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• Siapacm,
Ecaoei �• Department, 
sto�ont Caatle, 
Belfut 4.

Dear Mr. Sillpaoa, 

The Guildhall. 

4,Church Lane . 

Linton, 

Cam bs. 

Tel. Linton 545. 

2nd September 1964. 

Aa prOllised in my letter of 2lat Augwst I nov enclose a 
copy of a paper prepared for e�amination on the aeabed tulM propose) for an 
Ulater tvnnel. It is ■arked "in con.fidence" and "copyright reaened" solely 
to make it clear that I should not like to have the report published at this 
atage. NeTertheleas, I have sent a copy to Dr. Sayers of the Belfast Telegraph 
together with the aame injunction, because of his evident interest in the matter. 
I have no objection to these copies being shown to anybody that you would require 
to n�nd nate. 

You will find in a concluding section of the proposals 
that I haTe deaoribed a011e of the research that I feel ought to be done at an 
early date in order to supplement the appraisal of the scheme. I have suggeate4 
that the projects which might be handled at the Department of Civil Eng:i.neerjng, 
Queens University, oou.ld be financed by the Northern Ireland Government. My 
reason would be to create confidence that would encourage other bodies to 
contribute. I am sure that you will appreciate that I am not yet in close 
contact vith the way in which things are done in Belfast and perhaps other 
means of support might be more appropriate. I, therefore, hope that these 
propoeals for support of research will be considered in association with the 
reasons for �akiug them. 

enc: 

Yours sincerely,i 

a(lJJ� 
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PROPOSAL FOR AN ULSTER TOlt.N!!L 

(S•be1tted ill confidence by .A. • .A.. Wells to 
the GoYeraaellt ot ltorthern Ir•Jend to permit 

u appraisal to be aade)

A single rail track �upn�l is proposed, to nm from Float� on 
the Ge]Joway Shore to a ahart diatu.ae aouth of Donaghad.ee in Collllt1' 
Dowa, a cliatance ot 23 Id lea. flle priacipal ,-rpoae ot the i:ann•l 
woulcl lte to tranaport pa■aengera a.ad road Teb1olea between poiata 
oloee to the two ah.ore■, l>•t tile rail J1nk woal.cl be of 4 tt. 8j- 1a. 
P-C-, electrified throllgh the tvn•l •� 25,000 xolta 3 pb••• AC, and 
oo-14 N joiaed 117 a a1ngl• aelectritied lille to Britieh Ra1Jvaya at 
Daaragit jactioa and to the Ulater Transport, Bangor 11n• at Carnal.ea 
if the additional J1nk were to be econo Jc•JJ,- jutified. AD 
attractiTe poaa:l.bilit,- wolll.d be to uee the 3 phase conductor eyatea as 
an 1.Julepeadent 6fl MV intercownector between the electric power ayateu 
1n both coatries. a.a -d telephoae tranem:faaion J1nea could also be 
laid. tllro11p the tvnn•l.

A caae is presented for the conatr11ctiOJ1 of the tuuuel a.a a••
lted. t11be, Hctione of which would be t'!ODstncted at each shore end, to 
be contin.1aoual.y projected ill at,i-a1gbt linee a.1 ODg the seabed to 1>e 
joined at the 111.•dle. It i• anticipated. that the coat of thia 
oeaatl'11cticm, iacl•cl1ng the rai,J eonneotion ad terllin•Js wollld 'be 
&3511, and that it would take 3 years ·to build, after a sVTe7 and 
ple•n1ac pc-io4 of 3 year■• 

It ia s11gpated that the ia1tial aan•aJ ue of the l1nk in 19?1 
ooald be 1.1M an,,o.6t1pasaenger and Telaicle jouraeya reespectiTel,-, 
rising 2.4 tilles to aaturatioa ill the auce�d1ng 20 years. At a 
charge of &2 per T•blcl• •nd £1 per peaseager journey the fare recoTery 
1a the sae period could be eBolil, whicll should offer a aurplu.e o•er the 
operating, ■•iuten•noe, iaterest ud depreciation charges, assu+1ng the 
whole capital cost to 1>e wr.1.tten off oTer th1s period. Thus the ache• 
should attract priTate capital, especiall,- if the Central and Northern 
Ireland Go'Yer::renta were to foater it in the earl,- stages, and proTid• 
•ld.tal>le cou.ecting roada by the tire of completion.

Th• ••ed tor a tv•nel 

iltlloagh th• transport facilities to and from Northern :r.r-Jend 
■ay 'be held to aatiafy en.sting need■, they aoatl,- do not enc011rage
traTel, nor do they appear to poueu -eh reaerTe tor expanai011. Long
forward. 1",ok1•p are Deceaaary in •• er ■ontha en the air routes, and
lty Ma via.ea •nicle trana:1 ta or OTernight bertha are required. It ie
�on■i4ered that +any poteatial jolln18ya are neTer ■ade, because they
are toe ditticnll.t to orpniae and too expenain.

Copyright reserTed 196�. 
A.A. Vella, 
flle Guildb•ll, 4 Church Lia•, Linton. Camba. 
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Vehicle registrations and touri1111 are increae1ng in Northern Ireland 
at a rate c011parable with the nati�naJ pattern, doubling eTery tea years. 
The priTate car is i.llportant, accoUDting for OTer half the tota1 Teh1cle 
registrations, with one car to eTery three houaeholda, and a national 
aTerage of two people on every car jo11rney. Some idea of the potential 
for priTate car tranaport to Rorthera Ireland can be gained by coapariaon. 
with journey• aade between Englu.d and Scotl-d. On uy one of the ■e1n 
roacla the Tehiole rate is .. uured in thouaanda per hov. cm. the Bortllern 
Ireland feir, eenicea the rate is ■easllred in hundred.a per dq, that ie 
perhaps a hundred ti■�lese, eTeD vhe� cerreetion·b•s been •ad• for the 
differi.llg eizee and populMiana of Scotland and Northern Ireland. .l 
tv•nel which offered A•s1 l y ■aneged treus:1 ta wi tho11t forward book1 ng and 
delqa at substantially lower tolla then now required on sea or air 
croaa1nga, would help to create a traT�ll1ng aa'bit such that tu annual 
Buaber of priTate car treneita llight, be increaaed tufeld wi tb1n a ahort 
ti■e. 

Dependab111ty of wiater traTel would. •Jeo be 1111eh increased by the 
ex1 atence of a tunnel. !lie airways are de_-!!_� �1 uperienced traTellera 
ill the three winter ■ontlle becauM of the aerioua d.el..,-. •nd diaccafarta 
cau.eed by caacellatiOJl of aerYi.cea in fog. RollA weather in ad.diticm to 
fog cauee llllNliability eTen on eea aerncee. OYernight rail sleeper 
serncee are probably the ■oat c011fortable •nd reliable for w:lnter traTel, 
and the tu•u•l would permit inaagvation. of a sleeper aerrlc• to Belfast. 
Offering a day'• bva1nees with traTel on c=aecutiTe ni.ghta, end ao 
intruion on aecoad and thircl wot;i.ng days, together witll reduced fatigue 
frca the e]:1■1nation of ..itipl.e tr•nafers frOII train to boat, such a rail 
sleeper eerrlee could be expected to be popular. 

Th• driTe on terry serrlce for roa4 transport i• illpertut ••d 
auccee�, aad it w1 ghi: be thought that it should aot be eroded by 
<.•petition wit& an alternatin tunnel fae1J1ty. BoweTer, if ■ore ferries 
are required to •xp-d the aerrlc• in acco:rda•c• with need.a, the oau-r;ylng 
capacity yielded for un1t inTeetMnt in tunnel •Dd !urr, aholll.d be 
coapare4. It ie JikAly to be fou».d tllat the twmel inTeat■eat wolll.d be 
■or• prod11ctiTe, and it ia therefore •eauaed that the tunn•l woud. ca.r1r7
the growth element of co■m&rcial Tehiclea in exceea of the present ferry
capacity.

flle re■ein1•g fraction of potential tvnuel traffic couieta of rail 
freight. AdTantage would be offered by the tunnel in te:nu of ■1niw1aing 
trena ab1J■�nt, girllig a011ewhat greater speed at lees coat. BoweTer, this 
■ig)at be offset by the difference of rail gauge betvee• Ireland and the
rest of Brit•1u, which would. ccnfine the advantage to the Belfast region
aJou .. In the oa.ee of w1u•ral. traffic, it lllight be offset by the existing
adTantage of direct sea tranapc,rt. Such would apply to coal from South
Val•• ports, but C!oeJ fro■ the EDg11sh Midlanda aPd rife wdght be carried
■ore cheaply by rail tllrough a t11nn•l. Other attractiTe freights ■ight be
periabablea1 where greater speed could help, and Ulster road.atones for
iaJud de�tiona in :Dlgland. It ia concluded that the through rail 
Jink should be provided froa Dtmragit to Belfast, but reTenue froa 
passenger and freight operations by rail baa been diacoUJlted iA the 
eneuiug eat1■etea. 

Prospects for va• 

It ie coacl•ded aboTe that the aignificent reTenue to be earned by a 
tunnel would co■e from the carriage of paaaengere with pr:l.Tate care, and 
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coaaercial vehicles in excess of present capacity by sea. The Ulster Year 
Book 196o-62 gives certain statistics, including rates of growth which when 
extrapolated appear aa follows:-

Registered vehicles, excluding cara 
(thousands) 

hgiaterecl priTate oar■ (thou•nde) 

!outlets troa o•tside Olater (thouanda)

Estimated 

1961 19?0 Growth 1961-70 

108 

136 

300 

170 

25() 

550 

62 

114 

250 

It would see■ reasonable to aea1111e that each growth unit isolated thus 
wolal.cl use the f:unnel once each v,q each year. hrther, for every "-M■-ercial 
Tehicle there vou.ld 'be one paasenger, and two on aTerage tor every priTate 
car. Jach JM11r of tourists can be aseaed to uae one priTate car. 

!he 11aap in 1971, the first year when a tunnel llight beccae available, 
appears fr011 this crude anaJysia to be 0.6M Tehiclea and 1.1M paadqer 
journeys. It ■ay be noted that co ercial vehicles naiting Ulster tr011 
Jl>lgland a•d ScotJantl haTe been neglected in tbia analysis, for vant of 
etatistica, u h•a potential ll8e of the tunnel fro■ the Irish Republic. 

Capacity of the t1rnnel 

It is estillated that one train of 100 vehicles could pa.as from shore 
to shore in each direction eTerr hour, ao that 4,000 Teb1cles could be 
carried with their paaaeqera each d,q leaving 4 hours probably during each 
night for rail tr•nsita. Thie would give a maximum annual capacity of 1.46M 
vehicle journeye, which is 2.4 ti■e■ the initial vaag• calculated abon. 

Coate 

Th• foreaeeable direct coats at 1964 prices for the t\lbe, end works, 
rail bed, rails, electric eq1lipaent, plant and labour have been approrl■atel;y 
eati-ted to be 120M, to which a?� contingency allowance baa been added, 
■ek1 ng a total cost of £3.5M. For 23 miles of single track tunnel t)ns uy
N COllp&Nd with the 1955 eati•te of £75M for the 35 ■ilea of twin tunnel
across the J:ngJ:fsh Cb•unel. !hia should be increased to acaewhat more than
£100M at 19'4 prices, b•t the eatimated coat per mile of tunnel is seen to
be ccaparaltle in the two casea.

Charp■ 

Beglectillg al] but the �oe1n•ut shore to shore vehicle traffic, a charge 
of 12. per velli.cle and £1 per head per jouruy would permit an eati■ated 
initial reoOTery of e2.3M per •Dua, which could rise to £5.6M per ann1111 
wit:h trdfic aataration, •� after 20 yea;ia if current expansion rates are 
ne:fnt.•ined. 'flae average •nu••J reTen•e of e� oTer 20 years would giTe a 
total receTery of &8oM which should e■brace interest and c011plete 
depreciation oTer th1a period, together vita operating and •a1nt�nanee charges. 
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Oil tb1a haa1s, the scheme ought to attract finance fr011 large inTestment 
coapan1ea, if the Central and Northern Ireland Governae:a.ta were to cic and it, 
and auppleaeAt the road Jinks to bear the resulting increased traffic. Their 
beneTolent and catalytic interTention in the formatiTe stages of aach a 
ache■• would be particularly desirable. 

Conatruotio11 of the i:wnnel 

Seabed tubea haTe long been cona:I dered and are uaed by the Dutch for 
short riTer crossings. It ia lWltal for the tube section.a to be floated into 
position and sunk in prepared trenches, after which watertight joints are 
11ade. Such ■ethoda are utterly impracticable for aubaarine cr�aeings. fl!e 
length of ti■e during building aeans that storm condition.a ■uat be encountered, 
end ■ethoda do not exist for joining such tUJ1uel sections either afioat or on 
a deep sea bed. 

The sch•e now presented obTiates the principal difficulties that could 
be enrtaaged. Coaai;ruction is to be confined to the shore ends, where the 
c011ditiona can be protected and sate. Projection of� ooapleted tubes 
along t1ae sea bed aToida the oo•otion existing on the •a S11rface during 
atom, •ad avoicla eTen the oceu currents, which are conaiderabl.y attenuated 
b7 friction at the aea lted. !he convenience of aJ■ost neutral but aJ1ghtly 
ugati Te no7ano7 ia the tubes greatly aillplifies ■orlng th.. aJ mg their axes 
into poaition. It is possible that a tube could be hauled along the sea bed 
fr• one shore to the other, but hawsers of the required strength and 
corrosion reeiat-oe are not aTailable, except ill the short lengths of 
supeuiOD bridge cables. 1h•ir proTision, if f•aeible, would add greatly to 
the coat. 

flle alternative o! jaeldng the ccapleted tubes out fraa each shore station 
h•s now been examined ill great detail aa a technological operation. Two 

probleu are recognised.; 1) avoiding buck) i ng the tube during jaeld ng and 
2) guid•uee tovarda a central ■eetin.g point. The second problem is soluble
vith conTentional surTe7 tecbn1quea, vith the difference that the aurTey
station.a en route vould be moveable, ao that the ope1-ati011 vould require more
frequ .. t repitition and correction o! errors than with a bored t:1,nn,-1. ETen
ao, the exercise of directional control would not be significant in ter■a of
coats.

7or the aToid•uce of ba�kJ1ng it uy be aasuaed that the tubes will each 
reat J:Jgbtly on a prepared bed of :v�d concrete, which need not possess 
great strength, aa the pressure upon it vill be of the order of that upon a 
aow shoe. The flmction of the bed ia not only to cover scattered rocka and 
otlaer obetaclea 11.p to illtermediate aizee, but also to provide a tranaTerae 
reatoring force froa riding•up the bed if the tube should tend to ■oTe side
ways. Under such condition.a, applying the conventional ■ethoda of elastic 
atabilit7 •••Jyais, it is found that there is a characteristic waTelength for 
buckling defonaations of eacll uplitude, at which the permissible coapreaaion 
load ia a ■1a1•ua. Tlus �uekJ1ng load has been ccaputed to be eq�•J to the 
frictional resistance to forward move11ent arising froa a distributed load 
eqai.Talent to the 2" negatiTe huo7ancr of ■ore th•n .50 ■1Jes of the chosen 
tlal>e, if laid with a trannerae error of ±1 ft. oTer the critical wa.Telength 
of 1070 ft. It baa only been possible to conduct ••JJ scale •odel 
expa.·1■•ata vita nbeer garden hoae to check the aasW1ptiona ■ade in this 
calc1ll.atioa, but there wolll.d appear to be a vide ■argin of safety againet 
buckJ1•c-
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_ The� negative buoyancy of 10 miles of the chosen tube of 24 ft. 
outer diameter is 13,000 tona, so that jacks of 4,000 tons total capacity 
should be readily capable of moTing such a length. These jacks would be 
neither difficult nor relatively expenaive to construct and would require 
onl1 a few drirlng horsepower, because of the slow speed required of the■• 

2 

With the ver1 low bearing pressure (0.3 lb/in) of the tube on its bed and 
presence of water at the sliding face, scoring duage to the tube would 
not be anticipated. Friction peaks fraa stick/slip behaviour would be 
a11oothed out b1 the longitudinAJ. elasticit1 of the long length of tube. 

In addition to sui tabilit1 for the laying operation, the principal 
properties required of the tube are watertightnesa, corrosion and erosion 
reaiatance, pre88llre strength, toughueu and fiexibilit1. These are 
cPnaidered to be proTided to the opti■ua extent with a welded¾ in. thick 
outer ak1 n of al 11•1 ni u, � N.gDaeiua al 101 18, and a 3 ft. thick i un.itr 
J1•1ng of precast blocks of high qualit1 concrete, the latter prond1ng 
■aaa, pressure strength and crnabing resistance.

'!'he chosen alu■ini1111 allo1 ie aow used extensiTely in welded form for 
large paaeenger ship nperstructures, where lightness, flexibilit1 and 
resistance to a highl1 corrosiTe ■arine enTironment are required. More 
recently the alloy has also been used for large scale Tery lov temperature 
co11taimaent of liquefied natural gaees, i■ported to Britain from North 
Africa. In thie application its superlatiTe toughness is utilised to the 
flll.l. It is pleasing to note that the alloy in its welded form is largel1 
a British deTel�p■ent, and that the ■oat highl1 deTeloped expertise in 
welding it exists at Harland and Wolff in Belfast, Vickers at Barrow, and 
a nuaber of British presaure nssel conatruction caapanies. Welded 
fabrication of thia material is now so advanced that a British Standard has 
jut 'been issued. 

1'hia allo1 is customarily welded automatically vith argon sb1�1d1ng, 
and the shore cc:m.ditiona for fabrication in a clean,protected enclosure 
would be ideal, with repetitiTe quantit1 production, e■ploying albeit only 
2 or 3 ak11l•d welders on each of 3 abi!ts at each station. Full automated 
quality control would be eaployed, but vith a negligible anticipated weld 
repair rate. 

The scale of thia operation would be large, but not monopolistic. The 
total allo1 coD.S1111ption of about 4o,OOO tons spread over three years would 
npresent a ua.11 fraction o! one per cent of the present world aJ umi ni 1111
prod•otion. 

Stead1 production to high standards in quality control would also be a 
feature of the manufacture of the precut concrete lining blocks. Sufficient 
quantities of the aggregate! should be found close to both shore ends and the
qu•nti ties required, SOO 1d per day at each end !or precut blocks and 
puaped bed, would not be large on modern standarda. The blocks could be 
c11red sufficientl1 before use, and would possess a crushing strength from 
four to eight tilles the imposed pressure stresses by the ti■e of arriTal of 
the t•be at the deepest underwater sections. The inside of the tube would 
also 'be dry, apart from condenaation effects, and the concrete blocks would 
be fvlJ1 protected froa the raTagea of aea water. 

In order to facilitate deliver1 of the concrete bed, the rails in the 
t•be would be laid progressiTel1 at the shore end to permit the use of rail 
track.a aad u electric battery locoaotiTe. The aggregate would be ■1xed 
near the nose of the tube and the concrete puaped as slurry from that point. 
'!'he pllllping horsepower woul.d be small for the delivery of 4 yds) /hour, but 
careful and duplicated protection !ran back pressure would be required to 
pendt plaat ■eintenance to be thoroughly conducted. 
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Shore works 

Although the tube could follow the natural shore profile into the 
water, it would suffer the dual rigours of wave buffeting and alternate 
exposure to air and sea water, and would also hinder coastal navigation. 
Th• additiona] cost of cut beds of short lengths at 2,; gradient to the 5
fathom lines would thus be considered i.mperatiTe, so as to permit the tube 
to be iwm"rsed at all times. There would be no unusual probleu presented 
by the rock cutting, which could be minimal. The tube building pens would 
be saae yard.a back from the cliff edges, and would be serTed both by the 
short approach tunnels or cuttings and broad Tertical. shafts overhead. 
The singl.e approach rail track at each shore end would be in c�mmission 
through to the interior of the tube during the whole laying operation, 
and would greatly facilitate off loading of materials by m�ane of oTerhead 
traTelling cranes j nata] led through the shafts. (fijure- I)

It is not anticipated that cofferdams would be required. in prepara
tion of these works, since the tube nose or shield could be installed at 
each end, ■ounted against its jacks, prior to blasting the re11ain1ng rock 
v•Jl out of the we.:,. The jacks would prorlde excellent absorption tor the 
shock of blasting and sudden eatr,- of water. 

The rock cuttings wi tb1 n 
aerrlceable jacking supports. 
t•be naa. following emergence 
water. 

TllN use■blz 

the bu1 lding pens would also proTide 
The dozer blade would be bolted to each 

!roa the ahorel.ine cut into the ahallow 

A CGllTenient length ■odvl.e !or the tube would be 7i ft. , if the 
alvw1n1u■ platea •ould be obtained at this width, since it vould fit the 
railvq or road loading gauges, both for plates and P1:ecast concrete blocks. 
!hen would be two plates encl four concrete blocka in the peripher,- of each 
■edule, and 8 ■odules would be laid each da.1• '?he order of asse■bl,- of
•�a ■oclllle suggested fr• tipre 1 would be:-

1) the two longit•d1w•J �elda, 2) the circU11ferential veld,
3) non destractiTe exa■1nation ud r•pa1r i! needed,
�) ••••■bly of four concrete blocks, 5) jacking the blocks into
poeitiGD., followed by fcward jaeking of the -..hole tube b,- one
coaplete ■odule.

step 4 would proceed concurrentl,- with steps 1 to 3. Sin�• welding speeds 
for this ■aterial are of the order of·a ft/■1n�te, and there would 
obTioual,- be a liberal prori.a:L.on of poaitiC\D1 :ag equipaent for the plates, 
there would be ample ti■• for .the completion of each weld, followed b,
iJLapection and ■1 nor repair. 

In orier to facilitate.a close connection between the concrete and 
alv■1 ni u■, the radial faces of each block would be given a slight taper in 
the •x:1 al direction. They would then be permitted to enter the tube 
euil,-, to be tightened d\tring the jacking operation. 1be radial joints 
would. •Jan be staggered in successive modules to gi.Te the eqvi.Talent of a 
brickwork boad. 

Th• r5n1te and seabed condi tiou 

Valuable infOl"lla.tion Oil the nature of the bed, areas of which appear to 
lMt coap•••d of oose, sand, sh,tlls or atones, is giTen on the 1/7.5000 
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Ad•i�alty chart, North Channel, Southern part, 2198, published in 1960 and 
amended to 1959. Soundinge appear at approximately� Iii.le interTala. 
Al.though shore locations !or the tube have been prorlsionally chosen in 
relation to depths, slopes, absence of large cliffs, road and rail acceaa 
and absence of population centres and potential wa.yleaYe difficultiea, it 
■ay not be possible to choose a straight path between the chosen te:rwinal
points, because of the special conditioD.8 at Beaufort's Dyke. 1-be route
selected and shown in figure 2 require■ the two straight lengths of tube
to meet at an angle, in a ••nner that ia described below. Thie route
represents the best attempt that can be made from the chart to aini■iee
depth and the approach grad.ients within the D,-ke, and succeeds in reducing
these to 126 fathoms and 3 to� respectiYely. (Figure 3). It is hoped
that more faYourable conditions would be located by detailed su.rYey, using
precise echo sounding and underwater telertsion. The sUrTey in tb1a way
would be carried out in great detail in any case, so that the position of
each rock, hillock and Talley would be known in advance of 1� the t�.
Th• tube profile and imposed stresses would be calculated beforehand,
together with plans for pushing out of the way those s■all obstacle•
a■enabl• to s�ch treatment, and for riding over others. '!'he chart does not
indicate the'presenoe of any large escarpments, but s■aJl ones could be
bridged over spans up to 3.50 ft. EYen here the permissible span is
deterw1ned not ao much b,1,-.strength aa by liTe load deflection conditiona.
It ia not anticipated t:b,at underwater obstacle removal would be attempted
in deep regiona from the surface of the sea, except in one circu■etance.
Beaufort's Dyke h•• been used in times put as an exploaiTea daping groUD.d,
and aiay suspicious debris on the intended path of the tube encountered on
the television surTey might be diapersed by firing depth charges placed with
the aaae aid. ET•• in the unlikely case of ■aaaiTe explosives rema.i■ing
uadetected, the t11be would possess aurplu intr1 nsi.c strength to reaiat
non contact detonations. A w;inQr obstacle o! another nature would be a
aub■arine telephone cable. Care would require to l>. taken to negotiate
paat it in a way that would aToid inflicting duage upon it.

It is not easy to prescribe an opti■u■ concrete bed thickness, but 5

ft. has been prOYiaio�aJJy chosen, with the object of smoothing the path 
oTer. many minor obstacles. The nose of the tube would carry a dozer blade 
of cowcatcher shape, which would be extended back about 60 ft. to operate 
as a ■oTeable form for the bed concrete, which would bec011e self-supporting 
oTer_ this lemgth in al>out 24 houra. Tllis for■ would be necessary, because 
concrete discharged into water has a small natural angle of repose. AIJ

stated earlier, the strength required of this bed concrete would be 
negligible. 

Guidance 

In spite of the certainty with which an accurately oriented traTerse 
liDe could be carried through th� tube, it must be a.ssuaed that the tube 
nose would wander off course and require correction. This would be perfol"'lled 
by controlled flexure of the first hundred y-ards of tube behind the nose, 
preferably by ■AaDs of hydraulieally loaded metal pads or capsules inserted 
in the joints between the blocks lying in the plane transTerae to the ax1•• 
Thoee pads on the left and right hand sides of the tube would be connected 
to separate hydraulic circuits. With a permissible radius of flexure of 
12,0CX) ft. for the outer skin of the tube the nose could be ■oved 
tra»aTeraely by ±4 ft. In fact, with the c0J1etant •all d:tsturbances from 
ocean currents, this transTerse control would be continuously exercised to 
fractions of an inch by a si■ple �draulic seno, goTerned by a senaitiTe 
tranaTerse accelerometer (seis■ometer), and oiu.7 periodic ■annal correction 
would be required. 
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nexure 

The seabed undulatea, with gradients apparently not exceeding 2" ill 
all but Beaufort•• Dyke, and the tu'be wow.d !lag the heel u cloeel.y- aa 
possible. The CllrTaturea eo required of an 1n1tiall:, straight tuhe are 
well with1n the capability of the alve�u11a •Jloy and concrete lalook 
coabin•tion. The anal.:,eis ot thia aituation ia again perfoi■ed with tu

aaauaption that the bed profile can be deacribed u the aca of a• ber 
ot a1nuoidal undulat1ona of differing uplit•dee and waTelengtha. i1ae 
critical waTelellgth ia the one which ju.et leaTea the t11be 1UUl1lpportecl ill 
the troughe whell carr:,1.ng the h.11 liTe load. It 1a appropriate to 
calclllate with diaregard of the concrete block.a which will not sute1n 
t•usion load1ng., For a pe.raiaeible atreN of� ton/int tb1e waTelu.gtla 
ie 700 tt. and the conaeque•tial eag ia 0.9 ft. Whea the waTelengt;Ja ia 
increased to 1 •1le the oc,r1eaponcling peraiaaible ••c i• .51 ft., lt•t tile 
tube ■1tat be fnJl:, aupported onr thia length. !b.eN calcnllat:fone are 
suitably- coneenatiTe. �• llin1•• failure atreu of the a.1uw1 n1• •J lo:, 
ia 18 tou/in1 with 1� elongation, and eqv•l atreqth ill the welded 
joints. 

J�ining the tubes 

'l'he jo1n1ng operation would consist of al�gn1ng the t•be -net• while 
the:, were in close prox1 ■-t.t:,, to be tollowecl b:, janld ng th .. into cloee 
contact, onr the peripheriea of the prepared outer fi•ngea (figure 4). 
Th• water trapped between the two ead bvJkheada would thea be relieTed ill 
preaaure b:, dra1n1ag, which woulcl cause the flanges to 'be held together 
with a force approaching 10,000 t•na. 'l'b1a would permit a aeal to be 
■ade, ao that bolting to cOllplete the joint at the internal tJ a■p cOllld
J)l"OO••• ••der aafe aad comfortable colldi�◄••• 1!le �uJkheada uaed daring
tube lap.wg would then be r1■0Ted.

8. 

Aa stated a'boTe, the tul>ea would probably- lte joined on a large 
radiua Cllr'Ye near the deepest point. 'ftl1• woald entail fitting the 
h:,dr•vJic pada oTer a ao■evhat greater length near t:lle noae of each tube, 
but it would confer an adTantage in control of the je>1n1ng operation, in 
that the laat inclaing ■oTeaenta ot the ttabe �&age• towards one an.other 
would be controlled on the spot b:, slightly ·shortening the radii of 
CllrTatu.re. flle elasticity of each ten �le tube length would lte· auch that 
alternatiTe control from the shore jacka would be coarse b:, coaparisoa, 
ad soaewhat ■ore likel:, to caue de•age fro■ br1ng1ng the flanps into 
sudden contact. 

hatilation and dra1nage 

It is naeconom1c to Tentilate a long tvn�•l by ■eans of internaJl:, 
ducted air becaue the friction losses are too great, unJeee the duct 
occupies an appreciable :traction ot the tvnn•l cross section. Separate 
pilot head1nge are often used tor tide purpose in excaTated tunnels. It 
ia propoeed in the preeeat c-e that natural Tentilation and the �hive:, 
effect tr011 diatri'buted internal. heating ellould N •tilieed. Meteorological 
recorda augg•at that pressure differences between the tnnel entrances 
w1glat trequentJ.:, be u g:zeat ae i ■:l1]11)ar. Such a pressure difference 
woul.4 ind•ce an airfiev through the f:unu'tl of 2 ft/aeoond, and a complete 
cb•np of air in 16 hours. � the alarsa,:e of this effect, a 'lmifora 
t•�rature cliffereue of� F between the air on oppoaite aides of the 
lweat po1nt in tlle tuanel would ind•ce the s•■• nlocit:,. Tb1a would 
allow heat to M leet threagh the •aJJe of the tnnn•l at a rate of� 
watta/ft, or 600 nt fer the halt aeotion. 'l'hia coill.4 read11:, be obta1ned 
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with the use of electric filament lamps of, say, 20 ,att each at three 
modale spacings or lesa 1'he lamps would be well placed at the roof of 
the t11nu•l to create an orderly traneTerse circulation to be superillposed 
on the ax1 al moTement, and would inbi bit incipient condensation. The lamps 
in one half of the t1mnel would .be switched on at any one time, leaTing a 
skeleton distribution for illnwination in the other bsJt, and the choice 
would depend upon the direction and strength of the natural airflow at the 
time in question. The cost of the steady electrical load would be 
negligible compared with calculated reTenue. 

In order to maintain a comparable ventilation air velocity du.ring 
eonatruction, with reTeraed flow at the top and bottom strata in the 
tunu•l, the heat input rate could be increased to 14 watt/ft or ■ore. 

It ia worth conaideration that the complete c�ange of air eTery 16 
houra with the tvnnel in seM'ice should penn.it the passage of aeTeral 
diesel loccaotiTes each day, prorlded that they were fitted with equipment 
to e011plete the prooesa of cc:abuetion of carbon mol'ox1 tie and carbon, as 
fitted to undergrond m ni ng loc011otiTes. 

It would be necessary to arrange for drainage in the tunnel to cope 
with lUluau•J con.deuaation and the possibility of Ull!'oreaeen leakage. It 
would be appropriate to discharge this to the sea from the lowest point, 
and coua1deration would.be giTea to using the concrete puaping system for 
this purpoae after coapletion of the tunu•l. For the most effecti•e 
e•rgeac;y ue the pllllp8 would be subaersible.vith waterproofed electric 
wiriq . . 

Rolling stock and electrification 

Tia. Tehicle ■errl.ce would be operated in1tiaJJy by three aillple fiat 
car train• each about 1.500 ft. long, two of which would be loading and 
vnJoading at the two ends while the other was traTelling. These trains 
would receiTe Tehicles onr the rail end, and the latter would d.riTe on 

• in the order of arri.Tal, with no segregation of priTate and ccw••rcial
Tehicl••• No adTantage would accrue from two storey stacking in a priTate

• car Mction, becauee of added windage from the increased frontal area. In
a tunnel of this length the air 111USt pass around the train rather than
before it, for air resistance to be reduced efficiently. With end loading
and without •tacking the coats of the two terillinala would be greatly
red•ced.

With this simple organisation the trains could be driverlese, under 
intr1naical.ly fail-safe conditions. They would be prorlded with induction 
•■otor �iTea to the majority of axJes, which .would assi.st greatly in
dealiDg with the gradients by using a high proportion of the train weight
for prorld1ng tractiTe effort. ilao, because of the constant speed
characteriatica of the induction ■otora (and the trains) when tied to a
fixed frequeacy, the tra1us would be subject to regeneratiTe braking.
Peak electrical loada at starting and stopping would be diminished by use
of the gradient• into and out of the 1:unn1tl, and control would be
acc011pliahed by ninn1ug the oTerhead pantographs on to dead sections of
con.4actor, and aasieted by the fitting of rail mounted retarders. The
trains would be fitted with end raapa which would-be lifted during transit
to protect the end Tehiclea, and which would allow the loading bqa to be
fl1!■h with the track, ao that there would be adequate latitude in the
atoppi.ag poai tiona. Jaergency brakes would be prorlded on the t.rai ns to
deal with power !ailun, but the electric supply would alao be arranged
� .d.rw alterutiYely AUii the power networks at both ends of the tunnel,
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with the possibility of autoaa.tic change fr011 one to the other. Inter
connection of the pha8e reTersal,of the rail switching points at both 
terainals and the retarders, would then allow the syste■ to be operated 
by one attendant at each end, whose ma1n function would be to collect 
tolls, and who would be unable to permit a train to coemence its jollrDey 
until the next one had arriTed. As an additional ea!eguard it would be 
impossible for two trains to travel in opposite directions in the tun»•l• 
by Tirtue of the phase connections. 

A Tariant on this syste■, which could be discussed with the Ulater 
and Central Electricity Generating Boards, would be to use the 25,000 Tolt 
3 phase, haJanced conductor system in the tunnel as a power interr.oonector 
in pennen•nt and independent uae, since it could carry a� electrical. 
load at 1� reglllation. Phue reTeraal in train operation would the• be 
arranged froa the trains the■selTea, and other featurea of the control 
would be modified fr0111 the propoaaJs described aboTe. 

In Tiew of the poesib111t;r, suggested aboTe, of using one or more 
diesel locoaotives fitted with exhaust treat■ent equip1111ents for seTeral. 
t11nn11tl journeys each day, and also in Tiew of the small scale of the 
�xpe�ted rail traffic, it is suggested that the 8.3 Iii.lea of single track 
froa .Dunragit junction to !'loa.t Bay, and the? Iii.lea from Dollaghatlee to 
Carnalea should not be electrified. This would permit substantial 
eco�om1ea, firstly because the ideal 3 phase ayate■ and the ,o MW inter
connector oould be llSed in the tunnel 1netead of the single phe■• 25,000 
volt system which would be ■od.ern standard practice for British Railways. 
Secondl1, there would be a aaTing of 26 ■ilea of uneco11cwd ,:ally used 
track electrification. 

Other serrtcea 

The poasibilit;r has already been ■entioned of using the high Toltage 
balanced 3 phase electrical conductors in the tube as a - powr inter
connector as well aa a ■•ans of driTing the traine. Other poaaibilitiea 
include the prertsion of additional telephone circuita, and a high 
pressure gas main. The latter is likely to prOYe of interest in 
connection with the gas grid recently laid in England to ll8e Horth African 
natural gas, and interest would intensify if there were substantial 
natural ga.a strikes froa the prospecting in the North Sea. It is 
anticipated that roo■ could be fouad for the equi.Talent of two 12 in. 
diueter mains in the roof of the twmel, where they would be safe froa 
accidental illpact da■-age. 

Cost breakdown 

The ■oet expenaiTe material ite■ in the tunnel would be alUJ11in1ua 
allo1 plate, of which j11St over 4o,OOO tons would be required. '!'he 
present ■arket price is 3••3d•/lb. (£365/ton) for •all orders. en ••eh 
a large regular order it ought to be possible to negotiate a price of 
�300/ton for edge prepared and cUrTed plates. (The ■arket price of ingot 
alu■1o1• is of the order t.200/ton, and vita Japanese export intervention, 
there i.s a substantial aurplua ■anuf acturing capaci t;r. ) The cost of 
deliTered plates has therefore been assu■ed to be £13M. 

With aca■evhat lea knowledge of the ruling local conditions, the coat 
of concrete lining block.a in place and puaped concrete, of which 2.5M tona 
of oOAtinuoua 4vantit1 production would be required with the ■in1■1DI of 
labour participation, has been taken to be 12./;rd 3 er £1.2/ton. '!'he 
eatiaated total cost is therefore £3M• 
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The cost of rock excavations at the shore ellds under condi tiona of 
easy access and disposal, no shoring and rough finishing has been taken to 
be £1/yd 3

, or to.1M in total. The coat of the other works at both tube 
enda, including the tube building pens, Tehicle losdjng baya and sern.ces, 
but excluding rail track and electrification has been estimated u £0 • .5M.

The cost o! 12 miles of prepared single track rail bed outside the 
tunn�l with aa assumed one bridge per mile has been estimated to be to.6M. 
The cost of 50 miles o! single rail track without signall..ing or rail 
switches has been estimated to be to.5M. 

The coat of electrification, inclPding power feeders, rolling stock 
aD.d control equipment has been roughly estimated to be £1M. 

J.n allowance of £1.3M for surTeys, fu.11. scale teats, speciaJist 
serrtces including welding of the tube and other labour, and plant and 
equipment written off during tunnel construction allows the total to be 
rounded off to f.20M, and the 7"' contingency brings it to £35M. 

Assu■ing that all the conTentional works including the approaches, 
building pens and concrete block manufacture would be let as separate 
contracts, estimated as above, the tube laying operation would probably 
not occupy more than .50 men at each shore, includjng the workers on thr" 
shifts. 

Subjects for research 

Although this proposal has been supported by an economic argument 
vhich faTours it, together with estimates o! coet, these matters are 0011-

plex, and fit subjects for expert attention. The purpose serTed b7 their 
inclusion is to conTince that the proposals are of sufficient merit to be 
expertly examined in this wa:y. It ie hoped that they will receiTe this 
attention. 

flle the■e of the propoFla]s concerns the employment of existing well 
tried construction and transport techn1quea, albeit in new combinations. 
Fra11 the technological rlewpoint the risk of failure if they are employed 
as described is considered as negligible. Certajn tests would howeTer be 
prescribed to gi.Te public proof of the authenticity of the propoaals. For 
instance, a short section of the proposed tube construction could be 
prepared at c011paratively small coat together vith a pair of end bu)kb�ads. 
Thie would then be fully instruaented, towed by ■ea.ns of a bOOII defence 
ab1p to a deep ocean area and lowered to a depth at which it would fail by 
c:i-nsbing. The speciaen would then if possible be reooTered for t'xamjnation. 
At a later date a s1■11ar full scale section could be subjected to depth 
charge attack. ihe participation of the NaTal Construction Research 
Eatabljsbaent would be sought in both these tests. 

ill the arrang�ments for flexing and projecting the tube could be 
•�•mined by mean.a o! model tests in the laboratory. S1Dce the facilities
exist at the Depart•ent of CiTil Engineering, QUeen•s UniTeraity, Belfast
!or the testing of hydramJic models with regard to current now and
a•di■entation, the 11kely behaviour of the tube bed could be studied, v.i.th
reference to effects both on the tube support and on coastal navigation.

The question of corrosi.Te attack on the aJn■1n11111 alloy in sea water 
should receiTe early imd thorough study. Buried welded pipelines of this 
and aillilar alloya haTe shown excellent resistance to corroeion OTer a 
!\Uber of years, hilt routine tests in the precise enTiro=□ent shoul.d be 
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undertaken. It is anticipated that the most serious problems are likely to 
be encountered with marine grovths, which would affect the shore ends more 
than the deeply immersed middle section. This would eaae the control of 
an;r auch corrosion, but it would be even better if surface treatments could 
be developed that would act as significant jnbibitors. 

The moat illportant matter for early attention is the preparation of a 
:eilot sur-rey ot the seabed along the proposed path of the tunnel, and 
suitab1.e alternati-re paths. This could be c011pleted in the avajlable 
periods of eal■ weather during 1965 with a vessel of minimum displace■ent 
7 ton T.M., equipped with precise na.Tigational aids, a precise recording 
echo sounder, a sensitive current meter and an underwater television 
ca■era. It 1111anned by the staff of the Department of Cirll Engineering, 
Qlleen•s Uni-reraity, Belfast, with the help of one or more research students 
on granta fr011 the Depart■ent of Scientific and Industrial Research, and 
-rol.untar;r help from others, it is anticipated that this survey could be 
prepared, and presented, together with a continuous underwater photographic 
montage ••bracing the whole path of the tunnel, for an axpenditure of e5,000 
on equ:f�••nt •nd serri.ces incl•djng the Teasel. 

In the e-rent of the GoTel"Dllent of Northern Ireland becoming further 
intereeted ill these propoaala, it 1·a requested that this survey should be 
put in haad, with the aid of an initial ff.I. Exchequer grant of £5,000 for 
parchaae by the lJD1Yeraity ot the equ.�J■ant mentioned abo-re, or with the 
lo•n ot equi-ralent ■arine aurTey facilities now in the posaession of the 
Go-rern-•at. 

In the e-rent of serious Govern■ent interest in the scheme it is also 
requested that a SW1 of e5,ooo should be allocated fraa lf.I. Exchequer 
tunda to permit co ence•nt of �draulic model studies, corrosion studies 
at a North Ch•unel shore site, and construction of a 5�000 ton capaeitJ 
caapreaaion teatillg facility for 3 ft. cubes of concrete made fr011 Northern 
Ireland and Galloway a.ggregatee. The latter equipaent would be deri-red 
troa the design of the �,000 ton tensile· teetjng machine for steel plates 
conatncted by the author at the Britiah Welding Research Association, and 
Harland and Wolff would be asked to build it on teru fa-rourable to the 
Uni-rersi ty. 

Gi-ren the assarance of these granta, it is anticipated from the fruits 
of 1n1tial. publicity, that the fir■a and trade associations likely to be 
concerned with aapecte of the poesible construction would come forward with 
further offers of reaearc.11 funding and facilities. An approach would also 
tlaea be ■ad• to tile NaY;y Departaent for aasistance -on aspects of submarine 
■oclel teatia.g.
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