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�12 -1	DESCRIPTION



This work shall include furnishing, fabricating, transporting, erecting and painting of structural steel, rivet steel, cast steel, forged steel, cast iron and other incidental metal construction of the kind, size and quantity in conformity with the drawings or as desired by the Engineer.





12 -2	GENERAL



General requirements relating to the supply of material shall conform to the specification of IS : 387, for the purpose of which the supplier shall be the Contractor and the purchaser shall be the Engineer.



Finished rolled material shall be free from cracks, flaws, injurious seams, laps, blisters, ragged and imperfect edges and other defects.  It shall have smooth, uniform finish and shall be straightened in the mill before shipment.  It shall also be free from loose mill scale, rust, pits or other defects which affect its strength and durability.



The acceptance of any material on inspection at the mill, i.e., rolling mills, foundry or fabricating plant where material for the work is manufactured shall not be a bar to its subsequent rejection, if found defective.



Unless otherwise specified, high tensile steel rivet conforming to IS : 1149 shall be used for members of high tensile steel conforming to IS : 961 and shall not be used for mild steel members.  The use of cast steel shall be limited to bearings and other similar parts.  Generally, all steel pins (including knuckle pins) and rollers shall be of forged steel.  Cast iron shall not be used in any portion of the bridge structure except where it is subjected to direct compression.





12 -3	MATERIALS



All materials shall conform to Section 6 of these Specifications.  Special requirements which are not addressed in Section 6 are given below.



Mild steel for bolts and nuts shall conform to IS : 226 but shall have a minimum tensile strength of 440 N/mm2 and a minimum percentage elongation of 14.  High tensile steel for bolts and nuts shall conform to IS : 961 but with a minimum tensile strength of 580 N/mm2.  High strength friction grip bolts shall be permitted for use only on satisfactory evidence of performance to the requirements (not covered by these Specifications) specified by the Engineer or included in the special provisions.



For cast steel, the yield stress shall be determined and shall not be less than 50% of the minimum tensile strength.



Plain washers shall be of steel.  Tapered or other specially shaped washers shall be of steel or of malleable cast iron.



Parallel barrel drifts shall have a tensile strength not less than 550 N/mm2 with elongation of not less than 20% measured on a gauge length of 4(So (So = cross sectional area).



Copper alloys, mechanite or special steels used for bearings or similar other parts shall conform to the requirements specified by the Engineer or included in the special provisions.



Mild steel electrodes shall conform to IS : 814 and those of high tensile steel shall conform to IS : 1442.



All paints and enamels used shall conform to the requirements specified on the drawings or to the other special provisions laid down by the Engineer.  Unless otherwise specified, paints shall conform to the relevant IS Specifications until similar Nepal’s Standards are in place.





12 -4	FABRICATION



12-4.1	General



All works shall be in accordance with the drawings and as specified in these Specifications.  Care shall be taken to fit all parts of an assembly accurately together.  Unless otherwise specified under the contract, corresponding parts need not be interchangeable but the parts shall be match marked as required under clause 12-4.7.



Templates, jigs and other appliances used for ensuring the accuracy of the work shall be of mild steel.  Where specially required, these shall be bushed with hard steel.  All measurements shall be made by means of steel tape or other device which is properly calibrated.  Where bridge materials have been used as templates for drilling, these shall be inspected and passed by the Engineer before they are used in the finished structure.



All structural steel members and parts shall have straight edges and blunt surfaces.  If necessary, they shall be straightened or flattened by pressure unless they are required to be of curvilinear forms.  They shall also be free from twist.  When straightening or flattening of such members, pressure shall be applied without damaging the materials.  Adjacent surfaces or edges shall be in close contact or at uniform distance throughout.



12-4.2	Preparation of Edges and Ends



Where required, all structural steel parts shall be sheared, cropped, sawn or flame cut and ground accurately to the required dimensions and shapes.



In the case of high tensile steel, at least 6 mm of the materials from the flame cut edge shall be removed by machining.



Longitudinal edges of all plates and cover plates in plate girders and built-up members shall be machined except in the following cases:

Rolled edges of single universal plates or flats may not be machined;

Covers to single flange plates may be left un-machined;

Machine flame cutting instead of machining is acceptable for edges of single plates in compression and for edges of single plates having thickness of 25 mm or less in tension;

Edges of single shaped plates over 25 mm thick which are not possible to be machined by ordinary method may be machine flame cut with the end surface ground.

Edges of universal plates or flats of the same nominal width used in tiers may be left un-machined, if so authorised by the Engineer.



All edges of splice and gusset plates having a thickness of at least 12 mm shall be machined.  Those which are of less than 12 mm thick may be sheared and ground.



The ends of plates and sections forming the main components of plate girders or built-up members shall be machined, machine flame cut, sawn or hand flame cut and ground.



In joints and splices of compression members, in girder flanges and in tension members where so specified on the drawings, the abutting surfaces shall be faced and brought to an even bearing.  A tolerance of 0.5 mm may be permitted locally.  Where close fitting is not specified, any clearances shall not exceed 3 mm.



Where ends of stiffners are required to be fitted, they shall be machined, machine flame cut, sawn, sheared and ground, or hand flame cut and ground.



The ends of lacing bar shall be rounded unless otherwise specified.  Other edges and ends of mild steel parts may be sheared and any burrs at edges shall be removed.



12-4.3	Preparation of Holes



12-4.3.1	Drilling and Sub-punching



All holes for rivets shall be drilled or drilled small and reamed.  However, if preferred, the holes may be sub-punched to a diameter of 6 mm less than the finished size and then reamed to the proper size.



When several plates or sections form a compound member, they shall, where practicable, be firmly connected together by clamps or tack bolts.  For this, the holes shall be drilled through the group in one operation.  Alternately and in the case of repetition work, the plates and sections may be drilled separately from jigs and templates.  The jigs and templates shall be checked at least once after 25 operations.  All burrs shall be removed.



In the case of repetition of spans, the erection of every span shall not be insisted upon, except where close tolerance or turned bolts are used, provided that methods are adopted to ensure strict interchangeability.  In such cases, one span in 10 or any number less than 10 of each type shall be erected from pieces selected at random by the Engineer.  If there is any difficulty in fitting of the pieces together then all similar spans shall be erected completely.  In the event of the spans being proved completely interchangeable, all corresponding parts shall carry the same marks so that sorting of the materials at the site will be easier.



12-4.3.2	Block Drilling



Where the number of plates to be riveted exceeds three or the total thickness of the plates is 90 mm or more, the rivet holes, unless they have been drilled through steel bushed jigs, shall be drilled out in such a manner that 3 mm gap is all around each hole after assembling.  In such cases, the work shall be thoroughly bolted together.



12-4.3.3	Sizes of Holes



The sizes of holes in mm are given in Table 12 -4.





	Table 12 -4 :  Diameter of Holes for Rivets



Nominal Diameter of Rivets�Diameter of Holes��mm�mm��12

14

16

18

20

22

24

27

30

33�13.5

15.5

17.5

19.5

21.5

23.5

25.5

29.0

32.0

35.0��



12-4.3.4	Close Tolerance Bolts and Barrel Bolts



The diameter of the holes shall be equal to the nominal diameter of the bolt shank minus 0.15 mm to 0.0 mm.



12-4.3.5	Removal of Burrs



The work shall be taken apart after drilling and all burrs left by drilling and the sharp edges of all rivet holes are completely removed.



12-4.4	Rivet and Riveting



The diameter of rivets shown on drawings shall be the size before heating.  Each rivet shall be of sufficient length to form a head of the standard dimensions as given in IS Handbook on Steel Sections, Part I.  It shall be free from burrs on the under side of the head.



When countersunk heads are required, the heads shall fill the countersunk.  The included angle of the head shall be as follows:

for plates over 14 mm thickness -  90(

for plates up to and including 14 mm thickness -  120(.



The tolerance on the diameter of rivet shall be in accordance with IS : 1148 and IS : 1149 until similar Nepal’s Standards are in place.  Unless otherwise specified, the tolerance shall be minus tolerance.



Rivets shall be heated uniformly to a light cherry red and shall be red hot from head to the point when inserted.  They shall be upset in its entire length so as to fill the hole as completely as possible when hot.  Rivets after being heated and before being inserted in the hole shall be made free from scale by striking the hot rivet on a hard surface.



Wherever possible, the rivets shall be machine driven, preferably by direct acting riveters.  The driving pressure shall be maintained on the rivets for a short time after the up-setting is completed.



Where flush surface is required, any projecting metal shall be chipped or ground off.



Before commencing riveting, all work shall be properly bolted up so that the various sections and plates are in close contact throughout.  Drifts shall be used only for drawing the work into position and shall not be used to such an extent as to distort the holes.  Drifts of a larger size than the nominal diameter of the hole shall not be used.



When struck sharply on the head with a 100 g rivet testing hammer, driven rivets shall be free from movement and vibrations.



All loose or burnt rivets and rivets with cracked or badly formed defective heads or with heads which are unduly eccentric with the shanks shall be removed and replaced.  In removing rivets, the head shall first be sheared off.  The rivet shall, then. be punched out without damaging the adjacent metal.  If necessary, they shall be drilled out.  Recupping and caulking shall not be permitted.



12-4.5.	Bolts, Nuts and Washers



12-4.5.1	Black Bolts (black all over)



Black bolts are forged bolts in which the shanks, heads and nuts do not receive any further treatment except cutting of screw threads.  They shall be true to shape and size and shall have the standard dimensions as shown on the drawings.



12-4.5.2	Close Tolerance Bolts



Close tolerance bolts shall be faced under the head and turned on the shank.



12-4.5.3	Turned Barrel Bolts



The diameter of the screwed portion of turned barrel bolts shall be 1.5 mm smaller than the diameter of the barrel unless otherwise specified by the Engineer.  The diameter of the bolts as given on the drawings shall be the nominal diameter of the barrel.  The length of the barrel shall be such that it bears fully on all the parts connected.  The threaded portion of each bolt shall project through the nut by at least one thread.  Faces of heads and nuts bearing on steel work shall be machined.



12-4.5.4	Washers



In all cases where the full bearing area of the bolt is to be developed, the bolt shall be provided with a steel washer under the nut.  The washer shall be of sufficient thickness to avoid any threaded portion of the bolt being within the thickness of the parts bolted together and to prevent the nut when screwed up from bearing on the bolt.



For close tolerance or turned barrel bolts, steel washers whose faces give a true bearing shall be provided under the nut.  The washer shall have a hole having a diameter not less than 1.5 mm larger than the barrel and a thickness of not less than 6 mm so that the nut, when screwed up, will not bear on the shoulder of the bolt.



Taper washers with a correct angle of taper shall be provided under all heads and nuts bearing on bevelled surfaces.



Spring washers may be used under nuts to prevent slackening of the nuts when excessive vibrations occur.



Where the heads or nuts bear on timber, square washers having a length of each side not less than three times the diameter of the bolts or round washers having a diameter of 3( times the diameter of bolts and with a thickness not less than one quarter of diameter shall be provided.



12-4.5.5	Studs



Ordinary studs may be used for holding parts together, the holes in one of the parts being taped to take the thread of the stud.  Countersunk studs may be used for making connections where the surfaces are required to be clear of all obstructions such as protruding heads of bolts or rivets.  Studs may also be welded on the steel work in the positions required.



12-4.5.6	Service Bolts



Service bolts shall have the same clearance as black bolts.  Where it is required, there should be no movement prior to final riveting and sufficient drift or close tolerance bolts shall be used to locate the work.



12-4.5.7	Drifts



Barrel shall be drawn or machined to the required diameter for a length of not less than one diameter over the combined thickness of the metal through which the drifts have to pass.  The diameter of the parallel barrel shall be equal to the nominal diameter of the hole subject to a tolerance of + 0 mm and - 0.125 mm.  Both ends of the drift shall be turned down for a length which is equal to 1( times the diameter of the parallel portion of the bar.  It shall be tapered to a diameter at the end which is equal to one-half the diameter of parallel portion.



12-4.6	Pins and Pin Holes



12-4.6.1	Pins



The pins shall be parallel throughout and shall have a smooth surface which is free from flaws.  They shall be of sufficient length to ensure that all parts connected thereby shall have a full bearing on them.  Where the ends are threaded, they shall be turned to a smaller diameter at the ends for the thread and shall be provided with a pilot nut, where necessary, to protect the thread when being drawn to place.



Pins which are having a length or a diameter of more than 175 mm shall be forged and annealed.



12-4.6.2	Pin Holes



Pin holes shall be bored true to gauge, smooth, straight at right angles to the axis of the member and parallel with each other, unless otherwise specified.  The tolerance in the length of tension members (from outside to outside of pin holes) and of compression members (from inside to inside of pin holes) shall be one millimetre.  In built-up members, the boring shall be done after the members have been riveted or welded.



The specified diameter of the pin hole shall be its minimum diameter.  The resulting clearance between the pin and the hole shall not be less than 0.5 mm and not more than 1.0 mm.

12-4.7	Shop Erection and Match Marking



Before being despatched, the steel work shall be temporarily erected in the fabrication shop for inspection by the Engineer either wholly or in such portion, in order to satisfy him/herself regarding the alignment and fitting of all connections.  For this purpose, sufficient number of parallel drifts and service bolts shall be employed.  All parts shall fit accurately and be in accordance with the drawings and Specifications.



After the work has been passed by the Engineer and before it is dismantled, each part shall be carefully marked with distinguishing marks and stamped with durable markings in order to facilitate easy re-erection.  Drawings showing these markings shall be supplied to the Engineer.



Where close tolerance or turned barrel bolts are used for those cases where interchangeability is not insisted upon, each span shall be erected and members of each span shall be marked distinctly.



12-4.8	Welding



All welding shall be done with the prior approval of the Engineer and the workmanship shall conform to the Specifications of IS : 823 until similar Nepal’s Standard are in place.



When material thickness is 20 mm or more, special precautions like pre-heating shall be undertaken as laid down in IS : 823.



Welding shall be permitted to be performed, for the project either in the shop or in the field, only by skilled welders whose work satisfies to the Engineer.



12-4.9	Tolerances



Tolerances in the dimensions of components of structural steel work shall be specified on the drawings and shall be subjected to the approval of the Engineer.



Unless otherwise specified, the following tolerances shall be maintained.



The tolerance on all depths of girders shall be

( 0.002 x depth : for depths up to 1500 mm and

( 0.0015 x depth : for depth above 1500mm.



The tolerance on lengths of individual components and the total length or span of the assembled components shall be

( 3.0 mm : for lengths less than 12 m and

( 0.00025 x length : for lengths greater than 12 m.



The spacing of the stiffeners of the plate girders shall be accurately maintained with a tolerance of (4 mm.



The tolerance in distances between the consecutive gusset plates shall be ( 2.0 mm.









12 -5	ERECTION



12-5.1	General



The provisions of this item shall apply to the erection of steel bridge structures composed of steel which span between supports.



If the sub-structure and the super-structure are built under separate contracts, the sub-structure will be constructed at first instance by the designated Contractor to the correct lines, dimensions and elevations shown on the drawings or directed by the Engineer.  All requisite lines and elevations required for setting of steel members shall be in accordance with the construction drawings.  Then, the other Contractor shall erect the structural steel; remove the temporary construction and do all the work required to complete the construction of super-structure in accordance with the drawings and Specifications and to the satisfaction of the Engineer.



12-5.2	Organisation and Equipment



The Contractor shall submit an erection plan which is prepared by the fabricator.  This plan shall show the method and procedure of erection that are in compatible with the details of fabrication.



Unless otherwise specified in the contract, the Contractor shall supply and erect all necessary false work and staging and shall supply all labour, tools, erection plant and other materials necessary to complete the work in all respects.



The Contractor shall supply all rivets, bolts, nuts, washers, etc. required to complete erection at site with an allowance for wastage, etc. of 12.5% of the net number of field rivets, bolts, washers, etc. or a minimum of five number of each item.



Service bolts and nuts, ordinary platters, washers and drifts for use in the erection of work shall be supplied at the rate of 60% (45% bolts and 15% drifts) of the number of field rivets per span in each size (This includes wastage).  A reduction in the quantities of service bolts, etc. may, however, be specified by the Engineer if more than one span of each type is ordered.



Before starting work, the Contractor shall obtain the necessary approval of the Engineer with respect to the method of erection and the number and character of tools and plants to be used.



The approval of the Engineer shall not relieve the Contractor of his/her responsibility for the safety of the method or equipment or from carrying out the work fully in accordance with the drawings and Specifications.



When progressing the work, the Contractor shall have a competent engineer or an overseer as in charge of the work who shall be adequately experienced in steel erection and acceptable to the Engineer.



12-5.3	Handling and Storing Materials



Materials to be stored shall be placed on skids above the ground.  It shall be kept clean and properly drained.  Girders and beams shall be placed upright and shored.  Long members shall be supported on skids placed near enough together to prevent any deflection.  The Contractor shall be held responsible for loss or damage to any material which has been paid already but still remained in his/her custody.

12-5.4	False Work



The false work shall be properly designed; substantially built; and maintained for all anticipated loads.  The Contractor, if required, shall submit plans for approval to the Engineer.  Approval of the plans, however, shall not relieve the Contractor from his/her responsibility.



12-5.5	Straightening Bent Material



The straightening of plates, angels and other shapes shall be done by methods which are not likely to produce any fracture or damage.  The metal shall not be heated unless permitted by the Engineer.  However, heating shall not be done to a temperature higher than that producing a dark cherry red colour.  Further, it must be cooled as slowly as possible.  Following the straightening of a bend or buckle, the surface shall be carefully investigated for evidence of fracture.  Sharp kinks and bends may be the cause for rejection of material.



12-5.6	Assembling Steel



The parts shall be accurately assembled with reference to the match marks and as per the drawings.  The materials shall be carefully handled so that no parts will be bent, broken or otherwise damaged.



Hammering which will damage or distort the members shall be avoided.  Bearing surface or surfaces to be in permanent contact shall be cleaned before the members are assembled.  The truss spans shall be erected on blocks which are placed in such a way that the proper camber is ensured.  The blocking shall be left in place until the tension chord splices are fully riveted and all other truss connections are pinned and bolted.  Rivets in splices of butt joints of compression members and rivets in railings shall not be driven until the span has been swung.



Any connections to be riveted or bolted shall be secured in close contact with service bolts or with a sufficient number of permanent bolts before the rivets are driven or before the connections are finally bolted.  Joints shall normally be made by filling not less than 50% of holes with service bolts and barrel drifts in the ratio of 4:1.  The service bolts are to be fully tightened up as soon as the joint is assembled.  Connections to be made by close tolerance or barrel bolts shall be completed as soon as practicable after assembling.  Any connection to be in-situ welded shall be securely held in position by approved methods to ensure accurate alignment, camber and elevation before welding is commenced.



The field riveting, welding, bolting and pin connection shall conform to the requirements of clause 12 -4 as appropriate.



The correction of minor misfits involving harmless amounts of reaming, cutting and chipping will be considered as a legitimate part of erection.  However, any error in the shop fabrication or any deformation resulting from handling and transportation which prevents proper assembling and fitting up of parts by moderate use of drifts or by a moderate amount of reaming and slight chipping or cutting shall be reported immediately to the Engineer and his/her approval of the method of correction shall have to be obtained.  The correction shall be made in the presence of the Engineer.









12-5.7	Field Inspection



All materials, equipment and work of erection shall be subjected to the inspection of the Engineer.  Any work which is found defective shall be liable to be rejected.  No material or work shall be painted until it has been inspected and approved.





12 -6	PAINTING



12-6.1	General



Unless otherwise specified, all metal work shall be given approved shop coats as well as field coats of painting.  The item of work shall include

the preparation of metal surfaces;

the application of protective covering;

drying of the paint coatings; and

the supply of all tools, scaffolding, labour and materials necessary.



General steel work shall be protected against corrosion by a minimum of three coats of paint or a metal coating followed by two coats of paint.



Unless otherwise specified, all painting and protective coating works shall generally be done in accordance with IS : 1477 (Part I) until similar Nepal’s Standards are in place.



12-6.2	Surface Preparation



Steel surface to be painted either at the fabricating shop or at the site of work shall be prepared in a thorough manner with a view to ensure complete removal of mill scale by one of the following processes as agreed by the fabricator and the Engineer:

grit and sand blasting

pickling which should be restricted to single plates, bars and sections

flame cleaning

scraping and wire brushing.



Primary coat shall be applied as soon as practicable after cleaning.  In case of flame cleaning, primary coat shall be applied while the metal is still warm.



All slag from welds shall be removed before painting.  Care shall be taken to brush the surface clean prior to painting.  Surfaces shall be maintained dry and free from dirt and oil.  Outdoor work in frosty and humid weather shall be avoided.



12-6.3	Coatings



Prime coat to be used shall conform to the specification of primers approved by the Engineer.  Metal coatings shall be regarded as prime coatings.



All coats shall be compatible with each other.  When metal coatings are used, the undercoat shall be compatible with the metal concerned.  The undercoat and the finishing coat shall preferably be from the same manufacturer.  Successive coats of paint shall be of different shades or colours and each shall be allowed to dry thoroughly before the following coat is applied.  Particular care shall be taken with the priming and painting of edges, corners, welds and rivets.

12-6.4	Painting in the Shop



All fabricated steel shall be painted with at least one priming coat in the shop unless the exposed surfaces are subsequently to be cleaned at site or are metal coated.



If required, all contact surfaces which could not be painted at site shall be painted and brought together at shop while the paint is still wet.  Surfaces which are not in contact but are inaccessible after assembling at the shop shall receive the fully specified protective treatment before assembling.



Where surfaces are to be welded, the steel shall not be painted or metal coated within a suitable distance from any edge to be welded if the specified paint or metal coating would be harmful to welders or is expected to impair the quality of site welds.



Exposed machined surfaces shall be adequately protected.



12-6.5	Painting at Site



Surfaces which will be inaccessible after assembling at site shall receive the full specified protective treatment before assembling.



Surfaces which will be in contact after site assembly shall receive a coat of paint (in addition to any shop priming) and shall be brought together while the paint is still wet.



Damaged or deteriorated painted surfaces shall first be made good with the same type of coat as the shop coat.



Where steel has received a metal coat in the shop, this coating shall be continued at site (after welding or assembling) in order to have a continuous paint cover over any welds, bolts and site rivets.



Specified protective treatment shall be completed after erection.





12 -7	MEASUREMENTS FOR PAYMENT



The measurements of this item shall be in tonnes based on the net weight of metal in the fabricated structure.  The net weight shall be computed on the basis of nominal weight of materials.



The weight of rolled or cast steel and cast iron shall be determined from the dimensions shown on the drawings on the following basis:

rolled or cast steel :  7.84 x 10-3 kg/cm3

cast iron :  7.21 x 10-3 kg/cm3.



Weight of structural sections shall be their nominal weight.



The weight of castings shall be computed from the dimensions shown on the drawings with an addition of 5% for fillets and over-run.



The weight of weld fillets shall not be included in the measurement.  Similarly, the weight of protective coatings of the structure shall also not be included in the measurement.

The weight of rivet heads shall be computed by taking the weight of 100 snap heads as given in Table 12 -7.



Table 12 -7 :  Weight of Rivet Heads



Diameter of Rivet as Manufactured�Weight of 100 Snap Heads��mm�kg��12

14

16

18

20

22

24

27

30

33�1.30

2.10

3.40

4.45

6.10

8.10

10.50

15.00

20.50

27.20��



When especially agreed upon, allowance for snap heads may be taken as a flat percentage of the total weight.  This percentage may be taken as 3% or modified by mutual agreement.



The Contractor shall supply detailed calculation sheets for the weight of the metal in the fabricated structure.



No additions shall be made for the weight of protective coatings or weld fillets.



Where computed weight forms the basis for payment, the weight shall be calculated for exact cut sizes of members used in the structure.  In such case, the deductions shall be made for all cuts except for rivet holes and additions shall be made for the rivet heads as mentioned above.



When especially agreed upon, the basis for payment may be the complete weight of the bridge which shall be included in the special provision of the contract.





12 -8	RATE



The contract unit rate for the completed structural steel work shall include the cost of all labour, materials required for fabrication, connections, oiling, painting, temporary erection, inspection, tests and complete final erection as shown on the drawings and as specified in these Specifications.
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