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Abstract 
 
This paper presents a numerical and experimental study of sloshing loads on liquefied natural gas (LNG) ves-

sels. Conventional LNG carriers with membrane-type cargo systems have filling restrictions from 10% to 70% of 
tank height. The main reason for such restrictions is high sloshing loads around these filling depths. However, 
intermediate filling depths cannot be avoided for most LNG vessels except the LNG carrier. This study attempted 
to design a membrane-type LNG tank with a modified lower-chamfer shape that allows all filling operations. 
First, numerical sloshing analysis was carried out to find an efficient height of the lower-chamfer that can reduce 
sloshing pressure at partially filled conditions. The numerical sloshing analysis program SHI-SLOSH was used 
for numerical simulation; this program is based on SOLA-VOF. The effectiveness of the newly designed tanks 
was validated by 1:50-scale three-dimensional tank tests. A total of three different tanks were tested: a conven-
tional tank and two modified tanks. As test conditions, various filling depths and wave periods were considered, 
and the same test conditions were applied to the three tanks. During the test, slosh-induced dynamic pressures 
were measured around the corners of the tank wall. The measured pressure data were post-processed and the pres-
sures of the three different tanks were statistically compared in several ways. Experimental results show that the 
modified tanks were quite effective in reducing sloshing loads at low filling conditions. This study demonstrated 
the possibility of all filling operations for LNG cargo containment systems. 

 
Keywords: Sloshing, LNG cargo containment system, all filling operation, lower-chamfer 

 

 
 

1. Introduction  

In the construction of large liquefied natural gas (LNG) carriers, there are growing needs for technical devel-

opment for sloshing loads; this is closely related to the design and strength assessment of the LNG cargo 

containment system. For newly built LNG vessels, the cargo systems can be largely divided into two cate-

gories. The first type is the independent type. Independent tanks are completely self-supporting and can be 

constructed of flat surfaces or with a spherical/cylindrical shape. These types of tanks have stronger re-

sistance to slosh-induced force, which is one of the key parameters in the design of LNG cargo. However, 

recent trends favor using the membrane tank rather than the independent tank. Such tendency occurs be-

cause the membrane type, which has a prismatic tank shape, has less unnecessary void space. 
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 Table 1 Dimensions of the conventional tank of a 160K LNG carrier and the modified tanks 

Tank Type Conventional Type 1-1 Type 1-2 Type 1-3 

Length (L) 46.6 46.6 46.6 46.6 

Breadth (B) 38.1 38.1 38.1 38.1 

Height (H) 28.6 28.6 28.6 28.6 

Upper -chamfer  8.6 8.6 8.6 8.6 

Lower-chamfer  3.9 6.0 8.0 10.0 

*Unit = m 

 

 

 (a) Conventional tank (b) Modified tank 1-1 (6 m of lower-chamfer height) 

 

 

 (c) Modified tank 1-2 (8 m of lower-chamfer height)  (d) Modified tank 1-3 (10 m of lower-chamfer height) 

 

Fig. 1 Sloshing peaks during numerical simulation, full scale (with a 0.30 H filling depth and beam sea condition: Hs = 12.0 m, 

Tz = 11.5 s) 

 

LNG carriers with a membrane cargo containment system generally have tank filling restrictions between 

0.10H and 0.70H (where H is the internal tank height). The main reason for the restriction is the high slosh-

ing pressures at approximately 0.20H to 0.40H filling (Macdonald, 2008; Pastoor et al., 2004; Zhao et al., 

2004). However, for other LNG vessels, which are required to process the production, offloading, and regas-

ification, intermediate filling depths cannot be avoided. Therefore, despite the high construction cost, there 

is no choice but to adopt the independent type for LNG vessels such as LNG-shuttle regasification vessels 

(LNG-SRVs) and floating LNG (FLNG).  

Several studies have addressed the development of sloshing reduction devices installed inside prismatic 

LNG cargo (Anai et al., 2010; Kim et al., 2013b). Although these studies had a positive outcome in sloshing 

reduction, adoption of such special devices is meeting many obstacles in real ship applications such as safe-

ty checks and application costs. Therefore, it would be highly advantageous if sloshing pressure could be 

reduced by simple change of tank shape with the same insulation system.  

This study attempted to develop a membrane-type LNG tank design that enables all filling operations by 

changing the shape of the lower-chamfer. The main objective was reducing the sloshing pressures of the 

conventional tank at approximately 0.30H filling, which is known as the most critical filling depth condition 

for sloshing loads. First, numerical sloshing analysis was carried out to design the lower-chamfer height. 

Irregular sea simulation was carried out using a total of four different tank designs, including the conven-

tional type tank. The numerical sloshing analysis program used for this study is SHI-SLOSH which is based 

on SOLA-VOF (Ha et al., 2002; Park et al., 2006). Experimental analysis was also carried out to validate the 

effectiveness of the modified tank design. A total of three different 1:50-scale tanks were manufactured, 

including a conventional tank. The manufactured tanks were based on a 160K LNG carrier, and the three 

tanks have the same volumetric size. Model tests were conducted for various filling and wave conditions for 
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the three tanks. The main interest was the dynamic pressure measured at the tank walls. The measured pres-

sure data were post-processed and the pressures of the three different tanks were statistically compared in 

several ways.  

2. Numerical Analysis  

2.1 Modification of the LNG Tank 

Numerical analysis was carried out for four prismatic LNG tanks. The specific dimensions of the tanks are 

shown in Table 1. Four tanks have an octagonal bulkhead shape with the same tank length, breadth, and 

height. The only difference between the tanks is the lower-chamfer height. The modified tanks have a long-

er lower-chamfer. Therefore, the volumes of the considered tanks were therefore smaller than that of the 

conventional tank.  

2.2 Numerical Method 

In the numerical analysis, the flow inside the LNG tank was assumed to be three-dimensional, unsteady, 

incompressible, and viscous. The governing equations were the continuity equation and Navier–Stokes 

equation, which can be expressed as 
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In these equations, 
ur
V is the fluid velocity inside the tank, r  is the fluid density, p is pressure,

ur
f is the 

body force, and n  is the kinematic viscosity. The first-order time marching scheme and central differenc-

ing were used for the time and diffusion terms respectively. To increase the method’s numerical stability, 

convection terms were discretized with the upwind scheme. The pressure-velocity iteration and free surface 

movement were solved using the SOLA-VOF method (Nicols et al., 1971). Dynamic and kinematic bound-

ary conditions were satisfied on the free surface. Detailed numerical scheme and validation results were 

introduced by Park et al. (2006).  

2.3Results of Numerical Simulation   

Numerical simulation was carried out for extreme wave conditions. The significant wave height (Hs) and 

zero crossing periods (Tz) were 12.0 m and 11.0 s, respectively. The irregular time series of the ship mo-

tions in the sloshing calculations were generated by the ship motion Response Amplitude Operator (RAO) 

and the Bretschneider wave spectrum (Lloyd, 1989). A 160K LNG carrier is considered with a 90 deg head-

ing angle and 5.0-knot forward speed.  

Numerical simulation results are shown in Fig. 1. In the graph, the sloshing peaks inside the tank walls are 

presented as time histories. In this study, pressure values are normalized by Froude scaling. Here, P is pres-
sure and g is gravitational acceleration. The considered filling depth condition is 0.30H filling, which is 

known as the critical condition for sloshing loads. As shown in the graph, sloshing-induced pressures exhibit 

a large deviation with respect to the lower-chamfer height. Modified tank type 1-2 showed a significant re-

duction in sloshing. The sloshing pressures of thank type 1-2 were reduced by more than 50% compared to the 

conventional tank or tank type 1-1. Although tank type 1-3 has the longest lower-chamfer, the induced slosh-

ing pressures are larger than that of type 1-2. Moreover, the upper -chamfer cannot be increased blindly be-

cause this causes too much useless empty space. Therefore, it seems that approximately 30% of tank height can 

be a good candidate of lower-chamfer height for all filling operations.  
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Table 1 Dimensions of conventional and modified tanks (real scale) 

Tank Type Conventional Modified tank 1 Modified tank 2 

Length  46.6 46.6 46.6 

Breadth  38.1 38.1 38.1 

Height  28.6 30.3 30.3 

Upper -chamfer  8.6 8.6 8.6 

Lower-chamfer  3.9 8.6 10.6 (7.1 + 3.5) 

*Unit = m 

3. Sloshing Model Test 

3.1 Practical Tank Application for an LNG Carrier 

Numerical sloshing analysis shows that the appropriate increase of lower-chamfer height can reduce 

sloshing significantly. This idea was validated with an experimental approach. In this study, a series of 

sloshing model tests was carried out for three different tank designs. Table 2 shows the specific dimensions 

of the tanks considered in the tests, and the tank shapes are compared in Fig. 2 as a simple sketch. The con-

ventional tank and modified tank were octagonal in shape, with the same tank length, tank breadth, and 

upper -chamfer height. The difference is in the lower-chamfer height. Modified tank 1 has a larger lower-

chamfer than the conventional tank. Therefore, to keep the same volumetric size with the conventional one, 

the modified tank’s side wall was increased.  Modified tank 2 has a decagonal shape with a dual lower-

chamfer (Fig. 2). Although the shapes of modified tanks 1 and 2 are different, the two tanks have the same 

dimension of tank length, breadth, height, and volumetric size. Consequently, the sloshing model tests were 

carried out for three differently shaped tanks with the same load capacity.   

3.2 Experimental Preparation  

The model tests were conducted at Seoul National University (SNU). Three different manufactured tanks 

were prepared to measure the dynamic pressure inside the tanks as shown in Fig. 3. All three tanks (con-

ventional tank and modified tanks 1 and 2) were made of flexi-glass with 35 mm thickness, and pressure 

sensors were installed at the corners of the tank walls. The sensing diameter of a single sensor was 5.54 

mm. Pressures were measured at a 20-kHz sampling rate. The sensors were installed as clusters at intervals 

of 10 mm in the model scale. The sensor used in this test was integrated electronic piezoelectric (IEPE) 

type sensor termed 211B5. Before the decision of appropriate pressure sensor for the sloshing model test, 

SNU carried out a systematic comparative study of pressure sensors (Kim et al., 2015).  

 

 

Fig. 2 Comparison of tank shapes, conventional tank vs. modified tanks 
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Specific locations of the sensor clusters in the three tanks are plotted as a planar figure in Fig. 4. As 

shown in Fig. 4(a), three tanks shared pressure measuring points in the high filling depth conditions 

(0.50H–0.95H). In low filling depth conditions, however, because of the difference in the tanks’ shapes, it 

was difficult to directly match the measurement points among the three different tanks. This study attempt-

ed to cover the general hotspots and clusters of similar locations among the three tanks; these locations are 

labeled “Cxx” in Fig. 4.  

The current model test used ambient air and water as fluids inside the tank for practical reasons. In other 

words, the density ratio between NG and LNG was not exactly matched in the model test. The density ratio 

between NG and LNG is known to be 0.004 and that of air and water is 0.0012. However, because the main 

objective of the present study was comparing sloshing pressures on different tank shapes, it is appropriate 

to use any liquid and gas as long as they are used for both the conventional and modified tanks (liquid that 

has high viscosity should not be used). The simplest way to match the density ratio between the NG and 

LNG in the model test is replacing the ambient air with a heavier gas. There are several studies on the in-

fluence of liquid-gas density ratio on sloshing (Maillard et al., 2009; Ahn et al., 2012). 

 

 

(a) Conventional tank 

 

 

(b) Modified tank 1 

 

 

(c) Modified tank 2 

 

Fig. 3 Installation of model tanks on the test rig, filling depth = 0.30H 
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(a) Filling depth = 0.50H–0.95H, conventional and modified tanks (b) Filling depth = 0.10H–0.40H, conventional tank 

 

    

 (c) Filling depth = 0.10H–0.40H, modified tank 1 (d) Filling depth = 0.10H–0.40H, modified tank 2 

 

Fig. 4 Location of pressure sensors in model tests 

 

The prepared model tanks were installed on a Stewart platform with 5-ton capacity. The motion platform 

provides 6-dof pre-defined ship motion under irregular sea. Detailed test conditions are summarized in 

Table 3.  For each tank, the model tests were carried out with the following screening procedure. In the 

tests, filling depths were changed from 0.10H to 0.95H, and a total of eight different fillings were consid-

ered. For each filling depth condition, more than two different wave headings were chosen. Wave periods 

were also generally covered. Each irregular sea condition was simulated for 5 hour in real scale; the scaling 

law adopted in this study was Froude scaling. First, four zero-crossing periods (7.5 s, 9.5 s, 11.5 s, and 13.5 

s) were tested. From the initial screening, the critical sea condition that causes large sloshing could be 

found, and additional tests were performed near the critical wave conditions. Because the three tanks did 

not share the critical condition for sloshing, the test conditions considered for the three tanks are shared for 

the most part but are not exactly the same.  

3.3 Measurement Data  

Movement of violent flow was captured during the test. Fig. 5 shows an example of the snapshots for the 

0.30 H filling, beam sea case. It was not easy to define the sloshing load severity by comparing the record-

ed movies or snapshots. It was observed that when the internal flow approached the corner of the lower-

chamfer, the conventional tank case showed a very strong impact. For the modified tank however, the im-

pact was relatively mild and it appeared as major flows climbing up the side wall. This means that a differ-

ence in tank shape possibly changed the sloshing impact hotspots. Movement of the sloshing hotspots was 

therefore also investigated when comparing the pressures on the two tanks.  
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 Table 3 Test conditions 

 Description 

Tank Type 
No. 2 Tank of a 160K LNG Carrier 

(Conventional and modified tanks 1 and 2) 

Wave Heading 90 deg - 180 deg 

Wave Periods 7.5 s - 13.5 s 

Wave Height 
40-y wave for 150 deg - 180 deg heading  

1-y wave for 90 deg heading 

Filling Depth 0.10H - 0.95H 

Ship Speed 5 knots 

Test Time 5 hour 

 

 

Fig. 5 Free surface movement of the model test for 0.30H filling depth with the beam sea condition, Tz = 9.5 s; Modified tank 1 

 

Examples of pressure time-history from the three different tanks are shown in Fig. 6. The excitation con-

dition is 0.30 H filling in the beam sea case, and pressures are measured at the lower-corner of the tank side 

wall, which is located at C09 in Fig. 4. Pressure peaks showed an irregular trend in all three tanks, and 

large sloshing peaks occurred at different times. For a more quantitative inspection, statistical pressures 

should be compared. Generally, it appeared that the modified tanks reduced sloshing pressure.  

 

   

 (a) Conventional tank (b) Modified tank 1 

 

 

(c) Modified tank 2 

 

Fig. 6 Time histories of dynamic pressures measured at the lower corner of the tank wall, filling = 0.30H, beam sea condition, 

Tz = 7.5 s 
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3.4 Statistical Post-Processing  

The pressure signals were post-processed statistically. Sloshing peaks were sampled by the peak over 

threshold (POT) method. Sampled sloshing peaks, or global peaks, were chosen by imposing a pressure 

threshold and sampling time window. Within a moving time window, the largest peak signal was sampled 

as the global peak and others were disregarded in the analysis. The maximum pressures collected from all 

the segments became a set of sampled peaks in the statistical analysis. Peak pressures were defined as the 

maximum pressure value from each global peak signal. In the present study, threshold pressure and sam-

pling time window were fixed at 2.5 kPa and 0.2 s, respectively.  

To compare the sloshing severity of the three different tanks, probable extreme pressures were estimated 

by extreme distribution function fitting. The three-parameter Weibull function was used to represent the 

probability distribution of the peak pressures. The cumulative distribution function of the three-parameter 

Weibull distribution can be written as 

 

 ( ) ( ){ }
gé ù

= - - -d bê ú
ë û

1 exp /F x x   (3) 

 
where d  is the location parameter, b is the scale parameter, and g  is the shape parameter. Here, x  

should be larger than the location parameter d . The method of moments was applied to estimate these 

three parameters (Kim et al., 2014). 

3.5 Comparison of Post-Processed Results 

From the model test, slosh-induced pressure peaks were sampled using the POT method. Sampled pres-

sure peaks were sorted with respect to the magnitude of peak pressure and form the probability distribution. 

Fig. 7 shows exceedance probability distributions of sloshing peaks from three different tanks. In the graph, 

the symbols indicate measured data, and lines represent a fitted Weibull distribution function; pressure 

peaks are sampled from all measured sensors. In 0.30H filling conditions, the three different tanks showed 

clear differences. Exceedance probabilities of the conventional tank tests were more weighted toward the 

right than those of the modified tanks tests (Fig. 7(a)). This means that, in the same probability level, the 

modified tanks expect lower extreme pressure than the conventional tank. Comparing the sloshing pres-

sures of two modified tanks shows a more significant sloshing reduction effect for modified tank 2. In some 

cases, as shown in Fig. 7(b), sloshing peaks occurring in the three tanks did not show a large difference. 

Considering that there are numerous test conditions to discuss, the exceedance probability seemed not ap-

propriate to summarize the entire results considered. Therefore, probable extreme pressures with the 3 hour 

return period were compared to determine the sloshing severity of the conventional and modified tanks.  

 

  

 (a) Filling depth = 0.30H, Tz = 7.5 s  (b) Filling depth = 0.20H, Tz = 11.5 s 

 

Fig. 7 Comparison of exceedance probability of sloshing peaks among conventional and modified tanks, beam sea condition 
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Sloshing pressures from the three different tanks are compared in Figs. 8-14. The magnitude of the bar in-

dicates the probable extreme pressure for a 3hour return period. The sloshing peaks were sampled from all 

measured sensors installed on the tank. The results of the conventional tank, modified tank 1, and modified 

tank 2 tests are expressed as black, white, and yellow bars, respectively. Fig. 11 shows the statistical pres-

sures of the 0.40H filling test. In this filling, the modified tanks did not show a clear sloshing reduction, 

and some cases showed larger pressures compared to the conventional tank. The red-dotted line means the 

structural dynamic capacity of the considered membrane tank model on a 0.1 m2 panel with utilization fac-

tor of 0.7 (LR, 2009; Chun et al., 2011). It should be mentioned that this capacity is one example, and the 

capacities of the membrane LNG cargo containment system (LNG CCS) could be change depending on the 

CCS type.  

As originally intended, the modified tanks significantly reduced sloshing pressures at the 0.30H filling 

condition (Fig. 9). The conventional tank experienced a severe sloshing impact. For the beam sea condition, 

every seven wave periods showed high pressures that exceeded the LNG CCS capacity. To operate this 

conventional-shaped tank in a partially filled condition, structural strength should be increased by a factor 

of more than two, which is not practical. In the same test condition, measured sloshing pressures from mod-

ified tanks were much smaller than those of the conventional tank. Modified tanks reduced sloshing pres-

sures to nearly half that of the conventional tank, and most of 3 hour extreme pressures were below the 

capacity limit except under one condition. Comparing the pressures between modified tank 1 and modified 

tank 2 shows that the decagonal shaped modified tank 2 brought relatively small sloshing pressures.   

Modification of tank shape also caused a change of critical heading condition. Figs. 10-11 are the test re-

Fig. 8 Probable extreme pressure of 3 hour return period, 

filling = 0.40H, heading = 90 deg 
Fig. 9 Probable extreme pressure of 3 hour return period, 

filling = 0.30H, heading = 90 deg 

Fig. 10 Probable extreme pressure of 3 hour return period, 

filling = 0.20H, heading = 150 deg 
Fig. 11 Probable extreme pressure of 3 hour return period, 

filling = 0.20H, heading = 90 deg 
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sults of 0.20H-filled tanks with 150 deg and 90 deg heading angle conditions. The conventional tank 

showed quite large sloshing at quartering seas compared to beam seas, and some cases showed pressure 

values exceeding the structural capacity (Fig. 10). Critical heading angle is closely related with water fill-

ing depth, tank shape, and wave condition. In an extremely low filling condition such as 0.20H, waves 

break frequently and the fluid is not easy to focus on making a large impact. In that case, a quartering sea 

condition enables fluid to concentrate in the corner of the tank that has a short lower-chamfer (similar in 

height to the water filling depth). Those circumstances make it possible to generate a higher sloshing im-

pact than the beam sea condition in the conventional tank.  

In the two modified tanks, the beam sea was much more critical than the quartering sea. On the contrary 

to 0.30H filling test, modified tank 2 showed a heavier sloshing load in all 0.20H filled conditions, and one 

test showed extreme pressure larger than the cargo capacity. In the 0.10H filling depth condition, the three 

tanks showed small sloshing pressure compared to other filling conditions, such as 0.20H and 0.30H filling. 

Another finding is that tank shape also changed the critical filling depth. For the conventional tank and 

modified tank 1, 30% of tank height was critical for sloshing impact. For modified tank 2, however, 20% of 

tank height is more critical than 30%. Therefore, the effectiveness of tank design should be evaluated syn-

thetically for various filling depths. As filling depth becomes lower, the mass of the liquid inside the tank 

becomes smaller, so induced sloshing flow was not strong enough to cause a heavy sloshing impact.  

Test results of high filling depth conditions are summarized in Figs. 12-14. The proposed tanks were fo-

cused on reducing sloshing pressure around 0.30H filling, which is known as the critical condition for 

sloshing generally. However, the final goal of this study is designing an LNG cargo tank for all filling op-

erations. Therefore, it was necessary to check whether the modified design brings an unexpected large in-

crease of sloshing pressure at high filling conditions or not. Optimistically, as shown in Figs 12-13, slosh-

ing severities of the conventional and modified tank are generally similar in these conditions, and pressures 

were therefore lower than the LNG CCS capacity. Because of a tight time schedule, modified tank 2 was 

not tested for 0.70H and 0.95H fillings. Considering that there is no substantial difference in the upper part 

shape between modified tank 1 and modified tank 2, we can expect the similar trend of sloshing pressure at 

modified tanks 1 and 2 for high filling conditions. The 0.50H beam sea conditions showed relatively large 

sloshing compared to the head and quartering sea condition. Those beam sea conditions also did not show 

significantly large sloshing pressures exceeding the structural capacity, and the three tanks showed similar 

magnitudes of sloshing pressures.  

As mentioned previously, the effectiveness of tank design should be evaluated synthetically for various 

filling depths. For this reason, maximum values of statistical pressure for each filling depth condition are 

summarized in Fig. 15. In the graph, each symbol means the maximum sloshing pressure of the corre-

sponding filling depth. In 0.20H filling, for example, statistical pressure of the Tz = 9.5 s quartering sea 

condition was chosen from the conventional tank test, and the pressure of Tz = 11.5 s quartering sea condi-

tion was chosen from the modified tank 1 test. As shown in the figure, both modified tanks 1 and 2 brought 

significant sloshing reduction in 0.20H–0.30H filling without a large increase of sloshing pressure at any 

other filling. Comparing the two modified tanks shows they had different critical filling conditions. Similar 

to the conventional tank, modified tank 1 showed large sloshing at 0.30H filling. Meanwhile, modified tank 

2 showed maximum sloshing pressure at 0.20H filling. Generally, modified tank 2 seemed to induce a 

smaller sloshing impact. However, this decagonal tank has a weakness in that it is relatively complicated to 

design and construct. When considering all the results together, the present study showed the possibility of 

using the SHI-designed modified tanks as LNG CCSs for all filling operations. Although we found a few 

test conditions that showed sloshing pressure exceeding the structural capacity, the proposed tanks adjust 

sloshing pressure below the structural capacity level in the overall filling depth condition.  
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4. Conclusions 

The present study carried out numerical and experimental analysis for sloshing loads on an LNG vessel 

cargo tank. The main objective was to modify the shape of a conventional membrane-type tank for all fill-

ing operations.  Modification of tank shape was focused on the dimension and shape of the lower-chamfer. 

Numerical sloshing analysis was conducted to find the appropriate lower-chamfer height. To validate this 

idea, sloshing model tests were carried out for three different tanks with the same volumetric size. From 

this study, the following conclusions could be made: 

 

§ The conventional membrane type tank commonly used for LNG CCS was not appropriate for all filling 

operations. The main difficulties were large sloshing impacts around the 0.20H–0.30H filling conditions. In 

these conditions, any zero-crossing wave period from 7.5 s to 13.5 s could be critical to the tank structure. 

§ From numerical results, it was found that sloshing load was sensitive to lower-chamfer height. To reduce 

sloshing pressure while retaining an octagonal tank shape, a lower-chamfer height of approximately 30% 

tank height is recommended.  

§ Two modified tank models were suggested by changing the dimension and shape of the lower-chamfer. 

The effectiveness of the modified designs was validated by a sloshing model test. The modified tanks sig-

nificantly reduced sloshing pressures in the 0.20H–0.30H filling depths. Optimistically, this design did not 

Fig. 12 Probable extreme pressure of 3 hour return period, 

filling = 0.95H, heading = 150 deg 
Fig. 13 Probable extreme pressure of 3 hour return period, 

filling = 0.70H, heading = 90 deg 

 

Fig. 14 Probable extreme pressure of 3 hour return period, 

filling = 0.50H, heading = 90 deg 
Fig. 15 Maximum values of probable extreme pressure of 3 

hour return period at specific filling depths, heading = 90-

180 deg 
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significantly increase sloshing loads at intermediate filling depth conditions.  
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