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“ " This section covers the requrrements for the support of and protection of

'SECTION 7. PR_OTECTION AND SUPPORT OF Efxcrl\‘vr\rroN‘

RO

742 | |
B -. a. The Lontractor shall protect and supoort surface excavatrons where and

743

PROTECTION AND SUPPORT OF EXCAVATION GENERAL

Generat

excavated surfaces of sun'ace and underground excaVatron T

) Surface Exca\ratron SN

when directed, by the methods shown on the Drawrngs or drrectod or

B 'approVed

b. Unless otherwrse specn“ ed or drrected or approved the Contractor shatl not
: proceed with excavation more than 3 m below a point where support for the -
, batters has been drreoted untrl the requured support has been mstalled

Underground Excavatlons

-+ - The .Contractor shall construct the support systems for und'erg'rou'nd
o excavations in accordance with the requrrements of Section 4, Tunnetlrng, and
_ the retevantctauses ofthrs sectlon R .

‘714

is

-__'Responsrbrtrty for Safety _ S ‘ _
: ;_f. a. Nothrng ‘contained in this Sectlon shalt relreve the Contractor from sote

_responsibility for the safety of the surface and underground excavations nor
for liability for injuries to or deaths of persons or damage to property nor of
any of hrs obtrgatrons under the Contract.

b Nothtng contained i in thrs Section shall prevent the Contractor from erectrng,

~ at his own expense, such amount of protection or support as he may
consider necessary or from usrng heavrer supports than drrected or .

' ‘approved

'Payment .‘,}\. 9 . o
© Payment will be made only for that protectron and those supporls drrected or

approved as being necessary for satisfactorily constructlng and comptetrng the'

s Works and which are part of the Permanent Works

*The cost of furnishing and installing surface protection and supports other than

those included in the Permanent Warks or for which a payment item exists in

“ the Bill of Quantities shall be deemed to be in¢luded in rates and lump sum - '
* prices tendered in the Bill of Quantities for. parts of the works where those

S sun‘ace protectron measures or supports are used.
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7.22

a.

e

_SHOTCRETE

' Generat _
. The Contractor shatl appty rernforced or unrelnforced shotcrete to the

excavated surfaces of suiface excavations where shown on the Drawmgs or
directed or approved. :

. For the purpose of this Specrfrcatlon shotcrete is concrete or mortar wrth or

without admlxtures pneumatlcally apptred at hlgh vetocrty to a prepared

surface.

At approved locations in the surface works an. approved wet mix type _
shotcrete may be used. At all other tocatrons in the surface works dry nix g

- type shotcrete as specrf‘ ed shall be used. . _
‘Where shotcrete support is requrred ‘the Contractor shatl appty shotcrete to

: gwe thlckness shown on the DraWrngs or as dlrected _

Materrats e ; , _ R

. Cement tor shotcrete shall compty wrth the requrrements of Ctause 9. 3

Water used In shotcrete and for currng sha!t comply wrth Clause 9.7.

" Coarsé ‘and fi ine aggregate for shotcrete shaII be ctean wett graded and | _
~ shall compty with Clause95 e _ : .

The gradatron of the combrned coarse and frne aggregate mlxture shatl
. ‘conform to the foltowrng trrmts ' : .

Pel’centage Passmg by
: We;ght

S 25 mm oo 100 -

475 mm o |48 - 74|

| _0.6? min | 2 g
o o._ors- Tmm o[ 0t

. SieveSize

“The combined aggregate shall have a moisture content at the time of mixing - B
with cement of not less than 2 percent and not more than 6 percent of the e

oven dry werght of the aggregate

2




7.2.3

. The Contractor shall penodlcally test the aggregate hetd in the batch bins

for moisture content.
Steel mesh reinforcement as specrf ed in Sub Clause 728 shall comply

~. Wwith Clause 1.5.

h.

- a.

Admlxture shall be in accordance wnh Sub«Ctause 7 2 7

| Proportromng

Materials and proportrons shall be chosen such that the mix contams not

_less than 400 kg per cubic meter of cement and so that three cast cylinders

Y 16 cm diameter by 30 cm high made with no addilives shall achieve an

average minimum strength of 440 kgflom? at 28 days. Cylinders shall be

._ . made and tested in accordance with the appropnate standard. A minimum

of three cylinder shall be made and tested for each combination of materials -

" proposed for use on the job. The shotcrete max desrgn shall be developed to

" obtain strengths as follows: -

Compressrve strength 1 day 80 kgfrfcm2 mlmmum .

' Compressrve strength 3 days 160 kgﬂ'cm2 minimum;

Compresswe strength 28 days 250 kgflomz mlmmum
The relative proportrons of fine aggregate coarse aggregate cement set

“accelerating admixiure, and the moisture content of the ingredients when . .

mixed shall be as approved. The fine and coarse aggregates shall be -

' thoroughly mixed in an approved mixer and fed with the cement, and

adiixture if used, at the correct rate to achieve he required proportions and

o+ shall enter the shotcrete machlne in such a way as to achreve proper

- mixing.

Mixed dry lngredrents shall be dlscarded if they are not p!aced wrthrn 30

o ] mlnutes Payment wrlt not be made for such dlscarded materaals

724

a.

_Equrpment

Not less than 60 days before apptyrng any shotcrete the Contractor shatl

. submit, for approval, drawings showing his proposed plant arrangement

together with a general description of the equment he proposes to use, the

" methods of operation and the mix proportions and admixtures. Mixing of -
" ingredients by hand will not be permilted. Acceteratrng admixture shall be :

" addéd to the mix by calibrated mechanical means at an approved dosage
" rate. The Contractor shall establish an onsrte batch plant capable of -
. producmg the specrf ied shotcrete mix. - ST REHER S

_Placmg equtpment shall consist of a. nozzte prowdrng for the thorough R
- mixing of dry shotcreté materials and waler, separate hoses to deliver dry - -

~ sholcrete materials and water to the nozzle, a suilable dry mix shotcrete

- machine  to introduce the dry. materlats to the delrvery hose under air -
'j"_pressure and air andwatersupply systems ' : L

) The water suppty system shatt con31st of a posmVe drsplacement pump”

et 'capabl e of supplying water- through a. regulatlng valve, with non-pulsating

ﬂow and accurately controllable by a nozzleman, In sufficient amount and at -
‘a pressure above the operatmg alr pressure recommended by the S



o125

< manufacturer of the shotcrete machlne A suitable water pressure and flow
" meter shall be fitted to the water supply system. - :

The air supply system shall be capable of supplying the dellvery machine
and hose with air at the pressures and volumes recommended by the
manufacturer of the machine. A suitable air pressure meter shall be fitted to
the air supply system adjacent to the shotcrete machine. No air supply
system shall be used that delivers air contammated by 01| or that |s
mcapable of maintaining constant pressure

" The delivery equipment ‘shall have an’ acceptable performance record in

~ applying coarse aggregate shotcrete as specified hetein, The delivery

“machine shall be capable of introducing dry materials to the delivery hose at

a uniform rate, with ejection from the nozzle at velocities that will afford

3 " adherence of material to the surface to be treated wrth a mlnlmum rebound
© - and maximum adherence and densrly ' ' : :

HThe entire system shall be $0 arranged that the nozzleman may use air and |
water in any comblnatlon to prepare surfaces onto wh[ch shotcrete will be
_applied. - . : o .

Equipment, mcludlng protectrve equrpmenl for the nozzleman shall be

. provided to allow application of shotcrete to surfaces at an approxrmate
: : range of t meter from the nozzle R S

-Fletd Trlals L

L oa ;.Fleld trials shall be made to demonstrate the capablllty of the equrpment o
workmanshrp and materials under field condrtrons at least 14 days pnor to o

the actual appllcatron of shotcrete . RRTIT ,
The fi eld application of each mix selected for fi eld tnal shall be made on . .

horizontal, vertical and overhead test panels: to simulate construction
conditions. Test panels shall be made on wood forms measuring not less

~ . than 1 meter by 1 meter by 150 mm deep. Test panels shall be cured as .
. directed by the Engineer. One set of test panels 1 honzontal and 1 vertlcal :
- shall be used to test each nozzlenman BRI P

Six cores 60 mm dlameter shalt be taken from each honzontal and each o
. verlical test panel. With the exception of cores for one day strength all . -
~ cores shall be taken one day before tesling. Cores shall be soaked in lime- -~ :
. salurated water accordrng to ASTM C 42 durrng the tlme the samples arein . .
_thelaboratory R N I o o

. Cores shall have a lengthfdlameter ratro of 2 0 and shall be tested accordrng _
. to ASTM C 42 for their one and three day strength L : o

The average strength of all cores for each set of test panels as a mrnrmum : -
shall be as follows: " = S : R

One day compressrve strength i - 80 kg'flcrh_2 o
' Three day compressive strenglh Lo 160kgtlem®

- The minimum strength obtained by testlng of any core in a set shall be not_’
. Iess than 80 percent of the above mentloned values R

" eres andlor nozzleman falllng to meet the above requrrements vntl be
: rejected In such a case the Contractor shall repeat the f eld trials and tests

frudny



. before applylng shotcrete on any permanent surfaces. No extra payment will
. be made for this additional testrng ' -

9. All phases of fi eld tnat work shall be performed in ihe Pfe“ence of the
' Engrneer '

~ h. The Engrneer will rnform the Contractor in writing, of hrs acceptance of
" mixes which meet the requirements of Sub-Clause 7.2.3. No shotcrete mix -
¢ . "7 shall be used in f"etd trrals if the mix has not been approved by the
Engmeer N : L

O The actual proportrons of mgredrents determlned on the basrs of trial mixes
-+ and field trials and approved by the Engineer shall be used in the actual

- application of shotcrete and shall not be varied wrthout the wrltten approvat

- of the Englneer i, f o

7126 7';.;Workmanshlp o R
" a. The work shall be performed by rndrwdua!s expenenced in shotcrete
o applrcatron CO

b.. Nozztemen shall haVe had prevrous satrsfactory expenence in the -
o applrcatron of coarse aggregate shotcrete or shall work under the |mmed|ate
L -supervrsmn of a foreman or instructor with such experience. .-

:c.“Each nozzleman shall demonstrate, to the satisfaction of the Engineer,
o acceptable prof ciency in the apptlcatlon of shotcrete of field trial qualities to
~“verlical ‘and horizontal test pane!s in accordance wrth Sub-C!ause 7. 2 5

3 before the begrnnlng of excavatron DR

L '7.2._7 . Admlxtures 7 o R _
| a. Where the use of a set acceleratmg admrxture is requrred in order to apply :
~ - -sheterete successfully or to maintain safe conditions, the type and amount

i of admrxture used shall be as approvad in accordance w:th Sub Ctause
g 7 2.4, : , : S R

b _Acceleratrng admrxture shaII not contain chlorrdes or materral corrosive to
+ - steel nor shall they cause other detrimental effects such as cracking or
.+ spalling.- The usé of any particular brand or type of admlxture shall be
subject to approval by the Engmeer i L

| "f':;)"c'ﬁ_"'_;Cube compresswe strength tests shall bé performed by the Contrastor for

determination of compatrblhty of cement and admixture in accordance with .

__ASTM C 109. Control spectmens contarn[ng no admlxture and specrmens
L contalnlng proposed dosages of admrxture shatl be tested g

(ﬁ'::'} i_ B 728 'Preparatrons AR

a Depending on the desrgn reqwrement as shown in the Drawrngs or on the _

"~ condition” of the material being shotcreted the foltowmg methods of -
treatment may be dlrected or approved S :

I (i)f—; shotcrete wnhout steel mesh rernforcement S
(u) shotcrete w:th Stéel mesh remforcement

b Steel mesh relnforcement shall be securely fastened WIth surface anchors

75



: 729 '-'_Apphcatton

X

- 600 mm and include nails, staples, and embedded wire ties and masonry~

a.

Surface anchors are defi ned as devices used for . fastening the
'~ reinforcement but which do not penetrate the rock to a depth greater than

anchors or other means approved by the Engmeer o
Wherever shotcrete is required, the Contractor shall clean and prepare the

* surfaces to receive the coating. Loose or shattered rock, rock debris, soil or

othér loose material and any oil film or otherwrse objectlonabte substances
shall be removed from the surfaces. Where necessary a degreasrng liquid

_ or, if approved, high pressure steam shall be used to remove the oil film.
. After the loose material has been removed, the surface shall be washed
‘ where requrred wrth a strong alr water jet or by other approved means.

No shotcrete shalt be applred to the Works unttl the qualrty of workmanshrp -
- and the compressive strength of the shotcrete as determrned from the test

pai nets is approved

Shotcrete shall only be applled in the presence of the Engrneer end shall be
. built up in successive layers such that sagging and bleeding dées not oceur.
- ‘Wherever practtcabte rock surfaces shall be rendered free of water flowing
. overor seeprng through the surfaces to be shotcreted immediately before - -
. .- the shotcrete is applied. Shotcrete shall cover the mesh reinforcement toa .~
.- depth not less than 30 mm. The mesh shall be adequately supported and -
< fixed in posrtron using concrete spacer blocks or other apprOVed methods :
_ dunng afl sholcrete operatrons ' S o

The thickness of the shotcrete shatl be determrned by an approved means

durmg the applrcatron

After the specrf ed mterface preparatron has been carned out and_ ;
.. immediately before shotcreting, the surfaces shatt where - reqmred be
+-. thoroughly cleaned and welted wrth a -strong blast .of air and water, -
~ Application shall commence at the bottom of vertical and near verlical =~ =~
- surfaces and each layer of shotcrete shall be burlt up by makrng several - -
passes of the nozzte overtheworkrng area. R :

The distance of the. nozzle from the work shall be between 600 mm end I

. 1.50 m and the nozzle shall be held perpendrcular to the applrcatton surface -~ - -

, "except that, when spraying around reinforcement, the nozzle may be held -

* - closer and at a’slight angle in order to facilitaté encasement. The shotcrete =

- " shall emerge from the nozzle in a steady unmterrupted flow. Should the flow = - - 7 -
. become intermittent from any cause, the nozzte operator shall drrect it away - o B

from the work until it agaln becomes uniform. -

Al rebound and other loose material shall be removed by atr jets or other

epproved means from the surface of each Iayer as w0rk proceeds

Dunng the apphcatron of shotcrete any remaznlng water ﬂowmg over or B
_ seeping through the surfaces to which the shotcrete is. to be applied shallbe - o
diverted by the use of panning, ptpes, felt 'strips or ‘other approVed means. . -

Where directed, formed holes or pipes outléts shall be provided in the

~ shotcrete, as shown on the. Drawrngs or. drrected to rel:eve weter pressure_ — .

on the shotcrete R

o

Vvt



7211 TR -
' - The apphcatron of shotcrete as temporary or permanent support shall not be

- h. Layer thickness shall mainly be governed by the requirements that th‘e

material shall not slump or sag and is dependent on factors such as position

_of reinforcement, plane of application, mix design constituents and use of .

- admixture. Where thick layers are applied it is important that the leading

edge be maintained at a slope. Where necessary to achieve greater overall

.. thickness, a layer of shotcrete may be covered by a succeeding layer but it

_shall first be allowed to stiffen, all laitance and loose material removed and
the surface wetted usmg a strong blast of air and water.

i Constructlon joints shall be tapered at approxrmately 30° or cut back square

. to the reinforcement and then tapered at 30° unless other wise directed. The
entire joint shall be thoroughly cleaned and welted before placing adjacent
sholcrete. Reinforcement shall be “cleaned of any previously deposited

~ hardened matenal which might prevent a proper bond or éncasement. '

j. © A proportion of shotcrete will rebound Such rebound shotcrete shall not be
“ reused but shall be removed to drsposal at the expense of the Contractor. -
-All rebound shotcrete shall be removed from the Works and drsposed of by

e : the Conlraclor as part of the work under this Clause. |

-k * The Contractor shall ensure that the shotorete applrcat;on operatron rs'_

. ‘adequately lit by floodlight if cairied out during hours of darkness or -

7 underground in accordance with Sub-Clausé 1.10.2.4 and he shalt take all

meéasures as are necessary for the safety of his 'workmen rncluding
- prowsron of face protectron for the nozzleman. T ,

L Blastlng in' excavation shalt not be carried out w:thm 2 hours after the

o 'r.z.to

following placement. Natural curing may be approved if atmospheno conditions .
* surrounding the shotcrete are satrsfactory such as when the retatrve humrdrty is ;.

' apptrcatlon of shotcrete or wrthrn 30 m of the area sprayed

Cunng Sl T o
All shotcrete shall be kept contmuously Wet for at least 7 days |mmedrately o

. 'at or above 85 percent.

Safety of Works o

r-:‘.'.-_’conmdered as. relieving the Contractor. of his responsrbrlrty to malntaln all
L portlons of the Works ina safe condrtron Lo _ . ; ‘

7212

Testmg and Repalrs

a Thé Contractor shall take 60 mm dlameter test corés from in- place shotcrete :
- at locations and at times directed. ‘Core shall be drilted normal to the surface
_ _through the full thickness of shotcrete and at least 50 mm into the substrate -
- at the rate of 6 suitable cores from every 100 m? of completed shotcrete or
- " as directed by the Engineer. The drilled cores for inspection by the Engineer

- to evaluate the quahty of bondmg lo the rock surface and the interface of =

: "shotcrete Iayers if more than one layer is apptred The cores shall have,
"~ ‘where practicable, @ tengthldlameter ratio of 2.0 and shall be stored, cured

“ and tested in ‘acéordance with'ASTM C 42 by the ‘Contractor. Three cores Do

R I _' 7 shalt be compressron tested at 24 hours and three cores at 28 days



. The compressive strength requrrement for each set of cores shall be
.+ salisfied if: : : : - o _

- (i) ~ Each core has a compressrve strength equal to or greater than that

specmed o

C (ll) The average compresswe strength is equal to or greater than that -

" specified and the difference between the strengths is less than 40
percent of the average : : _

C. The average compresssve strength of samples taken dunng routrne quallty
+ control must equal or exceed the followmg strength requirements :

"._:'Compressnve strength at 24 hours © 80 kaffem?

Compresswe strength at28 days L . 250 kgflcm2

_ No smg!e core strength shall be Iess than 75 percent of the requnred'
,__.strength L N

. The thlckness of the shotcrete support shall be tested when cllrected by
" drilling 5 randomly located holes in a rectangular area 1.0 m by 1.50 m. The

locations of the holes shall be as directed. The holes shall be approximately

- 40 mm in olameter ancl shall be drilled normal to the surface The thickness

" of the shotcrete at any Iocatlon shalt not be Iess than 95 percent of the

- ) specaf‘ed thickness.

e, All dnll:ng for testlng, backflllng of dnll holes wrth dry—pack mortar shall be -
o carried out by the Contractor. The cost of drilling for testlng, of tesling
~ samples and of backﬁlllng dnll hotes shall be inctuded in the rates for__'

shotcrete. s

.- Shotcrete whlch fails 1o’ meet the ‘minimum strength reqwrements as

. specified, lacks unlformlty, ‘exhibils segregation, honeycombing, lamination,
: "show's cracking, or is "drummy shall be regarded as defective shotcrete.
- The Englneer may ordef removal | of defective shotcrete and. order its ~ .
_ " replacement with acceptable shotcrete or other remedlal wnthout adoltronal S

cost to the t':mp!oyer .

- One sholcrete layer shall not be placed over another defectlve shotcrete
" layer untif the required remedial measures have beén taken. The Engineer
- may withold payment for defective shotcrete layer untif remedial' measures .
.= have been taken. Any remedial measure ordered by the Englneer to correct '

o - defectwe shotcrete shall be at the expense of the Contractor

7.243

'Draln Plpes -

For shotcrete ‘used for protectlon of surface excavatlon draln ptpes (also
‘referred to as relief or weep. holes) shall be prowded through the sholcrete '

) ' protectlon in accordance wrth Clause 9. 22

7 2 14 Measurement ;i;', {- SRRRTIE

a Measurement for payment of shotcrete m surface excavatlons shall be B
.- made of the area of shotcrete applled in square metres calculated fromthe =

'__"payment lines for exoavatlon and dlmensmn shown on the Drawmgs or
T drrected ’ o PR . ‘

e

iy | e



b No allowance shall be made in the measurement for additional shotcrete

... - applied due to over excavation beyond the payment lines for excavation, for

~ local thickening required in recesses to achieve a smooth profile, for

_thickening requrred for achieving the specified shotcrete thickness because

" of iegularities in the excavated surface as a resuit of geological conditions

- and/or methods of excavation, for materrat wastage, for rebound losses and
~for defectrve shotcrete

¢. Measurement for payment of shotcrete concrete trntng in tunnels shall be
~_made of the volume of shotcrete applied.

 No allowanée shall he made in the measurement for additional shotcrete
" applied beyond the maximum overbreak line shown on the Drawings, for
_ thickening requrred for achiéving the specified shot¢rete thickness because

* " of irregularities in the excavated surface as a result of geotogrcal conditions
_ " andfor methods of eXCavatron for materrat wastage for rebound Iosses and
for defectave shotcrete Tk Ul

7 2 15 Payment

a. Payment for applyrng shotcrete 100 mm thrck in surface excavatlons erI be

made at the applicable rate per square meter tendered therefor in the Bill of

- Quantities (Iter G.5). The rate per square meter for shotcrete shatt altow for
.. the cost of all cement, additives, aggregate, ‘transportation, preparation,

- storage, cleaning of the application, field trials, tésting, curing and all and

"~ any other contingencies and requiremeénts specrf ed in’ th:s Clause for the a
productron and applrcatron of shotcrete : : : S

b, Separate payment will not be made for PVC prpe dralns and gravel frtl and
- excavation of pockets for gravel fill where required as shown on the
.. Drawings or directed and all costs thereof shall be deemed to be included in -
~ the unit rates for the. applrcabte shotcrete iterns in paragraph ? 2. 15 a. Prpe
~ drains aré not requrred for sholcrete i in tunnels L

: c.'__‘Payment for applyrng shotcrete in. tunnel hnrngs wrll be made at the
. applicable rates per cubic metre tendered therefor in the Bill of Quantities

- (items D.3.1 and D.3.2). The rate per. square metre for shotcrete shall allow

" for the' cost of all cement, additives, aggregate transportatlon preparation,
- storage cleaning of thé application, field trials; teslrng, curing and all and

' any other contingencies and requirements specified in this Clause for the

. production and application of shotcrete. The ratés shall also include
- allowance for the cost of extra shotcrete applred to overbreak ' ,

s d Payment for steel mesh relnforcement W|Ii be made ln accordance wrth
g,':rCtause?S PR e A S

S ROCK BOLTS

734 -fGeneraI ; EE |
a The Contractor shal] furnlsh and lnstall grouted rock bolts in the'

funderground Works, in accordance wrth the reqmrements of this Clause, the
__'Drawrngs or as drrected or approved S _ .

fl_):.;"'For the purpose of this Clause a rock boIt is a !ength of deformed steel bar ,
mstalted and grouted rnto a drilled hole anchored to the rock at the far end_ :

79



732

- and tensioned through a nut and steel plate bearrng agaunst the surface of
" the rock or shotcrete. The anchorage may be by elther an approved

chemrcal anchor or an approved cemeént grout.

The mstallahon of rock bolts shall be under the direct supervrswn of a skilled
- person having at least two years expenence in the installatton of grouted

E rock bolts in tunnels

a.
- diameters of 22 mm and 25 mm for the outlet tunné! and diversion tunne)
respectnvely and be of the type shown on the Drawings or an approved
) equivalent. The tensioning end shall have a thread of not less than 180 mm
i Iength end the anchorage end shall be cut to a 45 degree bevel '

’ Materrals

Rock bolts shall be SD- 35 deformed bar complymg wrth JIS G 3112 havrng

-The Contractor shall furnish wrth each rock bolt aII accessories mcludrng or

cement anchor, plastic or metal centering rings, a steel bearing plate, a ball- _

.~ washer, a machine washer a hexagonal nut and, where grouting is required,
. the grout and accessories for grouting. For the purposes of payment all
such accessones erl be deemed to be an mtegral part of the rock bolt

_Patterns of Installatlon :j e S R L
The requrred patterns in Whlch rock bolts shall be mstalled ls as shown on the .

- '] _Drawmgs or as dlrected or approved

. 7';3.4 |

Rk S s ae e e,

Method of lnstallatron

aGeneraI , - . ' '
" The method oflnstallatron of rock bolts shall be in accordance Wrth this Sub- SRR

7;," Clause, the Drawings and the direction of the Engrneer

- - Generally the method ‘shall consist of drlltlng a hole to the reqolred dlameter - s
~and depth, cleaning out the hole, placing the rock bolt in the hole and .
: anchonng it, tensronlng, groutmg and testlng Co '

" The Conlractor shall keep on Site, ready for immediate use a suff cient o

'stock of rock bolts and accessones to av01d delays to the work. *

s Specific methods for chemrcally anchored and cement anchored rock bolts
' are as follows. . : R, L o

_ b Chemtcally Anchored Rock Bolts L S
S (i) Individual resin cartrldges shall be carefully 1nserted |n the hole to

avoid rupture and shall be placed in position ‘with’ tamping rods. A
shaped plastic cap shall be placed after every third cartridge in holes

- rising more than 30 degrees above horizontal t6 maintain cartridges
" in position. . The number of cartridges per hole shall - be as o
-~ recommended by the manufacturer for the hole and steel. bar size
' combrnatron usedtloi insure complete encapsulatlon of the rock bolt :

L Anchorage cartndges shall be of the fast gel type. wrth a set tlme of

not more than two minutes at 20°C The anchorage cartrldges shall
: _be inserted to desrgn depths foltowed by SIOWer settlng encapsulatlon '
cartrrdges R




b

~ (i) - Once the anchorage and encapsulation cartridges are in place, the

steel bar shall be inserted and rotated through the carlridges at the

rate and for the period of time recommended by the manufacturer to

provide thorough mixing of the resin components. The steel bar shall

then be held in placed until the resin has gelled and hardened

- sufficiently to hold the rock bolt in place. Care shall be taken not to
damage threads on the end of the rock bolt during installation.

(iv)  Resin anchored rock bolts shall be tensioned to 30 kN or as directed.
. Tensioning shall not begin until the fast gelling anchorage cartridges
_ have reached working strength as determined from certified tests by
.~ “the manufacturer * for- the approximate temperature at which
~ installation occurs. Tensioning shall be completed before gelling of
" the remaining cartridges beglns also as determmed by certified tests
' by the manufacturer S

- c Cement Anchored Rock Bolts :

)y Hole for rockbolts shall be ﬁlled wrth a plastlc cement grout by means
K ~of a compressed air morlar feeder, from the back of the hole to the
~ front. The consistency of the grout shall be such that it does not flow
~ out of the hole even if the hole is directed vertically upwards The :
rock bolt shall then be pushed mto the grout- fllled borehole |n a
' contrnuous procedure :

' -"(li)f Where necessary  due to seepage or other reasons a cartndge filed -
- with hardening accelerator shall be placed at the rear of the drlll hole
- pnor to placmg cement grout. : . '

@iy The rock bolts shall be tensioned to 30 kN or as dlrected not tater -
©oL than two hours after rnstallatron B

{iv) The grout shal! consrst of one o two parts t" ine sand one part cement o

o7 or neat cément and enough water such that the grout has a stiff,

" plastic consistency. Test shall be carried out to determine optimum

: 'proportlonmg Sand and cement shall be premixed and this premix

 delivered in bags to the construction site. The compressive strength

_ of the grout shall, as a minimum, reach 200 kgffcm? in 24 hours.

_ Additionally, the anchorage shall attain sufficient:strength within two

~ -~ hours of installation to allow prestressmg Test results shall be
T submltted to the Engmeerfor approval o

”",'7'_7'.3.5,“.Testlng R : L : L
© . The Eng:neer wrll select rock bolts lor pull out test usmg a hollow ram hydrautrc' Ll

% jack. Tést loads up to 80 peicent of the: breéaking load may by used. The

:-*Gontractor’ shall* provide -and maintain the tools, equipment and labour to

- perform these tests. As an average, four percent of the Tock bolts installed shall ,

.~ be tested and all tests will be witnessed by thé Engineer. The de(:lsron whether e
i _to replace defectrve rock bolts wrtl be made by the Engmeer : :

U The Contractor shail submiit rec;ords of the fotk boit tnstallatlon to the Eng;neer o
. within 24 hours of their installation. The records shall include but not be Ilmlted_ -
' -_to the type of r0ck bolt anchorage length borehole drameter number of resin -

7-1 1



- cartndges problems durrng rnstallatron tlme of rnstaliatron time of prestressrng
- __and prestressrng load S .

737

T4

744

Measurement and Payment -

Measurement for payment, . for furnrshlng and rnstattlng rock bolts in

N
-~ underground excavation will be made of the Iength of bolt actually installed
. as drrected orapproved. . C A
! Payment for furnishing and rnstalllng rock bolts for the drversron tunnel and
for the outlet tunnel will be made at the respective rates per linear meter
tendered therefor in the Bill of Quantities (Items D.5.1 and D.5.2). ‘
' Separate payment will not be made for testrng or for dnllrng holes for drrlllng -
holes for the rock bolts. - - L , o _ _ '
' Separate payment wrll not be made for usrng hardenlng acce!eratlon when
N reqwred 7 oo _ :
"GROUTEDANCHORBARS

‘hGeneral

" The Contractor shall drrtl holes for and shatl furmsh and mstall grouted anchor:
bars for strengthening surfaces of sun‘ace excavatlon as shown on the

RS Drawrngs or drrected

7.4.2
coliehs a‘
g provrsrons of Clause 9.24

4z

"a

'_'Materrals

Anchor bars shall be deformed bars complylng wrth the appllcabte

. Grout shall consrst of a mrxture ﬁne aggregate complyrng wrth Sub- Clause

5.6.3 and Porlland cement mixed in the ratio 1:1 and water complying with

; Sub-Clause 5.6.3. The water cement ratro shati be not greater than 0. 35 or
[ as drrected bythe Englneer PR SR :

l nstallatron

“The dlmensrr)ns of the anchor bars and the tocattons drameters and depths o
- of the drilled holes shall be as shown on the Drawrngs or directed. S

= b."_The drameter of each drrlled hote sha!l not_less than 1 5 tlmes the drameter _

~ of the anchor specified for that hole.

The hole shall be cteaned thoroughly and shali be comptetely ﬁlled wrth B
-+ grout. If the hole cannot be kept dry during the filling operation, the grout .
~..shall be introduced into the bottom . of the hole by means of a prpe whrch
;__'_shatl subsequently be wrthdrawn R . ,

“The anchor shall be foréed into p!ace befcre the grout takes rts |n|t|a1 set B
< and, where praticable,” shall be vibrated or rapped. Thereafter, the
- Contractor shall ensure that movement of the placed anchor does notoccur =
.+ .and concrete shall not be placed anchor around anchors untrl 24 hours after S

o the anchors have been grouted

o2



744

745

746 F

Testing
Load testlng is not requrred to be carned out.

: Measure’ment :

Measurement, for payment of Furnishing and Installrng Grouted Anchor Bars
shall be made of the length of anchor bar installed as shown on the Drawings or
dsrected . L _

Payment . . : [ .
Payment for Furnlshmg and Installlng Grouted Anchor bars will be made at the

- rate per linear metre tendered therefor in the Bill of Quantities (item G.8). This
rate shall include the. cost of drilling the holes, furnishing anchor bars cement,

o i ine aggregate and addrtlves for the grout and aII assocrated costs o

7.5.1 | ;. . | |
T The Contractor shalt furnlsh and lnstatl steel mesh remforcement where

_STEEL MESH RElNFORCEMENT SR

General

- . directed and approved in conjunction with shotcrete, in accordance with Clause
- 7. 2 in connectron wrth surface protechon for surface excavatron and tunnellmg

152 .

Matenals , : : :
Steel mesh rernforcement shall comp!y wrth the matenat reqmrements specrfred

Ciony in AASHTO .M SS (ASTM A 185) Welded Steel Wire Fabric for Concrete
P Rernforcement Wire diameters and prtches of mesh shaII be as shown on the
RS Drawrngs drrected or approved ' : Co S

753 | S S
R Measurement for payment of steet mesh rernforcement of the various types

Measurement .

shall be made of the mass of steel mesh reinforcement installed as directed or | _
... approved and-shall.include the mass of all surface anchors reqwred for ..
; fastemng the steel mesh relnforcement S e ; .

754

Payment T . - S S SERRERE
Payment for furnrshlng and rnstalllng ‘steel mesh relnforcement in surface

~ excavalions and in the diversion tunnel and outiet tunnel will be at the rates per

rea

SICI S kilogram tendered therefor in the Bill of Quantities (Items G.6, D.4.1, D.4.2).
oo .o - . Such rates shall include the cost of all labour materials and equupment -
g} LT e necessary for furmshrng and |nstatlmg stee] mesh remforcement |n accordance

'Wrth thrs Clause

‘?_-fMAT eAeroNs;-g_;lf_;f IR

5 2 v
SRS R

-_Generai

L " The Contractor shalt furn!sh and mstall mat gabrons and at the Iocatrons shown_ &
. :-jj-: on the Drawmgs or dlrected : . o :

~ ,ri_jf;as‘_"_u



7.6.2

- b. The mat gabrons shall be of rectangular sectron to the drmensrons shown on

7.63 . SR _ |
" a The foundation of the mat gabton shall be prepared as shown on the

764

765 e RIS --
SR Payment for mat gabions wﬂl be made at the apptrcabte rate per cub:c meter -
tendered therefor in the Bill of Quantities {item G.4) whrch rate shall include all

 ¢osts of fumishing and transportlng the materials, preparing and placing the
~ gabions, foundation preparatron and supply and tnstallatton of WOoden anchor o

pegs.
77
71’

a The Contractor shall furmsh and tnstall steel nb supports |n underground
S excavatlons where directed or approved. Steel rib. supports shall lnclude L

Materials

a.” Mat gabions shall be fabncated from galvanized iron wire 6mm in diameter

for the framework and 5 mm in diameter for wire mesh and sha!l conform to

- JIS A 5513 or other appropnate standards The mesh openlng shall be 130
o150 mm.

the Drawrngs
c.  Stone used for fi iling the mat gabions shall be hard and durable with a Ieast

dlmenswn not smaller than the srze of the mesh openlng of the gabton

Insta!latlon

Drawings before placement

b, Mat gablons shall be connected together wrth galvamzed II‘OD wire 6 mm m_ _

drameter

G In frltrng the gablons the Iarger size of stone shaII be placed in the outstde ,
. of the gabion and smaller stone in the centre. The stone shall be compacted '
- sufficiently to lessen VOldS between stones as nuch as practtcable Smaller
. stone shall be placed in the voids belween larger stones: The top of the mat =
. gabion shall be overfilled slightly prior to closmg the top of the mat gabion

- with a net of galvantzed iron wire,

Measu rement

- Measurement, for payment ot mat gablons WIII be made of the volume of thek ;
. -mat gabion in ptace to the lines as shown on the Drawrngs or dlrected by the -
anrneer S : ; B

Payment :

_STEEL RIBS

Generat

e crown and base plates tie rods nuts bolts and all other fasteners

b. The desrgn ‘and fabncatron of steel rib supports lncludmg srze mass
. accessories and methods of initialling the supports in all parls of the .
. underground excavalion shalt comply wrth BS 449 Part 2 and shall be_

- subject to approval o _ S AR :

it



1.7.2

773

7.7.4 | | .
RS a Steel support accessories mclude foot plates tie bars steel prpe jornttng -

Supply : . _ _
At all times during underground excavatron the Contractor shall have available
on the Site ready for immediate use, at least 8 steel ribs and support
accessories suitable for installation and replenish the stock ahead of time in the
paiticular section of the underground excavation under construction.

Installatron

a. Steel rib supports shail be mstalted true to the hnes and grades ShOWn on

the Drawings or as approved and shall be maintained by the Contractor in
proper condition and alignment. Any steel rib supports placed rmproperiy
shall be adjusted by the Contractor within 48 hours after the improper
- placement of the steel rib supports is called to his attention by the Engineer.

o Any repair to, or replacement of, steel rib supports necessitated by the -

: - Contractor’s operatrons shal! be made by and at the expenses of the
' Contractor ' : - . :

' b. The use of hmber support accessorres eXCept timber spreaders whtch are

- removed before concreting, will not be approved between the outer face of

L the steet rb support and the rock face or shotcrete surface as the case may

be. _-
Accessorres :

* plates, wedging and footblocks, which shall be steel plates or steel secttons

o of approved dlmensmns and nuts bolts and washers

b Once steel support accessories ‘have been placed firmly mto position they -

775 L .
' Al loose timber shall be removed as comptetety as practrcable before lining is

'shatl be securely tried together to prevent subsequent movement. Steel

5 _ accessones sha!t be left in place dunng ptacement of the concrete lrnmg

Removal of Tlmber Before Concretlng

placed. All timber spreaders shall be removed before placing concrete fining.

The Contractor shall securely brace the supports wrth the minimum practicable -

- amount of blocklng and wedgmg

116

Measurement _ , : : R .
Measurement for payment of furmshrng and rnstalimg steel nbs supports and .

.* . accessories_in the underground works will be made of the mass of steel .
" installed as approved or dirécted and shall include not moré than ten (10) steel -
E *_ ribs and accesso_rres_ for e_ach lunne! which may be furnrshed but not installed.

' 7,'7_'7 : _ _ : _ .
= -":'-_-Payment for Furntshrng and lnstatlrng Steel Rtb Supports and Accessones wrlt

Payment

be made at the applicable rates per tonne tendered therefor in the Bill of

: Quantrties (tems D.2.1 and D.2.2). This payment vill be made for all steel ribs -

* furnished and installed as approved or directed: Payment for steel rib supports

1and accessories furnished but not installed, will be made at the rate of 80 per
O cent of the rate per tonne tendered |n the pnced Bill of Quanhttes for furnrshrng o

715




7.8

7.81

and installing stee! ribs silppbrts..

COBBLE STONE FOUNDATIONS

General R A
The Contractor shall furnish and install cobbles for cobblestone foundations for
culverts, buildings, facilities, and elsewhere to the lines, grades and dimensions

. as shown on the Drawings or as directed. .- =~ -

782

- b. Cobbles shall be placed by hand and shali be sufficiently compébted in such

Materials

o a “Cobbles used in foundations shall be regular field, river or quarry stone of

" approved quality, free from seams and other defected, approximately
- uniform in size to ensure no large voids between slones. The thickness of
the cobbles shall be as shown on the Drawings. ' : o

~_manner as to lessen voids between stones as much as practicable. The

. voids between stones shall then be filled with well graded gravel or crushed - |

7.8.3

~.I the items in the priced Bill of Quantities for which payment of the relevant - -

79

794

- Wet stone masonry and stone pitching shaH cbé_ﬁs"edi_n‘ v_a'ri'qi;s"'_'st'fuét;t'j'r'é;é_iéé‘ specified

“stones and co_m'pacted to the satisfaction of the Engineer.

, Me_atsuremt_énrtr and P_ayrﬁe-l:lt

. Measurement, for payment, of c'obble'élqnie foundation shall be made of the -
. “volume compacted in place lo the lines, grades and dimensions shown on

" the Drawings or directed. ..

" Payment of cobblestone foundation will be made at the rate per cubic meter

*tendered therefor in the Bill of Quantities (Itém G.3) which shall include the o
~_cost of all labour, materials,” equipmient and incidentals required for
" furnishing, handling and placing cobbles including infill gravel or crushed

stones and any other necessary works connected therewith. -

'Separate'payr'he'nt will not be made of ¢ obblesto'ne:fbﬁndalibhéifor{él'éh'e' B

. “masonry and stone pitching and all costs shall be deeméd to be included in
‘items is made. -
STONE MASONRY

Gen'eral ST SR

below or as direcled by the Enginger. -~ .

. (i  Stone Masonry

. Used as retaining walls for access road embankment. ...y ¢

o ) _Sio.h:-é Pitching_ o e L s T R :

¢ Theterm "masonry" used herelnafter in the Specifications shall be deemed

 Used as slope protection for the actess foad embankment.

""" to mean both stone masonry and stone pitching but excludes stone pitching -

-+ used for lining surface drains in accordance with Clause 8.3. . .-



gt

796

7.9.2 | N L s
. e. Stone used in masonry shall be regular ‘lreld fiver or quarry stone of

~.d. The Contractor shall furnish and install stone masonry and stone pitching on

the surfaces of slopes and batters and in retaining walls as shown in the
- Drawing or directed.

Materlals )

- . approved quality, free from seams and outer defects The stone shall have a
~ specific gravrty of notlessthan2.5. * -

- f. Al masonry stones stookplled at the Site shall be kept in such manner that

* they will be slightly moist at the time of use. Stone used in the work or any

R part of the work shall be approxrmately umform in snze to ensure no large

" yoids betWeen stones S

. g.' The stone shall be not less than 350 min thick and lhe exposed surface of

) _eaoh stone shall be approxrmately flat and of an area not less than 0. 10 m2

' h | ,Concrete shall be Type Ei in accordance W|lh Sub Clause 9.2, 7

793 RN S
o o a. Prior 1o constructtng masonry. a cobblestone foundatlon and a concrete

Placement

- foundation shall be complete as shown on the Drawnngs or as dtrected by '

. lhe Engineer.

b ’Before placmg stone the stone shalt be cleaned and be suftrcrenlly

moistened. The rmasonry stone shall be so placed by hand that each stone

s completely surrounded, by concrete. Concrete shall be used for jointing in

' j_such a manner that the concrete is contintious throughout the concrete

jotnts The stones shall bé tamped and thoroughly consolidated and those
"_'stones broken dunng tamplng shall be removed and replaced with sound _

o stone '

o c. Backfil concrete and backﬁll graVeI shall be placed smultaneously W‘th the

SRR - Joints on the face of all stone masonry exposed to view shall be neatly fmshed :
- The concrete in the joints of the stone masonry shall first be removed to adepth -

- placing of masonry so as lo keep the masonry, concrete and gravel at the
- samelevel T T e

| d. Stone shall not he placed durlng rain perrods suff crently heavy or prolonged

_i as to wash the concrete from the masonry

Pomtmg

' of 30 mm. The joint shall-then be ¢leaned thoroughly with a wire brush of all

" of Portland cement and three parts of sand by’ volume. The surface of the stone o

loose materials and filled with cement mortar with a mix proportion of one part

. shall be cleaned of all mortar upon completron of the fi nlshlng operatton

Plasterlng - B e :
The top of stone masonry constructron shall be fmrshed neatly by plaorng a

‘concrete slab 10 cm thick as shown ‘on thé Drawing. Before placing the .

o ~.concrele topping slab, concrete in the jomts of the stone masonry beneath the

_slab shall be removed to a depth of 30 mm and the joint a_nd top portion of the B



masonry wall shall be cleaned th'oroughly of all loose materials with a wire
- brush. ..o T .

7.9.6  Contraction Joints and Wall Drains

a.

Masonry walls and stone pitching stope protection shall be provided with
construction joints at 20 m intervals except as otherwise designated on the

. Drawings or as directed by the Engineer. The contraction joint shall be a

- vertical line perpendicular to the plane of wall.

Except as otherwise shown on the Drawings or és direc'led', by the E'hgin'eer,

- verlical or sloped portions of masonry walls and stone _pitching slope

. protection shall be provided with wall drains for every 2 m? of surface area
~_ of the wall as specified in Clause 922. . B o

7.9.7 * Measurement L e s e
- Measurement, for payment, of furnishing and placing stone for wet stone
_masonry retaining walls and stone pitching slope protection shall be made of

- the actual volume of stone masonry and stone pitching in place to the lines, -
grades and dimensions shown on the Drawings or directed. - - D el

, - a. Payment for wet stone masonry and stone pitching slope protection will be

made at the applicable rate per cubic meter tend_eredrlheref@)__r in the Bill of

. Quantities (ltems G.1 and G.2).

b,

The rates for stone masonry and stt_iﬁ_eizpi‘tchi'ng'sﬁalf include the costof all ~

. fabour, materials and equipment for execulion of stone masonry works,
- Including cobble foundation, concrete foundation, placing stones, jointing, -

pointing, plastering, backfilling concrete, filling concrete,’ backfilling gravel, --

providing contraction joint except as specified elsewhere, wall drains and all _ |

- . olher necessary works connected therewith.

710 SOIL CONSERVATION MEASURES S

7.10.1 ‘General

~a. The Contractor shall carry out soil conservation Mmeasures using the

~methods shown on the Drawings or directed in the following locations - « .-

. ®  whers directed, in accordace with Clause 1.12.8; - -

@ onthe batters of embakments forroads;

~(ili) . on érodable batters of eXcavations; SR

" {iv). . in disposal areas where required;

W '_vin the'quérry; A

(Vi) . in borrow areas;and .

i) elseivhero as directed.

" b. The Engineer may direct. the Contractor to carry ‘out_soil ‘conservation .\
0 méasures’in 'successive stages at'any time during the -execution of the

 Works when weather conditions are suitable for the establishment of grass. .~~~

o j;ig S




.- ¢ The Contractor shatl carry out soil conservation measures as early as

- .. practicable and to the programme established by the Engineer at the time of

- directing the work or to an approved modification of the programme such

that the measures are in place and firmly establrshed before completlon of
-,theWorks,' o _

7 10 2 Methods

S a. Soil conservation measures shatl be carned out in accordance with any of
the followrng methods or combrnatlons of methods:

(i) ' By topsort ptacement which consists of drstnbutmg topsorl to depth of .
- - 100 mm on areas of common and hrghly weathered rock excavation
- and embankment S

L Alt areas where topsorl is to be ptaced on common excavatron or
" embankment fill shall be scarified or émbankment fill shall be
scarified to a depth of 150 mm wherever practicable as determined

- by the Engineer, just prior to the application of topsoil. The finished

surface should be uniform and level and any large stones are to be |

~_ removed. The topsoil shall be spread evenly to the requiréd thrckness )
- and harrowed to break up lumps and clods and fi nrshed toa umform
' surface free from humps and depressrons

Uiy By seeding and fertllrsmg areas where topsorl has been placed or into
: _' other areas as direcled. These aréas shall be sown with an approved -
R Chogwio il grass seed mixlure at a rate of not less than 25 kg/ha and fertilised
%' C st oo with-an approved ferdiliser at-a rate of not less than 60 kgiha. The
' S - . seed mixture and fertiliser shall each be applied in 2 approximately
-~ equal apphcatrons at times of sowing as directed. The areas covered
“with topsoil shall be Irghtly scanfred at the time of initial sowmg,
foltow:ad by rnrtral watermg : _

S iy By estabhshrng a protectlve cover of grass over erodrble surfaces by
-+ {ull face sodding or slrip sodding using sods of dense, well-rooted
~.o- .grass cut to a depth of not less than 4 cm. The sods shall be well

- - bedded in topsoil, pegged to the ground where necessary and kept -

- watered until the sods have rooted. The Contractor shall reptace any

. sods which die or fail to take root ' :

.. Where full face sodding is required or dlrected the Contractor shall
~ .. cover the complete surface with sods. The sods shall be tightly butted
BN -,together in a staggered pattern 0 }ornts are not continuous. - '

b Where stnp soddrng is requrred or directed the sods shall be bedded in -
- strips not more than 30 cni apart $6 as to COVer not tess than 30 percent of -
- the reqmred surface with sods. - . _ '

n c On comp!etron of full face soddrng or stnp soddmg the Contractor shatt' ,
s mamtaln and water the sodded areas. e

7 10 3 Marntenance Watertng

a. On comptetron of the seed;ng specrf ed in Sub Clause 7. 10 2 the_
__Contractor shall maintain and water seeded areas as necessary to ensure

. germination occurs and the grass develops to a uniform sward with healthy - '

' fﬂ growth. Areas that fail to germinate shall be reseeded and re-ferlilised until
a umtorm grass OVeI' develops. Marntenance mcludmg removat of all weeds :
. ; - 19 E L



.+ and other undesirabte growth and regular watering shatt conlinue untrt the

. completion of the Works. Any areas subsequently killed or damages before
..+ completion of the Works shall be immediately restored, re- grassed fertrtrsed_
-+ and watered by the Contractor at his expense.

On comptetlon of the grassing specified in Sub- Ctause 7. 102 the
Contractor shall maintain including removal of weeds and other undesirable
growth and water the grassed areas as necessary to create and maintain a
good healthy cover of grass and good growth from strip sodding. Any areas
subsequently killed or damage before completion of the Works shall be

- immediately restored Te- grassed and watered by the Contractor at his
'f_expense R - :

b. After rnltlal watenng, the Contractor shatt water the grassed areas regutarly
- and when necessary, to the equivalent of at least 25 mm of rain per week.
" The method of watering shall be subjéct to approval and shall be carried out
, _"’durmg normal working hours. The watering system shall include provision
' . for measurement ot the quantrty of water apphed

7104 Measurement B, ST _
Rt a Measurement for payment for appl:catron of fult face soddlng of stnp

- sodding shall be made of the actual surface area of Permanent Works, S

. including sodding of designated soil drsposal areas, covered wnth grass o
L sods or stnps as shown on the Drawmgs or drrected o :

b.'_ No measurement for - payment of soil conservatron measures taken in -
E accordance wrth the Contractor oblrgatrons under the Contract will be
' made D T el D el

7 10 5 Payment

a Payment for supply and ptacement of fult face soddtng or strrp sodding will
" be made at the rate per square meter tendered therefor in the Bill of -
~*.° Quantities .(Item G.7). Such rates shall include the cost of all tabour, -
~ matenals "and .equipment necessary for furnishing and faying the sods,
- feriilising and watering a$ needed any other works connected therewrth in
i+ accordance with this Clause SRR : o

: b Separate payment WI|| not be made for topsorl replacement estabtrshlng' B
© - grassing ‘and any other soil conservation’ measures for reinstatement and
-+ restoration of Temporary Works, borrow areas, and quarry carried out by -

‘thé Contractor at the direction of the Enginéer in accordance with Sub- = - - -

Clause 1.12.8 and all costs shall be deemed to be included in the rates and - :

- lump sum prices tendered in the prrced Brll of Quantrtres for the rtems for S

o whlch the work is reqmred
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SECTION 8. DRAINAGE

"84 GENERAL | T
N The Contractor shall construct drains for cotlectron and discharge of surface
€3 water in accordance W|th the Drawmgs thls Sectlon of the Spec;tt" catton and as
O : . directed., . "
Dralns and assomated structures to be construoted are summansed as follows:

" Designation . Description R :G'enei'a! Ai)-pgl'i{:atton B

Type -1~ | Wetstone masonry I:ned Side ditch along permanent
S dttch R ~ | access road and toe of cut
: Ce | adjacent spillway and in
| designated disposal areas

| Typet:2 | wet stone masonry-tlned Side ditch along permanent .
IR I dttch R access road and toe of cut -

St | adjacent spiliway and in _
designated dispOsat areas -

o TypeZt Wet stone masonry dram Left bank access road near
| B RS wath concrete stab cover | Dam Management Complex

7 Type 2:-_.2_4 Ll Wet stone masonry drain | Left bank access road near

o,
W B
e

L R _’W|th steet gratlng cover . | Dam Management Complex
| Type 3-1: 7. :! | Open reinforced - ' _1 - | Roadside drain for reservoir
o] conerete drain “ | permanent access road
Type3-2 = = Reinforced ¢concrete | Used where drain is to cross
Do drain w;th steel grattng permanent access road in lieu
sl iAo vl L cover i e 2| of culvert, - .
Catch Basin Wet stone masonry | Used at drainjunctions
S deatehbasin D L T
82 “__EXCAVATION FOR DRAINS
- 824 General : R NEEE ' |
S . The Contractor shatt carry out att excavatton for dramage |n accordance wnth the -
3 AR reqwrementsofCtause34 L. I S I EE I P bor o

.' '8."2;.2 -f-'_'_'Measurement and Payment B R T
s " Excavation for dratnage shall be measured and pard for |n accordance wnh '
S Sub- Clause 3.4.12.4 and" included in payment :tem J.1 with the ‘exception of
o excavation for drains at the toé of cut near the splltway whlch $hall be included
DA for payment in ttem C 4. 4 . R

e -;;5_'.-_, .



8.3

8.3.1

" a. The final excavated surface in natural ground or f Ii sha!l be fi irm ground or
- compacted to the requrrement for road subgrade materrat as specrf ied in

OPEN WET MASONRY-LINED o'R;ArNs |

' (:eneral

The Contractor shall fumrsh and wet stone masonry-trned drarns where shown '

~onthe Drawrngs or directed.

ez

Materlals . - L _ )
Rock used for stone prtched lrnrng shatt be sound durabte rock selected from

g the harder rock from the requrred excavatrons or other approved sources.

Beddmg and Placement

Sectron 10.

o b jThe rock shatt not less than 150 mm thick and shall be properly bedded to a

-~ uniform surface on an approved bedding mortar. The exposéd surface of

i - each stone shall be apprommately flat and of an area not tess than 0.03m?.

' c 'The surfaces to be lined with wet stone masonry shalt be tnmrned and

'shaped where necessary and the stones set in a mortar consisting of 3
parts of clean fine aggregate to 1 part of cement by volume so that all voids

betwéen the stonés are- comp!etely f Iled to the generat tevet of the top -
- surface of the stones. " _ C Sl o

d. The final surfaces of the inner faces of the !rned dratns shall be true to Ilne

and leve! within a tolerance of + or — 20 mm. Any section of drain in which =~~~ -

- water.ponds shall be reconstructed to ensure that all water dralns to catch

- bastns outtets orroad crossrngs as the case may be

:Measurement , V AN : o
- Measurement, for payment of furmshrng and constructrng wet stone masonry- '

| - lined drains (Type 1-1 and Type 1-2) shall be made of the length of each type of
< drain in place to the lanes grades and dlrnenstons shown on the Drawrngs or -

835

844 I R ST e
ST The Contractor ‘shall construct covered wet stone masonry dralns to the hnes L

s it"':_and Ievets as shown on the Drawrngs or as drrected by the Engrneer

842

dlrected

Pa Jrment

. Payment forfurmshtng and constructmg wet stone masonry-lmed drams (Type B
- 4-1 and Type 1-2) will be made at the rates per metre tendered therefor in the s
__Bltl of Quantities (Items H.A. 1 and H 1. 2) ' . . Lo

COVERED WET STONE MASONRY DRAINS

General

‘ Matenals '

o ~a Stone masonry materrals shall be in accordance w:th Clause 7 9

8-2 'z-"r [



: 8.4.4 V_Measurement

- b. Concrete shall be concrete class D in accordance with Seclion 9,
R c _Remforcement shall be deformed bars as speCIf' ed |n Sectron 9.

d. Steel grating shall be in accordance W|th the reqwrements for steel bar and
galvanising as specnfled in Section 11.

8.4.3 Constructlon -'
Soa. Fxcavatlon for drains shall be carned out |n accordance wrth Clause 3.4,

P b Stone masonry shall be constructed in accordance wrth Ctause 7.9. The

surfaces of the drains shall be screeded with mortar consisting of 3 parts of -

~ clean fine aggregate to 1 part of cement by volume so that all voids belween
the stones are comp!etely filled to the general tevel of the top surface of the :
. stones. : : S : :

SRR "_Where precast concréte stabs shall be set in a bed of 1: 3 sand cement
"“ mortar to ensure unlforrn seating on the underlymg wet stone masonry.

d. Steel gratlng shall be fabricated as shown on the Drawmgs and shall be hot
-._dip galvanised after fabrication. The grating panets shall have edge bars on
- all sides and shall be free of warp or distortion, Gratmg panels shall be
.. place in the drain structures as shown on the Drawrngs Panels shall be t" rm

C and shatt not rock or tllt under traffc :

- Measurement, for payment of furmshrng and Surface Dralns (Type 2- t and_
- Type 2-2) shall be made of the length of each type of drain in place to'the llnes '
' grades and dlmensmns shoWn on the Drawmgs or dlrected ’ ,

845 ‘__,Payment

{Payment for furnrshmg and constructlng Surface Drams (Type 2. 1 and Type 2- '
- 2) (Type 2-1_and. Type 2- -2) will be made at the rates per metre tendered _

" therefor in the Bill of Quantities (Items H.1.3 and H.1.4). .
85 :CONCRETE DRAINS

851 General o

"The Contractor shalt construct remforced concrete drarns to the Imes and Ievels' .
as shown on the Drawmgs or as dlrected by the Engmeer : L '

852 - Matenals

a Concrete sha!l be concrete class C in accordance Wlth Sectlon 9 et
b Relnforcement shall be deforrned bars as specﬂ” ed |n Sectron 9 "

e c Steel gratlng shall be m accordance wrth the requurements for steel bar and
' gaivanlsmg as specrred in Sectron 11 S

8 . 3 Constructron i | | o |
L a Constructron of remforced concrete drams shall be in accordance wnth the

requrrements ofSectlon 9.




8.5.4

b. Steel grating shall be fabricated as shown on the Drawings and shall be hot
dip galvanised after fabrication. The grating panels shall have edge bars on
all sides and shall be free of warp or distortion. Grating panels shall be

- . place in the drain structures as shown on the Drawrngs Panets shall be firm
and shall not rock or tilt under traffic. - o

- Measurement

Measurement, for payment of furmshrng and constructrng relnforced concrete

' drains (Type 3-1 and Type 3-2) shall be made of the length of each type of

drain in place to the Irnes grades and dlmensrons shown on the Drawrngs or -

: drrected

8.5.5

;,_:Payment | S
- Payment for furnrshlng and constructrng Surface Drams wrtl be made at the

C " rates per metre tendered therefor In the Brll of Quantrtres (ttems H1.5 and o
"--"i_H1e) | o , S o

864

86.2 : - '
RN Stone masonry matenats shatl be in accordance wrth Ctause 7. 9

863

864

8.6.5

fPayment T AU LA O KRN SR SV TS S
Payment for furmshrng and constructrng catch basrns shatl be made at the rate_ EATI B

_"CATCH BASINS

General

The Contractor shall construct wet stone masonry catch basrns to the Irnes and e
Ievels as shown on the Drawrngs or as drrected by the Engrneer STRE :

Materrals

Constructron

~ Stone masonry shall be constructed in accordance with Clause 7 9 The mterror .

- surfaces of the catch pits shall bé screeded with mortar consisting of 3 pats of -
- cléan fine aggregate to 1 part of cenient by volume so that all voids between -~
_the stones are comptetely filled to the general te\.ret of the top surface of the_ L

stones.
Plastenng shall be in accordance wuh Sub-Ctause 7 9 5

_ Measurement

o Measurement for payment shaII be made of the votume in cublc metres of Wet
‘" stone masonry in the catch basrns c¢onstructed to the approved lines and livels. R
_ _Measurement of Wet stone masonry out3|de the approved !rnes shatl not be_ o
measured ' A R _ , o L

, per cubrc metre tendered therefor in the Brtl of Quantrtres (Item H 2)
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