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LIMIT I.OAD OF COXz OVal WALLS

by Walter Ahlers of Mulheim(Ruhr)

(Rmpﬁp“ No. 114 of the german Coke Oven Committee)

I, DETERMINATION OF THE LIMIT ILOAD : "%
OF A COXE OVEN WALL
. Compressive stress in a coke oven wall due
to the weight of the wall, to anchoring and
to the charge of the chamber. Flexural
stress in a section of a vertical coke oven
wall. Composite compressive flexural stress.
Calculation of the 1imit load of a section
- ol a vertical coke oven wall. Comparison of
the caiculated 1imit load with experimental
results. Calculation of the 1imit lozd of a
section of a horizontal coke oven wall,
Limit load of a coke oven wall. Shear stres

m

The 1ife of a coke-oven block depends to a large
amount on to whafuéxtent the éoke oven walls can. withstand
the pressure of the charge of the chamber.. Exact data as
to the-loaducafrying_capacity of the coke oven walls is
unfortunately scarcely available. In the following inves-
tigations, the load-carrylng capacity and the limit load .7
coke oven walls wili therefore be determined mathematically.
TIn This connection, iﬁ the first part of this report the

individual types of stress

%111l be taken up and the highest pf
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.aeterminfd while in the second rart of the report thcxe

. what dimensions should be advisedly selected for the oven

r 5oL 2
_ateral loading [1imit-1oad)fof_a coke oven wall

Jr

will flrst of all be indicateqd the influence of the dimension

of tne oven on bhe maﬂlmum Possible loading. Thereupon

wall will be dlscussed in further detaii.

In order to avoid misunderstandings, the most
important expressioms used are defined below.

| Stress:
| . The strain 1n the brlc ts caused by preasur

ten51on flexure or shear in Yg/en?,

Strength: _ |
;iég.'- The hi?hest permissible stréss of the bricks
shorbly before the destruction (rupbure or softening) in
kr/cm

Permissiﬁle sfressﬁ

The stress perm1051ble in operation without danger
to the brlchs in kg/cm?.

Load:

The lateral pressure on the coke oven wall in
kg/cn2.

LAimit 1oa_d: e e

r.
e

The highest p0351b1e loading of the coke oven wall
with (oheoret1ca11y) 1n¢1nltely hl"h compressive strength of

“he bricks just before the breaking of the wall in kg/cmg.

&
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Load carrying capacity:

The loading -of . the:’ coke: |- oven wall possible

in operation without endangering the wall upon finite stres-
. . " - . r)
sing+ 0 the bricks in kg/om~.

Stress value:

T

| The quotient

Timit. flexural moments:l:
The highest possible flexural moment which can be

transferred by a coke béen wall at the 1imit 1oéd‘of_thef 5

wall in cm-kg.

Fundamentally the following stresses occur in a

] coke oven wall: 1. pressure, 2. flexure, and 3. shear. These

e

stresses will be examined further taking as example an oven
j. i -

having an inside height of chamber of 4.5 m and the dimenions

i shown in Fig.-1l.

.

o N T
it
-

!
e

v

—— ks
.

o e

-
b

P Quersnnity 4 -3
_ L, g 1
{ Dimensions of a coke oven wall

3 a. cross-section
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% oven wall, which assumption is furthermore also made in all

' éonstruction work in connection with strength calculations -

- for brickwork.

étressﬂg in ter.sion in gereral does not occur in a
coke oven wall. It would be possible if the mortar in thHe
301nu vaefirm_y connected with uhe bricks Such a

firm connection between mortar and brick at every point of
the wall and for the entire 1ife.of the oven hTOCI-:

can, however - ae shown by experience - scarcely be expected.

It is therefore assumed that no tension can occur in a coke

Comprescive Stress in a Coke Oven Wall

w ¥ A coke eeen wall can be stressed in compreseion:
ji}?; s s by its own weight, '

b by its anchorln and

c. by the charfe of 'ths chum

Compressive stress by the weight of the wall iﬁself
is shown in Fig. 2. The weight of the wall is indicated in
-the figu;e’by the arrowe Gps Gp ahd Ges in‘which'cannection
the_increese in weight from top to bottom can be nofed from

the fact that the arrow 1engﬁhs:become~1bnger7towards-tne;botiom.

: ) G = .
The compressive stress is found to be p = F in which G is

the weight of the wall itself in kg and F is the area in
cm? in the correseonding cross-section. For the coke oven
wall conéidered,of a height of 4.5 m, the compressive stress il

el

e cross-section AA is found to be 0.322. in the cross-
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section BB 1.08, and in the cross-section CC 1.48 kg/cm2.

In Fig. 2 these stresses are indicated by the vertically

hatched fields,'the hollow space in the fegion of" the heating

flues being characterized.by the thinner hatching.
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‘Fig. 2. Compressive stress of a
coke oven wall by the dead weight,
"a. pressure in kg/cm2
b. compressive stress

The weight per unit of volume of the roof
furnace (flreclay bricks) was taken as 1. 9 t/h3 in

as vell as the fOllO"an calculations and the weight

of the
the above

t per unit

volume for the wall itself (silica bricis) was taken as

1.8 t/m3. The weight of the anchoring lying on the furnace

roof, the& frame  and cover .of the filling holes, a
as of the filling cer rail was, on the other hand,
due to their slight influence on the calculation.

of the riser pipes, bucks 3ys, doorframes: and: doors

s well

neglected

The weight

‘was -

of
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also not taken into con81deration, since these parts act only

on the: ends of ‘the ‘coke oven w2ll and due to the stronger and |

colder fle rods cannot lead there to a. compressive atresg -
which constitutes a danger for the bucks:ays .

The weight of the filling éar with 1ts charse of

coal can, to be sure, not be neglected. WVhen the full filling

car stands: on or travels over the corresponding oven with
a part of its wheels - generally two out of eight present -

a higher compressive stress occurs which, however, even in

Fi

the most unfavorable case as, fTor tdnce, in the case of
a heavy four-vheel filling car . with point transfer of the

wheel pres ures to the oven roof, does not exceed 5.0 kg/cm2.
f‘;«. ! I ‘

A The compressive stress by the anchoring depends
1 2 I

on the pressure with which the tuclstays are pressed:
aéainst the wall (Fig. 3). This éressure shouid, on the oﬁe
hand, not be so great that the wall bricks are overstressed,
while, on the other hand, it éhould not be so slight that

vertical joints can be produced within the bond of the wall.

X The compressive stress by the anchoring in an amoy

of p=1.0 ku/cm shown ih_Fig. 3 corresponds approximately
to the compressive stress by -the weight of the wall
itself at half the height of the chamber (CTOQS secblon BB-
in Pig. 2). In the case of the oven under consideration
having stretchers of a thickness of 120 mm, the Tuckstays

?aqu be pressed against the wall with a pressure of.
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A =100 x 2 x 12 x 1.0 = 2400 kg/m of height if the
indicated compressive stress of 1.0 kg/cm2 is to be

reached. A prerequisite for this is that the pressure of

Lhe buckstays be distributed uniformly over the entire

height, which result can be obtained by various measures.
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- Pig. 3. Compressive stress’ of
a coke oven wall by the anchoring.
a., pressure in kg/cm
) b. compressive stress
: ' .p = 1.0 kg/cm2
' with 4 = 2400 kg/m of height

The compressive _étfess upon loading by the
charge of the chamber can be‘noted from Fig. 4. If the
loading éf the wall of the coke oven by the chamber cbarge
of the lefthand chamber is exactly equal to that produced

0~ the chamber charge of the righthand chamber (case 1:

k1 = kp), then the load will be taken up solely by the headers
: _ F

The compressive. stress in the headers is then p = ky - -

in which F is the area of the chamber wall acted on and f is

the header cross-section devolving upon F. In the case of the
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tomarily occurring

loadings of the coke oven walls.by the

charge of the chambers and the cus tomary header dimensions,

the compressive stress.

in the headers of a coke oven wall

is p = 0.1 to 0.5 kg/en?..

.
ATy

_Coke oven wall upon loading by
chamber charge. .
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Compressive stressing k
Case 1 (k1 = kp): p = k3-L in kg/cm2
Case 2 (k1 > kp): p ke.? in kg/cm2
Phormal = 0.1 t0 0.5 kg/cm?
Flexural stressing in the coke
in case 2 (k3 >_k22 by:

k = ki-ko in kg/cm?

Pig, 4,

in:the- headers:

1l

I

oven wall

Compressive stressing of a

the

Flexural Stress in a Coke Oven Wall

Flexural Stress in a Vertical Section of the Wall

If the loac

zharge

Z of the coke oven wall by the chamber

of the lefthand chamber is greater than that Produced

3

'y the chamber charge of the righthand chamber (Fig. 4

ase 2: k1 > ko),
F

S p= kel
P o -

-
?.?g 3

The difference in pressure k =

up by the headers but leads to a

then the compressive stress of the headers
ky~-ko 1is not

flexural and shearine

1
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| unifermly distributed load k in kg/cm®. The bend of the

value betwe2n O and /. The greatest bending moment Mpgy

stress 1in the coke oven wall. TFirst of all, the flexural
stress will be taken up in detail, at first on a vertical
section of a coke oven wall of a length of 1 m from the centér
of the 4.5 m high chamber wall, _ .

Before going further into this, the three cases
of loading entering into question here pursuvant to the theory|
of strength of-material should be again pointed out. In
Fig.: 5, cése 1 shows a bean festing Joosely on both ends,
éase 2 a béam which is firmly fixed at the left end and
resting loosely on the right end, and case 3 a beam which is
firmly fixed at both sides, the beam in all three cases

‘having a length 1 and a width b and being loaded with the

beam is represented on a greatly exaggerated scale, ﬁhich
i; the same for all three cases, by the elastic curve.

For the determination of the Tlexural stress of
the beam, the bending-moment_ﬁurve is in particulér to: be
considered. It indicates the moment of flexure M, which
must be taken up by the beam at a distance x from the

T

support moint A, in which connection x may have any desired

- kK - b - 22 :
is, for cases 1 and 2, Mpgx = . A ease 1 1L -

8 .
lies in the center and in case 2 at the fixed end of the

bean. Furthermore, the signs in the two cases are different,
3

which, however, is unimportant for the present considerations
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1u'case 2 with x = 5/8 /, there is still present a relative

% . i F 2
maximum M!? =_9 k h -7 - In case 3, the largest
: max 128 ;

; : k.b.t2 ; :
- bending moment Mpay = e 1s present at the two

ixed ends, while the relative maximum in the center of the

. C
beam is only half as great, namely M',,, = X Db -7%

24

The maximum bending moments indicated in cases 2

and 3 for the fixed ends can occur only if the moments can be
teken up in their entirety by the clamping. The clamping
must therefore be suffiéiently firm and secured against turn-
ing. If ‘the clamplnv can -take up only a part of the bending
momenb, as has been assumed in case 3, for the clampvnc B
with the partial bending moment Mp, then the bendlnggmoment

cisve is shifted in the manner indicategd by the dashed line

The transverse-force curve shown in Fig. 5 indicateL

the force Qy with-which the beam 1s stressed in shear at a -
distaﬁce X from the supportinfr point A. We have

= A - x.- b «+ k. The dﬁshed line tran“vcr e-force curve o]
case 3 applies when the clamping B can take up only the
partial bending moment Mp.

| After cons’dering the three loadihg cases, one can

10U feturn to the vert.cal secﬁion of a length of 1 m from
the center of the 4.5 m high coke oven wall (Fig. 6). The.
‘all section is.loaded in the same manner as the beam if ons

isregards the turning by 90° and the unloaded part in the

e Pn of the gas collection _space. The turning vy 200°

-
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& FPig. 5. Different cases upon the ; i

loading of a bean.
" a., elastic curve
b. bending-moment curve
¢. transverse-force curve :
d. b = width of beanm; w = point of inflectig¢n
e, ease 1 :
freely supported on both sides
f. case 2
fixed at left, freely sup-
: ported on rignt
> . g. case 3
: fixed on both sides

hds no influence on the analyses‘made in this connection.
Due to the difference in the load, the behdihg—moment curve,
however,-is shifted somewhat, which has been taken into con-
sideration in Fig. 6 and in all the following descriptions.
At the ends & and C, the section of the ~oke oven wall can

first of all be considered as fixed, so that we are concerned

y -

with case 3 of the beam. For the cross-sections AA, BB and C(,
there then result, with a given loading by the charge of the
chamber (here and in the following remerks, unless otherzlse

stated, there is meant in all cases the difference between
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Carl V. Bertsche (Transluting Service Bureau) Wm. Bertsche, LL. B., Ch. E.. B. 5.
Es:. 1908

PHoxEe DIGeY 4-2930-2931 11 BROADWAY. NEW Yors, N. Y. 10004



'
1
H
i
t
i

and that of the righthand chamber (k = kj~kp)) the bending
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! -t. “ioad from the chamber charge of the lefthand chamber

T

-

momenis My, Mp and Mg, in which connection M,, due to .the non:
loaded-part of_the wall in the region of the gas collecting
space is not ekactly equal to Mz and the relative ﬁaximum Mp
is not exactly in the center. The deviations are, to be
sure, only very slight and are uﬁimportant. Whether the
fixed clamﬁing at A and C which has been provisionally
éssumed is actually present or not will become evident
later onf. |

The bending stress is equal to ¢ = % in which M

is the bending moment in the cross-section under consideration

! l T : "; =
s T2 Biesemamentina . LT 2
: D PR
o s S]] '
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7 y Yei 1C
g 475 ' é i
e P |
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\ Biegrmament :E"‘g
7 3 r
- 3 B e et
(L
oo L
O=—S- 4505w

Fig. 6. Flexural stress in a verticel
section of a coke oven wall upon load-
ing by the chamber charge. '
a. bending-noment curve
b. bending moment - &
¢. Tlexural stress -
- d. compression
€. tension
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in em-kg, and W is the moment of resistance in cm3 in this
cross-section. In principle, the bending stress constitutes
a tensile stress on the one side of the cross-section and a
compreésive stress on the other side of the cross-section.
The tensile stress drops in this connection from a maximum
value in the outcf fiber on the one side down to zero in the
neutral fiber and then increases on the other side of the
cross—-sectlion as compressive'stress from zero in the neutral
_fibef to a maximum value in the outer fiber. In Fig. 6 these
relationships_are entered for the cross—sections-AA, BB and
CC. In_the case of the symmetrical cross-section of the
coke oven wall, the neutral fiber lies in the center énd the
ténéile stressing on the one side of the 6ross~section is
équal to the compressive streééing on the other side of the.

cross-section.

Combined Stress of ' Compression and Bending
In a Vertical Wall Section |

The bending stress, to be sure, does not merely

occur in’ the vertical section of the coke oven wall, but,
together with the aforementioned compressive stressing by the

dead weight, it produces a combin.? stress consisting of

compression and bending. In Fig. 7 under a there is again-

shown the compressive stressing by the dead weight and under §

there is again shown the bending stress upon loading by the

chamber charge. The combined compressive and bending stress
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splot'ﬁed under ¢ results from the sum of the two individual
sitresses. It is seen that in the present case, the tensile
stress occurring in the case of;the flexure under b on the
one side of the cross-section is no longer present in the
case of the composite stress Under ¢ but rather only
~ompression is still present. In the upper cross-section AA
<he hatched area represents the sum of the pressures on the
individuél parts of the surface of the pross—section. It
:ust.correspond to the weigﬁt Gp of the oven roof acting on
the wall at the center of the gravity S of thé hatched area.
For the middle and'lower cross-sections BB and cc; the same
2pplies by analogy. -From an area standpoint, however, there
taizg place here a distortion due to the influence of the
nollow sﬁace in the heating fiue, as is .indicated by the
“hinner hatching. |
Calculation of the Limit Load of a

 Vertical Wall Section

AL the loading of the section of the coke oven wall
_s increased, the bending moment also becomes larger and thus

-1so the flexural stress g = H The oblique lines entered

_ W
:nder b in Fig. 7 will become steeper as ¢ brcongs larger.
e same applies to the composite compression and bending
tress under ¢ which resuits from the sum of the compressive
tress and of the bending stress.

In Fig. 8, the change of the composite stressing
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- Fig. 7. Composite stress in a vertical
-. section of a coke oven wall caused by the
dead weight and upon loading by the charge
of the chamber. :

G = weight -
- 8 = center of gravity .
‘8. compressive stress by the dead weight
- b. bending stress upon loading by the
o ~  charge of the chamber
‘ C¢. compressive and bending stress
a. compression
b. tension

B

upoﬂ'incrcésing the bending moment due to increase of theé
loading of the section of the coke oven wall £or the upper
cross-section AA is sh5wn on a somewhat larger scale. -Under
ol tﬁere is again shown the compos.‘e stress of Fig. 7. At d
fhe bending moment has become so great that tbeﬂeohpressivé
stress of the left outer fiber is Jjust equal to zero. Howeve:
compression still occurs over thé entire surface, it increasiriz

from zero in the lefthand outer fiber up to a maximum value
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"Fig. 8. Change of the composite stress in
the upper part of & vertical section of a
-~ coke oven wall upon increasing the load by
- the chamber charge. :
Gy = total pressure, § = center of gravity
i C. compression on the entire area
. compression still just on the entire area
(limit case) ' -
compression on a part o the area
maximum compressive stress 10 kg/cm?
start of tipping (limit bending
moment) ,
compression in kg/cm?2

a4

o

oy

o O.644’kg/cm2 in the righthand outer fiber. The center of
3raviﬁy S“of the hatched area at which the weight Gy of the
>ven roof acts is in this case somewhat furthe. fLowards the
~ight than in the case of c. The area itself, which, after
11, represents the sum of the individual pressures, and must
-orrespond to the weight Gp, is the same as under .

- If the bending ﬁoment is increased further by

“yasing the loszding of the section of the coke oven wall,
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then actually a tensile stress would have to occur in the i
lefthand outer fiber, as indicated under e by the dbt—.
dash line. The tensile stress of the left outer fiber
would then be 65. Since tﬁe tension cannot be transmitted
by the brickwork, the bending moment must be taken uﬁ by the
fact that the compressive stress is shifted correspondingly -
further towards the right, as shown by the hatched area
under e. The highest compréssive stfesé 6p in the righthand
outer fiber has thereby increased further. |

. At £, the benf;‘ting moment has become so great by‘
the increase of the load on the section of the coke oven wall
-that the maximum éémpressive stress of the righthénd outer
fibér Jjust amounts to 10 kg/cm2, Only the small area
of the widtﬁ £2 =42 mm of the entire cross-section still
pérticipates in the transnission of the pressure, the com-
pressive sﬁress incrqasing from the inside towards the outsidd
from 0 to ib kg cm?.,

If the bending moment is still further increased by

increasing the lcoad on the section
then the compressive stress of the
theoretically increase infinitely,

compressive strength of the bricks

least theoretically - be infinitely high. The weightbGA of

the oven roof is in this connection transmitted at point A

from the outermost rightrhand fiber

of the coke oven wall,
righthand outer fiber will
as ‘“.adicated under g. The

must in this case - at -

to the coke oven wall.
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From this moment on, a still further increase of |
the load on .the section of the coke oven wall does not lead
to any change in the vertical stressing in this cross-

section. The wall, to be sure, begins to tip around the

2]

point A. In this way the outermecst limit of the theoreticall%
transferable bending moment, namely the limif bending moment,
is reached. This means that in the case ol the beam fixed

at both sides of Fig. 5, case 3, the righthand (or lefthand)
nla“lplntr roint is not su;f1c1ent1y firm to take up a areater
nending moment, so that the bending—moment curve will,

apon further increase of the load, assume a shape such as
indicatled by the dashed line in Fig. 5. | -

The conditions in the central cross-section BB

‘re also 51m1lar to what they are in the upper cross- sectlon
WA whlch has been considered, as can be noted from Fig. 9.
3ince the bending moment here has a different sign (Fig. 6),
;he-compressive étress, upon an increase of the load on the
section of fhe coke oven wall instead of moving to the
'1ghbhand 51de of the cross uectlon, moves to the lefthand
ide. Due to the greater load by weight and the smaller

. ~ss-gsection, the compressive sﬁresseé here are, to be sure,
onsiderably higher than in the case of the upper cross-
ection.

In Fig. 10, the same can be noted for the lower

=

0ss-section CC. The compressive stress in this case

£¥0s tovards the right: it is still higher then in the
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Carl V. Berusche (Translating Service Bureau) Wm, Bertsche, LL: B, Ch. E.. B. 8,
= Esz. 1508

PHONE DIasy 4-2930-2931 11 BroADWAY, NEW YORK. N. Y. 1020+

i = G o : e — g e s T T . A AV e, £ e



A b e b s et 4 b e s e A e e o e it ey, ik L =

TRANSLATION

i from:

e ol et e e

b d g N
5 Jezina
Crifis. Jog itinn e
e ! LRy ity
GEHERNIEASSICNNG [ onint. 2
Higfond L2 smangat)
-
]q 1%
: R
i

n
'
]
i

N S—

e

|
|
| l
! l

i

.i
!
!
i

1
!
!
i

o ; :
agliemd ©3 !

L
3 Dl et A 7 S R R RTS ~unef
: . H

Fig. 9. Change in the composite stress
in the central part of a vertical section
- of a coke oven wall uvon increase of the
3 - load by the chamber charge.
; ' i Gp = total pressure: € = center of
C. compression on the entire area
- compression just still present over
the entire area (limit case)
compression on a part of the area
maximum compressive stress 10 kg/cme
_ _ . commencenent of tipping (limit
: bending moment)
compression in kg/cm2

gravity

fed

IR+ o

=

central cross-section. Under f it can be noted that at the
| maximum compressive stress in the righthand outer fiber of

10 kg/cm2  there still participates in the transmission of

the pressure an area of the width ) 108 mm, the compressive
stress incréasing from:the inside to-the outside from 0 to
; 10 kg/cme. Since the wall stretchers in the example ' ' in ques;
tion are more than 108 mm: thick, namely 120 mm, the headers
1 do not, in this connection, participate in the'transmission_

of the pressure.
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= Fig. 10. Change in the composite stress
in the lower part of a vertical section
of a coke oven wall upon increase of the
_ load by the chamber charge. .
e Gg =. total pressure; S = center of gravity
y C. compression on the entire area
d. compression just still present over
SN T the entire area (limit case)
. compression on one part of the area
maximum compressive stress 10 kg/cm?2
. commencement of tipping (limit
bending moment) '
compression in kg/cm?2

mnﬁﬂm

o

In Figs. 8, 9 and 10, the compressive stresses for
given bendihg ﬁoments caused by the loading resulting frém
the cﬁaﬁﬁer bharge are shown for the upper cross-section AA,
the middle cross-section BB and the lower cross-section CC
o. the vertical section of a coke oven wall. Particularly
important cases were in this connection the case d in which
pressure still prevailed over the entire area,.éhe-case f
in which the greatest compressive stress was. 10 kg/cm2 and

in which the limit bending moment was reachsd. The

tase
Q
&3 e

07
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i taken-as basis case- d . in which there is stiil-suf- -

bending moment transferable by the wall section was calculate
for these special cases and plotted in Fig. 11 as a function
of the height of the section.

Customarily for calculzation of -flaxure; . there Is

ficient preésure on the entire surface of the area. The
transferable bending moment woﬁld then améunt to M =W - 0@
in uhich connection W is the.moment-of'resistance in cm3

énd 6 is the bending stress in kg/cm?; this would in case d
be equal .to the pressure stress by the dead weight. f
Since _the pressure stress by the dead weight in the
coke oven wall is,.however, very small (see pages 397/98),
the transmittable bending mohent resultingltherefrom will
also be relétively sméll. This would lead to very low
héights_bf chambers. Operational: experience has shown thét
iﬁ the case of coke oven walls, one need not effect such a
céreful calculation and that one Ean readily £éke as basis
case f.if cértain-conditions with respect to the mortar -

which conditions will be taken up in further detail in

Part II - are maintained. Between the case f having a maxim

stress of 10 kg/cm? and case g having an infinitely high

Lo

stress of the bricks, the difference in transmittable bending

[

moment, however; 1s only relatively slignt. Therefore no
ereat error will be made if, Tor the sake of simplicicy,

the limit bending moment in accordance with case g is pro-

Tt

m

{ visicnally talien as basis for the further calgulatiosns and
LAWYERS" & MERCHANTS® TRANSLATION BUREAU
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the result then correspondingly corrected. The limit bending
L & 5 2. T - T L
—moment is found in simple manner to be > s il whieh

p is the wall thickness and G is the dead weight of the wall

including oven r2o0f down to the cross-section under con-

sidzracion.’
B o
%4
|
5
T e
S
_ L _
if: b
4 = 2 - & § -
Y Fig. 11. Bending moment transmittable
:f§- . by a vertical section of a coke oven
g . wall in different stressing cases.

N .¢. pressure on the entire surface
d. pressure just still present over the
~ entire surface (limit case)
€. pressure on a pavt of the surface
\ T. maximum compre081ve stress 10 kg/cm?
_&. start of the tipping (limit
bending moment) :
h. bendin" moment in 1000 cm-kg
4. g (llmlt bending moment M = D-G )

2=
J. d@ (transmitteble bending
moment M;= W-9)

In Fig. 12 there can again be notéd the limit bend-

ing moment vhlch *enresents the extreme limit of the bending
Joment which can theoretically be transmitted. There are
‘urthermore shown in the figure the bending-moment curves
‘hich represent the bending moment which actually occurs Tor

?i Special cases. Curve 1 represents the bending-moment
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‘crack is necessarily formed.

TR Z 53 w0
s Szt i 103 A 7

- Fig. 12. Change oif the bending moments
in a vertical section of a.coke oven wall
upon increasing the loading by the chamber
charge. : ,

a. Curve 1: bending moment curve at

the start of the lifting at A

Curve 2: bending moment curve upon

reaching the limit loading

Loading k of the wall for curve 1=0.039

for curve 2=0.091
Bending moment in 1000 cm-kg
. Limit bending moment

curve for the case

section AA' of the section of the coke oven wall is Just

] * %
reached. It corresponds to case 3in Fig. 5, which covers beaty

fixed on both sides. The loading in this case is k = 0.039
kedens. .. . Whe weldid off Hhe oven roo s = o Teast
theoretically - still transmitted only at the point A to the
coke 6ven wall, éo that the compressive stress here is-

infinitely high. If the loading is further increased by the
chamber charge, then the layers 1ift off at A' and a small
Curve 2 represents the bending-moment curve in the

event that the limit bending moment 1s reached also in the

that the limit bending moment in the cross
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cross-sections BB' and CC' of the section of the coke oven

i wall. It corresponds to case 3 of Fig. 5 in which the two

clampings can take up only a part of the bending moment

(not shoun in Fig. 5). The weight of the oven roof is

in this case transmitted at point A (as in curve 1), the
weight of the oven roof and of the upper part of the chamber

wall at point B, and the weight of the oven roof and of the

ghamber wall at point C. The compressive stresses at points

A, B and C are in this connection infinitely high. .Upon_
further increase in the lbad, the section of the coke oven

wall breaks throﬁﬂh, in which connection it gapes apart

at the p01nts A' B' and C'. The limit loading has been

reached. For tbe wall section under consideration hthh has
a’ hei&ht of 1.5 m, this occurs upon a loading of
k = O. 007 kcf/cm

Comparioon af ~the Calculated Limit Load

With the Experimental Results

This limit load of the vertigal coke oven wall

section in'question by the chamber charge was determined
purel& theoretically to be 0.097‘kg/cmé. " Note should be
taken of a comparison with expefiments on such a vertical
wall sectlon uhlch were carried out already a long time ac&
and on Uthh H. Koppers and A. Jenkner have reported )

The experimental set-up is shown schematlcally in Pig: 13.

1} Gluckauf 67 (1931)., vacges 353/62.
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1 as the continuous roof of a coke oven can. This means that

1 attention was paid to the accurate position of the center

i of gravity‘of the loading weights applied. As will be shown

{ is transmitted by a charge of pea coke. As long.as the wall
3 does not flex, the load in this connection may be approx-

! imately the same over the entire wall surface. As soon as

The section of the coke oven wali has a height of 4.5 m and a
length of 2 m; oOther dimenzions are not indicated. TFrom the_
picture contained in the reporf, it can be noted, however,
that the oﬁter dimensions do not differ essentially from
those of the above-calculated section. The conditions
during the experiment, to be sure, did not entireiy correéponr
to conditioﬁs in the coke oven for the following reasons:
1. The weight of the oven roof was replaced by
veights. Insofar as can be noted.from the expe};menﬁg%“ Tm
arrahgememt Indicated in the report of H. Koppers.and Az

Jenkner, these weights cannot take-up any bending moment.

instead of lbad case 3 of the beam fixed on both sides shown
in Fig. 5, we have load case 2 of a beam which is fixed on
one side (bottom) and rests loosely on the other side (top).

2. It is not inéicated whether in the ﬁeéts

further below, this is of essential importance for the

experimental results.

3. The load on the seétion of the coke oven wall

the wall, however, flexes noticeably under load - the test

LAWYERS" & MERCHANTS' TRANSLATION DBUREAU
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- Fig. 13. Diagram of the experimental
set-up of H. Koppers for the determina-
tion of the lateral limit load of a -
section of a coke oven wall.
3 a. pea coke charge
i . .
Pl .
ﬁR}"as carrlcd out with a thickness of a layer of pea coke of
\.__h * B :
approximately 250 mm up to a flexing of more than 50 mm - the
; loadlnﬂ of the wall surface is no longer uniform, as was
.‘ L . R N &‘(ﬂ(ﬁﬂh{.ly i'_pr(_l.: . .. e &IRR [y 4
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; Fig. 14. Theoretical determination
of the 1limit loazd of a vertical
e section of a coke oven wall in the
: experimental set-up of H. Konpers.
. s | & ',.a. llnlt load: curve a . =0.(
AEE Wy curve b when G acts at G' 0.(
curve ¢ " g " ' =0.4
b bendmEr momens in 1000 cm-kg
e¢. limit bending moment
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assumed in the calculation, but is greater at the ends A'
and C!' than in the center.
In Fig. 14 there is shown the theoretical determinaf

tion of the limit load of the wall section in the experimental}

'sétnup of H. Koppers. The fact that no bending-moment can-

be transferred by the oven roof leads to the bending moment
in the cross-section AA' being equal to zero. The solid
line curve a shows the bending-moment curve for the event

that the limit bending moment in the cross-sections B3' and

1 cC' of the section of the coke oven wall is reached: The

load k is in this connection 0.078 kg/cm?.

* 7 jhen Hhe load fs e nbiias further, a crack must |
form at B'. H. Koppers and A. Jenkner in their report state'
;n their teét the first érack occurred ét a-load of 0.09
kg/cmet '

In Fig. 14 there is sk, dn adnidien. fn the
curve a, also the dashed line curves b and ¢ which apply

to the case that the center of gravity of the loading weights

-apﬁlied instead of the roof load lies not over the center

of the section of the coke oven wall but over its left or
righthand outer corﬁer. In this case, the 1limit load k is
0.049 or 0.097 kg/cm2. In the same experimentgi seﬁ-up,

H. Kbppefs checked in the same manner-also a solid-wall
section as to its limit load. In Fig. 15 there is shown the
theoretical determination of the limit load of the séction

of a solid wall. The curve & shows the bendineg—moment curve

LAWYERS' & MERCHANTS' TRANSLATION BUREAU
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in the event that the limit bending moment is reached in the
cross-sections BB' and CC! of the SOlld uall sectlon The
load k is in thls case 0. C9h kg/cm®. H. Koppers and A.
Jenkner in thelr report state that in the case of the solid
wall section, the first crack was noted at a load of 0.09
kg/cme. |

Curves b and c¢ of Fig. 15 applf in the evént that
the center bf gravity of the weights applied instead of the
roof load does not_lie over the center of the solid wall
section but rather over the 1efthapd or righthand outer

corner.  In this case, the 1limit load k is 0.050 or 0.117

. The differences between the theoretically and
actually determined limit loads k in kg/cm2 are relatively

P S }‘ e e LR ACR k3 i
Gl D nm-{‘. .;*r;.:'f! . Qoilialomd
-9 A,f( et § 8 5ton frﬂ .= QNI &G em?

Sy sy
|
]

2 -'-rr smenl it 1253 omiegy

FIGUBE 15 - Theoretical determination of the
- 1imit 1o0ad of a solid wall section in the edoﬂrin41ts
of H., Koppers
a - 1imit 1load: Curve a .....
. Curve b, when G attacks at G!
Curve ¢, when G attacks at G"

¢ - bendinz moment in 1000 cm-kg
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"or lesser arbitrariness in  the position of the center of .-

s_unlform transm1331on of thD load by the pea coke filling

{ relatively strong tensile stress could be taken up.

from: | ~29-~

slight. They are set fbrth below once again, the values
within parentheses-applying when. the cenfer of gravity of

the applied loading_weighté lies above the outermost 1éfthand
or righthand'corner of the wéll section.

Coke Oven Wall Section  Solid Wall Sec

Limit Load in kg/cm?
theoretical (0.049) 0.078 (0.097) (0.050) 0.094 (¢.117)
(calculation) :
Actual : ' 0.09 - 0.09 .
(test) : : |

The slight differences can be ascribed to a greater
Crravitjr'of the épplied loadina weights to a not entirely

on the wall surface or to various acc1dental occurrences
in the test. Perhaps the mortar in the case of the test
walls had bonded somewhat to the bricks, so that, in contra-

distinction to the assumption made in the calculation, a

Calculation of the Limit Load of a
Horizontal Wall Section
It having been found that the theoretical and

eiperimental determination of the limit load of a vertical

section of a coke oven wall gives values which show relativel:

good agreement, there shall now be taken up the case of the
limit load in a horizontal 1-m high coke oven wall section.

In this case also, in the same way as in the case of the

-ion
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vertical wall section, there occurs a composite stress made

dkad ) sl

1

up of compression,and flexure. The compressive stress is
produced by the anchoring and the bending stress as ﬁ'
result of the loading by the chamber charge. If the com-
pressive stress due to the anchoring is to ~: amount, as
assumed above, to, for instance, 1.00 kg/cm2, then'the.bpck—
stays in the case of the section of the-coke oven wall under
jconsideration having a thicknéss of stretcher of 120 mm

nust exert a pressure of 4 = 2.4 t/m of wall héight on the

LSl s ek

wall. The limit bending moment which can be transmitted

1 by the.horizontal l-m high wall section with a wall thickness

[TV U T

of 650 mm results then, in the same manner as employed above
Yo '

};}n the case of the vertical l-m long wall section. as

b * A= 65" 2400 = 78,000 cm-kg.
§ 7.2 _ ~ 2 s

The 1limit load éf the horizqntalll—m high coke oven
% wéll section is obtained as followsg Corresponding to thé
three cases of loading shown in Fig. 5, there is concerned
1‘in the case of the horizontal wall section a  beam 1ying
loose at'bo£h.sid§3iﬂ accordance with case 1 of the

said figure, since no bending moment arvund ~their vertical
axls can be téken up bﬁ the buckstays. For the beam which

{ 1ies’ loose on both sides, the maximum bending mamént;

which occurs in the center of the beam, is:

AN cm-kg

PHONE DIGeY 4.2930.2931 11 BROADWAY, NEW YORK. N. Y, 10004
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in which k is the load in kg/cu®, and b the height and Z
the length of the coke oven walllscction. This maximum
Bending moment Mpa., upon increase in the load, becomes in
the_liﬁit case equal. to the-above;indicated'1imit bending
moment (TB,OOO‘cm—kg). The 1limit load k can be calculated
by solvihg the eguation for k. For the 1-m high coke ovéh
wall section under consideration,it is found to be for a
length of 7 = 13.5 m

8Mpa ¢
s B

8 - 78,000
100 - 13502

k =

= 0.0034 kg/cm2

.Limit Loéd of a Coke Oven Wall
It "-was - found that éhe limit load in the case

of ﬁﬁe vertical'l;m wide coke oven wall section is 0.097
kg/cmg and in the case of the horizontal l-m high coke oven
wall ‘section 0.003%4 kg/cm®. The 1imit load therefore in the
case of the horizontal coke oven wall section is only abouf
3;5% that of the vertical coke oven wall section, which is
due-fq-the fact that the horizontal wall section must be
COnSidered-as-lying loosely at its twd ends and the-length[
the square of which'is contained in the equation, 1s very
much greatef in the case of the horizontal coke oven wall
section:v. '

The 1limit load of.the horizontal coke oven wall

section could in itself be increased by increasing the

}-e

pressure of the buckstays. Upon an increase to twice the

LAWYERS* & MERCHANTS" TRANSLATION BUREAU

Carl V. Bertsche {Trarulating Service Pureau) Wm. Bertsche. LL, B, Ch. E., B, 5.
Est. 1923 :
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2

amoﬁnt, the limit load would alsco be doubled. However,

| ever with this very high pressure of the buckstays, the
1limit load of the horizontal coke oven wall section is only
i about 7% PR that bf the vertical wall section. It is

" therefore still extremely smali. |

The flexure, under the same load, is several times

7 greater in the case of the horizontal wall section due to the

lazk of the clamping at the ends and the greater length

than in the case of the vertical wall section {compare in Fig| 5

it Ve B

i the elastic curve of case 1 with that of case 3). If the
vertical and horizontal wall sections are not considered

individually, but if the entire coke oven wall 1s considered

;h_

¥ e . g .
‘s”.8 a single unit, then the flexure must be the same in both

{ cases. This means that the greatest flexure and thus also
the linit load is not reéched by far iﬂ the case of the
horizontal coke oven wall section, sd that ﬁifhin the coke
'oﬁen wall it has to withstand, as compared with the vertical
-wall'segtidn, even substantially less than 3.5 or 7% of the lgad.

{ The 1imit load of the entire coke oven wall is therefore

st L

aporoximately as great as that of the vertical coke oven
wall section.
In the above comments, td.be sure, a vertical wall

section was considered from the center of the chamber wall.

PR S

Due to the taper of the chambers, the chamber walls, however,

re thicker on the machine side and tninner on the coke side

F :
chan in the center. The 1imit lecad is accordinagly creater on

.
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the mechine side and smaller on the coke side than in the
center. With a taper of 60 mm, the 1imiﬁ-1oad of ‘the coke ovkn

.

wall in question of a height of4.5 m would be

on the machine side 0.102 kg/cm?
in the center 0.097 kg/cm2 and
on the ccke side 0.0390 kg/cm2

Shear Stress in a Coke Oven Wall

1 Tt has already been mentioned that the difference
i from the loading of the coke oven wall by the lefthand and
righthand qhambervfillings (k = X3 - ko) leads not only to
the figxural stressing discussed,_but also to a shear
-streésing in the cgke oven wall. .The shear étress is

brought about by the-transverse force which results from the

i L e

lateral loading by the chamber charge and the lateral
bearing pressures on, top and on bott m. In Fig. 16 this

has been shown for the case of the limit load on the above-

L

mentioned vertical 1-m long coke éven wall section of a heigh:
{-of 4.5 m. The lateral load k is counter-balanced by the
lateral beéring pressures A and C.

The trénsverse force in any desired cross-section
at a distance x from the floo} of the oven in ‘the case of a
ﬁidth b of the wall_section is Qy = C - x - b-‘ k. The
dependence of the transvérse force on the height is
represented by the transverse force curve. Tt may be pointed

1

out in this connection thaif the upper bearing pressure A, as

a8 result o the lack of load &k in the rerion of the ras .

) LAWYERS' & MERCHANTS' TRANSLATION BUREAU

Carl V. Bermsche (Translating Service Pureau) Wm. Bertsche, LL, B.. Ch. E., B, S.
Est. 1908 ) :
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g1 2 .; ¥ :f
5;‘.’3;.’1;7; wl
. B - B -
.- . Tig. 16. Transverse force, dead welght,
and resultant force curve in a‘tvertical
sechbion of a coke oven wall upon limit
_ loading.
. a. transverse force curve
b. loading by the dead veight
~ ¢. resultant force force
d. transverse force in tons
e. load in tons

coliecting space and iﬁ particular aé a résulﬁ of the 1oﬁer
bending moment tyansmitted at A (cf. dotted transverse
force curve in Fig. 5; case 3) is less than the.lower 1atefal
béaring pressure C.
From the transverse Iforce, the shear stress can be
calculated in accordance with the equation
— %

For the limit load in’the cross-section it amounts to 0.2
kg/cmz at A, O kg/cm® at B and 0.7 kg/cm2 at 0.

v In Fig. 16, in addition to the transverse-force
curve, there is also shown the dead weight as a function of

the height. The direction of loading has, in tnis connection,

to be sure, been plotted towards the right rather than

* LAWYERS' & L!ERCHAN’TS. TRANSII.ATION BUREAU
Casl V. Beruche (Translating Service Bureau) W, Bertsche, LLy Bu Che E.B.5.

Est. 1903
e e merav Nrw Youy, N. Y. 10004
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-_composite stressing by pressure and flexure were discussed wi

|‘coke oven wall section - was derived. This calculated 1imit

the limit load of the coke oven wall itself was‘yhén derived.

again below:

from: -35-

downwards. The transverse force together with the dead
weight forms a resultant force whose direcfion results
from the parallelogxam of forces. PFor the upper cross-
section at A, it can be noted to the top right in the figure.
GA is the dead weight, Qy = A is the transverse force, and
Ry is the resultant force in value and direction. If the
'resuitant forces Ry are placed one alongside the other,
there is then obtained the resuvltant force curve which can
be noted to the right in Fig. 16. !
Summary

For a coke oveﬁ wall of a height of 4.5 m, the
compfessivé stresses due to the dead weight, the aﬁchoring
and the chamber charge were first of all calculated. Thereupd

the flexural stress causéd by the chamber charge and the

tq a vertical coke oven wall section. ¥From this, the limit

load - i.e., the highest possible lateral loading of the

load was compared with values determined experimentally
by H. Koppers and A. Jenkner, good agreement being found.

From the 1imit load of the vertical coke oven wall sec:iion
3

Finally the shear stress in the coke oven wall was also
calculated.

The stiresses and loads determinzd are compiled once

LAWYERS' & MERCHANTS® TRANSLATION BUREAU

Carl V, Bermsche (Transioting Service Burcau) Wm, Bertsche, LL, B., Ch. E., B, S,
Esc. 1908 -
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1. Compressive stress in the bricks

a. by the deadweight

kit B = Bttt e 2 L 4t e e et e o l

top ~ 0.32_kg/cm2
center 1.08 kg/cm®
bottom 1.48 kg/cmz. m
greatest compressive stress’ R A o el tae S e "
i (with full charging cars) 5.0 kg/cme
. - ~b. by the ancﬁoring about 1.00 kg/cm2

¢. by the chamber charge
.. minimunm R o § kg/cm?

maximum .7 0.5 kg/cm?

2. Limit load on the wall by the -
£ chamber charge 0.09 kg/cm3_
3. Shear stress in the bricks (upon limit

_lbading by the chamber charge)

0 it s st s AL i el et

top . 0.2 kg/cm?
center 0.0 kg/cm?
. ‘bottom: 0.7 kg/cm?

TV

[T

From this compilation, it can be noted that the

o

bure compressive stresses due to the dead weight, the
anchoring and the chamber charge are relatively low. They
cannot by themselves lead to any endangering of the coke oven

walls. .The maximum compressive stress indicated of 5.0 kg/end

e L LB s, T b b e e e B

apblies in case of additional lqading bv a heavy four-wheel

nal-filled charging car with point transfer of the wheel

LAWYERS® & MERCHANTS' TRANSLATION BUREAU

Carl V. Bertsche (Translating Service Bureau) Wm. Beresche, LL, B., Ch, E.. B. 8.
Est. 1908
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pressures té the oven roof.‘ It is substantially less in the pase
of a filling.charging cafhaving eight wheels which are
distributed as uniformly as possibie and wifh_suffiéiently
steble yails. -

In contradistinction to the compressive stressing,
the flexural étressing coming from the lateral pressure of
i the chamber charge on the coke oven wall .can easily reach
.very hign values - up to infinitely high. The wall_ﬁhen
breaks through even if the bricks could withstand the
i'infinitely high stresses occurring at points A, B and C
(Fig. 12). It cracks in this connection at the points

A', B' and C' (Fig. 12). This destruction occurs, in the

{ case of the coke oven wall of a height of L.5 m under

consideratidn, already with a 1limit load of 0.09 cg/cn?.
. The shear stress which - in the same way as the

Tlexural stress - comes from the 1éteral pressure of the

? chamber charge 6n the coke oven wall is relatively small

'even.when the limit lbading by the chamber charge has
already been reached, and it is not dangerous for the coke

{ oven wall.

4 = LAWYERS" & MERCHANTS". TRANSLATION BUREAU

Carl V. Dertsche (Transizing Service Bureau) %W m. Bertsche. LL, B.. Ch. E.. B. 5.
Eae. 1529
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COMPHESSIVE STRESS
P = 14.223 L3/5Q.IN.
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it

IN LB/IN?

CASE 2 (K, >K3):P =Kz EIN LB/IN?

-

P NORMAL =142 TO 6.45 LB IN?

FLEXURAL STRESSING IN THE COKE OVEN WALL
IN CASE 2 (K, >K,;) BY:
K=K -Ky IN LB/1N2

CQMPRESSIVE STRESSING OF A COKE OVEN WALL
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CENTER-TO-CE “TER DISTANCE OF THE CHAMBERS IN IN.

LIMIT_LOAD OF COKE OVEN WALLS/ON THE COKE SIDE)
DIMENSIONS ASSUMED : AVERAGE _WIDTH OF CHAMBER 72
TAPER 2% ; ROOF THICKNESS 3-32" STRETCHER THICKNESS
43", HEADER THICKNESS FER FT. OF WALL LENGTH 112,
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