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A Study on Properties of Concrete Made of Natural and Crushed Sand
in High Temperatures

Joo-Seok Kim" and Yeol Choi"”
YSchool of Architecture and Civil Engineering, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT The main object of this paper is to investigate the effects of high temperatures on the physical and mechanical prop-
erties of natural sand concrete(NSC) and crushed sand concrete(CSC). Test samples were exposed to high temperature ranging from
200°C to 800°C. After exposure, various tests were conducted. Color image analysis and weight losses were determined and com-
pressive strength test and splitting tensile strength test were conducted. The results indicated that weight losses increased as expo-
sure temperature increased with comparable decreasing rate. The results also showed that compressive strength and splitting tensile
strength and modulus of elasticity decreased as exposure temperature increased. The results also showed that residual compressive
strength of NSC decreased more drastically than that of CSC at 200°C and 400°C. Residual splitting tensile strength of NSC
decreased more than that of CSC at 200°C, while NSC and CSC showed comparable residual strength ratio at 800°C.
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Table 1 Properties of portland cement

. . Setting time Compressive
Densn;y Fme?ess (h:m) strength (MPa)
(g/em’) | (em/g) —— -
Initial | Final | 3 days | 7 days |28 days
3.15 3,430 3:40 | 5:40 | 27.1 39.7 | 56.5




Table 2 Physical properties of crushed sand

Table 4 Mixing design

W/C | S/a Unit weight (kgf/m’)
Type () [)
(%) | (%) | W C S G

NSC 50 45 184 368 780 927

CSC 50 45 179 358 769 958

Test item Unit Value
AlLO;5 14.8

CaO 5.2

Fe,05 6.4

MgO 23

Na,O 4.8

Quantitative analysis K,0 % 43
SiO, 60.7

P,0; 0.4

TiO, 0.9

SrO 0.1

ZrO, 0.1

Compressive strength MPa 123

Type of rock - Microgranite

Table 3 Physical properties of aggregates

Ttem Density | Absorption | Fineness |Unit weight
(g/em’) (%) modulus (kg/m’)
Natural 2.56 2.14 252 1,554
sand
h
Crushed |, 7 247 2.83 1,734
sand
Coarse
2.69 1.83 6.67 1,422
aggregate

100

Passing percentage (%)

| —=—nNatural sand

—&— Crushed Sand

—&— Coarse Agrregate
T T

I
015 03 06 1.2 2.5 5 10 20 25 30
Sieve size (mm)

Fig. 1 Grading curves of aggregate
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Fig. 4 Compressive strength test

Fig. 5 Splitting tensile strength test
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Fig. 6 Surface texture of the concrete samples exposed to
high temperatures
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Table 5 Average mass loss and standard deviation values for NSC and CSC

200°C 400°C 800°C
Type Average Standard Average Standard Average Standard
mass loss (%) deviation mass loss (%) deviation mass loss (%) deviation
NSC 3.7 0.44 6.6 0.27 9.1 0.07
CSC 4.3 0.40 6.6 0.27 8.8 0.29

NSC
csc
85 Ir .\

90 |

Concrete mass (%)

85 |-

80 1 1 1 1
o 200 400 600 800 1000

Temperature (C)

Fig. 7 Weight loss of the concrete specimens exposed to
high temperature
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Table 6 Average compressive strength exposed to high

temperature
Type | 23°C (MPa) |200°C (MPa)|400°C (MPa)|800°C (MPa)
NSC 36.9 22.5 17.2 10.0
CSC 28.2 24 21.1 8.6
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Fig. 8 Residual compressive strength exposed to high

temperature
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Table 7 Average splitting tensile strength exposed to high

Table 8 Average modulus of elasticity exposed to high

temperature temperature
Type |23°C (MPa) |200°C (MPa)|400°C (MPa)|800°C (MPa) Type |23°C (GPa) [200°C (GPa)[400°C (GPa)(800°C (GPa)
NSC 3.7 2.5 2.4 0.8 NSC 30.2 26.6 24.9 22.3
CSC 3.6 3.1 2.3 0.7 CSC 28.1 27.0 26.1 21.7
100
= " =— NSC \ —=— NSC
=3 . —e—cCsc S '\ -e—cCscC
2 el $ % \_
é g 80 |
(_"’“ 20 - §
o o i 1 1 L 60 1 1 1 1
0 200 400 600 800 1000 0 200! 400 €00 800 1000
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Fig. 9 Residual splitting tensile strength exposed to high

temperature
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Fig. 10 Relationship between compressive strength and
splitting tensile strength

H Table 73} 7t}
ZE T A LEELE 24 (3)2 AFESIE LS Fig. 99
a2 YeRy Sl

AE FE AR EE(%)

[eRe i
d & 3y olATlE
— 7]‘1‘5’.‘]“ E—E 1’0o "o XIOO (3)
AeoMel &4 ol ATte
200°Co] =Z&HHAL w) NSC= #ESo] FHsHA 7

aste] oF 70%9] 2HEES UERRIAL, CSCe= °oF 90%
o ZEES YERAT. SHANE 400°C2} 800°Coll =&
HAS wW= NSC9F CSC7F HI=st g Ho=u
400°CoI A= oF 68%, 800°ColAlE ©F 20%9] #E&S
Hep ATt ol 4574 = Al A9 vsshAl 200°C

A e FeRdged 93] &4 A= E ANAE AT
2 & Ao 400°C o dollM= & IS vIAA Zt
= Ao ALEHL). T3 o= ZIGES T <A}

58 | st=232|Ests| =28 M243 M1S (2012)

Temperature (C)

Fig. 11 Residual modulus of elasticity ratio
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