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Evaluation of Hydration Heat of Mass Concrete with Capsulated Slurry PCM and
FEM Study for Analyzing Thermal Crack
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Abstract

The purpose of this study is to investigate the effect of capsulated slurry phase change material (PCM) on the
thermal crack in mass concrete by experimental work and FEM analysis. In this study, three conditions of samples
were prepared for evaluating the level of hydration heat, i.e., a material condition, a cement paste condition and a
concrete condition. Also, a compressive strength test was conducted for FEM inverse analysis. Based on the results
of the experiment, exothermic function coefficients of concrete with encapsulated slurry PCM were deducted by the
inverse analysis. After that, they applied to FEM analysis of the mass scale concrete structures. From the results of
this experiment, 31°C capsulated slurry PCM had no super cooling phenomenon in the material condition. In the cement
condition, hydration heat decreased by 34.61] when PCM of 1g was mixed. In the concrete condition, PCM of 6% was
deducted as the best level in hydration heat absorption. In FEM inverse analysis, rate coefficient of reaction gradually
decreased when PCM mixing ratio increased. But, temperature-rise coefficient increased when PCM mixing ratio
exceeded 6%. For the inversed exothermic function coefficients applying to large scale concrete structures, a thermal
cracking index increased by 0.05 when PCM of 1% was mixed.
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Evaluation of Hydration Heat of Mass Concrete with Capsulated Slurry PCM and FEM Study for Analyzing Thermal Crack
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Figure 1. Comparison between PCM and Latent heat materials
on temperature—rise

380

2.2 PCM2| EY MIFLIE ¥ HEfof| mE Hlm

Figure 2= PCM9] 4 HAUZ R EX3H 2&tfjof
A SaL B FofjE/del ofsto] AH(Phase)o] HstehH H-&
S B UESte] 9 2EoA ol gt 25
FABH e 28R 257t fAI == AR PCM 9
Azo] d-geFel 71%1_ItH8, 9],

Table 1. Comparison between capsulated powder and slurry PCM

P Capsulated Powder Capsulated Slurry
Division PCM PCM
Price 100,000 won/kg 50,000 won/kg
Particle Size 5~30um 2~5um

Sensible heat

Melting point | Latent heat

Sensible heat

Temperature(°C)

Melting state

g s Liquid state
(Solid+Liquid)

Solid state

Heat Energy(J) I
Figure 2. Mechanism for latent heat of PCM
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Table 2. Characteristic of cement
. Densi Fineness Stability
Division g/cmEy (sz/g) (%)
OPC 3.12 5,3.6 0.08
Table 3. Characteristic of aggregate
P Maximum  Density Absorption Fineness
Division size(mm) (g/cmgy (%) modulus(F.M)
Fine aggregate 5.0 2.6 1.45 2.16
Coarse aggregate 25 2.68 1.03 7.05

Table 4. Compound composition of capsulated slurry PCM
Water PCM Powder Shell Emulsion

material
56.60 30.00 10.00 3.40

Division

Composition(%)

Table 5. Characteristic of powder in capsulated slurry PCM

Division Contents
Main component n-Nonadecane
Molecular formula CHa(CHy)17CHs

Melting point 31T

Size of particle 5-15 micron
Heat capacity 120 kJ/kg

Solubility Insoluble
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Table 6. Experiment factor and level
Bxperiment
level

0,6

%0, 7,
100

List of

Experiment factor measurement

PCM mix
proportion(Cx%)

Role of liquid as free
water in Slurry PCM(%)

Division

Cement

Paste Calorimeter

Slump
(KS F 2402)
Hydration heat,
Compressive
strength
(KS F 2403)

Concrete
PCM mix

proportion(Cx%) 0369

Table 7. Mix proportion of calorimeter test

W/C Input(g)
(%) C

35 20

35 20

Division W
7

7

PCM

1.19

Plain
PCM6%

Al

Al HF B

oH
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Evaluation of Hydration Heat of Mass Concrete with Capsulated Slurry PCM and FEM Study for Analyzing Thermal Crack

Table 8. Mix proportion of concrete to select role percentage of liquid in slurry PCM as free water

Unit weight(kg/m®)

Division W/C Sla Air content Powder in Slump
(%) (%) (%) S-PCM(Cx%) W C s G S-PCM ) (mm)
Plain - 188.89 - 170
PCM3% 3 [50] 176.74 220
35 47.67 35 540 77778 900 0.81
PCM6% 3 [70] 171.88 405 180
PCM9% 3 [100] 164.59 80
Note) W=water, C=cement, S=sand, G=gravel, SP=Superplasticizer, S-PCM=Slurry PCM, [ ]=Free water substitution percentage
Table 9. Mix proportion of concrete mixed with capsulated slurry PCM in simple adiabatic temperature rise test
N N 3
Division W/C  S/la  Air content Powder in Unit weight(kg/m’)
(%) (%) (%) S-PCM(Cx%) W c S G S-PCM )
Plain - 188.89 -
PCM3% 3 [70] 171.88 40.5
POME% 35 47.67 35 6 [70] 15487 540 777.78 900 81 0.81
PCM9% 9 [70] 115.99 1215

Note) W=water, C=cement, S=sand, G=gravel, SP=Superplasticizer, S-PCM=Slurry PCM, [ |=Free water substitution percentage

70

60

50

40

30

20

Temperature(°C)

10

20 40 60

Time(min)

80 100 120

Figure 3. Setting temperature of TG/DTA inside
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(c) Thermal-couple installation
Figure 4. Procedure of selecting PCM temperature experiment

(d) Data-logger installation
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(a) Simplicity insulation box

production (b) Placing concrete

(c) Thermal-couple installation and measurement of temperature
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Figure 5. Procedure of simplicity insulation temperature rise
test

(b) 200ton UTM

(a) Thermo-hygrostat

Figure 6. Curing of compressive strength specimen and
apparatus of strength measurement
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Figure 7. Heat characteristic evaluation of 31°C powder PCM



Evaluation of Hydration Heat of Mass Concrete with Capsulated Slurry PCM and FEM Study for Analyzing Thermal Crack

4.2 CalorimetergE 0|25t PCM £ A|HEH0|AEZ|
+39 EN

Figure 82 Calorimeters 0]-9{} A
FAIES YERdTE, PCM6% €Y Al
170,90J/g 22 Plain tjH] 41,19J/g2]
stk o= AHE 28 A ARIE] 4?1
T 5ol Gl G AlE Z2ak= A
AEat UelEls A 116

N
1%
o

- Cement Paste(Plain)
2200
2
w [ A e
7
L2 150 P
[ e
U Lo
p -
' 100 > ” . %
i L+~ Cement Paste mixed with PCM&%
3 i®
£ v
3 50 P
< e
. z
0 10 20 30 40 50 60 70
Time(hr)

Figure 8. Comparison of accumulate calorimetry
4.3 PCM £¢ -Eaa|E0| o EM

% 28] PCM9| &80l wE 22
ZE {Polu,j%ﬂ I V“/\l?:i off oot & E49%57} Aut T
IR0 49 Plaine 63.7C,
PCM3%-+= 60TC, PCM6%-= 55.1TC, PCM%%+= 55.2C=
Ut &) POMY| Ege] 37l ntet 21 45}
Sl AZEE AL SIS etk POM3%elA

PCM &Y% 199 1.2T9] 2=Agdad7h yehgte
6%=1.73C, 9%/ = 1.51CE 6% & A7H&o]
7P A Ueldt 2l ek =Y ARPAME Plain
20417 125 &22] PCM3% =% Al 24A17F 178,
6%»— 26A17F 395, 9%+ 2TAIZF 51E-0 2 SAHE ]}
Figure 9(a), (b)&} 2ol &&j2] PCM3%, 6%, 9%°l|A Z}
7} AR 5 AARE 278, 5ARE 385 A|odele A BRI
S 4= Qlglom, PCM 1% E9infct 217 221, 445, 33%
AAsfs Ao vehdth AAgel gletr PCM6%elA
7P Asago) A el E3F PCM9% £ Al
= P Aol ThE 4] Hlsl E2EE Ui 227} A

£ gloE Yegon] ol

o] glofitel, 1 43em 3 A 4
g FL PCM &4 6%/} A3lksh

—plain-cen —plain-edge

- — pem3%-cen - - pcm3%-edge

=== pcm6%-cen --- pcm6%-edge
pem9%-cen pem9%-edge

—outside

S
(=]

Temperature(°C)
8

N
(=]

(3=
(b)g—

0 6 12 18 24 30 36 42 48 55 61 67 73 79 85 91 97 103
Time(hr)
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Table 10. Summary of FEM inverse analysis modeling

Details

Modeling of specimen

1/4 modeling

15 x 15 x 30cm
Modeling level :
Plain, PCM3%
PCM6%, PCM9%

Continuous
placement

Table 11. Input data of FEM inverse analysis

Division Structure
Select in KCI-2007 accordance with
Concrete compressive strength in
28days(C55, C40, C30, C24)
Specific heat(kcal/kg- C) 0.25
Weight(N/m?) 23540
Thermal conductivity 23
(kcal/m-hr-C) .
Conveclion2 coefficient 0.68
(kcal/m=-hr-C) (Derived through plain analysis)

16 (Apply experiment data)
Apply experiment data by level

Outdoor temperature(C)
Placement temperature(C)

Com%?:y'\é?,\]%?nzgth in Apply experiment data by level
Compressive strength a=10.5, b=0.625
expression coefficient (Derived through experiment data)
Coefficient of thermal -5

expansion 1.0x10
Poisson’ s ratio 0.167
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Inverse analysis of exothermic function coefficients
Effect Factor Analysis

Relationship with
Temperature

Relationship with

Analysis of Thermal Cracking Index

Figure 11. Procedure of heating function coefficients FEM
inverse analysis

Table 12. Result of heating function coefficients inverse analysis

' ’ Reaching time to
Maximum hydration maximum hydration

Division K

“ temperature(C) temperature(hr)
Plain 73.93 1.82 63.74 2217
PCM3%  72.61 1.58 60.00 24.66
PCM6%  68.42 1.36 55.10 26.67
PCM9%  69.16 1.34 55.20 27.84

K @ maximum temperature-rise coefficient
o - rate coefficient of reaction
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i G Modeling of specimen Details
w -
3 <
fﬁe- Log.2 ® 1/4 modeling
= é e Ground 24x19.2x3m
® = : 7] e Mat foundation
5 674 —&— Temperature-Rise Coefficient(K) L 048 . (st placement/170hr)
o L . ] Sequential 14459 62 4m
£ - & Rate Coefficient of Reaction(a) o placement o Mat foundation
T . ‘ : 2 (2nd placement/930hr)
0  Plin PCM3% PCM6% PCMO% . é?é‘;fn@gé%lgg}“
Figure 12. Change of heating function coefficients in
accordance with level
Table 14. Input data of FEM analysis
70 —— Plain Division Structure Ground
PCM3% -
- PENf G Specific heat(kcal/kg- C) 0.25 0.2
o — - PCM9% Weight(N/m?) 23540 17000
@’ Temp Thermal conductivity(kcal/m-hr-C) 2.3 17
‘E Convection Exposed surface 12 12
@ S coeffigient
S \ (kcal/m*-h- ) Steel form 12 -
£ >
Q2 = Outdoor temperature(C) 20 -
Placement temperature(C) 20 -
Compressie strength in 27 _
10 T - . . : 91days(N/mm®)
0 20 40 60 80 100 . _
; Compressive strength expression _ _ _
Time(hr) coefficient a=4.5, b=0.95
Figure 13. Change of hydration temperature in accordance _ _ : _ _
with age by inverse analysis Heating function Plain K739, o182 -
coefficients PCM 6%  K=68.42, =1.36
Elastic modulus in 91days(N/mm?) 2.7782x10* 1.0x10°
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