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Cryogenic Tank Cars for LNG Transportation
- Design Features

A.D. McKisic
September 20, 2021



D
EL

IV
ER

IN
G

 G
O

O
D

S
 F

O
R
 T

H
E 

G
O

O
D

 O
F 

A
LL

2

TrinityRail1

Design Features - Mechanical3

Tank Car Safety Developments2

Design Features - Thermal4
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TrinityRail
- Who we are
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TrinityRail Products

Largest Manufacturing Capacity in North America

Most Complete and Extensive Product Line in North America

Unmatched Operational and Manufacturing Flexibility

Dedication to Quality Products and Processes

Responsible Care Management System (RCMS) Partner

A Single Source for a Comprehensive Portfolio of Railcars From the Leading 
North American Railcar Manufacturer
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CUSTOMER EXPERIENCE

SAFETY

QUALITY

VALUES



D
EL

IV
ER

IN
G

 G
O

O
D

S
 F

O
R
 T

H
E 

G
O

O
D

 O
F 

A
LL

6

RSI-AAR Tank Car Safety and Research Project
- 50th Anniversary

• Propane/LPG Incidents late 1960’s and early 1970’s
• HM-144 (1977)

• Class 2 Commodities
• Continued Research and Safety Improvements

• Bottom Fittings Protection
• Top Fittings Protection
• Improved Steels

• Tank Car Accident Database (TCAD)
• Additional Commodity Classes

• PIH Cars (HM-246 2009, HM-219C 2020)
• Ethanol and Crude Oil Cars (HM-251 2019)

• Design Features
• Mechanical Protection – Commodity Containment
• Thermal Protection – Pressure and Temperature Control
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Tank Car Safety Systems
- 49 CFR 173.31(b)

(1)Coupler Vertical Restraint
(2)Pressure Relief Devices
(3)Tank-head Puncture-resistance Requirements
(4)Thermal Protection Requirements
(5)Bottom-Discontinuity Protection Requirements
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Design Features – Mechanical Protection
- Commodity Containment
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Shelf Couplers

Prevent Coupler Override
• Top-shelf couplers
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Head Shields

Protect Tank Head
• Full and half-height designs
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Bottom Fittings Protection

Bottom Skid
• 3:1 slope



D
EL

IV
ER

IN
G

 G
O

O
D

S
 F

O
R
 T

H
E 

G
O

O
D

 O
F 

A
LL

12

Top Fittings Protection

Interchange Requirement
• PG I and II
Regulatory for DOT 117’s
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Fittings Cabinet Protection

Proposed CGSB Requirement
Incorporate top and bottom fittings 
protection lessons learned

8.2.3.3.11 The protective housing shall provide protection for the enclosed components when 
subjected to forces equal to the designated gross rail load of the car, less trucks, applied in 
the following manners:

a. The load distributed, in an orientation parallel to the longitudinal axis of the jacket, over a 
76 mm (3 in.) wide area along the entire longitudinal length of the protective 
housing, centered approximately at the vertical midpoint of the protective housing;

b. The load distributed, in an orientation perpendicular to the longitudinal axis of the jacket, 
over a 76 mm (3 in.) wide area along the entire vertical height of the protective 
housing, centered approximately at the longitudinal midpoint of the protective 
housing; and

c. For analysis purposes, rotations can be resisted at the centerplates.
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General Puncture Resistance
- Research Success

TrinityRail R&D for Chlorine cars (2005)
Advanced Tank Car Collaborative Research Program
HM-246 (2009)
FRA/TTCI Testing
• Standardized impact test methods
HM-219C (2020)



D
EL

IV
ER

IN
G

 G
O

O
D

S
 F

O
R
 T

H
E 

G
O

O
D

 O
F 

A
LL

15

Tank Car Accident Database
- Conditional Probability of Release

RSI/AAR Tank Car Safety and Research Project
Safety Project CPR Reports
• RA-05-02
• RA-19-01
Logistic Regression Model

𝐶𝐶𝐶𝐶𝐶𝐶 = 1 − 1 − 𝑃𝑃𝐻𝐻 1 − 𝑃𝑃𝑆𝑆 1− 𝑃𝑃𝑇𝑇 1− 𝑃𝑃𝐵𝐵

𝑃𝑃𝑖𝑖 =
𝑒𝑒𝐿𝐿(𝑋𝑋𝑖𝑖)

1 + 𝑒𝑒𝐿𝐿 𝑋𝑋𝑖𝑖
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Jacket Conditional Probability of Release
- Equivalent head and shell thickness
- Probability of outer jacket breach

Spec 113C120W 113C120W9 113C120W9 113C120W9 112J340W

Commodity Ethylene Ethylene Ethylene LNG LPG

Comment Current Fleet HM-264 286 GRL 286 GRL Head Shields

Head Thickness .5 .5625 .6875 .8125 .608

Shell Thickness .4375 .5625 .6875 .8125 .608

CPR- Head 7.18% 7.18% 5.16% 4.12% 2.00%

CPR - Shell 19.94% 7.12% 4.5% 2.79% 6.04%

CPR - Net 17.33% 13.79% 9.43% 6.79% 7.93%
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Design Features – Thermal Protection
- Pressure and Temperature Control
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Thermal Protection Systems – HM-144
- Class 2 Materials

Prescribed Maximum Conductance or §179.18
Thermal Analysis
• Procedures outlined in DOT/FRA/OR&D-84/02
Performance Test Verification of System
• List of pre-approved Systems
Basic Principle - Reduce heat input
• Control tank temperature
• Minimize pressure buildup
Very Effective System

11 gauge Steel Jacket

Ceramic Fiber Insulation

Tank Shell
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Thermal Protection Systems – HM-246
- Class 3 Materials

Prescribed System §179.202
References §179.18
Very Effective System

11 gauge Steel Jacket

Ceramic Fiber Insulation

Tank Shell

(Optional) Fiberglass Insulation
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Thermal Protection Systems – DOT-113
- Cryogenic Materials

Prescribed System 
• §179.400-3
Performance Requirement
• §179.400-4
Same Principles
• Control tank temperature
• Minimize pressure buildup

Outer Steel Jacket

(Optional) Fiberglass Insulation

Multi-Layer Insulation (MLI)

Evacuated Annular Space

Inner Tank Shell
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Pressure Relief Device Requirements

PRD required in addition to TPS
Limit tank internal pressure
Transient analysis (Class 2, 3)
Steady-state analysis (Class 2, 3, Cryogenic)
• Hand calculations

• AAR MSRP C-III Appendix A
• CGA Similarity

• Minimum flow rate required



D
EL

IV
ER

IN
G

 G
O

O
D

S
 F

O
R
 T

H
E 

G
O

O
D

 O
F 

A
LL

22

Safety Relief Valve Flow Requirements
- Propane/LNG

Commodity Specification Capacity Devices STD Method Required Actual S.F

Propane 112J340W 33,690 gal 1 280.5 psig AAR 3237 SCFM 3576 SCFM 1.1

LNG 113C120W9 34,500 gal 2 75 psig CGA 238 SCFM 1528 SCFM 6.4
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Summary
50 year history of tank car safety research 
Initial research intended for LPG/Propane cars
Safety systems developed and successfully applied
• Mechanical Protection – prevent puncture
• Thermal Protection – prevent overpressure/tank rupture
Developed for Class 2 and Class 3 commodities
Applicable to cryogenic commodities
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