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A Study on the Thermal Crack Control of Foundation for Large Turbine

Ju-Hyung Ha,"” Yun-Gu Cho,” Kewn-Chu Lee," and Chang-Keun Lim"*
YAdvanced Material R&D Team, Hyundai Institute of Construction Technology, Yongin-si, Gyeonggi-do 446-719, Korea

ABSTRACT Heat of hydration of mass concrete is one of the most important factors that significantly affect structural quality and
construction period. Therefore, appropriate methods to control heat of hydration are essential technologies for mass concrete
construction. In this study, probability of thermal cracking was checked by thermal analysis prior to the construction of a turbine
foundation in a domestic power plant. Subsequently, changes of concrete mix proportion and an effective curing method were
proposed to control heat of hydration of mass concrete structures. Concrete manufactured by slag cement was proposed instead of
concrete produced by ordinary Portland cement, and an automated curing method was proposed to improve the curing method using
typical moist curing with blanket. The automated curing method maintains the temperature difference between center and surface of
concrete below a setting value by temperature monitoring. Concrete with slag cement was used for actual construction. One of two
identical turbine foundations was cured by an insulated curing method, and the other was cured by the automated curing method to
compare the curing methods. And then, the effects of control of heat of hydration were evaluated based on temperature/strain

monitoring and crack investigations.
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Fig. 1 Modelling for thermal analysis

Table 1 Concrete mix proportion

Unit weight (kg/m’) Air
content
W | C S G | AD (%)

Type|MPa| W/C|S/A

OPC| 24 |50.0(46.6| 170 | 340 | 834 | 979 |2.67| 4.3
Slag| 24 |49.6|46.8| 170 | 346 | 834 | 970 (2.42| 4.3
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Fig. 2 Results of the adiabatic temperature rise test
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Table 2 Input data of concrete properties for thermal

analysis?
Properties Input value
Conductivity (W/m'C) 2.7
Specific Heat (J/kg'C) 1155
Unit weight (kg/m’) 2300
Thermal expansion coefficient 1x107
Poisson’s ratio 0.18
Compressive strength (MPa) | f,, ()= p +tbt Xd; X fou
Young's modulus (MPa) E.(t) =v(t)4700+/f,,(t)
Tensile strength (MPa) fo(t)=044/f,,(t)
Where, f,,(t): Compressive Strength of Concrete at Age ¢
(MPa)
f.,(t) : Splitting Tensile Strength of Concrete at Age
t (MPa)

fa.  :Specified Characteristic Compressive Strength
at 28 Days (MPa)

t : Concrete Age (day)
d; : Modification Factor for Concrete Strength at
91 Days

d,f 4 :Specified Characteristic Compressive Strength
at 91 Days (MPa)

E,(t) : Concrete Effective Young’s Modulus at Age
t (MPa)

() :Modification Factor for Young’s Modulus
considering Creep Effect

Table 3 Coefficients for compressive strength?

Cement type a b d;

Type | ordinary cement 45 0.95 1.11

Moderate heat cement

(slag cement) 6.2 0.93 1.15

Table 4 Modification factor for Young’s modulus?

0 < t<3days | 3days < t<b5days t > 5days

p(t) 0.73 0.135t+0.325 1.00




24 YY=A A 2oI2x

F 74 Z3YE vt tiste] MIAZIAYE 254
A Aol st A8d SFAAETIAI A 2Tt FAY
S AR A} FAEA BAEHe] Al alEl
Ankrg S Agst oA 9] A Aol vlw kit

ARaeE S BWY
Ge Eael e LRI} 4
aPE el 43eEe) P45
R LEAE AYFE ol )
Mock-up A 873} @2 §+9 Bsto] 1 wor} o
A ARHORA, Y LA ANE Fi LEFd
WA ART 5 Qe A FPTHI o A
A FPAFIAN2DE B F 79 Bk 2 E 9
W gwate] neh AFelnst AYHES shein.
AAGFAN ARG A A AN, S F
w, e, A5 AE, TaE FWY AR, BE
A KT 53 ge We o] G wow, Az

o7 W] wel 1 ghe Aesi S v

ol# &) Table 63} 7t}
o] geflA 72w Al A A9 BHA 7]
Data & #Fa1ske] 28 + 3CE 7Mgsksion, A3}

Table 5 Input data of ground properties for thermal analysis?

Properties Input value
Conductivity (W/mC) 3.45
Specific Heat (J/kg'C) 795
Unit Weight (kg/m?) 2650

Table 6 Convection heat transfer coefficients at concrete

surface
Convection
Conditions coefficient Reference
(W/m?C)
Plywood form 8 KCI, 2009
General curing
(moist curing 8 KCI, 2009
w/ blanket)
w/o Form 14 KCI, 2009
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Fig. 3 Locations of temperature results
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Fig. 5 Results of concrete temperature - slag cement concrete
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Table 7 Results of temperature

Max. temerature

difference
Max. temerature
. (center vs upper
Concrete| Curing surface)
type method
Tempe- |, | Tempe-| .
rature g rature g

(C) (days) (C) (days)

General
curing 74.2 1.1 26.4 1.9
OPC method

concrete | Automated

curing 74.2 1.1 22.0 7.8
method

General
curing 70.8 2.0 24.6 2.9
Slag method

cement

concrete | Automated
curing | 709 | 21 | 216 | 7.8
method
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Concrete| Curing |Min. | Age Str.ess Craclqn'g
at this age| probability
type method | I, [(day) (MPa) %)
General
curing | 0.99 | 0.9 0.93 50
OPC method
concrete | Automated
curing | 1.34] 0.9 0.69 10
method
General
curing | 1.10| 1.9 1.02 35
Slag | method
cement
concrete Automated
curing | 1.48| 1.9 0.76 5
method

Age(day)

(a) General curing method

Table 9 Results of stress analysis - center at age 30 days
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Fig. 12 Results of crack index I -slag cement concrete

292 | BF=E3C|Esle| ==& M26¢ M3= (2014)

Concrete| Curing | Min. Str‘ess Crackmg
at this age probability
type method | Ier (MPa) (%)
General
curing | 1.21 1.79 24
OPC method
concrete | Automated
curing | 1.26 1.71 17
method
General
curing | 1.55 1.40 5 under
Slag | method
cement
concrete Autotpated
curing | 1.63 1.33 5 under
method
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Table 12 Strain monitoring / analysis results

Location Measure / Analysis (W)
Max.
Upper Upper Center Difference
surface edge (upper edge
Type Vs center)
Insulated
curing 216.8 450.7 200.0 303.9
method / 146.8 | / 320.0 | / 141.1 / 178.9
(T-1)
Automated
curing 155.5 278.3 159.9 155.5
method /1355 | /2889 | / 131.2 / 158.7
(T-2)
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Fig. 18 Diagram of cracking at T-1 (insulated curing)

Table 13 States of cracking

. Insulated curing | Automated curin
Carck width method y method ¢
> 0.15 mm - -
0.10~0.15 mm 2 -
0.05~0.10 mm 4 -
0.05 mm > 2 -
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Fig. 20 Insulated curing analysis - stress results

Table 14 Results of stress analysis

Stress at | Cracking
this age |probability
@) | vpa) | o)

Time Min. I Age

During insulated

. 116 | 29 0.93 28
curing

After 1r}sulated 0.81 8.8 1.74 71
curing
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