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An Experimental Study on the Flexural Behavior of Reinforced
High-Strength Concrete Beams Using Belite Cement
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ABSTRACT

A study was conducted to investigate the flexural behavior of reinforced high-strength
concrete beams using Belite cement. In this study, fourteen reinforced Belite and control
beams were tested. The major experimental variables are compressive strength(350kgf/cm?
and 600kgf/cm®) of concrete and reinforcement ratios(0.0086~0.0345). They were tested
by three point loading method.

Comparing with flexural behavior of normal reinforced concrete beams, the investigation
were to : (1) determine experimentally the load-displacement relationships and the strain
distribution on the section of test beams : (2) determine experimentally the
moment-curvature and the load-neutral axis relationship of Belite : (3) investigate the
flexural ductility of Belite ;: (4) estimate the ratio of the capacities of nominal moment
strength as a function of ACI to as a experiment.

From the test results, the flexural behavior of reinforced high-strength concrete beams
using Belite cement are similar to flexural behavior of normal reinforced concrete beams.

Keyword © Belite, High—strength concrete, Flexural Behavior, Load-Displacement relationships

Strain distribution, Moment-Curvature relationships, Flexural Ductility
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Table 1 Physical characteristics of cement

a4im| SANZ ] FEBE
P g | | (him) | WO TV gion’
o) [2a |z | 0| P [ gy

OPC |3.15]12.5|3:401 6:20 | 48.5(101.8] 413
Belite{ 3.20( 5.5 |6:45(10:00{48.5{110.5 429

Table 2 Physical characteristics of aggregate

we | |REF SRAR G VT
HFEEA | 2.59 1.2 1529 59 7.64
T2 A | 257 1.5 1627 - 2.49
Table 3 Physical characteristics of concrete
poio g %]'%%LE gl-zké B
2 ;JE S Y| (kef/em?) A %01'
gland| @ | TEN T (28158 gy |
7| 25714011 - | 2.21 [0.13

OpC | 350 11.5
E5|261(3931 - -

|4 181]326(347| 2.27 |0.18
%3 (182(330|354( 2.53 (0.17
A% 345|556 (603{ 2.99 10.15
%2 |357|568|630] 3.12 {0.14
* 2892] &A% (x10° kef/em?)

350 {24.0

Belite

600 |19.2

Table 4 Mixing proportion of concrete

A \wel s/a @l 2% (kgf/m?)

F o8|
keferd)| (%) [ (%) ¢ | W | F | G| Adm.

OPC | 350 [39.8|41.0|495|197{646|973| 0.15"

350 132.4|48.0[525]170]1809}995]1.00"

Belite

600 |41.8{45.0{400|167|808|883|1.20"

* Neo—mix (AE ZA]), ** SP-8N (2% AE #A)
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Fig. 1 Details of section (unn-mm)

o) CM-N2

¢ : ZAYE 7 (C:0PC. B:Belite)

M BHAIEA

N : @A ES 2RF%(N:350kef/al

H : 600kef/cm’)

2 AREZT FF (1:2-D13, 2:2-D16. 3:2-D19,
4:2-D22, 5:2-D25)

Table 5 Classification of flexural beams

22 am blp
agAg [Ame| 2w | ST, | | PP

{kgf/cr) -
CM-N1 2-D130.0086 0.24
CM-N2 2-D160.0135 0.38
———=1 opC | 350 0.036
CM-N3 2-D190.0195 0.54
CM-N4 2-p220.0260 0.72
BM-N1 2-D13]0.0086 0.24
BM-N2 2-D160.0135 0.38
BM-N3 350 |2-D19]0.0195]0.036]0.54
BM-N4 2-p220.0260 0.72
BM-N5 2-D25|0.0345 0.96

Belite

BM-H1 2-D130.0086 0.18
BM-H2 2-D160.0135 0.28
BM-H3 600 |2-D19[0.0195]0.048]0.40
BM-H4 2-D2210.0260 0.54
BM-H5 2-D25(0.0345 0.72
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Table 6 Results of beam tests (unit of compressive end strain @ u)
271349 2R Z th3H5A] g4
TR [z [ w9 [939 [ o | we [939 ] a5 | a9 [ 439 | Aq | 97 | A9
(tf) (mm) | 938 | &) | mm) | ¥AE | @) | (mm) | ¥8E | (em) | (cm)
CM-N1 1.75 2.36 316 5.02 | 4.44 1182 | 7.27 | 38.18 - 22.0 | 12.3 EE
CM-N2 | 2.25 1.04 361 8.24 | 5.23 1495 | 9.95 | 17.04 | 2394 | 13.0 9.5 ER)
CM-N3 | 2.20 0.74 361 | 11.08] 6.82 1599 | 12:1971 1244 | 2687 154 tt.4 3 3 7
CM-N4 | 2.05 0.99 326 |16.57| 8.51 1640 | 16.57| 8.51 - 14.3 8.1 24
BM-N1 1.68 1.11 275 4.06 | 4.21 974 6.94 | 26.14 - 16.5 9.4 I
BM-N2 1.66 1.09 290 7.09 | 5.08 1375 | 8.52 | 16.77 - 15.5 7.4 L
BM-~-N3 1.75 0.76 286 [10.64| 5.97 1544 | 12.47 | 18.12 - 16.2 8.6 453
BM-N4 | 1.77 1.03 292 [14.84| 8.88 | 2820 | 15.79] 12.17 - 16.9 7.8 Ag=
BM-N5 1.74 0.79 273 - - - 17.09| 9.05 - 20.0 | 10.9 Zuioks)
BM-H1 1.56 1.14 172 4.61 | 3.51 715 7.48 | 29.61 - 17.5 | 104 4495
BM-H2 | 1.54 0.48 170 7718 | 4.64 942 |10.09| 25.65 - 13.5 9.0 455
BM-H3 1.50 0.61 155 111.62} 6.31 1225 12,71 15.17 - 18.5 | 10.0 A=
BM-H4 | 1.61 0.44 168 |14.13] 6.73 - 1599 12.18 - 12.3 | 10.9 ZT
BM-H5 1.47 0.60 140 - - - 18.28 | 12.16 - 23.0 | 13.3 2ty
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Fig. 3 Load-deflection for CM-N series
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Table 7 Deflection ductility index for specimens

S P ol 700 [P P 7
CM-N1 0.2417.61138.10148.4615.0016.37
CM-N2 350 0.38|5.23|17.04{31.00|3.26|5.90
CM-N3 0.5416.82112.44123.7111.82)3.50
CM-N4 0.72]8.51(8.51 [13.85{1.00|2.60
BM-N1 0.2414.21126.14143.24)6.21110.27
BM-N2 0.3815.08(16.77(34.0113.30|6.69
BM-N3| 350 |0.5415.97|18.12}28.1813.04}4.27
BM-N4 0.7218.88(12.17/20.14|1.37| 2.27
BM-N5 0.969.05] 9.05116.5871.00}1.83
BM-H1 0.1813.51{29.61{32.80|8.4419.34
BM-H2 0.284.64125.65131.2515.5636.73
BM-H3} 600 |0.40|6.31|15.17{17.87|2.40|2.83
BM-H4 0.5416.73112.18120.2411.81;3.01
BM-H5 0.72112.16{12.16{19.62]1.00 | 1.61
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Table 8 Comparison of test results and code equ. M,

oy | T oo MnQIDUEXP | P
(kgffem®) ACI. |EXP. |/ACL (ton)
CM-N1 0.2412.02[3.09]1.53 7.28
CM-N2 0.38]3.07]4.14| 1.35 9.76
350 1.34
CM-N3 0.54|4.26]5.18 | 1.21 12.19
CM-N4 0.72]5.49]7.041.28 16.57
BM-N1 0.24{1.99(2.99| 1.47 6.94
BM-N2 0.38/3.01] 3.6 | 1.20 8.52
BM-N3| 350 |0.54]4.13|5.29|1.28 | 1.27 }12.47
BM-N4 0.7215.26|6.71]1.27 15.79
BM-N5 0.96/6.39(7.26(1.13 17.09
BM-H1 0.18/2.05]3.17] 1.54 7.48
BM-H2 0.28(3.14{4.28 | 1.36 10.09
BM-H3| 600 |0.40{4.41(5.40(1.22|1.27 [12.71
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BM-H5 0.727.2717.67|1.06 18.28
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Fig. 15 Comparison of test results and code equation
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