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Evaluation of Coke Strength Considering Pore Shapes by Using a Homogenization Method

Kenta UEOKA, Tomoki OGATA, Yoshio MorozuMi, Hideyuki Aok, Takatoshi MIURA, Kazuya UEBO and Koichi FUKUDA

Synopsis : In this study, the effect of pore on coke strength is investigated using a homogenization method. The stress analysis using a homogenization

method is carried out for two cases of pore shapes. Case 1 is the round pores with the same diameter, which is regularly arranged in the unit

cell. Case 2 is the irregular shape pores arranged randomly in the unit cell.

In Case 1, the stress in the coke rises with an increase in the porosity. The stress distribution is determined by the porosity and is indepen-

dent of the pore diameters and the number of pores. In Case 2, the stress in the coke with the irregular pore shapes increases with porosity

and is larger than that with regular pore shapes. This is because that the stress concentration occurs at the sharp edges of pores. In addition,

the stress analysis is carried out for the unit cell composed of circular pores which has different diameters and randomly arranged pores. As a

result, the existence of circular pore reduces the stress in the coke and hardly lowers the rigidity of the coke while the arrangement of pores

has little effect on lowering the rigidity.

Key words : homogenization method; pore shape; coke strength; finite element method; microstructure.

1. ¥E

PIEIDORRFRBOLEH & HAOSIAER ML T
B0, WSROI 2005 FHTE, BIEELTR2MEICE
LTS, MRS OEmRIZHEY, 2 — 2 201l é
BRELTED, a— s 28570 2 TIREGEBFRIC BT
232N EYVETD D, RifiAIEREKKD 2 &M
BfioRESLEE N TS,

EAFIZB VT — 2 23ER, B, EK - BT
Bith, SoO@bE TMOREZH-Tws, ZD4204%
HoHb, IFNOBRK - BIREEHERT 2 AX-HL LT
DRED, BIFORERELMIFTL-DICREERTH
5, $hbb, I—2 AIMERE ST, »OFNICE
WTABMTHETZ2E5BELLDIILEERNETHS L &
h3, BREBELEI— 7 2A08EHMEARART 5720121,
-2 ZMEDORBEERL T — 2 20OMER T 4 AT
BVERBHB, LHL, 3—2 2R XD AEKRPIER
MR ALFEROD F PR D DL AR, B vo 2R
SERTHEXNBWETDH D, T — 27 ADBERBUEME
DFRIZBT 22 DL S iTbh TE 24, K
RS BIEBIZEZ N, £, 23— 2IERILEH50%
BB OZIVERBMRITH D, 2 OB R R 54

HODREL-EAMBTH 2720, 2 -2 ADEEET
iz TH D, BMERTFIZONEFHEL &> THRW,

-2 2T ARG - 2BEomEEHE L
72 D0 (KRFEBHIEIC K MR, REERELED T —
o ZBBEOHHEEIZET DD LS ICHIZHRE L
BRICEb- HESMTOA TR, 2—2 2RBDM E
HEE U7k LHEMARE O FlE DT %175 72812
i, 3—2 208MEKIEE R X OBWMEPITEO R L 5
e ERT20E,N D 5,

HRE & VI E AL A AW IBhRrc K o [RIUEE S
OB EIPIENEINT A — 2 TH B HIERREIC
52 5B IOWTHMIZRET LT3, LrL, 20O
WHlESILE A ERE L7 BRIl A D TH D,
HEERER DI oA KIUEE,r 2 - 2BEIZE X
LEELEMEIZL TS LIS 0N,

Z 2T, AFETEHBROKILRAIEE U 72 X FLIHE
B, AHHEROSILA S v £ LICERE L -5UEEEE
T 53— AR U OB E O IR R 2 4T
W, RILEES T -2 208ERTICKITTHEO VTR
L7,

SERI1TETHIERN FER 1749 H 7 H3HE (Received on July 1, 2005; Accepted on Sep. 7, 2005)
% HbAZEAZEPRLE (Graduate Student, Tohoku University, 6-6-07 Aoba Aaramaki Aoba-ku Sendai 980-8579)

% 2 BUERZ AT T2 728 (Graduate School of Engineering, Tohoku University)

*3EREBTYE (k) BATHFHIZH (Corporate R&D Labs., Sumitomo Metal Industries Ltd.)
%4 #TEABER () B - 7ok A% £ ¥ # — (Environment & Process Technology Center, Nippon Steel Corp.)



2. iR

2.1 HEE

BRI, SAMBO~ 2 ol sS4+ 85+ %
P cidal, R I 2 oA EE» 6, SHHOEE
RGN A EHENT5FETH S, Fig VZEBNE I
DEEAAETAMEM AR, ERQIE Iy o AEE Y
DEAEKTHD, BROICEWTERN L AERAL TV
DETH, vrukkUI sy uEIZl) 2ERRx, y
TETEL, KEBETOEBREIA T —Llbe®EHNWT

y=xlekLE£Ihb, eifxa=y b LLOREEX], BESE
EOREEZXLEHY, e=l/LTEREND, £/, ¥

DEKU I/ oI L CERLRHER VWS L,
EDEN u, 2 A TDXIIZRHATE S,

w;=u,(x, p)=ul(x)+ eul(x, p)+ €42(x, y)...,

ZIZT, dIIEAMBOEMMEABNTER T Vo0
TEROERTH D, ulld~ 7 TFHROZEN 2 W TELT
537 afEICB L CRBNAZEN T 5., HEMOER
u k2 - N elCT AR ADEE LD, xB LTy
THEAT S, 27 —LtlbelddEEishe <, SR ER
T&ED, e<01THhdL, WEKIZKBEMIPELFIZE
VT B ENH|EIN TS0, KEHTlEI=1mm, L=
100mm& L, 2D&&Ee=001TH5T 5, WHILE
DA IE+AREETH 5,
ERFEEEHNEZEIE-T, BITRRTH 5ED
X L TR ERIU To L3 ik ah 3,
ou; ;. 40—

E. — J‘tudl“
J‘Q 7 ox o, n

B RRIERET v kR, $72, 30BN & &
F. KN CIEARNABRL, 2000 TR A 5T
5
iz,
i 5 % KA & 5 1

y=x/£ ........ (1 )

v/ uBEU I A EBOERN A AT SRR
EHET B,

auk e (3)

’:_XIZ( )
RNIK( DB KTR)HERAL, FIYLEHE (the aver-
aging principle)'V& , elZBIT 5HER KD Iy iKY
B AU TOREGBRE*H S,

J.E. oy 0% dY=J' £, 95 gy
Ly, By, L oy,
K(OHIZH U TRBBER LG EERT 22210k, B
B EEHTEZENTE B,

Eoiz, WHEtehZ~ s v o 2 AL ERE
RADESIEBT I LANTES,

81

PRI L B RIBREEE L 72 0 — 7 ZEREEETHT

> X4

Macroscopic region

Unit cell

Fig. 1. A structure with a microscopic periodic unit cell.
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Fig. 4. The process of making unit cell models with irregular shape pore arranged randomly and examples of unit cell models

(Case 2).
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von Mises stress

(a) Porosity = 0.28, number of pore = 25 (b) Porosity = 0.28, number of pore = 100

(¢) Porosity = 0.28, number of pore = 400

Fig. 7. Stress distribution in Case 1.

(a) Porosity = 0.35 (b) Porosity = 0.48

0
von Mises stress

(c) Porosity = 0.20 {d) Porosity = 0.07

Fig. 8. Stress distribution in Case 2.
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Fig. 10. Effect of porosity on stress and homogenized elastic modulus for Case 1 and Case 3.
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Fig. 11. Comparison of stress distribution between Case 2
and Case 3.
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