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57) ABSTRACT 
A large-scale self-supporting insulated metal tank for 
cryogenic fluids such as liquid natural gas, in which 
the insulation lining the bottom of the tank has spaced 
sections of expensive load-bearing material capable of 
bearing the load of the filled tank under working con 
ditions, with relatively inexpensive non-load-bearing 
insulation filling the bottom spaces between the sec 
tions of load-bearing insulation. 

3 Claims, 4 Drawing Figures 
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1. 

CONTAINERS FOR LIQUEFIED GASES 

This invention relates to containers for the bulk stor 
age or transport of liquids at temperatures greatly dif 
fering from ambient temperatures and is a modification 
of the invention described and claimed in U.S. Pat. No. 
3,595,424 July 27, 1971, for “Containers for Liquefied 
Gases,' which is concerned with the thermal insulation 
of such containers. 
According to the invention of the above-identified 

Patent, such a container is characterized in that less 
highly stressed parts of said thermal insulation com 
prise rigid foamed plastics material sprayed in situ in 
ternally on the outer rigid shell while more highly 
stressed parts thereof are of load-bearing thermal insu 
lating material of higher strength. 
Two constructional examples of the invention are de 

scribed in said Patent, one, with reference to FIGS. l 
to 3 of the drawings accompanying that Patent, being 
concerned with a container of the kind comprising a 
self-supporting tank and the other, with reference to 
FIG. 4, being concerned with a so-called integrated 
tank container. 

In discussing a container of the kind comprising a 
self-supporting tank, the above Patent indicates that 
the section of the thermal insulation lining the bottom 
of the outer rigid shell and supporting the bottom of the 
tank is wholly of load-bearing material of high com 
pressive strength. Whilst the arrangement described 
therein is advantageous for acting as a secondary bar 
rier to the liquid as well as supporting the load of the 
tank and the liquid contained therein and, in the case 
of a marine tanker incorporating such tanks, for Sup 
porting any fluctuating loads applied thereto during 
tans-shipment of the liquid, in practice the cost of the 
materials and labor for assembling such an insulation 
section is high compared with the foamed thermal insu 
lation sections described for the side walls of the outer 
rigid shell. : 
The object of the present invention is to provide, in 

the case of a container of the kind comprising a self 
supporting tank, an alternative insulation arrangement 
for the section lining the bottom of the outer rigid shell 
which (i) renders sufficient support for the bottom of 
the tank, (ii) is capable of acting as a secondary barrier, 
and (iii) utilizes at least in part the thermal insulation 
arrangement described and claimed in the above Pa 
tent for the side walls of the outer rigid shell, with con 
sequent savings in cost. 
According to the present invention, in a container for 

the bulk storage or transport of liquids at temperatures 
greatly differing from ambient temperature and com 
prising a self-supporting tank surrounded by thermal 
insulation in an outer rigid shell, the section of insula 
tion lining the bottom of said shell supporting said tank, 
said section of insulation comprises bearer members of 
load-bearing thermal insulation rigidly fixed to and 
spaced over the bottom of said shell, and rigid foamed 
plastics material sprayed in situ in the spaces between 
said bearer members, the planes of junction between 
said bearer members and said rigid foamed plastic ma 
terial extending obliquely to the plane of the walls of 
said shell. 

Preferably, each bearer member comprises a ply 
wood faced layer of balsa wood panels faced with ply 
wood and rigidly secured to the bottom of said shell. 
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2 
Conveniently a load-bearing block is secured to the 

upper face of each layer of panels and is adapted to 
support the tank clear of the rigid foamed plastics ma 
terial. 

Alternatively, each load-bearing block comprises a 
second layer of balsa wood panels and the upper face 
of this second layer may have a facing providing good 
frictional engagement with the floor of the tank. 

Conveniently, in the case of a marine tanker, the 
floor of the tank may be provided with a keying ar 
rangement comprising two lines of brackets, the spac 
ing of each line relative to the lines of bearer members 
being such that one line of brackets acts against a line 
of bearer members to locate the tank when the tank is 
at ambient temperature and the other line of brackets 
similarly acts against said line of bearer members when 
dimensional changes have taken place in the tank as a 
result of it being subjected to the temperature of the 
liquid cargo. 

In order that the invention may be readily under 
stood, a marine tanker incorporating a container for 
liquefied natural gas (LNG) constructed in accordance 
with this invention will now be described, by way of ex 
ample, with reference to the accompanying drawings in 
which: 

FIG. 1 is a transverse vertical half-sectional view 
through the tanker, 

FIG. 2 is an enlarged sectional view showing a detail 
of a bottom section of the thermal insulation; 

FIG. 3 is an enlarged sectional view showing an alter 
native arrangement of the detail of FIG. 2; and 

FIG. 4 is a fragmentary plan view of a bottom section 
of the thermal insulation. 

Referring to FIG. 1 of the drawings, the tanker com 
prises an outer hull 1 and an inner hull 2. The inner hull 
together with two transverse bulkheads (not shown) 
define a cargo hold 3. It will be appreciated that a num 
ber of such cargo holds may be provided. Disposed 
within the cargo hold 3 is a self-supporting tank 4 
which is of a metal not subject to cold embrittlement 
at the temperature of the LNG, e.g., aluminum or 9 
percent nickel steel. The tank 4 is of sufficient thick 
ness and suitably stiffened by inner frame members, 
one being indicated at 5, to contain the liquid; a center 
line bulkhead 6 is provided within the tank. The tank 
4 is surrounded by thermal insulation generally indi 
cated at 7, which lines the cargo hold 3. FIG. 2 is not 
drawn to scale, and in particular the insulation is shown 
to a larger scale than the tanker for clarity. 
The thermal insulation 7 comprises a section. A lining 

the top of, and extending a short distance down to the 
sides of the cargo hold 3, sections B lining the sides of 
the hold and a section Clining the bottom of the hold. 

Each section B of the thermal insulation, which is 
substantially the same as described for section B in the 
Patent above referred to, comprises a constant thick 
ness of rigid closed cell polyurethane 8 sprayed in lay 
ers onto the main portions of the side walls of the cargo 
hold 3. However, in this construction, layers of nylon 
mesh are incorporated within the thickness of the poly 
urethane instead of layers of hessian mat as described 
in the above Patent. 
The corners of the cargo hold 3 defining the side 

walls, i.e., the top, bottom and vertical corners, are 
lined with corner sections D of load-bearing thermal 
insulation which is substantially the same as that de 
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found, particularly in the case where the container is 
for LNG, that the temperature gradient across the insu 
lation, of the order of 160C. for LNG at normal atmo 
spheric pressure, imposes critical stresses across the 
polyurethane in view of its relatively high co-efficient 
of expansion which is of the order of 40 to 50 x 10 
metres per metre per C. over the range of densities for 
the polyurethane as quoted in the above Patent. These 
critical stresses are particularly significant around the 
edges of the polyurethane sections and if the corners of 
the cargo hold comprised sprayed layers of preformed 
fillets of this material as suggested in the above Patent 
as a possibility for the vertical corners, the combined 
effect of the critical stresses from adjacent wall sections 
could lead to the corner sections cracking, e.g. by pull 
ing away from the corners of the cargo hold. Each cor 
ner section D thus comprises timber ground strips 9 se 
cured at regular intervals around their respective cor 
ners of the cargo hold 3 and panels 11 of balsa wood 
faced with plywood secured, for example by a suitable 
adhesive to the ground strips 9. In addition, as shown 
in FIG. 1, in this construction the tank 4 is provided 
with a lower chamfer 12 and the cargo hold is similarly 
shaped. Hence the side walls of the cargo hold 3 are 
provided with an intermediate wide-angled corner to 
which a further corner section D is secured. The junc 
tions between the sections B and corner sections D are 
again substantially as described in the above-identified 
Patent, the line of each junction extending at an angle 
to the plane of the wall of the cargo hold other than a 
right angle. Also in this construction the nylon mesh 
layers are secured to the surface of the corner sections 
D by a suitable adhesive rather than via slots as de 
scribed in the above Patent; for each section B the two 
inner most layers of nylon mesh extend continuously 
therethrough while the two outermost layers extend a 
relatively short distance into the polyurethane from 
each corner section D. 
Turning now to section C of the thermal insulation, 

in accordance with the invention, this is provided with 
a combined polyurethane and load-bearing insulation, 
the latter providing local areas of support for the bot 
tom of the tank 4 rather than a continuous support as 
is the case with the section A insulation described in 
the abovecited Patent. Section C comprises basically a 
composite of the section B insulation and the load 
bearing insulation construction of the corner sections 
D, both described above. Thus, referring also to FIG. 
2 of the drawings, spaced lines of load-bearing insula 
tion sections C1, extending longitudinally of the ship 
are secured to the floor of the cargo hold 3. As men 
tioned, above these lines of insulation sections are of 
similar construction to the corner sections D and com 
prise layers of balsa wood panels 13 faced with ply 
wood 13A the edges of which extend at an angle to the 
plane of the hold floor. It will be appreciated however 
that the maximum strength requirement for the C1 sec 
tions is perpendicular to the plane of the hold floor 
whereas that for the corner sections D is parallel to the 
planes of the floor and walls of the hold and hence, 
since balsa wood is stronger in the direction parallel to 
its grain, the direction of the grain for the balsa panels 
of the C1 sections is at right angles to the grain direc 
tion for the corner sections D. Also, because of the 
load-bearing requirement for the C1 sections, no tim 
ber grounds are provided and instead the layers of pan 
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4 
els 13 are secured directly to the hold bottom by means. 
of bolts 14 passing through counterbored apertures ad 
jacent the inclined edges of the panel 13, the counter 
bore 13B being plugged after fixing and covered by the 
plywood facing 13A as shown in FIG. 2. Because no 
timber grounds are provided the thickness of each C1 
section is increased by the thickness of said timber 
grounds. The sections C2 between the C1 sections and 
between the outermost C1 sections and their adjacent 
corner sections D are filled with layers of polyurethane 
in exactly the same manner as previously described for 
section B. It will be noted that FIG. 2 shows the nylon 
mesh layers described previously, the two innermost 
layers being referenced 15 and the two outermost 16. 

Each section C1 rigidly and securely supports a load 
bearing block 17, of, for example, a dense wood such 
as yellow pine, and the bottom of the tank 4 is seated 
on the blocks 17; it will be appreciated that the number 
and spacing of the sections Ci and hence the blocks 17 
over the floor of the cargo hold 3 is such that, between 
them, these blocks provide sufficient strength to sup 
port the static loads of the tank and stored LNG as well 
as any fluctuating loads arising during the trans 
shipment of the LNG. Should it be necessary to 
strengthen the blocks 17 against the effects of rolling 
shear, these blocks can be formed with horizontaland 
for vertical laminations of, for example, plywood. 
As shown in FIGS. 1 and 2, one section C1 coincides 

with the centerline bulkhead 6 of the tank 4 and prefer 
ably each of the other sections C1 coincides with a lon 
gitudinally extending bottom frame member 5 for the 
tank. 
The blocks 17 as well as providing support for the 

tank 4 may be used to hold said tank in a located posi 
tion. To achieve this, two sets of brackets 18, 19 are se 
cured to the bottom of the tank 4 and are arranged 
such that when the tank is at ambient temperature the 
brackets 18 are in contact with and act against those 
sides of their respective blocks 17 facing towards the 
centerline of the tank to keep the tank in position, and 
when the tank is cooled down and loaded with LNG the 
brackets 19 act against the opposite faces of their re 
spective blocks 17. It will be appreciated that in this lat 
ter condition the tank 4 will have contracted toward its 
center under the effect of the cold of the LNG and 
hence, during assembly of the brackets 19 under ambi 
ent conditions, appropriate spacings must be left be 
tween them and their respective faces of the blocks 17 
to cater for this thermal contraction. As a further re 
finement the spacing of the brackets 19 may be modi 
fied such that during rolling of the tanker at sea, at least 
the major part of the loading at any instant is taken by 
those brackets 9 and blocks 17 on that side of the tank 
centerline which is away from the side to which the 
tanker is heeled; this provides the advantage that the 
effective head of LNG and hence the loading on said 
side of the tank centerline is significantly less than that 
of the other side. 
With reference to FIG. 3, in an alternative arrange 

ment of the sections C1 of thermal insulation, the lay 
ers of balsa wood panels 13 faced with plywood 13A 
are secured to spaced timber ground strips 21 in a man 
ner similar to that described hereinbefore for the cor 
ner sections D. However, in order to strengthen the 
sections C1 to ensure that they have sufficient ability 
to withstand static and fluctuating loads from the tank 
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4, each layer of panels 13" has secured thereto a second 
layer of balsa panels 22 which seats between the re 
spective ground strips 21. The second layer of panels 
22 is thinner than the ground strips 21 to allow for ir 
regularities in the floor of the cargo hold 3 and the 
spaces left between this layer, the cargo hold 3 and the 
ground strips 21 are filled with a suitable loadbearing 
mastic 23. Also, in this alternative arrangement, the 
loadbearing blocks 17" for supporting the floor of the 
tank 4 comprise a third layer of balsa wood panels 24 
secured to the plywood facing 13A' of the layer of pan 
els 13". The layer of panels 24 is also provided with a 
plywood facing 25 to provide good frictional engage 
ment between the C1 sections and the floor of the tank 
when the latter is filled with cargo so that there is less 
likelihood of the tank 4 tending to slide during trans 
shipment thereby effectively reducing the potential 
loading of the keying arrangement 18, 19. 
Referring now to FIG. 4, this shows a typical layout 

of the C1/C2 thermal insulation over the floor of the 
cargo hold 3. In this layout a line of abutting C1 sec 
tions of insulation extend along the length of the hold 
floor at the longitudinal centerline of the tanker. Also, 
lines of C1 sections 27 of insulation are spaced on ei 
ther side of the sections 26 in parallel relationship, each 
line 27 comprising a number of spaced island sections 
so as to provide a multiplicity of discrete areas of sup 
port over the floor of the tank 4. As discussed hereinbe 
fore the number, spacing, and support area of the lines 
of C1 sections 26, 27 will be such as to provide ade 
quate support for the tank 4 against all expected static 
and fluctuating loads to which the tank will be sub 
jected during trans-shipment. Also, in this layout, the 
line of sections 26 is shown with a keyway 28 extending 
along the longitudinal centerline of the tanker for re 
ceiving a mating key provided on the floor of the tank 
4. Such a keying arrangement provides an alternative 
to the keying arrangement 18, 19 described hereinbe 
fore with reference to FIG. 2 and is similar to that de 
scribed in British Pat. No. 854,708. As described in 
that Patent the tops of the tanks 4 may be stabilized in 
relation to the decks of the tanker to reduce the possi 
bility of the tank 4 rocking on the C1 sections of insula 
1O. 

Tests have indicated that a thermal insulation system 
such as described above for the sides and bottom of the 
cargo hold 3 is tight against LNG and hence would pro 
vide a secondary barrier to the LNG if the tank 4 
should rupture. In particular, tests have been carried 
out on a full scale joint of load-bearing insulation and 
polyurethane constructed substantially as described 
above at a normal operating temperature, and under 
fluctuating load conditions many times more severe 
than would be encountered in normal operation of a 
tanker at sea with no evidence of rupture. 

If desired the spaces between the side and bottom 
walls of the tank and the cargo hold may be at least par 
tially filled with additional relatively cheap thermal in 
sulation material, e.g., fibreglass. Where fibreglass is 
provided in the spaces between the side walls of the 
tank and hold this may be supported, as described in 
the U.S. Pat. No. 3,595,424 above referred to, on the 
face of the insulation system, or on the outer surface of 
the tank. In either arrangement a supporting frame 
work (not shown) may be provided to retain the fibre 
glass in position. 
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6 
It will be appreciated that the position of the section 

A insulation is such that it is not essential for it to be 
capable of acting as a secondary barrier although it is 
desirable that it be splash-tight. This in this construc 
tion a relatively cheap insulation is provided compris 
ing fibreglass 21 faced with plywood 22. 

I claim: 
1. A container for the bulk storage or transport of liq 

uids at temperatures greatly differing from ambient 
temperature and comprising a tank surrounded by ther 
mal insulation in an outer rigid shell, with a section of 
said insulation lining the bottom of said shell and sup 
porting said tank, 

b. wherein said section of insulation comprises indi 
vidual compact members of load-bearing thermal 
insulation rigidly fixed to and spaced apart from 
each other both transversely and longitudinally 
over the bottom of said shell, 

c. and rigid foamed plastic material sprayed in situ in 
the spaces between said compact members, the 
total area of said plastic material being much 
greater than the total area of said load-bearing 
members, 

d. wherein the planes of junction between said com 
pact members and said rigid foamed plastic mate 
rial extend obliquely to the plane of the walls of 
said shell, so as to lie more nearly horizontal than 
perpendicular, 

e. wherein each compact member comprises a layer 
of balsa wood panels faced with plywood and rig 
idly secured to the bottom of said shell, 

f, wherein a load-bearing block is secured to the 
upper face of each layer of panels and is adapted 
to support the tank clear of the rigid foamed plastic 
material, 

g. wherein each load-bearing block comprises a sec 
ond layer of balsa wood panels, 

h. wherein each first mentioned layer of panels is se 
cured to the bottom of the shell via spaced timber 
grounds and a third layer of balsa wood panels is 
secured to the bottom face of the first layer of pan 
els and set in mastic within the space between said 
grounds. 

2. A container for the bulk storage or transport of liq 
uids at temperatures greatly differing from ambient 
temperature and comprising a tank surrounded by ther 
mal insulation in an outer rigid shell, with a section of 
said insulation lining the bottom of said shell and sup 
porting said tank, 

b. wherein said section of insulation comprises indi 
vidual compact members of load-bearing thermal 
insulation rigidly fixed to and arranged in spaced 
lines over the bottom of said shell, 

c. and rigid foamed plastic material sprayed in situ in 
the spaces between said compact members, 

d. wherein the planes of junction between said com 
pact members and said rigid foamed plastic mate 
rial extend obliquely to the plane of the walls of 
said shell, so as to lie more nearly horizontal than 
perpendicular, 

e. wherein each compact member comprises a layer 
of balsa wood panels faced with plywood and rig 
idly secured to the bottom of said shell, 

f, wherein each layer of panels is secured to the bot 
tom of the shell via spaced timber grounds and a 
Second layer of panels is secured to the bottom face 
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of the first layer of panels and set in mastic within 
the space between said grounds. 

3. A container for the bulk storage or transport of liq 
uids at temperatures greatly differing from ambient 
temperature and comprising a tank surrounded by ther- 5 
mal insulation in an outer rigid shell, with a section of 
said insulation lining the bottom of said shell and sup 
porting said tank, 

b. wherein said section of insulation comprises indi 
vidual compact members of load-bearing thermal 10 
insulation rigidly fixed to and spaced over the bot 
tom of said shell, 

c. and rigid foamed plastic material sprayed in situ in 
the spaces between said compact members, the 
total area of said plastic material being greater than 15 
the toal area of said load-bearing members, 
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8 
d. wherein the planes of junction between said com 
pact members and said rigid foamed plastic mate 
rial extend obliquely to the plane of the walls of 
said shell, so as to lie more nearly horizontal than 
perpendicular, 

e. wherein each compact member comprises a layer 
of balsa wood panels faced with plywood and rig 
idly secured to the bottom of said shell, 

f. wherein a load-bearing block is secured to the 
upper face of each layer of panels and comprises a 
second layer of balsa wood panels, 

g. wherein each first mentioned layer of panels is se 
cured to the bottom of the shell via spaced timber 
grounds and set in mastic within the space between 
said grounds. 
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