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Reducing Thermal Cracking of Mat-foundation Mass Concrete Applying

Different Mix Designs for Upper and Lower Placement Lifts
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Abstract

In this research, considering the practical conditions at field, thermal cracking reducing method was suggested based
on the comparative analysis between predicted value and actual value obtained from the actual structure member with
optimum mix design. The optimum mix design was deduced from the various mix designs with various proportions
of cementitious binder for upper and lower placement lifts of mat-foundation mass concrete. Therefore, before field
applications, the mix designs were obtained from the theoretical analysis obtained by MIDAS GEN for upper lift was
OPC to FA of 8 to 15, and for lower lift was OPC to FA to BS of 50:20:30. Based on this mix design, the actual
concrete for field was determined and all concrete properties were reached within the predicted range. Especially, the
temperature properties of mass concrete at core was approximately 39C of temperature difference for low-heat mix
design, while approximately 54C was shown for normal mix design currently used. Additionally, in the case of
cracking index, the low heat mix design showed about 1.4 of relatively high value while the normal mix design
showed 1.0. Therefore, it can be stated that applying low heat mix design and different heating technique between
upper and lower placement lifts for mass concrete are efficient to control the thermal cracking.

Keywords : mat—foundation mass concrete, low heat mix design, heat of hydration analysis, temperature history, therma
cracking
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Reducing Thermal Cracking of Mat-foundation Mass Concrete Applying Different Mix Designs for Upper and Lower Placement Lifts
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Table 1. Field conditions

Project O O apartment construction

Period 2014.10.21.~2016.12.31

Location Cheongju in Korea

Scale 2 basement floors and, 22~25 ground floor

10 buildings of apartment

Construction area 164,497m2

Structure Wall structure of reinforced concrete
988 housings and amenities
Organization Subsidiary facility

- management office and small library etc.

Mat concrete

standard 25-24-150
Quantlty of 255
object concrete
Depth of mat 1.200mm
concrete
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Figure 1. Bird’s eye view
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Table 2. Analysis plan

ltems levels

Ready mixed concrete - 25-24-150
Pian 1 Upper - OPC: FA:BS=85:15:0
Bottom - OPC : FA: BS=85:15:0
) Upper - OPC: FA:BS=70:20: 10
e Advibc- PIen 2 gotom - OPC : FA : BS = 50 : 20 : 30
(%) Plan 3 Upper - OPC: FA:BS =80:10: 10
Bottom - OPC : FA: BS =50 : 20 : 30
Plan 4 Upper - OPC: FA:BS=85:15:0
Bottom - OPC : FA : BS =50 : 20 : 30

- Temperature history of concrete
- Crack index of concrete

1) Using the MIDAS GEN V845(MIDAS IT) hydration analysis
program
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Table 3. Hydration heat analysis and boundary condition

Modeling Detail

- Ground:16x12x 12 m
10x8x0.6 m
10x8x0.6 m
(1/4 Symmetry model)

- Uppercon. :

- Bottom con. :
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Table 4. Physical properties of material and thermal
: : Low heat concrete Low heat concrete Low heat concrete Low heat concrete Ground
Physical property of materials  5pc.FABS=5020:30  OPGFABS=7020:10  OPC:FABS=80-10:10  OPC:FA'BS=85'150 area
Specific heat (kcal/NC) 0.025 0.025 0.025 0.025 0.02
Density (kg/ma) 2 292 2 300 2 302 2 326 1 700
Heat conduction (W/m-K) 23 2.3 2.3 23 1.7
Outdoor temperature (C) - 4T
Concrete temperature (C) 15 15 15 15 -
Compressive strength at _
28 days (MPa) 24 2 2 2
Compressive strength at _
91 days (MPa) 27.93 27.93 27.93 27.93
Modulus of elasticity (GPa) 248 248 24.8 24.8 0.98
Coefficient of expansion 1.0x10-5 1.0x10-5 1.0x10-5 1.0x10-5 1.0x10-5
Poisson’s ratio 0.167 0.167 0.167 0.167 0.2
Compressive strength index a=6.2 b=0.93 a=6.2 b=0.93 a=6.2 b=0.93 a=6.2 b=0.93 -
Maximize adiabatic _
temperature(Q) 36.05 43.99 48.13 48.40
Reactive velocity coefficient(r) 0.312 0.494 0.979 0.594 -
Convection coefficient(W/m?-K)
Outdoor 12 12
Bubble sheet 2 -
Form 8
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Reducing Thermal Cracking of Mat-foundation Mass Concrete

Applying Different Mix Designs for Upper and Lower Placement Lifts
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Figure 3. Hydration heat analysisfor crack index of kinds plan
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Table 5. Experimental plan

ltems Levels
Ready-mixed L o5 _op
Mix— concretre 1 2524150
ture -Applied spot (floor) - 110 building BF1
Field application 5 Existing mixture
binder(%) - Low heat mixture
- Slump - Air contents
Expe- Fresh concrete 4. Concrete temperature
riment - Compressive strength(7, 28 days)
Hardened concrete 1. Concrete temperature history
Table 6. Mix design
bvison WB W Sa spCc_ Weight mixikg/m’)
(%) (kg/m?) (%) (%) C FABS SI 2 G
Existing mixture 50 169 489 08 287 51 - 607 264 938
Llow Upper 50 169 489 08 287 51 - 607 264 938
eal Botom 50 169 489 08 169 68 101 600 261 927
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Figure 6. Compressive strength of kinds mixture

Table 7. Quality test result of fresh concrete
Measurements

Division Experiment 1 5 3 4 5 5
i Slump 145 140 145 150 145 145
Bxisting  Ajr content 41 42 38 43 41 40
mix temperature 240 233 213 221 218 224
Slump 170 165 150 - - -

Bottom Air content 33 4.1 39 - - -

h(e)avl\{ temperature 185 193 198 - - -
mix ~Slump - - - 140 145 145
Upper  Air content - - - 38 4.1 42
temperature - - - 212 208 210
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