
Jan. 3, 1967 K. .1. KETTNER 3,295,280 
FURNACE WALL ANCHORING STRUCTURES 

Filed April 9, 1964 

‘f gt! 
/5 

/9 
55 3’ 33 25 

27 

2,” 3537 
,/5 

62 6668 

64 60 

/77/_%Z7\ ; 
,80 / 

//84 
\ 2 

' _ (82 / INVENTOR. 

74 /< l3 /§ \/ BY 

/ / / 2 M 76 / / f l y _, 
~/// & 71H; ,5. 



‘ existent in most high temperature furnaces. 
'construction or fabrication of the refractory lined fur 

‘ ponents of the wall. 
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This invention relates to improved anchoring struc 
tures ?nding utility as supporting or retaining means for 
refractory walls or linings in metallurgical furnaces. 
More particularly, the invention is directed to a spring 
loaded or spring-tensioned anchoring structure useful as 
retention means for holding monolithic plastic refractory 
walls in close contact with a steel retaining shell or lat 
tice. In a speci?c preferred embodiment the invention is 
directed to anchoring devices for supporting and ten 
sioning refractory walls in rectangular soaking pit fur 
naces. 

Also included within the scope of this invention are 
methods for constructing the improved walls of the re 
fractory furnaces. The composite wall structure pro~ 
duced in accordance with the practice of the invention 
‘have been found to exhibit extraordinary stability and 
to have greatly improved properties. 

In the prior art fabrication of metallurgical furnaces, 
it has been the practice to anchor the refractory wall to 
'the enclosing steel shell or skeleton by means of a bolt 
like metallic accessory which is keyed in the refractory 
‘material, extends through a hole in the steel shell, and 
7is secured with a standard nut and washer or any equiv 
alent means. The principal purpose of the bolt-like ac~ 
cessory or attachment is to keep the refractory wall in 
close contact with the steel supporting structure at all 
times. 
The support and retention of refractory walls or re 

‘fractory linings of the type in which the present inven 
tion ?nds utility poses special problems not generally 

During the 

nace, thermal expansion stresses develop due to the dif 
ference in the thermal expansion coef?cients of the com 

As a result there is a tendency for 
the refractory wall to separate from the steel support 
ing structure. This separation is often the beginning of 
ultimate wall failure. While the prior art bolts and bolt 

' like accessories have provided support and bonds for the 
refractory lining, the rigidity and inexpansibility of such 
supports have caused fractures in the walls, breaking of 
the retaining refractory anchor and concurrent wall fail 
ures. The problems posed by shock, vibration, permanent 
elongation of the supporting bolt, and temporary ex 
pansions and contractions of the bolt and of the metallic 
shell in response to temperature variations have not been 
solved by the prior art structures and no such structures 
have proved completely satisfactory for the purpose in 
tended. It is the aim of the present invention to provide 
a simple and highly satisfactory solution to the prior 
art shortcomings and to eliminate the prior art problems 
through the use of an improved refractory wall anchor 
ing assembly. 

It is a principal object of the invention to provide a 
refractory anchor or anchor assembly which includes 
tensioning means to reduce the possibility of fracture 
of the refractory anchor. 

It is a related object of the invention to provide a re 
fractory wall anchor assembly which holds the wall and 
its supporting structure in positive tension at all times. 
Another object of the invention is to provide a refrac 

tory wall anchor assembly which includes a tension re 
lieving bolt and permits limited movement of the refrac 

‘ tory wall with respect to the supporting steel structure. 
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Still another object of the invention is to provide a 

refractory wall anchor which will withstand the stresses 
of shock and vibration and which will automatically com 
pensate for permanent or temporary changes in the length 
of the anchoring mechanism and which will accommo 
date temporary expansion and contraction of the wall 
components in response to temperature variations. 
Another object of the invention is to provide a wall 

anchoring device which will relieve the tension of mono 
lithic plastic refractory wall construction in rectangular 
soaking pit furnaces. 

Additional objects and aims of the invention include 
the following: 
To provide a refractory wall anchor means which is 

simple in construction and which is readily incorporated 
into the furnace as a physical element thereof; to provide 
an anchor, support, and retention means for a refractory 
wall, which anchor will obviate the causes of premature 
failures in soaking pit wall construction; to provide a 
refractory wall anchor which will undergo compensating 
elongation in the event of slumping, settling, or weight 
compression of plastic refractory; to provide a refrac 
tory anchor which will be responsive to the relative 
movements between the steel enclosure and the refrac 
tory wall lining without causing either fracture of the 
refractory wall or failure of the anchor; and to provide 
a refractory wall anchor assembly which can be installed 
in existing furnaces and in new furnaces. 

Other and further objects and advantages of the in 
vention will become apparent from a reading of the fol 
lowing speci?cation taken in conjunction with the draw 
ing in which: 
FIGURE 1 is a cross-sectional view of a single coil 

spring embodiment of an anchor assembly embodying 
the principles of the invention; 
FIGURE 2 is a cross-sectional view of another single 

sp-ring anchor mechanism embodying the principles of 
the invention; 
FIGURE 3 is a cross-sectional view of still another 

embodiment of the invention utilizing a ‘single-spring an 
chor assembly; 
FIGURE 4 is a sectional view taken along the line 

4-4 of FIGURE 3; 
FIGURE 5 is a cross-sectional view of another embodi~ 

ment of a single-spring anchor assembly; 
FIGURE 6 is a sectional view taken along the line 

6—6 of FIGURE 5; 
FIGURE 7 is a cross-sectional view of a double coil 

spring anchor assembly embodying the principles of the 
invention; 
FIGURE 8 is a cross-sectional view of a double band 

spring anchor assembly embodying the principles of the 
invention; and ' 
FIGURE 9 is a cross-sectional view of an anchor as 

sembly similar to that depicted in FIGURE 8 but illus 
trating an alternative method of attachment to the sup 
porting shell. 
The tensioning anchoring assemblies of the present in 

vention ?nd utility in furnaces having monolithic plastic 
refractory walls and are useful particularly in the con 
struction of rectangular soaking pit furnaces. In fur 
naces of this type, premature failures maybe due to one 
or more of the following causes: Slumping, settling, or 
weight compression of the plastic refractory in its green 
state, movement of steel enclosures due to expansion, 
contraction, mechanical abuse, excessive heat conduc 
tivity, and partial enclosure failure. 
The use of plastic refractory materials in the fabrica 

tion of furnaces is described in Patent No. 2,949,704. 
Additional information pertaining to the gunning or ram 
ming operations used in the fabrication of the plastic 
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monolithic wall structures is found in application Serial 
No. 228,003 ?led October 3, 1962, now US. Patent No. 
3,197,315, issued July 27, 1965. The general techniques 
involved are now well-known in the art and no detailed 
discussion is required herein. For the purpose of gen 
eral background and reference and additionally for the 
purpose of providing an environmental setting for the 
anchoring device of the invention, certain basic steps in 
the fabrication of a monolithic plastic wall furnace will 
be referred to brie?y. For example, in the fabrication 
of a rectangular soaking pit furnace, the refractory com 
position, which is an aggregate, is applied to the retaining 
steel walls of the furnace and rammed or gunned into 
place. The composition is of a nature such that it is 
susceptible to agglomeration in its preferred or green 
state and the agglomeration has a certain degree of rigid 
ity and ?rmness so that the material is self-supporting 
even prior to the ?ring step. 

Considering now the fabrication of a single wall of the 
furnace, the plastic material is applied to the lower por 
tion of the wall to a ?nite limited height of, for example, 
about two feet. A course of super duty refractory anchor 
tile which serves as anchors is now placed in position at 
spaced intervals along the wall. The positioning of 
these anchors corresponds with cooperating holes ex 
tending through the steel shell of the furnace and the 
anchor is connected to the steel shell by means of the 
anchor device of the invention. 

Additional plastic material is rammed into position 
above the course of spaced anchors to embed the anchors 
in the wall and when the wall height has been built up to 
a predetermined higher level, another course of spaced 
anchor “bricks” or anchor tiles is placed in position and 
fastened through the steel wall. This process is continued 
until the wall has been built to the desired height. The 
anchors retain the plastic refractor material in contact 
with the steel enclosure. Finally, the entire composite 
structure is ?red to provide a one-piece or monolithic 
refractory wall. 

Referring more particularly to the drawing, there is 
shown in FIGURE 1, for the purpose of illustrative dis 
closure, a preferred embodiment of one form of the an 
chor assembly of the invention. In the embodiment of 
the invention illustrated, there is shown a section of a 
furnace wall 11 consisting of an outer metallic shell 13 
and an inner core, refractory wall, or lining 15. Extend 
ing laterally through a hole 17 in the steel shell 13 is an 
anchor bolt or tie 19 which consists of an elongated stud 
or rod 21 having a generally ?at transverse head 23. A 
load plate 24 adjacent the head 23 is anchored within 
the refractory wall or the lining 15 of the furnace. At 
its other end 25 the stud is threaded 27 and extends 
through and exteriorly of the metallic shell 13. The head 
and the cooperating load plate 24 of the anchor bolt are 
keyed to and the plate bears against an anchor tile or 
block 29 embedded in the plastic refractory wall mate 
rial 15. The threaded end 25 of the anchor bolt 19 is 
secured to the steel shell 13 and a compression spring 31 
is retained in position between the end of the bolt 19 
and the shell 13 by means of a nut 33 and washers 35. 
A lock-nut 37 precludes the loosening of the nut 33 
which serves to adjust or to regulate the tension of the 
spring 31. Spot welding or other techniques may be 
used to prevent loosening of the nuts on their supporting 
threaded stud. 
The springs utilized in the practice of the invention 

are selected to have precise tensioning properties. The 
particular installation will, of course, determine the exact 
speci?cations of the springs used. In general, however, 
springs in the range of about 100 pounds to about 500 
pounds per inch are preferred, these values being con 
sistent with the mechanical strength of the refractory 
anchors used in the monolithic wall. 
With this arrangement it will be apparent that regard 

less of the temperature variation in the furnace and in 
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4 
the furnace wall structure, the monolithic wall will be 
held resiliently urged toward its bounding shell. Lateral 
separation of the refractory wall from the metallic shell 
is effectively prevented. The retaining anchors or ties 19 
will hold the monolithic wall in place while permitting a 
limited degree of freedom of expansion and contraction 
of the relative parts with respect to each other. 
The resilient tensioning and anchor mechanism illus 

trated in FIGURE 2 is substantially the same as that 
shown in FIGURE 1 except that a leaf-spring 40 is used 
rather than the coil spring 31 of FIGURE 1. The leaf 
spring 40 is locked in position on the threaded end 25 
of the anchor bolt 19 by means of a pair of nuts 42 and 
44. The arms 46 of the leaf-spring 4t} bear against the 
outer surface of the metallic shell 13 of the furnace wall 
structure. 

In a somewhat modi?ed form of the invention, as illus 
trated in FIGURES 3 and 5, the spring of the resilient 
anchor mechanism bear against a channel section or chan 
nel member 50 displaced somewhat inwardly of the ex 
ternal shell 13 of the furnace but connected thereto. 
The anchor assemblies of FIGURES 1 through 6 

depict structures utilizing a single spring in each case. 
In another preferred embodiment of the invention, dou 
ble tension springs are used to provide duo-directional or 
bilateral tensioning. The use of coil springs in such an 
embodiment is illustrated in FIGURE 7, and FIGURES 
8 and 9 illustrate the use of leaf or band springs. Refer 
ring now to FIGURE 7 the anchor bolt of the invention 
is depicted as consisting of an elongated stud 52 having 
a head portion or bearing plate keyed against an anchor 
tile embedded in the refractory wall of the furnace as 
described with reference to FIGURE 1. The stud 52 
extends through a channel 58 and through the steel shell 
13, and a pair of coil springs 60 and 62 encircle the shaft 
of the stud, one spring being positioned and retained 
within the channel internally of the wall 13 and the other 
spring being retained externally of the wall 13. Tension 
ing and retention of the springs in position is insured 
by means of washers 35 and nuts 64, 66 and 68. 

It will be readily apparent that in the preferred embodi 
ment depicted in FIGURE 7 lateral movement of the 
refractory Wall in either direction with respect to the 
steel shell is controlled and, in effect, the monolithic re 
fractory wall is resiliently mounted with respect to the 
engul?ng or enclosing steel shell. 

In FIGURES 8 and 9 the resilient anchor assembly 
of the invention is depicted as including a pair of oppos 
ing leaf or band springs 70 and 72 which, in the case of 
FIGURE 8, are fastened to the anchor bolt 74 within a 
channel 76 internally of the exterior wall or shell 13 by 
means of lock nuts 86 and 82. In FIGURE 9 leaf 
springs 70 and 72 are retained in a channel 84 which 
is external of the shell 13. Locking nuts 89 and 82 
threaded on to the end of the anchor bolt hold the leaf 
spring in ?xed position. The operation of the spring 
structure of FIGURES 8 and 9 is the same as that previ 
ously described with respect to FIGURE 7. 

In accordance with the practice of the invention, it has 
been found that maintaining the refractory wall anchor 
ing mechanism in positive tension at all times reduces the 
tendency for the refractory wall to separate from the 
retaining steel structure. The provision of a resilient 
support system rather than a rigid system has the import 
ant result of minimizing mechanical ?ssure of the wall 
and eliminating fracture and failure of the retaining 
anchor. The adverse effects of both mechanical and 
thermal shock are minimized and greatly extended life 
of the overall structure is achieved. 
While disclosures of preferred embodiments of the 

apparatus and of preferred methods for assembly and 
installation of the apparatus of the invention have been 
provided, it will be apparent that numerous modi?cations 
and variations thereof may be made without departing 
from underlying principles of the invention. It is, there~~ 
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fore, desired ‘by ‘the following claims to include within 
the scope of the invention all such variations and modi 
?cations by which substantially the results of this inven 
tion may be obtained through the use of substantially 
the same or equivalent means. 
What is claimed is: 
1. In a furnace of the soaking pit type, and including 

a monolithic plastic refractory wall and a metallic shell 
retaining said wall, the improvement comprising resilient 
anchor means connecting said wall with said shell for 
maintaining said wall and said shell coupled in stressed 
and yieldable relation, said resilient anchor means in 
cluding an anchor member and a cooperating spring 
means resiliently urging said wall and said shell toward 
each other. 

2. In a soaking 'pit furnace having a metallic outer 
shell and a monolithic plastic refractory wall contiguous 

. to and substantially coextensive with said shell and dis 
posed therewithin, the improvement comprising a plural 
ity of horizontally disposed wall anchoring assemblies 
connecting said wall to said shell, each said anchoring 
assemblies including an anchor member and cooperating 
spring ‘means and constituting resiliently yieldable ten 
sioning means intercoupling said wall and said shell and 
biasing said wall toward said shell resiliently to oppose 
movement of said wall inwardly of said shell. 

3. In a soaking pit furnace having a metallic outer 
shell and a monolithic plastic refractory wall contiguous 
to and substantially coextensive with said shell and dis 
posed therewithin, the improvement comprising horizon 
tally disposed anchors connecting said wall to said shell, 
each said anchors including a pair of opposed resiliently 
yieldable spring means comprising tensioning members 
interconnecting said wall and said shell and biased resil 
iently to oppose lateral movement of said wall with 
respect to said shell. 

4. In a soaking pit furnace having a metallic outer 
shell and a monolithic plastic refractory wall contiguous 
to and substantially coextensive with said shell and dis 
posed therewithin, the improvement including: 

a plurality of spaced resilient wall anchors urging said 
refractory wall and said shell toward one another 
for stress responsive resilient contact therebetween, 

each said anchors comprising an elongated bolt, said 
bolt being generally T-shaped and having a head 
portion and a stud portion, 

said stud portion extending into an opening extending 
laterally into said refractory wall and through an 
aligned hole in said shell, 

said head portion of said ‘bolt being keyed with said 
refractory wall to preclude radially outward displace 
ment of said bolt with respect to said wall, 

spring means resiliently coupling said bolt to said shell 
and disposed to resist displacement of said refractory 
wall radially inwardly of said shell; 

whereby said anchor is effective to couple said wall and 
said shell through tensioning and resilient forces. 

5. In a high temperature metallurgical furnace having 
a metallic shell and a refractory lining or wall contiguous 
with and substantially coextensive with said shell and dis 
posed therewithin, the improvement including: 

a bolt'like wall anchor maintaining said refractory wall 
resiliently urged radially toward said metallic shell, 

said anchor comprising an elongated stud extending 
into an opening in said refractory Wall and into an 
aligned cooperating hole in said metallic shell, 

load plate means connected to one end of said stud and 
seated against an internal surface of said wall to 
preclude withdrawal of said stud radially outwardly 
of said wall, said stud being held ?xed with respect 
to said wall against separation therefrom in response 
to radial forces impressed upon said stud, 

spring means adjacent a threaded end of said stud and 
spring retention means stressing against said shell 
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6 
and urging said stud radially outwardly of said 
metallic shell; 

whereby said stud is urged radially outwardly to main 
tain said wall keyed in resilient stressed contact with 
said metallic shell while permitting freedom of ex 
pansion and contnaction of component elements of 
said furnace under the in?uence of temperature 
changes in said furnace. 

6. In a high temperature metallurgical furnace having 
a metallic shell and a refractory lining or wall contiguous 
with and substantially coextensive with said shell and dis 
posed therewithin, the improvement including: 

a bolt-like wall anchor maintaining said refractory wall 
resiliently urged toward said metallic: shell, 

said anchor comprising an elongated stud extending 
into an opening in said refractory wall and through 
an aligned cooperating hole in said metallic shell, 

load plate means connected to one end of said stud and 
seated against an internal surface of said wall to 
preclude withdrawal of said stud outwardly of said 
wall, said stud being held ?xed with respect to said 
wall against separation therefrom in response to 
radial forces impressed upon said stud, 

?rst spring means adjacent a threaded end of said stud 
and positioned laterally outwardly of said shell to 
urge said stud laterally outwardly of said shell, 

second spring means positioned laterally inwardly of 
said ?rst spring ‘means and inwardly of said shell to 
urge said stud laterally inwardly of said shell, and 

spring retention means on said stud to preclude dis 
lodgment of said ?rst and said second spring means 
axially of said stud in directions away from said 
metallic shell therebetween; 

whereby said anchor is retained in resilient and ten 
sioned disposition with respect to said shell and 
whereby said anchor permits limited tensioned bi 
lateral movcment of said refractory wall with respect 
to said shell. 

7. In a high temperature metallurgical furnace having 
a metallic shell and a refractory lining or wall contiguous 
with and substantially coextensive with said shell and 
disposed therewithin, the improvement including: 

a bolt-like wall anchor maintaining said refractory wall 
resiliently urged toward said metallic shell, 

said anchor comprising an elongated stud extending into 
an opening in said refractory wall and through an 
aligned cooperating hole in said metallic shell, 

load plate means connected to one end of said stud 
and seated against an internal surface of said wall to 
preclude withdrawal of said stud outwardly of said 
wall, said stud being held ?xed with respect to said 
wall against separation therefrom in response to 
radial forces impressed upon said stud, 

?rst spring means adjacent a threaded end of said stud 
and positioned laterally outwardly of said shell to 
urge said stud laterally outwardly of said shell, 

second spring means positioned laterally inwardly of 
said ?rst spring means to urge said stud laterally in 
wardly of said shell, and 

spring retention means on said stud to preclude dis 
lodgment of said ?rst and said second spring means 
axially of said stud; 

whereby said anchor is retained in resilient and ten 
sioned disposition with respect to said shell and 
whereby said anchor permits limited tensioned bi 
lateral movement of said refractory Wall with respect 
to said shell. 

8. In a high temperature metallurgical furnace having 
a metallic shell and a refractory lining or wall contiguous 
with and substantially coextensive with said shell and dis 
posed therewithin, the improvement including: 

a bolt-like wall anchor maintaining said refractory wall 
resiliently urged toward said metallic shell, 
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said anchor comprising an elongated stud extending 
into an opening in said refractory wall to engage 
said wall and adapted to fasten to said shell, 

load plate means connected to one end of said stud 
and seated against an internal surface of said wall to 
preclude withdrawal of said stud outwardly of said 
wall, said stud being held ?xed’ with respect to said 
wall against separation therefrom in response to 
radial forces impressed upon said stud, 

auxiliary wall means displaced laterally of said shell 
and extending substantially parallel with respect 
thereto, 

Wall support means to hold said auxiliary wall means 
?xed with respect to said shell and spaced therefrom, 

said wall means and said shell de?ning a channel there— 
between into which said stud extends, 

spring retention means within said channel and con 
nected to said stud to preclude displacement of said 
spring means axially along said stud, said spring 
means adapted to urge resiliently against opposed 
facing surfaces of said shell and said wall means 
de?ning said channel; 

whereby said anchor is retained in resilient and ten 
sioned disposition for movement laterally inwardly 
and outwardly to provide limited bilateral tensioned 
movement of said refractory wall with respect to 
said shell. 

9. In a furnace, the combination with a monolithic 

1O 
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20 
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8 
plastic refractory wall and a shell retaining said wall, of 
anchor means interconnecting said wall and said shell and 
tensioning said wall with respect to said shell, said anchor 
means including an anchor bolt coupling said wall to said 
shell and cooperating spring means resiliently biasing 
said wall toward engagement with said shell thereby main 
taining said anchor bolt under tension to clamp said wall 
resiliently against said shell. 
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