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BY STEVE EASLEY

This article was onginally publishad o the Proceediags of e 25th Asnrcal PO Coewvention and Trade Shew.

ARSTRCT

Comanercial buwiding Iogation sur-
sounding wakr - and masture-oriated prob-
fera bas rlaes dramatically in socent yran
Motsture darsage coetteibates % 0% of oll
building and budding matenial failores
ASHRAE) Some experts estimate that as
mach as 80N of cosatnuction defioct tigs-
Sen in Lhe corolructon masket sepmesl i
due 10 waney - and misture eclated Gaidures
The purpose of Tais paper Is o belp oonr
actors, designers, and speciiers identily
dexigrn, detads, and comdruction practions
! ead 1o buddizg Dcdures. Thia poper
80ts & Siep Yy Alep appeoach 1o exarvring
common design and cosstructien defects
3t acr prone to cevatng meture prob-
fexn, s well as roubleahoctiog imtallston
defects and sclection of buddisg mutcrials
hat lead %0 & mere durable buddieg,

ROV

n Se US, e constraction mdustry
spends sboent §9 billes arovoully oo con-
sruction defects due 10 waner and moistore

Mot | - Condo wmits
Mascs 2000

Intrusson JASTMY. Mossture problems often
kead to strecterall decay, badure, and oven
indoor air-quality problems, Mot waner
intrunicn damage 1 casand by poor system
scicotion and Beaky isstallaton. Thin paper
exarines the mosl common caLses of water
leaks and dow o prevers them I wood
frame coosraction
Water seiated callbocics typically result

froee theee basit existakes

1. Poor design

2. Fagity construction

3 The actions of the owner

Water inftronion-related probless ace
universal and ase the legest cause of con
sirocton defects, This is true even in rela
tively dey chmaten. [t s Enportant %0 under-
siand that Shewe peobless are candly poe-
vetlod asd ot Btde cont. |o mont casen, pre-
vertion is cheaper Bhan the cuoe.

I addivon 10 thoughthsl design, educs
thon of maseral instalers is ey 10 2 s
comlful, proftable Senioess, The sacoess of
arry Sudlding sysiom s cely & good & the

installvtien skalls of the worst empliosee. So
talcng the time to train emgloyees % instal
macerials nght the first time, how 9 Mert)-
fy potertial problesw, and % wive waier
leaks e critical % reduciyg call-back
coals. It typécally sales five dillerent trades
B0 PELUIN 90 Pepair & waner InZrusion event

To reduce callSacks, & & wportant
dovelop dongn and coniraction chockiists
dedicated 10 motture masagrmend e b
sie esaluations. A well Dought ot mos-
vare managemsest strategy will delp Meatdy
corerson and uncenmmon wistakes that lead
to labuees. A pood pdan inchodes addressing
a compaery’s conatruction masages, pur
chasing agenls, design sl and trade pant
ners. This plan should siress 1hat prevent.
ing waner-relmied problems s everyone
reapanslalty.

PREVENTING WATER. AND MOISTURE-RELATED
OEFICTS

The sccompasyiag photos asd lext doc-
Wmest common and UnROMERen mivtaloes

made repeatedly Srosgheut the US

Fhoto 3 - Ridge miersecteg cares.

Iszenrage =



Photo 4 ~ Intersecting sy plane

lachuded are senple solations Bt will help
Sernd off modsnure probiemns.

DRMSLESS DEDCNS

Preventing watty islrusion staets when
(he desgn profctainal puls pen 10 paper
Conteacoors should talee special care 0
evalaaie the design Defore they 3 a pro
ot A poor Gosign often leads %0 probiean
duing and afer commtnaction, which can
kad % locreased Fabalty. The result is that
move Sney B o8 B repairs ood el
conts han s made from a progect. Ay
question, "B this design gourg 15 draden
waser away from the strectare o faroed
wasr into &7

SORQTATAL WLLETS
Any time 3 sioping rood o valicy rans
% a horsontal plane, e water flowing

Mhote 5 - Avoudheg hordoasa! 1aEeys

34 = Intenrane

down that valley con Decome wapped. )
there’s enovgh water renctl o2 one toee, 1
Boely to back wp under the abingies and
faakirg Tha cx= turn % ke i coldler oi
ales. Photo | shows thit & whole seties of
hocseonial vadeys Bas beee creatod detween
these condo usits. These poor Sraining
roods, combiaed, are more Borly % beed 0
waler lnakes over the e of e bulding.
Assther cocnmon sdwtalee shown in Phote
2. 18 a shoping rool ate & wall that coeates a
horaontal salley condmen, Tapping waoer
ard leadimg %o beakos

Demigres often sosut in istersecting seol
planes. These inberacctionn must be capable
of handling a Uresscndows stsoun! of rkn
waler. A L4n sain o0 a 2000 9¢ N rool il
Goposs abourt 1,290 galioen of water. i
waler does not Sase & cloar path 1o deain,
bast astend = sbatrucind by aeyy infersect

Mte 4 - Dazoge af roaf/awull idersection

ing roof, wal, dormer or coves. it will back
up and pesbably fd itx way laside the
ructure, Is manyy stanes, the statale of
B atons is 100 Years S coostruction asd
dengn defocts 20 ask U the devign of oo
Mnxtion peactor rmployed can st this
kergrh of lime withou! a problem. The wie-
on 5 % avid demprs that eap walre
Make e water has an sy patheay 10
drain o putiers and awvay from the buld
g

BDCE INTERIECTING LT

The problem with the design In Phato 3
n 1hat al the water that rans off the higher
soof s collected iz the putter, Note that
there is 00 dowrapout, o all the water that
ruas off the seol runs Sowand the poodly
Sasted nidge cap of the iersecting rool
The soluten derieg the orignal dexgn
drop e ndige 50 the caves and the paller
can run abeve the rdge unionerrupned. The
sioton sow s o pach the pumer ¥ 2
dowrapout ot the exienor corper

INTERSICTING ROOF PLANES

Whenever two pools of dllerenn piches
indersect, ity importandt to detadl ©e e
socten 1o ensuee Lhe waler's abdity to shed
oy [rome the sractoee. ln Phofe 4, there's
DO Wy waier draming off De sod 2 1he
foreground can Graun ey wToun getting
fuseeied Ito e roof/wall IDNreection
whese the rake of (5e secoed roof blocka 2
paly

DELCN SOLUTION

Mote 5 showy how 1o detad the btz
soctien 0 svold o bocisonial valiey. By
keeping the gable ends on diferent planses,
the waliey i allowed 1o ren usbeoken and
waney can drake becly

ROOF WRLL INTERTECTIONS
Roof wall memsections aee prone o
MOMIe IRirusion, W AR Pt Secause

Pt 7

Mocstare ot rf) ol (msersecton
Manes 10NV



Ptz § - Mode ;e sarresatae darrey
(WREL

ckout faahings (sometines called dwen:
oy aor misalng or poorly feld-Labricated
Phota & shows daroge due % back of kick-
oot Sashirg ot roof/wall istersectioon.
Kickout Oashings dwert waler away froe
thene Doublesomme detadle. Newt 1o windew
fasbing mivtalors, roof/wall istersections
are The moal problem proee arean

Notice the moistare concernaation ot the
rool/wall oersecton of Mot 7, which
demanatrates the tremeadous need b
bickou! fimlung dverters

Note Be large gape s e water <res-
tive Darrier (WRED ot the roolwall erace.
ton In Mot K This will certainly lead 0 2
fsbare. WRES ace ofen pooety inatalied at
hese aress. Sometioars, this kadh to akp-
P poachrmork. Workiers need 10 nspect and
corvect all wnsealed penetratons

POORY FABRXATED mXaoemy
Field-Gaboicated kickout dverters, much
5 Dose shows in Phoits 9 and 10 s
tze the Tack of knowiedge on how 10 prop
erly Sekd-Gbeicate a lockout dwener. Field
tade diveriens are ofen poorly made and
do ot work well. These = abo tremendous
nconsitencs Yom one radosperson W e

rext 0 Dow these are made

Permolded, seamsiess kickost Rahings
(Phato 11} are s exorlent sohusen. They
perform betler than Seld-fbeicated raetal
andd cost only S0 of 8o This product can
work with almost any roof piach. It is made
of polypropaieme, w0 it works well in Soth
cold arxd Dot westhe:

BAD FLATNG

Properly masalied Sashing s the lant
defere aganet beaks. In Mato 12, the
exctal Mg Is severse sbinghed over the
brick. The deaige = poor bocasar it covaten
4 dovieoovial waley. Proger impection b
rogpared 1o avoid Bashing rebsted leaka

RIVERSE SMINGLINVG

Wals shoold de treaied jost like soofs
Few ontracions would cver sl roof
sdinges without an undetlryent or Dash.
g and wecdd never lap the dotiom shin
P o the courses above. In the same
way, walls should sheays Se covered by 2
WER Then, e WES sheuld be instaled
“shngle Bahion” w0 thas the upper layers
abwayy overkep lower lapers. Too ofien, how:
evet, layers of roof Sashing and house wrap

Moto 11 - Peemckded kickost Sashing
fooerteny Dryfleks com)

are "reverse shiaghd” which resulls
thelr shodding water into the sructupe

BEVERSE. JMBCLED #USE wRwp

Look carefully st Fhetos 13 ond 14, and
K s appacent Dat the house wrap is feverse
shinghod. The bouse wrap s Selind e siep
faabing, which sveacs that azy water thae
£ 1a bebind the claddicg o cslly 5o
farmcied into the wall, rather than denining
avay bom the wall The wrap should go

Mrota |2 - News! floshany reverse shryded Photon 13 and 14 - Rroerse shingled westher barmiess
scer brick

Intenracs » 3%



15 - Peokand atick Ssshing from sheathing oo meta!

feabsy

scer the urp fasking

Use pocl-and-atick Masking a1 sicp
fasiunyg wall imiessections. This prevides &
werviary draisage pah o water hat gets
Sehund the wrap. Water that pris bebind the
boune wrap sow russ dowmn the wall and =
diverted ever B poch-and-atick coto the
vrp fanting

Aoother cauton when usng peeh-and
wiek fashing is asoddog exposare ¥ shn-
vislet rays e, Just cover the 2 inches of
the Smbong

Moot 19 - Ripa
aed gaps n .
WEE

I & lwreerase

Nealing

place without any siep fMashing & will be
dificulk 1o inatall the siep Sahing wthost
damaging the shingles. Step Navhing
should abeays be tastalled priae 1o roofing
The slopieng roel in Phato 17 hua 50 courier .
Sashisg usder the beick selief angle. Brick
Cadding i not wanertight and reguines »
dratrage pone

Al claddieg kaks, and viryl siding
designed with weep holes w0 allew e
dralvage. In Phot 15 the secondary mes
ture Damer is doing #s b, hedding
ooough water that wet spots are chearly via-
#de underreath the vl wdimg

WRONG WRAF OF WRE PETNLS

Al claddings keak. asd 1he more wind
pressure, the mooe wadey beaks . Kather
than try to fight this fact by usng a et of
caslk to try making the cadding walertight

the beat strategy i to deaige the wall -
fem 1o deain quickly asd focly. Thia b
accorsplished with a well detadled WRE thae
provides a secend tine of deferne, The pud-
g printiple ke detaliag thin barvier b
reake sore Lhat waler Sowisg atssss 0
tleays travels dows and away froes the
buldng Perforuied Dailding wraps ace
oben marketed as ar Samen asd not
waler-cesistr Sarrers. Many wraps kok
the sacme bul perfrms quite dfferently
usder moisture londs. Some peodocts Dave
30 10 40 holes per 5q in. DO not use ar bar-
rier peckcated wxaps a5 3 Iwans o beep

o walrr,

Mato 208 - Rainscreens
feruteny Beryemin (8dykes

Mants 2001



INCOMPMLETE
COvERMGE

Wales -resis
live drrers
work well bet
it De iastalied
correctly. The
rips and gaps =
the WERB pic-
tared is Mhato 19
wil alow oy
waler  Dowing
theough to beak
e the wall o
the corners. Mas  pagny 21 - Mo flasking aroend :
ulscturers e i Photo 22 - Poor detaiing sx cleconood meter
quise that the
WRE be averlapped spprosimnely 12 inches ot the corners and, of course, seaied
with an scrybic-backed tape. Ofen, when mstallers roll on the WRE, e WRE o
inmide cormers Is not tght 1o the made wall, rewelting in & radius or space Between
e WRE and the sheathing at an mide correr. The resadl o the dladding contrae-
Sor has 1o 4l the WRE %0 install the cladding, leaviag & waier ennry pount

Rain screees, 8 space between WRE and siding. provide detier dradnage and ary-
ng bebind chaddings. The product in Modos 204 and 2000 are masufactuond by
Serjazun Obdyke and are part of (he Hoese Sicker bne. Prodhuces Be these redoce
e potential for waler BLNUsion i twe wiys

1. They covane 2 drainage space far water % drata, and

2. They covate 3 capliacy

break to prevent waer
flow by capallary sction.

WRLL PESETRATIONS

M takes only misastes Sr
wall componenns 18 et wel,
Dot & sakes daps, weeks, or
monts ke them 1o doy out. I

Mance 2012 Invemrace = 37



Mots 23 - Overstapling WIS
PROPER FASTENING OF Wi

shockd be irmtructed 1o isstall the WRE
sccerdieg o masufactorery” lastructions.
Photo 25 flustrates ever lastening wih o
pies

SYNTHETC S0

Syrebetic slone (Mhote 26 creates a
wrigue challenge. Syathetic sone systemn
Jeave 00 Mr spece 20 peomote deanage e
brick veseer A salution & % apply two by~
ey of water resostive barmier matenial bedocr
nstalling the k. The euter Jayer fusctions

= (he fewl water barrier Setwoen Lhe Souw
wiap and mocter Daal bolds the sloee
place and allows the ianer kyer 1o Sarction
8 & Orainage plane and & copliary beeak 10
reduce the chance for waler witking
thosugh the water-oosistive bowrer. Mato
27 shows a dranage memboane ower the
WRE fr betier draisage

PFOOR WINDOW AND DOOR FLASHNG

Windous ad doors aor holes in Suld.
ings that create huusdords of Soear Soet of
cracks where waler can oy penelrade.
Noot waler Tilnoion Meues otcud o1 doen
end windows 4ot o impreper fimbing

Photo 29 - Mend flashing avacked om
nad fix % sheathing

38 ¢ InTENrase

bcturers tose Ser mvallation Inatruc-
tions on ASTM 2112

The s of asy operarg taust be fashed
before the windew or Goor unit is instalied
Then, el the window walag a companble
scalast, spply jassb fbing, and fnally. »
bead fashing. & o important b lestallens
w follow ASTM E2112 and the window
masulcturers Gading inatroctions. The
Sashizg overlap ot cormens s often four
mches oo moee

TROPIR WINDOW FLASHING

The soquence of faaking & window s

criseal Follow ASTM E2112.

* $tep 1@ WREB and sil Sashiog are
nalled beloe the window (Mhoco
78, Begin with & sl Rabing tha
covers the rough sfl asd has a bot-
tom Mg that lap over the o of he
WRE Powse wrapl. This will help
easuce that any water that ‘eakas
theough the window drains oot over
the WRE

¢ Btep T Scalamt is applied ot the
head and the jamd aeax; hen
lestal he window. Jamd fimbing
oan go 0 aber the window has been
ioatalied and sbhould ko ower the
windew Sange 10 prevest wind
drivens water from petng past the
window gwo the socgh opxang,

* Step 3 lavall @e head Sashing
froem the nadl fin &t the window head
onte Dhe wal sheathing (see Mhots
29 Feizatal WEB over the head

faabing

LACK OF MIAD FLRSiess
Mhoto J0 depicts what waler russing
douns & wall “sees” s it appesaches e
head of the window, underwcoring how very
impertant & is to peoperly fash ot the win.
Mancse 2000



Gow bead Sealsent plose won keep e
waler oul. If e sealant ever separates and
fads, Deve Is 2 perioct entyway poerd Sor
water into the wtruciuce. Aways e cony-
patible scalasty and Nasbing

PPROPER MERD FLASHNG

e head Baabisg on the window n
Phato 3! s reverse-lapped over he Bounse
wrig. Beloee applying Te head Sashing, &
fap peeds 9 be cux 0 the Douse wrap
that the hoad fonbing can adbere drectly
froes the nad fn ot the head coto Be anll
sheathing (soe Phote 25 Once the fap b
folded back doamn over the head Rashing,
water dralning dosm the wal above the win-
dow will deain cutsde, not Brlvind the head
Anbarg

The Sashing in Phote 12 & applied over
e op of the nall fin below the window
This is 2 miscaicr. The ub faahing gom oo
bejfory the wizdow is inatalied

SIT PeORLEN

Aloag with roof and wall detals. poor
R0 dralmagr Can CMINE 30 PROCTIOUN (A
Sty of warter 10 pet indo structures. Boslders

can bet preves! denisage probletes sy
proper e selection and grading » Reep

; .
N ne ! no

Phato 32 - Imgvoper sl Sosieng
Masce 70NN

Mot 30 - Rote the g
itvern he maid Se and
he shoahrg

rurclf away bem the budding and Ben by
iestaling pood perisseter dreisage 1o carvy

proundwaner avay. Desgners Dould wet
packe hagh reough %or proper dratnage

POOR DRAMAGE DELGN

n the coasal sebdivinion pictured in
Fhoto 21 waler ruaniog off of ene series of
houses dradee righnt inte ansther, Theor s
nat enough retural desinage sway Som the
owey slruciores b0 poovent! sithalsd e
ure atcussilaton

MANIRMNC DA MACE

Watrr s ¢an ofies B¢ lraced %
poce drairege arcusd the hame Exderioe
wider prodicsn can ey creade merioe
metsure prodiems. Phose J4 Blustrates a

Ptz 17 - Poor dratnage deaign

When you say
the woll won't leak.

THE WALL
WON'T

(~ 4

€M Y3 ®
-’

PROSOCO

Islanesnr = 1




Guooonecind dowmapocr Wasr
that rurs off e roel & being
formeled tear the founsdation,
which can crease 2 tremmendous
monture koad at the foendation

PR OwNER FaCTOR

This sprinkler s pounng
over 100 gallons per bour of
wader om0 the wall depicted =
Mhote 15 Thia is sn “ancxpected
devgn condition” and eserepil

Mrote M4 - Discormected
doumagont

wal sscebiics.

3. Design D¢ ool and wal
amemily o that they have
the capabilty %o &y »»
quithdy as poasdie

4. Design and detal the waner
Tesistnr Barier 19 be prog-

ey micgrated wrd Saskicg

s wiy redundancy with Naah-
ing and WRDs s 3 smportant,
The caly way 19 aveld probicms
cacned by the swner rrigatiag Urs wall is %
mmake sure 4 WEE bebind the beick is
impeccadly detadied, & drainage cavity and
weep holes remain open, 2 backfil that
draira well wan instalied, and Sere & good

perisscict draisage.

PpeMATY
Water intrasion pesblerma o coe of the
ading caunes of calldacks and bulding
fxdorea. Pooventing waler mitnnmios stans
with good design and ends with proper
lsstallanen and malsterance, It & Eapoc-
tank that wall sywierea have S capacity ©
dexn and doy % provenl mentuee dolidup
that boads 19 decay and danage
L. Design and constroct Be moof and
wall sssemblien % dofloct water. The
beter ma asscrably deflects waler,
e less waler has 20 drals bom the
ssemdly
2. Dexign and cosstruct soof sad wall
amsestbes 30 they Dave the capaci
1y 1o drain Secly and quicicy. The
Gater the sasesebily drafen, the leas
waler there & 10 Be absarbed Iy

ost fanbirgs at roclwsll ntersee.
Licens 10 divert soof water sy from

40 = darewrace

Phote J5 « The swner facir,

ol ol pesctnations. Emgioy
ASTH Nashing standacds
bor window and door el
Ltiona

COMCLUTONS

R cntical that Sesgrars, Contractons,
and irntaliery be traiced o icntily potem-
tal waler mlrusion desgn probloms snd
faulty irstallations. Desigaers should oon
sMer  POOACINE mOiStoNe  manAgeEent
stravegies 5p froct i the design process

Steve Exsley, principal of Sueve Easiey & Assaciates, is 2
conMrection cossultant specialang i soviag buliding
scienoe-related problems out of Sis offors 1 Daseille, CA
M serviors include pbake quallty asalysis, design revew,
edhucational sernicars, modistios, and prodect cossulling
Easley has more than J0 years of incstry experimce, has
performed thoussada of jobuite quality surveys, and has pee-
scrtod rumerous buddisg science sersisars workdwide. He
wathors & ooathly column ia Grom [ebding Moganine and
bas peblished nemsersen articles s ndusyy publications.
Easley has aho cobated brandeeds of TV and tadio programs, inchading over 100 showy
on the Discovery Ohannel’s Yowr New Nosse. Me was a professer of Sutdding construc-
500 and contracting with semuer af Purdue Uneeraity for tes years and is on the board
of directars for Se Bectic 33 G Induatries Assoclation. Imerested indvideals can
view Ein best practioe buddiag science wideos ot www codecolegenstwork oom

Cortractors asd fnspoctors ahould dowlop
and llew a mistore maragemsen! check.
Ist. They should be trained on peoper
stalation techngues of fashing, roefng
kot diverters, sad water-sesintive bam-
ety and on the ways 1 which roofiag and
wal mascrialy imterface 1o shad and deain
walre

Contractors should hawe detailed
nspection protecols that field crews Sollow
diigendy, Desrlop 8 treneng and evaluation
peogram that trains workers how 10 proper
Iy tentall Setiding componests o chminate
beads.

Develop & ranung and espection o
parm with log Sooks % wentdy, document,
ard cectily cotatruction mistaloes bokre
they are covered wp.
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LIMTS OF LIABILITY SAD DUICLAMED OF
WARRANTY

The information i this article is istend
od for peolosscnais. Pueld condtioss vary
and Sctate Lhe need for Slkgent water man
agereeed slratepies. The author males o
wrranty of any nd, expressed of mpled
wih regard to the formation contaned in
this actiche. [

. Scewe Easley
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