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1710 PERMANENT-• SAPETY DEVICE 

Guardraiis and other safety devices shail he made in conformance 

with the Pian at piaces set forthon the Pian.Tho oonstruction, 

erection and piacing of guardraiis shail he in con±'ormity with 

the Standard Specifications of the National Board of Pubiic 

Roads and Waterways uniesa otherwise specified on the Pian. 

The steel ralis and posts of guardra.ils shali he given a hot-

zinc eoting unless otherwise specified. The thickness of the 

hot—zinc coating ohali correspond to value Znk 700. The. parts 

coated with zinc ahali not he weided. Holes and cut surfaces 

breaking the hot—zinc ia.yer ahail he coated with sprayed zinc 

fiim. The thiekness of the zino coating sha.ii he the aarne as in 
hot—zino treatment. 

The materiai used in wood raija and posts of guardrails shail 

he pressure—impregnated. A guardraii made of iinpregnated wood 
may he ieft unpainted. 

Steel wire fenees and other devices specified on the Pian shail 

he erected in locations considered necessary in accordance with 
Speciai Directions for this work. 

Wire fences shali generaily he erected atthe edges of high rock 

siopes in cuttings more than 4,0 m in depth. In roliing terrain 

the ground ahail he ieveiied in such manner that the appearnce 

of the fence wiii he good. Owing to appearance the construction 
of shor -t (< 40 m) fences shouid he a.voided. 

1720 PERMANENT TRAFFIC CONTROL ]9EVICE 

Permanent traffic slgna shali he manufactured in accordance with 

SpeciaiDrawings and erected in locations shown on the Pian. 

Unleas more detaiied instructions conce.rning the iocation of 

traffic signs have been given on the Pian, the location referred 

to the cross section of the road ahali he as specified in the 

Standard Specifications. of the National Board of Pubiic Roads 

and Waterways. In the •iongitudinai direction, the decision of 

the Miniatry of Communications and Pubiic Works, November 27, 

1957/384 and amendments thereto shail he foiiowed. 
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Traffic signe shail 1e manufactured and painted in conformity 

with the standards and prinoipies of the National Board of Puh-

iic Roads and Weterways. Signsmade of sections shali he assein-

bied with rust-proof material. Signs instaiied into posts shali 

he a.ttadhed with two rust-proof eiasps. The sign posts shail he 

manufaotured either of' Iight metal or of steel. The posts for 

iiiuininated signs shali he made of pipes. Signe not to he 

iiiuininated shali he instaiied in posts made of E-profi1e mater-

isi. Uniess otherwise indicated on the Pian, steel posts shall 

he coatedwith zine as specified in Item 1710 above. Theiower 

end o±' a iight meta.i post in eonta.ct with conerete shail he 

coated with bitumen. If the sign wili he iiiuminated later on, 

the top of the post shali he ciosed with a pia.stie piug. 

Concrete elements shouid he useä a.s footings for trafficsigns. 

Nore detaiied data on traffic signs, posts and footinge are 

generaily given on the Drawings. 

1730 CARRIAGEWAY MARKINGS 

Carriageway markings shail he in iocations shown on the Pian 

and the Standard Specifications of the National Board of Pubiic 

Roads a.nd Waterways. 

Painting 

The paint types used för oarriageway markings shail he approved 

by the Nationai Board of Pubiic Roads and Waterways. 

The layer of paint ahali he uniform and even. The consumption of' 

paint shall he about 0,25...0,35 iitres/m 2 . In order that marking 

is properiy done and especiaiiy from the point of view of the 

durability of paint it is very important that the base is dry 

and ciean. Pain -ting shali he started only after the dew has 

dried from the surface. Fa.inting shail not he carried out in 

foggy weather. In the evening, painting operations shali he fin-
ished in good time to allow the paint to dry before dew falis on 

the surfacing and to enabie the removal of safety devices before 

da.rk. The finished carria.geway niarking shaii ha.ve the correct 

line with no bends or waves. On new surfacings,carriageway mark-

ings shall nt he painted sooner than 4...6 weeks after the sur- 
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facing has been laid, if a paint dissolving bitumen from the 

riewly iaid asphait surfa.oing and changing itscoiour is used. 

On oli gravel roads, carriageway markings shail not be made 

earlier than 2 months after placing o±' the oil gravel provided 

that there is no risk of 0±1 rising to the surface necessitating 

ecarifying. The most advantageous time for marking operations 

from the point of view of durability is the period from May to 

Septem1er. 

The visibility of markings in the da.rk is improved by means 0±' 
giass pearis spread on wet paint. The diameter of glass pearis 

ranges between 0,1...O,6 mm. Pearis shail be spread by means of 

a dev±ce p]aced in connection with the marking maehine simulta-

neously with painting. 

174Q ROAD ILLUNINATION 

The road illuniination system shail be constructed in conformance 

with Pian.Drawings and Speciai Specifications. 

1750 PACINGS 

Siopes, bank enda, central reserves, divisional isiands, drains 

eto shall be constructed se shown on the Pian and of material 

indicted on the Pian. 

Fa cing with Greve 1 	and 	Stone 

Chip s 

Fa.cing with gravei and stone chips is to be considered rnainly 

in siopes 0±' embankments and underneath bridges. A grevel or 
stone chip isyer not containing stones larger than 2/3 of the 

thickness of the layer sha.ii be spread on siopes. Depending on 

avaiiable materiai and conditions, the thickriess of the layer 

shali be 10...30 cm uniess otherwise provided on the Pian. 

G r a s s 1 n g 

Siopes, bank ends, centrai reserves, divisionai islands, dralns 

etc shali be grassed by a method specified on the Pian or by 

some other acceptabie method. It is often advisabie to grass 

1969 



-5- 

siopes as soon as possible after excavationand completion of 

embankments, since damage to unproteoted siopes can thus he pro-
vented. 

Prior to grassing o± the central reserve, divisional islando. 

and inner siopes the surface shall he compacted and covered witi 

a layer of about 20 cm o±' material rlch In fine earth material 

retaining moisture unless otherwise specified on the Pian or 

provided that the surface to he grassed 18 not dense. The above 

shall also concern ali rock cutting siopes excavated to the 

gradient of the earth cutting siope and to he grasaed. The sur-

face of the siope of the road pavement •sectior 'hall not, how-

ever, he compacted in such manner that the flow of water from 
the road pavemen is prevented. 

Grass types used shall he th±ck in growth, short, strong-rooted 

and resistant to drought. 1±' poseihle, the seed mixture shouid 

he selected on the hasis of local conditions and surroundings. 

The general principle can he that topsoil shail only 'be used in 

areas where a particularly good finish is required. Even at lo c-

ations where topsoil should he used, it can frequentiy he sub-

stituted hy turf or by soils obtained in connection with repia cc-. 

ment of soil. When some other organic material Is used instead 

of topsoil, a growth teat shall he made to ensure that the mat-

erial Is suitable 'or the urpose and fertilizers and other che-

micals to he added te the rnaterial shall be determined. Prior 

to their use, the materiais used instead of topsoil 811211 he 

generally treated with ilme in stockpile areas to reduce excess-
ive acidity. 

Three different grasaing methods (1, II and III) are used iri 

facing of road structures. The grassing method IV ahali he used 

in finishing of gravel pits, borrow sources etc, 

Grassing may he suppiemented by protective layers, turf sheets 

or natural. turf. 

Protective Layer 

A protective layer may he made of twigs, springs, straw, turf-

straw or bitumen or resin emulsion. When straw and a .mixture 

of turf and stra.w are used, emulsion ehali alway he used as 
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binder in order to prevent wind from 1owing off the light 

protective layer. Protective layers shall be used in siopes 

susceptible to erosion and at locations susceptitle to drought 

and the layer shall e laid as soon after sowing 85 possifle. 

Frotective Layer 

a) stra.w 	aout 4...5 min 

b) eut turf 	about 4...5 mm 

c) bitumen emulsion 	(ab. 0,6 kg/m2  + ab. 0,6 kg/m2  water) 

d) resin emulsion 	 - 

e) sprigs 

f) twigs 

The essentiais of' varlous g.ra.ssing methods have been given in 

the Table below. 

Table No. 1 

Grasoing Method 

1 	II 	III 	IV 

TopsoiL, cm 	10 	5 	- 	- 
Lime, kg/ha 	3000 	2000 	- 	- 

Ferti1ize, kg/ha 	1000 	1000 	1000 	500 

Proteotive crops kg/ha 	- 	150 	- 	- 

Seed mixture, kg/ha 	200 	150 	100 	50 

Lime application: agricultural ilme 

Fertilizer: Forest Y-fertilizer or special Y-fertilizer 

Frotective crop: in spring oats 

• 	
in autumn rye (as from August l5th) 

Seed mixture: i.n grassing methods 1, II and III standard mixture 

of'the National Board of Public Roads and Water-

ways, in grassing method IV variable or standard 

mixture. 



G-rasa seed mixture: 

Pestica 45 % 
F6a pratensis 30 % 
Agr6stis tenuis 15 % 
Festica ovina 5 % 
Trif6lium r4pens 2 % 
Phleum pratense 1 % 
Trif6lium hybridum 1 % 
Trif6lium pratene 1 % 

100% 

GrassingMethod1 

The essential feature o± this method is a topsoil layer 10 cm in 

thickness. The method shall be ued at large divisional islanda, 

central reserves, surroundings of buildings of permanent job 

bases and other, mainly horizont.al, sven grased areas recuiring 

5 pa.rticularly good finish. 

The work shall e ..carr-iedut 	±'ollows: 

1) Topsoil mixed as t.heroughly as possible with ilme shall be 

dumped on the graded soil. The surface shallbe levelled 

2) Y-fertilizer alaali he spread and worked to a depth of a.bout 

4...5 cm after which the surface shall be raked even. 

3) The gras:s mixture shall be sown after which the ground shall 

immediately be rölled or compacted by some other method. 

4) If topsoil is llk8ly to become muddy after ram, the surface 

sha.11 be covered with a 1yer of coarse gravel about 1 emin 

thickness or withcut turf. 

5) When the growth ja about 20 cm high cutting shall he started. 

6) During very sunny periods grass sha.11 be watered. 

GrassingMethodII 

The essential feature of this method. is a topsoil layer 5 cm in 

thickness and the use of protective crops at the time grass is 

sown. The use of protective crops shall he considered separately 

for each case. Timbers may a.lso he used at loca.tions with large 

gradients. The method sha.fl be used at the ra.mps o± road inter-

changes, at the approach and through roa.ds of major population 

1969 



-8- 

centres, on h±gh bridge embankments and in the surroundlngs o± 

parking ereas. 

The works shall be carried out as foliows: 

i) Seeds of the protective crops and one-ha1±' of the Y-fertiiizer 

shall be spread on the graded foundation. 

2) A layer of' topsoil ahail be spread at once and ilme shail be 

applied in course of spreading. The surface shail be raked 

even. 

3) The grass mixture shali be sown on the graded surface and the 

surface shail be cornpacted. at once. 

4) The ot.her haif of the Y-fertiiizer ahail be applied only when 

the height of protective crops is about 1O...15 cm, that is, 

ebout 3 weeks after sowing. 

5) Protective crop ehali be cut down when ears begin- to form. 

6) G-rassed areas shail be watered only in exceptionai cases when 

the risk of withering is evident. 

I -t shail furthermore bo mentioned that the work shail be arraned 

in such a way that only s.uch an area shouid be sown with protect-

ive crop and covered with Y-fertiiizer each day that can be 

covered with a topsoil iayer during the same day. Finishing of 

the surface and sowing of' grass seed shail be effected within 

four days after sowing of the protective crop. 

If the topsoil isyer has aiready been piaced on - the surface to 

be grassed at en eariier stage. of construction, the seeda of the 

protectire crop and one-haif of the Y-fertiiizer spread simuita-

neousiy shoud be worked into the sali to a depth of about 3..5 
cm where there is sufficient inoisture for germination. 

Grassing Method III 

In ihis method, no topsoil is used grasaing being effected by 

sowing seeda and fertiiizers direet onto the trimmed sali. The 

grooves in the sali shaii be parailel with the road at a spacing 

of 1O...15 cm and with a depth of ebout 5 cm. This grassing met-

hod ahail be used in large road siope ereas. 

The work ahali be cerried out as foliows: 
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The graas mixture and the Y-f'ertilizer shall be spread on the 

aurface of graded soil provided with groovea parallel with the 

road. 

Should the growth o±' grass next spring prove poor, the soil she 

be re±'ertilized as soon se possible with Poreet Y-fertilizer 

applied in a Quantity of about 300 kg/he. If possible, sowing 

shall be carried out mechenically. 

Grasaing Method IV 

No topsoil ja used in this method. The seed mixture may be even 

highly varying containing seeda of weeds and even trees depen 

on the local eonditions of the gra.ssed area. The method shall be 

used in finishing 1orrow souroes and stockpile areaa. 

The work ehail 1e carried out as foliows: 

1) Y-fertilizer, and the grase seed mixture ahail be sown on a 

sufficiently levelled and shaped foundation afterwhich the 

a.rea shall be left untended. 

2) If larger areas are concerned, suitable trees oharacteristic 

for the area shall be planted or sown. 

In sddition to the above specifications the foliowing shail be 

taken into consideration: 

A general irstruction for the time of sowing ja es foliows: 

- spring sowing from melting of snow to the middle of June 

- autuinn sowing'from the beginning of' Auguatto the middle o± 

September 

- Sowing shall not be carried out du.ri.ng  long sunny periods. 

- A separate agreement ahail be reachec9 on sowing after Septembe. 

j5th. 	
• 

The prescrilDed qua.ntities are given as average quantities in the 

Table above. These quantities shall he appl.ie--on the s9te as 
foliows: 

On roads in a north-aouth direction, whe;re siopes are equa.l-

ly. exposed to sunahine, the quantities given in the Tahle 

ahali be used on both slopes 

On east-west roads where the siopes on the southern side 

are highly exposed to sunshine, the quantity of seed on these 
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shall be as set out in the Tabie + 30 %, and on siopes in the 

shade 36 % iess than the quantity speoified in the Table. The 
average civantlty  per heotare hall thus be as specified in the 

Tabie. 

On other road seetione the above principie shail he applied 

depending on iocal conditions. 

Fertiuizing and the application of ilme shali he in conformance 

with the Tabie at ali locations. In areas where topsoil is highly 

acid, a.s genera.11y in coastai areas, it ma.y he advisable to use 

larger quantities of ilme than specified in the Tabie. Forest 

Y—fertiuizer or Special Y—fertiuizer ahail he used. 

Bitumen einuision, cut turf and stra.w are most suitahle for the 

protective isyer provided that appropriate machines are availabio 

for spreading. 

In add±tion to the methods deecribed above, even other acceptable 

methods may he used. 

A latticework of plank may he constructed for binding the siopes 

placed obliquely on the siope and fixed to the ground by means 

ol' wooden pega 0,5...O,6 m in length. The proper size of' the 

iatticework is 1,5...2,0 m. The iatticework may he made either 

of planks or of la -ths. Facing above the latticework shail he as 

specified in other Items above. On more difficult and larger 

siope areas the latticework shall he made as specified on a Spe-

ciai Pian. 

Turf Facing 

In exceptional casea such as on very steep siopes facing with 

natural or cultivated turf may he considered. Pegs or battens 

shaii if necessary he used to aecure the tur±' to the solu. Inter-

stices shali he filled with topsoil. The proper size o± turf is 

about 0,1 m2 . Turf may he placed direct onto a graded siope. 

Simple 	Stone 	Fa cing 

Broken rock ahali preferably he used in simpie stone paving. The 

thickness of the stone isyer shail he not less than 40 cm. 

Stones shail he placed tightiy and interstices fiuled wlth smaii-

r stones ao that there wili he no gaps larger than 10 cm in the 

finished surface. Smaller interstices shali he filied with graveL 
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The final surface shall he so even that there will he no irregul-

arities larger tha.n 10 cm on a length of 2 m. On frost-suscept-

ihle soils the stone p.ving ohali he founded on a filter course 

o± sand a.nd gravel 50 cm in thickness. 

Stone paving in ditches shall he made cf stones 30 cm large pia-

ced on a foundation graded with gravel. The thickness of the 

gravel layer shali he not iess than 10 cm. 

Dense 	Stone 	Fa cing 

A dense stone peving may he used at the ends and siopes o± em-

hankments at bridges. It shaiibe constructed 0±' dressed stones 

with a thickness o± not iess than 20 cm and on area 0±' about 
0,20 m2 .'Stones shail he placed tightiy:side by side ao that a 

hard and durabie surface is ohtained. The size o± individual 

terstices at the joints.shaii not exceed 3 cm. 

Poiytrichium sha.ii, for exampie, he used as fiiling materiai. The 

finished surface ahali he ao even that there will he no irregui-
arities larger than 5 cm on a iength 0±' 2 m. 

On frost-susceptibie soiis and in iocations where the fiow of 

water may cause erosion in tha found.a.tion of the facing, on in-

verted anti-erosion bianket shail he used as foundation. The bian-

ket shail then he constructed in the foiiowing manner starting 

f.rom •the bottom: 

10 cm sand 	0,2...2 mm 

20 cm gravel 	2...20 mm 

20 cm stone ohipe 40...60 mm 

The bianket shall be constructed in layers, each isyer being com-

pacted separately. Shouid. the original soil he coarserthan some 
0±' these materiais, the ±'iner iayers of the bianket shaii he 
omitted. 

In order to prevent erosion, grooved planking may aiso he used. 

Stone facing shail he supported on a fouidation not likely to 
subside. 

Other Fa cing Types 

Traffic isionds ao snii or in such iocation that grassing wili 

not succeed may be fa.ced by some other method, e.g. with asphait, 
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concrete, concrete alabs, stones eto ao specified on the Pian. 

When these methods are used, the suitability of the surfacing 

in the surroundings shail IDe taken into consideration. 

F i 1 t e r 

See Item "Dense Stone Facing". 

1760 PLANTATIONS 

Pianting ahail be carried out in conformance with Pian Drawings 

S 	and with Specifications for Planting Work. 

780  SPECIAL WORK, STRUCTTJRES AND EQUIPNENT 

The work shal]. consist of the reiocation - either compiete or at 

ieast during the construction work - of equipment and structures 

susceptibie to damage iy the work or harmfui to traffic or the 

road iooated in the roed area or in its vicinity. The work stiali 

generaily aiways he carried out as set forth on the Pian or on 

Specifications for this work exeluding minor operationa. Direct-

ions on the performance of the work are generafl.y given by the 

owner of the equipment to he reiocated. Contact ahail aiways 

be taken with the owner prior to the start of reiocation work. 

In most cases, the own.er himseif wiii carry out at ieast port of 

the work included in this Item. 

Skiiied labour shail aiways he used in specia.1 work. 

Buiidings 

The reconstruetion and re—erection of buiidings shail be carried 

out in such manner that the buliding or structure reiocated ±8 

in absoiute conformance with the Pian or with its originoi condi-

tion. Parts damaged during the work shali he repiaced with new 

ones. The work shail he carr±ed out by skilied la.bour. 

Eiectri city and Teiephone 	Cabies 

Speciai care ahail he taken in uncovering of' existing cabies. 

The owner of the cabie ehali give information on the iocation 

and depth of the cabie. The final uncovering of the cabie skiaii 
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always be carried out manually. Excavating and backfifling of t 

new trench outside the road area. shall be earried out se indica 

by the owner of the cable. As for eables within the road area, 

instruetions of the National Board of Publio Roade and Weterwey 

sha,11 be followed. 

The cable should be located on the roedside area or at the edge 

of the road area at a distanee of not lees than 0,5 m from the 

bottom of the ditoh or from the outside edge of the slope/cutti 

Should. this be impossible, the cable may exceptionally be place 

in the siope, however not closer than 0,5 ni from the bottom of 

the ditch. The ca.ble is generally installed underneath the ro 

pavement under the ca.rria.geway at a depth of not less than 0,8. 

1 ,0 m and elsewhere in the road area to such a depth that it 

will not have effect on the maintena.nce, improvement or under 

drainage o± the road, When the cable crosses under the road, it 

shall be proteoted or placed inaide a casing.pipe. 

. 
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ROAD CONSTRTJCTION 

General Specifications 

fliTSTiUCTIQI ap 	ROAD 

• RORMATT0R ROCK 	1400 

C 	TTEllTS 

• 
1410 ExcavationinRock .......... 	........... 

1440 ........ 

1450 Construction and Removal of ?urcharges of 

1460 Rock ....... . . . . . .......• • • • • .......... 1•SS 
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1LHO EXCAVTIOU ij; ROCK 

Un ao veri n g 

Prior to the start of excavation operations soil overiying the 

rock shail IDe removed so thoroughiy that remaining soil inater-

iai wili not niake the base of the excavation or structures to 
broken 

he constructed of oruanod rock frost-susceptilfte.. In the deter- 

min.ation of the accuracy requirements specified for uncovering, 

ttention shail he given to the frost-susceptibiiity of soii 

overiying the rock, to the later use or oPod rock materiais, 
to the height of the heading and to the depth of excavation. 

As regards frost-susceptibie materiais, the accurary shaii range 

between 1...10 cm the lower limit corresponding to the area of 

e. shaiiow cutting (h cl ,0 m) when deep biasting method is not 

used and the upper luut to the area of a high cutting (16,0 

iii) when the deep biasting method is applied. The rock on IDoth 

sides of the road shali he uncovered to a width greater than 

the theoreticai width of excavation. The additional width shali 

he as specified on the Pian but not iess than 1, m. 

Uncovering shall he continued after biasting, if necessary, so 

that rock remaining in the sides of the cutting is generaily 

exposed for a width o±' about 1,0 m in the horizontal direction 

in order to prevent overlying earth and stones from failing 

down. Earth removed in this additional exposal shouid preferabiy 

he placedon ledges forrned in the sides of the cutting to en- 

courage growth, or it shali iDe ued for shaping the cutting. 

iEarth siopes lying above the cutting shali have a siope of 

earth siopes and the upper edges shail he rounded off. If such 

large overbreaks occur during biasting operations that the 

rock cannot he exposed for a width of 1,0 ni without making un- 

sightly bends in the earth siope, a retaining wall of stone 

shail he constructed. 

hen the sides o± a cutting aro excavated to ä siope of an 

earth siope, the width of uncovering shall he determined on the 

hasis of the final siopo boundaries. 

0 1 e a n i n g 

Sbould 	rock he used as material for road pavement or 
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for the Lanufacture of stone chips and crushed stone, the sur-

face of the rock shall he carefully cleaned by hand. 

B 1 a s t i n 

Iiethods and explosives used ohali he such that rock situated 

outside the cutting will remain as undisturbed as possibe and 

tha -t there will he no rock within the theoretical cross-section. 

II is recommended that prior to the start of blasting operations 

the cjuality of rock he studied and that at the initial stage 

of the work tests he made to determine the hole spacing and 

the charging density. If necessary 9  blasting experts shali he 
used. 

As a rule, b1st.ing shafl he carried out ao normal open blast-

ing. 

If separately inicated on the Specifications for Elasting, 

the pre-split technique, supplementary blastings or some other 

method of precision blasting ensuring similar results shall he 

used in prder to ohtain an even and resistant rock wall iii 

aases when rock walis steeper than earth siopes are to be con-

stucted. In the lower portion of edge holes in a robk cutting 

a tolerance of not rflore thon 20 cm jo permitted ja individual 

cases. 

Rock silali he 1asted into sizes making it possible to use 
broken rock 
crusfl4 material for the intended purpose. Blasting operations 

ohall be carried out in such manner that there is no undue 

danger or damage to the surroundings, and the laws, statutes, 

other regulatione and instructions given by the Employer con-

cerning blasting work, materiais used and their storage shall 

he followed. 

The sides of rock cuttings shall he hrought to siopes specified 

on the Plans, ao a rule into a slope ranging between 10:1.... 

5:1. In the case of short and sornetimes even of long shallow 

cuttings, the sidesr.ytgiven. the same slope as ja excavation 

in soil. As regards the appearence of cuttings at difficult 

locations the blasting method shall he selected ao set f'orth 

on separate directions. In the performance of work allowance 

shall he made for excessive excavation needed for any soil iaTer 

•i 

•i 

•I 

•i 
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to be covered vTitb :rass. Iii rock excavrLtions with steep sides 

the siope shall decrease towards the ends of the cutting so 

that a gentle transition will he obtained. In special cases, 

for example when rock is weak or when the appearence ehali he 

oonsidered, the siope may be specified separately. 

Any small pieces of rock found in soil excavations shall, once 

they have been uncovered, he hlasted to a depth corresponding 

to the thickness of the road pavement of adjacent sections. 

The depth of blasting in Rond Pavement Categories 1, 2, 3 and 4 

S 
helow the carriageway shall, however, be not less than 1,0m 

rrieasured from the surface of' the completed road (deep blast-

ing). The stone 'olasted ohail be removed so that the base 

course may he corstructed as a continuous course. Any transition 

wedges requircd around rock faces shall be oonstructed in con-

formance withdirections given in Item 1510 for transition wed- 

es. bmall rock pieces or large isolated boulders shall he 

removed to a depth specified for the transition wedge and the 

excavation shall he filled with surrounding material and com-

pacted to the density of the surrounding area. 

Ilormal Open Elasting 

In normal open blasting, the advance, the hole spacing and 

the charging indicated in Tahle No. 1 below may he used. The 

detonation shall b arranged in such manner that the explosion 

will advance into the rock in a form af a plough thus pre-

venting any preseure impacts against rock walis. 

Tah1 1 

Heigth of 	Bottom dia 
seading 	of' hole 

m 	mm. 

Bottom 
charge 
kg/m 

1-Ide 
chrrge 
kg/m 

Iax ad- 
vance 

m 

iax.ho1e 
opacing 

0-2,5 25 0,63 0,25 1,15 1,5 

29 0,84 0,34 1,3 1,7 

0-5 32 1,0 0,40 1,5 1,9 

38 1,4 0,60 1,8 2,3 

44 •1,9 0,80 2,0 2,6 

4-10 50 2,5 1,0 2,3 3,0 

63 4,0 1,6 3,0 3,9 
6-15 	. 75 5,6 2,3 3,5 4,5 
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In th csee v;hen the lir•st hoi spacn end advnces are 

used, acditional holes, about 1/3 of the length of large holes 

should he drilled in between the large holes in order ±0 de-
orease the size of boulders. The hole size is determined on the 

basis of permissible vibration and of the desired boulder size. 

As a rule ali holes shall be drilled to a siope of 3:1. The 

holes shall extend to a depth ahout 1/3 of the advance helow 

the Lbeore tical bottom level 

urfac Blasting 

Surface blas±ing ehdi ve carried out either hy recision biastS 

ing or by the pre-split method used in advance so that the 

final rock surface is as even and compac± as possible. 

1 n 	t h e 	p r e - s p 1 i t 	m e t h o d 	a fracture is 
shot in the wall o± the cutting either before or in conjunct- 

ion wiht other hlasting hy arranging the chtonation in sucITl 

manner that charges along the line of the intended fracture 

will expiode first, The hole spacing along the line of the 
fracture shail, 	depending on the type o± rock, 	he 30...6C) cm. 

Drilling shall be performed by a wagon drill with good direc±- 

ioning properties. The row of holes shall be drilld toa 

depth of not less than 50 cm below the exeavation and tht. 

explosives shall he dynamite at the bottom and low-velocity 

explosives higher up. 	In long holes, dynamite inay be used also 

in the middle o± the hole. All holes in the outer row shall he 

exploded simultaieously. Every second hole may be lcft unchere 

if close spac±ng 	is used. Results may he improved by using 

detonating fuses. Remaining blasting operations shall he 

performe.d by .a normal method, but near the fracture fhe hbIe 

spacing shttll not oxceed 80 cm and the explosive her 	shali 

also he of:a low-velocity type. 	In orderto render the use of 

the pre-split method succesfui 	a rock slab not less than 2 m 

in thickness shall he used as counterweiht on both 	idcs of 
the fracture. 

1 n 	p r e c i s .i o n 	b 1 .o s t i n g on even vrall is ob- 

tained by using a.shor± hole spacing, a srnall charging density, 

low-velo,ci±.y explosives and a •delayod detonation. The middle 

ortion of the cutting may be blasted by iormal methods, but 

dependirg on the stability of rock a portion 1,5...2,0 m in 
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width nxt te th wii shali he blasted by speciai methods. 

In the direetion parallel to the wall the hole spacing shall 

he 20...60 cm and at right angiesto the wall 30...iOO cm de-

pending on the type of rock. )iectionI.g of holes shall he 

accurate. Thercfore, holes in the outer row shall he exploded 

first in small fields so that any errore could he made good 

at once. Biasting shall be carried out by using low-velocity 
explosives and delay detonators. 

Phould the direction of foliation or shale be parallel to the 

wall, but the fail of blasted material deviates from the siope 

	

• 	of the wall, hanging the siope of the sides into the slope of 

holes shall he considered in order to prevent subsequent fail- 
ures. • 
Deep Ilasting. 

The rock shall he blasted to a level 1 ui beiow the finished 
road surface. 

-. Biasting shall he carried out as follows 

TJnderdriiling, measureö in the direction of the hole shall he 

extended to (a) ui below the level of deep blasting. The value 

selected for (a) shall he larger of the foliowing two values 
either a 	x advance or a = 

	x verticai depth of the 

helo (cxci. underdriliing). The work shail he arranged in 

such manner that it is possihle, either by random tests or by 

continuous testing to check the bottom level of drill holes 

which shall be done by comparing known level marks with the 

level of wooden measuring sticks inserted in the holes before 
cbarging. 

	

i. 	Effect of 

In urhan areas and in the vicinity of buiidings and installations 

the size of charges shall always he restricted because of vib-
rations caused by hiasting. 

If the risk of vibrations is evident, a statement of an expert 

shall he acquired prior to the start of blasting operations, 

In ali cases when buiidings or structurcs are in the sphere of 

vibration, a written statement shali be acquired by the Con-

tractor about the situatiori before hlnstin, se that any dam- 

1969 



-7- 

ages by blasting could he undisputedly determ±ned and paid for. 

JDepth of Blasting for DifferentRoad PavernentCategor 

i± the road is to be provided with a road pavement of catgor-

ies 1, 2, 3 or 4 in conformance with instructions and Standard 

Specifications of the National Board of Puhlic Roads and Water-

ways, the rock shall he excavated to a depth not less than 

1,0 m from the finished road surface (deep blasting). Eroken 

rock shall be removed only to such o. level ±hat the remaining 

material may be graded and compacted and 1hat the required 

road pavement or the base course and the wearing course may 

he constructed. 1±' broken rock from a rock cutting is loaded 

rom QQ  large a dept1: and if the cutting shall therefore he oackfi±ied, the bacfi11 material shall conform to the quality 
requirements specified for stone embankments. 

Should the original rock surface he lying below the underside 

of the base course, only such rock as has heaved above the 

underside of the base shall he removed. In that case, allow 7  
anee ehali he made also for reuired blinding material of the 

broken rock surface. 

In the case of Road Pavement Categories 5, 6, 7 and 8, the 

rock shall he blasted generally only to such a depth that it 

may he removed to a level at least 5 cm below the underside of 

-the finished road pavement (base course). In this case, holes 

shall generally he drilled below the said level to a depth 

corresponding to aout haif the advance. After blasting, the 

bottom shall he thorougly cleaned of frost-susceptible soils 

and, if necessary, graded. Rell-cleaned rock franents, gravel 

or crushed products shall he used in grading. 

Directions concerning ;rading a subgrade made of crushed rock 

hvc ben given in Itom 1440. 

Trimming 	of 	Rock 	a1ls 

In conjunction with loading of broken rock, uh looso material 

shall he removed from the rek wal1 as ay1atr roll down 

(manual removal). Unsightly rock sections and overhanging 

or projecting rock ehail also he removed, if considered necess-

ary from the point of view of traffic safety or appearence. 

Fixing with bolts may a10 he considered in certain cases. 

•I 

•I 
•i 
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Construction 	i 	Winter 

The surfaces of rock cuttings should he cleaned and uncovered 

when the ground is unfrozen. 

In excavation during winter, rock should he blasted in small 

quantities and loading should be carried out as soon as poss-

ible, so that excavated rock is not unduly exposed. to snow and 

fre e z ing. 

1 	 BRO<EN 
1440 J EATKELTS OF fU2Ii2D ROCK 

. 

General 

ee Item 

. 

Stone 	mbankm 

A stone embankment shall general., y  

stone embankment and in speial cases only as a dense embar:. 

An open high stone embankment means a stone embankment, th 

height of which is not less than 2 m from the principal longi 

tudinal prof ile. This kind of embankment shall he hauled in r 

less than two layers in such manner that the interface of th€: 

layers is at a depth of about 1,5 m from the principal lon2i- 

tudinal prof ile. Both layers shall be spread by means of er.: 

tipping so that hroken rock is always tipped onto a fin±sh. 

layer, from which it is pushed to its final position. 	There i 

S no maxirnum limit for the size of boulders in the lower layer, 

hut in the upper layer -. from the level prinoipal longitudinal 

seotion - 1,5 m - upwards, 	smallest possible rock particles shall 

be used. 	The largest dimension of individual boulders shall 

S not exceed 60 cm. 

The height of an open low embanknient shall be less ihan 2 m 

from the prinoipal longitudinal profile. This kind of embankment 

may he constructed in one layer. Rock material shall he small 

the maximum grain size being 60 cm. 

The surface of an open stone embankment ond,  if necessary, also 

the slopes shall be blinded with small stones or chips and fin-

ished with crushed gravel, crushed stone or gravel conforming 

to the quality requirements specified for mineral ag:regate 

curve of Ciass E. 
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A stone embankment may also he constructed in such manner tbat 

the lower portion is made of hroken rock and the upper portion 

of crushcd rock material. Crushed. material ha11 he relatively 

coarse, e.g. 0...200 mm and the thickness of the crushed rock 

layer shall he not less than twice the 1arest grain size of 

crushed rock. The layer of crushed rock shall he constructed in 

such manner that crushed rock is spread onto the inyer from 

which it is pushed to its final position. 

A dene stone embankment shäll he constructcd in layers by 
filling the void of the embankment with f  jne ccd rock or 

with soil frost-resistant down to a depth recuired by the trans• 

ition wedge (1,6 ; 1,8 ; 2,0 m). The maximum thickness of 

a layer spread at one and the same time shall he 1,20 m. The 

boulder size shall not exceed the layer thickness and in the 

upper portion of the embankment, 1,5 m in thickness starting 

from the road surface, boulders shall not be more than 6.0 cm 

in •diameter. In order to make the fine material penetrate into 

the interstices of stones, strong water jetting or vibration 

shall be used, if necessary. 

Should a low stone embankment he oonstructed on wet frost-sus-

ceptible subsoil or on soft embankment fili and if there is 

the risk o± pumping action during the construction work or 

later, a layer not less than 30 cm in thickness shall he con-

structed or filter material underneath the stone f iii. 

If the heigth of a stono embankment measured from the principal 

longitudinal profile is not less than 1,5 m, no sub-base is 
needed on the embankment, the base course being constructed on 

a raded and compacted stoiie fiil. 

•i 
Eackfilling 	behind 	Abutments 	and 
Bank Ends 

See Item 1540. 

Backfilling 	in Replacement 	of 
Soil 	(Dis plac ement 	by 	Bias ting 

See Item 1540. 
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Treatment 	of 	Surface 	of 	Sub- 

grade 

In addition to what has been said above of' the treatment of the 

surface of cuttings and embankment, the foliowing shall he ob-

servd: 

Stone Embankments and Rock Cuttings 

In rock cuttings and in cases when the subgrade has been con-

structed of stones or broken rock, the surface shall first be 

roughly gxaded and blinded with small rock material or stone 

c1ips to an extent considered necessary. In order to prevent 

the road pavement from fiowing out, the surface shall be finally 

graded, compacted and finished by using crushed gravel conform' 

ing to the mineral agregate curve of CIass B, crushed stone or 

gravel. The surface may also he impregnated with bitu.minous bind-

ers. In special cases the bottom of rock cuttings niay he graded 
with concrcte. 

If a hase course is laid an the surface aftur grading and com-

pacting, the surface shall not contain irregularities larger 

than 30 mm over a length of 5 m. There shall not be individual 

deviatjons in the level of the surface from the theoretical level 

larger than - 4 cm, + 0 cm. The surface shall have true form 

and the average permissible deviation from the correct level 
shall not exceed - 2 cm, + 0 cm. 

Elinding before final grading shall be carried out thoroughly in 

order to ensure that grading matorial, when having dried, will 

not flow into the interstices and cause settlements. Rough gra-

ding and blinding with broken rock and stone chips shall he 

carried out in such manner that the thickness of grading mater-

ial shail not exceed 10 cm at any spot. 

The requirement for bearing capacity shall conform to that of 
the surface af sub - base. 

iProtecting Surface Uuring \:ork 

hine-grained matoriais (c.g. stone duet or frost-susceptible 

soils) left at the bottom of rock cuttings or in the upper 

portion of stoncsrflhankments shall not raake the strueture frost- 
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susceptible. Subgrades of rock md ston ecibankments shall thirr-

fore he compacted and graded, in general as soon as possible, 

since there is the risk thn.t unsuitable soil gts rnixed with 
the surface during haula:t;. 

If there is the risk that unsuitabio macrials fail down frorr1 

hauling ecuipment during construction work to a detrimental 

extent, the subgrade shall be provided with an extra gravel iyr 

not less than 5 cm in thicknes. The gravel layer shall later 

he removed s±multaneously with unsuitahle materiais. Traffic on 
the finishcd surfacc of t1'a sub:rad shall hE avo idEd. 	

• 

1 	-5O C CiH RUC T I(Ji 	I 	I) kT 	VAL UTCk »R JJY OF EROIJkT kOCK 

1/1-60 See Item 	1550....1560. 

r 
L 

•i 
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