TRABZON HARBCUR.
William R. Cramer
The Turkish ccast of the Black Sea prevides, with the exceptien
of Sinep, few, if any, natural harbpours, Steorms, if seldem of long duratien,
are sudden and viclent.

The preduce of the crast district, comsisting chiefly of ceal,
tobacco, filherts, mineral ores, timber and potatoes, tegether with the
ingoing and outgeing trade of the hinterlard, gives rise to a censiderahle
medium sized and small craft cerastwise traffic.

Tt is not then surprising that when the govermment decided to adrpt
a harbour comstruction pelicy and drew up a building programme, two harbours,
Trabzon and Eregli, situated at the Easterm and Western end of the Black
Sea respectively, sheuld have been at the head of the list.

Trabzen (Trebizenrd) new has a population of over thirty thﬁusand
ipnhabitants. It is a tewn with a considerabvle histerical background,
having first regeived mentiom in 756 B.B8., Scme years earlier than Rewe.

It is suppesed teo owe its mame teo the flat tcpped hill (mow Boztere)
dominating it, likemed te a table (trapeza) and owed much of its prrsperity
to the fact that the Romans cenducted their military campaigns against
Persia frem this pnrt.' Traces of the harbeour built by the Roman emperor
Hadrian are still extant as are the walls ard frrtifications of the later
GeAgese and lecal Byzantine nrccupants.

In comparatively recemt times much of the towns prosperity was due
to the Persian transit trade amd that of the Turkish provinces served by the
Transit read whese termimus is Trahzon,

Fig.l shows the positirn of the pert of Trabzon in relatien to
neighbruring countries, The irpertamt role this harbeur could play, should
free navigation be agaim established aleng the Damuhe, as a lirk in one (5 4
the mnrst convenient rrutes between the uiddle East and Central Europe,
will bve evident,

Prevailing winds in the Trabzer district blow froem the Nerth West
and less often frem the Nerth, Such winds are imvariably assoclated with
bad weather im the spring, autumm and winter months, Noxth East winds with
fipe dry weather at a2ll times.

The directien of litterral drift ceonfrrms to that of the prevailling
winds and is frem West tr East, A coeastal area of a steep and rugged
prature being respemsinhle frr excessive demudatien, the large quantities of
sand and gravel deprsited aleng the beaches has been causing a cemparatively
rapid advance of the land over the sea.
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Fed by large rivers and exprsed tc relatively lew evaperation the
Black Sea dispeses of its excess of water by alleowing it to flew, by way
of the Bospherus, the sea of Marmerra and the Dardemelles, into the Aegean
Sea., The velume of water invelved is comsiderable as evidemced by the
veleocity of the current at many peints aleng the Besphorus. As may be
expected the mineral salt concentration in the water is extremely low.
It has been shewn by observation that the maximum differexnce cf water level
due te the accumulated effects of tide, seasonal river flow ard wind, deces
net exceed 0.40 metres, |

Sea captains having long experience of the Black sea divide its surface
inte two therretical basins, West and Bast of a line jrining Sevasterpal to
Sirop. Tt is gemerally bhelieved that sterms are lecaldzed to one or other
of these two basins and as the total lemgth of the Black Sea 1s of the order
of 500 miles, say a free "fetch" of 225 miles for each of the basins, the
maximum wave height to bhe expected, hased on Stephemsenm's formula, will be
as followst- lax, wave height = 1.5/225 = 22.5 feet or 7 metres.

Fig.2 shows the coastlime in the immediate meighbeurhced cf Trahzonm,
where it was specified that the harbeur had to »e leocated, as well as depths
of water up te 15 metres, On this sketch are also shown a small breakwater
puilt partly before and partly during the 1914 - 1918 war, two small jetties
A and B used for the leading and unleading of grods, a small jetty at C
for passenger service and a fourth small jetty at D, within the cemparative
shelter of the small breakwater, partly demelished at the close of the 1914 -

1918 war. Lrading and unloading facilities conmsisted of ome very old
hand operated 10 ten stationary crane at (a) and one mechanically operated
3 ton mebile crane at (b). All the jetties mentlemed a%ove were

accessihle tr -craft havinmg a maxirum draft of arrund 2.50 netres and were
exposed to wave action and therefore useless in rough weather,

Communications within the site were limited to the main Trabzon =
Iran transit read skirtimg the South-Easterm end of the site and the coastal
read forming the Southerm and Westerm boundaries by centimuing in a
Northerly directien to the root of the main breakwater.

Pasic requirements frr the rew harbrur c-msisted of a primary basin
having an appreximate area of 450000 k2, a Quay wall 400 netres leng, a
sec~ndary small craft basim 10000C M2 ir area, the depth of water within
the primary harbour basin beirg not less than 1C metres.

It has already been mentiomed that the directiom of litteral drift
had heen ohserved to be frem West to Bast. Observations of surface and
underwater currents led te the conclusien that in the meighbourhoed of the
prejected main breakwater the veloeity of surface and deep water currents



aprreximated to 550 metres per heour in a West - East direction,

The results of wind observations have been incorperated in the "wind
rrse" shewn in figure ( ), though no accurate infermatien regarding

the maxinum velocity of wind te be expected was available at the time
when werk was hegun, Borings made in the sea bottem, especially along
the projected leocation of the Quay wall and carried teo a depth of 20
metres beleow normal sea level, shewed the sea hnttem to censist of
alternate layers of sand and gravel,

Avundant steorne, theugh not always of geed Quality, is te be
found in the immediate surrrundings of Trabzen, All reck in the
neighbourheed is velcanic, varying in nature between andesite and velcanic
tuff. Figure ( ) shows outcreps of rock determined by a preliminary
survey as presenting features favourable frr the lecation of a quarry.
No boring machinery being available, detailed surveys, essential in this
tyre of rock and in large scale werk when frr the sake of econemy, all
the rock excavated along a wide Quarry face has to be put to grod use,
cculd net be made, Samples of rock taken from the most promising
cuarry:sites, Neos 1,3,5 and 6 and analysed, determined the fact that the
roeck was geperally suitahle frr use in a breakwater, The rock in the
small hreakwater opposite quarry site Fo 1, censisting of stone taken frem
that quarry, had weathered well during the 40 years the hreakwater had
been in existence.

Gord sand and gravel were ohserved t~ be available aleng the
shore at all times within a distance of 2 kilcmetres of the site.

The general cenditisns may new be summed up as foellews:-

1. Winds affecting the harbeur blewing froem the West, North - West
and occasicnally frem the North causing a wave height of about
550 metres.,

2. Direction of littoral drift and surface and under water currents
from West to East, the velecity of the latter being of the order
cf 550 metres per heur,

3« A gord sea bottom with ddpths not exceeding 15 metres aleng the
location of the hreakwaters. Ne reck excavation anticipated.

4. Rock abutment and crmparative protectien for the root of the
main breakwater,

5. Suitable rock and gred sand and gravel available near the site,

6. Difference in water level due te the sum of the effects of tide,
seasonal river flow and wind not exceeding 0,40 metres,

Te Mineral gsglt cencentration in the water lew.

8. The harbour primary and secrndary basins te have an apgroximate
area of 450000 M2 and 10OOCC M2 respectively, the depth of
water in the primary basin being net less than 10 metres and the
quay wall 400 metres long.
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A general arrangament of the entire site is shown in rig ( ).
Installatiens and plant will be mentioned as they ceme inte use during iho
progress of the work., On this plan are shown att :
I. The primary harhnur bhasin. _
II. The secondary harbeur basin, | | d
A. The main breakwater, 850 metres leng. | '
B. fThe secondary breakwater, 440 metres long.
C. The lee bdreakwater, 293 metres leng.
D. The quay wall, 444 metres leng.
E. The rock £ill harbeur boundary wall.
F. Thé limit of dredging at -10 metres.

Conditiens were judged to be appropriate fer making use ol as
mach reck as pessibhle in the breakwaters, supplementing the biggar grades
with artificial blecks sheuld the yield of the quarry net prove to satdsly
“regquirements. The breakwaters were therefore to be esqentially graded

rubble bhrsakwaters. : 7]

The existence of abundant supplies of geeod guality gravel and %
sand near the site, expediting the making of cheap concrete, together wixh A
the good sea bhettom aleng the line of the prejected guay wall led to the ail'k
adeption of a cencrete bhleck ecenstruction fer the latter werk. i

There can be little doubt that the reck outcrops at quarry sites
‘Fo.3 and 6 shewed premise of yielding goed quality store, certainly petter .
than that at We.l, but the temptation offered by the locatien of the lattor :
gquarry as presenting possibilities for a very compact site added te the
‘general uncertainty occasioned by the unavailability of detailed knewledge
of the Guality of the rock at any ef the other guarry sites led to the =4
adeptien, at least temporarily, eof quarry- Ko.l, shown in figure ). '

The eorder in which the main works were to ve undertaken may
new be mentiened: ‘ £
| Partial censtructien of the secondary breakwater with the ohject of -')
protecting the floating plant. _
Censtruction of the main hreskwater.
Dredging the feundatien trench for the quay wall and dredging the primary

‘harhour.,
Completion of the secondary breakwater axd puilding of the lee broakwater.,

Construction of the Quay wall,
Constructien of the harbeur beundary wall and cempletien of earthaand

'3and £i11 behind thés and the quay wall.

Althuugh the cnnstrnction of the principal works, as ' ennumarated'“'
abeve, feollcaws the order in which the duilding of these works was undertaken 1
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x ecrtain amount of everlapping, espoaially in the prtparatary stages, off
1egessity took place. It would periiaps he advisable; fer the sake of
sdmplieity, te overleck this fact and treat each inddvidual work separately.

At the ocpening stages of the work = machinery was available.-
rhe excavation of the censiderable quantities of overburden at the quarry
vAs deme by hand with pic and shevel, the material being meved by means ef
vheel barrew, single herse cart, ex waggen and moter lerry, Drilling ef
neles fer the excavation of reck was alse dene by hand, gunpewder or dynamite
being used for blasting accerding as requirements called for a greater
propertion of largér sized or smaller reck. Excavated earth was meved te such
proliminary werks as levelling of the site, deviatien of the wmain transit
read ( - ) normally passing in front of the Quarry, railway and-ceastal road
smbankments te the reet ef the main broakwater and the 111 ( ) at the
root of the main breakwater undertaken with the eobject of previding space
for the erxscction of wachinery te be used while building that wexk.

mhgdggggngggx.Breakwatar._
Puilt te serve the dcuble purpess of protecting the floating plant and

acting as a leading jetty for the smaller reck inmte barges during the
construction of the harbour works and also te form the Western ard Northern -
boundaries of the secondary small craft harbour, this breakwater is shewn

in plan on the general arrangement of the site plan mentiored abeve,

Three sections of the breakwater are also shewn in fig. ( ).

| The limh of this breakwater running in a Nerth-South directien
already exlisted when the werk was taken in hand, having been built around
the year 1900 as a rubhle breakwater, the largest steume blecks not exceeding
6 te 7 tons in welght, A temperary harbeur had heen constructed during
the 1914-1912 war by sinking ships aleng a line clesely frllewing the
location of the present Rast-fest sectien of the breakwater, This latter
section was later destreyed, Yut the debrk, lying over the greater part of
the length at an average depth of hetween one and six metres helew rormal
water level, was judged te afford a sufficlentyy selid feundatien for the
new breoskwatsr whieh would, after a camparatively shert time , ceme under
the protection of the main hreakwater. The rather exaggerated width eof
- the greater portion of this work was necessitaded by the intended Tuture.
erection of twe derrickd, the first te be used for the purpese of unlnading
matarial and plant and the second chiefly for leading the smaller grades
er rock into harges to be dumped inte the cerxe of the main breakwater. _
Space_oceupied by railway lines alseo had to be previded for, , -

‘Tt will he seen frem the sections, fig. ( ), that ‘the avarage
height of reck fill ahove nnrmal sea level was 2 metres, prntecting layers -

-
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of Bigger rock, measured herizentally, being feur metres thick en the
'-weather ‘side and twe metres thick en the barbeur side, sizes of 1ndividual
slacks in these layers varying frem one ton te six tons and half a tan

to one and ene half tens respectively.

Ramps constructed in the quarry against which carts and lerries

eould back facilitaded the Yoading of the bigger reck with the aid of orawbars

 the smaller sizes being leaded individually by hand er with spades.

"Tha smaller reck having been tipped in pesition within the limits of the

. preakwater cere, the protective layers of the blgger grades were then
unleaded in pesitien, jacks and crewbars expediting this werk. : i .

That pertirn af the »raakwater en which,plant was te be installed
' was protected en the weather side and ahove sea level by a masenry wall
and reck fill in the manner shewn en the first of the three sectiens, the

remairing length having ne additienal pretection save far 2 layer of bigSQIA&_?

‘reck on the. tep surface, applied with the ebhject of preventing the smaller
rock, ferming the core, from heing washed out hy over topping waves.

During s vielent storm occurring on Christmas Eve of 1948, while
censtructien was in progress, = breach was eopened up en the weather side
of the hrecakwater. There was however ne hreakihreugh, the damage was '
quickly repaired and the work cempleted witheut further incident. : |

The jiain Rreakwater.

Befere nny decisiens ceuld he taken regarding the nsture of the plant
required for the -eenstructien af the main breskwater the sectiens and
grades of the rock, as well as the weight el the artifieial blocks te bo
used, had to he known, Fig. ( ) shews twe typleal theoretical sectlens
at depths of 8.00 and 13,50 metres of water, Gradeslnt rock were as .
fellews: | ;

C.As - CQuarry waste 0 -2 : Kgs. weight,
g = P Reck 2 = 500 " .

K 2.  HReck 500 = 2000 2 w
K 3. Reek 2000 -~ 10C00 " "

K 4. Reck 10000- 250CC and ever » "

. SeBs  Artificial blocks 2400X2,00x3,60 metres 30 tons ﬂeight

It will be seen that the cere of the breakwater, te be dumped in
pesitien by hettem opening happer parge, consists of quarry waste and K 1
grade rock, the tep 1ev01 ef this core having been fixed at 2.50 metres
belaw normal water level to permit dumping by this means., Feor the bigger
grades of reck it was decided gg%amploy a derrick of 15 tons capaclty
eayabls of &nmping the eantentqﬂsteal skips carrying a net lead of 12 tons
nf rock, fnllawud by a 40 ten ‘capacity cantilever crane with rixed boom, -
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> T
here referred to as a transperter, heth these cranes travelling en rails
laid en the hreakwater at a level eof 2,2C métres abeve nermal water,
Three mrrmc::__r‘_ means eof placing reck and artifieial blecks ig the breakwatex
~ would thus bhe available: Betitem ecpening hepper varges tewed inte pnsition
fer duuping the breskwater cere censisting of guarry waste and Kl reck, a
15 ton derrick operating frem the breakwater with skips and dumping K1, K2,
K3 and occasional K¢ grades of reck, a 40 ten transperter placing individual

'Ké material and all artiticial blecks.

Reference te the sectiens, fig. ( ), will shew that a maxinum
werking radius of appreximately 30 metres would be required fer the derrieck
and transPnrter'nn the weather side, the derrick alone dealing with the ’
smaller grades and lesser distances reQuired en the harbeur side of the
Breakwatér. A study of the same characteristic theeorétical sectiens will
shew the fellewing approximate distributien, by area and by weight, of the
various grades of rnck and artificial »lecks within the sections:

Grade Section =8.00 Section ~13,50 Average (area) Average (¥ts)
K1 and O.A. 28% 41% 35% - 325
- K2 22% 20% R ' 20%
K3 . - 25% ‘ 25% 25% .. 263
K4 | 12% % 9%t 1%
SeBe 13% 7% 10% 117

The optimn tn a2lter the prepeortiens of the varieus grades ef rock,
as shewn in. the theoretical gsectisns, te suit the run ef the quarry, was
reserved, '

A .decisien having thus been reached regarding the method of placing
the reck and artificial blecks in the breakwater, the plant necessary fer
the Quarrying, grading, leading and tramnspert of rnck at the average rate °
of 2000 tens of rrek per 10 heur werking day, as well as the 1oading_aﬁd
trapspert of the cerrespending mumber of artifieial blecks had te he planned,

Since mnatural blecks, b»ecause of their superier bédéing and wave
hreaking preperties are to be preferred te srtificial blrcks, and leeping
in view the fact that a censiderable numher of such blecks weighing ever
25 tens, in additien te the artifieial blecks weighing 30 tens, weuld be in
use, it was decided te adept standard gauge rallway transpert thiﬂughdut.

" The laying of rails in the guarry te within a cemparatively swall
distance of the face, the fact that semi statienary derricks were made
available fér leading the full skips ontn the railway wagens added te the
greater facilities offered for grading by suzall scalé hlastling with vagen
drill and jaek hammer, led te the. adaptinn of this methed of quarrying.

General after war trade conditiens were responsible Inr the 1mpnsaim
- pility eof obtaining plant as specified, Relew ;l a list »f the hest
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cempremise obtéin&hle; the varieous unitd“raachiag the site in shipments

spaced over a period of 3 years. ' '

. i Stationary electrically driven sir compressar 1720 ft.3/min. capacity.

' 2 Portable diesel air compressers 6 i3/min. capaeity. :
3" dimmeter steel air pipe. -

2" dlameter steel water pive.

1" and 3/4" diameter rubher air hese,

4 Wagon drills drilling up te 20%. '

12 Jackharmers drilling up to 15%,

10 Jackhammérs drilling up te 6°,

1 Well drill with 5" diameter bit.

Wagen drill and jackharmer steeols, O 2

%agon'dzill and small jackhammer jackhits,

1 Ferge and drill hit former ard sharpener fer irtermediate jnckhan:e& steels,

2 Small centrifugal pumps.

Gra lead of Rock

2 Electrically driven 15 ten aerricks, 30 lie warking radius, travelling
dut not selfl prepelled.

Diesel crawler cranes 4 tens capacity. | '
Diesel crawler crane 60 tens capacity. '

Diesel 2 yard capacity excavaters.

Diesel 1200 litre capaclty excavator.

1 Diesel 1 yard eapacity excsvater.

1 Diesel 1/2 yard capacity excavater.

Slings and chains,

Iranspert.
5 plesel shunting lecemetives 88 M.P. Al

26 Flat top hegle wagens 40 tons capacity.
7 Flat top wagens 30 tens capacity.
Rails, sleepers, fishplates etc.
- 32 Right and left hand switches.
2 Derailing ramps. :
1 Jim crow for bending ralls.
- 102 Ten to twelva ton net capacity steel stone skips.
4 chauville leconotives appreximate weight 3 tons.
16 Decauville tipping wagons. K ¥
1 Mile decauville railway track and 4 switches,
4 Tipping lorries Capaeit'y 5 tons.,
4 Hydranlic jacks 24 tens capacity.
. Railway type weighhridge 60 tons eapaeity.

N s
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1 Tug 120 HoPe 1
2 Bettem opening hepper bharges uapqci&y 120 tens,

2 Electrically driven 30 metre radivs 15 ten self propelled travolling
- derricks.

1 Electrically driven 35 mntre worxing span fixed heﬁm bleck 1aying t:anaperten
eapacity 40 tons. :

Rails, sleepers, timber baulks, fishplates ete.

Concxete RBleck making Plan

1 Washing and screening plant capaelty 250 cudb. Yds, per 10 heur daye.
1 Dlesel 1/2 yard dragline.

1 Self propelled diesel gantry crane capaeiyy 60 tens.

1 gl:ctrically operated travelling but net self prepelled derrick capacity
ons

3 Conerete mixers capacity 400 litres,

Gellapsible steel forms,

Rails, sleepers, fishplates etc. : :

Bleck lifting tackle, |

- 2 pertadble bvelt cenveyors.

1 Centrifugal pump. '

Pewer Plant.

3 Dbesel electrical generating units 300 K.W.A. capacity with Saitchhoarda.
1 Transformer 400 to 6000 velts 400 K.¥.A. capacity.

'2 Transfermers 6000 to 400 velts 250 K.W.A. capacity.

1 Centrifugal pump. :
Undergreund and overhead electrical cables, posts, iumsulaters etcs

forkshop.

1 Lathe 12"

1 Lathe 71/2°.

1 Metal planing machine,

.1.Mechanical metal sav,

1 Mechanical drill.,

3 Welding setis.

2 Blacksmiths ferges.

Electrical repairs shep and eQuiptment,
Carpenter®s shep with circular saw,
lietal workers and carpenters teels,
Spare parts stere. ¥y
Auxiliary Plant and Equiptment,

2 Chaseside shovels,

1 Seven ter ard 1 five ton: steam derrick.

3 Sets divers eQuiptment.
24 Steel skips 5 ton capacity.
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The shertage, eor evencemplete absence of skilled labour nedﬁdﬁ in
the erection and operatien of machinery and plant p:eaonted ene of tha
main difficulties at the cutset. Ships deing the regular egcastal a@rvice
net being capable of unlerading gingle units weighing mere than three %ahs,
plant had to be dismarteled accerdingly befere shipment, thus accantuatin;
erection preblems. A few eof the urits such as lecemetives, excavatrrs,
erawler cranes, the weight of whese parts, after the maximum admissivle
~_dismantling, still weighed mere than three tens were shipped en specially
- chartered vessels. A 4 ton capacity crawler'crana, weighing 12 tons,
arriving 2t the site hefere suitable unleading plant had been erected,
was leaded inte a 20 ten capacity timber lighter and after having survived
three days of stcrm anchered out at sea was beached with the aid of
imprevised capstans.. The lighter was then sawn in half and the crane
meved eout under its ewn power,

Aneng the first plant te bhe delivered were a 5 ten ard a 7 ten i
stean derrick. These were unleaded and erected at the seccndary breakwnttr=
and at the reet of the main hreakwater respectively with the ebject ef .
urleading the plant, ceming within their capaeity, tr be erected at theu:
points. The erectien and cperatien of these twe derricks preved tr be
a training greund fer future ersctors ard eperaters. With the aid of ihQ
5 ten derrick at the seeondary breakwater was unleaded and erected the 15
ton dérrick by means of which was later landed the heavier plant, while. tha
7 ten derrick at the reet of the main breakwater landed and erected the.
15 ton main breakwater derrick whieh in turn erected the tramsperter.-

An eperatien accempanied with censiderable hazard, but eqmplated succesatpll:
was the unleading ef 5 lecemrotives, each welghing 22 tons, by a 15 ten
derrick erected by unskilled labeur, supplied with inadeQuate electrical
pewer and worked by an operater whe had never handled a derrick bvefore.

Since the original gquarry, situated oppgsité the secondary
breaskwater (C) had to be abandoned at an early stage of the progress of
the work, a detailed description of the layout at this quarry will net be
undertaken though the reasons which led teo its abandomment will be brietly

mentioned,

It will be remembered that, ne bering machinery being availablng-
an estimate ef the nature of the reck back of the quarry face could not be
made. Excavatién ef the reck and dumping inte the main breakwater was
begun on July 10, 1949, on a 90 metre face the quality of the rock
deterierating as it was werked back. Pockets -of veolcanic ash and large
Quantities of unsuspected ewoxburden weccurred with increasing regularitx. ;
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The g;éeply upward sleping hack of the Quarry siie, excluding all s
possibility of remeving everburden except by tipping it inte the;qaérri :
‘fleer, delayed excavating and grading eperatiens censiderably. It was
early realised that eut of the excavated material the prepertien of ° ;
waste, unfit fer the breskwater and only fit to de dumped inte the £ill,
was out ef all prepoertion te actual requirements. By the end of May
1950 it had beceme evident that a decisien in faveur of a change to a
new Quarry site had te be taken and the fermalities necessary frr effecting |
the change over were undertaken while a survey was made of the iMmediate
surroundings keeping in mind the fellowing essential requirements:
1. A guarry the height of whose working face would at no time exceed
30 metres, allowing blasting, barring and leading te be carried eut
' at the same time within the area served by one derrieck « aheut 55 ii.
2. A Guarry with a level, er nearly level, top allewing the overburden
te be removed independently, without interference with bdlasting ard
leading eof rock in the ouarry fleor. &
3¢ A fairly homogeneﬂus rock threughout se that appreximate requirements s
of 75% good quality reck feor the dbreakwaters and 25% inferier quality'ff%
reck or overburden fer the f1ll sheuld be ebhtainanvle, i
4, The Quarry te be situated as near the prasant site as possihle with
easy access,

The site for a quarry clesely agreelng with the aﬁove requirements
was loeated hetween the sea shore and the coastal read at a distance of -
1850 metres East ef the present Quarry. Trial pits sunk with the ohjeet
of determining the depth of overburden and the Quality of the rock led te -
the eonclusion that the Qquantity of everburden would net exceed 60000
tons, that the rock, a velecanic tuff resembling andesite, was hemeogeneocus
threoughout and that the Quarry weuld probably yiels large blocks and little
waste,

Requirements for a shift te the new qnarry'wore as fnllnws:
1. Apprepriation of land fermalities.
2. Approximately 2000 metres of rallway line, :
3. Building eof a tempeorary railway bdridge of 63 metres total span. S
4, Building of a number ef small culverts aleng the railway line,
5. Erectien of -overhead electric pewer line including accesseries.
6, Dismantling and re-erection ef plant and eQuiptment.
7« Puildings and sheds feor housing plant at the new quarry.

The autherisatien necessary fsr making the shift te the new Quarry
was ‘received tewards the middle ef July 1950,
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Consideratiens of appropriation of land and-prepertjiand intersect~
tion of reads and streets, with the recessary delays invelved, were
instrumental in leading te the decision of lecating the railway line
aleng the beach, in spite of the reck protection this weuld necessitate
at certain peints where the lecation appreached the sea lixe, Levels :;
at the old site, the bridge and the marry, tegether with the necessity
of providing head Teem for culverts and keeping dewn prades, led te the
adeption of an average level ef 43,50 metres for the £111 which is
contimious threught., The material fer the fill censisted chielly of
earth and Quarry rubbish, was previded by the old Quarry fer the sectien
hetween the old Quarry and the bridge and by the pew Quarry for the
- section hetween this and the hridge; this material having been loaded
by mechanical shevel inte self tipping 5 ten lexrries and tipped in
positien. At peints where it eceuld he dene conveniently and with the
ebject of speeding up the werk, sand ard gravel frem the beach were .
pushed up te the £111 by huldozer, the lerries tipping over this.
culverts, with spans varying detween 1,50 and 4,00 metres, were built
with concrete feoundations and masenry abutments the sleepers resting
directly on timber beams, C.30 by C.30 metres in sectlen, strutted where
necessary and lecated under the rails, A mnumber of cencrete pipe '
culverts of C.40 and 0,60 metres intermal diameter were alse eonstruotodc
Bslast consisted of breken steme, coarse and fine gravel and in places
of coarse sand., Panks expesed te sea action or scour were pretected by
tipping rock out of the wagens at the recuired placés. The single traeck
railwéy lire had been cempleted by the end ef Octeber 1950, ;

Lecated between the 5@ metre masenry arch read hridge and the sea )
the railway bridge ( fig. ) consisted of nine spans of seven metres '
each. A considerable rumber of timber baulks of 30 cn. by 30 em, sectien
and lengths varying frem 4 to 6 metres being available at the site, it
was decided te make use of these for the heams and the struts ef the
bridge. This cenditien led to the adeptien ef an interm@diate span of
7 metres, investigation having shewn that with equal lengitudinal
strutting the assumed maximum ten ter wheel lead would he supported
successfully by twe superimpesed bsulks assumed to dbe stressed indepen-.

' dently as beams., The feundatiens consisted of concrete blocks 5,00x1,20
x2.,20 metres supperting piers made of 4 circular sectien timbers of 0425
metres diameter placed in pairs under the rails. Suitable Cross hraein;
and 1 inch diameter bheolts held the structure together, The bridge
had been cempleted by the end of September 1950. £
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: #hile the raillway line and the bridge were in course of censtruet-. ;
. ien the Eastern side of the eld Quarry was exploited te the extent made |
pessible by cenditiens there, ' Gne 2 yard excavater was sent te the new
quarry to excavate earth for the railway line eut of the Cuarry flrer
and a buldeser was put te work scraping and shifting the overburden off
the level tep and placing 1t on either side of the effective Quarry face.
‘The earth excavated eut of the quarry fleer was transperted by means eof
the 4 five ten tipping lorries available, supplemented by a rumher of
lerries hired on the leczl market.

The sequence of epératiens required te cemplete the change over
from the eold teo the new Quarry may be summarized as fellews:
1. The remeval of earth cut of the new Qquarry fleer beferé the rainy
seasen, ' ;
2+ The stripping ef the everburdern a sufficient distance hack frem the
new gquarry face te allew for free werking during the winter wmenths,
3¢ Preparing the qQuarry fleer at the Lastern end ef the new Quarry fexr
the erection of the first 15 ten derrick.
4. Erection of buildings fer housing statienary cempresser, workshop,
transfermer, drill sharpening equiptment ete., water supply.
S5« Dismantling of statienary cempresser and erectlen at new Quarry.
6+ Dismantling and erectien of first 15 ten derrick at the new Guarry.
T« Preparing the quarry fleor at the Western end of the new quarry fer
the erection of the second 15 ten derrick,
8+ doving of excavaters and ether plant from one Qnarry to the nther
as required.
9. Dismantling and erectien at the new quarry of the second 15 ten
_ derriek,
'lﬂ.xkinal ahandonning of the eold Quarry.

i“he change over to the new Quarry having heen undertaken while
the eld gquarry was still woerkabhle plant enly remained idle during the
ghert peried required for transpert frem ene quarry to another. Io fall
- in the tennage of all grades of rock and waste was therefeore ncticahle
- as the follewing figures will show:
Freduction Jamuary - Mareh 1950, 34130tens.
Preduction April « Jume 19%0, 51716 tens,
Preduction July = September 1950, 87500 tons. ( periled of change aver).
‘Preductier Octoher - December 1950, 104098 tens.

High voltase transmissien of electrieal emergy te the rew quarry
- was thought te be advisable, the distance vetween the pewer statlon and
the new quarry bheing a little under 2000 metres., A 400 KV transfermer
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stepping up the veltage frem 400 to 6000 at the puiérstatiqn end and'a :
corresponding 300 KW transfermer at the quarry end reducing the vnltage

te the normal 400 velts were installed, The bigger transformerx at the

genexatlng end alse teck care of the main breakwater electrical installati.n

- where high voltage transmissien had become necessary. Timber pests

carried the overhead wires, The installatien had been completed befnre,

the end of September, ' ' '

“The winter eof 1949 ~ 1950 had heen an extremely severe one, High
winds Slowing frem the North-West caused heavy seas the waximum wave
height having hween estimated at between 5,50 and 6,00 meires., Heavy falls
of snew and exceptienally low temperatures (3 te 10 degrees centigrade
below zere) were recorded. These conditiens prevailed, with little
respite, Ior the greater part of the ménths of Jamuary and February.

At the end of 1949 the main breakwater, being bhuilt eut with a tep vidth
of 14.00 metres at an average level of +2,00 metres with a temperary
raised protective pertier en the weather side, had reached a length of
160,00 metres. Althouzh the grading, as represented in the therretical
sections had been appreximately adhered te the protective layer »f K4
Tock was deficient beth cmantitively and in size of individusl blecks.,
During the peried mentiened abeve a 15,00 metre length at the end of the
breakwater was carried away to a depth of 2,00 metres and three small
breaches were ppened up at intermediate peints which, hewever, were Tilled
up during the shert perieds of cnmparative calm a breakthrﬂugh »eing thus
avelded.

d The arrangement of rails laid on the hreakwater #s clearly shewn
in figs.( )« Alse shewn in the same figures is the arrangement
of timder haulks 0,30 x 0.30 metres in section laid under the sleepers
aleng the locatien of the three ruter rails with the ehject of reducing
lecal settlements in the newly dumped reck, Between the twin 113 1v/yd.
. tramsperiter rails seen at the extreme right and left were laid two
standard gauge tracks eof 75 1%/yd. rails for reck transpezi, the 15 ten
derrick utilizing eme each of the cuter transperter and railway track
rails as seen in fig,( ). The damage dene to the rails during winter
storms througheut the duratien of the werk was negligible.

The (uerry. Altheugh the old Quarry was finslly abvandemed exn
Jammary 1lcth, 1951, the great majerity ef the plant and equiptment had
been moved to the mew Quarry and werk vwas well under way by the end of
1950, In centrast te the previous winter the weather centimied mild
. end ermparatively dry. After the preliminary blasting and cleaning up
" operatievs in the fleer ard the dispesal of the plant the gquarry, leooking
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twarda the 150.00 utre wide face, presented the fellewing appearancm

Twe 15 ton derricks in the right and left corners of the face rurning -
en rails placed between the railway lines (fig, ) and the side of

- the Quarryy the derricks se erected as to sweep an arc ceovering the

face' of the quarry and the railway lines, Working in cenjunetien

with each derrick a twe yard excavater and a 4 ten crawler crane,

Operating between the twe derricks a 60°te crawler ¢rane, ome 1200
litre excavator and one 4 ten erawler crane,

~One 1 yd. excavator kept in reserve.
Werking along the qQuarry face at varieus levels usually three wagen
- drills and a numbher of Jackhammers,

Cn the tep of the guarry eccasionally a wuldeszer stripping avorﬁurden
and contimieusly a 1/2 yd. excavater leading earth inte lerries fnr

removal to the f£ill,

o the left of the Quarry face and pretected by a sheulder »f reck,

the stationary cempresser (S.K.) with air pipe leading te the top of
the quarry and inte the gquarzy flonr, the werkshep and drill sharpening
equiptment (V.5,) and facing the sea on the shelving heach the dinamite
stere (DeSa). At the end of the railway line eil tanks (o. s

The rail system adepted is shown in fig.( ). :

A characteristic pattern for blasting, adepted after a good

deal of experiment, was as fellews:

On the herizental tep of the Guarxry énd ar average distance of 4.00
metres hack of the vertical face 50 mum dismeter and 6.00 metre deep

wagen drill holes spaced 2,20 metres apart, the charge veing cempesed of

2,400 Kg. 82% nitreglycerine centent dinamite at the bottom of each
hole fellowed hy 7+.200 Kgz. 56% nitraglycerine centent dinamite well
tamped and the hole topped up with sand, One detnnatnr yer hele was
used with the usual wire leeds, the charge being explnded electrically
by magneto. The ledge obtained after such a blew was usually elean,

requlring a minimum of varring, but had a dewnward slepe which was

levelled out by means of small -scale blasting with jackhemmer drills. -

- A Seceng blew with holes drilled vertically from this ledge, following

exactly the sare pattern as befere, brought the excavation te apprexinma-
tely 10,00 metres above the Quarry fleer, the tetal ‘height of the

quarry face varying bhetween 25 and 30 metres.,
The third and last blow was dene with herizental heles, at floor level,

drilled inte the face with a slight dowmwmard slepe given te the heles

_ﬁith the object of preserving the level of the Quarry fleox, Charge,

length and diameter of heles, were in every particular similar to
conditions for vertical holes with the exception of spacing which, in
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gensidevation of the greater mass te be shifted, was reduced te 1.60 metres,
This hlew with herizental heles, the reck being hreken up dut remaining '
in pesition, gave the most satisfactery grading and the biggest propnrtiﬁn
of laxrzer hlecks, When drilling with the heavier jackhanmmers the 25 mm.

~ diameter holes ahout 4,50 metres deep were charged with 1,500 Kg. of

dynamite the nitreglycerine centent of which varied according to the grading
reomived, The spacing of the heles in this case was 1.50 metres back of
the face the distance apart being 1.20 metres. e blasting with herizental
"heles was attempted with these drills, '

Light jackhamper drills drilling up te 2.50 metres dealt with such
miner blasting eperatiens as levelling shelves, levelling the cuarry fleer
and bresking up dlercks upwards of 40 tens in weight. High nitreglyeerine
gontent dynamite was mestly used in such cases. '

. As a general rule end heles, especlally when occuxring at the
shoulder forning the end ef the face, were duplicated, the distance hetween
holes then not exceeding .50 metres, This applied especially te blasting
with herizentally drilled holes, :

The shattering effect of a dynamite with a high nitreglycerine
content is unsuited for bBlasting in brittle reck when a high propertien of
big blocks is required, The rock being quarried, varying in structure
retween a voleanic tuff and an andesite, never yilelded the propertion of bigee
bigger. grades as reauired by the therretical hreskwater sections. TPlasting
with lew nitreglycerine centent dynanite alene proved te he unsatisfactery
by reasen of the failure te obtain a clean break aleng the line of the
pottenm of the drill heles. This gave rise te a great deal of barring ef
rock by hand accempanied with expense and delay. A high grade dynamite
was therefere intreduced at the bettem of the wagen drill holes whese
 ghattering effect dislodged the reck where 1t was mest firaly embedded while
the low grade ‘dynamite abeve pushed the rock ferward with a minimum of
disintegration. It has already bheer mentiocned aheve that the prepertien
"er these twe grades of dgnamite gilving the best results for that particular
rock was established by experiment. '

- It was feund that the wagen drills drew 5 ecuhic metres of air per

- mimte, drilled an average of 4.70 metres of hele per heur reauiring one es@im
crainary steel bit for every 18,00 metres of hele drilled; the heavy Thand
drills drawing 2.500 cublc metres of alr per mimte, drilling 6.00 metres

of hole per hour and requiring a new bit for every 20.00 metres of hele
drillad. Py
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33 : Proeceedure iBVn1v1né grading and laading of the reck was as
fellows: All the rrck, with the exceptien of individual »lecks weighing
mére than 10 tens, was lraded inte skips capable of earrying appreximately
12 tens. These skips, lying in the quarry fleor, were filled by excavater .
and crane then picked up by the derricks er the 60 ten crare and leaded snte
the 40 ton flat top railway wagens in the sidings. It has alrcady been
mentioened that twe 15 ten derricks, each at the right and left hand side of
the quarry, werked in cenjunctien with a 2 yard exeavater and 4 ten crauler
erane while a 60 ten erawler crxane in the centre pertien of the Cuarry
eperated with a 1200 litre excavater and a 4 ten crawler crane. ¥"hereas
each derrick with its excavater and crave werked as an independent unit the
6o ton crawler crare in additien te leading skips filled by its exeavater
ard crane alse worked its way aleng the Quarry face leading directly ente
the railway wagens, by nmeans of slings, individual blecks weighing more than
15 tens. ‘-
‘ Frr efficient results excevaters and cranes must ce-operate
clersely. The excavater picks up ard leads inte the skips the smaller reck -
(X1 # n.A.) while the crane picks up the larger individual blecks thus
- exposed (K2 and K3) leading them inte their respective skips. The bigger
rock having been remeved the uninterrupted leading of the smaller reck by
excavator is assured. Handling of the bigger reck by means of tongs was
attempted, »ut had te be diseentimued in Lfaveur of slings, decause of the
difficulties invelved in disengaging the tengs aiter the reck had beén placed
in the skip, The 4 ton cranes being incapadle of dealing with the whigger
K3 rock (4 to 10 tens), this additional werk was undertaken by the derricks
and the 60 ten crawler crane.

Skips filled with the varieus grades of reeck as described aheve

- were picked up hy the derricks and 60 ten cramne and leaded onte the railvay

- wagoens, at the rate of three skips per wagon, care being taken te lead eaeh
wagen with the same grade eof reeck. Individusl X4 blecks, weighing hetweén
10 and 15 tons were leaded directly inte the wagens with the 15 ten derricks
while the 50 ten crawler crsne dealt with reck in the K4 class in its ewn
area in additien te 2ll individual bleeks exceeding 15 tens in weight.
Slings were used threughout fer this work, Inferisr quality reck, unfit _
for dumping into the breskwaters, together with earth and waste were leaded
inte skips by excavater and despatched, in the erdinary way by rail, te the
£i11, | |

: Transpert. As shewn in fiz.( ) a single line of sStardard gauge
railway joined the quarry te the main breakwater, Frem the 60 ten capacitj
weligh bridge (E.B.) a singie branch line led to the secondary hreakwater,
Three leeps were intreduced; twoe in the neighhourhood of the pnwerstatibn-

and the blockyard for shunting purposes, one in frent of the eld Quarry
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where trains were fermed with'wagnns containing the grades of Yock as ;
~ recuired at the breakwaters. A secend branch iine led te the bloeckyard.
A switeh, first laid at the reot of the main breakwater and meved férﬁard
‘as this work advanced, previded = deuble traclk in frent ef the derrick.
0f the 5 shunting lecomntives enly 4 were usually availabvle, ene lecenctive
being held for overhauling eor repair,, while ef the 26 wagens 24 were in
‘general use.

The arrangement of ralls areund and in %he.quarry is elearly
shewn. Jegirnning with leraded wagens at the quarry in a siding beside
one of the derricks the sequence of rperatinrns was as follews: The Quarfy
shunting lecometive having pulled ere exr mere wagens eut nf the siding
 then pushed them to the seét;on lettered (a) reserved fer leaded wagens.
- A main {rack lecomective ceming in with empties statiened these en the _
section lettered (v), reserved far unleaded wagens, then ceupled ente the
leoaded eres at (a) and pulling 3 er a maximum of 4 wagens cortimied as for
as the weighbridge. The wagens, having been weighed, were then puéhad-. 
inte the leop ix frent of the old Quarry where trains were fermed
exclusively of 0,4, and K1 roek destined for the secendary breakwater and
combinaticns of grades as recquired at the main hreakwater, All wagens
destined for either of the hreakwaters were pushed there to well within
the range of the derriek boons. The loeceomotive thern unceupled shunting
ente the second track, ceupled ente the empty wagens there and pulling
them as far as the leop in the neighberurheed of the pewerstatien, where
they ﬁere'jeined by cther empties, pushed the train of empties averaging
7 wagens to the Quarry at (h). Eow eeupled ente the enmpties and pulling
them to a point beyend the switeh, the Quarry locemotive then pushed them
onte tke derriek tracks where the empties were required, The derrick new
picked up the empty skips depesiting them at cenvenient peints in the quarzry’
| fleor, this cperatien helng cowbined with the leading of the full skips.

The enrre nr the maln wreakwster censists of ~ oA, and Kl reck
dunped in pesitien hy twe 120 -ten bottem epering hepper bharges. Rerthed
alternately aleng side the small timver wharf built parallel te the centre
portimn of the secendary breakwater by the 120 H.P. tug, the bargés were
filled with 0,A. and XK1 reck to their capacity by the 15 ten derrick .
stationed there. This ecperation was perfermed by lewering the full skip
inte the held of the harge, urhoeking the twe fetward attachments and
withdrawing the ewpty skip which was replaced onte the wagen before the next
full one was picked up and similarly emptied inte the barge. Twe reds
placed en the shere and later eon the a&vancing hreakwater, in 11ne with the
axls of the hreakwatar, facilitated accuraze dunping of %he rack with the

baxrge nﬂVIHg freely. - o r sl
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At the eutset the 15 ten derrick, erected en the fill at the :
- reet of the main breakwater, tipped reck in shallow ‘water to the maximum

extent ol 1ts boem radius congelidating this £111 with large blecks, up te

15 ters, on the weather sidé, A speeial tipping gear had been fitted te
the derrieck tox this purpese, Ralls were then laid ern the reck thus
tipped, follewing the certre line ¢f the brezkwater and in the mannex
already descrived (fig. ) with timber baulks under the rails, sleepers
and_haﬁlks being held’together'with stesl dogs. The derrick was then
meved to the end ef the 111 frem whore tipring, in accordance with the
breakwater sectiens was centimnued, rails beling laid and the derrick again
moving forward, During the epening stages of this werk ne crane capable
of loading mere than 15 ters being availahle at the Quarry the derrick was

capable of dealing with all grades eof reck. Yhen later the G0 ton crawler

crane hegan operating in the quarry and artificial blecks weighing
appreximately 30 tens were made the tramsperter (fig., ), hetween whese _
legs trains were able te meve freely, followed up the derrick laying beth
artificial and natural blecks hy means of steel cable slings. Aithnugh.
block laying by means of tongs was tried at the eutset the use of slings
was preferred as offering the advantage of adaptibility te natural ard .
lIti;icial blecks alike,

While laying ef. reek was ‘in pregress as described abnv e, tipping
by barge (fig. ) was hegun at a depth. of water »f aheut 4 metres the end
of the underwater fill thus f~rmed being appreximately 45 met:as ahend ef
the derrick following up ard tipping ever this fill,

When the new quarry had reached full praduction and an imprevenent

in the grading of the reck seemed very unlikely it was found that the
preporticn of the bigger grades of reek still fell far sihoert of the
requirements of the theoreticsal sections (fig. ) The Ialaning tabl&
gives the average preportions yielded by the Quarry:

Cehe and K1 -T2 %
K2 - 6% .
K3 . AT B - -
K4 L e

A new set cf sectibns, hased on thase_rssults, were drawn up and
the necessary autherization for thék application was duely receilved.

The sections drswn up gave the following preprrtions at the depths shnans 3 ‘

O.A. and K1, 69 % R%E 3% 1% STl - X
K2 8 '% o T % 7% 6 % iy X =
K3 - 16 % 4% % 1 ® 15 %
K¢ 7 Ttk 8% o .58 6%

-12 . * =138, - 14 8. - 150, Average.

' .
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It will be seen that close agreement existed between the
proportions of the grades of rock required by the new sections and the

yield of the gquarry.

All plant available being in continual service during working
hours & nine hour working day had been instituted the remaining time
being devoted to maintenance and repairs., With a view to increasing rock
production still further a second shift, operating between five and nine
o'clock in the evening was started in May 1951, In order to avoid the
expense of operating the electrical generating plant during the four hour
period, independently operated units alone, consisting of the following,
were put into servicel

The quarry. One 2 yd excavator.
One 4 ton crawler crane.
One 6o ton crawler crane,

IRERSEL.  veive 49 bon fiab tap wagens.
Forty skips.

It was originally hoped that the twelve wagons loaded during the
night shift and hauled to the main and auxiliary breakwaters, ready for
placing in position the following morning, would indeed be dealt with
during the time taken by the quarry to load and despateh the first train.
This proved not to be the case since with the limited number of wagons
avallable on the site it was not found possible to supply the quarry with
the least number of empty wagons essential in avoiding delays at the
beginning of the following working day. In order to supply the necessary
number of empty wagons the derrick at the main breakwater and the derrick
and barge at the small breakwater worked an hour overtime daily.

As an indication of the maximum production achieved with the
plant at the disposal of the job may be quoted the results obtained for
all classes of rock and waste during the three monthly period July -
September 1951. This figure 1s 195019 tons representing an average
monthly and daily production of 65 000 tons and 2167 tons respectively.
The maximum single day production was 2700 tons.

Owing to the fixity of the transporter boom artificial blocks
on the main breakwater roundhead had to be placed in position with the
aid of a 50 ton floating crane brought to the site for this purpose. This
work having been undertaken after the construction of the quay wall the
blocks were brought to the quay wall by rail from the blockyard, loaded
intosbarges by & 60 ton crawler crane and towed to the floating orane.



The blockyards The proportion of large sized natural blocks
yielded by the quarry being totally inadequate for the protection of the
weather side of the breakwater this deficiency had to be made up with
artificial bloocks. At the outset, because of the satisfactory results
obtained with masonry blocks, which had weathered well as originally used
at the secondary breakwater, it was decided to make use of masonry blocks
of an approximate weight of 30 tons for the main breakwater. These blocks,
whose dimentions were 2 x 2 x 3 metres and whose weight was a little under
30 tons, as compared to the equivalent concrete blockl, had the advantage
of cheapness to recommend them, :

A bloekyard consisting of a double conorete floor, each floor
384 metres long and 5,50 metres wide, a Henderson 2 x €0 ton gantry crane,
one line of rails alongside each of the concrete floors and within the span
of the gantry crane and one line of Decauville rails on the outer side of
the gantry crane, was prepared. Fig.( ). Built within collapsible steel
forms the blocks had & proportion of mortar of 35% of the finished volume
of masonry and the mix was 350 Kg. cement per metre cube of sand, Twin
channels 0,20 x 0.25 in section ran transversely along the under -i.dn of the
blocks through which slings were introduced for 1lifting.

o mpluhwnndc,intwmmnnhotmmunmu
cne row being lifted onto the adjacent row at 30 days and the blocks being
despatched to the breakwater for laying in position at 50 days. Stone for
the blocks was supplied by the old quarry, each single railway line laid
within the span of the ganiry erane 'urving the double purpose -of feeding
the blocks with stone and moving them to the main breakwater. Located
outside the spah of the gantry cranme the Decauville track served for the
transport of sand loaded into Decauville skips by a half yard dragline
operating at the beach, - Fresh water was supplied from the mains by & pipe
line laid along the blockyard with vanes fitted at intervals and cement by -
lorry from the main store.

‘Difficulties experienced at the outut were in connection with
the bonding of the stone within the block and the placing of the bloeks in
position at the breakwater, Some time elapsed before the masons acquired
the facility of giving the necessary vertical bonding to their work, the
blocks made during the initisl stages being weak in this rospect. At the
end of & curing porled of 50 days laying of the blocks by the trmlportor
was begun, With one or two exceptions attributed to defective construct-

. ionm the blocks stood the lifting by the tomgs, supplied for conerete blocks,
- well. The laying in position was less successful, the blocks h_lvi.ng a
tendensy to break along a plane in line with the points of the tongs.



Laying by means of slings was then tried successfully, and finally
adopted,; the time factor being of no importance it being possible to lay

20 blocks a day by this method whereas the gantry crane with its slow
tranr-lng motion loaded a maximum of 12 bIOQh during the same period,
_ After 700 of such bloeks had bun made and successfully placed

in position orders were received to discontinue the making of masonry blocks
‘which were to be replaced by concrete blocks. This change over had been
completed by the end of Septemberifs/. -

Concrete blocks were made, as before, within collapsible steel

forms, three cubiec metres of rock being incorporated into each block of 12
cubic metres volume, théd dimentions being, as before, 2 x 2 x 3 metres and
the average weight a little under 30 tons. The conerete mix consisted of '
0,558 M3 sand, 0,630 M3 coarse gravel, 0,213 M3 fine gravel and 300 Kgs. of
cement for every metre cube of finished, vibrated concrete, A 450 litre
conerete mixer supplied the concrete for 6 blocks per 9 hour working day,
the handling of the concrete being taken care of by a three ton travelling
electric derrick with special tipping skip.

- Sand and gravel were supplied to the blockyard by & washing and
screening plant erected near the quarry and having an estimated capacity of
- 200 M3 per working day. The plant, as supplied, provided for omne silo
each for sand and gravel; the remaining grade of gravel and the rejects
being stocked around the plant, With the object of reducing handling
costs a third timber silo was constructed for the. second grade of gravel,
the rejects being led to & stone breaker erected over the sand and gravel
pit, discharging the broken stone directly into the pit from where it was
again raised by the bucket conveyor together with the sand and gravel to
the screening grids,

Sand and aggregate were transported from the washing and screen-
ing plant to the blockyard, over the intervening 2000 metres, in five 30 ton '
rlq,t top railway wagons converted into silo wagons with & slanting bottom

and sliding doorl. The wagons were partitioned into three cells whose
capacities were proportional to the grades of sand and gravel in use, thou
wagons being brought by rail under the silos and filled before boing

despatched to the blockyard,
¥ A Decauville railway line running from the washing and acrun:lng
plant to the beach carried the sand and gravel loaded into the wagon skips
by & half yard dragline operating on the beach,  The skips unloaded
directly into the conveyor pit, were pushed beyond, picked up by & locomotive
operating over & loop and hauled back for refilling at 'the beach,
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The Crest Wall. The crest wall was originally designed as a conecrete
foundation one metre thick and eight metres wide laid on the levelled main
breakwater at 1.25 metres above normal sea level, capped by a conecrete wall
geven metres wide, 1.50 metres thick on the harbour side and 3,25 metres
thiek on the weather side. ‘hen it was realised that the construction of
the crest wall would be carried on at the same time as the making of the quay
wall bloecks and that the output of the washing and sereening plant would not
adequately supply both these works with sand and gravel, 1t was declded to
revise the design of the upper crest wall sltering the construction from
conerete to rubble masonry in ecement mortar of a 300 Kge. cement per M3 sand
mix and a dressed face.(fig. )e The conerete foundation course consist-
ed of & concrete mix of 275 Kge cement per M3 agregate and sand, 30 per oént
per volume of stone being included in the conerete., Work on the crest wall
was begun towards the end of November 1962, Plain joints were formed 2t
approximately 15 metres interval.

Cconstruction of the crest wall was begun at the near end of
the roundhead and proceaded baeckwards towards the root of the broeakwater,
frequent levelling having shown that, with the exeeption of the roundhead,
the remaining portion of the breakwater had ceased to settle. Stone, sand,
gravel and cement were fed to the crest wall construction area by the 15 ton
derrick moving backwards towards the root of the breakvater as the work
progressed in that direction. Stone was supplied from the quu-ry in skips,
by rail, to the derrick. to be unloaded at suitsble points for manipulation
by she—eonercto-mixing-ging—os the masons. Sand,gravel and cement were also
supplied in skips, by rail, fm»ém the washing and secreening plant and the |
store to a&.400 litre concmtt'g{-"rnixer located on the land side of the derrick,
the mixed concrete and mortssr being fed to the foundation course and the
masonry upper works respectively by the derrick, in suitable skips.

In ﬂdit;({ol to this work the derrick handgled the dismantel-
ed ralls, sleepers and tAmber baulks as 1t moved backwards and the breakwater
surface was levelled pyeparatory to receiving the concrete foundation course.
A barge fitted with s/ belt conveyor and carrying utona,' gr&fel, sand and
cement stood bye to/supply,when needed, this material at pointe which had
remained beyond ti/e reach of the derriok.(fig. )e

r”IApprO‘oiablo settlement no longer occurring at the roundhead

the crest wal. ’;oumution and masonry upper works were constructed, material

f One hundred ton bollards, anchored to reinforced concrete
sections 5-’mot:i4'pa long. as measured along the axis of the crest wall, and
consisting of thie entire oross section of the wall and foundation (fig. )
were introduced glt 100 metre intervals along the breakwater and rings were
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fixed at sultable pb:lntl 111 between. these. Concpete and mom'y steps and
iron ladders leading from sea level to the top of the mat”ml, as well as
a small reinforced concrete lighthouse &t. the roundhead were also constructed. .

In order to keep the main'braaksakar artificial blocks clear of the
swinging ballast box of the 15 ton dorriak dnring construgtion of the break-
water, the nearest row of blo| to be located spproximately four metres
‘away from the weather side o ths crest wakll. It was decided to £111 this
gap with K2 and X3 natural bl cks ppprnximtoly 16 000 tcbhn of rock being
required for this work. The 151 ton derrick not being avaﬂ.lable a ten ton
crane was assembled on cne or‘ IP timber platforms p:ucqa on the level portion
of the crest wall. The platifoms served the double purposc of raising the
ypinging back of the crane, ?ﬂm‘ allowing & complete tum to be made, and also
of preventing damage to the masonry on which 1t rested. | The crane progressed .
. by eravling onto the seoomlf latform and by paleing botoro it the platform

off which 1t had orawled. 1 k was supplied to the crane by barge and in
12 ton skips, the orane rﬁ& ng individusl blocks out of the skips and plu!ng
them in position.(fig. /)’. \ e

Dred o . \

A steam bucket dradg r equipped with 1 yds cﬁpécitﬁ buckets together
with two 500 ton self' priopelle \\dohol barga: arrived mt the uita on October -
2lst 1951.and was put tol work qt\the Southern end of tha quay wall lccation
preparatory to opening up the ﬂoundation charmel in.a Horthoz-ly direction.

The main breakwater had /fat th reached a 1ongt.h of'! 650 matras affording
suffieient protection for dred né perations. . / :

A

" In order to avoid si ting f the quay wallLfonndation trench, it
was thought advisable to first/\dredge\ a trench 75 metres wide at a depth of
ten metres below normal mter‘l&vel. d¢ located tlohg the cenr;ro line of
. the quay wall roundation, wi h:ln}m:lo e roundat:lon trench prover, 15 metres
average theoretical width ajd 1.50 métrek depth, uouid be dredged, The
\werage depth of water at this point bel : tqb mntrea and assuming the slope
‘ the trench sides, where bxcavated, té b » one én dhroo,l the quantity of
erial tobe dredged rn&ftha total 400 mekre 1-ngth of the quay wall was
wated to be of the ¢ qr of 320 0G0 il\la. \Lwork .In thia rutrioted area
omperatively slow, the main trénth (and leter ﬁ?a foundation trench
tion having beer cmplotod by mreirbor 1952 | The quantity of mtoriﬁl
vd by this dlw wag 582 000 ﬁs, far in aml’* of the estimated
¥3. . This wajs due to the moveme \cr sil.t;t;nmda the trench from
w mouth m#ultinh in a slope \uu aﬂpop than the' oatimtod
: \B. 4 2
‘nngg r the main hn-bour to \1 .Zﬁ or}\ton mtru within the '

.f

(£lge ¢ )» as well as the e to tha amll crafts harbour
g tres, continued until /| d
}nh o af llnd._mnl_mh




Extension of Secondary Breakwater.

When loading operations of bottom opening hopper barges intended for the
main and lee breakwaters had cessed, the 15 ton self propelled derrick
stationed at the secondary breakwater was moved forward, in the direction
‘of the roundnead, and the breakwater extended by dumping rock in the ordin-
ary way with skips, the roek being supplied by rail, Additional rails
wore added to the derriek and rallwey track comsistent with the progress
of the derrick, Since the entire length of this work would at all times
remain under the protection of the main breakwater the outer protective
layer consisted of K2,K3 and occasional K4 rock, all these grades being
within the capsoity of the 15 ton derrick. No artificisl blocks were used.
Seetions of this breakwater are shown in figure « A small steel
trestle lighthouse fixed onto a conerete hase was constructed on the

roundhead of this breakwater.

Dumping of rock at the lee breakwster was begun in May 19562. 0O.h, and K1
rock was first dumped by bottom opening hopper barge along the location
of this breakmtsr followed by dumping by crawler crane and 12 ton skips.
(r:lg. - )e A branch railway line, taken from the mein line at the '
‘appropriate point, the track being oontinued along the centreéline of this
breakwater as the 15 ton crawler orane, a converted 2 yd. excavetor
removed from the quarry, worked its way over the rock fill, supplied the
With the exception of the upper horizontal laysr of bigger
rock (fige ) the. breakwater section was completed on the way out, the
- final upper layer of rock balnp placed in position &3 the ralls were disman-
teled and the crawler orane travelled backwards towards the root of the
breakwater. Because norﬂuﬂ;y storms were seen to cause small settlements
at the roundhead & mumber of q.rtiﬁ.eial 30 toP ‘blocks were laid around
this point with the aid of %he floating orane, A small steel treatle
‘1ighthouse, similar to m;;; provided at the secondary brelkwatax-, was
constructed on the roundhead.

The Quey Wall, = §

The total length of the hatn quay wall is 400 qsu-u. a t;-po embodying
the nllco work pr:lnn:lp]/ with llrgo unbonded bdocks forming the whole
.depth of the wall sect/! hlril:ng been pnrmad‘. A 14 metre long

. meucleus, consisting /pr bloch laid horizontall; s ‘was formed at the
Southern end while Northern end was joimd ‘the breakwater by means
of an suxiliary wall/3C metres long and rur - parallel to the brukw:tor-- :
Borings driven to & depth of 20 mn-u below ator level, alon.g the line
of the wall, htv:lng :llcluld thl oﬁittm ° dtomt- layers of fine
and coarse sand and |
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metyes wide and 1,50 metres thick. Levels as related to normal sea level

are:
Bottom of rock foundation = 11,50 mtrel
Top of rock foundation = 10,00
Top pf blocks + 050 "
Top of quay wall + 1,50 "
Fige. shows that the wall section consists of seven blocks

1,560 metres high and that the thickness of each slice 1s also 1.50 metres,
The composition of the blocks was the same as for the main breakwater
blocks: 0,840 metres cube gravel, 0,560 metres oube sand and 300 Kg, cemen{
per metre cube of finished vibrated concrete, 0,25 metres cube by volume
of rock being incorporated in each metre cube of finished block.

An exception to this rule occurred where steel reinforcement was introduce
into the blocks to care for tensile stresses which the conerete ateme was
not judged capable of withstanding alone, No stone was placed near these
Areas. A reinforced eeping concrete coping, one metre thick, designed as
& beam to withstand both verticel and horizontal loads and to which the

76 ton bollards and rings were anchored, rests on the topmost row of
blocks and is fixed to these bPr means of six steel reinforeing rods of 16
mi, diameter per block,

As soon as the blookynrd had been freed of main breakvater
artificial blocks the casting of quay wall bloeks was begun. These were
made within collapsible steel forms & constructed at the workshop on the
site (fig. )y two timber boxes 0435 x 0435 x 0.15 metres, placed
longitudinally 1.50 metres apart, being introduced within the blocks just
8bove their centre of gravity in a vertical and on the centre of gravity
in a longitudinel direction, Taperlng vertical timber pleces introduced
into the boxes during pouring Ior the conerete and removed as soon &
possible after initial set, p ided external contacst w:lth the cavities
formed by the boxes which were| not removed,

A block lifting device donsisting of two steel rods with hammer
heads, passing through the ends| of a 1ifting beam and spaced 1,50 metres
apart, was constructed, The iwmer headed rods when introduced into
the cavities formed in the blocks and rotated through & right angle provid-
ed sufficient bearing area for safely lifting the blocks. The reverse
operation freed the 1ifting deyice which, while providing easy handling
for the block, had the advantsige of simplicity to recommend it.

Among the methods co ;ldu&'xcd for placing tho blocks for the quay
wall with the aid of plant aviai ahale on the site the following may be
mentioned: /

1. Placing a 60 ton erane on the pontoon available at the site and
making use of the cq}nbilnntion as a floating crane, '
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2. Erecting & staging at the head of the quay wall over uhich the
80 ton ecrane would travel while placinmg the first blooks, further
travel takin}g phace on the quay wall :ltsalr.

3e=Building a rnok £111, parallel to the qmm line of the quay wall
and distant 54 metres from it, along which the main breakwater
trannporter,\wh&oh with its boom tuwrned 1nwu°da, would be made to
travel while \laying the blocks. S\

The first method was discarded when it was d:l.snovored , after
investigation, that ﬁ:o available pontoon was not ldequata for the purpose
and that the buildinglof a new pontoon would exceed lq.‘u reasonable time
limits, \ .k '

Method No. 2'was discarded when it was :-eilized |that a staging
built in 11.50 metres depth of water to support a 120 hﬁon moving load
would be neither an economical struafture nor one easily and quickly erected.
The width of the quay wall, moreover, would hardly accomodate the heavy
erane, '11 ‘

Method No. 3 was ldoptnﬂ as being the one most likely to give
satisfactory results. The total quantity of rock nee d'i‘or the transporter
fill was about 30 000 tons, stability investigations fT' 'hhe £111 showing

a safety factor of : .a. [ PfL,

Followingl the comletion of the transporter }iill s built parallel
to the quay wall, the transporten boPm was turned! iuwlmds, facing Last,
and the transporter run onto the Ifill without incidant. turning of
the transporter was accomplished |by rurning 1t baek nnd. fort‘h on an 80 metre
length of track while curving a rai;ls in the desired *d';lrect lon before
oeach run. A period of 15 days/had ox-iginally been’ al].!oted fc\r this operat- |
ion, which was actually carried out in half this ﬁm, /the mov:\ng of the
track having been greatly speeded up by \the aid of a tﬁactor. _ Independent
two rail tracks were used nai;l. d onto Qalf sleepera 125 em, lﬁng\ and spaced
50 em, ®art. In order to f@oilitateflevalling and shifting of \the tracks
a layer of sand was first app{:uied to -tl?.e already consolidated fil. \ at the
root of the main breakwater ;uhem the otaorai;.ton took place. it n\o time .
was there any undue acttlerudnj under thq sleepers the track having \\Proved
adequate for the purpose. / Th ume m ‘of track 1471113 m adop\tod for

the transporter fill, J, / \ / \ R

i
Wwhen the g ml]q roundagiian trench had A dredged O.A. and j
small X1 rock was d d into' ,‘lt by bottom opening HOPPGI* barge the barge .
position being determi;nod by l!i@ting off the shore 1n two directions
following the instructions of @}__divqr. }iinll 1ave-_- pr the\ foundlation. ;
using ballast as packing material, w;a T as rollqﬂl:& A rm 10 ‘metres
fou

long and 5 metres wide, consis ing lengtht “of ra:u%a welded tpgsther
at the oomerl, was lowerod onto tho o ntion, ‘the dh-oiet.ton and p litiog;.'-
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of the frame being fixed by lowering plumb lines gulded by a theodollte
operating from the nearby shore, A staff, consisting of a pipe 11
metres long and with a graduated scale fixed to its upper end, was then
lowvered on to the four corners and intermediate points of the frame
while divers ﬁnokod the underside of the frame with stone to the
required level, following the instructions of the operator of a level
on the shore., Stone was then lowered in small skips by a four ton
crane operating from a pontoon until & roughly level surface had been
obtained, The whole operation was then repeated with greater accuracy
the irregularities on the surface of the foundation now belng filled

in with ballast. A plece of tubing was then run aiong the top of the
frame and intermediate points were levelled by adding or removing
ballast according to requirements. The rail frame was then removed
and replaced for levelling the next ten metre section.

As soon &s an apprecilable length of the foundation had been
levelled block laying was begun at the Southern end of the quay wall,
The block laying system employed avoids all bonding between vertical,
»ews or nearly vertical, rows of blocks thus allowing each row or
slice to settle at will, should local weaknesses be-ﬁresent at
foundation level, without affecting adjacent rows., This effect 1s
best obtained with rows inclined to the vertical in the direction of
the length of the wall, an angle of sbout 26 degrees with the vertical
having in this case been assumed, The buttress of blocks formed at
the extreme Southern end against which the first, and subsequent
inclined slices rested, had necessarily to be bullt of special
horizontelly laid and bonded blocks.(fig. )e

' It was thought to be of the greatest importance to lay the
first block as accurately as possible in position. For this purpose
a temporary tower ten metres high, built of light section steel angles,
was constructed in such & way that when the base of the tower, fitted
with cleats, was applied to the four corners of the horizontally laid
block the four side members of the top of the tower would lie exactly
abov¢ and parallel to the sides of the block. 'The arrangement was
first tested on land, the necessary adjustments being made before the
block and tower were lowered ontq the quay wall foundation, The block
lifting tackle fraoly passing t J]ougfh the tower it was possible to
1ift end move the block and towgi.lt will until the i ‘ ad jus tment
had been mades The tower was removed and all the horizontally
laid blocks forming the founda¥ibn course of the preliminary bonded
section, consﬂating of 61 apecial blocks, were placed in position.

s
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Subsequent courses were laid in a North-South direction, the blocks
forming the Northern sloping face being placed with care and accuracy,
thus providing an even bédding for the first row of unbonded inelined
blocks. ,/

A cartafn:amount of settlement in the rock foundation
a short time after the laying of the blocks was anticipated, this
settlement actually ﬁhver exceeding 0.15 metres., A4 one per cent
backward slope was also stipulated to make allowance for any forward
movement after the fill had been placed. It was found, however, that
the fact that the céntre of gravity of the wall lay well back of the
centre line was responsible for & one per cent settlement slope,
this movement taking place within a few days of the laying of the
blocks. As 1t was not anticipated that the thrust of the stone f1ll
placed behind the wall would in any way affect its stability, it
wes decided to continue laying the blocks vertically on a horizontal
foundation. Lvents Jjustified this method of ppoceedure.

Blocks lying on the blockyard runway were loaded onto
40 ton wagons by means,ﬁf;tha gantry crane or 60 ton crawler crane,
were brought by rail, along the transporter fill, to the transporter
and picked up for laying in the quay wall, Thege blocks, the
heaviest of which weighed 25 tons, were palced in position with the
ald of the 40 ton transporter with ease and acecuracy, the system of
lifting with hammar headed bolts, the heads bearing just above the
centre of gravity of 'the block greatly contributing towards ease
of handling. 7l 1

Thra;'éots of diver's equipment, the suits fitted
with telephones, waro ‘available at the site, only one of the two
divers employed oparqwing at blﬁck placing at any one time.

rach 1ndapondent lice consisting of seven blocks,
the top of the  topmost block repching 0.50 metres above normal water
level, was qonatrucked independently the position of each topmost block
being checked for aiignmont, ary smell inaccuracies present being
eorrected 1ﬁ the next row, '

As soon as an apéxeciable length of quay wall had thus
been constructed thB wall was 1 aded with twe rows of blocks placed
longitudinally and“onb blo9k ?1 ced transversely, these blocks being
allowed to remaig.inlpOﬁit;an{_ ually 15 days, until all settlement
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had caaseﬂ. After loading and final settlement had taken place 1t
was found that the greatest dirrennoe in 13701 ‘and spacing between
any two rows of blocks » OF ‘g,stweon l.n:y two mmunu individual
blocks, was 5 and. € centimtros reapectively. B iR _, AL

It has already been mentioned thnt the Northern end o:t‘ the
quay wall wu finished off by edding & 30 metre lenghtf of wall running

parallel to t'.ha breakwater in an Easterly direction and 25 metres distant

from it. This additiomal quay wall bai.ng intended t? accomodate tugs
and small craft, it was decided to construct this wall on a stone fill
raised to the 7 metre bo].ow normel water level. 'Ihd\ stone fill was
dumped by bottom opening hopper barge the sm mtpqd of foundation
leva].ling as for the main qug' uall ba:lng adopt:od..' Both ends of this
wall being vertical a bondwﬁﬁpriaontany 1814 block construction
system was adopted the bloqht.h,g;ng 1.1;‘! ll«‘iorbra with the aid of the

,,,,

trmaportErl e I' 2 Y “ &-“1. _f

Over the tOpmonft row or blooka uas lpplied a layer of plain
conerete intended ta level ofr ‘the small depmas\iona existing between
blocks preparatory to nppiyinh the reinforood omncrate oping beam
a part plan and section of ﬁ-ﬂh is ahmm.in ﬁ‘g 3 -.'".'( Reinforced,
as shown, with 26 wm. diameter 1ongitudina17§tedl rods &nd 10 mm.
diameter stirrups, ihiil reinforcement was ;ﬁaingﬁined throughout,
variations in pll.o.lng being +Iobted at po:l.ntt 'arhere electrical plug
boxes, water vanes and l‘bﬁpl were mtroduaod wlthm the beams The
same beam section yaa maintai;ne‘d over the auxﬂ;l.iary \quay well but with
lighter reinrorcemntq \zx.xpaﬂsiﬁn joints were at 50'metre’ intervals.

wwnm* the' coping beam &nd mming “the mhd\le lenght of 1it,
atier pipe} an elegtrica 1 power cable and
Introduded, whna (fig.” + )atu(a), (b) and
(c) were placed d&-ainngo ducks, electrical plug boxes and water vanes
respectively, 76 ton b lnnd*_ bea rings b?ing anohpred into the
beam at (d) and (e). Bte's le d.'.l.ng dowm F.o;na level were also

Ty Fenders co 1‘ t;d of % lltod aakf rrmos 'l €60 by 1.40 metres
external diment:lom » individusl, ' a c:losa section of

25 by 20 cent:l.matres s the ‘ mchored 3 metres
apart (fig. ) to &b aj.r & an\n.l 26 M.
diameter gaivaninod bolts. : Ov _ theu rrms werc* na!\.led\vortioal
timbers, 15 by 20 cen,f metres in/section and 1,40 metros long.

! \‘\
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A £131 miwhg of Oehe and n ronk. one metre widn at
%mt block level and hw!ng a wekm L m w 131, was

blocks and Frwcnthig tl:a graduaa. mh:lng M nr '&0 f‘imrr grained fill
with consequent subsidenee behind hhe qaay wail. Thin rock £111 was
brought to the trensporter in 12 ton |skips by mi;?. and tipped by 1t

in positihn when block mmxiag vas not in pr"""'j‘_ 58,

Located azong the southm - _'-,*.inf the| harbour basin (fig. ) and
Joining the end of the quay m w t{sa; poot of the secondary break-
water a pock wall of appropniate n end consisting

and KP roek (!‘15.

o 1 ~and ‘ghe construction
’ nt or tzu at & thme
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. s8fcal conditions. The sewer was made to run along the building
tage, with outflow at the root of the main breakwater, having at all
soints & gradient of 1:1000« A section was provided sufficiently blg to
allow for direct cleaning and ample provision was made for storm water
overflow, two auxiliary outlets allowing excess water to flow directly into
the harbour, at the Southern end of the quay wall, in exceptionsl circumst-

ances. Constructed of two masonry wells on a shaped concrete base (fig. )
with a morter rendéring on the inside and a reinforced conerete removable slab

cover, this gewer should prove adequate for all purposes until the time
comes for & new sewérage system to be installed.

guildings, roads, pavements and harbour installations forming
part of a separate praoject to be realized 2ater 2t a later date no mention
of these is here possible,

The harbour has heen in full use for the last two years,

No unusuel swell is noticable within the main harbour in splte of the rather
wide harbour mouth, ships entering and leaving the harbour and mooring alocng-

slde the gﬁpy wall in all weather conditions.
>“finll acceptance formalities were completed in June 1955.

XN /

William R. Cramer

| \ 1957
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