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Effect of high-temperature curing duration on the compressive strength of concrete
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Abstract

Concrete is an important construction material in civil engineering due to its strength and durability. However, its mechanical
properties may be altered when exposed to high temperatures, particularly those related to coarse aggregates. The use of limestone
aggregate could result in a reduction in compressive strength and the formation of cracks, whereas basalt aggregate with its high
density and superior heat resistance, has the potential to enhance concrete strength. This research investigated the effect of high-
temperature curing duration on the compressive strength of concrete using basalt as coarse aggregate. Cube-shaped concrete
specimens (15x15x15cm) were tested at ages of 1, 3, 7, 14, 28, and 56 days under curing at ambient temperature (25°C)
and high-temperature curing at 100°C for 3 and 6 hours, with a controlled water-to-cement ratio of 0.45 and coarse aggregate
sizes of 3/4, 1/2, and 3/8 inch. The results showed that basalt aggregate consistently provided higher compressive strength than
limestone aggregate under all curing conditions, especially at ages of 7 and 28 days with the compressive strength increased
10-22%, which an increasing of 10-18% and 15-22%, respectively. This enhancement was attributed to accelerated cement
hydration at elevated temperatures and the superior strength and thermal resistance of basalt aggregate. The findings indicated
that basalt aggregate is suitable for the design of early-age high-strength concrete in high-temperature environments.

Keywords: concrete, basalt, high-temperature curing, compressive strength, coarse aggregate
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Kittivadi Stone Crushing Plant
Located in Kao Kham Subdistrict, Nam Yuen District,

Ubon Ratchathani Province, Thailand.

{Latitude: 14.5520523, Longitude: 105.0180957)

Figure 1 Basalt quarry area located in Kao Kham Subdistrict, Nam Yuen District, Ubon Ratchathani Province.

Source: Google Earth (2026)
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1. Fapildlunsdinm
1.1 gu%u,uum‘ﬂ@{mmum‘ﬂasmw?{ 1 AW wen. 15-2562 (Thai Industrial Standards Institute, 2019)
1.2 NIAIINAZIBRLABTINTR (NE) ANNNIRTFN ASTM C33/C33M-18
1.3 wamNvnuTia iy AMuNInsgIu ASTM C33/C33M-18 A4 (Figure 2(a))
14 yoasauvenualinfiutzTeas LN nunadln vz aaas fuainany s1neniu Sanin

gUATITET AINNIATFIN ASTM C33/C33M-18 44 (Figure 2(b))

Figure 2 (a) Coarse aggregate of limestone, and (b) coarse aggregate of basalt.

2. MawisENFnetNmAdey
Lm?‘ﬂuﬁq@ﬂ'ﬁQLLvim@uﬂ?mgﬂ?im?iﬂwmqﬂmﬂﬂ’mmm 15x15x15 Laufinms Inaldgnadaurinsie
Yudius (wic) Wi 0.45 guiunngmINan A 6 ans iuasaNawIn 3/4, 1/2 uay 3/8 o# wrazgmnId
3 fretne waztnneldidewls 3 Seuls durd nstinfigumgAung 25 esAsadaa nnsuniigumgiige 100

a

asAaea waan 3 99l uarnisinnguingige 100 asrmaioa wWuwan 6 dale Ineneasunidsdn

m@qm@uﬂ?‘mﬁmﬂ 1,3, 7,14, 28 LAY 56 14 99U79EU 324 Aaatng A4 (Table 1)

Table 1 Number of specimens used for testing.

variable quantity remarks

water-cement ratio (w/c) 1 0.45
mix proportion aggregate sizes: 3/4", 1/2", and 3/8"
specimens per mix specimens

curing method N25, H100/3h, H100/6h

D W w o

curing ages 1, 3,7, 14, 28, and 56 days

total 324 specimens
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3. ARdaudIUNANTRIADUNTA
= <, ~ v o Sy = - a o
nsAnuildaunannaunsanngnsgnaanuunliidndounsit laun Judiuus 550 Atanfuse
gnuIAfNes Naasanazi@un 720 AlanfusagnuiAfinns Naasauney 815 AlaniusagnuiAfinms uazin
248 Alanfusiagnuirriums Tnaaruandnsdauisadiuus (wic) Wit 0.45 Metifinisuasuulasienizaiia
wazauIATeINIaTINue UL Tneldiugu (CAC) wariiuuzdans (BAS) 1u1m 3/4, 1/2 uaz 3/8 U3 Aiaatins
paunzaugnuAfaun 15x15x15 LruRmns waztuniels 3 Rewls laun gouugfUng 25 asauaaidasa

a

(N25), 9ounaHge 100 avAnaaidasd 3 991na (H100/3h) uazgung)ige 100 asmnmaiiea 6 §alug (H100/6h)

q al
o

Tnaidtyanend CACO1, CAC02 uay CACO3 UnuFaatineil liuu aunn 3/4, 1/2 uaz 3/8 13 491 BASO1, BAS02

WAY BASO3 Wnufaete IMAuLseas aun 3/4, 1/2 way 3/8 a ANNANSL Fa (Table 2)

Table 2 Mix proportions of specimens for testing.

cement sand coarse aggregate water w/c slump
specimen ID

(kg/m?) (kg/m?) (kg/m?) (kg/m?) ratio (cm)
CACO1 550 720 815 248 0.45 4.40
CACO02 550 720 815 248 0.45 5.30
CACO03 550 720 815 248 0.45 6.00
BASO01 550 720 815 248 0.45 4.00
BAS02 550 720 815 248 0.45 4.50
BASO03 550 720 815 248 0.45 5.20

4. mammmuamamjﬁLﬁmrﬁ’fummmmw

4.1 1RI1TINIINTTALTUIALAL AN TN AAIINATIBELATBINIATIN TENIINARBLAINNINTTIN
ASTM C136/C136M-14 Lﬁ'@%mew"miﬂimwﬁqmwmmwmmmzmm’wmmimmLa?immmmqu (ASTM
International, 2014b) m@mwmmuﬁié’gﬂLLI‘?\EULﬁﬂuﬁu%@ﬁmummmmgm ASTM C33/C33M-18 (ASTM
International, 2018)

4.2 Vlm’eﬁﬂ‘]_lﬂlﬁﬂ'mlm")\‘i“ﬁﬁLWW?JLL@zﬂ’W?@m%N‘j’]‘ﬂ@QN’JZ\]ﬁ‘@NZ\]XLa?;Im FENIMARBUAINNIATFIU ASTM
C128/C128M-15 Lﬁ@mrﬁhmmmﬁqLWﬂzLL@:rﬁhm?@m%uﬁwmmmamzﬁmm (ASTM International, 2015b)

4.3 ‘wmm‘ummwmﬁww:m:ms@um%uﬁwmmmqwmu aﬁmﬁ‘wmmumummﬁm ASTM
C127/C127M-15 Lﬁ@mmmmdwﬁﬁwamzrﬁhm?@m%uﬁﬂ YAINIATINULL (ASTM International, 2015a)

44 mmmum‘wmsﬁnm@c»ﬁ”amm’%‘lmmmmumam (Los Angeles Abrasion Test) A5N19IMAGIUAN
NIMIFIU ASTM C131/C131M-14 el fIuAMNAIUNIUN SR NTTa LN ATINMEN L (ASTM International,
2014a)

45 yegeUAMLE I MINIesaAmALas BN A ?J%mmmmummmmﬁm ASTM

C29/C29M-17 LNAUIAN MU MINIBINIA TN LA L BN UTR99195219 9 ANIAT9H (ASTM International, 2017)
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¥
nimaaauAuaNtRilesiueanea s ldlssiduaAn e 19N18A N 1Y 1WA N1INTTALED

v ! v
AINMUILUL N19YATNUN N19ANYTE waztEumudeddne SuduiugiudrAnyluniseenuuudiunanaeunsm

AINKANITNARBLINLGN FULTTOAFHANNIWILUNEY AaTNUNTes waznun1sdnusegendiiiugu A3 (Table 3)

Table 3 Properties of aggregates.

property sand limestone basalt
fineness modulus 2.93 3.49 3.51
specific gravity 2.62 2.60 2.69
water absorption (%) 0.80 0.88 0.45
dry unit weight (kg/m?) 1,600.00

- 3/4" 1,485.00 1,488.00

-1/2" 1,440.00 1,449.00

- 3/8" 1,447.00 1,458.00
abrasion (%) -

- 3/4" 19.00 13.90

-1/2" 22.40 15.10

- 3/8" 24.00 17.80

5. ‘wmfaﬂummmmmmmmﬁuﬂ.ummm AARZUDIAULITTDAG

N1IAgeLNIIUIAdINAazTesliu uwaziiuuzsaas InaseuttunzunseauIannsgdullnng

NIMTFIU ASTM C33/C33M-18 Livan nuadnsndiunanaasianuaasania 2 aia Wldrunaaziimunzas

IP8IN19NITANETUIAIATBINIATINUAAIAIENIIN AN ANRUTIENINTUIANZUNFININTTIN A9 (Figure 3)
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Figure 3 Particle size distribution of coarse aggregate.
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6. NNINARBLAINNIYLFIUBIADUNTA
ABN1INAFELAINITELUFAITRIABUNTA (Slump test) ANLTHUNITAINNINTFIU ASTM C143/C143M-20
Tnavinnismaae uiuinasainuandan edlssdiupnuainisnluniamaesnauningn (workability) (ASTM

International, 2020b) A4 (Figure 4)

Figure 4 Concrete slump test.

7. MTUNARUATANEUNINAREL
wdsannudametsneumInudaaznFifussaion 24 4alie AnsaeAuLL ANt
Tuiunneld 3 Fesla ldun
7.1 ﬁu‘luﬁmmuauqmmﬁﬂﬂﬁﬁ 25 aATATA
7.2 ﬁu'ﬁlqmmﬁqq 100 asAmaldea Wiuszaziann 3 dalus

7.3 Unguugigs 100 asAtadas Wuszaziian 6 9alug

]
' ' '
= o

] t-=ll a A a A s ¥ tdl o o :I/
NITUNVNUNRANGUTNINAADUNTANDNE 24 d2Tuq Taaldasn19ANmAINIZEZ A NANUUA NaIaINT

ANAIRENIABUNTAMRE LEUNAaIaAnNe e uN174REANTY AMNNIATTIU ASTM C171/C171M-20

(ASTM International, 2020c) uaztinlinauluanniondandnfing )il 25 asrmaiiag aulivengnaasy 1, 3,

q a

o o

7,14, 28 UaY 56 T4 NAUNNINIINARALANAIEA Ad (Figure 5)

Figure 5 Concrete curing under specified conditions.
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8. NAALMAISALITZALUBIUYNABLNTH
NAROLNNAE AL SZAHUBITNABUNTANIIGNUAAT WA 15x15x15 HUANAS NegLiNAWnTA 1,3, 7,

14, 28 LAz 56 11 ?ﬁmiwmmumummgm ASTM C39/C39M-20 (ASTM International, 2020a) 64 (Figure 6)

Figure 6 Compressive strength test of concrete.
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L i o "o g =2 3 4 = = o P a P
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1.4 /1N (Table 3) m@miwmm‘ummiwﬁwﬁﬂmmm@mwmumummﬁm ASTM C29/C29M-17

ol 1 A 1 1

v
Wugn widaemineesiuuvreasiAngendndiugwandes lunnauiaia TnediuguilAneg lugag 1,440-1,485

U

Alanfusegnuiafiums uazivusaoasiaiegluda 1,449-1,488 Alanfusagnuiafiums Arudaauiuninigs
NINAaUINAMNMUILLUIAZNIAAFIFAIT89IA NI AFINNUUUNGT Te8DARARBITLIANANTINNANNZAGINTD
e o A P ¢ \ \ ' & = X o
AUANTALAIA T AUNTAN A INMUUUIANTY dosanFuindesinenisuiianounss waziaesan1awmu
AR ARAZANINNUNIUIBIARUNTA LUITEIZEINT
2. NINARBLAINTYLIAILDIABUNTE

A7N (Table 2) HANIINARBLAINITYUAIIBIADUNTANNERINAUUN A WHuus (w/ic) AT

0.45 wud1 paunsaf MduaasanauaIniugu (CAC) lAnsyusagandinaunsan ldiuuzaaas (BAS)

@nties Taepeunsn CAC HANsgusiaag lutag 44-60 HaAms Anusinaunan BAS Hanag/lutng 40-52 Hanuns

v
¥

ANNULANANAINA A TieuiNAnaNLTRTesNaN Ineliuuzteadidunaasuninisgedniitiannd) Hiladan

d‘ 1 = v v EOJ nﬂy = Szdndgl o v o =3 4
Nuuuazigngudes dealiainnsonsuandiunni luitaneuninlasau uasinlianisgustanaudniios

1 =3 1 o = dl ya & o 1 1 lﬂl ¥ v 1
agslsfinan AnisgusarespeunInfldiuuzseasditaeg ludaainsaldeuldninninsgu uazlidang
NITNUFADAINAINIIN IUNNFNUATNIIEALUL LHBNANTUNFINALNAN1INAFDUNAITATIINGT wanS TN
nsldiuuzaaasi TN LTERNAMNTWILLL ANTTOULITING WATAYINNUNIUIBIABUNTA LUTRIZENY

v U o l; 1 = dl ya 3 3 =3
widnAnsgufazAnd A unTan iU wandeainN

3. NATBINITWNUNNIATINAL LA LAULZTDAFHBN 1IN UINAIT ATdARUNTA NeldeulunisLy

o

umnsnaniu /9 (Figure 7)

300+ N25 [ H100/3h g H1006h (a) 300 - N25 [ H100/3h [gg H100/6h (b)

250
200
150 A
100 4

50 A

compreesive strength (ksc)

compreesive strength (ksc)

CACO1 CAC02  CACO3 BASO1 BAS(®2 BAS® CACO01  CAC02 CAC03  BASO! BAS(®2 BAS®
size of coase aggregate size of coase aggregate
400 - N25 [ H100/3h [g H100/6h (c) _
400 - N25 [ H100/3h gg H100/6h (d)

compreesive strength (ksc)

compreesive strength (ksc)
N
8
,

CACO1 CAC02 CACO3 BASO1 BAS®2 BASG3 CACO1 CAC02 CACO03 BASO1 BAS@2 BASO3

size of coase aggregate size of coase aggregate

Figure 7 Development of compressive strength of concrete specimens at curing ages of (a) 1 day, (b) 3 days,

(c) 7 days, (d) 14 days, (e) 28 days, and (f) 56 days.
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Figure 7 Development of compressive strength of concrete specimens at curing ages of (a) 1 day, (b) 3 days,

(c) 7 days, (d) 14 days, (e) 28 days, and (f) 56 days (continue).
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Figure 8 Compressive strength of concrete specimens subjected to various curing conditions with three

coarse aggregate sizes: (a) 3/4 inch, (b) 1/2 inch, and (c) 3/8 inch.
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Figure 8 Compressive strength of concrete specimens subjected to various curing conditions with three

coarse aggregate sizes: (a) 3/4 inch, (b) 1/2 inch, and (c) 3/8 inch (continue).
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