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Stress Analysis of the Packed Bed in Blast Furnace

Kenji Katavama, Satoru Wakasavasm, Takanobu Inava, Kouji Takarant and Hideyuki Y aMaOKA

Synopsis : Experimental study using a small scale blast furnace model as well as theoretical study based on the elastic-plastic
theory were made to elucidate the characteristics of the stress field formed inside blast furnace and following results

were obtained.

1) The stress distributions both on the furnace wall and on the furnace bottom measured in the experiment agreed
approximately with those obtained througn the numerical analysis based on the elastic-plastic theory.

2) The shape of deadman and the vertical distribution of the horizontal stress inside the cold model furnace observed
in the experiment also agreed with those obtained through the same analysis.

3) Followed by the results presented in 1) and 2), the elastic-plastic theory was confirmed to be useful to elucidate

the stress field formed inside blast furnace.
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Fig. 1. Experimental apparatus.

Table 1. Properties of coke used in the experiment.

Particle Bulk Angle of intemal
Coke diameter(mm) | density(kg/m® | friction(deg.)
0.5~1 . 0 620 32
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Table 2. Physical properties used in the calcula-

tion.

tem \ Material Coke

Bulk density (kg/ma) 620
ARG SOTSRUUo v USRI
....... internal friction (deg,) .32

Angle of friction between
....... solidandwall (deg) . .20
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Poisson’s modulus (-) 0.3
) e e IR
8 || A Box sheartest N
g @ Triaxial compressiontest | i | |
c Voo
S S0 ———rm T P
k3 R R AR R R At R A
&= I R AR R Y 1A
I SRR R AP L AT 0
£ LY T e T
£ b e e
S g0l AL R T T
2 I R
8’ I‘ |lll‘lll| ] IIIl!I 1 ) [
& o1 1 10

Mean diameter (mm)

Fig. 2. Angle of internal friction of coke measured
by box shear and triaxial compression test.

CERE LTS,

HECTI, 7, BILRECOFRNCHSEREL, X
2,800 M L 2B L Ic RO B ORI R L 2R L 12,
22T, YO ML, HEECAIET PR OHEN TR
Pl LT ARRMER LY —ERETCHTFI® LI LTHRR
L2, 2DE SIhBBE FEECRAETRECTH- 127
, BETFEEIR 1 X107~ 1 X10-°m/secDHFTEIE L1,
3:3 ERBRIBIIEROLE
3:3-1 hBOREMZE(

FETI, #UCKRET, FROAEC S 5 IUHESRE PR
T HBDEFEFTMVBR IS NS, K, HILBOKED
LY) O ML 2BARAT A FREKE 2 T3 ¥ 5) L, FFR
B LIZ D, BfPRETERIREB-RET 5,
DIEEF BRI B ERIIEEIS S OWFRE BT AR
R P FERFER L AP L TFig. 3 IR TR Bz 50y,
Wi, B EBEERD T OENETL, —EEY—2 ER
LI EREEcCRET 2 2 LR RL TV 59, 2ORHER,
BRI RS DER R Y, MhEBRSERLE L TV 5,

HETORM A S HPHECEKE LT, 2—27 AFREE
DX v ZRIEFECHCRMEE b L, Il OEE#RE
PEBOCHREESE L L e, 20U, FERRRIAIERIC L
e, Yo BE/NILLIHERERBL TV,
3:3-2 EHEHEICH DOEERITES

FIEE s L ORI GEEIRIE) Sk U 5 BEFEEICH D
B ES A DOFTEAER 2, FEBER LA L T, Fig. 4 &
RT. BEBTORHEOWI AL 7 Z v MEL, BE)

NN FEAE S8 D BRATT

" Measured -
Relative distance from center (-)
0.00 051 0.76
<
o ]
= P R R LUV TN,
o T e o eraeesrazesaaenes eeceveeemnaneas
g ° 0 4000 8000 12000
= Time (s
B 40— - . ©) —
g Calculated
£ 30}~ Relative digbangesfrom genter ()
o 20| 220 290 618 -
10 / -
3 700 200 300
Time (s)

Fig. 3. Comparison of calculated results with ex-
perimental ones for transitions of bottom

stress.
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Fig. 4. Comparison of calculated bottom stress with
experimental results.
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Fig. 5. Comparison of calculated wall stress with experimental
results.
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Fig. 7. Distributions of horizontal(a), vertical
(b) and shear(c) stresses calculated by
elastic-plastic theory.
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Fig. 6. Effects of gas flow on distribution
of bottom stress.
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of 3-dimensional mathematical model.
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Fig. 12. Distributions of horizontal(a) and vertical
(b) stresses in Kashima #3BF calculated by
elastic-plastic theory.
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