208 g & &

%70 4 (1984) %25

REUE IR TR TR

© 1984 ISIJ

# X RIZRFR T OBl PR A DSFEREE A

LN THEH TR

DISFIETE

[ SN RS g =}

2*2

Stress Analysis of Cylindrical Refractory Structures under

Restraint of Thermal Expansion

Synopsis:

Akibumi FUIIWARA and Masayuki FujiNo

An approximate analytical equations were derived to calculate the stress state of cylindrical structure

that is constructed by fire-bricks, stamp, joint-mortar and shell.
In the analysis gradual heating process was assumed, and non elastic behavior was neglected. The
main objects are to get the compression field that is made by constraint of thermal expansion, and the tensile

stress that is caused by partial compressive loading.
The analytical solution was compared with that by FEM.

The former has little error. This error,

however, has no objection to design or to evaluate real furnace.
Numerical calculation was done to clarify the effect on stress of design parameters of blast furnace hearth

refractories, i.e. Young’s modulus of fire-brick, that of stamp, length of fire—brick and thermal conductivity,

etc..
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Fig. 1. Mechanical model and typical crack pat-
terns in cylindrical structure of firebricks.
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Fig. 2. Movement, deformation and mechanical
balance of firebrick under reaction of shell.
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Remarks Notation
E : Young’s modulus, «: Thermal expansion ratio, v : Poisson’s
ratio, A : Thermal conductivity

Suffix
C : Firebrick, § : Stamp, f : Shell
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Fig. 8. Comparison of maximum tensile stress
(¢ym) of analytical solution with FEM solution.
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Table 2, Proportions of models for the analysis.

Model No. | Rmm) |L(mm) | Ltmm) |t {mm) |@ (rod.)
M- i 6000 | 2400 | 100 70 [M/g0
M-2 |7000|1150] 100 | 70 |%/90
M-3 |7200| 720|100 | 90 |%/90

Remarks

R : Inner radius, L : Length of firebrick, Ig: Thickness of stamp,
t : Thickness of shell, ©: Half angle of firebrick
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Fig. 9. Effect of Young’s modulus (Es) of stamp
on the stress (orm, Po) of firebrick.
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Fig. 10. Effect of gap clearance (25) of joint-

mortar on the stress (o, p,) of firebrick.
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Fig. 11. Effect of Young’s modulus (E,) on the
stress (6pm, po) Of firebrick.
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Fig. 13. Effect of thermal conductivity (1,) on
the stress (opm, po) of firebrick.
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