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In offshore installations, fires cause the structure to lose its rigidity and it leads to structural integrity and stability problems, The
Passive Fire Protection (PFP) system slows the transfer rate of fire heat and helps prevent the collapse of structures and fatality.
Especially, intumescent epoxy coating is widely used in the offshore industry, and not only is the material cost expensive, but
it also takes a lot of time and cost for construction, Several studies have been conducted on the efficient application and optimal
design of the PFP system, However, the mechanical properties and the strength of the PFP material have not been considered,
In addition, researches on the correlation between the thickness of PFP and the structural behavior were insufficient, Therefore,
this study aims to analyze the thermal and mechanical effects of the PFP on the structure when it is applied to the structural
member, In particular, it is intended to resolve the change in strength characteristics of the structural members as the thickness
of the PFP increases,

Keywords : Offshore installation(SUZE) PFP system(Z-=aixfEts AJAE), Intumescent epoxy coating(Zi&HA Ol ZA| &2,
Strength characteristics(Z4= £4), Safety system(QHIA|IAH])
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Fig. 1 Structure members with PFP applied (SR group of
company, 2021)
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Fig. 3 H-beams for supporting decks and pipes
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Fig. 4 Target structures selected
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Fig. 5 Configuration of the steel members for analysis
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Table 1 Cases of the analysis in order to identify the effect of PFP thickness and fire load on H-beams

Group No. PF.P Heat Numerical analysis Group No. Structural Thermal data Numerical analysis
applied Type | Element load Type Element
TP3-00 NFS-00
TP3-01 NFS-01
TP3-03 . NFS-03 ubL '
TP3-06 3-sided planeb5 NFS=06 30kPa no fire
TP3-10 NFS-10
A TP3-15 NFS-15
TP4-00 DF3-00
TP4-01 DF3-01
TP4-03 . DF3-03 ubL results from
Tra-06 | 0 Pane | D Forscog | aokPa | TS3 analysis
TP4-10 DF3-10
TP4-15 DF3-15
TS3-00 DF4-00
TS3-01 DF4-01
TS3-03 , standard fire | transient . DF4-03 ubL results from static .
TS3-06 §sided curve thermal solid70 DF4-06 30kPa TS4 analysis | structure solid185
TS3-10 DF4-10
5 TS3-15 DF4-15
TS4-00 NFB-00
TS4-01 NFB-01 .
TS4-03| | NFB-03 | ~al |
9406 4-sided solid70 NFB=06 compression no fire
350MPa
TS4-10 NFB-10
TS4-15 £ NFB-15
TC4-00 DFB-00
TC4-01 DFB-01
TC4-03 . . DFB-06 il , results from
C TCA=06 4-sided solid70 DFB=06 compression TC4 analysis
350MPa
TC4-10 DFB-10
TC4-15 DFB-15
* TP: Thermal analysis with plane element, * NFS: During no fire, structural analysis,
TS: Thermal analysis with solid element, DF3: During a fire, structural analysis on H-beam with 3-sided PFP,
TC: Thermal analysis for column member DF4: During a fire, structural analysis on H-beam with 4-sided PFP
* =NN in No.: PFP thickness NFB: During a no fire, structural analysis on buckling,
DFB: During a fire, structural analysis on buckling
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Fig. 6 Fire curve (ISO, 2002)

Table 2 Boundary conditions

Location a b C
&x Fix Fix Free
Displacement | &y Fix Fix Free
6z Fix Fix Free
0x Fix Fix Free
Rotation Oy Fix Fix Free
6z Fix Fix Free

Notes:
a: both ends of the beam for group D anlysis
b: one of the ends of the H-beam for group E analysis
c: the other end of the H-beam for group E analysis

(a) Elements (b) DF3 Thermal loading

(d) Load and boundary

(c) DF4 thermal loading | vons of DF3/DF4

(f) Load and boundary

(e) DFB thermal loading conditions of DFB

Fig. 7 Finite elements models
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Fig. 8 Variation of the steel's properties with temperature
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Table 3 Material characteristics of Epoxy type PFP

Property Value Units
Density 1000 kg/m?
Thermal conductivity 0.213 W/mTC
remal opanaon | 6X10° | emfom
Specific heat 1.17 J/gK
Tensile strength 1.28 MPa
Tensile modulus 1786 MPa
Compressive strength 18.6 MPa
Compressive modulus 1172 MPa
Lab. shear strength 10.1 MPa
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