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Abstract

Whereas the control of the hydration heat in mass concrete has been important as the concrete structures enlarge,
many conventional strategies show some limitations in their effectiveness and practicality. Therefore, In this study, as
a solution of controling the heat of hydration of mass concrete, a method to reduce the heat of hydration by controlling
the hardening of cement was examined. The reduction of the hydration heat by the developed Phosphate Inorganic Salt
was basically verified in the insulated boxes filled with binder paste or concrete mixture. That is, the effects of the
Phosphate Inorganic Salt on the hydration heat, flow or slump, and compressive strength were analyzed in binary and
ternary blended cement which is generally used for low heat. As a result, the internal maximum temperature rise
induced by the hydration heat was decreased by 95~10.6% and 10.1~11.7% for binder paste and concrete mixed with
the Phosphate Inorganic Salt, respectively. Besides, the delay of the time corresponding to the peak temperature was
apparently observed, which is beneficial to the emission of the internal hydration heat in real structures. The Phosphate
Inorganic Salt that was developed and verified by a series of the aforementioned experiments showed better
performance than the existing ones in terms of the control of the hydration heat and other performance. It can be used
for the purpose of hydration heat of mass concrete in the future.
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Table 1. Experimental plan

Factor Levels
) OPC:FA(7:3)
) Binder
Mixture OPC:BFS:FA(5:3:2)
PIS”(%) 2 0.5
Experiment
of Fresh state 1 Flow (mm)
Paste Compressive
ggr?wt Hardened strength
state 2 (3,7, 28 days)
Heat of hydration(C)
) OPC:FA(7:3)
Binder
' OPC:BFS:FA(5:3:2)
Mixture .
PIS (0/0) 2 O, 5
Admix(%) 1 10
Experiment
of Slump (mm)
Concrete Fresh state 1 A %)
Egﬂ Compressive
Hardened strength
state 2 (3,7, 28 days)

Heat of hydration(C)

) PIS: Phosphate Based Inorganic Salt

Table 2. Binder Mix proportion for paste

W/B Binder(%) PIS
(%) opc BFS FA sum (B/%)
Binary  Plain 36 70 - 30 100 -
blended
cement PIS 36 70 - 30 100 5
Ternary  Plain 36 50 30 20 100 -
blended
cement PIS 36 50 30 20 100 5

Table 3. Mix proportion of concrete

Weight for unit volume: kg/m®
Binder(%)
OPC BFS FA Sum

Binary Plain 37 45 163 308 - 132 440 785 890 - 44
blended
cement PIS 37 45 163 308 -

W/B S/a

(%) (%) \y S G PIS Ad

132 440 785 890 22 44

Ternary Plain 37 45 163 220 132 88 440 785 890 - 44
blended
cement PIS 37 45 163 220 132 88 440 785 890 22 44

22 M=

AHEE 9% 315g/cm’, BT 3,615em’/g2] 155
EXEHCAHE, SHH= U 291g/cm’, BUE 4415
cm’/gd 2% 12L&} U 2.24g/c’, BT 3,410
cm’/g?] 2% EeloloA IS AL B Aol ARRE
QWA 7]8F B A|¥Al=, Figure 13} Zo] Sjujao] B
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Table 4. Physical properties of phosphate based inorganic salt

- - water
. . Densit Particle
Shape Color Yoo Content
(g/lem®  Size(mm) (%)
Dark
.
PIS Powder White 2.37+0.1 < 0.15 <05

Figure 1. Phosphate based inorganic salt

Wegoln, 2% £ Table 49+ Zth i 714
(Phosphate Based Inorganic Salt)2 AHIES] 73} A|A
< 93t Sodium Tripolyphosphate(NasP3010)2} 4= A]
StE K] 2Rt 2w A (alkali sulfate! RiSO)=
7IHEo =2 3F AFFW WADS ARSI

23 4

oo

i
2.3.1 AW E Ho]2E

ARIE Ho]AES] £/ SRIZ 9Jsf KS L 51050 w2
Z2 A[E 9 KS L IS0 6791 9t &7 Ald= AAlet
et 2ot Eo] =3 2 KS L IS0 67991 witt.
KS L 510591= 479 HolE Yol Az E Sigo] e
Ho|AE XF0=E E2F ZASILS F|of9lo] 4ol &
Asto] AFS AAISHITHS 9], 2 vigte] =5} ¥ 73k
ok 9fete] Figure 2~33} Zo| AdE 26,
Figure 49} o] §t ¥ Zo] 410mm9] H{HA 4
7H AE|RE HHEA(T0L)E ARSI AE|ZEO] =
A= 25mme|H, F415e] @ (Thermocouple Wire,
TX-F JI9E AA] & Data Logger(10 Channel, GL220
-HHOCH)E AM8S1o] 104 7FE 0= Tlo] & 2k 274
< ZI3Ysi3irt.

(a) Mixing (b) Insulation box

Figure 2. Set up for experiment

(a) Pouring (b) Measurement

Figure 3. Simple adiabatic temperature measurement in
concrete
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Figure 4. Dimension of Insulation box
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Table 5. Compressive strength of paste

Compressive strength(MPa)

3 Days 7 Days 28 Days
Binary Plain 29.0 37.0 54.7
blended
cement PIS 233 30.6 484
Ternary Plain 277 35.8 532
blended
cement PIS 212 30.9 49.0
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Figure 5. Simple adiabatic temperature measurement of binary
cement
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Figure 6. Simple adiabatic temperature measurement of
ternary cement
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Table 6. Compressive strength of concrete

Compressive strength(MPa)

3 Days 7 Days 28 Days
blended
cement PIS 10.8 18.7 346
Ternary Plain 14.3 22.1 35.1
blended
cement PIS 12.3 224 382
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Figure 7. Simple adiabatic temperature measurement of
binary cement
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Figure 8. Simple adiabatic temperature measurement of
ternary cement
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