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ABSTRACT 

The all-concrete LNG tank (ACLNG) is an alternative technology to the conventional 
9% Ni LNG tank. Arup has been at the forefront of this technology since late 1990’s. 
The LNG is stored in the tank at -165 degC therefore, the thermal-structural interactions 
between the product and the surrounding concrete tank is essential especially during the 
cooldown process, filling and accidental spill case scenario where the LNG in its liquid 
state spills into the outer tank. 

This paper concentrates on the thermal aspects associated with the transient effects of 
cooldown and the coupling of thermal effects with the structural problem. The thermal 
stress is combined with the structural stress response given by the structural loads such 
as vertical and horizontal pre-stress and self weight to provide the final stress maps in 
the inner tank as well as outer tank. The material model employed throughout this work 
is of particular importance. The transient nature of these analyses requires that thermal 
conductivity, specific heat and density be employed. These parameters were taken as 
temperature dependent in the range of -1650 C to 200 C as per CEIB No 145/1982 [11]. 

Since cracking in concrete is the principal parameter controlling the overall tank design, 
a complex material model based on damaged plasticity was used. The material model is 
based on a post-failure stress-strain relationship where the cracking displacement vs 
tensile stress and cracking displacement vs tensile damage are discretised using non-
linear procedure offered by a commercial finite element software. The tensile stress at 
cracking for the damaged plasticity model was taken as 0.5 cf ' = 3.16 MPa (based on 
split cylinder). In compression the behavior of the concrete used the typical compression 
hardening curve as shown in BS 8110. 
Non-linear transient heat transfer analyses were carried out for a variety of cooldown 
condition, lock-out conditions as well as spill condition. The thermal maps were 
subsequently used as an input for the stress problem. The cooldown case scenario was 
simulated for a period of 15 days. A 30 deg Celsius temperature gradient was 
considered as a limiting parameter across the inner tank wall in order  to avoid the onset 
of tensile stress associated with cracking. The design criteria for the ACLNG tank is 
governed by the requirements stated in a variety of codes such as ACI 376, ACI 350, 



 

BS 7777 and BS 8110. These requirements usually refer to a certain section size across 
the wall being subject to compressive stress as well as limiting tensile stress under 
normal and abnormal loadcase combinations. A discussion of these criteria and stress 
limits is provided in this paper. 

 

REFERENCES 

[1] Production, Storage and Handling of Liquefied Natural Gas (LNG), National Fire 
Protection Association NFPA 59A, 2001 edition. 

[2] ACI 376 Concrete Structures for Refrigerated Liquefied Gas Containment, 
American Concrete Institute, Draft in preparation. 

[3] ACI 350 Code Requirements for Environmental Engineering Concrete Structures, 
American Concrete Institute, 2004 Edition. 

[4] ACI 350.2R Concrete Structures for Containment of Hazardous Materials, 
American Concrete Institute, 2004 Edition. 

[5] ACI 350.3 Seismic Design of Liquid-Containing Concrete Structures, American 
Concrete Institute, 2004 Edition. 

[6] ACI 373R Design and Construction of Circular Prestressed Concrete Structures 
with Circumferential Tendons, American Concrete Institute, 1997 Edition. 

[7] BS 7777 "Flat-Bottomed, Vertical, Cylindrical Storage Tanks for Low Temperature 
Service", British Standards Institution, 1993 edition. 

[8] API 620 "Recommended Rules for Design and Construction of Large, Welded, 
Low-Pressure Storage Tanks", American Petroleum Institute, 10th edition. 

[9] British Standards Institution BS 8110 "Structural Use of Concrete" 1997 edition. 

[10] CEB-FIP 145 Design of Concrete Structures for Fire Resistance, Preliminary draft 
of an Appendix to the CEB-FIP Model Code for Concrete Structures, 1982. 

[11] CEB-FIP “Model Code 1990”, Thomas Telford Ltd., 1993. 

[12] Recommendations of a Study Group of the New Zealand National Society of 
Earthquake Engineering, “Seismic Design of Storage Tanks”, December 1986. 

 


