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The Properties of Internal Temperature of Paste and Concrete according
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ABSTRACT For this study, the semi-adiabatic temperature rising test is accomplished by using ternary system cement (OPC,
BFS, FA) reducing temperature crack. Two tests are conducted; one is for the paste test, and the other is for the concrete test. As
the results of paste tests, using fly ash is better to reduce hydration temperature than doing blast furnace slag. In the case of the
paste mixed ternary system cement, the more fly ash is mixed and the less blast furnace slag is used, the lower the temperature
is. The less the mixture ratio of blast furnace slag is and the more the mixture ratio of fly ash is, the later the temperature rising
velocity and descending velocity are. Besides, the temperature is lower if water/binder ratio is high. The use of ternary system
cement has the retardation effect of temperature rising because the time to reach the maximum temperature is in the order of
OPC100, binary system cement, and ternary system cement. From the test, the maximum temperature of concrete used ternary sys-
tem cement is 8~11°C lower than that of concrete used OPC100. Moreover, temperatures rising velocity and descending velocity
of ternary system cement range 47~51% and 37~42% compared with OPC100. The specimen of concrete shows remarkable low
internal temperature and slow temperature rising velocity and descending velocity compared with the specimen of paste because
it is that temperature loss of concrete is much more than paste specimen according to aggregates.

Keywords : ternary system cement, semi-adiabatic temperature rising test, mass concrete, heat of hydration, temperature crack
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Table 1 Experimental factor

Experimental factor Level" Unit
W/B 0.40 1
Unary OPC100
BFS100 3
Binder | Yo" FA100
proportion OPC70BFS30
(%) Binary OPC50BFS50 4
Paste system OPC70FA30
OPC50FA50
W/B 0.35, 0.40, 0.45 3
Binder OPCS50BFS10FA40
. Ternary | OPC50BFS20FA30
proportion 4
%) system | OPC50BFS30FA20
OPC50BFS40FA10
W/B 0.40 1
OPC100
Concrete OPC50BFS10FA40
Binder proportion (%) | OPCS0BFS20FA30 | 5
OPCS50BFS30FA20
OPCS50BFS40FA10

W0 :0OPC, B:BFS, F:FA
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Table 2 Chemical composition of binders (unit: %)
Binder SiO, Fe,03 CaO MgO SO; Al,O4 TiO, etc. Ig.loss
OPC 21.95 2.81 60.12 3.32 2.11 6.59 - 3.1 1.85
BFS 33.40 0.39 42.70 6.30 0.30 14.01 - 2.9 0.50

FA 53.60 9.40 4.70 2.60 1.80 20.00 42 3.8 3.4

Table 3 State and specific weight of activator 3.2.4 SOLA

Type State Specific weight AlgA o] £l AMEEHE B2 ETE o3 9
Ca(OH), White powder 2.24 WA Ysl =FFE AFRSIYoY, E3A Lx=
23+2°CE 3F3ith.

A2 AHgsIg e, 2 A4 2 UL Table 33 2t}

3.3 HHEF & AIEA ME
3.2.3 2
Al A AHAY, & A A7) A F 3.3.1 HHS
EALS AHEE o B84 A2 Table 49 FHol2E 3l FAES] w2 Table 59 Fow 5

Table 4 Physical properties of aggregate

Test item Fineness Surface dried Water Passing the 0.08 | Solid volume Unit volume
Aggregate modulus density (g/cm’) | absorption (%) | mm sieve (%) | percentage (%) weight (kg/l)
Fine aggregate 2.64 2.60 0.99 0.9 57 1.56
Coarse aggregate 6.95 2.65 0.72 0.3 59 1.56
Table 5 Mixture proportions of concrete and paste
_ Unit weight (kg/m’) o
Paste specimen W/B AA" (Bx%)
Water OPC BFS FA
OPC100 558 1394 - - -
BFS100 0.40 538 - 1345 - 10.0
FA100 500 - - 1250 10.0
OPC50BFS50 548 684 684 -
OPC70BFS30 0.40 552 965 414 - )
OPCS50FAS0 527 659 - 659
OPC70FA30 539 943 - 404
OPC50BFS10FA40 498 711 142 569
OPC50BFS20FA30 035 502 717 287 430 )
OPCS50BFS30FA20 506 723 434 289
OPCS50BFS40FA10 510 729 583 146
OPC50BFS10FA40 531 664 133 531
OPC50BFS20FA30 0.40 535 669 268 401 )
OPC50BFS30FA20 539 674 404 270
OPCS50BFS40FA10 543 679 543 136
OPC50BFS10FA40 560 623 125 498
OPC50BFS20FA30 0.45 564 627 251 376 )
OPC50BFS30FA20 568 632 379 253
OPCS50BFS40FA10 572 636 509 127
. . 3
Concrete W/B S/a Unit weight (kg/m’) Aggrogate ad.
specimen (%) Water OPC BFS FA - (Bx%)
Coarse Fine
OPC100 152 380 - - 954 864
OPC50BFS10FA40 152 380 38 152 935 847
OPC50BFS20FA30 0.40 48.0 152 380 76 114 938 850 1.0
OPC50BFS30FA20 152 380 114 76 941 853
OPC50BFS40FA10 152 380 152 38 944 855
WAA :alkali activator
MEHA AHES| M| Mt M2 HO|AE % Z32|E2 LIF2E §4 | 799
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(a) Paste test

(b) Concrete test

Fig. 1 Shape and size of the adiabatic box
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Fig. 2 Measuring points of internal temperature
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Table 6 The maximum temperature of measuring points from each specimens (°C)

Measuring point
Binder proportion @ @ ® @ ® ®
OPC50BFS10FA40 71.0 70.0 70.4 65.5 24.9 25.2
W/B OPC50BFS20FA30 84.2 82.8 83.4 78.1 25.7 25.9
=035 OPC50BFS30FA20 86.8 85.1 85.3 78.8 24.5 24.6
OPC50BFS40FA10 92.4 90.3 90.9 84.9 253 25.2
OPC100 104.5 100.0 100.9 99.4 31.2 28.1
BFS100 36.7 36.5 36.5 353 27.4 27.2
FA100 303 30.3 30.3 30.0 27.1 27.3
OPC50BFS50 913 89.1 90.1 83.4 30.9 27.5
Paste W/B OPC70BFS30 100.8 98.0 99.3 92.4 27.3 26.2
— 040 OPCS50FAS50 60.2 59.2 59.5 54.5 27.4 27.1
' OPC70FA30 76.8 75.1 75.4 70.5 30.0 26.9
OPC50BFS10FA40 63.6 - 62.9 57.6 28.0 27.3
OPC50BFS20FA30 71.8 70.3 71.0 67.0 27.2 25.0
OPC50BFS30FA20 79.7 78.3 78.7 72.2 273 26.1
OPC50BFS40FA10 87.1 85.6 85.7 79.9 27.8 26.5
OPC50BFS10FA40 58.1 57.1 56.9 53.7 24.8 24.8
W/B OPC50BFS20FA30 61.8 60.9 61.3 56.6 25.4 25.2
=045 OPC50BFS30FA20 68.4 67.0 67.8 62.8 249 24.7
OPC50BFS40FA10 76.4 74.5 75.3 69.5 24.8 24.5
Measuring point
Binder proportion @ ® © @ ® 2 ® © @ ® @
OPC100 49.4 |1 49.6 | 493 | 494 | 49.6 | 49.2 | 489 | 49.0 | 45.0 | 35.6 | 27.6 | 27.0
Concrete OPC50BFS10FA40 38.9 | 38.8 | 38.7 | 38.8 | 38.8 | 38.7 | 38.7 | 38.6 | 37.3 | 30.8 | 27.5 | 27.3
OPC50BFS20FA30 40.4 | 40.3 | 40.0 | 40.3 | 40.1 | 40.4 | 40.1 | 40.0 | 39.2 | 31.8 | 27.8 | 27.8
OPC50BFS30FA20 40.1 | 40.2 | 39.8 | 40.0 | 40.1 | 39.8 | 399 | 39.6 | 38.7 | 329 | 29.0 | 27.9
OPC50BFS40FA10 416 | 415 | 414 | 41.6 | 414 | 413 | 415 | 414 | 40.2 | 33,5 | 28.7 | 279
110 110 110 110
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zg 1% [=orc N 33 |- T~ opososrsso | zg ::::::: - OPC50FAS0 |_ | ZZ A jggggg:i:ggiﬁgg:
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Fig. 3 Temperature history of central measuring point of paste specimen according to binder proportion
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Fig. 4 Temperature history of central measuring point of paste specimen used termary system cement according to binder proportion and W/B
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Table 7 Maximum temperature and arrival time of the maximum
temperature of paste specimens used unary system

Table 8 Maximum temperature and arrival time of the maximum
temperature of paste specimens used binary system

cement cement
Specimen Max. temp. Arrival time of the Specimen Max. temp. Arrival time of the
type (°C) max. temp. (h) type °C) max. temp. (h)

OPC100 104.5 (1.00)" 14 (1.00) OPC100 104.5(1.00)"” 14(1.00)

BFS100 36.7 (0.35) 30 (2.41) OPC50BFS50 91.3(0.87) 20(1.43)

FA100 30.3 (0.29) 26 (1.86) OPC70BFS30 100.8(0.97) 17(1.21)
“The numerical value in parenthesis is ratio against to value of OPC50FAS50 60.2(0.58) 20(1.43)
OPC100 paste specimen. OPC70FA30 76.8(0.74) 20(1.43)
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Table 9 Maximum temperature and arrival time of the maximum temperature of paste specimens used ternary system cement

Specimen type Max. temp. (°C) Arrival time of the max. temp. (h)
W/B = 0.40 OPC100 104.5(1.00)" 14(1.00)
OPC50BFS10FA40 71.0(0.68) 20(1.43)
OPC50BFS20FA30 84.2(0.81) 19(1.36)
W/B =0.35
OPC50BFS30FA20 86.8(0.83) 20(1.43)
OPC50BFS40FA10 92.4(0.88) 19(1.36)
OPC50BFS10FA40 63.6(0.61) 22(1.57)
OPC50BFS20FA30 71.8(0.69) 25(1.79)
W/B =0.40
OPC50BFS30FA20 79.7(0.76) 24(1.71)
OPC50BFS40FA10 87.1(0.83) 22(1.57)
OPC50BFS10FA40 58.1(0.56) 21(1.50)
OPC50BFS20FA30 61.8(0.59) 22(1.57)
W/B =0.45
OPC50BFS30FA20 68.4(0.66) 23(1.64)
OPC50BFS40FA10 76.4(0.73) 22(1.57)

'The numerical value in parenthesis is ratio against to value of OPC100 paste specimen.
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Fig. 5 Maximum temperature of paste specimen according to
binder proportion
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Fig. 6 Effect of FA/BFS on maximum temperature of paste
specimen used ternary system cement
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Table 10 Maximum temperature and arrival time of the
maximum temperature of concrete specimens

Specimen type Max. temp. (°C) Ar;:j :::Ill;o(fh;he
OPC100 49.4(1.00)" 48(1.00)
OPC50BFS10FA40 38.9(0.79) 63(1.31)
OPC50BFS20FA30 40.4(0.82) 62(1.29)
OPC50BFS30FA20 40.1(0.81) 60(1.25)
OPC50BFS40FA 10 41.6(0.84) 63(1.31)

'The numerical value in parenthesis is ratio against to value of
OPC100 concrete specimen
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Table 11 Temperature rising velocity and descending velocity
of paste specimen used unary system cement

Specimen | Rest period of | Temp. rising [Temp. descending
type hydration (h) |velocity (°C/h)| velocity (°C/h)

OPC100 5.0 8.94(1.00)? 1.82(1.00)
BFS100" - 0.59(0.07) 0.19(0.10)
FA100" - 0.45(0.05) 0.06(0.03)

BFS and FA do not show clear rest period of hydration but
indicate a slow temp. rising from the finishing time of concrete
placing. As a result, temp. rising velocity is calculated from the
finishing time of concrete placing.

®The numerical value in parenthesis is ratio against to value of
OPC100 paste specimen.
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Table 12 Temperature rising velocity and descending velocity of paste specimen used binary system cement

Specimen type Rest period of hydration (h) Temp. rising velocity (°C/h) Temp. descending velocity (°C/h)
OPC100 5.0(1.00) 8.94(1.00)"” 1.82(1.00)
OPC50BFS10FA40 4.5(0.90) 3.94(0.44) 1.13(0.62)
OPC50BFS20FA30 4.5(0.90) 5.75(0.64) 1.30(0.71)
OPC50BFS30FA20 9.5(1.90) 2.68(0.30) 0.61(0.34)
OPC50BFS40FA10 7.5(1.50) 3.73(0.42) 0.99(0.54)

'The numerical value in parenthesis is ratio against to value of OPC100 paste specimen.
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Table 13 Temperature rising velocity and descending velocity of paste specimen used ternary system cement

wiB Specimen type of hydrmon 4 selocty (O ety Ty
0.40 OPC100 5.0(1.00) 8.94(1.00)" 1.82(1.00)
OPC100BFS10FA40 5.5(1.10) 3.13(0.35) 0.87(0.48)
035 OPC100BFS20FA30 4.5(0.90) 4.11(0.46) 1.10(0.60)
OPC100BFS30FA20 5.0(1.00) 4.15(0.46) 1.13(0.62)
OPC100BFS40FA 10 4.5(0.90) 4.55(0.51) 1.23(0.68)
OPC100BFS10FA40 8.0(1.60) 2.40(0.27) 0.68(0.37)
040 OPC100BFS20FA30 7.0(1.40) 2.29(0.26) 0.91(0.50)
OPC100BFS30FA20 7.5(1.50) 3.03(0.34) 1.02(0.56)
OPC100BFS40FA 10 5.5(1.10) 3.91(0.44) 1.07(0.59)
OPC100BFS10FA40 7.0(1.40) 2.32(0.26) 0.55(0.30)
045 OPC100BFS20FA30 6.5(1.30) 2.28(0.26) 0.63(0.35)
OPC100BFS30FA20 6.5(1.30) 2.56(0.29) 0.79(0.43)
OPC100BFS40FA 10 5.5(1.10) 3.04(0.34) 0.91(0.50)

'The numerical value in parenthesis is ratio against to value of OPC100 paste specimen.
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Table 14 Temperature rising velocity and descending velocity of concrete specimen

m

Al o3 J&
A E3A ] A

) i

Specimen type Rest period of hydration (h) | Temp. rising velocity (°C/h) | Temp. descending velocity (°C/h)
OPC100 15.5(1.00) 0.86(1.00)" 0.19(1.00)
OPC100BFS10FA40 19.5(1.26) 0.40(0.47) 0.07(0.37)
OPC100BFS20FA30 19.0(1.23) 0.43(0.50) 0.08(0.42)
OPC100BFS30FA20 20.0(1.29) 0.41(0.48) 0.07(0.33)
OPC100BFS40FA10 20.0(1.29) 0.44(0.51) 0.07(0.33)

“'The numerical value in parenthesis is ratio against to value of OPC100 concrete specimen

Table 15 The comparison of temperature properties between paste and conctere used ternary system cement

Arrival time of Rest period of Temp. rising veloci Temp. descendin,

Spf;’;:en Max. temp. ('C) the max. temp. (h) hydrarztei:n (h) b ¢ C/%l) v velgcity (’Ch) y
Paste Concrete Paste Concrete Paste Concrete Paste Concrete Paste Concrete
0100 104.5(1.00)"] 49.4(1.00) | 14(1.00) | 48(1.000) | 5.0(1.00) | 15.5(1.00) | 8.94(1.00) | 0.85(1.00) | 1.82(1.00) | 0.19(1.00)
OPC50BFS10FA4( 63.6(0.61) | 38.9(0.79) | 22(1.57) | 63(1.31) | 8.0(1.60) | 19.5(1.26) | 2.40(0.27) | 0.41(0.48) | 0.68(0.37) | 0.07(0.37)
OPC50BFS20FA3() 71.8(0.69) | 40.4(0.82) | 25(1.79) | 62(1.29) | 7.0(1.40) | 19.0(1.23) | 2.29(0.26) | 0.43(0.51) | 0.91(0.50) | 0.08(0.42)
OPC50BFS30FA2(y 79.1(0.76) | 40.1(0.81) | 24(1.71) | 60(1.25) | 7.5(1.50) |20.0(1.29) | 3.03(0.34) | 0.42(0.49) | 1.02(0.56) | 0.07(0.37)
OPC50BFS40FA 10 87.1(0.83) | 41.6(0.84) | 22(1.57) | 63(1.31) | 5.5(1.10) | 20.0(1.29) | 3.91(0.44) | 0.45(0.53) | 1.07(0.59) | 0.07(0.37)

“'The numerical value in parenthesis is ratio against to value of OPC100 paste and concrete specimen
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