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ABSTRACT

This study's primary objective is to examine the structural behavior of using 2C-Cold
produced. Section Castellated beams when subjected to monotonic load till failure. The
experimental program testing. Seven Fabricated samples of castellated steel beams and one
sample, which is a non-castellated steel beam (reference beam), were tested as supported
beams under concentrated loads at two points over a clear span length (1730 mm). All
castellated steel beams were similar in all properties and dimensions except the breadth of
the upper and lower flanges. The current study considers the implications of modifying the
width of the top and bottom flanges on how these beams behave. The findings showed that
the ratio of the tested Castellated beams' ultimate load-carrying capacity to the non-
castellated reference beam (R1) ranged from 99.3 to 117.2%, and the ratio of the tested
beams' ultimate deflection to the same reference beam (R1) ranged from 72.6 to 103.2%.
Increasing the breadth of the top and bottom flanges has a direct relationship with
castellated beam stiffness and ultimate load. Finally, adjusting the flange width between the
top and bottom flanges reduces castellated beam rigidity and ultimate load.
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1. INTRODUCTION

Castellated steel beams have become more common in the last 25 years. These days, design
principles and comparatively well-established rules of practice control them, but they are
always being updated to consider new information and results (Fares, 2016). Castellated
steel beams are one type of structural element. They are made by cutting a beam down the
middle with a flame and then welding the two pieces together (Tsavdaridis, 2015; Khaleel,
2021). This increases the total beam depth by 50% and strengthens the structure against
bending (Kerdal and Nethercot, 1984). Because of this, using these structural parts could
save much money on materials (Boyer,1964; Hadeed, 2019; Ammar and Alshimmeri,

2021; AL-Tameemi and Alshimmeri, 2023). Folding, press-braking of plates, or cold-
rolling of coils manufactured from carbon steel are the three methods used to produce cold-
formed steel sections. The sheet steel thickness in cold-formed sections is normally between
0.9 and 8 millimeters (Zhu, 2017; Yu et al,, 2019; Chen, 2020). In compliance with
European Standard EN 10142, it is often delivered to customers in a pre-galvanized state.
Most cold-formed parts are very thin, so the thin plate parts tend to buckle locally when
compressed (Agapi, 2015; Craveiro, 2022). Local buckling of a cold-formed member
typically entails plate flexure along a line of intersection of neighboring plates without any
transverse deformation and may be characterized by a relatively small half-wavelength of
the order of magnitude of individual plate components (Martin et al., 2017).
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Cold-formed lipped channel beams (LCB) are often used as floor joists and bearers, which
are parts that bend (Mohsen and Mohammed, 2014; Said and Hashim, 2013; Al-Oukaili
etal., 2013; Qassem, 2013; Mahmoud and Al-Janabi, 2014). The shear behavior of LCBs
with web openings is more complicated, and the presence of web openings significantly
reduces their shear capacities. It was studied how the cold-formed I-section castellated
beam with different-sized cellular apertures and distance between openings (Upadhyay,
2021). ABAQUS 6.13 is used to examine the performance while maintaining the section's
depth and breadth constant. The Australian/New Zealand design code for cold-formed steel
AS/NZS 4600:2005 and the North American specification for cold-formed steel AISI S-
700:2007 are used in the theoretical investigation (Hancock, 2008; Craveiro, 2022). A
comparison and presentation of the outcomes anticipated by theoretical and numerical
analysis are made. According to the data, the beam performs better when it has a cellular-
shaped aperture that is 0.4 times the depth of the beam overall. Furthermore, the majority
of castellated beams have been shown to collapse in their local failure modes. (Chen et al.,
2021) examined fourteen beams with distinct whole spacing's and back-to-back channels
that were put through four points of loading. Additionally, finite-element models were
developed and verified by the trials. Following validation, a parametric analysis utilizing 63
FEMs looked at the effects of fillet radius, stiffener length, beam length, and whole diameter
on the findings. The tests' findings demonstrate that, compared to a plain channel, the
moment capacity of two adjacent channels with five edge-stiffened holes rose by 15.4%. The
same segment with the reinforced holes had a 15.1% reduced moment capacity. The test
results also demonstrate that each case cracked often due to buckling. (Roy et al., 2021)
examined the findings from twelve experiments. Two distinct cross-sections, referred to as
BU75 and BU90, were taken into consideration, with screw spacings of 1900 mm, 950 mm,
and 475 mm. The initial geometric faults were measured before the bending testing. Next, a
nonlinear elastoplastic FE model was created, and the outcomes of it and the test results
agreed rather well. In a comprehensive parametric investigation, the impact of screw
spacing on the flexural strength of such back-to-back built-up CFS channel beams was
examined using the validated FE model. The outcomes of 108 parametric analyses are
presented in total. When the FE model and test data were compared, there was good
agreement in terms of failure mechanisms and flexural capabilities. The American Iron and
Steel Institute (AISI) and Australian Standard's (AS) design strengths were compared to the
experimental and FE findings. (Amayreh et al., 2012; Gholizadeh et al,, 2011; MR et al,,
2012; Keerthika, 2020) examined a particular steel segment; castellated beams are
manufactured with increased web opening depth. Beams are subjected to experimental
testing under two-point loads and supported conditions. The central beam deflection and
different failure patterns are explored. The depth-increasing beams and the parent section
are compared based on various characteristics and serviceability criteria. Many
investigations on the structural behavior of castellated steel beams have resulted from their
extensive usage as structural members. Castellated beams are effective for moderately
loaded and longer spans when deflection controls the design. From the experimental testing,
it can be inferred that the castellated steel beam is serviceable up to a maximum opening
depth of 0.6D. (Al-Mawashee and Al-Kannoon, 2021) conducted an experiment on four
beams of identical length (1.7 m) subjected to a single point load at midspan. The two
castellated beams under investigation have similar step lengths for their castellation and
corrugation profiles, corrugated webs, and lateral stiffeners or not. The primary variable for
castellated-corrugated web beams is whole beam height. The maximum load capacity of
castellated-corrugated web beams is higher than that of plain and corrugated web beams.
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The results demonstrate that the load capacities of flat and corrugated web beams are
greater than those of castellated-corrugated web beams, with (23.7%, 39.4%) and (13.2%,
31.03%), respectively. They investigated the structural behavior of 2c-cold formed section
castellated beams when subjected to monotonic load until failure. The investigation focused
on determining how the changing dimensions of the top and bottom flanges affected the
results.

This paper collected a considerable amount of information during the testing, and
discrepancies and peculiarities were highlighted and discussed. The structural behavior of
the eight tested specimens (seven double-channel castellated steel beams and the non-
castellated beam) was observed and discussed in terms of their relationship to ultimate yield
and service states, load-deflection, the failure mode, deflection profiles, and load strains of
steel. The results of two reference beams (a non-castellated beam and a Castellated beam)
were always used as a reference beam for comparison purposes. They were tested as
supported beams under concentrated loads at two points over a clear span length (1730
mm) and total length (1930 mm).

2. EXPERIMENTAL PROGRAM AND MATERIAL PROPERTIES
2.1 Tested Steel Beams

The experimental program involves seven Fabricated samples of castellated steel beams and
one sample, which is a non-castellated steel beam (reference beam). The key parameter
considered in the present work is the effects of changing dimensions of the top and bottom
flanges' widths influence the behavior of a 2C cold-formed castellated steel beam. Double
cold-formed castellated steel channel sections were manufactured from (2) mm thick steel
plates and then linked back-to-back using bolts and flange welding, resulting in a single beam
consisting of composite parts. The samples were first cut to the proper proportions and then
hooked in the shape of the letter C with a crimping machine. All beams were evaluated as
supported beams under focused loads at two points throughout a clear span length (1730
mm) and total length (1930 mm). Fig. 1 shows the details of the non-castellated steel beam
(reference beam).

All castellated steel beams were similar in all properties and dimensions except the top and
bottom flanges' widths. Fig. 2 shows the profile of the castellated beams, while Figs. 3 to 9
show the sections in these beams. Table 1 shows the parametric details of the tested steel
beams.
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Figure 1. Details of the reference beam (BT5B5R1) (a) Beam, and (b) Section (all dimensions are in
millimeters)

Table 1. Details of tested beams

Specimen 1D Beam tvpe The width of the upper The width of the
p yp flange(mm) bottom flange(mm)
BT5B5R1 Solid 5(127) 5(127)
CBT2B5 castellated 2 (50.8) 5(127)
CBT3B5 castellated 3(76.2) 5(127)
CBT4B5 castellated 4 (101.6) 5(127)
CBT5B5R2 castellated 5(127) 5(127)
CBT5B2 castellated 5(127) 2 (50.8)
CBT5B3 castellated 5(127) 3(76.2)
CBT5B4 castellated 5(127) 4 (101.6)
Stiffeners v v
- 187 127 60, 60, —r
£ 'y
491 : 748 , 491 |
+ 1730 .
1930
Figure 2. Details of the castellated beams
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Figure 3. Details of the castellated beam reference two CBT5B5R2
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Figure 4. Details of the castellated beam CBT5B4
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Figure 5. Details of the castellated beam CBT4B5
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Figure 6. Details of the castellated beam CBT5B3
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Figure 7. Details of the castellated beam CBT3B5
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Figure 8. Details of the castellated beam CBT5B2
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Figure 9. Details of the castellated beam CBT2B5
*(all dimensions are in mm)

2.2 Materials Properties

The qualities of steel plate were the thickness 2mm, yield stresses 378 MPa, Ultimate
stresses 478 MPa and Elongations test value 30%, and ASTM specifications specify
elongation limits greater than or equal to 10%. Furthermore, coupon piece samples from
each web and flanges were cut and tested according to (ASTM A370, 2006) To determine
the mechanical characteristics of the steel section. Fig. 10 shows the dimensions of the
coupon piece.

‘ 100 . 60 o 100
| o |
!
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Figure 10. Steel plate coupon samples (all dimensions are in mm), (ASTM A370, 2006)

Laboratory tests were performed at the University of Baghdad's consulting office. The steel
plate used for the beam’s sections and stiffeners in this paper had a thickness of 2 mm.
Steel stiffeners made from the same plate a thickness of 2 mm were used to achieve the
strengthening approach, as shown in Figs. 11. and 12 shows the beam test setup.
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Figure 11. Position of stiffeners
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Figure 12. Beam test setup
3. RESULTS AND DISCUSSION
3.1 Ultimate, yield and service states

Results of the ultimate state are shown in Tables 2 and 3, while the results of the yield state
are shown in Tables 4 and 5. Finally, the results of the surface state are shown in Tables 6
and 7. Fig. 13 shows the tested beams' ultimate load, yield, and service load capacity. The
tested beams' ultimate load-carrying capacity ranged from 99.3 to 117.2% when compared
to the non-castellated reference beam (R1), and their ultimate deflection ranged from 72.6
to 103.2% when compared to the same reference beam (R1). The tested beams' ultimate
load-carrying capacity ranged from 84.7 to 97.6% when compared to the castellated
reference beam (R2), and their ultimate deflection ranged from 88.2 to 125.5% when
compared to the same reference beam (R2).

The examined beams' yield load ratio to the non-castellated reference beam (R1) varied
between 96.9 and 112.3%, while their yield deflection ratio to the same reference beam (R1)
varied between 80 and 93.3%. The examined beams' yield load ratio to the castellated
reference beam (R2) varied between 86.3 and 97.3%, while their yield deflection ratio to the
same reference beam (R2) varied between 99.7 and 124.6%.

There was a range of 99 to 117.2% for the service load ratio of the tested beams compared
to the non-castellated reference beam (R1), and 68.8 to 102.5% for the service deflection
ratio of the same reference beam (R1). The examined beams' service load to castellated
reference beam (R2) ratios varied from 84.7 to 97.6%, while their service deflection to the
same reference beam (R2) ratios varied from 104 to 149.1%. The width and size of flanges
can have a significant impact on the ultimate, yield, and service states when the chosen
serviceability limit was 60% of the experimental ultimate load. In general, the examined
beams' maximum load-bearing capability was directly correlated with their flange width.
The highest value of the ultimate load-carrying capacity of the castellated reference beam
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(CBT5B5R2), whose flange widths are 5 inches on both the top and bottom, makes it suitable
for 2C cold-formed castellated beams.
100

5 m Ultimate Load ®Yield Load = Service Load
90 8 83 80 -9
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Figure13. Ultimate load, yield load, and service load capacity for tested specimens

Table2. A comparison of the ultimate state concerning the non-castellated reference beam (R1)

ID of the | Ultimate Load | The ultimate load's Pu/ Purer. X100 Au/Auges x 100
Specimen Pu (kN) deflection (Au) (mm) (%) (%)
BT5B5R1 72.5 6.2 Ref. Ref.
CBT5B5R2 85 5.1 117.2 82.3
CBT5B4 83 6.4 114.5 103.2
CBT4B5 80 6.1 110.3 98.4
CBT5B3 76 5.6 104.8 90.3
CBT3B5 79 6.11 108.9 98.5
CBT5B2 73 5.5 100.7 88.7
CBT2B5 72 4.5 99.3 72.6

Table 3. A comparison of the ultimate state concerning the castellated reference beam (R2)

ID of the | Ultimate Load| The ultimate load's Pu/ Purer. x100 Au/Auye x 100
Specimen Pu(kN) deflection (Au) (mm) (%) (%)
CBT5B5R2 85 5.1 Ref. Ref.
BT5B5R1 72.5 6.2 85.3 121.6
CBT5B4 83 6.4 97.6 125.5
CBT4B5 80 6.1 94.1 119.6
CBT5B3 76 5.6 89.4 109.8
CBT3B5 79 6.11 92.9 119.8
CBT5B2 73 5.5 85.9 107.8
CBT2B5 72 4.5 84.7 88.2

159



M.A. Gulam and A. J. Alshimmeri Journal of Engineering, 2024, 30(5)

Table 4. A comparison of yield state concerning the non-castellated reference beam (R1)

ID of the | Yield Load Deflection at yield Py/ Pyrer. x100 Ay /Ayt x 100
Specimen Py (kN) load (Ay) (mm) (%) (%)
BT5B5R1 65 4.61 Ref. Ref.
CBT5B5R2 73 3.7 112.3 80.3
CBT5B4 71 3.69 109.2 80
CBT4B5 68 3.8 104.6 82.4
CBT5B3 66 3.92 101.5 85
CBT3B5 67 3.88 103.1 84.2
CBT5B2 64 4.3 98.5 93.3
CBT2B5 63 4.14 96.9 89.8

Table 5. A comparison of yield state concerning the castellated reference beam (R2)

ID of the Yield Load | Deflection at yield Py/ Pyrer. x100 Ay/Ayrer x 100
Specimen Py (kN) load (Ay) (mm) (%) (%)
CBT5B5R2 73 3.7 Ref. Ref.
BT5B5R1 65 4.61 89 124.6

CBT5B4 71 3.69 97.3 99.7

CBT4B5 68 3.8 93.2 102.7

CBT5B3 66 3.92 90.4 105.9

CBT3B5 67 3.88 91.8 104.9

CBT5B2 64 4.3 87.7 116.2

CBT2B5 63 4.14 86.3 111.9

Table 6. A comparison of service state concerning the non-castellated reference beam (R1)

ID of the Service Load At service load, Ps/ Psrer. x100 As/Asyer x 100
Specimen Ps (kN) deflection (As) (mm) (%) (%)
BT5B5R1 43.5 3.2 Ref. Ref.
CBT5B5R2 51 2.2 117.2 68.8
CBT5B4 49.8 2.29 114.5 71.6
CBT4B5 48 2.51 110.3 78.4
CBT5B3 45.6 2.86 104.8 89.4
CBT3B5 47.4 2.7 109 84.4
CBT5B2 43.8 3.15 100.7 98.4
CBT2B5 43.2 3.28 99 102.5

Table 7. A comparison of service state concerning the castellated reference beam (R2)

ID of the Service Load At service load, Ps/ Psrer. x100 As/Asres, x 100
Specimen Ps (kN) deflection (As) (mm) (%) (%)
CBT5B5R2 51 2.2 Ref. Ref.
BT5B5R1 43.5 3.2 85.3 145.5
CBT5B4 49.8 2.29 97.6 104
CBT4B5 48 2.51 94.1 114
CBT5B3 45.6 2.86 89.4 130
CBT3B5 47.4 2.7 92.9 122.7
CBT5B2 43.8 3.15 85.9 143.2
CBT2B5 43.2 3.28 84.7 149.1
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3.2 Load-Deflection Behavior

The tested beams' load-deflection characteristics is shown in Figs. 14 and 15. The load-
deflection relationship may be described in three stages, as follows. At the first stages of
loading, it was observed that deflection increased almost linearly up to the advanced stage
of loading. In the second stage, the deflections were more apparent from the start of loading.
As a result, the slope of the load-deflection curves before the peak was non-linear. At the
third stage (after the peak), the deflections increased with a decrease in load.

Fig. 14 shows that the castellated reference beam (CBT5B5R2) with width of 5 inches for
top and bottom flanges was stiffer than the non-castellated reference beam (BT5B5R1) with
the same width of top and bottom flanges, that’s because the increasing of the total specimen
depth and moment of inertia of the starting beam (BT5B5R1), where the ultimate load of
castellated reference beam (CBT5B5R2) increased by 17.2% concerning the starting beam
(BT5B5R1). Figs. 15 to 17 show that switching the width of the flange between the top and
bottom flanges has relatively little impact on the stiffness and ultimate load of castellated
beams. Fig. 18 shows that increasing the top and bottom flanges' width is directly
proportional to the stiffness and ultimate load of castellated beams.

90
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Figure 14. Load-deflection relationships of reference beams
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Figure 15. Load-deflection relationships of beams CBT5B4 and CBT4B5
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Figure 16. Load-deflection relationships of beams CBT5B3 and CBT3B5
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Figure 17. Load-deflection relationships of beams CBT5B2 and CBT2B5

Load (kN)

90
80 1 2 ™

=z 70 7 ) s ..\ S

5 60 - o M

T 50 1 A ) BT5B5R1

3 40 A / A CBT5B2
ol 7. CBTSB3
10 1L/ — - -CBT5B4
o K . . . . . _ —— CBT5B5R2

0 2 4 6 8 10 12 14 16 18 20 22
Central Deflection (mm)

Journal of Engineering, 2024, 30(5)

Figure 18. Load-deflection relationships of beams with different widths of flange

Table 8 summarizes the relevant mid-span deflections at the minimum ultimate load of the
tested beams (CBT2B5). The chosen load is important to compare deflections at a constant

load as an indicator of the stiffness of beams.

Atload of 72 KN, the mid-span deflection decreases by 36.5, 31.6,31.2, 20.5, 24, 6.7,and 21%
for CBT5B5R2, CBT5B4, CBT4B5, CBT5B3, CBT3B5, CBT5B2, and CBT2B5 respectively
concerning the non-castellated reference beam (BT5B5R1). It is evident that the stiffness of
castellated beams is directly proportional to the width of the top and bottom flanges, and
that the stiffness of castellated beams is only little affected by the flange width that is
switched between the top and bottom flanges.

162



M.A. Gulam and A. J. Alshimmeri Journal of Engineering, 2024, 30(5)

Table 8. Beam deflection as a function of load, at load =72 KN

Specimen ID At 72 KN
Deflection (mm) Decreasing in deflection (%)

BT5B5R1 5.7 Ref.

CBT5B5R2 3.62 36.5

CBT5B4 3.9 31.6

CBT4B5 3.92 31.2

CBT5B3 4.53 20.5

CBT3B5 4.33 24

CBT5B2 5.32 6.7

CBT2B5 4.5 21

3.3 Deflection Profile

Deflections along the tested beams at the center of the first post, the center of the third hole,
and the mid-span beam have been measured at three loading stages (30, 50 kN, and ultimate
load), as demonstrated in Figs. 19 to 26. This deflection primarily occurred at the sections
between the posts (openings portions), as shown by the steep decline in rafter stiffness
across these sections, which is best seen at the first post next to the support because this
region is the closest point to the support. These diagrams also show how the holes affected
the moment of inertia, causing the curves to be composed of curved segments. The maximum
beam deflection may be determined using the beam deflection profile.
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Figure 19. Deflection profile of the beam BT5B5R1
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Figure 20. Deflection profile of the beam CBT5B5R2
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Figure 21. Deflection profile of the beam CBT5B4
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Figure 22. Deflection profile of the beam CBT4B5
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Figure 23. Deflection profile of the beam CBT5B3
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Figure 24. Deflection profile of the beam CBT3B5
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Figure 25. Deflection profile of the beam CBT5B2
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Figure 26. Deflection profile of the beam CBT2B5

3.4 Modes of Failure

This paper defines the failure load as the equivalent of the highest applied static load, beyond
which the beam exhibited a significant reduction in strength and finally failed. Certain failure
modes are specific to castellated beams, such as failure (Vierendeel), buckling for a web post,
web weld fracture, and flexural mechanism. etc., have been recognized as a consequence of
the various series of tests achieved in several countries. Moreover, the connection failures
are associated with the built-up section. Contrarily, failure modes for the castellated beams
were varied. For example, as shown in Figs. 28, 33, and 34, respectively, a Vierendeel failure
mode was developed in the three beams CBT5B5R2, CBT3B5, and CBT5B4. (Altifillisch,
1957; Toprac and Cooke, 1959; Kerdal, 1984) describes the castellated beam's
Vierendeel failure type. Such a disaster was caused by a large shear force placed on the beam.
(Wang, 2014). All of which had flanges with a different width. A Vierendeel mode may have
occurred due to the stress concentration at the corners of the holes producing the formation
of plastic hinges (Mali, 2023), (as an approach of the parallelogram). Beam BT5B5R1
exhibits an overall flexure mechanism. This breakdown happens in the area that has a
significant bending moment.

This failure style was documented in the writings of (Halleux, 1967), and compression
flange local Buckling, as shown in Fig. 27. This kind of fiasco is happened by the response
point or center load subordinate immediately to web post, this fiasco can be forbidden by
using suitable reinforcement stiffeners to web (Husain and Speirs, 1973). Table 9
summarizes the failure mode for all tested specimens. Beams CBT5B3 and CBT4B5 exhibit
Web post Buckling and local compression flange Buckling. At the same time, beam CBT5B2
shows a local compression flange Buckling. Beam CBT2B5 exhibits a local tension flange
Buckling and local compression flange Buckling. Finally, CBT3B5 and CBT5B4 exhibit the
rupture of the welding joint, local Buckling in compression flange, and Vierendeel as shown
in Figs. 33 and 34. The welding joint burst According to research by, if the welded joint's
length is short, the horizontal shear stress is high and causes the beam to rupture. (Husain
and Speirs, 1971).
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Table 9. The failure mode of beams.

Specimen ID

Modes of Failure

BT5B5R1 Overall flexure mechanism and local Buckling in compression flange
CBT5B5R2 Vierendeel, local Buckling in compression flange, and rupture of the welding
CBT5B3 Web post Buckling and local Buckling in compression flange
CBT4B5 Web post Buckling and local Buckling in compression flange
CBT5B2 local Buckling in compression flange
CBT2B5 local Buckling in tension flange and local Buckling in compression flange
CBT3B5 The rupture of the welding joint, local Buckling in compression flange, and Vierende(
CBT5B4 The rupture of the welding joint, local Buckling in compression flange, and Vierende

Figure 30. Failure modes of beam CBT4B5
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Figure 32. Failure modes of beam CBT2B5
] 94}:

Figure 34. Failure modes of beam CBT5B4

4. CONCLUSIONS

The main aim of this thesis is to investigate the demeanor of double-channel castellated

cold steel beams. A further The purpose of this article is to create a finite element model to

aid in future research on the analysis of castellated steel beams under static loads. The
findings of this inquiry are as follows:-

1. The ultimate load-carrying capacity of the tested beams to the non-castellated reference
beam (R1) ranged from 99.3 to 117.2%, and the ratio of the ultimate deflection of tested
beams to the same reference beam (R1) ranged from 72.6 to 103.2%, While the loads for
the reference load (R2) ranged from 84.7 to 97.6%, and the ultimate deflection ranged
from 88.2 to 125.5%.
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2. The yield load of the tested beams to the non-castellated reference beam (R1) ranged
from 96.9 to 112.3%, and the ratio of the yield deflection of tested beams to the same
reference beam (R1) ranged from 80 to 93.3%, However, the percentage was from 86.3
to 97.3% for the revised reference threshold (R2), and the yield deviation ratio for the
same threshold (R2) ranged from 99.7 to 124.6%.

3. The service load of the tested beams to the non-castellated reference beam (R1) ranged
from 99 to 117.2%, and the ratio of the service deflection of tested beams to the same
reference beam (R1) ranged from 68.8 to 102.5%, However, the percentage of service
loads relative to the reference threshold (R2) ranged from 84.7 to 97.6%, while the
deviation for the same threshold (R2) ranged from 104 to 149.1%

4. Increasingthe width of the top and bottom flanges is directly proportional to the stiffness
and ultimate load of castellated beams.

5. The castellated reference beam (CBT5B5R2) with a width of 5 inches for top and bottom
flanges was stiffer than the non-castellated reference beam (BT5B5R1) with the same
top and bottom flanges width. That is because of the increase of the total specimen depth
and moment of inertia of the starting beam (BT5B5R1), where the ultimate load of
castellated reference beam (CBT5B5R2) increased by 17.2% concerning the starting
beam (BT5B5R1).

6. Switching the flange width hardly affects the stiffness between the top and bottom
flanges and ultimate load of castellated beams.
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