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A B S T R A C T

The present study investigates the design buckling capacities of a Gaztransport and Technigaz (GTT) NO96-type
liquefied natural gas (LNG) cargo containment system (NO96 CCS), one of the most critical failure modes for a
box-type LNG cargo containment system, against sloshing dynamic loads from an LNG carrier cargo tank. The
design load for NO96 CCS (sloshing) is a typical dynamic event; hence, the dynamic effect on the buckling ca-
pacity is investigated as the defining dynamic strength factor. A series of finite-element (FE) analyses for the
insulation system are performed using commercial FE software (i.e., ABAQUS and ANSYS) and considering the
environmental temperature and material properties of the system. The design buckling strength under both static
and dynamic conditions is provided based on the FE calculations and compared with the as-designed criteria of
DNV GL for a membrane-type LNG cargo tank.

1. Introduction

The recent market trend of liquefied natural gas (LNG) has demon-
strated a large demand for bigger LNG cargo tanks in LNG carriers and
the use of floating production storage offloading (FPSO)/floating storage
regasification unit applications. This trend requires a strong cargo
containment system capable of dealing with a sloshing impact load.
Therefore, damage from the possible sloshing of the LNG cargo has
become a challenging topic (Lee et al., 2016, 2004).

With regard to research on design sloshing loads, Bunnik and Huijs-
mans (2009), Lee et al. (2007), and Peric et al. (2009) investigated the
sloshing impact loads using experimental and numerical approaches.
Further, Ryu et al. (2016) studied the design of the sloshing impact loads
for a two-row LNG cargo tank for LNG FPSO applications using extensive
sloshing model tests. Meanwhile, Kim (2013) investigated the rapid
response calculation of an LNG cargo containment system against the
sloshing impact loads using wavelet transformation.

As regards the structural assessment of an LNG cargo containment
system against the sloshing events in an LNG cargo tank, GTT MARK III
and NO96 CCS are the most common insulation systems employed for the
current membrane-type LNG carriers (Kim et al., 2010) (Fig. 1). Accord-
ingly, various experimental and/or numerical studies were performed
involving the GTT MARK III-type cargo containment system (Kim et al.,
2010; Chun et al., 2009). Arswendy and Moan (2015) conducted experi-
mental and numerical studies to determine the buckling and crushing
strengths of a T-shaped plywood specimen as a part of NO96 CCS.

Compared to an independent-type cargo containment system, one of
the major advantages of a membrane-type LNG cargo containment sys-
tem is the flexibility it offers to increase the cargo tank size.

However, the risk of sloshing damage to the membranes is an
important factor to consider when selecting a membrane-type LNG cargo
containment system. Several factors must be considered when assessing
the risk of sloshing damage and deciding on the feasibility of a
membrane-type LNG cargo containment system: adequate design ca-
pacities and parameters must be regarded for each cargo containment
system and each design choice to be applied.

Major design load cases for the LNG cargo containment system should
come from a dynamic impact type, such as sloshing. Thus, the investi-
gation of the system's dynamic buckling strength is very critical. Mouhata
and Abdellatif (2015) and Fan et al. (2016) performed dynamic and static
buckling analyses on stiffened panels using nonlinear finite element (FE)
simulations for steel welded structures. Meanwhile, Ravi Sankar and
Parameswaran (2016) conducted experimental and numerical works to
find the effect of multiple holes on the dynamic buckling capacities for an
aluminum material. Thang and Nguyen-Thoi (2016) studied the
nonlinear buckling of sigmoid functionally graded material toroidal shell
segments through analytical and numerical methods. Moreover, Rame-
zannezhad Azarboni et al. (2015) and Kubiak (2007) investigated the
effect of boundary conditions on the dynamic buckling behavior using
analytical methods. Bisagni (2005) studied the dynamic buckling of a
thin-walled carbon fiber material with a cylinder-type structure through
a numerical approach.
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However, at this moment, limited specific design strength/capacities
of a LNG CCS are publicly available. In addition, relevant studies, spe-
cifically with respect to NO96 CCS (i.e., dynamic strength of a plywood
material), are very limited. Therefore, research on the design capacities is
required to increase the certainty for designers and decision makers
when selecting a membrane-type LNG cargo containment system.

The design buckling capacity of NO96 CCS, which is the most critical
failure mode of the system, was determined herein using commercial FE
software. Sloshing is a typical dynamic event; hence, the dynamic
strength was evaluated based on the dynamic strength factor (DSF). The
final strength determined in this study was compared with that found
using the method developed by DNVGL-CG-0187 (2016).

2. NO96 CCS

Fig. 2 shows a typical cargo tank lining reinforced with NO96 CCS.
The insulation zone was divided by the lower part of the upper chamfer
(i.e., a non-reinforced area and a reinforced area (shaded area in Fig. 2)).
GTT and different shipyards developed several types of NO96 CCS that
apply different thicknesses of the horizontal (cover panel) and vertical
(bulkhead) members or the number of bulkheads, particularly on a

Fig. 1. GTT membrane-type LNG cargo containment system (left: MARK III and right: NO96).
(source: http://www.gtt.fr/)

Fig. 2. Cargo tank lining reinforcement of GTT NO96.

Table 1
General specifications of the NO96 containment boxes for each case study.

CASE
No.

Primary box Secondary box

Thickness of
cover plate

Thickness of
BHD

Thickness of
BHD

No. of Combs
(see Fig. 3)

CCS #1 12mm 9 9 0
CCS #2 12mm� 2 12 12 0
CCS #3 12mm� 2 12 12 1
CCS #4 12mm� 2 15 15 2

Table 2
Specifications of the FEA options.

Items Note

Software
(Solver)

ABAQUS/Standard
(V.6.14)

for static buckling calculation

ABAQUS/Explicit
(V.6.14)

for dynamic buckling calculation

Element type 4 node shell Reduced integration, for strength
member, i.e., plywood panel

2 node beam element Spring connection, i.e., stapling
Material type Homogeneous

orthotropic type
Depending on operational
temperature, i.e., �163–20 �C

Boundary
conditions

4 edges – simply
supported

Surface contact Kinematic hard contact
option
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