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Oil Depot Earthing Systems
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NFPA 70.National electrical code.

NFPA 780.Standard For The Installation Of Lightning Protection.

API 545. Lightning Protection for Above Ground Storage Tanks.

IPS-E-PR -370.Engineering Standard For Process Design Of Loading And
Unloading Facilities.

IEC 62305 Protection against lightning.



\4 s gl Lol yo ol stblsjwb{ix_;bowb@uiw._\b

Caslos g o3l ol cblax jeline & i glay il So)l sl et
i sleodygls cnlagSs le 5y 5l cailon daolfiiws 4 el
aS g e g Ol aias )0 cud wlgs slajlds ddlal g ouss 51>
AUk g by Hlows Slajldy (mizeed 5 99300 358 D3l o3 Sucly
sleolawl  aules oo i 1y ot g (B (Dl b ddelo )95 51 ool
SBlal,boylastinl g ool adss Jpuns cya  (SaSS oS (Barth) )| ptew
Solgyl eblas el oy (SopSILL lSo b 9,8l sbyo 4 iz
s oyl 4538 oy JLas

pos e 5 s Gleptas 05 Gbdl 4 azgil (5Ll
Sl plew b abli> slapiu 5510055 5 cuas ( b 50 550
385 oo (ol ioo 31 i (Earthing)

5 oSS sl olall gl JLal | cnylie (s 42 JLail I8 5
sleyStas cblis (e Gl ey Jenil 40 cound o Sl
aboz 51 50,5 ey Sl 29y 5 el eaglie olion 4y Saliclo i
o oo o (Simed 09 oo 3Ll (oSl 9B srene (Giren
Lol Jlasl g 0ee G50 38 5 (Sl Sl (oolod 00,5 Sy
o i 42 O JLail 5 Ll (ales 00,5 Sy o < s olos
Slge Bl a yomie a8« (S8l w93 3l (6 7T5lr Seel (e (ol o]
395 50,5 A 05 oo (350 Jlaal 18

Grounding) Koil 5'h S| pits (6,550 Blaal pal asds ;b 4
19505 Ao 1y ales i 5o g5 oo |y (Earthing

a3l Gyl sresl g wbslas. )

SgrSly (Sopsdl wlgad g by (sonl 9 bsla>. ¥

collad plonil g Jlonly cronl Ll 950 wal)3. ¥

owbed 5Ly ool cailow. ¥

Slolsldy i 0

diclo g arwlemU slasldy 5l 5,.56l>. #

oS b 5l lebl v



S sbodysd g s sl cdlys wliles K Jsol ‘ \S

dislo Jolio 48 Caii gl (33lke cilis Jpo!

ol (3 ee i)l (6o ot 5o o0l 050 (slaslailiw] oy iages
NFPAYAs 8)laslewl a5 asb o APIOFO )5 s NFPAYA )lasleus!
cladlxe gz s 55 AP OFO § 00gad i |y (ke 5 laojls i3l
sy - sl 0l 51,11, Y laaog adclo 5| s sloodgld (yjlsa
09 g ebla> adelo ol jo ab i sldosysld (gluopsd 3l
Oyiades daz 3l Sig Sl g (oSl sl pitn gl 8Sas (S
50,8 cbslas  dlolaulgml sla)b g diclo zlgel Jud 5l oasiSanags

@ ddclo puline S)s>p cddclo 5l ol sle 5> e 5l ade o]l
diclo pudiins 3)53 3 (6 4> )0 0,33 (43500 S5 aS Sley - el Wl
Ll 13 S ks ol sl L agzrlyn o Jlazi] 15 il asly o
30 Ol et sl e oy Jeizme L0508 Jaiiie ol Ko ¢5)93 5
i sl)lo o35 ;o (Mechanical Seal) st a>b caiclo colsl il
ol o0 ol

O Jasdo Joize (e (g Gide iy b ads 5ol (rizmen
055 o alat 005yl o 59y b g b o

St e 0 s Y o) sl Cali (it Sl (S diiclo 8951
REXR
b b adclo 3ys5, o
Oy R (§923)0 (S b 3jeS
Oy S wboyesy e
...gGauge Pole .o cabnn b i 40 Jato Blolppai 0 L ojesy @
o9l Bl b (55ee S35 g Oyl w2 0l S b 0y5 0 e

g ou gloanl (oSl by 5l i (i b ddelo 5)65 5 o)
als g oS sl ol sleww Jeaily SNl ipj5e 0)l500 9 A
ledor i e ylas 9 bl alold 5l a8y e by o)L
Sle ) Jeily Vb e Jom S0 tsw ploa b alols



Y\ ‘ s gl Lol yo ol Lu".o;bsﬁwb{iébc}wbu’_&wiwb

adclo 3)95 3 )50, (48,5 39> ¢ aawley 3, i JeaST)0,lo el
sl oo el JS ol 1 s 530 5 sla S 1 50
(O A & Bpgde) 393 g0y a8l walys e dny b
bl jo gl abaxde bl by o)l sas ools las oy i jo aSSl>
b aslgs g e e S 4l plea b i 4 4oy Jlas!
sl i e i b el sy 51 ol sl L5 U5

e oo lis

T TN e
Cie A S5

Sl ;o iw 4 uy Jlasl bl ol 51 Gly> a5 cel S5 4 o5Y
59 el o ool lis 358 IS 0 oS Weler Wb oo by Saxie
Oy & o) 59l Bl (e S jglme 00gume 4 ddelo 855 g0
o ady Jlasl bl s obyz 5l (Sasl polie «((ney & Jaze o3l 4 o
sy 50 diiclo @ Las e slpsly> 0090 30 50 )0 Lol wales (gl il
A dled gl i 4 s Jlasl bl

ol )3 cdiny g Gl o 5y BT Gog Sl 50y (rlnln
25 S olsanled &) (oSl (g i & 0y Jlasl bl ganpeas
223 oo OLad |y e jlome JSO b aelo 8y555 5l (26 ULy Lo



i slosygl auie g cenlagSs cdlys wlles S Jgo! Yy

ol 0395 N

9bisd A
[SETY | LAY ) oy JL’

S ——

- iFL ’-'-‘-"-"_'_‘."f-'_ _-‘ .

Oz 5o il & a5y Jlasl bl ol 5l by a5 4SS ool 4 ax g
i (2l & il VLl g Syl 0g2g Wlgi el oo Ol CunBye
Lo plas,bloylis )90 Jowile b (S g p¥am)ol,

LI PEPRCH L ORIE-T- WP P ER VRN VR E I W WU KVITCIN] L U-T- WS PR
ey i b aticlo 9)93 5 (leyys I ol a8 Cilie 4 aiclo 51 (o506
Ol ass Ll Jal8” Jlas! Ly g 4505 5 oo oy Jniliy SYas pre
03303 5502 Ol 0)l500 yuslyus | (e s 0 Slowl 31 03,51 g Syl
Obyz S ogad (o e Egoge iS008 0 Jhie o) g
U Ll oiane a5 sl i 4 diclo 5l ooged 3y95 0 (sledg Sl
Slaosllinl bl e 4 sl 00405 Juast s 4 uufﬁ,wgu
sroskee T/A Jlas cols i olre sln |y G o)laz JBlas abgy e
Y088 byl 50050 « gl ddelo i 093 5 a0y aS Wl il p3Y
oo gl adlaie 0 |y OlesliaY 0,518 b ailinls culbs yrondis
O 0)lges Cuales a |y Gliabl oy ol rardies o ¥ (28I L 5 05903
Sl Sl Gl o2 ol Rlnps e Joo g U Gop YU cux
@ bgyye Laid (o] Syl aG)90)0 « 35 o2l (sl Dyl eoglie. il 0093
St S el el Jou8 BB mol V5] oS aily o0 Sl g Gy
axsls Lol slayl alss a ¥ 55 .. g b Jlail g lagls 5 535 15l 0y
Ak o2l 0 55 el oo ol o)l cagliecasl



Yy s gl Lol yo ol Ls.ubsdwb{ibgbcwb@uiwu\b

aislo SopSI s ailge
Lightning Electric Components

5 Sl goomie Syl sloailge gsl>  Jyare dkslo S
am e ol ly ol ooz ey s Ol sl dislo 3y sloaalie

Current (not to scale)

A

B;C\

‘(-ssoups-;|<- $5ms—a|6——0.2555t$13—51h$500p$—)| Time

1398 JSayo
Gol> Jl ey g 0993 0gS oalal (348 (Zopw S a5e bsy> :A addgo

b g Slas ol
w31y by 48 cand JUisl 6 S C adlhe g A adlie oy B ailo

A adlie sl oS Sbyz s9l> g 0390 (Yol 9o (sadlie b o2 s C allgo
bsor - Cwl ol Lyl dtwsgny by (6 addie Olgie @ addie (ol abl oo
S Syt 351 SHIS 9 0092 Woadle L5 5 (Yol jlons € (sadlie
el A adfge Loy Dol p YEFF L OFF (C adlie oyloy oo el sl 4
caclas 18y sbcolol Jaeroysh 4 (C adlie Jloo 4 :D addgo
5 45 (Sley Bavbon aslol Jsosayslo 0 a5 an3 o0 &5 D adlie (i (o
398 Spas adclo ol



5 sooysl ey g mdlys wlles JS Jyol | VY

dislo gl 39 US> S i
192 A5 L) ol ot

Air Termination System

air-termination system,
e.g. telescopic lightning
protection mast

tank

earth-termination system
(ring earth electrode)
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Equipotential Bonding
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Earth Termination System
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Meshed earth-termination system of an industrial plant

1: buildings with meshed network of the reinforcemeant  2: tower inside the plant
3: stand-alone squipment 4: cable tray
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The Number of RES per tank depends on
tank dimensions,stored product,etc.
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API2521.Use Of Vacuum Vent Valve For Atmospheric Loss.

API2000 .venting Atmospheric and loss pressure Storage Tank.

APIRP526 .Flanged Steel Pressure Relief Valve.

API RP520.Sizing Selection and Snstallation of Sressure Selieving Sevices
in Sefineries.

SAE AS27166.Valve Pressure Equalizing ,Gaseous Product.

ASME Sec. VIII Div.1.Rules For Construction of Pressure Vessels.

ISO 6718Bursting Discs and Bursting Devices.

ISO 4126 -Safty Devices for Protection Aginst Excessive Pressure.
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API651. Catodic Protection Of Aboveground Petroleum Storage Tanks.
API652.Lining Of Aboveground Petroleum Storage Tank Bottoms.

API 1631 .Interior Lining Of Underground Storage Tanks.

SA2 1/2.Sand Blasting Standard.Swedish.

SSPC-PA2 Measurement Of Dry Coating Thikness With Magnetic Gases.
Iso 8044 .Crrosion of Metals and Alloys.

NACE-RPO169-83 Control of External Corrosion on Underground or
Submerged Metallic Piping Systems.

NACE RP0193-2001, External cathodic protection of ongrade carbon steel
storage tank bottoms

IPS-E-TP-820 Engineering Standard for Corrosion Considreations in
Matherial Selection.

EN50014Electrical Apparatus For Potentially Explosive Atmospheres .
James T. Lary, Corrosion Control /Cathodic Protection for Aboveground
StorageTanks, Corrpro Companies Inc., 1990

Ashish Gandhi, Storage tank bottom protection using Volatile corrosion
inhibitors,VCI corrosion control, Jan. 2001
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Galvanic Or Two Metal Corrosion

Metallic conductors with threaded connections

check valve
(cathode)
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Metal Corroding™\ € 1512 1312|1882 81582225
Magnesium & alloys XXX X.X XXXXXXX X
Zine & alloys XX XXX XXX XX XX
Aluminium & alloys XXX XXX X X
Cadmium XXX XX XX XX X
Steel-carbon XX X_X_X_X‘X‘X‘X_x
Cast iron x XXXXXXXX
Stainless steels xx XXXXXX X
Lead, tin and alloys x XXXXXX
Nickel | || XXXXX
Brasses, nickel silvars X x X )()(X X
Coppar x ,X, XXX
Bronzes, cupro-nickels X
Nickel copper alloys X
Nickel-Chrome-Mo Alloys
Titanium, silver, graphite
Graphite, gold, platinum

X = Galvanic Corrosion Risk
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Metal Volts?

Commercially pure magnesium -1.75
Magnesium alioy (6% Al, 3% Zn, 0.15% Mn) -1,6

Zinc -1.1
Aluminum alloy (5% Zn) -1.0
Commercially pure aluminym -0.8

Mild steel (clean and shiny} -0.5t0-0.8
Mild steel (rusted) —0.210-0.5
Cast iron -0.5

Lead -0.5

Mild steel in concrete 0.2
Copper, brass, bronze -0.2
High-silicon cast iron 02

Mill scale on steel 0.2
Carbon, graphite, coke +0.3
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Magnesium Active (Anode)

Zinc A

Galvanized Steel

Aluminum

Mild Steel

Cast Iron
Lead
Brass

Copper

Bronze
MONEL Alloy®
Nickel (passive)
Stainless Steel 304 (passive)
Stainless Steel 316 (passive)
Silver

Titanium
Gold
Graphite
Platinum Noble (Cathode)
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Most anodic or active  Zinc
(likely to corrode)

Aluminum

Galvanized steel

Mild steel, cast iron

Lead

Tin

Brass, bronze

Copper

Silver solder

Stainless steel (passive)*
L ] Silver

Most cathodic or passive ~ Graphite
(protected from corrosion) Gold
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Crevice Corrosion
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Mechanism of crevice corrosion.
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Selective Leaching Corrosion

A. <5cm B. 5~30cm C. 30~80cm
, semiplanner surface
semiplanner surface  lateral depression ...y ... -+ lateral depression

irriguFar surface¥ \ ------- Lk

R

Beandens tral high
ceniral hig |
marginal.ridge = T e . marginal high
\ depression e \\ depression . /
il N i

B, lr'\‘_ ' r/ . ._'_:-'_.
Weathering level righ T jow
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Pitting Corrosion
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Erosion Corrosion
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Stress Corrosion
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Advancing crack tip
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Corrosive Water
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Tank Storage Protecting Of Water Effects
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Chemical Corrosion Inhibitor Method
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Anodic Protection Method
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Catodic Protection Method
Anode Cathode

2M — 2M™ + 4e’, Electrolyte O, +2H,0 + 4e” — 40H"

(corrosion) Current Flow

Electron (e’) flow in metal

Metal 1: Electronegative Metal 2: Electropositive
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Sacrificial Anodes Catodic Protection

Pavement

Soil electrolyte

Insulated copper wire —/
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Impressed Current Catodic Protection
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Catodic Protection Criterion

Sl igtgn cbli> oz Jlael b (Soygi s 5 ol
38 55 e a0 s el Jrnily 31 5 st Sl 5o il il
s b g (Sacrificial Anodes) ouig.ilas sl Gk 5l e Oby>
il (6550305l g yuns . 04 0 w213 (Impressed Current) )b y> Jlos!
Olyes 9 a0 Kbles Wiy oo (WLbl lase 4 s cbli> cod
Sbas Olgre 4 NACE-RPOVFA-AY slasbewl 51 .asb ojle o cbla>
> 50 080 oo ooliwl (hg8an g abbge slaojlu uilS cbslis it
slere ol o903 (Ul wbliz 55 a8 polie 31, (5355 Ol e Ll 5]
bt olopinnw ) 5555 8" Glare codsamol olasliwl o
&ly sy (oo A0 Joniliy el 00 Gl g8ae L g aboge (5518 ol
Guls cbli> cpz g oo ol VAYY Jls ;o RIKuhn lawgs )b sl
A Ay Ogdde b g g Ak (3Vg8 slaosla
sl ge g (loe =ML jlne olre (5 )8

dg) sz Jsly 50l 5l cas)le uilS cbla> sl [l
aQ byfe Jij.c d..:la 6&;[5 cblas )LAM ul.?r.u‘)é ) (_g)jo)‘d.)‘
5o 45 g ardS i o Lo slaeglops Lai> 5 Sliasxs YL slaaige
S B oy 009 oried )0 9 Gl gy (ane Ll a4 cules
b g ol s (ibg shls Gl 10 09540 ol 45 00595 Jawmme el Loyl
.‘otpl oo L')Luw dl.’)| o.)Lo.‘.....»‘)., aJYs (qul.u P 5O 8y (69
cbla> a5 o)l ol ol ojlal 5o b ol jo s pae St YU
b e 4wl oas pll gy 4 conn cbla> slaoile sl sl
IS sleane ogllae Jabd g Jo 4 )08 Sigige 5 cudlye slackiss
b oo bl (53,55 31 (Sl I3 alS g0y (S35



LYa) s gl Lol yo ol Lﬁ|sﬁw‘%i§&owb$uiwab

SN LB i il 8 5Shos silo;l

Catodic Protection Action Test

S8des sl Glisabol Jyax cugz ¢ 5 cblis i ey o 5l
398 5505l gdoe 3k o5l g A (e il SWSl b« e
Iy by 3l 51 ol bz el Jlas! 655151 ol ol
o3l 5y il 31 0 565he miliy s ol o (cblis o o3l g
T2l b Ogmlind Coled 5o 5 I g ol (rw ceeglite (gdoe
gy Shle 420 9 (Sl cueglie L ) I Ll 4 az g b oS ol
gl S055 5l GrSeler cuz 5l Syse Ol ke i) a5 (Syan
Slre Olsis ]y Oy lade Gl e I 35y dalgs glize « gdoke o5l
g5 oalatwl gulS cbsli> co (gdun o)l o, Sles 09 byl
Sl (Blas ol Jlesl 5law algd &5 ] Gupasr Jeily onlple
a5 el gz obolailinl ablaise Gamme lxs Olyie 4 3,5 dnly>
50 45 Cewl oa angs WS cblas i ey 3,Slas 090 (5,505l
3 sl oslo sl (398 slome 03,5 o)Ll b (guilS bl (sla)lone s
Sl e e .l o ~ABemY il I wiile g S )5 $Ygh iz
509551055 655 (s Jeiliy 5] A & s o3l O el caly
315 olyz il sl basre Conn 4 WIS clila> by
oateie Sl 9 (S Jolgd )0 (b Jomily S ol 6503l
et (S Jolgh )3 003 planil 03,5 oo (st i b Langs &S
ol chy rai b asbige 2o Vooe po Sla> g e Do 2 Jla> oS
ool Cuipgy e oS ol (ol 0,5 wlss 5 s il (505101
Sk ol 2 b g) dlgd oty Jaze (LIS oS el (sl ana Jols 095 o
;o (Cadweld) Blus! e gy 4 (G cbslas piwn (iligy Cud
8250 i o 5 ey by Lawgs )55he (6 Selil b sl 00308 s
Ol A5 53 (£3ls g ye iz o sl ool 0 dy plowil e Slilgas e
plml Gl g sps e 2l o5 canl (63)l0 aloz 5l 0l a8 b e,



5 sooysl ety g il wliles S S ‘ Az

b ansls axgs ol stanl (5 pSolail ol
arlg> Golie Jawe baylin 4 Sows oo ol Joaslo s )lise
aibie I )0 (SGelomgsSan (595 S92y 490 50 iged Dlgre & 034
St g (e Ve Jola g (oo =Ae (i jlre (ol by LS 4
SOy &S ble ;0 Ko oyle 4 Lawy o -0 mV s g 00,5 oy
—0emV Plas jlre ol aal axsls 0429 ddlate I 50 (559l9u39,50
Shls a8 canl somn il s JBla> shhls jlas (ol a5 jglaslon L0g) dalgs
o (K yleme ool oo yiS o asl 55 5l jlade S Tas (lgie 4 (25
Sl (ol b 0y g 9351 gl petngy ST s pan o)l dlgf pivgy g5
£S5 €953 dlg) gy a0 50 5 woled jolod Voo mV hiejl sl
FS 1o a0 90 50 .09 Adled =YYeomV jLixe ool 5le lude xSTos il
Lo & 1) om Gles 5 0and ol Wyl gy 5925 culs) 98 Lie
ol odudigy dlgd ;o cblas il (gl (358 Sledb] Hllae. ctls aales
& Ol (b tigr sl g g (LeaVdee b Jomiliy S0l LI5S L

g5 0Ll by SN jlone Bl pgas)s olgi g0 Voo i

OFF POTENTIALS,
COATING SYSTEM VOLT (Ref. Cu/CuSoy)
s dilel igpels Sl o b il
(e DB ga] ot 2 0} g
Epoxy powder fusion-bonded Sl e Sasen Jpy -11
Asphalt and coal tar enamel i ]y s Sl -20
Tape wrap (lamunated tape system) — (4¥ 4V s wll) dows o 11
Epoxy coal tar =Sl s -15
Polyethylene (2 layers) (Y40 lsl L -10
Polyethylene (3 layers) (Y aw) ksl “11
Polyurethane pu o 5el L(PU) -11
Cold applied petrolatum and petroleum wax tape
o g iy y e
3 ply cold applied plastic tape
Y gl o Sl o




AV | i gl Lol lasls tonl s 28 celag S glooges b ol spzes ol

Syl 58 (53595 3 Syl

Corrosion Inhibition in Depots
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Tank Storage Inner,Outer and Floor Corrosion
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Tank Storage Under Floor Ground
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Mechanical Cleaning
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Step 1:Surface preparation and Cleaning
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Step 2:Primery Coating
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Step 4: Final Painting
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Painting Inspecting
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principles of insulating
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ISO 23993. EN. Thermal insulation products for building equipment and
industrial installation

ASTM Practice C 680.Standard Practice for Stimate of the Heat Gain ...
ASTM E 119.Standard Test Method for Fire Tests of Building Construction
and Materials

EN ISO 12241 Thermal insulation for building equipment and industrial
installation
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ASTM E 96 Standard Test Methods for Water Vapor Transmission of
Materials

ASTM E 1643 Standard Practice for Installation of Water Vapor Retarders
Used in Contact with Earth or Granular Fill Under Concrete Slabs

ACI 302.2R -06 Guide for Concrete Slabs that Receive Moisture -Sensitive
Flooring Materials
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Fire-Retardant Insulation
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Refractory Insulation
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Thickness of concrete for fire endurance, in.

Fire Resistance Rating, hr.
Aggregate 1 hr. 2 hr. 3 hr. 4 hr.
All lightweight 2.47 3.56 4.35 5.10
Sand-lightweight  2.63 3.76 4.62 5.37
Carbonate 3.25 4.67 5575 6.63

Siliceous 3.48 5.00 6.15 7.05
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A BRIEF HISTORY OF CORROSION SCIENCE AND ITS PLACE IN THE
ELECTROCHEMICAL SOCIETY Robert P. FrankenthalBasking Ridge, NJ 07920
API RP12R1, Setting, Maintenance, Inspection, Operation, and Repair of Tanks in
Production Service, fifth edition. 1997. Washington, DC: API.

APIRP575, Inspection of Atmospheric and Low -Pressure Storage Tanks, first edition.
1995. Washington, DC: API.

API RP651, Cathodic Protection of Aboveground Petroleum Storage Tanks, second
edition. 1997. Washington, DC: API.

API RP652, Lining of Aboveground Petroleum Storage Tank Bottoms, first edition.
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API RP2003, Protection Against Ignitions Arising Out of Static, Lightning, and Stray
Currents, fifth edition. 1991. Washington, DC: API.
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API Standard 650, Welded Steel Tanks for Oil Storage , tenth edition. 1998 . Washington,
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