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SUMMARY

Our project that is “Designing of two storey building with its foundation™ basically deals with
the designing of a two storey building along with the design of its foundation. To carry out the
project, we were given with different data like:

Plan of boring
Boring logs
Laboratory test data
In situ test data

Firstly considering the test data we created soil profiles along three different sections. We then
created an idealized soil profile by combining and averaging the values such as depth of various
sections, the densities of each section etc. For the idealized soil profile we found out different
soil properties like c, @ etc.

After that we progressed to modeling of the building on STAAD PRO and analyzing it so that
we can get the reactions at the base. This way we can get the actual load that would be coming
on the foundation.

Thereafter different components of the building like beam, column, slab and foundation were
designed. The designing was done according to design procedures given in IS 456: 2000 taking
the loads as specified in IS 875. The designing would be done inclining more towards safety
rather than economy and we are doing so by firstly looking into all the conditions and picking
the worst case scenario. We are designing for that scenario and that section would be provided
for all other parts too and this will ensure that our structure is safe on all parts.
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Chapter 1
INTRODUCTION

For a civil engineer or civil engineering student, designing building may be his cup of tea but
often problems occur when the same engineer has to deal with the geological part that is
designing of foundation of the same building. Such problems mainly occur because in colleges,
even though all the aspects of civil engineering such as building bridges, constructing buildings,
making highways, designing foundation etc. are taught, students tend to incline towards one
particular course. Moreover students take particular electives which they think they might excel
in. There is nothing wrong in doing so but students tend to face difficulties later when expertise
in one course is not enough. Our project is such a work in which we not only design a building
but also its foundation using the loads computed that is knowledge of more than one subject is
incorporated in our project.

Yet our project is a very simple one that is to build a two storey building with its foundation. We
firstly study the data we have in hand. We were provided with data like bore log data,
consolidation data, etc. Then we create a soil profile on which our building will stand. We then
find different soil parameters. Based on these soil parameters we have to find the bearing
capacity and settlement criterion and later on, check whether our designed foundation is
sufficient or not.

We design the two storey building by assuming data like the clear height between floors,
dimension of elements and their quantity. The building is designed on STAADPRO and and
manual calculations are done to verify the sufficiency of the design.

In short the project mainly revolves around designing different elements of the building and
verifying their adequacy by means of various methods and methodologies.




CHAPTER 2

MATERIALS, METHODS AND METHODOLOGIES

2.1Materials

The detailed site investigation data has been provided. The site investigation involved
geotechnical drilling, sampling and laboratory testing.

Data provided (Refer to appendix):
Plan of boring
Boring logs
Laboratory test data

In situ test data

2.2Methods and Methodologies

For the design of superstructure, software like STAAD PRO and Auto cad are most likely to be
used. The design method would basically be limit state method. The load computations will be
done automatically by these soft wares, if not other methods may be applied.

To find bearing capacity of soil, various properties of soil are to be looked into and an idealized
soil profile is be created. The formulas supplied by IS code for bearing capacity and settlement
of foundation is to be programmed on C to make the calculations easier.

The soil profile and drawings such as that of reinforcement placements are to be drawn by hand
on charts. Comparison between manual calculations and STAAD PRO results will also be made.

The type of foundation to support the building would be determined by rough approximate
methods and if shallow foundations are recommended, design charts would be developed for
sizing the spread footings for various column load ranges.




CHAPTER 3

SOIL PROFILES AND SOIL PARAMETERS

3.11dealized soil profile

Soil profile refers to the layers of soil horizon such as the top soil, subsoil and bed rock layer but
from a geotechnical engineers perspective it is a much detailed illustration of different layers

formed by different type of soil such as

clay, silt, sand etc.

Looking into the data of bore logs given, we created three soil profiles by analyzing for various

features like depth, water table, stratum
procedure as follows:

description and other information. We took step by step

1. Selecting the section for which we are going to make the soil profile.

Figure 1: Plan of borings

2. Using a ruler to measure the distance between two consecutive bore holes along the

section that we have chosen.

3. Taking the scale given in the plan and finding the exact distance between the bore holes.

¢+ Scale for the given plan:
1 cm= 70.58ft
1cm=21.51m




. Choosing an appropriate scale(both horizontal and vertical) for our drawing sheet.
+¢+ Scale for our drawing sheet
e Vertical scale
lcm = 2ft
e Horizontal scale
1cm =10ft
Drawing the bore log data on the sheet.
. After all data has been plotted, some rough indication of the profile will come into
picture.

Figure 2: Soil profile of Section B-B




Figure 3: Soil profile of section C-C

Figure 4: Soil profile of section A-A

7. Joining all the layers having same soil type and creating lenses too. This was done for all
the three sections that we have chosen.




8. When all the three sections are done, an idealized soil profile is created by comparing and
averaging the values of depth in each section and ignoring all the insignificant layers like
lenses and all.

Figure 5: Idealized soil profile
9. The depth of each layer is found by arithmetically averaging all the similar layers in each
section. Some of the matchless soil layers and lenses are ignored.

3.2Soil Parameters:

The computations of soil parameters are done by drawing the graph of each parameter
against depth. After the graph is drawn, the value of different soil parameters like density,
liquid limit, shear strength, etc. for each layer in the idealized soil profile are found by
drawing the best fit line.
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Graph 1: Depth v/s depth
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SOIL PARAMETERS

0.36- 18 2.8

1.5-12 2 65 115 14 44 13 31

12-27 3.66- 102 24 50 15 33 2.1 2.2
8.23

27-30 8.23- 20 50 15 33 2.2 2.5
9.14

30-38 9.14- 18 50 15 33 2.4 2.5

115




CHAPTER 4

TYPES AND SELECTION OF FOUNDATION

4.1Types of Foundation
Foundations can be classified into two general categories:
1. Shallow foundation
When the D/B ratio is less than 2
2. Deep foundation
When the D/B ratio is more than 2

There are further many other types or subdivisions of both shallow and deep foundations based
on different functions, method of building, shape, etc.

In case of our building we are going with a shallow foundation because it’s only two storey high
and shallow foundation will suffice to support the loads coming on it. But checks will be done to
make sure the foundation provides enough safety and is able to bear the load of superstructure
effectively.

4.2General requirements of foundations

Foundations have to satisfy three basic criteria for a satisfactory performance. They are:
a) Location and depth criterion
b) Shear failure criterion or bearing capacity criterion
c) Settlement criterion

Location and depth criterion

The location and depth of foundation is taken such that there is no adverse effect because of
factors such as lateral expulsion of soil from beneath the foundation, seasonal volume changes
like due to freezing and thawing and presence of adjoining structure.

The depth of our foundation is initially being taken as 1.5m so that the foundation lies in the clay
layer and gets enough bearing and friction from it.

Changes can be made if the depth was found to be inadequate.

Shear failure criterion or bearing capacity criterion
The foundation is provided with adequate factor of safety against shear failure or soil rupture.

Allowable bearing pressure is the maximum intensity of loading that can be imposed on the soil
with no possibility of shear failure or the possibility of excessive settlement. The Indian Standard
Code (IS: 6403-1981) refers to allowable bearing pressure by the name allowable bearing
capacity.




For calculating the bearing capacity for our idealized soil profile, a program in C was made
based on the formulas given in IS: 6403. The code is as given :

/[Program to compute Bearing capacity//
#include<stdio.h>

#include<conio.h>

void main()

{

ints,tof;

floatc,qd,nc,nq,b,ny,q;

clrscr();

printf("\n Type of soil:\n");

printf(*\n For cohesive soil press 0\n");
printf(*\n For non-cohesive soil press any key other than 0\n");
scanf("%d",&s);

printf("\n Enter the type of soil failure\n");
printf(*\n For local failure press 0\n");
printf(*\n For general failure press any key other than 0\n");
scanf("%f",&tof);

printf(*\n Enter the value of c\n");
scanf("%f",&c);

printf("\n Enter the value of nc\n");
scanf("%f",&nc);

printf("\n Enter the value of q\n");
scanf("%f",&q);

printf("\n Enter the value of ng\n");
scanf("%f,&nqg");

printf("\n Enter the value of ny\n");
scanf("'%f,&ny");

printf(*\n Enter the value of b\n");
scanf("%f",&b);

if (s!=0 &&tof!=0)

{

qd=(c*nc)+(q*(ng-1))+(0.5*b*ny);




printf("\n The valueof of ultimate bearing capacity qd is:%f",qd);
}

if (s!=0 &&tof==0)

{

qd=(0.67*c*nc)+(g*(ng-1))+(0.5*b*ny);

printf(*\n The value of ultimate bearing capacity qd is:%f",qd);
}

if(s==0 &&tof==0)

{

qd=(q*(na-1))+(0.5*b™ny);

printf(*\n The value of ultimate bearing capacity qd is: %f",qd);
}

getch();

}




CHAPTER S

DESIGN OF SUPERSTRUCTURE

The project is continued with the design of superstructure .Basically, it will be a two-storey
building that will be modeled and analyzed using STAAD PRO.

5.1Dimension
The building will have following dimension:

= Cross section of the building: 60x60m

= Length of the beam:10m

= Height of the column: 5m

= Plinth level: 1.5m

= Cross section of the beam (Used in STAAD PRO) : 400x400mm
= Cross section of the column(Used in STAAD PRO): 500x500mm

5.2Various loads acting on the superstructure

1. Imposed load or Live Load
2. Dead Load
3. Wind Load

5.2.1Imposed load/Live load

Imposed loads are the minimum loads which should be taken into consideration for the purpose
of structural safety of the building. This load is assumed to be produced by the intended use or
the occupancy of the building including weight of the movable partition, distributed and
concentrated loads, loads due to impact and vibration and dust load but excluding wind load,
seismic load, snow load etc.

Imposed load in our case is taken on the basis of occupancy. Our building isa commercial
building.

From 1S 875-part 2, we took the imposed load for commercial building as 5kN/m?.

NOTE: (We have not taken snow and rain load, so to compensate these loads and to
accommodate processes like expansion of concrete etc.we have taken the same maximum value
of imposed load even on the roof top.)




5.2.2Dead load

Dead load includes the weight of all the permanent components of the building including walls,
partitions, columns, floors, roofs, finished and fixed permanent equipment and fittings that are
integral part of the building. Unit weight of the building materials is taken in accordance with
IS:875-part 1.

Regarding input of dead load in STAAD PRO, it can be done automatically but for the manual
considerations we use the following method:

Unit weight of concrete: 25kN/m?
Dead load of an element: 25x section of element
5.2.3Wind load

Wind load is applied to take in account the static and dynamic effects of wind forces on the
structures. Wind load will be estimated taking in account the variation in the wind speed with
time. the effect of wind on the structure is determined by the combined action of external and
internal pressures acting upon it.

Wind load is calculated in accordance to the 1S:875-part3.Firstly,design wind speed is calculated
using the following formula:

V,=Vp* ki * ky~ ks
Where,
V; =design wind speed at any height z in m/s;
k,=probability factor;
ko=terrain height and structure size factor;
ks=topography factor;
V= basic wind speed.

Using above formula and evaluating the values of k2,k2 ,k3 and Vb, the value of design speed
can be calculated. The wind pressure is given by

P,=0.6 V,




The plan of boring given to us is from Houston, Texas. The wind map of Houston is as shown

below:

10mph

J0mph

40mph

Figure 6: Wind speed map of Texas

S0mph

From the figure we got the average wind speed of Houston as around 8mph which is 3.575 m/s.

We took the Terrain Category as 3 and Class as C and we computed the wind intensity in excel

sheet as follows:

Height(m) Ky K, Ks Vp(m/s) V,(m/s) P,(KN/m2)
10 1 0.82 1 3.575 2.932 0.0052
15 1 0.88 1 3.575 3.146 0.0059
20 1 0.91 1 3.575 3.253 0.0064
25 1 0.96 1 3.575 3.432 0.0071

The above mentioned loads were taken and a building was modeled, analyzed and some
elements designed on STAAD PRO.




Design and analysis on STAAD PRO:
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Figure 7: 3D model of the 2 storey building

Different loadings given on the building




Figure 8: Dead load
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Figure 9: Wind load
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Figure 10: Combined load
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Design of beam (N0.57)

Geometry | Property | Loading I Shear Bending I De'ﬂectiorll

Beam no. = 57. Section: Rect 0.40x0.40

—_—
Length = 10 0.400

Physical Properties (LUnit: m)

Ao 015 3 0.0035

L 0.18 by, 0.00213333 Assign/Change Property
Az 015 I= 0.00213333

) 0.4 W 0.4

Materal Properties

Elasticity (kM/mm2} | 21.7185 | Density(kg/m3) [ 240261
Poisson | o7 | Alpha | 1e-00s

COMNCRETE -

Assign Materal

Geometry | Property I Loading I Shear Bending I Deflection

Beam no. = 57. Section: Rect 0.400.40

0.400
Length =10
Node | X-Coord | Y-Coord | Z-Coord UNIT: m
55 50 118 10
56 60 11.5 10
Addtional Info Releases:
Beta Angle: D Change Beta Qo
Memb
ember End:
Fire Proafing :

Radius of Curvature - Change Releases At Start....

Gamma Angle : deg Change Releases At End ...




Geometry | Property | Loading | Shear Bending | Deﬂedionl

Beam Mo = 57

30.93 20 84

55- EWB_M L5R

Saction Forces [T Include 2nd order Effect
Dist Fy Mz
Dist y - p m kN kMm
m - oL 0.000 18.958 30928
5.656656666 | -5.174 11887
75 -9.316 -5.233 Selection Twe
8.333333333} 12.457 3.839 load Cass © 1:LOADCASE 1: =
9.166666666; -15.599 15.529 §F ’ '
10 -18.740 29.837 E (@ Bending - Z (7) Bending - Y
| e () Shear - () Shear - Z

[ Geomery | Propety [ Loading [ Shear Bending | Deflection |

Beam Mo = 57

7 u
55'1 RE
-0.003

-0.006
Diist Disp
Deflection m mm
Dist Displ -
m mm 0.000 0.003
5.655666656 -0.005 Sdection T
75 -0.005 elechion 1ype
8.333333333. -0.006 1T:LOAD CASE1: =
9.166566666 -0.005 i _ _ !
@ 1 @ XD
10 Tione = @) Global Deflection ; Ir
| ()Y Dir
- (7 Local Deflection © Z Dir

Figure: Shear bending and deflection




Design of slab(No0.412):

Princ Stress and Disp Comer Stresses
Geometry Property Constarts Center Stresses

Plate No : 412

Physical Properties

Thickness
m

78 0.200000002

79 0.200000002

107 0.200000002

105 ]0.200000002;

Node

Assign/Change Property |

Material Properties

Elasticity(kMNfmm2) | 21.7185 Density(kg/m3) | 2402 6145 ——————————
Poisson 017 Alpha 1e-005 |%l
| Assign Matenal |
Princ Stress and Disp Comer Stresses
Geometry Property Constants Center Stresses
Plate No : 412
Node i Y =z
m m m
T8 v 11.5 20
79 10 11.5 20
107 10 11.5 30
106 o 11.5 30
Edge Lengths & Area
AB | BC cD DA
Length {m} | 10 10 i10 10
Area (cm2)| 1000000

Flate Spec :




Geometry I Property Constants Certer Stresses

Princ: Stress and Disp | Comer Stresses

Plate Mo : 412

Load List : I1:LOAD CASE1:DEADL -

Plate Comer Displacements

HNode K g Z
mim mim mim
78 0.005 -1.120 0.002
[i:) 0.004 -2.026 0.002
107 0.004 -2.035 -0.000
106 0.005 -1.120 -0.000
Plate Principal Stresses
SMAX SMIN TMAX Anale
Nimm2 Nimm2 Nimm2 <

Top 0.045041 0.00383289 ; 0.020604 -0.0289307
Bottom | -0.0131073 :-0.0531208 :0.0200067 :0.138702




CHAPTER-6

DESIGN OF SUB-STRUCTURE

Design of sub-structure is basically done in two parts:
6.1 Calculation of Net Ultimate Bearing Capacity of soil.

6.2 Design of Footing.

Super Structure

= /7

*. Foundation

Ground Level | ...
V///4

RN RN

Foundation Soil

6.1Calculation of Net Ultimate Bearing Capacity of soil

In geotechnical engineering, bearing capacity is the capacity of soil to support the loads applied
to the ground. The bearing capacity of soil is the maximum average contact pressure between
the foundation and the soil which should not produce shear failure in the soil. Ultimate bearing
capacity is the theoretical maximum pressure which can be supported without failure; allowable
bearing capacity is the ultimate bearing capacity divided by a factor of safety. Sometimes, on
soft soil sites, large settlements may occur under loaded foundations without actual shear failure
occurring; in such cases, the allowable bearing capacity is based on the maximum allowable
settlement.

There are three modes of failure that limit bearing capacity: general shear failure, local shear
failure, and punching shear failure.

6.1.1Definitions

Bearing capacity is the power of foundation soil to hold the forces from the superstructure
without undergoing shear failure or excessive settlement. Foundation soil is that portion of
ground which is subjected to additional stresses when foundation and superstructure are
constructed on the ground. The following are a few important terminologies related to bearing
capacity.




Ultimate bearing capacity (qy) : It is the maximum pressure that a foundation soil can withstand
without undergoing shear failure.

Net ultimate bearing capacity (qn) : It is the maximum extra pressure (in addition to initial
overburden pressure) that a foundation soil can withstand without undergoing shear failure.

Onu = Qu - YD

Here, yDs represents the overburden pressure at foundation level and where y is the unit weight
of soil and Dy is the depth to foundation bottom from Ground Level.

Safe bearing capacity (gxs) : It is the safe extra load the foundation soil is subjected to in
addition to initial overburden pressure. F represents the factor of safety.

Ons= Qnu IF

Allowable bearing pressure (g,) : It is the maximum pressure the foundation soil is subjected to
considering both shear failure and settlement.

6.1.2Calculation of ultimate bearing capacity using is code recommendations

1S:6403-1981 recommends that for the computation of the ultimate bearing capacity of a shallow
foundation in general shear failure is given by:

gnu= CNeScdeic + q(Ng-1)Sqdqiq + 0.5YBNySydyiyW
where s, d ,i are shape, depth and inclination factor respectively.
W is a factor which takes in to account the effect of water table.
NcN Ny are the bearing capacity factors.
For cohesive soil, the net ultimate capacity of a footing is given by equation:

qnu= CNcScclc




Figurell.Footing placed in idealiszed soil profile

Gnu= CNeScleic + (Ng-1)sqdgiq + 0.5YBNySydyiyW'

Cuavg = C1Hi+ CoHy+....

>H

Cuavg = (2.8x2.16 ) + (0.84x2.2)

(2.16 + 0.84)
Onu = CNcScclc
Cuavg = 126.02 kN/m?

N, =5.14




Onu=126.02x5.14x1.3x1.12x 1
= 943.11kN/m?
Factor of Safety (F) =3
Safe Bearing Capacity= qn, / F = 943.11/3 =314.37 kN/m?
6.2 Design of Footing

6.2.1Introduction

Footings are structural elements that transmit column or wall loads to the underlying soil
below the structure. Footings are designed to transmit these loads to the soil without
exceeding its safe bearing capacity, to prevent excessive settlement of the structure to a
tolerable limit, to minimize differential settlement, and to prevent sliding and overturning.
The settlement depends upon the intensity of the load, type of soil, and foundation level.
Where possibility of differential settlement occurs, the different footings should be
designed in such away to settle independently of each other.

Foundation design involves a soil study to establish the most appropriate type of foundation
and a structural design to determine footing dimensions and required amount of
reinforcement.

Because compressive strength of the soil is generally much weaker than that of the
concrete, the contact area between the soil and the footing is much larger than that of the
columns and walls.

The type of footing chosen for a particular structure is affected by the following:

1. The bearing capacity of the underlying soil.

2. The magnitude of the column loads

3. The position of the water table.

4. The depth of foundations of adjacent buildings.

6.2.2Types of foundations

Based on the position with respect to ground level, footings are classified into two types;
1. Shallow Foundations

2. Deep Foundations

Shallow Foundations are provided when adequate SBC is available at relatively short depth
below ground level. Here, the ratio of D¢ / B < 1, where Dsis the depth of footing and B is the
width of footing




Deep Foundations are provided when adequate SBC is available at large depth below ground
level. Here the ratio of Ds/ B >= 1.

Types of Shallow Foundations

The different types of shallow foundations are as follows:
» Isolated Footing

» Combined footing

« Strap Footing

« Strip Footing

« Mat/Raft Foundation

» Wall footing

G

L

Fig-12 Isolated square footing




6.2.3DESIGN OF AN ISOLATED SQUARE FOOTING
Taking Node 86 from the Plan of the Building.

DATA PROVIDED:

Load on the column= 1826kN

Column size= 500x500mm

Safe Bearing Capacity= 314.37kN/m?

Assuming My and Feyss

Node | F (kN) | F (kN) | F,(kN) | M (kN-m) | M (kN-m)

M, (kN-m)

86 | -15.93 1826 -0.00 0.00 0.00

9.061

Figure-13.Plan of the building showing respective nodes




SIZE OF THE FOOTING:
Assuming the weight of footing + Back Fill= 10% of load
Total load=1.1x1826=2008.6kN
Base Area required= Total load/Safe Bearing Capacity=2008.6/314.37=6.389m?
For a square footing,
Minimum size of the square footing=VA
=2.57m
Hence , provide a footing of size 3m x 3m
Net upward pressure in soil,p= 2008.6/(3x3)= 223.17< 314.37kN/m?
Factored upward pressure of soil= 1.5 x223.17=334.76 kN/m?
Factored vertical load,P=2008.6 x1.5= 3013kN
TWO WAY SHEAR
Assume an uniform overall thickness of footing,D= 750mm
Assuming 16¢ bars of main steel, cover = 75mm
Effective Thickness, d= 750-75-16 =659mm

Critical section for two way shear/Punching shear occurs at a distance of d/2 from face of the
column.,




d/2

b+d

d/2

az d/2
Fig-14.Critical section for two way shear.
Punching area of the footing = (500+d)? =(500+659)%=1.343m?
Punching Shear Force= Factored Load-(Factored upward pressure x Punching area of footing)
= 3013 —(334.37 x 1.343)
Perimeter of critical section = 4(550+d)=4(500+659)=4636mm

Nominal Shear Stress in Punching,t, = Punching Shear Force

Perimeter x Effective Thickness
7= 2563.87 x 10%/( 4636 x 659) = 0.84N/mm?
Allowable Shear Stress = kgt (ref. to sec 31.6.3 IS 456:2000)
1:=0.25V fck =.25 u 20 =1.12N/mm?
ks= (0.5+ B;)=(0.5+0.5/.5)=1
Allowable Shear Stress =kst, = 1 X 1.12 = 1.12N/mm?
Allowable Shear Stress > Punching Shear Stress
Therefore, assumed thickness is sufficient to resist Punching Shear Force.
DESIGN FOR FLEXURE

The critical section of flexure occurs at the face of column.




\I\ critical section for
moment

Fig-15. Critical section for moment.
Factored upward soil pressure, p,=334.5kN/m?
Let projection of footing beyond column face=1=(3000-500)/2=1250mm

Bending Moment at critical section, M= p,l*b/2 (ref. to sec 34.2.3 1S456:2000)

M= 334.76 x 1.25%x 3

2
M= 784.59kN-m

My=0.87f)Aqd |1 - fyAs (ref.to Annex G-1.1 of IS 456:2000)

b d fe
Calculating Ag; from above equation and on solving ,Ag = 3420mm?
% area of steel, p;=0.172
ONE WAY SHEAR

The critical section of one way shear occurs at a distance of ‘d’at the face of column.




critical section for
punching shear

: d/2;
L Ci+d :C]: ;

A Cd 1

222]

J }
. . L
critical section for
beam shear

Fig-16.Critical section for one way shear.
V= py(l-d)B
V= 334.76(1.25 - 0.659)3
V,=827.27kN
7,=0.41N/mm’
Referred to Table 61 of SP-16, 1.=0.41,f4=20N/mm?
p=0.36
Comparing p; from flexure and one way criterion,

Provide pi= 0.36(larger of the two)

Hence, Area of steel required (Astreq.) = pr. B .d
100

Agtreq= 7117.2mm?




No. of bars=  Asireq = 36 bars
/4 x 16°
Spacing = 80 mm c/c both ways.
Ast provided = 36 X /4 x 16° = 7236mm°
Ast provided™>Ast required (0-K.)
Provide 36 bars of 16¢ at spacing of 80mm c/c.
CHECK FOR DEVELOPMENT LENGTH
Required development length = Ly= ¢(0.87fy)
Thd
For Myoand Fess, Lg=47¢
For 16¢ bars, Lqy =47 x 16 = 752m

Total length available =1250-75=1175>752 (0.k.)

CHECK FOR BEARING STRESS

Let A;= area of footing = 3 x 3 = 9m?

A= area of column=0.500 x 0.500 =0.25m?
V(A1/A2)=6>2

Limit the value of V(A1/A2) =2

Permissible bearing stress = 0.45 fy\(A1/A2) = 18N/mm?

Actual bearing stress = Factored Load = 1000 x 3031

Area of column 500 x 500

(ref. to Cl. 26. 2 .1 of IS 456:2000)

= 12.21N/mm?

Therefore, Actual Bearing Stress < Permissible Bearing Stress (0.k.)




R/F DETAILING
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Figure-17 R/f detailing of Isolated Square Footing




APPENDIX (Bore logs)

Water First Noticed: N/A Depth to Water: 156 Drv Unit
Completion Depth: 400" Date: August9, 191 Caved Depth: 28.6' Y
Type: Wet Rotary Date: August 10, 191 WEIghtS
Logger: T. Mireles Backfill: Bentonite Granules |
bl || g | Locaon NSG0;ESH0 RN %;N >§ :
314 b | e lontod Bk |83 B 85|85 25 65 ol B .| 5
7|8 g 5’3 Note: Location and Elevation Relative ,_ah HEAHEME S soL
E > |g o to Temporary Beachmarks Shown on Plate 1 jdn g; K éj o4 ﬁz ;é “I‘gx
: @ STRATUM DESCRIPTION i ga(ge(Pul o
SANDY SILT; gray ” \
SANDY CLAY, stiff, tan and gray 13 fy 12P"|
' - with ferrous nodules at 4 P 1633 13 ! T
- 5 - -
: - with calcareous nodules at 6’ g ,/ T3P
- very stiff below 7 wn T /f L
- with sand pockets below & I 68
0 B[/
CLAY, very stif, red and gray 110Y
- with sand pockets to 16
i /
s Atterberg Limifs | % W 280
- with siltstone nodules at 18’ TR
B B[4
CE 5323: Advanced Foundation Engineering Undrained Shea,l/

Strengths
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Report Na. 0401-2452

T _— wr .t 1 owvra Thaasl oo 7o 60ae 1€ L0
Water First Noticed: N/A Deplaio waiet: 5.0
Completion Depth: 40.0°  Date: August 5, 1591 Caved Depth: 28.6°
- N el Date: Angust 10,1
Type: WEL Kotary Dat nu&l&at 10, 15%
Logger; T. Mireles Backfill: Bentonite Granules
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Report Na. 0401-2452
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Watcr First \Io[u:ed: N/A Dept13 to W‘atcr. 159
an TDate: Aunguct ¥ 1991 Caved Depth: 20.1
\-QwPlULlUll UU&JL&I- Vg Arlve ARnagiy oy A8 S
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Report No. 0401-2452 N e ]
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Water First Noticed: N/A Depth to Water: 15.2°
Completion Depth: 40.0° Date: August 9, 1991 Caved Depth: 27.2’
Type: Wet Rotary Date: August 10, 1991
er: T. Mireles Backfill: Bentonite Granules
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L SANDY CLAY, stil ,‘tan and gray 15 3 5P
L - very stiff, with calcareous and ferrous nodules
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- 30 CLAY, very stiff, red and gray, slickensided, 295
L with siltstone nodules
L
I 5P
35
62.4
" CLAYEY SILT, medium dense, red 380
L o om0 S - 604
@ a 40.0

LOG OF BORING NO. 4
EXXCN COMPUTING CENTER
HOUSTON, TEXAS
PLATE A4




-hiero B McClelland

,
deM ey, ] ey B ., Ay .
fMLONRMNLS ey -y o0 by 3 \C) i b
. IS =l o =l ;?_ Al o (a1 Aas)
W | .
Dd  CAHDIHM = | |
AMO LINN i A )
% aANAIS 00T i
“OM DNLSSY
(Id) XAOHI = |
ALIOLLSYId _
LTHE | _
DILSH B
8 LIWTT I _
m QINBIT ,
i | 2 CANEANOD o, °9 ]
uw R0 NEITT 1~ < *
iy
PR HLAHIQ <= ~
S g o5jeN b
g, a1 nk] & o
e ,m % a o - 1
S8 83 5 HAAL
2 E. barg :
80 < - 1
T » '
o, B &2 o '
] Pl !
£ A o ' !
& _w Z ' ,
=8 8 : "
5
[~ Wr “ i
T I “ '
- sS4 5 " o '
N m” R 434 = '
-t X b € - ol 1
. U E ; ] i
ol med A 8 o
) wl [T I L] ] t
7 -~ m o E £ g '
Bo e H@ 2 n .
=4 . e sl = .nm ¢
.A, _‘D ™~ & | P s H
L ]
¥ LS5 & £, "
&l o e w2 ren
] €Y ot E = f
S, v 4 '
vl &
Quz 20 H 1
An Q5.9 = 3 1
- 1 2,
~ T - + 1
L= S T MU T v | o SR (PSS U | S S
S ow 1004 !
[V = N 1] - -
e Y MIid smOTIE
3 tud o
o & 3 N A AL 1553 JRAANC B ——
Z (0 oz S T EFMIIES e A, e s A A
S eEar X _—_—__e,sT P ni nnn
.0 0 OBAAS 3 A Y R R R R
1 e N SRR R AR s NN :
O . O ¥ v < )
% 8 B8 14 mudag o) = = a A A
BOE3 i i i W el i fd i - ,

u
+




fucro B McClelland

| w
I D
; | AN i B (e B _ e | o | <
| fHLENZRMLS [ .,M = o ey = o _ o~ i e i
HYAHS SR I G B G R (] o o~ en , i
r T
~ I | |
=0d  ‘aweram | | = IS5 1 ! | i nn.
AMO JLINN e [ [ ﬁ
#°3aN3Is e _ ; | , W ,
*ON BNISSY | i |
(Id) EONT _ f
AJIOILGY Il
LIWI™ |
DILSY I ,
b
R LTHI" "
2 arnbrs | O
o oy f = - i
A -4 | % TUINILLNOD (] «t o
13 0 3N = 11| b “
— ) v A =
T Tt =2 oy =< ™y
- HLd3d vy 2 Il b = il
S8 S |8 S R =g ZER
S22 80 yaen '
= & o ¢ ;
an .,n 25 =
£y, A &
fu D e 53
O eg 4o P
=1 Q3 A o i
2 0
= B G to
RIS - ,
“a 3 g
] = C.
= g ¥ [ = =
3 o T L) , 2 Cie
SO b 5 g
g B 2B A © 9 5 =
ML _ [+3] fad 753 et kS ﬂ" <3 :w
2 s B8 & 5 = g 3]
|8 Hm P g B -
] 2 ) ote 1 < o £ =
An VS ml m. Lo iy [+ a w
ZEEE o & g i o
i “eEE B B © g "
@ HT e B w “ = - 2
8 =] e = v « Tl
(8] ,.MW mm .Iw o nm m & & o
gy w B o] oLl | R
o |3322 4 i ¥ & e
.I..Im.w [ R AT a ' ) " _
Zic
g "
oo ow 1004 ‘
[ = IR A - - L
Mo on3 B MEld SMOTME i
g D adn .
N R GE e T N A sl
P B b -y e ey C.d .‘Auax‘nﬁ AN a T O
5|5 i
. IDHMAS RN R RN N W R Y BRI N
; Bl = NN e e At
¢ A L) s
s [ ] 1y [ ey mlw
m_. A g B L RIRE (o 'y = - 3l a a ) F
g | O P T S AU UV T WU TN TP TNV SSRGS AP GRS VU N SO SN WS S S -




1 Mo
450 ) P e, o (=] 2. ! o«
‘hioNmLs | b | [=ln - e =t o) : _ _
WHIHS | . o fer N Tu B e | ___u_ i
i m = Y [ <
40t ' LHDIFEM ] 00 «+ _ <
AdC LINA Fl ] = = ; -
4 S3TS PeE ,_ : j
“OM BNISSYel
CId) XIAMEL | |
ALTITABY | | |
LTI . . |
OTLSE _ _ "
1 T T T
E aIntr | [ | .
[
et G2 ) 3 CLNELLNDD | N ke~
w 20 HALYN | = i & '
fg 2 :
ol HidzI0 g mu. o =40 0o
598l senam R b2 e S
.59 5 ETRY ’ I
B B o !
Sy T, |
g | 1z & B
= K= o |
3% I
=18 8 A
i = B3
b E 2 g
=] : 1y 1
by s -
k] 8 o g 2 1
[ o ®E &t i & !
e i E
28 15 g 4 S g :
= & B '
8 S ] .
a B2 m., “
] o e
i e el !
4] = ]
[ ) ; )
= ] ﬁ_Wm o '
i 7 4 ay '
4 e S I
m w 4_ mw. 1
| g & !
) 1
IV 1004 o |
SE BLl und snoe -
R Y| I S U P - anem - —s]
A I R e I A TR JUNNeR_ | -
. e e N N N N NN RO RN RN N .
LT — mﬁ_ ﬁm, m,ﬁ%”%
25 5 A R A A A T T R R T R kg W
Eo® ; wwwymwwwywwwwvwwwwyﬂvwwwwwwvyww,_,,_. yv””_y.,vz_zw,wwwwwwwww#_Zﬂ,.,/_w,,wﬁ_,w,_ mv IR —
PR :
% B RE L3 ‘nudso " = ) =] 0 R wy g
B0 E S e T d e S AT RS DU RN S YT SO T TN S PP NPV S SR VA S T A




Report Na. 0401-2452

GRrOD © McClelland

Water First Noticed: N/A .
Completion Depth: 39.0°  Date: August$, 1951
Type: Wet Rotary
Logger: T. Mireles

Depth to Water: 14.9"
Caved Depth: 33.6

Date: August 12,1991
Backfill: Bentonite Granules

« | || e | Location: N5364;E 5197 X Talgn »6 1 =
E)alel B | swrEaor eNz|esl8nlBnl8ei 28 8% | oF
53 g li’ mg Note: Location and Elevation Relative g3 R |Ez|2E 6R | 2n 1 §35
| £ 2¢ to Temporary Benchmarks ShowvmonPlate 1 | € J W[t mH|IH g B T | ITWX
'y i 1< o " - . L TR i B A BB Al IR e [ > i hadt
w ‘"lm.l - 0|7 [* |dZ[¢ca| 3w -
a & STRATUM DESCRIPTION 3 i4|g2| 8| @
T= SANDY SILT, gray 9.7
) 7 ] SANDY CLAY, stiff, gray and tan 1%
r ‘%J - with calcareous nc;dT esat2’ 13F
- % - with ferrous nodules at 4 T
_. 5 ‘% - tan and orav halaw £ 116 1'9 Q
% tan and gray below & 167
r o7
| /A —_ Ll
CLAY, stiff, tan and gray, with calcarcous 80 13P
r Ve noduies and saod pccke:s 3 31 130
0
I 83.7
SILTY CLAY, stiff, tan and gray, with 120
I % calcareous nodules and silt pockets 137
] 837
- 15 CLAY, very sulf, red and gray, siickensided, 13.0
I Y with calcarecus nodules
) VAL LA
I 7% | 2 257
r WA g ) R R wew g
3 W/% —
/% - with sand pockets below 23 5TP
74.2
SANDY SILT, very &_ensc red ﬁ.m: 26.5 =
- \V'I[n sanqsmne seams DCK)W 46 it
2 3
CLAY, very stiff, red, slickensided 295
- with sandstone seam at 32°
36F
r % 62.7
r '.l_ [ 'r-ll SILTY SAND, re;Ff ﬁﬁe with r'lay pot_:k_,ts and 380 ]
T T[T 7T sandstone nodules 1. _____ M ~
e 39.0
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Report No. 0401.2452

Water First Noticed: N/A Depth to Water: 15.9°
~ 1t Motk 2002 ot 1 1 Cayed Deoth: 21717
Lomplelicn vcpil. o7V USL 1, L7 s cPUil Ji.a

Type: Wet Rotary Date. August 12, 1991

Logger: T. Mireles Backfill: Bentonite Granules
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Repart No. 0401-2452 W = e
Water First Noticed: N/A Depth to Walter: 7.8
Completion Depth: 32.0° Date: August 9, 1991 Caved Depth: 124
Type: Wet Rotary Date: August 10, 1951
Logger: T. Mireles » Backfill; Bentonite Granules
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Report No. 0401-2452
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Water First Noticed: N/A Depth to Water: 10.5’
Completion Depth: 29.5  Date: August 10, 1991 Caved Depth: 26.2'
Type: Wet Rotary Date: August 12, 1991
Logger: T. Mireles Backfill: Bentonite Granules
- o Location: N 5237; E 5138 x >~loN B .
Lol glel ¥ | SwfEL 1007 e Nz|eo o] S| HE|ZY| EL | L F
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e a STRATUM DESCRIPTION 8 2é|gsl P8l ®
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I SANDY CLAY, stff, light gray and tas, with L TP
F calcareous and ferrous nodules 0 % B H 10
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| 20 110} 18Q
15E
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15 852
CLAY, very stiff, red and gray, slickensided,
with calcareous nodules
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- 20 % 03] 21Q
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25
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HOUSTON, TEXAS
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Water First Noticed: N/A Depth to Water: 14.6’
Completion Depth: 30.0"  Date: August 10, 1991 Caved Depth: 3.7
Type: Wet Rotary Date: August 12, 1991
Logger: T. Mireles Backfill: Bentonite Granules
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HOUSTON, TEXAS
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Report No. 0401-2452 .

-F.u:nu @ McClelland
! | T S I T TG I RN A
"

=

Water First Noticed: --

Depth to Water: --

Completion Depth: 40.0' . Date: November 3, 1991 Caved Depth: --

Type: Dry Auger to 6; Wet Rotary below 6

Logger: T. Mireles

Date: --
Backfill: -

- o Location: N 5630 ; E 5567 x bate X N &
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L 52P
-5 05119 117| 43Q
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VERTICAL STRAIN.

BORING: 1

PENETRATION: 8.0 Ft

MATERIAL: SAND'Y CLAY, stiff, gray
DRY UNIT WEIGHT: 113.3 pef
WATER CONTENT: 17 %

LIQUID LIMIT: 40
PLASTIC LIMIT: 1

SPECIFIC GRAVITY: 2.70 (assumed)
INITIAL VOID RATIO: 0.487
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VERTICAL EFFECTIVE PRESSURE. F

(ksf)

{INZ /DAY

C"u"

COEFFICIENT OF CONSOLIDATION,




BORING: g

FEMETRATION: 20.0Ft

MATEMHAL: CLAY, atiff, red and gray
DRY UMIT WEIGHT: B85.7 pcf
WATER CONTEMT: 38%

LICUID LIMIT: TO

PLASTIC LIMIT: 23

SPECIFIC GRAVITY: 2.75 (assumed)
INITIAL VOID RATIO: 1.002
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CONSOLIDATION TEST RESULTS
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