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Abstract: Shipbuilding and maritime industries are increasingly focusing on alternative fuels to achieve decarbonization. Among the

various options, hydrogen fuel is regarded as the most promising; however, it features an inherent and significant explosion risk. To

address this risk, hydrogen blast load scenarios were selected and applied to blast walls typically installed in offshore structures. The

dynamic structural responses of these blast walls were analyzed and compared in terms of the maximum displacement, fracture occur-

rence, and stress and plastic strain distributions using both single-degree-of-freedom and finite element methods. Lastly, a conceptual

blast wall design was proposed, and its applicability to blast wall design was evaluated.
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1. Introduction

In accordance with the IMO’s decarbonization strategy, ship-
building and maritime industries are increasingly focusing on al-
ternative fuels to replace conventional fossil fuels. Among vari-
ous alternative fuels, hydrogen is considered one of the most
promising owing to its zero greenhouse gas emissions during use.
Accordingly, extensive research has been conducted from multi-
ple perspectives regarding the practical applications and com-
mercialization of hydrogen fuel.

However, the use of hydrogen introduces new safety chal-
lenges, in particular leakage and explosion risks. Hydrogen pos-
sesses a low boiling point and Minimum Ignition Energy (MIE),
along with wide flammability limits [1], which makes it more
explosive than other alternative fuels. Additionally, its higher
combustion rate and flame propagation speed contribute to more
severe blast loads compared with conventional hydrocarbon fuels
[21131.

Figure 1 shows post-accident photographs of hydrogen explo-
sion accidents that occurred in the Republic of Korea and Nor-
way in 2019, which demonstrate the risk of hydrogen explosions
[4][5]. Although the accident scenes were equipped with explo-

sion-proof systems in accordance with relevant regulations and

the amount of hydrogen involved was relatively small, the acci-
dents resulted in significant casualties and property damage. Fol-
lowing these accidents, regulations related to hydrogen leakage
and explosions have been strengthened, and subsequent research

has intensified.

(b)
Figure 1: Photographs of hydrogen explosion accidents in (a) the

Republic of Korea and (b) Norway
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Studies analyzing the dynamic response of structures sub-
jected to hydrogen blast loads can serve as valuable references
for the safety design of facilities with a high risk of hydrogen
explosion. Mo et al. [6] predicted the structural response of a
spherical tank exposed to hydrogen-blended natural gas explo-
sions using TNT-equivalent and Arbitrary Lagrangian-Eulerian
(ALE) methods, and examined the effects of the hydrogen-blend
ratio, pillar thickness, and standoff distance. Wang et al. [7] ex-
perimentally observed the effect of volumetric blockage ratio on
hydrogen explosion loads and the resulting structural responses,
and identified the correlation between the blockage ratio and
structural responses. Hao et al. [8] conducted 48 vented explo-
sion experiments on a 40-foot container and investigated the ef-
fects of vent location, obstacle configuration, ignition position,
and hydrogen concentration on its structural behavior. Du ef al.
[9] numerically analyzed mode I crack propagation of a tube un-
der internal hydrogen static and detonation loadings, with em-
phasis on crack dynamics, energy absorption and other charac-
teristics. Russo ef al. [10] conducted a probabilistic risk assess-
ment on high-pressure hydrogen pipelines to estimate the poten-
tial harm to humans and buildings exposed to pipeline explo-
sions, and proposed a safe separation distance. In addition to
these studies, a wide range of studies have provided important
findings regarding the dynamic responses of structures under hy-
drogen blast loads [11]-[20]. However, because most of the struc-
tures analyzed for their dynamic structural responses feature sim-
ple and fundamental structural forms, such as square panels, stor-
age tanks, and containers, directly applying these findings to
structural design is challenging. In particular, studies investigat-
ing the dynamic responses of structures commonly used in ships
and offshore structures are extremely rare.

In this study, blast load scenarios that reflect hydrogen explo-
sion characteristics were applied to blast walls typically used in
offshore structures. The dynamic structural responses of these
blast walls were analyzed and compared in terms of key design
parameters, such as maximum displacement and fracture occur-
rence. A simplified analysis method based on degree-of-freedom
reduction and numerical simulation using the Finite Element
Method (FEM) were employed to analyze the dynamic structural
response. Lastly, a hybrid blast wall combining the advantages of
existing blast wall designs was proposed, and its applicability
was evaluated by analyzing its structural response under hydro-

gen blast load scenarios.
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2. Modeling Methods for Dynamic Structural
Response Analysis of Blast Walls

Stiffened and corrugated blast walls, which are typically in-
stalled on offshore structures, were selected as target structures.
Although blast walls generally feature site-specific designs based
on their installation locations, the designs and dimensions of the
target structures in this study were determined based on related
studies and design guidance [21][22].

The dynamic structural responses of the target structures were
analyzed using two approaches. The first approach is an analyti-
cal approach based on the Single-Degree-of-Freedom (SDOF)
method. The SDOF method simplifies the dynamic behavior of a
structure by modeling it as an SDOF system. Although this
method provides limited accuracy and detail in describing the dy-
namic behavior compared with the FEM, it offers advantages in
terms of computational efficiency and modeling ease. In particu-
lar, the Pressure-Impulse (P-I) diagram, which is a preliminary
design tool, was primarily developed based on the SDOF
method. Additionally, this method was introduced as a structural
analysis method in the recommended practice published by a
classification society [23]. In this study, the Biggs method [24]—
one of the simplest and most practical SDOF methods—was used
to analyze dynamic structural responses. It is based on the fol-

lowing equation:

mw + kw = F(t) )

where, M is the generalized mass, k is the generalized elastic

bending stiffness, F (t) is the generalized force and W is the

displacement.

In deriving the generalized coefficients in Equation (1), the
analysis scope was limited to a stiffened or corrugated panel,
which is a structural member directly subjected to blast loads,
and supporting structures were excluded. Since the Biggs method
does not account for material plasticity, a linear elastic material
model was used in simulations, with a density of 7.85 t/mm? and
an elastic modulus of 200,000 MPa. Simply-supported boundary
conditions were applied for conservative analyses.

The second approach is numerical simulation using the FEM.
As a type of Multi-Degree-of-Freedom (MDOF) method, it is fre-
quently adopted as an analytical approach in structural design.
However, because both the preprocessing and solving stages are

relatively time consuming, this approach could have a limitation
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Figure 3: Numerical models of corrugated blast walls with (a) inter-

mediate and (b) deep sections

in terms of its application to parametric studies. Moreover, the
prediction accuracy would be significantly reduced if the user
lacks sufficient knowledge and experience during the prepro-
cessing stage.

The numerical model used in this study was developed based
on a validated model developed by Lee and Seo [25], whose ac-
curacy was confirmed through comparison with experimental re-
sults. Figure 2 shows the numerical model of a stiffened blast
wall with applied boundary conditions and loading directions.
The blast wall has a geometric configuration with one side fixed

to the structure’s deck, while the opposite side is open [21]. It
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comprises a panel that directly receives blast loads and multiple
stiffeners, which contribute to most of the bending rigidity. All
the structural members were assumed to be made of AH36 high-
tensile steel.

Figure 3 illustrates the numerical model of a corrugated blast
wall. Two types of corrugated blast walls corresponding to the
intermediate and deep sections presented in the design guidance
were modeled [22]. The corrugated blast walls were not directly
connected to the structure’s deck by its corrugated panel but ra-
ther through angle-type supports attached to both sides of the
panel, which were connected to stiffer structural members. The
analysis scope covered a corrugated panel and the first supports
attached to it. Unlike the stiffened blast wall, whose boundary
conditions were predetermined in a previous study, simply sup-
ported boundary conditions were applied in the numerical model
to provide a conservative prediction of the structural response of
the corrugated blast walls. Both the panel and supports were as-

sumed to be made of duplex stainless steel 2205.

Table 1: Comparison of mass and natural period for different

blast walls
Numerical | Mass |Natural period, 7N
Type
model ) (s)
Stiffened blast wall Figure2 | 2.39 0.054
Corrugated blast wall .
with intermediate section Figure 3(a) | 1.37 0.024
1 1l
Corrugated blast wall "} pi0 o 31| 5.06 0.047

with deep section

) 1100 mm

2200 mm M

E foaye = 10 mm
S Iy =13 mm
] L Iange = 24 mm
200 mm Ly = 757184 % 10° mm*
(a)
160 mm| 60 mm
————y
= :
2
I- t 9 mm
160 mm Ty ™ 23.616x 10° mm?
200 mm 320 mm
——
b1
b
| 1 =11 mm
240 mm L = 652.280% 106 mm?

(c)
Figure 4: Comparison of cross-sectional configurations of blast wall
types: (a) stiffened blast wall, (b) corrugated blast wall with interme-

diate section, and (c) corrugated blast wall with deep section
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Table 1 shows a comparison of the mass and natural period
(7n) associated with the primary mode shape for each blast wall
type. Each blast wall exhibited distinct mass and the natural pe-
riod. Figure 4 shows a comparison of the cross-sectional config-
urations of each blast wall type and the corresponding x-direction
moments of inertia for their repeating segments, with the scale
differing from the actual geometry. Among the three blast wall
types, the stiffened blast wall exhibited the highest moment of
inertia. Furthermore, compared with the corrugated blast walls,
it exhibited a considerably higher moment of inertia relative to
its mass.

All the numerical models adopted a bilinear elasto—plastic ma-
terial model, and nominal values of the material properties were
used to ensure both generality and conservatism in the simulation
results. The nominal material properties of these models are
listed in Table 2. The blast loads are characterized by short rising
time and duration, which result in high strain rates during defor-
mation. To account for the strain rate effect on the structural re-
sponse, the following Cowper—Symonds equation was applied

[26]:

ova/oy=10+ (§/C)V/a 2

where, ovd and oy are the dynamic and static yield strengths, re-
spectively, € is the strain rate, and C and g are the strain rate pa-
rameters. The strain rate parameters for each material were deter-
mined with reference to relevant literature [27], and were listed
in Table 2.

A four-node fully integrated shell element was adopted as the
element type, and the element size was determined to be within
the range of 3040 mm based on the convergence study results
of related studies [25][28]. Blast loads were applied to the entire
surface of the blast walls in the form of time-varying pressure in

the direction indicated by the red arrows in Figures 2 and 3.

Table 2: Nominal material properties used in numerical model

Material AH36
properties high-tensile steel Lo ers A0S
Density 7.85x107 t/mm’
Elastic modulus 200,000 MPa
Poisson’s ratio 0.3
Yield strength 355 MPa | 450 MPa
0.3% of
Tangent modulus elastic modulus
Static
fracture strain 0.25 0.30
Cowper-Symonds C 0f 3200.0 / Cof 100.0 /
constants g of 5.0 q of4.0

Dong-Kyeong Yang * Jung-Kwan Seo

These time-varying blast loads corresponded to the blast load
scenarios discussed in the following section. To account for the
damping effect in the structural response, a damping coefficient
of 0.4n/Tn was applied to all directional damping forces. This co-
efficient, which is recommended in the LS-DYNA manual [29],
corresponds to 10% of the critical damping and represents an em-
pirical and practical value commonly used in numerical simula-
tions of dynamic structural responses. An explicit solver in LS-
DYNA was used in the simulations [29].

Contact interactions were defined as surface-to-surface inter-
actions between the corrugated panel and angle-type support, and
a single-surface contact was applied to the corrugated panel it-
self. The characteristic length for the time step calculation was
defined as the element area divided by the maximum element
edge length, and the simulation termination times were set to
three times the blast load duration to fully capture the structural
responses, including inertial effects.

Although the validation of the numerical model was not re-
peated in this study, the simulation results can be considered as
suitable for providing reliable predictions of the dynamic struc-
tural response of the blast wall. This assessment is supported by
previous work, including that of Lee and Seo [25], which demon-
strated the accuracy of an identical modeling approach for a cor-

rugated blast wall.

3. Dynamic Structural Response of Blast Walls
Subjected to Hydrogen Blast Loads

Hydrogen has a significantly faster combustion rate and flame
propagation speed compared with hydrocarbons, thus resulting
in distinct differences in the blast load characteristics. In this
study, hydrogen blast load scenarios were selected separately
from conventional hydrocarbon-based scenarios to account for
these differences. The selected scenarios were based on the char-
acteristics of hydrogen blast loads analyzed by Lee and Seo [25].
Table 3 presents 90 hydrogen blast load scenarios. All the sce-
narios were modeled as triangular impulse loads, and their nega-
tive phase was not considered. Figure 5 shows an example of an
actual blast load and its idealized triangular impulse load profile,
which was defined by the peak overpressure (ppeak), rising time
(#:), and duration (#4). The upper limit of the peak overpressure in
the scenarios was set to 1.2 MPa. This was based on the nominal
hydrocarbon peak overpressure of 0.3 MPa and the observation
that the hydrogen peak overpressure was approximately four

times greater. For the duration, the lower limit was set to 0.01 s
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Table 3: Hydrogen blast load scenarios

Scenario | Peak overpressure | Duration Rising time
no. (Ppeak, MPa) (td, s) (t, 8)
1 0.01 0.0075 (75% of ta)
2 0.02 0.015 (75% of ta)
3 0.03 0.0225 (75% of ta)
4 0.04 0.03 (75% of t4)
5 0.05 0.06 0.045 (75% of ta)
6 0.08 0.06 (75% of t4)
7 0.10 0.075 (75% of ta)
8 0.13 0.0975 (75% of ta)
9 0.16 0.12 (75% of t4)
10 0.20 0.15 (75% of t4)
11-20 0.1 0.01-0.20 75% of ta
21-30 0.15 0.01-0.20 75% of ta
31-40 0.2 0.01-0.20 50% of ta
41-50 0.4 0.01-0.20 25% of ta
51-60 0.6 0.01-0.20 0% of ta (No #)
61-70 0.8 0.01-0.20 0% of ta (No #)
71-80 1.0 0.01-0.20 | 0% of ta (No t)
81-90 1.2 0.01-0.20 | 0% of ta (No t)
037 s Pocal }! \ — Actual blast load
- t === Triangular impulse load
0.4 - ‘: Ry
go34 i -
= ) N
g 0.2 i
- 4 N\
&
0.1 — N
| N (15 0)
0 T | T T T 1

0 0.005 0010 0.015 0020 0.025 0.030

Time (s)
Figure 5: Example of actual and idealized triangular blast load pro-
files

to ensure that the blast load scenarios were realistic and within
the impulsive domain [30]. The upper limit was set to 0.2 s,
which was sufficiently long that dynamic structural response due
to inertia was hardly observed. For gas explosions, it is generally
understood that the peak overpressure and duration are inversely
related. However, Lee and Seo [25] observed that a wide range
of durations may occur, even for the same peak overpressure, de-
pending on the explosion conditions. Therefore, scenarios were
constructed to include all possible combinations of peak over-
pressure and duration. As the peak overpressure increased, trian-

gular impulse loads with smaller rising time-to-duration ratios
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Figure 6: Comparison of maximum displacements predicted using

SDOF and FE methods

were applied. This is because an inverse relationship between the
peak overpressure and rising time-to-duration ratio was ob-
served.

The analytical approach was first employed to analyze the dy-
namic structural response of the blast wall. To validate this ap-
proach, the predicted results were compared with those obtained
from numerical simulations. Both approaches were applied to the
corrugated blast wall with an intermediate section, and the y-di-
rection displacements at the center of the wall were compared.
Figure 6 shows a comparison of the maximum y-direction dis-
placements for the blast load scenarios corresponding to peak
overpressures of 0.1 MPa (Scenarios 11-20), 0.4 MPa (Scenarios
41-50), and 0.6 MPa (Scenarios 51-60). The scenarios were dis-
tinguished in the legend and along the x-axis, where the durations
were non-dimensionalized by the natural period (7n) values
listed in Table 1.

For the blast load scenarios with a peak overpressure of 0.1
MPa, both the analytical and numerical approaches predicted that
the maximum structural responses would occur at f¢/Tn values of
0.5-1.0. This is because the blast wall predominantly experi-
enced elastic deformation, and the structural response was am-
plified owing to the resonance between the duration and the nat-
ural period. However, because the SDOF method adopted in this
study did not account for damping effects and excluded the sup-
ports in the analysis scope, the analytical approach overestimated
the maximum displacements compared with the numerical simu-

lations. In the load scenarios with peak overpressures of 0.4 and
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0.6 MPa, local plastic deformation occurred within the blast wall,
and the maximum displacements increased significantly. How-
ever, the SDOF method underestimated the maximum displace-
ments with a relative error of up to approximately 40% because
it assumed that the target structure remained elastic. Hydrogen
explosions generally have higher peak overpressures than hydro-
carbon explosions and are more likely to cause plastic defor-
mation in blast walls. The previous comparison indicates that the
SDOF method may not provide reliable predictions of the struc-
tural response of blast walls subjected to hydrogen blast loads
because of several inherent modeling limitations.

Unlike previous studies on hydrocarbon blast loads with rela-
tively low peak overpressures, this study considered hydrogen
blast loads, which are more likely to induce plastic deformation
in blast walls. The results presented in Figure 6 highlight the lim-
ited applicability of the conventional SDOF method under such
conditions. Therefore, in the subsequent analysis, only FEM-
based numerical simulations were employed to investigate the
dynamic structural response of blast walls.

Figures 7(a), (b) and (c) present the maximum y-direction dis-
placements for each blast wall type under the hydrogen blast load
scenarios. The displacements were measured at the locations
where the maximum deformation occurred in the blast walls, as
indicated by the red stars in Figures 2 and 3. The maximum dis-
placement in the direction parallel to the blast load propagation
is an important structural response parameter that serves as a
quantitative criterion for blast wall design. Accordingly, Figure
7 shows the recommended deflection limits proposed by FABIG
[31], i.e., span/40 and span/25, as shown by the dashed and dash-
dotted red lines, respectively. These limits, which provide widely
accepted design recommendations for offshore blast walls and
are typically referenced in regulatory and industrial design guide-
lines, were used to evaluate the acceptability of the blast wall de-
formation. Moreover, for blast walls subjected to blast loads, if
even a minor localized fracture occurs, the walls may be regarded
as having reached the Ultimate Limit State (ULS), where they no
longer fulfill their structural function. Such cases were excluded
from Figure 7; therefore, the discontinuity in the curve indicates
that fracture occurred in the corresponding load scenario.

The maximum displacement increased for all the blast walls
as the peak overpressures increased. However, an increase in du-
ration did not necessarily lead to a corresponding increase the
maximum displacement. For blast load scenarios with a rela-

tively low peak overpressure, elastic deformation occurred
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corresponding to hydrogen blast load scenarios

595



Comparison of dynamic structural responses of blast walls subjected to hydrogen blast loads

Ppear: 0.05 MPa Ppeak: 0.15 MPa
iy 0.04 s : 006 s
t/ T 1.06 &/ T 1.58
von-Mises stress von-Mises stress
3.709e+02 4.319e+02
3.338e+02 :I 3.887e+02 :I
2.967e+02 | 3.456e+02 |
2.506e+02 _ 3.025e+02 _
2.226e+02 _ 2.504e+02 _
1.855e+02 _ 2.162e+02 _
1.484e+02 | 1.731e+02 _|
1.113e+02 _ 1.300e+02 _ g
7.427e+01 8.686e+01
3.720e+01 ] 4.373e+01 ]
1.267e-01 _| 6.081e-01 | x
Preai: 0.05 MPa Prea: 0.15 MPa Prea: 0.2 MPa
£:0.04s 4:0.06s t;:0.08 s
&/ Ty 1.06 fy/ Ty: 1.58 /Ty 2.1
Effective plastic strain Effective plastic strain Effective plastic strain
1.811e-05 7.209e-02 2.222e-01
1.530e-05:| 6. 4555-02 2.000e-01 :H
1.449e-05 | 5.767e- 02 1.778e-01 _|
1.268e-05 _ 5.046e-02 _ 1.555€-01 _
1.087e-05 _ 4.325e-02 _ 1.333e-01 _
9.055€-06 _ 3.604e-02 _ 1.111e-01 _
7.244-06 _ 2.883e-02 _| 8.888e-02 _
5.433€-06 _ 2.163e-02 _ 6.666e-02 _
3.622e-06 1.442e-02 4.444e-02
1.8118-05] 7. 209&-03 2.222e-02 l
0.000e+00 _| 0. uuoemo 0.000e+00 _|

Figure 8: (a) Von-Mises stress and (b) effective plastic strain dlstrlbutions of stiffened blast wall under representative hydrogen
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Figure 9: (a) Von-Mises stress and (b) effective plastic strain distributions of corrugated blast wall under representative hydrogen

blast load scenarios

predominantly, thus making the effect of resonance on the struc- 0.5. If the blast wall were to deform perfectly in its primary mode,
tural response more significant. Consequently, the maximum then the resonance effect would cause the maximum response to
structural response was observed when #¢/7Tn was approximately occur near at to/Tn = 0.5. However, although deformation was
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primarily reflected the primary mode, several minor modes were
superimposed, thus causing the maximum response to occur un-
der ta/Tw values of 0.5—1.0 for all blast wall types.

As the peak overpressure increased, the blast load duration at
which the maximum structural response occurred increased as
well. This is attributed to the occurrence of plastic deformation
in the blast walls, which reduced the structural stiffness, thereby
increasing the natural period [32][33]. In the blast load scenarios
with a peak overpressure of 0.6 MPa or higher, right-angled tri-
angular blast loads without rising times were applied. In these
cases, the effects of stiffness reduction and blast load shape on
the structural response were maximized. Therefore, the maxi-
mum displacement increased nonlinearly with increasing blast
load duration.

The blast load scenarios at which the recommended deflection
limits were reached or fracture began to occur varied among the
different blast wall types. The stiffened blast wall reached the de-
flection limits and fracture at peak overpressures that were 0.25
and 0.65 MPa lower than those for the corrugated blast walls,
respectively. Although the blast wall types exhibited different
stiffnesses and strengths, the design criteria were not satisfied
and the ULS was reached prior to applying all hydrogen blast
load scenarios. This indicates that blast walls designed for hydro-
carbon blast loads might have insufficient structural capacity to
withstand hydrogen blast loads, which tend to exhibit higher peak
overpressures than those of hydrocarbons.

Even under the same blast load scenario, the stiffened blast
wall exhibited a larger displacement than the corrugated blast
walls. This difference is attributed to the boundary conditions of
the blast walls and the differences in the directions of stresses
developed during deformation. As shown in Figure 2, the stiff-
ened blast wall was installed with one end fixed, which caused a
larger deformation compared with the case where both ends were
fixed [34]. Additionally, the panel of the stiffened blast wall was
directly attached to the deck, thus causing a significant stress
concentration at the fixed end. This may result in a more rapid
localized plastic deformation than that in the corrugated blast
walls. These differences were confirmed by comparing the defor-
mation shapes and structural responses of the stiffened blast wall
and the corrugated blast wall with the intermediate section, as
shown in Figures 8 and 9.

Figures 8 and 9 sequentially present the von-Mises stress and
effective plastic strain distributions for representative blast load

scenarios: scenarios in which the blast walls primarily
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experienced elastic deformation and the maximum structural re-
sponses occurred when the blast load duration was approximately
0.5 times the wall’s natural period (first column of Figures 8 and
9); the first scenario in which the maximum displacements ex-
ceeded span/20 (second column); and the first scenario in which
fracture was observed (third column). For the first and second
columns, the distributions are shown at the time of maximum de-
formation, whereas for the third column, they are shown imme-
diately before fracture occurs. The locations of the initial frac-
tures are indicated by dashed red circles in the figures.

The stiffened blast wall shown in Figure 8 was designed such
that it deformed and tilted in the direction of the stiffeners when
subjected to blast loads. This deformation mode did not pose a
significant issue when the blast load had a relatively low peak
overpressure, which primarily resulted in elastic deformation.
However, in the load scenario corresponding to the second col-
umn, if the blast load induced sufficiently large compressive
stresses that cause buckling at the stiffener ends, then the stiffness
of the stiffener would decrease rapidly after buckling. As stiffen-
ers contribute primarily to the blast resistance of the wall, buck-
ling in these members causes deformation to increase nonline-
arly. Shortly thereafter, similar to the load scenario correspond-
ing to the third column, fractures occurred near the buckling lo-
cations. In the panel that directly received blast loads, relatively
small stresses and plastic strains were observed compared with
those in the stiffeners, even immediately before fracture. This
demonstrates that, in the stiffened blast wall, the panel may not
fully function as the primary blast-resisting member due to the
geometric configuration of the blast wall.

Unlike the stiffened blast wall, the corrugated blast wall ex-
hibited stress distributions across the entire structure, thus indi-
cating that both the corrugated panel and supports deformed sim-
ultaneously to absorb the blast loads. Owing to the presence of
sharp corners at the panel-support joints, which induce local
stress concentration, significant stress and plastic strain were ob-
served at these locations, eventually leading to fracture, as illus-
trated in the load scenario corresponding to the third column of
Figure 9. Nevertheless, the analysis of the unfolding defor-
mation shapes confirmed that tensile stress occurred predomi-
nantly at these joints, thus resulting in a lower risk of local buck-
ling compared with the stiffened blast wall. Therefore, special at-
tention should be paid not only to the design of the panel, which
is the primary structural member subjected to blast loads, but also

to the design of the panel-support connections to prevent

597



Comparison of dynamic structural responses of blast walls subjected to hydrogen blast loads

premature structural collapse of the blast walls. The von-Mises
stress and effective plastic strain distributions for the corrugated
blast wall with a deep section are not presented because they ex-
hibited similar trends in structural responses to those shown in
Figure 9. This is because, although the moment of inertia was
increased by the deeper section, the blast wall span was increased
as well, thereby increasing the moment arm.

Most blast walls installed on offshore structures exhibit the
configurations shown in Figures 2 and 3. In this study, a hypo-
thetical hybrid blast wall that combined the bending-strength ad-
vantage of a stiffened panel and the geometric advantage of an
angle-type support was numerically modeled, as illustrated in
Figure 10(a). Except for the cross-sectional shape of the stiff-
ened panel, all other design parameters, including the material
properties, mass, overall span, and support dimensions, were set
identical to those of the corrugated blast wall with an intermedi-
ate section. The cross-sectional shape was determined by placing
stiffeners at the corrugated panel corrugations while maintaining
the same cross-sectional area as that of the corrugated panel, as
shown in Figure 10(b). The dynamic structural response of the
hybrid blast wall was investigated under hydrogen blast load sce-

narios to examine its applicability to blast wall design.
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Figure 10: (a) Numerical model and (b) cross-section configuration

of hybrid blast wall
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Figure 11: Maximum displacements of hybrid blast wall corre-

sponding to hydrogen blast load scenarios

Figure 11 presents the maximum y-direction displacements of
the hybrid blast wall under the hydrogen blast load scenarios. In
the load scenarios with relatively low peak overpressures (not ex-
ceeding 0.4 MPa), the hybrid blast wall exhibited greater dis-
placement than the corrugated blast wall with an intermediate
section. This difference is attributed to the sequence of yielding-
induced large deformation. Whereas the corrugated blast wall
yielded first in the relatively short supports followed by the panel
as the peak overpressure increased, the hybrid blast wall experi-
enced large deformation caused by yielding in the relatively long
panel prior to yielding in the supports. From the load scenarios
with a peak overpressure of 0.6 MPa, since the yielding-induced
large deformation occurred in the panel of the corrugated blast
wall as well, comparable maximum displacements between the
hybrid and corrugated blast walls were observed. Moreover,
compared with the case of the corrugated blast wall, the number
of load scenarios without an observed fracture increased, and the
peak overpressure at which fracture first occurred was 0.2 MPa
higher. These increases show that the integration of a stiffened
panel with angle-type supports can effectively delay fractures in
blast walls.

Figures 12(a) and (b) show the von-Mises stress and effective
plastic strain distributions of the hybrid blast wall, respectively,
along with their deformation shapes. These are presented using
the same methodology as that in Figures 8 and 9. As the peak
overpressure of the blast load increased, yielding occurred pro-
gressively in the flange, the web, and the joints between the panel

and supports. This progression differs from the deformation
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Figure 12: (a) Von-Mises stress and (b) effective plastic strain distributions of hybrid blast wall under representative hydrogen blast

load scenarios

Table 4: Comparison of blast load scenarios corresponding to first observed for each blast wall type. Yielding was observed the
first yielding and first fracture for each blast wall type earliest in the stiffened blast wall and the latest in the corrugated
T Blast load at Blast load at frac- blast wall with an intermediate section, which is consistent with
ype s s . .
first yielding ture 1nitiation the structural response analyzed in the previous paragraphs. Frac-
=0.1 MP =1.0 MP igni i i
Hybrid blast wall Dpeak 7(()) o a, | Ppeak Y (())8 a, ture was observed significantly later in the hybrid blast wall than
a=0.01s a=0.05s in the other types, thus quantitatively demonstrating that the pro-
Stiffencd bl g | Peek= 0.05 MPa, | ppeak = 0.15 MPa, d desi frectively delav fracture initiati
tiffened blast wa W=0.03s =020 posed design can effectively delay fracture initiation.
Corrugated blast wall | Ppeak = 0.15 MPa, | ppeak = 0.8 MPa,
with intermediate section ta=0.01s t4=10.06s 4. Conclusions

Corrugated blast wall | Ppeak = 0.1 MPa, | ppeak = 0.8 MPa,

with deep section 1= 0.03 s 14=0.08 s Blast walls, which are typically installed on offshore struc-

tures, were modeled using both analytical and numerical meth-

modes of corrugated blast walls proposed by Lee and Seo [25] ods. Subsequently, blast load scenarios reflecting hydrogen ex-

: L 1 plosion characteristics were selected, and the dynamic structural
and supports a previous description of the sequence of yielding-

induced large deformations. Fracture initially occurred at the responses of the blast walls under these scenarios were investi-

joints, particularly in the areas without stiffeners. Therefore, the gated. The results are summarized as follows:

hybrid blast wall offers an easier reinforcement method of adding 1. For all types of blast walls, under blast load scenarios with

stiffeners than corrugated blast walls. Although this method can relatively low peak overpressures, elastic deformation was

slightly increase the mass of the blast wall, the displacement un- predominant and resonance significantly affected the dy-

der the same blast load would decrease and the occurrence of namic structural response. Consequently, the maximum de-

fractures would be further delayed. formation occurred when the blast load duration was 0.5—

Table 4 shows a comparison of the blast load scenarios at 1.0 times the natural period of the blast wall. However, as

which initial yielding occurred and those at which fracture was the peak overpressure of the blast loads increased, the stiff-

ness degradation due to plastic deformation and the effect
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of the blast load shape on the structural response became
more pronounced, thus causing the maximum deformation
to occur at longer blast load durations.

2. Despite being heavier than the corrugated blast wall, the
stiffened blast wall exhibited greater displacements under
the same blast load scenarios. Additionally, it reached the
recommended deflection limits and ULS under scenarios
with lower peak overpressures. This is attributed to its
fixed-free boundary conditions and geometric features,
which caused the buckling of the stiffener ends.

3. The von-Mises stress and plastic strain distributions
showed that the area most susceptible to plastic defor-
mation and fracture was the joints, including those between
the panel and support, as well as those between the blast
wall and deck, instead of the panels directly subjected to
blast loads. This suggests that in blast-wall design, in par-
ticular when considering hydrogen blast loads that can
cause substantial plastic deformation, the design of the con-
nections is equally critical to that of the panels.

A hypothetical hybrid blast wall combining the advantages of

both stiffened and corrugated blast walls was numerically

modeled, and its dynamic structural response was investigated
under hydrogen blast load scenarios. The hybrid blast wall ex-
hibited enhanced stiffness as the peak overpressure increased,
and fracture occurred at a higher peak overpressure compared
with the case of the corrugated blast wall of the same mass.
These results demonstrate its potential for application to blast

wall design.
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