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Effect of manufactured sand dosage on flexural performance of
self-compacting lightweight aggregate concrete beams
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Abstract: In order to explore the influence of manufactured sand dosage on the flexural performance of self-
compacting lightweight aggregate concrete beams (SCLC), five SCLC with 0%, 30%, 60%, 80% and 100%
manufactured sand dosage for four-point bending tests. The deflection curve, mid-span deflection and crack
distribution of SCLC beams with different manufactured sand dosages under load were studied, and the
influence of manufactured sand dosage on its cracking moment and flexural capacity was explored. The results
show that the average strain of each test beam section conforms to the plane section assumption, and the load-

deflection curves are basically similar. With the increase of manufactured sand dosage, the SCLLC beam has
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more secondary cracks and more uniform crack distribution. The maximum crack width decreases under the
same load before yielding. The mid-span deflection and ultimate bearing capacity reach the maximum when the
manufactured sand dosage was 80% , which were increased by 16.13% and 6.62% respectively compared with
SCLC beams with all river sand. Utilising the deflection calculation formula of lightweight aggregate concrete,
the deflection calculation value of each test beam differs from the test value. The cracking moment of the test
beam was calculated using the standard formula, and the calculated value is quite different from the test value.
Through the analysis of test results and calculation of flexural bearing capacity, it can be concluded that the
optimal dosage of manufactured sand in SCL.C is 60%-80%.

Keywords: self-compacting lightweight aggregate concrete beam; manufactured sand; flexural performance;

destruction form; cracking moment; flexural bearing capacity
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Table 1 Mechanical properties of steel bars

AR/ W/ R BeRRIRE SRR E/

o mm  mm®  f,/MPa  f,/MPa (N/mm?*)
HRB400 16 201.1  427.6 586.8 2.0X10°
HRB400 8 50.3  417.3 576.6 2.0X10°
HPB300 10 78.5  331.2 509. 6 2.1x10°
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Table 2 Concrete mix proportion

fid A ke / (kg/m?)

G2 BB R/ % ‘ : A A —
AR W HUH B K Tt K kIR s Wk )

SCLC 0 374.3 750.9 0 395.9 104. 2 20.8 192.8 5.2

MS-SCLC-30 30 374.3 521.5 247.7 406. 2 106.9 21.4 197.8 5.3

MS-SCLC-60 60 374.3 298.0 495.5 406. 2 106.9 21.4 197.8 5.3

MS-SCLC-80 80 374.3 149.0 660. 6 406. 2 106.9 21.4 197.8 5.3

MS-SCLC-100 100 374.3 0 832.3 406. 2 106.9 21.4 197.8 5.3
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Table 3 Working performance of concrete

o . Wi s ik ('] Bt ok e A S A
G Lkl iB &/ % - — — — - —
YHEY R /mm VAN T/s  To/s  PEREEH UMME2/mm  JHB)/mm PEREGER
SCLC 0 747 12 4 SF3 5 14 PA2
MS-SCLC-30 30 734 15 4 SF3 7 15 PA2
MS-SCLC-60 60 683 19 6 SF2 16 25 PA2
MS-SCLC-80 80 664 23 7 SF2 21 28 PA1
MS-SCLC-100 100 642 25 8 SF1 27 32 PA1
Fa BRELTERNZHEIER
Table 4 Basic mechanical properties of concrete
SETRPURSREE  BYRBURIRE RO PUE R A AR R 00
%55 HUR BB 6t/ % LRES , D - _ - .
f./MPa i/ MPa f./MPa E./10* MPa
SCLC 0 [=EEg s 41.1 3.16 33.17 2.15
MS-SCLC-30 30 [=EEg s 41.5 3.18 34.28 2.19
MS-SCLC-60 60 [=EEg s 42.7 3.25 36.55 2.28
MS-SCLC-80 80 [=REg] 43.1 3.28 37.20 2.30
MS-SCLC-100 100 [=REg ] 43.6 3.35 37.56 2.33
x5 KHEITSH
Table 5 Specimen design parameters
RIS R REE 95 MLk B R/ % (g E EREELN ] it 7 2 / % S 1155 VL ST 3
SJ-3-1 SCLC 0 2Bk 2016 1.02
SJ-3-2 MS-SCLC-30 30 2Bk 2d 16 1.02
4 iy #8@100
SJ-3-3 MS-SCLC-60 60 2Bk 2d 16 1.02
ST 2910
SJ-3-4 MS-SCLC-80 80 2Bk 2d16 1.02
SJ-3-5 MS-SCLC-100 100 2Bk 2d16 1.02
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Fig. 1 Section size and reinforcement of test beam
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Fig.3 Layout of the steel bar measurement points
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Fig.4 Layout of concrete measurement points
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Fig.5 Schematic layout of the test beam measurement points
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Fig.7 Load-deflection curves of test beams
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Table 6 Test beam results for different MS contents

g TABR USRS  NEGR  WKNAS  GRER  WORINE RGOS RRGE @B
P./kN &% /mm P,/kN F& % /mm P,/kN &% /mm A,/mm A,/mm R
SJ-3-1 9.73 0.10 84.2 0.22 106.6 2.01 9.01 37.5 4.16
SJ-3-2 9.77 0.08 83.4 0.23 107.0 1.95 9.21 38.5 4.18
SJ-3-3 10.13 0.09 88.9 0.25 110.2 3. 14 9.7 43.5 4.48
SJ-3-4 10. 26 0.10 87.8 0.26 113.6 4.12 9.94 44 .4 4.47
SJ-3-5 10. 31 0.07 85.1 0. 26 109. 4 3. 18 9.34 43. 4 4.65
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Fig.8 Load-crack width curves
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Fig.9 Crack distribution pattern of pure bending section during specimen failure
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Fig. 10 Strain distribution at different section heights of test beam
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Table 7 Test beam short-term stiffness and mid-span deflection calculation and test value
B 4 5 0. 6M, 1 2 lﬁ,h;qmurg , fﬁﬁmug ) R ﬁﬁﬁ PR 12/f
B{/(N+mm?®) BZ/(N+mm®) fi/mm /f»/mm f/mm
SJ-3-1 27.2 0.71 0.89 3.53X12 3.13X12 5.6 6.3 6.2 0.98
SJ-3-2 27.3 0.71 0.89 3.56X12 3.14X12 5.5 6.3 6.2 0.99
SJ-3-3 28.1 0.71 0. 86 3.60X12 3.25X12 5.6 6.2 6.6 1.06
SJ-3-4 29.0 0.72 0.83 3.59X12 3.32X12 5.8 6.3 7.2 1.14
SJ-3-5 27.9 0.70 0.78 3.67X12 3.45X12 5.5 5.8 6.2 1.06
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M= vynay 1 W, (3)
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Table 8 Comparison between calculated and tested

cracking moment values of the test beams

KOS BUhsRJE £,/MPa M /(kNem) MS/(kNem)
SJ-3-1 3.16 4.14 12.39
SJ-3-2 3.18 4.15 12.41
SJ-3-3 3.25 4.31 12.55
SJ-3-4 3.28 4.36 12. 64
SJ-3-5 3.35 4.38 12.87

W MR IF RS S s M s Ry, = 1.55 . W R RT3 20 20
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XX=0 a fibx=FA.
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Table 9 Calculated and experimental values of the

ultimate bearing capacity of test beams

LR R M¢/(kNem) M;/(kN+m) M/M¢E
SJ-3-1 42.4 45.3 1.07
SJ-3-2 42.6 45.5 1.07
SJ-3-3 42.7 46.8 1.10
SJ-3-4 42.7 48.3 1.13
SJ-3-5 42.8 46.5 1.09
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