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THE MANUMERIKIA ROCK TILL DAM.

By J. T. GiLxisox, B
(Associate Member).

The dam was constructed by the Public Warks Department
to caonserve the water in the Manuherikia River for the Omakau
Irrigation Scheme (see Mr. Hulse's paper, Proc. N.Z.Soc.C.E.,
1935-30, p- 333), and to augment the supply to the Lower
Manuherikia Scheme at Chatto Creek, ‘“The deficiency in the
river flows during the irrigation season varied from mnil to an
average maximuim-of 2,700 dayheads and with a peak efficiency
of 3,800 dayheads. The dam is built to spillway level 1,840 and
has a storage of 4,200 dayheads, covering 315 acres 1o an average
depth of 26 feet. -

The location of the site was fairly definitely fixed to the one
position where the river after flowing across come eight miles of
gravel flat cuts through a gorge ln the Home Hills before reach-
ing the open Manuherikia Valley.

This gorge sarks the junction of the schist downstream and
the greywacke upstream. The farther from this junction of the

two rocks the better the quality of the greywacke, and the
- contours of the country being suitable, the dam was located at

the upstream cnd of the gorge.

The rock s intermediate between a hard blue greywacke
and the crushed and shattered rock in the vicinity of the jurction
with the schist. It is extensively fissured, but the individual
blocks of rock between fissures are sound. Fault lines with a
strike approximaiely east and west, and a dip from the vertical
of 15 degrecs towards north intersect the country at approxi-
mately 15 fect centres. These vary in thickuess from L ch to
an average maximum of 4 inches. One, however, encountered in
the diversion tunnel excavation was 4 feet wide. These faults
are all filled with a dark blue pug of crushed rock. This 1s water-
tight and presented no difficulty other than preventing it {rom
being blown out under water pressure. -

These rock conditions are consistent with those 10 be
expected of the greywacke in the vicinity of its junction with
schist.

Cloice of Type of Dam:
V. cious factors governed the choice of the type of dam 10
be built, and in the order of their importance they are:—
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1)} Type of foundation.

2) Iase of future heightening.
3) Prevailing labour conditions.
4) Rare of crection.

(
(
(
(

(1) It was considered that, in spite of the poor class of

rock it was possible to build. an arch dam on the site. The
necessary water-tightness had 1o be obtained with the cut-off
wall whatever type of dam was adopted, and there is no doubt
that the rock in the foundations and abutments would have had
an ample factor of safety against crushing. It can be seen,
however, from the brief geological description of the country
given above, that the site s nol w0 desirable one for g rigid
concrete dam, and tiking into comsideraion the other factors,
the balance was in favour of the rock-il type.

(2) At some future date a possible exteusion of the
Manuherikia Scheme could bring wnder irrigation a further
14,000 acres. This would mean heightening the dam 50 feet to
conscrve the necessary water.

CAn arch dam is ditficalt to heighten unless the increased
thickness due to the extra height is alrcady in place.  In this
case 1t would mean spending extra inoncy on thickening a struc-
ture on the chance that it would have to be heightened some
time in the future. On the other hand the rock-till type of
dam can be raised at any tine with peciect safety by the simple
process of widening and raising the bauk, providing the slabs
have Leen buile for this increased height,

{3) When these facts were under consideration in 19371, the
immediate object of the scheme was (o provide work to absorb
unemployed labour.  The expenditure on labour, engaged ou the
works, for a concrete dam would have been approximately 40%
of the total expenditure.  Tor the rock-Nill dams it was estunated
to be 66% and actually proved to Le ¢6%.

(4) The annual amotnts made available neeessitated a 4-
year programme ol building.  This would have been too long a
period for the building of a concrete dam under an economical
system of working, \With the rock-{ill type, however, it was
possible to work ou single shift a portion of the time, spreading
the coustruction period over the requived 4 years.

Alter consideration of all the factors mentioned, the decision
was made to construct the rock-ill type of dam, but it {s pointed
out that except where conditions are governedl by factors as
detailed, this type canuot be considered as an ceonomical com-
petitor of the concrete arch. o
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General Detail of Damn:

The crest length at level 1853.54 is gro feet; maximum
height at creek bed 110 feet; top width 14ft. 4in. ; downstream
batter 1} to 1; upstream batter 1} to 1 down to tevel 1770 and
14 to 1 below this level; the maximum width in the base is
approximately 320 feet.
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The bank is composed of quarricd stone, made water-tight
on the upstream face by concrete slabs. To provide these con-
crete slabs with a semi-rigid bearing, a layer of packed stonc
is built against the bank with a further layer of rock mortar
against this packed stone.

Talen as a whole the dam has a large margin of safety
against sliding, but with a compressible rock-fill the shear stress
is greatest at the upsiream toc and diminishes to zero at the
dgwnstream toe. :

The horizontal load at the upstream toe tends to compress
the rock-fll in a horizontal direction with conscquent shearing
stresses in the water-tight face at the cut-off wall, It is to
reduce this effect that the A slabs are built to a fHatter batter
and the rock in mortar thickened out to make a rigid prism at
the toe.

Some movement of the face must take place due 1o settle-
ment and compression of the rock-fll. To allow for this the

slabs are built in 44 fcet squares with flexible copper water-
stops at all joiuts. Along the lines of maximum relative move-
ment, viz., along the top of the A slab and along the juncture
of the remainder of the slabs  with the cut-off wall, special
provision is made to prevent (his movement damaging the waters
tightness of the structure. :
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This is done by providing narrow heavily reinforced hinge
blocks built along these hnes with rin. dinmeter reinforcig rods
At 15in. centres projectng into the coucrete vn cither side of
them. (See I'ig. 5). |

During  construction, the river wis diverted through a
runnel,  On completion of the works this tuanel was blocked
with a concrete plug, and water 15 now discharged down the river
bed by manipulanion of valves set m this plug.

The spillway crest is at level 1840, giving a frecboard of
13.54 feet. The spillway is ol the circular shaft type dis-
charging into the downstream leg of the diversion tunnel

General Method of Construction:

An carly beginning was made o excavating the diversion
wmnel,  During its  cobstruction, work  outside was done on
stripping the dam arca and quarrying and placing rock to the
edge of the river. '

When the river was diverted into the tunnel .a 3-foot
reinforced concrete pipe was concreted inoa trench excavated
in the bottom of the old river-bed.
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Work then procecded on completing the rock plant, cut-oft
wall, concrete slabs, cle. ‘

“The excavation of the Fast QOuarry was carvied out with
the Jual purpose of providing cocls Tor thee Dank and providing
a site for the spillwiy with soitable dearanee outside it for
waterway. '

As soon as this arca was excuvated, the spillway shaft,

connecting into the diversion tunnel was completed.
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, The above operations were completed in time to take
. advantage «of the low-flow period, and the river was diverted
through the 3-foot construction pipe under the dam, '

The trash racks, concrete plug, valves, cte,, were installed
in the tunnel and the river again diverted into the tunnel this
time through the valves.

The final operation consisted of sealing the upstream end
of the construction pipe. :

Stripping the Dam Area:

This work was done by hand labour. Suitable stones and
spalls were stagked within the dam area on previously cleared
ground. The balance was carted outside the dam area and
dumped.” One-cubic yards trucks on light service track were
used on the sides of the valley and drays in the bottom.

The material encountered was mostly silty sands and gravels
up to 12 feet deep on the floor of the valley.

The upstream half of the area was thoroughly cleaned
down to bed rock, but on the downstream half not so much care
was taken and pockets of material were not excavated below
the general rock surface. ‘These pockets of material were
considered to be sufficiently stable under compression and in no
danger of being washed out by a strcam of water leaking in
from the face.

The costs for 23,095 cubic yards stripping were:i—

Labour . e worie aann 2/11.5
Horse-hire o v e C e : 8.5
Explosives . e e 0.4
StOTes e e e o 2.5
Tool Sharps .. e R 1.2
Plant Charges .. e 0.1

4/0.2

Construction Pipe:

The pipe was set in concrete in a trench excavated in solid
rock. A minimum of 12 inches of concrete was placed around
the pipe but where the rock was low extia haunching concrete
was added. The pipe is 320 feet long and the average grade
is 2 per 100. With the available head the capacity of the pipe
was 160 cusecs.
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Costs for 766 cubic yards trenclt excavation were -

s, .
Labour e e 6 0
Explosives . D o 2
Stores e e SRR r o1
Sharps e e e o 7
Plant Charge .o e o 2 11

Costs for 320 feet of 3Gin. reinforciny conurete pipe laid
in concrete were:—

5. d
Txcavation as above .. e 25 o per ft
- Pipe ... e 0§
Concrete .. a7 1

Concrete Cut-off Wall:

This wall serves as a footing for the slabs, and extends
vertically downwards into the rock for walcr-tightuess,  This
water-tightness could be obtnined with o wall 21t thick, but it
would require considerable reinfovcing Lo withetaud ihe heavy
shear forces. Maoreover, in the type of rock cncountered it 18
pmcmaﬁ) impossible 1o (’\i a,di:c auch o nacrow trench. By
the time the necessary depth wis ubt ained, in some places up
to 20 feet, dithcully was c.hp< pienced o lmnting the w uhh of the
excavation near the top to the regqubed 5 feet.

The cdge of rock on the downstream side of the excavation
is chamfered off at an angle of 30 degrees Lo the horizontal to
widen out the upper portion of the wall 1o 8 Tecr.  This obviates
a sharp re-entrant angle i the conuruie whilst widening out the
section where maximum shearing wcnon Lukes place.

The use of explosives was lmite d: the escavation being
done with paving breakers.  “Lhe spoil was loaded into tubs

and removed by light movable pby cranes aper ated by air winches.
Where practicable, the sound rock wns dwuped into the dam

i1l The trencly was excavated along the e of the ntersection
of the under side ol the slib, ;:m} die rock suvlace, [t was
tocated with as long straighls as possibile, and endeavour to make

angles coincide with slab joints.

B
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i . FA P "r‘ N . ’..' e .
lh(: costs tov 2, J Lubi( ym!s excavation werci-—

s. d

Labour i e e g 2

' Fxplosives e G g
Stores .. S 2 5
Tool Sharps ... e e 1 11
Plant Charues e e 5 7

.
The cub-off wall was conereiad D1 sections 13 to 24 feet
lonfr Construction joimts  had  shear blocks and were made
rater-tight with L(Jmfu stripe. The conurete was trucked to the
Lut—(;fx. wall on track laid o puees o rocls placed n mortar.
These piers were iaic'a‘ incorpovated o the rock 1 mortar
secfion.
The design smum af the umr rete was 3,000 ths, and 56
blocks tested at 28 days averagued 8o Ibs, with a ma:\unum
divergence of ‘_plu:; aud minus 2197 '

Costs for 2,00y cubic yards ol cunvrete placed were —

5. d.

Labour-—Doxing - SO 3 8
I Conerele e 37

i Copper e e 07
Srores—Doxing e e e 1011
. Copper e 2 0
Aisceltaneous 2 2

Cement N 20 9
Aggregate e e 5 &
\Vatc ........ ST o b
Chutes and Tricks e 10
Plant (_imr;:u» ...... e 203
53 1

Grouting Cut-off Wal:

I the bottum ol the trench, prior o concreting, 10 1t holes
were dritted at 2 fto centres up o tovel 1rpo [ and at 4 tt.
centres Trom that Tevel o ihe crest One-inel diameter water
pipes were st inlo th Loles 18 toviies sud sealed ncpdace. The
cut-off wall concrete was then priced Teaving the top ends of
the pipes projecting  ahove (e sursac, Grouting was com-
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menced some weeks after concreting, using cement mixed with
twice its volume of water.

Aining Drum.
witt mMeehanical
/}yr'lm‘or

i lead fo I i
A;fyif‘gio,{:, i |

ﬁ a7 f{oz'

Air lead ;%I:/rifa \

lig a,

a7 LNl Ao -

LAYOUT FOR GROUTING, Prossove

7 Gavge

2 Delivery
CpopaF Valve

The grout was pumped into the holes by a 6in. x 3if. X 71,
Cameron air pump. On the discharge side a relief valve was
provided with over-flow back to the suction tank. This served
the purposc of regulating the pressure on the grout pipe and
also lrept the grout circulating when only a small amount or none
at all was being taken by the grout hole. The holes were
pumped to refusal at 200 Ibs presstre.

The W/C. ratio of 2.0 entioned above was increased to
3.0 later in the work and it is now considered desirable in this
tight, but extensively ¢ractured rock to commence with a water
coment ratio of 5.0. This very watery mixture will penetrate
where a thicker creamy grout will only block the hole. Once
in place the gradually increasing pressure GXpresses the water
out of the grout.. If the hole takes much grout it 15 a matter
of judgment if, and when to reduce the water content.

Deducting the quantity to fill ‘holes, 196 holes grouted took
222 bags of cement—an average of 1.13 bags per hole. The 5
worst holes took 87 bags, and the 13 worst holes took 136
bags. '

= il W
Overflow

% ! i From reief
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Approximately 10% of the holes when grouted, showed
direct contmunication with adjoining hole or holes. When this
arose, wafer was pumped out of the adjoining pipe and later
grout. When the grout was coming at normal consistency the
Lole was plugged and pumping continued until the hole in
question was cealed. The plugged hole was then washed out
with a water jet and grouting of it continued. ‘

By drawing up 2}in. water pipes through the cut-off wall
concrete as it was placed, 3-inch holes were cored out at 4 ft.
centres. ' | ‘

[Holes were put down through these 3-inch core holes some
40 ft. into the rock. In sound rock fast drilling was done but in
the fractured rock considerable difficulty was experienced. After
passing through a fractured section, pieces of rock would fall
‘h at the back of the bit and prevent 1ts removal. These pieces
were too big to be Aushed out with the cuttings and had to be
blown out with an air and water jet after removing the steel.

In several cases the holes had to be abandoned because of
lost steel through the above cause.

The only satisfactory method of combating these difficultics
was to drill until broken rock was encountered, and then grout
the hole and continue drilling through the grouted broken rock.

All this proved expensive; approximately 14/- per poot of
hole drilled, and with 300 fect of hole drilled and grouted in
different types of rock ‘4 the bottom of the dam, 1o evidence
was found that it was necessary for the stability of the structure
o continue this work, and it was finally abandoned.

The nature of the rock 18 such that it is very difficult to
stop percolating watet. The pug seams of extensively crushed
rock along the faces of major rock movements Werc dealt with
by making the cut-off wall decp enough to prevent any blow-
out of the fines in the scam. The remainder of the rock 18
uniformly and extensively fractured, but with the cut-off wall
up to zo feet deep in bad places plus a further 10 feet of grout-
ing, very little leakage can occur.

The only actual cavity of any size exposed at any time in
the rock was a hole 481, x 12i0. X Gin. found in the diversion
sunnel excavation. 1t was more than hali-filled with a hard
chalky material deposited by percolating water. Similarly seams
up to } inch wide were occasionally found completely blocked
by the same deposit. This deposit was analysed and proved to
be g2% carbonate of lime and residue mainly hiydrous silicate
of aluminium. : |
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Drilling costs of 1o feet groul holes for 1,060 ft. drilled
were :—

5. d.
Labour e e e R 0 10
SHOres o e . e : I3
Tool Sharps and Repairs a5
Plant Charges e oo r 3

These costs are high for the same redsoll (hat the deep
drilling was expensive. They were down holes andd a lot ot

trouble was experienced in withdrawing steel.

Cost of grouting per hole for 196 holes were
s. d.
Labour e 5 2
Cement e 8 0
Piping e 4 8
- Stores—AMiscellaneous i O
Water e R e O 10

Plant Charges - P 16 3
36 11
This is approximately £33 per cubic yard of grout 1
place.

Leakage:

Several chains below the dam a harid bar of rock, just above
the site of the old [alls, was made Lalo o station for measuring
the leakage.  Unflorwiuntely, s hrddudes  the run-off from
several acres of land. "Uhe best cocalt obtained with a full dam
is z2/3 gallons per sccand bur it s kuown fhad this includes
drainage water apart fromy (he lealkare, wud it s estiimated that
the tolal leakage from the dam s o the weighbourhood of 3
gallon pur secot 1.

This result for sone 32‘%‘,1.30;_') sgunne (ot of conerete slabs
with their 3,300 fuct o1 Hesible pouiting, aud (20 Linear feet of
cut-off wall is considered very satisinciory, eapecially in view of
the class of country enconwtered, Al i is clear that the expendi-
ture on grouting is commpletely justitiod,

Placing the Fill-Rock:
To construct a bauk of maxinune dersity it is desirable to
place the fill layers, This could uo Le closely adopted because
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of (1) the location of suitable stone for quarrying: (2) the
necessity for keeping the river channel clear until the diversion
tunnel was completed; (3) the necessity for excavating a spill-
‘way site in conjunction with the east quarry operations.

v der Joificment ye \\

A Aok shached bom Stry
& roch qorted i Frovry
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B Rock corted 11 by dops
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- However, as can be seen in Figure 4, certain layering was
carried out, and this, in conjunction with the comparatively long
time of construction, has resulted in a stable bank.

Selected stone from the tunnel tip and stone stacked during
stripping operations was used in the construction of Section A.
 The material for Section B came from the north, middle, and
south quarries. Rock for Section C was obtained from the east
quarry, and for Section 1) from the west quarry,

At no time were two tips allowed to run more closely
together than 20 feet. This distance was maintained by hand-
packing the stone in level courses between the tips and thus
preventing any arching across these tips with consequent loss of
density and stability. -

The rock weighed 167 to 171.251b. per cubic foot, and as
tipped from, trucks had an aungle of repose varying between 37
and 39 degrees. .

The top of*the dam was kept downstream approximately 10
feet. This enabled the rock for hand-packing the face to be
conveniently placed by side tipping.

The downstream batter of 14 to 1 being flatter than the
angle of repose of the rock, it was necessary to tip sufficient
rock outside the required finished batter at the top to make up
the deficicncy at the bottom.

The bank was then raked down to the correct batter. A
rake out of 12in. x 8in. hardwood, 6ft. long, with 1in. diameter
steel teeth, was pulled up and down the face with a double
drum air winch. "

8
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Quarrying Rock: ,

The rock for the banlk was obiained mainly from the cast
aud the west quarries. Plhie east quarvy was cxcavated at level
( 840 providing waterway for the apillway. The west quarry foor
level was 1853.54, the crust level of the dam. AUy suttable stonc
available mn the Hoor of the valley wis carted we by drays and

three small quarrivs Were opened up at fower levels than the”

main ones, to enable layering o be carried oul.

The rock in all the QUATTIES WIS Qitticult Lo drill booause of
its fissurcd nature. Liridly were sharprnel with star bits al
wherever possible down Loles  were avoidud because of the
lLability of the drills 1o jam with the cmall fragiments which
fell down the hole. '

T was intended to try some Dio shots, but e hssured nature
of the rock resulted 1w goud shooting and the maximum depth
of hole drilled was fmited to 12 fect N mechanical atds were
used for loading the stone ) very e popping bemy Recessary
to reduce 10 o & suitabile stze Lor hanisd touding.

11 was loaded o 2 cubsic yard trusks which were hauled
oy the tip by hovses. A the hnes e foeked over, notling
sinaller than ab-mch stone g;()itl;:;‘%:s‘a&u Ui, e halance,
33,395 cubie yards 1 all, e duaped. Mo ooering of the tip
was done; it bemng constdered that ‘he cavelul cepoval of all
fnes was all that was Hecessaty o ke u sound and untfoom
hank.

There was, however, d Lepdeney for the Lop of the tip to
show up any hnes Uhat aere ailveriently eluded, 1 is now
considerud butter practice 1o ceduce thie e taken i the removal
of the hnes and expend 1toia coatethay ihe tps T wash down
Lgto the inferstices of the bank Wy fes that may lave been
sncluded,  AlL stones Diroughont the ik would thea be in
close contact and not separated by e s that would sowly crush
ander load and delay foal settement. L would have to be
taken, however, 10 feeeps the cacfusion ol mes within such 1imiis
1o would not enslanger e frew drainng oF atry wikel leaking
past the face. "

Towards the end O thus comstrietion Seime doubt was felt
as to the altimate suthilumatt Gl the dann T hasien thiis on,
Lo cnable the location ai the shabs o be fixcd, a prunp was
mstalled and ¢ mithion pallons of water pripest on o the top of
the hank over ape ciod of g weekes close check of the settle-
ment stiowoed no clutnpe of ride over s poriods

The actual u‘szuLu'i Size of ther banik s 108,000 cubic yards,
and the measured Tous volume ol ook placed i the dam was

175,352, This deticiency of e van I Accountuid for by

a i e e it
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shrinkage in the bank.  The sources of the 175,352 cubic yards
and the respective quantitics of waste, are tabulated below i—

o Rock. Waste.

East and West Quarries ... 132,567 31,254

South Quarry - 18,947° 1,441

North Quarry e e 3,349 333

Mid Quarry .- 2,608 277
Carted in by Drays from :
Floor of Valley 17,626 e

175,157 33,395

s

The east and west guarry costs herewith are based on the
132,567 cubic yards loose mcasure placed in the dam, the actual
quantity handled bemyg greater than this by the 31,254 cubic
yards of waste.

Labour Drilling Holes .. _— Bi1d.
Labour Loading IHoles . e e .13d.
Labour Barring Down . ae e 48d.
Labour Filling Trucks = ... S, 16.13d.
Explosives .. o e 2.18d.
Srores—NMiscellaneous . eee e 1.76d.
Tool Sharps and Repairs ... o . 1.66d.
Lead Labour . o 2.28d.
Lead Stores e e em e 87d.
Horse Hire ..« e s God.
Truck Repairs . o [ . .68d.
Plant Charges e o e e 4224,
e

‘ 2/7.80d.

The south quarry rock was the best quality stone placed in
‘the dam. It was carted in by drays 6 chains—3 chains of which
was up a I in 10 grade The costs herewith are based on the
18,947 cubic yards loose measure placed in the dam—the actual
quantity handled being greater than this by the 1,441 cubic
yards of waste.

c.yd. -
Labour Drilling Holes .. o - 83d.
Labour Loading Holes ... - .16d.
Labour Barring Down e wee e 444.
" Labour Filling Drays . e o 11.51d.

EXPIOSiveS -------------- bend eboose  mesded ) 2.02d~
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Srores——Miscellaneous v e 1.45d.
Tool Sharps and Repairs o o 1834
TIEIVETS e e 3.41d.
Horses and Drays S 5.15d.
Tip Labour - . 1.60d.
Plant Charges o = e e 4.11d.

2/8.51d.

The cost per cubic yard loose measurc in place in the dam
for rock from thc other sources s tabulated below.

Source. Quantity. Unit Cost.
Carted in by Drays from
Floor of Valley 17,620 2/4.48d.
North Quarry e o 3,340 2/7.68d.
Mid Quarty e e 2,608 2/7.944.

A final cost of 2/9.9d. s pased on the settled quantity of
168,000 cubic yards in the dam and includes cost of watering and
raking down the back of the dam to the correct batter, and hand-
packing to keep tips from meeting,

Drilling and shooting figures for the main quarries are
tabulated below i—

west  East South
Quarry. Quarry. Carry.

Feet Drilled per bit sharpened - 1.8 1.9 1.2
Teet Drilled per man hour .. = 5.7 4.8 5.0
Cu. yds. rock in dam per ft. drilled 10.2 9.8 7.9
Cu. yds. rock in dam per Ib. gelignite II1.5 11.0 11.5

Placed Kock:
This layer (sec Iigure 1) varied in thickness from 10 ft.
under the B, slabs to 5 fr. on the top. ‘
No stone large enough to warrant (he use of mechanical
aid in handling was obtained from any of the guarries. The
stone had a conchoidal fracture, and was particularly unsuited
for close packing. The practice adopted was to bed together
a layer of the largest available stone and thea chink this layer
with smaller stones, the result being a fill of maximum density.
The cost for 13,480 cubic yards, ~dditional to quarrying the
stone were i
Labour . v e e 1/7d.
SLOres e e 1d.

USRS 4

Total 1/8d.

| e gt At
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Rock in Mortar: ,
The layer of rock in mortar was placed directly against
this layer of pluced rock. It is 2ft. gin. thick except under the
A, slab where the back wall goes down vertically to provide a
rigid mass under the Al slab. (See Figure 1).
The Targest available stones were selected for this work and
were Jaid with theiv long axis norinal to the face of the dam.
The aggregate used for the mortar was the quartz sand
used to provide the additional fines iu the concrete. A true mix
of 1 to 87 with W.C, ratio of 2.4 was used with a resultant test
of 700 Ibs. per square inch. :
Holding down pins vor the slab shuttering and the slab
anchor bolls were bedded in this layer. No shutlering was used
except it the coustruction of the vecesses for the slab joint beams.
The amount of mortar used was approximately 50% of the total.
and the resultant mass was firm coough to stand up o the final
batter without shuttering.  Targe stones were kept 3 inches from
the outer face which was screeded 1o give the slabs a smooth
bearing. ,
The costs for 7,130 cubic yards, additional to quarrying the
stone, werc-—

: 5. .

Labour b 4 5 G
Cement e, 8 6
Sand 20
Water . e o 9
Stores-——vVarious o . T 2
Chutes and Tracks .. o 8
Plant Charges .. I 1
9 8

Watertight Concrete Face:

This consists of reinforced coucrete slabs cast against the
smoothly screcded rock in mortar (See TFigures 1 and 3). The
slabs arc 44 feet square and vary in thickness from 2 inches at
the bottor of the B. slabs to 15 inchés at the wp of the D.
slabs. The A, slabs ave 24 inches thick throughout.

The slabs are reinforced with 1 inch dianieter rods laid both

ways and in two mats—once at the top of the slab and one at the
bottom.

A slabs rods are at 8 inch centre

3 . . 12 .

C 31 . 15 iE

D y . 18 .
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This represents approximately .5% of reinforcing both ways,
except for the A. slab; it is .36%.

Creat Lo r/ /338 5%

I Pk Ko of Under S of Stab. Level '/&szu -~
oy Levg! igd 00
ey ool (G000 | 2 skss

Lored 1323,

C Slaba 3
favel (79748 /

8 Slabs M}Ijn Blacks-=.

Levil Ty 70907

Cot O W3l

DeveLoPMENT 6F UPSTREAM FACE

Scole in Frpb- . £2. g0 0001 i@

Underncath the slab joints reinforced concrete beams are
cast in recesses left in the rock tn mortar, The inclined beams
are continuous and are 2 feet thick by 4 feet wide. The hori-
zontal beams are triangular in section utth a vertical back 2
fecet g inches and a‘horizontal basc 3 feet 5 inches. They have a
1 inch gap filled with bitumen at their juncture with the inclined
beams. They serve the purpose of providing extra support for
the slabs at their edges and in the event of any large movement
i the bank they provide a rigid plane to prevent shearing of
the copper water stops.

All joints between slabs, hingeblocks and cut off wall are
niade watertight with copper strips. These are 15 inches wide
by 16G. up to the top of the 1, slabs, aud rz inches wide by
18(G. above that. A corrugation in the centre of the strip 3 inches
decp by 1 inch wide takes care of any movement at the joints.
All copper joints are riveticd and soldered and at crossings,
special junction plates are used.

The A. Slabs are separated from each other and from the
cut off wall with a film of bitumen paint. The hinge blocks have
a 14 inch gap at all edges.  All other joints between slabs are
made with a 1 inch gap. All gaps are filled with 40 penetration
bitumen, This was laid mecast slabs below the copper. The
gap above the copper stop was filled after the completion of the
Lunu*umg. The bitumen was poured in hot and kept in position
hy 6 inches x 3 inches totara strip bolted down with galvanised

bolts set in the concrete at 5 ft. o inches centre,
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- The slabs are restrained by double anchor rods 1 inch
diameter spaced at 4 feet o inches centre parallel to and 11 feet
from the edge. Outside the arca enclosed by the anchor rods
the surfaces of the mortar and the joint beams were coated with
emulsificd bitumen painted on by hand. -

The resultant lm of bitumen was dangerously slippery to
walk on and would definitely break the bond between the slab
and the mortar, and also will act as a lubricant for any move-
ment of the slab. Thus the slab is restrained by its central & arca
and frec to move under temperature stresses outside this area
with no danger of any downwards creep.

As an aid to watertightness each slab was concreted in a
coutinuous pour. As some doubt was felt as to the load the
shuttering would have o take ou the sloping face of the dam, a
small experimental slab was made. The shattering for this sl
had a loose panel and the load on this panel was obscrved for
a rate of concreting comparable to that expected to be obtained
when concereting the dam.  Irom these results the shuttering was
designed and proved satisfactory. It consisted of shutters 2 feet
g inches long by z feet o inches decp. These were held in
position by 6 inches x 3 inches joists at 2 feet g inches centres
and by walings at 4 feet 0 inch centre. ~One double No. 8 wire
tie was used for cach 4 shutters. : :

Concrete was delivered from a temporary track set above
each row of slabs at a convenient height. IFour lines of chutes
were used for cach bay. They were rectangular in section resting
on top of the shuttering and could be swung through the arc
necessary for uniferm placing. Shutlers were never placed more
than one row ahead of the concrete. The men thus had free ac-
cess for placing purposes. No mechanical tamping was used. The
mix adopted was approximately | bags to the cubic yard in place
with a water cement ratio of .92, and sufficient fincs to give a
very workable mix. No difficulty was experienced in placing this
concrete by hand.

73 concrete blocks were crushed at 28 days with an average
test of 2890 Ibs. and with maximum divergence from this average
of plus 33% and minus 209%. The design strength was 3,000 Ibs.
To test the porosity of the mix, red ink was applied to one end
of a test block under a pressure of 100 Ibs. per square inch for
400 hours. When sawn in two the maximum distance the ink
had penetrated was £ inch. _

When stripped. the surface was spaded over, wires were cut
out to a depth of 1 inch and the holes plastered over. The
surface was then painted over with the following mixture —
Cement, 14 vols; sand, 1 vols; silicate of soda, 1 vol. This
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formed a hard watertight skin on the face mproving thc water-
tightness of the slab and also assisting in curing.

Costs for 4130 cubic yards slab concrete were—

s. d.

Labour boxing ... .. .. 7 6
’ councrete 5 4

s COPPET v e 1 o

o osteel L L 3 5

. bitumen ... 10

»  surfacing .. - 12
Stores boxing . e e 3 7
iy COPPEr e o 47

,  steel e e 15 0O

., bitumen . SRR S §)

o various . . e 22
Cement ... .. 30 6
Aggregate L. .. e 03
Water ... .. 11
Chutes and tracks ... .. 6
Plant Charges .. . 5 O
89 3

Above steel costs amount to £14 per ton in place for 266
tons, ‘

Settlement and Drift:

These are the indeterminate factors i the construction of
the rock Hll dam that have to be takeu into consideration in the
design of the watertight face. The rocks in the dam can be
considered to have mainly point and edge contact with oue an-
other. Tt is the crushing of these points 'md cdges uatif the area
15 developed su{hucntly to reduce the stresses that is the main
cause of settlement, with its accompanying inward deift of the
faces. As mentioned previously, various methods were adopted
to reduce settlement, but undoubtedly the most m]pmhm{ was the
long period of construction.

~In addition to the inherent settlemoent of the b'm itself, a
further movement must take place under water load. Tt 1s to
take care of any remaining settlement in the bank pius this
settlement due to the water luad that the watertight face is made
flexible.

o oo
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The settlement of the bhank Zl}f}'{")(.?al"{;td to be proportional to
the square of the depth of fill. This stalement s based on
figures taken both before aud after Alling. In Ligure 6 the
settlement as measured on wop of the dan over the period of
April 1935 to October 1936 {see Plgure 8) is plotted against

S
depth of fll.  This is compared to curve Sse— where S==
. 8;{
settlement and 11 == depth of fll. The comparison is reasonable
considering the varying mcthods of placing as shown in Figure

The downstream deift up to the time of fithng was ap-
proximately .8 of the settlement, ie., the movement of any Deg
was approximately normal to thL race,

During construction, observaiions were made on various
ical

pegs to check the movement of the bank. Records of a ty
peg, the location of which is shiown in Figure f, are given gMOw.
The peg was in the middle of the Fast quarry bank f\f}uc 1, Was
approximately % feet wide.
Date Level Transverse Drift  Drift f;'om
' Abutiment.
13/4/34 1838.48 00 00 1.
20/9/34 &3, 40 35 ft (up stream) 656,
20/11/3: 1837.40 .39 y 1.78 .,
12/2/35 1837.33 =0 " 185,
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It is interesting to note that to 20/11/34, side tipping up-
stream was being done for the layer of hand packed rock, and
there was a transverse drift of the bank in this direction. This
direction of drift was reversed when side tipping downstream
was done for widening out the bank. The West quarry tip
at level 1853.54 met this LEast quarry tip early in November,
1934, and for three months advanced towards this peg in ques-
tion, and yet the longitudinal drift away from the abutment
continued at an undininished rate, ~

From these and similar figures obtained during construction
of the bank an attempt was made to build the upstream face
with sufficient camber to enable it to remain convex when final
settlement had taken place. The settlement will therefore cause
slab joints to close rather than to open, and also the final
position of the slabs will be more sightly than if concave.

Movernent of this pe
e~ Detoilad in Fig dhid
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Figure 7 shows the offsets square to the face given to the
centre of the face; viz., 7o ft, 1.25 ft. and 2.00 it at the
tops of the B., C. and D. slabs respectively, Tt is hoped that
this camber will be sufficient to prevent any concavity of the face,
and, as can be seen from Figures 7 and 8, it appears reasonable
1o expect this {o be so. Pegs have been bedded g the concrete
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face at cach slab joint at the top of the A. slabs, the bottonr of
the B. slabs, and the tops of the B., C. and D. slabs. These were
observed for scttlement, downstream «rift, and longitudinal drift.
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Figure cight shows the movement of the centre slab’at the
crest of the dam. [For the four month period, June to October,
1936, the settlement amounted to .03 feet and the downstream
drift to .03 feet. The face at this point is still 43 feet above
the thecretical crest and .38 fect upstream of it, so it appears
that the camber allowed at the top has been sufficient.  Unfor-
tunately, it was not possible to dewater the dam during the
winter of 1936 and no ohservations of pegs other than those on
the crest have been possible since filling the dam in November,
1935. Observations of the leakage from the dam showy SN
crease, so any movement of the face that may have takoig
below water level does not appear to have ruptured any
flexible joints. |

Diversion Tunnel: . .

With the rock fill type of dam it is essential that it be not -
overtopped either during or after completion of construction.
Records showed that a flood of 3000 cusecs could be expected in
ary month of the year and that there was a fair '_}l)l’ﬂb{lb’llit}’ of
a flood exceeding soco cusees during the 4 years' construction
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period, The diversion tunnel was designed with a area of 227
square feet on a down grade of 1 1 100, thus providing for a
flow of 5000 cusecs with very little heading up.  The inlet portal
was exteusively bell-mouthed to cut down entry losses.  During
the construction period one flood of 4y cuscees was experienced,
and several about the 3000 cusecs mark.,

The mnvert at the inlet portal 1s at level 1739, which involved’
35 feet ot cut. Leaving a dumpling between the river and the
tunnel this cut was taken out on a t in 4 grade. At the outlet
portal the invert was 13 feet above water Jevel. The country
was overhanging dangerously and it was necessary tn concrete
the portal and a length of barrel before goimg underground,

The tunnel was constructed by the top heading and bench
method. The LEnglish system m umbumo was adopted, using
12 inch x 12 inch hardwood sills and 7 bars. (See Ifgure g
for tunnel section.) The spoil was trucked out by horses in 2
cubic yard trucks from the outlet end and by 1 cubic yard trucks
at the inlet end. At the inlet end the trucks were winched up
the 1 in o grade from the portal,

The 12 inch Huing of concrete was done in 1. fect lengths
and kept close up to the excavation. All tmber was removed
from behind the concrete. In certain lengths where the weight
of the country was too great to be taken by the green concrete
and the formwork, the tlilibt‘l bars were up!agui by 53 1b. rails
which were concreted in. Immediately after stripping formwork
the surface was gone over with an air grinder and every cffort
made to leave it as smooth as possible,

The concrete was handled on a separate line laid ou tran-
soms set across the centre of the tunel. This track offered
very little resistance to high flows and was left in and used as
a working platform for grouting the tunuel and excavating the
spillway shaft after the river had been diverted,

The design strength of the concrete was 3000 s, 105
blocks gave an average test of 2040 when tested at 28 days with
a maximum divergence of plus 33% and minus 25%.

The costs for 00 fect of barrel, neglecting portals and
grouting
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Excavation : Concreting :
s. d. . s. d
Labour excavation 99 10 Labour boxing .. 8 3
" timbering IT 4 , S concrete ... 21 7
o lead ... 7 6 »  surfacing .. 5 O
Stores explosives 19 3§ Stores boxing ... 1z 6
,,  timber v 13X ,»  miscellaneous 15 %
»  miscellaneous 27 8 Cement .. e 70 2
'I:ruci«: repairs ... I 4 Aggregate ... e 13 4
Tool sharps, etc. .. 13 6 Water ... .. 4 6
Horse Hire . 3 6 Chutes and track . 5 4
Plant Charge ~ 01 10 Plant Charges .. S £
259 © 176 10

} , Total cost —£21/15/10 per foot.
Nominal excavation 10.7 cubic yards per ft,=24/2 per c. yd.

Actual . I1.5 " ==22/6 "
- Nominal - concrete 2.3 » ==76/11 "
Actual iy 3.1 y =57 /1 "

Junction Section: .

Malking portion of the diversion tunnel serve also as a spill-
way tunnel involved the construction of a junction in which the
streamlined characteristic of each were not materially interfered

with, ’
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As can be seen {rom Iligure g al the junction of the two
tunnels their respective arch loads were laken by a massive rein-
forced concrete beam running parallel to the spillway tunnel.
This beam is 42 feet long and has for a central support a pier
designed to offer little resistance to the diversion flow and to be
incorporated in the conerete when sealing off the diversion tunnel.

Advantage was taken of the Christmas shut down to put
in a small prospect drive. The country proved typical of the
majority of that passed through; hard rock, but extensively
fssured. There were however, 1o major fault plancs and it
was possible to open up Al the diversion side of the junction
with 1o undue load on the timbering. This side was then con-
creted together with the beam, and work proceeded on the Spill-
way tunnel.  Side struts were kept against the beam until the
joad was balanced by the spillway arch,

The Excavation Costs for 1160 The Concrete Costs for 350
Cubic Yards excavated were — Cubic Yards in place, were—

N O QWA DN O = Qo

s. do 5. d.

Labour excavation 10 5 Labour boxing ... 8
. timbering 2 I concrete i2

,  lead T3 . Reinf. stecl 3
Stores explosives 17 ., surfacing I
,, timber .. 9 Stores Boxing e . 5

. miscellancous 6 . [einf. steel 14
Tool sharpening, etc. 1 11  miscellaneous 4
Horse Hire . 7 Cement e e 27
Plant Charges .. g 7 Aggregate .. e . 6
-~ Water TE— 1

30 & Chutes and track ... 1

~ —  DPlant Charges v 5

O
o
-t

i

The above steel costs amount to £24/0/0 pur ton for 13
ton in place. The total fength of e junction is 62 {eet and the
cost is £54/6/4 pev foot.

Transition Section:

From the junction towards the spillway shaft the tunmnel
changes from the horseshoe section of the diversion tunnel to
the 17 it. diameter of the spillway shaft. [t is ceinforced through-
out—-approximately 260 1bs. of steel per lineal foot, and the
lining is progressively dickened to 24 inches. This section, 40
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feet long, costing £43/0/0 per foot, was completed far enough
up the spxll\x ay curve to be clear of the diversion water,

Spillway Shafi,:

After the river was diverted into the tunnel it was possihle,
by using the overhead concrete track, to gain access for the
continuation of the shaft excavation. ‘A rise g feet x g fcet
was then put up the centre line of the shaft. This had a 4 feet
square timbered muck pass fitted with a chute at the bottom
discharging uto trucks on the overhead track.

Excavation costs for 7o fecet of rise were:—

, s. d.

Labour e e 20 8

- Stores explosives .. ... 5 8

,  timber e v ... 9 2

' ,, misccllaneous 73
Tool sharpening and repairs 6 8
Plant Charges .. w257

75 ©

When the East quarry operations were far enough advanced
the rise was broken into from the top and the balance of the
spillway shaft excavation completed using the muck pass in the
rise for the disposal of spoil. The excavation was done in ap-
proximately 10 foot lengths to fit in with lengths of reinforcing
steel and lengths were concreted as the work went down.

The spillway itself (see Figure 10) is 102 feet diameter on
top at level 1840 and is shaped in to 17 ft. diameter at level
1776. It turns through go degrees at 30 it: radius at the bottom,
into the transition section which changes from the 17 ft.
diameter to the horseshoe section of the tunnel in 40 feet.

A temporary bridge was constructed across the top of the
spillway and concrete trucked on to here was lowered down to
the work. At the crest the spillway concrete is lightly reinforced
and is 12 inches thick. The reinforcing is progressively increasced
to 4 inch rods placed cxzcmnferf.ntlaﬂy at 12 inches centre and
longitudinally at 2 inches centres at the bottom, and the concrete
to a thickness of 24 inches. ,

Above level 1825 the design strength of the concrete was
2500 Ibs. and 27 blocks tested at 28 days gave an average of
2600 lbs. with a maximum divergence of plus and minus 13%.
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Below level 1825 the design strength of the concrete was 3000
Ibs. and 15 blocks gave an averaye or 3410 Ibs. at 28 days
with a maximum divergence of plus 0% and winus 12%. For

this seetion of the work the best avuilable sand and sclected
stone Irom the quarry was used for the conerete.
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5. d. s. .
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a
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