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Abstract 
 
The Sandwich Plate System (SPS), comprising two (steel) 
plates bonded to a continuous elastomer core, forms a much 
stiffer and stronger system than a single steel plate.  The SPS 
doesn’t need closely spaced stiffeners and, as compared to the 
single steel plate, loses strength less rapidly per unit thickness 
of corrosion loss of a steel plate.  An SPS Overlay bonds a 
new plate and elastomer core to an existing, suitably prepared 
plate to give substantially increased strength and extended 
service life.  An SPS Overlay is proposed to rehabilitate areas 
of the bottom of the ConocoPhillips FPSO INDEPENDENCE. 
Rather than the usual welds, a structural adhesive is used to 
bond the steel components together until the elastomer core 
sets and cures.  This eliminates hot work.  Placed between 
existing stiffeners, the SPS Overlay reduces the stresses due to 
hydrostatic pressure and the new inner plate restores or 
extends the corrosion life. 
 
Introduction 
 
Floating Production Storage and Offloading units (FPSOs) and 
Floating Storage and Offloading units (FSOs) have become 
common tools for offshore oil production in areas worldwide 
over the past 10 to 20 years.  Today’s total fleet consists of 
approximately 150 units, of which 80 are FPSOs and 70 are 
FSOs.  The use of these units as a cost effective means of 
developing offshore fields continues to accelerate.   
 
The majority of F(P)SO field development projects during the 
1980’s and early 1990’s used surplus tanker tonnage, which 
had often already spent more than 20 years in transportation 
service.  As F(P)SOs, many of these units are planned to be in 
continuous service without drydocking for a further 10 to 20 
years. 

 
An increasing number of these projects use new construction, 
rather than conversion from the diminishing supply of existing 
tanker tonnage of suitable size, configuration and quality, for 
long-term development of major fields.  As of the fall of 2002, 
23 FPSOs (11 newbuild and 12 conversions) and 5 FSOs (3 
newbuild and 2 conversions) were under construction.  
Notwithstanding the new construction, the ability to maintain 
these assets on site and in full production over the long term is 
very important.  Where a typical shuttle tanker may have a day 
rate of $20,000 to $25,000/day and a deep water Mobile 
Offshore Drilling Unit (MODU) may earn $150,000 to 
$200,000/day, one day of lost production on an FPSO can 
easily be valued at $2,000,000. 
 
While the appropriate engineering analysis, structural renewal 
and corrosion protection work was completed prior to entering 
service, structural deterioration has occurred at an unexpected 
rate in a number of units, requiring remedial action.  Industry 
understanding of fatigue and corrosion of F(P)SOs continues 
to expand and the lessons are being incorporated into new 
designs as they are produced.  Nevertheless, it is important to 
recognize that structural repairs on site are likely to be 
required in even the best-designed and maintained units.  A 
further complication of F(P)SO operations, as compared to 
trading tanker operations, is that hydrocarbons are present in 
the cargo tanks as long as production is underway.  This 
makes the use of hot work repairs or upgrades to the structure 
riskier than those in standard ship operations where the whole 
vessel can be gas freed prior to starting any hot work.  Thus, 
the development of alternative approaches to structural repairs 
that eliminate hot work for in service F(P)SOs is very 
attractive. 
 
In mid 2002 ConocoPhillips investigated the condition of 
bottom plating in the cargo tanks of the FPSO 
INDEPENDENCE, shown in Figure 1.  The unit has a large 
storage capacity of approximately 1,700,000 bbls and a 
modest production process capability of approximately 
30,000 bbls/day.  In class with the American Bureau of 
Shipping (ABS) and operating on the Ukpokiti field off 
Nigeria, the FPSO is a converted single hull tanker 
(279,000 dwt VLCC) that entered service in 1997.  During 
conversion a significant portion of the bottom hull plating was 
renewed with 24.5 mm thick ABS Grade DH32 steel to match 
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the original scantlings required of the trading tanker, but in 
Cargo Hold #7, an area at the turn of bilge that had been 
surveyed and gauged in thickness at between 20 mm and 
22 mm was not renewed.  Subsequently this area has suffered 
relatively rapid wastage near the aft bulkhead of 
approximately 6 to 8 mm over 5 years.  For continued service, 
the local strength of the plate needs to be reinstated and future 
corrosion arrested. 

 

 
 

Figure 1. ConocoPhillips FPSO INDEPENDENCE 
 

In discussion with the American Bureau of Shipping the 
suggestion was made that it might be worthwhile investigating 
the use of sandwich plate system technology as an alternative 
repair method.  ConocoPhillips Marine subsequently contacted 
Intelligent Engineering Limited to design a solution using SPS 
Overlay.  An SPS Overlay reinstates the strength and 
corrosion allowance without removal of the existing plate and 
can be applied without “hot work” thereby allowing the FPSO 
to remain on site and to continue operations while the repairs 
are undertaken. 

 
The SPS rehabilitation of the bottom shell plating in Cargo 
Hold #7 incorporates an SPS 16-30-Existing Overlay, as 
discussed following, into the wasted areas at the turn of bilge.  
The SPS scantlings have been selected to satisfy the strength 
requirements of ABS Rules for Building and Classing Steel 
Vessels (2003) for the site-specific service environment of the 
FPSO INDEPENDENCE off the coast of Nigeria.  The 
structural performance of the bottom plating has been assessed 
using finite element analyses for the required bottom design 
pressure. 

 
In the (patented) Sandwich Plate System (SPS), two steel 
plates are bonded to a compact polyurethane elastomer core, 
as shown in Figure 2.  The elastomer, as a two-part liquid, is 
injected into closed cavities formed by the steel plates and 
perimeter bars that have, in past applications, been welded to 
both plates.  The perimeter bars are not shown in the figure.  
To obtain proper bond of 6 MPa or better once cured, the 
plates are grit blasted and need to be clean, free of 
contaminants and dry when the elastomer is injected.  The 
designation SPS 16-30-14 denotes the thicknesses of the three 
sandwich components, steel-elastomer-steel, in millimetres.  
In flexure, the plates act as flanges and the core as the web. 
 

 
 
Figure 2. An SPS 16-30-14 panel 
 
The flexural stiffness and strength of a sandwich plate are 
many times those of a single steel plate and can be tailored to 
meet particular structural requirements by selecting 
appropriate thicknesses for the sandwich elements.  Shear is 
transferred from one steel plate to the other by the bonded 
elastomer.  Also, the elastomer provides continuous support to 
the steel plates, precludes local buckling, and eliminates the 
need for closely spaced discrete stiffeners. 
 
The SPS has been developed by Intelligent Engineering 
Limited, in conjunction with industry partner, Elastogran 
GmbH, a member of the BASF Group.  Research and 
development of the system has been conducted over the last 
ten years, with very favourable results on such key issues of 
bond strength at the elastomer-steel plate interface and fatigue 
resistance. 

 
Intelligent Engineering has approvals from the major ship 
classification societies and regulatory authorities for the use of 
SPS in newbuilds and the rehabilitation of ships.  The 
rehabilitations have taken the form of SPS Overlays on decks 
or tank tops. 
 
An SPS Overlay utilizes the existing stiffened plating of the 
structure as one of the plates.  The second plate is attached to 
the existing plating with an injected elastomer core to form an 
SPS plate, as illustrated for the deck structure in Figure 3.  The 
technique allows the existing structure and any services 
attached to it and its stiffening elements to remain in place 
while the strength, stiffness and corrosion allowance are 
restored or increased as required. 
 

 
 
Figure 3. SPS Overlay application for a Ro-Ro Deck 
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The proposed SPS Overlay application to the FPSO 
INDEPENDENCE utilizes proven structural adhesives to 
attach the perimeter bars to the plates to form the cavities into 
which the elastomer is injected.  The “no hot work” technique 
of incorporating the SPS Overlay solution into the existing 
structure allows adjacent cargo holds to remain in use while 
the rehabilitation is completed.  The repair schedule is 
minimized as compared to the traditional steel replacement 
alternative because the existing bottom shell plating is left 
intact.  SPS Overlay is a simple and predictable process using 
established fabrication practices undertaken with safe and 
convenient access from inside the cargo hold while 
minimizing disruptions to oil production. 
 
Existing Bottom Shell 
 
The gauged thickness of the bottom shell plating in the aft end 
bilge areas of Cargo Hold #7 between Frames 63 and 65 has 
reduced, on average, to 14 mm from the thickness of 20 to 
22 mm gauged in 1997.  The residual thickness of the existing 
plating increases moving forward in the cargo hold, which is 
consistent with the operation of the FPSO with trim by the 
stern and corrosive contaminants settling aft. 

 
An ABS scantling reassessment, based on the change from an 
unrestricted service, trading tanker to an FPSO located 
offshore West Africa led to a required bottom shell plate 
thickness of 17 mm.  The wastage limits and renewal actions, 
as detailed in Table 1, indicate that the condition of the bilge 
area plating at about 14 mm in the aft end of the cargo tank is 
approaching “substantial corrosion”.  Based on the wastage 
rates experienced by this plating, the five areas of bottom 
plate, on the port side in the aft end of Cargo Hold #7 between 
the flat of bottom and the turn of bilge shown “crossed” in 
Figure 4 were deemed to need the SPS Overlay.  With the 
starboard side similar but to opposite hand, the total area is 
only about 20 m2.  Nonetheless the opportunity costs 
associated with the disruption of oil production would be 
substantial and the advantages of a cold repair in service are 
substantial and obvious. 
 
Table 1. Wastage limits for 17mm bottom shell plate 
 

Percent 
diminution 

Residual 
thickness, mm Wastage category Action required 

< 19 13.8 < t <17 Some corrosion None 

19 to 25 13.8 < t <12.8 Substantial 
corrosion 

Coat and gauge 
at all surveys 

> 25 t < 12.8 Renewal limit Renew plate 

 
In this region, the moulded depth of the FPSO is 27.0 m and 
the bilge radius is 4250 mm.  The bottom shell framing is 
complicated with large longitudinal T-shaped stiffeners spaced 
typically at 920 mm spanning between deep transverse floors 
spaced at 5300 mm.  As the width of the bottom structure 
narrows towards the aft end of the FPSO some of the outboard 
longitudinal stiffeners in the bottom and bilge regions 
terminate in T-headers that distribute loads to adjacent 

longitudinals.  In addition, flat bar stiffeners subdivide any 
large panels in way of the longitudinal stiffener terminations. 
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Figure 4. SPS Overlay areas in Cargo Hold #7 

 
SPS Overlay Rehabilitation 
 
An SPS 16-30-Existing Overlay has been designed for the 
rehabilitation of the areas of bottom shell plating.  Figure 4 
shows the extent of the port side SPS Overlay between Frames 
63 and 65 with five areas of plating between the longitudinal 
and transverse stiffening elements along the line of the flat of 
bottom and up the turn of bilge.  The starboard side is similar 
but to opposite hand.  The existing shell plate forms the 
bottom plate of the sandwich plate system overlay.  After 
cleaning and grit blasting the existing plate, perimeter bars are 
attached adjacent to the webs of existing longitudinal and 
transverse stiffeners using the engineered structural adhesive 
described subsequently.  The new top plates, similarly 
attached, define the several airtight SPS Overlay cavities.  
After the adhesive cures, the elastomer is injected to bond the 
top plate to the existing plate and complete the rehabilitation.  
The thickness of the existing plate for the SPS Overlay 
rehabilitation ranges from 24 mm where recently renewed; to 
a wasted thickness of 14 mm between Frames 63 and 64 and 
15 mm between Frames 64 and 65. 
 
Unlike the section modulus of a single plate, which varies as 
the square of the plate thickness, the section modulus of an 
Overlay varies essentially as the product of the first powers of 
the plate and core thicknesses.  Consequently, the strength of 
an Overlay section is less affected by wear and wastage than 
traditional plating.  The inner and outer SPS Overlay plates act 
as a unit in supporting the hydrostatic pressure.  However, in-
plane forces, such as those due to hull girder bending, are only 
shared between inner and outer plates where the SPS Overlay 
is sufficiently long in the direction of the longitudinal stresses 
in the plates.  The necessary length is typically 500 mm for 
non-welded assemblies.  In this application, because the repair 
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areas are small and discontinuous through the webs of the 
transverse framing members the SPS Overlay does not 
contribute to the hull girder bending strength of the FPSO. 
 
Structural Adhesive 

 
ITW Plexus MA822 (ITW Plexus 1999) structural adhesive is 
used to hold the SPS Overlay perimeter bars and top plate in 
position during the injection and curing of the elastomer.  This 
is a two-part methacrylate adhesive designed for structural 
bonding of metals without the need for primers.  The product 
data sheets characterize the MA822 adhesive with a volume 
mix ratio of 10:1, preferred application temperature range of 
18ºC to 26ºC and an operating temperature range -40ºC to 
120ºC.  The adhesive has a working time of 15-20 minutes, 
achieves 75% of ultimate strength in 35-40 minutes, and full 
strength in 24 hours.  In thicknesses of 1.0 mm with gaps up to 
18 mm, tensile strengths range between about 24 and 26 MPa 
and shear strengths between about 15 and 19 MPa. 
 
Intelligent Engineering and Elastogran GmbH conducted two 
sets of tests to investigate the bond strength.  In 18 shear tests, 
nine each with thicknesses of 2 and 10 mm conducted at          
-45°C, 20ºC and +80ºC no consistent change in strength with 
temperature was noted.  The 2 mm thick specimens gave a 
mean strength of 9.5 MPa with failure occurring at the 
interface while the 10 mm thick specimens failed in the 
adhesive at a mean strength of 7.5 MPa.  Thus a 2 mm 
thickness is adopted for use and three SPS panels 1 m wide by 
1.5 or 3.0 m long were prepared to ensure that the adhesive 
would hold the perimeter bars and top plate in position during 
the injection and curing of the elastomer.  The surface of the 
steel plates were prepared by blasting with aluminum oxide 
grit, with a typical grit size of 1 mm, at 6 to 7 bars. 

 
The 2 mm thickness of the adhesive layer was assured in the 
construction of the test panels by placing 50×10×2 mm 
elastomer spacers at intervals of 500 mm between two 4 mm 
diameter beads of adhesive deposited around the perimeter of 
the panel.  After the top plate was positioned, the panel was 
lightly clamped around the perimeter and the adhesive was 
allowed to cure for three hours.  The test panels were then 
injected with elastomer without external restraint.  All panels 
remained tight during casting and curing of the elastomer. 
  
Surface Preparation 

 
To ensure proper bond between the elastomer and the SPS 
Overlay plates, the inner surfaces of the existing bottom shell 
plating and the top plate are grit blasted to remove coatings 
and surface rust that may be present and to provide a rough, 
angular surface profile.  A minimum surface roughness of 
60+ µm is required with cleanliness to Swedish Standard 
SA2.5 (SSPC10).  Local flash rusting of the surface after 
blasting is permissible subject to inspection and approval by 
Intelligent Engineering. 
 

Structural Evaluations 
 
General 
The extent of the finite element model of a portion of Cargo 
Hold #7 used to evaluate the existing structure and that with 
SPS Overlays, and taken as representative of the area with 
SPS Overlays, is shown in blue in Figure 5.  The results of 
finite element analyses are compared to applicable ABS 
allowable stress criteria in order to evaluate both the existing 
and rehabilitated structures.  The model extends between 
Frames 63 and 64 and between longitudinals L16 and L26B. 

 

 
 

Figure 5. Cargo Hold #7 with finite element model 
 
Figure 6 illustrates the finite element model and includes 
details of the geometry and boundary conditions.  As indicated 
between longitudinals L25 and L26, the model includes the 
plate seam corresponding to where the thickness of the bottom 
shell plating reduces from 22 mm to 14 mm.  Structure 
extending through the turn of bilge is also included.  The steel 
has been modelled as a linear-elastic material with a modulus 
of elasticity of 206 000 MPa and Poisson’s ratio of 0.287.  For 
the SPS Overlay, the elastomer also has been modelled as a 
linear-elastic material with a modulus of elasticity of 750 MPa 
and Poisson’s ratio of 0.36.  The model uses solid elements for 
all structural components, including the SPS Overlay.  The 
finite element mesh is made sufficiently fine so as to capture 
the full three-dimensional response of the bottom shell plating.  
The applied boundary conditions are indicated by the heavy 
dashed lines in Figure 6 and reflect the restraint provided by 
the continuity of structure beyond the model perimeter. 
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Figure 6. Finite element model description 
 

 
Design Loads and allowable stresses 

 
As provided by ABS the reduced wave environment offshore 
Nigeria reduces the bottom structure design pressure from 
279 kPa of the North Atlantic wave environment that the 
INDEPENDENCE operated in as a trading tanker, to about 
250 kPa for the FPSO INDEPENDENCE. 
 
ABS Part 5 Chapter 1 Section 5 Clause 3 defines, for a Total 
Strength Assessment, the failure criteria associated with 
yielding (strength) that is applicable to the analysis of the 
FPSO INDEPENDENCE bottom plating.  Clauses 3.3 and 3.5 
require that the calculated stress intensity (fi), defined by the 
Hencky-von Mises stress expressed in the ABS Rules as 
fi = (fL

2 + fT
2 – fLfT +3fLT

2)1/2, be less than or equal to Smfy, 
where: 
 
fL = calculated total in-plane stress in the longitudinal 

direction including primary,  secondary and tertiary 
stresses 

 =   fL1 + fL2 + fL2
* + fL3 

fL1 =  stress due to primary vertical (hull girder) bending 
fL2 =  stress due to secondary bending between bulkheads in 

the longitudinal direction 
fL2

* = stress due to local bending of the longitudinal between 
transverse framing members in the longitudinal 
direction 

fL3  = plate bending stress between stiffeners in the 
longitudinal direction 

fT   = calculated total in-plane stress in the transverse 
direction including primary,  secondary and tertiary 
stresses 

 =  fT1 + fT2 + fT2
* + fT3 

fT1 = stress due to sea and cargo load in the transverse 
direction 

fT2 =  stress due to secondary bending between bulkheads in 
the transverse direction 

fT2
* = stress due to local bending of the stiffeners in the 

transverse direction 
fT3  = plate bending stress between stiffeners in the transverse 

direction 

fLfT  = calculated total in-plane shear stress 
fy = steel yield stress, MPa 
Sm = higher strength material factor 
 
The finite element analysis gives the tertiary stresses (fL3 and 
fT3) associated with plate bending between longitudinals and 
the secondary stresses (fL2

*) associated with the bending of the 
longitudinal stiffeners between the transverse bulkhead at 
Frame 63 and the transverse floor at Frame 64.  However, the 
limited extent of the model precludes the ability to determine 
(i) the stresses created by hull girder bending (fL1); (ii) 
transverse bending across the width of the ship (fT1); (iii) the 
secondary stresses associated with the bending of the structure 
between transverse bulkheads in the longitudinal direction 
(fL2); and, (iv) the secondary stresses between longitudinal 
bulkheads and the side of the ship in the transverse direction 
(fT2).  These are estimated as follows: 
 
The plating structure under investigation is located outside of 
0.4L amidships at approximately 0.25L from the aft end.  At 
this point the hull girder bending stresses (fL1) in the bottom 
structure will be relatively low and are estimated 
conservatively to be approximately 1/3 of the ABS maximum 
allowable primary bending stress of 175/Q (ABS Rules Part 3 
Chapter 2 Section 1 Clause 7.3).  For AH/DH32 steel Q = 0.78 
and fL1 is estimated to be (±175/0.78)/3 = ±75 MPa.  
Typically, the stress due to sea and cargo load in the 
transverse direction (transverse hull bending) is estimated to 
be 50% of the hull girder vertical bending stress or 35 MPa.  
In addition, the total in-plane shear stresses in the bottom 
plating at the turn of the bilge can be assumed to be 
approximately zero.  The secondary stresses associated with 
bending of the bottom structure between bulkheads (fL2 and fT2) 
will be a maximum in the flanges of the transverse floors and 
longitudinal girders and a minimum in the bottom plating due 
to the unbalanced section modulus of these members with a 
large plate area relative to the flange area.  Adjacent to the 
bulkheads and side shell structure the bottom plating will be in 
tension and the flanges of the floors and girders will be in 
compression.  Consequently, fL2 and fT2 of the bottom plating 
are estimated conservatively to be +30 MPa and fL2 for the 
flanges of the longitudinal girders is estimated to be –60 MPa. 

 
With these estimates, the Total Strength Assessment of any 
point of the analyzed structure can be evaluated using 
fL = ±75 + 30 + (fL2

* + fL3) and fT = ±35 + 30 + (fT2
* + fT3) where 

the stresses (fL2
* + fL3) and (fT2

* + fT3) come from the analyses 
and dominate the summations. 

 
For the DH32 steel in the bottom of the FPSO 
INDEPENDENCE, fy = 315 MPa and Sm = 0.95 resulting in a 
limiting stress intensity of 299 MPa. 
 
Existing Structure 
 
Figures 7 and 8 show respectively the transverse bending 
stresses and the longitudinal bending stresses on the bottom 
surface of the bottom shell plating.  Similar diagrams could be 
drawn for the top surfaces for which the maximum stresses are 
slightly less.  There are localized high stresses at the 



6  OTC 15315 

intersections of the bottom plating with the longitudinal webs 
and stiffener webs. 
 
The maximum transverse stress of 273 MPa occurs on the 
bottom face of the 14 mm plate between longitudinals L26 and 
L26A while for the renewed 22 mm plate the maximum stress 
is 246 MPa. 
 
In the longitudinal direction, the maximum stress of 235 MPa 
also occurs on the bottom face of the 14 mm plate at the 
header spanning between longitudinals L26 and L26B near 
Frame 64. 
 
From these transverse and longitudinal stresses and the other 
estimated stresses, the stress intensity, fi is calculated and 
compared to the limiting stress intensity of 299 MPa.  The 
maximum stress intensity of 318 MPa exceeds the limiting 
value on the bottom plate of the 14 mm plate between 
longitudinals L26 and L26A.  For the renewed 22 mm plate 
the maximum stress intensity of 291 MPa occurs on the top 
plate in the area immediately adjacent to longitudinal L25.  
Thus the limiting stress intensity is exceeded for the original 
wasted plate but not for the renewed plate. 
 
The maximum stress intensity in a bottom shell longitudinal, 
occurring in the flange of longitudinal L25 at Frame 63, is 
227 MPa and is therefore less than the limiting value of 
299 MPa.  This corresponds to a maximum bending stress in 
the flange of the longitudinal of 92 MPa due to the bottom 
structure design pressure, whereas the maximum bending 
stress in the flange of longitudinal L26 in the area of reduced 
14 mm thick bottom shell plate thickness is 44 MPa. 
 
The maximum deflection out-of-plane of 6.2 mm occurs 
between longitudinals L16 and L25 while that within the area 
with the 14 mm reduced plate thickness between longitudinals 
L25 and L26 is 5.6 mm or 1/145 of the span. 
 

 
 
Figure 7. Transverse bending stresses in the bottom shell plating 
 

 
 
Figure 8. Longitudinal bending stresses in the bottom shell 

plating 
 
SPS Overlay 
 
Figure 9 shows the finite element model of the area of the 
bottom shell plate with the SPS 16-30-Existing Overlay with 
Frame 64 removed so that the structure behind it is visible. 

 

 
 

Figure 9. SPS Overlay finite element model (Frame 64 not shown) 
 
Figures 10 and 11 show respectively the transverse bending 
stresses and the longitudinal bending stresses of the bottom 
surface of the bottom shell plating.  Similar diagrams could be 
drawn for the top surfaces of the bottom plating.  Localized 
high stresses still exist at the intersections of the bottom 
plating with the longitudinal webs and stiffener webs but now 
occur outside the area of the SPS Overlay rehabilitation.  The 
maximum stress of 244 MPa on the bottom face of the 14 mm 
plate between longitudinals L25 and L26 is the same 
(246 MPa) as for the analysis of the existing structure and 
occurs on the side of longitudinal L25 that is not repaired with 
SPS Overlay.  This value, however, corresponds to a stress 
intensity of 294 MPa, which is below the limiting value of 
299 MPa.  The calculated stresses occurring in the SPS 
Overlay region have been reduced and the localized stress 
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concentrations at the previous hard points have been 
eliminated.  The maximum stress in the section between 
longitudinals L25 and L26 has been reduced from 164 MPa in 
the existing structure to 32 MPa in the SPS Overlay.   
 

 
 

Figure 10. Transverse bending stresses in the bottom shell 
plating (SPS Overlay) 

 
Figure 11 showing the longitudinal stresses, when compared 
with Figure 8 of the existing structure, shows that the 
maximum stresses within the SPS Overlay area have been 
reduced, in a similar manner to the transverse stresses, from 
235 MPa to 52 MPa at the header spanning between 
longitudinals L26 and L26B.  
 
The maximum stress intensity for any location within the SPS 
Overlay rehabilitation is 152 MPa at the header spanning 
between longitudinals L26 and L26B.  This is only 0.48 of the 
maximum value for the existing structure.  In all cases, the 
stresses in the SPS Overlay section are significantly less than 
those for the existing structure and are all less than the 
allowable criteria. 
 
The maximum stress intensity in a bottom shell longitudinal, 
occurring in the flange of longitudinal L25 at Frame 63, is 
227 MPa as it is in the existing structure without the Overlay 
and is less than the limiting value of 299 MPa.  This 
corresponds, as for the existing structure, to a maximum 
bending stress in the flange of 92 MPa due to the bottom 
design pressure.  However, the maximum bending stress in the 
plate flange of longitudinal L26 in the area of the thinned 
14 mm thick bottom shell plate thickness is reduced with the 
SPS Overlay rehabilitation to 33 MPa from 44 MPa. 
 
The maximum shear stress computed in the elastomer, which 
bonds the two plates together, is established from the finite 
element analysis to be 0.83 MPa.  This is much less than the 
ultimate bond strengths of about 6 MPa that are readily 
achieved with proper surface preparation practices. 

The maximum deflection out-of-plane of 6.2 mm again occurs 
between longitudinals L16 and L25 as for existing structure 
without the SPS Overlay.  However within the area with the 
14 mm reduced plate thickness between longitudinals L25 and 
L26 the deflection is reduced from 5.6 mm or 1/145 of the 
span to 1.7 mm, or 1/480 of the span. 
 

 
 
Figure 11. Longitudinal bending stresses in the bottom shell 

plating (SPS Overlay) 
 
Summary and Conclusions 
 
The development of offshore oil fields using FPSOs and 
FSOs, by conversion of surplus tanker tonnage or new 
construction results in the continuous long-term deployment of 
these units without planned drydocking.  Although well 
engineered and regularly maintained the units are expected to 
require in-service structural repair.  The repairs will be 
performed on site due to the substantial cost of ceasing 
production even if for a short period. 
 
SPS Overlay is a proven, simple and predictable repair process 
undertaken with safe and convenient access without removal 
of the existing plating.  The “no hot work” version of SPS 
Overlay as applied to FPSO bottom shell plating maximizes 
the potential for continued oil production throughout the 
repair.  In the FPSO repair cited the SPS Overlay has been 
designed to effectively reinstate the strength and stiffness of 
the existing structure.  The maximum stresses in the wasted 
bottom plating were reduced by approximately 50% to satisfy 
ABS strength requirements and all hard point stress 
concentrations were eliminated. 
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