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1. GENERAL INTRODUCTION 

This report is prepared as per agreement between Ministry of Agriculture and Livestock Development, 

National Center for Potato, Vegetable and Spice Crops Development, Potato Development Center, 

Nigale, Sindhupalchowk and GOEC-RAJDEVI-RECON JV to determine bearing capacity and 

subsurface exploration for the foundation design of Cold Store Building located in Nigale Bazzar, 

Mude, Sindhupalchowk District, Nepal. Prime Civil Lab Pvt. Ltd., Chandragiri-14, Naikap, 

Kathmandu has taken all the responsibility for the soil investigation, laboratory tests and preparation 

of report for this project.  

2. SCOPE OF INVESTIGATION 

The scope of work includes the following:  

• Drilling of 100mm nominal diameter bore holes each of 10.5 m depth at two specified locations. 

• Conducting standard penetration tests in the boreholes at 1.50 m interval in depth & at every 

change of strata, whichever is earlier. 

• Collecting disturbed soil samples from bore holes at regular interval and at every identifiable 

change of strata to supplement the boring records. 

• Recording the depth of ground water table in all the boreholes if observed up to the depth of 

exploration during boring work as per specifications. 

• Conducting the laboratory tests on selected disturbed / undisturbed soil samples collected from 

various bore holes, Preparation and submission of reports. 

3. FIELD INVESTIGATIONS 

3.1 Penetration Tests 

Standard Penetration Tests: It consists of driving a Split 

Spoon sampler with an outside dia. of 50 mm into the soil 

at the base of borehole. Driving is accomplished by a drop 

of hammer weighing 63.5 kg falling freely through a height 

of 750 mm onto the drive head.  First of all, the spoon is 

driven 150 mm into the soil at the bottom of the borehole. It 

is then driven further 300 mm and the number of blows (N 

values) required to drive this distance is recorded. Standard 

Penetration Tests (SPT) were conducted in the boreholes at 

1.5 m intervals. The tests were conducted in accordance with IS:2131-1981. 

 Figure 1: Standard Penetration Test 
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Dynamic Cone Penetration Test (DCPT):  It consists of driving a cone by blows of hammers.  The 

number of blows for driving the cone through a specified distance is a measure of the dynamic cone 

resistance. Dynamic Cone Penetration test are performed by a 50 mm cone.  The method for DCPT is 

similar to that of SPT. First of all, the cone is driven 100 mm into the soil at the bottom of the bore 

hole.  It is then driven further 200 mm and the number of blows (Ncbr values) required to drive this 

distance is recorded. 

The result i.e., Nc values first corrected to the Standard Penetration Test (SPT) value (N) and that 

provides and estimation of degree of compaction of soil strata, values of angles of internal friction () 

and allowable bearing capacity. The dynamic cone resistance is correlated with the SPT (N) as given 

below. 

Nc    = 1.5 N for depth up to 3 m 

= 1.75 N for depth 3 to 6 m 

= 2 N for depth greater than 6 m 

3.2 Sampling 

(i) Disturbed Sample: 

Disturbed samples were collected from the split spoon after conducting SPT. Before any sample was 

taken, the borehole was cleaned up of loose disturbed soil deposited during boring operation. The 

samples which were obtained from bailer and in the SPT tube were preserved as representative 

disturbed samples for finding out index properties. The samples thus obtained were placed in airtight 

double plastic bags, labeled properly for identification and later transported to the lab for analysis. 

 

(ii) Undisturbed Sample: 

Undisturbed Sample are extracted by means of thin wall tube (Shelby tube). The tubes are pushed into 

the ground and the samples are recovered mechanically. The tube are sealed with wax and wrapped 

with airtight polythene sheets and then bound by adhesive tapes and properly labelled. The tubes were 

properly packed in a wooden box so as to minimize the disturbances during transportation to the 

laboratory and avoided the changes of moisture content of sample. These sample are used for the 

determination of strength and consolidation parameters.  

3.3 Ground Water Table 

Prediction of depth of ground water table needs the installation of piezometers and regular monitoring 

of those for at least a year. Since, the period and the installation are beyond the scope of the work, 

visual examination was performed to find the depth. Ground Water Table (GWT) was monitored at 

the depth mentioned in the borehole logs attached in the annex of this report during drilling up to the 

depth of 12m.  
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4. LABORATORY TESTS 

The laboratory tests were conducted on selected representative disturbed and undisturbed samples 

collected in core boxes, were transported to lab in Kathmandu, Nepal. All of the tests were conducted 

confirming to the specifications as per IS codes. The following tests were conducted: 

Table 1: The Laboratory Tests and their referred codes. 

SN Type of Test IS Code Referred Remarks 

1 Bulk and dry density By Calculations  

2 Moisture content IS:2720 (Part-2)-1992  

3 Grain size/ Hydrometer analysis IS:2720 (Part-4)-1992  

4 Atterberg Limits IS:2720 (Part-5)-1992  

5 Specific Gravity IS:2720 (Part-3)-1992  

6 Drained Direct shear test IS:2720 (Part-13)-1986  

The results of laboratory tests have been presented in the annex section of this report. 

5. STANDARDIZATION OF SPT VALUE 

The recorded SPT values are converted to standardized energy N60 as per Skempton (1986): 

60

ηηηηN
=N

RSBHrec

60
 

N60 = SPT N value corrected for field procedure 

Nrec = measured penetration number 

ηH = hammer efficiency (%)   = 0.55 for hand drop hammer 

ηB = correction for borehole diameter  = 1.0 for 65 mm to 115 mm dia. Borehole 

ηS = sampler correction   =1.0 for standard sampler 

ηR = correction for rod length   = 0.75 for rod length 0.0 – 3.0 m 

       = 0.8 for rod length 3.0 – 4.0 m 

       = 0.85 for rod length 4.0 – 6.0 m 

       = 0.95 for rod length 6.0 – 10.0 m 

       = 1.0 for rod length greater than 10.0 m 

Correction for Overburden: 

 In granular soils, the value of N is affected by the effective overburden pressure. For that reason, the 

value of N60 obtained from field exploration under different effective overburden pressures should be 

changed to correspond to a standard value. That is,  (N1)60 = CNN60 

where, 
'σ

100
=C

z

N
 as per Liao and Whitman 1987 

Dilatancy Correction (for fine sand and silts below water table) 

Terzaghi and Peck (1976) gave correction for water pressure as, 
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If  Nrec ≤ 15, then Ncorr =Nrec 

Nrec ≥ Ncorr = 15+½(Nrec-15) 

Table 2: Correction of Field SPT values. 
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1.5 17 21 1.70 0.55 1 0.75 1 11.7 14.4 19.9 24.5 

3.0 22 25 1.70 0.55 1 0.75 1 15.1 17.2 25.7 29.2 

4.5 22 25 1.70 0.55 1 0.85 1 17.1 19.5 29.1 33.1 

6.0 25 32 1.54 0.55 1 0.85 1 19.5 24.9 30.1 38.5 

7.5 22 29 1.38 0.55 1 0.95 1 19.2 25.3 26.4 34.9 

9.0 23 27 1.26 0.55 1 0.95 1 20.0 23.5 25.2 29.6 

10.5 24 32 1.17 0.55 1 1 1 22.0 29.3 25.7 34.2 

For Refusals corrected SPT values are taken as 50 

6. GENERAL GEOLOGY OF THE SITE 

 
Figure 2: Geological map of Nepal showing the site location. (Modified from Dahal, 2006) 

 

The proposed site lies in Nigale Bazzar, Mude, Sindhupalchowk District. Geologically, the proposed 

site area for the Geotechnical investigation lies in the Lesser Himalayan Zone. The proposed site 

primarily lies in Lesser Himalaya zone between the Sub-Himalaya (Siwaliks) in the south and Higher 

Himalaya zone in the north. The Main Boundary Thrust (MBT) separates Siwaliks at the south and 
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Main Central thrust separates Higher Himalaya at the north and west. The Siwalik rocks are basically 

consisting of sedimentary rocks (mudstone, sandstone, and conglomerate), while the Lesser Himalayan 

rocks are basically the low-grade metamorphic rocks (e.g., slate, phyllite, schists, garnet-schists, 

metasandstone and quartzite). Generally, the range exhibits very rugged terrain with deeply dissected 

gullies and steep slopes. 

7. SEISMICITY AND LIQUEFACTION  

 

Figure 3: Seismic hazard of Nepal. 

 

Ground motion can be simply quantified by peak values of expectable acceleration, velocity and/or 

displacement. Empirical relationships, called attenuation equations, can be derived from the 

interpretation of available strong motion records and relate peak ground motion parameters to 

magnitude and distance from the source of energy release. Attenuation equations are sensitive to the 

estimates of distance and magnitude, especially in the near-field. Peak ground acceleration (PGA) often 

represents the main seismic evaluation parameter for simplified analysis purposes. The peak ground 

acceleration (usually as a fraction of the peak) is the earthquake ground motion parameter usually used 

in the seismic coefficient method of analysis. Attenuation model of Young’s et al (1997) for subduction 

zones for bed rock was used in development of seismic hazard map of Nepal. 

 

Liquefaction 

Saturated loose to medium dense cohesion less soils and low plastic silts tend to densify and 

consolidate or temporarily liquefy when subjected to cyclic shear deformations inherent with large 
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seismic ground motions. Pore-water pressures within such layers increase as the soils are cyclically 

loaded, resulting in a decrease in vertical effective stress and shear strength. If the shear strength drops 

below the applied cyclic shear loadings, the layer is expected to transition to a semi fluid state until the 

excess pore-water pressure dissipates. When liquefaction takes place in a particular soil then the 

bearing capacity of the soil disappears, and the structure built on it gets tilts or even sinks. 

Analysis of Liquefaction  

In general, for clean sand, if the SPT value is less than 30, the soil is prone to liquefaction. The increase 

in fines content, however, increases the liquefaction resistance of soil. Here, in our analysis, increase 

in fine content from 35% and greater is considered to be no liquefaction strata. In this report, the soil 

liquefaction analysis has been done based on SPT N value. 

The factor of safety ( FS ) against liquefaction in terms of CSR (Cyclic stress ratio) and CRR (cyclic 

resistance ratio) is defined by 

,5.7

5.7

CSR

CRR
FS =

 

Where,  5.7CRR  is the cyclic stress ratio (CRR) for earthquakes of magnitude 7.5 and  

,5.7CSR is the normalized cyclic stress ratio (CSR) for earthquakes of magnitude 7.5 and effective 

overburden pressure of 100 kPa. 

,5.7CSR
Is given by (Idriss and Boulanger, 2006)   











KMSFg

a
CSR d

v

v 1

'
65.0 max

,5.7 =

 

v
is the total vertical stress; 

'

v is the effective vertical stress; maxa
is the peak horizontal ground 

surface acceleration; g is the acceleration of gravity; d  is the nonlinear shear stress mass 

participation factor (or stress reduction factor), MSF is the magnitude scaling factor; K is the 

correction factor for effective overburden.    The consideration of factors K  and Kα (for sloping 

ground) is beyond routine practice and can be precisely estimated using the method of Youd et al. 

(2001) if necessary. 

The term d  provides an approximate correction for flexibility in the soil profile given by:  

)00121.0006205.005729.04177.01(

)001753.004052.04113.01(
25.15.0

5.15.0

zzzz

zzz
d

+−+−

++−
=

 

Where, z = depth below ground surface in meters. 
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Cyclic resistance ratio (CRR), the capacity of soil to resist liquefaction, can be obtained from the 

corrected blow count 601)(N  using empirical correlations proposed by Seed et al. (1985). The CRR 

curves for a fines content of < 5% (clean sands) can be approximated by Youd et al. (2001) 

  200

1

45).(10

50

135

)(

)(34

1
2

601

601

601

5.7 −
+

++
−

=
N

N

N
CRR

    

For 601)(N < 30. For 30)( 601 N , clean granular soils are classified as non-liquefiable. The CRR 

increases with increasing fines content and thus 601)(N  should be corrected to an equivalent clean 

sand value, CSN 601)(  (Youd et al. 2001)  

5%FC ;)()( 601601 = NN CS      

5%3FC5%    ;)/1000](N(FC[0.99 )]/190(76.1exp[)( 601

1.52

601 ++−= FCN CS   

35%FC ;)(2.15)( 601601 += NN CS      

Where 601)(N  is the SPT blow count normalized to an overburden pressure of approximately 100 kPa 

and a hammer energy ratio of 60% expressed as (Youd et al. 2001) 

SRBEN CCCCNCN =601)(
  

Where N = measured standard penetration resistance; NC
=factor to normalize N to a common 

reference effective overburden stress (1 atm.); EC
= correction for hammer energy ratio; BC

= 

correction factor for borehole diameter; RC
=correction factor for rod length; SC

=correction for 

samplers with or without liners. The factor NC
 is given by 

av

N
P

C
/'2.1

2.2

+
=

  

Following the recommendation of NCEER 1996 (Youd et al. 2001), the lower and upper bounds for 

MSF values can be defined by 
56.224.2 /10 wMMSF =

 and
3.3)5.7/( −= wMMSF
, respectively ( wM is the 

moment magnitude). Similarly, K is given by (Youd et al., 2001) 

)1()'( −= f

av pK   

Where ap
 is the atmospheric pressure (100 kPa) and f  is assumed to be 0.75 (a value of 0.6-0.8 is 

recommended in Youd et al., 2001). 

Iwasaki (1982) was used to calculate Liquefaction Potential Index (L.P.I) and to calculate the 

severity of site towards liquefaction. 
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where z is depth of the midpoint of the soil layer (0 to 20 m) and dz is differential increment of 

depth. The weighting factor, w(z), and the severity factor, F (z), are calculated as per the following 

expressions: 

F (z) = 1 − FS for FS < 1.0 

F (z) = 0 for FS ≥ 1.0 

w(z) = 10 − 0.5z for z < 20 m 

w(z) = 0 for z > 20 m 

Table 3: The level of liquefaction Severity 

 

Literatures Reviewed: 

After recent review of various research papers from various country and various soil condition. The 

following assumption is taken in consideration either the Soil is Susceptible to liquefaction or not: 

• Clayey layer with fines greater than 35% with Liquid Limit greater than 35, having Plasticity Index 

greater than 12 and moisture content lower than 85% of Liquid limit isn’t susceptible towards 

liquefaction. 

• Soil having natural moisture nearly equal to Liquid Limit may experience behaviour similar to 

liquefaction so proper mechanism should be designed to encounter the situation. 

• If the Plasticity Index (PI) of the soil is equal or greater than 7 than such soil layer isn’t susceptible 

to liquefaction. (Boulanger and Idriss, 2006) 

Soil with PI < 12 and ration of Water Content to Liquid Limit (Wc/LL) > 0.85 will be susceptible to 

liquefaction. (Bray and Sancio, 2006). 

Identification of Liquefaction 

The present site consists of medium dense silty sand with fine gravel in general at the foundation level 

of subsurface. Observing the subsurface condition from the borehole exploration and tracking borehole 

logs, Liquefaction analysis has been carried out to identify the liquefaction potential. 

It is recommended to carry out liquefaction analysis if the continuous layer of loose sand pockets is 

observed during excavation at the time of construction. 
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Table 4: Liquefaction Analysis for BH1 for PGA =0.30g, M=7.5, GWT at 1.50 m 
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medium 
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Table 5: Liquefaction Analysis for BH2 for PGA =0.30g, M=7.5, GWT at 1.50 m 
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10.5 29.33 
medium 

sand 
9   17.00 179 90 1.17 34.22 35.22 0.894 1.026 - 0.336 - No 0 4.75 1.5 0.00 
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8. BEARING CAPACITY ANALYSIS  

The allowable bearing capacity of sub-soil strata for Open foundation has been computed from 

shear and settlement failure considerations. 

8.1 For Open foundation 

Allowable Bearing Capacity  

The bearing capacity analysis has been carried out for foundation soil. The well-known Indian 

Standard (IS 6403:1981) has been used to compute bearing capacity of soil on the basis of shear 

failure criteria.  

For clayey soil (Ф=0) 

The values are computed from unconfined compressive strength (UCS) as, 

𝑞𝑢𝑙𝑡 = 𝐶𝑢𝑁𝑐𝑑𝑐𝑆𝑐  Refer IS:6403, Clause 5.3 

where,  Cu =  undrained cohesion of soil, obtained from UCS 

  Nc =  5.14 

  Sc =shape factor, For square foundation, Sc =1.3 

For rectangle foundation, Sc= 1 + 0.2
𝐵

𝐿
 

  𝑑𝑐 = 1 + 0.2
𝐷𝑓

𝐵
√𝑁∅ 

Factor of Safety = 3.0 

For c-Ф soil, 

General shear failure, 

𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐𝑆𝑐𝑑𝑐𝑖𝑐 + 𝛾𝐷(𝑁𝑞 − 1)𝑆𝑞𝑑𝑞𝑖𝑞 + 0.5𝛾𝐵𝑁𝛾𝑆𝛾𝑑𝛾𝑖𝛾𝑊′ 

Local Shear failure, 

𝑞′𝑢𝑙𝑡 =
2

3
𝑐𝑁′𝑐𝑆𝑐𝑑𝑐𝑖𝑐 + 𝛾𝐷(𝑁′𝑞 − 1)𝑆𝑞𝑑𝑞𝑖𝑞 + 0.5𝛾𝐵𝑁′𝛾𝑆𝛾𝑑𝛾𝑖𝛾𝑊′ 

Factor of Safety = 3.0 

Bearing capacity factor shall be determined   for general shear failure Ф   

       for local shear failure ∅′ = 𝑡𝑎𝑛−1 (
2

3
𝑡𝑎𝑛∅) 

The bearing capacity are computed as per the table below: 

Angle of friction (Ф˚) Nc Nq Nγ 

0 5.14 1 0 

5 6.49 1.57 0.45 

10 8.35 2.47 1.22 

15 10.98 3.94 2.65 

20 14.83 6.4 5.39 
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Angle of friction (Ф˚) Nc Nq Nγ 

25 20.72 10.66 10.88 

30 30.14 18.4 22.4 

35 46.12 33.3 48.03 

40 75.31 64.2 109.41 

45 138.88 134.88 271.76 

50 266.89 319.07 762.89 

 

Shape and depth factors are determined as per IS:6403-1981 

Shape of Base 
Shape Factors 

𝑺𝒄 𝑺𝒒 𝑺𝜸 

Continuous strip 1.0 1.0 1.0 

Rectangle 
1 + 0.2

𝐵

𝐿
 1 + 0.2

𝐵

𝐿
 1 − 0.4

𝐵

𝐿
 

Square 1.3 1.2 0.8 

Circle 1.3 1.2 0.6 

 

Depth factors are calculated as: 

𝑑𝑐 = 1 + 0.2
𝐷𝑓

𝐵
√𝑁∅ 

𝑑𝑞 = 𝑑𝛾 = 1 𝑓𝑜𝑟 ∅ < 10° 

𝑑𝑞 = 𝑑𝛾 = 1 + 0.1
𝐷𝑓

𝐵
√𝑁∅ 𝑓𝑜𝑟 ∅ >10˚ 

Allowable Bearing Pressure from Settlement Criteria 

In granular soils, 

The settlement of granular soils can also be evaluated by the use of a semiempirical strain influence 

factor proposed by Schmertmann et al. (1978). According to this method, the settlement:  

𝑠𝑒 = 𝑐1𝑐2∆𝑞 ∑
𝐼𝑧

𝐸𝑠
∆𝑧

𝑧𝑖

0

 

where,  

Se = net allowable settlement 

C1 = correction factor for the depth of foundation = 1 − 0.5
𝑞

∆𝑞
 

C2= correction factor to account into creep in soil = 1 + 0.2𝑙𝑜𝑔 (
𝑡𝑖𝑚𝑒 𝑖𝑛 𝑦𝑒𝑎𝑟

0.1
) 

Δq= difference between stress at level of foundation and overburden pressure 

Iz= vertical strain influence factor 
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Es= Modulus of Elasticity of soil = 2.5 x qc in kg/cm2  

     Where, qc (cone penetration parameter) is related to SPT as, 

Soil Type 𝒒𝒄

𝑵𝟔𝟎
 

Silts, sandy silts, slightly cohesive silt-sand mixtures 2-4 

Clean fine to medium sands and slightly silty sands 3-5 

Coarse sands and sands with little gravel 4-5 

Sandy gravels with gravel 6-8 

 

 

From In-situ SPT results, 

The bearing capacity for open foundation are computed as per the Meyerhof’s (1965) modified by 

Bowles (1977) as, 

qsafe = 12.5N60
1

2

2528.3

128.3
wd Rx

S
f

B

B















 +  

Where,  

N60 = Standard Penetration Value for Average energy ratio of 60%  

B = width (m) 

S = Settlement (mm) 

fd =  1+0.33 (D/B) ≤ 1.33 

Rw1 = water correction factor  = 0.5 

 

For cohesive soil, 

If the clay layer is encountered, the settlement is calculated as: 
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𝑠𝑒 =
𝐻

1 + 𝑒0
𝐶𝑐 log10 (

(𝑃𝑜 + ∆𝑃

𝑃𝑜
) 

 where,  se = consolidation settlement (m) 

H  = thickness of soil (m) 

eo = initial void ratio 

Cc = compression index, obtained from consolidation test results 

For preliminary analysis, IS:8009 (Part I)-1976, clause 9.2.2  recommends, 

𝐶𝑐 = 0.009(𝐿𝑖𝑞𝑢𝑖𝑑 𝐿𝑖𝑚𝑖𝑡 − 10) 

𝐶𝑐 = 0.30(𝑒𝑜 − 0.27) 

Po = effective pressure at mid height of layer (kN/m2) 

ΔP = pressure increment (kN/m2) 

As  per IS: 8009 clause 9.5, correction factors for rigidity and depth are applied 

8.2 For bored cast in-situ concrete piles 

The pile capacity are calculated as per Annex B: of IS 2911 (Part 1/Sec 2): 2010 as, 

For cohesionless soil, 

𝑄𝑢 = 𝐴𝑝 (
1

2
𝐷𝛾𝑁𝛾 + 𝑃𝐷𝑁𝑞) + ∑ 𝐾𝑖𝑃𝑑𝑖𝑡𝑎𝑛𝛿𝑖𝐴𝑠𝑖

𝑛

𝑖=1

 

 

where,  Ap = cross sectional area of pile (m2) 

 D = diameter of pile shaft (m) 

 γ = effective unit weight of soil at pile tip (kN/m2) 

Nγ & Nq = bearing capacity factors depending on friction angle at pile tip 

 PD = effective overburden pressure at pile tip (kN/m2) 

∑     =𝑛
𝑖=1  Summation for pile installed layers 1 to n and contributing positive skin 

friction 

 Ki = coefficient of earth pressure applicable for the ith layer 

 PDi = effective overburden pressure for the ith layer (kN/m2) 

 δi = angle of wall friction between pile and soil for ith layer 

 Asi = surface area of pile shaft in the ith layer m2 

Factor of safety =2.5 

 

Notes: 

1) Nγ factor is taken for general shear failure as per IS: 6403 

2) Nq factor is obtained from Fig. 1. Annex B, of IS 2911 (Part 1/sec2): 2010  
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3) Ki, the earth pressure coefficient depending on the nature of soil strata, type of pile, 

spacing of pile and its method of construction. 

4) δ, angle of wall friction may be taken equal to friction angle of soil around pile stem 

5) The maximum effective overburden at the pile tip should correspond to the critical 

depth, which may be taken as 15 times the diameter of the pile shaft for Ф ≤ 30˚ and 

increasing to 20 times for Ф ≥ 40˚ 

 

Piles in cohesive soils 

𝑄𝑢 = 𝐴𝑝𝑁𝑐𝑐𝑝 + ∑ 𝛼𝑖

𝑛

𝑖=1

𝑐𝑖𝐴𝑠𝑖 

where,  

Ap  = cross-sectional area of pile tip (m2) 

Nc  = bearing capacity factor, taken as 9 

cp  = average cohesion at pile tip (kN/m2), taken from UCS of soil 

∑     =𝑛
𝑖=1  summation for pile installed layers 1 to n and contributing positive skin 

friction 

αi = adhesion layer for the ith layer depending on the consistency of soil 

ci = average cohesion for the ith layer (kN/m2) 

Asi = surface area of pile shaft in the ith layer 

 

Use of SPT data for pile capacity in cohesionless soil 

As per Meyerhof, 

𝑄𝑢 = 13𝑁
𝐿

𝐵
𝐴𝑝 +

𝑁̅𝐴𝑠

0.5
 

where, 

 N = average N value at pile tip 

L = length of penetration of pile in the    bearing strata (m) 

 B = diameter or minimum width of pile (m) 

 Ap = cross-sectional area of pile tip (m2) 

 N = average N value along the pile shaft 

 As = surface area of pile shaft (m2) 

The end bearing resistance value shall not exceed 130NAp. 

For non-plastic silt or very fine sand, pile capacity is modified as: 

𝑄𝑢 = 10𝑁
𝐿

𝐵
𝐴𝑝 +

𝑁 ̅̅ ̅𝐴𝑠

0.60
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9. SAMPLE CALCULATION 

The allowable bearing capacity (KN/m2) for isolated footing of 2.4 m x 2.4 m at depths of 1.5 m 

and raft foundation of 10.0 m x 10.0 m at depth of 2.5m is presented below selecting the minimum 

SPT-N values from each depth of all the boreholes.   

 

For 2.4 m x 2.4 m isolated footing at depth of 1.5 m  

a) For shear failure criterion, 

From laboratory tests:  

Friction angle =30.0˚, cohesion=0 kN/m2, Bulk density = 17.0 kN/m3, GWT at 0 m 

Shape factors Depth Factors Inclination Factors Bearing Capacity factors  

Sq 1.58 dq 1.18 iq 1.00 Nq 18.40 

Sc 1.61 dc 1.25 ic 1.00 Nc 30.14 

Sγ 0.60 dγ 1.00     Nγ 15.07 

General Shear failure criteria from Hansen 1970 qns  =  149.38 kN/m2 

 

b) From settlement criterion, 

As per the Meyerhof’s (1965) modified by Bowles (1977),    

 qsafe=12.5N60
1

2

2528.3

128.3
wd Rx

S
f

B

B















 +  

           = 150.62 kN/m2 for 25 mm settlement 

Settlement as per Schmertmann et al. (1978) for qns= 149.38 kN/m2  

layer Z Iz N60 
qc 

(kN/m2) 
Esi(kN/m2) zi

si

i
I

E

ZΔ  

1.50 3.00 1.50 0.707 13.41 10725 26813 3.95E-05 

3.00 4.50 1.50 0.386 13.41 10725 26813 2.16E-05 

4.50 6.00 1.50 0.064 16.13 12907 32267 2.99E-06 

  6.41E-05 

Depth correction factor c1 0.962 

Creep correction factor c2 1.540 

Peak influence factor Izp 0.771 

Expected settlement (mm) 13 

Expected settlement < 25 mm (OK) 

Adopted allowable bearing capacity is minimum of shear failure and that of settlement criterion. 

Hence, adopted allowable bearing capacity = 149.38 kN/m2 

 

 

For 10.0 m x 10.0 m raft foundations at depth of 2.5 m  

a) For shear failure criterion, 

From laboratory tests:  

Friction angle =30.0˚, cohesion=0 kN/m2, Bulk density = 17.0 kN/m3, GWT at 0 m 

Shape factors Depth Factors Inclination Factors Bearing Capacity factors  

Sq 1.58 dq 1.07 iq 1.00 Nq 18.40 

Sc 1.61 dc 1.10 ic 1.00 Nc 30.14 

Sγ 0.60 dγ 1.00     Nγ 15.07 

General Shear failure criteria from Hansen 1970 qns =  295.22 kN/m2 
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b) From settlement criterion, 

As per the Meyerhof’s (1965) modified by Bowles (1977),    

 qsafe=12.5N60
1

2

2528.3

128.3
wd Rx

S
f

B

B















 +  

           = 167.37 kN/m2 for 40 mm settlement 

Settlement as per Schmertmann et al. (1978) for qns =167.37 kN/m2  

layer Z Iz N60 
qc 

(kN/m2) 
Esi(kN/m2) zi

si

i
I

E

ZΔ  

2.50 4.00 1.50 0.271 15.46 12369 34014 1.19E-05 

4.00 5.50 1.50 0.441 17.53 14025 38569 1.72E-05 

5.50 7.00 1.50 0.612 19.43 15541 42737 2.15E-05 

7.00 8.50 1.50 0.624 19.30 15443 42468 2.21E-05 

8.50 10.00 1.50 0.557 20.36 16286 44787 1.87E-05 

10.00 11.50 1.50 0.491 23.68 18944 52097 1.41E-05 

11.50 13.00 1.50 0.424 32.85 26278 72264 8.79E-06 

13.00 14.50 1.50 0.357 37.43 29944 82347 6.50E-06 

14.50 16.00 1.50 0.290 42.01 33611 92431 4.70E-06 

16.00 17.50 1.50 0.223 45.83 36667 100833 3.32E-06 

17.50 19.00 1.50 0.156 45.83 36667 100833 2.32E-06 

19.00 20.50 1.50 0.089 45.83 36667 100833 1.33E-06 

20.50 22.00 1.50 0.022 45.83 36667 100833 3.32E-07 

  1.33E-04 

Depth correction factor c1 0.942 

Creep correction factor c2 1.540 

Peak influence factor Izp 0.669 

Expected settlement (mm) 29 

Expected settlement < 40 mm (OK) 

 

Adopted allowable bearing capacity is minimum of shear failure and that of settlement criterion. 

Hence, adopted allowable bearing capacity = 167.37 kN/m2 
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10. RECOMMENDATION 

 

i The allowable bearing capacity (KN/m2) for various size of isolated and raft foundations at 

varying depths (measured from existing ground level) are below:  

Table 6: Recommended Bearing Capacity for Isolated footing (25mm Settlement) 

Size of isolated 

footing (L=B) 

Depth of foundation (m) 

1.5 1.8 2.1 2.4 2.7 3.0 

1.5 151 173 176 179 184 189 

1.8 149 170 173 175 178 182 

2.1 149 163 171 172 174 177 

2.4 149 158 165 171 172 174 

2.7 148 154 160 165 171 173 

3.0 146 151 156 161 167 172 

3.3 144 149 154 159 164 169 

3.6 142 147 152 158 162 167 

3.9 142 147 152 157 161 168 

4.2 143 148 152 159 166 173 

4.5 144 150 157 164 171 178 

4.8 150 156 163 170 175 181 

 

Table 7: Recommended Bearing Capacity for Raft Foundation (40mm Settlement) 

Size of raft 

foundation (L=B) 

Depth of foundation (m) 

1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 

5.0 147 158 168 178 185 193 201 210 

10.0 141 149 158 165 171 177 183 190 

15.0 138 147 155 161 167 172 177 183 

20.0 137 145 153 159 164 169 174 179 

25.0 137 144 152 158 163 168 173 177 

30.0 136 144 151 157 162 167 171 176 

35.0 136 143 151 157 161 166 171 175 

40.0 136 143 150 156 161 165 170 174 

ii The modulus of subgrade reaction of the soils are tabulated below: 

 

Table 8: Modulus of Subgrade Reaction of the soil. 

Depth 
Ks =1.8N60 (mN/m3), 

BH-1 

Ks =1.8N60 (mN/m3), 

BH-2 

1.5 m 30.60 37.80 

3.0 m 39.60 45.00 

4.5 m 39.60 45.00 

6.0 m 45.00 57.60 

7.5 m 39.60 52.20 

9.0 m 41.40 48.60 

10.5 m 43.20 57.60 
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iii The minimum bearing capacity obtained from both general shear failure criteria and 

settlement failure are recommended for the design purpose for isolated footing and mat footing. 

iv As per NBC: 105:2020, the soil type of the site is: Soil Type C -Soil Sites. 

v Design Parameters: Friction Angle = 30.0°, Cohesion = 0.0 KPa, Unit Weight = 17.0 KN/m3 

vi Construction of foundation on filling should be avoided. 

vii It is recommended for Compaction at the foundation level. 

viii The site is not susceptible to liquefaction potential. 

ix The foundation Design Engineer does not need to strictly follow the depth and dimension 

of foundation selected in the bearing capacity analysis of this report. Designer is free to select any 

other foundation dimension and depth depending upon the load of the structure. Therefore, once 

the size and depth of the foundation is finalized the calculation may need to be refined during design 

phase based on the parameters obtained from this investigation. 

 

Care should be taken for the following during excavation and construction of the building 

foundation. 

• The slope of the excavation should be maintained at about 45˚ to prevent the slope from 

collapsing during excavation or construction period. 

• Presence of seepage water and consideration of probable rise in water table in monsoon, 

sidefall is eminent. So, at the time of construction of foundation, it is recommended to 

design appropriate site protection measures based on soil properties obtained on this 

report.
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Bore Hole Log



Project: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Client: Potato Development Center, Nigale, Sindhupalchowk 

Date: 2079-12-13

Borehole No: 1

Ground water: Nil

N-Value SPT

DCPT

- 1

SPT 10 8 9 17

- 2

- 3 SPT 9 10 12 22

- 4

SPT 10 11 11 22

- 5

- 6 SPT 11 12 13 25

- 7

SPT 9 10 12 22

- 8

- 9 SPT 10 10 13 23

- 10

SPT 10 11 13 24

End Depth * Completed at 10.50m Ground: Dry

Types of Soil

Very Soft

Note: N value = 50 is taken for the values that comes greater than 50 for the exploration depth.

Prime Civil Lab Pvt. Ltd.
Drilling Log
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Project: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Client: Potato Development Center, Nigale, Sindhupalchowk 

Date: 2079-12-14

Borehole No: 2

Ground water: Nil

N-Value SPT

DCPT

- 1

SPT 8 11 10 21

- 2

- 3 SPT 7 10 15 25

- 4

SPT 9 11 14 25

- 5

- 6 SPT 11 15 17 32

- 7

SPT 10 13 16 29

- 8

- 9 SPT 10 12 15 27

- 10

SPT 10 14 18 32

End Depth * Completed at 10.50m Ground: Dry

Types of Soil

Very Soft

Note: N value = 50 is taken for the values that comes greater than 50 for the exploration depth.

16 to 32 > 32

Soft Med. Soft Stiff Very Stiff Hard

Loose Med. Dense Dense Very Dense

Cohesive Soil Consistency
0 to 2 2 to 4 4 to 8 8 to 16

N Value

Granular Soil Compactness
0 to 4 4 to 10 10 to 30 30 to 50 > 50
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Laboratory Test Result 

 

 

 

 

 

 

 

 

 

  



Project Name: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Date: 1-4 Baishak, 2080

% fines Sand Gravel c (kPa) Ф

BH-1 1.5 17.29% 9.6% 76.4% 14.0% 2.62 0.0 30.4

BH-1 3.0 16.98% 9.8% 79.8% 10.4% 2.66 0.0 30.7

BH-1 7.5 15.96% 8.7% 83.3% 8.0% 2.62 0.0 x

BH-1 10.5 14.20% 10.9% 76.8% 12.3% 2.66 0.0 x

BH-2 1.5 17.18% 9.8% 78.2% 12.0% 2.66 0.0 30.0

BH-2 3.0 17.26% 7.9% 83.1% 9.0% 2.64 0.0 31.1

BH-2 6.0 16.45% 7.4% 81.6% 11.0% 2.62 x x

BH-2 9.0 14.95% 8.7% 80.1% 11.2% 2.66 x x

Summary of Results

Water 

content

Specific 

Gravity
Remarks

Shear strength parametersGrain size fractionBore 

Hole

Depth 

(m)



Kathmandu, Nepal

Contact: 9851219947

E-mail: primecivillab@gmail.com

Project Name: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Date: 1-4 Baishak, 2080

Bore 

hole
depth (m)

Mass of empty 

can (gm)

Mass of can + wet 

sample (gm)

Mass of dry sample 

+ can (gm)

Mass of wet 

sample (gm)

Mass of dry 

sample (gm)

Mass of 

water (gm)

moisture 

content (%)
Remarks

BH-1 1.5 32.42 428.79 370.37 396.37 337.95 58.42 17.29%

BH-1 3.0 35.18 316.38 275.56 281.20 240.38 40.82 16.98%

BH-1 7.5 32.51 396.73 346.60 364.23 314.09 50.13 15.96%

BH-1 10.5 32.59 337.69 299.75 305.10 267.16 37.94 14.20%

BH-2 1.5 32.37 326.90 283.73 294.54 251.36 43.17 17.18%

BH-2 3.0 31.58 335.91 291.11 304.33 259.53 44.80 17.26%

BH-2 6.0 34.75 290.87 254.70 256.12 219.95 36.17 16.45%

BH-2 9.0 34.36 375.51 331.13 341.15 296.77 44.37 14.95%

Moisture Content Determination



Kathmandu, Nepal

Contact: 9851219947

E-mail: primecivillab@gmail.com

Project Name: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Date: 1-4 Baishak, 2080

1.5 m 3.0 m 7.5 m 10.5 m

BH-1

80 mm 100% 100% 100% 100%

60 mm 100% 100% 100% 100%
40 mm 100% 100% 100% 100%
25 mm 100% 100% 100% 100%
10 mm 100% 100% 100% 100%
4.75 mm 86% 90% 92% 88%
2.36 mm 79% 79% 86% 73%
1.18 mm 68% 73% 77% 69%
600 μ 54% 67% 61% 59%
300 μ 45% 47% 46% 39%
150 μ 29% 23% 29% 26%
75 μ 10% 10% 9% 11%
pan 0% 0% 0% 0%

Clay/Silt= 9.6% 9.8% 8.7% 10.9%
Sand= 76.4% 79.8% 83.3% 76.8%

Gravel= 14.0% 10.4% 8.0% 12.3%
Cu= 11.0 6.5 7.2 9.9
Cc= 0.4 1.0 0.5 0.8

% finer% finer

Grainsize  Analysis Test Results 

Bore Hole: Sieve size 

(mm) % finer % finer
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Kathmandu, Nepal

Contact: 9851219947

E-mail: primecivillab@gmail.com

Project Name: Detail Geotechnical Soil Investigation of Cold Store Building

Location: Nigale Sindhupalchowk District

Date: 1-4 Baishak, 2080

Grainsize  Analysis Test Results 

1.5 m 3.0 m 6.0 m 9.0 m

BH-2

80 mm 100% 100% 100% 100%

60 mm 100% 100% 100% 100%
40 mm 100% 100% 100% 100%
25 mm 100% 100% 100% 100%
10 mm 100% 100% 100% 100%
4.75 mm 88% 91% 89% 89%
2.36 mm 79% 86% 78% 83%
1.18 mm 73% 76% 72% 72%
600 μ 59% 72% 60% 64%
300 μ 43% 54% 41% 43%
150 μ 28% 32% 20% 32%
75 μ 10% 8% 7% 9%
pan 0% 0% 0% 0%

Clay/Silt= 9.8% 7.9% 7.4% 8.7%
Sand= 78.2% 83.1% 81.6% 80.1%

Gravel= 12.0% 9.0% 11.0% 11.2%
Cu= 8.4 4.9 6.8 6.8
Cc= 0.6 0.6 0.9 0.5

% finer

Bore Hole: Sieve size 
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1.5 m 3.0 m 9.0 m 6.0 m

Clay Silt
Sand

Fine Medium to coarse Gravel

Cobbles

(>76.2 mm)
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Bore 

Hole
Depth

Wt. of Pyc+ 

Water (Full)

Wt. of  Pyc 

Empty and Dry 

Wt. of Pyc.+ 

Oven Dry 

Sample 

Wt.of Pyc. + 

Sample +Water 

(Full) 

Wt. of Oven 

Dry Sample 

Specific 

Gravity
Remarks

BH-1 1.5 186.08            97.50              147.50               216.96 50.00                2.62         

BH-1 3.0 187.71            97.50              147.50               218.89 50.00                2.66         

BH-1 7.5 186.00            97.50              147.50               216.90 50.00                2.62         

BH-1 10.5 187.60            97.50              147.50               218.78 50.00                2.66         

BH-2 1.5 185.55            97.50              147.50               216.75 50.00                2.66         

BH-2 3.0 186.36            97.50              147.50               217.45 50.00                2.64         

BH-2 6.0 185.65            97.50              147.50               216.60 50.00                2.62         

BH-2 9.0 185.60            97.50              147.50               216.78 50.00                2.66         

Specific Gravity Test Results
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Displacement Reading Factor :

Force Reading Factor : Strain Rate (mm/min): 1.25

Specimen Length : 6 cm 6 cm 3.1 cm

1800 3600 5400

Normal/ Axial Stress (kPa): 50 100 150

29.67 56.98 88.23

4.2 6.2 6.2

cohesion= 0.0 kN/m2

friction angle = 30.4 ˚

Shear Stress, Kpa

Displacement, mm

Hanger Load (gm): 

Peak

Direct Shear Test Results

Test Method

0.01 mm/div

0.0026247 kN/div

Specimen Width : Height of Specimen :

Ref: IS 2720 Part 5
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Direct Shear Test Results

Bore Hole: BH-1 Depth, m: 3

Displacement Reading Factor :

Force Reading Factor : Strain Rate (mm/min): 1.25

Specimen Length : 6 cm 6 cm 3.1 cm

1800 3600 5400

Normal/ Axial Stress (kPa): 50 100 150

29.79 57.84 89.14

5.4 5.8 6.2

cohesion= 0.0 kN/m2

friction angle = 30.7 ˚

Peak

Shear Stress, Kpa

Displacement, mm

0.01 mm/div

0.0026247 kN/div

Specimen Width : Height of Specimen :

Hanger Load (gm): 

Test Method Ref: IS 2720 Part 5
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Bore Hole: BH-2 Depth, m: 1.5

Displacement Reading Factor :

Force Reading Factor : Strain Rate (mm/min): 1.25

Specimen Length : 6 cm 6 cm 3.1 cm

1800 3600 5400

Normal/ Axial Stress (kPa): 50 100 150

30.23 54.23 87.86

5.4 5.8 6.2

cohesion= 0.0 kN/m2

friction angle = 30.0 ˚

Hanger Load (gm): 

Peak

Shear Stress, Kpa

Displacement, mm

0.01 mm/div

0.0026247 kN/div

Specimen Width : Height of Specimen :

Test Method Ref: IS 2720 Part 5

Direct Shear Test Results
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Direct Shear Test Results

Bore Hole: BH-2 Depth, m: 3.0

Displacement Reading Factor :

Force Reading Factor : Strain Rate (mm/min): 1.25

Specimen Length : 6 cm 6 cm 3.1 cm

1800 3600 5400

Normal/ Axial Stress (kPa): 50 100 150

32.17 54.68 92.54

6.2 6 6.6

cohesion= 0.0 kN/m2

friction angle = 31.1 ˚

Hanger Load (gm): 

Peak

Shear Stress, Kpa

Displacement, mm

Test Method Ref: IS 2720 Part 5

0.01 mm/div

0.0026247 kN/div

Specimen Width : Height of Specimen :
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Table 4-2: Storey Drift due to EQx 

Story Elevation Location X-Dir Y-Dir 
  m       

Story2 6 Top 0.004115 0.000787 
Story1 3 Top 0.0021 0.000443 
Base 0 Top 0 0 
 

 

Figure 4-1:Storey Displacement due to EQx 
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Table 4-3: Storey Drift due to EQy 

Story Elevation Location X-Dir Y-Dir 
  m       

Story2 6 Top 0.000283 0.004264 
Story1 3 Top 0.000315 0.002413 
Base 0 Top 0 0 
 

 

Figure 4-2: Storey Displacement due to EQy 
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4.3. Force Diagram 
The sample output of forces obtained from ETABS analysis for envelope have 
presented below as a sample only. The output forces are axial force, Shear force and 
Moments 

 

Figure 4-3: Axial Force Diagram 
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Figure 4-4: Shear Force Diagram 

 

Figure 4-5: Bending Moment Diagram 

4.4. Base Reaction 
The reaction at the support of the column for the load combination of 1.2DL+1.5LL is 
picturized below as given by the software: 
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Figure 4-6: Base Reaction Force 
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 [CHAPTER 5] DESIGN OF STRUCTURAL MEMBER 
(SAMPLE DESIGN) 

5.1. Slab Design: 
DESIGN OF SLAB 

       Input parameters 
       

          Span: 4.191*3.048 
      Edge 

Condition: One Short Edge Continuous 
    Length of Shorter Span Ly 3080 mm 
    Length of Longer Span Lx 4263 mm 
    Take, 

        Diameter of bar (Ф): 8 mm 
     Clear Cover (cc): 20 mm 
     Material (fy)                     

Fe 500 Grade Steel 
    Concrete Grade (fck)        

M 20 
      Depth of Slab (D): 150 mm 

     

   

0.1
5 m 

     
                    
S.
N. 

Refere
nce Description and Calculation 

Rema
rks 

1 IS 
456:20

00; 
cl.22.2 

Effective Length Calculation and Determination of Type of 
Slab   

  Effective Depth = 126 mm     
  Effective Length (Ly) = 

  
    

  clear span + effective depth = 2976 
 

    
  Similarly, 

  
    

    Effective Length (Lx) = 4159 
 

    
    Again, 

  
    

    Center to Center Distance Between the Support     
    Along X-direction= 4263 

 
    

    Along Y-direction= 3080 
 

    
    Taking Shorter of two, 

  
    

    Lx= 4159 
 

    
    Ly= 2976 

 
    

    Then, 
  

    
    Long Span to Short Span Ratio, 

  
    

    Ly/Lx = 1.39 
 

  <2 
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    Hence, it is 
 

    
    TWO WAY SLAB 

 
    

      
     

    
2   Load Calculation 

 
    

    Assume width = 1m = 1000mm 
 

    

    Self weight of slab = 3.75 
KN/m per unit 
width   

    Light Parttion Wall load = 1 
KN/m per unit 
width   

    Floor Finish Load = 1.15 
KN/m per unit 
width   

    Live Load = 4 
KN/m per unit 
width   

    Total load = 9.9 
KN/m per unit 
width   

    Factored Load (Wu) = 
  

    

    1.5(DL+LL) 14.85 
KN/m per unit 
width   

      
  

    
3   Design Moment Calculation 

  
    

  IS 
456:20

00 
Table 

26 

Moment Coefficients 
  

    
  For Negative Moment: 

  
    

  αy = 0.037 
 

    

  αx = 0.043 
 

    
    For Positive Moment 

  
    

    αy = 0.028 
 

    
    αx = 0.032 

 
    

    We have, 
  

    
    Moment 

  
    

    Mx = αx*Wu*lx2 
  

    
    My = αy*Wu*lx2 

  
    

    For Ast, 
  

    

    
Mu = 0.87*fy*Ast*d*(1-
(Ast*fy/(b*d*fck))) 

 
    

    For Spacing, 
  

    
    Spacing = (1000/Ast)*(πФ2/4) 

  
    

    Maximum Spacing =3d or 300 mm whichever is greater   

    
Minimum reinforcement (Ast)=0.12% of 
bD 

 
    

    Now, The Calculation are shown in the tabular form   
    Short Direction (Y-direction) 

  
    

      

αy  
My 
(KN
m)  

Ast 
Calcula
ted 
(mm2) 

Spaci
ng 
Requi
red 
(mm) 

Spacin
g 
Provid
ed 
(mm) 

Ast 
provid
ed 
(mm2)   
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Moment 
at 
Continuo
us Edge 
(-ve) 

0.0
43 11.05 210.29 239.0

3 150.00 335.1
0 

  

    

Moment 
At Mid 
Span 
(+ve) 

0.0
32 8.22 154.72 324.8

9 150.00 335.1
0 

  
      

     
    

    Long Direction (X-direction) 
  

    

      

αx  
Mx 
(KN
m)  

Ast 
Calcula
ted 
(mm2) 

Spaci
ng 
Requi
red 
(mm) 

Spacin
g 
Provid
ed 
(mm) 

Ast 
provid
ed 
(mm2)   

    

Moment 
at 
Continuo
us Edge 
(-ve) 

0.0
37 9.50 179.81 279.5

4 150.00 335.1
0 

  

    

Moment 
At Mid 
Span 
(+ve) 

0.0
28 7.19 134.83 372.8

1 150.00 335.1
0 

  
      

     
    

4   Check the Depth in Bending 
  

    
    We have, 

  
    

    
Mu = 0.36*fck*b*xu,l*(d-

0.416*xu,l) 
  

    
    where,  xu,l = 0.46*d 

  
    

    Solving, 
  

    

    d= 
64.
21 

    
    

    which is less than d provided 
  

  OK 
      

     
    

5   Check the slab in Shear 
   

    
    Along the Short span 

   
    

    
Shear 

Force= 
Vy= 
Wu*Ly/3  

   
    

      
14.
73 KN 

   
    

    Along the Long Span 
   

    

    
Shear 

Force= Vy= ((Wu*Ly)/4)*(2-(Lx/Ly))     

      
6.6
57 KN 
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Maximum Shear Stress in Slab is Given 
by: 

 
    

    τuv=Vu/(b*d) = 
   

    
    0.116 

     
    

    We Know that, 
    

    
  IS 

456:20
00, 

table 
20 

Maximum Allowable shear stress 
  

    

  τuc,max= 2.8 
N/m
m2 

For M 
20 

  
    

  We have 
     

    
    Percentage of Tension Steel(%Ast)= 

 
    

    0.265 
     

    
    and 

     
    

  IS 
456:2000,c
l 40.2.1.1 

K= 1.3 For D= 150mm 
  

    
    

     
    

  
IS 

456:2000, 
table 19 

τc= 
0.4

8 N/mm2 
  

    

  
Therefore
, 

     
    

    
τuc= k*τc 

= 
0.6
24 N/mm2 

  
  OK 

    Since τuv<τuc<τuc max 
  

    
    Hence Safe in Shear 

  
    

      
     

    
6   Check for Deflection Control 

  
    

    (Leff/deff)actual< basic value*k1 
 

    
  IS 

456:20
00, cl 
23.2.1 

k1=modification factor for tension reinforcement     

  Ly/d= 
23.
62 

    
    

  we have, 
     

    
  α = 26 

    
    

  β = 1 
    

    
  γ = 1.8 

    
    

    δ = 1 
    

    
    λ = 1 

    
    

    So, 
     

    

    
α*β*γ*δ

*λ = 
46.

8 
    

  OK 
    Hence, Safe in deflection 

 
    

      
     

    
7   Development Length 

  
    

    Ld=0.87fy*Ф/(4*τbd) 
  

    
    = 580 mm           
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5.2. Staircase Design 
Given, 

       Total Width of Staircase 
(W)  = 2.8 

 
m 
 

    Width of each flight (Wf) = 1.4 m 
    Tread (T)  = 300 mm 
    

 
= 0.3 m 

    Rise ( R ) = 150 mm 
    

 
= 0.15 m 

    Floor to Floor Height (h) = 3 m 
    no of Riser in First Flight 

(Nr1) = 10 
     no of Riser in Second 

Flight (Nr2) = 10 
     Total Going in First Flight 

(G1) = 2.7 m 
    Total Going in Second 

Flight (G2) = 2.7 
     Length of First Landing = 1.37 m 

    Length of Second Landing  = 0.33 m 
    Width of Support at first 

edge = 175 mm 
    Width of Support at second 

edge = 175 mm 
    Size of Main 

Reinforcement (dr) = 16 mm 
    Size of Distribution 

Reinforcement = 10 mm 
    Clear Cover (cc)  = 20 mm 
    Grade of Steel (fy) = 500 

     Grade fo Concrete (fck) = 20 
     

        Design of Staircase 
       Design of the staircase is based on the design of the longest 

flight 
   

Effective Span of Flight = 
Center to Center Distance Between the 
Supports 

 
 

= 4.575 m 
    Let us Take, 

       Thickness of Waist Slab 
(D) = 150 mm (Approx. 1/20 of span) 

 Then, Effective Depth (d) = 122 mm 
     

 
       Loads Per Unit Width 
       Loads on each flight 
       Weight of Waist Slab per m length in 

     

175 

175 

0
33

 

1
37

 

2.8 

1.4 1.4 
2

7 

1.
77

8 
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plan 
Wwaist = 4.2 KN/m 

    Weight of Steps per m length 
in plan 

      Wstep = 1.88 KN/m 
    Floor Finish Load = 1.58 KN/m2 
    Total Dead Load per m length 

in plan 
       (DL) = 7.66 KN/m 

    Live Load  = 4 KN/m2 
    Total Live Load per m length 

in plan 
       (LL) = 4 KN/m 

     Total DL+ LL = 11.66 KN/m 
    Factored Load, Wu = 18 KN/m 
    Loads on Landing 

       Loads On Each Landing 
       DL = 3.75 KN/m 

    LL = 4 KN/m 
    Total DL+LL  = 7.75 KN/m 
    Factored Load = 12 KN/m 
    

         
Load Diagram of the Stair 
Shall Be 
 

       
        
        
        
        
        
        
        
        Design Moment 

       
        Reaction At Support A, 

       
Ra = 

33.708
7 KN 

    Reaction At Support B, 
       

Rb = 
37.391

3 KN 
    Bending Moment is maximum where shear force is equal to 

zero 
   Let x be the distance from the start of going where shear force is 

equal to zero 
  then, 

       

18 

12 12 

1 457
 

2 7 0 4175 

KN/m 

KN/m 

KN/m 

Ra Rb 
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x = 
0.9010

4 m 
    Hence, Maximum Bending Moment occurs at 2.359 m from support 

A 
  Maximum Bending 

Moment, 
       Mu = 43.7 KNm 

    Maximum Allowed Bending Moment for Singly reinforced section of  M20 concrete 
with Fe500 bars 

Mulim = Rubd2 
     

 
= 

2.66bd
2 

     

  

39.591
4 <43.7 

    Hence,Section can be designed asDoubly reinforced Section 
   

        Area of Reinforcement 
               

  

Ast 
Required 

Spacin
g 

Require
d 

Spacin
g 

Provid
ed 

Ast 
Provid

ed 

  

  Main Bar 1049 191.67 125 1608.5 
  

Distribution Bar 180 
436.33

2 150 
523.59

9 
  

        
        Development Length 

       Ld = 906.25 mm 
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5.3. Footing Design 
DESIGN OF ISOLATED FOOTING - SPREADSHEET           

AS PER IS 456: 2000             
                      

        
 

  
 

            

                      
Data: Column no.       
  load case   2               

  Concrete grade, M 20               
  Steel grade, Fe 500               
  Axial load, kN 136 kN             
  My, kNm   0 kNm             
  Mz, kNm   0 kNm             
  Column size, b 450 mm             

  Column size, d 450 mm             
  SBC of soil, kN/m2 130 kN/m2             
  Design factor 1.5               
                      
Pressure: Axial load 136 kN             
  App. Self weight 13.6 kN             
  Total weight 149.6 kN             

          
 

  
 

          

  Area of footing 1.15 m2             
  size of footing, Bf 2.5 mt             
  size of footing, Df 2.5 mt             
  Projection, b1 1.025 mt             
  Projection, d1 1.025 mt             
                      
  Footing Pressure,                 
  Pmax = P/A + My/Zy + Mz/Zz               
  Pmax   21.76 kN/m2             
  Pmin = P/A - My/Zy - Mz/Zz               
  Pmin   21.76 kN/m2             
                      
                      
                      
Eccentricity:                   
  Y   1.25 mt             
  X   1.25 mt             
  L   2.5 mt             
  2/3 L   1.67 mt             
                      
  b   2.5 mt             
  qu   32.64 kN/m2             
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  Eff. qu   32.64 kN/m2             
Shear Chk.                   
  One way Shear: At distance d from face of column.         
  pt assumed 0.25 % 

  
        

  Designed shear 
stress 0.36 N/mm2         

  vu   59.16               
  d=   85.21 mm             
  d provided 300.00 mm             
                      
  Two way Shear : At distance d/2 from face of column.         
  Perimeter  3000 mm             
  S.F. at this section 185.64 kN             
  Ks   1.00               
  tc   1.12 N/mm2             
  tv   0.21 N/mm2             
  Resistance 1,006.23 N/mm2 Safe           
                      
                      

Flexure design:       
 

  
 

          

                      
  For section efbg                 
  pressure@f 21.76 kN/m2             
  pressure@b 21.76 kN/m2             
  Moment@eg. Meg 17.15 kNm             
  Mu   25.72 kNm             
  d provided 300.00 mm             
  Mu/bd2   0.29 N/mm2             
  pt   0.120 %             
  pt provided 0.250               
  Ast   750.0 mm2/m width           
  provide   16# @150c/c             
  Ast Provided 1206 mm2/m width           
                      
Check in other direction:                 
  For section abcd                 
  pressure@b 21.76 kN/m2             
  pressure@c 21.76 kN/m2             
  Moment@ad, Mad 17.15 kNm             
  Mu   25.72 kNm             
  d req   98.32 mm             
  M/bd2   0.29               
  pt   0.205 %             
  Ast   615 mm2/m width           
  provide   16# @150c/c             
  Ast provided 1206 mm2             
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5.4. Beam Design 
 

 

ETABS Concrete Frame Design 

IS 456:2000 + IS 13920:2016   Beam Section Design   (Summary) 

 

 

 

 
Beam Element Details 

Level Element Unique Name Section ID Combo ID Station Loc Length (mm) LLRF Type 

Story1 B12 40 Beam 300*450 1.2DL+1.5LL 225 3670 1  Ductile Frame 

 
Section Properties 

b (mm) h (mm) bf (mm) ds (mm) dct (mm) dcb (mm) 

300 450 300 0 25 25 

 
Material Properties 

Ec (MPa) fck (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa) 

22360.68 20 1 500 500 

 
Design Code Parameters 

ɣC ɣS 

1.5 1.15 

 
Factored Forces and Moments  

Factored  

Mu3  

kN-m 

Factored  

Tu  

kN-m 

Factored  

Vu2  

kN 

Factored  

Pu  

kN 

-18.5536 46.4617 50.3239 0 

 
Design Moments, Mu3 & Mt 

Factored  

Moment  

kN-m 

Factored  

Mt  

kN-m 

Positive  

Moment  

kN-m 

Negative  

Moment  

kN-m 

-18.5536 68.326 49.7724 -94.2498 
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Design Moment and Flexural Reinforcement for Moment, Mu3 & Tu 

  

Design  

-Moment  

kN-m 

Design  

+Moment  

kN-m 

-Moment  

Rebar  

mm² 

+Moment  

Rebar  

mm² 

Minimum  

Rebar  

mm² 

Required  

Rebar  

mm² 
Top    (+2 Axis) -94.2498   576 0 576 274 

Bottom (-2 Axis)   49.7724 288 286 0 288 

 
Shear Force and Reinforcement for Shear, Vu2 & Tu 

Shear Ve  

kN 

Shear Vc  

kN 

Shear Vs  

kN 

Shear Vp  

kN 

Rebar Asv /s  

mm²/m 

50.3239 58.2514 239.8682 63.9366 1563.99 

 
Torsion Force and Torsion Reinforcement for Torsion, Tu & VU2 

Tu  

kN-m 

Vu  

kN 

Core b1  

mm 

Core d1  

mm 

Rebar Asvt /s  

mm²/m 

46.4617 50.3239 270 420 1563.99 

 
Figure 5-1: Beam Design Output in First Floor 



Structural Analysis Report of Plant Tissue Culture Lab 
                                                                                  Design of Structural Member (Sample Design) 

Page | 32  

 

Figure 5-2: Beam Design Output in Second Floor 
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5.5. Column Design 
ETABS Concrete Frame Design 

IS 456:2000 + IS 13920:2016  Column Section Design   (Summary) 

 

 

 

 
Column Element Details 

Level Element 
Unique 

Name 
Section ID Combo ID Station Loc Length (mm) LLRF Type 

Story1 C8 22 column 450*450 DL+XLL-EQY 2394.8 2844.8 1  Ductile Frame 

 
Section Properties 

b (mm) h (mm) dc (mm) Cover (Torsion) (mm) 

450 450 58 30 

 
Material Properties 

Ec (MPa) fck (MPa) Lt.Wt Factor (Unitless) fy (MPa) fys (MPa) 

22360.68 20 1 500 500 

 
Design Code Parameters 

ɣC ɣS 

1.5 1.15 

 
Axial Force and Biaxial Moment Design For Pu , Mu2 , Mu3 

Design Pu  

kN 

Design Mu2  

kN-m 

Design Mu3  

kN-m 

Minimum M2  

kN-m 

Minimum M3  

kN-m 

Rebar Area  

mm² 
Rebar %  

% 

230.9912 24.4859 134.2719 4.6198 4.6198 1691 0.84 

 
Axial Force and Biaxial Moment Factors 

  
K Factor  

Unitless 

Length  

mm 

Initial Moment  

kN-m 

Additional Moment  

kN-m 

Minimum Moment  

kN-m 

Major Bend(M3) 0.682401 2394.8 27.9011 0 4.6198 

Minor Bend(M2) 0.64132 2394.8 -29.8126 0 4.6198 

 
Shear Design for Vu2 , Vu3 

  
Shear Vu  

kN 

Shear Vc  

kN 

Shear Vs  

kN 

Shear Vp  

kN 

Rebar Asv /s  

mm²/m 

Major, Vu2 94.3981 97.1208 70.5594 94.3981 498.8 

Minor, Vu3 62.3888 97.1208 70.5594 62.3888 498.8 

 
 

Joint Shear Check/Design 
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Joint Shear  

Force  

kN 

Shear  

VTop  

kN 

Shear  

Vu,Tot  

kN 

Shear  

Vc  

kN 

Joint  

Area  

cm² 

Shear  

Ratio  

Unitless 

Major Shear, Vu2 0 67.4272 472.9832 905.6075 2025 0.522 

Minor Shear, Vu3 0 44.5635 269.6743 905.6075 2025 0.298 

 
(1.4) Beam/Column Capacity Ratio 

Major Ratio Minor Ratio 

0.814 0.538 

 
Additional Moment Reduction Factor k (IS 39.7.1.1) 

Ag  

cm² 
Asc  

cm² 
Puz  

kN 

Pb  

kN 

Pu  

kN 

k  

Unitless 

2025 16.9 2456.7437 792.0274 230.9912 1 

 
Additional Moment (IS 39.7.1) 

  
Consider  

Ma 

Length  

Factor 

Section  

Depth (mm) 

KL/Depth  

Ratio 

KL/Depth  

Limit 

KL/Depth  

Exceeded 

Ma  

Moment (kN-m) 

Major Bending (M3 ) Yes 0.842 450 3.632 12 No 0 

Minor Bending (M2 ) Yes 0.842 450 3.413 12 No 0 

 

 

Figure 5-3: Column Deisgn Output Along Grid A-A 
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Figure 5-4: Column Design Output Along Grid B-B 
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1 INTRODUCTION 
The terms and conditions mentioned in this section are in addition to what are stated in Bill of 

Quantity (BOQ) and the tender document. In case of any technical contradiction between the 

terms and conditions given as per laws and Regulation shall prevail.  

2 SITE LOCATION 
The tenderer shall visit the site, ascertain the local conditions, entry, traffic restriction, and 

obstructions if any and also site conditions. Whether the tenderer visits the site or not, he is 

deemed to have visited the site and ascertained all the site conditions. The tenderer shall allow in 

his tender for an extra likely to be incurred due to site conditions. No claim will be allowed on 

this account under any circumstances. 

3 SCOPE OF WORK 

Work under this section shall include the supply, installation, testing and delivery in perfect 

running conditions of the electrical installations for subject project. 

These installations comprise, but are not limited to, the following chapters:  

i. Telephone system

ii. Data System

iii. Public Address System

iv. Fire Alarm System

v. Closed Circuit Television System (CCTV) Videophone System

vi. Uninterruptable Power Supply (UPS)

The supply shall include all the equipment, accessories and other materials not enumerated in 

these specifications but found necessary for the completion and perfect functioning of the 

installations. 

Work shall be executed in a first-class work-manlike manner in accordance with these 

specifications, the drawings and notes indicated therein, the instructions of the Engineer, the 

provisions of the Bill of Quantities delivered in place and tested to the full satisfaction of the 

Engineer. 

Client will only show the location where all works required for NEA connection or other will be 

Contractor's responsibility.  However, all items required for the safe and efficient 
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operation/execution of the MEP (Mechanical, Electrical & Plumbing) work, whether explicitly 

stated in the following pages or not, shall be included by the Contractor. 

The works covered shall include supply of all materials, labour, equipment and services in 

connection with the work complete as indicated. The contractor shall consult drawings, bill of 

quantities and specifications all together, which gives the total scope of the works. 

The contractor shall include for the supply of the whole or the new materials in accordance with 

this specification and the whole of the work of fixing, installation, testing and commissioning 

necessary for the complete installation as set down in this specification and with the 

accompanying schedules and drawings, commencing from the supply authority's terminals. This 

also includes any materials, appliances, equipment not specifically mentioned herein or noted on 

the drawings as being furnished or installed but which are necessary and customary to make the 

installation complete in all respects. In general, the work to be performed under tills contract 

shall comprise supply and installation, testing & commissioning of the followings as per 

schedule of quantities. 

4 APPLICABLE CODES AND STANDARDS 

All the equipment and systems shall conform to the latest applicable National and International 

standards; and latest Rules and Regulation of the Local Authorities. However, materials and 

equipment shall be in accordance with the latest standard established by IS and NS. 

The design, manufacture, installation, testing, commissioning and performance of all the 

equipment and system shall comply with all currently applicable statutes, regulations and safety 

codes in the locality where the equipment will be installed. Nothing in this specification shall be 

construed to relieve the CONTRACTOR of his responsibility.   

5 CATEGORIZATION OF COMPONENTS 

Makes of certain items of materials are categorized by the Consultant and included in Schedule 

of rates; only those makes of items under the category indicated in tender documents shall be 

used in the work. For items of materials for which makes are approved by the Electrical 

Technical Expert, only such approved makes shall be permitted in the work. 

All materials and Equipment shall be new and shall be in accordance with the standard 

established by IS and NS. Where materials of Equipment are specified or shown on the drawings 
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by name of manufacturers, name plates, instruction plates, warning signs and any other marking 

whatsoever on the Equipment and accessories there of shall be in English/Nepali language. 

Equipment or materials of other manufacturers may be considered for use if of equal quality, 

appearance, electrical and mechanical characteristics and approved by the Electrical Technical 

Expert. 

6 INSPECTION AND TESTING 

6.1.1 The Purchaser or its Representative shall have the right to inspect and/or test the goods to 
confirm their conformity to the Technical Specification and the quality of performance after 
the supply and delivery of good to the Purchaser's premises. 

6.1.2 The Purchaser may reject any Goods or any part thereof that fail to pass any test and/or 
inspection or do not conform to the specifications.  The Supplier shall either rectify or 
replace such rejected Goods or parts thereof or make alterations necessary to meet the 
specifications at no cost to the Purchaser.  

6.1.3 Whenever the Supplier is ready to carry out any such test and inspection, it shall give a 
reasonable advance notice, including the place and time, to the Purchaser.  The Supplier shall 
obtain from any relevant third party or manufacturer any necessary permission or consent to 
enable the Purchaser or its designated representative to attend the test and/or inspection in 
expenses of supplier. 

6.1.4 The supplier must compile all the above requirements. 

7 ELECTRICL SUPPLY SYSTEM 

Electrical power within the premises will be available at 400/230V AC, three phase, four wire, 

50 Hz directly from the power utility. Hence, all systems within the premises, except where 

specifically specified as High Tension (HT) works, shall be rated for this degree of incoming 

supply. 

All erection set-up, tools, appliances and safety precautions to be used by the Contractor for 

electrical services within the building shall also be suitable for work under this Low Tension 

(LT) class of electrical work. 

8 COLOUR CODING 

All outgoing and incoming power cables including point-wiring cables will follow the following 

colour coding phase indicating lamps wherever recommended. 

Phase - 1 - Red (R); Phase - 2 - Yellow (Y); Phase - 3 - Blue (B); Neutral - Black (B); Earthing- 

Green (G). 
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9 ABBREVIATIONS 

The following abbreviations have been used in the accompanying specifications, drawings and 

Schedule of Quantities. 

GI     stands for Galvanized Iron. 

MS        stands for Mild Steel. 

HT        stands for High Tension. 

HV stands for High Voltage.   

LV  stands for Low Voltage. 

LT stands for Low Tension. 

PVC stands for Polyvinyl Chloride. 

PVCE stands for High Density Polythene 

A stands for Amperes. 

V stands for Volts. 

kV stands for Kilo Volts. 

kVA stands for Kilovolt Ampere 

ISS stands for Indian Standard Specifications. 

IS stands for Indian Standard. 

NEC stands for National Electrical Code. 

NEA  stands for Nepal Electricity Authority 

DG stands for Diesel Generator. 

RYB stands for Red, Yellow, Blue. 

MCB stands for Miniature Circuit Breaker. 

ACB  stands for Air Circuit Breaker. 

VCB stands for Vacuum Circuit Breaker. 

MCCB stands for Moulded Case Circuit Breaker. 

ELCB stands for Earth Leakage Circuit Breaker. 
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RCCB stands for Residual Current Circuit Breaker.  

CT stands for Current Transformer. 

PT stands for Potential Transformer. 

DO stands for Drop out Fuse. 

SP  stands for Single Pole. 

DP stands for Double Pole. 

TPN  stands for Triple Pole and Neutral. 

MDB stands for Main Distribution Panel. 

SMDB stands for Sub-Main Distribution Board (Panel). 

FDB stands for Final Distribution Board (Panel). 

DB  stands for Distribution Board.  

PVC stands for Polyvinyl Chloride. 

C/O stands for Change-over Switch. 

AC stands for Alternating Current. 

DC stands for Direct Current. 

SS stands for Switched Socket/Selector Switch. 

LED stands for Light Emitting Diode 

10 WORKMANSHIP 

Workmanship and good appearance of the installation shall be of equal importance with its 

electrical and mechanical efficiency, and all portions of the work shall be so laid out and 

installed that the work as a whole is of uniform quality and shall present a neat appearance in a 

manner meeting the approval of Technical Expert. The Contractor shall verify in the field all 

measurements necessary of the electrical work and shall assume responsibility for their accuracy. 

Materials which are defective or damaged during the progress of work shall be replaced or 

repaired in approved manner at the expenses of Contractor. The installation shall comply with all 

applicable laws and ordinances and with the requirements of Indian codes, Nepal Standard and 

as specified herein or shown on the drawings. The progress of the electrical work shall be carried 
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out so as to conform to the entire installation shall be completed as soon as the condition of site 

and working places will permit. The work progress report shall be submitted at the end of every 

month to the Technical Expert.   

All cutting, drilling, channelling, patching etc., required for installation of electrical work shall 

be carried out in a manner approved by the Technical Expert. Any defects in finishes, plasters, 

wood work, metal work, masonry, concrete, or other materials resulting from the performance of 

the work shall be replaced or repaired at no expense to the owner and to be satisfaction of the 

Technical Expert. 

Upon completion of the electrical work the Contractor shall submit to the Technical Expert, 

reproducible drawings showing the layout, and connection of electrical system as constructed 

and denoting all information pertinent to the proper maintenance of the system.  

If any alteration is found necessary, the Contractor will have to do the same on mutually agreed 

rates. 

The work shall be carried out in the best workman like manner and any defect or minor changes 

in the design/ connection if pointed out shall be carried out by the Contractor without any extra 

charges. 

11 QUANTITIES 

All quantities mentioned in the bill of quantities may vary and the contractor will get payment 

according to measurement of actual work. The schedule of quantities is liable to alteration by 

deletion or addition as required.  

12 CONCEPT OF DESIGN  

12.1 LOW VOLTAGE  

The characteristics of the electric supply shall be as follows: 

Low voltage network:           3 phase, 4 wire - 50Hz 

        400V between phases. 

                                               230V between phases and neutral with a solidly earthed neutral. 

All embedded conduits in concrete or in floor paving screed shall be PVC conduits and all 

surface-mounted conduits shall be heavy duty rigid PVC conduit unless otherwise mentioned. 
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All junction, derivation and outlet boxes shall be bakelite type or rigid PVC material. All outlet 

boxes for switches and sockets shall be bakelite type or rigid PVC material. All feeders shall be 

on cable trays in the false ceiling or in the shaft. 

All feeder and derivation light points shall also run in floor screed or above false ceiling or in 

ceiling skirting. 

The loading of circuits shall be as shown on drawings with no contradiction to the local practice 

in Nepal and in full compliance to the NBC 207 Codes or IS & requirements. 

Separate circuits shall be provided for : a) Lighting and socket outlets. b) Air conditioning unit 

or    exhaust fan. 

The lighting design shall have a cross-section of 2,5 mm² and a circuit breaker of (1 x 10 A (or 

6A)+ N), Minimum wire size shall be 2.5 mm². 

The convenience socket outlet and exhaust fan shall have a cross section of 4mm² and a circuit 

breaker (1 x 16 A + N) unless otherwise mentioned on drawings. 

All work pertaining to the telephone system shall be in accordance with these specifications and 

shall meet all applicable rules and regulations of the local authorities. 

The fire alarm system shall be as approved by local civil defence & NBC: 207 (or IS) regulations 

as laid out for connection with break glasses, optical smoke and heat detectors, manual stations,  

indoor  and  outdoor  alarm  bells  and  automatically operated fire alarm panel with repeater 

panel. Furthermore, the connection with the firefighting system shall be provided. 

In case of an alarm, the alarm bells or horns of this building shall sound. At the same time, the 

alarm shall be indicated optically and acoustically on the operator's panel. After the cause of 

alarm has been checked, a push button shall be operated for general alarm. The call to the fire 

brigade must be made by automatic phone dialer. 

Earthing systems shall be TNS and in accordance with the requirements of the standards and 

codes mentioned in these specifications. The resistance of every earthing system shall be inferior 

to five  (5) ohms after 15 days of installation. 

Lightning protection system to be in according to the drawings, requirements of the standards 

and codes mentioned in these specifications. The system shall include Two Early Streamer 

Emission air terminals, 2 flat down conductors, 4 earth pits, all in full compliance with NFC-17-

102. 
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Surge arresters to be in according to the drawings and in full compliance with the relevant IEC 

codes. The system shall include a type 1&2 surge arresters at both sides of Mains and generator, 

and one type 2 surge arrester at each panel as shown on drawings. Low current surge arresters to 

be installed at all low current systems. 

All the equipment shall be fit for continuous work in the heaviest conditions in Beirut. 

12.2 EXTRA LOW VOLTAGE  

Work described here under shall apply to the supply and installation of all materials and 

execution of all works necessary for the extra low voltage systems in the project, namely, 

telephone system,  data  system,  fire  &  intrusion  alarm  systems,  paging system, and CCTV 

system. 

The supply shall include all the equipment, accessories and other materials not enumerated in 

these Specifications but necessary for the completion and perfect functioning   of   the   systems.   

All   to   be   executed   in   accordance   with   these Specifications, the drawings and notes 

indicated therein and the instructions of the Engineer, delivered complete in  place  and  tested  

to  the  full  satisfaction  of  the Engineer. 

The Contractor shall coordinate the works of the extra low voltage system with the other 

installations to avoid any interference or damage to any of the systems or installations. 

12.3 GENERAL ELECTRICAL REQUIREMENTS 

12.3.1 ACTUAL ROUTE OF CABLES AND CONDUITS 

The location or conduits, cables, switchboards, cable trunking, etc is shown on the 
drawings approximately, therefore the actual route of cables and conduits may differ from 
the plans according to the details or the building construction and the conditions of 
execution of the installation. 

The Contractor shall supply and install at his expense all secondary materials and special 
fittings found necessary to overcome the interference and to apply the modifications on the 
route of cables and conduits that are found necessary during the work to the complete 
satisfaction or the Engineer. 

 

12.3.2 DRILLING AND CUTTING 

The Contractor shall have to do all drillings and cutting of walls or other parts of the 
building for the complete proper installation of the conduits, cables, switchboards and other 
parts of equipment. 
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Beams, girders and other principal structural members shall not be cut or drilled unless 
permission has been granted by the Engineer. 

If such drilling and cutting is made on finished surfaces, any marring of the surface shall be 
made good by repair or replacement at the Contractor's expense. 

12.4 STUDIES TO BE PREPARED BY THE CONTRACTOR 

These Specifications indicate the operation requirements of all the low and extra low voltage 

systems as well as the various types of materials to be used and their characteristics. 

The Contractor shall prepare, according to the systems he is offering, all the wiring diagrams, the 

number and sizes of wires and cables necessary for the perfect functioning of each system. 

Full selectivity, discrimination and coordination study shall be provided between consecutive 

breakers based on their characteristic curves. 

These distribution circuits shall have enough capacity to fulfil the operation requirements under 

the heaviest load conditions. 

No claim could be formulated by the Contractor under pretext of insufficiency of certain choices 

of Specifications indicated herein for the complete functioning of any of the systems required. 

The above-mentioned layouts and wiring diagrams shall be presented to the Engineer for 

approval prior to the ordering of the materials. 

13 INTERNAL WIRING 

13.1 System of Wiring 

The system of wiring shall consist of PVC insulated copper conductor wires in     

Metallic/PVC/PVCE conduits and shall be concealed or surface mounted as called for. 

13.2 General  

Prior to laying and fixing of conduits, the contractor shall carefully examine the drawings 

indicating the layout, satisfy Consultant/Engineer about the sufficiency of number and sizes of 

conduits, location of junction boxes, sizes and location of switch boxes and other relevant 

details. Any discrepancy found in the drawings shall be brought to the notice of the 

Consultant/Engineer. Any modification suggested by the Contractor shall be got approved by the 

Consultant/Engineer before the actual laying of conduits is commenced.  
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13.3 Materials 

13.3.1 Conduits 

Conduits and accessories shall conform to relevant IS/BS Standards. Heavy duty PVC conduits or 

FRL conduit or FRLS conduit or PVC conduits or galvanized steel conduits shall be used as called 

for in the Schedule of Quantities. Buried wiring passing under floor of ground floor shall run in PVC 

conduit. Joints between conduits and accessories shall be securely made to ensure earth continuity. 

Sample of all the conduits to be used shall be submitted before laying for approval from 

Consultant/Engineer.  

The conduits shall be delivered to the site of construction in original bundles and each length of 

conduit shall bear the label of the manufacturer.  

The number of 650/1100 volt grade PVC insulated copper/aluminium conductor wires that may be 

drawn in the conduits of various sizes are given below and space factor shall not exceed 40%. 

Separate conduits shall run for all power outlet wiring. Conduit connections for PVC conduits shall 

be done perfectly. Junction Box and the conduit joint must be used where necessary. Metal Saddle 

of appropriate size must be used while laying the conductor.  

Maximum permissible numbers of 650/1100 volt grade PVC insulated wires that may be drawn into 

rigid non-metallic or MS conduits are given below: 

Size of wire 
nominal cross 
section area  

Maximum number of wires 
within conduit of size (mm) 
 

sq.mm. 20 25 32 40 50 
1.5 6 10 14 - - 
2.5 5 10 14 - - 
4 3 6 10 14 - 
6 2 5 8 11 - 
10 - 4 7 9 - 
16 - 2 4 5 12 
25 - - 2 2 6 
35 - - - 2 5 

 
13.3.2 Connections 

All jointing methods shall be subject to the approval of the Consultant /Engineer. Separate conduits 

shall run for all power outlet wiring.  

The threads and sockets shall be free from grease and oil. Connections between screwed conduit and 

sheet metal boxes shall be by means of a brass hexagon smooth bore bush, fixed inside the box and 
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connected through a coupler to the conduit. The joints in conduits shall be free of burrs to avoid 

damage to insulation of conductors while pulling them through the conduits. 

13.4 Bends in Conduit  

Where necessary, bends or diversions may be achieved by means of bends and / or circular 

inspection boxes with adequate and suitable inlet and outlet screwed joints. In case of recessed 

system each junction work shall be provided with a cover properly secured and flush with the 

finished wall surface. No bends shall have radius less than 2.5 times the outside diameter of the 

conduit. 

13.5 Fixing Conduits  

All conduits shall be installed so as to avoid steam and hot water pipes. After the conduits, junction 

boxes, outlet boxes and switch boxes are installed in position, their outlets shall be properly plugged 

or covered so that water, mortar, insects or any other foreign matter docs not enter into the conduit 

system. Surface conduits shall be fixed by means of spacer bar saddles at intervals not more than 

500mm. 

The saddles shall be of 3mm x 19mm galvanised mild steel flat, properly treated, primed and 

painted, securely fixed to supports by means of nuts and bolls/rail bolts and brass machines screws. 

13.6 Switch Outlets and Junction Boxes 

All outlet boxes for switches, sockets and other receptacles shall be rust proof and shall be of 1.6mm 

thick G.I. sheets, having smooth external and internal surfaces to true finish. 

All outlet boxes for receiving plug sockets and switches shall be fabricated to approve sizes. All 

boxes shall have adequate number of knock out holes of required diameter and earthing terminal 

screws. All boxes shall have both fixed lugs and adjustable lug/lugs.  

13.7 Inspection Boxes  

Rush proof inspection boxes (Pull Box of min 1.21mm thick mild steel sheet having smooth external 

and internal finish shall be provided to facilities removal and replacement of wires, where required. 

These shall be provided if continuous length of conduit is more than 10 meter. The depth of the box 

shall be 100mm and shall have a hinged cover with push button lock.  
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13.8 Circuit for Telephone, TV, Computer Networking and Music System  

Conduits and system of conducting for telephone, TV, Computer networking and alarm system shall 

be the same as far electrical system, except they shall be installed at least 150 mm away from the 

electrical conduits. 

13.9 Conductors  

All PVC insulated Copper/Aluminium conductor wires shall conform in all respects to standards as 

listed under sub-head "Regulations and Standards". The under sizing/gauge of the conductor is not 

acceptable. During the inspection Electrical Engineer have full authority to make the contactor to 

remove the installed cable and no extra payment will be done in replacement of it. 

13.10 Bunching of Wires  

Wires carrying current shall be so bunched that the outgoing and return wires are drawn into the 

same conduit. Wires originating from two different phases shall not run in the same conduit. 

13.11 Drawing Conductors  

The drawing and jointing of PVC insulated copper/aluminium conductor wires and cables shall be 

executed with due regard to the following precautions. While drawing wires through conduits, care 

shall be taken to avoid scratches and kinks, which cause breakage of conductors. There shall be no 

sharp bends. 

Insulation shall be shaved off like sharpening of a pencil and it shall not be removed by cutting it 

square, 

PVC insulated copper conductor wire ends shall be soldered (at least 20mm length). 

Strands of wires shall not be cut for connecting terminals. The terminals shall have sufficient cross 

sectional area to take all strands and shall be soldered. Connecting brass screws shall have flat ends. 

All looped joints shall be soldered and connected through terminal block/connectors. The pressure 

applied to tighten terminal screws shall be just adequate, neither too much nor too less. Conductors 

having nominal cross sectional areas exceeding 4 sq.mm shall always be provided with cable 

sockets/shoes. At all terminals, brass flat washer of large area and approved steel spring shall be 

used. Brass nuts and bolts shall be used for all connections. 

Only certified wireman and cable jointers shall be employed to do jointing work. All wires and 

cables shall bear the manufacturer's label and shall be brought to site in original packing. For all 
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internal wiring, PVC insulated wires of 650/1100 volts grade shall be used. The sub-circuit wiring 

for point shall be carried out in loop system and no joints shall be allowed in the length of the 

conductors. If the use of joints connections unavoidable due to any specific reason, prior permission, 

in writing, shall be obtained from the Consultant /Engineer. No wire shall be drawn into any conduit, 

until all work of any nature, that may cause injury to wire, is completed. Care shall be taken in 

pulling the wires so that no damage occurs to the insulation of the wire. Before the wires are drawn 

into the conduits, the conduits shall be thoroughly cleaned of moisture, dust, dirt or any other 

obstruction by forcing compressed air through the conduits. The minimum size of PVC insulated 

conductor wires for all sub-circuit wiring for light points shall be 2.5 sq.mm copper equivalents and 

for all sub-circuit wiring for power points shall be 4 sq mm. 

13.12 Joints  

All joints shall be made at main switches, distribution boards, socket outlets, lighting outlets and 

switch boxes only. No joints shall be made in conduits and in junction boxes. Conductors shall be 

continuous from outlet to inlet. 

13.13 Mains and Sub-Mains  

Mains and Sub-Mains cable or wires where called for shall be of the rated capacity and approved 

make. Every main and sub-main wire shall be drawn into an independent adequate size conduit. An 

independent earth wire of the proper rating shall be provided for every single-phase sub-main. For 

every 3-phase sub-main, 2 nos. earth wires of proper rating shall be provided along with the sub-

main. The earth wires shall be fixed to conduits by means of clips at not more than 1000mm 

distance. Where mains and sub-mains cable are connected to switchgear, sufficient extra lengths of 

cable shall be provided to facilitate easy connections and maintenance. 

13.14 Load Balancing  

Balancing of circuits in three-phase installation shall be planned before the commencement of 

wiring and shall be strictly adhered to. 

13.15 Colour Code and Tagging of Conductors  

Colour code shall be maintained for the entire wiring installation: red, yellow, blue for three phases, 

black for neutral, green (or YG) for earthing. Tagging/labelling of the conductors must be done and 

drawing shall be provided so that it will be easier for future maintenance and finding of circuits.   
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13.16 Wiring for CCTV Surveillance System 

Each camera point outdoor/indoor is considered as a point and wiring shall be done using low loss 

CAT-6 cable from each point to the central monitor room as shown in the drawing in a PVCE 

conduit concealed inside RCC slab, ceiling,  wall, underground as per site condition.  Cable joints 

between camera point and central monitor system are not allowed. The cables shall be properly 

terminated at the face plate and properly numbered at control room for identification. All the civil 

works including chipping and finishing shall also be included in point wiring. 

13.17 Wiring for Telephone System 

Wiring of telephone points shall be done using telephone cables of various pairs in PVC conduit of 

at least 16 mm. internal diameter concealed inside wall and slabs. Tapping from one socket to other 

is not allowed. Each single telephone line shall be connected to floor Distribution point by 2 pair 

cable. Each telephone outlet shall be of single RJ 11 type with face plate on 18 SWG metal box 

flushed inside a wall.  

At least 150mm separation shall be provided between electricity cable PVC pipe and telephone 

cable pipe. Each separate telephone line shall be considered as a point. Cost of telephone point 

wiring shall include the complete labour charge and cost of telephone cables of appropriate pair 

from main exchange to DP and to each telephone outlet including extra spare pair as per above 

specifications. 

13.18 Wiring of Computer Points 

Each point for Computer Network point is considered as a point and wiring shall be done using 

CAT-6 cable with Copper conductor shall be taken to every RJ45 outlet socket point from Computer 

networking Hubs (installed on different location). From Hubs to Hubs 50 Ohm coaxial cable shall be 

drawn and connected with suitable connectors. These cables shall be drawn through the PVC 

conduit without having mid-way joints. Where computer networking cable and electric cables are 

crossing each other an aluminium jacket screen is to be provided on the telephone cable for that 

crossing length but it shall not be less than one meter. 

13.19 Earthing 

All the non-current carrying metal parts of electrical installation shall be earthed properly. All metal 

conduits, trunking, cable sheaths, switchgear, distribution fuse boards and all other parts made of 
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metal shall be bonded together and connected by means of specified earthing conductors to an 

efficient earthing system as per IS 3034-1966. 

Earthing shall be carried out as per drawing with at least 600 mm. x 600 mm. x 5 mm (or required 

size of Rod Earthing). Pure copper plate buried at least 3m below ground and connecting respected 

to Main Distribution Panel, Transformer, EPABX system, Distribution Boards, Generators and 

where necessary with 25 x 3 mm copper strip (or required size of Flexible YG Cable) with test 

clamp/point in between. The earth resistance of the earthing electrode shall not exceed five (5) 

ohms. 

The contractor shall furnish main earth connection to all electrical equipment chassis and metallic 

conduit by means of appropriately sized copper wires as specified herein or shown in drawing. 

Earthing system shall be at least 1 meter away from the building foundation and the main earth to 

the building shall be obtained by tapping this system by earth wire of appropriate size as shown in 

the drawing. The connection of these earth wires by twisting shall not be allowed.  

All the earth terminals of 15 A power sockets shall be connected by insulated copper conductor with 

2.5 sq. mm. Copper cable emanating from the respective distribution board. The earth connection to 

the distribution board shall be obtained from the main switch board and main switch board in turn 

shall be connected to the earthing system by using copper wires of sufficient sizes a shown on the 

drawings. 

Earthing set shall  consist of the following: 

1 no. of  600 cm x 600 cm x 5 mm. Copper plate or as per BOQ 

1 no. of watering GI pipe 3.5 m x 50 mm dia. 

Brick masonry with metal slab for inspection and earth connection. 

Charcoal and salt filling. 

Electrolytic bare copper wire secured to earth plate with cable shoe, nut bolt and also connected to 

the earth pipe with nut and bolt. 
 

14 POWER CABLES 

Medium voltage cable shall be aluminium/ copper conductor PVC insulated, PVC sheathed 

armoured conforming to IS 1554.cable shall be rated for a 1100 volts. The conductor of cables from 
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16 Sq. mm to 50 Sq. mm shall be stranded. Conductors shall be insulated with high quality PVC 

base compound a common covering shall be applied over the laid up core by extruded sheath of un-

vulcanized compound. Armouring shall be applied over outer sheath of PVC sheathing. The outer 

sheath shall bear the manufacturer’s name and trade mark at every meter length Cores shall be 

provided with following colour scheme of PVC insulation. 

(a)  1 Core            :        Red/Black/Yellow/Blue 

(b) 2 Core            :        Red and Black 

(c)  3 Core            :        Red, Yellow and Blue 

(d) 3 ½ or 4 Core :        Red, Yellow, Blue and Black. 

Short circuit rating of cable shall be as specified in IS 1554 Part-I. 

Cable have been selected considering conditions of maximum connected loads, ambient 

temperature, grouping of cables and allowable voltage drop. However, the contractor shall recheck 

the size before cables are fixed and connected to service. 

14.1 Laying of Wires/Cables  

Lying of wires/cables between two points shall follow the following methods.  

(a)  Laying of cables directly in the ground in outdoor applications; and 

(b) Laying or supporting of cables in cable ladders, trenches and ducts, or clipped on to the walls 

or structural members of the building. 

Where cables are to be laid direct in ground these shall be laid in cable trenches at least 0.75 m 

below ground surface. The cable laid shall be covered with 100 mm finely sifted sand and protected 

on the top with transverse bricks across the trench cross-section. The trench shall then be backfield 

and compacted. 

 

Where cable routes run under hard surfaces, or where cables have to be run inside masonry or 

structural components inside buildings, such cables shall be run in cable trays or cable ladder. 
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14.2 Wires/Cable Laying on wall/ceiling/cable trays 

Wherever so specified, cables shall be laid along walls/ceiling or on cable trays. Cable shall be 

secured in position and dressed properly by means of suitable clamps, hooks, saddles etc. such that 

the minimum clear spacing between cables is diameter of the cable. Clamping of cables shall be at 

minimum intervals as below. 

Type of cables Size Clamping by Fixing intervals 

MV Up to and including 25 sq. 
mm 

Saddles 1 mm thick 45 cm 

MV 35 sq. mm to 120 sq. mm Clamps 3 mm thick 25 mm 
wide 

60 cm 

 

The fixing intervals specified apply to straight runs. In the case of bends, additional clamping shall 

be provided at 30 cm from the centre of the bend on both sides. 

 

14.3 Cable Entry into Buildings 

Cable entry into buildings shall be made through PVCE pipes recessed in the floor.PVCE pipes shall 

be provided well in advance for service cable entries. The pipe shall 

be filled with sand and sealed at both ends with bitumen mastic to avoid entry of water. Suitable size 

manholes shall be provided wherever required to facilitate drawing of cables as per requirements. 

14.4 Testing of Cables 

Prior to installation, buying of cables, following tests shall be carried out. Insulation test between 

phases, phase and neutral, phase and earth for each length of cable. 

 (a)    Before laying 

(b)    After laying 

(c)    After jointing 

On completion of cable laying work, the following tests shall be conducted in the presence of the 

consultant: 
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(a)    Insulation Resistance Test (Sectional and overall) 

(b)    Continuity Resistance Test 

(c)    Earth Test. 

All tests shall be carried out in accordance with relevant Standard code of practice and NEA Rules. 

The Contractor shall provide necessary instruments, equipment and labour for conducting the above 

tests and shall bear all expenses of conducting such tests. 

15 TELEPHONE SYSTEM 

Floor distribution point shall consist of sufficient nos. of Krone / Pouyet type tag block with frame 

inside a metal box with cover and locking arrangement. There must be sufficient space for cable 

termination inside the box. DP shall be flushed inside a wall mounted at a height of DB.  

Telephone cables of appropriate pair from main exchange to DP and to each telephone outlet 

including extra spare pair as per above specifications, BOQ and drawings. 

PVC pipe of various sizes in which the telephone cables will be run. There shall be at least 30% 

extra space inside the PVC pipe after the cable shall run for the ease of pulling cables.  

It is the full responsibility of contractor to terminate all the cables in telephone socket, DP and MDF 

and provide complete and correct tag data to the owner.      

16 EPABX SYSTEM       

Supplier shall supply, deliver, install and commission of required extension  line EPABX system as 

mentioned at BOQ. Telephone wiring will be done for both EPABX extension lines and direct co 

lines. EPABX of  extension line capacity will be installed. Every working table, guard room, 

maintenance room, canteen & day care as well have extension lines. 

Separate earthing shall be provided for telephone system and the earth resistance shall  not exceed 5 

ohm for this purpose. Specification of earthing is same as in earthing for electrical distribution 

system. 

17 QUALITY ASSURANCE 

17.1.1 Materials  and  equipment  shall  conform  to  the  latest  edition  of  reference specifications 
specified herein and to applicable codes and requirements of local authorities having 
jurisdiction. 
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i. Locally manufactured products of foreign approved makes and of similar quality shall 

be approved by the Engineer.  The Engineer shall be the sole judge to determine 

whether the product is of the same quality or not. 

ii. Code Requirements: 

• Comply with the latest applicable standards of the following unless specified 

otherwise under each section: 

• The equipment, materials and installation shall satisfy the following: 

 The specifications and technical conditions described in the present book of 

specifications. 

 All electrical works shall be in accordance with NBC 207 (or IS) Code while 

shall have precedence whenever available. 

 The General Specifications  for  Electrical  Installations  of  the  Local 

Authorities 

iii. Tests after the completion of the installation shall satisfy the requirements of the 

standards mentioned above and as mentioned here after. 

18 SUBMITTALS 

18.1 Definitions   

The required submittals  of  this  division,  in  addition  to  the definitions of the General Conditions, 

and elsewhere in the contract documents, are further categorized for convenience as follows: 
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18.1.1 Product data shall include manufacturer's latest standard printed literature such as 
manufacturers installation instructions, catalogue cuts, colour charts, rough-in diagrams, 
wiring diagrams, and performance curves on materials, equipment and systems for this 
project.   Product data shall include references to applicable specification section and item 
number.   Product data shall be in addition to the required shop drawing submittals. 

18.1.2 Shop  drawings  shall  include  specially  prepared  technical  data  with diagrams, 
performance curves, data sheets, schedules, templates, patterns, reports,   calculations,   
plans,   sections,   details,   measurements,   not   in standard printed form.  Shop drawings 
shall be in addition to the required product data and shall indicate applicable specification 
section and item numbers. 

18.1.3 Samples shall include physical examples of materials; in complete units for visual inspection.   
Samples shall indicate applicable specification section number and item numbers within that 
section. 

18.1.4 Certificates  shall  include  statements  of  applicability,  certifying  reports from  governing  
agencies,  industry standards,  and  testing  agencies  and applicable certificates specified in 
each section of the specification. 

18.1.5 Test and Inspection reports shall include reports specified to be required in each section of 
the specifications. 

18.2 Coordination and Sequencing 

18.2.1 Coordinate  preparation  and  processing  of  submittals  with  the construction schedule and 
progress  so that the Work will not be delayed. 

18.2.2 Coordinate and sequence submittals for Work and Work interfaced with other Work so that 
the processing of submittals will not be delayed by the lack of required coordination between 
submittals. 

18.2.3 The obligation to coordinate the Work indicated on any submittal material with other trades 
and with field conditions is the responsibility of the Contractor.  No claim will be allowed for 
Work that may have to be moved or replaced based on a claim that the work was  placed in 
accordance with dimensions indicated on  an approved submittal. 

18.2.4 No  claim  for  an  extension  of  Contract  Time  will  be  approved because of Contractor's 
failure to coordinate submissions. 

18.3 Shop Drawings 

18.3.1 Before starting the work, the Contractor shall submit to the Engineer for his approval, the 
execution of shop drawings (4 copies to be submitted) for the entire installation, especially 
the transfer stations, the main connections and junctions, the final route of cables and 
conduits and the details of the switchboards, panels, exact location of all electrical outlets & 
device and any other part of the installation required by the Engineer. The Engineer reserves 
the right to alter of modify these plans if they are found to be insufficient or not complying 
with the established technical standards or if they do not afford the most satisfactory 
performance or accessibility for repairs. 

18.3.2 Three sets of operating and maintenance instructions covering completely the operation and 
maintenance of electrical systems and automatic control equipment shall be furnished to the 
owner. 
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18.3.3 Where necessary, one set of operating and maintenance instructions for each electrical 
equipment shall be framed behind glass and hung where directed. 

18.3.4 Where necessary, three sets of lubrication charts and manuals for each item of equipment 
shall be furnished to the owner. 

18.3.5 At the end of the work, the Contractor shall present three sets of as-built drawings  of  the  
whole  installation,  with  all  details  required  by  the Engineer, and with the technical data 
of all installed equipment. 

18.4  Product Data 

18.4.1 Submit  product  data  as  called  for  under  "Submittals"  in  each individual specification 
section. 

18.4.2 Product  data  shall  be  submitted for  review.    The Contractor  shall  indicate  on  copies  
of  the  literature  the  actual materials being submitted for review when literature contains 
selections. 

18.5 Samples 

18.5.1 Submit two (2) samples of each material (unless a different quantity is  specified)  as  called  
for  under  "Submittals"  in  each  individual section of the specifications without any 
additional cost to client. 

18.5.2 Samples   shall   be   delivered   where   directed   by   the   Engineer. 
18.5.3 Sidewalk delivery of samples will not be accepted. 

18.6 Coordination Drawings  

Prepare coordination drawings in accordance with provisions of the Contract Documents detailing 

major elements, components, and system of electrical equipment and materials in relationship with 

other systems, installations and building components.  Indicate locations where space is limited for 

installation and access and where sequencing and coordination of installation are of importance to 

the efficient flow of the Work, including (but not necessarily limited to) the following: 

18.6.1 Indicate the proposed locations of major raceway systems, equipment, and materials.  
Include the following: 

• Clearances for servicing equipment, including space for equipment 

disassembly required for periodic maintenance. 

• Equipment connections and support details. 

• Sizes and location of required concrete pads and bases. 
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18.6.2 Indicate  scheduling,  sequencing,  movement  and  positioning  of  large equipment into the 
building during construction. 

18.6.3 Prepare  floor  plans,  elevations  and  details  to  indicate  penetrations  in floors, walls and 
ceilings and their relationship to other penetrations and installations. 

18.7 Record Documents  

Prepare record documents in accordance with the provisions of  the  Contract  Documents.    In  

addition  to  the  requirements  specified , indicate installed conditions for: 

18.7.1 Major raceway systems, size and location, for both exterior and interior; locations of control 
devices; distribution and branch electrical circuitry; and fuse and circuit breaker size and 
arrangements. 

18.7.2 Equipment   locations   (exposed   and   concealed),   dimensioned   from prominent building 
lines. 

18.7.3 Approved substitutions, Contract Modifications and actual equipment and materials installed. 
 

18.8 Instruction Manuals 

The  supplier  shall  prepare  and  produce  instruction  manuals  in  three language  English and 

Nepali languages for the use, operation and the maintenance of the supplied equipment and 

installations.  

18.9 Material of the Same Kind 

All materials of the same kind of service shall be identical and made by the same manufacturer. 

18.10 Test Certificate  

The supplier shall submit test certificates where required. These shall be issued by an internationally 

recognized inspection office certifying that all equipment materials, construction  and  functions  are  

in  agreement  with  the  requirements  of  these 

Specifications and accepted Standards. 

18.11 Test and Adjusting  

After the wiring systems are completed, it shall be tested for all controls and defects. Any defects 

appearing shall be remedied before any apparatus, is installed. 

Tests, both electrical and physical, shall be made of the various materials, equipment and installation 

comprising the electrical system. 
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After the entire installation has been completed all necessary adjustments shall be made until all 

Performance requirements are met. 

19 TESTING OF INSTALLATION 

19.1 General  

At the completion of the work, the entire installation shall be subject to the following tests: 

• Wiring continuity test 

• Insulation resistance test 

• Earth continuity test. 

• Earthing resistance test 

Besides the above, any other test specified by the local authority shall also be carried out. All tested 

and calibrated instruments for testing, labour materials and incidentals necessary to conduct the 

above tests shall be provided by the Contractor at his own cost. 

19.2 Testing of Wiring  

All wiring systems shall be tested for continuity of circuits, short circuits, and earthing after wiring 

is completed and before installation is energised. 

19.3 Insulation Resistance Tests  

The insulation resistance shall be measured between earth and the whole system of conductors, or 

any section thereof, with all fuses in place and all switches closed and except in concentric wiring, 

all lamps in position of both poles of the installation otherwise electrically connected together, with 

a direct current pressure of not less than twice the working pressure provided that it does not exceed 

660 volts for medium voltage circuits. Where the supply is derived from AC three phase systems, 

the neutral pole of which is connected to earth, either direct or through added resistance, pressure 

shall be deemed to be that which is maintained between the phase conductor and the neutral. The 

insulation resistance measured, as above shall not be less than 50 divided by the number of points 

provided on the circuit, the whole installation shall  have an insulation resistance greater than One 

Mega Ohm. 
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The insulation resistance between the frame work of housing of power appliances and all live parts 

of each appliance shall not be less than that specified in the relevant standard specification or where 

there is no such specification, shall not be less than half a Mega Ohm. 

19.4 Testing of Earth Continuity Path  

The earth continuity conductor, metallic envelopes of cables shall be tested for electric continuity; 

and the electrical resistance of the same, including the earthing lead but excluding any added 

resistance or earth leakage circuit breaker, measured from the connection with the earth electrode to 

any point in the earth continuity conductor in the completed installation, shall not exceed one ohm. 

19.5 Testing of Polarity of Non-Linked Single Pole Switch  

In a two wire installation a test shall be made to verify that all non-linked single pole switches have 

been connected to the same conductor throughout, and such conductor shall be labelled or marked 

for connection to an outer or phase conductor or to the non-earthed conductor of the supply. In the 

three or four wire installation, a test shall be made to verify that every non-linked single pole switch 

is fitted to one of the outer or phase conductor of the supply. 

19.6 Acceptance of the Installation Work  

The entire electrical installation shall be subject to the final acceptance of the Engineer as well as the 

local authorities. 

20 SUMMARY  

20.1.1 This section specifies administrative and  procedure  requirements  regarding electrical work.   
Additional requirements are specified in various sections may be required during the 
execution of work due to project conditions. 

20.1.2 Requirements of this section shall include, but not be limited to, the following: 

i. Submittals. 

ii. Coordination drawings (shop drawings). 

iii. Record documents (as built drawings). 

iv. Service and Maintenance manuals. 

v. Electrical installations. 

vi. Cutting and patching. 

vii. Temporary power and lighting. 

20.1.3 The requirements of this section do not supersede or take precedence over any provision of 
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the General Conditions and Supplementary General Conditions, and should any discrepancy 
become apparent between these requirements and the General Conditions and Supplementary 
General Conditions, the Contractor shall notify the Engineer, in writing, and the Engineer 
shall interpret and decide such matters in accordance with the applicable provisions of the 
General Conditions and Supplementary General Conditions. 

21 STANDARD AND MAKE 

All materials intended for this project shall be all new and as per specifications laid herein. Where 

equivalent types are available, samples shall be submitted to the project for formal approval before 

procurement is made.  

22 CO- ORDINATION WITH OTHER TRADES 

Since the electrical works will have to be carried out simultaneously with other trades, specially 

building construction works, proper coordination with this trades shall  be maintained throughout the 

duration of works, so as to avoid any disputes or unnecessary increase in labour and materials. Hence 

the drawings shall  be thoroughly studied and marked with necessary information laid along with 

dimensional details, if any, for other trades as well as for electricians. This is to ensure high standards 

of trade practice based in Codes of Practices. 

23 TIME SCHEDULE 

The tenderer shall be responsible for timely procurement and delivery of the items, off-loading at 

site, safekeeping at site, transport to the place of installation, installation, testing and commissioning 

of all the material that are included in his scope of work. Work shall be progressed and completed as 

per schedule mutually agreed upon. Work schedule for mutually agreed upon time shall be 

provided by the successful bidder within 10 (Ten) days of contract awarded.  

24 GUARANTEE 

After the completion of the work and before issuance of final certificate of virtual completion the 

contractor shall furnish a written guarantee by his acceptance of the contract that all work installed 

will be free from any defective materials and all defects and that all apparatus will develop capacities 

and characteristic specified and that if during a period of three (3) years from date of completion and 

acceptance work any such defects on workmanship or defective material, repair or otherwise correct 

the defects of deficiency without cost to the owner within a reasonable time. In the event of default 

on this guarantee by the contractor, the owner may have works done as required and charge the cost 
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to the contractors. 

25 MAINTENANCE OF ELECTRICAL SYSTEMS  

The period of maintenance of the electrical and allied  works shall commence from the date of the 

Certificate of Completion for the (main) works, provided the electrical and allied work installation is 

giving sufficient service to the employer for the intended use. 

The term maintenance is applied to all Electrical, and ELV works and shall mean the following for a 

period of three (3) years from the commencement of the maintenance period for electrical works; the 

Contractor shall: 

25.1.1 Guarantee the entire installation in respect of all defects, which may occur and undertake to 
repair such defects immediately at no cost whatsoever to the employer. 

25.1.2 The maintenance work must be scheduled according to the recommended procedures set out 
in the manufacturer's catalogues. 

25.1.3 During the maintenance period the Contractor shall undertake to train employer's staff in all 
aspects of servicing and maintenance of all equipment. 

26 CAPACITY BUILDING 

The CONTRACTOR needs to provide training to relevant employees fromClient and other 

stakeholders as directed by Client for capacity building. The CONTRACTOR shall prepare all the 

requisite audio/visual training aids that are required for successful completion of the training for all 

stakeholders. These include the following for all the stakeholders: 

a. Training manuals 

b. Computer based training modules 

c. Presentations; 

d. User manuals; 
e. Operation and maintenance manuals  

The CONTRACTOR shall maintain a copy of all the training material on the portal and the access 

will be provided to relevant stakeholders depending on their need and role. For each training session, 

the CONTRACTOR has to provide the relevant training material copies to all the attendees. 

Important Notice to Bidders: 

1. Bidders are requested to quote prices of genuine and good quality products only. Any 

samples submitted if found duplicate and inferior quality will be rejected outright by concerned 
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authority/consultant. Hence it is requested to take utmost care in filling up BOQ to avoid use of 

duplicate and inferior quality products.  

2. Make and model no. of quoted items shall  be mentioned in BOQ and a set of original

catalogue of the quoted items shall  be submitted along with the bid. 

3. Designs are subject to change during contract negotiation and during implementation period

due to site conditions and other reasons. 
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