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An Experimental Study on the Mechanical Behavior of Concrete

Using Non-Sintered Cement
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Abstract

If cement could be manufactured with industrial byproducts such as granulated blast furnace slag, phosphogypsum,
and waste lime rather than clinker, there would be many advantages, including the maximization of the use of these
industrial byproducts for high value-added resources, the conservation of natural resources and energy by omitting the
use of clinker, the minimization of environmental pollution problems caused by COs discharge, and the reduction of the
production cost. For this reason, in this study, mechanical behavior tests of non-sintered cement concrete were
performed, and elasticity modulus and stress-strain relationship of non-sintered cement concrete were proposed. Nine
test members were manufactured and tested according to reinforcement ratio and concrete compressive strength.
According to the test results, there was no difference between general cement concrete and non-sintered cement

concrete in terms of flexure and shear behavior.
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Table 1. Chemical composition of raw materials

ltem Oxide composition(%) Specific

Type Si0, AkOs CaO0 NaxO KO SOs; gravity
GBFS 3476 1450 41.71 0.14 044 0.13 291
APG 1.34 0.12 4097 0.06 - 54.93 2.88
DPG 1.08 0.07 3228 - - 43.29 2.36
SL 0.19 65.88 - - 1.13 2.27
WL 4.88 162 4212 0.1 189 3.12 2.22
OPC 2088 539 6473 027 022 165 3.15

3.2 H{A&M AHE E3L|E Hjg ¥ &M

F32)EO] HlghS Table 29t Zron HE XHIE ujg}
o] Ao HRIY ok 1% AME 100%2 AMgsIgen,
v/ AHIE viRke] 749, SefL, SR A=A 2 9
2 AFAIS 7 1 21 12 33 ARSI KS F 24059 9
Aslo] ZIEES ARSI H 10X 20cme] EEo €
Asle] Z7] oFBA(65T, 80%RH)OIA 8AIZE FAEE the:
20+2781 5ol oY 33, 7, 28, 90U Ao
=, 8, s A

Table 2. Mix Proportion of concrete

Unit Weight (kg/m?)
B S
576 629
485 670
340 651

W/B

1 28.6
33.3
40.0

Sla

39
39
38

W
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162
136
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Table 3. Detail of test beams
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D bmm hmm dmm f« MPa) f, (MPa) As (mmd
L33 33 D10-2EA
M33 33 D16-2EA
H33 33 D22-2EA
.39 39 D10-2EA
M39 120 240 200 39 400 D16-2EA
H39 39 D22-2EA
L45 45 D10-2EA
M45 45 D16—2EA
H45 45 D22-2EA
J?P
AN ‘ O
150 500 500 J 150
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Figure 2. Test setup

Figure 1. Dimension of test beam
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Table 4. Test results of concrete compressive strength

D fo (MPa)
Non-sintered Cement TYPE | Cement

1-1 57.49 44.73

1-2 56.56 39.97

1-3 57.29 4223

2-1 60.35 4415

2-2 59.93 4181

2-3 48.07 44.73

3-1 64.29 46.67

3-2 62.63 46.46

3-3 61.53 43.67
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Table 5. Test results of concrete elasticity modulus
Test Results Present Design Code Proposed Results
E. (MPa) €0 E. (MPa) o E. (MPa) €0
-1 27307 0.00252 34,261 0.00421 26812  0.00253
1-2 27647 0.00260 34,098 0.00410 26521  0.00246
1-3 25927 0.00265 34,227 0.00442 26,750  0.00265
2-1 29485 0.00243 34,754 000409 27695  0.00246
2-2 29264 0.00263 34,683 0.00410 27567  0.00246
2-3 25065 0.00239 32534 000384 23797  0.00230
3-1 28600 0.00285 35409 0.00450 28886  0.00270
32 29623 0.00264 35,136 0.00423 28387  0.00254
3-3 31,932 000250 34,953 0.00385 28,055  0.00231
%

€, strain at peak strength of f— e curve = Qf(:k/Ec



An Experimental Study on the Mechanical Behavior of Concrete Using Non-Sintered Cement

(e 2
fc_fck[so (30)]’ SO—EC 0=< €= ¢
0.15
= _idg (e—€y) +fup £, =00038 ¢ < €< e, (2
0 cu
Hay AME FI2ES FE-HYE WS

Hognestad Modelef| 2-83FH 1 zjoj7} nfje & Aoz
Uehy, & Aol BAA A=ae ARA vlad
AHE FZ3EQ] SE-HFE WAE tha 4] 3)2 2ol
ARkt om, 11 A3l AakE Figure 3o UERASIT

126 1, ¢, 1.2f
_ _ (L = < e<
fc fck[ & 5 80) N & EC = €= €
0.15f,,
fom = leme) Fhu £, =00038 6 < €< ¢, 3
0 cu

4.4 = AMEHA e ENHS

4.4.1 924 AWME Z3YE EA
T2 AFAY] EAs H7to] AREE vl ARIE 23
ZEO] 2-HFE AL T} Figure 49} At}

70
& 60 ——
£ o Gt P T m——
= Py o =
g 40 —
£ /’4’
g 30 = f
E_ T o j e Experiment
e Hognestad
8 5
y -+==-Prorosed
a
o o.co1 ooz 0003 0.004

Strain

Figure 3. f-¢ relationship of non-sintered cement concrete
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Figure 4. f-¢ relationship of non-sintered cement concrete for beam
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Table 6. Summary of test results of test beams

5 Crack (kN) Yield (kN,mm) Ultimate (kN,mm)
Por Py Ay Py Ay

L33 226 565 147 84.0 7.25 Flexure 493
M33 236 1271 250 1344 271 Flexure+Shear 1.08
H33 231 1702 373 1939 467 Shear 1.25
39 239 575 168 826 1566 Flexure 9.32
M39 232 1287 198 1741 373 Flexure+Shear 1.88
H39 240 2477 518 2565 603 Flexure+Shear 1.16
145 339 552 114 979 1355 Flexure 11.89
M45 287 1283 234 201.3 3083 Flexure+Shear 13.18
H45 326 2201 366 2333 431 Shear 1.18

Failure pattern A, / 4y

Figure 5. Crack pattern of test beams
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Figure 11. Load-concrete strain for p = pmax
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Figure 13. Load-steel strain for p = (pmin+pmax)/2
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