%49 B 4 WO R MR A SRR R Vol. 49 No. 4
2021 4E7 A Journal of Hohai University ( Natural Sciences) Jul. 2021

DOI:10. 3876/j. issn. 1000 - 1980.2021. 04. 011

A [E) far 2 T 50 T s A7 i i L IR R eV FR Az it

KL, E R MBS, VB E &

(1. IR R R R TR0, RS IR 411201
2. IR RN RGPt N S IR R RS & T8 SC 00 = WiRS I 411201)

HE ., AR EAE T IUAT4R Rkt IR B3R eg % va | B B Bk B AT iR k3t 7 %, R A
Bt g AL K 3B AMEAL Sk T R AR A R £ T RIR R AR R S P B LUt AR B LU T MR L
YA M AR X B AR AB A 45 M A8 B 0 R AT AT AL A | SE AT 3X s AR A5 41 4 M Fe R AT
AR 6 £ F SRR RATFATAERL Y A B AF A B S AR 69 Michell 4 My ; 4 o 4 AR R
FRERR BB E BT RE AL EFAE NG X @ L BEE, £ P RAER R AR
B, AT RN A R AT R P E RS L F6) IR AT R R R, R AR 2 M S
B EAF AR R, TR T REATE T LKA T 094 st LR E T
BB AR B A 25 ) A R AT AT At iR RS 08 5 R A SR MR L A AR A

KB AN Ah L IR R AT LU deAMEAL SR P AT AR T B L 2 ALkt

RE 5SS . TU3I2 XHEFRERG A X E S 1000 - 1980(2021)04 - 0366 - 07

Topology optimization design for RC deep beams under different load conditions
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Abstract: To discuss the influence of load conditions on the topology optimization for RC deep beams, and improve their current design
methods as well, in this paper the optimal topology structures for RC deep beams with openings under different concentrated loading
conditions and different load concentration conditions were separately evolved based on the evolutionary topology optimization algorithm.
Then, the corresponding Strut-and-Tie models were constructed according to these optimal topology structures. The diversities among
these optimal topology structures and among these Strut-and-Tie models were discussed next. The results show that all these Strut-and-
Tie models conform better to Michell structures which have full stress distribution. The loads are always transmitted from the loading
point to the support in the form of pressure through the shortest straight struts when a concentrated load is applied on the top surface of
the beams, while the loads are suspended on the main pressure arch by umbrella shaped ties and then transmitted to the support when
a concentrated load is applied on the web or bottom of the beams. The optimal topological structures always evolve into arch structures
or hybrid system of arch-and-composite-strut as the load concentration decreases, especially those are close to uniform loads applied on
the beam. Furthermore, the RC deep beams under different load conditions may be designed with some hidden reinforced compression
parts and tensile reinforcements in beam body by the light of the optimal topology structures in engineering designs.

Key words: RC deep beam; load condition; topology optimization; concentrated load; load concentration; structural optimization
design
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Fig.1 Initial design domain for deep beams with openings on one side under single-point

concentrated loading conditions at different positions (units: mm)
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Fig.7 Optimal topology structures of deep beams with openings on one side under different load concentration conditions
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