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Structural Performance Estimation of RC Beam with Large Openings by FEM
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Abstract

“Tube-ren” was developed as a reinforcing method for RC beams with large openings. Tube-ren can allow
large openings having diameters up to one-half of the beam depth. FEM analyses were conducted to investigate
the influence of the large openings on the structural performance of RC beams. The applicability of the analysis
model was verified by comparing the analysis results with the test results. The influence of the openings on
overall stiffness and drying shrinkage under sustained loads was also investigated by FEM analysis. The results
of the analyses showed that the influence of large openings on beam stiffness was insignificant, and excessive
cracks attributable to drying shrinkage around the openings could be avoided by restricting the sustained load.
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Configuration and Reinforcement of Test Specimens
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Comparisons of Load — Displacement Relationships Between Analysis and Test
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Crack Pattern and Maximum Principal Strain Contour (Fc21)



RMAREATRTIERT® No. 73 FEMARAT 2 W 72 KB 1 24 3 2 RCE DR S L RE AT A

00%  01% 02%  0.3%  04% 05%  0.6%
HUNE O AEA B DR RFEOT Har 2 —
CASE3  (Fc 36)

;}‘,}ﬂ‘?}}}}i} 1 355}} 1 / p ;%ﬂ}l’i} H) VNI 7 v
1/, f S ;/ f’//’ [ Vet e iz S ;;/ it :
f/ S o ¥ i / 1 (avi ] Y ;
;{ - :‘j(' o ::/ ; ] f; // e ‘,5 ]
Passi W s e |4 | G Foal o 11 Lo |
LT e B T | £ I "Hfff%f’.’ . .H*.’:’?{s.‘{ i
R ARISUAE O3 738 A% D O\OVEUR T AR O3 2 A% D O OVEIF VIR
AT
IHENNE]
LN}
|
]
I I | I I I
0.0%  0.1% 02%  03%  04% 05%  0.6% 0.0%  01% 02%  03%  04% 05%  0.6%
B SBUUE O T RE AR DR K EOT Hars— BN O T A B AR O REONT HarF—
CASE1 (Fc 36) CASE2 (Fc 36)
Ay DN, p;
o | *‘"’«ﬁ; v o
I e L ]
: i F o ; e d :
| A s :
= - s TR | 2= i fg{{{{{ﬁfffffff{<{{lI?f?}%;ﬂ
HEERINHE O3 ZAE AL O O OFIUR FLSRINHE O B AL O O OEIF LR

00%  01% 02%  03%  04% 05%  0.6%
HLRUHE O HEAZ DO K FE O T a2 —
CASE4 (Fc 36)

Fig. 13 O OFEIVRIL L O KFEO T FH 2 % — (Fe36)

Crack Pattern and Maximum Principal Strain Contour (Fc36)

B LTI, Table 58 Y $hELfaiEL73 [ U O CASE1~CASE3
OB S, BMOOFEE O OROKE ORI/
SN ERDMND

LaL, BozaE3+2841CE L TiE, BOo®Ra12D
DOEFE L1BDDOBEOOVEINIRIN S, WH L I
SRR O B AR IR D8 0 2R D OB E T
LfER Lol F, BRIFOTHa U Z—Dhik L
D, BIOENI2DOHANE, 13DDOHAICL~RT, B
RO RFT R O T HEFRNELZ, 202 Ly,
B0 ORMFARS A D 28 LG alcks L, &
D2DOBA AT 5 &, HolIHE O 2T O JEIC
ITIRIAWVOCENLE T RN H D Z ERbhoTz,
—75, CASE41ZBH A2 OF AW 1 A32)~ @)K TR £
DZOUENAMERE L2225 X O IChEMEZ/ NS L
GE DIRNTRERTH D, KLY, CASE4LCASE2DRH I
RO OTRIIFRBETH D ENbnd, 202 Lk
D, AERTIEICLD12DORAOEZRT-HETH, M
FALE D AU 1338 A O AW O- OB L B E O
FEME THIUE, 1/3DOHNZRITT-GE EFERED
OTHL~ULZILE Y, 12DEEOR AR TH
INARIC L DB IR b RN b D EE X HLD,
Fig.1412(2)~#NIZ X 2 RO OFI e & & (1)
AR N R OREHFAT AWM Ok A, Mg =
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Flexure Deformation at Center of Beam

Forl CASET | CASE? | CASE3 | CASE4
A 200 | 189 | 192 138

Zhgf-HH(mm)

ﬁ%gﬁgggﬁﬁﬁ 533 | 511 | 524 | 448

Fod6 CASET | CASE? | GASE3 | CASEA
S B 194 | 186 | 187 | 164

Zhgf-HH(mm)

ﬁ%gﬁgggﬁﬁﬁ 518 | 520 | 497 | 480
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Comparison of Sustained Loads
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