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( Under-sea Difficulties 

A PRODIGY OF ENGINEERING 

These two shields, whose front edges you see touching each 
other at the centre, were driven under the river from 
opposite directions with such marvellous accuracy that they 
met squarely and in perfect alignment. If they had not met 
in this way, it would have meant an enormous extra expense. 

lining may usually be completed without much 
timbering. .. . 

Submarine tunnelling is more difficult. If 
the water which oozes down into the excavation 
cannot be kept out by pumping, use must be 
made of compressed air, or a shield, or both. 

At Work Inside the Shield 
The shield is a steel-plate cylinder 'Jr shell 

from 6 to 30 feet in length and 40 to 80 tons in 
weight, within which the excavation and the 
construction of the tunnel Hning are carried on. 
Inside the shield is a vertical bulkhead partition 
or diaphragm with openings whose doors can 
be quickly closed if necessary. Through these 
labourers excavate the material in front of 
the shield, taking it out in the rear. The 
forward end of the cylinder is a strong cutting 
edge. As the digging proceeds, the shield is 
thrust forward into the soft ~arth by hydraulic 
j ~cks, and the tunnel lining is constructed 
within the rear of the cylinder, the latter 
always overlapping the completed lining by 
several feet. 

In the compressed-air ·system the end of 
the tunnel where the digging is going on is 
filled with air under sufficient pressure to 
keep water from entering. 

· larly in tunnels considerably below the surface · A method sometimes used at small depths 
of water. The iron is made in cylindrical under river bottoms consists in constructing 
sections ·from 2 to 6 feet long and l or 2 cylindrical steel sections, closing their ends 
inches thick, and these are bolted together with wooden bulkheads, then floating them into 
when put in place. Some- AT W 0 R K U N D E R T H E R I V E R 
times they are further lined 
with masonry. 

Small tram .. cars carry out 
the excavated material. Often 
vertical holes or shafts, braced 
with tim her, are sunk from 
the surface, so as to attack 
the excavation from addi
tional points, the vvork being 
extended both ways from 
where the shaft is sunk. Men, 
materials, and tools are raised 
and lowered through shafts 
in lifts, which are usually 
worked by power. 

Sometimes the shafts are 
filled· in again after the work 
is completed ; sometimes they 
are left ·permanently for 
ventilating the tunnel. Oc· 
casionally the digging of a 
tunnel starts at each end, the 
workmen meeting in the 
centre. 

Hard rock is the easiest 
material to tunnel through, 
as it is readily broken up by 
blasting, and the masonry 

Here we are within a shield watching the men at their work. At the forward end 
you see the oulkhead, through openings in which excavated material is removed. 
When the men are digging, compressed air is forced into the shield at high enough 

pressure to keep the water from entering. 
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