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Abstract

Numerous structural end connections are utilized everyday in the marine industry for ship
design and/or maintenance. End connection design has been developed in earlier vessel designs
and adapted as a general standard for all vessels being designed / built at a facility. Usually the
supporting calculations developed to analyze the structural end connection are not available for
engineers to re-examine. Furthermore, young engineers employ un-proven end connections in
their designs, using the justification “It has been done like this in the past, it should work.” In
this thesis, the author concentrates on finite element analysis for thirteen typical end connections
used in the marine industry and correlated the shear and moment transfer to an AISC developed
empirical beam equation for comparison. The author will rely on first principle equations and
finite element analysis to prove the efficiency of various end connections, and draw comparative

conclusions per each end connection analyzed.

Keywords: Marine Structural End Connections, Finite Element Analysis
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Chapter 1 — Introduction

Numerous structural end connections are used in the marine industry for ship or facility
construction and maintenance. Traditionally, end connection design has been developed from
earlier vessel designs and adapted as general standards for all vessels being built at a shipyard.
Usually, the supporting calculations developed to validate the structural end connections are not
available for designers and engineers to reexamine or prove. The reliance on standards and
classification society rules has allowed practical structural design to move away from
engineering first principles. In recent years, the development of more user friendly Finite
Element Analysis (FEA) software has allowed the engineer to use the computer to take on the
computational work of analysis. In doing so, the structural designer essentially gets back to first
principles, but uses the computer software to work out the tedious calculations.

Now, there could be the temptation to custom design every end connection and validate it
using FEA; however, for shipyard economics, it is still wise to depend on a set of standard end
connection details that can be used for various structural conditions rather than a wide variety of
unique ones.

This thesis will present three criteria for determining the efficiency of thirteen various
structural end connections widely used in the marine industry. The three criteria will also be
used to evaluate two baseline end conditions whose fixity will be by definition and called
“Baseline Fixed” and “Baseline Fixed Edge Support™. It is hoped that by comparing the results
of the two theoretical conditions to the thirteen practical standards, a validation will be
confirmed.

The end connections were evaluated based on three criteria which analyzed Von Mises

stress, nodal rotation, and “c” factors. The first criterion collects the maximum stress at both the



end connection and midspan of the beam. From the obtained results, a percent difference is
calculated giving the reader a basis for comparisons. The second criterion compared the nodal
rotation at the end connection and at the mid span of the beam. Another set of percent differences
was calculated for this criterion. The final criteria developed a “c” factor for comparison reasons.
The “c” factor represents a constant used in the empirical equation to calculate the moment on a
section for a given end connection, i.e. 8 or 12 if ends are free to rotate or are constrained against
rotation. From the three criteria, the reader can draw various conclusions on the end connection
analyzed.

The calculations will be based on a representative beam consisting of deck plating,
bulkhead plating, a vertical bulkhead stiffener, and a deck stiffener. The deck stiffener and
vertical bulkhead stiffener are connected via thirteen various end connection consisting from
chocks and brackets to simple web attachment. Both the deck stiffener and vertical bulkhead
stiffener are the same section, a 6”’x4”x3/8” angle, a common size member used in the marine
industry. Also, the deck plating and vertical bulkhead plating are the same thickness, 3/8”.

The results of the comparison will be assessed to determine if reliance on the represented

shipyard standards is feasible given checks on a case per case basis.



Chapter 2 — Validation of FEA

One of the most important steps in any analysis is the validation of the method/software.
Finite element analysis programs will run any model a designer and/or engineer creates, but is
the model accurately represented? Dr. Engin Egeseli of the University of New Orleans, always
enforces a simple principle to his students when describing computer modeling, “GIGO;
Garbage In = Garbage Out”.

A simple validation process can be used to determine if the model is accurately described
in regards to mesh size, aspect ratio and warp angle. Aspect ratio and warp angle have set upper
limits set by general finite element modeling techniques. The aspect ratio, which is the long edge
of the element divided by the short edge of the element, can not exceed 2.0. The warp angle of an
element can be described as the maximum out-of-plane angle between any two triangles that you
can divide a quad element into [11]. The warp angle cannot exceed 135 degrees, without giving
faulty output. The mesh size used in a model is the designer and/or engineer’s decision based on
the amount of accuracy desired for the model. A larger mesh size will yield a larger error, but
takes less computer memory and time to solve. While a denser mesh size will yield a smaller
error, but take large computer memory and longer time to solve. A “happy medium” will need to
be achieved to keep a model size manageable. Areas of less concern can be modeled with a
coarser mesh, while areas of concern can have a more refined mesh size, yielding more accurate
results in the areas of interest.

The validation process used in determining the maximum mesh size of the end
connections analyzed was determined by modeling three simple models. The following sub

sections describe the three FEA models and the obtained results.



FEA Validation - Plate Model

The first of the three models created was of a simple plate. The end constraints, or
boundary conditions, were varied with either a simply supported edge or fully fixed edges
around the entire perimeter of the plate. The mesh of the model was also varied from coarse to
fine to determine the best percent difference from a closed form solution to the finite element
solution.

An arbitrary plate size was used for this part of the validation process. The plate size
analyzed was 18 inches by 12 inches by 3/8 inch thick. A 5 psi uniform load was applied to the
entire surface of the rectangular plate. ALGOR Finite Element Suite was used in creating and
compiling the models.

For the closed form solution, reference [5] was used to calculate the maximum deflection
at the center of the supported plate. Reference [5] gives the following equations:

For rectangular plate with all edges simply supported and loaded uniformly over the entire plate

2 (1
Jmax = Ub = qub
t
and
_ —agb* (2)
ymax Et3
where O Normal Stress (psi)
y Vertical Deformation (in.)
B 0.4851 fora=18", & b=12"
a 0.0838 fora=18", & b=12"
q Distributed Load (psi)
E Young’s Modulus (psi)
t Plate Thickness (in.)



For rectangular plate with all edges fixed and loaded uniformly over the entire plate. The

equations are:

A3)

Jmax = ﬂzqzbz

¢

and
- agb* “4)

ymax = q3

Et

where O Normal Stress (psi)
y Vertical Deformation (in.)

B2 0.4518 fora=18" & b=12"
a 0.0239 fora=18" & b= 12"
q Distributed Load (psi)

E Young’s Modulus (psi)

t Plate Thickness (in.)



A comparison was developed for each boundary condition per mesh size, and the FEA

model and results are shown in figures 1, 2, 3, and 4, and tables 1, 2, 3, 4, 5, and 6.

Load Case: 1of 1

Maxirnum “alue: Not Available

Minimurn Yalue: Mot Available

Figure 1 — Simply Supported Plate FEA Model



Stress
Tansor ¥
Ibfiin2)

724.4515
G627 5612
470 6709
313 7806
166.8903
o

-156.8903
-313.7306
-470.56708
-527 5612
-784.4515

Load Case: 10f 1
Maximum Value: 784 451 |bfi{in*2)

Minimum Yalue: -784 451 Ibt/(in*2)

Figure 2 — Simply Supported Plate FEA Stress Results

Plate Verification Model Simply Supported End Constraints FEA Results

FEA Model Results
Element
Size (Long HVM .A f""’. f""‘.

xShory | s | (n) | (ps) | (psi)
3x2 1,472 0.00359 1,654 1,084
6x4 2,098 0.00522 | 2,389 1,508
9x6 2,115 0.00544 | 2,417 1,504
12x8 2,151 0.00562 | 2,463 1,510
18x12 2,162 0.00570 | 2,477 1,511
48x32 2,169 0.00575 | 2,486 1,511

Table 1 - Simply Supported Plate Model FEA Results



Plate Verification Model Simply Supported End Constraints Deflection Percent Difference

Results
Closed
SE:TEQ;Q FiA Form Percent
x Short) (in.) .A Difference
(in.)
3x2 0.00359 | 0.00568 | 36.88%
6x4 0.00522 | 0.00568 8.14%
9x6 0.00544 | 0.00568 4.25%
12x8 0.00562 | 0.00568 1.08%
18x12 0.00570 | 0.00568 -0.29%
48x32 0.00575 | 0.00568 -1.21%
Table 2 - Simply Supported Plate Model Deformation Comparison
18" x12" Plate Simply Support All Sides
FEA Results vs Closed Form Results
0.0060 Deformation
£ = *
0.0055 7y
. *
£ 0.0050
c
[}]
g 0.0045 -
(%]
©
o
2 0.0040
a
0.0035 hd
0.0030 3x2 6x4 9x6 12x8 18x12 48x32
Element Ratio (Long x Short)
¢ FEA Results —— Closed Form Results

Figure 3 - Simply Supported Plate All Sides - FEA vs. Closed Form - Deformation



Plate Verification Model Simply Supported End Constraints Normal Stress Percent Difference

Results
Closed
Element FEA Form Percent
SlzeSh(Long iy Omax | Difference
X Short Si !
)| s |
3x2 1,654 2,484 33.40%
6x4 2,389 2,484 3.82%
9x6 2,417 2,484 2.70%
12x8 2,463 2,484 0.82%
18x12 2,477 2,484 0.28%
48x32 2,486 2,484 -0.09%
Table 3 - Simply Support Plate Model Stress Comparison
18" x12" Plate Simply Support All Sides
FEA Results vs Closed Form Results
2,600 Stress
2,400
. 2,200
L)
K=
® 2,000
[
n

1,800

1,600

48x32

9x6 12x8 18x12
Element Ratio (Long x Short)
¢ FEA Results —— Closed Form Results

1,400 3x2 6x4

Figure 4 - Simply Supported Plate All Sides - FEA vs. Closed Form - Stress



Plate Verification Model Fixed End Constraints FEA Results

FEA Model Results

S.E'eme”t HVM A - oo
ize (Long . : . .
x Short) (psi) (in.) (psi) (psi)
3x2 761 0.00138 784 437
6x4 1,463 | 0.00156 | 1,653 1,221
9x6 966 0.00157 | 1,111 630
12x8 979 0.00161 1,128 624
18x12 978 0.00163 | 1,128 618
48x32 975 0.00164 | 1,127 613

Table 4 - Fixed Supported Plate All Sides - FEA vs. Closed Form — FEA Results

Plate Verification Model Fixed End Constraints Deflection Percent Difference Results

FEA Closed
Siileen(]fgr:g A Form Eercent
x Short) (in.) .A Difference
(in.)
3x2 0.00138 | 0.00162 | 14.58%
6x4 0.00156 | 0.00162 3.97%
9x6 0.00157 | 0.00162 3.04%
12x8 0.00161 | 0.00162 0.39%
18x12 0.00163 | 0.00162 -0.41%
48x32 0.00164 | 0.00162 -0.97%

10

Table 5 - Fixed Supported Plate All Sides - FEA vs. Closed Form — Deformation



18" x12" Plate Fixed All Sides
FEA Results vs Closed Form Results

0.0020

Deformation

0.0016
< 0.0012
Q
£
[]
3
S 0.0008
2
a

0.0004

0.0000 6x4 9x6 12x8 18x12 48x32

Element Ratio (Long x Short)
¢ FEA Results —— Closed Form Results

Figure 5 - Fixed Supported Plate All Sides - FEA vs. Closed Form - Deformation

Plate Verification Model Fixed End Constraints Normal Stress Percent Difference Results

Closed
Element FEA Form Percent
S'f eSh(Ic;r?t;‘g (f"é"i) Omax | Difference
P (psi)

3x2 784 1,121 30.04%
6x4 1,653 1,121 -47.41%
9x6 1,111 1,121 0.90%
12x8 1,128 1,121 -0.63%
18x12 1,128 1,121 -0.59%
48x32 1,127 1,121 -0.54%

Table 6- Fixed Supported Plate All Sides - FEA vs. Closed Form — Stress
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18" x12" Plate Fixed All Sides
FEA Results vs Closed Form Results

1.200 Stress
® ® *
1,100 2
@ 1,000
K=
7]
7]
[
& 900
800
IS
700 3x2 6x4 9x6 12x8 18x12 48x32
Element Ratio (Long x Short)
¢ FEA Results —— Closed Form Results

Figure 6- Fixed Supported Plate All Sides - FEA vs. Closed Form - Stress

FEA Validation — Cantilever Beam Model
A second model was created to determine the optimal mesh density of the web of a
stiffener. This model represented a 120 inch long cantilevered member, fixed on one side, and
free on the other. A 10 Ibs. load was placed at the edge of the free side of the stiffener, and again
the model was run with varying mesh densities. the mesh size was altered from a coarse to a fine
mesh, and the percent difference was calculated by the finite element results to a closed form
results. The closed form results were calculated as follow. From Reference [11] the equation for
the deflection of a cantilevered beam in consideration of shear deflection

3 2 3
pn=P! 1+0.71(ﬁj —0.10@)
3E] / /

)

12



where A Vertical Deformation (in.)

Uniform load (psi)

Length of Member (in.)

Young’s Modulus (psi)

the inertia in the axis of the deflection (in*)
the height of the member (in.)

The maximum normal stress of the member can be calculated by the following equation;

M (6)

max
Sx

The FEA model and typical results are shown in figures 6, 7, 8 and 9 and tables 8, 9 and 10.

FIXED

RESTRAINTS

Load Case: 1of 1
Maximurm Yalue: Not Available

Minimum Yalue: Mot Available

Figure 7 - 6'"'x3/8" FB Validation FEA Model

13



Load Case: 1of 1
Maximurm Yalue: 533.065 Br(in*2)

Minimurm walue: 4.21217 [f(in*2)

Figure 8 - 6'"'x3/8" FB Validation FEA Model Stress Plot

A comparison was developed for per mesh size, and the results are shown below;

FEA Model Results

Element A frx
Size (in.) (psi)
20x1 0.029476 506.67
40x2 0.029451 507.08
60x3 0.029462 507.38
80x4 0.029469 506.85

120x6 0.029475 506.70

320x16 0.029484 506.66

Table 7 — Cantilever Beam - FEA Results

14

Stress
won Mises
Ib#(in*2)

533.0651
43017938
2T 2945
374.4002
221.5220
2686386
2167523
162.868

109.9527
5708746
4212168



Beam Validation Model Deflection Percent Difference Results

Closed
Element FEA Form Percent
Size (in.) A Difference
) (in.)
20x1 0.029476 0.029477 0.00%
40x2 0.029451 0.029477 -0.09%
60x3 0.029462 0.029477 -0.05%
80x4 0.029469 0.029477 -0.03%
120x6 0.029475 0.029477 -0.01%
320x16 0.029484 0.029477 0.02%

Table 8 - Cantilever Beam - FEA vs. Closed Form — Deformation

6"x3/8" FB Cantilever
FEA Results vs Closed Form Results

0.02950 Deformation

0.02948

0.02946

0.02944

Displacement (in.)

0.02942

0.02940

20x1 40x2 60x3 80x4 120x6 320x16
Element Ratio (Length x Depth)

¢ FEA Results —— Closed Form Results

Figure 9 - Cantilever Beam - FEA vs. Closed Form - Deformation
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Beam Validation Model Stress Percent Difference Results

Displacement (in.)

Closed
Elgment foEf Form le’ftfarcent
ize ‘ Omax ifference
20x1 506.67 506.67 0.00%
40x2 507.08 506.67 0.08%
60x3 507.24 506.67 0.11%
80x4 506.85 506.67 0.04%
120x6 506.70 506.67 0.01%
320x16 506.66 506.67 0.00%

Table 9 - Cantilever Beam - FEA vs. Closed Form — Stress

6"x3/8" FB Cantilever
FEA Results vs Closed Form Results

5073 Stress

507.2

507.1

507.0

506.9

506.8

506.7

506.6

20x1 40x2 60x3 80x4 120x6 320x16
Element Ratio (Length x Depth)

¢ FEA Results —— Closed Form Results

Figure 10 - Cantilever Beam - FEA vs. Closed Form - Stress

This step of the validation process shows that the optimal mesh density for the web of a

cantilevered member is 60 elements long by 3 elements deep.

16



FEA Validation — L67°x4’x3/8” Model

A third model was created just like the previous two, except that the model represented a
6”x4x3/8” angle. The length of the section is 120 inches. Both the section and length are the
equivalent to the end connection models used to create the comparisons. Again the mesh size
was altered from a coarse to a fine mesh, and the percent difference was calculated by the finite
element results to closed form results. The closed form results were calculated using the
following equation from reference [2] for the deflection of a beam fixed at both ends and

uniformly load distributed along the length of the member.

_owl (7
™ 384Kl
Where A Vertical Deformation (in.)
w Uniform Load (psi)
[ Length of Member (in.)
E Young’s Modulus (psi)
1 the inertia in the axis of the deflection (in”)

In the case of an un-balanced (unsymmetrical) section, “I” will be substituted for the
major and minor inertias. Therefore equation (7) will be split into two directions, the deflection

in the major axis and the deflection in the minor axis. Thus re-writing the equations

A = _owlt (®)
mger 3QAET

major

and

Amin or = W—l4 (9)
384E1

min or

The total deflection of the un-symmetric section will therefore be calculated as

17



A = \j AZmajor + Azminor (10)

The FEA model and typical results are shown in figures 11 and 12.

FIXED

RESTRAINTS

FIXED

RESTRAINTS

1 T.RS/in

Load Case: 10of 1
Mlaximum Yalue: Mot Availatble

Minimum Yalue: Mot Available

Figure 11 - L6'"x4"x3/8" Validation FEA Model
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Strass
won Mises
IbfH(in2)

432.7929
IB8T22

3466515
303 5811
2605106
217 4402
174.2607
131.2003
8822882
45.15836
2037908

Load Case: 10f 1
Maximum value: 432.792 |bfi(in*2)

Minimum Yalue: 2.08791 |bf/{in*2)

Figure 12 - L6''x4""x3/8" Validation FEA Model Stress Plot
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A comparison was developed for each boundary condition per mesh size, and the results
are shown in figure 13 and 14 and tables 11, 12, and 13.

Beam Validation Model Fixed End Constraints FEA Results

FEA Model Results
Midspan Ends
Web Flange Shear
e
o I S S
Element A To Knuckle »z
Size (in.) Avg I\/rl)em Avg Mem l\,:\vg Y Mem
(psi) (psi) em | (psl)
(psi)
60x3x2 0.003025 -227.56 170.03 -83.94 23.99
80x4x3 0.003029 -226.62 170.29 -84.03 22.75
120x6x4 0.003033 -226.78 170.40 -84.09 25.93
320x16x11 0.003035 -228.22 170.46 -84.13 22.92

Table 10 - L6"x4"x3/8" - FEA Results
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Beam Validation Model Fixed End Constraints Deflection Percent Difference Results

Displacement (in.)

0.0040

0.0036

0.0032

0.0028

0.0024

0.0020

Element

. Closed
Size FEA Form Percent
(Length x A .
. A Difference

Web x (in.) in

Flange) (fin.)

60x3x2 0.00303 0.00299 1.15%
80x4x3 0.00303 0.00299 1.28%
120x6x4 0.00303 0.00299 1.39%

320x16x11 0.00304 0.00299 1.48%

Table 11 - L6"x4'"x3/8" - FEA vs. Closed Form - Deformation

L6"x4"x3/8" Midplane Mesh Fixed At Ends
FEA Results vs Closed Form Results

60x3x2

80x4x3

Deformation

120x6x4

Element Ratio (Length x Web x Flange)

¢ FEA Results —— Closed Form Results

21

Figure 13 - L6'"x4"x3/8" - FEA vs. Closed Form - Deformation




Beam Validation Model Fixed End Constraints Normal Stress Percent Difference Results

Stress (psi)

E'eme”‘ Closed
(LeSnlg(tah X FfvE;A\ Form Eercent
T (psi) Omax Difference
Flange) (psi)
60x3x2 -227.56 -227.85 0.13%
80x4x3 -226.62 -227.85 0.54%
120x6x4 -226.78 -227.85 0.47%
320x16x11 -228.22 -227.85 -0.16%

Table 12 - L6"x4"x3/8" - FEA vs. Closed Form - Stress

L6"x4"x3/8" Midplane Mesh Fixed At Ends
FEA Results vs Closed Form Results

250 Stress
240
230 - *
220 -
210
200
60x3x2 80x4x3 120x6x4 320x16x11

Element Ratio (Length x Web x Flange)

¢ FEA Results —— Closed Form Results

Figure 14 - L6"x4"x3/8" - FEA vs. Closed Form - Stress

Once all percent differences were calculated, the decision of which mesh size to be used

to create the individual end connection models could be made. In terms of a simple rectangular

plate model with varying end constraints. The percent difference shows that the denser the mesh,

the lower the percent difference. In terms of a fixed beam model representing an angle, the above

statement does not hold true. The percent difference for the coarser 60 elements long by 3

elements deep on the web, and 2 elements wide on the flange result in a lowest percent

22



difference. And the denser the mesh, the larger the percent difference grew. Looking at the actual
deflection outputted from the finite element model, the deflection is the same up to the fifth
decimal place, which is not practical to hold in basic structure calculations. The percent
difference for the coarser plate model was not that great, and the difference could be tolerated.
Therefore, the coarser 60 elements long by 3 elements deep on the web, and 2 elements wide on

the flange was used to create the individual end connection models.
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Chapter 3 — Modeling Criteria

Using Algor Finite Element Suite, thirteen various end connections were created,
analyzed, and compared against a baseline model. A plate model of each end connection was
created using the same mesh size and properties to ensure a proper comparison. The only
variation in the mesh size was in areas in way of the connection where a perfect square mesh
could not be used. The mesh size was determined with the methodology of Chapter 2.

For the sole purpose of creating a comparison, the thirteen end connections models and
the baseline model used for the comparison maintained identical model properties. Therefore the
only changes in each model were the end connection. The bulkhead, bulkhead stiffener, deck,
and deck stiffener are identical for all models. A common plate thickness and stiffener size used
in the marine field were chosen to create all the models. The plate is 3/8” thick grade “A”
material, and the stiffeners are 6°x4”x3/8” angles, grade “A”. Grade “A” material is carbon steel

with a yield stress of 36 ksi.
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The end restraints applied to each model are the same for every model. As shown in the

table below, the restraints are given in table 14 and figure 15.

Constraint
Translation Rotation
Side T, T, T, R R, R,
A X X X
B X X X
C X X X
D X X X
E X X X
F X X X
G X X X
Table 13 - Typical FEA Model End Constraints
Side G
Side E
Side A
Side F
W,
4
1 v
i Y
Side B

Load Case: 10f1
Maximum Yalue: Mot Available

Minimum Yalue: Mot Available

Side D

Figure 15 - Typical FEA Model End Constraints
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The end constraints were chosen so that sides “A” and “C” are symmetric and the model
is being mirrored infinitely in the positive and negative y-axis. Sides “D” and “G” are
constrained so that the model is mirrored about the x-axis. Side “B” is constrained so that the

model is mirrored about the y-axis.
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Chapter 4 — Comparison Criteria

Each of the 13 different end connections analyzed was compared to the baseline models
by three different criteria. The three different criteria were Von Mises Stress, End Rotation, and
“c” Factors. Explanations of these three criteria are listed below. The baseline model represents a
100% fixed end connection eliminating all translations and rotations at the ends of the beam. The

figure below shows the areas where the stress output was selected and compared.

i Midspan —\

\— @ Connection

Zz

L.

Figure 16 - Areas of Concern for Stress Results
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Each criterion is described in the following sections.

Stress Criteria

From each model, Von Mises stress was calculated from the application of a 10 psi
uniform load on the deck of the model, and recorded for two locations of the frame. The first
location was at the midspan of the beam and the second location was at the end connection. The
stresses were then compared against the baseline models, and a percent difference at the desired
location was calculated and used as a comparison criteria. Results for this criterion can be

viewed in Chapter 5, 6, and 7.

Rotation Criteria

The node rotation angle was calculated from the application of a 10 psi uniform load on
the deck of the model, and recorded per each model analyzed at the midspan and at the joint. The
node rotation angles were then compared to the baseline model by a percent difference at the

desired location. Results for this criterion can be viewed in Chapter 5, 6, and 7.

“c” Factor Criteria

By loading each model with an increasing uniform load p until a stress concentration of
36 ksi was reached, the maximum uniform load the beam/end connection can withstand was
determined. From AISC 13™ Ed, Table 3-23, “Shears, Moments, and Deflection tables, the
maximum moment for a beam fixed at both ends — uniformly distributed loads”, the moment at

midspan and at the end is calculated as

_wl’ (11)
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where M Moment about a Specified Location (in-1bs)
w Uniform Load (psi)
[ Length of Member (in.)
¢ = 12 at the ends and 24 at the center,

Manipulating equation (11), to solve for “c” and replacing M for M, the maximum constant “c”

can be determined to achieve yield, thus giving equation (12).

. wi’ (12)
M

n

From reference [9] the normal stress distribution on a given section of beam subjected to

unsymmetrical bending is

zz

_ {Mylx +M I, }C{Mx[y +My1xy:| (13)
I1,-1,1, I1,-11

xy©xy

Substituting 0., for Fy, My for M,, and M, = 0 reduces equation (13) to

Y - Fx(lxly—lxzy) (14)
" -1, (6)+ 1 ()

Combining equation (12) and (14) will determine the constant “c” for a uniform load “p” per end

connection analyzed. The combined equation is

wi? (15)

T F 1, -12)
{-Ix},(x +1,(y)}

Y

Since a baseline finite element model was used as a contrast to compare the various end
connections analyzed, the calculated constant “c” from equation (15) did not produce the

constant of 12 as stated in equation (11). Thus, a scaling factor was developed to achieve a truly

29



fixed constant “c” of 12 at the end connection of the baseline model. The scaling factor was

developed with the following equation;

c><cf (16)

c

Cc =

s

Where ¢ constant scaled
cr constant for fixed member - 12
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Chapter 5 — Baseline Models

To create a contrast to compare to, a baseline model was created using Algor finite
element suite. The baseline model represents a truly fixed model where all translations and
rotations are constrained at the ends of the section. The finite element model can be seen below
in figure (17). The mesh density and node locations are identical to the 13 end connection

models created for the comparison.

Load Case: 10f 1

Maximum Yalue: Mot Available

Minimum “alue: Not Available

Figure 17 - Baseline FEA Model
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Using the same deck uniform load applied to the end connection models for the purpose
of the Stress Criteria and Rotation Criteria, the model was compiled and the output is displayed

below in figure (18) and (19).

- 3049
== Zroe0 mm
A TV

= it

e AT e

2 f’ = = ABEE D
= RS R

239137

maam

Lol Carsp: 1 071
PAERIMUMN VaeE SEEF5 2 100N
minimum Yalue: T26.945 Bie2)

Figure 18 - Baseline FEA Model Stress Results — Plan View
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Stress
von Mises
Ibfi(in’2)
383TE1T
346103

304543
2708055
23315.68
18550 81
1578599
1202106
8268.19

491 317
726.4445

Load Case: 1 of 1
Maxirmurn Value: 38375.2 Ibfi(in®2)

Minimum “alue: 726.445 |o/(in*2)

Figure 19 - Baseline FEA Model Stress Results — Bottom View

The uniform load on the deck of the model was also varied to achieve a 36 ksi stress
concentration, or yield. This stress concentration was recorded and used in the calculation of the
‘¢’ Factor Criteria.

The results for this model are;

Max Stress at the Connection 38.375.2 psi
Max Stress at Midspan 27 575.4 psi
Max Rotation Angle at the Connection 171733 degrees
Max Rotation Angle at Midspan 1.96403 degrees
Max Deck Uniform load to Yield 9.381 psi

Table 14 - Baseline FEA Model Summary

33



Please note that the nodal rotation for a fully fixed member should be 0 degrees at the end
connection, and 0 degrees at the midspan of the member. For the purpose of the analysis, the
nodal rotations were taken in the general areas of the end connection and midspan as displayed in
figure (16).

The sole purpose of the baseline model was to simulate a truly fixed end connection in
the finite element suite to contrast with the 13 end connection models. The ideal shear and

moment can be represented by the following diagram from reference [2].

Table 3—-23 (continued)
Shears, Moments, and Deflections
15. BEAM FIXED AT BOTH ENDS — UNIFORMLY DISTRIBUTED LOADS
e e = Total Equiv. Uniform Load .......cccccvvimmvimmmnnins. = ﬁ;':f
i .
wi R=V = 5
R _ R V. :u|.;—x
I >~ L 'f e 2
| ? | ° Mosax (BEENTAS) woovveiorrersiaesmeesseemseesoseereeesseissosssmssnss. = ""fg
V--.H'_"" ! ) wi?
[ shesr . = g i I ; M. fatcanter) ey, 5 7y
| el M, =¥ ix-i?-6x2)
1 I / - wi*
M‘_: ._",--"""_'f r_r__‘ 1 Apay (AECENTAN) .oviiiiiiiensii i = T4 El
| /"/ Moment M ;.1,.’)(3 2
4 N_TTA = {f - x}
P 24 El

Figure 20 - AISC 13™ Ed. Table 3-23; Shears, Moment, and Deflections [2]

One can take note that for a truly fixed beam the moment at the ends and midspan can be

calculated as:

vl (13)
ends 12
wil’ (16)

M midspan = H
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Therefore the ‘¢’ factor is 12 and 24 for the ends and midspan respectively.
Since each of the 13 end connection models analyzed for the purpose of this thesis contained
edge supports in the y-axis, a second baseline model was created with again truly fixed end

constraints in rotation and translation, but also containing the following end constraints;

Constraint
Translation Rotation
T, T, T, R, Ry R,
X X X

Table 15 - Baseline with Edge Support End Constraints

For the purpose of this paper, this second baseline model will be called, "Baseline Model
with Edge Supports". The mesh density and node locations are identical to the baseline model
stated above. The “Baseline Model with Edge Supports" is shown in figure (21). Notice the

circles at the y-axis boundary of the model. These circles are the constraints shown in Table (16).
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Load Case: 10f 1
Maximum Yalug: Not Available

Minimum “alue: Mot Available

Figure 21 - Baseline with Edge Support FEA Model

The "Baseline Model with Edge Supports” also was loaded with the same uniform deck
load applied to the end connection models for the purpose of the Stress Criteria and Rotation

Criteria. The model was compiled and the output is displayed in figures (22) and (23).
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Stress
won Mises
I fiine2)

3261884
2047331
26328.77
2318823
20042 88
1688015
13755.61
10842.07
7408 531
4324982
1184453

Load Case: 1of 1
Maimum Yalue: 32616.8 I0f/(in*2)

Minimum Yalue: 118145 IbfAin"2)

Figure 22 - Baseline with Edge Support FEA Model Stress Results - Plan View

Stress
von Misss
1bti(in"2)

3261684
2047231
2632877
z3186.23
20042 62
1880015
1375561
10812.07
7468 531
4324992
1181.953

Load Case: 1071
Maximum “alue: 32616.8 Ibf/(in"2)

Minimum “alue: 1181 45 lhf/(in*2)

Figure 23 - Baseline with Edge Support FEA Model Stress Results - Bottom View
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As done before on the baseline model, the uniform load on the deck was varied to
achieve a 36 ksi stress concentration. This stress concentration was recorded and used in the ‘¢’
Factor Criteria.

The results for this model are as shown;

Max Stress at the Connection 32,616.8 psi
Max Stress at Midspan 17,311.8 psi
Max Rotation Angle at the Connection 0.43426 degrees
Max Rotation Angle at Midspan 0.89733 degrees
Max Deck Uniform load to Yield 11.655 psi

Table 16 - Baseline with Edge Support FEA Model Summary
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Chapter 6 - End Connections Analyzed

Thirteen various end connections have been analyzed for the purpose of this thesis paper.
The thirteen end connections analyzed are common structural end connections used in the
commercial marine field. The following chapter is organized in sub-sections of each end
connection analyzed. A description of each end connection with sketches, figures of FEA output
and results for each criterion are given in each sub-section. Chapter 7 will summarize all the

results and give comparisons per each model.

Sniped End Connection

One of the cheapest and easiest end connections to fabricate is a sniped end connection.
In this connection, the flange of the deck stiffener is cut back at a 30 to 45 degree angle. The web
of the deck stiffener will hit hard to the web of the vertical bulkhead stiffener. When the flange is
not connected, a full moment connection is not produced. Only shear and a little moment transfer
will carry thru the web to the vertical bulkhead stiffener. The model analyzed has a flange sniped

at a 45 degree angle. Figure (23) displays the end connection.

. /\ » 10/70//
'R RAT HOLE

— 12'-0" DECK

BHD \DECK STIFFENER
RN
SHELL \ 45° SNIPE
/ BHD STIFFENER

Figure 24 - Sniped End Connection Detail Sketch
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The following model was produced to obtain results in Von Mises stress, node rotation, and max

uniform load to produce material yielding.

Load Case: 1 of 1

Maximurm “alue: Not Available

minimumm Yalueg: Mot Available

Figure 25 - Sniped End Connection FEA Model - Plane View
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Load Case: 10of 1
Maximum alue: Mot Available

tinimurm ‘Yalue: Mot Available

.
-+

Figure 26 - Sniped End Connection FEA Model - Connection View
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The Von Mises stress results are shown in the figures (27), (28), and (29).

Stress
won Mises
1biAin#z)

24311.75
2180403
19472.12
17081.3

1469443
12227 66
9210.84

7394.021
4977.202
2560.384
1435645

Load Case: 10f 1
Maimum walue: 24311 8 1bf/(in"2)

Minimum “alue: 143 565 IBFin*2)

Figure 27 - Sniped End Connection FEA Model - Stress Plot
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Load Case: 1 of 1

Waxirnum Yalug: 24311.8 [e(in*2)

winimurm YYalug: 143.565 Ib/(in*2)

Figure 28 - Sniped End Connection FEA Model - Stress Plot
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Stress
won Mises
IbiKin"2)

2431175
2120403
19478 12
17061.3

1969492
12227 66
2310.849

7394.021
4977 202
2560.3249
14256495




Stress
won hises
1btiin*2)

24231175
21804.03
19497212
17061.3

1459442
12227 66
Q210,84

7394.021
4977 202
2560.384
143 5696

Load Case: 1of 1
haxirnum Yalue: 24311.6 Ike(in"2)

Minimum “alue: 143 565 bfAin"2)

Figure 29 - Sniped End Connection FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 24,311.80 psi
Max Stress at Midspan 24,147.03 psi
Max Rotation Angle at the Connection 0.5637 degrees
Max Rotation Angle at Midspan 0.7870 degrees
Max Deck Uniform load to Yield 14.81 psi

Table 17 - Sniped End Connection FEA Model - Summary

As one can notice, the max stress occurs at the end connection where the extreme fiber of

the deck stiffener meets the web of the vertical bulkhead stiffener.
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Flat Bar Chock Connection

A simple method to create a moment transfer from the deck beam to the vertical bulkhead

stiffener is to back up the flange with a flat bar of matching flange thickness. The flat bar would

be installed directly in-line with the flange of the deck stiffener in the space between the

bulkhead, web of the bulkhead stiffener, and flange of the bulkhead stiffener. The flat bar would

be welded with a continuous bead of weld all around the flat bar periphery. This type of

connection requires field fit up of the flat bar in the above mentioned zone, and welding in tight

spots. Figure (30) displays the end connection.

2’R RAT HOLE

o 18/70//

10/=0”

DECK

BHD

SHELL

:

SECTION A-A

N\

‘A\
DECK STIFFENER

CHUOCK
EQUIL TO FLG "t”

BHD STIFFENER

Figure 30 - Flat Bar Chock Detail Sketch

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

45



Load Case: 1af 1

Maximum “alue: Mot Available

Minimum walue: Not Available

Figure 31 - Flat Bar Chock FEA Model - Plan View

Load Case: 1 0of 1
Mapdmurm “alue: Mot Availahle

Minimum Yalue: Not Available

Figure 32 - Flat Bar Chock FEA Model - Connection View
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The Von Mises stress results are shown in figures (33), (34), and (35).

Stress
won Mises
IbfAine2)
2434484
21827 35
18509.67
17092 39
14674.91
12267 42
0830 842
742248
5004977
2557 425
1700123

Load Case: 1 of 1
Maximurm Yalue: 24344 8 1bfi(in"2)

Minimurm Yalue: 170.012 [bfin"2)

Figure 33 - Flat Bar Chock FEA Model - Stress Plot

47



Stress
won Mises
Ibti(in~2)

24249484
2102735
1950987
1700239
14574.91
12267 42
0830042
7422498

5004977
2587485
1700123

Load Case: 1 of 1

Maximum “alue: 24344 8 Ibr(in"2)

Minimum %alue: 170.012 Ibf(in"2)

Figure 34 - Flat Bar Chock FEA Model - Stress Plot

Strass
von Mises
Ibfiin"2)

24344.54
21927 35
1950887
1700230
19674.91
12267 .42
o=39.042
TA2Z.46

5004.977
2587.405
1700123

1of1

Load Case
Maximum “alue: 24344 8 1bf/{in"2)

minimum walue: 170.012 [kf(in"2)

Figure 35 - Flat Bar Chock FEA Model - Stress Plot
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The following data was collected for comparison,

Max Stress at the Connection 22,613.86
Max Stress at Midspan 24,344.84
Max Rotation Angle at the Connection 0.5289
Max Rotation Angle at Midspan 0.7131
Max Deck Uniform load to Yield 14.79

Table 18 - Flat Bar Chock FEA Model - Summary

The max stress occurs at the midspan of the stiffener, where the web of the member joins

the flange of the member.

Tapered Chock Connection

Another method to create a moment transfer from the deck beam to the vertical bulkhead
stiffener is to back up the flange with a tapered chock matching the flange thickness. The tapered
chock, like the flat bar chock, would be installed directly in-line with the flange of the deck
stiffener in the space between the bulkhead, web of the bulkhead stiffener, and flange of the
bulkhead stiffener. The flat bar would be welded with a continuous bead of weld all around the
flat bar peripheral. But un-like the flat bar chock, only two sides of the chock require welding.
This type of connection requires either NC cutting of the bracket, or a skilled laborer to cut the

chock out of plate. Welding, once again would be required in tight spaces. Figure (36) displays

the end connection.
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/\ 107-0"
2R RAT HOLE
— 12’-0" DECK
I
i .
A 1A
BHD DECK STIFFENER
OR
SHEL L TAPERED CHOCK
\ EQUIL TO FLG "t~
\ BHD STIFFENER
SECTION A-A

Figure 36 - Tapered Chock Detail Sketch

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.
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C-E6E
GEEEE

Load Case: 1071
Maximum Yalue: Mot Available

Minimum “alue: Mot Available

Figure 37 - Tapered Chock FEA Model - Plan View

Load Case: 1of 1
Maximum “alue: Not Available

Minimum “alue: Not Available

Figure 38 - Tapered Chock FEA Model -Connection View
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The Von Mises stress results are shown in figures below (39), (40), and (41).

Stress
von Misss
Ibtiine2)
2429574
21880 6

1246545
17050 3

19635 16
1222001
9504865
7389.718
4974.672
2660426
124 2788

Load Case: 1of 1

Maximum Value: 24285 7 Ibf/(in"2)

Minimum Yalue: 144 279 Ibf/(in*2)

Figure 39 - Tapered Chock FEA Model -Stress Plot
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Stress
van Mises
Ibin"2)

2420574
218806

10965 45
17050 3

14526 16
1222001
0304865
7320710
ag7a872
2550 428
144.2795

Load Case: 1 of 1

Mapdmurn Value: 24295.7 Ibfiin*2)

Minimum Yalue: 144 2739 [hf{in*2)

Figure 40 - Tapered Chock FEA Model -Stress Plot

Logg Cags 10f 1
WML aiE 242057 BAEE2)
wWinImum Vake: 144 279 00fin2)

Figure 41 - Tapered Chock FEA Model -Stress Plot
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The following data was collected for comparison,

Max Stress at the Connection 21,468.53 psi
Max Stress at Midspan 24,295.74 psi
Max Rotation Angle at the Connection 0.5249 degrees
Max Rotation Angle at Midspan 0.7312 degrees
Max Deck Uniform load to Yield 14.82 psi

Table 19 - Tapered Chock FEA Model -Summary

Like the flat bar chock, the max stress occurs at the midspan of the stiffener, where the

web of the member joins the flange of the member.

Lap Connection

A lap connection can be classified as another economical and easy to fabricate end
connection used throughout the marine industry. In this end connection, the flange of the deck
stiffener is cut back at either 30 to 45 degrees angle like the snipe connection, but the snipe
occurs approximately 3 to 4 inches behind the end cut of the stiffener. This allows for the web of
the deck stiffener to overlap the vertical bulkhead stiffeners web. Also, for this end connection to
work, the flanges of the deck stiffener and vertical bulkhead stiffener must be on opposite hands
of each other. Since one flange will be forward, and the other aft, a bit of eccentricity will occur
with the load path of the uniform load. This type of connection requires neither NC cutting of a
bracket, nor a skilled laborer to cut the chock out of plate. The snipes will have to be cut by hand
or machine, but the fit up is extremely easy, making this end connection very cost effective. For
the purpose of this analysis, the deck stiffener is shifted half of the web thickness, and the lapped
part of the deck stiffener web is connected to the vertical bulkhead stiffener web via a weld

element. The weld element is a 3/8" plate element joining only the nodes that would be
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connected via a weld. Welding is simplified due to the openness of the connection, as shown in

figure (41) displayed below.

. /\ » 10/70//

— 12-0" DECK

. \
DECK STIFFENER

3// .

2’R RAT HOLE

45° SNIPE

BHD
SN \
| SHELL BHD STIFFENER

Figure 42 - Lap Connection Detail Sketch

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

Load Case: 1 0of 1

Maximurn Value: Mot Available

Minimum Value: Mot Available

Figure 43 - Lap Connection FEA Model - Plan View
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Load Case: 1 of 1

Maximum value: Mot Available

Minimum ‘Yalue: ot Available

Figure 44 - Lap Connection FEA Model - Connection View

The Von Mises stress results are shown in figures (45), (46), and (47).
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Load Case: 1of 1

Maximum Yalue: 24089 I0f/(in"2)

Minirum “alue: 172772 IbfAin"2)

Figure 45 - Lap Connection FEA Model - Stress Plot

Load Case: 1af1

Maximum Value: 24089 Ibff(in"2)

Minimum value: 172.772 Ibf/in*2)

Figure 46 - Lap Connection FEA Model - Stress Plot
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Stress
wan Mises
Ibiine2)

2408898
2188738
10305.74
18914.11
19522.49
1213087
9739259
7347 633
4056013
2584392
172.7718

Stress
wan hises
I n2)

24088.898
21097.36
18305.74
16214.11
14522.49
12120.87
0730254
7347 633
2056013
2564202
1727712



Stress

von Mises
1b4i(in"2)
24088 98
21697 36
19305.74
18914.11
19522 49
1213087
9739.254
7347 633
4956.013
2564.392
1727718

Load Case: 10f 1
Maximum Walue: 24088 bf/{in*2)

Minimum Yalue: 172772 laf/(in*2)
Figure 47 - Lap Connection FEA Model - Stress Plot

The following data was collected for comparison’.

Max Stress at the Connection 21,466.70 psi
Max Stress at Midspan 23,493.88 psi
Max Rotation Angle at the Connection 0.5337 degrees
Max Rotation Angle at Midspan 0.7346 degrees
Max Deck Uniform load to Yield 14.95 psi

Table 20 - Lap Connection FEA Model - Summary

Like the sniped connection, the max stress occurs where the extreme fiber of the deck

stiffener meets the web of the vertical bulkhead stiffener.

Brackets
A more efficient end connection is to utilize a bracket. A bracket is a triangular cut piece

of steel, either butt welded or lapped from the deck stiffener to the web of the vertical bulkhead
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stiffener. The bracket dimensions may vary due to space restrictions, or designer preference. The
flange of the deck stiffener is typically sniped 30 to 45 degrees like the snipe or lap connection.
The web of the deck stiffener may hit hard to the web of the vertical bulkhead stiffener, or may
be cut short by an inch. One might think that since there is no direct flange connection, from the
vertical bulkhead stiffener to the deck stiffener, a moment transfer will not be 100 percent. A
conclusion can be drawn from the summarized information displayed in chapter 7.

For the purpose of this thesis, three types of brackets were analyzed. The three types of
brackets analyzed are Butt Bracket #1, Butt Bracket #2, and Lap Bracket.

Butt bracket #1 has the web of the deck stiffener cut short by one inch from hitting the
web of the vertical bulkhead stiffener, and the flange of the web snipped at 45 degrees. The web
of the deck stiffener is cut short for ease of construction. The deck with attached stiffeners can be
lifted and placed without any objects binding. The vertical bulkhead stiffener will hit the deck
hard, allowing for the deck to be placed directly on top making fit up easier. The bracket hits
hard in-line with the web of the deck stiffener and the web of the vertical bulkhead stiffener. This
type of connection is costly due to fit up in the field, and butt welds are required to attach the
bracket to the deck stiffener and vertical bulkhead stiffener. Figure (48) displays the details of

Butt Bracket #1.
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VY

| oo

45°

SNIPE DECK

BHD
~

z N

\ DECK STIFFENER
BRACKET

\ BHD STIFFENER

Figure 48 - Butt Bracket #1 Detail Sketch

Butt Bracket #2 is almost identical for Butt Bracket #1 except for the web of the deck

stiffener. The web of the deck stiffener is not cut short from the web of the vertical bulkhead

stiffener, but hits hard instead. This allows for a more direct load path from the deck stiffener to

the vertical bulkhead stiffener. Fit up becomes an issue due to the tolerances required to attach

the deck and stiffeners to the vertical bulkhead and stiffeners. Figure (49) displays the details of

Butt Bracket #2.

— 1p/—p”

45°

SNIPE DECK

/ S

DECK STIFFENER

\ BRACKET

\ BHD STIFFENER

BUTT BRACKET #2

Figure 49 - Butt Bracket #2 Detail Sketch
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Lap bracket connections give a lot more freedom to fit up in the field. The web of the
deck stiffener is cut short by an inch from the vertical bulkhead stiffener like Butt Bracket #1, for
ease of construction. The bracket contains three additional inches of extra material on the straight
sides, called ears. The additional three inches of material allow for the bracket to be lapped to the
web of the deck stiffener and to the web of the vertical bulkhead stiffener. Since the bracket is
lapped to the stiffeners, field fit-up is easier, and the use of fillet welds around the perimeter of
the bracket can be utilized. The fillet weld is a much cheaper and easier weld to produce. For the
purpose of this analysis, the bracket is shifted half of the plate thickness, and the lapped part of
the bracket is connected to the vertical bulkhead stiffener and deck stiffener web via a weld
element. The weld element is a 3/8" plate element joining only the nodes that would be

connected via a weld. Figure (50) displays the details of the Lap Bracket.

<-4444441\7444444_> 10'=0”
2R RAT HOLE

— 12'-0" \ DECK

BHD DECK STIFFENER
45° SNIPE

SHELL \
\\ BRACKET

BHD STIFFENER

Figure 50 - Lap Bracket Detail Sketch

For each of these three types of bracket analyzed, three different sizes of brackets were
checked. The bracket sizes are as follows; small (12”x12”x3/8”), medium (18”x18x3/8”), and

large (24°x247x3/8”).
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In the following sub sections, the results and models are displayed.

Butt Bracket #1; Small (12”x12”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

¥

¥ Y

Load Case: 1af 1
mMzximum valug: Mot Available

Minimum Yalue: Mot Available

Figure 51 - Butt Bracket #1; Small Connection - Plane View
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Load Case: 10f 1

Mawimum Yalug: Not Available

Minimum “alue: Mot Available

Figure 52 - Butt Bracket #1; Small Connection - Connection View

The Von Mises stress results are shown in figures (53) and (54).
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Load Case: 1 of 1

Maximum wWalle: 24861.8 Ibf(in"2)

Minimum Yalue: 270.342 Ibf/{in*2)

Figure 53 - Butt Bracket #1; Small Connection - Stress Plot

Load Case: 1 of 1

hdaximum Value: 24961.8 laff(in*2)

Minimum value: 270,342 167/(in*2)

Figure 54 - Butt Bracket #1; Small Connection - Stress Plot
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Stress
won Mises
Ibkiin "2}

2406182
22402 67
2002352
17554.37
15085.23
12616.08
1014683
7ETT.TEA
5208 537
2720420
2703418

Stress
won Mises
Ibfitin"2)

24061.82
22902 67
20023.52
17569.37
15026.22
12616.08
10146.02
7677784
5208637
2739489
2703418



The following data was collected for comparison,

Max Stress at the Connection 24,961.82 psi
Max Stress at Midspan 21,669.92 psi
Max Rotation Angle at the Connection 0.5404 degrees
Max Rotation Angle at Midspan 0.7255 degrees
Max Deck Uniform load to Yield 14.42 psi

Table 21 - Butt Bracket #1; Small Connection - Summary

The maximum stress concentration occurs at the upper edge of snipe of the bracket, where the

bracket separates from the extreme fiber of the deck stiffener.

Butt Bracket #1; Medium (18”x18”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

Load Ca== 1of 1

Wiz mum WaAluE: Mok B ishie

Winmum vale ot dwalabke

Figure 55 - Butt Bracket #1; Medium Connection — FEA Model — Plan View
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Logo Casec 1061
WiaedmLm Yalug: MO Bvaliaie
Winimum Yake: NotAvaia ke

Figure 56 - Butt Bracket #; Medium Connection — FEA Model — Connection View
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The Von Mises stress results are shown in figures (57) and (58).

Stress
won Mises
1bRCin2)
22627 28
20380.01
18152.74
15045.47
138782
11440.83
920366
BOEE 304
4728124
2491852
254.5825

Load Case: 1of 1
mMadimurmn value: 22627.3 IK(in"2)

Minimum “alue: 254 582 IbfAin"2)

Figure 57 - Butt Bracket #1; Medium Connection — FEA Model — Stress Plot
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nnnnnnnn
IbFiine2)

22627 28
20380.04
18152.74
15915.47
13678.2

11449093
0202 66

5085201
4720121
2401882
254 5625

Load Case: 1 aof 1

Maximum “alue: 226273 Ibf/(in"2)

Minimum Yalue: 254.562 Ibfi(in"2)

Figure 58 - Butt Bracket #1; Medium Connection — FEA Model — Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 22,627.30 psi
Max Stress at Midspan 20,516.79 psi
Max Rotation Angle at the Connection 0.5479 degrees
Max Rotation Angle at Midspan 0.7020 degrees
Max Deck Uniform load to Yield 1591 psi

Table 22 - Butt Bracket #1; Medium Connection — FEA Model — Summary

Again the maximum stress concentration occurs at the upper edge of snipe of the bracket, where

the bracket separates from the extreme fiber of the deck stiffener.
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Butt Bracket #1; Large (24”x24”x3/8")

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

Load Ca== 1of 1

hizdmum “alue: hotb Bvallsble

kinmum “vals= Not Avalabe

Figure 59 - Butt Bracket #1; Large Connection - FEA Model - Plane View
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Loan Cass 10f 1
EAMLIM YAUB: MO Rvallaiie
Winmum Yaks: NotAvailank

Figure 60 - Butt Bracket #1; Large Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (61) and (62).

Load Case: 1of1

Maximum Yalue: 21474 Ibif{int2)

Minimurn Yalue: 207 027 1f(in2)

Stress
wan Mises
Ibiin"2)

21472.00
10347 2

172206

15003 91
12067 22
10840 52
8713.828
6587134
4460.44

2323.745
207.0513

Figure 61 - Butt Bracket #1; Large Connection - FEA Model - Stress Plot
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Strass
von Mises
1b#Xin*2)
2147200
10347 3
172206
1609291
12067 22
1084052
8713828
6587134
4460.44
2333745
207 0513

Load Case: 10f 1

Maximurmn Yalue: 21474 Ibi/(in2)

Minimurm Yalue: 207 051 IbfAin"2)

Figure 62 - Butt Bracket #1; Large Connection - FEA Model - Stress Plot

The following data was collected for comparison

Max Stress at the Connection 21,473.99 psi
Max Stress at Midspan 19,665.23 psi
Max Rotation Angle at the Connection 0.5740 degrees
Max Rotation Angle at Midspan 0.6831 degrees
Max Deck Uniform load to Yield 16.76 psi

Table 23 - Butt Bracket #1; Large Connection - FEA Model - Summary

Again the maximum stress concentration occurs at the upper edge of snipe of the bracket, where

the bracket separates from the extreme fiber of the deck stiffener.
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Butt Bracket #2; Small (12”x12”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

Load Caser 10 1
Wised iim aliia: Kok Axvaltadle

WiniImum vake Mot Avalabie

Figure 63 - Butt Bracket #2; Small Connection - FEA Model - Plane View
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Lot s 1071

FEREMUM VaLE NOT Avalanke

i alug: Mok svaltable

Figure 64 - Butt Bracket #2; Small Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (65) and (66).

Stress
von Mises
IBHIRe2)
21524.07
19443.99
17212.01
15178.83
13043.75
10008.67
773505
G638.516
4502437
2368358
233,270

Load Case: 10f 1

Maximum “Yalue: 21584 .1 [bf/{in"2)

Minimum “alue: 233.279 Ibfi{in"2)

Figure 65 - Butt Bracket #2; Small Connection - FEA Model - Stress Plot
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Stress
won hises
I fiin2)

2156407
15449 90
17312.81
1517983
13043 76
10908 67

8773 595

5638 516

4603 437

2368 358

233.270

Load Case: 1ar1

Maximum Yalug: 215841 1Bf/(in*2)

Minimum “alue: 233.279 1bfAin2)

Figure 66 - Bracket #2; Small Connection - FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 20,450.36 psi
Max Stress at Midspan 21,584.07 psi
Max Rotation Angle at the Connection 0.5288 degrees
Max Rotation Angle at Midspan 0.7178 degrees
Max Deck Uniform load to Yield 16.68 psi

Table 24 - Bracket #2; Small Connection - FEA Model - Summary

The maximum stress concentration occurs at midspan of the deck stiffener, at the lower extreme
fiber of the member where the flange meets the web. It can be stated that the connection is

efficient in obtaining the maximum moment the deck member can support.
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Butt Bracket #2; Medium (18”x18”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

o

Al

Load Case: 10of 1
Maximum Yalue: Not Available

Minimurn Value: kot Available

Figure 67 - Bracket #2; Medium Connection - FEA Model - Plan View
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Lioesd Czvse: 1 of 1

Fasimum wake Mot Awalabke

Mrimum Yalue: Mok Rvsishle

Figure 68 - Bracket #2; Medium Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (69) and (70).

Load Case: 10r 1
Maximum “alue: 20076.2 Ibf/(in*2)

Minimum “alue: 238.502 lhi/(in*2)

Stress
won Mises
IFiin2)

2007615
1808254
15108.84
1125.18
12141.54
10157 84
8174.173
5180505
4706 &35
222317
230502

Figure 69 - Bracket #2; Medium Connection - FEA Model - Stress Plot

Load Case: 1 of 1
Maxirnurm Walue: 200762 Ibfi(in*2)

Minirumm Yalue: 239.502 [hti(in*2)

Stress
von Mises
IbHR"2)

20078.18
1808251
18108 84
14125.18
12141.51
10157 84
8174.173
£100.505
4206 838
222317
230502

Figure 70 - Bracket #2; Medium Connection - FEA Model - Stress Plot
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The following data was collected for comparison,

Max Stress at the Connection 19,749.43
Max Stress at Midspan 20,421.30
Max Rotation Angle at the Connection 0.5556
Max Rotation Angle at Midspan 0.6934
Max Deck Uniform load to Yield 17.63

psi
psi
degrees

degrees

psi

Table 25 - Bracket #2; Medium Connection - FEA Model - Summary

Like the smaller version of this connection, the maximum stress concentration occurs at midspan

of the deck stiffener, at the lower extreme fiber of the member where the flange meets the web. It

can be stated that the connection is efficient obtaining the maximum moment the deck member

can support.

Butt Bracket #2; Large (24°x24”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.
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TeIvIvY
2L £

Load Case: 1of 1
Maximurn Walue: Not Available

Minimum Value: Not Available

Figure 71 - Bracket #2; Large Connection - FEA Model - Plane View

Load Case: 10of 1
Maximum Yalue: Mot Available

Minimum “alue: Mot Available

Figure 72 - Bracket #2; Large Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (73) and (74).

Stress
von Mises
IBHTIR"2)

10878 47
1790005
15039 53
13870.2
1200078
10031 38
2051.933
&002.51
4123.087
2153.863
184,29

Load Case: 1of 1

Maximum value: 19878.9 I0T/(in"2)

Minimum Yalue: 184 .24 [afiin"2)

Figure 73 - Bracket #2; Large Connection - FEA Model - Stress Plot
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Stress
won Mises
Ibti(in"2)
19872.47
17909.05
15039 63
12970.2
12000.78
10031.35
8061 833
5092 51
4123 087
2153 663
12424

Load Case: 1 of 1

Maximum Walue: 19878.5 Ibf/(in"2)

Minirum value: 184.24 16t(in"2)

Figure 74 - Bracket #2; Large Connection - FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 19,878.47 psi
Max Stress at Midspan 19,543.36 psi
Max Rotation Angle at the Connection 0.5833 degrees
Max Rotation Angle at Midspan 0.6742 degrees
Max Deck Uniform load to Yield 18.11 psi

Table 26 - Bracket #2; Large Connection - FEA Model - Summary

Like the smaller versions of this connection, the maximum stress concentration occurs at
midspan of the deck stiffener, at the lower extreme fiber of the member where the flange meets
the web. It can be stated that the connection is efficient in obtaining the maximum moment the

deck member can support.
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Lap Bracket; Small (12”x12”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

|
%% S A
82 2221

Load Case: 1 of 1
Marimum Value: Mot Availaile

Minimum Yalue: Mot Available

Figure 75 - Lap Bracket; Small Connection - FEA Model - Plane View
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Liosd Cvse: 1 of 1

Maximum vake Hot Swaiable

Minimum Walue: Mot Bvallabie

Figure 76 - Lap Bracket; Small Connection - FEA Model - Connection View

The Von Mises stress results are shown in figures (77) and (78).

nnnnnnnn

21225.21
191318

17027 .99
14944.39
12850.78
1075747
2662565
6569959
4475352
2382745
2801376

Load Case: 10f 1

Maximum “alue: 21225 2 |bf/(in"2)

hinimum “alue: 289,138 lhti(in*2)

Figure 77 - Lap Bracket; Small Connection - FEA Model - Stress Plot
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Stress
von Mises
1b4i(in"2)
2122521
19131 6
17037 .99
14944 39
1285078
10767 17
5063.560
6563 059
4476 352
2382.745
2001376

Load Case: 1071

Maximum “alue: 21225 .2 |bfi/(in"2)

Minimum “alue: 289138 lhi/(in*2)

Figure 78 - Lap Bracket; Small Connection - FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 17,039.96 psi
Max Stress at Midspan 21,225.21 psi
Max Rotation Angle at the Connection 0.5301 degrees
Max Rotation Angle at Midspan 0.7288 degrees
Max Deck Uniform load to Yield 16.96 psi

Table 27 - Lap Bracket; Small Connection - FEA Model - Summary

The maximum stress concentration occurs at midspan of the deck stiffener, at the lower extreme

fiber of the member where the flange meets the web. From the results of the analysis, it can be
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stated that the connection is efficient obtaining the maximum moment the deck member can

support.

Lap Bracket; Medium (18”x18”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

e,

e

Load Case: 10of 1
Maximum Yalue: Not Available

Minimurn Value: kot Available

Figure 79 - Lap Bracket; Medium Connection - FEA Model - Plane View
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Load Ca== 1of 1

Rz mumn "Yalue: Mot Rvailable

kinmum ‘Yake ot A-alabk

Figure 80 - Lap Bracket; Medium Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (81) and (82).

nnnnnnnn
IFiin2)

2007615
1808254
15108.84
1125.18
12141.54
10157 84
8174.173
5180505

4706 &35
222317
230502

Load Case: 10r 1
Maximum “alue: 20076.2 Ibf/(in*2)

Minimum “alue: 238.502 lhi/(in*2)

Figure 81 - Lap Bracket; Medium Connection - FEA Model - Stress Plot
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Stress
von Mises
1b4(n"2)
2007618
12082 51
16108 89
124125.18
12141 51
10157 84
8174173
5190 508
4200 838
222347
230,502

Load Case: 1 of 1
Maxirnurm Walue: 200762 Ibfi(in*2)

Minirumm Yalue: 239.502 [hti(in*2)

Figure 82 -Lap Bracket; Medium Connection - FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 17,271.07 psi
Max Stress at Midspan 20,076.18 psi
Max Rotation Angle at the Connection 0.5652 degrees
Max Rotation Angle at Midspan 0.7173 degrees
Max Deck Uniform load to Yield 17.94 psi

Table 28 -Lap Bracket; Medium Connection - FEA Model - Summary

Like the smaller version of this connection, the maximum stress concentration occurs at midspan
of the deck stiffener, at the lower extreme fiber of the member where the flange meets the web.
From the analysis, it can be stated that the connection is efficient obtaining the maximum

moment the deck member can support.
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Lap Bracket; Large (24”x24”x3/8”)

The following model was produced to obtain results in Von Mises stress, node rotation,

and max deck uniform load to produce material yielding.

FIITITIT

v¢¥g§§§ YEY ! v

Load Case: 1 0of 1
Waximum “alue: Not Available

hinirnurn Walue: kot Available

Figure 83 - Lap Bracket; Large Connection - FEA Model - Plane View
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Figure 84 - Lap Bracket; Large Connection - FEA Model - Connection View
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The Von Mises stress results are shown in figures (85) and (86).

Stress

on Mises
1b4i(in"2)
19290.58
17384.4
1547822
13572.04
11865 86
9750 683
7853.504
5047 326

4041.147
2134.089
2287003

Load Case: 1 0of 1

Maximum “alue: 19290.5 |bfAin"2)

Minimum Yalue: 228 .79 Ibfi(in*2)

Figure 85 - Lap Bracket; Large Connection - FEA Model - Stress Plot
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1820058
17384.4

1547822
1357204
1188586
a750.683
7853509
5047 325
041,147
2134.989
228.7903

Load Case: 1 of 1

Maximum Yalue: 192908 1b(in"2)

Minimum “alue: 228.79 1bfA(in"2)

Figure 86 - Lap Bracket; Large Connection - FEA Model - Stress Plot

The following data was collected for comparison,

Max Stress at the Connection 17,320.57 psi
Max Stress at Midspan 19,290.58 psi
Max Rotation Angle at the Connection 0.6041 degrees
Max Rotation Angle at Midspan 0.7077 degrees
Max Deck Uniform load to Yield 18.66 psi

Table 29 - Lap Bracket; Large Connection - FEA Model - Summary

Like the smaller versions of this connection, the maximum stress concentration occurs at
midspan of the deck stiffener, at the lower extreme fiber of the member where the flange meets
the web. It can be stated that the connection is efficient in obtaining the maximum moment the

deck member can support.
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Chapter 7 — Summary

In this thesis, the author has presented the reader with three criteria and the evaluation of
each for determining the efficiency of various structural end connections utilized in the marine
industry. Chapter 4 introduced the three criteria used in developing the findings of this thesis
paper. Chapter 5 introduced the baseline models used as the contrast for determining the
comparisons of the various end connections analyzed. Finally chapter 6 explained the 13 various
end connections analyzed and offered the reader the results per individual analysis.

In the Stress Criteria, the individual models were subjected to a 10 psi deck pressure and
the stress at the connection and at the mid-span of the deck beam were obtained. Table (16)
displays the findings of the Stress Criteria per location and displays the percent difference of the
Von Mises stress at the location to the Von Mises stress of the baseline model with edge supports
at the same location. As stated in reference [1], "there are no perfectly rigid connections nor
completely flexible ones, all connections really are partly restrained, or PR, to one degree or
another." Therefore no end connection analyzed by this thesis should have a percent equal to 100

or 0.
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@ Connection @ Mid-Span @ Connection @ Mid-Span
Max HVM Stress | Max HVM Stress
End Connection (psi) (psi) % Difference % Difference
10 psi Dist Load |10 psi Dist Load
Baseline Fixed 38,375.2 27,5754 - -
Baseline Fixed Edge Support 32,616.8 17,311.8 - -
Flat Bar Chock Connection 22,613.9 24,3448 31% -41%
Snipe Connection 24,311.8 24,1470 25% -39%
Tapered Chock Connection 21,468.5 24,2957 34% -40%
Lap Connection 21,466.7 23,4939 34% -36%
Butt Bracket #1 Small 24,961.8 21,669.9 23% -25%
Butt Bracket #1 Medium 22,627.3 20,516.8 31% -19%
Butt Bracket #1 Large 21,474.0 19,665.2 34% -14%
Butt Bracket #2 Small 20,450.4 21,584 1 37% -25%
Butt Bracket #2 Medium 19,749.4 20,421.3 39% -18%
Butt Bracket #2 Large 19,878.5 19,5434 39% -13%
Lap Bracket Small 17,040.0 21,2252 48% -23%
Lap Bracket Medium 17,2711 20,076.2 A47% -16%
Lap Bracket Large 17,320.6 19,290.6 A47% -11%

Table 30 - Stress Criteria Summary

When the stresses at the end connection and midspan of the 2 baseline models and 13 end
connection models are plotted on a chart, the stress ranges between the various end connections
is evident. For example, using the light blue line of the baseline fixed edge support model as the
contrast, and the brown line representing the lap bracket large model, the difference of stress
obtained at the end connection and at the midspan can be clearly seen. Please note that the area
between the support end and midspan do NOT represent the actual stress at that location, but a
straight line from point to point. If the stresses at a consistent interval along the entire length of
beam were plotted, each model would have a non linear line. At the connection, the lap bracket
large model has lower stresses at the connection than the baseline fixed edge support model. At
the midspan, the baseline edge support model has lower stresses than the lap bracket large
model. Other stress variances can be obtained in a similar method for the various end connection

analyzed.
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End Connection Type vs. HVM Stress
40,000
35,000
@ 30,000
=
»
0
s
n
=
= 25,000
20,000
15,000
Support End Midspan
—— Baseline Fixed —— Baseline Fixed Edge Support —— Flat Bar Chock Connection
—— Snipe Connection —— Tapered Chock Connection —— Lap Connection
—— Butt Bracket #1 Small Butt Bracket #1 Medium —— Butt Bracket #1 Large
—— Butt Bracket #2 Small ~— Butt Bracket #2 Medium —— Butt Bracket #2 Large
—— Lap Bracket Small —— Lap Bracket Medium Lap Bracket Large

Figure 87 - Stress Criteria - End Connection Type vs. HVM Stress — Line Graph

Another method for drawing conclusions on the variances of stress at the end connection

or midspan of the baseline models to the end connection models is to plot a bar graph. The two
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baseline models are at the left of the graph, and if a line drawn horizontal to the x-axis was

plotted one can see the differences of stress at the connection and at the midspan clearly.

End Connection Type vs. HVM Stress

HVM Stress (psi)

‘l @ Connection B @ Mid-Span

End connection Type

Figure 88 - Stress Criteria - End Connection Type vs. HVM Stress - Bar Graph

In the Rotation Criteria, the individual models were subjected to a 10 psi deck pressure
and the nodal rotation at the general location of the connection and the mid-span of the deck
beam were obtained. Table (17) displays the findings of the Rotation Criteria per location and
displays the percent difference of the nodal rotation at the location to the nodal rotation of the
baseline model with edge supports at the same location. A similar approach of comparisons as

stated in the Stress Criteria can be used for the following tables and graphs for nodal rotation.
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@ Connection

@ Mid-Span

@ Connection

@ Mid-Span

End Connection

Max Rotation
(degrees)

10 psi Dist Load

Max Rotation
(degrees)

10 psi Dist Load

% Difference

% Difference

Baseline Fixed 1.71733 1.96403 - -

Baseline Fixed Edge Support 0.43426 0.89733 - -

Flat Bar Chock Connection 0.52890 0.71307 -22% 21%
Snipe Connection 0.56372 0.78705 -30% 12%
Tapered Chock Connection 0.52491 0.73120 -21% 19%
Lap Connection 0.53372 0.73457 -23% 18%
Butt Bracket #1 Small 0.54040 0.72547 -24% 19%
Butt Bracket #1 Medium 0.54786 0.70205 -26% 22%
Butt Bracket #1 Large 0.57398 0.68311 -32% 24%
Butt Bracket #2 Small 0.52876 0.71777 -22% 20%
Butt Bracket #2 Medium 0.55562 0.69336 -28% 23%
Butt Bracket #2 Large 0.58326 0.67424 -34% 25%
Lap Bracket Small 0.53007 0.72881 -22% 19%
Lap Bracket Medium 0.56519 0.71734 -30% 20%
Lap Bracket Large 0.60413 0.70767 -39% 21%
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End Connection Type vs. Rotation
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Support End Midspan
= Baseline Fixed Edge Support Flat Bar Chock Connection —— Snipe Connection
—— Tapered Chock Connection —— Lap Connection —— Butt Bracket #1 Small
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—— Butt Bracket #2 Medium —— Butt Bracket #2 Large — Lap Bracket Small
— Lap Bracket Medium —— Lap Bracket Large —e— Baseline Fixed

Figure 89 - Rotation Criteria - End Connection Type vs. Nodal Rotation — Line Graph
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End Connection Type vs. Nodal Rotation

Rotation (degrees)

‘l @ Connection B @ Mid-Span

End connection Type

Figure 90 - Stress Criteria - End Connection Type vs. Nodal Rotation - Bar Graph

The final criterion was the “c” factor criterion. For this criterion, the individual models
were subjected to a uniform load placed on the deck of the model and increased until yield of any
part of the model occurred. The uniform load that produced material yielding was then recorded
and used in a series of equations, stated in chapter 4. The “c” factor was then backed out, and
used to draw comparisons for each end connection. Table (18) displays the findings of the “c”

Factor criteria.
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Distributed Load for| . " cconStf'nt

. istributed Load for orrection

End Connection Failure (36 ksi) Loa_d for | Constant (FEA - 1st

Failure .

Princ)

(Ibs/in2) (Ibs/in) (unitless) (unitless)
Baseline Fixed 9.381 225.14 7.53 12.00
Baseline Fixed Edge Support 11.655 279.72 9.35 14.91
Flat Bar Chock Connection 14.79 354.96 11.87 18.92
Snipe Connection 14.81 355.44 11.89 18.94
Tapered Chock Connection 14.82 355.68 11.89 18.96
Lap Connection 14.945 358.68 12.00 19.12
Butt Bracket #1 Small 14.422 346.13 11.58 18.45
Butt Bracket #1 Medium 15.91 381.84 12.77 20.35
Butt Bracket #1 Large 16.764 402.34 13.46 21.44
Butt Bracket #2 Small 16.679 400.30 13.39 21.34
Butt Bracket #2 Medium 17.63 423.12 14.15 22.55
Butt Bracket #2 Large 18.11 434.64 14.54 23.17
Lap Bracket Small 16.961 407.06 13.61 21.70
Lap Bracket Medium 17.935 430.44 14.39 22.94
Lap Bracket Large 18.662 447.89 14.98 23.87

Table 32 - "¢" Factor Criteria Summary

As shown below in figure (88), a straightforward method for drawing conclusions on the
variances of “c” factors is to plot a bar graph. Again, the two baseline models are at the left of
the graph, and if a line drawn horizontal to the x-axis was plotted one can see the differences of

stress at the connection and at the midspan clearly.
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End Connection Type vs. Constant

Constant'c’

End connection Type

Figure 91 - Stress Criteria - End Connection Type vs. "¢" Factor - Bar Graph
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Chapter 8 — Conclusion

After completing the comparison of the three criteria, it is clear to see that the utilization
of an efficiently sized bracket will offer the designer the optimum end connection for moment
and shear transfer. This can be justified with the simple increase of section modulus and shear
area at the connection. The larger the bracket, the more moment and shear transfer will occur.

Not only will the size of the bracket affect the amount of shear and moment transfer, but
the type of connection the bracket makes with the deck stiffener and the vertical bulkhead
stiffener will affect the transfer. The lap bracket connection offered the best results in the Stress
Criteria and “c” Factor Criteria, yet for the Rotation Criteria, the results are comparable to the
rest for other the 10 end connections analyzed. The commonality of the 10 end connections and
the Lap Bracket connections is thought to have occurred because of the larger nodal sample area
at the connection.

The Butt Bracket #2 connection which has the web of the deck stiffener hitting hard to
the web of the vertical bulkhead stiffener, follows the Lap Bracket connection in the comparison
of the bracket category. It is a stronger connection than the Butt Bracket #1 connection. The
extra contact area created when both webs hit hard give the Butt Bracket #2 connection a lower
Von Mises stress at the connection and midspan of the deck stiffener. The differences between
all three bracket connection types in regards to the three comparison criteria are very minimal,
and the use of the individual size and connection type should be decided upon the discretion of
the designer for ease and cost of fabrication.

The efficiency of brackets can be linked to the American Bureau of Shipping allowable
reduction of member span if a bracket is utilized. The American Bureau of Shipping allows a

reduction in member length of twenty five percent from the toe of the bracket. This is significant

104



due to the length variable is squared in the moment equations as shown in figure (20). A well
sized bracket can reduce member size dramatically therefore leading to material cost and weight
savings

If the end connection under consideration is restricted by space, a chock connection may
be utilized. Either the flat bar connection or a tapered chock connection yields very close results
in the all three criteria. The chock connections offer lower moment and shear transfers than
brackets. The tapered chock connection is slightly favorable in all three criteria, but the
difference is not that great to state that one connection is far superior to the other. It is once again
up to the designer for the selection of the type of chock to be used for ease and cost of
fabrication.

For simplicity, the Snipe Connection can be used. These connections offered the worst
results in the Stress Criterion and “c” Factor Criterion, but were comparable to the other 12 end
connections analyzed for the Rotation Criteria. The stress at the connection and at midspan of the
deck stiffener for this connection is almost the same. The trade off for this end connection is in
the relative cost efficiency. A larger more costly deck stiffener will have to be used for shear and
moment transfer.

The Lap Connection can be categorized better than the Snipe Connection, and chock
connections. The Lap Connection offered the most favorable results behind the bracket
connections. Due to the cost savings due to material and fabrication cost, the Lap Connection
offers the designer a viable option.

In conclusion, the type of end connection utilized is a very important factor in structural
design, and should not be under considered. The reduction of member sizes, fabrication cost, and

material cost can be optimized by the proper selection of connection type. The selection of
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connection type will often be governed by the location of the connection, and the cost of the
connection to fabricate. It is the responsibility of the designer to adequately check the end
connection for stress, ease of fabrication, and cost, before utilizing any connection.

The subject of structural end connections is an exciting topic in ship design. Although
there has been much research in this area in the recent years, there are still many things yet to be

explored.
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