Journal of Structural and Construction Engineering, 11(12), 2025, pp. 108-126

Journal of Structural and
Construction Engineering

Journal of Structural and

Construction Engineering

iy fi-pale o pis
Ca5lw g 6 jLw audigo www.]sce.lr

Parametric Study of Shear Capacity of Double Sections of Cold Formed Steel with

Hole

Nastaran Hosseinjani', Hossein Parastesh?*, Iman Haji Rasouliha’, Seyed Mohammad Mojtabaei*

1- Ph.D. Candidate, dept. of Civil Engineering, University of Science and Culture, Tehran, Iran
2- Associate Professor, dept. of Civil Engineering, University of Science and Culture, Tehran, Iran
3- Professor, dept. of Civil Engineering, University of Sheffield, Sheffield, England
4- Assistant Professor, dept. of Civil Engineering, University of Sheffield, Sheffield, England

ABSTRACT

The purpose of current research is to evaluate the shear behavior of I-section
beams made of double C-shaped of cold formed steel, considering the opening in
web for the passage of mechanical and electrical infrastructure. Due to the weak
shear resistance caused by hole in web, the shear capacity and bearing capacity
of the beam section is greatly reduced. The size, shape and arrangement holes are
effective in the bearing capacity and final strength of the beam section. using the
finite element method, the steel beam with length of 1000 mm  has been
investigated under the effect of a concentrated load in the middle of the span.
variable parameters are sheet thickness, dimensions hole, shape hole, hole
distances from the support, and the presence of edge in the section wing, which
has been subjected to nonlinear static analysis of an additional load concentrated
in middle of the beam. For checking the accuracy, the analysis results, the shear
strength of the analytical models compared with the shear strength calculated
from direct strength method (DSM) of the AISI. The results showed that in
sections with equivalent areas and different hole shapes, with increase of hole
depth, the final capacity decreases in rectangular, circular and square holes,
respectively; The section with rectangular hole has increase of about 4%
compared to circular hole, and the section with circular hole has increase of 7%
compared to square hole. by increasing the holes distance the performance of the
beam is improved and the maximum shear strength of the sections obtained by the
finite element method increases 4% and 6%, and with the increase in sheet
thickness (despite the increase in depth and length hole), from 2 to 2.5 mm and
2.5 to 3 mm, the shear capacity increases about 25% to 30% and 20%,
respectively.
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LVP] ool (353skeS YAVIVO b plyy 5 ool &g (900 5 soshion 700 J5bo a (misimo 13

b gblio 12 DSM 3 FEM (g a oo 5067 (sl Jowo auuglin 9 alis 0 Jgor
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ob Jos e diges DO DI D2
. Vynosm | VyEewm Vi psp | Vinosw | Vyeew Vi PP Vynosw | VyEem) Vi P_/p
bl (kN) (kN) (kN) I (kN) (kN) (kN) e (kN) (kN) (kN) ref
C2-S40%40- Lip 125.6 120.85 79.48 1.81 125.6 119.29 73.28 1.83 125.6 119.11 72.48 1.92
C2-S80x80 - Lip 92.790 89.55 48.35 2.17 92.79 89.67 46.66 2.31 92.79 85.43 46.38 2.39
C2-S120x120- Lip 59.97 55.41 25.75 4.24 53.97 53.24 25.02 4.33 59.97 50.39 24.97 4.34
C2.5-S40x40- Lip 157.01 151.15 | 116.02 1.24 157.01 150.85 107.21 1.21 157.01 148.23 | 106.06 1.25
C2.5-S80%80 - Lip 115.98 102.35 70.93 1.36 115.98 102.11 68.51 1.52 115.98 99.57 68.11 1.55
C2.5-S120x120- Lip 74.96 70.32 37.93 2.81 74.96 69.55 36.86 2.89 74.96 66.57 36.8 2.92
C3-S40%40- Lip 188.41 178.25 | 157.41 0.99 188.41 179.51 145.79 0.99 188.41 17522 | 144.27 1.00
C3-S80x80 - Lip 139.18 135.11 96.73 1.04 139.18 134.23 93.5 1.17 139.18 132.45 92.96 1.20
C3-S120x120- Lip 89.96 88.34 51.91 2.15 89.96 87.25 50.48 2.19 89.96 83.22 50.39 2.26
Jeltas (sl gm0
. ] DO DI D2
W VY A g0l
ol b J &L’M‘ }Nb VyhDsm) Vy ((T(EIEIA; Vi Prot/P VyhDsMm) FE\I\//Iy Va Pret/ | Vynosm) | VyEem Va P.oi/P
b Jebais Elig b (kN) Ny | 1 (kN) <(kN)> (kN) P &N | N | Ny |
C2-Rec 56.53%28.3 - Lip 165.28 160.25 | 80.65 1.73 165.28 | 161.55 | 70.69 | 1.79 | 165.28 | 156.96 | 68.77 1.79
C2-Rec 113.12x56.57 - Lip 82.01 80.23 31.96 | 2.04 82.01 81.11 | 31.38 | 2.15 82.01 77.14 | 31.29 2.26
C2-Rec 169.70%x84.85- Lip 34.6 30.26 11.54 | 3.49 34.6 29.37 11.52 | 3.45 34.6 26.74 11.5 3.48
C2.5-Rec 56.53%28.3 - Lip 206.6 200.64 | 150.74 | 1.16 206.6 198.3 | 132.83 | 1.18 206.6 190.45 | 129.35 1.18
C2.5-Rec 113.12x56.57 - Lip | 102.51 99.47 60.25 1.28 102.51 99.66 | 59.19 | 142 | 102.51 9534 | 59.03 1.46
C2.5 -Rec 169.70%84.85- Lip 43.26 40.55 21.86 | 2.42 43.26 4138 | 21.83 | 2.44 43.26 3542 21.8 2.59
C3-Rec 56.53x28.3 - Lip 24792 | 246.42 | 247.26 | 0.93 247.92 | 247.53 | 219.29 | 0.94 | 247.92 245.5 | 213.82 | 0.95
C3-Rec 113.12x56.57 - Lip 123.01 120.25 | 99.87 1.01 123.01 | 12232 | 98.18 | 1.12 | 123.01 11595 | 97.94 1.14
C3-Rec 169.70%x84.85- Lip 5191 50.44 36.45 1.91 51.91 5036 | 36.41 1.96 51.91 43.68 36.4 2.00
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oplo bEgw:

ouls Joe alado digai DO DI D2
) Vyh(DSM) Vy(FEM) Va P../P Vyh(DSM) Vy(FEM) Va P../P Vy]\(DSM) V.v(FEM) Va P../P
adboplo glhom b kN) | (kN) | (&N) ! kN | (KN) | (kN) ! &N) | (kN) | (kN) o
C2-Cir45.2- Lip 150.49 | 148.33 | 100.52 1.76 15049 | 150.23 | 93.85 1.79 15049 | 144.65 | 92.84 1.88
C2-Cir90.4 - Lip 70.29 70.2 62.47 1.91 70.29 68.54 62.14 2.13 70.29 67.34 62.1 2.23
C2- Cir 135.6- Lip 23.36 23.01 36.55 3.63 23.36 20.5 36.65 3.76 23.36 18.76 36.66 3.63

C2.5-Cir45.2 - Lip 188.12 | 180.78 | 147.23 1.15 188.12 | 180.52 137.7 1.20 188.12 | 179.66 | 136.25 1.22

C2.5-Cir90.4 - Lip 87.86 85.31 91.90 1.28 87.86 85.45 91.42 1.43 87.86 79.64 91.37 1.48

C2.5- Cir 135.6- Lip 29.2 25.77 53.93 2.47 29.2 20.64 54.06 2.49 29.2 19.52 54.07 2.57

C3- Cir45.2- Lip 225.74 | 219.69 | 200.46 0.95 22574 | 215.8 187.78 0.97 225.74 | 213.33 | 185.85 0.98
C3- Cir 90.4- Lip 105.44 103.2 125.66 1.02 105.44 102.5 125.02 1.13 10544 | 97.42 124.95 1.16
C3- Cir 135.6- Lip 35.04 34.37 73.86 1.97 35.04 34.1 74.04 2.01 35.04 30.65 74.05 2.04

ad 99 gblio 5l DSM g FEM (g 4y oo pdUT (gl Joo dualio 9 gulis % Jgaor
&0 gl g : A

o5 e e diga DO DI D2
. el Vy(FEM) Va Pout/P Vy(EFEM) Vi Pret/P VyEEMm) Vn Pri/P

T OIR & T (kN) (kN) © (kN) (kN) (kN) (kN) (kN) *
C2-S40x40 90.84 61.45 2.62 89.32 54.17 2.73 86.11 53.23 2.83
C2-S80x80 60.78 31.47 2.68 60.51 31.3 2.74 5494 | 31.27 2.94
C2-S120%120 34.54 14.95 4.62 32.67 15.02 4.72 29.65 15.02 5.08
C2.5-S40x40 110.44 96.91 1.62 108.66 86.22 1.64 108.04 84.71 1.66
C2.5-S80x80 79.23 50.76 1.74 76.67 50.48 1.90 75.8 50.44 1.92
C2.5-S120x120 44.45 24.38 3.06 40.25 24.49 3.10 39.67 24.49 3.21
C3-540x40 145.2 138.11 1.29 136.9 124.24 1.30 130.75 | 122.42 1.35
C3-S80x80 100.53 74.25 1.35 101.45 73.87 1.39 95.43 73.81 1.41
(C3-S120x120 63.8 36.11 2.33 61.65 36.26 2.34 55.8 36.27 2.49

Jelaiss $ Iy
ki g v ST s
FEM n FEM n FEM n

a9y Jeats #1500 b (Y;N) ) ) Prei/P (yliN) D Ny | PP (YIEN) ) Ny | PP
C2-Rec 56.53x28.3 112.66 78.86 2.61 99.51 69.83 2.72 96.54 68.06 2.91
C2--Rec 113.12x56.57 57.3 31.75 2.64 55.54 31.2 2.73 55.99 31.12 2.96
C2--Rec 169.70%84.85 21.95 11.54 3.79 19.16 11.53 3.83 18.48 11.53 4.02
C2.5--Rec 56.53x28.3 158.04 138.84 1.57 146.12 | 125.46 1.59 139.26 | 122.71 1.65
(C2.5--Rec 113.12x56.57 80.59 57.69 1.73 76.97 56.81 1.76 74.12 56.69 1.81
C2.5- -Rec 169.70x84.85 30.67 21.3 2.54 30.5 21.28 2.71 28.96 21.28 2.77
C3--Rec 56.53%28.3 175.11 203.77 1.21 171.12 | 190.75 1.23 167.28 | 187.71 1.32
C3--Rec 113.12x56.57 99.64 89.42 1.29 95.63 88.36 1.32 93.5 88.2 1.42
C3--Rec 169.70x84.85 37.86 33.86 2.07 35.77 33.82 2.10 349 33.82 2.31

oyl sbElgw: gz

o5 e e diges DO D1 D2

) Vy(FEMm) Vi ) Vy(FEM) Vi Vy(FEMm) Vi
d.fJ Qj"‘“ o).'n.L) C‘)5“"" L (KN) (kN) Pret/P (kN) (kN) Pref/P (kN) (kN) Pref/P
C2-Cir45.2 107.37 72.35 2.50 99.56 64.88 2.50 96.2 63.77 2.64
C2-Cir90.4 46.78 39.85 2.57 42.77 39.51 2.70 423 39.48 3.09
C2-Cir 135.6 19.5 21.12 3.87 19.01 21.21 4.03 18.51 21.21 4.05
C2.5-Cir45.2 139.65 115.7 1.58 135.43 104.36 1.60 133.62 | 102.66 1.64
C2.5-Cir 90.4 68.22 64.67 1.72 66.11 64.14 1.78 65.46 64.08 1.87
C2.5- Cir 135.6 22.5 34.54 2.70 20.8 34.67 2.77 19.31 34.68 2.79
C3-Cir45.2 179.81 167.62 1.23 172.6 152.2 1.25 170.18 149.85 1.30
C3-Cir90.4 78.95 95.27 1.31 72.38 94.52 1.38 69.52 94.43 1.42
C3-Cir 135.6 23.83 51.31 2.13 20.55 51.51 2.17 19.12 51.52 2.28
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