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Sensitivity Study of Thermal Stresses in Mass Concrete Structures
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Abstract : Cracking in concrete structures is one of the main issues of structural design next to ensuring the load-bearing
capacity. Thermal analysis is used to prevent thermal cracking, but concrete properties are uncertain variable, and analysis
results have uncertainty, too. In this study, sensitivity analysis is performed to investigate the effect of conductivity,
specific heat and pouring temperature. The results show that lower conductivity and higher specific heat increase the
maximum temperature and maximum tensile stress. The structure with internal restraint is mostly influenced by the

change of conductivity and specific heat.

Key Words : thermal cracking, uncertainty, sensitivity analysis

.M E

FHZ B0 UIFE TREEY A|Fo| ksl
AL, Uy FEES A YsiME Wx 23
e AjFo] YAH oz w2 gr). wx 23
YE FEEL YRA B F3lde] HEY
A4 A4 o] 2AE &tk F3dR Q
325 FEL2 BE 1O Zo] A3 FRES BEF
£ ASr} gon, FRE| A|F Z7|d st
TFZ2E9 Wg, U4 2 v 53 53] A71H
WPAEY ASS zdstng A4, AF 2 @
oA AU AES sojol g

At o 2 HaiAe 9 L& 749 P
AES] 95t 539 -8 e S8
A DA, AR} 2ol Mg B 9B v
27 Qe gEA Agehs g2A 2agEl)
EAAE o] BHAPL YEsT Yok AReE
598 3o ZaYEY YIHME AEAR 2
wjgl, Ao wekd BAXZo] thEA Jehl:

YTo whom correspondence should be addressed.
chasw@simmani.com

160

T AR B4 B4 wE) A3 w3 B
48g 7HIA dck

meb, B AFelAE B A7A} AR 5
d 4 e Zrade AR’ Sade) o
2589 Aol AgHE BT e A
A sl LE #d BYA S0 SN AT
mAE 9l i ATE FASRA

o

2 439 A4 REes A

2.1, AT X|ujurxA

i @do] gl Aol e] 28 ¥ = Fourier
H3e w2 gk uehA, u)aAH s
AYPE Azsle] GAY AvjE PN BEY
Ay 2>




o2 232|E 2xE2| Al 3 2 Mol QiPT 24

22 ZI|=H3 AAx=A

Hul g 9o gejg Foix 339y dF HY
HANE E7] Y8 dadd dig 283 A
ol Aget 27|27 AAZA] FojA ok gt

ZANZ0F AZte] 0d W B9 2xF7
o] gk 7171 9] 57} FojArE>?

T(x,y,2,t=0) = f(x,v5,2) @

14 L= HA 24 @sts B-A AR es-
sential boundary condition)2 2J(3)2.2 LjelE 4= glt}.

T(x,y,2,8) = f(x,y,2,1t)
X, ¥, 2 on S, 3)

T3 A AF 9% RAge UREA
%27, & A7 A% A(natural boundary condition)-&
o H@)E gelgrt?

k%% (x,y,2,t) = g, (x,y,2,t)

x, ¥, 2 on Sy C))

23 2aslee] U Wy

Zazee) BdHRge 29Ya7] Hakd A(S)
o e AY 2= 4eud BeSEd BE 9l
LEASRAL AgAT?

AD = Qu (1 — e ™) &)

oA7|A, b : NZF rdolAe] ddex AEEHC)
Qe @ A2 E(C)

r: SR
t: A (YD)

24. 271AA D} A7t Aol A A5}

QALY EAE $H24Me ol s
A HENS 43 T AAFTAY B 2%
o tise] Zzte) 948 sl A6 g

[CHUT)I+I[KNT}=(R) ®

(K] = K™ + [K]™
(R) = (R} + (R)™

ERUHINESEIX|, M6 H4%, 200114

2(E)NA [Cle 4% FE, (K]l E€H= 9
g, (R }2 €3 HEE eI, 1 HA= cond
£ AEE, conve UFE, heatS R EE S <
o} B osXe] Z3dE ndgdE 884 344
SOLID S AE ARSIt

AlZbe H@ 14 =3ee 2ALE 47] A%
o RE F Y AL A7 AN 4 @
Aol 2] W& Mzt o3 7isgasi &
A7 HHES BHH o2 ARSRITL o glo] 00]
A Euler®] HHEbxHE® o] HiL 120]H F4AHEH
= Crank-Nicolsond}, 2/30]H Galerkint}, 19]
W Ao Bk ol ANAREE ge 4
(N3} o] EHHTL

(R} T} = (R} M

047]}\'1a [R] = [C] + aAt,,H[K]
[R] = ([C]_(l_a)dtn+l[K]){T}n
+ 4ty (@{R}, s +(1—a XR},)

3 459 P RESY ANRH D x

]

E3ZE EF APA mjAZ3EE Holl a2y
Aurz el ZAYE TRE| ol ZFHES F
AE &L 22~24keal/m - br - °C, 8]D& 0.25~0.30
kealkg - °C A=E AAsta Qet? adx, 238
Eo] OYAHEF wel dd A =71 A3
A 1 gk BMExd o gEkx] A "ok =,
F3td x| "W BAXY GAEE, 9
¥, EMdee metA 3 2= 2 8 S4E
7} Mgk

mEld, B Qo ME 2 E AjdA A A
Algta Qe WYY dA=gd vg, aga el
Lxol W FHE st o WE AR
< F3stazt gt

3190 93 g LAY o) et ¥
WRelA dgo] FAsE UF-T-Eo 23 7
FAFANA THol LA YR-TEFIR s
+ 9t} webd, B dFME ag 13 o] 7%
g g3 Fo HAE gl 72EL 718
o, WE-F&o] AuiHQ) g EHQ F2EQ A|ukg)
o = 7|2 T2ET il AujFel o
EFA F2E 7k &2 Sl ERdEE o

161



TS, A

b 7om o

Fig. 1. Geomelry of analysis model
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Table 1. Material properties used in analysis

AHEAE

2 4 2z At
H)Q(kealkg - C) 0.25 - 0.30 0.20
QAT &(keal/m - br - °C) 22-24 17
o5 AlSkeal/m” - br - C) 12 12
BALE ¥ 9712 5(C) 10, 20, 30 10, 20, 30
A7 S (kgffom’) 270 .
B4 A S(kgllom’) 246000 5000
AYRAS( IC) 10.0x10° 10.0x10°
Fopgu 0.18 0.18
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EMILE 10°C, T=54.80(1—¢ %% (3a)
EMI2 % 20°C, T=53.15(1— ¢~ 1¥) (8b)
EMIEE 30°C, T=52.15(1—¢ 1% (80)
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Fig. 2. Temperature distribution when maximum temperature
occurred
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Fig. 3. Themal stress distribution when maximum stress occurred
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Fig. 4. Temperature history of maximum temperature
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Fig. 6. Temperature distribution when maximum temperature cocurred

Fig. 7. Thenmal stress distribution when maximum stress occurred
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Fig. 8. Temperature history of maximum temperature
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Fig. 10. Temperature history{pouring temperature 10°C)
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70

+K=24,C=025
WK=23,C=0275
A K=22,C0=03

o
S

o
=)

Temperature(°C)
o
o

0 5 10 15 20 25
Time{(Day)

Fig. 12. Temperature history(pouring temperature 20°C)
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Fig. 15. Thermal stress history(pouring temperature 30°C)
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Table 2. Varation of maximum temperature and stress and

analysis model 1
EeE AY2=HSR%) | AUUFSHEEE(%)
10°C 26 ~ 426 (52) =72 ~ +6.8 (14.0)
20°C -1.7 ~ +14 (3.1) -6.1 ~ +5.4 (11.5)
30°C -12 ~ 410 22) 45 ~ +59 (104)
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Fig. 18. Temperature history(pouring temperature 20°C)
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Fig. 19. Thenmal stress history(pouring temperature 20°C)
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Fig. 21. Thermal stress history(pouring temperature 30°C)

Table 3. Variation of maximum temperature and stress and

analysis model 2
Bes | HYzW(%) H 3-8 8 3-8(%)
10°C -33 ~ 28 (6.1) 44 ~ +35 (19
20°C -1.6 ~ +13 (29 =31 ~ +24 (5.5)
30°C -1.5 ~ +13 (2.8) 23 ~ +18 4.1
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