Lack of sealed and/or weather-
lapped integration between the cas­
ing-bead flange and WRB allowed 
leakage at Areas 1A, 1B, 4A, and 4B. 
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•	 Wrapping flexible flashing into the 
opening at Area 4B did not prevent 
leakage. Water draining down the 
jamb cavity encountered window 
shims, ran over the shims, and 
dripped to the interior. 

RECOMMENDATIONS 
When publishing designs for window 

flashing and installation, all important ele­
ments of the assembly should be included. 
For example, drawings should not omit 
perimeter sealant or pan-flashing weeps. 
Drawings should also not omit details for 
terminating claddings, such as at stucco 
around windows. Conditions at head/jamb 
and jamb/sill corners that are vulnerable to 
failure (and, at times, left up to interpreta­
tion of installers) should be illustrated or 
described. 

Careful detailing is needed when 
changes in plane between the head and 
jamb-perimeter sealant are included. Con­
sider eliminating such changes. 

Consideration should be given regarding 
how successfully typical installation crews 
may implement designs. 

Published designs for window flashing 
should be tested via mock-ups that include 

cladding to verify that the system is leak-
free. It would be helpful if test data for 
designs were included in literature, indicat­
ing the level of testing the assembly has 
withstood or should be expected to endure 
(differential air pressure, amount of water, 
test type, and duration). Designs should 
indicate if air seals, such as spray foam or 
expanding tape, need to be in place for suc­
cessful water-resistive performance. 

Inclusion of cracks in stucco (or other 
types of typical openings in claddings) 
above the flashing mock-up, to review how 
well the assembly manages water draining 
down the WRB from above, would seem 
prudent. Why the crack mechanism includ­
ed in these mock-ups did not seem to func­
tion as intended is unknown. Previous test­
ing of stucco assemblies with similar cracks 
in 2007 (as yet unpublished) was successful 
at allowing water to drain down the WRB 
behind stucco. 

The industry should develop consensus 
standards for adapting ASTM E1105 meth­
ods to verify the performance of cladding, 
such as stucco and flashing systems, which 
surround windows. The new standards 
should include duration of water spray and 
pressure differential. 

800-828-1902 www.rcifoundation.org800-828-1902 www.rcifoundation.orgw 

Test your knowledge of building en­
velope consulting with the following 
questions developed by Donald E. 
Bush, Sr., RRC, FRCI, PE, chairman of 
RCI’s RRC Examination Development 
Subcommittee. 

1. What are the five major 
reasons why galvanized 
steel is painted? 

2. What is the most 
common reason for 
painting galvanized 
steel? 

3. Which three basic 
components do 
protective coatings 
contain? 

4. What are the three 
mechanisms by which 
coatings protect a 
substrate? 

5. What structural design 
features may contribute 
to coating failure? 

6. What are the five basic 
types of construction 
identified under the 
International Building 
Code that define the 
degree of fire resistance 
for buildings? 

Answers on page 44 
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Answers to questions from page 43: 

1.	 a. Synergistic effect 
b. Aesthetics 
c. Added protection 
d. Color coding 
e. Safety markings 

2.	 Aesthetics 

3.	 Pigment – provides body 
Binder – provides important film 
properties 
Solvent – reduces viscosity for easy 
application 

4.	 a. Barrier protection 
b. Inhibitive pigment protection 
c. Sacrificial protection 

5.	 Water traps – Configurations with 
pockets that collect water 
Sharp edges – Coatings retract 
from sharp edges, leaving only film 
Crevices – At bolted seams and 
back-to-back angle iron 
Dissimilar metals – Accelerated 
corrosion of more chemically 
reactive metal 
Areas difficult to access – Lack of 
sufficient coating 

6	 Type I – Noncombustible, protected 
Type II – Noncombustible, 
protected and unprotected 
Type III – Noncombustible exterior 
walls, interior building elements of 
any permitted material 
Type IV – Noncombustible exterior 
walls, interior building elements of 
heavy timber 
Type V – Combustible, i.e., any 
materials permitted by code 

REFERENCES: 
Questions 1-5 – The Society for 
Protective Coatings, Corrosion and 
Coatings 

Question 6 – NRCA, Manual of Low-
Slope Roof Systems, Fourth Edition 
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