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5 CIaims? 

This invention relatesto an improved method 
Of tunneling and is particularly intended for USe 
Where the tunnel is to be dug through earth 0r 
Clay as distinguished from tunneling thrOUgh 
rock,although some features of my improved 
method may be applicable to Warious kinds of 
tunnelS. 
The principal object of the invention isto pro 

vide an improved method of tunneling through 
earth,clay,or the like,whereby the operations 
may be carried on in an economical and Safe 
I13.I1I181°? 
Other objects of the invention are to provide 

means for tunneling whereby the r00f and WallS 
may be Supported t0the fullest extent to preWent 
Caving orleakage;to provide animproved System 
oftunneling whereby an excavating machine may 
be freely used fortaking out the larger portion 
of the material;to provide a step by Step method 
of tunnelingin Which the material will be taken 
Out in different areas and the lining and braCing 
Will be introduced in a novel manner; and t0 
provide Such other improvements as will appear 
from the folloWing deSCription. 
Inthe accompanying drawingsillustrating this 

invention, 
Figure 1 is a Sectional view illustrating the 

first step or operation which Consists in making 
an opening at the bottom of the tunnel and in 
Serting Suitable Supports; 

Figure 2 is a view showing the next step or 
opening at the top of the tunnel and r00f Sup? 
portS; 

Figure 3 is a detail Showing the arrangement 
at the top of the tunnel for further Supporting 
the r00f; - - 
Figure 4.illustrates the next succeeding Step 

which consists in making vertical Cuts or Chan? 
nels,preferably by means of a Suitable excavating 
machine and placing supporting members there 
In; 
Figure5shows the next step or removal of the 

Core or Center part of the tunnel after Suitable 
braCes have been placed in position; 
Figure 6 Shows the tunnel after the sides have 

been eXCaWated,preferably by hand,and further 
bracing installed; 

Figure 7 is similar to Figure 6,showing the 
raised temporary flooring and indicating the 
p0Sitioning of the COncrete re-inforcing mem 
bers; 
Figure8 is a longitudinalsectionalview of the 

tunnel ShOWing the eXCavating machine in posi 
tiOn; scribed - 

(CI,61?42) 
Figure 9 is a Sectional detailtaken on the 1ine 

9—9 of Figure 7; 
Figure 10is a Sectional detailtaken on the line 

40?10 of Figure 6; 
Figure 11 is a sectional detail taken on the 

1ine 11?11 of Figure6;and 
Figure 12 is a detail of the temporary or re 

mOVable foor. 
In these figures some of the parts are shown 

diagrammaticalyandotherpartsmaybe omitted 
for Convenience in illustration,suficient detail 
being Supplied So thattheinvention can bereadily 
underst00d bythose familiarwith theart, 
AS ShOWn in Figure 1,the outline of the ex 

Cavation for the tunnel is illustrated in dotted 
lines and it may be aSSumed that the work isto 
be begun at an eXposed working face,A sub 
Stantially rectangularhole 14is dugatthe bottom 
0f the tunnel,preferably by means of an excavat 
ing machine. The drawingsareintendedtoillus 
trate a tunnel having an excavation of approxi 
mately 21 feet in height and for thissizetunne1 
the hole 14 may conveniently be made about four 
feet high and twelve feet wide and extending 
inwardly about five feet. Planking 15is placed 
at the bottom of the hole and other plankingor 
plates 16 placed at the top of the hole withjacks 
1T arranged as Shown for supporting the roof. 
The next Steps aS Shown in Figure 2,consistin 

making a Central vertical cut at the top of the 
tunnel as indicated at b,which cut is made by a 
maChine and may be about twenty-two inches 
Wide and four feet deep and four to Six feet in 
height. A liner plate 18 such as usually used for 
TOOf Support is then placed in position and is 
held by one or more jacks 19. Additional cuts 
aS indicated at C,c",d,d",etc. are then made 
and as each Cut is Completed a liner plate and 
Supporting jacks is placed therein so that when 
all of Such Cuts have been finished the roof of 
the tunnel will be outlined as shown and wiII be 
Supported by means of liner plates and jacks 
Which rest on the floor of this upper cut. 
When all Of these plates have been inserted in 

the arch or roof portion,curved ribs 20 prefer 
ably formed of I-beams are placed in position 
underthelinerplatespreparatoryto subsequently 
Supporting Said plates after the removal of the 
jacks 19. The ribs 20 may be made in single 
pieCeS Or may be made in two pieces joined to 
gether at the center as shown at 21 in Figure3? 
Theseribsmay be Supportedtemporarilyinany 

desiredmannerbutaresubsequentlysupportedby 
posts and framework which wiII presently be de 
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2 2,055,876 
Thenext Step aSShoWninFig.4 COnSistSin mak 

ing tWo vertical CutS 0r kerfs,22. TheSe CutSare 
preferably made by meanS Of an eXCavating ma? 
Chine and may COnveniently be made abOut 22 
inches wide and extend back in the Same distanCe 
as the previous excavationS. After these CutS 
have been made postS or struts,23,are placed 
therein. These postS Should be Strong and Sub 
Stantial and adapted to withstand lateral as Well 
as vertical preSSure. They are preferably formed 
0f tWO I-beamS With a filler of W00d aS indiCated 
in Fig,11. The lower ends of theSe p0StS are Sup? 
ported on the planking,15,and they are COn 
nected or braced at the top by cross beams,24, 
having SCrew jacks,25,at the ends fortightening 
the Same. These beams may be Connected t0 the 
posts by angle irons,26,0r Other Suitable COn?? 
nections. The posts are provided at the top With 
jacks or Screws,2T,as Shown in Fig,10, WHiCh 
Support beams,28,which extend longitudinally Of 
the tunnel and engage with the ribs,20. These 
beams engage with lugs or bosses 29 On the ribS 
which provide a suitable bearing for the Same. 
Assoon asthe beams28 have been placed Securely 
in position and are pressed up against the ribs, 
the jacks 19 may be removed and the liner 
plates 18andtheroof ofthetunnel Willbe Securely 
supported by such posts and frameWork. 
The nextstep inthe operationis Shown in Fig,5 

and consistsin the removal of the core or Center 
portion of the material which remains betWeen 
thetop and bottom cutsandthe Side Cuts22. ThiS 
material is also preferably al removed by meanS 
of the excavating machine,the framing prOVided 
bythe posts and their connections leaving ample 
space in which the machine may operate. 
Thenext operations are indicated in Fig.6,the 

materia130 remaining at the Sides of the tunnel 
as seen in Fig.5 may be removed preferably by 
hand and thus completing the excavation of a 
section. The side liner plates 31 and ribs 32 are 
thenplacedinpositionandare Supported by means 
of jacks or braces 33 which are inserted betWeen 
the posts 23 and the ribs32. Any Suitable num? 
ber ofsuchjacks orbraces maybe USed depending 
uponthe nature of the material. Additional CrOSS 
beams34 may also be inserted betWeen the p0StS 
23,these beams being preferably provided with 
screws orjacks35so that they may be tightened 
in position. - - 

When these steps have been completed it Will 
be seen that all of the Walls Of the tunnel are 
properly supported and the excavating Work Can 
be continuedforany reasonable distance ahead of 
theplacing of the concrete or lining of the tunnel. 
Furthermore,by means of this novel frameWOrk 
and bracing,ample space is left for Carrying On 
both the excavating and the lining of the tunnel. 
Asshownin Figs.7,8,9 and 12 I provide anele 

vated removable platform 36 Which is preferably 
made in sections and each Section prOVided With 
posts 37 which are secured thereto and may be 
moved with thesesections,These postS rest upon 
the bottom planking and each post is enCaSed 
in pockets 38,The platform or planking 36 is 
preferably about two feet above the bottom of the 
tunnel and serves as a flooring upon which the 
excavating machine 39 may run. It alSO ServeSaS 
a flooring for tracks for Cars or Wheelbarrows 
which may be used for taking out the material 
excavated at the Sides of the tunnel. 
This elevation of the platform als0 ServeS t0 

provide a,suitable space for placing the IOWer re? 
inforcement rods 40,as indicated in Fig,7. 
These rods may be arranged in any desired man? 

ner but Ordinarily Will be Overlapped at the Center 
and extend Outwardly and up for a Short distanCe 
adjacent to the Sides of the tunnel,They ConneCt 
With other reinforcing rods 41 Such aS Ordinarily 
are uSed for reinforcing the ConCrete in the tun- 5 
nel lining orwalls. After the reinforcing rods 40 
have been placed in position the conCrete may be 
run in over the flooring 36 and dumped into posi 
tion at the bottom of the tunne1,and preferably 
Carried up at the Sidesto about the bottom of the 10 
arch. The flooring or platforms 36 may then be 
removed,t0getherwith the 1egs3T,while the b0xeS 
38 remain in position in the concrete,In this 
manner the fooring may be repeatedly USed and 
moved forward aS the Work progreSSeS,After 15 
the concrete has been placed in the bottom Of the 
tunnel,the forms(not Shown)for the Sides and 
r00f may be placed in position and the ConCrete 
work carried on in the USual manner,the liner 
platesand theribs ordinarilybeingleft in p0Sition 20 
in the concrete. It Will be noted that Sections of 
the platforms36 may beremoved for placing COn 
crete in the bottom while the other Sections re 
main in position to prowide runwayS for the 
wheeibarrows or carts. Instead of completely fill- 25 
ing in the bottom,a few inches is preferably 1eft 
at the top to be filled in after the top and SideS 
of the tunnei have been Completed,and this final 
1ayer will be bonded to the lower filling by the 
boxes 38 which serve in the nature of reinforce- 30 
ment for the fiooring. 
The use of a tunneling machine in these Opera 

tionsisillustrated in Fig,8which Shows a portiOn 
of a machine adapted for this purpose in p0Si 
tion to make one of the forward cuts,The ma- 35 
chine is provided with a Swinging boom 42 which 
Carriesthe excavating buckets and may be driven 
inanysuitable manner,but asthe machineforms 
no part of the present invention further descrip 
tionis unnecessary. fn this figure one of the top 40 
cross braces 24 is Shown as being removed frOm 
its original position between the forward postS 23 
and 1owered a suficient distance to permit the 
operation of the cutters at the top of the tunnel, 
After the cut has been partially Completed this 45 
brace or frame member may be returned to itS 
original position. Longitudinal beams or frame 
members 43 are also Shown betWeen the postS 23 
as indicating any Suitable bracing to be used t0 
make the open framework through which the 50 
machine may operate. In SOme meth0ds oftunnel 
exCavation it is Common t0 use a needle beam 
or central 1ongitudinal beam which serves as a 
support for the radial props. However when an 
excavating machine is to be used the use of Such 5? 
needle beam is not praCticable aS it does not pro 
videfor Sufficient Space for Supp0rting Or Operat? 
ing the machine. It Will be noted that in accord 
ance With my invention the rectangular frame 
work formed by means of the poStSand tranSverse 60 
braces,1eaves a clear Open Space for the eXCaWat 
ing machine andsuchframework tends to protect 
not only the maChine but the WOrkmen,through 
out the various operations,and fully SUpportsthe 
entireinner Walls of the eXCavation,thus prevent- 65 
ing caving orfallingin during the tunneling oper 
ations. It Will thus be Seen that my improwed 
system,which includes Such framingto provide a 
relatively large Central paSSageWay,iS particu? 
1arly applicable for use in machine tunneling as 70 
distinguished from the previOUS methods of hand 
tunneling in Which the requirementS are Substan 
tially diferent,as will be readily appreciated by 
those familiar with this Work. - 
WhileThave shown and deScribedtheprincipa175 
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apparatus USed in Connection With my tunneling 
Operations and the Warious Steps of the method of 
Carrying Out the Same,it Will be noted ?hat 
changes may be made in order to adapt the same 
tO diferent Conditions,as for diferent excava 
tions,or for diferent shaped tunnels,and there 
fore I do not wish to be limited to the particular 
method orapparatus herein Shown and described, 
exCept as Set f0rth in the folloWing Claims in 
which,I claim: 

1. The herein deScribed method of tunneling 
WhiChincludes exCayating holes in the face of the 
tunnel at the b0ttom and top thereof,providing 
Supports for the roofs of Said holes,then mak 
ing VertiCal Openings at the Sides of the tunnel 
COnnecting Said holes,then placing an open 
frameWOrk in the Spaces provided by Such ex 
CaVating and Supporting the roof by means of 
SuCh frameWork,then removing the remaining 
material at the face and finaly placing the 
Supp0rtS f0r the Sides Of the tunnel and bracing 
the Same from Said framework, 
2,The method of excavating a tunnel,which 

inCludes digging a hole in the face of the tunnel 
at the bottom thereof by means of an excavating 
maChine,then placing planking in the bottom of 
the hole and inserting means t0 Support the 
Ceiling of the hole,then digging a hole at the top 
Of the tunnel of Substantially the same depth 
as the one at the b0ttom there0f,placing liner 
plates and jacks in the upper hole to tempora 
riy Support the Ceiling there0f,then placing 
transwerse ribs in positiOn t0 Support the liner 
plates,then making Vertical Cuts by means of an 
eXCaVating maChine adjaCent to the Sides Of the 
tunnel and COnnecting Said bottom and top 
holes,then plaCing posts in Said Vertical Cuts 
and ConneCting the Same with the ribst0 Support 
the rOOf,then eXCavating the Core at the Center 
of the faCe by means of an exCavating maChine, 
and finaly eXCavating the material at the sides 
by hand to complete thesection. 

3. The herein described tunneling method 
Which COnSistS in making an Opening in the face 
at the top thereof With its upper Wal Conforming 
to the shape of the tunnel roof,inserting liner 
plates and jackS for temporarily Supporting the 
rOOf,then making WertiCal Openings in the face 
WhiCh are SpaCed apart leaVing a Center Core 
and placing p0Sts therein with jacks at the top 
for Supporting the roof,then removing the re 
maining material of the section,and finally 

3 
placing liner plates at the Sides of the tunnel 
and bracing the Same from Said posts,Said postS 
being spaced to permit an excavating machine to 
paSS betWeen the Same Substantially as deSCribed, 
4?The method of building a tunnel or the like 

Which includes the exCavating of a hole in the 
face at the bott0m of the tunnel,placing plank 
ing in the bottom of the hole,placing means for 
temporarily supporting the Ceiling of the hole, 
then eXCavating a hole in the SeCtion at the top 10 
of the tunnel,placing means therein for tempo 
rarily Supporting the Ceiling of Such hole,then 
making vertical Kerfs at either Side of the face 
and piacing posts in Said kerfs Which are Sup 
ported on Said planking,then plaCing iOngitu 
dinal beams above Said postS and pressing the 
Same upwardly against the roof SUpports by 
means of jackS,then removing the temporary 
Supports from the bott0m hole and exCavating 
the rernainder of the seCtion,then braCing the 
posts by transyerSe bracing and applying liner 
plates to the sides Of the seCtiOn and braCing 
said liner plates by means of jacks against the 
p0Sts,Said posts being Spaced apart to provide 
an open entry for machines or the like at the 
Center of the tunnel. 

5. The method of tunnel building in clay or 
the like,which consists in making an entry at 
the bottom of the tunnel,then Shoring up and 
supp0rting the r00f of the entry;then making an 
entry in the face at the top thereof and Shoring 
up and temporariiy Supporting the roof of Such 
entry frOm the fiOor thereOf; then eXCavating 
Vertical kerfs extending from the bottom entry 
to the top entry,1eaVing a Substantially reCtangu? 
lar Central maSS Of material and Side Shoulders 
at the Outer Sides of the kerfs; then placing 
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postS in Said kerfs and transverse bracing in 
the top and bottom entries between the posts and 
providing 10ngitudinal beams on Said posts and 
Supporting the r00f of thetop entry thereon,then 
exCavating the Center maSS and Side Shoulders 
and introducing liner plates and bracing from 
Said posts to the 1iner platesto support the walls 
at the Sides of the tunnel;placing a raised plat 
form in the bottom of the tunnel,introducing 
reinforcing rods under Said platform and up 
along the Sides and top of the tunnel,and 
finally lining the tunnel with ConCrete in Which 
Said reinforcing rods are embedded, 
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