Part 171 - General Information, Regulations and definitions

171.1 Purpose and Scope
171.1(a) This subchapter prescribes requirements of the Department of Transportation (DOT) governing-
171.1(a)(1) The offering of hazardous materials for transportation and transportation of hazardous materials in interstate, intrastate, and foreign commerce by rail car, aircraft, motor vehicle and vessel
171.1(a)(2) The representation that a hazardous material is present in a package, container, rail car, aircraft, motor vehicle or vessel.
171.1(a)(3) The manufacturer, fabrication, marking, maintenance, reconditioning, repairing, or testing or a packaging or container which is represented, marked, certified or sold for use in transportation of hazardous materials.
171.1(a)(4) The use of terms and symbols prescribed in this subchapter foe the making, labeling, placarding and description of hazardous material and packaging used in their transport.
171.1(b)(c) Any person, under contract with the Federal Government, who causes a hazardous material to be transported, or who manufactures, fabricates, marks, maintains, reconditions, repairs or tests a package or container which is represented, marked, certified or sold by such person as qualified for use in the transportation of a hazardous material, shall comply with all provisions of the Federal hazardous materials transportation law and all requirements of Federal, State, and local governments and Indian Tribes. The fine for breaking the law is $27,500.00 (max), $250.00 (min) Each day may represent a separate charge.
171.2 General Requirements
171.2(c) No person may represent, mark, certify, sell or offer a packaging or container as meeting the requirements of this subchapter unless the packaging or container is manufactured, fabricated, marked, maintained, reconditioned, repaired and retested (as appropriate) in accordance with the applicable requirements of this subchapter.
171.2(d)(1)(2)(3) The representations, markings, and certifications subject to paragraph (c) above include: "ICC", "DOT", certain "EX" exemptions and test dates.
171.2(e) When a person performs a function covered by a specification prescribed in part 178, that function must be performed in accordance with the specification.
171.2(f)(1)(2) No person shall mark or otherwise represent that a container intended for transportation of hazardous materials is safe, certified, or in compliance with the requirements of this title unless it meets the requirements of all applicable regulations issued under the Federal hazardous material transportation law. No person shall mark or otherwise represent that a hazardous material is present in a package, container , motor vehicle, rail car, aircraft, or vessel, if the hazardous material is not present.
171.2(g)(1)(2) No person shall unlawfully alter, remove, deface, destroy or otherwise tamper with: any marking or label, placard, or description in a document required by the Federal hazardous material transportation law; nor any package, container , motor vehicle, rail car, aircraft or vessel used for the transportation of hazardous materials.
171.2(h)(1)(2) No person shall falsify or alter an exemption, approval, registration, or other grant of authority issued under this subchapter. No person shall offer a hazardous material for transport or transport a hazardous material in commerce, or represent, mark, certify or sell a package or a container , under false or altered exemption, approval, registration or other grant of authority issued under this subchapter.
171.6 Control numbers under the Paperwork Reduction Act
Current OMB control no. = 2137-0022; Title = Record keeping and Information Collection for Cylinders; Title 49 CFR Part or section where identified and described =173.34
171.7 Matter incorporated by reference
Pertinent information in the published documents of CGA, ASME, ANSI, ASTM including:
CGA Pamphlet C-5 "Cylinder Service Life - Seamless Steel High Pressure Cylinders"
CGA Pamphlet C-6 "Standards for visual inspection of steel compressed gas cylinders"
CGA Pamphlet C-6.1 "Standards for visual inspection of aluminum compressed gas cylinders"
CGA Pamphlet C-7 "A guide for preparation of precautionary markings for compressed gas containers, appendix A"
CGA Pamphlet S-1.1 "Pressure relief device standards Part 1-Cylinders for compressed gases"
CGA Pamphlet G-4.1 "Cleaning equipment for oxygen service"
171.8 Definitions and Abbreviations
"Carrier" means a person engaged in the transportation of passengers or property: by land, water, as a common, contract, or private carrier, or by civil aircraft.
"Class" means hazard class. 
"Compressed Gas" A compressed gas is defined as one at a pressure of 40.6psia or greater at a temperature of 20°C (68°F)
" Cylinder" A pressure vessel designed for pressures higher than 40psia having a circular cross section
"Gross Weight (gross mass)" Means the weight of a packaging plus the weight of its contents.
"Hazardous Material" means a substance capable of posing an unreasonable risk to health, safety and property when transported in commerce (per Secretary of Transportation)
"Hazardous substance" Compressed air, compressed argon, compressed helium, compressed nitrogen, and compressed oxygen are not considered hazardous substances.
"Hazmat Employee" means a person (including a self-employed individual) who in the course of employment loads, unloads or handles hazardous materials.
"Marking" means a descriptive name, identification number, instructions, cautions, weight, specification, or UN marks or combinations thereof, required by this subchapter on outer packaging of hazardous materials
"Materials of trade" means hazardous materials, other than hazardous wastes that are carried on a motor vehicle, by a private motor carrier in direct suppor of a principal business that is other than transportation by motor vehicle.
" Non Bulk Packaging" means a packaging which has: (3) a water capacity of 1000 pounds or less as a receptacle for a gas.

Part 172 - Hazardous Material Table, Special Provisions, Hazardous Materials Communications, Emergency Response Information and Training Requirements 
 
Subpart A - General
172.1 Purpose and Scope
This part lists and classifies those material which the Department of Transportation has designated as hazardous material for purposes of transportation 
 
172.3 Applicability
172.3(a)(b) This part applies to each person who offers a hazardous material for transportation and each carrier by air, highway, rail, or water who transports hazardous material. Subpart B - Table of Hazardous Materials and Special Provisions
172.101 Purpose and use of hazardous materials table
The following compressed gases (of interest to scuba divers) are listed in the Hazardous Materials Table. Their hazard class/division numbers, UN (United Nations) identification numbers, and placard labeling are as follows:
 

	Gas 
	Hazard class / Division number 
	UN ID numbers 
	Placard labeling 

	Air 
	Div 2.2 
	UN 1002 
	Non-flammable gas 

	Argon 
	Div 2.2 
	UN 1006 
	Non-flammable gas 

	Helium 
	Div 2.2 
	UN 1046 
	Non-flammable gas 

	Nitrogen 
	Div 2.2 
	UN 1066 
	Non-flammable gas 

	Oxygen 
	Div 2.2 
	UN 1072 
	Non-flammable gas/Oxidizer 


  Subpart C - Shipping Papers
172.200 Applicability
Each person who offer a hazardous material (compressed gas in one or more cylinders) for transportation shall describe the hazardous material on a shipping paper. This subpart goes on to explain, in great detail, how the hazardous material being offered for transportation shall be described.
 
Subpart D - Marking
Each person who offers a hazardous material for transport shall mark each package. This subpart goes on to explain, at great length, how he hazardous material being offered for transportation shall be marked. The purpose of the markings is to quickly describe the contents of the shipment to whomever might be scrutinizing the shipment.
172.303 Prohibited Marking
172.303(a) No person may offer for transportation or transport a package which is marked with the proper shipping name or identification number of a hazardous material unless the package contains the identified hazardous material
 
Subpart E - Labeling
172.400a Exceptions from labeling
172.400a(a)(1)(i)(ii)(iii)(iv) A label is not required on a cylinder containing a Division 2.2 gas that is not poisonous; is carried by a private or contract motor carrier; is not overpacked; and is durably and legibly marked. Applies to scuba cylinders
172.401 Prohibited labeling
172.401(b) No person shall offer for transportation and no carrier may transport a package bearing any marking or label which by its color, design or shape could be confused with or conflict with a label prescribed by this part. Required labels are so-called "diamond configuration" (square-on-a-point) at least 3.9 inches on each side. People affixing any labels to scuba cylinders should read "Part 172. Subpart E-Labeling" in its entirety to be sure that they are not in conflict with its requirements. For starters, use of diamond shaped visual inspection stickers should be avoided.
172.402 Additional labeling requirements
172.402(f) Division 2.2 materials. In addition to the label (2.2) specified in column 6 of the 172.101 table, each package of Division 2.2 material that alo meets he definition for an oxidizing gas (oxygen for example) must be labeled OXIDIZER
 
Subpart H - Training
172.700 Purpose and Scope
172.700(a) Purpose. This subpart prescribes requirements for training hazmat employees
172.700(b) Scope. Training means a systematic program that ensures that a hazmat employee has familiarity with the general provisions of this subchapter, is able to recognize and identify hazardous materials, has knowledge of specific requirements applicable to functions performed by the employer, and has knowledge of emergency response information, self-protection measures and accident prevention methods and procedures.
172.700(c) Modal-specific training requirements. Additional training requirements for the individual modes of transportation are prescribed in parts 175, 176 and 177 of this subchapter.
172.701 Federal-State Relationship
For motor vehicle drivers.. a State may impose more stringent training requirements. provided they do not conflict with this subpart and with part 177 of this subchapter and provided they apply only to drivers domiciled in that State.
172.702 Applicability and responsibility for training and testing. A Hazmat employer shall ensure that each of its Hazmat employees is trained and tested in accordance with the requirements prescribed in subpart (subpart H - Training)
172.704 Training Requirements
Hazmat training shall include: 

· General/awareness familiariation training 

· Function Specific Training 

· Safety training 

· OSHA or EPA training 

· Initial and recurrent training 

· Recurrent training 

· Relevant training 

· Compliance 

· Recordkeeping 

Part 173 - Shippers - General Requirements for Shipments and Packaging 

Subpart A-General
173.1 Purpose and Scope
173.1(a)(1)(2)(3) This part includes: Definitions of hazardous materials for transportation purposes; requirements to be observed in preparing hazardous materials for shipment by air, highway, rail, or water; and inspection, testing and retesting responsibilities for persons who retest, recondition, or maintain compressed gas cylinders used in the transportation of hazardous materials.
173.2 Hazardous materials classes and index to hazard class definitions.
Relative to scuba cylinders, the Class No. of the hazardous materials being considered is a"2", the Division No. is "2.2" and the name of the class or division is non-flammable compressed gas", and the 49CFR reference for definitions is 173.115
173.6 Materials of trade exceptions
When transported by a motor vehicle in conformance with this section, a material of trade (see 171.8) is not subject to any other requirements... besides those set forth or referenced in this section. (Section 6 of part 173)
173.6(a) Materials and amounts A material of trade is limited to...:
173.6(a)(2) A division... 2.2 material in a cylinder with a gross weight not over... 220 pounds
173.6(b) Packaging
173.6(b)(1) Packaging must be leak tight... and securely closed, secured against movement, and protected against damage
173.6(b)(5) A cylinder...containing Division 2.2 material must conform to packaging, qualification, maintenance and use requirements of this subchapter (subchapter C).  Manifolding of cylinders is authorized provided all valves are tightly closed.
173.6(c) Hazard Communication
173.6(c)(3) a DOT specification cylinder... must be marked as prescribed in this subchapter.
173.6(c)(4) The operator of a motor vehicle that contains a material of trade must be informed of the presence of the hazardous material... and must be informed of he requirements of this section. (173.6)
173.6(d) Aggregate gross weight
...the aggregate gross weight of all materials of trade on a motor vehicle may not exceed 440 pounds. 

Subpart B - Preparation of Hazardous Materials for transportation
173.23 Previously authorized packaging
173.23(a) When regulations specify a packaging with specification marking prefix "DOT", a packaging marked prior to January 1, 1970, with the prefix "ICC" may be used in it's place if the packaging otherwise conforms to applicable specification requirements. The markings on older scuba cylinders contain the prefixed ICC, the markings on newer scuba cylinders contain the prefix DOT
173.23(c) After July 2, 1982, a seamless aluminum cylinder manufactured in conformance with and for use under DOT special permit (SP) or exemption (E) 6498, 7042, 8107, 8364 or 8422 may be continued in use if marked before or at the time of the next retest with either the specification identification "3AL" immediately above the special permit or exemption number, or the DOT mark... in proximity to the special permit or exemption marking.
173.34 Qualification, maintenance and use of cylinders
173.34(a) General qualification for use of cylinders
173.34(a)(1) No person may charge or fill a cylinder unless it is specified in this part (Part 173) and part 178 (All American made and/or marketed Scuba Cylinders meet this requirement) A cylinder that leaks, is bulged, has defective valves or safety devices, bears evidence of physical abuse, fire or heat damage, or detrimental rusting or corrosion, must not be used unless it is properly repaired and re-qualified as prescribed in these regulations.
173.34(b) Grandfather clause. A cylinder in domestic use previous to the date upon which the specification therefore was made effective in these regulations may be used if the cylinder has been properly tested and otherwise complies with the requirements applicable for the gas with which it is charged. Currently here are few, if any "grandfathered" cylinders being used as scuba cylinders. However, any such cylinders which continue to pass their hydrostatic retests and their five year and annual visual inspections and continue o be suitable for the gases intended to be contained may be continued to be used.
173.34(c)Cylinder Marking. Each required marking on a cylinder must be maintained so that it is legible. Retest markings and original markings which are becoming illegible may be reproduced by stamping on a metal plate which must be secured to the cylinder.
173.34(c)(1) Additional information not affecting the markings prescribed in the applicable cylinder specification may be placed on he cylinder (applies o such information as annual evidence of inspection stickers, allowing them to be placed)
173.34(c)(3) Markings required on cylinders may not be altered or removed the exception to this is that the marked service pressure may be changed but only after a lengthy and involved procedure not typically pursued by recreational scuba divers (and not allowed for cylinder which have failed their periodic hydrostatic retesting unless reheat treated and requalified in accordance with this section [frankly speaking, not something to be pursued])
173.34(d) Pressure relief device systems. Cylinders must be equipped with one of more pressure relief devices per CGA Pamphlet S-1.1
173.34(d)(1) Safety devices are not required on cylinders 12 inches in length or less (exclusive of neck) and 4.5 inches or less in outside diameter. A pressure relief device is required on a cylinder charged with nonliquified gas to a pressure of 1800psi or higher a 70 degrees F (Scuba cylinders fall into this category)
173.34(e) Periodic qualification and marking of cylinders.
173.34(e)(1)(2) Every 5 years cylinders with the following specification marks (3A, 3AA or 3AL) must be retested to 5/3 times he service pressure, or to the test pressure marked on the cylinders shoulder when such is present. (what his means is that a cylinder's markings need o be carefully scrutinized prior to the retest procedure to determine  to what pressure he cylinder is to be retested. No cylinder maybe charged (filled) unless that cylinder has been inspected and retested and the retester has marked the cylinder appropriately. The retest must be performed by an authorized retester (A person holding a current retester's identification number issued by the Associate Administrator for Hazardous Material Safety.
173.34(e)(3) Except as otherwise provided in this section, each time a cylinder is retested, it must be visually inspected, internally and externally, in accordance with CGA Pamphlets C-6, C-6.1, C-6.2, or C-6.3, as applicable. The cylinder must be approved, rejected or condemned according to the criteria in the applicable CGA pamphlet. Internal inspection may be omitted for cylinders of the type and in the service described under paragraph (e)(13) of this section. DOT 3BN cylinders must be inspected in accordance with CGA Pamphlet C-6.

The only requirement in the Code of Federal Regulations for visual internal and external examination is at the time of retest (once every 5 years, etc) Annual visual inspections are by mutual agreement... scuba cylinder owners submit their cylinders for annual inspections to individuals known to have been trained and certified to do annual inspections. 

A person who only performs visual inspections on DOT or ICC specification cylinders is not required to obtain a retester identification number. However, a compressed gas cylinder may only be rejected by a person who has obtained such a retester identification number 

173.34(e)(4) Pressure retest. Each cylinder required to be retested must be retested by means suitable for measuring the expansion of the cylinder under pressure (interior hydrostatic pressure in a water jacket, or other suitable apparatus)
173.34(e)(5) Cylinder rejection
173.34(e)(5)(i) A retester shall reject a cylinder when on visual inspection, it meets rejection standards in CGA pamphlet C-6, C-6.1 as applicable
173.34(e)(5)(iii) When a cylinder is rejected, the retester shall notify the cylinder owner in writing that the cylinder has been rejected and may not be filled. 

In general, scuba cylinders which have been rejected should be condemned. A cylinder can only be rejected by an approved tester. 

173.34(e)(6) Cylinder condemnation.
A scuba cylinder must be condemned when: upon inspection, it meets a condition of condemnation in CGA Pamphlet C-6 or C-6.1 (as appropriate); the cylinder leaks through its wall; there is evidence of cracking the extent that the cylinder is likely to be weakened appreciable; or permanent expansion exceeds 10% of total expansion. A cylinder is condemned by having a series of X's stamped over the ICC or DOT specification number and the marked service pressure.. or the word CONDEMNED is stamped on the shoulder.. or.. a the direction of the owner he cylinder is rendered incapable of holding pressure. When a cylinder is required to be condemned, the retester shall notify the cylinder owner, in writing that the cylinder is condemned and may not be filled. A cylinder can only be condemned by an approved retester. Steel scuba cylinders condemned because of excessive permanent expansion may reheat-treated (see note above) 3AL cylinders (aluminum) condemned because of excessive permanent expansion may not be reheat-treated.
173.34(e)(7) Retester Markings
Each cylinder passing retest must be marked with the cylinder retester's identification number set in a square pattern, between the month and year of retest date. The retester's identification number must be in characters not less than 1/8 inch high. Dates of previous tests must not be obliterated.
173.34(e)(8) Recordkeeping
The Code of Federal Regulations only identifies retesters (persons holding current retester identification numbers from the associate administrator for Hazardous Material Safety) as individuals who shall maintain records (current retester identification number issuance letters, daily records of visual inspections, hydrostatic retests, etc)
173.34.(e)(16) DOT-3A or 3AA cylinders. Defines so-called "star service". "Star service does not apply to cylinders used for diving, but may apply to cylinders in dive store compressed gas banks. A cylinder made in compliance with specification DOT-3A or DOT-3AA not exceeding 125 pounds water capacity (Steel scuba cylinders meet this criterion) and removed from any cluster, bank, group, rack or vehicle each time it is filled may be retested every 10 years instead of every 5 years provided the cylinder complies with all of the following: 

· Was manufactured after December 31, 1945

· Used exclusively for air or certain other gases (argon, helium, nitrogen, oxygen or permitted mixtures)

· Passes the CGA Pamphlet C-6 hammer test prior to each refill

· Is stamped with a five-pointed star following the test date

· Is dried inside immediately following hydrostatic testing

· The cylinder is not used for underwater breathing
Some hydro-station and air fill station personnel misinterpret the "Star Service" description to mean that certain steel cylinders ("old") ones must be taken out of service. They are mistaken.
173.34(f) Cylinders subjected to the action of fire. Such cylinders must not again be placed in service until they have been properly reconditioned. Aluminum scuba cylinders subjected to the action of fire shall not be reheat treated and must be removed from service. Certain steel cylinders subjected to the action of fire shall be hydrostatically retested, other steel cylinders shall be reheat treated and reconditioned as specified in paragraph G.
173.34(g) Reheat treatment. The description is lengthy, and the process is involved. It will be safer and simpler to condemn such a cylinder (one which was subject to the action of fire) and remove it from service.
173.34(h) repair by welding or brazing of specification DOT-3A, DOT-3AA, ...cylinders.. describes a lengthy procedure not applicable to steel scuba cylinders and not at all applicable to aluminum ones. Frankly speaking, any scuba cylinder deemed to require repairs by welding or brazing should instead be condemned and removed from service.

Subpart C - Definitions, Classification and Packaging
Class 1
173.50 Class 1 - Definitions
173.50(a) An explosion is defined as an extremely rapid release of gas and heat. When a scuba cylinder under pressure ruptures, there is no release of heat. Although such incident can not technically defined as "explosions" they will always be described as such

Subpart D - Definitions, Classification, Packing Group Assignments and Exceptions for (certain) Hazardous Materials
173.115 Class 2 Division 2.2 - Definitions
173.115(b) Division 2.2 (Non-flammable, non-poisonous compressed gas-including compressed gas and oxidizing gas) For the purpose of this subchapter, a non-flammable, non-poisonous compressed gas (Division 2.2) means any mixture which-
173.115(b)(1) exerts in the packaging an absolute pressure of 40.6psia or greater at 68 degrees f. The gases in scuba cylinders referenced in this book meet this definition
173.115(d) Non Liquefied compressed gas. A non-liquefied compressed gas mean a gas, other than in a solution, which in a packaging under the charged pressure is entirely gaseous at a temeperature of 68 degrees f. The gases in scuba cylinders referenced in this book meet this definition
173.115(i) Service Pressure. The expression service pressure means the authorized pressure marking on the packaging. For example, for a cylinder marked "DOT3A1800", the service pressure is 1800psi

Subpart G - Gases; Preparation and Packaging
173.300a Approval of independent inspection agency
173.300a(a) Any person who does not manufacture cylinders.. and... is not directly or indirectly controlled by any person or firm which manufactures cylinders... may apply to the Department of Transportation for approval as an independent inspection agency for the purpose of performing cylinder inspections and verifications... require by part 178 (A very involved process)
173.301 General Requirements for shipment of compressed gases in cylinders...
173.301(b) Ownership of a container. A container charged with a compressed gas must not be shipped unless it was charged by or with the consent of the owner of the cylinder
173.301(c) Retest of Container. A container for which prescribed periodic retesting has become due must not be charged and shipped until such retest has been properly made.
173.301(d)(1) Manifolding containers in transportation. Manifolding of compressed gas cylinders is allowed for containers of argon, air, helium, nitrogen (or) oxygen, provided that each container is equipped with a pressure relief device [per 173.34(d)]
173.301(e) Container Pressure. The pressure in the container at 70 degrees f must not exceed the service pressure for which the container is marked or designated except as provided in 173.302(c) [173.302(c) describes the "10% overfill" allowed for some steel cylinders
173.301(f) Container pressure a 130 degrees f. The pressure in he container at 130 degrees f shall not exceed 5/4 times the service pressure.
173.301(h) Compressed gas containers. Compressed gases must be in metal containers built in accordance with DOT specifications in effect at time of manufacture.
173.301(i) Foreign cylinders in domestic use. Foreign cylinders are allowed in the USA provided they were manufactured, inspected and tested in accordance with the applicable DOT specification set forth in part 178
173.301(j) Charging of foreign cylinders. If the foreign cylinder is not manufactured, inspected and tested in accordance with DOT/ICC specifications it can only be charged for export.
173.302 Charging of cylinders with non-liquefied compressed gases.
173.302(a) Detailed requirements. Cylinders of compressed gases must be shipped, per 173.301 and 173.305 in the following containers:
173.302(a)(1) Specification 3A and 3AA (to mention only two). Applies to cylinders of compressed air, cylinders of compressed oxygen, cylinders of compressed helium, cylinders of compressed nitrogen and cylinders of compressed argon.
173.302(a)(5) Authorizes the use of aluminum cylinders (DOT 3AL) for compressed air, argon, helium, nitrogen and oxygen (to mention only a few)
173.302(a)(5)(i) In oxygen service, 3AL aluminum cylinders must be equipped only with brass or stainless steel valves
173.302(a)(5)(ii) In oxygen service, aluminum cylinders (DOT3AL) must be equipped only with straight threads in the neck opening.
173.302(a)(5)(iii)(iv) In oxygen service, aluminum cylinders (3AL) must be cleaned in compliance with the requirements of Fed Spec R-C-901b (Aug 7, 1967), paragraphs 3.7.2and 3.8.2 Cleaning agents equivalent to those specified in RR-C-901b may be used provided they are not capable of reacting with oxygen. One cylinder selected at random from a group of 200 or less, cleaned at the same time, must be tested for oil contamination in accordance with RR-C-901b paragraph 4..4.2.3 and meet the standard of cleanliness specified, and when used in oxygen service, the pressure in the aluminum cylinder may not exceed 3000psig at 70 degrees f
173.302(b) Filling limits. The pressure in the container at 70 degrees f must not exceed the service pressure for which the container is marked or designated. The only exception to this filing limit is provided in 173.302(c) which follows below.. and which does not apply to 3AL aluminum cylinders. 3AL aluminum scuba cylinders must not be overfilled.
173.302(c) Special filling limits for specifications 3AA cylinders. This is the regulation which permits 10% over-fill of certain steel cylinders. Steel cylinders may be over-filled by 10%, provided: 

1. Such cylinders are equipped with frangible disc safety relief devices (without fusible metal backing) having a burst pressure not exceeding the minimum prescribed test pressure

2. Such cylinders were last tested or retested by the water jacket method

3. for DOT 3AA cylinders the average wall stress shall not exceed 67,000PSI or the maximum wall stress shall not exceed 73,000 psi maximum. These figures in no way represent the pressure of gas in the cylinder, This wall stress is the internally (within the steel itself) distributed  force-per-unit-area mechanical reaction of the steel resulting from he deformation (stretching of the steel)

4. An external and visual examination made at the time of test or retest shows the cylinder to be free from excessive corrosion, pitting or dangerous defects.

5. That a plus sign (+) be added following the test date marking on the cylinder to indicate compliance with (c)(2), (c)(3) and (c)(4) above.

173.305 Charging of cylinders with a mixture of compressed gas and other material. Applies to nitrox, trimix etc
173.305(a) Detailed requirements. If the mixture is a compressed gas, that mixture must be treated as a compressed gas in accordance with these regulations
173.306 Limited Quantities of compressed gases
173.306(a) Limited quantities of compressed gases (air, argon, helium, nitrogen and oxygen, to name a few) are excepted from labeling (except when offered for transportation by air). In addition, shipments are not subject to subpart F of 172 (placarding), nor to part 174 (Carriage by rail) except 174.24, nor to part 177 (Carriage by public highway) except 177.817. Each package may not weigh more than 66 pounds gross weight
Title 49 Transportation 

Part 178 –Specifications for Packaging

178.46   Specification 3AL seamless aluminum cylinders.
(a) Size and service pressure. A DOT 3AL cylinder is a seamless aluminum cylinder with a maximum water capacity of 1000 pounds and minimum service pressure of 150 psig.

(b) Authorized material and identification of material. The material of construction must meet the following conditions:

(1) Starting stock must be cast stock or traceable to cast stock.

(2) Material with seams, cracks, laminations, or other defects likely to weaken the finished cylinder may not be used.

(3) Material must be identified by a suitable method that will identify the alloy, the aluminum producer's cast number, the solution heat treat batch number and the lot number.

(4) The material must be of uniform quality. Only the following heat treatable aluminum alloys in table 1 and 2 are permitted as follows:

Table 1—Heat or Cast Analysis for Aluminum; Similar to “Aluminum Association”1Alloy 6061

[CHEMICAL ANALYSIS IN WEIGHT PERCENT2]

	Si
min/max
	Fe
max
	Cu
min/max
	Mn
max
	Mg
min/max
	Cr
min/max
	Zn
max
	Ti
max
	Pb
max
	Bi
max
	Other
	A1

	
	
	
	
	
	
	
	
	
	
	each
max
	total
max
	

	0.4/0.8
	0.7
	0.15/0.4
	0.15
	0.8/1.2
	0.04/0.35
	0.25
	0.15
	0.005
	0.005
	0.05
	0.15
	Bal.


1The “Aluminum Association” refers to “Aluminum Standards and Data 1993”, published by the Aluminum Association Inc.

2Except for “Pb” and “Bi”, the chemical composition corresponds with that of Table 1 of ASTM B 221 (IBR, see §171.7 of this subchapter) for Aluminum Association alloy 6061.

Table 2—Mechanical Property Limits

	Alloy and temper
	Tensile strength—PSI
	Elongation—percent minimum for 2&inch; or 4D1size specimen

	
	Ultimate—minimum
	Yield—minimum
	

	6061–T6
	38,000
	35,000
	214


1“D” represents specimen diameters. When the cylinder wall is greater than 3/16 inch thick, a retest without reheat treatment using the 4D size specimen is authorized if the test using the 2 inch size specimen fails to meet elongation requirements.

2When cylinder wall is not over 3/16-inch thick, 10 percent elongation is authorized when using a 24t×6t size test specimen.

(5) All starting stock must be 100 percent ultrasonically inspected, along the length at right angles to the central axis from two positions at 90° to one another. The equipment and continuous scanning procedure must be capable of detecting and rejecting internal defects such as cracks which have an ultrasonic response greater than that of a calibration block with a5/64-inch diameter flat bottomed hole.

(6) Cast stock must have uniform equiaxed grain structure not to exceed 500 microns maximum.

(7) Any starting stock not complying with the provisions of paragraphs (b)(1) through (b)(6) of this section must be rejected.

(c) Manufacture. Cylinders must be manufactured in accordance with the following requirements:

(1) Cylinder shells must be manufactured by the backward extrusion method and have a cleanliness level adequate to ensure proper inspection. No fissure or other defect is acceptable that is likely to weaken the finished cylinder below the design strength requirements. A reasonably smooth and uniform surface finish is required. If not originally free from such defects, the surface may be machined or otherwise conditioned to eliminate these defects.

(2) Thickness of the cylinder base may not be less than the prescribed minimum wall thickness of the cylindrical shell. The cylinder base must have a basic torispherical, hemispherical, or ellipsoidal interior base configuration where the dish radius is no greater than 1.2 times the inside diameter of the shell. The knuckle radius may not be less than 12 percent of the inside diameter of the shell. The interior base contour may deviate from the true torispherical, hemispherical or ellipsoidal configuration provided that—

(i) Any areas of deviation are accompanied by an increase in base thickness;

(ii) All radii of merging surfaces are equal to or greater than the knuckle radius;

(iii) Each design has been qualified by successfully passing the cycling tests in this paragraph (c); and

(iv) Detailed specifications of the base design are available to the inspector.

(3) For free standing cylinders, the base thickness must be at least two times the minimum wall thickness along the line of contact between the cylinder base and the floor when the cylinders are in the vertical position.

(4) Welding or brazing is prohibited.

(5) Each new design and any significant change to any acceptable design must be qualified for production by testing prototype samples as follows:

(i) Three samples must be subjected to 100,000 pressure reversal cycles between zero and service pressure or 10,000 pressure reversal cycles between zero and test pressure, at a rate not in excess of 10 cycles per minute without failure.

(ii) Three samples must be pressurized to destruction and failure may not occur at less than 2.5 times the marked cylinder service pressure. Each cylinder must remain in one piece. Failure must initiate in the cylinder sidewall in a longitudinal direction. Rate of pressurization may not exceed 200 psig per second.

(6) In this specification “significant change” means a 10 percent or greater change in cylinder wall thickness, service pressure, or diameter; a 30 percent or greater change in water capacity or base thickness; any change in material; over 100 percent increase in size of openings; or any change in the number of openings.

(d) Wall thickness. The minimum wall thickness must be such that the wall stress at the minimum specified test pressure will not exceed 80 percent of the minimum yield strength nor exceed 67 percent of the minimum ultimate tensile strength as verified by physical tests in paragraph (i) of this section. The minimum wall thickness for any cylinder with an outside diameter greater than 5 inches must be 0.125 inch. Calculations must be made by the following formula:

S = [P(1.3D2 + 0.4d2 )] / (D2 − d2 )

Where:

S = Wall stress in psi;

P = Prescribed minimum test pressure in psig (see paragraph (g) of this section);

D = Outside diameter in inches; and

d = Inside diameter in inches.

(e) Openings. Openings must comply with the following requirements:

(1) Openings are permitted in heads only.

(2) The size of any centered opening in a head may not exceed one-half the outside diameter of the cylinder.

(3) Other openings are permitted in the head of a cylinder if:

(i) Each opening does not exceed 2.625 inches in diameter, or one-half the outside diameter of the cylinder; whichever is less;

(ii) Each opening is separated from each other by a ligament; and

(iii) Each ligament which separates two openings must be at least three times the average of the diameters of the two openings.

(4) All openings must be circular.

(5) All openings must be threaded. Threads must comply with the following:

(i) Each thread must be clean cut, even, without checks, and to gauge.
(ii) Taper threads, when used, must conform to one of the following:

(A) American Standard Pipe Thread (NPT) type, conforming to the requirements of NBS Handbook H–28 (IBR, see §171.7 of this subchapter);

(B) National Gas Taper Thread (NGT) type, conforming to the requirements of NBS Handbook H–28; or

(C) Other taper threads conforming to other standards may be used provided the length is not less than that specified for NPT threads.

(iii) Straight threads, when used, must conform to one of the following:
(A) National Gas Straight Thread (NGS) type, conforming to the requirements of NBS Handbook H–28;

(B) Unified Thread (UN) type, conforming to the requirements of NBS Handbook H–28;

(C) Controlled Radius Root Thread (UN) type, conforming to the requirements of NBS Handbook H–28; or

(D) Other straight threads conforming to other recognized standards may be used provided that the requirements in paragraph (e)(5)(iv) of this section are met.
(iv) All straight threads must have at least 6 engaged threads, a tight fit, and a factor of safety in shear of at least 10 at the test pressure of the cylinder. Shear stress must be calculated by using the appropriate thread shear area in accordance with NBS Handbook H–28.

(f) Heat treatment. Prior to any test, all cylinders must be subjected to a solution heat treatment and aging treatment appropriate for the aluminum alloy used.

(g) Hydrostatic test. Each cylinder must be subjected to an internal test pressure using the water jacket equipment and method or other suitable equipment and method and comply with the following requirements:

(1) The testing apparatus must be operated in a manner so as to obtain accurate data. The pressure gauge used must permit reading to an accuracy of one percent. The expansion gauge must permit reading the total expansion to an accuracy of either one percent or 0.1 cubic centimeter.

(2) The test pressure must be maintained for a sufficient period of time to assure complete expansion of the cylinder. In no case may the pressure be held less than 30 seconds. If, due to failure of the test apparatus, the required test pressure cannot be maintained, the test may be repeated at a pressure increased by 10 percent or 100 psig, whichever is lower. If the test apparatus again fails to maintain the test pressure, the cylinder being tested must be rejected. Any internal pressure applied to the cylinder before any official test may not exceed 90 percent of the test pressure.

(3) The minimum test pressure is the greatest of the following:

(i) 450 psig regardless of service pressure;

(ii) Two times the service pressure for cylinders having service pressure less than 500 psig; or

(iii) Five-thirds times the service pressure for cylinders having a service pressure of at least 500 psig.

(4) Permanent volumetric expansion may not exceed 10 percent of total volumetric expansion at test pressure.

(h) Flattening test. One cylinder taken at random out of each lot must be subjected to a flattening test as follows:

(1) The test must be between knife edges, wedge shaped, having a 60° included angle, and rounded in accordance with the following table. The longitudinal axis of the cylinder must be at an angle 90° to the knife edges during the test. The flattening test table is as follows:

Table 3—Flattening Test Table

	Cylinder wall thickness in inches
	Radius in inches

	Under .150
	.500

	.150 to .249
	.875

	.250 to .349
	1.500

	.350 to .449
	2.125

	.450 to .549
	2.750

	.550 to .649
	3.500

	.650 to .749
	4.125


(2) An alternate bend test in accordance with ASTM E 290 using a mandrel diameter not more than 6 times the wall thickness is authorized to qualify lots that fail the flattening test of this section without reheat treatment. If used, this test must be performed on two samples from one cylinder taken at random out of each lot of 200 cylinders or less.

(3) Each test cylinder must withstand flattening to nine times the wall thickness without cracking. When the alternate bend test is used, the test specimens must remain uncracked when bent inward around a mandrel in the direction of curvature of the cylinder wall until the interior edges are at a distance apart not greater than the diameter of the mandrel.

(i) Mechanical properties test. Two test specimens cut from one cylinder representing each lot of 200 cylinders or less must be subjected to the mechanical properties test, as follows:

(1) The results of the test must conform to at least the minimum acceptable mechanical property limits for aluminum alloys as specified in paragraph (b) of this section.

(2) Specimens must be 4D bar or gauge length 2 inches with width not over 11/2inch taken in the direction of extrusion approximately 180° from each other; provided that gauge length at least 24 times thickness with width not over 6 times thickness is authorized, when cylinder wall is not over3/16inch thick. The specimen, exclusive of grip ends, may not be flattened. Grip ends may be flattened to within one inch of each end of the reduced section. When the size of the cylinder does not permit securing straight specimens, the specimens may be taken in any location or direction and may be straightened or flattened cold by pressure only, not by blows. When such specimens are used, the inspector's report must show that the specimens were so taken and prepared. Heating of specimens for any purpose is forbidden.

(3) The yield strength in tension must be the stress corresponding to a permanent strain of 0.2 percent of the gauge length.

(i) The yield strength must be determined by either the “offset” method or the “extension under load” method as prescribed in ASTM B 557 (IBR, see §171.7 of this subchapter).

(ii) In using the “extension under load” method, the total strain (or “extension under load”) corresponding to the stress at which the 0.2 percent permanent strain occurs may be determined with sufficient accuracy by calculating the elastic extension of the gauge length under appropriate load and adding thereto 0.2 percent of the gauge length. Elastic extension calculations must be based on an elastic modulus of 10,000,000 psi. In the event of controversy, the entire stress-strain diagram must be plotted and the yield strength determined from the 0.2 percent offset.

(iii) For the purpose of strain measurement, the initial strain must be set while the specimen is under a stress of 6,000 psi, the strain indicator reading being set at the calculated corresponding strain.

(iv) Cross-head speed of the testing machine may not exceed1/8inch per minute during yield strength determination.

(j) Rejected cylinder. Reheat treatment of rejected cylinders is authorized one time. Subsequent thereto, cylinders must pass all prescribed tests to be acceptable.

(k) Duties of inspector. In addition to the requirements of §178.35, the inspector shall:

(1) Verify compliance with the provisions of paragraph (b) of this section by:

(i) Performing or witnessing the performance of the chemical analyses on each melt or cast lot or other unit of starting material; or

(ii) Obtaining a certified chemical analysis from the material or cylinder manufacturer for each melt, or cast of material; or

(iii) Obtaining a certified check analysis on one cylinder out of each lot of 200 cylinders or less, if a certificate containing data to indicate compliance with the material specification is obtained.

(2) The inspector shall verify ultrasonic inspection of all material by inspection or by obtaining the material producer's certificate of ultrasonic inspection. Ultrasonic inspection must be performed or verified as having been performed in accordance with paragraph (c) of this section.

(3) The inspector must also determine that each cylinder complies with this specification by:

(i) Selecting the samples for check analyses performed by other than the material producer;

(ii) Verifying that the prescribed minimum thickness was met by measuring or witnessing the measurement of the wall thickness; and

(iii) Verifying that the identification of material is proper.

(4) Prior to initial production of any design or design change, verify that the design qualification tests prescribed in paragraph (c)(6) of this section have been performed with acceptable results.

(l) Definitions. (1) In this specification, a “lot” means a group of cylinders successively produced having the same:

(i) Size and configuration;

(ii) Specified material of construction;

(iii) Process of manufacture and heat treatment;

(iv) Equipment of manufacture and heat treatment; and

(v) Conditions of time, temperature and atmosphere during heat treatment.

(2) In no case may the lot size exceed 200 cylinders, but any cylinder processed for use in the required destructive physical testing need not be counted as being one of the 200.

(m) Inspector's report. In addition to the information required by §178.35, the record of chemical analyses must also include the alloy designation, and applicable information on iron, titanium, zinc, magnesium and any other applicable element used in the construction of the cylinder.
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(a) Compliance. Compliance with the requirements of this subpart is required in all details.

(b) Inspections and analyses. Chemical analyses and tests required by this subchapter must be made within the United States, unless otherwise approved in writing by the Associate Administrator, in accordance with subpart I of part 107 of this chapter. Inspections and verification must be performed by—

(1) An independent inspection agency approved in writing by the Associate Administrator, in accordance with subpart I of part 107 of this chapter; or

(2) For DOT Specifications 3B, 3BN, 3E, 4B, 4BA, 4D (water capacity less than 1,100 cubic inches), 4B240ET, 4AA480, 4L, 8, 8AL, 4BW, 39 (marked service pressure 900 p.s.i.g. or lower) and 4E manufactured in the United States, a competent inspector of the manufacturer.

(c) Duties of inspector. The inspector shall determine that each cylinder made is in conformance with the applicable specification. Except as otherwise specified in the applicable specification, the inspector shall perform the following:

(1) Inspect all material and reject any not meeting applicable requirements. For cylinders made by the billet-piercing process, billets must be inspected and shown to be free from pipe, cracks, excessive segregation and other injurious defects after parting or, when applicable, after nick and cold break.

(2) Verify the material of construction meets the requirements of the applicable specification by—

(i) Making a chemical analysis of each heat of material;

(ii) Obtaining a certified chemical analysis from the material manufacturer for each heat of material (a ladle analysis is acceptable); or

(iii) If an analysis is not provided for each heat of material by the material manufacturer, by making a check analysis of a sample from each coil, sheet, or tube.

(3) Verify compliance of cylinders with the applicable specification by—

(i) Verifying identification of material is proper;

(ii) Inspecting the inside of the cylinder before closing in ends;

(iii) Verifying that the heat treatment is proper;

(iv) Obtaining samples for all tests and check chemical analyses (Note:Recommended locations for test specimens taken from welded cylinders are depicted in Figures 1 through 5 in Appendix C to this subpart for the specific construction design.);

(v) Witnessing all tests;

(vi) Verify threads by gauge;
(vii) Reporting volumetric capacity and tare weight (see report form) and minimum thickness of wall noted; and

(viii) Verifying that each cylinder is marked in accordance with the applicable specification.

(4) Furnish complete test reports required by this subpart to the maker of the cylinder and, upon request, to the purchaser. The test report must be retained by the inspector for fifteen years from the original test date of the cylinder.

(d) Defects and attachments. Cylinders must conform to the following:

(1) A cylinder may not be constructed of material with seams, cracks or laminations, or other injurious defects.

(2) Metal attachments to cylinders must have rounded or chamfered corners or must be protected in such a manner as to prevent the likelihood of causing puncture or damage to other hazardous materials packages. This requirement applies to anything temporarily or permanently attached to the cylinder, such as metal skids.

(e) Safety devices. Pressure relief devices and protection for valves, safety devices, and other connections, if applied, must be as required or authorized by the appropriate specification, and as required in §173.301 of this subchapter.

(f) Markings. Markings on a DOT Specification cylinder must conform to applicable requirements.

(1) Each cylinder must be marked with the following information:

(i) The DOT specification marking must appear first, followed immediately by the service pressure. For example, DOT-3A1800.

(ii) The serial number must be placed just below or immediately following the DOT specification marking.

(iii) A symbol (letters) must be placed just below, immediately before or following the serial number. Other variations in sequence of markings are authorized only when necessitated by a lack of space. The symbol and numbers must be those of the manufacturer. The symbol must be registered with the Associate Administrator; duplications are not authorized.

(iv) The inspector's official mark and date of test (such as 5–95 for May 1995) must be placed near the serial number. This information must be placed so that dates of subsequent tests can be easily added. An example of the markings prescribed in this paragraph (f)(1) is as follows:

DOT-3A1800

1234

XY

AB 5–95

Or;

DOT-3A1800–1234–XY

AB 5–95

Where:

DOT-3A = specification number

1800 = service pressure

1234 = serial number

XY = symbol of manufacturer

AB = inspector's mark

5–95 = date of test

(2) Additional required marking must be applied to the cylinder as follows:

(i) The word “spun” or “plug” must be placed near the DOT specification marking when an end closure in the finished cylinder has been welded by the spinning process, or effected by plugging.

(ii) As prescribed in specification 3HT (§178.44) or 3T (§178.45), if applicable.

(3) Marking exceptions. A DOT 3E cylinder is not required to be marked with an inspector's mark or a serial number.

(4) Unless otherwise specified in the applicable specification, the markings on each cylinder must be stamped plainly and permanently on the shoulder, top head, or neck.

(5) The size of each marking must be at least 0.25 inch or as space permits.

(6) Other markings are authorized provided they are made in low stress areas other than the side wall and are not of a size and depth that will create harmful stress concentrations. Such marks may not conflict with any DOT required markings.

(g) Inspector's report. Each inspector shall prepare a report containing, at a minimum, the applicable information listed in CGA Pamphlet C–11 (IBR, see §171.7 of this subchapter) or, until October 1, 1997, in accordance with the applicable test report requirements of this subchapter in effect on September 30, 1996. Any additional information or markings that are required by the applicable specification must be shown on the test report. The signature of the inspector on the reports certifies that the processes of manufacture and heat treatment of cylinders were observed and found satisfactory.

(h) Report retention. The manufacturer of the cylinders shall retain the reports required by this subpart for 15 years from the original test date of the cylinder.
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(a) Type size and service pressure. In addition to the requirements of §178.35, cylinders must conform to the following:

(1) A DOT-3A cylinder is a seamless steel cylinder with a water capacity (nominal) not over 1,000 pounds and a service pressure of at least 150 psig.

(2) A DOT–3AX is a seamless steel cylinder with a water capacity not less than 1,000 pounds and a service pressure of at least 500 psig, conforming to the following requirements:

(i) Assuming the cylinder is to be supported horizontally at its two ends only and to be uniformly loaded over its entire length consisting of the weight per unit of length of the straight cylindrical portion filled with water and compressed to the specified test pressure; the sum of two times the maximum tensile stress in the bottom fibers due to bending, plus that in the same fibers (longitudinal stress), due to hydrostatic test may not exceed 80 percent of the minimum yield strength of the steel at such maximum stress. Wall thickness must be increased when necessary to meet the requirement.

(ii) To calculate the maximum longitudinal tensile stress due to bending, the following formula must be used:

S=Mc/I

(iii) To calculate the maximum longitudinal tensile stress due to hydrostatic test pressure, the following formula must be used:

S = A1P/A2
where:

S = tensile stress—p.s.i.;

M = bending moment-inch pounds—(wl2 )/8;

w = weight per inch of cylinder filled with water;

l = length of cylinder-inches;

c = radius (D)/(2) of cylinder-inches;

I = moment of inertia—0.04909 (D4 −d4 ) inches fourth;

D = outside diameter-inches;

d = inside diameter-inches;

A1= internal area in cross section of cylinder-square inches;

A2= area of metal in cross section of cylinder-square inches;

P=hydrostatic test pressure-psig.

(b) Steel. Open-hearth or electric steel of uniform quality must be used. Content percent may not exceed the following: Carbon, 0.55; phosphorous, 0.045; sulphur, 0.050.

(c) Identification of material. Material must be identified by any suitable method, except that plates and billets for hot-drawn cylinders must be marked with the heat number.

(d) Manufacture. Cylinders must be manufactured using equipment and processes adequate to ensure that each cylinder produced conforms to the requirements of this subpart. No fissure or other defect is permitted that is likely to weaken the finished cylinder appreciably. A reasonably smooth and uniform surface finish is required. If not originally free from such defects, the surface may be machined or otherwise treated to eliminate these defects. The thickness of the bottoms of cylinders welded or formed by spinning is, under no condition, to be less than two times the minimum wall thickness of the cylindrical shell; such bottom thicknesses must be measured within an area bounded by a line representing the points of contact between the cylinder and floor when the cylinder is in a vertical position.

(e) Welding or brazing. Welding or brazing for any purpose whatsoever is prohibited except as follows:

(1) Welding or brazing is authorized for the attachment of neckrings and footrings which are non-pressure parts and only to the tops and bottoms of cylinders having a service pressure of 500 psig or less. Cylinders, neckrings, and footrings must be made of weldable steel, the carbon content of which may not exceed 0.25 percent except in the case of 4130X steel which may be used with proper welding procedures.

(2) As permitted in paragraph (d) of this section.

(3) Cylinders used solely in anhydrous ammonia service may have a1/2inch diameter bar welded within their concave bottoms.

(f) Wall thickness. 
(f) Wall thickness. For cylinders with service pressure less than 900 psig, the wall stress may not exceed 24,000 psig. A minimum wall thickness of 0.100 inch is required for any cylinder over 5 inches outside diameter. Wall stress calculation must be made by using the following formula:

S = [P(1.3D2 +0.4d2 )]/(D2 −d2 )

Where:

S = wall stress in psi;

P = minimum test pressure prescribed for water jacket test or 450 psig whichever is the greater;

D = outside diameter in inches;

d = inside diameter in inches.

(g) Heat treatment. The completed cylinder must be uniformly and properly heat-treated prior to tests.

(h) Openings in cylinders and connections (valves, fuse plugs, etc.) for those openings. Threads are required on openings.

(1) Threads must be clean cut, even, without checks, and to gauge.
(2) Taper threads, when used, must be of length not less than as specified for American Standard taper pipe threads.

(3) Straight threads having at least 6 engaged threads are authorized. Straight threads must have a tight fit and calculated shear strength of at least 10 times the test pressure of the cylinder. Gaskets, adequate to prevent leakage, are required.

(i) Hydrostatic test. Each cylinder must successfully withstand a hydrostatic test, as follows:

(1) The test must be by water-jacket, or other suitable methods, operated so as to obtain accurate data. The pressure gauge must permit reading to an accuracy of 1 percent. The expansion gauge must permit reading of total expansion to an accuracy of either 1 percent or 0.1 cubic centimeter.

(2) Pressure must be maintained for at least 30 seconds and sufficiently longer to ensure complete expansion. Any internal pressure applied after heat-treatment and previous to the official test may not exceed 90 percent of the test pressure. If, due to failure of the test apparatus the test pressure cannot be maintained the test may be repeated at a pressure increased by 10 percent or 100 psig, whichever is the lower.

(3) Permanent, volumetric expansion may not exceed 10 percent of the total volumetric expansion at test pressure.

(4) Each cylinder must be tested to at least5/3times service pressure.

(j) Flattening test. A flattening test must be performed on one cylinder taken at random out of each lot of 200 or less, by placing the cylinder between wedge shaped knife edges having a 60° included angle, rounded to1/2-inch radius. The longitudinal axis of the cylinder must be at a 90-degree angle to knife edges during the test. For lots of 30 or less, flattening tests are authorized to be made on a ring at least 8 inches long cut from each cylinder and subjected to same heat treatment as the finished cylinder.

(k) Physical test. A physical test must be conducted to determine yield strength, tensile strength, elongation, and reduction of area of material as follows:

(1) The test is required on 2 specimens cut from 1 cylinder taken at random out of each lot of 200 or less. For lots of 30 or less, physical tests are authorized to be made on a ring at least 8 inches long cut from each cylinder and subjected to same heat treatment as the finished cylinder.

(2) Specimens must conform to the following:

(i) Gauge length of 8 inches with a width of not over 11/2inches, a gauge length of 2 inches with a width of not over 11/2inches, or a gauge length of at least 24 times thickness with width not over 6 times thickness is authorized when cylinder wall is not over3/16inch thick.

(ii) The specimen, exclusive of grip ends, may not be flattened. Grip ends may be flattened to within 1 inch of each end of the reduced section.

(iii) When size of cylinder does not permit securing straight specimens, the specimens may be taken in any location or direction and may be straightened or flattened cold, by pressure only, not by blows. When specimens are so taken and prepared, the inspector's report must show in connection with record of physical tests detailed information in regard to such specimens.

(iv) Heating of a specimen for any purpose is not authorized.

(3) The yield strength in tension must be the stress corresponding to a permanent strain of 0.2 percent of the gauge length. The following conditions apply:

(i) The yield strength must be determined by either the “offset” method or the “extension under load” method as prescribed in ASTM E 8 (IBR, see §171.7 of this subchapter).

(ii) In using the “extension under load” method, the total strain (or “extension under load”) corresponding to the stress at which the 0.2-percent permanent strain occurs may be determined with sufficient accuracy by calculating the elastic extension of the gauge length under appropriate load and adding thereto 0.2 percent of the gauge length. Elastic extension calculations must be based on an elastic modulus of 30,000,000. In the event of controversy the entire stress-strain diagram must be plotted and the yield strength determined from the 0.2 percent offset.

(iii) For the purpose of strain measurement, the initial strain must be set while the specimen is under a stress of 12,000 psig and the strain indicator reading must be set at the calculated corresponding strain.

(iv) Cross-head speed of the testing machine may not exceed1/8inch per minute during yield strength determination.

(l) Acceptable results for physical and flattening tests. Either of the following is an acceptable result:

(1) An elongation at least 40 percent for a 2-inch gauge length or at least 20 percent in other cases and yield strength not over 73 percent of tensile strength. In this instance, the flattening test is not required.

(2) An elongation at least 20 percent for a 2-inch gauge length or 10 percent in other cases and a yield strength not over 73 percent of tensile strength. In this instance, the flattening test is required, without cracking, to 6 times the wall thickness.

(m) Leakage test. All spun cylinders and plugged cylinders must be tested for leakage by gas or air pressure after the bottom has been cleaned and is free from all moisture subject to the following conditions and limitations:

(1) Pressure, approximately the same as but no less than service pressure, must be applied to one side of the finished bottom over an area of at least1/16of the total area of the bottom but not less than3/4inch in diameter, including the closure, for at least 1 minute, during which time the other side of the bottom exposed to pressure must be covered with water and closely examined for indications of leakage. Except as provided in paragraph (n) of this section, a cylinder that is leaking must be rejected.

(2) A spun cylinder is one in which an end closure in the finished cylinder has been welded by the spinning process.

(3) A plugged cylinder is one in which a permanent closure in the bottom of a finished cylinder has been effected by a plug.

(4) As a safety precaution, if the manufacturer elects to make this test before the hydrostatic test, the manufacturer should design the test apparatus so that the pressure is applied to the smallest area practicable, around the point of closure, and so as to use the smallest possible volume of air or gas.

(n) Rejected cylinders. Reheat treatment is authorized for rejected cylinders. Subsequent thereto, cylinders must pass all prescribed tests to be acceptable. Repair by welding or spinning is not authorized. Spun cylinders rejected under the provisions of paragraph (m) of this section may be removed from the spun cylinder category by drilling to remove defective material, tapping and plugging.
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(a) Type, size and service pressure. In addition to the requirements of §178.35, cylinders must conform to the following:

(1) A DOT-3AA cylinder is a seamless steel cylinder with a water capacity (nominal) of not over 1,000 pounds and a service pressure of at least 150 psig.

(2) A DOT-3AAX cylinder is a seamless steel cylinder with a water capacity of not less than 1,000 pounds and a service pressure of at least 500 psig, conforming to the following requirements:

(i) Assuming the cylinder is to be supported horizontally at its two ends only and to be uniformly loaded over its entire length consisting of the weight per unit of length of the straight cylindrical portion filled with water and compressed to the specified test pressure; the sum of two times the maximum tensile stress in the bottom fibers due to bending, plus that in the same fibers (longitudinal stress), due to hydrostatic test pressure may not exceed 80 percent of the minimum yield strength of the steel at such maximum stress. Wall thickness must be increased when necessary to meet the requirement.

(ii) To calculate the maximum tensile stress due to bending, the following formula must be used:

S = Mc/I

(iii) To calculate the maximum longitudinal tensile stress due to hydrostatic test pressure, the following formula must be used:

S = A1 P/A2 

Where:

S = tensile stress-p.s.i.;

M = bending moment-inch pounds (wl2 )/8;

w = weight per inch of cylinder filled with water;

l = length of cylinder-inches;

c = radius (D)/(2) of cylinder-inches;

I = moment of inertia-0.04909 (D4 −d4 ) inches fourth;

D = outside diameter-inches;

d = inside diameter-inches;

A1 = internal area in cross section of cylinder-square inches;

A2 = area of metal in cross section of cylinder-square inches;

P = hydrostatic test pressure-psig.

(b) Authorized steel. Open-hearth, basic oxygen, or electric steel of uniform quality must be used. A heat of steel made under the specifications in table 1 of this paragraph (b), check chemical analysis of which is slightly out of the specified range, is acceptable, if satisfactory in all other respects, provided the tolerances shown in table 2 of this paragraph (b) are not exceeded. When a carbon-boron steel is used, a hardenability test must be performed on the first and last ingot of each heat of steel. The results of this test must be recorded on the Record of Chemical Analysis of Material for Cylinders required by §178.35. This hardness test must be made5/16-inch from the quenched end of the Jominy quench bar and the hardness must be at least Rc 33 and no more than Rc 53. The following chemical analyses are authorized:

Table 1—Authorized Materials

	Designation
	4130X (percent) (see Note 1)
	NE–8630 (percent) (see Note 1)
	9115 (percent) (see Note 1)
	9125 (percent) (see Note 1)
	Carbon-boron (percent)
	Inter- mediate manganese (percent)

	Carbon
	0.25/0.35
	0.28/0.33
	0.10/0.20
	0.20/0.30
	0.27–0.37
	0.40 max.

	Manganese
	0.40/0.90
	0.70/0.90
	0.50/0.75
	0.50/0.75
	0.80–1.40
	1.35/1.65.

	Phosphorus
	0.04 max
	0.04 max
	0.04 max
	0.04 max
	0.035 max
	0.04 max.

	Sulfur
	0.05 max
	0.04 max
	0.04 max
	0.04 max
	0.045 max
	0.05 max.

	Silicon
	0.15/0.35
	0.20/0.35
	0.60/0.90
	0.60/0.90
	0.3 max.
	0.10/0.30.

	Chromium
	0.80/1.10
	0.40/0.60
	0.50/0.65
	0.50/0.65.
	
	

	Molybdenum
	0.15/0.25
	0.15/0.25
	
	
	
	

	Zirconium
	
	
	0.05/0.15
	0.05/0.15
	
	

	Nickel
	
	0.40/0.70
	
	
	
	

	Boron
	
	
	
	
	0.0005/0.003.
	


Note 1: This designation may not be restrictive and the commercial steel is limited in analysis as shown in this table.

Table 2—Check Analysis Tolerances

	Element
	Limit or maximum specified
(percent)
	Tolerance (percent) over the maximum limit or under the minimum limit

	
	
	Under minimum limit
	Over maximum limit

	Carbon
	To 0.15 incl
	0.02
	0.03

	  
	Over 0.15 to 0.40 incl
	.03
	.04

	Manganese
	To 0.60 incl
	.03
	.03

	  
	Over 0.60 to 1.15 incl
	0.04
	0.04

	  
	Over 1.15 to 2.50 incl
	0.05
	0.05

	Phosphorus1
	All ranges
	
	.01

	Sulphur
	All ranges
	
	.01

	Silicon
	To 0.30 incl
	.02
	.03

	  
	Over 0.30 to 1.00 incl
	.05
	.05

	Nickel
	To 1.00 incl
	.03
	.03

	Chromium
	To 0.90 incl
	.03
	.03

	  
	0.90 to 2.90 incl
	.05
	.05

	Molybdenum
	To 0.20 incl
	.01
	.01

	  
	Over 0.20 to 0.40
	.02
	.02

	Zirconium
	All ranges
	.01
	.05


1Rephosphorized steels not subject to check analysis for phosphorus.

(c) Identification of material. Material must be identified by any suitable method except that plates and billets for hot-drawn cylinders must be marked with the heat number.

(d) Manufacture. Cylinders must be manufactured using equipment and processes adequate to ensure that each cylinder produced conforms to the requirements of this subpart. No fissure or other defects is permitted that is likely to weaken the finished cylinder appreciably. A reasonably smooth and uniform surface finish is required. If not originally free from such defects, the surface may be machined or otherwise treated to eliminate these defects. The thickness of the bottoms of cylinders welded or formed by spinning is, under no condition, to be less than two times the minimum wall thickness of the cylindrical shell; such bottom thicknesses must be measured within an area bounded by a line representing the points of contact between the cylinder and floor when the cylinder is in a vertical position.

(e) Welding or brazing. Welding or brazing for any purpose whatsoever is prohibited except as follows:

(1) Welding or brazing is authorized for the attachment of neckrings and footrings which are non-pressure parts, and only to the tops and bottoms of cylinders having a service pressure of 500 psig or less. Cylinders, neckrings, and footrings must be made of weldable steel, the carbon content of which may not exceed 0.25 percent except in the case of 4130X steel which may be used with proper welding procedure.

(2) As permitted in paragraph (d) of this section.

(f) Wall thickness. The thickness of each cylinder must conform to the following:

(1) For cylinders with a service pressure of less than 900 psig, the wall stress may not exceed 24,000 psi. A minimum wall thickness of 0.100 inch is required for any cylinder with an outside diameter of over 5 inches.

(2) For cylinders with service pressure of 900 psig or more the minimum wall must be such that the wall stress at the minimum specified test pressure may not exceed 67 percent of the minimum tensile strength of the steel as determined from the physical tests required in paragraphs (k) and (l) of this section and must be not over 70,000 psi.

(3) Calculation must be made by the formula:

S = [P(1.3D2 +0.4d2 )]/(D2 −d2 )

Where:

S = wall stress in psi;

P = minimum test pressure prescribed for water jacket test or 450 psig whichever is the greater;

D = outside diameter in inches;

d = inside diameter in inches.

(g) Heat treatment. The completed cylinders must be uniformly and properly heat treated prior to tests. Heat treatment of cylinders of the authorized analyses must be as follows:

(1) All cylinders must be quenched by oil, or other suitable medium except as provided in paragraph (g)(5) of this section.

(2) The steel temperature on quenching must be that recommended for the steel analysis, but may not exceed 1750 °F.

(3) All steels must be tempered at a temperature most suitable for that steel.

(4) The minimum tempering temperature may not be less than 1000 °F except as noted in paragraph (g)(6) of this section.

(5) Steel 4130X may be normalized at a temperature of 1650 °F instead of being quenched and cylinders so normalized need not be tempered.

(6) Intermediate manganese steels may be tempered at temperatures not less than 1150 °F., and after heat treating each cylinder must be submitted to a magnetic test to detect the presence of quenching cracks. Cracked cylinders must be rejected and destroyed.

(7) Except as otherwise provided in paragraph (g)(6) of this section, all cylinders, if water quenched or quenched with a liquid producing a cooling rate in excess of 80 percent of the cooling rate of water, must be inspected by the magnetic particle, dye penetrant or ultrasonic method to detect the presence of quenching cracks. Any cylinder designed to the requirements for specification 3AA and found to have a quenching crack must be rejected and may not be requalified. Cylinders designed to the requirements for specification 3AAX and found to have cracks must have cracks removed to sound metal by mechanical means. Such specification 3AAX cylinders will be acceptable if the repaired area is subsequently examined to assure no defect, and it is determined that design thickness requirements are met.

(h) Openings in cylinders and connections (valves, fuse plugs, etc.) for those openings. Threads are required on openings.

(1) Threads must be clean cut, even, without checks, and to gauge.
(2) Taper threads, when used, must be of a length not less than as specified for American Standard taper pipe threads.

(3) Straight threads having at least 6 engaged threads are authorized. Straight threads must have a tight fit and a calculated shear strength of at least 10 times the test pressure of the cylinder. Gaskets, adequate to prevent leakage, are required.

(i) Hydrostatic test. Each cylinder must successfully withstand a hydrostatic test as follows:

(1) The test must be by water-jacket, or other suitable method, operated so as to obtain accurate data. The pressure gauge must permit reading to an accuracy of 1 percent. The expansion gauge must permit reading of total expansion to an accuracy of either 1 percent or 0.1 cubic centimeter.

(2) Pressure must be maintained for at least 30 seconds and sufficiently longer to ensure complete expansion. Any internal pressure applied after heat-treatment and previous to the official test may not exceed 90 percent of the test pressure. If, due to failure of the test apparatus, the test pressure cannot be maintained, the test may be repeated at a pressure increased by 10 percent or 100 psig, whichever is the lower.

(3) Permanent volumetric expansion may not exceed 10 percent of total volumetric expansion at test pressure.

(4) Each cylinder must be tested to at least5/3times the service pressure.

(j) Flattening test. A flattening test must be performed on one cylinder taken at random out of each lot of 200 or less, by placing the cylinder between wedge shaped knife edges having a 60° included angle, rounded to1/2-inch radius. The longitudinal axis of the cylinder must be at a 90-degree angle to knife edges during the test. For lots of 30 or less, flattening tests are authorized to be made on a ring at least 8 inches long cut from each cylinder and subjected to same heat treatment as the finished cylinder.

(k) Physical test. A physical test must be conducted to determine yield strength, tensile strength, elongation, and reduction of area of material as follows:

(1) The test is required on 2 specimens cut from 1 cylinder taken at random out of each lot of 200 or less. For lots of 30 or less, physical tests are authorized to be made on a ring at least 8 inches long cut from each cylinder and subjected to the same heat treatment as the finished cylinder.

(2) Specimens must conform to the following:

(i) Gauge length of 8 inches with a width of not over 11/2inches, a gauge length of 2 inches with a width of not over 11/2inches, or a gauge length of at least 24 times the thickness with width not over 6 times thickness when the thickness of the cylinder wall is not over3/16inch.

(ii) The specimen, exclusive of grip ends, may not be flattened. Grip ends may be flattened to within 1 inch of each end of the reduced section.

(iii) When size of cylinder does not permit securing straight specimens, the specimens may be taken in any location or direction and may be straightened or flattened cold, by pressure only, not by blows. When specimens are so taken and prepared, the inspector's report must show in connection with record of physical tests detailed information in regard to such specimens.

(iv) Heating of a specimen for any purpose is not authorized.

(3) The yield strength in tension must be the stress corresponding to a permanent strain of 0.2 percent of the gauge length. The following conditions apply:

(i) The yield strength must be determined by either the “offset” method or the “extension under load” method as prescribed in ASTM E 8 (IBR, see §171.7 of this subchapter).

(ii) In using the “extension under load” method, the total strain (or “extension under load”) corresponding to the stress at which the 0.2 percent permanent strain occurs may be determined with sufficient accuracy by calculating the elastic extension of the gauge length under appropriate load and adding thereto 0.2 percent of the gauge length. Elastic extension calculations must be based on an elastic modulus of 30,000,000. In the event of controversy, the entire stress-strain diagram must be plotted and the yield strength determined from the 0.2 percent offset.

(iii) For the purpose of strain measurement, the initial strain must be set while the specimen is under a stress of 12,000 psi, the strain indicator reading being set at the calculated corresponding strain.

(iv) Cross-head speed of the testing machine may not exceed1/8inch per minute during yield strength determination.

(l) Acceptable results for physical and flattening tests. An acceptable result for physical and flattening tests is elongation at least 20 percent for 2 inches of gauge length or at least 10 percent in other cases. Flattening is required, without cracking, to 6 times the wall thickness of the cylinder.

(m) Leakage test. All spun cylinders and plugged cylinders must be tested for leakage by gas or air pressure after the bottom has been cleaned and is free from all moisture. Pressure, approximately the same as but no less than the service pressure, must be applied to one side of the finished bottom over an area of at least1/16of the total area of the bottom but not less than3/4inch in diameter, including the closure, for at least one minute, during which time the other side of the bottom exposed to pressure must be covered with water and closely examined for indications of leakage. Except as provided in paragraph (n) of this section, a cylinder must be rejected if there is any leaking.

(1) A spun cylinder is one in which an end closure in the finished cylinder has been welded by the spinning process.

(2) A plugged cylinder is one in which a permanent closure in the bottom of a finished cylinder has been effected by a plug.

(3) As a safety precaution, if the manufacturer elects to make this test before the hydrostatic test, the manufacturer should design the test apparatus so that the pressure is applied to the smallest area practicable, around the point of closure, and so as to use the smallest possible volume of air or gas.

(n) Rejected cylinders. Reheat treatment is authorized for rejected cylinders. Subsequent thereto, cylinders must pass all prescribed tests to be acceptable. Repair by welding or spinning is not authorized. Spun cylinders rejected under the provision of paragraph (m) of this section may be removed from the spun cylinder category by drilling to remove defective material, tapping and plugging.

[Amdt. 178–114, 61 FR 25942, May 23, 1996, as amended at 65 FR 58631, Sept. 29, 2000; 66 FR 45386–45387, Aug. 28, 2001; 67 FR 51652, Aug. 8, 2002; 68 FR 75748, Dec. 31, 2003]

