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 Increasing the vessel class at an existing jetty can be governed by 

structural resistance, lateral pile response, marine equipment, or water 

depth. This study evaluates a 10,000 DWT pile-supported precast dry-

bulk jetty at Industrial Port, Gresik, for 20,000, 30,000, and 40,000 

DWT vessels. The assessment used project drawings, vessel 

particulars, bathymetry, borehole and SPT records, metocean data, 

finite element modelling, reinforced-concrete capacity checks, pile 

axial and lateral evaluation, fender and bollard screening, and a finite 

element method model. At 30,000 DWT, the maximum flexural 

demand-to-capacity ratios were 0.995 for beams, 0.624 for half slabs, 

and 0.967 for pile caps. The corresponding pile-head displacement and 

stress ratio were 98.96 mm and 0.97. At 40,000 DWT, the maximum 

ratios increased to 1.81, 1.10, and 1.03, while pile displacement and 

stress ratio reached 238.88 mm and 1.37. The largest feasible class is 

therefore 30,000 DWT, conditional on replacing the fender, dredging 

the berth pocket by about 2 m, and controlling operations. The in-situ 

dredging volume was 57,905 m³; with a 1.10 bulking factor, the 

estimated handled volume was 63,605.5 m³. The static post-dredging 

safety factor was 1.67. 
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INTRODUCTION 

Maritime terminals are long-life assets, whereas the vessels and cargo-handling systems 
that use them continue to change. Dry-bulk operators may therefore seek to receive ships larger 
than the class adopted in the original design. The commercial benefit can be immediate, but the 
engineering consequences extend beyond deadweight tonnage: a larger vessel changes berth-length 
demand, berthing energy, mooring load, operating draft, and the horizontal actions transferred 
through the fender, deck, pile caps, and foundation piles. Upgrading an existing asset rather than 
replacing it can also support broader resource-efficiency goals. This perspective is consistent with 
recent Indonesian studies that promote circular material use and integrated energy-saving 

strategies in the built environment (Tajunnisa et al., 2024; Zuhdy et al., 2025a). 

A pile-supported jetty is sensitive to interaction among these components. The concrete 
deck distributes crane, vehicle, and cargo loads, while the piles resist axial force and lateral 
deformation through the surrounding soil. Fender selection affects both energy absorption and the 
reaction transmitted to the structure. Dredging improves under-keel clearance but increases the 
exposed pile length and changes the seabed profile. For an existing structure, deterioration and the 
actual condition of concrete, reinforcement, and steel-pipe piles add further uncertainty. 
Indonesian studies on existing infrastructure have shown that inspection data and non-destructive 
testing can materially change the interpretation of residual capacity and maintenance priorities 
(Dewata et al., 2026; Yudoprasetyo et al., 2026). Recent studies also show that corrosion, cyclic 
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loading, and pile damage can alter high-piled-wharf response, particularly when calculated 

utilisation is close to its limit (Li et al., 2024; Wang et al., 2024; Xu et al., 2024; Zhao et al., 2023). 

Previous studies have examined individual parts of this problem. Utomo (2018) compared 
alternative jetty arrangements, Utomo (2021) assessed an existing berth for mobile-crane loading, 
and Sulardi (2018) discussed pile repair in a marine environment. Dewata et al. (2026) more 
recently combined visual inspection, non-destructive testing, core drilling, underwater pile-
thickness measurement, finite element modelling, and fatigue assessment for an existing container 
wharf under harbour-mobile-crane loading. Seismic and experimental studies have also shown the 
importance of soil deformation, pile response, wharf-crane interaction, berthing impact, and fender 
behaviour (Boyke & Nagao, 2022, 2023; Djamaluddin et al., 2023; Özcebe et al., 2022; Su et al., 
2020; Xie et al., 2023; Zeng et al., 2024). Numerical investigations in other structural applications 
likewise show that finite-element results become more credible when they are checked against 
experimental or measured response and when the sensitivity of structural configuration is 
evaluated explicitly (Hariyanto et al., 2022; Yudoprasetyo et al., 2026; Zuhdy et al., 2025b). 

Most published assessments focus on one hazard or one component. A port operator, 
however, needs a system-level decision: the largest vessel that can use the existing berth, the 
component that governs the limit, and the minimum intervention required. An axial pile check 
alone can be misleading because vertical resistance may remain adequate after superstructure 
flexure, pile-head displacement, combined pile stress, fender capacity, berth geometry, or water 
depth has become unacceptable. This study therefore combines the principal structural, marine-
facility, and bathymetric checks in one staged assessment. Accordingly, the contribution of this 
work is the integrated identification of the governing vessel-upgrade limit by linking member 
capacity, pile response, berth geometry, marine equipment, and dredging requirements within the 
same case-specific decision process. 

The case study is an existing precast dry-bulk jetty at Industrial Port, Gresik, East Java. A 
10,000 DWT vessel was used as the baseline, followed by 20,000, 30,000, and 40,000 DWT 
scenarios. The objectives were to identify the maximum feasible vessel class, quantify the 
governing structural and operational constraints, and define the interventions required before 

upgraded operation. 

RESEARCH METHODS 

The assessed facility is a 200.8 m long and 30 m wide precast dry-bulk jetty operated by 
PT Berlian Manyar Sejahtera at Industrial Port. The deck elevation is +5.00 m LWS and the 
existing seabed is approximately -10.00 m LWS. The superstructure comprises 350 mm half slabs, 
500 × 850 mm beams, fender planks, and two pile-cap geometries. Concrete strength was 30 MPa 
and the main reinforcement yield strength was 420 MPa. The foundation consists of ASTM A252 
Grade 2 steel pipe piles with an outside diameter of 812.8 mm, a nominal wall thickness of 16 mm, 
and a documented yield strength of 240 MPa. The source model used about 30 m embedment 
below the seabed and a total pile length of approximately 45 m. 

Table 1. Source-derived design basis and assessment criteria 

Item Source-derived design basis 

Jetty geometry 200.8 × 30 m; deck +5.00 m LWS; seabed about -10.00 m LWS 

Concrete 

structure 
f'c 30 MPa; fy 420 MPa; half slab 350 mm; beams 500 × 850 mm 

Steel pipe piles ASTM A252 Gr. 2; D 812.8 × 16 mm; fy 240 MPa; total length about 45 m 

Vessel scenarios Dry-bulk vessels: 10,000, 20,000, 30,000, and 40,000 DWT 

Applied loads 
Self-weight; UDL 3 t/m²; T-500; HMC 150; wind, current, wave, mooring, 

berthing, and earthquake 
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Figure 1. Representative longitudinal section and pile arrangement 

The 10,000 DWT case was analysed first. Vessel-related actions were then revised for 
20,000, 30,000, and 40,000 DWT while the structural geometry, material properties, and soil-
spring arrangement were retained. The finite element model represented the principal deck 
members, pile caps, pipe piles, and depth-dependent springs derived from the borehole and N-SPT 
interpretation used in the source study. Vertical actions included self-weight, a 3 t/m² distributed 
live load, the T-500 truck model, and the project arrangement for a nominal 150-ton harbour 
mobile crane. Horizontal actions included mooring, berthing, wind, current, wave, earthquake, 
and soil-spring reactions. The analytical sequence follows the broader practice of combining global 
finite-element demand with independent member-capacity checks, as applied in recent Indonesian 
structural assessments (Hariyanto et al., 2025; Yudoprasetyo et al., 2025; Yudoprasetyo et al., 
2026). 

Strength and service combinations followed the project assessment basis and the Port of 
Long Beach Wharf Design Criteria (2015). Reinforced-concrete checks used SNI 2847:2019, while 
vehicle and seismic actions followed SNI 1725:2016 and SNI 2833:2016 (Badan Standardisasi 

Nasional, 2016a, 2016b, 2019). The allowable pile axial resistance was 427.7 tonnes. The source 
study adopted a 100 mm operational pile-displacement limit and a maximum pile stress ratio of 
1.0. Post-dredging stability was analysed in finite element method with the Hardening Soil model. 
The profile consisted of a 4 m very soft clay layer over loose-to-dense sand strata, and the dredged 
slope was modelled at 1V:5H. 

 
Figure 2. Three-dimensional finite element model of the existing jetty 
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Figure 3. Longitudinal finite element representation of the deck, piles, and soil springs 

The principal screening equations are given in Equations (1)-(4). For one vessel, the berth-
length requirement was 1.10 times the length overall. Berthing energy was calculated from vessel 
mass, approach velocity, and the adopted hydrodynamic and configuration coefficients. Fender 
selection was screened against rated energy absorption; the final manufacturer check must also 

address reaction force, hull pressure, panel, chain, and anchor capacity. A scenario was accepted 
only when berth geometry, fender and bollard capacity, reinforced-concrete demand, pile axial 
and lateral response, and seabed conditions were all satisfactory or could be addressed by a defined 
intervention. 

𝐿𝑟𝑒𝑞 =  1.10 𝐿𝑂𝐴         (1) 

𝐸 =  0.5 𝑚 𝑉² 𝐶𝑚 𝐶𝑒 𝐶𝑠 𝐶𝑐        (2) 

𝑀𝑢 / (𝜙𝑀𝑛)  ≤  1.0 𝑎𝑛𝑑 𝑃𝑚𝑎𝑥 / 𝑃𝑎𝑙𝑙𝑜𝑤 ≤  1.0      (3) 

Δℎ ≤  100 𝑚𝑚  𝑎𝑛𝑑  𝑠𝑡𝑟𝑒𝑠𝑠 𝑟𝑎𝑡𝑖𝑜 ≤  1.0      (4) 

In these expressions, Lreq is the required berth length; LOA is vessel length overall; E is 

berthing energy; m and V are vessel mass and berthing velocity; Cm, Ce, Cs, and Cc are the adopted 

energy coefficients; Mu is factored moment; ϕMn is design flexural resistance; Pmax and Pallow are 

maximum and allowable pile axial loads; and Δh is pile-head displacement. A scenario was 

considered feasible only when geometry, marine equipment, superstructure capacity, pile 
response, and seabed conditions were either acceptable or could be addressed by a defined 
intervention. 

RESULTS AND DISCUSSION 

Vessel and Marine-Facility Requirements 

The berth-length check remains satisfactory through 30,000 DWT. Required lengths are 
148.5, 172.7, and 193.6 m for the 10,000, 20,000, and 30,000 DWT vessels, leaving only 6.4 m of 
nominal reserve in the 30,000 DWT case. The 40,000 DWT vessel requires 214.5 m and exceeds 
the available berth before structural strength is considered. The existing 1,000 kN bollard remains 
above the adopted mooring demands, which range from 350 to 700 kN. 

Table 2. Vessel particulars and marine-facility screening 

DWT LOA / B / T (m) Lreq 

(m) 

Mooring / Eberth Required action 

10,000 135 / 19.8 / 7.6 148.5 350 kN / 17.34 tonf·m Existing V800H-2000L acceptable 

20,000 157 / 23.0 / 9.2 172.7 700 kN / 18.10 tonf·m Existing fender close to rating 

30,000 176 / 26.0 / 10.3 193.6 700 kN / 26.73 tonf·m Replace with V1000H-2000L; dredge 

2 m 

40,000 195 / 29.0 / 11.5 214.5 700 kN / 47.36 tonf·m Berth extension and structural 

redesign required 

The fender check becomes critical before the bollard check. The installed V800H-2000L 

fender has a rated energy absorption of 18.2 tonf·m and a rated reaction of 67.4 tonf in the source 
data. It is adequate at 10,000 DWT and almost fully utilised at 20,000 DWT. The 30,000 DWT 
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demand of 26.73 tonf·m requires the V1000H-2000L unit, rated at 28.5 tonf·m with an 85.5 tonf 

reaction. The 40,000 DWT demand of 47.36 tonf·m can only be matched by the screened SSCnF 

1000 unit, rated at 48.4 tonf·m, but this does not resolve the berth-length and structural failures. 
Figure 4 shows the two service constraints together. 

  

(a) Berth Length Screening (b) Fender energy screening 

Figure 4. Berth-length and fender-energy screening for the evaluated vessel classes 

Structural Response and Governing Capacity 

The reinforced-concrete results provide a clearer measure of reserve than a simple OK/Not 
OK classification. The maximum beam flexural DCR increases from 0.71 at 10,000 DWT to 0.91 
at 20,000 DWT and 0.995 at 30,000 DWT; at 40,000 DWT it reaches 1.81. The maximum half-
slab DCRs are 0.59, 0.62, 0.62, and 1.10, while the corresponding pile-cap DCRs are 0.60, 0.85, 
0.97, and 1.03. The fender plank remains non-governing, with a maximum DCR of only 0.23 at 
40,000 DWT. Thus, the 40,000 DWT failure is concentrated in the primary beam-slab-pile-cap 
load path rather than in the local fender plank, as shown in Figure 5. 

 
Figure 5. Maximum flexural demand-to-capacity ratio of the principal concrete components 

Table 3. Source-derived structural demand and pile response 

DWT 
Max. flexural DCR 

beam / slab / pile cap 

Axial op. / 

seismic (t) 

Pile 

disp. 

(mm) 

Pile 

stress 

ratio 

Assessment 

10,000 0.71 / 0.59 / 0.60 124.97 / 269.07 88.70 0.36 Baseline acceptable 

20,000 0.91 / 0.62 / 0.85 126.29 / 270.65 92.98 0.72 
Acceptable; fender near 

rating 

30,000 0.995 / 0.62 / 0.97 127.83 / 272.25 98.96 0.97 
Conditional with 

interventions 

40,000 1.81 / 1.10 / 1.03 182.14 / 274.15 238.88 1.37 
Not acceptable without 

redesign 
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Axial pile resistance does not govern, even the largest operational and seismic forces, 

182.14 and 274.15 tonnes, remain below the 427.7-tonne allowable resistance. The lateral response 
is much more restrictive. Pile-head displacement rises from 88.70 mm at 10,000 DWT to 98.96 
mm at 30,000 DWT and then to 238.88 mm at 40,000 DWT. The combined pile stress ratio follows 
the same trend, increasing from 0.36 to 0.97 and then 1.37. Table 3 and Figure 6 therefore show 
that the 30,000 DWT condition is feasible only with a narrow lateral reserve. 

 
 

Pile stress ratio Pile-head displacement 

Figure 6. Pile stress ratio and maximum pile-head displacement for increasing vessel capacity 

The source results show that the 30,000 DWT pile displacement is only 1.04 mm below 
the adopted limit and the stress ratio has a margin of 0.03. This small reserve is important because 
berthing energy varies with the square of approach velocity. A 10% increase in berthing speed 
would raise the impact energy by approximately 21%. Upgraded operation should therefore specify 
the permitted approach speed, tug assistance, crane position, and simultaneous live-load 
condition. The nominal 16 mm pile wall thickness and the condition of the pile heads, pile caps, 
bollard anchors, and fender support should also be verified before the higher vessel class is 

introduced. This recommendation is consistent with Dewata et al. (2026), who showed that the 
operational suitability of an existing wharf may vary by structural zone and should be tied to actual 
material condition, crane-load distribution, repeated-load demand, and periodic inspection. This 
near-limit response is consistent with experimental and numerical findings that lateral and berthing 
actions can govern high-piled-wharf performance even when axial pile resistance remains adequate 
(Wang et al., 2024; Xie et al., 2023). 

The present assessment is based mainly on design documents and source-study data rather 
than a new condition survey. This limitation should be addressed before permanent operation at 
30,000 DWT. Visual inspection alone may not reveal internal degradation, whereas combining 
condition ratings with UPV, rebound-hammer testing, corrosion screening, and thickness 
measurements provides a stronger basis for maintenance and residual-capacity decisions 
(Yudoprasetyo et al., 2026). Field measurements can also improve confidence in numerical model 
calibration and the interpretation of predicted response (Hariyanto et al., 2025). A focused 
verification programme should therefore include visual damage mapping, representative concrete 
testing, half-cell potential where corrosion is suspected, and underwater ultrasonic thickness 
measurements on selected steel piles. 

Dredging stability and implementation conditions 

The 30,000 DWT vessel has a 10.3 m design draft. The source study adopted a berth-pocket 
depth of approximately 12 m, so the existing -10 m LWS seabed requires a nominal 2 m cut. The 
associated water-area screening produced a one-way entrance-channel width of about 125 m, a 
minimum approach length of 1,232 m, a turning-basin diameter of about 180 m, and a berth pocket 
approximately 83 m wide and 220 m long. These dimensions are planning-level results and should 
be checked against an updated hydrographic survey and the final manoeuvring arrangement. 
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(a) Existing seabed (b) After 2 m dredging 

 

(c) Safety Factor After Dredging Condition = 1.67 

Figure 7. Finite Element Method models of the existing seabed (a), the profile after 2 m dredging (b), and 

safety factor after dredging (c) 

The finite element model used the Hardening Soil formulation and the source borehole 

stratification. The upper 4 m layer was represented as very soft clay with N-SPT = 1, followed by 
sand layers ranging from very loose to dense. Dredging was modelled with a 1V:5H slope. The 
static strength-reduction analysis gave a post-dredging safety factor of 1.67. For the volume 
estimate, the dredging footprint was divided into four cross-sections; the calculated in-situ quantity 
was 57,905 m³. Applying the source bulking factor of 1.10 produced an estimated handled volume 
of 63,605.5 m³. This result is suitable for feasibility assessment, but the final quantity should be 
recalculated from pre-dredging and post-dredging surveys, side slopes, and over-dredging 
tolerances. 

Considering all checks together, 30,000 DWT is the largest vessel class that can be 
supported without structural strengthening, and even this conclusion is conditional on fender 
replacement, dredging, verified structural condition, and controlled operation. The 40,000 DWT 
scenario fails four independent checks: the required berth length exceeds the available geometry, 
the principal concrete members exceed flexural resistance, pile-head displacement exceeds the 

operational criterion, and the pile stress ratio is greater than 1.0. Serving that vessel class would 
require berth extension, strengthening or additional piles, a revised fender system, and a new 
integrated analysis. 

CONCLUSION 

The existing precast dry-bulk jetty can accommodate a 30,000 DWT vessel only under 
defined technical and operational conditions. At this vessel class, the required berth length is 193.6 
m, the maximum beam and pile-cap flexural DCRs are 0.995 and 0.97, pile-head displacement is 
98.96 mm, and the pile stress ratio is 0.97. Axial pile resistance remains adequate. The V800H-
2000L fender must be replaced by a V1000H-2000L unit or an equivalent system, and the berth 
pocket must be dredged by about 2 m to approximately -12 m LWS. The source calculation gives 
57,905 m³ in situ and 63,605.5 m³ after applying the 1.10 bulking factor; the static post-dredging 
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safety factor is 1.67. The 40,000 DWT case is not feasible without redesign because berth length, 

beam and slab capacity, pile-cap capacity, pile displacement, and pile stress become unacceptable. 
Before upgraded operation, the actual pile thickness, concrete condition, fender and bollard 
anchorage, bathymetry, and operational loading envelope should be verified. 
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