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ABSTRACT OF THE DISCLOSURE 

A composite arch structure and method of making 
it. The composite arch structure comprises a pair of 
flexible retaining wall portions and a top portion extend 
ing therebetween. Longitudinally extending load spread 
ing means are provided on either side of the vertical 
axis of the structure at positions where a radial force 
acting on the structure forms an angle of about 45 or 
more to the horizontal. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part application of the co 
pending application in the name of the same inventor, 
Ser. No. 677,278, filed Oct. 23, 1967, and entitled Com 
posite Arch Structure and now abandoned. 

BACKGROUND OF THE INVENTION 
Field of the invention 

The invention relates to new and useful improvements 
in composite arch structures, particularly relatively large 
dimensioned composite arch structures. 

Description of the prior art 
The term "composite arch structure' is intended to in 

clude arch structures having a planar base thus forming, 
when viewed in end elevation, a truncated ellipsoid; arch 
structures having a planar top portion; and arch struc 
tures which might be considered to consist of a pair of 
flexible retaining wall sections together with top and bot 
tom sections so that they present, when viewed in cross 
section, a pure ellipsoid, circle or modification of these 
Shapes. 
They include all such structures manufactured from 

relatively thin arcuately curved, corrugated sheets used 
for culverts or tunnels or bridge liners depending upon 
the size thereof. 
The conventional rigid arch design is at present being 

superseded by a relatively flexible design utilizing flexible 
retaining wall structure similar to that described and 
claimed in U.S. Letters Patent No. 3,282,056, issued Nov. 
1, 1966 in the name of the same inventor. 
So long as the dimensions of the arch remain rela 

tively small, no difficulty is encountered in the backfilling 
procedure. 

However, with this flexible design, support is achieved 
with a minimum of moment strength in the tunnel or 
arch lining, which in fact is just enough to properly in 
stall the lining. However, this strength is not to any ex 
tent capable of supporting the superimposed load after 
installation inasmuch as the inherent strength of the de 
vice is obtained from the back filling operation and flex 
ible retaining wall structure as defined in the above men 
tioned patent. 
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2 
The difference in moment strength may only be a small 

fraction of what would be designed for conventional 
rigid structures. 
The design features of such structures utilizing the 

composite arch principle are, of course, dependent upon 
the shear and thrust values of the soil, the proper re 
lated curvatures of the flexible lining and the type of soil 
enveloping the underground stucture when finished. 

However, under normal conditions the lining which 
is normally manufactured from corrugated steel sheet 
material, can be relatively thin even though the internal 
dimensions may be relatively large. 

Difficulties are encountered with relatively large struc 
tures inasmuch as the initial stability of the tunnel liner 
is very small until supported by the backfilling material. 
Of course, it will be appreciated that the thickness of 
the material could be increased in order to stiffen the 
structure prior to backfilling but this is relatively ex 
pensive and is not a satisfactory solution to the problem. 
The principal difficulty appears to be encountered when 

attempting to backfill and compact the soil along or 
around the junction lines between the flexible retaining 
walls which have a relatively sharp curvature and are 
situated substantially vertically, and the flattened flexible 
arch which extends therebetween. As the compaction pro 
ceeds, the horizontal component of the load becomes 
greater than the vertical component thus causing dis 
tortion of the structure which can only be avoided by 
extremely careful backfilling from both sides. 
The present invention overcomes this particular fault 

of the structure by providing load-spreading buttresses 
formed of concrete and extending along or adjacent to 
the junctions between the flexible retaining walls and the 
flattened arch structure. 

This provides a length of consolidated material at the 
location where compaction and backfilling equipment 
cannot effectively work thus enabling the compaction and 
backfilling to continue without distortion occurring to 
the arch structure. 

Once these areas have been backfilled and compacted, 
soil is compacted upon the upper side of the flattened 
flexible arch and the ring compression of this portion 
of the structure is "run out' into the consolidated and 
known soil material where the concrete buttresses have 
been attached. This results, of course, in less load on the 
footings. 

In addition to the above, it has been found that when 
the width of the arch structure is relatively small, in the 
neighborhood of 20 or 30 feet, there is sufficient inherent 
rigidity in the structure when it is assembled and but 
tresses applied, to maintain the shape of the structure 
during the backfilling and compacting process so that 
when the backfilling and compacting process is complete, 
the liner or arch structure maintains the predetermined 
curvature which, of course, is controlled by the design 
parameters of the structure. 

However, I have found that the principles inherent 
in this structure may be extended to cover relatively large 
liners having a width in the neighborhood of 60 feet or 
more under which circumstances, the static load of the 
material would normally cause deflection until the back 
filling and compaction is complete and, furthermore, the 
action of backfilling and compacting would (and often 
does) distort the design curvature of the structure. 

It has therefore been found necessary to provide some 
means to stabilize the structure during the backfilling and 
compacting process. 

Thus, for wide width arches, the present invention con 
templates the use of one or more stiffening members ex 
tending between the buttress means and over the top por 
tion of the arch structure. 
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SUMMARY OF THE INVENTION 
The present invention relates to improvements in rela 

tively large composite arch structures made of relatively 
thin arcuately curved metallic sheets of the type generally 
used for small culverts and the like. 

In accordance with the present invention longitudinally 
extending concrete buttresses are affixed to the exterior of 
the arch structure along areas where the flexibility of the 
arch structure is such that, in the absence of such but 
tresses, normal backfilling and compacting procedures 
could not be used. The buttresses enable conventional 
backfilling equipment and compacting equipment to be 
utilized on relatively large dimensioned flexible arch struc 
tures thus eliminating the necessity of increasing the thick 
ness of the material forming these arch structures. They 
can be precast and secured to the surface of the arch 
structure or, alternatively, they can be cast in place when 
required. The buttresses are simple in construction and 
economical to manufacture. 
When a composite arch structure of the present inven 

tion is relatively wide, the present invention contemplates 
the use of additional structure in the form of one or more 
stiffening members extending over the top portion of the 
arch structure and affixed to the buttresses. The one or 
more stiffening members control the flexibility of the arch 
structure and prevent side sway during the erection and 
backfilling operations. 

It will of course be appreciated that once the backfilling 
and compaction process is complete, in many circum 
stances the stiffeners are not required. They can, of course, 
be removed if desired but it has been found preferable 
and easier to leave them in place thus adding to the 
strength of the structure although primarily they are 
included to prevent distortion of the structure during erec 
tion and backfilling. 

. It should be pointed out that in relatively wide struc 
tures of thin walled plate, the static deflection load can 
mount to 6 to 12 inches in the center. By the provision 
of the present construction and the stiffening members 
used, the top section of the arch liner is, in effect, hung 
from the members thus preventing side sway and also pre 
venting static load deflection. It should be stressed that 
this deflection would, of course, disappear when backfilled 
completely but, with relatively wide spans, distortion 
would be difficult to control and in fact, excessive deflec 
tion may cause collapse if these stiffening members are 
not used. Use of the present invention enables the opera 
tors to maintain a more accurate curvature to the thin 
plate during assembly and backfilling and also when 
loaded with live loads. 
The stiffening members can be cast in place with the 

buttresses or, alternatively, can be bolted to bolts ex 
tending from the buttresses, if it is desired to make the 
members detachable. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is a cross sectional view of a composite 

arch structure showing the invention in situ. 
FIGURE 2 is an alternative embodiment of the in 

vention. 
FIGURE 3 is a cross sectional view showing the in 

vention utilized with flexible retaining walls and a pre 
cast arch or spreader beam extending therebetween. 
FIGURE 4 is a fragmentary enlarged sectional view 

showing one method of providing the buttress. 
FIGURE 5 is an isometric fragmentary view showing 

the buttress in place. 
FIGURE 6 is an isometric view of a composite arch 

structure showing the use of stiffening members. 
FIGURE 7 is an end view showing an alternative con 

struction of the composite arch structure utilizing stiff 
ening members. 
FIGURE 8 is an enlarged fragmentary end elevation 

showing a method of attaching the stiffening members to 
the arch structure. 
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4. 
FIGURE 9 is a fragmentary end elevation showing an 

alternative form of one of the stiffening members. 
FIGURE 10 is a fragmentary side elevation of a com 

posite arch structure illustrating the use of stiffening mem 
bers. 
FIGURE 11 is a fragmentary end elevation showing 

an alternative method of attachment of the stiffening 
members to the buttress. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the drawings like characters of reference indicate 
corresponding parts in the different figures. 

Safe composite support for loads upon underground 
flexible structures have been obtained by using a proper 
relationship between the size of structure, to thickness of 
material, to type of soil adjacent to the structure, and 
the degree of consolidation imparted to that soil. 

Installation problems increase as structures become 
larger and therefore have too much flexibility. Economical 
compaction and earth moving equipment cannot safely be 
used near such a structure with too much flexibility so that 
the size has been limited up to the present time for this 
reason. 
The present application is therefore related to rela 

tively large structures manufactured from relatively thin 
gauge sheet corrugated material. 

In FIGURE 1, the composite arch structure collective 
ly designated 10 comprises a pair of flexible retaining wall 
structures 11 and a flexible flattened arch structure 12. 
The bases of the flexible wall structures 11 are secured 
within footings 13 and soil 14 is compacted around foot 
ings and around the outside of the flexible wall structures 
11 as described in the above-mentioned patent. 

In the embodiment of FIGURE 1, the radius arrows 
15 indicate the change in radius between the flexible wall 
structures 11 and the flexible flattened arch structure 12. 
The areas in which this radius change occurs may be 
considered as the junctions between the flexible wall struc 
tures and the flexible flattened arch structure. 

In all of the embodiments illustrated herein there is 
a noticeable radius change between the wall portions and 
top portion of the arch structure. Such a radius change 
would not occur if the arch were circular in cross sec 
tion. However, the junctures between the wall portions 
and the top portion, even if not identifiable by radius 
change, will occur on either side of the structure where 
a radial force acting on the structure forms an angle of 
about 45 or more to the horizontal. 
When the compacting of the soil 14 has reached ad 

jacent these areas identified by the reference characters 
16, conventional earth moving and compacting equipment 
cannot operate because of the danger of distortion and 
perhaps collapse of the arch structure. This is due to the 
fact that the horizontal component is considerably greater 
at this point due to the rapid change in direction of the 
curvature of the liner. 

Therefore buttresses are provided designated 17 along 
these junctions or areas which spread the compacting load 
at these points thus enabling conventional earth moving 
and compacting machinery to be utilized. 

It will be noted that these buttresses are substantially 
triangular when viewed in cross section and are provided 
with a substantially horizontal wall 19 and a substan 
tially vertical wall 18 extending therefrom. 
The arcuately curved wall 20 extending between the 

distal edges of walls 18 and 19, follows the curvature of 
the tunnel liner at this point and is secured thereto by 
means of anchor bolts or similar means 21 extending 
through the tunnel liner. 

These buttresses extend clear along the junction area 
16 and provide support for the structure so that soil can 
be compacted against the vertical wall as indicated by 
the arrows 22 thus spreading the load over a greater 
area at this vital point. 
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Once these buttresses have been covered and the soil 
therearound compacted, the remainder of the compaction 
up to the upper surface 23 may be undertaken in the 
normal manner as the composite arch structure is now 
well supported by the compacted soil. 
FIGURE 2 shows a slightly different embodiment in 

which the composite arch structure extends across the 
base 25 in the form of an arcuately curved structure. 

Here again the buttresses 17 are provided adjacent the 
areas 16 where there is a change of radius between the 
flexible retaining wall structures 11 and the flexible flat 
tened arch structure 12. 

In this embodiment the vertical and horizontal surfaces 
18 and 19 are concave thus assisting in locating the struc 
ture during the compaction process as well as spreading 
the loads over a greater area of the compacted soil or fill 
14. 
The provision of the buttresses 17 enables the arch 

structure to be modified as shown in FIGURE 3. Here 
the flexible flattened arch structure is eliminated and a 
spreader beam or plate 26 substituted. 

This spreader beam which may be of precast concrete, 
is formed with rabbetted edges 27 which engage over the 
horizontal surfaces 19 of the buttresses 17 as clearly 
shown. The back-filling material is compacted up to the 
areas 16 whereupon the buttresses are secured and then 
the spreader beams may be placed in position to form a 
solid roof and the over burden 23 compacted into posi 
tion. 

If the composite arch structure is relatively spherical 
as shown in phantom in FIGURE 3, it is necessary to 
provide some means of preventing rotation of the struc 
ture during the backfilling and compacting process. An 
elongated keel 29 is provided depending downwardly from 
the arcuately curved base 30 and when soil is compacted 
around this keel, rotational displacement of the structure 
cannot take place. 

It will, of course, be appreciated that the buttresses 
17 may either be precast and then secured to the areas 
16 by means of hook bolts 31 extending from the but 
tresses, and through the walls of the liner or, alternatively, 
they may be poured in place. If they are poured in place 
then conventional cribbing 32 may be positioned and 
supported by braces 33 and concrete poured into place 
under which circumstances the hook anchors 31 may be 
inserted prior to the pouring of the concrete. 

Summarizing, when the dimensions of composite arch 
structures become relatively large, it is difficult to com 
pact the soil in the general area identified 16 and specifi 
cally between points 16a and 16b, due to the flexibility of 
the economical lining used. 

Concrete buttresses 19 are poured in place or precast 
and fastened to the outer flexible surface thus providing 
consolidated material at this location where compaction 
equipment cannot work effectively. 
By spreading the load at this point, good compaction 

can then be obtained against the vertical faces 18 of these 
concrete buttresses. 

Furthermore, ring compression of the flexible flattened 
arch between points 16b on both sides is "run out' into 
the consolidated and known soil material 14 adjacent the 
concrete buttresses thus resulting in less load on the foot 
ings 13. 

Although the foregoing description and the drawings 
describe and illustrate structures designed primarily for 
substantially horizontally extending structures, it should 
be noted that the inventive concept can readily be applied 
to tunnelling which is in any direction and any degree of 
inclination from the horizontal up to and including verti 
cal where the direction of the load towards the structure 
is not uniform. 
FIGURES 6 and 7 illustrate composite arch structures 

of the type having relatively large horizontal or width di 
mensions. 
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6 
Proceeding therefore to describe the invention in de 

tail, reference should first be made to FIGURES 6 and 7 
which generally illustrates composite arch structures of 
the type to which the present invention may be applied. 
The composite arch structure in FIGURE 6 (generally 

indicated at 34) includes a pair of flexible retaining wall 
sections 35 and 36 and an arcuately curved top section 
37 joined to the retaining wall sections 35 and 36 to 
form, in cross section, a truncated ellipsoid shell. 
The retaining wall sections 35 and 36 and the top sec 

tion 37 are both formed of arcuately curved sheets of rela 
tively thin corrugated steel bolted together and anchored 
to base abutments 38 and 39. 
The junction areas 40 and 41 between the retaining wall 

sections 35 and 36 and the top section 37 are each pro 
vided with a longitudinally extending concrete buttress 
42 and 43 respectively. The buttresses 42 and 43 are of the 
type described above with respect to FIGURES 1 through 
5. 
FIGURE 7 shows a modified arch construction which 

is ellipsoidal when viewed in cross section and which 
consists of flexible retaining wall side sections 44 and 45 
and arcuately curved top section 46. Also provided in 
this embodiment, is a lower arcuately curved section 47 
thus forming the ellipsoid. 

This embodiment also includes similar elongated but 
tresses 48 and 49 situated at the junction areas 50 and 51. 
respectively. 
When the horizontal dimension of the structure be 

comes relatively large, both the arch structure shown in 
FIGURE 6 and the arch structure shown in FIGURE 7 
become very flexible, particularly during the backfilling 
operation. In fact, the upper sections 37 in FIGURE 6 
and 46 in FIGURE 7 may actually sag due to the static 
load inherent in the construction. 
The present invention contemplates the use of a plu 

rality of arcuately curved reinforcing and stabilizing 
members overspanning the top sections and being secured 
by the ends thereof to the buttresses. These stiffening 
members are curved to follow the curvature of the upper 
sections of the arch structures and are in contact with 
these sections when installed. 

In FIGURE 6, stiffening members 52 are illustrated as 
spanning top section 37, with their ends affixed to but 
tress 42 and 43. In FIGURE 7, stiffening member 53 is 
shown spanning top section 46, with its ends affixed to 
buttresses 48 and 49. 
The stiffening members 52 and 53 of FIGURES 6 and 

7 may take various forms. A number of embodiments of 
stiffening members are illustrated in FIGURES 8 through 
11. 
FIGURE 8 illustrates a stiffening member (generally 

indicated at 54) fabricated of channel iron with an upper 
flange 55, a lower flange 56 and an intermediate Web 57. 
FIGURE 10 illustrates another embodiment of the 

stiffening members. In this figure the arch structure (gen 
erally indicated at 58) has side portions (one of which 
is shown at 59), a top portion 60 and buttresses (one of 
which is shown at 61). The top portion 60 is overspanned 
by a plurality of identical stiffening members 62, each 
having an angle iron cross section with a vertical flange 
63 and a horizontal flange 64. 
Not shown, but equally effective, would be tubular 

members, square cross sectional members, I-beam cross 
sectional members and the like, depending upon the re 
quirements and design parameters. 

Under normal circumstances, the buttresses would be 
cast in place as described above. Before these buttresses 
are cast in place, the stiffening members should be placed 
in position with their end portions entering into the 
forms for the buttresses 15. 
Once the stiffening members are in place, in Spaced 

and parallel relationship as clearly shown, the buttresses 
could be poured thus incorporating the members into 
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the buttresses and anchoring the members by the ends 
thereof. 
FIGURES 6, 7, 8 and 10 illustrate stiffening members 

with their end portions embedded and supported by 
buttresses. In FIGURE 8, the buttress 65 is illustrated in 
dashed line. 

Alternatively, if the buttresses are precast or if it is 
desired to make the stiffening members detachable, the 
ends thereof can be removably affixed to the buttresses. 
In FIGURE 11 an arch structure 66 is illustrated together 
with one of its buttresses 67. A stiffening member 68 is 
shown with one of its ends 68a angled to conform to the 
upper surface 67a of the buttress 67. The end 68a of the 
stiffening member is perforated to permit passage there 
through of bolts 69 and 70. The bolts 69 and 70 are em 
bedded in the buttress 67 as at 69a and 70a respectively. 
Nuts 71 and 72 hold the stiffening member removably 
affixed to the buttress. 

It is preferable although not necessary under all cir 
cumstances, to secure the upper or top section of the 
arch structure to the stiffening members and FIGURE 8 
shows details of one method of attachment. Pairs of bolts 
73 pass through the top portion of the arch structure 74 
and the flanges 56 and 55 of the stiffening member 54 
and nuts 75 clamp the top portion to the underside of 
flange 56, it being understood that washer plates 76 may 
be utilized in the well known manner. 

If the top portion of the arch structure is secured to 
the stiffening members, as shown in FIGURE 8, then, in 
effect, the top portion is suspended from the stiffening 
members which, due to the rigidity of construction there 
of, maintain the arch structure in the desired configura 
tion during backfilling and compacting. 

In similar manner, the stiffening members 62 of FIG 
URE 10 may have the top portion 60 of the arch struc 
ture 58 affixed thereto. In this instance bolts will pass 
through perforations in the top portion 60 and the hor 
izontal flanges 64 of the stiffening members 62. Again 
washer plates may be used. This is diagrammatically 
indicate at 73 in FIGURE 10. 
FIGURE 9 shows a side elevation of an alternative 

method of construction of the stiffening members and in 
this instance, the stiffening member is identified by the 
reference character 77. In this construction, the stiffening 
member 77 is cast in concrete integrally with the adjacent 
buttresses, conventional forming being provided for this 
purpose. It is normally desirable that reinforcing steel 
78 be incorporated in this construction and concrete bolts 
79 or similar fasteners may hold the top portion 80 and 
the arch structure to the stiffening member 77. 

Normally speaking, a plurality of stiffening members 
would be situated in spaced and parallel relationship 
along the entire length of the top portion of the arch 
structure and these would remain in place after compact 
ing and backfilling. 

However, under certain circumstances, one pair of 
stiffening members may be secured to the arch structure 
and a narrow roadway built and compacted over the top 
of the arch structure between the two adjacent stiffening 
members. One of these may then b detached and moved 
outwardly as the road is widened until the entire length 
of the arch structure has been backfilled and compacted 
in conjunction with the formation of the roadway over 
head. 

Various modifications can be made within the scope of 
the inventive concept disclosed. Accordingly, it is intended 
that what is described herein should be regarded as illus 
trative of such concept and not for the purpose of limit 
ing protection to any particular embodiment thereof but 
that only such limitations should be placed upon the scope 
of protection to which the inventor hereof is entitled, as 
justice dictates. 
The embodiments of the invention in which an exclu 

sive property or privilege is clairned are defined as fol 
lows: 
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1. A composite arch structure of the type having com 

pacted backfill material thereabout, comprising an elon 
gated flexible liner, side portions at least of said liner be 
ing formed of relatively thin gauge corrugated sheet ma 
terial, a pair of load-spreading buttress means, said but 
tress means comprising elongated bodies extending longi 
tudinally of said liner, said buttress means being affixed 
to the exterior surface of said liner on either side of the 
vertical axis thereof at positions where a radial force act 
ing on said liner forms an angle of about 45' or more to 
the horizontal, each of said buttress means having a longi 
tudinal surface abutting said exterior surface of said liner 
at said position where said buttress means is affixed to 
said liner and at least one additional load-spreading sur 
face in contact with said compacted backfill material. 

2. The device according to claim 1 in which said liner 
has a top portion comprising a flexible arch formed from 
relatively thin gauge corrugated sheet material. 

3. The device according to claim 1 in which each of 
said buttress means when viewed in cross section, includes 
a substantially vertical wall surface comprising said load 
spreading surface, a substantially horizontal wall surface 
extending from the upper edge of said vertical wall Sur 
face and an arcuately curved surface extending between 
the distal ends of said wall surfaces thus defining a sub 
stantially triangular configuration, said arcuate surface 
comprising said surface abutting the exterior surface of 
said liner. 

4. The device according to claim 1 in which each of 
said buttress means is precast and secured to said exterior 
surface of said liner. 

5. The device according to claim 1 in which each of 
said buttress means is poured in place against the exterior 
surface of said liner. 

6. The device according to claim 1, in which said liner 
includes an arcuately curved base extending between the 
lower edges of the said side portions thus forming a sub 
stantially oblate spheroid when viewed in cross section, 
and means to prevent rotational displacement of said liner 
during the compacting of backfilling material thereabout, 
said means comprising an antirotation keel secured to and 
extending outwardly from said base. 

7. The structure claimed in claim 1 wherein said liner 
has an arcuate top portion, reinforcing and stabilizing 
means extend between said buttress means and overspan 
said top portion of said liner, said reinforcing and stabi 
lizing means comprise at least one substantially rigid stif 
fening member being arcuately curved to conform sub 
stantially to the arcuate curvature of said top portion of 
said liner and means to secure said member by the ends 
thereof, to said buttress means. 

8. The device according to claim 4, in which said liner 
includes an arcuately curved base extending between the 
lower edges of the said side portions thus forming a sub 
stantially oblate spheroid when viewed in cross section, 
and means to prevent rotational displacement of said liner 
during the compacting of backfilling material thereabout, 
said means comprising an antirotational keel secured to 
and extending outwardly from said base. 

9. The device according to claim 5, in which said liner 
includes an arcuately curved base extending between the 
lower edges of the said side portions thus forming a sub 
stantially oblate spheroid when viewed in cross section, 
and means to prevent rotational displacement of said liner 
during the compacting of backfilling material thereabout, 
said means comprising an antirotation keel secured to and 
extending outwardly from said base. 

10. The structure claimed in claim 7, including fasten 
ing means cooperating between said stiffening member and 
said top portion of said liner to secure and stabilize said 
top portion to said stiffening member. 

11. The structure claimed in claim 7 in which said rein 
forcing and stabilizing means comprises a plurality of Said 
stiffening members in parallel spaced relationship. 
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12. The structure claimed in claim 7 wherein said stif 

fening member is manufactured from steel section arcuate 
ly curved to a curvature similar to the curvature of said 
top portion of said liner, said buttress means being con 
crete poured in place around the ends of said stiffening 
member to secure same. 

13. The structure claimed in claim 7 wherein said at 
least one stiffening member and said buttress means are 
concrete poured in place to form an integral structure. 

14. A composite arch structure of the type having com 
pacted backfill material thereabout, comprising an elon 
gated flexible liner having side portions and a top portion, 
the lines of juncture of said top portion and Said side 
portions of said liner each being defined by a radius 
change in said liner, said side portions at least of said 
liner being formed of relatively thin gauge corrugated 
sheet material, a pair of load-spreading buttress means, 
said buttress means comprising elongated bodies extend 
ing longitudinally of said liner, each of said buttress 
means being affixed to the exterior surface of said liner 
adjacent one of said lines of juncture, each of said buttress 
means having a longitudinal surface abutting said exterior 
surface of said liner and at least one additional load 
spreading surface in contact with said compacted backfill 
material. 

15. The structure claimed in claim 14 wherein said top 
portion of said liner is arcuate, reinforcing and stabilizing 
means extend between said buttress means and over-span 
said top portion of said liner, said reinforcing and stabiliz 
ing means comprise at least one substantially rigid stiffen 
ing member being arcuately curved to conform substan 
tially to the arcuate curvature of said top portion of said 
liner and means to secure said stiffening member by the 
ends thereof, to said buttress means. 

16. The structure claimed in claim 15 wherein said re 
inforcing and stabilizing means comprises a plurality of 
said stiffening members in parallel spaced relationship. 

17. A method of constructing a composite arch struc 
ture having compacted backfill material about a liner, 
side portions at least of which are formed of relatively 
thin gauge corrugated sheet material, comprising the steps 
of setting said liner in place, anchoring the base thereof 
against movement, backfilling and compacting backfill 
material against the exterior surface of both sides of said 
liner to positions thereon where a radial force on said 
liner forms an angle of about 45 or more to the hori 
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Zontal, Securing to said liner elongated load-spreading 
buttress means on both sides of the vertical axis of said 
liner and extending longitudinally of said liner, each of 
said buttress means having a longitudinal surface abutting 
the exterior surface of said liner at one of said positions 
and a longitudinal load-spreading surface, backfilling and 
compacting backfill material against said load-spreading 
surfaces of said buttress means and then continuing back 
filling and compacting backfill material to cover said 
Structure. 

18. The method according to claim 17, which includes 
the step of casting in place said buttress means. 

19. The method according to claim 17, which includes 
the step of precasting said buttress means and securing 
Same to said liner. 

20. The method according to claim 17 including the 
steps of placing at least one arcuately curved substan 
tially rigid stiffening member overspanning the top por 
tion of said liner and anchoring said stiffening member 
by the ends thereof to said buttress means. 

21. The method according to claim 17 including the 
steps of placing a plurality of arcuately curved substan 
tially rigid stiffening members in parallel spaced relation 
ship overspanning the top portion of said liner and an 
choring said stiffening members by the ends thereof to 
said buttress means. 

22. The method according to claim 20 which includes 
the additional step of securing said stiffening member to 
said top portion of said liner at spaced intervals along the 
length of said stiffening member. 

23. The method according to claim 21 which includes 
the additional step of securing said stiffening members to 
said top portion of said liner at spaced intervals along the 
length of said stiffening members. 
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