Structural Analysis Report
Date: 09.05.2021
Boat: Tanaruz 7.5m – (Longitudinal Structure)
1- Input Data
This document includes the structural calculations of the Tanaruz-S 7.5 meters boat. To perform the
calculations “Strength Model Tanaruz S 7.5m – Longitudinal Structure.3dm” file is used. In the
calculations, three different cases are simulated as sea conditions, and analyses were performed
following the same procedure for all calculations. Tanaruz S boat is 7.5 meters in length and wave
function is created based on the length of the boat.
The sinusoidal wave assumption is used in the analysis as shown in Figure 1. The sinusoidal wave
assumption allows creating wave crest and wave through conditions for a hull.

Figure 1 - Wave Assumption

For Tanaruz S which has 7.5-meter length, sinusoidal wave function creates 375mm wave height and
7500mm wavelength in order to provide the crest and trough conditions. In the following chapters,
wave conditions are detailed.
FGF PP Glassfiber (30%) is used as material for the Tanaruz S structural analysis.

Figure 2 - FGF PP Glassfiber Mechanical Properties

2- Model
The file “Strength Model Tanaruz S 7.5m – Longitudinal Structure.3dm” which is used to perform the
structural analysis includes the 3D model of the boat. Figure 3 shows the 3D view of the Tanaruz-S
file used for analysis.

Figure 3 - 3D View of Tanaruz-S 7.5m

“Strength Model Tanaruz S 7.5m.3dm” file includes 7 poly-surfaces and the mentioned poly-surfaces
are shown in Figure 4. All of the poly-surfaces are checked and noted that all of them are valid and
acceptable to use in structural calculations. Tanaruz 7.5 meters model is created by extending the 4.5
meter model and transverse beams are removed from the geometry on the forward side of the
bulkhead. Only one tranverse is kept on the hull and this tranverse works as a ring frame because
one of the tranverse beam on the super-structure is also kept which is in the same section with the
hull bottom transverse. Therefore, by connecting these transverse beams (hull transverse and superstructure beam), a whole ring frame is created.

Figure 4 - Calculation Geometries

3- Calculation Method and Cases
In order to calculate the total weight value and to establish the loads on the boat, the
“WeightDistribution Tanaruz S.xlsx” file is used. The file contains the weights of the components on
the boat and the shared file shows the locations of the components additionally. Figure 5 shows a
sample part of the weight distribution file. Tanaruz 4.5 m model was extended to 7.5 meters by
keeping the thickness and longitudinal structure as mentioned. Additional boat weight is added into
the total weight of Tanaruz4.5meters including all the extended surfaces which are hull, hull
structure, deck and super structure of the boat.

Figure 5 - Weight Distribution File

The total weight is 2070 kgs and this is equal to 2019.5 m3 displacement volume for the defined load
condition.
As shown in Figure 6, all of the weights are distributed on the boat in the 3D modeling software first.
This method provides an opportunity to observe the weight distribution in the 3D model and to
determine the loading surfaces of the weights on the boat.

Figure 6 - 3D View of Weight Distribution

After calculating the total weight on the boat, displacement volume and water-plane are determined.
Figure 7 shows the draught and displacement of Tanaruz S at the defined loading condition which
equals to 2070kgs.

Figure 7 - Displacement of the Hull 2070kgs

To create the wave function and to calculate the hydrostatic pressure load on the hull, the Tanaruz
S7.5 hull is split into 100 virtual sections which have 75mm spacing. Figure 8 shows the section
spacing view defined on the hull.

Figure 8 - Wave Function and Hydrostatic Pressure Spacing

Figure 9 shows the wave function as a curve for wave crest condition. The figure provides a visulation
of the wave function which was used for the structural analysis.

Figure 9 - Wave Function and Hydrostatic Pressure Spacing

Keel and still water level coordinates are determined and with the help of these values, still water
hydrostatic pressures are calculated. By using the sinusoidal wave function, wave crest and wave
trough distribution are determined for every 100 sections. Still water, wave trough, and wave crest
pressure values and wave coordinates are shown in Figure 10 partially.

Figure 6 - A Partial View of the Wave Fuctions and Loads

Mesh is created in the structural analysis software as shown in Figure 11 and Figure 12. Mesh file
includes 7 poly-surfaces which are meshed according to the mesh quality criteria of the software. All
of the poly-surfaces mesh as a separate solid but in the calculations, these poly-surfaces are
calculated as structurally bonded.

Figure 7 - Mesh View

Figure 12 - Mesh View (Hull Structure)

Figures 13, 14, and 15 show the hydrostatic pressure distribution on the hull. There are three
calculation cases mentioned in the “Input Data” section. Wave crest and wave trough are the worst
cases for a conventional displacement hull. (There may be slamming cases for a boat in extreme
weather conditions. The calculations which are detailed in this report do not include any dynamic
and time-dependent cases such as slamming..etc.)

The figure above shows three cases as a sample and the following pictures show these cases as
hydrostatic pressure distribution on Tanaruz S 7.5meters hull.

Figure 8 - Still Water Hydrostatic Pressure

Figure 14 - Wave Crest Hydrostatic Pressure

Figure 15 - Wave Trough Hydrostatic Pressure

Weights are defined as forces to the boat on the related surfaces which are shown in the previous
section. Figure 16 shows the weight distribution applied to the structural model.

Figure 16 - Weigth Distribution on Structural Model

After defining all of the loads on the boat analyze can be solved. But there should be a fixed point to
perform the analysis. In real conditions, ships have not a fixed point. Ships stay on the see free
surface freely. In such cases “Inertia Relief” method is used. Water pressure acts as a support for the
boat. The applied loads and hull weight which is simulated with gravity work against the hydrostatic
pressure. The technique of inertia relief has been a well-known approach for the analysis of
unsupported systems such as air vehicles in flight, sea vehicles on the sea, automotive in motion, or
satellites in space.
4- Results
The following figures show the stress and deformation distribution on Tanaruz 7.5 meters for each
condition defined. If all of the plots are inspected carefully, it can be stated that maximum stress
value is observed at the wave trough condition which is 10.58Mpa. Maximum stress value on the hull
structure is below the yield stress value of FGF PP Glass-fiber which is 90Mpa. But deflections on the
boat structure is an important point that maximum deflection value should be below the allowable
deflections.
Maximum deflection is observed on the hull bottom between the longitudinals. Maximum deflection
is 7.32mm where the maximum allowable deflection is 8mm (2% of the panel span). It can be stated

that the created structure is in the safe zone stresswise but very close to deflection limit. In
conclusion, Tanaruz 7.5 meters longitudinal based structure satisfies the stress and deflection
requirements, and also structure is in a well-balanced point that as deflection values shows, boat
structure in not a heavy design.

Figure 17 - Still Water Stress Plot Section View

Figure 9 - Still Water Deformation Plot

Figure 10 - Wave Crest Stress Plot Section View

Figure 20 - Wave Crest Deformation Plot

Figure 21 - Wave Trough Stress Plot Section View

Figure 22 - Wave Trough Deformation Plot

