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Stress Analysis and a Method of Calculating the Normal
Stress for Double-row Circular Web Opening
Castellated Beamunder Pure Bending
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(1. School of Civil Engineering, Shenyang Jianzhu University, Shenyang, China, 110168 ; 2. School of Civil
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Abstract; In order to fully use the exceptional qualities of the web of the high castellated beam,a
new castellated steel beam member with double-row holesis proposed and the section normal stress
calculation method is provided for serving as a guide for engineering applications and related
studies of castellated beams with double-row holes. The numerical model of a double-row opening
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castellated beam was built and validated using the finite element program ABAQUS. The effect of
opening rate and intermediate girder bridge height on the the normal stress distribution of the cross-
section and the circumferential stress distribution around the hole of the castellated beam is
investigated. The positive stress concentration coefficients are obtained by numerically fitting the
finite element simulation results, and a simplified calculation method of positive stresses in the
cross-section is proposed based on the ferrous truss method. On the central cross-section of the
girder bridge,the largest positive stresses in the web occur at the connection between the flange
and the web or at the edge of the opening near the flange. A near-zero stress region occurnear the
neutral axis of the central section of the pier,and the normal stress of the rest is close to linear
distribution. The maximum circumferential stress of the hole appears on the central section of the
girder bridge,and the sign changes at ¢ of approximately 30°,150°,210°,and 330°. The opening
rate of double-row opening castellated beams should not exceed 60% , and the ratio of bridge
height to beam height in the middle of the double-row opening castellated beams should be kept
between 1/12 and 1/6. In the above given range,the proposed simplified calculation approach for
positive stresses has good accuracy.

Key words: double-row opening castellated beam; normal stress; circumferential stress; stress
concentration factor;finite element;strength calculation
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Table 1 The main design parameters of castellated beams mm
K g e x BERTE x Hk 425 B AR AR I PR A R PSS
FWL-1 500 x 250 x 14 10 5 3428
F2 MEUEM
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Fig.5 Comparison of finite element results with

experimental results
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Fig. 8 Partition of double-row opening castellated

beams

2 AL IE N SR

2.1 SHEHW

B SOBCHEFL e 3 T2 — 1) £ g B 22
hy +ho 5305 H W HCAE R BUHEFL B 55 32 1Y)
FHLE K, N T L3 K a2
JE h, XFGEAT v C #ET IE R ) 43 A B
M, 57 23 NARFES BRI A RT3 B s
R BARSHUE W 3, Hoh SPK-1 ~ SPK-10
FHAER G5 BB 22 [] (1 - FL 2R AH 25 10% , SPK-
11 ~ SPK-19 #H&E Jii 5 #5422 [a] 1) FF£L 22 AH
7 5% ,SPK-20 ~ SPK-23 FH4B % =515 54 2 ]
14 TR A i BEAH 22 20 mm,,

SRR SCHE IR, % A7 Hh o T B A
SAEMRE X EHEF LRI R fL
NGALERR R A1, 58U PRl Y L 3D 07
EFR R A 25 HETFFLEE AT b b i i LD 2%
PLEFRA AL 3, FEE T 32 0 fL ik & A7 B R
HEL 4,

— = K=30%
I A —— - K=40%
porium RS K=50%
ool - K=60%
— K=70%
| N
| G ] N
el
=L= —=—

BFHOERE BB O BEIER I
(@)FFFLIRR [6] i AT H 00 80 T8 IE L ) 40 A

K3 IHHLEE RS

Table 3 Parameters of double-row hole castellated

beams
i TFFLZE K/ % TR EE h,/mm
SPK-1 ~ SPK-5 30 ~70 100
SPK-6 ~ SPK-10 30 ~70 150
SPK-11 ~ SPK-19 30 ~70 200
SPK-20 ~ SPK-23 50 120 ~ 180
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Fig.9 Normal stress distribution of cross section
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Fig. 10 Circumferential stress distribution around the hole
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H IR EE A,/ mm

s FFFLR K/ %

E-1 40 100
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Table 6 Comparison between finite element results

and calculation results
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