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ABSTRACT – Longitudinal strength is a fundamental aspect of barge structural 

safety because variations in loading magnitude and load position may significantly 

affect the global hull girder response. This study evaluates the longitudinal strength of 

a cargo barge based on shear force and still water bending moment under several loading 

conditions, with reference to the applicable BKI Rules for longitudinal strength 

assessment. The object of the study is a cargo barge with principal dimensions of 330 ft 

× 90 ft × 21 ft and a lightship weight of 1802.9 metric tons. Six loading conditions were 

investigated, namely lightship, fully loaded, partially loaded at 50% with 

homogeneously distributed cargo, and three crane-shift positions at the aft, midship, and 

fore sections. The net load distribution was obtained from the difference between 

distributed weight and buoyancy, and then integrated to determine the shear force and 

still water bending moment along the hull. The results show that the fully loaded 

condition produced the most critical structural response, with a maximum shear force 

of 0.385 × 10³ metric tons at Frame 50 and a maximum still water bending moment of 

-6.212 × 10³ metric ton·m at Frame 35, indicating a dominant sagging condition. The 

governing case reached only 32.49% of the allowable shear force and 33.58% of the 

allowable still water bending moment, confirming a substantial safety margin. The 

crane-shift analysis further demonstrates that movable concentrated loads can shift 

critical internal force locations, which may be overlooked in standard cargo distribution 

analysis. All evaluated loading conditions remained below the permissible limits, 

indicating that the barge is structurally acceptable under the investigated still-water 

loading scenarios. 

*Corresponding Author | Author |   (budhisantoso@polbeng.ac.id) 

 

INTRODUCTION 

Cargo barges play a strategic role in marine transportation, particularly in the carriage of bulk materials, 

construction components, heavy equipment, and project cargo in coastal and inland waters [1]. Container transport 

by barge, commonly referred to as Container on Barge (COB), reduces the cost per TEU, particularly for large-

volume shipments over medium to long distances [2]. Owing to their relatively simple hull configuration, large 

deck area, and high loading flexibility, barges are widely used in operations that require efficient transport of 

heavy and voluminous cargo [3]. Nevertheless, such operational flexibility also introduces structural challenges, 

especially with respect to the longitudinal response of the hull girder [4]. Variations in cargo arrangement, loading 

intensity, and the position of concentrated deck loads may significantly alter the longitudinal distribution of 

weight, thereby affecting the balance between weight and buoyancy along the vessel’s length [5]. If not properly 

evaluated, these variations may induce excessive internal loads that compromise structural safety and operational 

reliability.  

Longitudinal strength constitutes one of the most essential aspects in the structural assessment of ships and 

barges, as it reflects the capability of the hull girder to resist global loads acting over the vessel length [6,7]. In 

practice, the global structural response of a floating body is governed by the interaction between distributed weight 

and buoyancy, which generates shear force and bending moment [8]. Among these parameters, shear force and 

still water bending moment are commonly employed as principal indicators for evaluating whether the structural 

response remains within allowable limits prescribed by classification rules. Accordingly, longitudinal strength 
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assessment under representative loading scenarios is indispensable to ensure that the vessel can safely withstand 

operational load variations without exceeding permissible structural boundaries [9]. 

Previous studies on marine structural analysis have consistently demonstrated that loading configuration has 

a substantial influence on hull girder behavior. Longitudinal strength investigations generally emphasize the 

determination of load distribution, shear force, and bending moment along the ship length, followed by 

comparison with allowable values established by relevant classification societies [10]. Earlier works have also 

indicated that the most critical structural condition is not always associated with the fully loaded state; in many 

cases, partial loading conditions, asymmetric cargo placement, or concentrated deck loads may produce more 

severe local or global responses [11]. This indicates that the structural adequacy of a barge cannot be reliably 

represented by a single loading case alone, but should instead be evaluated through a set of operationally relevant 

scenarios [12]. 

Despite the extensive discussion on longitudinal strength in ship structural design, practical case-based 

analyses for cargo barges remain highly relevant, particularly for barges subjected to variable deck loading and 

movable heavy equipment [13]. In actual operation, a cargo barge may experience substantial changes in 

longitudinal loading pattern due not only to differences in cargo quantity but also to the repositioning of 

concentrated loads such as deck cranes [14]. These changes can shift the locations and magnitudes of peak shear 

force and bending moment, thereby affecting the identification of the critical condition for structural assessment 

[15]. Therefore, an evaluation framework that incorporates multiple realistic loading conditions is necessary to 

provide a more representative understanding of barge longitudinal behavior in service [16]. 

The present study examines a cargo barge with principal dimensions of 330 ft × 90 ft × 21 ft and a lightship 

weight of 1802.9 tons. The assessment considers six loading conditions, namely the lightship condition, fully 

loaded condition, partially loaded condition at 50% capacity, and three crane-shift configurations representing aft, 

mid, and fore positions. The analysis is conducted by determining the longitudinal load distribution and evaluating 

the resulting shear force and still water bending moment along the hull, which are then compared with the 

permissible limits specified in the applicable classification rules. The available calculation report shows that the 

study identifies the maximum shear force and still water bending moment for each load case, thereby providing a 

sound basis for examining the influence of loading variation on hull girder performance.  

Based on the above considerations, this study aims to evaluate the longitudinal strength of a cargo barge 

under various loading conditions by using shear force and still water bending moment as the main assessment 

parameters. The contribution of this study lies in the systematic evaluation of several realistic operational 

scenarios, including the effect of crane position shifts, in order to identify the most critical loading condition and 

its corresponding location along the hull. The results are expected to provide practical insight for designers, 

operators, and surveyors in assessing barge structural safety and supporting compliance with classification rule 

requirements. 
 

METHODS 

Research Object and Data Acquisition 

The object of this study is a cargo barge with principal dimensions of 330 ft in length overall, 90 ft in breadth, 

and 21 ft in depth, with a lightship weight of 1802.9 tons. The longitudinal strength of the barge is evaluated under 

several representative loading conditions to determine the global hull girder response in terms of shear force and 

still water bending moment [17]. The research data were obtained from the vessel longitudinal strength calculation 

report, which includes general particulars, weight components, hydrostatic data, load distribution, permissible 

structural limits, and the calculated responses for each loading condition [18]. The report also presents frame-

based longitudinal distribution data, which form the basis for evaluating internal force variation along the hull.  

Research Variables and Loading Variations 

The fixed variables in this study are the principal dimensions of the barge, the hull configuration, the frame-

based interval system, and the permissible structural criteria used for evaluation. The response variables are the 

longitudinal shear force and still water bending moment along the hull girder. The independent variable is the 

loading condition applied to the vessel. Six loading cases are considered, namely: (1) lightship condition, (2) fully 

loaded condition, (3) partially loaded condition at 50% cargo load, (4) crane shifted to aft position at Frame 10, 

(5) crane shifted to mid position at Frame 27, and (6) crane shifted to fore position at Frame 41. These loading 

variations were selected because they represent realistic operational conditions that may alter the longitudinal load 

distribution and thus affect the structural response of the barge. 

Method of Analysis 

The longitudinal strength evaluation was conducted using a conventional still-water load analysis based on the 

difference between weight distribution and buoyancy distribution along the vessel length [19]. In this method, the 
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hull is divided into a number of longitudinal intervals corresponding to frame positions. The distributed load 

acting on each interval is determined from the total weight per unit length and the buoyancy per unit length [20]. 

The distributed weight per unit length is expressed as 

𝜔(𝑥) =  
𝑊𝑖

Δ𝑥
 (1) 

where w(x) is the weight distribution at longitudinal position x(t/m), Wi is the total weight in interval i(t), and 

Δx is the length of the interval (m). 

Similarly, the buoyancy distribution per unit length is written as 

𝑏 (𝑥) =  
𝐵𝑖

Δ𝑥
 (2) 

 

where b(x) is the buoyancy distribution (t/m), and Bi is the buoyancy force acting within interval i (t) [21]. 

The net load distribution along the hull is then obtained from the difference between weight and buoyancy: 

𝑞(𝑥) =  𝜔(𝑥) − 𝑏(𝑥) (3) 

 

where q(x) is the net load distribution (t/m). A positive value of q(x) indicates that the local weight exceeds 

buoyancy, whereas a negative value indicates that buoyancy exceeds weight. 

Research Procedure 

The study was carried out through several sequential stages. First, the principal particulars, lightship weight, 

hydrostatic characteristics, and load case definitions were identified from the available calculation report. Second, 

the vessel was evaluated under six representative loading conditions consisting of lightship, fully loaded, partially 

loaded, and three crane-shift scenarios. Third, the longitudinal weight distribution for each load case was arranged 

according to the frame-based interval system. Fourth, the buoyancy distribution along the hull was determined 

and compared with the weight distribution to produce the net load curve. Fifth, the net load distribution was 

integrated to obtain the shear force distribution, and the resulting shear force curve was further integrated to 

determine the still water bending moment distribution. Finally, the maximum values obtained from each load case 

were compared with the permissible limits in order to identify the critical condition and evaluate the longitudinal 

structural adequacy of the cargo barge. 

Tools and Materials 

The primary material used in this study is the longitudinal strength calculation report of the cargo barge, which 

contains the vessel particulars, hydrostatic data, weight distribution, load case arrangement, and longitudinal 

response results. The analytical basis is the permissible shear force and still water bending moment criteria adopted 

from the relevant BKI Rules for longitudinal strength. The main tools used in the study consist of the calculation 

data set, tabulated load distribution results, and frame-based response outputs used to examine the variation of 

structural behavior under each loading condition. 

The permissible shear force and still water bending moment limits used in this study were adopted from the 

applicable BKI Rules for longitudinal strength assessment. Therefore, the structural acceptability of the barge was 

evaluated by comparing the calculated maximum shear force and still water bending moment with the allowable 

rule-based values. In this study, all weight-related quantities expressed in tons refer to metric tons, unless 

otherwise stated. 

The partially loaded condition at 50% cargo capacity was modelled as a homogeneously distributed cargo load 

along the designated cargo deck region. This assumption was applied to represent an intermediate operational 

loading condition without intentional longitudinal concentration at the aft, midship, or fore region. 

Weight Distribution, Loading, Shearing Force and Bending Moment 

Weight Distribution 

The longitudinal weight distribution was determined by subdividing the vessel into a series of longitudinal 

intervals along the hull. In the present study, the barge was divided into 106 displacement intervals, following the 

arrangement available in the longitudinal strength calculation report. For each interval, the weight contribution of 

every structural component, outfit item, machinery component, and payload element was assigned according to 

its longitudinal extent and center of gravity [22]. The total weight within each interval was then divided by the 

corresponding interval length to obtain the mean distributed weight per unit length [23]. This procedure is 

commonly adopted in longitudinal strength assessment because it enables the transformation of discrete shipboard 

weights into a continuous load representation along the vessel length. To preserve the physical consistency of the 
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loading model, the longitudinal center of gravity of each item was checked after distribution so that the overall 

center of gravity of the vessel remained consistent with the original loading data. 

Loading, Shearing Force and Bending Moment 

After the longitudinal weight distribution had been established, it was compared with the buoyancy distribution 

along the vessel length to determine the net load acting on the hull girder. The buoyancy curve was arranged over 

the same longitudinal intervals so that the difference between the distributed weight and distributed buoyancy in 

each interval represented the net loading intensity [24]. In still-water longitudinal strength analysis, this net 

loading forms the basis for calculating the shear force and bending moment along the hull [25]. 

The net load for each interval is expressed as: 

𝑞𝑖 =  𝜔(𝑖) − 𝑏(𝑖) (4) 

 

where qi is the net load intensity (t/m), wi is the distributed weight (t/m), and bi is the distributed buoyancy 

(t/m). A positive value of qi indicates that weight exceeds buoyancy in the interval, while a negative value 

indicates that buoyancy exceeds weight. 

The shear force distribution was then obtained by integrating the net load curve from one end of the vessel to 

the other. In the discrete interval-based approach, this integration is performed by cumulative summation of the 

net load over successive intervals: 

𝑉𝑖 =  𝑉𝑖−1 + 𝑞𝑖Δ𝑥𝑖 (5) 

 

where Vi is the shear force at the end of interval iii (t), Vi−1 is the shear force at the preceding interval, and 

qiΔxi is the incremental vertical load contribution. According to longitudinal strength theory, the final shear force 

at the opposite end of the hull should ideally return to zero as a consequence of overall vertical equilibrium. In 

practice, however, a small residual value may appear due to rounding and discretization errors. This residual is 

commonly corrected by distributing the error proportionally along the baseline so that the corrected shear force 

curve satisfies end equilibrium. Such treatment is consistent with standard longitudinal strength calculation 

procedures used in ship structural assessment. 

 

 

Figure 1. Typical loading, shearing force and bending moment curves 
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The typical loading curve shown in Figure 1 illustrates the longitudinal relationship between the distributed 

weight and buoyancy along the vessel, where their difference forms the net loading acting on the hull girder. In 

the midship region, buoyancy generally exceeds weight, producing an upward net load, while in the end regions 

the distributed weight may exceed buoyancy, producing downward net loads [26]. This net loading distribution is 

then integrated along the ship length to obtain the shearing force curve, which changes progressively according 

to the cumulative effect of the applied loads. A further integration of the shearing force curve yields the bending 

moment curve, which represents the global longitudinal bending response of the hull girder. Therefore, the figure 

demonstrates the fundamental sequence of longitudinal strength analysis, namely that the loading distribution 

governs the shearing force distribution, and the shearing force distribution in turn governs the bending moment 

distribution [27]. 
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RESULTS AND DISCUSSION 

Loading Conditions and Longitudinal Load Distribution 

General particulars of the barge 

The object evaluated in this study is a cargo barge with principal dimensions of 330 ft in length overall, 90 ft 

in breadth, and 21 ft in depth. The barge has a lightship weight of 1802.9 tons, representing the structural and 

outfit weight of the vessel before the addition of cargo and other operational loads. These principal particulars 

provide the basic geometric and weight characteristics required for longitudinal strength assessment, since the 

vessel dimensions and lightship condition directly influence the longitudinal distribution of weight, buoyancy, 

and the resulting hull girder response.  

 

Figure 2. General particulars of the barge 

As a wide-deck cargo barge, the vessel is intended to accommodate substantial loading variations along its 

length, making it necessary to evaluate its structural behavior under several representative loading conditions. 

List of loading conditions 

To evaluate the longitudinal strength of the cargo barge under representative operational scenarios, six loading 

conditions were considered: lightship, fully loaded, partially loaded (50%), and three crane-shift positions (aft, 

mid, fore). These cases capture variations in cargo magnitude and the effect of concentrated load relocation along 

the vessel length, which significantly influences the distribution of net load, shear force, and still water bending 

moment along the hull girder. The lightship condition represents the baseline structural weight without cargo, 

while the fully and partially loaded conditions reflect primary operational scenarios. The crane-shift cases assess 

the impact of deck load relocation on longitudinal structural response. Overall, these six cases provide a 

comprehensive representation of actual operating conditions and help identify the most critical scenario for 

longitudinal strength assessment. 

Table 1. Loading conditions considered in the longitudinal strength assessment 

Load Case Loading Condition Description 

LC1 Lightship condition 

Barge in lightship condition without cargo load, 

representing the basic structural weight distribution of the 

vessel. 

LC2 Fully loaded 100% 
Barge under full cargo loading condition, representing the 

maximum operational loading case. 

LC3 Partially loaded 50% 

Barge under partial cargo loading, representing an 

intermediate operational condition between lightship and 

full load. 

LC4 Crane shift to aft position (Fr. 10) 

Loading condition with the crane positioned near the aft 

region at Frame 10 to evaluate the effect of aft concentrated 

load placement. 

LC5 Crane shift to mid position (Fr. 27) 

Loading condition with the crane positioned near the 

midship region at Frame 27 to examine the structural 

response under central concentrated loading. 

LC6 Crane shift to fore position (Fr. 41) 

Loading condition with the crane positioned near the fore 

region at Frame 41 to assess the influence of forward 

concentrated load placement. 
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Equilibrium data for each load case 

Equilibrium data for each load case were used to define the total loading condition of the barge before deriving 

the longitudinal load distribution. For each loading case, the equilibrium table provides the mass of each loading 

component together with its longitudinal, transverse, and vertical arm, allowing the overall weight and center of 

gravity of the vessel to be determined. In the lightweight condition, the total loadcase was 1802.990 tonnes with 

a longitudinal arm of 43.620 m and a vertical arm of 4.493 m. In the fully loaded condition, the addition of deck 

cargo amounting to 10600.000 tonnes increased the total loadcase to 12402.990 tonnes, with a longitudinal arm 

of 47.192 m and a vertical arm of 8.541 m. These equilibrium data form the basis for establishing the longitudinal 

weight distribution for each operational scenario and are therefore essential in the subsequent calculation of net 

load, shear force, and still water bending moment. 

Load distribution table for each load case 

The load distribution table for each load case was used to describe the longitudinal variation of the applied 

load along the hull girder. The table presents the longitudinal position together with the distributed mass, 

buoyancy, grounding, damage or net buoyancy variation, net load, shear force, and bending moment. In the 

context of the present subsection, the most relevant parameters are the distributed mass, distributed buoyancy, and 

resulting net load, since these quantities define the longitudinal loading pattern of the barge. The net load at each 

interval is obtained from the difference between the mass distribution and buoyancy distribution, thereby 

indicating whether a particular region is dominated by downward weight or upward buoyant support. For the 

lightweight condition, the load distribution extends continuously from the aft end to the forward end of the vessel, 

with changing values of mass and buoyancy along the hull that produce a varying net load profile. This profile 

forms the fundamental basis for the subsequent derivation of shear force and still water bending moment 

distributions under each loading condition. 

Figure 3 illustrates the longitudinal distribution of mass, buoyancy, net load, shear force, and bending moment 

along the barge length for the evaluated loading condition. The difference between the mass and buoyancy curves 

produces the net load distribution, which varies along the hull according to the local balance between downward 

weight and upward buoyant support. This net load is then integrated to obtain the shear force curve, while further 

integration of the shear force yields the bending moment curve. The figure shows that changes in the longitudinal 

loading pattern directly influence the magnitude and location of the resulting internal forces, thereby providing 

the basis for identifying the critical structural response of the hull girder. 

 

 
 

Figure 3. llustrates the longitudinal distribution of mass, buoyancy, net load, shear force, and bending moment 

along the barge length for the evaluated loading condition 

Based on the longitudinal load distribution described above, the next step of the analysis is to examine the 

resulting shear force distribution in order to identify the critical locations and the maximum shear force generated 

under each loading condition. 
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Shear Force Results 

The maximum shear force obtained under each loading condition is summarized in Table 2. The results show 

that the shear force response of the barge varies with changes in cargo magnitude and the longitudinal position of 

concentrated loads. In general, the fully loaded condition produced the highest shear force, while the lightship 

condition resulted in the lowest value. The variation in the location of the maximum shear force also indicates 

that load redistribution along the hull influences the critical frame position. 

Table 2. Maximum shear force under various loading conditions 

Load Case Loading Condition Maximum Shear Force (×10³ ton) Critical Location 

LC1 Lightship condition 0.126 Fr. 6 

LC2 Fully loaded 100% 0.385 Fr. 50 

LC3 Partially loaded 50% 0.24 Fr. 5 

LC4 Crane shift to aft position 0.196 Fr. 10 

LC5 Crane shift to mid position 0.172 Fr. 6 

LC6 Crane shift to fore position 0.179 Fr. 6 

The increase in shear force under LC2 is physically related to the larger imbalance between downward cargo 

weight and upward buoyancy along the hull length. In the fully loaded condition, the distributed cargo load 

increases the cumulative vertical force, resulting in the highest shear force among all evaluated cases. Although 

the crane-shift cases introduced concentrated load effects, their total loading magnitude was lower than the fully 

loaded case; therefore, the resulting shear force remained less critical. This indicates that, for the present barge 

configuration, the total cargo magnitude has a stronger influence on the global shear response than crane relocation 

alone. 

As shown in Table 2, LC2 (fully loaded) produced the highest shear force, 0.385 × 10³ ton at Frame 50, 

indicating the most critical internal force due to increased imbalance between weight and buoyancy. In contrast, 

LC1 (lightship) yielded the lowest value, 0.126 × 10³ ton at Frame 6, reflecting minimal load. LC3 (partially 

loaded) reached 0.240 × 10³ ton at Frame 5, confirming that moderate cargo significantly increases shear response. 

Crane-shift conditions (LC4–LC6) produced 0.196 × 10³ ton, 0.172 × 10³ ton, and 0.179 × 10³ ton, respectively. 

While load relocation slightly shifted the critical frame (notably LC4 at Frame 10), their effects remained less 

significant than full cargo loading. 

When compared with the permissible shear force given in the report, all calculated values remained below the 

allowable limit, indicating that the barge satisfies the still-water shear force requirement for all investigated 

loading conditions. Overall, the results demonstrate that the fully loaded condition governs the shear force 

response of the vessel, whereas the lightship condition represents the least critical case. 

Still Water Bending Moment Results 

The maximum still water bending moment obtained for each loading condition is summarized in Table 3. The 

results indicate that the bending moment response of the barge varies considerably with the applied loading 

scenario. In contrast to the shear force response, the most critical bending moment occurred in the fully loaded 

condition with a negative value, indicating a dominant sagging tendency. Meanwhile, the other loading conditions 

generally produced positive bending moments, indicating hogging behavior at their respective critical sections. 

Table 3. Maximum still water bending moment under various loading conditions 

Load Case Loading Condition Maximum SWBM (×10³ ton·m) Critical Location 

LC1 Lightship condition 2.043 Fr. 16 

LC2 Fully loaded 100% -6.212 Fr. 35 

LC3 Partially loaded 50% 3.178 Fr. 14 

LC4 Crane shift to aft position 2.877 Fr. 20 

LC5 Crane shift to mid position 1.89 Fr. 14 

LC6 Crane shift to fore position 2.394 Fr. 18 

As shown in Table 3, LC2 (fully loaded condition) produced the most critical still water bending moment, 

namely -6.212 × 10³ ton·m at Frame 35. The negative sign indicates that the hull girder experienced a dominant 

sagging moment under this loading condition. This result suggests that the full cargo load generated the greatest 

longitudinal bending demand, particularly in the midship region where the effect of distributed cargo weight 

became most significant relative to buoyancy support.  
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In contrast, LC1 (lightship condition) resulted in a positive still water bending moment of 2.043 × 10³ ton·m 

at Frame 16, indicating a relatively moderate hogging response. The lighter loading arrangement in this condition 

reduced the longitudinal bending demand compared with the cargo-carrying cases. For LC3 (partially loaded 

50%), the bending moment increased to 3.178 × 10³ ton·m at Frame 14, which shows that partial cargo loading 

was sufficient to raise the global bending response, although it remained less severe than the fully loaded condition 

in absolute magnitude.  

The crane-shift conditions also affected the still water bending moment, with LC4, LC5, and LC6 producing 

maximum values of 2.877 × 10³ ton·m, 1.890 × 10³ ton·m, and 2.394 × 10³ ton·m, respectively. These values 

indicate that the relocation of the crane modified the bending response of the hull girder, but the resulting moments 

were still smaller in magnitude than that of the fully loaded condition. Among the crane-shift cases, the aft crane 

position in LC4 generated the highest bending moment, suggesting that aft concentration of load had a more 

pronounced influence on longitudinal bending than the midship and fore crane positions.  

When compared with the permissible still water bending moment given in the report, all calculated values 

remained below the allowable limit, indicating that the barge satisfies the still-water bending moment requirement 

for all investigated loading conditions. Overall, the results show that the fully loaded condition governs the global 

bending response of the vessel, while the crane-shift conditions mainly produce moderate variations in moment 

magnitude and critical location.  

The maximum still water bending moment obtained for each loading condition is summarized in Table 3. The 

results indicate that the bending moment response of the barge varies considerably with the applied loading 

scenario. The most critical bending moment occurred in LC2, where the negative still water bending moment 

indicates a dominant sagging condition. In hull girder behavior, sagging generally occurs when the downward 

loading effect in the midship region becomes dominant relative to buoyancy support, causing the hull girder to 

bend downward in the middle. In contrast, the positive bending moments observed in the other loading cases 

indicate a tendency toward hogging behavior at their respective critical locations. 

The governing sagging response in LC2 confirms that the fully loaded condition is the most demanding case 

for longitudinal bending. The maximum still water bending moment of -6.212 × 10³ metric ton·m at Frame 35 

reached 33.58% of the permissible bending moment limit. This utilization level demonstrates that, although LC2 

governs the bending response, the barge still retains a substantial structural margin under still-water conditions. 

Comparison with Permissible Limits 

To assess the structural adequacy of the barge, the maximum shear force and still water bending moment 

obtained from each loading condition were compared with the permissible limits specified in the longitudinal 

strength calculation report. The report gives the permissible shear force as +1185 ton and -1165 ton, and the 

permissible still water bending moment as +18500 ton·m and -18500 ton·m over the main longitudinal strength 

region. These allowable values were used as the reference for evaluating whether the calculated responses 

remained within acceptable structural limits. 

Table 4. Comparison of calculated responses with permissible limits 

Load 

Case 
Loading Condition 

Max. Shear 

Force (×10³ ton) 

Shear 

Utilization 

(%) 

Max. SWBM 

(×10³ ton·m) 

SWBM 

Utilization 

(%) 

Structural 

Status 

LC1 
Lightship 

condition 
0.126 10.63 2.043 11.04 Acceptable 

LC2 Fully loaded 100% 0.385 32.49 -6.212 33.58 Acceptable 

LC3 
Partially loaded 

50% 
0.24 20.25 3.178 17.18 Acceptable 

LC4 
Crane shift to aft 

position 
0.196 16.54 2.877 15.55 Acceptable 

LC5 
Crane shift to mid 

position 
0.172 14.51 1.89 10.22 Acceptable 

LC6 
Crane shift to fore 

position 
0.179 15.11 2.394 12.94 Acceptable 
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As presented in Table 4, all calculated shear force and still water bending moment values remained well below 

the permissible limits. This indicates that the barge satisfies the longitudinal strength requirement for all evaluated 

loading conditions. The highest utilization was observed in LC2 (fully loaded condition), which reached 32.49% 

of the allowable shear force and 33.58% of the allowable still water bending moment. Although this condition 

produced the most severe structural response, the calculated values were still substantially lower than the 

permissible limits, indicating that a sufficient structural safety margin was maintained.  
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The remaining loading conditions exhibited lower utilization levels, with lightship and crane-shift cases 

generally producing moderate responses. This suggests that the barge has adequate longitudinal strength not only 

under baseline and partial loading conditions but also under operational scenarios involving relocation of a 

concentrated deck load. From an engineering perspective, these results confirm that the hull girder response 

remains within acceptable rule-based limits throughout all investigated loading cases, and no condition indicates 

an immediate risk of exceeding the allowable still-water structural capacity.  

Overall, the comparison with permissible limits demonstrates that the vessel is structurally acceptable under 

all investigated loading conditions. Nevertheless, the fully loaded condition should be regarded as the governing 

case for operational consideration, since it consistently produced the highest shear force and bending moment 

utilization among all scenarios evaluated.  

It should be noted that the present assessment is limited to still-water longitudinal strength analysis. The 

calculated shear force and bending moment were obtained from the equilibrium between the longitudinal 

distribution of weight and buoyancy under calm-water loading conditions. Therefore, the “Acceptable” status 

reported in this study refers specifically to the still-water loading scenarios evaluated in the calculation. Wave-

induced bending moments, dynamic sea loads, and combined still-water and wave-induced longitudinal strength 

effects were not included in the present analysis. Consequently, the results should be interpreted as a rule-based 

still-water strength assessment rather than a complete seagoing strength evaluation under actual wave conditions. 

Critical Condition and Discussion 

Based on the comparison of all loading cases, the fully loaded condition (LC2) was identified as the most 

critical operating scenario for the cargo barge. This condition produced both the highest maximum shear force, 

equal to 0.385 × 10³ ton at Frame 50, and the largest absolute value of still water bending moment, equal to -6.212 

× 10³ ton·m at Frame 35. These results indicate that the full cargo arrangement generated the most severe global 

structural response among all investigated loading conditions. The negative bending moment further shows that 

the hull girder was predominantly subjected to a sagging condition under this load case[26].  

The dominance of LC2 may be attributed to the substantial increase in distributed deck cargo, which 

significantly altered the balance between weight and buoyancy along the vessel length. In comparison with the 

lightship and partial loading cases, the fully loaded condition imposed a much greater downward load, thereby 

increasing both the cumulative shear force and the longitudinal bending demand. This behavior is consistent with 

the general principle of longitudinal strength, in which the hull girder response is governed by the extent of 

imbalance between the applied weight distribution and the available buoyant support. Under LC2, this imbalance 

became more pronounced, especially in the midship-to-forward region, leading to higher internal force 

accumulation and a more critical bending response.  

The lightship condition (LC1), on the other hand, represented the least critical structural response, with the 

lowest maximum shear force and a relatively moderate positive bending moment. This result reflects the absence 

of cargo loading and the relatively lighter longitudinal weight distribution of the vessel. The partially loaded case 

(LC3) produced intermediate values, confirming that even a moderate increase in cargo load was sufficient to 

raise the hull girder response, although not to the same extent as the fully loaded condition. These findings indicate 

that the magnitude of cargo load remains the governing factor in determining the overall severity of longitudinal 

structural response.  

The crane-shift conditions (LC4–LC6) provide additional insight into the effect of concentrated load relocation 

on hull girder behavior. Although none of these cases exceeded the response produced by LC2, the results show 

that moving the crane along the vessel length changed both the magnitude and the location of the critical internal 

forces. In particular, the aft crane position (LC4) generated the largest bending moment among the crane-shift 

cases, while the mid and fore positions produced somewhat lower responses. This suggests that concentrated load 

placement may locally intensify the longitudinal structural demand, even when the total loading magnitude 

remains unchanged. Therefore, crane positioning should be considered as an operational factor that can influence 

the internal load distribution and should not be neglected in longitudinal strength assessment.  

From the perspective of structural safety, all evaluated loading conditions remained within the permissible 

shear force and still water bending moment limits specified in the calculation report. This indicates that the cargo 

barge possesses sufficient longitudinal strength to withstand the investigated still-water loading scenarios. 

However, the fact that LC2 consistently produced the highest utilization confirms that the fully loaded condition 

should be treated as the governing design and operational reference for the vessel. In practical terms, this means 

that full cargo loading requires the greatest attention during load planning and operational verification, particularly 

with respect to maintaining an acceptable longitudinal load distribution.  

Overall, the present results demonstrate that the longitudinal structural response of the barge is strongly 

influenced by both the magnitude of cargo loading and the longitudinal position of concentrated deck loads. The 

study confirms that the most severe response does not arise from crane relocation alone, but from the combined 

effect of large distributed cargo load and its interaction with buoyancy over the hull length. These findings are 
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useful for supporting safer loading arrangements and for ensuring that the vessel continues to operate within 

acceptable structural limits under realistic service conditions. 

The criticality of LC2 can be explained by the physical interaction between the longitudinal weight distribution 

and buoyancy distribution. In the fully loaded condition, the addition of cargo substantially increases the 

downward load acting along the deck, particularly in the cargo-carrying region. This condition produces a larger 

imbalance between weight and buoyancy compared with the lightship, partial loading, and crane-shift cases. As 

a result, the cumulative vertical load becomes greater, leading to the highest shear force of 0.385 × 10³ metric tons 

at Frame 50 and the largest absolute still water bending moment of -6.212 × 10³ metric ton·m at Frame 35. The 

negative bending moment indicates a dominant sagging condition, where the hull girder tends to bend downward 

in the midship region due to the greater downward cargo load relative to buoyant support. 

CONCLUSION 

 This study evaluated the longitudinal strength of a cargo barge under six representative loading conditions by 

using shear force and still water bending moment as the main assessment parameters. The results show that the 

longitudinal structural response of the barge is strongly affected by variations in loading magnitude and the 

longitudinal position of concentrated loads. Among all investigated cases, the fully loaded condition was identified 

as the most critical scenario, producing the highest maximum shear force of 0.385 × 10³ ton at Frame 50 and the 

largest absolute still water bending moment of -6.212 × 10³ ton·m at Frame 35. This indicates that the full cargo 

arrangement generated the most severe hull girder response and should therefore be regarded as the governing 

operational condition for longitudinal strength assessment. The study also shows that partial loading and crane-

shift conditions modified the magnitude and location of the internal forces, although their responses remained less 

critical than those of the fully loaded case. The lightship condition produced the lowest shear force and a relatively 

moderate bending moment, while the crane relocation cases demonstrated that concentrated load positioning can 

influence the longitudinal internal force distribution even when the total loading level does not change 

significantly. These findings confirm that both cargo magnitude and load placement play important roles in 

determining the global structural behavior of the barge. Based on the comparison with the permissible limits 

specified in the calculation report, all investigated loading conditions remained within the allowable shear force 

and still water bending moment criteria. This confirms that the cargo barge possesses adequate longitudinal 

strength under the evaluated still-water loading scenarios and satisfies the applicable structural safety 

requirements. Overall, the study concludes that the vessel is structurally acceptable for all considered operating 

conditions, with the fully loaded condition representing the most critical reference case for safe load planning and 

operational control. This study is limited to the evaluation of longitudinal strength under still-water loading 

conditions. Wave-induced bending moments, dynamic sea loads, local deck structural responses due to crane 

movement, and fatigue effects were not included in the present analysis. Future studies should consider combined 

still-water and wave-induced bending moments, dynamic loading effects, local strength assessment, and finite 

element-based verification to provide a more comprehensive evaluation of barge structural safety under realistic 

operating conditions. 
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