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Characteristics of Strength Development of Ultra-High Performance
Concrete according to Curing Condition
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ABSTRACT Ultra-High Performance Concrete (UHPC) has recently been one of the most active research fields in Korea as well as
in foreign countries, because it can contribute to a longer life and economic efficiency of structures. Although precast-type UHPC
fabricated in a factory is preferable in terms of quality control and reduction of construction period, there exist, even in the precast
structure, some parts that need to be cast in-place such as the joints between precast segments. In the cast-in-place UHPC, however, it
is probable that an optimum curing condition can hardly be realized in contrast to the factory production. In this study, therefore, the
trend of compressive strength development of UHPC was experimentally investigated by assuming various inferior curing conditions
that may be anticipated at a construction site. Concrete specimens were fabricated and cured under different conditions with the
variables such as curing temperature, delay time before the initiation of curing, duration of curing time and moisture condition. The
strengths were compared with those of the specimens cured by standard high temperature steam. Through the analysis of the test
results, some minimum requirements for curing have been proposed that are required when the UHPC is cast in-place. It is expected,
through this study, that practical use of UHPC in construction sites can be increased.
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Fig. 1 Composition of K-UHPC

Table 1 Mix proportion of K-UHPC (ratio in mass)
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(a) Heating chamber

Fig. 2 Chambers for curing test
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(b) Constant temperature and humidity chamber

Fig. 3 Compressive strength of K-UHPC with different curing
conditions

T-M-DT-CT

Curing temperature <J L) Continuing time

4 = 40°C 12 = 12 hours
6 = 60°C 24 = 24 hours
9 = 90°C 48 = 48 hours
72 =72 hours
Moisture condition > Delay time
D = Dry 12 = 12 hours
C = Confined 24 = 24 hours
W = Water 48 = 48 hours
S = Steam

Fig. 4 Abbreviations of variables of curing test
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Table 2 Variables of curing test

Curing
temperature (C)

Delay time | Continuing time | Moisture
(hours) (hours) condition

12
12 24
48
12
40 24 24
48
12
48 24
8 Dry,
12 confined,
12 24 water,

48 steam
12
60 24 24
48
12
48 24
48
48
72

90 24

& Aty FALE7F 90TCeA 60CE FAFS
rrt 60Tl 40CE WstS wl et o & Fo
2 Fadhes Ao yepwtt U 2190 A-gelvt oF
Ao} ZFEe] TAZE Aol 77k Ao® yErsith

40CE FE A BadF4Es Yo 1ol
149.0 MPaZ 7} z1 oM, Ax ZAA 131.7MPaZ 7}
& A dEbsth 40C Aol HE 21 A1EA 9
BE7F 7TEF R 23 AlFARY oF 10% B F7HE
Ao R YRt o] 40C 9 AT 7|EF A2
TR0 B nE G £Fo|Bng PArrl £ ZARTE

A &Y ool ALH o Wi A7t fAHf 2
AE o] o] FLHA kil 3t Wkl AR
T AT AR o i 239 A el ARE
FRE S g 7ol FAE AL 1 919 VIR, AL
S A A ADARE Sotely 2P TR F 7Y
AFAA = 71 el mEHs o dAslor
2 ol 71 e Eebo] g TRl vz 714
A Ede] BYd dFE FI) "WEorR AlRdd
ol vs Aeyhr H3vE A vhel o] Ak
o] df¥ TAYEE Hi 7UNS FHYAES AN
o] nigrA stk A& hAlskaL glek”

g, 60C 3l 90CE FE Afels T7148 =4
o kA= 7P 2 Ae® YEpdth o= 60T 9
90C L9 FALEE HlwA ol Hapr] vl

Fig. 5 Compressive strength according to curing temperature
(T-M-24-48)

Table 3 Compressive strength according to curing temperature (T-S-24-48)

Compressive strength (MPa) Average Standard deviation
Variable compressive (MPa)
#1 #2 #3 strength (MPa)
4-S-24-48 142.3 133.6 133.0 136.3 4.25
6-S-24-48 179.9 170.9 171.4 174.1 4.13
9-S-24-48 200.6 201.5 200.8 201.0 0.39
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Fig. 6 Normalized compressive strength according to curing temperature (T-M-24-48)

300 | =232 ESls| ==& Mi25% A3= (2013)



v o] Yetstth sHAINE A= 90Tl = 3
]S A1 48A 7 ol A =it 7o AAIQle] olv] A 7
A Ao M e AAVEREES Z33 wbE, FRLeT
40C 2 60CelA = F AHAE 48A7H] 5 KB
ol AA7|E7E 180 MPaoll w]X#] F3h= A9E A
ATt

Fig. 7(a)9} o] 40CE ¢8E A-Fol= Be FA
el A de 218 FAA G4FAEE B A W
ERTh o] 321804 A5gh npel o] 40Tt 1
WA B 2EoAE AL 2% ARG R X
Aol o & &S o, Wi o] F& f4 =
ol F2lgr] WEo g Algdr}) Fig. 7(b)E Fx3)
60C = FAE A5 2431 o]ske] FAIA bl thali A=
ofds] e 279 Aert Ve i 29 AEEY
IA AEE Ao 48X FAAIFA = o 20
AT A FARRE Aoz et o= 60Cet
< 2527} 48*17“’13}” i OE*M{P s

o >4

_4

(g

Ir
=
=]

N

i

il
2
rl
F

A A4S vERd d iZﬂ:—% 7]%2_%, %“3’\1@0] 24
AlZEel A 4gA o R e ) dEAETE AFF R
S7ketth 7pdstar et SHES A &Skl olelst
7ol Fig. 7(a) 2 (b)oll 7 dehdol=] Stk ALt
A 40C FAAENAM = F 136413 =, A5 7o
6% A% Gk, 60T 2o F 1A%, F, °F 3
AZF FBE ArstH AAVIEA R 22 7 s
Ao o Z¥th Matsubara 572 AT AE 40TC
EE 60CR 7 o/t FAS AN AF 2 Are A

2

NEATO /1% W 180 MPa o 4be] mekals Zlo

2 Uehgorng, dAgeld vlas BolaA 7S

01&; 40Co] o]:}\g 7\7—]/] 7:] 70;4 7(4 l:77]_x] o]:/\gg_ }é
Al&hE 180 MPa W 2] 2] K-UHPC AA7| =4 =S A3 &
F QS o7 AFHr) Fig. 7(b)olME e 2 7
o]l vl A Ao 77k U 2l viste] Ay 3
A& Abe] Htrh o 7]elA = FgAIZTol T

Fig. 7(c)8} %ol FAXE 90T += BT I2Fa
A Aol FAAITEQD 48417 KB HlwE 3 72
12l gia] k2 Ags AAEed, Ax 2108
Aestas FAAZE St e dFAEE SHEHE
Zoz Yelstth o] 71E A Axelw ¥gska 3l
O, AR NS O 58l A2 U 7
Zevlo] W Az ?éé}Ol Fsks wA 2 s A
Tt 231y #ad £ glorg Fogol o 3t

H, Adx x4 lﬁi]oﬂ/ﬂ‘_ 90CE 7277 &]F FA

e W esle] vt vha HdaskeE Ao vEk
g o] PREAR 9] FolA] o] FEEA ¢
Bof A a12o] ks A W ulA Zde <
= Atz
Fig. 8°llA+=

o o r|f

A
T
7

ol g

=Y

40C 2 60C2) FPeT oA A

(a) Curing temperature=40C (4-M-24-CT)

(b) Curing temperature=60C (6-M-24-CT)

(¢) Curing temperature=90C (9-M-24-CT)

Fig. 7 Compressive strength according to continuing time
(T-M-24-CT)

ETMS 232|E0| UM

—

ol ME H ge 591301



A AAAZE oA F4 3 244
Ao Z TS wo] JFS st AAAITE 24
Al zre] gt 3= Fig. 7(a) B (b)E Fxshd Hh
Fig. 8(a)5 #Z3hd 40T, A AAIZE 12A4)17HL w] Uy
oM AE T FAR & w59 e Aaehd
FEE ool £
P 2elA A ddo] 7P gEEslEH ol Al
ARl g TAE e 7o) o] AA -7
| EallAQl Ao® ghdkbdth 2 % 223 FfollA,
Fig. 7@)% 72 AAAZF 24A1 MM AAVSA S
T2 A7 690] A2 E oM, Fig 8(b)ek o] A
AlZE 484 7¥°ﬂ* T FAAIRRO] 24A7bS AR E A

7k 9ol 12A]17F W 48

O

M

g

N

MET} A9 glomw nE GRS § dgetree
AA E E%ﬁw 28 Aow dFEth 40T
o] AN 4817k A B3 AL AANZE 2441

o T 1=
W R U 2deA AR ddo] 7 st
Qo o= ok MYy Wy zHo] fst o f-2
2 o}E} o]/ 7E‘ ] 40C oAM= A ARzl 4
Al E2st d9E At
fzbd, Fig. 8(c)%} %01 60C, AAAZE 12A17FAAM =
Az 215 Agsta WA i 2710 AFAETF

H 0
FAFSHA WERsk o,

dz zdelNE $HEEst o

=)

Compressive strength (MPa)

15% 4% AstE ek " 30
AAZNERE BEd AoR oiEglon, o
@2 Fig. 7(b)ollA A AAZE 242D wjo| = FA
o 72E LxoA Fig 8(d)et o] A AT 484
Agatols Aol dAZ 4o 27o] FEshkA
A Zko] 48X 707 ZojH ZJg-oll = alof i
TE 20 ¥R F AAZ BE S
. ©]& Fig. 7(b)oll Al L=
£& FUsta A AAZNE 244 7F0 7 UE wjol
e AAoltk Fig. 8(d)y= Lo 27l tisked

3| A 2E AAFE o= RofFa Qith
o]x18 60CollA AAAIZF 4841 7HS LS wo=
Azl A 484]3F 0“3 A AAZNEIEE R
Eallof gith o]= 40C
datol i wE AL o
ANEZ T e8] o8 v, 60C g2
8AIZE QFAIAIZE

4= oF 39 3=
ahis

ol
o ¥2 oM ot

‘|—’r0{|:_‘

]_
T

X
=
o2

2 r:i BN A
ot my AL 2 of

:

o

= O
—JZ—ZjEE X%

o 2 ax rfo ox r

=y

o &
Hu&
(2
X
N of

210
—&-C

195 +— W S

Specified compressive strength
180 P p g

165

150

i
135

120

105

10 15 20 25 30 35 40 45 50

Curing time (hours)

(a) Curing temperature=40C and delay time=12 hours (4-M-12-CT) (b) Curing temperature=40°C and delay time=48 hours (4-M-48-CT)

(c) Curing temperature=60'C and delay time=12 hours (6-M-12-CT) (d) Curing temperature=60C and delay time=48 hours (6-M-48-CT)

Fig. 8 Compressive strength according to curing time (T-M-DT-CT)
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