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neERaResidence Has Flooded

~ S ~—t s~

o L
—FREGIENESIAENISHONTIOVE and demolish house
“IRelocateliolise and| resi

ground

Repair with flood damage resistant materials and
systems (wet flood proof)
Repair to make house dry flood proof



HEsERiation Outline

_ MEOOERRESISEANT BUllding *s—What are
flogel resiseE) mcrirml iy

T Elood RESIStance & Energy’ Efficiency — HUD
PATNSYEEMAYDOE partnership
Currentahesting — Where are we now and

- Where are we going
Future Activi ? Additional tests, best
practices guide, representative flood waters,
pre-standard development, computer model



IWiIEBISNEIOOE Damage

A

—NiERgblliyAeiranmatenialc anponent/system
LOIWItNSIZIE GIFECt anc r@,onged contact
Wit TIGEERVALET =

Nodegradauen that requires more than
“cosmetic” repair to restore to original
condition #

Flood damage resistance includes both
physical factors and residents’ health factors



HEPURESIStaREUIlding Codes

! S
W () 1994 F0jCL ;CF’O, and SBCCI produced
glSingIEMIeenal modellbuilding code and
createdmherinternational Code Council
Providediepportunity to improve disaster-
resistance factors in nation’s codes
Working with others, FEMA added disaster-
resistant provisions to the 2000 ICS



HEPURESIStaREUIlding Codes

000 ICS, firSt ey Include %Od wind, and

e U e ovpgj\ a‘ﬁmeet

= NEIRSmiiimimi reguirements
NEFRPrecon "ﬂrc ad provisions

S. ccess created a dilemma

- Codes require use of “flood resistant”
materials below the base flood elevation

- No test procedures to determine “flood
resistance”



HEPURESIStaREUIlding Codes

il

|Current FEMA T eowm Bulletin FIA TB 2-98
oI loedNESIStantimaterials done in 1980°s
oW olILEEIET) -

In 2000, FEMA worked! with NES to develop a
laboratory: te NG protocol to evaluate the
flood resistance of building materials

Manufacturers have begun using that protocol



rlogc Peas and Energy

—WWiesuge NES a'rr atory testing

PIOLEEEINVES J J g developed, ORNL

r)ror)o;@rl field testing of building
ALerials in a emblies

FEMA, HUD/PATH, and DOE co-
funded the ORNL work

\



HEPENXESISIANEE and Energy
Eff ]e uy

S EEMASHUB/PATIHNand DOE agreed on a joint
programroipesting, devel négnt of a best practices

Jlnrle 2 coimplter nmodel, andlother deliverables

~ incll JFJJFJJ the development of a pre-standard for

materialsipreElicers anal designers

ORNL effforts began in FY 2000 with DOE.

FEMA and HUD/Path becoming co-sponsors in FY
2001 with additional funding in EY 2002 & FY 2003

Total project costs through FY 2002: $850K




~ IRESEANEES Al af d Tuskegee

UnIVErsibySilaver i l)e- eld testing

- residentialtilding systems to
determine ways to minimize damage
to houses when floods occur in the
future



SEIENIESIVIETnedology

 100ad resistance,
(“rrwvbr)r] sF

1] Ja*orr i’ de and
constificted

jodules were
e moedlie yr-_' Jlated typical
 residential structures on a small scale

These structures were constructed in an
outside basin

Flood water was pumped from a nearby
agricultural lake

N order to
prototyefes)
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egeemrest Basins

ol

OVERFLOW PIPE 6" DIA PVC
EXTEND 12" BEYOND SLOPE
BOTTOM OF PIPE © 38" ABOVE TOP OF CMU

SLOPE 22.5 DEGREE ANGLE (2 T0 1)

WATERPROOF MEMBRANE WITH SMOOTH FACED 3 \f |_
/_ BALLAST WITH SMOQTH FACED BALLAST w FLOOD WATER LINE
ON HORIZONTAL SURFACE
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LINE OF EXISTING SLOPE ‘ /T I
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SECTION THRUBASN /"1 WA o -|
SCALE 1/4"=1'-0" Qs/




estModules,
auWEREINEORSEruction

8" DIA ATTIC VENT

ASPHALT SHINGLE ROOFING SYSTEM

a 8" DIA ATTIC VENT
WOO0 FASQIA W — WOOD FASOA

WOOD FASCIA
1,/2° PLYWOOD GABLE END 12 1/2° PLYWOOD GABLE END

EIW_

HORIZONTAL

i

BT
™

. s b

FIN FL

x18 CRAWL
FPACE VENT —1—— - - EXPOSED CWU ——'——'7

~ [
ELEVATION 1 ELEVATION 2 ELEVATION 3
SCALE 1/4"=1'—0" E SCALE 1/4"=1'-0" SCALE 1/4"=1"-0"

ASPHALT SHINGLE ROOFING SYSTEM
W [ WOOD FASCIA

ROOF STRUCTURE
AND GABLE ENDS
REMOVABLE

AND REUSABLE

HORIZONTAL
SHIP LAP
HARD BOARD

SCALE 1/4"=1"'-0"

NOTE:

INSTALL 5 CONVENIENCE A
OUTLETS (EXTERIOR TO BE WP) AN

WIRE TOGETHER WITH ROMEX

D
INTERIOR
ELEVATIONS










Soacificztion] rQr‘r rst Slab on
SigUENIESYIOduUle (S-1)

JeiRg = pIyAvesdand hardboard lap

Eauiiig = OS5 #rl plywood
NSUISLBNENIIEd|C batt exterior walls
!'lt
NtERBIR=gypsUm boeard with paper joint tape
looring| = Gne room, carpet on pad and one
room),, concrete with sealer, no covering
Interior Walls 'one room, latex flat white and

one room, latex enamel on 3 walls and
ceramic tile on 4™ wall

ke

l—; l—l (Un U‘)
-



XUETIOF: rJoor — \OJJFJJ/O( d, panel
UEEIREGEF =NIIeW core interior grade
\/\/mdov\b - dowl#y e, aluminum
Elecuieal = 't\/f)"]fa duplex electrical outlets and
I ]ns‘callc apove floor (below flood level)

| Ceiling - gypsum board, 2 coats interior latex
paint 4
Attic - wood framed, plywood roof decking
Roofing - asphalt shingles



SlstCrawispac




a Jon for Eirst Crawl
ssiviodule (C-1)

Iclinle) = wleiee) fmrl hardboeard lap
Eauigis OSBrand [ r)J\\ 00d

ilatienR=Niberglass, att!xterlor WEILS

It er o)t - g\/r)ﬁr peard with; paper joint tape

Floors - wood joists, plywood subfloor
Flooring - one reom, carpet on pad and one
room, sheet vinVI

Interior Walls - one room, latex flat white and
one room, vinyl wall covering on two walls,
white latex enamel on two walls

Sl
—FSHE
~Ins
' Int



Soaclfleztlen] for First Crawl
S CEMIESD MorJIJJ' -1 (cont.)

g

—NEXETIONE rJoor SSSHEES] W/ V Jight
Bl

]

_

pane, ahnmum

Eleatial= typical duplex electrical outlets
and wiringuRstalled above floor (below flood
- leve

Ceiling - gypsum board, 2 coats interior latex
paint

Attic - wood framed, plywood roof decking
Roofing - asphalt shingles

Winlelo)/s ~ CJOLL)Jd

I—l

EWOREO0N = noJer core




ERENemlesting Protocol

Pzt =7  Coil pletlon 91" construction & finishing
Pely =4 IrlidEldiggieiife); -"‘e INg Instruments
Day" 0 rloorhru sms nodules

Day =5iDrain e rr p0d basins (72 hours)

/ RE=Entry’ and opening doors/windows
'”er Ove mud, carpets; rinse surfaces
Day +10 Sanltlfe surfaces and continue drying
Day +30 End of measurements this module

Beyond Day 30 Restoration efforts, final
documentation, and autopsy




FLOOD LIN










=SMIESEs-- State of the
EXOSTIEIREIMSOLIN Modules

| Exteriorwells were stained! = “n
PEIGVWNICOENEVE]

~ FRIyWO0d SidIngMYES
Walped
HardboardSidingwas 'OK
Cliacks IR wood Corner trir
hoards

Exterlor door was stained
and more difficult to open




F]rs; | of the
Ir] Viodules

- FSueRENmUstyssmell
W \eiterling orl ¢)Yestng)
PEEWalISialEyE the

~ Waterline & =
Calper wesisatiiated andl
muaay: ..

Interior doors, stained and
split at botton |
No mildew or mold until

Day +10, minor growth
thereafter



e Interior
pElies)(cont.)

_REEPERERyWalltapE
cENEROIEWEIIS
B REllgle olisterigle) i
SEMIE JJOSS BEEICOR.
less, thanifia r)
| mrrmnc LIES Of
floorand walls, firmly
affl ed (grout
slightly deterlorated
and discolored)




Gypsum Drywall
Herrgrms]r e

B Edrior Wellls remrnnjd “wet™ and difficult to refinish
WEREIMEYMESES| SESowed significant loss in
StrFEngui) |

Abcrg@\/\/d 3.20MPa
Below Water 1.64MPa

ble to be sanded and re-painted

(bending tests showed no significant loss in strength)

Above Water 3.68MPa
Below Water 3.56MPa



en wall cavities
ened, batt
lation was damp

| Exterior gypsum board
walls remained “wet” -
see chart

Thermal performance
not tested



Seeond Tests

NigRiiE SECONE MOl Jleé different
ffle)i erJEIS WEre used

—PAN abEN; wrp Mmade to use materials

A Syst errb that'were more flood

damageresistan

" Again, both s b-on-grade and

crawlspace odules were constructed

and flooded




SPEEIEa NS er Second Test
MBEUIESNEZ and S2

CISiding=Bethvinyliand fiber cement
WETENISED 3 "‘
ISheatging= Plywood and Fiberrock
JnsulgueR= Exterior walls insulated with
- spray polyurethane foam (SPUF)
Interior we Vgurfaces - Fiberrock
R

sheathing ( , Fiberrock wallboard,
and Gypsum drywall






SEEERENIESE = Conditions After
SEEEIEREREEfor) Cont.

I SHeRENUSL SmEll
Lol Spitry
~F\Walls stalifEaNIEIoOW,
Watertline

- Major mildewrand
old growth
concentrated in a 20”
band above waterline
upon entry




INEMIESt = Conditions After
rloocmg dnterior)

“Wekend diftientsimulated wood and
tllefloors 'y u
~Wallisezrafjeint compound and paint

- was r)eelmr

Interior olicﬂvood Six panel door
stained



di@ining), remove mud,
~ [Daya=i JJJJ'NJJrJFr" wood flooring
removcd [lem one module, washed and
JOr€d 10K POSS ible reuse

Day 10linterior surfaces washed and
sanitized' with solution of water, bleach,
and Tri-sodium-phosphate
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(1
()
C
=
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GNIIEST, "REStoration
rEspiEEyond Day +30
' b

=

C
(M)

=

(M

~ NIGESENdInt and joint tape
[EINMBYEEMWVEIS SaEEd),
2nd E=pPalipieE)

PASSEM SHINE NEW

EXGERIor aee) SanEed and
Fe-palnted,

assed — like new
terior HC door removed,
failed - to be reple
Interior 6 panel door
refinished,

i) el

failed - due to staining



S ST —

Wzt Anot all Cavities?

UG attepsy~ wall avities were
OPENEE > ik
~NiRESEUEMVaS Mot Wet
fle ¢ J\/I)Jlm 'ﬂllncr dried, though it

of mold on room side of inside walls or
in wall cavities



SECond|Tiest —

Wriars Joes \/\/a ier Enter?

UG therfiooding o; the second
HeaUIERGaEre aS Tec @ed the entry of
HOOUWVATES

IN"thEssIats o -grade module water first

‘appeared to enter at the joint between
' the floor'slab and the wall plate

In the crawlispace module water first
appeared through joints in the floor




[rrolicaitionsio AWhere Flood
\/\/rJrer ERtered First

“NinsiBb-en-grade, this points to
mponieneelor sealing between floor
Slappeigd Wall plates (has implications
forandiniluationras well)

. Because, water did not appear to come
through the walls, it may be possible to
dry flood proof for low depth (< 3 ft.)
floods



InieREsiHYioaules (Under
Corigiguleifelp)

il

“Hiieicrawispace module will use plastic

DeCheNealPELINg anc %ter resistant

padEipEr Otherfilood damage resistant

“materialsiwill alsorbe tested.

I Theislab-on-grade module will be
sealed in an attempt to provide “dry
flood-proofing™ (no water inside).



,u

WileSEEPSIUSEd to Attempt
Dry Flogeko; ﬂng?

k

“PAlleUghropening joints a t WlndOWS and
UOCTSEEELIIESNOIAS; ete. will be
Eplejge)tic)nlly 3:~JJ~rJ |

e jeInE E)dEW“ the slab and wall plates
WillHe JiSLrJPG

" |SPUF| sulation; ini all wall cavities

Exterior door %d window “temporary dams
will be affixed to seal openings during flood

/4



WEEEarDoer or Window
Ezinnls

& g

polystyrene foam boards will
BIE Size of the window and

Using 000 silicone: caulk, the foam
boards will be glued/sealed to the door
and window! firames.



el Findings from
IESUNG.

_ Hlmmjru moJeJ rgypsumi board for drainage
of r10 gl

St RSO ( \/\]?19) a lﬁ]or contributor to

edallFENOrgypsum: board on walls

Cleaningianarsanitizing walls did remove and

‘prevent therreturin of mold

| Vinyl or fiber' cement siding more easily
restored anlywood or hardboard
Ceramic tile (wall and floor) worked well

If permitted




Pre-standard development
Computer simulation model



SEN B EXperiments

 REHEVIOUSIY LESES

@I CEH pligiNEKE

KEY. GO r)orm oJif presentatlve U.S. flood

-~ WatErSAWIIING be jdentified, e.g. petrochemicals,
Sewade, fiertilizers, staining agents, etc.

" The be st materials and systems will be tested
in flood atelﬁ?ntaining these additional
components

ysed water filom a nearby




G nce Will:

- PAREIVZE]EValliaie ﬂeld_ est data to
dELERMINENPETOrMance of materials and
D/DEE‘J'J'J l

Proviae rJorc damage resistance findings
- redgardi ng:

- available materials/systems

- clean-up and restoration methods



Je\/elgr)méﬂ, O a Flood
Hasistar rice Hr~~5 ydard Will:

et the developifi Uture flood
IESISLENGE COUES anc s@ndards for
fesfeler)ifz)) ENVEIoL: JES
Validauerandlrefine test protocols
“developea by NES and ORNL

Provide information to manufacturers
for identifyin‘?existing materials and
developing improved materials for use



SOIPIEIRMOEElNG Tool Will:

_Nigkenmatenialsiand systems from
EXPEIMENtSTand apply: differing drying
A LESHIONIE

= Climatic data

= SEdsonal data

- VVater data
Permit location specific evaluation of
performance



CorrlpLiter J\/JOFPJJJ‘ g Tool Will:

"~ Ehablercon rrchcorJ ma officials to

e\/rJJ Hre rgrenr%
| nater s and systems for their

a tool to identify which materials and
systems will work in various locations



‘.\2 estions.?

Comments!

Suggestions?
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