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1.0 GENERAL 
 
1.1 The design considerations given hereunder establish the minimum basic requirements 

of reinforced cement concrete (RCC) structures, structural steel works and masonry 
structures. All structures shall be designed for satisfactory performance and functions 
for which the same are to be constructed. 

 
 a) All codes referred in this document pertain to BIS (Bureau of Indian Standards) 

publications and bearing the prefix IS. 
 
 b) Whenever any reference to BIS code is made, the same shall be taken as the 

latest revision (with all amendments issued there to) on the notified date of 
submission of tender. 

 
 c) Apart from the BIS codes mentioned in particular in the various clauses of this 

document, all other relevant codes related to the specific job under 
consideration and/or referred to in the above-mentioned codes, shall be 
followed wherever applicable. Reference to some of the codes in the various 
clauses of this document does not limit or restrict the scope of applicability of 
other relevant codes.  

 
 d) In case of any variation/contradiction between the provisions of BIS codes and 

the requirements given hereunder, the provisions given in this document shall 
have precedence over all others. In absence of relevant BIS codes, reference 
to corresponding British/American codes may be made (in that order of 
preference). 

 
All designs, detailing and construction shall strictly conform to the enclosed 
standards, specifications and ‘Specific Requirements’. Only if relevant 
information is not available in this document, reference to relevant BIS code 
shall be made. 

 
1.2 The Contractor shall do the structural designing of all structures and prepare complete 

set of civil and structural drawings needed for correct and accurate construction. The 
design shall be strictly in accordance with ‘Design Criteria’ given herein. 

 
1.3 Detailed list of drawings/documents [including design calculations, design drawings, 

bar bending schedules (for RCC works) and fabrication drawings (for structural steel 
works)] and structure-wise quantity statements (showing anticipated, released and 
balance quantities of concrete, structural steel and piles) shall be prepared by the 
Contractor and submitted monthly for review by Owner/Owner’s representative. This 
list shall also indicate the document/drawing category (approval, review or information 
as applicable) together with the scheduled and actual dates of submission of the 
documents. 

 
1.4 Before proceeding with design and drawing preparation the Contractor shall submit 

detailed general philosophy of design of various parts of (all) the structures and 
equipment foundations along with explanatory sketches for review by Owner/Owner’s 
representative.  Only after the review and incorporation of comments on the general 
philosophy, as offered during the review, the Contractor shall submit any design 
document and/or drawing for review or information or issue the same for construction. 
Design and detailing of the structures and foundations shall fulfill all functional 
requirements for which the same is intended and it shall be ensured that adequate 
accesses, clearances, clearing of interferences, provision of cutouts, etc. have been 
provided to make the structure/foundation fully operational. 
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1.5 The design and AFC drawings shall strictly adhere to the reviewed design basis and 
architectural/structural general arrangement and shall incorporate all the comments/ 
suggestions given by Owner/Owner’s representative without any extra cost to the 
Owner and any implication of time-schedule for completion of works. 

 
1.6 Construction of units/structures identified for design/drawing review (as referred in 

Specific Requirements attached in this document) by Owner/owner’s representative 
shall not be taken up at the site till these documents are reviewed by Owner/owner’s 
representative and comments/suggestions given by Owner/owner’s representative are 
incorporated. For all other foundations and structures the Contractor shall directly 
submit the AFC drawings to Engineer-in-Charge and construction of such works shall 
be taken up immediately. Requisite number of prints of design and drawings for such 
foundations/ structures shall also be simultaneously sent to Owner/owner’s 
representative for their information and record. In the event Owner/owner’s 
representative offers any comment on documents/drawings of Information category it 
shall be ensured by the Contractor that these comments are duly incorporated in the 
documents/ drawings and revised set of document/drawing is issued to site for 
construction and simultaneously to Owner/owner’s representative for records. 

 
Wherever review is carried out the same shall be restricted to following: 

 
a) Conformance of general arrangement of the structure to already reviewed 

design philosophy and design basis. 
 

b) Overall framing of the building/conceptual foundation system. 
 

c) Detailed design and drawings including input/ output of computer analysis and 
design vis-à-vis actual drawing. 

 
Irrespective of the identified structures requiring review, the Contractor shall 
submit complete sets of design and drawings of all structures/foundation 
systems. 

 
1.7 (i) Structural design/drawings for any structure/foundation shall be submitted for 

review only if referenced input (e.g. architectural drawing, piping GAD, 
equipment data sheet, vendor drawing, etc.) have been reviewed by the 
concerned Owner’s specialist in approval/review code-2 or 1. 

 
(ii) To facilitate an overall systematic review the Contractor shall submit the design 

and drawings for each independent building/structure, together with a copy of 
the referenced reviewed input data, in one lot. 

 
1.8 Submission of all identified documents including design calculations and drawings for 

review and/or information/record to the Owner/Owner’s representative by the 
Contractor shall be in requisite (as mentioned elsewhere) number of prints. To ensure 
accuracy, correctness and completeness of documents before submission to 
Owner/Owner’s representative, the Contractor shall ensure that all such submitted 
designs and drawings are complete in all respects, thoroughly checked, stamped 
APPROVED FOR CONSTRUCTION (AFC), and signed APPROVED by the 
Contractor's own responsible Civil/structural graduate (minimum) engineer (irrespective 
of the fact that the same are prepared in the Contractor's own design office or by an 
approved agency). 
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 Incomplete, unchecked, unsigned and unstamped documents/drawings and 
designs shall not be accepted for review/construction and shall be returned 
forthwith. 

 
1.9 The accuracy/correctness of all designs and drawings shall be the sole responsibility of 

the Contractor and any delay/loss/damage incurred by the Owner in respect of any 
mistake/discrepancy/anomaly in such designs and drawings shall be entirely borne by 
the Contractor. 

 
1.10 Owner/Owner’s representative reserves the right to review any/all or none of the 

designs and drawings. Review by Owner/Owner’s representative shall not relieve the 
Contractor of his responsibility for correct design and execution of the works. 

 
1.11 All revisions shall be clearly marked and clouded for easy identification. Subsequent 

review of such revised documents shall be limited to revision as clouded. 
 
1.12 All fabrication/erection drawings and bar bending schedules shall be prepared by the 

Contractor and shall be directly issued for construction to his work site. Also, six copies 
of such drawings together with design calculations for all splices, joints and gusset 
plates shall simultaneously be submitted to Owner/owner’s representative at site 
(Resident Construction Manager) for review.  The Owner/owner’s representative at site 
at his discretion may review all or some or none of these designs & drawings. 

 
Wherever such review is carried out the same shall be restricted to the following: 

 
a) Structural layouts, orientation, elevation of structural members. 

 
b) Section/size of members. 

 
c) Adequacy of few critical connections and joints for their required strength. 

 
1.13 Internationally accepted commercial software viz. STAAD, STAADPRO, COSMOS, GT 

STRUDEL, NISA only shall be permitted for analysis and design. STAAD shall not be 
allowed for use in dynamic analysis of machine foundations. 

 
In case software packages other than listed above are intended to be used for analysis 
and design, the same shall be informed in writing to Owner/owner’s representative. 
Calculations and relevant computer files containing input and detailed output (also 
refer clause 1.14) shall be submitted by the Contractor for checking and validation of 
the software package. Only after getting written approval from Owner/owner’s 
representative, to this effect, such intended software be put to use for detailed analysis 
and design. 

 
1.14 Soft copies of all input files and the following documentation as hard copy shall be 

submitted for computer aided analysis and design: 
 

(i) Complete print out of input and output files. 
 
(ii) Relevant sketches with node and member numbering, loading, etc. 
 
(iii) Summary of member end forces, support reactions, stress ratio, deflections, 

etc. 
 

Reviewing of designs/drawings is not obligatory on the part of Owner/Owner’s 
representative and complete correctness/soundness of the designs/drawings 
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and their execution at the site shall be the sole responsibility of the Contractor 
irrespective of the fact whether the same has been reviewed by Owner/Owner’s 
representative or not. Any defect observed during construction or till the defect 
liability period of works' shall be rectified and removed by the Contractor. The 
Contractor shall carry out whatever modification or reconstruction is needed for 
the purpose, to the entire satisfaction of the Engineer-in-Charge/Owner without 
any extra cost and/or time implication to the Owner. 
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2.0 REFERENCED STANDARDS & PUBLICATIONS 
 
Sl. No.    CODES 
 
1. Code of practice for plain & reinforce concrete    IS: 456 
2. Code of practice for general construction in steel   IS: 800 
3. Code of practice for use of cold-formed light gauge steel 

structural members in general building construction   IS: 801 
4. Code of practice for use of structural steel in overhead 

transmission line towers       IS: 802 
5. Code of practice for use of steel tubes in general building 

construction        IS: 806  
6. Covered electrodes for manual metal arc welding 

of carbon and carbon manganese steel     IS: 814 
7. Code of practice for use of metal arc welding for general 

construction        IS: 816  
8. Code of practice for design loads      IS: 875 
9. Code of practice for construction of stone masonry   IS: 1597 
10. Fillers for expansion joints      IS: 1838 
11. Criteria for earthquake resistant design of structures   IS: 1893 
12. Code of practice for structural use of unreinforced masonry  IS: 1905 
13. Recommended practice for hot dipped galvanizing on iron and 

steel         IS: 2629 
14. Methods for testing uniformity of coating of zinc coated articles  IS: 2633 
15. Code of practice for design & construction of raft foundations  IS: 2950 
16. Code of practice for design & construction of machine foundations IS: 2974 
17. Code of practice for concrete structures for storage of liquids  IS: 3370 
18. Code of practice for design and construction of foundation  

for transmission line towers and poles     IS: 4091 
19. Code of practice for earthquake resistant design  

and construction of buildings      IS: 4326 
20. Criteria for blast resistant design of structures for explosions 

above ground         IS: 4991 
21 Criteria for design of RC bins       IS: 4995 
22. Criteria for design of RCC chimneys      IS: 4998 
23. Code of practice for anti-termite measures in buildings   IS: 6313 
24. Code of practice for design & construction of steel chimney   IS: 6533 
25. Method for determination of mass of zinc coating   IS: 6745 
26. Chlorpyrifos emulsifiable concentrates      IS: 8944 
27. Criteria for design of steel bins for storage of bulk materials  IS: 9178 
28. Recommendations for metal arc welding of carbon and carbon 

manganese steel        IS: 9595 
29. Two parts polysulphide based sealants     IS: 12118 
30. Code of practice for ductile detailing of reinforced concrete structures 

subjected to seismic forces      IS: 13920 
31. Fire Proofing in Oil and Gas Industry 
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(A publication of Oil Industry Safety Directorate)      OISD-STD-164 
32. Code of practice for Design and construction of Pile foundations IS: 2911 
33. Code of practice for structural safety of buildings - Shallow 

foundations        IS: 1904 
34. Code of practice for determination of bearing capacity 

of shallow foundations       IS:6403 
35. Code of practice for calculation of settlements of 

foundations        IS: 8009(Pt I, II) 
36. Determination of dynamic properties of soil    IS: 5249 
37. Process Control Room Safety      OISD-STD-163 
38. Code of practice for cement and colored paints    IS:5410 
 
Note The above list is suggestive and not exhaustive. Apart from these basic codes any 

other code referred-to in this document and/or any other related code shall also be 
followed wherever required. 
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3.0 DESIGN CRITERIA - GENERAL 
 

Pipe racks, technological structures1, compressor sheds and other shed-type 
structures shall completely be of steel construction. All other buildings shall be of RCC 
(frame-type) construction. 

 
All structures shall be checked and designed to satisfy the worst load combination 
(refer IS:875) that produces maximum forces and effects and consequently maximum 
stresses. Wind and earthquake (or blast) loads shall not be considered to act 
simultaneously. 

 
The design and detailing of all structures, whether concrete or steel, shall suffice a 
minimum fire rating of greater of 2 (two) hours or as specified by licensor. Norms as 
defined in OISD-STD-164 and IS: 456 shall be strictly adhered to for structural steel 
and concrete works, respectively. 

 
3.1 DESIGN LOADS 
 
3.1.1 These loadings shall be applicable to all structures irrespective of the material 

employed for construction. 
 

a. Dead Loads 
 

The weight of all permanent construction including walls, fire proofing, floors, roofs, 
partitions, stairways and fixed service.  

 
b. Equipment Loads 
 

The empty weight of process equipment including all fixtures, platforms, ladders 
and attached piping but excluding contents shall be considered.  If piping weight is 
not indicated separately or included in the weight of the equipment, the same shall 
be taken as 10% of the weight of the equipment. 

 
c. Live Loads 
 

Live loads shall, in general, be as per IS: 875. However, the following minimum live 
loads shall be considered in the design of structures: 

 
i. Process Building/Technological Structure  
 

Operating area   - 5.0 kN/m2 
Maintenance area   - 7.5 kN/m2 

 
ii. Compressor House/TG house 

 
Operating area   - 7.5 kN/m2 
Maintenance area   - 7.5 kN/m2 

 
iii. Service Platform 

 
Vessel/Tower   - 3.0 kN/m2 
Isolated platform   - 2.5 kN/m2 

                                                      
1 Uncladded-open type structure housing process equipments. 
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(for valve operation)    
Access way   - 2.5 kN/m2 
Cross over    - 2.0 kN/m2 

 
iv. Substation/Control Room 

 
Panel floor    - 10.0 kN/m2 
Unknown partition2  - 1.0 kN/m2 

 

v.   Office building 
 

Office area       -          3.0 kN/m2 
 Lobby       -       5.0 kN/m2 
 Exit way       -       5.0 kN/m2 

                 Unknown partition                         - 1.0 kN/ m2 

 

vi. Laboratory 
  
 Upper floors   - 4.0 kN/ m2 

 
 

vii. Cooling Tower 
 

Operating platform/ 
Hot water basin cover slab - 3.0 kN/m2 

  
viii. Staircase 

 
Process Building/ 
Technological Structure  - 5.0 kN/m2 
Office    - 5.0 kN/m2 
Substation/Control Room  - 3.0 kN/m2 
Laboratory    - 3.0 kN/m2 
Service platform   - 2.5 kN/m2 

 
ix. Walkway 

 
Gantry girder   - 3.0 kN/m2 

 
In absence of any suitable provision for live loads for any particular type of floor or 
structure as given above (or in BIS Codes), the assumed loading shall be got 
approved by the Owner/owner representative. 
 
Live load on various types of roofs shall be as per the requirements given in IS:875. 

 
d. Operating Loads 
 

Operating loads shall include maximum design loads sustained by the equipments 
during plant operation. 
 
 

 

                                                      
2  For definition of unknown partitions refer clause 3.1.2 of IS: 875 (Part 2). 
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e. Wind Loads 
 
Wind loads shall generally be as per IS:875 except for switch yard structures & 
transmission towers for which IS:802 shall be applicable.  

 
The basic wind speed of the site is taken as   39      m/s. 
 
Values of coefficients k1, k2, k3 shall be as: 
k1=   1.0       .for permanent structures and 0.73 for Temporary Facilities. 
k3 =   1.0       . 
k2 = shall be taken ( as  IS : 875 )  for relevant class of structure with Category-2 terrain 
with respect to the actual height of the structure. 

 
 
The design life span of all structures (units & offsite) shall be taken as 50 years. 
Temporary structures shall be designed for a design life span of 25 years. Design 
life span for boundary wall/barricading structures shall be 5 years. 

 
To account for surface area of piping, platforms and other attachments fixed to the 
equipment the surface area of the equipment (vessel/column) exposed to wind 
shall be increased by 20% or as specified in the mechanical data sheet of the 
equipment. 

 
f. Seismic Loads 

Seismic forces shall be as per site specific spectra for Mangalore document no. 
6782-9-25-54-DB-01. 

 
g. Impact & Vibratory Loads 
 

Structures subjected to impact or vibratory loads shall be designed as per the 
provisions of IS:875 & IS:2974. Requirements for overhead cranes and monorails 
shall be as per IS:800. 
 

h. Blast Forces 
 

All structures subjected to blast forces generated due to accidental blasts from 
hydrocarbon ignitions shall be designed to withstand a minimum pressure of 3psi. 
 

i. Bundle Pull 
 
Bundle Pull for different types of Exchanger shall be taken as under: 
 
Fixed type  - Nil 
Kettle type  - 0.30 x Bundle weight 
All other types - 0.86 x Bundle weight or 30N/mm of diameter  

whichever is greater 
 
Total Bundle Pull shall be considered on fixed pedestal alone. 
Monorails for exchangers (in Technological Structures) shall be designed for the 
weight of the Bundle PLUS 7.0MT (7.0MT being the weight of EXTRACTOR) 
  

j. Soil and Hydrostatic Pressure 
 

Pressure on basement walls  - In the design of basement walls or similar 
(approximately vertical) structures below grade, provision shall be made for 
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resisting lateral pressure of the adjacent soil. If a portion or whole of the adjacent 
soil is below free water surface, pressure computations shall be based on the 
diminished weight of the soil (due to buoyancy) plus full hydrostatic pressure. Due 
allowance shall also be made for possible surcharges from fixed or moving loads.  

 
Uplift on Floors  - In the design of basement floors and similar (approximately 
horizontal) constructions below grade, the upward pressure of water shall be taken 
as full hydrostatic pressure applied over the entire plan area. The hydrostatic head 
shall be measured from the underside of construction.  The downward load due to 
over burdens shall be calculated only for the volume over projected plan area (i.e., 
the volume of overburden beyond projected plan area shall not be considered). 
Factors of safety against uplift shall be 1.2. 

 
k. Other Loads 
     Apart from the specified live loads, any other equipment load or possible    
     overloading during construction/hydro-test/ maintenance/erection shall also be  
     considered in the design. Under hydro test condition the wind force shall be taken 
     as 25% of normal loading. 
     Design of all structures shall also consider any other relevant and consequential   
     load/stress imparted to the structure. 
 
    All liquid retaining/storage structures shall be designed assuming liquid upto the full    
    height of wall irrespective of provision of any over flow arrangement. Pressure relief  
    valves or similar pressure relieving devices shall not be made in underground water 
    retaining/storage RCC structures. Hot water basin in Cooling tower shall be 
    designed for the weight of water upto top of parapet wall. 
 
    All buildings/structures shall be designed to resist the worst combination of the 
    above loads.  

 
 

3.2 SOIL INFORMATION FOR FOUNDATION DESIGN 
 

 For soil information reference shall be made to the Geo-technical data. 
 
 Type of cement, grade of concrete, minimum cement content and maximum water 

cement ratio (for concrete), minimum cover to reinforcing steel to be used in 
foundations and substructures and any other remedial actions required for foundations 
due to aggressiveness of sub soil/water shall be as per the Geo-technical data. 

 
3.3 ANTI-TERMITE TREATMENT 
 

No anti-termite treatment shall be provided inside the unit areas. 
 
Offsite and utility buildings shall be provided with anti-termite treatment as per IS: 8944 
and IS: 6313. 
 

3.4 FOUNDATIONS 
 
3.4.1 NGL (Natural ground level) and FGL (Finished ground level) shall be marked on all 

drawings showing foundation/sub-structure details and related design documents. 
 
3.4.2 Machine/static equipment foundations shall be separated from adjoining parts of 

buildings, other foundations and floor/pavement slabs. Joints at floor/pavement slabs 
shall be suitably sealed. 
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3.4.3 Foundations and structures for machines subject to vibrations shall be so proportioned 

that the amplitude and frequency of the foundation/structure are within the permissible 
limits as per relevant BIS codes (or as required by the machine vendor). 

 
3.4.4 Machine foundations shall be designed and detailed as per IS: 2974. All appendages 

to such foundations shall be reinforced suitably to ensure integral action. 
 
 
3.4.5 Safe bearing pressure (allowable net safe bearing capacity) shall be based on the 

following minimum criteria under Dead Load + Live Load (or with Operating) condition: 
 

- Foundations in unit areas, utility areas 
and foundations for Plant buildings.   25mm settlement. 

 
- Non Plant buildings.     40mm settlement. 
 
- Raft Foundations      40mm settlement 
 

                  -        Foundations for Storage Tanks: 
 
          a) Cone/Dome roof tanks.             300mm edge settlement. 

   b) Floating roof tanks.               150mm edge settlement 
 

For transient loadings viz. with wind/seismic loads, settlement shall not be the 
criteria and safe bearing capacity based on shear criteria shall be considered. 
 

3.4.6 Structures supported on RCC strip footings shall be provided with suitable tie beams 
connecting all footings at foundation level. Minimum width of footing shall be 1000 mm. 

 
3.4.7 Raft foundations shall be designed as per IS: 2950. 
 
3.4.8 Masonry walls shall be supported on continuous plain cement concrete mats/plinth 

beams. Top of plinth beams shall be located minimum 300mm below the finished 
grade level. Fouling of plinth beams with cable trenches, drains, pipe ducts, service 
lines etc. shall not be acceptable. 

 
3.4.9 Factors of safety for the design of foundations shall be as per Enclosure-I of this 

document. 
 
3.4.10 For the design of foundations for vertical vessels and process columns under hydro 

test condition minimum 25% wind load shall be considered acting on the equipment. 
 
3.4.11 Minimum depth of foundation for all structures shall be as per Geo-technical data. 

Depth of ground water level shall be as per the Geo-technical data and hydrostatic 
pressure shall be adequately accounted for in the design. 
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3.5 FLOORING DETAILS FOR BUILDINGS 
 
 

TABLE-1 FLOORING DETAIL 

SNo 
 

DESCRIPTION FLOORING TYPE 

  I II III 

1(a) Sub 
Grade 

Earthfill base 
compacted to 95% dry 
density. 

      

1(b)  Compacted layer of 
boulder soling over 
thoroughly compacted 
Earth fill (in mm) 

200 THICK 200 THICK 150 THICK 

2(a) Strl 
Grade 
Slab 

Lean concrete 1:5:10 
over sand layer (in mm) 

50 THICK 50THICK 50THICK 

  Strl non suspended slab 
in M20 Grade concrete 
(Reinforced with 8mm 
dia bars @200 c/c both 
ways) over lean 
concrete.  

150 THICK 150 THICK 100 THICK 

2(b)   R/F placed 
centrally 

R/F placed in 
two layers at 
top & bottom 

No reinforcement 
required. 

3 Finish Floor finish As/Architectural 
Detail  

As/Architectural 
Detail 

As/ArchitecturalDetail

  
Type I: Plant Buildings such as  Sub-Stations, Control Rooms, Pump Houses, 

Utility  Compressor Houses, Parking Areas, Stores, Porches. 
Type II: Ware Houses, Workshops, Cement Godowns, Fire Stations, Process 

Compressor Houses. 
Type III: Non Plant Buildings (viz. Administration, Laboratory, Canteen, Time 

Office, Gate House, Training Centre, Guest House, Residential 
buildings). 
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3.6 SPECIAL CONSIDERATIONS FOR REINFORCED CONCRETE STRUCTURES  
 
3.6.1 General 

 
 a) All buildings, structures, foundations, machine/equipment foundations, liquid 

retaining/storage structures, pipe/cable trenches, pits etc. shall be designed 
based on referenced BIS Codes in general and other relevant BIS Codes as 
applicable. It shall be ensured that the skin temperature of concrete at no time 
exceeds 800 C. 

 
 b) All concrete structures exposed to atmosphere (including fireproofed 

surfaces) shall be painted with anti fungal paint. 
      

c) Minimum cement content and the maximum water-cement ratio for concrete in   
super structure shall be as given in Table-2. 

 
 

TABLE-2 MINIMUM CEMENT CONTENT AND MAXIMUM WATERCEMENT RATIO FOR 
DURABILITY 

Exposure 
condition 

Plain concrete Reinforced concrete Remarks 

severe  Grade of 
Concrete 

Minimum 
cement 
content 
(kg/m3) 

Maximum 
free water-

cement 
ratio 

Grade of 
Concrete 

Minimum 
cement 
content 
(kg/m3) 

Maximum 
free water-

cement 
ratio 

 
 

 M20       250       0.5 M30       350       0.45  

 
 

  The requirement of grade of concrete, type of cement, minimum cement 
content and maximum water-cement ratio for concrete to be used in piles shall 
be as per the requirements given in Geo-technical data attached. 

 
Note : Generally the use of one of the following cements shall be considered : 

 
i) Grade 53 & Grade 43 ordinary Portland Cement conforming to IS 12269 & IS     
 8112 

 ii)  Sulphate Resistance Cement As per IS 12330 shall be used only for Sulphur pit 
and Sulphur yard of Sulphur unit, or any other area. 

 
d) All structures shall be of frame-type construction. Detailing shall be as per 

provisions of IS: 13920. 
 
 e) Unless otherwise specified elsewhere in this document only Limit state method 

as per IS: 456 shall be followed in the design. 
 
 f) All machine/equipment foundations, cable/pipe trenches shall be of RCC 

construction only. Cable/pipe trenches shall be suitably sloped and adequate 
provision shall be made for draining out of accumulated water. 

 
 g) Cable and pipe trenches shall be provided with precast (300mm wide) covers, 

adequately designed for the anticipated traffic movement (Cranes/Hydra etc.). 
Trenches of different category of loading shall be clearly identified for design. 
The covers shall, however, be designed for a minimum uniformly distributed 
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load of 2.0T/m. The walls of cable trenches shall be designed to resist a 
minimum surcharge load of 1.0 T/m². 

 
 h) High strength deformed (HSD) TMT steel bars of minimum grade Fe 415, 

conforming to IS:1786 shall be used. 
 

 i) Foundations placed at varied depths shall be designed considering bearing 
capacity at that particular level with due consideration of an uplift/subsoil water 
table. 

 
 j) Minimum embedment of piles in pile caps shall be 100mm. 
 
 k) If the specified design depth of ground water table so warrants all underground 

pits, tunnels, basements, cable trenches etc. shall be provided with leak-proof 
treatment.  

 
 l) Intermixing of different grades of concrete in the same structure/structural 

element (excepting columns, walls, etc. with element extending in sub and 
super structure both) shall not be accepted. 

 
 m) Intermixing of different grades of steel (main reinforcement) in the same 

structure shall not be accepted. 
 
 n) RCC pits, tanks etc. for storage of corrosive liquids shall be provided with        

suitable anticorrosive treatment. 
 
 o) All liquid retaining/storage RCC structures shall be leak-proof and designed as 

uncracked section as per IS: 3370 and shall be designed assuming liquid up to 
the full height of the wall irrespective of provision of any over flow arrangement. 
Parts of such structures not coming in contact with liquid may be designed in 
conformance to IS: 456 except ribs of beams of suspended floor slabs & 
counter forts of walls (located on the side remote from the liquid) and the roof 
which shall be designed as uncracked section. No increase in permissible 
stresses in concrete and reinforcement shall be allowed under wind or seismic 
conditions for such structures. 
 

p) PVC water bars (230mm wide, 5mm thick) shall be provided at each 
construction joint of all liquid retaining structures. Water bars shall be 
embedded in the concrete as per manufacturers’ recommendations. All pipes 
embedded in concrete elements shall be provided with welded puddle flange 
with 8mm thick plate and diameter as “pipe dia + 200mm”. Pipes shall be 
placed in position prior to concreting. The sequence of construction shall be 
clearly shown on the drawing. 

 
q) The walls and slabs of liquid retaining/storage structures shall be provided with 

reinforcement on both faces. 
 
 r) Provision of pressure relief valves or similar pressure relieving devices shall not 

be permitted in underground liquid retaining/storage RCC structures. 
 
 s)  Primary framing members and/or any other member which remains constantly 

in contact with water or enclosed water vapour shall be designed as uncracked 
section. 
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 t) RCC storage/process tanks located above floor or roof shall not rest directly on 
slab/beam but shall have independent supporting structures which in turn shall 
rest on (primary or secondary) beams and/or columns. 
 

 u) Liquid storage structures shall be tested for its water-tightness/leak-proofness 
as detailed hereunder: 

 
i) The structure shall be tested strictly in accordance with IS: 3370 for 

water-tightness. The total drop in water surface level shall not exceed 
6mm in 24 hours in case of covered reservoirs and 12mm in 24 hours in 
case of open reservoirs. 

 
ii) If the test proves structure to be defective the same shall be repaired. 

The repaired structure shall again be tested as stated above. If the 
structure is still found unsatisfactory it shall be dismantled and rebuilt. 

 
iii) Testing after construction and remedial treatments shall conform to 

provisions of IS: 6494. 
 
 v) Backfilling around underground liquid storage structures shall be allowed only 

after successful hydro-testing and when so certified by the Owner/Owner’s 
representative’s at site. 

 
3.6.2 Minimum Cover to Main Reinforcement 

 
Clear cover shall be considered over links / stirrups, unless otherwise specified the 
minimum clear cover provided to super structures for R.C.C. works for slab and beam 
shall be 30 mm. For column and pedestals the minimum cover from longitudinal 
reinforcement shall be 40 mm. The clear cover for foundations and substructures shall 
be greater of as recommend in IS : 456 (latest ) or required as per the geo-technical 
recommendations. Clear cover for liquid-retaining structures shall be minimum 30 mm 
or as required as per the geo-technical recommendations. 

 
3.6.3 Minimum Thickness of Structural Concrete Elements 

 
The following minimum thickness shall be followed: 

 
                  -          Footings (All types I With without beams)                   300mm 

(Note: Tapered footings shall not have thickness less than 
 150mm at the edges. Minimum average thickness shall 
 not be less than 300mm) 
 

- Slab thickness in Raft foundations  
 with beam & slab construction 150mm 

 
                  - Pile Cap        500mm 

 
- Basement  
- A)  Wall      150mm 
 
- B )  Base Slab With Beams      200mm 
 
- C )  Base slab without Beams               300mm 

  
- Floor/Roof Slab, Walkway, Canopy Slab   150mm 
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- Cable/Pipe Trench/Launder Walls & Base Slab   125mm 

  
                  - Parapet          100mm 

 
- Louvres / Fin.        100mm 
 
- Pre-cast Trench Cover/Floor Slab  

- Louvre ( in contact with liquid )          125mm  

Liquid Retaning / Leak Proof  Structure 
A) Walls   150mm 
B) Base slab with beams   200mm 
C) Base slab without beams   300mm 
 

- Underground Pit 
- A) walls   150mm 
- B) Base Slab with beams   200mm 
- C) Base slab without beams   300mm 
 

 
3.6.4 Minimum Cover to Foundation Bolts 
 

Minimum distance from the centerline of foundation/anchor bolt to edge of pedestal 
shall be the maximum of the following: 

 
i) Clear distance from the edge of the base plate/base frame to the outer edge          

of the pedestal shall be minimum 50mm. 
 
ii) Clear distance from the face of pocket to the outer edge of the pedestal shall be 

75mm. 
 

iii) Clear distance from the edge of the sleeve or anchor plate to the edge of 
pedestal shall be 75mm. 

 
 
3.6.5 Minimum Height of Pedestals 
 

The minimum projection of outdoor/indoor pedestals supporting equipment/structures 
shall be 300mm and 150mm respectively above the high point of pavement/finished 
grade level/finished floor level, whichever is higher. The maximum projection of 
pedestals for staircase/ladder shall be 200mm. 

 
3.6.6 Concrete Mix  
 

a) Reinforced Cement Concrete (RCC) 
 
Unless otherwise noted, reinforced concrete conforming to IS: 456 shall be used 
using 20mm and down size graded crushed stone aggregate. 
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b) Lean Concrete 
 

Mud mat of minimum 75mm thickness of lean concrete mix 1:5:10 (by weight, using 
40mm and down size grade crushed stone aggregate) shall be provided under all 
RCC foundations except under base slabs of liquid retaining structures for which 
the mix shall be 1:3:6 (by weight) and minimum thickness of mud mat shall be 
100mm. Mud mat shall extend 75mm on all sides beyond the edges of base slabs 
in case of liquid retaining/storage structures and 50mm in case of other 
foundations. The exposed surface of mud mat layer in case of liquid 
retaining/storage structure shall be finished smooth. 

 
Lean concrete of grade1:5:10 (by weight) shall be used as filler material wherever 
loose sub grade exists by removing the loose soil/fill. 

 
c) Plain Cement Concrete (PCC) 
 
 Plain cement concrete mud mat of grade M20 (by weight) of minimum 150mm 

thickness (using 40mm and down size graded crushed stone aggregate) shall be 
provided under all masonry wall foundations. 

 
 Plain cement concrete of grade M 20 (by weight) of minimum 40mm thickness 

(using 10mm & down size graded aggregates) shall be provided as damp proof 
course at plinth level of all masonry walls. 

 
Making-up of levels for placing the foundation at a shallower depth from the 
NGL/FGL (from that as specified in the Geo-technical recommendations) by 
means of filling of lean concrete is not acceptable. 

 
3.6.7 Grouting & Minimum Grout Thickness 
 

The minimum thickness of grout shall be 25 mm. 
 
All anchor bolt sleeves/pockets and spaces under column bases, shoe plates etc. shall 
be grouted with free flow, non-shrink (premix type) grout with 28-day minimum cube 
crushing strength of 40N/mm2. Ordinary cement sand (1:2) grout shall only be used 
under the base plates of crossover, short pipe supports (not exceeding 1.5 m height) 
and small operating platforms (not exceeding 2.0m in height) not supporting any 
equipment.  

 
3.6.8 Movement Joints 
 

Expansion and/or separation joints in non-suspended ground floor slab shall be filled 
with sand for the full depth of slab except the top 12mm which shall be filled up with 
approved two part liquid polysulphide sealing compound conforming to IS: 12118. 
Joints in basement slabs shall be made leak proof by providing PVC water stops. 

 
Joints in the super-structure shall be provided by means of gap between two 
consecutive structural members. The gap shall be based on the design requirements 
and shall be treated to a minimum as under: 

 
a) When the vibrating equipment is separately supported on a structure, a clear air 

gap shall be provided between the vibrating equipment supporting structure 
and the surrounding floor with provision of suitable moulding/kerb to stop any 
leakage/overflow of any floor wash to the next lower floor. 
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b) In normal floors, expansion and/or separation joints shall be covered both on 
top and bottom with 3mm thick Aluminium sheet fixed on both sides of the joint 
with brass screws. Provision of movement on one side shall be kept with proper 
slotted holes. Similar cover plates shall be provided for all exterior columns on 
both interior and exterior faces. The edges of these plates shall be properly 
chamfered. Bitumen impregnated fibre board (as per IS:1838) shall be used 
between the gap of the two members on either side of the joint for the full depth 
in such movement joints. The top 12mm depth shall be filled up with two part 
liquid polysulphide sealing compound (as per IS:12118). 

 
c) For all liquid retaining structures expansion joints shall be filled up with non-

absorbent compressible sheet/bitumen impregnated fibre board (as per 
IS:1838) except the top 12mm depth on the water faces which shall be filled 
with two part liquid polysulphide sealant (as per IS:12118). In case of 
contraction and/or construction joints, such polysulphide sealant shall be used 
for 12mm depth on the water faces after forming suitable grooves in concrete. 
PVC water bars 230x5mm thick shall be invariably used at suitable location in 
all types of joints in liquid retaining structures.  

 
3.7 SPECIAL CONSIDERATIONS FOR STEEL STRUCTURES  

 
3.7.1 General 
 

Structural steel work shall include the following structures in general, but not limited to: 
 

- Steel buildings/open structures 
- Guide structures (for stacks, towers/columns) 
- Platforms & walkways 
- Ladders, staircases & hand railing 
- Pipe racks/pipe supports/cable racks 
- Crane gantry girders & monorails 
- Switch yard structures 

 
Design, fabrication and erection of the above works shall be carried out in accordance 
with the referenced BIS Codes in general and other relevant BIS codes as applicable 
to the specific structure. 
Basic consideration of structural frame work shall primarily be stability, ease of 
fabrication/erection and overall economy satisfying relevant Indian Standard Codes of 
Practice. Simple and fully rigid design as per IS:800 shall be used. Where fully rigid 
joints are adopted they shall generally be confined to the major axis of the column 
member. 
Structural elements continuously exposed to temperatures above 2000 C shall be 
designed for reduced stress as per Table 4 of IS:6533 (Part 2). The expected 
temperature of steel components shall not be allowed to exceed 4000 C. 

 
Where required by OISD-STD-164 and UL-1709 norms structural steel members shall 
be fire-proofed by Vermiculite based material. Vermiculite thickness shall be 28mm 
generally, however it shall suitable for 2 hours fire rating with maximum temperature of 
steel as 550° C. 

 
Crane gantry girders shall generally be of welded construction and of single span 
length. Chequered plate shall be used for gantry girder walkway flooring. 
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Steel staircases shall have channels provided as stringers with minimum clear width of 
750mm and slope of 41 degree. The vertical height between successive landings shall 
not be less than 2.6 m nor exceed 4.0 metres. Treads shall be minimum 230mm wide 
made of grating (with suitable nosing) spaced equally so as to restrict the rise to 
maximum 200mm. 

 
Handrails, 1000mm high, shall be provided to all walkways, platforms, staircases. Toe 
plate (100mmx5mm) shall be provided for all handrailing (except for staircases). 
Spacing of uprights shall be 1500mm (maximum).  Two types of handrailing shall be 
provided.  

 
a) For walkways, platforms (except platform around circular vessels), staircases: 

Top rail, mid-rail and upright shall be 32mm dia (NB) MS tubes. 
b) For platforms around circular vessels: Top rail shall be 32mm dia (NB) MS 

tubes but mid-rail and upright shall be of structural steel. 
    

Electro-forged hot dipped galvanized welded MS Gratings shall be minimum 25mm 
deep. The maximum size of voids in the grating shall be limited to 30mm x 55mm.The 
minimum thickness of galvanizing shall be 120 microns. 

 
Welded connections shall be adopted as far as practicable except for cases where 
bolted connections are required viz. (Galvanized) electrical switchyard structures and 
transmission towers. Structural connections shall  have minimum two bolts of 16mm 
dia. unless otherwise limited by the size of members. 

                   
       Minimum two nuts shall be used for all anchor bolts. 
 
3.7.2 Steel Grade 
 

Structural steel shall be of yield stress of 250 MPa conforming to grade A of IS:2062. 
Tubular steel shall conform to Yst 240 of IS:1161. 
 

3.7.3 Permissible Stresses 
 

- Permissible stresses in structural members shall be as specified in: 
 
IS: 800  Hot rolled sections (excluding switchyard structures). 
IS: 801  Cold formed light gauge sections 
IS: 802  Switchyard structures 
IS: 806  Tubular structures 

 
- Permissible stresses in bolts shall be as specified in: 

 
IS: 800  Hot rolled sections 
IS: 801  Cold formed light gauge sections. 
IS: 802  Switchyard structures. 
 

- Permissible stresses in welds shall be as specified in: 
 
IS: 801  Cold formed light gauge sections. 
IS: 816  Hot rolled sections 
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- Structural elements continuously exposed to temperatures above 200ºC shall be 
designed for reduced stress as per Table-4 of IS:6533 (Part 2). The expected 
temperature of steel components shall not be allowed to exceed 400ºC. 

 
3.7.4 Limiting Deflection 

 
a) The limiting permissible vertical deflection for structural steel members shall be as 

specified below: 
 
 

- Gantry girder for electric overhead crane 
(Capacity upto 50T)       : L/750 

 
- Gantry girder for electric over head crane 

(Capacity over 50T)      : L/1000 
 
- Gantry girder for manually operated crane   : L/500 
 
- Girder/beam for supporting dynamic equipment/hoist : L/450 
 
- Grating/Chequered plate      : L/200 or 6mm 

 whichever is 
 minimum. 

- Purlins supporting any type of roofing 
material under (dead load+live load) 
or (dead load+wind load) conditions    : L/200  

 
- Other structures/structural components   : As specified in 

   relevant BIS 
   Codes 

 
Where 'L' represents the span.  

 
b) The limiting permissible horizontal deflection for multi storeyed steel 

structure/building shall be Height/325. 
 

c) The limiting permissible horizontal deflection for structures supporting two-phase 
fluid flow piping shall be limited to 25mm or H/325 (H is the height of support above 
the pedestal top), which ever is lower. 

 
3.7.5 Design Criteria 
 

i) Basic consideration of structural frame work shall primarily be stability satisfying 
relevant Indian Standard Codes of Practice and specifications given herein. 
Simple and fully rigid design as per IS:800 shall be used. Where fully rigid joints 
are adopted they shall be confined to the major axis of the column member. 

 
ii) Where required by OISD-STD-164 norms structural steel members shall be 

fireproofed. All such structural steel members shall be provided with one coat of 
primer compatible with fire proofing material. 

 
iii) Crane gantry girders shall be of welded construction and of single span length. 

Splicing in the girder shall not be permitted. Chequered plate shall be used for 
gantry girder walkway flooring. 
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iv) All steel staircases shall have channels (minimum size MC150) provided as 
stringers with minimum clear width of 750mm and slope of 41 degrees. The 
vertical height between successive landings shall not exceed 4.0 metres. 
Treads shall be minimum 230mm wide made of grating (with suitable nosing) 
spaced equally so as to restrict the rise to maximum 200mm. 

 
v) Ladders shall be provided with safety cages when the top of the ladder is more 

than 4.5m above the landing level. Safety cages shall start 2.5 metres above 
the lower landing level. Ladders shall be of 450mm clear width with 20mm 
diameter MS rungs spaced at 300mm (maximum). Ladders shall preferably be 
placed vertical. In no case shall the angle with the vertical exceed five degrees 
(bottom of the ladder to be farther from the top to provide a positive slope). 

 
vi) Hand rails, 1000mm high, shall be provided to all walkways, platforms, 

staircases. Toe plate (100mmx5mm) shall be provided for all hand railing 
(except for staircases). Spacing of uprights shall be 1500mm (maximum).  Two 
types of hand railing shall be provided. 

 
a) For walkways, platforms (except platform supported on vessels), 

staircases: 
 

Top rail, mid rail and upright shall be 32 (M) NB galvanized MS tubes. 
 

b) For platforms supported on vessels: 
 

Top rail shall be 32  (M) NB galvanized MS tubes but mid rail (flat 50x6) 
and upright (angle 50x50x6) shall be of structural steel. 

 
vii) Floor gratings shall be fabricated from mild steel and shall be minimum 25mm 

thick. These shall either conform to type-II or III (based on application) of EIL 
standard 7-68-0561 or could be made from electro-forging process. If EIL 
standard is not adopted, the maximum size of voids in the grating shall be 
limited to 30x55mm.  Deflection shall not be more than 6mm or span/200, which 
ever is lower. Floor gratings shall be hot dip galvanised in accordance with 
IS:2629 and tested as per IS:2633 and IS:6745. Quantity of zinc coating shall 
be minimum 900 g/m

2
 of surface area (0.12mm uniform thickness). 

 
It shall be mandatory that a prototype of the grating fulfilling the following is 
demonstrated satisfactorily to the Owner/owner’s site representative prior to 
placement of bulk order(s): 

 
a) above defined requirements. 

 
b) for gratings manufactured using electro-forging process, the unfused 

joints are not in excess of 5% of the total joints. If unfused joints found 
are in excess of 5%, the prototype shall stand rejected and a fresh 
prototype shall be prepared with revised welding parameters clearing the 
requirement of unfused joints limited to 5% of the total joints. 

 
c) the projection of secondary member above the main member is not more 

than 1.5mm. 
 

d) the unfused 5% joints of b) above are welded by SMAW/GMAW process. 
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e) the joints are able to sustain a minimum pull out load of 1.2 times the 
allowable shear capacity of the secondary member. 

 
f) gratings made by electro-forge process shall be subjected to a third party 

inspection as per Owner/owner’s representative approval. 
 

viii) Unless otherwise permitted in writing by Owner/owner’s representative only 
welded connections shall be adopted. All permanent and erection connections 
shall have at least two 20mm diameter and 16mm diameter bolts respectively. 

ix) All connections shall be designed for full moment carrying capacity of the 
connecting members together with 60% full shear carrying capacity for sections 
with depth 200mm and above and 50% full shear carrying capacity for sections 
with depth less than 200mm or for the actual design forces, whichever is more. 

 
x) All fabricated structures (except electrical switchyard structures and 

transmission towers) shall be given one shop coat of primer compatible with the 
final paint system. The paint system shall conform to the painting specification. 

 
xi) Minimum two nuts shall be used for all anchor bolts. 

 
xii) Gusset plates of different thicknesses shall not be used in the same truss or 

girders. Gusset plates for all bracing shall be of same thickness as that used for 
truss/girders unless a higher thickness is required by design. 

 
xiii) If so required by piping support detail, minimum 20mm diameter plain round MS 

rod shall be welded on the top flange for full length on all transverse beams and 
at locations where pipes are supported on longitudinal beams of pipe racks, 
pipe supporting structural members. 

 
3.7.6 Minimum Thickness 
 
3.7.6.1 The minimum thickness of various structural components  (Hot rolled sections) shall be 

as given: 
 

a) General Construction 
 

Trusses, purlins, side girts & bracings   6mm 
 

Columns, beams      7mm 
 

Gussets in trusses & girders 
 

i) Upto and including 12m span   8mm 
 

ii) Above 12m span      10mm 
 

Stiffeners       8mm 
 

Base plates      10mm 
 

Chequered plate      6mm (on plain) 
 

Grating       3mm 
 

Insert plates      12mm 
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The minimum thickness of structural components (except gratings & chequered 
plates), which are directly exposed to weather and inaccessible for repainting, 
shall be 8mm. 

 
b) Switchyard Structures 

 
The minimum thickness of various structural components shall be as per 
IS:802. 

 
Note:  The minimum thickness for rolled beams and channels shall be the mean 

flange thickness regardless of the web thickness. 
 
3.7.6.2 The minimum thickness of tubes shall be as specified in IS:806. 
 
3.7.6.3 Structural members exposed to marked corrosive action shall be increased in 

thickness or otherwise suitably protected against corrosion. 
 

3.7.7 Electrical Switch yard Structures 
 
3.7.7.1 All electrical switch yard structures shall be of structural steel and designed on the 

basis of IS:802. All structural connections shall be with bolts.  
 
3.7.7.2 Structural steel members including bolts, nuts and washers shall be hot dip galvanized 

in accordance with relevant BIS Codes. The zinc coating on tower members shall not 
be less than 900g/m

2
 of the surface area. 

 
3.8 SPECIAL CONSIDERATIONS FOR MASONRY WORKS 
 
3.8.1 General 
 

All masonry works shall be designed in accordance with the latest revision of 
referenced BIS Codes in general and other relevant IS codes as applicable to the 
specific structure. 

 
3.8.2 Cement Mortar 
 

All masonry work shall be constructed in cement sand mortar 1:5 for load bearing walls 
and 1:6 cement sand mortar for non-load bearing walls except half brick partition walls 
which shall be constructed in 1:4 cement sand mortar with two numbers of 6mm 
diameter MS bars provided at every fourth course properly anchored with cross walls 
or pillars.  

 
3.8.3 Fire Walls 
 

All masonry fire walls shall be of minimum 345mm thickness. 
 
4.0 DESIGN REQUIREMENTS FOR SPECIFIC APPLICATIONS 

 
4.1 PIPE RACK 

 
For designing the pipe rack superstructure and foundation the following loads shall be 
considered. 
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Vertical Loading 

 
At each tier a uniformly distributed load (udl) shall be placed. The magnitude of this udl 
per unit length of the span shall be calculated as per the gross actual loading from 
pipes at that tier level, including the actual weight of empty pipe, the weight of content 
and insulation, if any, divided by the actual extent of the span covered by these pipes. 
A minimum density as 2600N/m

3
 shall be considered for insulation. The material 

content shall be taken as one-third volume of pipe filled with water for gas/steam 
carrying pipes. The minimum loading for any tier shall not be less than 1.25kN/m

2
. If 

the calculated loading is higher than 1.25kN/m
2
, this shall be rounded off to the next 

higher multiple of 0.25 (ie 1.50, 1.75, 2.0kN/m
2
). This udl shall be assumed to be 

spread over the entire span. 
 

Vertical loads of flare pipes shall be taken as one-third full of water for Process Unit 
piping and one-sixth full for Off site piping. 

 
Friction Force (Longitudinal & Transverse) 

 
Where the pipes are of similar diameter and service conditions, the friction force at 
each tier on every portal both in longitudinal and transverse directions shall be 10% of 
the design vertical loading of the pipes for four or more pipes supported on a tier, and 
30% of the design vertical loading of the pipes for single to three pipes supported on a 
tier. Longitudinal friction force shall be considered as uniformly distributed over the 
entire span of the beam at each tier and transverse friction force shall be considered 
as a concentrated load at each tier level. Friction force on T-supports and trestles shall 
be taken as 30% of the vertical loading in longitudinal direction and 10% of vertical 
loading in transverse direction, both acting simultaneously, and/or vice versa. 

 
For two-phase fluid flow/transfer lines the frictional force shall be minimum 50% of the 
weight of pipe including contents and insulation, acting simultaneously in transverse 
and longitudinal directions. 

 
Anchor and Guide Force (Thermal load) 

 
a) Longitudinal → As per piping inputs 
b) Transverse → As per piping inputs 

 
       Live Load 
 

 Live loads on pipe rack platforms are imposed loads such as personnel loads, tools    
and tackles loads etc. Live loads on pipe rack platforms shall be 300 Kg/m2. 

 
Wind Force 

 
Transverse wind loading shall be calculated depending on the width of the Pipe Rack 
as follows: 

 
a) Basic wind pressure shall be considered as per IS: 875. 

 
b) To calculate wind load in transverse direction of piperack, a projected height of 

1.25m/1.5m/2.0m shall be considered on all tiers irrespective of height between two 
tiers of rack widths of 4m/6m/8m and 10m respectively. For piperacks of widths 
greater than 10m, the above projected height shall be taken as 0.8[diameter of 
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largest pipe including insulation (m)] + tan 10°[width of rack (m)]. However, this 
shall not exceed the height between consecutive tiers. 

 
c) For flare header or any other line supported on extended leg of piperack, the wind 

force shall be considered separately. 
 

Loading on Longitudinal Beams 
 

Unless otherwise required from pipe support loadings, the longitudinal beams 
connecting portal columns shall be sufficiently strong to sustain a minimum of 25% of 
the load on transverse beams. This total load shall be placed as two equal 
concentrated loads acting at 1/3 rd span. This load shall be in addition to the piping 
loads transferred from the intermediate beams. Other longitudinal axial forces coming 
on it from the design of the supporting system shall also be simultaneously taken into 
account in the design of the longitudinal beam. Friction & Anchor Forces as per piping 
requirements shall also be considered in the design. If beams support monorails, all 
such loads shall also be considered to be acting simultaneously along with other loads 
mentioned above. 

 
Cable Tray and Walkway Loads 

 
The estimated actual load from electrical, instrumentation trays shall be considered at 
the specified locations, together with walkways, if provided. 

 
Earthquake Force 

 
Seismic forces shall be based on IS:1893 (Latest Revision) considering site spectrum. 
(Site spectra will be provided later). The important factor shall be taken as 1.5. 
 
Equipment Loads 
 
Equipment loads of surge drums, deaerators, silencers, etc. when supported on pipe 
rack shall be considered on actual load basis derived from the data sheets for the 
design of foundation and super structure. 
 
Maintenance Loads  
 
Maintenance loads such as loads due to the use of monorail, davit etc. shall be 
considered in design only on specific requirement furnished by the user group. 
 
Snow Load 
 
Snow loads wherever applicable shall be as per IS:875. 

 
4.2 RCC AND STEEL CHIMNEYS 
 

RCC and Steel chimneys shall be designed as per the requirements of IS:4998, 
IS:6533 and Standard specification no. 6-68-0053. 

 
4.3 MACHINE FOUNDATIONS 
 

Machine foundations shall satisfy the following requirements: 
 

a) The minimum grade of concrete to be used shall be as per clause 3.2 & 3.6. 
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b) Minimum reinforcement as per requirements of IS:2974 shall be provided 
unless required otherwise by design. 

 
c) All units of the foundation system, except foundation raft shall be provided with 

symmetric reinforcement on opposite faces, even if not required by design 
considerations. 

 
d) The soil stress below foundations under dead loads shall not exceed 80% of 

the allowable soil bearing capacity, or safe load on pile, for static loading. 
 

e) The combined center of gravity of the machine and foundation system shall, as 
far as possible, pass through the center of area of the foundation raft or 
centroid of the pile group. Where unavoidable, eccentricity shall be less than 
5% for block foundations and 3% for frame foundations.  

 
f) Foundations shall be so designed that natural frequency of the foundation 

system shall not resonate with the following: 
 

i) Operating speed of the motor. 
ii) Operating speed of the machine. 
iii) 2 x Operating speed of the machine. 
iv) Critical speed of the machine (for centrifugal machines). 

 
Natural frequency of the foundation shall preferably be + 20% away from the 
above-mentioned frequencies. However, amplitudes of vibration of the 
foundation block shall always be checked to be within permissible limits. 

 
g) Amplitudes of vibration shall be less than values specified by the machine 

manufacturer. If not specified, provision of IS:2974 shall be followed. 
h) The foundation and its superstructure shall be separated from adjacent 

foundations and platforms. Clear air gaps shall be provided in the 
superstructure to avoid transmission of vibration to adjacent structures. Special 
note shall be given on the drawing in this respect, and suitable details shown as 
required. 

 
i) Foundations resting partly on rock and partly on soil shall preferably be 

avoided. However, if unavoidable, the soil area shall be replaced by lean 
concrete (1:4:8).  However, Owner/owner’s representative concurrence shall be 
obtained for such cases. 

 
j) Foundations shall not rest on previously backfilled or sensitive soils.  

 
k) For frame foundations, base raft shall be cast in a single concreting operation. 

A properly designed construction joint shall be provided between the base slab 
and columns. The entire superstructure of columns and upper deck shall be 
cast in a continuous concreting operation. 

 
l) If height of the frame columns above raft level exceeds 8.0m, an additional 

construction joint at the junction of columns/top-deck may be provided. 
 

m) Block foundations shall be cast in a single concreting operation. 
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4.4 BLAST RESISTANT CONTROL ROOMS 
 

a) The structure shall be designed on shear wall concept with roof acting as a 
diaphragm that transfers the transverse loads to the side shear walls and 
columns in proportion to their stiffness. Internal partitions and division walls 
shall not be designed as shear walls. 

 
b) Thickness of reinforced concrete walls shall be 230mm (to meet the criteria of 

Tariff Advisory Committee). 
 

c) RCC wall shall be taken up to 1.5m below FGL or up to top of footing whichever 
is shallower, maintaining the wall thickness and R/F same as in superstructure. 

 
d) All superstructure members shall be designed for reversal of stresses. 

 
e) Minimum R/F in wall in each face shall be 1% (as total % in both directions) of 

gross cross sectional area as calculated from structural design considerations. 
The maximum R/F in each face however shall not exceed 2%. 

 
f) Roof slab shall be doubly reinforced. Minimum R/F on top and bottom shall be 

1% of gross cross sectional area (as total % in both directions). 
 

g) Maximum spacing of bars in walls and roof slab shall not exceed 150mm c/c. 
Minimum bar diameter shall be 12mm. 

 
h) In addition to load combinations of IS:875, the structure shall also be checked 

for: 
 

(i) 1.0 (Dead load + Blast load) for flexure considerations 
 

(ii) 1.2 (Dead load + Blast load) for shear considerations 
i) For blast load combinations the design bearing pressure of soil shall not 

exceed twice the allowable static bearing pressure of soil. For piles under blast 
conditions, the permissible increase shall be one-and-a-half times the allowable 
capacity of pile in horizontal and vertical (compression and uplift) directions. 

 
4.5 TANK FOUNDATIONS 
 

Storage tanks up to 10.0 metres diameter, shall be supported on ring wall type of 
foundations. 

 
4.6 SUPPORTING ARRANGEMENTS FOR TRANSFER LINE 
 

Structures supporting transfer lines and other two phase flow lines: 
 

A list of piping with two-phase fluid flow shall be developed by the Contractor. Pipe 
routing and structures supporting such lines shall be drawn. Only piping with diameter 
more than 6" shall be considered critical and governed by this clause. Smaller diameter 
piping shall be governed by relevant clauses for pipe rack. 

 
4.6.1 Design loads 
 

Horizontal force not less than 50% of the pipe weight (empty and contents) shall be 
considered, acting simultaneously in two orthogonal directions (along the pipe and 
across it) at that support. 
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4.6.2 Piping supported on Pipe racks 
 
4.6.2.1 Pipe racks supporting two phase flow lines above 6" diameter shall have all portals and 

longitudinal beams encased in structural grade concrete. Encasing shall be in all 
shapes (excluding profile shapes) with a minimum 50mm cover over the largest 
dimension of the steel section. Minimum reinforcing steel as shrinkage/temperature 
reinforcement shall be provided as welded wire fabric conforming to IS:1566 with mesh 
size of 50mm x 50mm and wire thickness 3mm. 

 
4.6.2.2 Between all successive portals supporting such lines, plan bracings shall be provided. 

These shall be provided at least at their supporting elevation (bottom level in case of a 
line with spring hangers). Longitudinal bays connecting portals shall be braced 
vertically, from supporting level downwards, at least in one bay. 

 
4.6.2.3 If the level difference between two phase fluid piping support and normal pipe 

supporting tier of pipe rack is 3 metres or more, additional vertical bracing shall be 
provided above the pipe rack level in all such transverse frames. 

 
4.6.3 Isolated trestles 
 

Vertical bracing shall be provided on all faces and horizontal bracing at least at pipe 
support level. All members including bracing shall be encased in concrete for the entire 
height of the trestles and the fundamental frequency of the structure shall be isolated 
from the most critical range which is 4 to7 Hz. The weight of pipe shall not be 
considered for dynamic analysis. Encasing details shall be same as mentioned in 
clause 4.6.2.1. 

 
4.6.4 Supports from technological structures 
 

Structural members supporting transfer lines from technological structures shall be 
adequately braced. Floors shall have plan bracing to effectively transfer horizontal 
forces to vertical frames of the structure. 

 
Supports on/from cantilevers shall be avoided. However, if unavoidable, adequate plan 
bracing shall be provided. 

 
4.6.5 Permissible stresses 
 

No increase in permissible stresses shall be allowed except in load combination with 
wind and seismic, as permitted by IS codes. 

 
4.6.6 Permissible deflections 
 

The deflection at the top of the structure, with all the horizontal forces acting together, 
shall be limited to 25mm or height/325, whichever is less. 

 
4.7 COMPRESSOR HOUSE, PUMP HOUSE AND OTHER SHED TYPE STRUCTURES 
 

Roofs of all shed type structures shall have 1:3 slope. MS wind ties (40mm x 6mm) 
painted as per painting specifications shall be provided over roof sheeting on the last 
purlin towards eaves and the first purlin at ridge, on each slope of the roof. Cladding 
shall be provided on all sides starting at 3 metre height from FFL/HPP and continuing 
up to roof level. Provision for equipment entry and drop out area shall also be made as 
per approved equipment layout. 
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Daylight, natural ventilation and rain protection shall be ensured by providing 
continuous louvers and roof monitors along the longitudinal sides of the shed. Louvers 
shall be provided at various levels of the cladding to act as necessary air inlet/outlet, 
and for daylight and rain protection. One louver shall be provided at 3.5metre height 
from FFL/HPP, for rain protection of the opening below. Similarly, one louver shall be 
provided at eaves level for ventilating the stagnant air, at that level. Sufficient number 
of louvers shall also be provided at all intermediate working and equipment levels for 
achieving proper day-lighting and ventilation in the sheds as per Factory Act and 
National Building Code of India. 

 
Continuous steel ventilator consisting of fixed glass and weld mesh with bird screen 
net and sufficient overhang shall be provided on the longitudinal sides of the roof 
monitor. Rain water gutters and PVC pipes shall be provided for proper roof drainage. 
Gutters shall be of Mild Steel sheets (minimum 3mm thick) painted as per painting 
specifications. 

 
5.0 MATERIAL REQUIREMENTS 
 
5.1 General 
 
5.1.1 The minimum requirements of various materials to be used in Civil and Structural 

works are as below: 
 
5.2 Water 
 
5.2.1 Water used in construction for all civil & structural works shall be clean and free from 

injurious amounts of oil, acids, alkalies, organic matters or other harmful substances 
which may be deleterious to concrete, masonry or steel.  The pH value of water 
sample shall be not less than 6. Potable water will be considered satisfactory. All 
requirements of IS:456, have to be met. 

 
5.2.2 Tests on water samples shall be carried out in accordance with IS:3025 and these 

shall fulfill all the guidelines and requirements given in  IS:456. 
 
5.2.3 Water for curing shall be of the same quality as used for concreting and masonry 

works. 
 
5.3 Aggregate (For Concrete)  
 
5.3.1 General 
 

- Coarse and fine aggregates for Civil and Structural Works shall conform in all 
respects to IS:383 (Specification for coarse and fine aggregates from natural 
sources for concrete).  Aggregates shall be obtained from an approved source 
known to produce the same satisfactorily.  Aggregates shall consist of naturally 
occurring (crushed or uncrushed) stones, gravel and sand or a combination 
thereof. These shall be chemically inert, hard, strong, dense durable, clean and 
free from veins, adherent coatings, injurious amounts of alkalies, vegetable 
matter and other deleterious substances such as iron pyrites, coal, lignite, mica, 
shale, sea shells etc.  

 
- Aggregates which may chemically react with alkalies of cement or might cause 

corrosion of the reinforcement shall not be used. 
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- The maximum quantities of deleterious materials in the aggregates as 
determined in accordance with IS:2386 - Part II (Methods of Test for 
aggregates for concrete), shall not exceed the limits defined in IS:383. 

 
5.3.2 Coarse Aggregates 
 

- Coarse aggregates are the aggregates, which are retained on 4.75mm IS 
Sieve. It shall have a specific gravity not less than 2.6 (saturated surface dry 
basis). 

 
- These may be obtained from crushed or uncrushed gravel or stone and may be 

supplied as single sized or graded.   The grading of the aggregates shall be as 
per IS:383 or as required by the mix design, to obtain densest possible 
concrete. 

 
5.3.3 Fine Aggregates 
 

- Fine aggregates are the aggregates which pass through 4.75mm IS sieve but 
not more than ten percent (10%) pass through 150 micron IS sieve. These shall 
comply with the requirements of grading zones I, II and III of IS:383. Fine 
aggregates conforming to grade zone IV shall not be used for reinforced 
concrete works. 

 
- Fine aggregates shall consist of material resulting from natural disintegration of 

rock and which has been deposited by streams or glacial agencies, or crushed 
stone sand or gravel sand. Sand from sea shores, creeks or river banks 
affected by tides, shall not be used for filling or concrete works. 

 
5.3.4 Sampling and Testing 
 

The Contractor shall carry out all tests including mix designs of concrete, at the start of 
work as well as during any stage of construction as per the requirement. Tests shall be 
carried out in accordance with IS:516-Methods of test for strength of concrete and  
IS:2386-Methods of test for aggregates for concrete.  The method of sampling shall be 
in accordance with the requirements given in IS:2430. 

 
5.3.5 Storage of Aggregates 
 

- Storage of all types of aggregates at the site of work shall be as specified in IS: 
4082.  Aggregates shall in no case be stored near excavated earth or directly 
over ground surface. 

 
- Fine aggregates delivered at the site in wet condition or becoming wet due to 

rain or any other means, shall not be used for at least 24 hours.  For the use of 
such aggregates the contractor shall adjust the water content in accordance 
with IS:2386 to achieve the desired mix. 

 
5.4 Sand (For Masonry & Filling) 
 
5.4.1 Sand for Masonry Mortars 
 

- The sand shall consist of natural sand, crushed stone sand or crushed gravel 
sand or a combination of any of these.  The sand shall be hard, durable, clean 
and free from adherent coatings and organic matter and shall not contain the 
amount of clay, silt and fine dust more than specified in IS:2116 
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- The sand shall not contain any harmful impurities such as iron pyrites, alkalis, 

salts, coal or other organic impurities, mica, shale or similar laminated 
materials, soft fragments, sea shells in such form or in such quantities as to 
affect adversely the hardening, strength or durability of the mortar.  

 
- The maximum quantities of clay, fine silt, fine dust and organic impurities in the 

sand, when tested in accordance with IS:2386, shall not be more than 5% by 
mass in natural sand, or crushed gravel sand or crushed stone sand. For 
organic impurities, when determined in accordance with IS:2386, colour of the 
liquid shall be lighter than that indicated by the standard solution specified in 
IS:2386. 

 
5.4.2 Grading of Sand 
 

The particle size grading of sand for use in mortars shall be within the limits as 
specified below: 

 
Grading Of Sand For Use In Masonry Mortars 

 
IS Sieve Designation IS:460 

(Part I) 
Percentage Passing 

By Mass 
Reference To Method 

4.75 mm 100 
2.36 mm 90 to 100 
1.18 mm 70 to 100 

600microns 40 to 100 
300 microns 5 to 70 
150 microns 5 to 15 

IS:2386 (Part-I) 

 
In case of sand whose grading falls outside the specified limits due to excess or 
deficiency of coarse or fine particles, this shall be processed to comply with the 
standard by screening through a suitably sized sieve and/or blending with required 
quantities of suitable sizes of natural sand particles or crushed stone screening which 
are by themselves unsuitable. The various sizes of particles of which the sand is 
composed shall be uniformly distributed throughout the mass. 

 
5.4.3 Sampling and Testing 
 

The method of sampling shall be in accordance with IS:2430. The amount of material 
required for each test shall be as specified in relevant parts of IS:2386. All tests shall 
be carried out in accordance with the relevant parts of IS:2386. 

 
If further confirmation as to the satisfactory nature of the material is required, 
compressive test on cement mortar cubes (1:6) may be made in accordance with 
IS:2250 using the supplied material in place of standard sand and the strength value 
so obtained shall be compared with that of another mortar made with a sand of 
acceptable and comparable quality. 

 
5.4.4 Sand for Filling 
 

Sand for filling shall meet the requirements of IS:383 and shall be natural sand, hard, 
strong, free from  any organic and deleterious materials.  Sand obtained from sea 
shores, creeks or river banks affected by tides, shall not be used for filling. Fine 
aggregates suitable for concreting works shall be suitable for filling also. No sand 
below grading zone-III as per IS:383 shall be allowed for filling. 
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5.5 Cement 
 

Unless otherwise specifically called for, cement
3
 for RCC and PCC/lean concrete 

works shall be one of the following: 
 

33 grade ordinary or low heat Portland cement   IS:269 
 

43 grade ordinary Portland cement    IS:8112 
 

Portland slag cement      IS:455 
 

Portland Pozzolana cement (fly ash based)   IS:1489 (Part-1) 
 

Portland Pozzolana cement (calcined clay based)  IS:1489 (Part-2) 
 

Sulphate resisting Portland cement    IS:12330 
 

High alumina cement      IS:6452 
 

For masonry applications the use of Masonry cement (conforming to IS:3466) can be 
made. 

 
5.6 Steel 
 
5.6.1 General 
 

All steel bars, sections, plates, and other miscellaneous steel materials, etc. shall be 
free from loose mill scales, rust as well as oil, mud, paint or other coatings. The 
materials, construction specifications such as dimensions, shape, weight, tolerances, 
testing etc, for all materials covered under this section, shall conform to respective BIS 
codes.  

 
5.6.2 Reinforcement Bars 
 

High strength deformed (HSD) TMT steel bars of minimum grade Fe 415, conforming 
to IS:1786 shall be used. 

 
5.6.3 Structural Steel 
 

Structural steel sections shall conform to following BIS codes:  
 

Steel tubes for structural purposes     IS:1161 
 

Mild Steel Tubes, tubular and other wrought steel fittings  IS:1239 
 

Steel for general structural purposes (Grade A).    IS:2062 
 

Hollow steel sections for structural use.     IS:4923 
 
 
 

                                                      
3 The type of cement selected shall be appropriate for the intended use. 
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5.6.4 Miscellaneous Steel Materials 
 

Miscellaneous steel materials shall conform to the following BIS codes: 
 

Expanded Metal Steel Sheets for General purposes.   IS:412  
 

Specification for mild steel and medium tensile  
steel bars and hard drawn steel wire for concrete  
reinforcement (Grade I)  
(For mild steel bars of anchor bolts, rungs, metal inserts, 

 grating etc.)        IS:432 
 

Hexagonal head bolts, screws & nuts of product Grade C.  IS:1363 
 

Cold formed light gauge structural steel sections.   IS:811 
 

Technical supply conditions for threaded steel fasteners.  IS:1367 
 

Plain washers        IS:2016 
 

Steel wire ropes for general engineering purposes   IS:2266  
 

Thimbles for wire ropes.       IS:2315 
 

Bulldog grips.        IS:2361 
 

Mild Steel Tubes, tubular and other wrought steel 
fillings. (For Hand rail tubular sections)     IS:1239 

 
Drop forged sockets for wire ropes for general   
engineering purposes.       IS:2485 

 
Steel chequered plates.       IS:3502 
Hexagonal bolts and nuts (M42 to M150).    IS:3138 

 
5.6.5 Anchor Bolts 
 

Material for Anchor Bolts such as MS bars, washers, nuts, pipe sleeves and plates etc. 
shall be as per relevant BIS codes mentioned above under Clauses 5.6.4. 

 
5.7 Brick 
 
5.7.1 General 
 

Bricks for masonry works shall conform to IS:1077 - Specification for common burnt 
clay building bricks and shall be variety of class 5.0 (with minimum compressive 
strength of 5.0 N/mm

2
). Physical requirements, quality, dimensions, tolerances etc. of 

common burnt clay building bricks shall conform to the requirements of IS:1077. 
 

Bricks shall be hand-moulded or machine-moulded and shall be made from suitable 
soils.  The bricks shall have smooth rectangular faces with sharp corners and shall be 
well burnt, sound, hard, tough and uniform in colour. These shall be free from cracks, 
chips, flaws, stone or humps of any kind. 

 




















































