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I.OO NITRODUCTIO-N:
For proposed qonstruption of Railway-over-Bridge at Rail Section No. 126712f-l2l between
Nunihai Indu$trial Area & PmkastN Nqgar, Agra Tundta Rnilway Sedon t267t}A.2l at: Agrq
the consnuction ag€xrcy UPSBC Limited l*rcknour, through ib Eridge Congtruction Unit-tr
Agr4 felt fire uecessrty for Safe Bearing Capacity of Subsoil for design of foundgtion ofhiage
and eccordingly soil investigatiorr was resofted to; The soil inve*igafion is awagded:to our
concer'n G.B.S. Engineer, 1 & Z,Bilal markeg Near Old Forest Ch€ck Post, Khadri; Sgpur
roaA l;trckrow, The results of investigation will b6 used for footing desigrr for pr"p*.a
stucturE. The field invesfigation was conduotod ln preeuce of rqpresentatives of the client
This report covers the soil investigation 161' suggesting Safe Bearing Capacrff for Shallow
fourdations or Safe,I,oad Capacity for File footingp,

2:00 WORKSCOPE:I
Five investigation points eaeh 35.00M dee,p from RL of tho rospective,Bore holes as per dotails
on bore log chart are taken up for investigation. The fie-ld testing such as sEudad Fenetration
Test and Recording of water Table was cdded out and soil samples wer€ colleqt€d for
detprmination of Index properties and bas€d on theso, to detomine Safe Bearing Capacity:of
the fbundstion soil and the safety against liquefactionr

3;00 LOCATION AND P.ERIOD OF INIVESTIGATION:
AII the investigetion points are duly marked on the attached layout plan with this report. The
approach to 6asy and acoessible, The investigations have begn Esnied out during Jrne 202S.
ThE \reath6r was dry and moderate.

4.OO SITE IhIVESTIGATIONS & IN.SITU TDSTS :
The investigation d sif€ inelf include Standard Fenetration Test (SFT) and observation of
wafpr table. As per probedure,laid down in IS213l-1985, star,ting from 1.05M desh the:SpT
wc conducted at a rqgular inierval of IJ0M and also whereve,r sfah ct4lged. Stg,tirrg,fiom
I.50M depth" the UDS saurples were taken up irnrnediately after .eomplction of $PT at the
regilar interval of l-50M. AIl the recorded and corrected Spf values crB plotted on the bore
lo$ chatt Anruexur+C in this report.

5.OO STAIT.DARD PJNETRATION TEST;
Out of a number of similm tests, this test is one of the most important tests conduct€d at the
site. This. tast is specially suited for the Oohesio'nless soiis which arc difficutt to te sarnpled
nnd is exfterne,ty useful for reporting the rslative dq!$ry aod angle of shegring resiftatoe of
Cohesiortless soils. It can also be rsed for detnnnining the unoonfined oorrpressive skurg$r of
cohesive soils. The sundad penetr,ation test (SPQ is conducted in a borelrole:using a standarrrl
split spoon sampler. The split spoon is consisting of a driving,shoe about ?5mm long st*l
tub€ about 4s0rnm long which could be split into two;halvw longfttrdlislly aud the cgupling at
the,top of the tube absut l50mm long. The inside snd outside diameters of
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the splittube are 35mm and 50'8mm respectively, The test is saried out by deriving the split-
spoon sampler into &e soil by a hammer weighing 63.50 kg and fa[utC fr€cly fior11 ; heieht of
750rrul, through the grride rod. Each hammer blow,derives the,sarnpler into th€ eoit, Ihe
number of blows fot oach penetralion of l5Omrn of tbe sarnBler is rccorded in:suwession fill
the total pesetration becomes 450mm. The numbsr of hammer.blows forth€ lirst -lsommpem&ations are diacarded eonsidering them as seating derives. Ttre total nmber cf blows
recorded for the last two l50mm penetations are add-ed lo report tlie Standard pEnetration
Numbqr (N. Thq r€cor'ded v.alue of sbndard peaeffition oo*b* is somectod for Dilatengy
Conection as well as Overburden Correction- The Star-rdard Fenefgtiou Tesls,\ilere eonducted
as pe1 IS:2I31'1963 in each bore hole at a regu.Iar interval as specified bv trS eode upto end of
investigation or refusal, whiohever ocours earlipr and the values are indicated in the Bore log
chalt attachd with this report.

6.99 SAMPLING
The dl.sturbed and undisturbed samples rmere hken with utnost care and brought to laboratory
for tsoting' Proper aJ,tentisn was paid tion of samples E nig to
arive at rational results. TXre Thin walled as per tr:S:2l32_l SS4_igeS
(Reafftnned 2006) was used for exfzeting undishrrbed soil samples. The UDS saBrples were
extracted inrmediately after termination of SPT, if UDS sarnples could not be extHstod thsfi
Disturbed Samples @S) were sollect€at at a regular interval of t.50M in each bore holes or
wher€ivsr stuab changed.

7.OO POSITION OF1VATERTABLE :

The dctails uf tlte water table encsuntered in each ot the points of investigatian dtryhg
explotation has been duly mentioned in the respective bore holes and also 

"n 
tt* lab test

results sheet.

8.OO LABORATORY IF.{Y,'E-STIGATIONS :

The selpcted the Disturbed'and the un-disturbed oamples collected from the sfte w€re tesl€d
for 6re following Index properties in the laboratory:

8.1 Gmin Size Distibution/Sieve turalysis as per ffi :2720 (Psrf4 )-t985, (Reaff" 1995)
8.2 Attprbergls limits as perIS:2720 Fert 5)- 19g5, @eaffirmed l99S)
s-3 Natural moisfure oontent as per IS : 2720 (part II) - lgilt,(Reaffinned 2002)
8,4 BuJk dernity as per IS :2720 (partz9) - Lg?L(Reaffumed 1995)
8,5 Specific Gfavity sS per IS :2220 ( p&r 3 tSec,I &2),.1980, (Reaff:rrmed lggT)
8.6 c & f Test/Jri-axial compression Test as per tS :2720 (Pf,rt L2).I9tI, (Resm plZl
8.7 Compression lndex/Consolidarion - lS : 2EO Fart 15)_19S6,,(Reaff l:g9?)

Bridgo ConeUuc$st Unlt{gn



9,OO'Mf,THODOiLOGYAND APPROACfI :

The bering capacity of shaltorv formdations is worked out on. wo considerations, firstly,
fotmdations should bs safe against shear ftilure as per IS: 6403.1981 and, secondly- it should
besafs4g4instexressivesetflementasperls:1904-lgTS.Thedqpdroffoundation'sgoverned
by pam 42, sub.para 4.2,1(d) of ISr 1080-1980 or besed on desired b€aring c8pacfty.
Invostigations have ben carried out in refereuce to Indian Standald,Speeifications. trn qs$s,

suffrcient SBC is not available in subsoil s@tum foi shallow footing, deep tooting viz Pile
footing may also be adopted as an altemate.

TO.O BEARING CAPACITYCALCI,JLATIONS :

ThE due r€g4rd have been paid to tocorded values of S-tandard Fearetration Test (N-values) as

also to economic consideratipns for type of footihg The client has desired: io ,evaluate LMd
Capacify of Friction-cum-Bearing Piles of dia, t200nm with effeetivc, tengh of 25;00M
excluding cu-t'<iff level of 2.00M, AS per IS pode, factor of safety on ultirrafe be6dlrgi c4paeity
is to be taken 8om 2.5 to 3.0 for Deep footirrg In fie present oase ?.50 FO$ has bebn
cansider,ed as 2.50.

rl.0 GEI{ERAL N.{TURE oF UNDERNEATH SOIL r

Based on investi$alion eonducted at frve points each being 35,00M deep for cgnsbuction of
ROB and recults obtained ftom samples coilected fr.om therern" an opiniw rnay b'e fiarned
regading gnncral naiuts of eub soil, Thc loootion ond ccope of invcntigation i.o, nUmhor of,
invesliggtion pois and their respective depth b decidedby client. The layout ofpoin$ are,duly
marked on the layout plan athached with this report" The results of soil strofrrm :in the 'bore

holes me sliglily variable in terms of vertical as well as latrral directions, howevero these re
eqlFpamble. without invitirg sigrrific.snt enor. The sudacesoil is qohesive frqm top to:tre4rly

upto 2,00M widr Liquid J,imit within 35% confonning to Silfy Clay of Low Plasticity of CL
group as per IS classification of Soils, Ttrereafter, non cohesive soil sErts:and continues till
around 7.00M depth. This non cohesive soil is containing inorganic fiaes greatcr than l2n/obut

retraining ltntted to wlthln 5trzt confotrrdng to Sllty Sand of SM $uup, F.Tom ?.00M depth

onwards, the cohcsive soil stratum r@pears and,oontinues tili the t4.0OM:dcprh confonnihg
to Silty CIay of l;ov Plastieity. Finally tlre nqrr cohosive soil rfaturn stdrts arld mrrtinues till
the end of investigation le. 35.00M . This non eohsive soll stratum is eonhiaing fircs greater

than 5ry0 in its upper thichess of 12.00M i;e. from t4.00M to 26.00M conforuring to
Inorganic Sandy Silt of I4L grorlp; From 26.00M depth dowluil4rds, fie finp eontents,falls to,

Iess then equal to 570 vonforming to Fine gand of SP group. The Wetet Table is encorrnterpd

in e,ech of the ihvestigation point:during exploration,and ie verying ftom ?;55M to 7,00{t4, fiis
diffqenee may be attributed fo the fluctuation in water,table ot:&ay be drre to v4riatior,grnong
NGL of different investilgation poiut. Tho $ggsonal variatiors are expected in pssent level,of
water table and during monsoon seasoll 1.00M rise in Wder Table with r€qp€ctto its recordd
value has been assumed as per the advise of client and accotdingly calculwions ft'r Safe

Bearing Capaciry are canied out. The penetration resistance sf the soil is satisfactory.

(
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13.0 NS r

For the proposed construction of Rail-over-Bridge B/w Nunihai Industrial Area &
Prakash Nagar on Agra-Tundla Rail Section I<m 1267120-21 at Agra, the geotechnical

investigation is conducted at Five points each 35.00M from respective RL of bore

holes for determination of Safe Bearing Capacity of Isolated Square footing. The

depth and numbers of investigation points are decided by the client.

Friction-cum-Bearing Circular Pile Foundation F.O.S 2.SO

SNo.
Bore
Hole

Pile
Dia.
(mm)

Overall
Pile

Length
(M)

e!r
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HO
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l BH-O1

1200 27.000 2.000 25.00

724.96 289.98 29.00

293.44 29.34

7 BII-02 708 54 283.42 28.34

J BH-03 719.65 287.86 28.79

4 BII-04 tbl 54 304.94 30.49

5 BH-05 752.56 301.02 30.10

The safe load capacity of Piles as calculated above may be adopted. It is strongly

recommended that Initial & Routine Pile Load test under vertical compression and Lateral

Load test must be conducted as per provision of IS: 2911 (Part-IV)-2013 to get actual pile

capacity.
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1.0 LIMITATIGNS:
Every inveatigation for any teclmological work always has its own bottrdnies within whicU it
is applicable' fiterefore a number of asswrptiofllr::ffiF made for aniving st p4ctieable
infe,rence. Some of these may or mfly not, be within the confiol of investigator, however altr
possible attention have been paid thereupoa. Tliepresent report lras beafl pltpafod with unncsl
care wi$t respect to irwBstigational results and consaquent rwommerdations within th9
ftar,nerrork of l$ speoifioations are made. But still it:has got the followlng limitations, w,hich
are beyond the confrol of any engineer, and depe'nds only on givon oonditiorrs.

a The present r€port is based on investigation rcsults of crried out by manual augrqir_rg.aud
Wash boringtrres$uo b,oring and report, and corr-esponding recommeirdations, are basedou
theee values-

b Thp natlrral rnoistqe content of soil is an important propefty and an instant oharact€rjstie
thaf chmges fiom time to tirne depending upon surface drainage conditions as vqc.il: es
surface and groUnd water pcharge conditions; As such valuE of nahral water conbnt
rcpresents natuml wder content at giv€n level refers to thst at tir-ne of:investigations.

c Ths most impol@nt fi€ld t€st, namely $tilldard Penesation Tcst has beem gnied,out to
assess in-situ p€aetration resistarrce of, soil at present conditions which nay valy uder
different moisture cont€nb.

d Onty those values have been used which are reliablc and ihosp giving absrxd results ae
neglected and slipped sanptes are coltsidened for c & S valueS b-utrcmouldd.

e The splection of foundation has been zhpted, as per the dEsire of client for Friction-ourn-
Bearing Pile and:liquefaction analysis is crried out at and below pile Tip.

f For reasoneble and better estimation, normally minimum of three rinvestigation peints fie
adopeil Howeve4 in preserrt case ouly two points have be6n taken up, as such, results of
subsoil investig*ion would accord@y be affeeted. It would have bee*r befr€r, had
investigation been conducted at three points instead of two.

g As per IS codal provisions, minimum deptlr of exploration should be 1,5 to 2,0 fimes the
focting dia. In the pre^sent case, exploration is conducted upto 35.0sM depth, for gver all
length of 21.50M and the Liquefaction analysis if canied out below pile tip f.ot 13.50M i.e-
qpro 35.00M

h Orain Size Dishibutisn curves are attached for only one bore hole since these being the
gmphic presentatiol and their data is already glven in the Results dgta slrc€t

i For estimasion of immediate sefflement,the value of Foissonis ratio has b€en csnsidered re
provided inftFIS code i.e. 0.50 r

j Saft Bearing Capacities for open/deep foundation conesponds to desiied size. If s*ft
beering eaparj,tty at atrj other depth or for any other size is desirad, the sune could be
detemrined with tne'. procedure giverr the silnple caloulations,



ANN,EXURD. A
DE ARING CAPACITY ON SIIEAR CONSIDERATIONS;

In case of local shear f,ailures, following fonnulais recornnrtQnded, osper IS:6403.19f 1, para 5.1.2

Qa 
:c* N"], so.4. i"+qN'- f l.so.{.ro+0.SB.y.\'.l,E.lr.\lf

where, qn' Ulti'mare BEari$g Capacity based on Mobilised cohesion & ftiefion sngl€ value$

q Ov€r burdsn pr6$ure

M \' & \' Bearing Capacrty factors cor€sponding to mobilised fiiction Angle
Sc,Sqr& S, Shapefactors W WaterTSleConection,fac$or

4, d, & ( Deprh facton 1 Unit wdsht qf Soil or Sail dcnsi$
io, iq & i, Iacliaation factors B llgidth,offourdaion

c. Mobilised value of cohesion (0.667 p) uihere c is the'cohesion

In case of Gmeral shearfailures, followingfornaula is recommende!",as p-er 18;6403,198I, para

(k= c.Nc. s". 4. L + Q (Nu,. l). gq, dq iq+0.,5 B "y . Nr. q, q. L W
where; qd Uttimate Bearing Capaci

q Over burden

Nu Nq & N.., Bearing Capacity factors conespodihg to mobillsed friction Angle
So, 84,,& S, Shape factors

dor{ & (Dephfacton

L h & in Inclination factors

c Cohesion

W' Watrr Table Coffectisn factar

y Unit weight of Soil or Soil density

B Wi&h qf fouodation

Shepe Factors:Theshapefactorsturvariousphgpesoffooting,as'perISi6403-1981 isas,foltrows:

Jhape of footing s" sq s,
Oontinuou.$ or Strip footing I.00 1.00 r.00

Rectangular F'ooting 1.00 + 0.2 (BIL) 1.00 +0.2 (B/L) 1"00 - 0,4 (BtL)
Square Footing r.30 na 0;80

Ciroul* Fooiing 1.30 t.20 0.50

D€prb Dattoft : 4 = 1.0,+,0.2 D/8. {\116

d=4= 
1'.:.0 

t Du/B."tNo 
ill; ll:

where, N6- 1af 1+s+ g/2)

Dr= Depth offooting

B = Width or Dlilnetsr of the fboting
Inclinethn Faotore I Tlre inclinatiou factors forthe footing are given m follows;

Ia-io: (l'c'/9q52 [, =(I- u"/$)?
wher€ so isthe inelination of the load with vertical.

For th€ horizond ground surfaceo the Inclination faciors as I" = ! = L = t.n

(

(t

Dv. ProieclMangger
U. SP:oedAgcOorPoratiottu

erldge Consfuc{ar Unlttgrtr



Bearing Cnpacity Factorc: Values of Bearing Capacity Factors for General shear failure arqgiven in Table(l)
undet para 5,,1.1. of,IS;6403-1981 whl& are as follows;

ou ge 50 lso 150 204 254 300 35e 400 450 500
No 5.t4 6,49 835 10.98 14.83 2A.72 30.14 46.12 75,3,t r38.88 2i66.89

\ r.00 r.57 2,47 3.94 6.40 10.66 18.,10 33,30 64.20 1,34.88 3rgio?
Nr 0.00 0,45 t"22 2,5s 5.39 10,88 22.44 48.03 tw.4l 27t.76 162.89

The Values ofmobilised Bearing capaclly factors N.', ve bble
corr€qponding to mobilised angle of interlral friction d': tau-r(O667 tan +)"

Water Table Comection Faclor W' :

(a) If Water table is likefy,pennanently to rernain *t or below the depth of @+ + B) bensath th€
grOund.lev,el surroWdtng the footihg than lM: 1.0

(b) If llhter table [s located at the depth Ds or likely to rise to the basc of the footing u,above tlcn the
values of W shall be taken ss 0"50

(c) If $r'atu tahle fu Iikely pennanartly got |ocated at a depth Dr < D* < of (p, + B), tlren the value oJ
W be obtained hy lineai interpolation.

SETTI.f,MDNT CONSIDERATIONS :

The safe beerirE capaeity pr€ssurt is to be so resrictedthat it neither exeeeds thc net bearing capacify
on sheaf cotsiderafioru nor does it resuln in settlenrent exceeding flre permissible values as pm lndian
Standrd Code of Fraptice,

F"or non.cohesive Strat4 settleunenf is worked out on the basis of glflldard pengtrFtion Test vatues in
accordance wjtr ISi 8009 (Part D-1976 (RealEnned 1998). The sottlemeint ofnon colresive soils,takes
place rather quickly :lrnmodiatoly after alplication of load. In most of the cases the immediata
settlement is the fi44l sefilemed. In such cases it is noJ possible to obtain thg sbpss,"gttsin
clurapteristics of in-situ soil and hence semi.empirical methods are used. Ttre SP? could be used for
determination of settlement o-n such soils, I$8009 (Part I) g1v,es achart for caleulatim of sedemenl
per unitpressurs as a frrnotion of wjdth of f,ooting andstandard wnetration number.

In case of eohssive strata, the total setleftent is tre sum of the irnmediarc s€ttlement $i urd:the
qonsolidation settlement So The consolidation settlement srld immealiate settlement atg worked out as
per lSl8009 (Part-l).1976 (Reaffinned 1998) aad aro given as foJlowq:

For non'precomprossed qlAy uoit laver5 the Consolidation Setlement S", is giverr as fo-llowt
S : C*, H {loe1o,(po + p}p,}l(l+eo)

where, e = Seltlg,rnent. p = original pressure at mid,point of clay; layer
c" * compfessionlftdex po = changeinpressuneatmiddepthofclaylay.er.
eo = Void ratio for pressure p.. H = Thickness of clay layer under considemtion

(

C
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The immedi4te scfilem€nt horreath the centqr or comer of a f,lexiblc tonded area is grven as

.t, = q,.B { - tt E }.1
Where, ,.S, = Imnediatesettlement ofthe footing

tt - Poisson's ratit 0.5 for clays

/ = Ittfluence Factor (depends on the Leigth (t) and Breadth (BJ ratio of footing
E = lvfodulus of Elasticily ofthe soil.

The total seftlernent is the sum. of imrnediate6nd oonsolidation settlernent
Values of E shall be determined from stress srain cttrve obtahed frorn Triaxial cionqolidated
undsained test" ThF conso!:idation, pr€ssure adoped in Triaxisl consolidatio-n t€st should Ue quA to
effective pressur€ at the depth Fom *hich sarnple has been taken. The \alus of / ,rnay b! d€termin€d
fton Fig. I I for ctray leyers with vrious H/B ratio qrd frqn Table 2 for clay,layers of serni.infinite
6(terlt 6 psr iS:8O09 (FrhI>,1976 (Reaffirmed l99g).

ThE Values ot I tOr clay layers ofSerni-infinite ext€nt

Shape
Influense Faotor I

Center Comer Ave&ge
Circle 1.00 a.M 0.85
Square t.t2 0,55 0.95
Recqngle

L/B = t.5 1.36 0.68 1:0
2.4 L53 0.n l"3l

" 5.0 2;10 1.05 1.83

10.0 2.52 1,26 225
100,0 3.38 1,69 2.e6

CotWetion fo; Deptn t:nd'Rigiality of Foundattsn on totsl EGfilemcnt:
Total coenpled settlemont is sub-iected to Depth conection:& Rigidity corr€ction as,under:

Depth conectioq = Total gettlement 56. Depfh factor
where, Depth factor is read from Fox's correction curves as per Fig. 12 of IS:8009 (Part-I)-lg?6

Rigidity factor = 0.8

Total :sorrested s€ttlement = Total settlernent, $rx Dep-th factor x Rigidib{ facttr
Coneotion in the SPT / N -values

Overburden Correction Ng,= Nn x Cy

The tNc / Nr) should lie be*veen 035 to 2.0 and is to be read from Fig. l of tSi213I"Ig8t
(Roaffrmred 199[

Dlatency csrrection is app-lioablieonly in case of silty sand and Fine sand

Diltftency correction is appliqable only whal N > 15

Conected Values of Ns= 15 + O5 (Nn- 15)

C

5*ffiiHm*
1lnft^$f8Bri UnlilSra



&1 Lord G*plcity of Piles in Grsnuhr goib: (Friction cun-End Be*ring.Pih)
Tlre uhimate boaring capaeity ( Q, ) of piles in granular soils is given by following fmmula:

Q"=,\(0.5 . D. y. Nr+ PD. NJ * E K Pu. TanS, fu
Ao = Cross seetio'nal area ofpile toe in cm2 D : Stern diameEr in cm

1 =,effectivermir w€ight of soil,arpile toe in kgflort'
PB = sf,feetive oysfburden plcssur€ et pil€ toe in kgf/cmz
N, and Nn - bearing eapacity frctors deperding uporr lhe angto of internal fiiction $ at:toe.

E = sqmrnstion forn layersin which pile is installed,

K = Coefficient ofearth pressure

Pq,- effuctine overburde.n,prBssure in kgflcrn2, for the ift lay,erwhere i varies frodr 1 10 n
6 - angte of wall frietion betygen pile and:soil, in degrees (rnay be takcn equal to 0) ard
46 : surfase area of pile stsm in ctnt in th" i6layer rvhere i varies from I to n.

Iood Qrpacity of Piles inrCobcslve Soll: (Frictiqr+um-Erd Eca rin g Pile)
As per para B-2.1 of Appendix-A of IS:Z9I t(part I/Sec.I).I9?9 !fte load carryr.€, capaclty of piles
corrsFucted in oohesive soil, the following formula is usE{

wher€, A :
Ae-
N"=
Co=
c=
Cto -
Ac=

Qt = A, . No. Cp" + o . C"n. A,
,Uftimate bqringespacrty of piles.

Cross,sectional area of ,pile toe in cnrf-

Beatilrg capderty faetor usually taken as 9;

Averass,cohesion at thepile tip ihkdcm'?.

Redwfion faetor
Avergge cohesion throughout tcngth of pite ih kgftmt
Surfase area ofpile shaft in cn3.

Note.l be takEn depending unon ths

Consisleney N-values
Valqes ofa

Bored Piles Driven pile

Soft to very soft <4 4.7 1,0

Medium 4-8 s.5 '0.7

Stiff 8-15 0"4 0.4

Sti{f ts hard >15 0"3 03

eonsistmc"y of,soil:

Not+2 (a); Static formula may be used as a guide only for bearing oapgcrty estimaies. Bp6er reliance
may be made on loadtest on piles.

N0te'2 (b): Fo: working out safe load a minimrmr factor of safety 2.5,stbuld be usd on the,plt|mafe
bearing CapauS estimated by statio fomulae.

Note"3 : &nny bc takm from 0.5 to 0.3 deponding upon oonsistency of soils. Higher value upto
1.0 mgy be used for soffnr soils, provided soil is not sensitive.
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