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Method of Decreasing Cracking Index by Different Mix
Conditions for Separated Placement and its Field Application
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In this research, considering the practical situation of separated placing method for mass concrete structure, an efficient method of
controlling the heat of hydration is suggested by comparing between the simulated values and actual measurements conducted with
the optimum mix design obtained from the various mix conditions with different types and amount of supplementary cementitious
materials(SCMs). As the result of the research, firstly, the optimum mix designs for top and bottom layers were determined by Midas
genas OPC to FA of 85 to 15, and OPC to FA to BS of 50 to 20 to 30, respectively. The concrete mixtures prepared with the mix designs
determined from the simulation satisfied the target performance range in slump, air content and compressive strength. Additionally,
from temperature measurement for the actual mass concrete placed during spring, the maximum temperature difference between
surface and core was about 10°C with 59 and 49°C for top and bottom layers, respectively, and 1.4 of cracking index was obtained.
Therefore, considering the practical conditions of mass concrete construction, it is considered that the different heat of hydration
method using different mix designs with SCMs can be an efficient method for controlling thermal cracking and settling cracking of

mass concrete.
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Table 1. Field conditions H2YMZE MEot= A= A=leiNLC
Project OO apartment construction
Period 2014.10.21.~2016.12.31 Table 2. Analysis plan
Location Cheongju in Korea
2 basement floors and Factors Levels
Scale 22~25 ground floor Ready mixed concrete - 25-24-150
10 buildings of apartment Drafi| Upper | - OPC : FA : BS = 100 : 0 : 0
Construction area 164 497m? 1 g OPC -FA -BS=100-0-0
Structure Wall structure of reinforced concrete ottom ’ : _ o
988 housings and amenities . Draft| Upper | - OPC : FA : BS =85 : 15 : 0
Organization Subsidiary facility — l\t/hx- Admix- | 9 Bottom | - OPC : FA : BS =85 :15:0
i ure ture
management office and small library etc. y Draft| Upper | - OPC : FA : BS = 50 : 20 : 30
Mat concrete (%)
standard 25-24-150 3 | Bottom | - OPC : FA : BS = 50 : 20 : 30
Quantity of 432 Draft| Upper | - OPC : FA : BS=85:15:0
object_conerete 4 | Bottom | - OPC : FA : BS = 50 : 20 : 30
Depth of mat -
1,300mm . . - Temperature history of concrete
concrete Analysis point .
- Crack index of concrete

Fig. 1. Bird’s eye view
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Table 3. Hydration heat analysis and boundary condition

Modeling Detail

Ground : 16x12x1.3m
Upper con. : 10x8x0.65m
Bottom con. : 10x8x0.65m

(1/4 Symmetry model)
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Table 4. Physical property of materials and thermal

Physical property of materials Existing concrete Low heat concrete Low heat concrete Ground
ysical property OPC: FA: BS=100:0:0 OPC:FA:BS=85:15:0 OPC:FA:BS=50:20:30 area
Specific heat(kcal/NC) 0.025 0.025 0.025 0.02
Density(kg/m®) 2,335 2,326 2,292 1,700
Heat conduction(W/m-K) 2.3 2.3 2.3 1.7
Outdoor temperature(C) 4
Concrete temperature(C) 15 15 15 -
Compressive strength at
28days(MPa) 2 H 2 )
Compressive strength at
91days(MPa) 26.71 27.93 27.93 -
Modulus of elasticity(GPa) 24.8 24.8 24.8 0.98
Coefficient of expansion 1.0x10° 1.0x10° 1.0x10° 1.0x10
Poisson’s ratio 0.167 0.167 0.167 0.2
Compressive strength index a=4.5 b=0.95 a=6.2 b=0.93 a=6.2 b=0.93 -
Maximize adiabatic temperature(Q) 55.13 48.40 36.05 -
Reactive velocity coefficient(r) 1.419 0.594 0.312 -
Convection coefficient(W/m*K)
Outdoor 12 12
Bubble sheet 2 -
Form 8 -
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Fig. 2. Hydration heat analysis for concrete temperature history of kinds draft
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Fig. 3. Hydration heat analysis for crack index of kinds draft
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Table 5. Experimental plan

Items Levels
Ready-mixed . 2524-150
concretre !
Mix- | Applied spot - 101 building BF1
ture (floor)
Field application o Upper — OPC:FA:BS=85:15:0
binder(%) - Bottom - OPC:FA:BS=50:20:30
Fresh concrete | 4 | Slump - Air contents
Expe- - Concrete temperature
riment Hardened s I Compressive strength(7, 28days)
concrete - Concrete temperature history
42 Y HE 4
2 MDY NBuo2 XA HYEM w2 S |
300mme| HAETHE FA 20% % BS 30%= X|2tAt=ot tiets
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Fig. 42t Ztt,

296 vol. 4, No. 3 (2016)

@ Position of thermocouple

Upper g
® —
3
a
(=]
o
m
...................... ........_.._. —y -
Middle ¥
2
s
&
. = /
Bottom 2 f i W \ o
1) Position of thermocouple 2) Lay of thermocouple

Fig. 4. Position of thermocouple
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Table 6. Quality test result of fresh concrete

Division | Experiment Measurements
1 2 3 4 5 6
Slump 165 | 165 | 155 - - -
Bottom| Air content | 4.3 | 4.1 | 4.2 - - -
EZ:: Temperature | 23.5 | 233 | 228 | - | - | -
mix Slump - - - 160 | 165 | 165
Upper | Air content - - - 4.1 | 41 | 42
Temperature | - - - 1232 238|240
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Fig. 5. Compressive strength of low heat mixture
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