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Concrete according to the Coarse Aggregate Type and
Elevated Temperature Condition
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YDept. of Architectural Engineering, Chungnam National University, Daejeon 305-742, Korea
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ABSTRACT

Strain properties of concrete member which acts as an important factor in the stability of the concrete structure in the

event of fire, significantly affected the characteristics of the coarse aggregate, which accounts for most of the volume. For this reason,
there are many studies on concrete using artificial lightweight aggregate which has smaller thermal expansion deformation than
granite coarse aggregate. But the research is mostly limited on concrete using clay-based lightweight aggregate. Therefore, in this
study, the high temperature compressive strength and elastic modulus, thermal strain and total strain, high temperature creep strain of
concrete was evaluated. As a result, remaining rate of high-temperature strength of concrete using lightweight aggregate is higher
than concrete with general aggregate and it is determined to be advantageous in terms of structural safety and ensuring
high-temperature strength from the result of the total strain by loading and strain of thermal expansion. In addition, in the case of
high-temperature creep, concrete shrinkage is increased by rising loading and temperature regardless of the type of aggregate, and
concrete using lightweight aggregate shows bigger shrinkage than concrete with a granite-based aggregate. From this result, it is
determined to require additional consideration on a high temperature creep strain in case of maintaining high temperature like as
duration of a fire although concrete using light weight aggregate is an advantage in reducing the thermal expansion strain of the fire.
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Fig. 2 Coefficient of thermal expansion of several coarse
aggregate

Table 1 Experimental plan and concrete mix proportion

b o
ol whE a1 oJshE 548 H7lsho] ﬂz}E EEL)
B2 188 TERE YA #8495 A5
st

& Yepith AgEAE ARt —E—ELFAEE] 73% o
WA & AREsE ZAEEC) Hlgte] W AFAEE B
ol7] wiEel Ael7hrs Hrlste] sdd AEE d
NeZ: ZAYE wighs sl

ek WBE AnbEAl FABES] A9 35%, Al
S A3 2P ES] A 33%E o IIEAE
S 40%= AT

o
=
3T

e ro kM

L3 HiAlet gl bR 20, 40%E Adtska
£EE 20, 100, 200, 300, 500, 700 C & 7g3lo] =
wolM el aEgFAEd HAeE sk, Tt
o DAY} LEfA TN ] a2 A
& 574 soith

AT

22 AR =

of Aol A ARRE Ame
]/]—H'}}\J—— %L_ ZHE)J ﬂ—@-}_
Table 4°f Lrebyllvt. A A

3L
-
S ApaR AGIAE g 2o
=]
=

2]4 A& Table 201
Table 3, AHZAATE

oa
oy Mo g

= =
Ag A8 BaRlES FA JET
o AelHES ARE dn] 8% A §s
I3 Q3 Naoo]oi
F 20mm, % 2.65 g/em’ %
/\Z]'Z——_]"“ O]H]'SE_V—ZHE /‘}%éﬂi (Sl
13mm, U5 1.79 gem?’, 558 17.4%2] ClayAdle} 7]
°f coal-ashs F7}sto] Awel F8 2 EAHES 7
Mg HA 13 mm, Y= 1.68 glem’, F5& 15.3%2]

. . 3
W/B| f« Slump Air | S/a | Loading Target Aggregate Unit weight (kg/m’) .
ID %) |(MP -flow o o f temp. Test item
(%) |(MPa) (mm) (%) | (%) | (*fa) (C) type wlclsFls!| g
NW| 35 | 63 Granite |165(470| - |692|1075| " Spalling properties
* High temperature compr.
650 0.0 20, 100 |Liohtweicht strength
CL| 33| 55 + |42 | 40 0.2 {200, 300 g(CIay)g 1551432 38 | 687 720 | . High temperature elastic
100 0.4 |500, 700 modulus
cal 13 59 Lightweight 15514321 38 637! 676 | * Thermal expansion
(Clay-ash) * High temp. creep

248 | =23 Est| ==& M26H M|3= (2014)



Table 2 Mechanical properties of used materials

Material Physical properties
Cement OPC
(density: 3.15 g/em’, fineness: 3630 cm”/g)
Washed sand
Sand . 3 .
(density: 2.64 g/cm’, absorption: 1.03%)
NW Crushed granite aggr. (size: 20 mm,
density: 2.65 g/cm’®, absorption: 1.0%)
Coarse CL Clay lightweight aggr. (size: 13 mm,
aggr. density: 1.79 g/em’, absorption: 17.4%)
CA Clay-ash lightweight aggr. (size: 13 mm,
density: 1.68 g/cm’®, absorption: 15.3%)
Silica fume | density: 2.2 g/em®, fineness: 200000 cm*/g
Super . ..
plasticizer Polycarboxylic-based super plasticizer

Table 3 Chemical composition of coarse aggregate

Chemical composition

Type [~
SlOz A1203 F€203 CaO MgO NaZO Kzo

Granite | 72.0 | 155 | 1.8 | 2.3 0.1 4.4 3.1

Clay | 692 | 16.7 | 7.5 0.7 1.4 | 09 1.8

Clay

728 | 13.6 | 3.1 1.5 0.7 1.5 1.2
-ash

Table 4 Coefficient of thermal expansion of coarse
aggregate (x10%7C)

Temperature (C)

Type
20 | 100 | 200 | 300 | 400 | 500 | 600 | 700

Granite | 6.1 | 48 | 74 | 9.8 | 122 | 145 | 21.1 | 21.1

Clay | 57 | 52 | 58 | 62 | 65 | 68 | 81 | 7.5

Clay 40 140 [ 3235|3943 |52/ 49
-ash
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Fig. 4 Strain measurement overview
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