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Official NFPA Definitions

SrALL is intended to indicate requirements.

SeouLDp is intended to indicate recommendations or that which is advised
but not required.

ApPROVED* means acceptable to the authority having jurisdiction. In deter-
mining the acceptability of installations or procedures, equipment or materials,
the authority having jurisdiction 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, procedure or use. The authority having
jurisdiction may also refer to the listings or labeling practices of nationally recog-
nized testing laboratories, inspection agencies, or other organizations concerned
with product evaluations which are in a position to determine compliance with ap-
propriate standards for the current production of listed items, and the satisfactory
performance of such equipment or materials in actual usage. -

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

LisTEp: Equipment or materials included in a list published by a nationally
recognized testing laboratory, inspection agency, or other organization concerned
with product evaluation that maintains periodic inspection of production of listed
equipment or materials, and whose listing states either that the equipment or
material meets nationally recognized standards or has been tested and found suitable
for use in a specified manner.

LaBeLED: Equipment or materials to which has been attached a label, symbol
or other identifying mark of a nationally recognized testing laboratory, inspection
agency, or other organization concerned with product evaluation that maintains
periodic inspection of production of labeled equipment or materials, and by whose
labeling is indicated compliance with nationally recognized standards or tests to
determine suitable usage in a specified manner.

AvutHORITY HAVING JURISDICTION: The organization, office or individual re-
sponsible for ‘“‘approving” equipment, an installation, or a procedure.

Statement on NFPA 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 authority 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 at the peril of the certifier.

Copyright and Republishing Rights

This publication is copyrighted © by the National Fire Protection Asso-
ciation. Permission is granted to republish in full the material herein in laws,
ordinances, regulations, administrative orders or similar documents issued by
public authorities. All others desiring permission to reproduce this material in
whole or in part shall consult the National Fire Protection Association.
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Interpretation Procedure

Those desiring an interpretation shall supply the Chairman with five identical
copies of a statement in which shall appear specific reference to a single problem,

paragraph, or section.

Such a statement shall be on the business stationery
of the inquirer and shall be duly signed.

When applications involve actual field situations they shall so state and all

parties involved shall be named.

The Interpretations Committee will reserve the prerogative to refuse con-
sideration of any application that refers specifically to proprietary items of

equipment or devices.

Generally inquiries should be confined to interpreta-

tion of the literal text or the intent thereof.

Requests for interpretations should be addressed to the National Fire Pro-
tection Association, 470 Atlantic Avenue, Boston, MA 02210.
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Recommenaed Regulatory Standard for

Tank Vehicles for
Flammable and Combustible Liquids

NFPA No. 385 — 1974

CHAPTER 1. GENERAL PROVISIONS.

10. Scope.

1010. This Standard apphes to tank vehicles to be used for the
transportation of asphalt or normally stable lammable and com-
bustible liquids with a flash point below 200°F. It 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: Normally stable materials are those having the relative capacity
to resist changes in their chemical composition which would produce
violent reactions or detonations despite exposure to air, water, heat, includ-
ing the normal range of conditions encountered in" handling, storage,
or transportation. Unstable (reactive) flammable and combustible liquid
shall mean a liquid which in the pure state or as commercially produced
or transported will vigorously polymerize, decompose, condense, or will
become self-reactive under conditions of shock, pressure, or temperature.-

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 range 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 standard while it is in interstate service if it meets the
| requirements of the U.S. Department, of Transportation, Hazardous
Materials Regulations.
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11. Definitions.

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

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

Carco Tank shall mean any tank having a liquid capacity in
excess of 110 gallons used for carrying of flammable 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 liquidtight division in a cargo tank.

Frasu 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|
determined 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-Martcns Closed Tester, ASTM
D-93-73.*

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

Liguip 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 ASTM Test for Penetra-
tion for Bituminous Materials, D-5-71.* When not otherwise identi-
fied, the term liquid shall include both flammable and combustible
liquids.

CompusTiBLE Liguip shall mean a liquid havmg a flash point
at or above 100°F (37.8°C).

Combustible Liquids shall be subdivided as follows:

- Crass II LIQUIDS shall include those having flash points at or
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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Crass IITA Liguips shall include those having flash points at
or above 140°F (60°C) and below 200°F (93.°C).

- Crass IIIB Liguips shall include those having flash points at
or above 200°F (93.4°C).

Vs
This standard does not cover Class IIIB Liquids (see 1010).
Where the term combustible liquids is used in this Standard, it
shall mean only Class II and Class I1IA 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
and this limitation should not be construed as indicating that liquids with
higher flash points are noncombustible.

FrLammaBLE Liguips 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.

Crass I Liguips shall be subdivided as follows:

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

Crass 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).

Crass 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 IT and III liquids shall be subject to the applicable
requirements for Class I or II 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
constructed that practically all of its weight and load rests on its
own wheels.
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. Tank Semi-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
constructed that, when drawn by a tractor by means of a fifth
wheel connection, some part of its load and weight rests upon the
towing vehicle.

Tank Truck shall mean any single self-propelled motor vehicle
equipped with a cargo tank mounted thereon, and used for the
transportation of flammable and combustible liquids or asphalt.

Tank VEHICLE shall mean any tank truck, tank full trailer, or
tractor and tank semi-trailer combination.

Vapror Pressure shall mean the pressure, measured in pounds
per square irich absolute exerted by a liquid, as determined by the
Standard Method of Test for Vapor Pressure of Petroleum Prod-
ucts (Reid Method), ASTM D-323-72.*

*Available from American Society for Testing and Materials, 1916 Race St
Philadelphia, Pa. 19103.
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CHAPTER 2. TANK VEHICLE DESIGN.
20. General.

2010. Design of the tank vehicle shall give engineering consider-
ation to the structural relationship between the cargo tank, the
propulsion equipment and the supporting 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 minimum thicknesses dictated
by the structure of the tank itself, and it may be necessary ‘that
these thicknesses be increased where the tank shell is to be sub-
jected to additional stress. The general design of the cargo tank
and vehicle chassis shall be arranged to give the best combination
of structural characteristics and vehicle performance. The design
of the suspension system shall incorporate features to help assure
lateral or tipping stability when turning corners.

- 2020. Any cargo tank designed or used for transporting ma-
terials at liquid temperatures above ambient temperature shall
have a red warning sign permanently attached containing at least
the following:

“Maximum allowable cargo temperature is —°F.”

This maximum allowable cargo temperature shall be specified
by the manufacturer of the cargo tank.

2030. Cargo tanks used for transporting flammable 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 flammable and com-
bustible liquids at a temperature below their boiling points shall
be constructed in accordance with the provisions of 21 or 22.

v

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-
porting 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 Division III of the Standard for the Storage. and
Handling of Liquefied Petroleum Gases, NFPA No. 58. Continued
use of cargo tanks constructed on or before December 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. Cargo 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. MarteriaL. 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 ALLoOYS (AL). Only aluminum alloy material
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

*Available from American Society of Mechanical Engineers, 345 East 47th 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 (8S), in U.S. Standard Gage; Aluminum Alloy (AL) — Expressed in Decimals of an Inch.

Volume capacity in gallons- per inch

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

HSLA, HSLA, HSLA, HSLA,
MS SS AL MS SS AL MS SS§ AL MS S8§ AL
Thickness . . . « . . « o v+ v .4 14 15 009 13 14 0109 12 13 0130 1t 12 0.151

01-¢8¢

-SHTOIHHA JINVL



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

Volume capacity in gallons per inch

Distance between bulkheads, 10 or less Over 10 to 14 14 to 18 18 and over

baffles, or ring stiffeners
HSLA, HSLA, HSLA, HSLA,
MS SS° AL MS SS AL MS S§ AL MS 8§ AL

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

%ﬁn‘:ﬁs’ to 54 inches... 14 16 - .087 14 15 .09 13 -14  .109 12 13  .130
- 54 inches through )
60 inches. . ... 14 15 096 13 14 109 12 13 130 11 12 151
4 70 inches 36 inches or less. 14 16 087 14 15 096 13 14 109 12 13 130
g or more Over 36 inches to
g less thax; 54 inches. . ... 14 15 .09 13 14 109 12 13 30 11 12 151
=z 90 inches 54 inches through - .
< . 60 inches. . ... 13 14 109 12 13 130 1t 12 151 < 10 11 173
g . 36 inches or less. 14 15 09 13 14 109 12, 13 130 11 12 151
:E’ 22 igg?:s Over 36 inches to ’
" less than 54 inches. . . .. 13 14 109 12 13 130 1 12 151 10 11 173
ﬁ 125 inches 54 inches through
60 inches. . ... 12 13 A30 0 11 12 51 10 11 173 9 10, 194

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

oF more 54 inches. .. .. 12. 13 .130 11 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

NODISEA A'TOIHIA ANVL

11-¢8¢
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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 Il are increased in inverse proportion
to the lesser ultimate strength.

(b) STEEL.
Hifh strength  Austenitic
Mild steel ow allo stainless
MS) steel (HSLA) steel (SS)
Yield . . . . .. ... ... 25,000 psi 45,000 psi 25,000 psi
Ultimate strength ", . . . . . 45,000 psi 60,000 psi 70,000 psi
Elongation, 2-inch samples . . 20% 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 II.

(1) Propucrt peENsiTY. The material thicknesses contained in
Tables I and Il are minimums based on a maximum 7.2 pounds
per gallon product weight. If 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.

2213, STRUCTURAL INTEGRITY.

(a) MaxiMmum STRESS VALUES. The maximum calculated
stress value shall not exceed 20 percent of the minimum ultimate
strength of the material as authorized except when ASME pressure
vessel design requirements apply (see Section VIII, American
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Society of Mechanical Engineers’ Boiler and Pressure Vessel Code, *.
1971 edition).

(b) Loapings. 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 shall -be
welded in accordance with the requirements contained in this
‘'section.

(b) STRENGTH 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.
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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) Compriance 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 the 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.

, 17 TO 3" RADIUS
a——9" MINIMUM~——t l

=

JOINT AT MIDLENGTH OF PARALLEL SECTION
TENSILE SPECIMEN

FLAME-CUT EDGE-]

.

- APPR. 8"

1.50020.010"

«— APPR, 2"—]

—._.J

2215. SuUPPORTS AND ANCHORING.

(a) Cargo tanks with frames not made 1ntegra1 with the tank
as by welding shall be provided 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. CIRCUMFERENTIAL REINFORCEMENT.

(a) Tanks with shell thicknesses less than 3 of an inch shall,
in addition to the reinforcement provided by the tank heads, be
circumferentially reinforced with either bulkheads, baffles, or ring
stiffeners. * It is permissible to use any combination of the afore-
mentioned reinforcements in a single cargo tank.

(1) LocaTtion. Such reinforcement shall be located in such
a manner that the maximum unreinforced portion of the shell be
as specified in Table IT and in no case more than 60 inches. Addi-
tionally, such circumferential reinforcement shall be 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) BarrLes. Baffles or baffle attaching rings if used as re-
inforcement members shall be circumferentially welded to the tank
shell. The welding must 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.

(¢) DouBLeE 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 facilities which
shall be kept operative at all times (see 5050).

(d) Rinc sTiFFENERS. Ring stiffeners when used to comply
with this section shall be continuocus 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 . .
< (Min) = 0.000467 WL (AL) Aluminum Alloy
where:
I

el section modulus (inches)3;
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W = tank width or diameter (inches);

L = ring spacing (inches); i.e., the maximum distance from
the midpoint of the unsupported shell on one side of the
ring stiffener to the midpoint of the unsupported shell on
the opposite side of the ring stiffener.

(1) If a ring 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 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 com-
puting the ring section modulus. The maximum portion of the
shell to be used in these calculations is as follows:

Distance between

Circumferential parallel
ring stiffener to circumferential ring Shell section
tank shell welds stiffener to shell welds credit
A 20t
2 _ Less than 20t 20t + W
2 " 20t or more 40t
where:

t
w

shell thickness;
distance between parallel circumferential ring stiffener to shell welds.

(2) If configuration of internal or external ring stiffener en-
closes an air space, this air space .shall be arranged for venting
and be equipped with drainage facilities which shall be kept opera-
tive at all times.

2217. AccipENT DAMAGE PROTECTION.

(a) Unless protected in accordance with (b) or (c) below, the
design, construction and/or 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
product 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. The attachment of all other non-
liquid-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 equlpped) 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) attachment which will adversely affect the
product retention integrity of the tank.

(b) REear 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) from-any direc-
tion at an angle not exceeding 30 degrees to the longitudinal axis
of the vehicle.

(¢) 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. Ultimate strength of the material shall
be used as a calculation base. If more than one guard is used, each
shall carry its proportionate share of the load. If 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 (which 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 w1thm
30 inches of the center of the nozzle or fitting.

(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.

(d) PrrinG.

(1) MiniMmUM 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 14 inch for each foot separating such axles
and in no case less than 12 inches.

(2) PROVISION FOR 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) FEach compartment in excess of 2,500 gallons capacity
shall be accessible through a manhole of at least 11 inches x 15
inches. 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 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. VENnTs FOorR CArRGO Tanks IN OTHER THAN ASPHALT
SERVICE.

(a) Each cargo tank compartment 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) NorMmaL VENTING. Each cargo tank compartment shall
be provided with pressure and vacuum vents having a minimum
through area of 0.44 square inch. All pressure vents shall be set
to open at no more than 1 psig and all vacuum vents at no more
than 6 ounces. Pressure and vacuum vents shall be designed to
prevent loss of liquid through.the vent in case of vehicle overturn.

(¢) 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 (b) above or additional
vents shall limit the vacuum to 1 psi and the tank pressure to
3 psig based on maximum product transfer rate. Unless effective
protection against overfilling is made, the pressure vent shall also
have sufficient liquid capacity to prevent the pressure from ex-
ceeding 3 psig 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 loss of liquid through the
vent under any condition of vehicle rollover attitude.

(d) EMERGENCY VENTING FOR FIRE EXPOSURE.

(1) ToraL capacity. The total emergency venting capacity
(cu.ft/hr) of each cargo tank compartment shall be not less than
that determined from Table III.

TABLE III

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

Cubic Feet Cubic Feet
Exposed Area Free Air " Exposed Area Free Air
Square Feet per Hour Square Feet per Hour
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
100 79,100 ' 650 348,800
120 94,900 700 363,700
140 . 110,700 750 378,200
160 126,500 800 392,200
180 142,300 850 405,900
. 200 158,100 900 419,300
225 191,300 950 432,300
250 203,100 1,000 445,000

NotE: Interpolate for intermediate sizes. .
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(2) PRESSURE-ACTUATED VENTING. Each cargo tank compart--
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 psigz. 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.

(¢) FLow TESTING AND MARKING OF VENTS. Each type and
size of venting device shall be flow tested in the range 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 delcgated
to an outside agency.

Note: Information on suitable methods for conducting such tests is
provided in API Standard 2000 available from the American Petroleum
Institute, 1801 K Street, N. W., Washington, D. C. 20006.

2220. Vents for Cargo Tanl_(s 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. Liguips Having Viscosities LEss THan 45 SUS.

(a) 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 III liquids having a vis-
cosity less than 45 Saybolt Universal Seconds at 100°F, shall be
equipped with a reliable and efficient shutoff valve located inside
the shell; or in the sump when it is an integral part of the shell;
and designed so that the valve must be kept closed except during
loading and unloading operations. A

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 operating 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 during de-
livery operations.

(c) The control mechanism shall be provided with a fusible
section which will permit valves to close automatically 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. Liguips OF ViscosITIES OF 45 SUS or MORE.

(a) The outlets of each cargo tank used for the transportation
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 or road hazards.

2240. Tests.

2241. At the time of manufacture, every cargo tank shall be
tested by a minimum air or hydrostatic pressure of 3 psig or at
least equal to the tank design pressure, whichever is greater. If
compartmented, each individual compartment shall be similarly
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tested with adjacent compartments empty and at atmospheric
pressure. Air pressure, if used, shall be held for a period of at least
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-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
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; or other-
wise rendered inoperative; such clamps, plugs, and similar devices
shall be removed immediately after the test 1s 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 Tank Véhicles.

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 III liquid in other
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
flammable or combustible liquids, regardless of the quantity being
transported, or whether loaded or empty, shall be conspicuously
and legibly marked in accordance with the requirements of the
U.S. Department of Transportation hazardous materials regulations.



385-24 TANK VEHICLES

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. If the fuel tank is located 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 maner.

4013. 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 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 I 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 which 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 en-_
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 propér 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 waming- sign shall be permanently attached
near the burners on any tank vehicle equipped with burners and
shall contain at least the following information:

“WARNING”
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 maximum operating
pressure. Any hose showing material deteriorations, signs of leak-
age, or weakness in its carcass or at the couplings shall be with-
drawn from service and repaired or discarded.
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CHAPTER 5. OPERATION OF TANK VEHICLES.

50. General Operating 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 II or Class III liquids shall not be loaded into an
adjacent compartment to Class I liquids unless 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 IT. or Class IIT
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 II or Class III 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 . manner.

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 attendant 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 underground tanks from two or
more hoses shall be made by means of tight 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.



