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The building of galleries or tunnels in diflicult, de 
graded, fractured, thrusting soils and the like, which re 
quire a load-bearing covering, involves problems in prac~ 
tice which were attempted to be solved in various ways. 
The main problem in this field is constituted by the nec 
essity of blocking the soil as soon as possible. 

It is known that as a consequence of excavation, a new 
ground settling tends to form; this is equivalent to the 
consumption of the capacity of work that had accumu 
lated in the compressed ground and to which has been 
given the possibility of developing after destruction of the 
prexisting equilibrium. 

In other words, the isolated and disgregated core that 
forms around the hollow increases more and more, until, 
after consumption of the working capacity, the formation 
of the core is complete. This disgregated body and especi 
ally the portion over the gallery exerts pressures upon 
the walls of' the excavation. 
Hence the larger the volume of this core, the greater 

the thrusts exerted by the ground. 
The building of a carrying (load-bearing) covering 

(coating, lining) which must necessarily have a certain 
thickness, requires a certain time: a brick or stone mason 
ry lining is very slow to be made, while a concrete lining 
can be cast in a shorter time, to that time must be added 
the time needed for the preparation of the caissons and 
that for the cement to set. 

In consideration of these inconveniences, often metallic 
lÍniugs are used, which are constituted by structural shapes 
or other elements which are put alongside against the wall 
of excavation to constitute a support thereof. Sometimes 
these linings are completed by injections or groutings of 
cement material, which however does not perform in itself 
any load-bearing function, but merely acts as an im 
permeabilizer or filter. 

It has also been proposed to spray a cement mortar for 
rapid setting against the walls of the excavation, as soon 
as the latter, or a part of it, is finished, in the attempt at 
blocking the superficial movement of the ground during 
the period in which the load-bearing lining is installed; 
the provisional lining so obtained is not suñicient when the ̀ 
thrusts of the ground are conside'able. ' 
Gn the other hand, by spraying a mortar against the 

wall of the excavation it is not possible to build rapidly 
a lining of a thickness beyond certain limits, namely larg 
er than one decimetre or litle more, because the mortar 
applied tends to detach itself owing to its own weight as 
the thickness of its layer is growing, and because a large 
thickness of mortar would be effected by considerable 
shrinking which would prejudice the final strength of the 
lining. 

lt is an object of the present invention to obtain a defini 
tive lining adapted to sustain the thrust of the ground im 
mediately after making the excavation with great rapidity. 

For this purpose the lining after having been formed 
by successive arches or rings developing over the entire 
extension of the cross-section of the excavation to be 
lined so that each of those rings or arches can behave like 
a load-bearing frame without any discontinuity over its 
whole development and over its entire thickness. 

Consequently the excavation can progress `for the en~ 
tire` cross-section of the gallery or tunnel and for com 
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paratively short forwarding portions, namely of the order 
of magnitude of one metre or even less, and at any rate 
not more than 3 metres. As soon as a portion of excava 
tion is finished, its lining should be made. 

This lining should be made of concrete, in consideration 
of the requirement it must meet; it must namely be made 
with a mixture of a cement binder and of a usual portion 
of inert stony materials, of different granule sizes but 
comprising at any rate granules of sizes exceeding those 
conventional of a sand, in practice exceeding 8 mm. 

Said lining should be cast according to the invention 
very rapidly without employing any caissons; therefore, 
it is projected against the wall under strong pressure, for 
instance by means of compressed air. 
A concrete so composed however would hardly be sus 

tained against the wall of the excavation if the thickness 
of the lining exceeds certain limits, for instance 15 cm. to 
attain thicknesses of 30 to 50 cm. as may sometimes be 
required. To obviate this diiiiculty, according to the inven~ 
tion, near to the surface of the excavation, there is placed 
a reticular metal structure having a thickness of at least 
l5 centimetres, which with its meshes contributes to re 
tain in place the concrete until the latter begins setting, 
which is promoed by an accelerating agent of any known 
kind introduced into the mix; said structure remains then 
embedded in the concrete constituting its reinforcement 
capable of absorbing even tension and shear stresses. 

In accordance with the method according to the inven 
tion, an excavation is effected over the entire cross-section 
of the gallery all at once, in successive incremental lengths 
of less than 3 meters. An assembled reticular structure 
of arch shape and truss form is installed in each incremen 
tal length of the gallery after its formation, the recticular 
structure having a thickness greater than l5 centimeters 
and a surface extent corresponding to that of the walls and 
ceiling of the gallery and supported on the ñoor thereof. 
A mass of settable compound is injected onto the walls 
and ceiling of the gallery after the installation of each 
reticular structure such that the mass completely encases 
the structure and together therewith forms a reinforced 
lining for the excavation, the reticular construction of the 
structure serving to retain the settable compound on the 
walls and ceiling of the gallery until the compound hard 
ens. Longitudinal reinforcing elements are installed in 
the gallery to which the reticular structures are succes 
sively connected. 
To make the invention more fully understood, an ex 

ample of a practical embodiment is hereinafter described, 
without limitation, making reference to the accompanying 
drawing in which: 
FIGURE l is a diagrammatical longitudinal section of 

a portion of gallery in the course of building; 
FIGURE 2 is a cross-section taken along the line 

II--II of FIGURE l; 
FIGURE 3 is an enlarged View of a reticular structure 

used in the construction of the lining. g 
FIGURE l represents the forward portion of a gallery 

1 excavated in the ground, with the lining already made 
up to a short distance, for instance of l metre, from the 
front of attack indicated by 2, yassuming the excavation 
to have been made for this latter not yet lined portion 
after completion of the lining indicated in the ligure. 
As soon as that portion of the excavation has been 

finished, there is placed in the proximity of the rocky 
lateral wall 3, a recticular structure constituted by four 
steel rods 4 whose sections are placed at the vertices of 
a trapezoid, and -by further steel rods 5 arranged trellis 
wise between the aforesaid four rods and connected at 
their vertices to the latter by means of welding or other 
means of connections; this reticle structure has the shape 
of a reticular arch of truss form the feet of which arch 
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are completed by further shaped rods indicated by 
After putting into place this metal structure convenl 

ently prepared before-hand and after having preferably 
tied it up with other rods 7 directed in the longitudinal 
direction of the gallery or with a metal net, there is 
projected against the wall 3 a mix of cement with water, 
sand and pebble gravel of a grain size for instance up to 
25 mm., by compressed air. 
To the aforesaid mix there is conveniently added a 

convenient quantity of a substance adapted to accelerate 
the setting of the cement, for instance material of the 
kind of those known in the trade by the name “Sika”. 

This mix is effectively retained, even prior to its set 
ting, by the aforesaid reticular structure and can so con 
stitute a lining layer 8 of sul’iicient thickness, for in 
stance of 30 to 40 cm. which hardening rapidly by effect 
of the aforesaid accelerator, cornes to form a new por 
tion of load-bearing definitive lining in a very short time, 
before any appreciable rock burst of the vault of the 
excavation can take place. 

In the example illustrated, the longitudinal section of 
the lining appears to have an undulated course, as being 
composed of successive small vaults; however it could 
also appear with substantially uniform thickness. 
The pavement of the gallery can be contemporaneously 

completed in the shape of a casting 9 adapted to consti 
tute a still between the piers of the arch, or there might 
be formed a reversed arch with or without a metal re 
inforcement, possibly by the same technique as above 
described. 
On having performed all of the aforesaid operations, 

one proceeds with the excavation of la further section 10 
of gallery repeating said operations in an identical man 
ner. 

Of course the particulars of performance as exampliñed 
hereinabove may be Widely varied; so for instance the 
reticular structure may assume varied sizes and shapes, 
other longitudinal reinforcements or armatures may be 
provided at the extrados and/or at the intrados or else 
where, and the dimensions above mentioned are to be 
adapted to the conditions of the ground, in every specific 
case. 

In any way, by the method of the invention it has been 
found to be possible to realize lining thickness much 
smaller as compared with the other methods used here 
tofore, which involves a considerable economy in the 
excavation, which results to be of smaller overall volume, 
as well as in the amount of materials needed. These 
results appear to be attributable to the great rapidity 
with which one succeeds in completing the definitive 
load-bearing lining, i.e., within a few hours from the 
finishing of each section of excavation, which prevents 
an undesirable alteration of the structure of the ground 
before the lining comes to replace the material removed 
by the excavation, in its load-bearing function. It should 
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4 
finally be noted that this rapidity constitutes also a further 
element of great economical advantage of the method 
according to the invention. 

I claim: 
1. A method of forming a gallery comprising excavat 

ing the gallery in successive incremental lengths of less 
than 3 meters, each excavation being effected over the 
entire cross-section of the gallery all at once, installing 
an assembled reticular structure of arch `shape and 
truss lform in each incremental length of the gallery 
after its formation, the reticular structure having a thick 
ness greater than 15 centimeters and a surface extent 
corresponding to that of the walls and ceiling of the 
gallery and supported on the floor thereo, and injecting 
a mass of settable compound onto the walls and ceiling 
of the gallery after the installation of each reticular 
structure such that the mass completely encases the 
structure and together therewith forms a reinforced 
lining for the excavation, the reticular construction of 
said structure serving to retain the settable compound 
on the walls and ceiling of the gallery until the compound 
hardens, and installing longitudinal reinforcing elements 
in the gallery to which the reticular structures are suc 
cessively connected. 

2. A method as claimed in claim l wherein the set 
table compound is concrete having particles larger in 
size than 8 mm. 

3. A method as claimed in claim 1 wherein said 
reticular structure is formed by a plurality of curved 
rods following the course of the vault of the gallery 
and connected with one another transversely by rods. 

4. A method as claimed in claim 1 comprising in 
stalling a bottom casing on the floor of the gallery be 
tween the feet of the lining of the gallery for each in 
cremental length. 
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