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Shear Behavior Analysis of Concrete Beams
Reinforced with 500 MPa Stirrups Under
Indirect Load
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Abstract: A test was made of three concrete beams with 500
MPa high-strength stirrups under indirect load to analyze the
structural behaviors, the development of the diagonal cracks
and failure modes under direct and indirect load. Numerical
models were established with ABAQUS to study the effect of
shear span ratio and stirrup ratio on the shear capacity of the
tested beams. The results show that the shear capacity of
high-strength concrete beams under direct load can be
precisely predicted with the “Code for design of concrete
structures”. Moreover, the shear capacity of the beams under
indirect load decreases compared with the beams under direct
load due to the variation of the shear span ratio and the stirrup
ratio. The detailing requirements of additional transverse

reinforcement as the code puts can effectively compensate the
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shear capacity reduction of the high-strength stirrups beam

under indirect load.

Key words: reinforced concrete beams; 500 MPa stirrup;
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Tab.1 The details of specimens
oo MBE B [k Zhr ZHE
BB mm 2 BB s my o m

Bl-1 640 1.75
Bl-2 820 2.25
B1-3 950 2.60
Bl 640 1.75
B2 820 2.25
B3 950 2.60

B83@160 0.32 2§ 25+1%12 2% 20
#8@130 0.39 3% 25 2% 20
$8@200 0.25 2§ 25+1%H20 2% 20
B83@160 0.32 2§ 25+1%12 2% 20
B8@130 0.39 3% 25 2% 20
$8@200 0.25 2§ 25+18H20 2§ 20
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Fig.1 Dimension of specimens (unit: mm)
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Fig.2 Test setup of indirect load {(unit; mm)
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Fig.3 The measuring points arrangement of
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Fig.4 Shear failure of test beam
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Fig.5 Curve of load mid-span displacement
of test beam
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Tab.2 Comparison between theoretical calculation

and actual shear bearing capacity

pe B Vi/ P/ P/ 2%
e A kN kN Vi B D/%
B1-1 1.75 322.3 332. 4 1.03 —
B1-2 2.25 320.7 334. 4 1.04 —
B1-3 2. 60 250. 8 260. 5 1.04 —
B1 1.75 322.3 287.6 0. 89 13.48
B2 2.25 320.7 310.2 0.97 7.24
B3 2. 60 250. 8 258.5 1.03 0.77
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Tab.3 Comparison between FEM calculation and actual

shear bearing capacity of beam under indirect

load
IR I s e
RS i A SO RERE Pe/Po Se/S.
P, P Su Ses
Bl 576.9  575.2  11.89 12,13  0.997  1.020
B2 620.3  627.6 17.45 18.04  1.012 1.034
B3 517.1 507.5 18.14 17.94  0.981  0.989
SEHIE 0.997 1.014
5 FH 0.012  0.019
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AIMRET 6 FEYES LR RIR B R 3L 18 AR
50 SR A TR 2, XX 18 AR R4 B HEA T EL I 2
N B N BRI AT R & A G 5 5 N 5 R
L BEMAHR RS LA TFALS BRRTIRE 153
e BRARZR ST IA A & A BY VIR IR 45 SR 1k 4 Fiw.
Hrp, 2R R 200 mm X400 mm;A HBY L s
i $577 1R 1 5 e 7 410 2507 IO 406 28 5 Py oAy [R5 I 2R 2 A 3R
T8k P M E BN RN 2 D (B4 22
AHXT E MR AR S AR, D= (P, — Pu)/
P s D VB RARAREE.
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Tab.4  Comparison about failure load of simulation

beam under direct load and indirect load

A s/mm  pu/% Pa/kN Pg/kN  D/% D./%
130 0. 39 323.02  390.18 17. 21
1. 50 160 0. 32 284.74  352.93 19. 32 18. 83
200 0.25 265.70  331.89 19. 94
130 0. 39 314.78  357.09 11. 85
1.75 160 0. 32 288.45  332.40 13. 22 13. 63
200 0. 25 260.83  309. 80 15. 81
130 0. 39 290.95  319.52 8. 94
2. 00 160 0. 32 279.22  308.53 9.50 9. 89
200 0. 25 264.98  298. 48 11. 22
130 0. 39 310.15  343.66 9.75
2.25 160 0. 32 279.22  303.16 7. 90 8. 66
200 0. 25 260.77  284.44 8.32
130 0. 39 293.64 291.49 —0.74
2. 60 160 0. 32 280.24 278.62 —0.58 —0.19
200 0.25 258.55  260.5 2.21
130 0. 39 286.85 283.08 —1.33
2.82 160 0. 32 259.14 254.84 —1.68 —1.63
200 0.25 253.70 249.02 —1.88
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Fig.6 Force state of beam top unit under direct load

and phenomenon of destruction
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Fig.7 Force state of beam top unit under indirect load

and phenomenon of destruction
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Fig.8 Comparison of reduction degree between

formula and theoretical values
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Fig.9 Additional stirrup layout
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Tab.5 The bearing capacity of beam under indirect

load after stirrup compensation

A P2/kN  Pa/kN D/% Py /kN Di/%
1.5 331.9 265.7 19. 94 351.1 —b5.78
1.75 309. 8 260. 8 15. 81 320, 4 —3.42

2 298.5 265.0 11.2 303.3 —1.64

i SCA FRITAUUR B 7] S5 A6 1T A e 30 4 5
RSt T B BY B L 930, W) B BT T B
IR AT IR BTN 3R A L BE o BY 6 L A9
S BARRIGIST RS BN BRI BRI K
PR SRR A () T R AL IR . A BHEE BT 7R
BAEEAEL D /.

BURS H/NE IR LT - BT 1 X T BT R AR 1 R TR
BRI B hn 2 A B 2 » M DB rl A5 8 FH K. ph
EERATRUR B, 3T ) SR AT BRI 15) 38 35 A9
#MEE S o BE W] B4R R 1] 2 0 80 ) AR B BY AR 3R
J1. BUBS HUR AR BT - B 0 W PU B 7K 3 7 Y 2 M
7N TR R AT A 20 BREARSE 170 8 555 4F OB/ |
WAHTRM, LB LR T 2. 6 I, AR T = i
i AR+ R R LY AR B S E N L
REFREAR. SO SCR WX TR M BRZS T HEE 500
MPa 75 38 i A 1R 5 + R BT R HL B R B A BT
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5 &g

(1) BEE 500 MPa X 7 TR EE T 56T R 78 B4
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— PR R RAR M T 2 R A IR, S8 7 1 7 7 4k Szt
HHA, RN R EE S TGS, f
SR , BT f 57 e AR (R BN T IR S £
REHTAEEERAMERN YT, TR XIEEE 4
MR ERIE. MM R R R TRAEE
FERE ) Be AR D 5 it LA R o B T IR o5 + 2%
BN AT, B RE T ERAASE, R %S
R MRS R,

(2) [ mEAE T SR A AR T AR R
VLB AR B MR F R4 4T BN E P sy & 68
F1, BUARER 7 1) AR B 3 2 32 B I L N B 4 R 1Y
S, BY 8 A , O A SR AR B RRAR A D
LT LR T 2. 6 B, M4 N AR R i 8Y K #
715 BN EZAE H B AR PR

(3) BLA 500 MPa 3 5 ffi (R IR + RO R AE
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