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Abstract

Brick structures which are represented by coking chamber wall of coke oven are subject to
repeated thermal and mechanical loads in operation, and consequently many damages due to brick
assembly, such as joint opening, crack and their propagation, collapse are caused. Numerical
analysis play significant role to elucidate these mechanisms, to predict damages and to realize
optimum design of brick and masonry structure. Especially the finite element method is used for
various problems and produce practical results, but it is based on continuous body, it is not suited
to analyze structure consisting of many blocks, the method based on discontinuous body has been
developed. In this paper, outline of analysis technologies for brick structure using discontinuous
based method and some applications to coke oven are introduced.
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List of nonlinear joint
Classification ‘ Joint mechanism ‘ Initial thickness Strength
Simple joint
D Dry joint Simple contact Zero *TS: zero
*CS:
@ Initial gap Thermal expansion allowance | Non zero *TS: zero
*CS: oo (after contact)
Joint materials
(®Unshaped refractories Bonding Non zero *TS: non zero
(mortar etc.) » Compressibility
(® Cushion material Thermal expansion allowance | Non zero *TS: zero
(blanket etc.) * Compressibility
(® Another special material Dissipation after operation Non zero *TS: zero
(styrofoam etc.) » Compressibility
Changing of joint status after operation
(®Entry of foreign matter into joint Latchet deformation Zero or non zero *TS: zero
(carbon etc.) *CS: 0
(D Generation of gap Shrinkage by drying Zero *TS: zero
Initialized to zero *CS: oo (after contact)

< Classificationd)-®) >
Compressive Stress on
i

® @6

1 L

Joint Close

Joint Open

Joint Close
>

< Classification®-@)>

Compressive Stress on

l@

Image®
Entry Joint Open Re-entry

LA

Shrinkage Joint Open

Image@

=18 s >
__________ 1

& otfset !

Tensile stress
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| charging hole | et

Through crack

Wall thickness decrease

Expansion caused by open joint |\

Clogging

Carbonization
room
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Coke oven and typical damage patterns of chamber wall®?
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4.3.1 RO B k2 s
Rl ba— 7 AFIRIHERE Y 4 TOERTO Yy 7 BI O Material properties
BT H BB L LT ORI L AL, AT e T T
HOZ LR & b IR AR & O BRI % fE 1R Young’s modulus GPa 12.0 0.03
§ o AN CIE TN EIFOLTE, IGIJIRREDZAL Poisson’s ratio - 0.25 0.25
SR im0
Shear strength MPa 10.0 10.0
432 BIFiREETIV Internal friction angle ° 65.0 65.0
(1) TS [ 6 [ Y £ T3 5, Thermal conductivity 1/°C 1.0E-5 1.0E-5
() EFMLHEH : KT 2135 BEx2 ¥y 5 =0 T i o
PH, JABEIL S0 BEx10 ¥ & —D#iPH (12 & FRET Density ke/mm? 1.8E-6 1.8E-6
V) &L, FRE, BELEET S,
Q) Avva R7IZERTT Y 7 BLOFEOET )V 4.3.3 B FE
R o (1) F+% © NS-Brick I (HPM)
(4) WpitfiE - T 2 I HEAEE RS, (2) FRMTAEAE © SEFRP BRI AT
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Concentrated load
*0~10 [ton]

Rigid wall

i Side pressure
i +100 [kPa]

Constraint

Side pressure

Top & bottom line
=y-direction; fix

*x-z;in-plane
-y-direction;

free

Symmetry plane

(b) Wall model

8 TIESEM, WEREM (24 71l THEA)
Loading & boundary conditions (Type Il)

=100 [kPa] Pressure of bricks
upper position
*400 [kPa] y
X
(a) Basic block model
x3 BEFT—2X
Analysis cases
Case Type Region of modeling
. Case-S1 Type [ 5 layers x 2 bindars
Basic block -
Case-S2 Type 11 5 layers x 2 bindars
Wall Case-W1 Type 1 50 layers x 10 bindars
a
Case-W2 Type 11 50 layers % 10 bindars
4.3.5 BEMFER
(1) ART T & ORI L HhE

B9 [T KAMEEOZETZM (10 f5) %, B 10 (2fi7 5 A
DAL - W AR 2 7R 9o ARMHTRE R L 0 KO AF S
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contour:displacement, loading:80kPa, mgnitude: x10
(a) Type | (b) Type Il
X9 EAJ7OvIDEFK
Deformation of the basic blocks

Strength

[ton]

Concentrated Load
(=2

[mm]

X10 BfE7TOv 7 OREBLADEN - EHIF
Strength and stiffness of the wall

Displacement

A36 BEETOYIDF 7514 LBEREREDHE

AT & A O OB % I\ T 7 5 A iR
BATo TS, FHERBEIGEBE R LD b 20~30%
WEE L 7o Tz BRBRCIZME S GHEY A N v) i
BB EFIHE D BT R ETE (BViAA) Oz L i
bbb, £ZT, 471 TRATNREVIARDEER Kk
FRL, ZAL - WEMBOEDLEAREIT, ¥4 T U %T
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|

[kPa]

E Té % % /O/O,
; 50 /
0 >
: Eo ;ég%?p Type I
: 2 30 P
. o *Typell
so 20
e = Stiffness
20 10
oo o ‘ ‘ , , .
contour:displacement, loading:80kPa, magnitude: X 10 0 5 10 15 20 25 30
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