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ABSTRACT

Even though numerous researches have been performed for the prediction of thermal stresses in mass concrete
structures by both analytical and experimental means, the limitations exist for both approaches. In analytical approach,
the fundamental limitation is derived from the difficulty of predicting concrete properties such as modulus of
elasticity, coefficient of thermal expansion, etc. In experimental approach, there are many uncertainties related to
in-situ conditions, because a majority of researches have focused on measuring thermal stresses in actual and

simulated structures.

In this research, an experimental device measuring thermal stresses directly in a laboratory setting is developed.
The equipment is located in a temperature chamber that follows the temperature history previously obtained from
temperature distribution analysis. Thermal strains are measured continuously by a strain gauge in the device and the
corresponding thermal stresses are calculated simply by force equilibrium condition,

For the verification of the developed device, a traditional experiment measuring thermal strains from embedded
strain gauges is performed simultaneously. The results show that the thermal strain values measured by the newly
developed device agree well with the results from the benchmark experiment.

Keywords : thermal stress, modulus of elasticity, coefficient of thermal expansion
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Concrete 10 3.00
Steel 11 21.0
Aluminum 24 7.33
Invar 45 2.89
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Table 3 Mechanical properties of concrete

Compressive | Splitting tensile| Modulus of
Age strength strength elasticity
(days)|  (kgf/cm®) (kgf/cm®) X 10°(kgf/cm®)
Surface | Interior | Surface | Interior | Surface | Interior
188 259 26.4 31.0 2.0 2.7
239 346 30.1 36.7 2.3 2.8
265 350 332 317 2.6 30
313 363 36.8 383 2.9 3.0

SO DD | =

Modulus of efasticity(x10° kg/cm?)

] ® interior
o surface
0 T T —T T T T 1
0 1 2 3 4
Age(days)

Fig. 2 Variation of modulus of elasticity of concrete

ol A Yehtn Ytk ol Y HiFgY AT EZE
WS Aol o ST o)z} ) wfEoll,
Fig. 2& Table 39] 275 BEUZ Wigd Z3EY &
ATl diste 3 EAe Aajort

42. 45 4™

4.2.1 2ERY ERYAT7 2 AR(LFE)
e AP e Slal] fste FERg
ZIYERT GPAFI & dRF ARR o A
e ANk Fig @)% i FEE LEEY 3
A2t 3 95t 2RE F2¥Fxd Za g
e exzold. Fig 3@ et 2aelE, =49,
geaazule 7t o 1T el X8 HolwA
ARLTE AR wesln Qo). wals oo exy
T HNABE o)gstad APPAE dak= LxojHoT
A + Avk= 740] AZ5 1, AWME 4314 o5

9lri= 7};401 =g

A& o8sto] A7 ateg &+
48 Aolrt. Fig 3yl =3
AL & 7 Jded, ol &
Hd ﬂﬁé%ﬂlolx-‘é} %%7]7],] A7) Aeom
9o o] shielding®|t} grounding & 3

A
2T = de Aoz L%—‘EE}. =3 °l —r°ﬂ ”a“cﬂil
E

_|
32

Fig. 3

—&— concrete
1 —=a—— frame

—=&—— chamber
60 —‘

Temperature(°C)
]

20

0

I T T T T T 1
0 2 4 6 8
Age(days)

(a) Temperature history

Strain(x10%)

—o— |eft plate
—— right plate

-30 T T T T I T ]
0 2 4 6 8
Age(days)

(b) Measured strain from strain

30 5

Strain(x10%)

—o— left plate
—e— right plate

-30 T T T T T T : ]
0 2 4 6 8
Age(days)
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