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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA Head- 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals 
on matters relating to the content of the docmnent, write to the Secretary, Standards Council, National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with appli- 
cable laws and this document may not be construed as doing so. 

Policy Adopted by N F P A  Board  o f  D i r e c t o r s  on  December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

L i c e n s i n g  P r o v i s i o n  - -  This document is copyrighted by the National Fire Protection Association 
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2. Adoption by Transcr ipt ion - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulations, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's lawmak- 
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this document by public authorities with lawmaking or rutemaking powers or any other persons desiring 
to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a royalty. This royalty is required to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of License Grant - -  The terms and conditions set forth above do not extend to the index 
to this document. 

(For further explanation, see the Policy Concerning the Adoptio~n, Printing and Publication of NFPA 
Documents which is available upon request from the NFPA.) 

S t a t e m e n t  on  N F P A  P r o c e d u r e s  

This material has been developed under the published procedures of the National Fire Protection Associa- 
tion, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accepts any liability resulting from com- 
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
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GENERAL PROVISIONS 385-5 

N F P A  385 

Standard for 

Tank Vehicles  for Flammable and 

Combustible  Liquids 

1990 Edi t ion  

NOTICE: lntbrnmtion on referenced publications can he 
lound in Chapter 7 and Appendix B. 

Chapter 1 General  Prov i s ions  

1-1 Scope. 

1-1.1 This  s tandard  applies to tank vehicles to be used for 
the t ranspor ta t ion  of  asphalt  or  normal ly  stable f lammable  
and combust ible  liquids with a flash point  below 200°F 
(93.4°C). It is in tended  to provide  m i n i m u m  requ i remen t s  
for the design and const ruct ion of  cargo tanks and their  
appur tenances  and to set forth certain matters per ta ining to 
tank vehicles. 

NOTE: Normally stable materials are those having the rel- 
ative capacity to resist changes in their chemical composition 
that would produce violent reactions or detonations despite 
exposure to air, water, or heat, including the normal range 
of conditions encountered in handling, storage, or transpor- 
tation. Unstable (reactive) flammable and combustible liquids 
are liquids that in the pure state or as commercially produced 
or transported will vigorously polymerize, decompose, con- 
dense, or become self-reactive under conditions of shock, pres- 
sure, or temperature. 

1-1.2 Additional safeguards may be necessary for tank vehi- 
cles used for the t ranspor ta t ion  of  f lammable  and combus-  
tible liquids having characteristics in t roduc ing  addi t ional  
factors such as high rates of  expansion,  instability, corrosive- 
ness, and toxicity. I 

1-1.3 Attent ion is d i rec ted  to the fact that some cutback 
asphalts have flash points in the range of  Class I liquids. AlsO), 
liquids having a flash point  h igher  than 200°F (93.4°C), such 

• I 

as asphalt, may assume the characteristics of  lower flash point 
liquids when heated. U n d e r  such conditions it shall be appro-  

. . . .  I 

prmte  to apply the provlsmns o f  this s tandard unless other-  
wise specifically exempted .  

- I 

1-1.4 T h e  requirements  for aircraft fuel servicing tank vehi- 
cles are  contained in NFPA 407, Standard for Aircraft Fuel Sei- 
vicing. I 

1-1.5 A tank vehicle t ranspor t ing  a f lammable  or  combuS- 
tible liquid in interstate service shall be cons idered  to be i~n 

. . . . .  ] 

conformity with this s tandard  while it Is m interstate serwce 
if it meets the requirements  of  the U.S. Depar tment  o fT rans  I- 
por ta t ion Hazardous  Materials Regulations.  

i 
t 

1-2 Definitions. 

Approved. Acceptable to the "author i ty  having jur i s  I- 
dict ion." 

NOTE: The National Fire Protection Association does not 
approve, inspect or certify any installations, pr¢~:edures, equip- 
ment, or materials nor does it approve or evaluate testing lab- 
oratories. I n deternfining the acceptability of installations or 
procedures, equipment or materials, the authority having juris- 
diction may base acceptance on compliance with NFPA or 
other appropriate standards. In the absence of such standards, 
said authority may require evidence of proper installation, pro- 
cedure or use. The authority having jurisdiction may also reler 
lo the. listings or labeling practices of an organization con- 
cerned with product evaluations which is in a position to deter- 
nfine compliance with appropriate standards for the current 
production of listed items. 

Baffle. A n o n l i q u i d t i g h t  t ransverse part i t ion in a cargo 
tank. 

Bulkhead. A liquidtight transverse closure between com- 
par tments  of  a cargo tank. 

Cargo Tank. Any tank having a liquid capacity in excess 
of  110 gal (418 L) used for carrying f lammable and combus- 
tible liquids o r  asphalt  and moun ted  pe rmanen t ly  or  other-  
wise upon  a tank vehicle. T h e  te rm "cargo  tank" does not  
apply to any con ta iner  used solely fi)r the purpose  of  sup- 
plying fnel for the propulsion of  the tank vehicle upon which 
it is moun ted .  

Compartment. A l iquidt ight  division in a cargo tank. 

Flash Point. T h e  m i n i m u m  t e m p e r a t u r e  of  a liquid at 
which sufficient vapor  is given off to fornl an ignitible mix- 
ture with the air near  the surface of  the liquid within the ves- 
sel as de t e rmined  by app rop r i a t e  test p r o c e d u r e  and 
appara tus  as specified. 

T h e  flash poin t  of  liquids having a viscosity less than 45 
SUS at 100°F (37.8°C) and a flash point  below 200°F 
(93.4°C) shall be de t e rmined  in accordance  with ASTM D- 
56-87, Standard Method of Test for Flash Point kV the Tag Closed 
Tester. 

T h e  flash point  of  liquids having a viscosity of  45 SUS or  
more  at 100°F (37.8°C) o r  a flash point  of  200°F (93.4°C) or  
h igher  shall be de te rmined  in accordance with ASTM D-93- 
85, Standard Method of Test for Flash Point b~, the Pemky-Martens 
Closed Tester. 

Head. A liquidt ight  t ransverse closure at the end  of  a 
cargo tank. 

Labeled. E q u i p m e n t  or  materials  to which has been  
attached a label, symbol or  other  identifying mark of  an orga- 
nization acceptable to the "authori ty having jurisdict ion" and 
concerned  with p roduc t  evaluation,  that maintains per iodic  
inspect ion of  p roduc t ion  o f  labeled e q u i p m e n t  or  materials  
and by whose labeling the manufacturer  indicates compliance 
with app rop r i a t e  s tandards  o1" pe r fo rmance  in a specified 
manner .  

Liquid. For the purpose  of  this s tandard ,  l iquid shall 
mean any material that has a fluidity greater  than that of  300 
pene t ra t ion  asphalt  when tested in accordance  with ASTM 
D-5-86, Test for Penetration for Bituminou.~ Materials. When not 
otherwise identified, the term liquid shall include both flam- 
mable and combust ible  liquids. 

Combustible Liquid. A l iquid having a flash point  at or  
above 100°F (37.8°C). 

1990 Edition 
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Combt,  stible liquids shall be subdivided as fbllows: 

Class 11 Liquids shall include those having flash points at 
or above 100°F (37.8°C) and  below 1400F (600C). 

Class IliA LiquMs shall include those having flash points 
at or  above 140°F (60°C) and  below 200°F (93.40C). 

Class IIIB Ltquids shall include those having flash points 
at or  above 2000F (93.40C). 

This s tandard does not cover Class 111B liquids (see 1-1; 1). 
Where the term comhnstible liquids is used in this s tandard,  
it shall mean  only Class 1I and  Class I I IA liquids. 

NOTE: "l'he upper limit of 200°F (93.4°C) is given because 
the application of this standard does not extend to liquids hav- 
ing flash points above 200°F (93.4°(;), aim this litnitation 
should not be construed as indicating that liquids with higher 
flash points arc noncomhustihle. 

F l ammable  Liquid .  A liquid having a flash point  beluw 
100°F (37.8°C) and  having a wtpor pressnre  nol exceeding 
40 psia (2068 mm Hg) at 100°F (37.8°C) shall be known as 
a Class I liquid. 

Class 1 liquids shall be subdivided as follows: 

Class L't Liquids shall include those having flash points 
below 73°F (22.8°C) and  having a boil ing point  below 
100°F (37.8°C). 

Class IB Liquids shall include those having flash points 
below 73°F (22.8o(;) and  having a boil ing point at or  abovc 
100°F (37.8°C). 

Class IC Ltquids shall include those having flash points 
at or  above 73°F (22.8°C) and  beh)w 100°F (37.8°C). 

The  w)latility of liquids is increased when artificially heated 
to tenaperatures equal to or h igher  than their  flash points. 
When  so heated Class i l  and  I l i  l iquids shall be subject to 
tile applicable reql t i rements  for Class 1 or 1I liquids. This  
standard may also be applied to high flash point liquids when 
so heated even though these same liquids when not  heated 
are outside of its scope. 

NOTE: This classification does not apply to: 

(a) Liquids without flash points that may be Ilammable under 
some conditions, such as certain halogenated hydrocarbons 
and mixtures containing petroletun fractions and balogenated 
hydrocarbons. 

(b) Mists, sprays, or foams. 

Listed. Equ ipmen t  or materials inc luded in a list pub-  
lished by an organizat ion acceptable to the "authori ty  hav- 
ing jurisdiction" and concerned with prodt, ct evahmtiun, that 
mainta ins  periodic inspection of product ion  of listed equip-  
ment  or materials and  whose listing states ei ther  that the 
e q u i p m e n t  or material  meets appropr ia te  s tandards  or has 
been tested and  tbtmd suitable tbr use in a specified 
lnanner .  

NOTE: The means fiw identif)'ing listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also 
labeled. The "authority having jurisdiction" should utilize the 
system employed hy the listing organization to identify a listed 
prodt,ct. 

Tank Full-Trailer. Any vehicle with or without auxiliary 
motive power, equipped with a cargo tank moun ted  thereon 
or bu ih  as an inlegral  part  thereof, used tor the t ranspor-  
tation of f lammable and  combust ible  liquids or asphalt, and 
so constructed that practically all of  its weight and  load rests 
on its own wheels. 

Tank Semi-Trai ler .  Any vehicle with or without auxiliary 
motive power, equipped with a cargo tank moun ted  thereon 
or buil t  as an integral  par t  thereof, used tbr the t ranspor-  
tation of f lammable and  combust ible  liquids or asphalt, and  
so const ructed that, when d rawn by a tractor by tneans of 
a fifth wheel connection, some part of its h,ad and weight rests 
upon  the towing vehicle. 

Tank Truck. Any single self-propelled motor  vehicle 
equ ipped  with a cargo tank m o u n t e d  thereon  and  used for 
the t ranspor ta t ion  of f lammable and  combust ible  liquids or 
asphalt. 

Tank Vehicle.  Any tank truck, tank full-trailer, or  trac- 
tor and tank semi-trailer  combinat ion.  

Vapor Pressure. The pressure measured in psia (ram Hg) 
exerted by a liquid, as de te rmined  by ASTM D-323-82, Stan- 
dard Method of Test for Vapor Pressure of Pet~vleum Prodttcts (ReM 
Method). 

Chapter 2 Tank Vehic le  Des ign 

2-I General. 

2-1.1 Design of the tank vehicle shall give eng ineer ing  con- 
s iderat ion to the s t ructural  relat ionship between the cargo 
tank, the propuls ion  equ ipment ,  and  the suppor t ing  mem-  
bers, i fany,  with due  regard to the weight and  tempera ture  
of the cargo, road performance,  braking,  and  required  rug- 
gedness. Tile  metal thicknesses specified in this chapter  are 
m i n i m u m  thicknesses dictated by the s t ructure  of the tank 
itself, and  it may be necessary that these thicknesses be 
increased where the tank shell is to be subjected to additional 
stress. Tile general design of the cargo tank and vehicle chas- 
sis shall be a r ranged  to give the best combina t ion  of struc- 
tural characteristics and  vehicle per tormance.  The  design of 
the suspension system shall incorporate fieatures to help assure 
lateral or  t ipping  stability when t u rn ing  corners.  

2-1.2 Any cargo tank designed fi)t- t r anspor t ing  materials 
at liquid temperatures above ambient  temperatures shall have 
a metal warn ing  plate not  subject to corrosion h)cated in a 
conspicuous place on the right side Ileal the fi'ont. Such plate 
shall be per tnanent ly  affixed to the tank or tank fiame. Upon 
it shall be marked  in characters at least 1/2 in. (1.2 cm) high 
by s tamping,  embossing,  or o ther  means  of to rming  letters 
into or on the metal of  the plate itself at least the tollowing 
informat ion:  

"Maximutn  allowable cargo t empera tu re  is _ _ _ ° F  
( oc).-  

This max imum allowable cargo tempera ture  shall be spec- 
ified by the manufac tu re r  of  the cargo tank. 

2-1.3 Cargo tanks used for t r anspor t ing  f lammable  and  
combustible liquids at t empera tures  equal to or above their  
boil ing points shall be const ructed in accordance with Sec- 
tion 2-2. 
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TANK VEHICLE DESIGN 385-7 

i 
NOTE: Possible temperature rise during transfer as well as 
the loading temperature and altitude must be considered 
when determining if the flammable and combustible liquid 
will be transported at or above its boiling poim. Where ai~ 
accurate boiling point is unavailable for the material in ques- 
tion, or for mixtures that do not have a constant boiling point, 
the 10 percent point of a distillation perfiwmed in accordance 
with ASTM D-86-82, Standard Method of Test for Distillation of 
Petroleum Products, may be used as the boiling point of the 
liquid. 

2-1.4 Cargo tanks used for transporting flammable and 
combustible liquids at a temperature below their boiling 
points shall be constructed in accordance with the provisions 
of Section 2-3. 

2-1.5 The material used in the construction of the cargo 
tanks shall be compatible with the chemical characteristics 
of the flammable and combustible liquid to be transported. 

| 

NOTE: In case of  doubt ,  the suppl ie r  m" p roduce r  of  th~ 
flammable and combustible liquid or other  competent  author-  
ity should  be consulted as to tim suitability of  the material  of  
construction to be used. I 

2-1.6 A single cargo tank may be divided into compartments 
of different specification construction. Each such compart- 
ment shall conform to specification requirements concerned 
and be so identified with a permanent  metal plate. 

2-2 Cargo Tanks, Piping, and Connections Designed for 
Transporting Flammable and Combustible Liquids at Tern- . . . .  Á 

peratures at or above Their Boding Points. Cargo tanks 
. . . . .  I ' piping and connections designed for transporting flammable 

and combustible liquids above their boiling points shall! be 
built in accordance with Specifications MC-307 or MC-331 
of Part 178 of Title 49, Code ofbYderal Regulation& or in accor- 
dance with Chapter 6 of NFPA 58 Standard for the Storage 
and Handling of Lzquefied Petroleum Gases. Continued use of 
cargo tanks constructed on or before December 1, 1967! to 
Specifications MC-304 and MC-330 shall be permitted. ~ 

2-3 Cargo Tanks, Piping, and Connections Designed for 
Transfer of  Flammable and Combustible Liquids at Tem- 
peratures below Their Boiling Points. 

I 
2-3.1 General. Cargo tanks constructed after the effective 
date of this standard shall be constructed in accordance w~ith 
Section 2-3 as contained herein. Continued use of existing 
cargo tanks constructed in accordance with the 1966 edition 
of NFPA 385 and earlier editions shall be permitted, but i~ew 
construction is not permitted. I 

1 

L 
2-3.2 Material. All sheet and plate material for shell heads 
bulkheads, and baffles for cargo tanks that are not required 
to be constructed in accordance with the ASME Boiler and 
Pressure Vessel Code shall meet the following minimum appli- 
cable requirements. I 

NOTE: Minimum requirements for materials listed below~ 
are duplicated from 49 CFR, Section 178.341, in effect as of~ 
January 1, 1974. i 

(a) Aluminum Alloys (AL). Only a luminum alloy mate- 
rial suitable for fusion welding and in compliance with one 
of the following ASTM specifications shall be used: " 

ASTM B-209 Alloy 5052 ASTM B-209 Alloy 5254 
ASTM B-209 Alloy 5086 ASTM B-209 Alloy 5454 
ASTM B-209 Alloy 5154 ASTM B-209 Alloy 5652 

All heads, bulkheads, baffles, and ring stitteners may use 0 
temper (annealed) or stronger tempers. All shells shall be 
made of materials with properties equivalent to H32 or H34 
tempers, except that lower ultimate strength tempers may 
be used if the minimum shell thicknesses in Table 2-2 arc 
increased in inverse proportion to the lesser ultimate strength. 

(b) Steel. 

Yield . . . . . . . . . . . . . . . . . . . . . . .  
Ultimate strength ........ 
Ehmgation, 2-in. samples 

High strength Austenitic 
Mild steel low alloy stainless 

(MS) steel (HSLA) steel (SS) 

25,000 psi 45.000 psi 25,000 psi 
45,000 psi 60.000 psi 70.000 psi 

20% 25% 30cA 

2-3.3 Thickness of  Sheets, Heads, Bulkheads, and Baffles. 

2-3.3.1 Material Thickness. The minimum thicknesses of 
tank material authorized shall be predicated on not exceed- 
ing the maximunl allowable stress level but in no case less 
than those indicated in Tables 2-1 and 2-2. 

2-3.3.2 Product Density. The material thicknesses contained 
in Tables 2-I and 2-2 are minimums based on a maxinmm 
7.2 Ib per gal (3.24 kg) product weight. If the tank is designed 
to haul products weighing more than 7.2 lb per gal (3.24 kg), 
the gallon per inch value used to determine the minimum 
thickness of heads, bulkheads, baffles, or shell sheets shall be 
the actual section capacity required in gallons per inch mul- 
tiplied by the actual product density in pounds pc,  gallon 
divided by 7.2. 

2-3.3.3 When a luminum is used for cargo tanks intended 
to transport cargoes at liquid temperattu'es above 250°F 
(121. I°C) the minimum thicknesses shall be increased by 1 
percent for each 10°F (5.56°C) or portion thereof above 
250°F (121. I°C). When the liquid temperatures are above 
500°F (260°C) there shall be an additional 1 percent fi)r each 
10°F (5.56°C) or portion tfiereofabove 500°F (260°C). Alu- 
minum shall not be used for cargo tanks transporting car- 
goes at temperattu'es above 550°F (288°C). 

2-3.4 Structural Integrity. 

2-3.4.1 Maximum Stress Values. Tim maximum calculated 
stress value shall not exceed 20 percent t)f the minimum ulti- 
mate strength of the material as authorized except when 
ASME pressure vessel design requirements apply (see Sec- 
tion VIII, ASME Boiler and Pressure Vessel Code, 1983 edition). 

2-3.4.2 Loadings. Cargo tanks shall be provided with addi- 
tional structural elements as necessary to prevent resulting 
stresses in excess of those permitted in 2-3.4.1. Consideration 
shall be given to forces imposed by each of the fi)llowing loads 
individually and, where applicable, a vector summation of 
any combination thereof." 

(a) Dynamic loading under all product h)ad co,lfigurations. 

(b) Internal pressure. 
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(c) Super imposed loads such as operat ing equipment ,  insu- 
lation, linings, hose  tubes,  cabinets,  and  piping.  

(d) Reactions o f  s u p p o r t i n g  lugs and  saddles  or  o t h e r  
suppor ts .  

(e) Effect o f  t e m p e r a t u r e  g rad ien t s  resu l t ing  f rom p r o d -  
uct and  ambien t  t e m p e r a t u r e  ext remes .  T h e rma l  coefficients 
o f  dissimilar  materials  w h e r e  used shall be a c c o m m o d a t e d .  

Table 2-1 Minimum Thickness of  Heads, Bulkheads, and Baffles. Mild Steel (MS), High Strength Low Alloy Steel (HSLA), 
Austenitic Stainless Steel (SS), in U.S. Standard Gage; Aluminum Alloy (AL) -- Expressed in Decimals of  an Inch. 

Volume capacity in gal per in. 
10 or less Over 10 to 14 14 to 18 I8 and over 

HSLA, HSLA, HSLA, HSLA, 
MS SS AL MS SS AL MS SS AL MS SS AL 

Thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 15 0.096 13 14 0.109 12 13 0.130 11 12 0.151 

Table 2-2 Minimum Thickness of Shell Sheets. Mild Steel (MS), High Strength Low Allow Steel (HSLA), 
Austenitic Stainless Steel (SS), in U.S. Standard Gage; Aluminum Alloy (AL) -- Expressed in Decimals of  an Inch. 

Volume capacity in gal per in. 

10 or less Over 10 to 14 14 to 18 18 and over 

Distance between HSLA, HSLA, HSLA, HSLA, 
bulkheads, halites, 
or ring stiffeners 

MS SS AL MS SS AL MS SS AL MS SS AL 

36in. orless ... 14 16 0.087 14 16 0.087 14 15 0.096 13 14 0.109 
Less than Over 36 in. 

70 in. to 54 in . . . . . . . .  14 16 .087 14 15 .096 13 14 .109 12 13 .130 
54in. through 

60in  . . . . . . . . . . . .  14 15 .096 13 14 .109 12 13 .130 11 12 .151 

70 in. 36 in or less ...... 
or more, Over 36 in. to 
less than 54 in . . . . . . . . . .  

90 in. 54 in. through 
60 in . . . . . . . . . . .  

14 16 .087 14 15 .096 13 14 .109 12 13 .130 

14 15 .096 13 14 .109 12 13 .130 II 12 .151 

13 14 .109 12 13 130 11 12 .151 10 11 .173 

90 in. 36 in. or less... 
or more, Over 36 in. to 
less than 54 in . . . . . . . . . . .  

125 in. 54 in. through 
60 in . . . . . . . . . . .  

14 15 .096 13 14 

13 14 .109 12 13 

12 13 .130 11 12 

109 12 13 .130 II 12 .151 

130 l l  12 .151 10 II .173 

151 10 II .173 9 l0 .194 

36 in. or less .. 
125 in. Over 36 in to 

or more 54 in . . . . . . . . . . .  
54 in. through 

60 in . . . . . . . . . . .  

13 14 .109 12 13 

12 13 .130 II 12 

11 12 .151 10 l l  

130 11 12 .151 10 11 .173 

151 10 11 .173 9 10 .194 

173 9 10 .194 8 9 .216 

2-3 .5  Jo ints .  

2-3.5.1 M e t h o d  o f  J o i n i n g .  All jo in t s  be tween  tank shells, 
heads,  baffles (or baffle a t taching rings), and  bulkheads  shall 
be welded in accordance with the requ i rements  conta ined  in 
this section. 

2-3 .5 .2  S trength  o f  J o i n t s  [ A l u m i n u m  A l l o y  (AL)]. All 
welded  a l u m i n u m  alloy jo in ts  shall be m a d e  in accordance  
with recognized  good  practice,  and  the efficiency of  a jo in t  
shall not be less than 85 percent  of  the proper t ies  of  the adja- 
cent  material .  A l u m i n u m  alloys shall be j o i n e d  by an iner t  
gas arc welding process using a l u m i n u m - m a g n e s i u m  type o f  
filler metals  that  are  consis tent  with the  material  suppl ie r ' s  
r e c o m m e n d a t i o n s .  

2-3 .5 .3  S trength  o f  J o i n t s  [Mi ld  Stee l  (MS), H i g h  Strength  
Low A l l o y  (HSLA),  A u s t e n i t i c  S ta in l e s s  Stee l  (SS)]. Jo in ts  
shall be welded  in accordance  with recogn ized  good  prac-  

tice, and  the  efficiency of  any jo in t  shall not  be less than  85 
p e r c e n t  o f  the  mechanica l  p rope r t i e s  o f  the adjacent  metal  
in the  tank. 

2-3 .5 .4  Combina t ions  of  mild steel (MS), high s t r eng th  low 
alloy (HSLA), and/or  austenitic stainless steel (SS) may be used 
in the construct ion of  a single tank, p rov ided  that  each mate-  
rial, w h e r e  used,  shall comply  with the m i n i m u m  requ i re -  
ments  specified for the mater ia l  used in the  cons t ruc t ion  o f  
that  section of  the tank. W h e n e v e r  stainless steel sheets  are  
used in combinat ion  with sheets  o f  o the r  types o f  steel, joints  
made  by welding shall be fo rmed  by the use of  stainless steel 
e lec t rodes  orfi l ler  rods  and  the stainless steel e lec t rodes  or  
filler rods  used  in the weld ing  shall be suitable for use with 
the g rade  of  stainless steel c o n c e r n e d  acco rd ing  to the  rec- 
o m m e n d a t i o n s  of  the manufac ture r  o f  the stainless steel elec- 
t rodes  or  filler rods.  

1990 Edition 



T A N K  V E H I C L E  D E S I G N  3 8 5 - 9  

2-3.5.5 C o m p l i a n c e  Test .  Compliance with the require- 
ments contained in 2-3.5.2 or 2-3.5.3 for the welded joints 
indicated in 2-3.5.1 shall be determined by preparing, from 

• • . I .  
matermls representauve of those to be used in tanks subject 
to this specification and by the same technique of fabrication, 
two test specimens conforming to the figure as shown below 

I 

and testing them to failure in tension. One pair of test spec- 
imens may represent all the tanks to be made of the same 

. . . .  I .  combination of matermls by the same techmque of fabl]lca- 
tion, and in the same shop, within six months after the tests 
on such samples have been completed. The butt welded spec- 
imens tested shall be considered qualifying other typeg or 

I - combinations of types of weld using the same filler material 
and welding process as long as parent metals are of the same 
types of material. I 

I 

FLAME-CUTEDGE"~,~ , g l  IN.TO31N. 
I ~IUM---~ I / I I .1~9 IN MINIMUM---~ RADIUS[ 

. . . . .  . . . . . . . . .  : . . . . . .  . . . . . . . . .  , 

. . . . . . . . . . . . . . .  ~-' . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . .  

JOINT AT MIDLENGTH OF PARALLEL SECTION "~ 
TENSILE SPECIMEN 

2-3.6 Support s  and  A n c h o r i n g .  

2-3.6.1 Cargo tanks with frames not made integral with [he 
tank as by welding shall be provided with restraining devices 
to eliminate any relative motion between the tank and frame 
that may result from the stopping, starting, or turning of the 
vehicle. Such restraining devices shall be readily accessible 
for inspection and maintenance, except that insulation alnd 
jacketing are permitted to cover the restraining devices; 

I 

2-3.6.2 Any cargo tank designed and constructed so that 
it constitutes in whole or in part the structural member us~ed 

q 

in lieu of a frame shall be supported in such a manner  that 
the resulting stress levels in the cargo tank do not exceed 

. . . .  ] 

those specified m 2-3.4.1. The design calculations of the sup- . . . .  Â 

port elements shall include loadlngs Imposed by stopping, 
. . . . . . .  I • starting, and turning m addmon to those mlposed as lndl- 

• I 
cated in 2-3.4.2 using 20 percent of the minimum uhlmate 
strength of the support material. 

2-3.7 Circumferent ia l  Re in forcement .  

I 

2-3.7.1 Tanks with shell thicknesses less than 3/8 of an in. 
. ] 

(0.93 cm) shall, in addition to the reinforcement provided 
by the tank heads, be circumferentially reinforced with either i 
bulkheads, baffles, or ring stiffeners. It is permissible to use 
any combination of the aforementioned reinforcements in a 
single cargo tank. 

2-3.7.2 Location. Such reinforcement shall be located lin 
such a manner  that the maximum unreinforced portion !of 
the shell be as specified in Table 2-2 and in no case more' 
than 60 in. (150 cm). Additionally, such circumferential rei~- 

forcement shall be located within 1 in. (2.5 cm) of points 
where discontinuity in longitudinal shell sheet al ignment 
exceeds 10 degrees unless otherwise reinforced with struc- 
tural members capable of maintaining shell sheet stress lev- 
els permitted in 2-3.6. 

2-3.7.3 Baffles. Baffles or baffle attaching rings if used as 
reinforcement members shall be circumferentially welded to 
the tank shell. The welding shall not be less than 50 percent 
of the total circumference of the vessel, and the maximum 
unwelded space on this joint  shall not exceed 40 times the 
shell thickness. 

2-3.7.4 Double Bulkheads. Whenever double bulkheads are 
provided, they shall be separated by an air space. This air 
space shall be vented and be equipped with drainage facil- 
ities that shall be kept operative at all times (see 6-1.7). 

2-3.7.5 Ring Stiffeners. Ring stiffeners when used to com- 
ply with this section shall be continuous around the circum- 
ference of the tank shell and shallhave a section modulus 
about the neutral axis of the ring section parallel to the shell 
at least equal to that determined by the following formula: 

I 
~- (Min) = 0.00027 WL (MS, HSLA, & SS) Steel 

I 
(Min) = 0.000467 WL (AL) Aluminum Alloy 

where 

- section modulus (in)); 

W = tank width or diameter (in.); 

L = ring spacing (in.); i.e., the maximum distance from 
the midpoint of the unsupported shell on one side 
of the ring stiffener to the midpoint of the unsup- 
ported shell on the opposite side of the ring stiff- 
ener. 

2-3.7.5.1 I fa  ring stiffener is welded to the tank shell (with 
each circumferential weld not less than 50 percent of the total 
circumference of the vessel and the maximum unwelded 
space on this joint not exceeding 40 times the shell thickness), 
a portion of the shell may be considered as part of the ring 
section for purposes of computing the ring section modulus. 
The maximum portion of the shell to be used in these cal- 
culations is as follows: 

Distance between 
Circumferential parallel 
ring stiffener to circumferential ring Shell section 
tank shell welds stiffener to shell welds credit 

1 . . . . . . . . . . . . . . . .  20t  
2 Less than 20t 20t + W 
2 20t or more 40t 

where 

t = shell thickness; 

W = distance between parallel circumferential ring stiffener 
to shell welds. 

1990 Edition 



385-10 TANK VEHICLES FOR FLAMMABLE AND COMBUSTIBLE LIQUIDS 

2-3.7.5.2 If configuration of internal or external ring stiff- 
ener encloses an air space, this air space shall be arranged 
for venting and be equipped with drainage facilities that shall 
be kept operative at all times. 

2-3.8 Accident Damage Protection. 

2-3.8.1 The design, construction, and installation of any 
appurtenance to the shell or head of the cargo tank must be 
such as to minimize the possibility of appurtenance damage 
or failure adversely affecting the product retention integrity 
of the tank. 

2-3.8.2 Structural members, such as the suspension sub- 
frame, overturn protection, and external rings, when prac- 
ticable, shall be utilized as sites for attachment of 
appurtenances and any other accessories to a cargo tank. 

2-3.8.3 Except as prescribed in 2-3.8.5, the welding of any 
appurtenance to a shell or head must be made by attachment 
to a mount ing pad. The thickness of a mount ing pad must 
not be less than that of the shell or head to which it is 
attached. A pad must extend at least 2 in. (5 cm) in each 
direction from any point of attachment of an appurtenance. 
Pads must have rounded corners or otherwise be shaped in 
a manner  to preclude stress concentrations on the shell or 
head. The mount ing pad must be attached by a continuous 
weld around the pad. 

2-3.8.4 The appurtenance must be attached to the mount- 
ing pad so there will be no adverse affect upon the product- 
retention integrity of the tank if any force is applied to the 
appurtenance,  in any direction, except normal to the tank, 
or within 45 degrees of normal. 

2-3.8.5 Skirting structures, conduit clips, brakeline clips, and 
similar lightweight attachments, which are of a metal thick- 
ness, construction, or material appreciably less strong but not 
more than 72 percent of the thickness of the tank shell or 
head to which such a device is attached, may be secured 
directly to the tank shell or head if each device is so designed 
and installed that damage to it will not affect the product 
retention integrity of the tank. These lightweight attachments 
must be secured to the tank shell by continuous weld or in 
such manner  as to preclude formation of pockets, which may 
become sites for incipient corrosion. 

2-3.8.6 Rear Bumpers. Every cargo tank shall be provided 
with a rear bumper  to protect the tank and piping in the 
event of a rear-end collision and minimize the possibility of 
any part of the colliding vehicle striking the tank. The bumper 
shall be located at least 6 in. (15 cm) to the rear of any vehi- 
cle component that is used for loading or unloading purposes 
or may at any time contain lading while in transit. Dimen- 
sionally, the bumper  shall conform to 49 C.F.R. & 393.86. 
Structurally, the bumper  shall be designed to successfully 
absorb (no damage that will cause leakage of product) the 
impact of the vehicle with rated payload, with a deceleration 
of 2 "g'" using a factor of safety of two based on the ultimate 
strength of the bumper  material. For purposes of these reg- 
ulations such impact shall be considered uniformly distrib- 
uted and applied horizontally (parallel to the ground) from 
any direction at an angle not exceeding 30 degrees to the 
longitudinal axis of the vehicle. 

2-3.8.7 Overturn Protection. All closures for filling, man- 
hole, or inspection openings shall be protected from dam- 
age that will result in leakage of lading in the event of 
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overturning of the vehicle by being enclosed within the body 
of the tank or dome attached to the tank or by guards. 

2-3.8.7.1 When guards are required, they shall be designed 
and installed to withstand a vertical load of twice the weight 
of the loaded tank and a horizontal load in any direction 
equivalent to one-half the weight of the loaded tank. These 
design loads may be considered independently.  Ultimate 
strength of the material shall be used as a calculation base. 
If more than one guard is used each shall carry its propor- 
tionate share of the load. If protection other than guards are 
considered, the same design load criteria are applicable. 

2-3.8.7.2 Except for pressure-actuated vents no overturn 
protection is required for nonoperating nozzles or fittings less 
than 5 in. (12.5 cm) in diameter (which do not contain prod- 
uct while in transit) that project a distance less than the inside 
diameter of the fitting. This projected distance may be mea- 
sured either from the shell or the top of an adjacent ring stiff- 
ener provided such stiffener is within 30 in. (75 cm) of the 
center of the nozzle or fitting. 

2-3.8.7.3 If the overturn protection is so constructed as to 
permit accumulation of liquid on the top of the tank, it shall 
be provided with drainage facilities directed to a safe point 
of discharge. 

2-3.8.8 Piping. 

2-3.8.8.1 Product discharge piping shall be provided with 
protection in such a manner  as to reasonably assure against 
the accidental escape of contents. Such protection may be pro- 
vided by" 

(a) A shear section located outboard of each emergency 
valve seat and within 4 in. (10 cm) of the vessel, which will 
break under  strain and leave the emergency valve seat and 
its attachment to the vessel and the valve head intact and 
capable of retaining product. The shear section shall be 
machined in such a manner  as to abruptly reduce the wall 
thickness of the adjacent piping (or valve) material by at least 
20 percent; or 

(b) By suitable guards capable of successfully absorbing 
a concentrated horizontal force of at least 8,000 lb (3600 ks) 
applied from any horizontal direction, without damage to the 
discharge piping, which will adversely affect the product 
retention integrity of the discharge valve. 

2-3.8.8.2 Minimum Road Clearance. The minimum allow- 
able road clearance of any cargo tank component or protec- 
tion device located between any two adjacent axles on avehicle 
or vehicle combination shall be at least I/2 in. (1.2 cm) for each 
ft separating such axles and in no case less than 12 in. 
(30 cm). 

2-3.8.8.3 Strength of Piping, Fittings, Hose, and Hose Cou- 
plings. Hose, piping, and fittings for tanks to be unloaded 
by pressure shall be designed for bursting pressure of at least 
100 psig (689.5 kPa) and not less than four times the pres- 
sure to which, in any instance, it may be subjected in service 
by the action of any vehicle-mounted pump or other device 
(not including safety relief valves), the action of which may 
be subject to certain portions of the tank piping and hose to 
pressures greater than the design pressure of the tank. Any 
coupling used on hose to make connections shall be designed 
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|br a working pressure not less than 20 percent in excess~ of 
the design pressure of the hose and shall be so designed that 
there will be no leakage when connected. 

2-3.8.8.4 Provision for Expansion and Vibration. Suitable 
provisions shall be made in every case to allow for and pre- 
vent damage due to expansion, contraction, jarring, :and 
vibration of all pipe. Slip joints shall not be used for this 
purpose. 

2-3.8.8.5 Heater Coils. Heater coils, when installed, st{all I 
be so constructed that the breaking-off of their external con- 
nections will not cause leakage of contents of tank. 

2-3.8.8.6 Gaging, Loading, and Air-Inlet Devices. Gaging, 
loading, and air-inlet devices, including their valves, shallq)e 
provided with adequate means for their sectne closure, and 
means shall also be provided fi)r the closing of pipe conffec- 
tion of valves. 

2-3.9 Closures for Fill Openings and Manholes. Each com- 
partment in excess of 2,500 gal (9500 L) capacity shall [be 
accessible through a manhole of at least 1 I in. x 15 in. (27.5 
cnt x 37.5 cm). Manhole and/or fill opening covers shall be 
designed to provide secure closure of the openings. They shall 
have structural capability of withstanding internal fluid pres- 
sures of 9 psig (62 kPa) without permanent  defi)rmati6n, 
Safety devices to prevent the manhole and/or fill cover from 
opening fully when internal pressure is present shall be pro- 
vided. / 

2-3.10 Vents for Cargo Tanks in Other than Asphalt 
Service. | 

2-3.10.1 Each cargo tank compartment shall be provid~ed 
with safety relief devices in accordance with the requirements 

I contained in this section. All of such devices shall commu- 
nicate with the vapor space. Shut off valves shall not 'be 
installed between the tank opening and any safety device. 
Safety relief devices shall be so mounted, shielded, or drainled 

eliminate the accumulation of water, the fieezing[of as to 
which could impair the operation or discharge capabilitylof 

1 

the device. 

2-3.10.2 Normal Venting. Each cargo tank compartment • [ 
shall be provided with pressure and vacuunt vents having a 
minimum through area of 0.44 sq in. (2.86 cm'-'). All pres- 
sure vents shall be set to open at no more than 1 psig (6.9 
kPa) t and all vacuunl vents at no more than 6 oz (168 g). Pres- . I 
sure and vacuum vents shall be destgned to prevent loss,,of 
liquid through the vent in case of vehicle overturn. 

2-3.10.3 Loading and Unloading Venting Protection. ]If 
the tank is designed to be loaded or unloaded with the dome 
cover closed, the vent or vents as described in 2-3.10.2 aboye 
or additional vents shall limit the vacuum to 1 psig (6.9 kl~a) 
and the tank pressure to 3 psig (20.7 kPa) based on maxi- 
mum product transfer rate. Unless effective protection against 
overfilling is made, the pressure vent shall also have suffi- 
cient liquid capacity to prevent the pressure fi'om exceeld - 
ing 3 psig (20.7 kPa) in case of accidental overfilling. This 
pressure vent may be pressure operated or interlocked with 
the tank loading device and shall be designed to prevent 16ss 
of liquid through the vent under any condition of vehicle roqll - 
over attitude. 

2-3.11 Emergency Venting for Fire Exposure. 

2-3.11.1 Total Cal~acity. The total emergency venting 
capacity [cu fi/hr (m/s)] of each ca,go tank compart~nent shail 
be not less than that determined tiom Table 2-3. 

Table 2-3 
Minimum Emergency Vent Capacity in Cubic Feet 

Free Air/Hour [14.7 psia (101.3 kPa) and 60°F (15.6°C)] 

Exposed Cu Ft Exposed Cu Ft 
Area Free Air Area Free Air 
Sq Ft per Hr Sq Ft per Hr 

20 15,800 275 214,300 
30 23,700 300 225,100 
40 31,600 350 245,700 
50 39,500 400 265,000 
60 47,400 450 283,200 
70 55,300 500 300,600 
80 63,300 550 317,300 
90 71,200 600 333,300 

1 O0 79,100 650 348,800 
! 20 94,900 700 363,700 
140 110,700 750 378,200 
1611 126,500 800 392,200 
180 142,300 850 405,900 
200 158, 100 .900 419,300 
225 191,300 950 432,300 
250 203,100 1,000 445,01)0 

NOTE: Interpolate fi)r intermediate sizes. 

2-3.11.2 Pressure-Actuated Venting. Each cargo tank com- 
pfirtment shall be equipped with presstnc-actuated veto ()r 
vents set tu open at not less than 3 psig (20.685 kPa) and close 
when pressure drops to 3 psig (20.7 kPa) or below. The min- 
imum venting capacity for pressure-actuated vents shall be 
6,000 cuf t  (170 m :~, of fiee air per hr [14.7 psia (101.3 kl'a) 
and 60°F (15.6°C)] fi-om a tank pressure of 5 psig (34.5 kl'a). 
Pressure-acttmted devices shall be desigucd so as to prevent 
leakage of liquid past the device in case of surge or vehicle 
upset, except that they shall fimctinn in case of pressure rise 
under  any condition uf vehicle rolh)ver attitude. 

2-3.11.3 Fusible Venting. If the pressure-actuated venting 
required by 2-3.11.2 dues not provide the total venting capac- 
ity rcqtfired by 2-3.11.1, additional capacity shall be provided 
by adding flisible venting devices, each having a mininmm 
area of 1.25 sq in. (8.1 cm'-'). Snch tilsihle elements shall be 
so located as to not be in contact with the tank lading under  
normal operating conditions. The tusiblc vent or vents shall 
be actuated hv elements that operate at a tempera tu re  not 
exceeding 251)°F (121.1°C). The venting capacity of these 
devices shall be rated at not more than 5 psig (34.5 kPa). 
Wtien fusible venting devices arc used, no less than two such 
devices shall be used on any cargo tank or tank o)mpartnmnt 
over 2,500 gal (9500 L) in capacity, and at least one such 
device shall be located close to each cud of the cargo tank 
or tank compartment.  

2-3.11.4 Flow Testing and Marking of  Vents. Each type 
and size of ventingdevice shall be flow tested in tim range 
specified in the applicable preceding paragraphs. The actual 
rated flow capacity of the vent in cubic tizet of fiee air per 
hour at the pressure in psig at which the flow capacity is 
determined shall be stamped on the device. The fusible vent 
or vents shall have their flow rating determined at 5 psig 
(34.5 kPa) differential. 
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2-3.11.5 These flow tests may be conducted by the manu- 
facturer, if certified by a qualified impartial observer, or may 
be delegated to an outside agency. 

NOTE: Information on suitable methods for conducting such 
tests is provided in API Standard 2000 available fi'om the 
American Petroleum Institute, 1220 L Street, NW, Washing- 
ton, DC 20005. 

2-4 Emergency-Discharge Control. 

2-4.1 Liquids Having Viscosities Less than 45 SUS. 

2-4.1.1 The outlets of each cargo tank or compartment used 
for transportation of Class I liquids, and trucks constructed 
hereafter for transportation of Class II and Class I lIA liq- 
uids having a viscosity less than 45 SUS at 100°F (37.8°C), 
shall be equipped with a self closing shut-off valve, designed, 
installed, and operated so as to ensure against the acciden- 
tal escape of contents. These valves shall be located inside the 
tank or at a point outside the tank where the line enters or 
leaves the tank. The valve seat shall be located inside the tank 
or within the welded flange, its companion flange, nozzle, 
or coupling and designed so that the valve must be kept 
closed except dur ing loading and unloading operations. 

NOTE: The 45-second viscosity limit is included for the pur- 
poses of requiring internal valves when transporting free- 
flowing distillate oils, such as kerosene, diesel oil, and domestic 
heating oil, and of excluding this requirement when trans- 
porting viscous oils such as residual fuel oil, bunker fuel oil, 
and asphalt products, which may congeal and cause malfunc- 
tioning of the valve. 

2-4.1.2 The operating mechanism for the valve shall be pro- 
vided with a secondary control, remote from the fill open- 
ings and discharge connections, for use in the event of 
accidents or fire during delivery operations. ' 

2-4.1.3 The control mechanism shall be provided with at 
least one fusible element that becomes effective at a temper- 
ature not over 250°F (121. I°C) permitting the valve to close 
automatically in case of fire. At least one fusible element shall 
be in the open where it would be exposed to the heat of a 
fire under  the vehicle. 

2-4.1.4 In every case there shall be provided a shear sec- 
tion located outboard of each emergency valve seat and within 
4 in. (10 cm) of the vessel that will break under  strain and 
leave the emergency valve seat and its attachment to the ves- 
sel and the valve head intact and capable of retaining prod- 
uct. The shear section shall be machined in such a manner  
as to abruptly reduce the wall thickness of the adjacent pip- 
ing (or valve) material by at least 20 percent. 

2-5 Liquids of Viscosities of 45 SUS or More. The outlets 
of each cargo tank used tbr the transportation of liquids hav- 
ing a viscosity equal to or greater than 45 SUS at 100°F 
(37.8°C) shall be equipped with (1) a suitable shutoff valve, 
located internally, designed so that the valve will remain oper- 
able if the external connection is sheared off, or (2) a front- 
or rear-head mounted valve securely reinforced and protected 
against shock or road hazards. 

2-6 Tests. 

2-6.1 At the time of manufacture, every cargo tank shall be 
tested by a minimum air or hydrostatic pressure of 3 psig 

(20.7 kPa) or at least equal to the tank design pressure, which- 
ever is greater. If compartmented, each individual compart- 
ment shall be similarly tested with adjacent compartments 
empty and at atmospheric pressure. Air pressure, if used, shall 
be held for a period of at least 5 minutes dur ing  which the 
entire surface of all joints under  pressure shall be coated with 
a solution of soap and water, heavy oil, or other material suit- 
able for the purpose, foaming or bubbling of which indicates 
the presence of leaks. Hydrostatic pressure, if used, shall be 
done by using water or other liquid having a similar viscos- 
ity, the temperature of which shall not exceed 100°F 
(37.8°C) during the test, and applying pressure as prescribed 
above, gaged at the top of the tank, at which time all joints 
under  pressure shall be inspected for the issuance of liquid 
to indicate leaks. All closures shall be in place while test by 
either method is made. During these tests, operative relief 
devices shall be clamped, plugged, or otherwise rendered 
inoperative; such clamps, plugs, and similar devices shall be 
removed immediately after the test is finished. 

2-6.2 The test in 2-6.1 shall be repeated tollowing alteration 
or repairs that involve tank integrity. If there is any leakage, 
undue  distortion, or if failure impends or occurs, the cargo 
tank shall not be placed in service unless an adequate repair 
is made. The adequacy of the repair shall be determined by 
the same method of test. 

2-7 Separation to Prevent Intermixing. Tank vehicles 
designed to transport Class I liquid in one or more compart- 
ments and Class II or Class I l l  liquid in other compartment 
or compartments, or to transport chemically noncompatible 
liquids, shall be provided with double bulkheads and shall 
be equipped with separate piping, pumps, meters, and hoses 
for such classes of product. 

2-8 Lighting. Lighting circuits shall have suitable overcur- 
rent protection (fuses or automatic circuit breakers). The wir- 
ing shall have sufficient carrying capacity and mechanical 
strength and shall be secured, insulated, and protected against 
physical damage, in keeping with recognized good practice. 

Chapter 3 Asphalt  Tank Vehic les  

3-1 General. Cargo tanks shall be free of water or volatile 
liquids before they are loaded with hot asphalt. 

3-2 Vents for Cargo Tanks in Asphalt Service. 

3-2.1 Each cargo tank used in asphalt service shall be pro- 
vided with a vent having an effective opening at least equiv- 
alent to a nominal 2-in. pipe. 

3-2.2 Each cargo tank for asphalt service shall be provided 
with a manhole having a free opening of at least 15 in. (381 
ram) in diameter designed to relieve internal pressure at 
between 2 and 3 psig (0.095 and 0.143 kPa) or an equiva- 
lent relief device. 

3-3 Overflows and Drains for Asphalt Tank Vehicles. 
Overflow protection for asphalt tank vehicles shall be pro- 
vided in the form of reservoirs or flashing around fill and 
vent pipes. Overflow and drain pipes shall have thicknesses 
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heavier than the tank shell and shall be designed so thatl hot 
asphalt will not spill onto tires, brakes, burner  equipment,  
or vehicle's exhaust system. 

3-4 Burner and Burner Tubes for Asphalt Tank Vehicles. 

3-4.1 Fuel tanks for the vehicle engine and fuel tanks for 
the burners on asphalt trucks shall be located remotely from 
the burner  or protected by a noncombustible shield from the 
burner  to prevent flashback. 

3-4.2 Burner  tubes shall be properly installed and i. main- 
tained. 

1 
3-4.3 The bottom of internal burner  tubes shall be located 
as low in the tank as proper design and functioning ]will 
permit. 

3-4.4 Instructions for the proper method of operating the 
burner  equipment  and the pumping equipment,  if so 
equipped, shall be provided. These instructions shall accom- 
pany the vehicle at all times. 

3-4.5 A legible red warning sign shall be permanently 
attached near the burners on any tank vehicle equipped with 
burners and shall contain at least the following information: 

" W A R N I N G  

This burner  equipment must not be operated while the 
vehicle is being loaded or is in transit, or when the 
burner  tubes are not completely submerged." 

Chapter 4 Marking on Tank Vehicles 

4-1 Marking. 

4-1.1 Every tank vehicle used for the transportation of any 
flammable or combustible liquids, regardless of the quantity 
being transported, or whether loaded or empty, shall be con- 
spicuously and legibly marked in accordance with the require- 
ments of the U.S. Department of Transportation Hazardous 
Materials Regulations. 

4-1.2 Manufacturer's Certificate. A certificate signed by a 
responsible official of the manufacturer of the cargo tank, or 
from a competent testing agency, certifying that each such 
cargo tank is designed, constructed, and tested in compliance 
with this standard shall be procured, and such certificate shall 
be retained in the files of the carrier dur ing the time that 
such cargo tank is employed by him, plus one year. 

4-1.3 In addition to this certificate, there shall be on every 
cargo tank (or tank compartment if constructed to different 
specification) a metal plate not subject to corrosion located 
on the right side, near the front, in a place readily accessi- 
ble for inspection. Such plate shall be permanently affixed 
to the tank by means of soldering, brazing, welding, or other 
equally suitable means; and upon it shall be marked in char- 
acters at least "3/16 in. (0.47 cm) high by stamping, emboss- 

ing, or other means of forming letters into or on the metal 
of the plate itself at least the information indicated below. The 
plate shall not be so painted as to obscure the markings 
thereon. 

Vehicle manufacturer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Manufacturer's serial no . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Specification identification DOT MC 306; or MC 307; 

or MC 312 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Date of manufacture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Original test date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Certificate date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Design pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  psig 
Test pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  psig 
Head material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shell material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Weld material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lining material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nominal tank capacity by compartment  (front to rear) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U.S. gal 
Maximum product load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lbs 
Loading limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gpm and/or psig 
Unloading limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  gpm and/or psig 

4-1.4 If a cargo tank is to be physically altered to meet 
another specification (or to accomntodate a commodity not 
requiring a specification tank) such combinations shall be indi- 
cated beside specification identification. 

4-1.5 If the cargo tank has a metal certification plate fox" MC 
306 specification, the characters "NFPA 385" may be added 
to the specification identification line on the metal plate. 

Chapter 5 Auxiliary Equipment 

5-1 Auxiliary Internal Combustion Engines. 

5-1.1 Internal combustion engines, other than those pro- 
viding propulsive power, installed or carried on a tank vehi- 
cle transporting Class I liquids for the purpose of providing 
power for the operation of pumps or other devices, shall meet 
the following requirements. 

5-1.2 The engine air intake shall be equipped with an effec- 
tive flame arrester, or an air cleaner having effective flame 
arrester characteristics, substantially installed and capable of 
preventing emission of flame from the intake side of the 
engine in event of backfiring• 

5-1.3 The fuel system shall be so located or constructed as 
to minimize the fire hazard. If the fuel tank is located above 
or immediately adjacent to the engine, suitable shielding shall 
be provided to prevent spillage during the filling operation, 
or leakage from the tank or fuel system, from coming in con- 
tact with the engine or any parts of the ignition and exhaust 
systems. All parts of the fuel system shall be constructed and 
installed in a proficient manner.  

5-1.4 Pumps and other appurtenances shall be so located 
in relation to the engine that spillage or leakage from such 
parts shall be prevented from coming in contact with the 
engine or any parts of the ignition and exhaust system, or 

1990 Edition 



385-14 TANK VEHICLES FOR FLAMMABLE AND COMBUSTIBLE LIQUIDS 

adequate shielding shall be provided to attain the same pur- 
pose. The engine cooling fan shall be so positioned, rotated, 
or shielded as to minimize the possibility of drawing flam- 
mable vapors toward the engine. 

5-1.5 When the engine is located in a position where spill- 
age fi'om the cargo tank or  its appur tenances  or from side 
racks might constitute a hazard, suitable shielding shall be 
provided to prevent such spillage from contacting the engine 
or engine exhaust system and for draining such spillage away 
from the vicinity of  the engine. 

5-1.6 Where the engine is carried within an enclosed space, 
adequate provision shall be made for air circulation at all 
times to prevent  accumulation of explosive vapors and to 
avoid overheating. 

5-1.7 The exhaust system shall be substantially constructed 
and installed and free from leaks. The exhaust line and m u f  
tier shall have adequate  clearance from combustible mate- 
rials, and the exhaust gases shall be discharged at a location 
that will not constitute a hazard. When engines are carried 
as in 5-1.6, the exhaust gases shall be discharged outside of 
each such enclosed space. 

5-1.8 The ignition wiring shall be substantially installed with 
firm connections, and spark plug and all other terminals shall 
be suitably insulated to prevent  sparking in event of contact 
with conductive materials. The ignition switch shall be of the 
enclosed type. 

5-2 Auxiliary Electric Generators and Motors. 

5-2.1 Electrical equipment installed or carried upon a tank 
vehicle transporting Class I liquids for the operation of pumps 
or other devices used for the handling of product  and oper- 
ating product  handling accessories shall meet the following 
requirements.  

5-2.2 Generators  that are mounted on the engine provid- 
ing propulsive power for the vehicle or an auxiliary engine, 
or located in the immediate vicinity of such engine or  its 
exhaust system, may have general purpose  enclosure. Gen- 
erators located elsewhere shall be provided with explosion- 
proof  enclosures. 

5-2.3 Motors having sparking contacts shall be provided with 
explosionproof  enclosures. 

5-2.4 Wiring shall be adequate  for maximum loads to be 
carried and shall be installed so as to be protected from phys- 
ical damage and contact with possible product  spill either by 
location or by being enclosed in metal conduit  or other  oil- 
resistant protective covering. Junction boxes shall be sealed. 

5-2.5 Switches, overload protection devices, and other spark- 
ing equipment shall be located and enclosed as provided for 
generators  in 5-2.2. 

5-2.6 Where the genera tor  or motor  is located within an 
enclosed space, adequate provision shall be made for air cir- 
culation to prevent overheating and possible accumulation 
of explosive vapor. 

5-3 Pumps and Hose. 

5-3.1 When a pump is used to deliver products, automatic 
means shall be provided to prevent pressure in excess of the 
design working pressures of the accessories, piping, and hose. 

5-3.2 Each length of hose used for delivery of product  by 
pump shall be marked to indicate the manufacturer 's  rec- 
ommended  working pressure.  

5-3.3 All pressure hoses and couplings shall be inspected 
at intervals appropr ia te  to the service. With the hose 
extended,  apply pressure to the hose and couplings to the 
maximum operat ing pressure.  Any hose showing material 
deteriorations, signs of leakage, or weakness in its carcass or 
at the couplings shall be withdrawn fi-om service and repaired 
or discarded. 

Chapter  6 Operat ion  o f  T a n k  Veh ic l e s  

6-1 General Operating Conditions. 

6-1.1 Drivers shall be thoroughly trained in the proper  
method of operat ing tank vehicles and in the p rope r  pro- 
cedures for loading and unloading tank vehicles. Tank vehi- 
cles shall not be opera ted  unless they are in p roper  repair,  
devoid of accumulation of grease, oil, or other  flammables, 
and free of leaks. 

6-1.2 Dome covers shall be closed and latched while the tank 
vehicle is in transit. 

6-1.3 No tank vehicle shall be opera ted  with a cargo tem- 
pera ture  above the maximum allowable cargo tempera ture  
specified on the warning sign required by 2-1.2. 

6-1.4 No material shall be loaded into or t ransported in a 
cargo tank at a tempera ture  above its ignition temperature ,  
unless proper ly  safeguarded in a manner  approved by the 
authori ty having jurisdiction. 

6-1.5 Flammable and combustible liquids, which are loaded 
at or above their boiling points or may reach their boiling 
point t empera ture  dur ing  transit, shall be loaded only into 
cargo tanks constructed in accordance with Section 2-2. 

6-1.6 Flammable and combustible liquids shall be loaded 
only into cargo tanks whose material used in construction 
shall be compatible with the chemical characteristics of the 
liquid. The  flammable and combustible liquid being loaded 
shall also be chemically compatible with the liquid hauled on 
the previous load unless the cargo tank has been cleaned. 

NOTE: In case of doubt, the supplier or producer of the 
flammable o1" combustible liquid or other competent author- 
ity should be consulted. 

6-1.7 Class I1 or Class 1II liquids shall not be loaded into 
an adjacent compar tment  to Class I liquids unless double 
bulkheads are provided,  nor shall chemically noncompati-  
ble chemicals be loaded into adjacent compar tments  unless 
separated by double bulkheads. 
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6-1.8 To prevent a hazard from a change in flash point of 
liquids, no cargo tank, or any compartment thereof, that has 
been utilized for Class 1 liquid shall be loaded with Class II 
or Class II1 liquid until such tank or compartment  and all 
piping, pumps, meters, and hose connected thereto have been 
completely drained. A tank, compartment,  piping, pump, 
meter, or hose that does not drain completely shall be flushed 
at the loading point with a quantity of Class II or Class IlI  
liquid equal to twice the capacity of piping, pump, meter, and 
hose, to clear any residue of Class I liquid from the system. 

NOTE: To reduce the danger of static ignition when chang- 
ing from Class I to Class II or Class Ill (switch loading), other 
precautions may be necessary. (See Appendix A for further in- 
f ornultio n .) 

6-1.9 No repairs shall be made to any tank vehicle unless 
the repairs can be made without hazard, nor shall any loaded 
motor vehicle be repaired in a closed garage. 

6-1.10 No cargo tank shall be repaired by any method 
employing a flame, arc, or other source of ignition, unless 
the tank is maintained gas free or otherwise made safe in an 
approved manner.  

6-2 Loading and Unloading Tank Vehicles. 

6-2.1 Loading and unloading of tank vehicles shall only be 
done in approved locations. 

6-2.2 The driver, operator, or attendant of any tank vehi- 
cle shall not remain in the vehicle but shall not leave the vehi- 
cle unat tended dur ing the loading or unloading process. 
Delivery hose, when attached to a tank vehicle, shall be con- 
sidered to be a part of the tank vehicle. 

6-2.3 When transferring Class 1 liquids, motors of tank vehi- 
cles or motors of auxiliary or portable pumps shall be shut 
down during making and breaking hose connections. If load- 
ing or unloading is done without requiring the use of the 
motor of the tank vehicle, the motor shall be shut down 
throughout  the transfer operations of Class I liquids. 

6-2.4 If portable pt, mps are used for transferring Class I 
liquids, the portable pumps shall comply with the applica- 
ble provisions of Section 5-1 or 5-2. 

6-2.5 No cargo tank or compartment thereof used for the 
transportation of any flammable or combustible liquid or 
asphalt shall be loaded liquid full. Sufficient space (outage) 
shall be provided in every case to prevent leakage from such 
tank or compartment by expansion of the contents due 
to rise in temperature in transit and in no case less than 
1 percent. 

6-2.6 Delivery of Class I liquids to underground  tanks of 
more than 1,000 gal (3800 L) capacity shall be made by 
means of tight connections between the hose and the fill pipe. 

6-2.6.1 In all cases where underground tanks are equipped 
with any type of vapor recovery system, all connections 
required to be made for the safe and proper functioning of 

the particular vapor recovery process shall be made. Such 
connections shall be designed to prevent release of vapors 
at grade level and shall remain connected throughout  the 
loading or unloading process. 

6-2.7 When a cargo tank is filled throt, gh bottom loading, 
a positive means shall be provided tbr loading a predeter- 
mined quantity of liquid, and an automatic secondary shutoff 
control shall be installed in each compartment  to prevent 
overfill. 

6-2.8 The secondary shutoffcontrol system shall be labeled 
as to manutacturer  and type. Any electrical system shall be 
labeled as to manufacturer and type. Any electrical system 
used for secondary shutoff must be in accordance with NFPA 
70, National Electrical Code @ . 

6-2.9 When bottom loading vehicles are equipped tor vapor 
recovery and vapor recovery is not reqt, ired, the tank vapor 
system must be open to the atmosphere to prevent pressur- 
ization of the tank and the vapor system. 

6-2.10 When a dry disconnect vapor recovery adapter is 
used, provisions must be made to assure the vapor recovery 
system is fully vented betbre unloading to prevent collapse 
of the tank. This applies to both bottom and top loading. 

6-2.11 When bottont loading a tank equipped with a vapor 
recovery system, the vapor recovery connection must be used 
to conduct vapor away from the loading area using the ter- 
minal vapor recovery system, discharge standpipe, or by 
opening the tank fill openings (manholes). 

6-2.12 When a cargo tank is filled through a top opening, 
the cargo tank shall be bonded to the fill stem or some part 
of the rack structure which is electrically interconnected with 
the fill stem piping. 

Exception No. 1: Loading asphalt, crude oil, or a product con- 
raining substantial proportions of crude residuum. 

Exception No. 2: Tank vehicles used exclusively for transporting 
Class I1 and Class III liquids when loaded at locations where no 
Class I liquids are handled. 

6-2.13 The bond-wire connection shall be made prior to 
opening the dome covers. It shall be maintained in place dur- 
ing the entire filling operation and the dome covers shall be 
securely closed before the bond wire is disconnected fiom 
the cargo tank. 

NOTE: Bond wires may be insulated or noninsulated. A non- 
insulated wire permits ready visual inspection for continuity 
of bond. Insulated types should be electrically tested or 
inspected periodically fi)r continuity of the entire bond cir- 
cuit including clamps and connectors. 

6-2.14 No external bond-wire connection or bond-wire inte- 
gral with a hose is needed for the unloading of flammable 
and combustible liquids into underground  tanks nor when 
a tank vehicle is loaded or unloaded through tight connec- 
tions such as to an aboveground tank or through bottom con- 
nections. 
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6-2.15 Smoking on or about any tank vehicle while load- 
ing or unloading any flammable or combustible liquid is for- 
bidden. Extreme care shall be taken in the loading or 
unloading of any flammable liquid into or from any cargo 
tank to keep fire away and to prevent persons in the vicin- 
ity from smoking, lighting matches, or carrying any flame 
or lighted cigar, pipe, or cigarette. 

6-2.16 No flammable or combustible liquid shall be trans- 
ferred to or from any tank vehicle unless the parking brake 
is securely set and all other reasonable precautions have been 
taken to prevent motion of the vehicle. 

6-3 Fire Extinguishers. 

6-3.1 Each tank vehicle shall be provided with at least one 
portable fire extinguisher having at least a 20-B,C rating or, 
when more than one is provided, each extinguisher shall have 
at least a 10-B,C rating. Each tank vehicle manufactured after 
January 1, 1980 shall be provided with at least one porta- 
ble fire extinguisher having at least a 2-A, 20-B,C rating, in 
lieu of the above. Ratings shall be in accordance with NFPA 
1 O, Standard for Portable Fire Extinguishers. 

6-3.2 Fire extinguishers shall be kept in good operating con- 
dition at all times, and they shall be located in an accessible 
place on each tank vehicle. Extinguishers shall be maintained 
in accordance with N FPA 10, Standard for Portable Fire Extin- 
guishers. 

Chapter 7 Referenced Publications 

7-1 The following documents or portions thereof are ref- 
erenced within this standard and shall be considered part of 
the requirements of this document. The edition indicated for 
each reference is current as of the date of the NFPA issuance 
of this document. 

7-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

N F PA 10-1988, Standard for Portable Fire Extinguishers 

N FPA 58-1989, Standard for the Storage and Handling of Liq- 
uefied Petroleum Gases 

NFPA 70-1990, National Electrical Code 

N FPA 407-1985, Standard for Aircraft Fuel Servicing. 

7-1.2 ASTM Publications. American Society for Testing and 
Materials, 1916 Race Street, Philadelphia, PA 19103. 

ASTM D-5-86, Test for Penetration for Bituminous Materials 

ASTM D-56-87, Standard Method of Test for Flash Point by 
the Tag Closed Tester 

ASTM D-93-85, Standard Method of Test for Flash Point by 
the Pensky-Martens Closed Tester 

ASTM D-323-82, Standard Method of Test for Vapor Pressure 
of Petroleum Products (Reid Method) 

ASTM B-209-88, Specification for Aluminum and Aluminum- 
Alloy Sheet and Plate. 

7-1.3 ASME Publication. American Society of Mechanical 
Engineers, United Engineering Center, 345 East 47th Street, 
New York, NY 10017. 

ASME Boiler and Pressure Vessel Code. 

7-1.4 Federal Regulation. U.S. Government Printing Office, 
Washington, DC 20402. 

Code of Federal Regulations, Title 49, Transportation,  Part 
178. 

Appendix A Precautions against Ignition by Static 
Electricity 

Chapter 6 of NFPA 385 includes requirements directed 
at preventing the occurrence of static-caused fires or explo- 
sions in the operation of tank vehicles. 

This Appendix provides background intbrmation concern- 
ing the generation, accumulation, and release of static charges 
(sparks) in such operations and explains the reasons for the 
required precautions. 

For a more detailed discussion of static electricity and 
methods for its control for the purpose of eliminating or mit- 
igating its fire hazard, see NFPA 77, Recommended Practice on 
Static Electricity. 

Generation. 

Static electricity almost always results from the intimate con- 
tact and subsequent separation of two substances, most often 
dissimilar substances. While the most widely recognized man- 
ifestations involve the separation of solids, liquid-solid sep- 
aration is also a generating means and the one most 
important in the operation of tank vehicles. 

The flow of any fluid (even water) past a surface, such as 
the wall of a pipe, results in the separation of electric charge. 
If the fluid is a conductor of electricity, such as water, the 
separated charges quickly reunite, and there is no conspic- 
uous evidence that charge separation had ever occurred. But 
if the liquid is a poor conductor, as are many oils, this recom- 
bination may be hindered, and a persistent charge may accu- 
mulate. 

I fa  metallic vessel insulated from its surroundings is filled 
in this manner,  the charge carried by the liquid can be com- 
municated to the vessel. In other words, the vessel can 
become "charged," or assume an electrical potential different 
from that of its surroundings.  If a wire connected to some 
other body or to earth is brought close to the vessel being 
filled, this charge can be released in the form of a spark. 

In a somewhat different but analogous manner,  a charge 
may accumulate on the surface of the fluid in an area remote 
from the vessel walls, even though the vessel is itself 
"grounded," and this surface charge can, under  certain cir- 
cumstances, be released in the form of a spark. 

Both of these means of spark production are important 
and will be dealt with separately. 

Charging Tendency. 

The words "charging tendency" or "static-generating abil- 
ity" have come into use in describing the capability of a fluid 
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to genera te  and  hold a dangerous  charge of static electric- 
ity. In the following, the word "oil" will be used to typify such 
a fluid irrespective of origin. Actually, such fluids range from 
pure  chemfcals to complex mixtures  such as kerosene and  
other products of petroleum; some have a charging tendency 
and  some do not. 

The  static-generating capability of any oil is inf luenced in 
a complex m a n n e r  by the presence of  ionizable components  
and  its electrical resistivity, as discussed in detail in NFPA 77. 
Product  name  is not  a reliable means  of d is t inguishing one 
oil from another as regards static-generating capability. Hence, 
the precautions listed in NFPA 385 are based on the concept 
that all oils are suspect, with the impor t an t  exception that 
crude oil and  all materials conta ining more than a very small 
a m o u n t  of the heavy res iduum of c rude  oil distillation are 
known to be nonaccumulators because of their relatively high 
conductivity. Alcohols or other  chemicals conta in ing  appre-  
ciable amounts  of dissolved water and  certain chemicals with 
low resistivities fall into the same category. 

Since all oils unde r  handl ing  condit ions have at least some 
small conductivity, such that a charge will eventually leak off, 
it obviously follows that the persistence of a charge must  rep- 
resent  an equi l ibr ium between the genera t ing  rate and  the 
leakage rate. Genera t ing  rate depends  on the rate of  motion 
of the fluid. 

In some cases the l inear  velocity of flow in a pipe is con- 
sidered impor tan t  from the s tandpoin t  of static generat ion.  
A special case involves p u mp i n g  oil through filters, where the 
int imate contact between the oil and  the filter e lement  is 
known to p roduce  a high degree of electrification. 

In either case if, after leaving the place of high generation,  
the oil reaches a place involving a lesser degree of turbulence,  
some of the charge will leak away, or "relax," and "relaxation 
t ime" has become a considerat ion in many  instances. 

Ignition Hazard. 

The development of electrical charges does not of itself con- 
stitute a fire or explosion hazard. There  must also be present  
a means  of  accumula t ing  or storing the charge and  some 
place (a spark gap) where the stored energy can be released 
in the form of  a spark in the presence of a mixture  that is 
ignitible. The  hazard does not exist if any one of these three 
requ i rements  - genera t ion  means,  spark gap, or ignitible 
mixture  - is absent. It follows naturally that no precautions 
need  be taken if one of these three requ i rements  is known 
to be absent,  and  that where this is not  assured,  corrective 
measures  will be directed toward e l iminat ing  one of them. 

Examples: 
(a) In filling a tank vehicle through a top opening,  a bond  

wire between the cargo tank and  the fill stem (6-2.12) will 
mainta in  the tank and  fill pipe at the same electrical poten-  
tial and hence prevent a spark in an area where it is suspected 
that a f lammable mixture  might  be present  [see exceptions in 
(b) below]. 

It should be emphasized that this bond  does not  p revent  
the accumulation of a charge on the liquid surface, and addi- 
t ional precaut ions  may be necessary (see "Switch Loading"). 

(b) No such precaution (bond wire) is required u n d e r  cir- 
cumstances where it is assured that there can be no ignitible 
mixture present. An example of such a situation is when tank 

vehicles are used exclusively for t r anspor t ing  Class II and  
Class I l l  liquids (6-2.12, Exception No. 2). Since Class II and  
Class II1 liquids do not  p roduce  ignitible mixtures  at ordi- 
nary temperatures,  there will be nothing to ignite in the tanks 
t ransport ing such liquids. The  word exclusively is important .  
The re  are many  tank vehicles opera ted  by fuel oil dealers-  
that, by the na tu re  of the operat ion,  fall into this category. 
The  exception "where no Class I liquids are handled"  is 
included both to guard against inadvertent  filling with a Class 
I liquid and  to recognize the desirability of having  uni form 
bond ing  practices at a te rminal  hand l ing  Class I as well as 
Class II or  Class III  liquids. 

(c) No bond wire is necessal 7 (6-2.12, Exception No. l) when 
loading or un load ing  asphalt,  c rude  oil, or  a p roduct  con- 
ta in ing  substantial  p ropor t ions  of c rude  r e s iduum or o ther  
liquids that are known to have low resistivities. These oils are 
not  susceptible to accumula t ion  of dangerous  static charges 
on the liquid surface, nor  do they produce dangerous charges 
on the container, because the conductivity of the liquid is high 
e n o u g h  to permi t  rapid neutra l izat ion of any charges sep- 
ara ted d u r i n g  transfer.  

(d) Static protective practices are not  necessary, irrespec- 
tive of the liquid being handled,  where the physical arrange-  
men t  is such that there is no chance of a spark occurr ing  in 
the presence of a f lammable mixture.  Paragraph 6-2.14 lists 
several such situations. 

1. In filling unde rg round  tanks, the fill nozzle is invari- 
ably in contact with the fill opening.  In these cases the noz- 
zle and  tank are at the same electrical potential  because of 
their  contact. Fu r the rmore ,  no spark gap exists. 

2. Loading or un load ing  th rough  tight connect ions.  
Prior to making the connection,  there is no flow and  no gen- 
erating mechanism exists. During transfer there may be static 
genera t ion  within the flow system, bu t  there is no place fi)r 
a spark to occur in the presence of an ignitible mixture. Flow 
is shut  down before the connect ion is broken,  and  there can 
be no potential  difference to cause a spark because the two 
parts to be separated are in contact  and  at the same poten-  
tial up to the instant  of separation.  Bottom filling is a spe- 
cial case of closed connect ion,  and  no bond ing  is necessary. 

Switch Loading. 

The  term "switch loading" (6-1.8) has come into use to 
describe a situation that warrants  special considerat ion.  

When  a tank is emptied of a cargo of Class 1 liquid, there 
is left a mixture  of vapor and  air, which may be, and  often 
is, within the f lammable range.  When  such a tank is refilled 
with a Class 1 liquid, any charge that reaches the tank shell 
will be bled offby the required bond wire (6-2.12). Also, there 
will be no f lammable mixture  at the surface of the rising oil 
level because the Class I liquid produces at its surface a mix- 
ture too rich to be ignitible. This  is the situation commonly  
existing in tank vehicles in gasoline service. If, as occasion- 
ally happens,  a static charge does accumulate  on the surface 
sufficient to p roduce  a spark, it occurs in a too rich, non-  
ignitible a tmosphere  and  thus causes no harm.  

A very different si tuation arises if the liquid is "switch 
loaded," that is, when a Class lI  or  Class III  liquid is loaded 
into a tank vehicle that previously contained a Class I liquid. 
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Class II or  Class I I I  l iquids a re  no t  necessari ly  m o r e  p o t e n t  
static g e n e r a t o r s  t h a n  the  Class I l iquid previous ly  loaded ,  
bu t  the  a t m o s p h e r e  in con tac t  with the  r i s ing  oil sur face  is 
no t  e n r i c h e d  to b r i n g  it ou t  o f  the  f l ammab le  range .  I f  cir- 
cums tances  a re  such t ha t  a spark  s h o u l d  occur  e i t he r  across 
the  oil surface  o r  f rom the  oil sur face  to some o t h e r  object ,  
the  spa rk  occurs  in a m i x t u r e  t ha t  can  be  wi th in  the  f lam- 
mab le  r ange ,  a n d  an  exp los ion  can  result .  

It is e m p h a s i z e d  t ha t  b o n d i n g  the  t ank  to the  fill s tem is 
no t  sufficient;  a major i ty  of  the  r e c o r d e d  exp los ions  have  
occu r r ed  when  it was bel ieved the  tank  had  been  adequa te ly  
bonded .  T h e  electrostatic potent ia l  t ha t  is respons ib le  for the  
spa rk  exists ins ide  the  t ank  on  the  surface  of . the  l iquid a n d  
c a n n o t  be  r e m o v e d  by b o n d i n g .  Measu res  to r e d u c e  the  
c h a n c e  of  such i n t e rna l  static ign i t ion  can  be one  or  m o r e  
of  the  following: 

(a) Avoid spark  p romote r s .  Conduc t ive  objects f loat ing on  
the  oil surface  increase  the  c h a n c e  of  s p a r k i n g  to the  t ank  
wall. Metal  gage  rods  or  o t h e r  objects  p ro j ec t i ng  into the  
v a p o r  space can c rea te  a spa rk  gap  as the  r i s ing l iquid level 
approaches  the projection. A c o m m o n  precaut ion is to requi re  
tha t  fill p ipes  (downspou t s )  r each  as close to the  b o t t o m  of  
the  tank  as practicable.  Any ope ra t ion  such as sampl ing ,  tak- 
ing oil t e m p e r a t u r e ,  or  gag ing  tha t  involves lower ing  a con-  
duc t ive  object  t h r o u g h  an  o p e n i n g  in to  the  v a p o r  space on  
the  oil s h o u l d  be  d e f e r r e d  unt i l  at  least 1 m i n u t e  af te r  flow 
has ceased.  Th i s  will p e r m i t  any  surface  c h a r g e  to relax.  

(b) Reduce the  static genera t ion  by one  or  more  of  the  fol- 
lowing:  

1. Avoid splash filling a n d  u p w a r d  s p r a y i n g  of  oil 
w h e r e  b o t t o m  filling is used.  

2. Employ  r e d u c e d  fill ra tes  at  the  s tar t  of  tilling 
t h r o u g h  downspouts ,  until  the  end  of  the spout  is suhmcrgcd .  
Some  cons ide r  3 fi (0.914 m) p e r  sec to be a sui table  pre-  
cau t ion .  

3. W h e r e  fihers are  employed ,  p rov ide  re laxat ion t ime 
in the  p ip ing  d o w n s t r e a m  f rom the  filters. A re laxat ion  t ime 
o f  30 seconds  is c o n s i d e r e d  by some  to be a sui table  pre-  
cau t ion .  

(c) E l imina te  the  f l ammab le  m i x t u r e  befi~re switch loads 
by gas f r ee ing  or  inc r t ing .  

A p p e n d i x  B R e f e r e n c e d  P u b l i c a t i o n s  

B-1 T h e  fol lowing d o c u m e n t s  or  po r t i ons  t h e r e o f  a re  ref- 
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a n d  thus  a re  no t  cons ide red  par t  of  the  r e q u i r e m e n t s  of  this 
d o c u m e n t .  T h e  ed i t ion  ind ica ted  fi)r each r e i e r e n c c  is cur-  
r e n t  as o f  the  da te  of  the  NFPA issuance of  this d o c u m c n l .  

B-I .1 N F P A  P u b l i c a t i o n .  Nat ional  Fire Protec t ion  Associ- 
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NFPA 7 7 - 1 9 8 8 ,  Recommended Practice on Static Electru~t~'. 

B-1.2 ASTM P u b l i c a t i o n .  Amer ican  Society fi)r Tes t ing  and  
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ASTM D-86-82,  Standard Method o[ Test .~r Distillation ~!/ 
Petroleum Products. 
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