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Confirm Method of Equivalent Bending Rigidity of Castellated Beams

ZHOU Chao-yang, ZHOU Yun-feng
(School of Civil Engineering and Architecture, Central South University, Changsha 410075, Hunan, China)

Abstract: Through analyzing the different opening castellated beams, a method was put forward
to determine the equivalent bending stiffness of castellated beams, which was reversely derived
from the results of finite element analysis (FEA) for castellated beams under pure bending and
the relationships both between deflection and stiffness and between moment and curvature in
classical mechanics. It was simple, accurate, economical, and high efficient. A rational
formulation was presented to express the equivalent bending stiffness, in which the reduction
factor of stiffness for web with openings was obtained by finite element analysis and the method
above-mentioned. Furthermore, semi-theory and semi-empirical computing equations were
proposed to calculate the factor for castellated beams with hexagonal perforation and circular
holes, common shapes in practice. The equivalent bending stiffness of castellated beams can be
readily reckoned by using the formula.

Key words: castellated beam; equivalent bending rigidity; algorithm of rigidity; expression of ri-

gidity; hexagonal perforation; circular hole
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Fig. 1 Cantilever Castellated Beam Under Pure Bending

M.y T A B A TR B B2 L 583 T R
ABRICE A ANSYS
17T 8UEIT A, DR
B, N F b= 200 mm,
h=400 mm, ¢, = t =
20 mm, M= 64.8 kN »
m (& 2), % A Solid4b
Bt 50 MOk S Btk
BAFHC R E =
2.1 X 10" Pa, JH # b b
v=0.3, 5P B && G =
E/(2+2v). fLiATE R
% g N e R E 2
o X[l — AL + 3 — P28 FL I DA/ IN A ] 8 251
TABRIC T RIS 4 S#mm g L Z H
PR AL i e PR R s S AT B A 2 FE AR D AL
Bk, FELLFLIE 0802 /R d/h=0.8.5/h=0.2; H
R, F—fLOF R WEE TR B K AT AL
iRt an ih AN
1.3 EZMERERRE

A B R R AT S RIEE O B, L
TR W BE A (] 1y 22 i 52 2 BB ORE 7 2 1) AL
167 205 AS M Ty 2 i B TR 3 T 1 R B T E i
b LR BRIE f SEMBTERIE B AUF K
Ea

B2 IREE
Fig.2 I-section

:sz
2f.
XFEL N ARG ANSYS 8 £, )5
AT LA A (1) SR 75 e 55 92 1 S5 AL P S W EE B,
THRATE T — A 7R 2 i O 1) J2 R AT FR T A
RIS 22 i 25 R e in 7 3R RE AR B R R . 1
b BT R - il R 00 AR ST S I EE Y O ik T A
FFERBE WA B=M/o=Mxh/Cu, —uy) s uy
wy O BT E Sy o A AT AY b T S SRR ALES
IS FEIE £L i 5 B2 73R 5 R SR W] 2 A
JO7 S JE T AR I R SE AR R] AL 2 CFLIRTE AR SR/ A
[E1) )t A [] B 5 4 i 45 86 55 52 45 20000 25 I JBE A i

B

@)



104 AHAFE TRFR

2008

B % TR A A B AT L 0 T i s 2T T
W6 7 g AN 2 UL - BB BT AT W B LT O 15 48 5 2
JEE - 2 S AR 2R 25 -l 3 56 R U THIR A R AR

Pl . XU WA T Lk O 3k B A 45 R R AR E RIS
M. AR Bl T 5500 22 A P e L T U P 2
(B N AL B R AT AR L 1.

Rl IRBEAORAEZRATHENTESERILE

Tab.1 Comparisons Between Calculated Results of Bending Stiffnesses for I-section Hexagon-castellated Beam
- H R IT o b4 R ENL ER
!
BT R WIEE /MPa | 4588 BTSN /MPa | S50 B WIBE/MPa | MIXFIR 22/ % | S0 WIEE/MPa | MR 2/ %
0802 70 885 000 70 916 000 70 644 000 —0. 36 70 604 000 —0.42
0703 73 285 000 73 235 000 73 081 000 —0.24 73 019 000 —0.33
0604 75 012 000 74 890 000 74 752 000 —0.27 74 757 000 —0. 26
0505 76 142 000 75 972 000 75 884 000 —0.23 75 898 000 —0.21
0406 76 800 000 76 610 000 76 539 000 —0.22 76 560 000 —0.19
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Tab.2 Reduction Coefficients of Bending Rigidities for Hexagon-castellated Web
D et AN TRV FLEE Lb 09 B0 25 W 37 8 R 4
0.10 0.15 0. 20 0.25 0. 30 0.35 0. 40 0. 45 0. 50
0. 80 0.702 6 0.709 3 0.714 8 0.720 5 0.726 6 0.7317 0.739 1 0.745 3 0.751 9
0.75 0.756 0 0.762 1 0.767 0 0.772 1 0.777 4 0.782 1 0.7885 0.794 4 0.800 0
0.70 0.803 3 0.807 5 0.811 2 0.816 6 0.820 7 0.825 6 0.830 5 0.836 1 0. 840 5
0.65 0.843 3 0.845 8 0.849 6 0.854 1 0.858 2 0.862 4 0.867 0 0.871 3 0.875 5
0. 60 0.875 4 0.879 3 0.8829 0. 886 2 0.890 0 0.893 8 0.897 5 0.901 2 0.904 8
0.55 0.903 1 0.905 7 0.909 2 0.912 7 0.916 1 0.919 3 0.922 5 0.9257 0.928 7
0.50 0.924 8 0.927 3 0.931 0 0.933 9 0.937 1 0. 940 4 0.943 2 0.945 4 0.948 1
0.45 0.942 6 0.945 0 0.947 9 0.950 8 0.953 6 0.956 2 0.958 5 0. 960 0.962 9
0. 40 0.955 2 0.957 7 0. 960 7 0.963 7 0.966 4 0.968 4 0.970 4 0.972 4 0.974 2
0.35 0.964 6 0.967 0 0.969 9 0.972 6 0.975 1 0.977 2 0.979 0 0.980 8 0.982 1
0. 30 0.969 4 0.972 2 0.9755 0.978 4 0.981 0 0.983 0 0.984 7 0.986 3 0.987 6
0. 25 0.970 4 0.973 6 0.977 7 0.981 2 0.984 2 0.986 3 0.988 0 0.989 6 0.990 7
0. 20 0.965 1 0.970 4 0.976 8 0.981 4 0.984 8 0.987 4 0.989 4 0.990 9 0.992 1
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Tab.3 Reduction Coefficients of Bending Rigidities in Two Directions of Member with
Rectangular Section and Hexagonal Perforation
b R 1AL B B B 025 1 57080 B
0.10 0.15 0. 20 0.25 0. 30 0.35 0. 40 0.45 0.50
0. 80 0.861 8 0.859 79 0.857 36 0.856 07 0.856 0 0.855 4 0.857 99 0.859 7 0.862 2
0.75 0.890 6 0.888 97 0.886 92 0. 885 89 0.885 8 0.885 5 0. 887 64 0. 889 6 0.891 6
0.70 0.914 7 0.912 09 0.909 72 0.909 96 0.909 3 0.910 1 0.911 24 0.913 5 0.914 8
0.65 0.933 5 0. 930 04 0.928 78 0.928 89 0.929 1 0.929 8 0.931 27 0.9327 0.934 4
0. 60 0.946 5 0.945 63 0. 945 05 0.944 67 0.945 3 0.946 2 0.947 34 0.948 7 0.950 2
0.55 0.957 8 0.956 46 0.956 58 0.957 14 0.958 0 0.958 9 0. 960 04 0.961 4 0.962 8
0. 50 0.965 6 0.964 97 0.966 01 0.966 60 0.967 8 0.969 3 0.970 56 0.971 3 0.972 8
0. 45 0.972 0 0.971 97 0.972 81 0.973 96 0.975 2 0.976 5 0.977 65 0.978 8 0.980 1
0. 40 0.975 5 0.976 14 0.977 63 0.979 36 0.981 0 0.982 0 0.983 17 0.984 4 0.985 6
0.35 0.977 8 0.978 93 0.980 76 0.982 58 0.984 3 0.985 8 0.987 02 0.988 3 0.989 2
0. 30 0.977 4 0.979 36 0.981 96 0.984 28 0.986 4 0.988 0 0.989 35 0.990 6 0.991 7
0.25 0.974 8 0.977 48 0.981 16 0.984 32 0.987 0 0.988 9 0.990 42 0.991 8 0.992 8
0. 20 0.967 2 0.972 20 0.978 39 0.982 82 0.986 1 0.988 6 0.990 47 0.991 9 0.993 0
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Tab. 4 Calculation Relative Errors of Reduction Coefficients of Bending Rigidities

De+h! 0. 80 0.75 0.70 0. 65

0. 60 0.55 0. 50 0. 45 0. 40 0. 35
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Tab.5 Reduction Coefficients of Bending Rigidities for Circle-castellated Web

bep ATl FLEE b 09 B0 25 R A7 08 R 4
0.10 0.15 0. 20 0. 25 0. 30 0.35 0.40 0.45 0.50
0. 80 0.581 5 0.586 4 0.590 9 0.598 4 0.604 6 0.6118 0.618 5 0.625 6 0.633 1
0.75 0.662 0 0.667 3 0.671 2 0.677 4 0.681 9 0.688 9 0.694 9 0.703 1 0.708 1
0.70 0.731 1 0.735 6 0.738 6 0.743 1 0.748 4 0.753 5 0.759 3 0.765 4 0.771 7
0. 65 0.788 6 0.793 0 0.796 1 0.800 6 0.804 6 0.810 1 0.813 8 0.819 2 0.823 8
0. 60 0.836 9 0.840 0 0.842 9 0.847 0 0.850 7 0.854 7 0.859 2 0.863 1 0.867 5
0.55 0.876 3 0.880 4 0.882 6 0.885 9 0.889 0 0.892 4 0.896 0 0.899 6 0.902 7
0.50 0.908 7 0.911 9 0.914 4 0.917 3 0.920 1 0.923 0 0.925 1 0.927 9 0.931 0
0. 45 0.935 1 0.937 0 0.939 3 0.942 2 0. 944 4 0.946 2 0.948 5 0.950 5 0.952 8
0. 40 0.955 1 0.957 0 0.958 9 0.960 9 0.962 9 0.964 6 0.966 3 0.967 8 0.969 4
0. 30 0.982 1 0.983 3 0.984 5 0.985 5 0.986 6 0.987 6 0.988 5 0.989 2 0.989 8
0. 20 0.995 7 0.996 2 0.996 6 0.997 1 0.997 4 0.997 8 0.998 1 0.998 3 0.998 5
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