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In that type of tunnel liner made up of sec 
tions or plates, and in which the plates are usually 
of metal plate having side flanges, .the sections 

_ of the plates being secured together by fasteners 
5 passing through the ñanges, it has been the' 
custom to have these plates or sections generally 
rectangular in shape, the plates when in posi 
tion being thus located in circumferential rows 
with plates in each row in alinement. As a con 

10 sequence the circumferential flanges are also in 
alinement. 

It is an object of the invention to provide a 
structure which as a whole when assembled con 
stitutes a series of endless trusses extending 

15 around a circle, the flanges constituting the main 
members while the bodies of the plates consti 
tute web members connecting the main members 
so that stresses due to pressure of the earth out 
side the structure are thoroughly distributed 

20 throughout. This is particularly advantageous 
in th‘e case of localized stresses due to boulders 
or soft spots in the earth. ' 

Several embodiments of the invention are dis 
closed in the accompanying drawings, wherein: 

25 Figure 1 is a side elevation of a portion of a 
tunnel lining, in which the novel structure is 
employed. 
Figure 2 is an end elevation of the same. 
Figure 3 is a perspective view showing the 

30 inner side of one of the plates. 
_ Figure 4 is a sectional view on the line 4--4 
of Figure 3. 
Figure 5 is a side elevation of the plate shown 

in Figure 3. .  

35 Figure 6 is a view in elevation of a modiñca 
tion 'of the form of structure shown in Figures 
1 and 2. ' 

Figure '7 is an end elevation of the same. 
Figure 8 is a side elevation of still another form 

¿0 of construction. 
Figure 9 is an ‘end elevation thereof. 
Figure 10 is a side elevation of still another em 

bodiment of the invention. 
Figure 11 is an end elevation of the structure 

45 ̀ shown in Figure 10. , . 

Figure 12 is a side elevation of another embodi 
ment vof the invention. E . 

l Figure 13 is an end elevation thereof. 
Figure 14 is a detail perspective view of one 

50 of the plates shown in Figure 14. ' 
Figure 15 is a similar view of two of the plates 

in assembled relation and indicating how the 
said two plates may be formed of sections in 
parallelogram. y ' 

55 Referring ñrst to the embodiment diSGlosed in 

(ci. er1-4s) 
Figures 1 and 2, a portion of a tubular tunnel ~ 
lining is shown and consists of rows of plates 20, 
`the plates of each row being located to form aI 
ring, and the rows being disposed side by side. 
As these plates are duplicates, the detail showing 60 
of one in Figures 3, 4 and 5 and a. description 
thereof will suftìce for all. The plate is prefer 
ably formed of plate metal, comprising an outer 
curved body wall 21, which may be reenforced 
or stitfened by circumferential ribs 22. Along 65 
each of the side edges of thebody plate are inset 
ñanges 23 and 24 that are perforated as illus 
trated at 25 to receive fastening bolts, rivets or 
the like. It will be noted that the body wall 21 
is in the form of a parallelogram so that the 70 

. flanges 24 and the edges carrying the same, are 
disposed diagonally to the other iianges 23. 
When these plates are assembled to produce 

the lining-structure or as shown in Figures «1 and 
2, the flanges 23 of adjacent plates are located 75 
side .by side and are suitably secured together in 
a well-known manner. The flanges 24, are how 
ever disposed diagonally to a plane perpendicular 
to the axis of the tunnel, the diagonal flanges of 
one plate abutting and being secured to the di- 30 
.agonal flanges of adjoining plates in the same 
row. More than that, it will be noted that these 
diagonal'lines or joints of one row are staggered 
with relation to those of the adjacent rows, so 
that the diagonal flanges 24 will abut against g5 
the flanges 23 of the plates of the adjacent row 
between the ends of» said latter ñanges. 
As a consequence a structure is formed, each 

ring of which may be considered as a continu 
ous truss (Figure >1), which _when placed under 90 
stress by an external load, will tend to distort by 
rotating one chord in one direction and the other 
chord in the opposite direction, a tendencythat 
is resisted by the webs or bodies of the plates. 
In Figure 6 the plates are designated 20a, and 95 

their structure is the same as that disclosed in 
Figures 3, 4 and 5, saving that the form of the 
parallelogram of the body wall is reversed so that 
the straight lines of joints run longitudinally of 
the tunnel rather than circumferentially'of the 100 
same. It will be obvious however, that the ac 
tion is precisely the same'as that heretofore de 
scribed, except that the chords ofA the trusses are 
longitudinal instead of circumferential. 
In the structure disclosed in Figures 8 and 9 105 

the plates are designated 20b and it will be noted _ 
that the parallelogram formation 'of the body 
Wall of each is the same as heretofore described. 
In other words their general structure including 
the ilanges is the same as in Figures 3, 4 and 5. 1.10 
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In this form of structure, however, the plates of 
adjacent rows are reversed. That is to say, the 
joints of vone row extend diagonally in one di 
rection andthe joints of the adjacent row ex 
tend diagonally in an opposite direction. The 
same effective results are, however, obtained. ' 

_ The structure illustrated in AFigures 10 and 
11 is very similar to that illustrated in Figure 8, 
except that the continuous straight line joints 
are extended longitudinally of the tunnel in 
stead of circumferentially thereof. The plates 
are here designated 20c and it will be noted that 
the rows extend longitudinally of the tunnel to 
produce said longitudinal joints. The plates of 
one row, however, have their diagonal joints 
and edges extended in an opposite direction from 
the diagonal edges and joints of the plates of the 
adjacent row. They still, however, are staggered 
as in the disclosure illustrated in Figure 8. 

Figures 12 and 13 disclose a structure in which 
the rows run longitudinally of the tunnel instead 
of circumferentially, forming a series of trusses. 
Triangular plates 20e are provided, with alter 
nate plates of each row reversely arranged and 
with the apex of the plate of one row abutting 
the base of the plate of the next row. As will be 
clearly evidenced by a comparison of Figures 12, 
13 and 15 two of these plates may be considered 
as the sections of a parallelogram and in this re 
spect are very similar to the disclosure shown'in 
the iirst forms of the invention. 
From the foregoing, it is thought that the con 

struction, operation and many advantages of the 
herein described invention will be apparent to 
those skilled in the art without further descrip 
tion, and it will be understood that various 
changes in the size, shape, proportion and minor 
details of construction may be resorted to with 
out departing from the spirit of sacrificing any 
of the advantages of the invention. 
What we claim, is: ' » 
1. A tubular structure comprising separate 

rows of plates, the rows being located side by 
side, each of said plates being a substantial par 
allelogram having parallel sides forming the sides 
of the rows, and parallel ends disposed diago 
nally of the sides, the correspondingly disposed 
diagonal ends of abutting plates in a row extend 
ing diagonally across the row. 

2. A tubular structure comprising separate 
rows of plates, the rows being located side by 
side, each of said plates being a substantial par 

1,9s2,sos 
alielogram having parallel sides forming the sides 
of the rows, and parallel ends disposed diagonally 
of the sides, the correspondingly disposed diag 
onal ends of abutting plates in a row extending 
diagonally across the row and out of line with 
the joints between the abutting ends of the plates 
of adjacent rows. 

3. A tubular structure comprising separate 
rows of plates, the rows being located side by 
side, each of said plates being a substantial par 
allelogram having parallel sides forming the sides 
of the rows and parallel ends disposed diagonally 
of the sides, the joints between the ends of the 
plates in each row extending in the same direction 
and in _opposite directions to the joints of the 
plates of adjacent rows. _ 

4. A tubular structure comprising separate 
rows of plates, the rows being located side by side, 
each of said plates being a substantial parallel 
ogram having parallel sides forming the sides 
of the rows and parallel ends disposed diagonally 
of the sides, the correspondingly disposed diag 
onal ends of abutting plates in a row extending 
diagonally across the row, said rows forming con 
tinuous rings side by side ̀ with the sides of the 
rings and of the plates being disposed in planes 
perpendicular to the axis of the tubular structure. 

5. A tubular structure comprising separate rows 
of plates, the rows being located side by side, each 
of said plates being a substantial parallelogram 
having parallel sides forming the sides of the 
rows and parallel ends disposed diagonally of the 
sides, the correspondingly disposed diagonal ends 
of abutting plates in a row extending diagonally 
across the row, said rows extending longitudinal 
ly of the axis of the structure and the diagonal 
ends of the different rows being alternated and 
producing broken joints extending around the 
structure. 

6. A tubular structure comprising rows of plates 
extending longitudinally of said structure and 
said rows having substantially parallel sides ex 
tending in said longitudinal directions, the sides 
of the plates of one row being secured to the sides 
of the plates of adjacent rows and forming joints 
between the rows that are extending longitudi 
nally of the structure, the ends of the plates of 
each row being secured together and forming, 
joints across said longitudinal rows. 

JULIUS KAHN. 
HERBERT E. WHITE. 
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