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O f f i c i a l  N F P A  Def in i t i ons  

SHALL is i n t e n d e d  to  i n d i c a t e  r e q u i r e m e n t s .  

SHOULD is i n t e n d e d  to  i n d i c a t e  r e c o m m e n d a t i o n s  o r  t h a t  w h i c h  is a d v i s e d  
b u t  n o t  r equ i r ed .  

APPROVED* m e a n s  a c c e p t a b l e  to  t h e  a u t h o r i t y  h a v i n g  ju r i sd ic t ion .  I n  de t e r -  
m i n i n g  the  a c c e p t a b i l i t y  of i n s t a l l a t i o n s  o r  p rocedu re s ,  e q u i p m e n t  o r  m a t e r i a l s ,  
t he  a u t h o r i t y  h a v i n g  j u r i s d i c t i o n  m a y  base  a c c e p t a n c e  o n  c o m p l i a n c e  w i th  N F P A  
or  o t h e r  a p p r o p r i a t e  s t a n d a r d s .  I n  t he  a b s e n c e  of s u c h  s t a n d a r d s ,  sa id  a u t h o r i t y  
m a y  r equ i r e  ev idence  of p r o p e r  i n s t a l l a t i on ,  p r o c e d u r e  or  use.  T h e  a u t h o r i t y  h a v i n g  
j u r i sd i c t i on  m a y  a lso  re fer  to  t he  l i s t ings  or  l abe l ing  p r a c t i c e s  of n a t i o n a l l y  r ecog-  
n ized  t e s t i n g  l abo ra to r i e s ,  i n spec t i on  agenc ies ,  or  o t h e r  o r g a n i z a t i o n s  c o n c e r n e d  
w i th  p r o d u c t  e v a l u a t i o n s  wh ich  a re  in  a pos i t ion  t o  d e t e r m i n e  c o m p l i a n c e  w i th  a p -  
p r o p r i a t e  s t a n d a r d s  for  t he  c u r r e n t  p r o d u c t i o n  of l i s ted  i t ems ,  a n d  the  s a t i s f a c t o r y  
p e r f o r m a n c e  of s u c h  e q u i p m e n t  o r  m a t e r i a l s  in  a c t u a l  usage .  

* The National Fire Protection Association does not approve, inspect or certify any  iastal- 
lations, procedures, equipment or materials nor does it approve or evaluate testing laboratories. 

LISTED: E q u i p m e n t  o r  m a t e r i a l s  i n c l u d e d  in a l i s t  p u b l i s h e d  b y  a Ra t iona l ly  
r ecogn ized  t e s t i n g  l a b o r a t o r y ,  i n spec t i on  a g e n c y ,  or  o t h e r  o r g a n i z a t i o n  c o n c e r n e d  
wi th  p r o d u c t  e v a l u a t i o n  t h a t  m a i n t a i n s  pe r iod ic  i n spec t i on  of p r o d u c t i o n  of l i s ted  
e q u i p m e n t  o r  ma te r i a l s ,  a n d  whose  l i s t ing  s t a t e s  e i t he r  c h a t  t he  e q u i p m e n t  o r  
m a t e r i a l  m e e t s  n a t i o n a l l y  r ecogn ized  s t a n d a r d s  or  h a s  been  t e s t ed  a n d  f o u n d  s u i t a b l e  
for  use  in a specif ied m a n n e r .  

LARELED: E q u i p m e n t  or  m a t e r i a l s  to  w h i c h  h a s  been  a t t a c h e d  a label ,  s y m b o l  
o r  o t h e r  i d e n t i f y i n g  m a r k  of a n a t i o n a l l y  r ecogn ized  t e s t i ng  l a b o r a t o r y ,  i n s p e c t i o n  
a g e n c y ,  or  o t h e r  o r g a n i z a t i o n  c o n c e r n e d  w i t h  p r o d u c t  e v a l u a t i o n  t h a t  m a i n t a i n s  
pe r iod ic  i n spec t i on  of p r o d u c t i o n  of l abe l ed  e q u i p m e n t  or  ma t e r i a l s ,  a n d  b y  whose  
l abe l ing  is i n d i c a t e d  c o m p l i a n c e  w i th  n a t i o n a l l y  r ecogn ized  s t a n d a r d s  or  t e s t s  to  
d e t e r m i n e  s u i t a b l e  u s a g e  in a specif ied m a n n e r .  

AUT~OmTY HAVING JURmDIC'rlON: T h e  o r g a n i z a t i o n ,  office o r  i n d i v i d u a l  re-  
spons ib le  for  " a p p r o v i n g "  e q u i p m e n t ,  a n  i n s t a l l a t i on ,  or  a p rocedu re .  

S t a t e m e n t  on  N F P A  Procedures  
This material has been developed in the interest of safety to life and property under the 

published procedures of the National Fire Protection Association. These procedures are de- 
signed to assure the appointment of technically competent Committees having balanced 
representation from those vitally interested and active in the areas with which the Committees 
are concerned. 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 compliance or noncompliance with the provisions given herein, for any 
restrictions imposed on materials or processes, or for the completeness of the text. 

NFPA has no power or authori ty to police or enforce compliance with the contents of this 
document and any certification of products stating compliance with requirements of this docu- 
ment  is made a t  the peril of the certifier. 

C o p y r i g h t  and  R e p u b l i s h i n g  R i g h t s  
T h i s  p u b l i c a t i o n  is c o p y r i g h t e d  © b y  the  N a t i o n a l  F i re  P r o t e c t i o n  Asso-  

c ia t ion .  P e r m i s s i o n  is g r a n t e d  to  r e p u b l i s h  in full t he  m a t e r i a l  he r e in  in  l aws ,  
o r d i n a n c e s ,  r egu l a t i ons ,  a d m i n i s t r a t i v e  o r d e r s  or  s imi la r  d o c u m e n t s  i s sued  b y  
pub l i c  au tho r i t i e s .  All  o t h e r s  des i r ing  pe rmi s s ion  to  r e p r o d u c e  th i s  m a t e r i a l  in  
who le  o r  in  p a r t  sha l l  c o n s u l t  t h e  N a t i o n a l  F i r e  P r o t e c t i o n  Assoc i a t i on .  
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1974 Edition of No. 385 

This Standard is prepared for issuance by enforcement authorities 
as a regulatory standard. It supersedes the edition of 1971 and 
prior editions and is under the jurisdiction of the NFPA Sectional 
Committee on Transportation of Flammable Liquids, approved 
by the Flammable Liquids Correlating Committee, and adopted 
by the National Fire Protection Association at its 1974 Annual 
Meeting. 

Amendments, other than editorial, are indicated by lines in the 
margin of the pages in which they appear. 

Origin and Development of No. 385 

This Standard was initiateJ in 1926, first officially adopted in 
1929, and revised and issued in the following earlier editions: 
1933, 1948, 1953, 1954, 1955, 1957, 1958, 1959, 1960, 1963, 1964, 
1966, and 1971. Editions prior to 1948 had different titles. 

Committee on Flammable Liquids 

Correlating Committee 

Paul  C. L a m b ,  Chairman 
140 Dwight Place, Englewood, NJ 07631 

Miles E. Woodwor th , t  Secretary 
National Fire Protection Assn., 470"Atlantic Ave., Boston, MA 02210 

G. E. Cain,  Manufacturing Chemists' Assn. 
Clifton P. Geiser t ,  Insurance Services 

Office of Illinois 
Donald M. Johnson ,  Western Oil & Gas 

Ass'n. 
F. O. Kubias ,  Glidden-Durkee, Div. of SCM 

Corp. ' 

J .  C. Sanders ,  Fire Marshals Assn. of N. 
America 

W. J. Smi th ,  Underwriters' 'Laboratories, 
Inc. 

E. C. S o m m e r ,  American Petroleum 
Institute 

tNonvoting. 

Dr. lng .  Ge r t  M a g n u s , t  Mannheim, Germany 

This list represents the membership at the time the Committee was balloted on the text of  this edition 
Since that time, changes in the membership may have occurred. 
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Sectional Committee on 

Transportation of Flammable Liquids 

Jack C. Sanders, Chairman, 
State Fire Marshal, 4040 N. Lincoln Blvd., Oklahoma City, OK 73105 

(rep. Fire Marshals Assn. of North America) 

Miles E. Woodworth,t Secretary, 
National Fire Protection Assn., 470 Atlantic Ave., Boston, MA 02210 

W. K. Aldrldge, Fire Marshals Assn. o f  
North America 

John J. Bailey, American Insurance Assn. 
A. F. Dyer, American Petroleum Institute 
H. J. Fraser, Manufacturing Chemists' Assn. 
Duncan Glab, Steel Tank Institute 
Robert M. Graziano,  Bureau of Explosives, 

Association of American Railroads 
Clifford J. Harvison, National Tank Truck 

Carriers, Inc. 
Maurice L. Higgins, Truck Trailer Manu- 

facturers Assn., Ine~ 
Donald M. Johnson,  Western Oil & Gas 

Assn.: 
O. W. Johnson, Consultant 

tNonvoting member. 

E. C. Sommer. rep. American Petroleum 
Institute 

S. L. Watts ,  Manufacturing Chemists' 
Assn. 

Mary Wlll iams, t  Office of Hazardous 
Materials, U.S. Department of Trans- 
portation 

Alternates  
J. F. McKenna, American Petroleum In- 

stitute, (Alternate to E. C. Sommer) 
W. M. Miller, American Petroleum In- 

stitute, (Alternate to A. F. Dyer) 
C. W. Schultz, Bureau of Explosives, 

Association of American Railroads, (Alter- 
nate to R. M. Graziano) 

This list re~'resents the membership at the time the Committee was balloted on the text of this edition. 
Since that time, changes'in the membership mat~ ha~e occurred. 

I n t e r p r e t a t i o n  P r o c e d u r e  

Those desir ing an in te rpre ta t ion  shall  supply  the C h a i r m a n  wi th  five ident ical  
copies of a s t a t ement  in which shall appea r  specific reference to a single problem,  
pa rag raph ,  or section. Such a s t a t ement  shall  be on the business s ta t ionery 
of the inqu i re r  and  shall  be duly  signed. 

W h e n  appl ica t ions  involve actual  field s i t u a t i o n s  they shall  so state and  all 
part ies  involved shall  be named.  

The  In te rpre ta t ions  Commi t t ee  will reserve the prerogat ive  to refuse con- 
s iderat ion of any  appl ica t ion  tha t  refers specific~illy to p ropr ie ta ry  i tems of 
e q u i p m e n t  or devices. Genera l ly  inquir ies  should be confined to in terpre ta-  
t ion of the l i teral  text  or the in ten t  thereof. 

Requests  for in terpre ta t ions  should be addressed to the Na t iona l  Fire  Pro- 
tect ion Association, 470 At lant ic  Avenue,  Boston, M A  02210. 
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Recommended Regulatory Standard for 

Tank Vehicles for 
Flammable and Combustible Liquids 
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CHAPTER 1. GENERAL PROVISIONS. 

10. Scope. 

1010. This Standard applies to tank vehicles to be used for the 
transportation of asphalt or normally stable flammable and com- 
bustible liquids with a flash point below 200°F. I t  is intended to 
provide minimum requirements for the design and construction of 
cargo tanks and their appurtenances and to set forth certain matters 
pertaining to tank vehicles. 

NOTE: Normal ly  stable mater ia ls  are those hav ing  the  relative capaci ty  
to resist changes  in their chemical  composi t ion which  would produce  
violent  reactions or de tonat ions  despite exposure to air, water ,  heat ,  inc lud-  
ing the  no rma l  range  of condi t ions encoun te red  in" handl ing ,  storage, 
or t ransporta t ion.  Uns tab le  (reactive) f l ammab le  and  combust ib le  l iquid 
shall mean  a l iquid which  in the  pure  state or  as c6mmerc ia l ly  p roduced  
or t ranspor ted  will vigorously polymerize,  decompose,  condense,  or will 
become self-reactive unde r  condit ions of shock, pressure,  or t e m p e r a t u r e .  

1020. Additional safeguards may be necessary for tank vehicles 
used for the transportation of flammable and combustible liquids 
having characteristics introducing additional factors such as high 
rates of expansion, instability, corrosiveness and toxicity. 

1030. Attention is directed to the fact that some cutback asphalts 
have flash points in the rafige of Class I liquids. Also, liquids 
having a flash point higher than 200°F, such as asphalt, may assume 
the characteristics of lower flash point liquids when heated. Under  
such conditions it shall be appropriate to apply the provisions of 
this Standard unless otherwise specifically exempted. 

1040. The requirements for aircraft fuel servicing tank vehicles 
are contained in NFPA No. 407, Aircraft Fuel Servicing. 

1050. A tank vehicle transporting a flammable or combustible 
liquid in interstate service shall be considered to be in conformity 
with this s tandard  while it is in interstate service if it meets  the 
requirements of the U.S. Depar tment  of Transportation, Hazardous 
Materials Regulations. 
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11. D e f i n i t i o n s .  

BAFFLE shall mean a non-liquidtight .transverse partition in a 
cargo tank. 

BULKHEAD shall mean a liquidtight transverse closure between 
compartments  of a cargo tank. 

CARGO TAnK shall mean any tank having a liquid capacity in 
excess of 110 gallons used for carrying of f lammable and com- 
bustible liquids or asphalt and mounted permanently or otherwise 
upon a tank vehicle. The  term "cargo tank" does not apply to any 
container used solely for the purpose of supplying fuel for the pro- 
pulsion of the tank vehicle upon which it is mounted. 

COMPARTMENT shall mean a liquidfight division in a cargo tank. 

FLASH POINT shall mean the minimum temperature of a liquid 
at which sufficient vapor is given off to form an ignitible mixture 
with the air near the surface of the liquid or within the vessel Used 
as determined by appropriate test procedure and apparatus as 
specified. 

The flash point 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 te rmined  in accordance with the Standard Method of Test for 
Flash Point by the Tag Closed Tester, ASTM D-56-73.* 

The flash point of liquids having a viscosity of 45 SUS or more 
at 100°F (37.8°C) or a flash point of 200°F (93.4°C) or higher shall] 
be determined in accordance with the Standard Method of Test 
for Flash Point by the Pensky-Martens Closed Tester, ASTM 
D-93-73.* 

HEAD shall mean a liquidtight transverse closure at the  end of a 
cargo tank. 

LIQUID shall mean, for the purpose of this Standard, any ma- 
terial which has a fluidity greater than that of 300 penetration 
asphalt when tested in accordance with A S T M  Test for Penetra- 
tion for Bituminous Materials, D-5-71.* When not otherwise identi- 
fied, the term liquid shall include both f lammable and combustible 
liquids. 

COMBUSTIBLE LIQUID shall mean a liquid having a' flash point[ 
at or above 100°F (37.8°C). 

f Combustible Liquids shall be subdivided as follows: 

• CLASS I I  LIQUIDS shall include those having flash points at or i 
above 100°F (37.8°C) and below 140°F (60°C). 

*Available from American Society for Testing and Materials, 1916 Race St., 
Philadelphia, Pa. 19103. 
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CLASS I I I A  LiquiDs shall include those having flash points at 
or above 140°F (60°C) and below 200°F (93.°C). 

CLASS I I IB  LIQUIDS shall include those having flash points at 
or above 200°F (93.4°C). 

J 
This standard does not cover Class I I IB Liquids (see 1010). 

Where the term combustible liquids is used in this Standard, it 
,,hall mean only Class I I  and Class I I I A  liquids. 

NOTE: The upper limit of 200°F is given because the application of 
this Standard does not extend to liquids having flash points above 200°F 
~ind this limitation should not be construed as indicating that liquids with 
higher flash points are noncombustible. 

FLAMMABLE LiquiDs shall mean a liquid having a flash point 
below 100°F (37.8°C) and having a vapor pressure not exceeding 
40 pounds per square inch (absolute) at 100°F (37.8°C) and shall 
be known as a Class I liquid. 

CLASS I LIQUIDS shall be subdivided as follows: 

CLASS IA shall include those having flash points below 73°F 
(22.8°C) and having a boiling point below 100°F (37.8°C). 

CLASS IB shall include those having flash points 'below 73°F 
(22.8°C) and having a boiling point at or above 100°F (37.8°C). 

CLASS IC shall include those having flash points at or  above 
73°F (22.8°C) and below 100°F (37.8°C). 

The volatility of liquids is increased when artificially heated to 
temperatures equal to or higher than their flash points. When so' 
heated Class I I  and I I I  liquids shall be subject to the applicable 
requirements for Class I or I I  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: 
(1) Liquids without flash points that may be flammable under some 

conditions, such as certain halogenated hydrocarbons and mixtures con- 
taining petroleum fractions and halogenated hydrocarbons, 

(2) Mists, sprays or foams. 

TANK FULL TRAILER shall mean any vehicle with or without 
auxiliary motive power, equipped with a cargo tank mounted 
thereon or built as an integral part thereof and used for the trans- 
portation of flammable and combustible liquids or asphalt and so 
comtructed that practically all of its weight and load rests on its 
own wheels. 
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• TANK SEMI-TRAILER shall mean  any  vehicle  wi th  or wi thout  
aux i l i a ry  mot ive  power,  equ ipped  wi th  a ca rgo  tank  moun te d  
thereon or bui l t  as an  in tegra l  pa r t  thereof, and  used for the trans- 
po r t a t ion  of f l ammab le  and  combust ib le  l iquids or asphal t ,  and  so 
const ructed  that ,  when  d r a w n  by a t rac tor  by  means  of a fifth 
wheel  connect ion,  some par t  of its load  and  weight  rests upon  the 
towing vehicle.  

TANK TRUCK shall mean  any  single self-propelled motor  vehicle 
equ ipped  wi th  a cargo tank  moun ted  thereon,  and  used for the 
t r anspor t a t ion  of f l ammab le  and  combust ib le  l iquids or  asphal t .  

TANK VEHICLE shall mean  any  tank  truck,  t ank  full t rai ler ,  or 
t r ac to r  and  t ank  semi- t ra i ler  combina t ion .  

VAPOR PRESSURE shall  mean  the pressure, measured  in pounds  
per  square  irich absolute  exer ted  by a l iquid,  as de t e rmined  by the 
S t a n d a r d  M e t h o d  of Tes t  for V a p o r  Pressure of Pe t ro l eum Prod-  
ucts (Re id  M e t h o d ) ,  A S T M  D-323-72.* 

*Available from American Society for Testing and Materials, 1916 Race St., 
Philadelphia, Pa. 19103. 
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CHAPTER 2. T A N K  VEHICLE DESIGN. 

20. General. 

20i0. Design of ' the tank vehicle shall give engineering consider- 
ation to the structural relationship between the cargo tank, the 
propulsion equipment  and the support ing members  if any, with 
due regard to the weight and temperature  of the  cargo, road per- 
formance, braking, and required ruggedness. The  metal thick- 
nesses specified in Chapter  2 are min imum thicknesses dictated 
by the structure of the tank itself, and it may  be necessary t h a t  
these thicknesses be increased where the tank shell is to be sub- 
jected to addit ional stress. The  general design of the cargo tank 
and vehicle chassis shall be ar ranged to give the best combina t ion  
of structural  characteristics and vehicle performance. The  design 
of the suspension system shall incorporate features to help assure 
lateral or t ipping stability when turning corners. 

2020.  Any  cargo tank designed or used for t ransport ing ma- 
terials at liquid temperatures above ambient  temperature  shall 
h, ave a red warning sign permanent ly  at tached containing at least 
the following: 

" M a x i m u m  allowable cargo temperature  is - - - ° F . "  

This max imum allowable cargo temperatilre shall be specified 
by the manufac turer  of the cargo tank. 

2030. Cargo tanks used for t ransport ing f lammable  and com- 
bustible liquids at temperatures equal to or above their boiling 
points shall be constructed in accordance with 21. 

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 point. Where an accurate boiling point is unavailable for the 
material in question, or for mixtures which do not have a constant boiling 
point, the 10 percent point of a distillation performed in accordance with 
the Standard Method of Test for Distillation of Petroleum Products, 
ASTM D-86-67,* may be used as the boiling point of the liquid. 

2040. Cargo tanks used for transporting f lammable and com- 
bustible liquids at a temperature  below their boiling points shall 
be constructed in accordance with the provisions of 21 or 22. 

2050. The  material  used in the construction of. the cargo tanks 
shall be compatible  with the chemical characteristics of the flam- 
mable  and combustible liquid to be transported. 

*Available from American Society for Testing and Materials, 1916 Race St., 
Philadelphia, Pa. 19103. 
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NOTE: In case of doubt, the supplier or producer of the flammable and 
combustible liquid or other competent authority should be consulted as 
to the suitability of the material of construction to be used. 

2060. A single cargo tank may be divided into compartments 
of different specification construction. Each such compartment 
shall conform to specification requirements concerned. 

21. Cargo Tanks, Piping and Connections Designed for Trans-  
port ing Flammable and Combustible Liquids at Tempera- 
tures at or Above Their Boiling Points. 

2110. Cargo tanks, piping and connections designed for trans- 
porting 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 of Federal Regulations, or in 
accordance with Divisiori I I I  of the Standard for the Storage and 
Handling of Liquefied Petroleum Gases, NFPA No. 58. Continued 
use of cargo tanks constructed on or before Decembei: 1, 1967, to 
Specifications MC-304 and MC-330 shall be permitted. 

22. Cargo Tanks,  Piping and Connections Designed for Trans-  
fer of Flammable and Combustible Liquids at Temperatures 
Below Their Boiling Points. 

2210. General Requirements. C a r g o  tanks constructed after 
the effective date of this Regulatory Standard shall be constructed 
in accordance with 22 as contained herein. Continued use of 
existing cargo tanks constructed in accordance with the 1966 
edition of NFPA No. 385 and earlier editions shall be permitted, 
but new construction is not permitted. 

2211. MATERIAL. All sheet and plate material for shell, heads, 
bulkheads and baffles for cargo tanks which are not required to be 
constructed in accordance with the American Society of Mechanical 
Engineers' Boiler and Pressure Vessel Code* shall meet the follow- 
ing minimum applicable requirements. 

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

(a) ALUMINUM ALLOYS (AL)  Only aluminum alloy material 
suitable for fusion welding and in compliance with one of t h e  
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 

*Available from American Society of Mechanical Engineers, 345 East 47-th St., 
New York, N. Y. 10017. 



Table I - -  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 AHoy (AL) - -  Expressed in Decimals of an Inch. 

Volume capacity in gallons per inch 

10 or less Over 10 to 14 14 to 18 18 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 

71 



Table H - -  Minimum Thickness of Shel l  Sheets. Mild Steel (MS), High Strength Low Alloy Steel (HSLA), Austenitic Stain- 
less Steel (SS) in U.S. Standard Gage; Aluminum AHoy (AL) - -  Expressed in Decimals of  an Inch. 

Volume capaci ty  in gallons per inch 

10 or less Over  10 to 14 14 to 18 18 and over Distance between bulkheads,  
baffles, or r ing stiffeners 

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

J 

Less than  
70 inches 

70 inches 
or more, 
less than  
90 inches 

90 inches 
or more,  

less than  
125 inches 

125 inches 
o r  m o r e  

36 inches or less. 14 16 0.087 14 16 0.087 14 15 0.096 13 14 0.109 
Over  36 inches 

to 54 inches . . .  14 16 . .087 14 15 .096 13 " 14 .109 12 13 .130 
54 inches through 

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

36 inches or less. 14 16 .087 14 15 .096 13 14 .109 12 13 .130 
Over  36 inches to 

54 inches . . . . .  14 15 .096 13 14 .109 12 13 .130 11 12 .151 
54 inches through 

60 inches . . . . .  13 14 .109 12 13 .130 11 12 .151 " 10 11 .173 

36 inches or less. 14 15 .096 13. 14 .109 12, 13 .130 11 12 .151 
Over  36 inches to 

54 inches . . . . .  13 14 .109 12 13 .130 11 12 .151 10 11 .173 
54 inches through 

60 inches . . . . .  12 13 .130 11 12 .151 10 11 .173 9 10 .194 

36 inches or less. 13 14 .109 12 13 .130 11 12 .151 10 11 .173 
Over  36 inches to 

54 inches . . . . .  12 13 . 130 1i 12 .151 10 11 .173 9 10 .194 
54 inches through 

60 inches . . . . .  11 12 .151 10 11 .173 9 10 .194 8 9 .216 
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All heads, bulkheads, baffles, and ring stiffeners may use 0 temper 
(annealed) or stronger tempers. All shells shall be made of ma- 
terials with properties equivalent to H32 or H34 tempers, except 
that lower ultimate strength tempers may be used if the minimum 
shell thicknesses in Table  I I  are increased in inverse proportion 
to the lesser ultimate strength. 

(b) STEEL. 

Mild  steel 
(MS) 

Yield . . . . . . . . . . . .  25,000 psi 

U l t ima te  s t rength ". . . . . .  45,000 psi 

Elongation,  2-inch samples  . . 20~o 

High strength Austenitic 
low alloy stainless 

steel (HSLA) steel (SS) 

45,000 psi 25,000 psi 

60,000 psi 70,000 psi 
25% 30% 

2212. THICKNESS OF SHEETS, HEADS, BULKHEADS AND BAFFLES. 

(a) MATERIAL THICKNESS. The minimum thicknesses of tank 
material authorized shall be predicated on not exceeding the 
maximum allowable stress level but in no case less than those indi- 
cated in Tables I and I I .  

(1) PRODUCT DENSITY. The material thicknesses contained in 
Tables I and I I  are minimums based on a maximum 7.2 pounds 
per gallon product weight. I f  the tank is designed to haul products 
weighing more than 7.2 pounds per gallon, the gallon per inch 
value used to determine the minimum thickness of heads, bulk= 
heads, baffles or shell sheets shall be the actual section capacity 
required in gallons per inch multiplied by the actual product 
density in pounds per gallon divided by 7.2. 

(b) When aluminum is used for cargo tanks intended to 
transport cargoes at liquid temperatures above 250°F the minimum 
thicknesses shall be increased by 1 percent for each 10°F or portion 
thereof above 250°F. When the liquid temperatures are above 
500°F there shall be an additional 1 percent for each 10°F or 
portion thereof above 500°F. Aluminum shall not be used for 
cargo tanks transporting cargoes at temperatures above-550°F. 

2 2 1 3 .  STRUCTURAL INTEGRITY. 

(a) MAXIMUM STRESS VALUES. The  maximum calculated 
stress value shall not exceed 20 percent of the minimum ultimate 
strength of the material as author izedexcept  when ASME pressure 
vessel design requirements apply (see Section V I I I ,  AmeriCan 
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Society'of Mechanical Engineers' Boiler and Pressure Vessel Code,* 
1971 edition). 

(b) LOADXNGS. Cargo tanks shall be provided with additional 
structural elements as necessary to prevent resulting stresses in 
excess of those permitted in (a). Consideration shall be given to 
forces imposed by each of the following loads individually, and 
where applicable a vector summation of any combination thereof: 

(1) Dynamic loading under all product load configurations. 

(2) Internal pressure. 
(3) ~ Superimposed loads such as operating equipment, insula- 

tion, linings, hose tubes, cabinets and piping. 
(4) Reactions of supporting lugs and saddles or other supports. 

(5) Effect of temperature gradients resulting from product 
and ambient temperature extremes. Thermal coefficients of dis- 
similar materials where used should be accommodated. 

2214. JOINTS. 

(a) METHOD OF JOINING. All joints between tank shells, 
heads, baffles (or baffle attaching rings), and bulkheads shal lbe  
welded in accordance with the requirements contained in this 
section. 

(b) STm~NOTH OF JOINTS [Aluminum Alloy (AL)]. All welded 
aluminum alloy joints shall be made in accordance with recog- 
nized good practice, and the efficiency of a joint shall be not less 
than 85 percent of the properties of the adjacent material. Alu- 
minum alloys shall be joined by an inert gas arc welding process 
using aluminum-magnesium type of filler metals which are con- 
sistent with the material supplier's recommendations. 

(C) STRENGTH OF JOINTS :[Mild Steel (MS), High Strength 
Low Alloy (HSLA), Austenitic Stainless Steel (SS)]. Joints shall 
be welded in accordance with recognized good practice, and the 
efficiency of any joint shall be not less than 85 percent of the me- 
chanical properties of the adjacent metal in the tank. 

(1) Combinations of mild steel (MS), high strength low alloy 
(HSLA) and/or  austenitic stainless steel (SS) may be used in the 
construction of a single tank, provided that each material, where 
used, shall comply with the minimum requirements specified for 
the material used in the construction of that section of the tank. 
Whenever stainless steel sheets are used in combination with sheets 

*Available from American Society of Mechanical Engineers, 345 East 47th St., 
New York, N .Y .  10017. 



385-14 TA~K VmIICT.ES 

of other types of steel, joints made by welding shall be formed by 
the use of stainless steel electrodes or filler rods and the stainless 
steel electrodes or filler rods used in the welding shall be suitable 
for use with the grade of stainless steel concerned according to the 
recommendations of the manufacturer of the stainless steel elec- 
trodes or filler rods. 

(d) COMPLIANCE TEST. Compliance with the requirements 
contained in (b) or (c) for the welded joints indicated in (a) shall 
be determined by preparing from materials representative of those 
to be used in tanks subject to this specification and by the same 
technique of fabrication, 2 test specimens conforming to figure as 
shown below and testing them to failure in tension. One pair of 
test specimens may  represent all the tanks to be made of the same 
combination of materials by !.he same technique of fabrication, and 
in the same shop, within six months after the tests on such samples 
have been completed. The  butt  welded specimens tested shall be 
considered qualifying other types or 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. 

FLAME.CUT EDGZ".~ ¢ , f l "  TO 3" RADIUS 

1 l i " 

" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ~ - ~ T  . . . .  " . . . . . . .  i 

. . . . .  Z;777-[2,TU277-;7-;TZIT;-I; ;-7;75 .... 
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2215. SUPPORTS AND ANCHORING. 

(a) Cargo tanks with frames not made integral with the tank 
as by welding shall beprovided  with restraining devices to eliminate 
any relative motion between the tank and frame which may result 
from the stopping, starting or turning of the vehicle. Such restrain- 
ing devices shall be readily accessible for inspection and mainte- 
nance, except that  insulation and jacketing are permitted to cover 
the restraining devices. 

(b) Any cargo tank designed and constructed so that it con- 
stitutes in whole or in part  the structural member  used in lieu of 
a frame shall be supported in such a manner  that  the resulting 
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stress levels in the cargo tank do not exceed those specified in 
2213(a). The  design calculations of the support elements shall 
include loadings imposed by stopping, starting and turning in ad- 
dition to those imposed as indicated in 2213(b) using 20 percent 
of the minimum ultimate strength of the support material. 

2216. C I R C U M F E R E N T I A L  R E I N F O R C E M E N T .  

(a) Tanks with shell thicknesses less than ~ of an inch shall, 
in addition to the reinforcement provided by the tank heads, be 
circumfcrcntially reinforced with either bulkheads, baffles, or ring 
stiffeners. ' I t  is permissible to use any combination of the afore- 
mentioned reinforcements in a single cargo tank. 

(1) LOCATION. Such reinforcement shall be located in such 
a manner  that the maximum unrcinforced portion of the shell be 
as specified in Table I I  and in no case more than 60 inches. Addi- 
tionally, such circumferential reinforcement shall bc located within 
one inch of points where discontinuity in longitudinal shell sheet 
alignment exceeds 10 degrees unless otherwise reinforced with 
structural members capable of maintaining shell sheet stress levels 
permitted in 2215. 

(b) BAFFLES. Baffles or baffle attaching rings if used as re- 
inforcement members shall bc circumfcrcntially welded to the tank 
shell. The welding must not bc 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. 

(c) DOUBLE BULKHEADS. Whenever double bulkheads are 
provided, they shall bc separated by an air space. This air space 
shall be vented and be equipped with drainage facilities which 
shall be kept operative at all times (sec 5050). 

(d) RING STIFFENERS. Ring stiffeners when used to comply 
with this section shall be continuous around the circumference of 
the tank shell and shall have a section modulus about  the neutral 
axis of the ring section parallel to the shell at least equal to that de- 
termined by the following formula: 

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

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

where : 

I 
- ~  = section modulus (inches) 8; 

+ 
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W = tank width or diameter  (inches); 

L = ring spacing (inches); i.e., the m a x i m um distance from 
the midpoint  of the unsupported shell on one side of the 
ring stiffener to the midpoin t  of the unsupported shell on 
the opposite side of the ring stiffener. 

(1) I f  a r ing stiffener is welded to the tank shell (with each 
circumferential  weld not less than 50 percent of the total circumfer- 
ence of the vessel and the m a x i m u m  unwelded space on this joint  
not  exceeding 40 times the shell thickness) a portion of the shell 
may  be considered as par t  of the ring section for purposes of com- 
put ing the ring section modulus. The  max imum port ion of the 
shell to be used in these calculations is as follows: 

Distance be tween  
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. 

(2) I f  configurat ion of internal or external r ing stiffener en- 
closes an air space, this air space shal l  be ar ranged for venting 
and be equipped with drainage facilities which shall be kept o p e r a -  
t ire at all times. 

2217. ACCIDENT DAMAGE PROTECTION. 

(a) Unless protected in accordance with (b) or (c) below, the 
design, construction a n d / o r  installation of all cargo tank appur-  
tenances shall be such as to minimize the possibility of accident 
damage  or failure of such appurtenances  adversely affecting the 
produc t  retention integrity of the tank. 

(1) All structural  members  such as the upper  coupler, sus- 
pension subframe, external ring stiffeners, rear bumper  and over- 
turn protection shall be mounted  to the vessel in accordance with 
provisions contained herein. T he  a t tachment  of all other non- 
l iquid-carrying appurtenances  to the aforementioned structural 
members  is to be encouraged and shall meet the provisions of this 
paragraph.  



TANK VEHICLE DESIGN 385-17 

(2) All nonlading carrying appurtenance attachments made 
by welding to shell or head material shall be made by means of 
mounting pads. Mounting pad thickness shall not be less than the 
required shell thickness. Each pad shall extend not less than 2 inches 
in each direction beyond the appurtenance attachment.  Pad 
corner shall be round or otherwise prepared in such a manner  as 
to not cause stress concentration. 

(3) The  strength of the appurtenance to mounting pad at- 
tachment shall be such that when a force is applied to the appur- 
tenance (as mounted and normally equipped) in any direction 
(except normal to the tank shell or within 45 ° thereof) such attach- 
ment shall fail completely without damage to the mounting pad 
to shell (or head) a t tachment  which will adversely affect the 
product retention int.egrity of the tank. 

(b) 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 col- 
liding vehicle striking the tank. The  bumper  shall be located at 
least 6 inches to the rear of any vehicle component  which is used 
for loading or unloading purposes or may at any time contain 
lading while in transit. Structurally, the bumper  shall be designed 
to successfully absorb (no damage which will cause leakage of 
product) ,the impact  of the vehicle with rated payload, with a de- 
celeration of 2 "g"  using a factor of safety of two based on the 
ultimate strength of the bumper  material. For purposes of this 
Standard, such impact  shall be considered uniformly distributed 
and applied horizontally (parallel to the ground) f rom 'any  direc- 
tion at an angle not exceeding 30 degrees to the longitudinal axis 
of the vehicle. 

(C) OVERTURN PROTECTION. All closures for filling, manhole 
or inspection openings shall be protected from damage which will 
result in leakage of lading in the event of overturning of the vehicle 
by being enclosed within the body of the tank or dome attached 
to the tank or by guards. 

(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. Ulti~nate strength of the material shall 
be used as a calculation base. I f  more than one guard is used, each 
shall carry its proportionate share of the load. I f  protection other 
than guards is considered, the same design load criteria are ap- 
plicable. 

(2) Except for pressure-actuated vents no overturn protection 
is  required for nonoperating nozzles or fittings less than five inches . 
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in diameter (whicl~ do not contain product while in transit) that 
project a distance less than the inside diameter of the fitting. This 
projected distance may be measured either from the shell or the 
top of an adjacent ring stiffener provided such stiffener is within 
30 inches of the center, of the nozzle or fitting. 

(3) I f  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. 

(d) PIPING. 

(1) MINIMUM ROAD CLEARANCE. The minimum allowable road 
clearance of any cargo tank component  or protection device lo- 
cated between any two adjacent axles on a vehicle or vehicle com- 
bination shall be at least 1/~ inch for each foot separating such axles 
and  in no case less than 12 inches. 

(2) PROVISION FO R EXPANSION AND VIBRATION. Suitable pro- 
visions shall be made in every case to allow for and prevent damage 
due to expansion, contraction, jarring and vibration of all pipe. 
Slip joints shall not be used for this purpose. 

(3) GAGING, LOADING, AND AIR-INLET DEVICES. Gaging, load- 
ing and air-inlet devices, including their valves, shall be provided 
with adequate means for their secure closure, and means shall also 
be provided for the closing of pipe connections of valves. 

2218. CLOSURES FOR FILL OPENINGS AND MANHOLES. 

(a) Each compar tment  in excess of 2,500 gallons capacity 
shall be accessible through a manhole of at least 11 inches x 15 
inches. Manhole and /o r  fill opening covers shall be designed to 
provide secure closure of the openings. They  shall have structural 
capability of withstanding internal fluid pressures of 9 psig without 
permanent  deformation. Safety devices to prevent the manhole 
and/or  fill cover from opening fully when internal pressure is 
present shall be provided. 

2219.  VENTS FOR CARGO TANKS IN OTHER THAN ASPHALT 
SERVICE. 

(a) Each cargo tank compar tment  shall be provided with 
safety relief devices in accordance with the requirements contained 
in this section. All of such devices shall communicate 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 drained as to eliminate the accumulation of 
water, the freezing of which could impair  the operation or dis- 
charge, capability of the device. 
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(b) NORMAL VENTING. Each cargo tank compar tmen t  shall 
be provided with pressure and  v a c u u m  vents having a m i n i m u m  
through area of 0.44 square inch. All pressure vents shall be set 
to open at no more than  1 psig and  all v a c u u m  vents at no more 
than  6 ounces. Pressure and  v a c u u m  vents shall be designed to 
prevent  loss of l iquid through, the vent  in case of vehicle overturn.  

(C) LOADING AND UNLOADING VENTING PROTECTION. If  the 
tank is designed to be loaded or un loaded  with the d o m e  cover 
closed, the vent  or vents as described in (b) above or addi t ional  
vents shall l imit  the v a c u u m  to 1 psi and  the tank pressure to 
3 prig based on m a x i m u m  product  transfer rate. Unless effective 
protection against  overfilling is made,  the pressure vent  shall also 
have sufficient l iquid capacity to prevent  the pressure from ex- 
ceeding 3 psig in case of accidental  overfilling. This pressure ven t  
may be pressure operated or interlocked with the tank loading 
device, and  shall be designed to prevent  loss of l iquid through the 
~,ent under  any  condi t ion of vehicle rollover att i tude. 

(d) EMERGENCY VENTING FOR FIRE EXPOSURE. 

(I) TOTAL CAPACITY. The total emergency venting capacity 
(cu.ft/hr) of each cargo tank compartment shall be not less than 
that determined from Table llI. 

TABLE III 

MINIMUM EMERGENCY VENT CAPACITY IN CUBIC FEET 
FREE AIR/HOUR (14.7 PSIA AND 60°F.) 

Cubic  Fee t  Cubic  Fee t  
Exposed Area Free Air Exposed  Area Free Air  
S q u a r e  Feet  per H o u r ,  S q u a r e  Fee t  per H o u r  

20 15,800 
30 23,700 
40 31,600 
50 39,500 
60 47,400 
70 55,300 
80 63,300 
90 71,200 

100 79,100 
120 94,900 
140 110,700 
160 126,500 
180 142,300 

, 200 158,100 
225 191,300 
250 203,100 

275 
300 
350 
400 
450 
500 
550 
600 
650 
,700 
750 
800 
850 
900 
950 

1,000 

214 300 
225 100 
245 700 
265 000 
283 200 
300 500 
317 300 
333 300 
348 800 
363 700 
378 200 
392 200 
405 900 
419 300 
432 300 
445 000 

NOTE: Interpolate for intermediate sizes. 
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(2) PRESSURE-ACTUATED VENTING. Each cargo tank c o m p a r t -  
ment shall be equipped with pressure-actuated vent or vents set 
to open at not less than 3 psig and close when pressure droPs to 
3 psig or below. The minimum venting capacity for pressure- 
actuated vents shall be 6,000 cubic feet of free air per hour (14.7 
psia and 60°F.) from a tank pressure of 5 psig. Pressure-actuated 
devices shall be designed so as to prevent leakage of liquid past 
the device in case of surge or vehicle upset, except that they shall 
function in case of pressure rise under any condition of vehicle roll- 
over attitude. 

(3) FUSIBLE VENTING. If the pressure-actuated venting re- 
quired by (d) (2) does not provide the total venting capacity re- 
quired by (d) (1) additional capacity shall be provided by adding 
fusible venting devices each having a minimum area of 1.25 square 
inches, such  fusible elements shall be so located as to not be in 
contact with the tank lading under normal operating conditions. 
The fusible vent or vents shall be actuated by elements which op- 
erate at a temperature not exceeding 250°F. The venting capacity 
of these devices shall be rated at not more than 5 psig. When 
fusible venting devices are used, no less than two such devices 
shall be used on any cargo tank or tank compartment over 2,500 
gallons in capacity, and at least one such device shall be located 
close to each end of the cargo tank or tank compartment. 

(e) F L O W  TESTING AND MARKING OF VENTS. Each type and 
size of venting device shall be flow tested in the rang e specified in 
the applicable preceding paragraphs. The actual rated flow ca- 
pacity of the vent in cubic feet of free 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 differential. 

(1) These flow tests may be conducted by the manufacturer, 
if certified by a qualified impartial observer, or may be delegated 
to an outside agency. 

NOTE: In format ion  on sui table methods  for conduc t ing  such  tests is 
provided in API  S t anda rd  2000 available f rom the Amer i can  Pe t ro leum 
Inst i tute ,  1801 K Street, N. W.,  Wash ing ton ,  D. C. 20005. 

2220. Vents  for Cargo Tanks  in Asphalt Service. 

2221. Each cargo tank used in asphalt service shall be provided 
with a vent having an effective opening at least equivalent to a 
nominal 2-inch pipe. 

2222. Each cargo tank for asphalt service shall be provided 
with a manhole having a free opening of at least 15 inches in di- 
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ameter  designed to relieve internal pressure at between 2 and 3 
pounds per square inch gage or an equivalent relief device. 

2230. Emergency-Discharge Control. 

2231. LIQUIDS HAVING VISCOSITIES LESS THAN 45 SUN. 

(a) The  oudets of each cargo tank or compar tmen t  used for 
transportat ion of Class I liquids, and trucks constructed hereafter 
for transportat ion of Class I I  and Class I I I  liquids having a vis- 
cosity less than 45 Saybolt  Universal Seconds at 100°F, shall be 
equipped with a reliab!e and efficient shutoff valve located inside 
the shell; or in the sump when it is an integral par t  of the shell; 
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 purposes 
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 transporting viscous oils such as residual fuel oil, 
bunker fuel oil, and asphalt products which may congeal and cause mal- 
functioning of the valve. 

(b) The  operat ing mechanism for the valve shall be provided 
with a secondary control, remote from the fill openings and dis- 
charge faucets, for use in the event of accidents or fire dur ing de- 
livery operations. 

(c) The  control mechanism shall be provided with a fusible 
section which will permit  valves to close automatical ly  in case of fire. 

(d) In  every case there shall be provided, between the shut- 
off valve seat and discharge faucet, a shear section which will 
break under  strain and leave the shutoff valve seat intact. 

2232. LIQUIDS OF VISCOSITIES OF 45 SUS OR MORE. 

(a) The  oudets of  each cargo tank used for the transportat ion 
of liquids having a viscosity equal to or greater than 45 Saybolt  
Universal Seconds at 100°F shall be equipped with (1) a suitable 
shutoff valve, located internally, designed so that  the valve will 
remain operable if the external connection is sheared off, or (2) 
a front- or rear-head mounted  valve securely reinforced and pro- 
tected against shock o r  road hazards. 

2240. Tests. 

2241. At  the time of manufacture,  every cargo tank shall be 
tested by a m i n i m u m a i r  or hydrostatic pressure of 3 psig or at 
least equal to the tank design pressure, whichever is greater. I f  
compar tmented ,  each individual compar tment  shall be similarly 
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tested with adjacent compartments empty and at atmospheric 
pressure. Air pressure, i f  used, shall be held for a period of at l ~ s t  
five minutes during which the entire surface of all joints under 
pressure shall be coated with a solution of soap and water, heavy 
oil, or other material suitable for the purpose, foaming--o~" bubbling 
of which indicates the presence of leaks. HydrostatiC-, i3ressure, if 
used, shall be d.one by using water or other liquid having a similar 
viscosity, the temperature of which shall not exceed 100°F 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,-0r other- 
wise rendered inoperative; such clamps, plugs, and similar devices 
shall be removed immediately after the test is finished. 

2242. The  test in 2222(a) shall be repeated following alteration 
or repairs which 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. 

2250. Overflows and Drains for Asphalt  T a n k  Vehicles. 

2251. Overflow protection for asphalt tank vehicles shall be 
provided in the form of reservoirs or flashing around fill and vent 
pipes. Overflow and drain pipes shall have thicknesses heavier 
than the tank shell and shall be designed so that hot asphalt will 
not spill onto tires, brakes, burner equipment of vehicle's exhaust 
system. 

, 2260. Separation to Prevent  Intermixing.  

2261. Tank vehicles designed to transport Class I liquid in one 
or more compartments and Class II or Class I I I  liquid in othei  
compartment or compartments, or to transport chemically non- 
compatible liquids, shall be equipped with separate piping, pumps, 
meters and hoses for such classes of product. 

2270. Lighting.  

2271. Lighting circuits shall have suitable overcurrent protec- 
tion (fuses or automatic circuit breakers). The  wiring shall have 
sufficient carrying capacity and mechanical strength, and shall be 
secured, insulated, and protected against physical damage, in 
keeping with recognized good practice. 
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CHAPTER 3. MARKING ON TANK VEHICLES. 

30. Marking. 

3010. Every tank vehicle used for the transportation of any I 
flammable or combustible liquids, regardless of the quantity being I 
transported, or whether loaded or empty, shall be conspicuously] 
and legibly marked in accordance with the requirements of the e 
U.S. Department of Tra nsportatio n ha za rdous materials regulatioias. I 
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CHAPTER 4. AUXILIARY EQUIPMENT. 

40. Auxiliary Internal Combustion Engines. 

4010. Internal  combustion engines, other than those providing 
propulsive power, installed or carried upon a tank vehicle transport- 
ing Class I liquids for the purpose of providing power for the op- 
eration of pumps or other devices, shall meet the following re- 
quirements : 

4011". The  engine air intake shall be equipped with an effective 
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. 

4012. The fuel system shall be so located or constructed as. to 
minimize the fire hazard. I f  the fuel tank is lo"cated above or im- 
mediately adjacent to the engine, suitable shielding shall be pro- 
vided to prevent spillage during the filling operation, or leakage 
from the tank or fuel system, from coming in contact 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 work- 
manlike manffer. 

4013. Pumps and other appurtenances shall be so located in 
relation to the engine that spillage or leakage from such parts shall 
be prevented f romcoming  in contact with the engine or any parts 
of the ignition and exhaust systeln, or adequate shielding shall be 
provided to attain the same purpose. The  engine cooling fan shall 
be so positioned, rotated or shielded as to minimize the possibility 
of drawing flammable vapors toward the engine. 

4014. When the engine is located in a position where spillage 
from the cargo tank or its appurtenances 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. 

4015. 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. 

4016. The  exhaust system shall be substantially constructed and 
installed and free from leaks. The exhaust line and muffler shall 
have adequate clearance from "combustible materials, and the ex- 
haust gases shall be discharged at a location which will not consti- 
tute a hazard. When engines are carried as in 4015, the exhaust 
gases shall be discharged outside of each such closed space. 
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4017. 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. 

41. Auxiliary Electric Generators and Motors. 

4110. Electrical equipment installed or carried upon a tank 
vehicle transporting Class [ liquids for the operation of pumps or 
other devices used for the handling of product and operating 
product handling accessories shall meet the following requirements: 

4111. Generators wliich are mounted on the engine providing 
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. Generators located elsewhere 
shall be provided with explosion-proof enclosures. 

4112. Motors having sparking contacts shall be provided with ' 
explosion-proof enclosures." 

4113. Wiring shall be adequate for maximum loads to be car- 
ried and shall be installed so as to be protected from physical dam- 
age 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. 

4114. Switches, overload protection devices and other sparking 
equipment shall be located and enclosed as provided for generators 
in 4111. 

4115. Where the generator or motor is located within an e n -  
closed space, adequate provision shall be made for air circulation 
to prevent overheating and possible accumulation of explosive vapor. 

42. Burner and Burner Tubes for Asphalt Tank Vehicles. 

4210. 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 pre- 
vent flashback. 

4220. Burner tubes shall be properly installed and maintained. 

4230. The bottom of internal burner tubes shall be located as 
low in the tank as proper design and functioning will permit. 

4240. Instructions for the proper method of operating the burner 
equipment and the pumping equipment, if so equipped, shall be 
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provided. These instructions shall accompany the vehicle at all 
times. 

4250. 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. 

43. Pumps and Hose. 

4310. 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. 

4320. Each length of hose used for delivery of product by pump  
shall be marked to indicate the manufacturer 's  recommended 
working pressure. 

4330. All pressure hoses and couplings shall be inspected at  
intervals appropriate to the service. With the hose extended, apply 
pressure to the hose and couplings to the max imum operating 
pressure. Any hose showing material deteriorations, signs of leak- 
age, or weakness in its carcass or at the coupling.~ shall be with- 
drawn from service and repaired or discarded. 
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C H A P T E R  5. O P E R A T I O N  OF T A N K  VEHICLES.  

50. General  Operat ing  Conditions.  

5010. Drivers shall be thoroughly trained in the proper method 
of operating tank vehicles and in the proper procedures for loading 
and unloading tank vehicles. Tank vehicles shall not be operated 
unless they are in proper repair, devoid of accumulation of grease, 
oil or other flammables, and free of leaks. 

5020. Dome covers shall be closed and latched while the tank 
vehicle is in transit: 

5030. No tank vehicle shall be operated with a cargo tempera- 
ture above the maximum allowable cargo temperature specified on 
the warning sign required by 2020. 

5031. No material shall be loaded into or transported in a 
cargo tank at a temperature above its ignition temperature, unless 
properly safeguarded in a manner approved by the authority having 
jurisdiction. 

5032. Flammable and combustible liquids, which are loaded at 
or above their boiling points or may reach their boiling point 
temperature during transit, shall be loaded only into cargo tanks 
constructed in accordance with 21. 

5040. Flammable and combustible liquids shall be loaded only 
into cargo tanks whose material used in construction shall be com- 
patible with the chemical characteristics of the liquid. The flam- 
mable 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 
or combustible liquid or other competent authority should be consulted. 

5050. Class I I  or Class I I I  liquids shall not be loaded into an 
adjacent compartment to Class I liquids uialess double bulkheads 
are provided, nor shall chemically noncompatible chemicals be 
loaded into adjacent compartments unless separated by double 
bulkheads. 

5060. To prevent a hazard from a change in flash point of 
liquids, no cargo tank, or any compartment thereof, which has been 
utilized for Class I liquid, shall be loaded with Class I I  or Class I I I  
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 which does not 
drain completely shall be flushed at the loading point with a 
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quantity of Class I I  or Class I I I  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 changing from 
Class I to Class II or Class III (switch loading), other precautions may 
be necessary. See Appendix for further information. 

5070. 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. 

5071. No cargo tank shall be repaired by any method employ- 
ing a flame, arc, or other source of ignition, unless the tank is main- 
tained gas free or otherwise made safe in an approved inanner. 

51. Loading and Unloading Tank Vehicles. 

5110. Loading and unloading of tank vehicles shall only be 
done in approved locations. 

5120. The driver, operator or at tendant  of any tank vehicle 
shall not remain in the vehicle but shall not leave the vehicle un- 
attended during the loading or unloading process. Delivery hose, 
when attached to a tank vehicle, shall be considered to be a part 
of the tank vehicle. 

5130. When transferring Class I liquids, motors of tank vehicles 
or motors of auxiliary or portable pumps shall be shut down during 
making and breaking hose connections. If  loading 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. 

5131. If  portable pumps are used for transferring Class I liquids, 
the portable pumps shall comply with the applicable provisions 
of 40 or 41. 

5140. No cargo tank or compartment thereof used for the trans- 
portation 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 one percent. 

5150. Simultaneous delivery to undergroun d tanks from two or 
more hoses shall be made by means of t!ght connections between 
the hose and the fill pipe. 

5160. Cargo tanks shall be free of water or volatile liquids before 
they are loaded with hot asphalt. 


