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Abstract: To enhance the clear height of the building and facilitate the passage of equipment pipelines,
a high-speed railway station building adopts a large-span, retard-bonded prestressed concrete perforated
beam frame structure. Based on this project, the corresponding design method for the prestressed
perforated beam opening area has been improved, and its stress state and damage under different
conditions have been verified through ABAQUS finite element analysis. The results show that at the
ultimate limit stage of bearing capacity, due to the shear effect at the opening, the mid-span deflection of
the perforated beam increases by 5. 6% compared to a beam without an opening. A small number of fine
cracks appear at the corner of the opening and on the lower chord. At the serviceability limit stage, the
upper and lower chords at the mid-span, beam ends, and openings are in the elastic stage, with no
tensile cracking or crushing phenomena. Tensile damage occurs at the corner of the opening due to stress
concentration. In the frequent earthquake combination stage, the inter-story displacement angle meets the
specification requirements. The stresses in the stirrups outside the opening and the oblique bars inside are

relatively high, indicating the necessity of the aforementioned reinforcement arrangement. The proposed
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design method for the opening area can make the mechanical properties of the prestressed perforated beam
approximately equivalent to those of a beam without an opening.

Keywords : concrete ; frame structure ; design ;load ; stress ; finite element analysis
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Fig. 1 Long-span retard-bonded prestressed concrete

perforated beam frame structure
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Fig.2 Location and reinforcement of perforated beam openings
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Fig.3 Design of reinforcement in openings area
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Fig. 4 Design of reinforcement in openings area
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Fig.5 Finite element analysis results of

construction stage 1
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Fig. 6 Finite element analysis results of construction stage 2
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Fig.7 Finite element analysis results of the limit

state under normal use stage
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Fig. 8 Finite element analysis results of the ultimate

load-bearing capacity stage
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Fig.9 Finite element analysis results of frequent

earthquake combination stage 1
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Fig. 10 Finite element analysis results of frequent

earthquake combination stage 2
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Fig. 11 Finite element analysis results of rare earthquake

combination stage
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Table 2 Concrete stress, deflection and prestress of prestressed perforated beam

TH BeE/mm TREE I 1/ MPa ipi f1/

g i g W1 ks WO R Wa2 B WO TR Bumi B 2 MPa

i TR 1 -9.7 2.3 -0.1/-4.7 -0.1/-1.8  -3.9/-4.3  -0.2/-1.7  -3.6/-4.4 -12.5/0.6 -9.3/0.8 1051.1
s TR 2 16.2 3.1 -6.9/1.4 -4.1/-4.8 -2.3/-0.5  -3.2/-3.3 -3.2/1.4  -7.5/-7.6 -3.9/-6.9 1036.6
IEHMAMRERE: 242 3.1 -9.7/1.6 -5.7/-6.2 -1.8/0.8 -4.5/-4.1 -3.2/-0.3 -4.0/-12.5 -1.7/-11.6 1103.1
R TIBR B 37.6 4.6 -13.6/1.6 -7.9/-8.3 -1.5/0.7 -6.4/-5.9  -3.6/-0.3 -4.3/-15.2 -1.1/-13.7 1327.3
ZMHE 1 20.2 10.8 -11.0/1.6 =-7.2/-7.1 -1.0/1.2 -4.5/-4.4  -3.5/-0.7 -6.9/-8.7 1.5/-14.4 1118.6
EZL ) 2.1 9.7 -8.9/1.7 =-6.1/-6.2 -1.7/1.1 -3.5/-3.7  -3.9/-1.6 -7.9/-6.2 0.2/-14.4 1091.3
b= 30.5 52.9 -10.9/1.7 -10.21/-7.9  0.7/1.4 -2.3/-3.5  -5.4/-4.0 -22.6/1.0 0.9/-13.4 1116.7
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Table 3 Reinforcement stress of prestressed perforated beam MPa
ENi] i A3 RH

T g g WO WAL WE2 WE2 WealEREA2 B FE 1N WE2l WE TR a2 N
5% Ti% 5% VA VA V2 N 111V 1 R 1V (R 1 V2 A 1

i TRYES 1 0.5/51.3  8&.1/61.1 0.1/20.5 41.8/46.9 1.0/19.0 37.5/47.2 1.7/7.5 1.6¢/9.4 17.3/15.8 14.7/0.5 1.8/41 2.3/19.4
METRYE 2 76.2/27.5  45.5/54.2 47.6/47.3 30.3/0.9 31.0/40.2 29.4/10.9 7.5/2.4 8.6/6.5 140/5.5 9.8/6.2 2.2/16.9 23.2/3.8

TER I

BRI EE 95.9/57.0  31.1/92.8 60.3/53.3 23.6/14.938.6/46.3 24.5/2.4 8822 10.7/85 126/60.6 8859 28.3/19.0 33.8/10.5
%ﬁwﬁ;&m 135.0/101. 1 36.1/130.8 83.1/71.2 23.2/33.054.0/67.6 25.0/9.3 11.8/10.3 34.0/33.4 20.8/86.6 18.4/2.7 45.1/34.8 71.3/14.0
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