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A Study on the Flexural Behavior of Concrete Using Non-burmt Cement
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Abstract : If cement can be manufactured with industrial byproducts such as granulated blast furnace slag,
phosphogypsum, and waste lime instead of clinker, there would be many advantages, including maximum use of
these industrial byproducts for high value-added resources, conservation of natural resources and energy by omitting
the use of clinker, minimized environmental pollution problems caused by CO2 discharge, and reduction of the
production cost. By this reason, in this study, mechanical behavior tests of non-burnt cement concrete were
performed, and elasticity modulus and stress-strain relationship of non-burnt cement concrete were proposed. 6 test
members were manufactured and tested according to reinforcement ratio and concrete compressive strength. By the
test results, there was no difference between ordinary concrete and non-burnt cement concrete of flexural behavior.
In order to verify the proposed non-burnt cement concrete model, nonlinear analytical model was derived by using
strain compatibility method. By the results of comparison between test results, ordinary concrete model and proposed
model, The proposed model well predicted the flexural behavior of non-burnt cement concrete.

Key Words : non-burnt cement, elasticity modulus, flexural behavior, stress-strain relationship
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Table 1. Chemical composition of raw materials

Ttem| Oxide composition (%)

Type Si0, ALOs CaO Na,0O | K2O | SOs
GBFS 34.76 14.50 | 41.71 0.14 044 | 0.13
APG 1.34 0.12 | 4097 | 0.06 54.93
DPG 1.08 0.07 32.28 43.29

SL 0.19 | 65.88 1.13

WL 4.88 1.62 | 4212 | 011 | 189 3.12

OPC 20.88 5.39 64.73 0.27 022 | 1.65
Table 2, Mix proportion of concrete

o ws | s Unit Weight (kg/m’)

w B S G AD

1 28.6 39 165 576 | 629 1003 5

2 333 39 162 485 670 1009 4

3 40.0 38 136 340 651 1087 3
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Table 3. Detail of test beams

D b h d fux fy A
(mm) | (mm) | (mm) | (MPa) | (MPa) (mmz)
L33 33 D10-2EA
M33 33 D16-2EA
L39 39 D10-2EA
120 240 200 400 ———
M39 39 D16-2EA
L45 45 D10-2EA
M45 45 D16-2EA
J,P (Unit : mm)
AN (&)
150 500 ‘ 500 150
1300

Fig. 1. Dimension of test beam,

Fig. 2. Test setup.
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Table 4. Results of concrete compressive strength = AdATET 2 20047 % A= 3A Ve
o T (MPo) W, 7 Fol} 2 olf= 1% Hlole] 47} B
Non-burnt Cement TYPE I Cement Zat g5 27 ARLS gu|e Byowg H oL
L 74 73 il BAX Aelage AHA nad Ans
1-3 jjjg jjj; #azlEee] Ao FEAmAAL] HFE() U
7 60:35 . 4:1 S AN E)E th A (6)1 o] AljFskalT
22 59.93 4181
23 48.07 473 €= 12f,/E, E= 180074 5 (©6)
31 64.29 46.67
32 62.63 46.46 Table 6, Comparison with elasticity modulus equations (%)
33 6153 43.67 D Klggsén 1(2%3? NS 3473 | New RC | Jang et al.
1-1] 25 18 19 40 14
Table 5. Comparison with elasticity modulus equations (MPa) 1-2 23 16 17 37 12
D | pesits | 1996 | 2007 | M #B | Re | enh R R R I 5
1-1 | 27,307 | 34261 | 32,175 | 32475 | 38,121 | 31,257 2] 19 12 13 33 9
12 | 27,647 | 34098 | 31970 | 32296 | 37.882 | 31,042 23| 30 20 22 42 16
13| 25927 | 34227 | 32,132 | 32441 | 38,077 | 31216 >l u 18 18 3 b
: i i i ’ ’ 320 19 12 13 33 10
21| 29485 | 34754 | 32,795 | 33,035 | 38,874 | 31,927 33 9 3 n 3 1
22| 29264 | 34,683 | 32,706 | 32,966 | 38,784 | 31,841
2-3 | 25,065 | 32,534 | 30,021 30,509 | 35,497 | 28,952 Table 7, Proposal Results of concrete elasticity modulus
31| 28,600 | 35409 | 33,623 | 33772 | 39,866 | 32,818 Test Results Present Design | p o ced Results
32| 20,623 | 35,136 | 33277 | 33466 | 39,455 | 32,447 D Code _
33| 31932 | 34953 | 33,046 | 33269 | 39,191 | 32,206 Ec MPa) | & ke il ke il
1-1| 27307 | 0.00252 | 34261 | 0.00421 | 26,812 | 0.00253
e AR A 9 7 ehA Aol ] 12| 27,647 | 0.00260 | 34,098 | 0.00410 | 26,521 | 0.00246
oo oA = 13| 25927 | 0.00265 | 34,227 | 0.00442 | 26,750 | 0.00265
+ Tk Table 4~7¢] YR GIT). Table 5, 6914 A 21| 29485 | 000243 | 34,754 | 0.00409 | 27,695 | 0.00246
A 25 2R ES] S e the A ()~ 22| 29264 |0.00263 | 34,683 | 0.00410 | 27,567 | 0.00246
52+ 2t 23| 25065 |0.00239 | 32,534 | 0.00384 | 23,797 | 0.00230
3-1] 28600 | 0.00285 | 35409 | 0.00450 | 28,886 | 0.00270
gt #38] EL R A A 7] Z2(KCSD 1996)” 32| 29623 | 0.00264 | 35136 | 0.00423 | 28,387 | 0.00254
: B, = (1,050 y/f + 7,000) (MPa) @ 33| 31932 | 000250 | 34953 | 0.00385 | 28,055 | 0.00231
?_P} 25 E T A ) 2KCSD 2007)5) ’ € ¢ strain at peak strength of f—e curve = Qf(,k/E;3
=8,5004/fy + a1 8 (MPa) @ Table 8, Equation for ascending branch of f—¢ relationship”
ID Equation Researchers Coefficients
Norwegian Code NS 3473(1992)" Hognestad(1951) ,
:E’c:47830fck0-3(76/2'4)1-5 (MPa) ?3) Model (12 Kent(1971) a=
1 Fafitis(1985) e
ol 5 New RC(1988)6) Nosuchi19%3)
Model BX Desayi(1964) g=2
B, =4,025(7,/2.4)* {/f, (MPa) C)) 2 T x Collins(1991) | B=08+7,,/17
Jang et al (1996)6) o | axegnye | S99 | R
: E,= (1,000 /f,, +7,300)(7,/2.4)"” (MPa)  (5) 3 PHAmR B 1993) A=E(e/1.0)
B=15-0.002f,,
oro] A|S3} 7ho. 7HE ERAALAlS K get 7 " A=ele, Y=ila
It 1= ET 7o doTTT= o v =
s=ormsts| K|, 27 A 23, 20124 51
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Table 9. Equation for descending branch of f—¢ relationship”
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Table 10, Summary of test results of test beams

D Equation Researchers Crack (kN)|Yield (kN,mm) Ultimate (kN,mm)|
- ID Failure pattern
Desayi(1964) Per Py Ay Pu Ay
Singular Model 2, 3 Collins(1991)
curve Model (See Table 8) L33 22.6 56.5 | 147 | 84.0 725 Flexure
Sun(1993) M33 23.6 127.1| 2.50 | 134.4 2.71 Flexure+shear
1-0.15X
Y= T 00038/, Hognestad(1951) L39 239 57.5 | 1.68 82.6 15.66 Flexure
Plural curve Y=expl—kle—g)""] Fafitis(1985) M39 232 12871 1.98 | 1741 3.73 Flexure+shear
Model (Fr—10)(c—c,) ] L45 339 552 | L.14 | 979 13.55 Flexure
T 0005) T Noguchi(1993) Mas| 287 [1283 234 | 2013 | 3083 Flexure
f=¢/la, Taeta,e +a,é Saenz(1964)
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Fig. 4. Crack pattern of test beams,
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