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A Statistical Consideration on Crack Initiation Condition

of Brick Work Structure

Synopsis:

Akibumi FUJIWARA and Nobuya IwAMOTO

A Statistical technique was used to clarify the difference between the bending strength of small size
specimens and the crack initiation stress value of blast furnace hearth model constructed by carbon blocks.

By the Weibull's weakest link model, strength (size effect) and .it’s variance of carbon blocks of blast fur-
nace hearth model were estimeted from those of small size bending specimen.

To obtain the crack initiation stress value of the carbon block, 2-dimensional elastic-creep analysis and

3-dimensional elastic analysis were carried out.

The stress value which caused cracks in the carbon block

model became about 6§ ~ Y4 of the bending strength of small size specimens.
Also, the variance of stress value was estimated from the variance of location of cracks in carbon blocks.
By combining the size effect, strength- and stress-value variances, we clarified that the stress level of
about ¥% ~ Y of bending strength is small size specimens is large enough to cause cracks in large blocks of

the blast furnace hearth model.

Key words : carbon block ; crack ; thermal stress ; 3-dimensional analysis; creep ; failure-probability ;

strength variance ; stress variance.
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Fig. 1. Construction of model furnace.
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Fig. 2. Typical cracks appeared in carbon block
at side wall of model furnace.
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Fig. 3. Contact and stress states of carbon block
of model furnace.
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Fig. 4. Relation between probability of failure
(F,) and bending strength (S).
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(b) Failure probability
Fig. 5. Difference of Weibull coefficient (m)
which depends on sampling location (extruded car-

bon block).

Table 1. Bending properties of test carbon black
of model furnace.

C Side face
enter
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m 8.3 6.0 — —
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a/ St 1.06 1.07 — —
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Fig. 6. Comparison of creep by experiment with
that by assumed constitutive equation.
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Table 2. Material properties for analysis.
Eg 1.5 Vg 0
E, 20 000 : v 0.3
E/ 1000 kgf/ mm? Ver 0.15 1/1
E.g 640 Vog 0.1
E.. 640 Ve, 0.1
a, 0
o 1.2X107° 1/°C
a, 3.0x1078

Remarks notation

E: Young's modulus

a : Thermal expansion coefficient
7 : Poisson’s ratio

Suffix
s : Stamp r : Radial direction
f : Shell 6 : Circumferential direction

¢ : Carbon block z : Axial direction
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Fig. 7. Comparison of shell hoop stress (g ) by
analysis with the experimental value.
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Fig. 8. Comparison of stress by elastic analysis
with that by elastic-creep analysis.
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Fig. 9. Three dimensional stress analysis of
carbon block.
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Fig. 10. Variance of location of cracks (X¢).
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Fig. 11. Comparison of stress state of carbon
block with that of simple beam.
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Le PR anE, TG CHEMET pARL25
EEEWRT A, p AREME TR ENE, £ OMR,
O bEMMETRL D, 22T, B OMITFEL
AWT, Le BFRNTELOSHED 0, DIELDE %
kodpH I izl &b, BEHRO OBETIE 2 kKL%
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HHEERET, 20, p OSMIRIEOEE L rRixs
LRV, L7222 T, RETH/RIFHLERLD, @&
WCEREMNEL D, 22T, BH'O ot o), L LTE
DEELWET 5720, k 2 EHE LTRRERE L%

Orm = k.g';_m ............................................. (18)

¥, t=30h T? FEM #M%fE D p, = 1.2 kgf/mm?
& Le=160mm % H\V CTEEH'O DT o), 23RO,
Fhpr -7, BEM, 3RTHELEEL 72 FEM
D 0.39kgf/ mm? L 2B X512 k=1.3 2D (M
##id Table 2 @ E,, £ iV C05%).

RIS, pORAik#HKE L, Lc=L, =140 mm T p,
BREL, T L, ¥ FflL LT Le FRRORE
L7z CESL 2K HED py #A(17) XKD, £h
5 EBHORE BLUR(18)25 0, DITLDOE %
Ko, FEEDOERWBEERF, KD, 20 F, 58
0.3 L RBPED o, DFWfEE Sy & L2, ZOBAE,
ROV OEHEE (THR) 2HY, 20525 5EE
L7z, Lc=Lp=199mm #FEmEL L, X(12)0
AR (EBR) 2 HWHEb, LLAFKEOFIET
F.%#0.3&%% o0, DFEYEERD S, & L7

PEicE>T, RANICRELZESIEH Sik S.<
S<Sy, Thbb, KRXL%5.

0.38kgf/mm’ < § < 0.57kgf/mm* (m =5.4

0.43kgf/mm* < § < 0.64kgf/mm* (m =6.0)

0.47kgf/mm* < § < 0.69kgf/mm® (m = 6.6

R(16) L (19)DEEIC X > ThhB L >, BMED
EH2&EnLRERNDESEF#HETHILICED
T, NAFICRELZLEZONRBIGTEH 1 &/
% b,

RONICLAFEEET § i, 0.38 ~ 0.69 kgf/mm?
Thb ZOMIEHBKTCLSLEN 0,=0.39
kgf/mm® 1.0~ 1.8 THY, HTKEDTH 5D,
IEHFTICLBREND Y, ThEEBThEWEBEEIBS
Ch—HTHLVZ L.

6. #&

ETFNVPEERICH VM OMTEEDL S, €7V
DNANDBE (TEHR) L 20X 5 2HEE L7
INLDOF—FEERL, EFNVEORAND XZL5E

)

FEELS, NAPIIRELLEEZZONDIEHEHEL
7. ¥, EFNVFEONADPOTEREIZITSD 2558
LHE D EREBEILTICOVTHRETL 72,

-4, 7V=THHVE I RTHELZEELTET
WIRD T R ATV, RADICRES B h 2 kB 7-.

UEDHRREBENTHERDL )24 B.

OB S N AP OBITRED XS5 %14,
wE L DAE (RIE) SHoHFKE . ‘

QIENEHHERIC LT, BEHEEE TS ) — ThE
UMD AR & T, HEmms 5B 118
ML, T2, 2 RITHEITIE 3 KITHEBITICHB LT,
BERIR S 5RIC ) % 8/ NGFli ¢+ % .

@EFEFVFNANO EBBEEREED S RADDFENE
HEHEETHHE, BELRELHOESD 5+ EE
ThiE, E60&3%FEL 2V ICH~NTRERTIZ
10% KT 35, zomAfE, BHEHCXAELS
Bbh—H,T5. ThoDZ ki, hAPHEAEEED
SHOFHIZ X, BEDITS D 5 DEE L HEER-HKHL
BYEETH), HELRLETAICEEBERCBISN
FREDESHOEOEEHINLEL LA WHEEERT LW
&9,
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