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Reducing Hydration Heat of Mass Concrete by Applying Combination of
Powdered Materials and CGS as Fine Aggregate
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Han, Jun-Hiu In this study, to suggest an efficient method of using coal gasification slag(CGS), a byproduct from
Tel : 82-43-229-8480 integrated gasification combined cycle(IGCC), as a combined fine aggregate for concrete mixture, the

E-mail : gksehxhf@naver.com  djyerse performances of concrete mixtures with combined fine aggregates of CGS, river sand, and
crushed sand were evaluated. Additionally, using CGS, the reduction of the hydration heat and the
strength developing performance were analyzed to provide a method for reducing the heat of
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the low-heat-designed concrete mixture currently in wide use.
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Table 1. Experimental plan

Factors Levels
W/B(%) 45
Slump(mm) 1 180 +25
Air content(%) 45+1.5
Single 1 oPC?
Mixtures C:rz\l:i?lZ?Sns Binary 2 FAC” BFSC?
Ternary 1 TBC?
Coarse aggregate 1 CG®
Aggregate types Fine aggregate 2 Cs? CGS?
CGS contents(%) 3 0 25 50
Fresh concrete 2 Slump, Air content
Experiment Hardened concrete ) Compressive strength

Adiabatic temperature rise test

a) Ordinary Portland Cement, b) Fly Ash Cement(OPC:FA=8:2), c) Blast Furnace Slag Cement(OPC:BFS=6:4), d) Ternary Blended Cement
(OPC:BFS:FA=4:4:2), ¢) Crushed Gravel Aggregate, f) Crushed Fine aggregate, g) Coal gasification slag
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Reducing Hydration Heat of Mass Concrete by Applying Combination of Powdered Materials and CGS as Fine Aggregate

Table 2. Physical and mechanical properties of each mixture

. . 3
VZ/C i/a Cgriesnt Single ];f;‘:r;’v ) Ternary AI;:*C S}:*C
%9 (o) (%) W OPC FAC BFSC TBC G s CGS (%) %)
175 389 915 793 0.0029  0.40

0 175 389 902 782 0 0.012 0.34

175 389 907 786 0.0032  0.28

175 389 896 777 0.016 0.22

45 47 25 175 389 909 591 197  0.06 0.28
175 389 897 582 194  0.072 0.28

175 389 902 387 387  0.065 0.25

50 175 389 909 390 390  0.055 0.20

175 389 896 385 385  0.085 0

Table 3. Mixture proportions of mock-up test

. . h k 3
wic S/a Cgri:nt Single o Welag“egla%‘/ym : AE*C SP*C
% % % %
(%) (%) %) W OPC TBC CG CS CGS (%) (%)
0 175 389 915 793 0 0.0029 0.40
45 47 175 389 896 777 0.016 0.22
50 175 389 896 385 385 0.085 0
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27 A0 R 5 18047 5951 2102 shgick, Mg Qeusage maelee Sy gae) 94 5
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24712 Hgatdrt. Ea, SVleml AFAY 1097 9 H1vle @ HA7)L0) FFeEs oL 20 A
Hoka mae|E FIPSASE A DALEAS TS Bl 22T 442k Atk hH nde A ALge

Table 4. Experimental plan of mock-up test

Factors Levels
Floor plan Cross-section
I
E
Mocl.<-up Size(mm) 1
design oA
Upper Bottom
: 1 OoPC?
Mixtures 3 2 TBCY
3 TBC+CGS 50
Case 3
. OPC
Concreting method 3
TDC;"CGS
Experiment 1 Temperature history of concrete

a) Ordinary Portland Cement, b) Ternary Blended Cement(OPC:BFS:FA=4:4:2), c) Ternary Blended Cement(OPC:BFS:FA=4:4:2)+Coal
gasification slag fine aggregate content 50%

Table 5. Hydration heat analysis design

Factors Levels
Mass concrete size(m) 16.2x10.3x1.5
Modeling Ground size(m) 16.2x10.3x3.0
1/4 Shape of hydration heat analysis model
. Top(mm) 450 oPC?
Design of hydration ~ MIXUIES o imm) 1,050 TBC+CGS 50°
heat analysis
. Top(mm) 450 6L B - e
Concreting e v e t
method 15000 1050mm
Bottom(mm) 1,050 ra M2 T

Corner 1

Corner 2 Surface
0 4 Upper
o Center
= o Lower

Temperature and stress analysis points

Temperature history
Thermal stress
a) Ordinary Portland Cement, b) Ternary Blended Cement(OPC:BFS:FA=4:4:2)+Coal gasification slag fine aggregate content 50%

Heat of hydration analysis
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Table 6. Physical and mechanical properties of each mixture
Physical property of material OPC TBC TBC+CGS 50% Ground
Specific heat(kcal//N°C) 0.025 0.025 0.025 0.02
Density(N/m?) 23500 23500 23500 17000
Heat conduction(kcal/m hr °C) 2.3 2.3 2.3 1.7
Convection coefficient (kcal/m2 hr °C) 23 2.3 23 12
Outdoor temperature(°C) 8 8 8 -
Concrete temperature(°C) 20 20 20 -
Compressive strength at 91 days (MPa) 46.32 45.06 42.74 -
Compressive strength index a=4.5, b=0.95 a=16.2, b=0.82 a=16.2, b=0.82 -
Modulus of elasticity(N/mm?) 31892 30289 31116 980
Coefficient of expansion 1.0x107 1.0x10° 1.0x107 -
Poisson’s ratio 0.18 0.18 0.18 0.2
Unit Weight of cement(kg/m’) 389 389 389 -
Maximize adiabatic temperature(k) k=53.7 k=37.0 k=349 )
Reactive velocity coefficient(c) a=1.33 a=0.73 a=0.85

2.4 NEME
B AL ARG A 7 2A BAA A= xg A EE S SAF A AATE Al ES AREsHRoH, 1 FR7= o2 gol |
A BA AHE = OPCE AFESH 0 W, 248 A AHE = FAC, BFSC, 3454 AJHE = TBCE AFESH= 21 0 2 619t

ZYzr o] BAA Afazxg A E o] &8 51514 A2 Table 7, Table 8 & Table 921 2t}

A= AAE B 72 ZAY(Crushed Gravel 015} ; CG)2f =l A 4ol A AJATE] A AF HL= -2 (Crushed Sand ©]

6}' CS)E AH&5Ha=T), 1 2812 A48 Table 107} 21, CGSE= =] T3HE W 4of 44 % IGCCOA HAsH= 71 o

21504 A=sto] & 405122 1] Alm e Bgste] Agaigiat], 1 22518k 4 Table 117} 2t} o,
CGSEKSO| Q7)o fEale 2 A7l Eato] Aaslodny. Tt sslEsias S cAle] AlE oz Ealslisis o

NFASAS A0, AEAE Sol2 A Ak

717}
T3k =

Table 7. Physical properties of ordinary portland cement
Density Blaine Setting time(min) Compressive strength(MPa)
T L.O.I(%
ypes (g/em’) (ecm*/g) ) Initial Final 3 days 7 days 28 days
OPC 3.15 3450 2.0 275 325 28.4 39.5 55.3
Table 8. Physiochemical properties of binary blended cements
Density Blaine Chemical composition(%) Compressive strength(MPa)
T L.OI(%
pes (g/em’) (em?/g) ) MgO SO; 3 days 7 days 28 days
FAC 2.24 3543 2.2 3.50 0.51 12.4 25.5 383
BFSC 2.92 4340 1.3 5.50 0.61 15.2 27.5 45.3

Table 9. Physiochemical properties of ternary blended cement
Tvpes Density Blaine Chemical composition(%o)
P (g/em’) (cm%g) Ca0 SiO, K20 MgO ALO;
TBC 2.87 3 840 39.61 31.17 0.88 5.50 14.17
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Table 10. Physical properties of aggregates

Types Density(g/cm’) Water absorption ratio(%) FM Passing ratio of 0.08mm sieve(%)
CG 2.63 0.36 6.71 0.10
CS 2.61 1.57 2.71 1.44

Table 11. Physicochemical properties of coal gasification slag fine aggregate

Tvpes Density Water absorption M Passing ratio of Chemical composition(%)
P (g/em’) ratio(%) : 0.0Smmsieve(%)  SiO0;  ALO; Fe;0;  CaO0  MgO  SOs
CGS 253 1.72 2.94 2.07 4773 2247 604 2073 052 025

2 Ao Ao 2] 2 FIYE AN FEHE W SHIT 22 = KSF 2402 Y KSF 2594 37|32 KS F
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FTH8 T A o] ARG oA KS F 24059] 1140l et 57 g S5ttt
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Figure 1. Slump and water reduction Figure 2. Air content and air entraining Figure 3. Compressive strength according
agent amount used according to cement agentamount used according to cement to CGS contents with cement types

type and CGS contents type and CGS contents
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Figure 4. Properties of adiabatic temperature rise according  Figure 5. Properties of adiabatic temperature rise according
to high early strength cement to FAC and CGS content
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Concrete temperature (C)
8
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Concrete temperature (C)

. L
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Figure 6. Properties of adiabatic temperature rise according  Figure 7. Properties of adiabatic temperature rise according

to BFSC and CGS content to TBC and CGS content
10
——CGS 0%
s ---- CGS 50%
s+ e CGS 100%
s £
E sF
R
I

2 Time (h)

Time (h)

Figure 8. Properties of Isothermal conduction calorimetry in CGS and CS
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Reducing Hydration Heat of Mass Concrete by Applying Combination of Powdered Materials and CGS as Fine Aggregate
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