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Abstract 

Due to transportation characteristics, bulk carriers have a relatively flat structure, and 
the wave slamming during navigation is larger than that of ordinary ships. Therefore, 
reasonable forecasting of slamming loads is of great significance to the structural design 
of ships. The calculation and prediction of ship slamming pressure need to fully consider 
the three-dimensional characteristics of the ship and include the impact of the hull 
movement on the sniper operation. At the same time, the selection of a reasonable 
slamming coefficient is also a crucial factor. This paper takes a bulk carrier as an 
example, analyzes the ship's motion response in waves using wave-tolerance theory, and 
discusses a reasonable dimensionless attack coefficient to forecast slamming loads. The 
slamming load is mapped to the finite element calculation model of the bulk carrier and 
the response results of each component under the slamming pressure are obtained. 
Compared with the allowable stress of the structural material, the slamming strength 
evaluation of the bulk carrier is realized. 
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1. Introduction 

Due to its flat and enlarged bow structure, bulk carrier has a larger impact response to waves during 

the voyage, which has higher requirements on the impact resistance of the bottom structure of the 

ship. Therefore, it is particularly important to calculate the impact load of such ships. Slamming is a 

kind of intense interaction between ship waves and the study of this kind of strong nonlinear force 

interaction is always a hot topic. Von Karman[1] applied Newton's classical mechanics theory and 

potential flow theory to simplify the initial conditions for water entry and the free surface conditions, 

forming the most basic theory for the study of bang load. However, it ignores the influence of surface 

fluctuation on the whole flow field and impact force. Compared with the linear theory, Wagner[2-3] 

solved the velocity potential equation to obtain the impact pressure of water inlet and outlet by solving 

the wedge water inlet problem. For ship hull, the study of slamming pressure can be simplified to the 

problem of entry slamming of two-dimensional hull profile. Many scholars have established the 

relationship between the slamming pressure and the impact velocity in the process of research, and 

based on some assumptions, extended the application to the slamming load of local hull structures. 

Almost all experimental studies show that there is a definite relationship between the slamming 

pressure 𝑃 and the entry impact velocity 𝑉𝑟 as follows: 

𝑃 = 𝑘𝑝 · 𝑉𝑟
2              (1) 

It can be seen from the above equation that the calculation of the slamming pressure is determined by 

two parameters, namely, 𝑉𝑟  of the impact velocity of the ship entering the water and 𝑘𝑝  of the 

slamming pressure. With the development of research on the phenomenon of thump, the distribution 

of thump pressure field has become a more important problem for designers and researchers. Existing 
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specifications are constantly adjusting their calculations to accurately predict the impact load. The 

correct solution of the impact velocity is the key to the load prediction, but the existing specifications 

do not solve this problem well. With the development of computer, this problem has been solved 

effectively. The impact pressure coefficient 𝑘𝑝 has a direct impact on the prediction of impact load. 

M.Ochi and l. e. m. otter [4] obtained three parameters by con-coning the profile shape below the 

design draught of hull 1/10, and then proposed the impact coefficient regression formula that best 

conforms to the test based on the regression analysis of experience: 

𝑘1 = exp(1.377 + 2.419𝛼1 − 0.873𝛼3 + 9.624𝛼5)      (2) 

Where 𝑘1 is the dimensionless slamming coefficient. Based on the guidance of CCS specification 

[5], this paper directly calculates the extreme value of slamming pressure of a bulk carrier from the 

two aspects of prediction of slamming motion response and obtaining the dimensionless slamming 

coefficient𝑘1. 

2. The direct calculation of bang load based on frequency domain method 

Hull motion has a great influence on the wave load, and the vertical relative motion between hull and 

wave has a great influence on the slam load. The vertical relative velocity is usually significant at the 

bow and stern [6], and the curvature of the lines at the bow and stern is large, so is the probability of 

thump. At present, the frequency domain method has been used to solve the motion of ship in waves. 

The ship motion response function is obtained by hydrodynamic analysis, and the response is 

predicted by combining with specific wave spectrum. Take the Pierson-Moskowitz wave spectrum 

(P-M spectrum) as an example: 

𝑆(𝜔) =
124𝐻𝑆

2

𝑇𝑍
4 𝜔−5exp(−

496

𝑇𝑍
4 𝜔

−4)        (3) 

where 𝐻𝑆 is the significant wave height(m); 𝑇𝑍 is the average zero crossing period(s); 𝜔 is the wave 

circular frequency(rad/s); 𝑆(𝜔)is the wave spectral density function(m2·s). 

For wave direction, speed and all loading conditions, the transfer function between response variable 

and wave frequency (or period, wavelength) can be obtained through hydrodynamic calculation. 

From the transfer function and wave spectral density function, response spectral density function can 

be obtained [8] : 

𝑆𝑅(𝜔, 𝛽, 𝐻𝑆, 𝑇𝑍, 𝑉, 𝐶) = 𝐻2(𝜔, 𝛽, 𝑉, 𝐶) · 𝑆(𝜔, 𝐻𝑆, 𝑇𝑍)         (4) 

where 𝑆𝑅(𝜔, 𝛽, 𝐻𝑆, 𝑇𝑍, 𝑉, 𝐶)is the response to the spectral density function; 𝐻(𝜔, 𝛽, 𝑉, 𝐶)is the 

frequency domain transfer function; 𝐶is the loading conditions. 

Integrate the response spectrum to get the variance of the response variable: 

𝑅(𝛽, 𝐻𝑆, 𝑇𝑍, 𝑉, 𝐶) = ∫ 𝑆𝑅(𝜔, 𝛽, 𝐻𝑆, 𝑇𝑍, 𝑉, 𝐶)
∞

0
𝑑𝜔          (5) 

According to the wave data, the rise of wave surface in a short period of time (several hours) can be 

considered as a normal random process with zero mean value. Therefore, as the random output of 

hull-wave linear system, the wave load should also follow the zero-mean normal distribution in a 

short time, and its amplitude should follow the Rayleigh distribution. According to the Rayleigh 

distribution property, the transcendental probability 𝑥 of the response variable exceeding a specified 

value is obtained: 

𝑃𝑟(𝑥|𝐵) = exp(−
𝑥2

2𝑅
)             (6) 

usually, 3h is taken as the short-term prediction time range, which roughly corresponds to the 

transcendental probability of 1/1000, thus obtaining the short-term response value of relative motion. 

The extreme 𝑃𝐵 value of slamming pressure was calculated according to the method of evaluating 

the slamming strength at the bottom of the bow in the specification: 
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𝑃𝐵(𝛼) = {

1

2
𝜌𝑘1{𝑉0

2 − 2𝐸𝑣𝑙𝑛[1 − (1 − 𝛼)1/𝑛]}𝑘𝑃𝑎, 𝑏1/𝑑1 ≤ 5𝑚

1

2
𝜌𝑘1{𝑉0

1.4 − 1.625𝐸𝑣
0.7𝑙𝑛[1 − (1 − 𝛼)1/𝑛]}𝑘𝑃𝑎, 𝑏1/𝑑1＞5𝑚

      (7) 

where 𝑑1 is the 1/10 of the design draft;𝑏1 is the calculated half waterline width of transverse 

section under draft 𝑑1; 𝜌 is the density of sea water(t/m3);𝑘1 is the slamming coefficient, 𝛼1, 𝛼3, 𝛼5: 

𝑍0 = 𝑈 (ζ +
𝛼1

ζ
+

𝛼3

ζ
+

𝛼5

ζ
)             (8) 

where 𝑍0 is the profile coordinates, 𝑍0 = 𝑥 + 𝑖𝑦; ζ is the coordinates of circle, ζ = ζ + 𝑖𝜂; 𝑈  is 

the scale ratio; 𝑉0 is the critical bang speed(m/s)  

𝑉0 = {
0.0925√𝐿containervessel

0.07√𝐿𝑜𝑡ℎ𝑒𝑟𝑣𝑒𝑠𝑠𝑒𝑙
            (9) 

where 𝐸𝑉 is the relative velocity variance of vertical ship wave is calculated; 𝛼 is the assurance rate, 

𝛼 = 0.01; 𝑛 is the slamming number, instead of the calculation of average number of hits during 

voyage N: 

𝑁 = 3600
𝑡𝑛

2𝜋
√
𝐸𝑉

𝐸𝑟
𝑒𝑥𝑝 {− (

𝑇𝑓
2

𝐸𝑟
+

𝑉0
2

𝐸𝑉
)}              (10) 

where, 𝐸𝑟 is the relative motion variance of the vertical ship wave is calculated; 𝑇𝑓 is the assess bow 

draft under working condition. 

2.1 Calculate the ship's basic parameters and working conditions 

In this paper, a bulk carrier is taken as an example, and the loading condition with the minimum bow 

draft under sailing state is taken as the calculation condition. The basic calculation parameters are 

shown in Table 1: 

Table 1 Main calculation parameters of bulk carrier 

principal dimension value principal dimension value 

𝐿𝑜𝑎/m 199.99 TDesign/m 13.2 

𝐿𝑏𝑝/m 195 Ta/m 4.857 

B/m 36 Tf/m 6.380 

D/m 18.5 Displacement(t) 31974.3 

Barycentric coordinates(m) (101.878,-0.059,8.632) 

The mass distribution is given in the loading manual and distributed in the hull in the form of mass 

points. Calculating the heading Angle and wave approaching condition; The wave frequency range 

was calculated as 0.2rad/s to 1.8rad/s, and the step length was 0.05rad/s. The cross section is 

calculated to be 15-19 stations. According to the specification, the defined wave height is 7.4m, and 

the average span of zero period is 9.636s. 

When receiving the paper, we assume that the corresponding authors grant us the copyright to use the 

paper for the book or journal in question. When receiving the paper, we assume that the corresponding 

authors grant us the copyright to use the paper for the book or journal in question. When receiving 

the paper, we assume that the corresponding authors grant us the copyright to use. 

2.2 Determination of ship wave relative motion and relative velocity variance 

The relative wave motion of ships is calculated using SESAM, a commercial software, which focuses 

on the calculation of physical properties of ships and Marine engineering structures, fatigue analysis, 

hydrodynamic calculation, analysis of risers and mooring systems, and offshore installation and 

construction operations. SESAM HydroD - analysis of the stability and hydrodynamic performance 

of ships and floating structures, including hydrodynamic calculations in time and frequency domains. 
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In this paper, HydroD module frequency domain calculation method was used to conduct 

hydrodynamic analysis and calculation on hull to obtain the relative velocity variance and relative 

motion variance of vertical hull wave calculated in transverse section. The hull section model is 

shown in Fig. 1, and the hydrodynamic grid model is shown in Fig. 2: 

 

Fig. 1 Sesam section model   Fig. 2 Sesam hydrodynamic grid model 

In order to obtain the relative motion variance and relative velocity variance of bulk carrier stem, 

offbody point was set at coordinate points of 15-19 stations to output its motion density spectrum. 

The results are shown in Fig. 3(motion density spectrum of 15-19 stations, respectively) : 

 

 

 



 

 

33 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 6 Issue 3, 2020 

DOI: 10.6919/ICJE.202003_6(3).0008 

 

Fig. 3 The motion density spectrum of each station 

2.3 Determination of dimensionless slamming coefficient 

There are two methods to determine the dimensionless slamming coefficient, namely the oblique rise 

Angle method and the conformal transformation method. 

2.3.1 Oblique rising Angle method[7] 

 

Fig. 4 The curve of the relationship between the slant Angle and the slam coefficient 

According to this method, the impact coefficient is only related to the oblique elevation Angle of the 

section where the hull crash occurred. In order to qualitatively study the slamming coefficient of bulk 

carriers in this paper, the range of ramp Angle of reading station 15-19 is between 13° and 18°, and 

the slamming coefficient of the corresponding is about 30 °. 

2.3.2 Conformal transformation method 

Wang hong [8] gave the direct calculation method of three-parameter con-norming transformation in 

the research of direct calculation method of bang load prediction at the bottom of FPSO. The detailed 

process is not repeated, and the dimensionless bang coefficients of each station are obtained as shown 

in Table 2: 

Table 2 the dimensionless slam coefficient of each station 

Station 15 16 17 18 19 

Plate width b/m 18 18 17.516 15.686 12.472 

Dimensionless 

slamming coefficient 1 
29.18 29.4 29.83 30.29 28 

Dimensionless 

slamming coefficient 2 
55.92 55.93 56.61 60.84 122.8 

Dimensionless 

slamming coefficient 3 
327.41 330.02 367.73 569.49 5014.6 

The Table 2 shows that the use of three parameters in the process of conformal mapping, FPSO 

bottom slamming load forecasting train direct calculation method to study the article avoids solving 
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equations will be five times three groups of dimensionless slamming coefficient, in order to determine 

which set of data is accurate, we will all do inverse calculation parameters, the calculation data 

mapping back to the Z plane and curve fitting. Lines below the waterline 1/10 of the design at stations 

15-19 are shown in Fig. 5: 

 

 

Fig.5 Below waterline lines are designed for 1/10 of each station 

Conformal transformation equation: 

𝑥 = 𝑈[(1 + 𝛼1)𝑐𝑜𝑠𝜃 + 𝛼3𝑐𝑜𝑠3𝜃 + 𝛼5𝑐𝑜𝑠5𝜃] 

𝑦 = 𝑈[(1 − 𝛼1)𝑠𝑖𝑛𝜃 − 𝛼3𝑠𝑖𝑛3𝜃 − 𝛼5𝑠𝑖𝑛5𝜃] 

It can be known from the equation that U is only the scaling coefficient of x and y. Under the premise 

of the shape of the lossless line, this step calculates that U is 1. Taking 15 stations as an example, the 

fitting curves of three slam coefficients are drawn as shown in Fig. 6, which correspond to the fitting 

curves of slamming coefficient 1, slamming coefficient 2 and slamming coefficient 3 respectively. 

 

 

Fig. 6 the impact coefficients fit the curve 

According to the curve fitting results, the slamming coefficient 1 is consistent with the transverse 

section curves of each station corresponding to the data. It is proved that the slamming coefficient 1 

is a reasonable bang coefficient in other stations. 

At this point, all the required parameters for the calculation of the extreme value of slamming pressure 

have been completed, and the calculation results of each station are shown in Table 3: 

Table 3 each station calculates the results 

Station 𝐸𝑉 𝐸𝑟 𝑘1 𝑛 𝑃𝐵(𝐾𝑃) 

15 2.2001 6.8099 29.18 231.086 438.32 

16 2.3192 7.4344 29.4 310.621 470.73 

17 2.4434 8.1069 29.83 405.665 507.22 

18 2.5693 8.7957 30.29 511.279 544.24 

19 2.6958 9.4904 28 624.352 529.16 

3. Finite element analysis 

In order to evaluate the anti-knock capability of the bow structure of passenger rolling vessel 

effectively and intuitively, the finite element method was adopted to calculate the stress of the bow 

bottom and compare it with the allowable stress in classification society specification. In order to 
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ensure the accuracy of calculation and reasonable use of computer resources, only 15-19 station hull 

modeling analysis. 

3.1 Finite element model 

Plate element and beam element are used in the finite element calculation model of the hull, which 

includes two cargo holds in front of the bow and the bow cabin. The finite element model contains 

all the components in this range: the outer plate, the inner floor, the bottom cabin, the longitudinal 

girder, the longitudinal bone, the solid floor, the ribs, the transverse bulkhead, the slotted bulkhead, 

and the corresponding skeleton. In the model, the deck plate, the webs of the strong beam and the 

longitudinal girder are simulated by plate element, the panels of the strong beam and the longitudinal 

girder are simulated by plate element, and the ordinary ribs, the strengthening material and the 

longitudinal bone are simulated by beam element. The finite element model is shown in Fig. 7 and 8. 

 

Fig. 7 Finite element model of bow Fig. 8 Finite element model of stem bottom slab 

3.2 Load mapping and loading 

According to the theory of slamming, it is considered that the slamming pressure is acting on the floor 

plate at the middle longitudinal, and the extreme value of slamming pressure at each station cannot 

appear at the same time, so the extreme value of slamming pressure at each station must be calculated 

separately. There are three types of distribution of the slamming pressure on the floor plate, namely, 

the slamming pressure ACTS on one, two or three floor plates. It is calculated that the side length of 

a square is greater than the distance between two solid floor plates (three levels), so the second type 

of distribution is adopted. The side length of a square is nearly three times that of a finite element 

element. The force on the floor is equal to half the product of the extreme slamming pressure and the 

length of the side of the square. In this calculation, the slamming pressure load with little mutual 

influence is applied to the same working condition, that is, the method of solid floor interval loading 

is adopted. At the same time, considering the longitudinal support of plate floor load by the end of 

plate floor and across to load, respectively in the first in the corresponding position on 15 to 19 points 

and end with the cross of two kinds of load conditions, between 15 and 16 stand has nine units of 

length, put forward three translation each loading conditions, namely four vertical position, two 

transverse position, a total of eight kinds of load conditions. In this way, all areas at the bottom of the 

bow can be basically enveloped, which is very universal and representative for strength assessment. 

Eight load calculation conditions are formed as shown in Table 4. 

Table 4 load loading positions corresponding to each working condition 

Loading way condition 1 and 2 condition 3 and 4 condition 5 and 6 condition 7 and 8 

The end loading 

    

Across the load 
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Fig. 9 The loading position and mode under each working condition 

Fig. 9 shows the specific loading position of the block load under each working condition marked in 

detail. The same color marks represent the same working condition. 

3.3 The calculation results 

According to the loading method described in 3.2, the impact pressure was loaded into the finite 

element model, and FEMAP calculation was submitted to obtain the structural stress and typical 

transverse section stress of each component, as shown in Fig. 9: 

 

 

Fig. 9 Stress envelope value 

The stress values under each working condition were calculated respectively. Finally, the maximum 

stress envelope values of the floor plate and vertical quilting under all working conditions were 

compared with the allowable stress values in the specification. The Table 5 shows that the plate frame 

has sufficient anti-knock ability to meet the requirements of the specification. 

Table 5 comparison of calculated stress and allowable stress 

 component 

Normal stress at 

inner bottom plate 

(N/mm2) 

Normal stress at 

outer bottom plate 

(N/mm2) 

Shear stress 

(N/mm2) 

Equivalent 

stress 

(N/mm2) 

calculated 

stress 

girders 76.81 78.26 138.70 240.40 

floor 62.16 67.88 129.40 225.50 

Allowable 

stress 

girders 169.44 155.55 150.00 250.00 

floor 183.33 183.33 136.11 272.22 

4. Conclusion 

The slamming load forecast based on frequency domain method method to forecast the fore of a bulk 

carrier structure in the navigation environment of slamming pressure, put forward three parameter 

determination of solution in the conformal mapping method, clear dimensionless slamming 

coefficient values, the accurate forecast slamming pressure extremum, and the pressure is mapped to 
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the corresponding finite element model of the parts, through the finite element calculation and 

analysis of stem structure slamming response. 
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