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A Study of Crack Initiation of Refractories by Cold Model Test

Akibumi Fuytwara

‘ Synopsis:
| A cold model test was made to simulate a crack behavior of cylindrical refractory structure. In
the test, high-alumina (A [203 90%) rectangular prism bricks were used. Strain was induced by mech-
anical loading. Srain state was simulated to that of bricks in a cylindrical furnace in which thermal
expansion of refractories are constrained by shell.
Y-directional strain state which was given to the bricks partially and varied linearly (maximum value;
&) corresponded to circumferential strain state of bricks of the furnace, and y-directional partial loading
resulted in the tensile strain in x-direction (maximum value; &) which corresponded to radial strain
of bricks of the furnace.
Also, three point bending test of square section bar and compressive test of cylinder were carried out

Results are summarized as follows:

r@r to get tensile critical strain (g;' and compressive one (&°).
-

|

1. Cracks may be caused by &, and &xm.

2. Critical strain to cause cracks in cold model test, has good correlation with & or &°.
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Fig. 1. Stress state and typical crack patterns in
cylindrical structure of fire bricks.
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Fig. 2. Definction of coordinates for stress analysis.
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Fig. 3. Calculated relation between strain and
contact length.
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Fig. 4. Stress distribution along contact face.
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Table 1. Test series and combination of spacer.

Test No.|| L (mm) | W (mm) |B (mm) | NO-3 Of brick| 5 (mm)
A-1 200 133 200 2 0
A-2 ” ” ” 2 0
A-3 " " ” 2 0
A-4 ” ” ” 2 0.5
A-5 ” ” ” 2 Lo
A-6 " ” ” 2 15
B-1 " ” 133 3 Lo
B-2 " ” ” 3 1.5
B-3 ” " ” 3 2.0
C-1 ” ” 100 4 0.5
C-2 " ” " 4 2.0
C-3 ” ” ” 4 2.0
Table 2. Material properties.
(a) Compression
a5 o X4 €l E y
kgf/mm? | kgf/mm? % % | kgf/mm?
10.4 10.2 0.44 0.40 2 550 0.11
(b) Bending
Test piece
\ 2003%80 [ | 300x 120 1 | 4003x 160 I | 5001x 200 I
Properties
gl kef/mm? 2.24 2.00 1.90 1.83
et @ 0.088 0.078 0.075 0.072
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Fig. 7. Schematic stress strain curve under
compression.
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Fig. 8. Variation of contact length during loading.
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Fig. 9. Relation between nondimensional stiffness
and nondimensional lower clearance.
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Fig. 11. Cracks occured at the boundary between
contact region and non-contact region.

— 114 —




BHREBRERC IDOhANDEXHURELEFORS 2091

0.6 0.6 0.6
L/B |Not cracked| Cracked

1.0 (o] [}

1.5 A A N V/
, S
|| 2.0 =) = S 0
0.4 0.4 a .4 5
g & F —1 d & L
< L N <
Q Ty ) ““% Ty 2 m-“’\m 1&° g oo
. '/.ss.“‘ Q—\'t"o . / < .
F 0.2 * ] sm\’ 0.2 2 V 0.24 /}9%’ 45
L
/ o/ /S
0 0.2 0.4 0.6 o . 0.2 0.4 0.6 0 0.2 0.4 0.6
Le/L Le/L Le/L

Fig. 12. Comparison of crack initiation criteria.
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Fig. 14. Distribution of crack initiation strain.
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