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1. Scope of Document

The scope of this document is to provide Ignitable Liquid Drainage Floor Assembly (ILDFA) design
guidancefor Architect& EngineerindA&E)firmsin the earlydesignstagesof a new build hangarproject
or a retrofit project of an existing hangar. The goal is to provide sufficient information to specify an
ILDFA for a project without the neédadr detailed input by the ILDFA manufacturer.

Safespill is committed to continuoirmprovement therefore, bestpracticesjnstallation,and
manufacturingmprovements continuously evolve. Please check for the latest version of the document
at: https://safespill.com/technicabpecsresources/

Before continuing to read this document, please view the following videos which provide background on
the working principles of the system and how to approach layouts and sizing of the system.

Explaining the Safespill Floor

Flooring Layout Options

Design Guideline for ILDFA Hangar Constructob V 1
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2. ILDFA Purpose

An ILDFA is designed to contain and remove ignitable liquid spills before they develop into a pool fire. In
its basics, the ILDFA is a hollow aluminum extruded floor with a perforated top surface, connected to a
trench systemto removeany spilledliquid to anacceptabldocation(i.e.,containmentsystem oil water
separator, or as directed by the local authority). In the event the spill is ignited, the ILDFA will rapidly
control and extinguish the ignitable liquid fuel fire.

One application of an ILDFA is for Class B (fuel) fire protection inside an aircraft hangar, which is
accepted under NFPA 409 2022 Edition for Group 1 & 2 hangars in combination with an overhead
sprinkler system. ILDFAs are approved under FM Approval&th6690 and are the preferred method
of fire protection for aircraft hangars according to FM Datashe@8.7

The U.S. Naval FacilitiEagineeringgystemsCommandNAVFA)asverifiedthe dailyoperationaluse

of the system and has various ILDFAs in use todaified Facilities CriteriUFG4-211-n MmX & ! A NONJ F i
al AyaSyryOS 1 Fy3alNBEE A& SEinoebHhétudegdidaicSon s A 8 SR 4 A
installation of ILDFA in retrofit and new build hang&slevant sections from UF€41-01 are

referenced in this document.

In addition, the U.S. Air Force Civil Engineer Center (AFCEC) has independently verified fire test
performance of the ILDEAocumented in this test reporhttps://apps.dtic.mil/sti/pdfs/AD1168510.pdf

Design Guideline for ILDFA Hangar Constructioh V
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3. Piping and Instrumentation

An ILDFA is divided into zones witbtandard width of 8 feet (9.2 m) andmaximum area of 1,240%t115
m? each. Each zone has its own solenoid valve, fiber optic liquid detector sensors, and flushing manifold,
as shown irFigure3-1.

Thetie-in pointsrepresentwhat athird-party contractorwill be responsiblefor, but Safespill can include
this in the scope of supply upon request.

SITE FIRE ALARM SYSTEM 14 AWG/ 03 CONDUCTORS
24VDG ' SITE ELECTRICAL SUPPLY
14 AWGI 03 CONDUCTORS (480V - 20A)

SITE ELECTRICAL SUPPLY . 12 AWG A (24VDC)-14 AWG/ 04 CONDUCTORS PER ZONE 3" SCH 40 SITE WZAD'EEGRPZUPPLY
{120V - 20A) OR (240V - 10A) ’ W (24 VDC) -22 AWGI 02 CONDUCTORS PER ZONE

{24 VDC) 6 AWG / 02 CONDUCTORS

v SAFESPILL FLOOR (ILDFA} v
v
CONTAINMENT
F 9
h 4
— |2
= @
z Iz
o =

LEGEND

‘ SITE ELECTRICAL SUPPLY
(480V - 65A)

ELECTRICAL JUNCTION BOX ——  DISCHARGE @- LEVEL GAUGE
[ conrrowpanel ——  FLUSHING WATER (3" 5CH 40) @ GROUNDING ROD
[ sus-cRave TRENGH ELECTRICAL POWER
@ TIE-IN-POINTS
q 4) 6 DISCHARGE PUMP (CENTRIFUGAL) —_ ELECTRICAL SIGNAL (14 AWG)
CI)U 3" BOOSTER PUMP (CENTRIFUGAL) GROUNDING GASLE

Figure3-1: Simplified ILDFA Piping and Instrumentation Diagram (P&ID) of one zone
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When a spill occuiig a zone only the flushing manifold dedicated to that zone will activate. Each
flushing manifold requireS0 gallons per minute (GPMigsliters per minute)of flushing water. In a worst
case scenari@s shown irFigure3-2, a spill may occur across multiple zones activagidigcentzones
in both xandy directions. Up to4 zones(Zones 1, 2, 6, and 7 in Figur@)Xoulddetecta spilland
activateall 4 flushing manifolds. In this case, BOGPMusaLpmywill require200GPM7s7LPm)as the
worst-casescenario.

I
————  r—————
- | - - - | -
'3 4 5
| |
| |
| |
=]
o G S
: ! 1 i SLOPE
| | [ rmsu
= : = = : = o
8 9 10 —
| | FLUSHING MANIFOLD
| |
4 | [ [y | A
| |
| |
| |
| |
| |
y-direction
[ et [ T — 1 t t &
IPNAPN N x-direction

Figure3-2: ILDFA layout drawing showing 4 zones activated by spill at intersection ot 4 zones
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4. Hangar Coverage

A wallto-wall coverage of the hangar floor will provide the greatest flexibility in an aircraft parking
layout. The ILDFA may be able to be offset from the wall if there are aircraft hangar bay clearance
requirements established by the owner, i.e., clearances from walls and fixed obstructions.

However, in hanganraherethe aircraft havedesignatedparkingspots,wall-to-wall coveragemight not
be necessary and significant cost can be saved by reducing the floor coveandeDFA itallations
followingUFC 411-01, partial hangar bay coverage is only permitted when approved by the
Component Fire Protection Engine@HPJEor Component Technical Representati@TiR

For all applicationsensure that the ILDFA covers all areas where a fuel spill could occur by daawing
18 ft (5.5 myradius from the outer edge @ll areas containing fuel in the aircraft, such as fuel tanks and
enginesas shown irFigure4-1 through Figure4-3.

To view the report with spill radius data and scenaridisk here.

4.1. Flooring Layouts

Three examples of an ILDFA hangar coverage are shelaw. In Figurel-1, a parking spot
configurationacross multiple bays is showim Figurel-2, a walto wall ILDFA fomultiple aircraft is
shown In Figured-3, a parking spot configuration forsingle aircraft is shown

T (N (N LA
— Safespill Floor

Safespill Ramp

- Spill Radius
:zz'|m 7 Fuel Tank
| v T
Figure4-1: Example of a twdbay F35C hangar with an ILDFA fixed to the spill radius
Design Guideline for ILDFA Hangar Constructioh V 5
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238

Safespill Floor

—..—..— Safespill Ramp

Spill Radius

% Fuel Tank

Figure4-2: Example of #H-60T Jayhawkangar designed watb-wall, perUFC £211-01
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Figure4-3: Example of a Boeing 740hangar designed with a reduced ILDFA only covering potential spill areas

Design Guideline for ILDFA Hangar Constructob V 6
Release®/10/2025



SAFESPILL

4.2. TrenchLocations

The location of trenches in retrofit applications should be determined based on the slopes of the
existing slab. In most cases, trenches are already present at the lowest points within the hangar,
designed to align with the existing slopes of the hangatn §lefer toChapter6., dTrenches for
guidance on using existing trenches with ILDFA).

If no trenchesexist in the hangaiit is common for the hangar slab to feature a monoslope, with its
lowest point located near the hangar door(B).this case, a trench will be installed along the hangar
door. This is the preferred arrangement for new build applications.

It is recommendedhat, when determining trench locatignrenchesare positioned based on the
hangar's parking configuration so that the ILDFA slope runs parallel to the aircraft. This alignment
preventsa spillfrom one aircraftmigrating to andexposing adjacent aircraft.

|\
A\ S
/i
YL
[\
A\

UL
v/

Figure4-4: Example of recommended trench arrangement relative to aircraft (FM DatastktHg2.2.2.21)

Trench spacing depends on the following factors:

1. Profile Length Restrictions:
If the hangarlocationisin an area whereoad transportationrf N2 Y { I FS&aLIAff Qa YI ydzFIl O
(Houston, TXis possiblelLDFA sections can be manufactured in lengths u@fb (14.9m). If
transportation viashipping containefoverseas freightis required, the maximum profile length is
reduced to 40 f{12.2m)

2. Reduction of Trench Quantity:
To reduce production costs, the number of trenches should be minimizet_&efsectionscan be
manufactured at different lengths to achieve optimum spacing of trenches.

Profilesare installeddirectly on the concrete slab and connected to a corresponding trench that is 12
inches(os mmywide. This means that the maximum spaairighe trenchesneedsto be 50ft (15.2m)from
centerto centerof eachtrench.

Design Guideline for ILDFA Hangar Constructod V 7
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For exampleFigure4-5 below shows d.00 ft(30.5m)deephangarthat will require a minimum ofwo
trenches.These trenches should be eveslyacedat 50ft (15.2m).

Inthis case both rows of profile sections can be standardized}ft (14.0m), therefore reducing
additional design and production cost.

HANGAR DOOR

_— Hangar Wall o
Slope Direction
_— Safespill Floor

Trench
Flushing Manifold

Figure4-5: Trench spacing example for ILDFA design
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5. Concrete Slab Design

5.1. Concrete Slab Requirements

The ILDFA has been designed and tested to support the Maximum Takeoff Weight (MTOW) of any U.S.
military or commerciakircraft underacompressioroad scenario Theslopeof the concreteslabshould
comply withthe applicable code:

1 NFPA 4092022),7.12.2.5 requires a minimuslopeof 0.5% (0.3°)
1 When using FM Datasheet guidance, provide a minimum slope of 0.5% (0.3°).
o0 FM Datasheet-B3 does not specify a required slope for ILDFA and refers to the
YIEydzFlF OGdzNBENRAa gNARGGSY AyadNdHzOGA2ya FyR (KS
Approval Guide.
o FM Datasheet-B3, 2.2.2.3.2.2s not applicable for ILDFA installations as this section
LINE A RS& NBIldZANBYSyia F2NJI a9YSNHSyO& 5NI Ayl
ILDFA.
1 UFC 411-01, 3-4.2.3 requires a slope witliminimum o0f0.5%and a maximunof 1.5% (0.3° to
0.85°).

An ideal configuration for an ILDFA installation will slope the concrete slab toward the hangar door
entrance.

Design Guideline for ILDFA Hangar Constructioh V 9
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5.2. New ConstructionRecessed Concrete Slab

When designingn ILDFAor a new buildhangar,recessinghe slabby 2 inchegsimm)will providea flush
transitionbetweenthe concretefloor andthe ILDFAIN this scenarioho rampswill be required.

Recessed concrete must have a consistent shigiereen0.5%and 1.5%oward each trenchConsistent
flatness ensures that shimming requirements are minimigs@ryflate finish in accordance with ACI
117is recommendednd slab irreguldties should not exceed an elevation delta of 04252 @S NJ ™ n

To reinforce the corners dbrmed orcut concrete, it is recommended thateel oraluminum angle is
usedas shown irFigure5-1. Where dissimilar metals are used, fluoroelastomer (FKM, Wioseals will
be installed to isolate metals and prevent galvanic corrosion.

ILDFA AT Ay 3 &ALl {shsymb) HagziRoBnd khe flodr perimetebetween theedge of the
flooring and the concrete rece#s allow for construction tolerances. This gap should be coordinated
during design andill befilled with concrete orequivalentafter the ILDFA is installed

Metallic Gap Transition Hardware H ¢ 0am) oKYyé¢
Angle (w/ Fill) with Concrete Anchor ILDFA floor profile Concrete Anchor

M

\

End View Top View

Figure5-1: Transition from Hangar Slab to ILDFA with Recessed Concrete

When a trench is located at the recessed ateanch girders must eghd across the trench and be
supported on the concretbetween the edge of the trench and the traneiti hardware. The design for
this transition is detailed ifrigure5-2. The required distance from the edge of the trench to ¢mel of
the transition hardware i§-m K 146 mm) Withl @ §25- 50 mm)gap for construction tolerances, the
slab should be designed with a recess locatetdk Hes mm)to 8-M K 196 mm)from the edge of the
trench.

Design Guideline for ILDFA Hangar Constructioh V 10
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Metallic Gap Transition Trench Cover and H ¢ 0am)
Angle (w/ Fill Hardware Girder Frame ILDFA floor profile

N A SR

ILDFA
Trench

Figure5-2: Transition from Hangar Slab to ILDFA at trenches

Although some corrosion may occur when aluminum is exposed to concrete, the total corrosion is
minimal and occurs only while concrete is wet. Corrosion of aluminum when embedded in dry concrete
is nonsignificant.

(Referenced | f dzY Ay dzY AY /)2y ONBGSET [ AYyoSNHE
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5.3. Existing Slalshimming

If the existing hangar slabeetsthe 0.5%to 1.5%slope but has a limited number of inconsistenaes
low spots,aflat aluminumbar canbe usedto shimindividualsectionsto meetthe sloperequirements.
Figureb-3 shows an example of shimming the ILDFA to match the 0.5% slope during an installation.

Figure5-3: Aluminum flat bar used for shimming to proper slope requirements during installation

When shimming is necessagystructuralengineershouldconfirmthat the spacing and shim heights are
adequate to support the expected loading scenargicallywhen Safespill ILDFA profilesquire

shims, they are placeeivery 300 mm (12 inyith shim thicknesssno greater than 50 mm (2 infcach
aluminum shim is secured to the concrete slab using an epoxyspsiifiedfor concrete and metal
adhesion (Hilti HFRE 500 V& one examplg

0f CKAO1 ! fdzYAy
Fd4 onn YY OMHED

Figure5-4: Example of shim installation under ILDFA.
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5.4. Retrofit Hangar: Ramps

Forretrofit installationsthat requirethe ILDFAo be installeddirectlyon the hangarslab,ramps will be
installed on all sides of the floor. Ramps are anchored to the slab using concrete anchors to restrict
movement.

Figure5-5: ILDFAStandardSloped Access Ramps

Standard ampsfor the ILDFAave a length of 40 in.om)from the edge of the flooand will be utilized
to the maximum extent possibl&or all locations wheraircraftenter and exit the floorstandardramps
will be utilized

In areas where only maintenance equipment and personnel will access the floor, it may be acceptable to
utilize ramps with a steeper slop&his can maximize the amount of usable floor space and provide
clearance around doorstairways, and othepreexistingobstructions within the hangaSteepramps

have a length of 2in (0.6 m) from the edge of the floar

If the hangar will house a rotary aircraft or otharcraftthat has a towbar or tug with a short elevation
clearancejt is recommended to use 1:48 sloped entrance ramp.

ILDFA Trench Cover4

Beginning of
Entrance Ramp

Beginning of ILDFA

Design Guideline for ILDFA Hangar Constructob V 13
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6. Trenches
6.1. Structural Considerations for Trenches

Due to the design of the trenches and trench cogieder frame the aluminum trench shellsochot
experience loading from aircraft moving over the tremcdvers.

All force generated by aircraft movement is distributed through the trench ctovére girder frameand
into the concrete slab as shownkigure6-1.

For new build projects, the aluminum trench shells serve as formwork for concrete, but are not
structural.

C23FESNISR 2y (NB Q295
a dzLJL2 NI oe I ANDN} D a NB C2NDS FTNZ2Y | ANDN} D
02y ONBGS aftlo og i

wSlF Os2y FT2NDS 7
GNBYyOK 020SNJ

Figure6-1: Rendering of aluminum trench and concrete slab showing force transferred from aircraft tire to concrete. First profile
removed to show girder which spans beyond the width of the trench.

Trench coves and girder framekave been designed using finite element analysis to endaie
supports can handle point load capacity for the Maximum TaRkéfgfight(MTOW) othe largest
airframeas described in Sectiohl, Point Load Capacity

Girders located under the trench cover lid are fitted into the profile channels and span the width of the
trench.

Design Guideline for ILDFA Hangar Constructob V 14
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Figure6-2 shows the girders fit into the profile channels, with the trench cover lid removed and the first
profiles removed.

Figure6-2: (Left)Render showing Trench cover support girders. First profiles and trench lid removed to show girder supports.
(Right) Trench support girders installed in the field

Figure6-3 shows the same arrangement Bgyure6-2 with the trench cover lid and first profiles
restored. This figure demonstrates the final installation of the trench cover support.

o ois:gi

Figure6-3: (Left)Render showing fully assembled trench cdide(Right) Field installation of trench covit. |
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When designing, please note the ILDFA will be installed directly onto the concrete slab but should not be
considered in determining the structural strength of the slab.

For example, aC€ (2samm)slab thickness requirement for a hangar cannot be reducef teoamm)with

'y L[5C! 060GKS K S@gnhKtie sabfmeelsicSremaii0b @sim)ttlick. The slab plus
the ILDFA will be2E 305mm).

— 12" —

Figure6-4: Slab desigmvith prefabricated aluminum trenches
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6.2. TrenchDesign

Forall installations Safespill reommendshe use of prefabricated aluminum trenches. Prefabricated
trenches are used as plumbing conduits and include liquid sensor maletsjcalconduits,flushing
manifoldsupplypiping,andsolenoidvalves All electrical cables within the trench are routed in fireproof
conduit and solenoid valves are housed in-gudde enclosures mounted adjacent to the trench.
Supplyingprefabricatedirencheswith these components reduces production costs arstdtation time.

However, if trenches already exist in thangar,it is possible to utilize these trenchiéghe following
conditions are met:
1. The existing trenches are locatedaicceptable locations based on the information discussed in
Sectiord.2Z> TrénchLocationsd €
2. Theexisting trenches meet the volumetric flow requirements and constructability necessary
accommodate plumbing and electrical conduits as described above.

The internaklopeof the trenchisrequiredto be aminimumof 0.5% (0.3 ensure liquiddrainsto the
lowest point. The minimum depth of a trench should &riches4o4 mmjto allow for proper flow of
spilled liquid and piping conduit.

For retrofit projectawithout existing trenchesthe existing hangar slab will need to be cut and-pre
fabricated aluminum trenches will be installadd backfilled with acastin-place concretdFigure6-5).

Trench coveand

girderframe for

aircraft weight
(MTOW)

HéE KAZIK {1}

Subgrade e
prefabricated Castin-place
trench concrete trench

S

Trench
Anchors

Figure6-5: Render of ILDFA installed directly on hangar slab with prefabricated trench for retrofit projects
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Forexistinghangars, the necessary trench depth may exceed what is allowed by site condlitithis
case,two trench sections can be mirrored so that the shallowest point of the trench is at the center and
the deepestendof the trenchesare at the outer hangarwalls.A structuralengineeringanalysiswill need

to be conducted to determine if the depth and length can be extended without losing the structural
integrity of the concrete slab.

For new construction hangarsastin-placetrenchesare not limited to a certaindepth andlengthwhen

concerninghe ILDFAA structuralengineer should determine th@aximum dimensionef the castin-
place trenches that the existirgpil conditionsallow.

12in

New trenches

X minimum depth: Bin
19in

0.5% SLOPE T

TRENCH FRONT VIE! TRENCH SIDE VIEW

Figure6-6: Trench dimensions and slope

All castin-place aluminum trench shells are supplied vatfjustable trench supportd.rench supports

are welded to the trench shell and connected to a standapd i y1émm)aluminum strut channel using
threaded rods and angled struts. The aluminum strut channel is anchored to the mud slab, which should
be sloped at a minimum of 0.5% (Figur@&)6Threaded rods can be adjusted f®velthe trenchand

angled struts arsecuredonce the required height is reached to prevent the trench shell frooving

and twisting during the slab pour.

A stepby-step process is shown Figure6-7 and Figure6-8 on the following pagsof how the ILDFA
prefabricated trencheareinstalled.Non-structural temporantrench covers are provided during the
installaion only. The ILDFArench coversare designedwith a girderframe (seeFigure6-2) that supports

the Maximum Takeofeight(MTOW) othe largestairframe.The ILDFA trench coveandgirderframe
FNE AyOf dzZRSR gAUKAY GKS YIydzZFl OddzZNENRa a02LISo

Where a potential exists for aluminum ILDFA components to be in contact with metals suchiescast
grates, steel rebar, or carbon steel angle, sromductive isolation materials need to be used to prevent
galvanic corrosion. Fluoroelastomer (FKM, Vithror bituminous coatings can be applied to isolate the
prefabricated trench from dissimilar metals.
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MOEOI @I (S Hth2 dzeRE | o
Excavate trenches to slope and depth required forSoped at minimum 0.86to follow ILDFA trench
ILDFA trenche§&rade and compact dirt/gravel

ot I OS ¢NBYOF g yOkaBY OK {d2 oac

Trench slop& squarenessnust remain consistent

Figure6-7: Stepby-step process of installing ILDFA prefabricated trenches
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pd [/ 2 MYBSOLIR2 Ay ia F2NJ St SOG N

ELECTRICAL
(for liquid
detection)

END OF TRENCH

PLUMBING
(for flushing
water)

ELECTRICAL [
(for solenoid [
valves)

cd t 2dzNJ {f 0
Slab is poured flush timp of Safespill trench
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7. Structural Specifications
7.1. Point Load Capacity

ThelLDFAloor profilesare manufacturedout of 6000seriesMarine-GradeAluminumbecauseof the

corrosion resistance and high strength, pushing the life span of the ILDFA to 50 years. Testing was
O2yRdzOGUSR F2NJ GKS LRAy:dG f2FR OFLIOAGE 2F GKS L[5C
area, which represents theontact areaof a fighter jet tire, the ILDFA withstood up to 48 tqasvTof

pressure.

50 TON AIR/HYDRAULIC
SHOP PRESS

48tons
(96,000Ibs)

Figure7-1Y t 2Ay G t2F R OF LI OAGe 2F I dhé E mcé L[5C! I NBI ¢

It should be noted that singaircraft tire pressure to estimate point load is a conservative estimate, as it
assumeghat all pressure exerted within the tire ikansferred directly to the contact area between the
tire and the surface below it. Howevehe elasticity of the tirealsoabsorts some of this force

Table7-1 utilizes the point load capacity demonstrated above to calculate safety fafdovarious
aircraft. Typically, small aircraft such as fighter jets exert the greatest point load

Table7-1: Safety factor calculations for the ILDFA point load capacity are as follows:

ILDFA Point Load Capacity: 96,000 Ibs/ (9 in * 16 in) = 666 & bar)
KG135 Stratotanker load per tire*:| 170 psi

Safety Factor: 3.9

F35load per tire*: 250 psi

Safety Factor: 2.7

*Reference: Goodyear Aviation Data Book2®ection 6C Military Aircraft Application Charts
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7.2. Profile Texturand Slip Resistance

The Safespill flooprofile consists of a polished aluminum top surface with shallow slopes to direct flow
of liquid into drainage holesTo provide adequate slip resistance, an -&fip texture is applied to the
top surfacealong the high points of the profile surface as showRigure7-2.

Avideo demonstrating the slip resistance of the surfecavailable at the following link
https://www.youtube.com/watch?v=BnpZZ3edwDO0
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Figure7-2: Safespill floor profile with anslip texture

The Safespill flods an atypicalvork surface fomostcontractors, maintainers, and other personnel
working in or walking through an aircraft hangar. Hangar floors are subject to many potential hazards,
such as wet surfaces or lubricant spills.

To address concerns regarding potential slip hazards on the Safespill floor, slip resistance testing was
conducted on the Safespill floor according to ANSI/NFSI B101.1 using an American Slip Meter 825A
Tribometer.
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Testing was conducted on 3 different surfaces:
1) Safespill Floor Profile
2) Polished Concrete
3) Flooring Sample from NAVAIR Hangaryéér age (V280 Point Mugu, Hangar 372)

A comparison of SC@t each surface under dry, wet, and oily conditions is showfrainie7-2.
Table7-2: SCOF of Concrete Surfaces vs Safespill (ILDFA) floor

Conditions Dry Wet Oily
Safespil(ILDFA) 0.72¢ High Traction| 0.78¢ High Traction| 0.25¢ Minimal
Traction
Polished Concrete 0.84¢ High Traction| 0.76¢ High Traction| 0.16¢ Minimal
Traction
10year Hangar Sample| 0.73¢ High Traction| 0.56¢ Moderate 0.05¢ Minimal
(PM372) Traction Traction

Based on testing conducted with the ASM 825A in accordance with ANSI/NFSI B101.1, the Safespill floor
profile provides comparablsglip resistance to polished concrete and the-BRR hangar sample under
dry conditions and improved slip resistance under wet and oily conditions.

While theSafespilfloor surface provides minimal traction under oily conditions, the expectation for all
hangar surfaces is that oil spills ageasy or dirty, floors are cleaned in a timely manner to eliminate
any potentialslip hazards

The PM372 sample represents a typical hangar floor after 10 years of daily activity. Multiple NAVAIR
hangar floors at Point Mugu were inspected to confirm that the tested sample was consistent with a
typical hangar floor surface. Values for all surfac#ehbeen colocoded and described according to
guidance from the National Floor Safety Institute (NFSI).

Table7-3: Available Traction and Probability of Slipping based on SCOF

SCOF Value Available Traction Slip Probability
#D.6 High Traction Lower
0.4XSCOF < 0.6 Moderate Traction Increased
<0.4 Minimal Traction High
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Release@/10/2025



SAFESPILL

7.3. FOD Screens

Below each perforation in the top surface of the ILDFA, a mesh screen is installed to prevent foreign
objectdebris(FODYrom entering thechannels of the ILDFA. This reduces the likelihodidookages

with the drainage system and prevents maintainers from losing key components when working atop the
ILDFA.

The mesh sizis small enough to prevent washers as small as No. 5 or M4 from entering the ILDFA.
However, the mesh allows sand and dust to pass through so that these perforat®nst blocked by
debris.
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Figure7-3: ILDFA top surface with FOD screen installed below perforations
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7.4. Frictional Force in Stopping Conditions

Since ILDFA floor profiles are placed directly on the hangamstalement of aircraft onto and off the
floor could cause the profiles to shift. However, in most situations the profiles are bounded either by a
recessed slab (as described in SecH@®) or by anchored ramps (as described in Seddidh

In addition, thesurface area in contact between the aluminum floor profiles and the concrete slab
providesufficient static friction to prevent movement.

For example, consider the following scenario in whiglemergency causeslarge aircraft and a tow
tractor to suddenly stop while on top of the ILDFA:

S -

-

Figure7-4: Example of tug moving an aircraft onto ILDFA.

To move thdLDFAthe horizontal force generated during deacceleratiomhaf tow tractorand aircraft
must exceed the static friional force that exists between tHeDFAand thehangar floor
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The force generatelly stopping of the tow tractois described by the free body diagram below:

"O= Vertical force due to weight of the aircraft
"O= Horizontal force motion ohe aircraft.

"O= (mass otow tractor + mass of aircraft fnass ofLDFAZ gravtational acceleration

DIRECTION OF MOTION OF THE AIRCRAFT

_"Oz mass of aircraft acceleratiorof aircraft

| ILDFA

Figure7-5: Free body diagram demonstrating forces on ILDFA under a moving aircraft

Therefore, the ratio of horizontal force to the normal force must exce&a @ overcome static
frictional forces and move thiDFAelative to thehangar floor

Static friction force is described by Equation 1.
Q@™o “z0
Where™Ois frictional force, is the coefficient of friction, ant is the normal force of the aircraft and

ILDFAN the vertical plane. Normal force is equal and opposite to the Vertical F@tshown in the
free bady diagram above.

To overcome the static frictional force and move th®FAthe horizontal force generated by the
deaccelerating aircraft must exceed the frictional force.

(20 ©
Combining equations 1 and 2:

)0 ™a&O
The equations fothe horizontal and vertical forces are given in equations 4 and 5:

40 « a zZQ

(5) O «a a a z°Q
Since the mass of the ILDFA is much less than that of thetract aircraft, iis neglectechndthe
equation can be simplified to:

(6) a a ZQ T G a a z°Q

Simplified further, the condition can be evaluated regardless of the weight df #ugor and the
aircraft.

(7) & Tm& & "Qwhere g = acceleration due to gravity = 9.8 fn/s
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Deceleratim can be represented as th@oduct of intial velocityand stopping distance.
B wzQ
Stopping distance can be calculated based on the followingtexgua

9) Q

z z

The coefficient of friction for a rubber tire on an aluminum surface can be approximated at 0.51.
Based on an assumed initial velocity of 5 mph (8 km/h), the stopping distance is 1.74 ft (0.53 m) and the
deceleration is aproximately 1.2 -

The frictional force, expressed as the product of acceleration due to gravity and the coefficient of
friction between aluminum and the hangar floor, is much greater aP‘?.iZ .

Therefore the ILDFAwill not move inthis scenario

For additional information regarding alternative scenarios, please consult the ILDFA manufacturer.
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8. Floor Openings
8.1. Tie Down Points

Openingsn the ILDFAo accesgie down pointscanbe incorporated.The tie down points shown in
Figures3-1 through 84 carry a load rating of 10,000 lbass3s kg) Usingacoredrill, ac & p loleig the
concrete is cut. The tie down is installed and then chemically anchored as shown in Bifjanmes$8-2.

The ILDFAccessor the tie down point sits flushwith the top surface() andallowsthe chain connection
to secure the aircraft inside of the hangar as showRigure8-6.

Fornew build projects,tie down points shouldnot be includedin the hangarslabdesignto allowthe
ILDFA manufacturer flexibility of installing the system.

==

\i
\
\
- \

i

il

Figure8-1: Concrete core drilled out of hangar slat Figure8-2: ILDFA tie down point chemically
to allow the ILDFA tie down point to be chemicall anchored into concrete slab
anchored

Figure8-3: ILDFA tie down point example
with aircraft chain connection

Figure8-4: ILDFA tie down point without lid
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8.2. Grounding Points

Groundingpointsfor aircraft groundingare integratedin the ILDFAand connectedto a grownding bus
located in the ILDFA trenafsing a minimum of 6 AWG jacketed grounding witlee ILDFA grounding
busis connected to ground rods or building ground. An example of an ILDFA grounding point is shown
below inFigure8-5.

Fornew build projects,a groundinggrid is no longernecessarwithin the hangarslabwhenutilizingthe
ILDFA grounding. For retrofit projects, the existing grounding grid and other utilities will not be used.

Grounding points may be placed at any location on the ILDFA, except on top of the trenches. Additional
grounding points can be added to the ILDFA retroactively if parking configuration or other changes are
made to hangar operations.

Figure8-5: Example of ILDFA Grounding Point

Grounding points consist of a higtrengthcomposite(PEEK3up.When installed in the ILDFA floor
profile, these components exceed the point load capacity of the floor profdsall studERICO B165R
or equivalent)s fitted to thecomposite pariand providesinsulaion from the aluminum ILDFA floor
profiles(Figure8-6).
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ILDFA Floor Copper Ball PEEK
Profile Stud Composite Cup

6AWG Crimp

—V \ , Set Screw
Ring .

~ T N ) B - » B s - o B 0} 5> B e

Figure8-6: Cross section view of ILDFA grounding point embedded in profile

To install the grounding poingo &6 mm)diameter hole is cut through the top surface of the ILDFA floor
profile (Figure 87) and the grounding point assembly is inserted into the opening (F88)e Once
inserted, set screws hold the grounding point in place and prevent removal.
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Figure8-7Y o é [ dzi2dzi Ay L

Grounding points are connected in series using 6 AWG groundingwtlir@ paths to ground. The
ground wire is routedhroughthe ILDFA profiléo the trench thenthrough the trench to the edge of

the floor assemblyandfinally terminated on a groundingus (Figure 89). Thegrounding buss
connected to a grounding rod or building ground (FigR+i).
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Figure8-9: Grounding Bus installed in ILDFA prefabricated aluminum trench for terminatioouoiding points.

Ground Rod Ground BRis
Embedded Mounted in
in Concrete ‘7_* 7 : - i - i | Trench

6AWG Ground
Wires from
Grounding Points

Figure8-10: Grounding point termination at end of trench. Ground bar may vary in size depending on number of grot
points. Figure shows termination to grounding rod, tawmination to building ground may be used in some cases.
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8.3. Utilities Access

Openingsn the ILDFAallow access to existing utilities in the slab that cannot be relocadedh as sewer
drain cleanouts, electrical boxes, and pneumatic connectidhe machined aluminum blogk
incorporated into the design of the flo@nddirects flow around the opening@penings are rated for the
same loading capacity as the ILDFA floor profiles when the lid is instadledlectrical box access,
additional precautions may be necessary to prevent liquid from entehiagetectrical equipment.

Figures 811, 812, and 813 are examplesf possibleopenings Exactstyles and dimensionseeded for
eachprojectare determined during the design phase

Figure8-12: Utility Opening with example of flow through

Figure8-11: Utility Opening with lid removed channels

Figure8-13: Utility Access Door Concept
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9. FlushingVVater Requirements

An ILDFA requires water to flush the internal drain channels. The ILDFA water require20&r@ iRV
(757 LPm) Eachzonerequiresa water supplyof 50 GPMs9Lpwm) If aspilloccurson the cornerof azone,
the 3 adjacent zones could activate as well.

Therefore, the total water supphequired is4x50 GPM =200 GPM757 LPMm)

Three options are available fure ILDFA water supply:
1. Domestic Water SupplyConnect upstream of the facility water meter
2. Facility Sprinkler Water SuppiyConnect upstream of the sprinkler backflow preventer and flow
switch
3. Continuously maintained, dedicated npotable source; Examples include a flushing supply
tank or water recycle system

Theflushingmanifoldoperatesat a minimum pressureof 60 psi 4.1 bayand a maximumpressureof 120
psi(8.3 bar) Depending on the water pressure of the hangar, a booster pump or pressure resurcer
ensure the correct pressure will be supplied to the IL[He&SectiorD.2, Booster Pumpesigrfor more
details.

If providinga dedicatedline to the hangarrequiressignificantplumbingor if water availability is limited,
a dedicated flushing water tardan beplaced outside the hangasanalternative. Typically, this would
require a tank of 9,00@4,070L)to 12,000 gallongs,4s1). NFPA 409 requires 45 minutes of flushing
water at 200 GPNrs7umin), while UFC-211-01 and FM Datasheet33 require 60 minutes of flushing
water at 200 GPM57 Umin).

9.1. Water Supply Daces

When utilizing a domestic water supply, ensure that a backflow preventer is inssdlésat] of all ILDFA
components.

For all water supplieprovide the following:

Valves

Providewater control valveshat are indicating type and comply with NFPA 13 requérts,aroundall
components whicmeed to be isolated for service. This includes upstream and downstream of booster
pumps upstream of each connection to the ILDEQstream of each strainer, and upstream of each
water hammer arrestoor expansion tank.

Water Hamme Arrestor
Provide awater hammer arrestosizedd | & SR 2y Y lcalolddtibn&@iddesdiethfdose as
possible to the ILDFA inlet connection

Strainers
Provide sstrainer, g A i K 2 LISy Ay 3 &AT S f Saa ugsregmdfdllILBFRREK HA O Mk
componentsFor applications following UF€241-01, the strainer must be chrommoly simplex basket
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conforming to ASTM A217/A217M, with a flanged connection, and stainless steel strainer basket with
mesh size 40.

Flow Meter

Provide a ultrasonic flow metefor monitoring offlushing manifold supply pipindhe flow ratas
monitoredandtied into the ILDFA control panel. If flow rat@re measured outside of typical

parameters during operation, alarms will be displayed on the control panel and a trouble signal will be
sent to the FACP.

Figure9-1 shows an examplef a water supply arrangememthen a booster pump is not utilized. In this
case aflow meter, water hammer arrestor, and basket straiaee ingalled upstream of the connection
to the ILDFA antbcated on the back wall of a hangar.

ULTRASONIC
& FLOW METER
WATER HAMMER ARRESTOR 4 SHUTOFF
‘\ BALL VALVE
SIMPLEX
BASKET STRA{IQID\MJEE %i

<

Figure9-1: Example water supply arrangement witecessary devices.
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9.2. Booster Pump Design

Todeterminewhether a booster pump is needed, friction loss calculations throughltb& Apiping
must be calculatetbased on the incoming water supply pressure

The water supplyequirementat thetie-in pointis 200 gallons per minut@siL/minyat 100 psie.obar).
This ensures thahe ILDFAlushingsystem igressurized to a minimum &0 psi(3.5 baywhen 4 zones
are activatedIf the water supply cannot meet the pressure requirements at this flow matsyoster
pump is needed.

Due tovariation in water supply location relative to the ILDFA and the overall size of the ILDFA, booster
pumps can vary in size. Howevikooster pums are typicallyan end suctiortentrifugal pumpwith ao €
diameter inlet and outletfitted with a20 HP motor.Operating power for this pump would B0 VAC

at 20 ampsAlternative motors can be supplied to meet local voltage requirements.

Power is supplied directly from the building to a pump control panel with a motor starter. The start
signal can be sent from the main control panel whenever an ILDFA solenoid valve is opened.
Alternatively, a pressure switch can be installed on the sujppydownstream of the pump to provide a
start signal for the pump.

The booster pumpnd required componentwill be integrated on a booster pump skidth a footprint
of 8ft (2.4m)by 4 ft (1.2 m) The skicdhould be in an area near the ILDFA installatian should not
interrupt the footprint of the ILDFA systehe booster pump skichay beplaced in the hangar bagy
in a nearby pump room

An example of &ypicalbooster pump skids shown irFigure9-2 below.
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T Expansion Tank
Pressure Switch Ultrasonic Flow Meter~\

%
! t i

Pump Control Panel

Il [ 1S

Ball Valves

Ultrasonic Flow S | Simplex Basket Strainer
Meter Panel End Suction Booster Pump
PPN
L 86 (24m )

Figure9-2: ExampleBooster Pump Skid
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10. Discharge Pump Skid

Whendesigninghe ILDFAthe pumpskidsystemtypicallyusesr y Ca ! LISDHP@drivigat £
pump with a maximum flow rate of 300 GPMgs,680L/min). The discharge pump is controlled bylisted
pump controller.

A 460/480VAC, 3 phase power suppith a 65A breakeis requiredfor each pump skid-or hangars
outside of the United Statepump motors can be modified to work with local 3 phase voltage supply

IMPACT RESISTANT ILDFA DISCHARGE PUMP
BOLLARD FRAME\\ PUMP IN SKID /‘ CONTROLLE

Figurel0-1: Typical pump skid enclosurelifDFA hangar installation.

The pump and controller are housed inside of a welded aluminum bollard frame, with heavy duty
aluminum panels to protect the equipment from collisions, such as forklifts, tugs, or tool carts. The
bollard frame has an approximate footprint of 1QAbm) by 5 ft(15m) and an approximate height of 5.5
ft 1.6 m)

Thehangarlayout,width, andnumberof trencheswill determineif one or more pump skids are
required.
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