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SUMMARY

My 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 | created soil profiles along three different sections. | 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 | found out different soil
properties like c, g etc.

After that | 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 | am doing so by firstly looking into all the conditions and picking the
worst case scenario. | am designing for that scenario and that section would be provided for all
other parts too and this will ensure that my 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 my project is a very simple one that is to build a two storey building with its foundation. I
firstly study the data we have in hand. | was provided with data like bore log data, consolidation
data, etc. Then we create a soil profile on which 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 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

Materials

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

Methods 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

Idealized 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 description and other information. We took step by step
procedure as follows:

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

( Lid B-17 (12)
Existing Ground Surface 2
El-951097

1-Story
Basement Area ——

|
Finished Floor ——}—=
Elg8

I Propose~. Comyting

B-12(1/2 L
p @18-13 (1'2)

LEGEND

@ Soil Borings.

(12) Depth of surficial fill /silt layer
encountered in boring.

| Proposed Central |
Plant r 4
[ Substation ]

Assumed bearing reference at Southeast
H /—pmpcny corner North 5,000 ; East 5,000.

Temporary benchmark, top of curb on north
/ /—- Property Line ———1 sicle of bridge on Greens Parkwaly assumed o
)

,‘ elevation 100 for boring reference. ————
o —— -s Sl S Se——— - ; - —_—

Greens Parkwav

Figure 1: Plan of borings




1. Using a ruler to measure the distance between two consecutive bore holes along the
section that we have chosen.

Taking the scale given in the plan and finding the exact distance between the bore holes.
<> Scale for the given plan:
» Vertical scale
1 cm= 70.58ft
» horizontal scale
1cm=21.51m

2. Choosing an appropriate scale(both horizontal and vertical) for our drawing sheet.
X Scale for our drawing sheet
» Vertical scale
lcm = 2ft
» Horizontal scale
1cm =10ft

3. Drawing the bore log data on the sheet.

4. 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

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

6. 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.




Surface
Sandy silt 15ft

Figure 5: Idealized soil profile

7. 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.

Soil 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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CHAPTER 4

TYPES AND SELECTION OF FOUNDATION

Types 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.

General 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.
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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;

float c,qu ,n¢,ng, 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 n/\n™);

scanf("%f",&n;);

printf("\n Enter the value of q\n");

11




scanf("%f",&q);

printf("\n Enter the value of nq\n");

scanf("%f, &nq");

printf ("\n Enter the value of n,\n");

scanf ("%f, &n,");

printf ("\n Enter the value of b\n™);

scanf ("%f", &b);

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

{

Gu =(C*nc)+(q*(ng-1))+(0.5*b*n,);

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

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

{

qu=(0.67*c*nc)+(q*( nq -1))+(0.5*b*n,);

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

If(s==0 &&tof==0)

{

Gu =(q*(ng -1))+(0.5*b* ny);

printf("\n The value of ultimate bearing capacity is q,: %f", qu);

¥
getch();

¥
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CHAPTER 5

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.

Dimension

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

Various loads acting on the superstructure

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

Imposed 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 IS 875-part 2, we took the imposed load for commercial building as 5kN/m?.
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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.)

Dead 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
Wind 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 IS: 875-part3.Firstly, design wind speed is
calculated using the following formula:

V;=Vp * K1 * Ko x K3
Where,

V;, =design wind speed at any height z in m/s;

k1=probability factor;

14




ko=terrain height and structure size factor;
ka=topography factor;
Vp= basic wind speed.

Using above formula and evaluating the values of 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:

gt

Calm 10mph 20mph 30mph 40mph S0mph

Figure 6: Wind speed map of Texas

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

15




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

Design and analysis on STAAD PRO:

Figure 7: 3D model of the 2 storey building
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Different loadings given on the building

Figure 8: Dead load

\\,\\\\

Figure 9: Wind load
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Figure 10: Combined load

Summary of beam analysis (Both horizontal and vertical):

Fx Fy Fz Mx My Mz

Beam e Node kN kN kN kNm kNm kHm

I] 1 LOAD CAS a i i -0.19 -0.19 -0.000 0.254 -0.2
Min Fx 246 |2 LOADCAS 183 -1.202 63.066 0.000 ~0.940 ~0.003 105.642
Max Fy =7 2 LOAD CAS 55 3937 127374 Znn6 0208 0.002 213.360
Min Fy 293 |2 LOAD CAS 55 Sy aE T 0.007 0308 0,002 213880
Max Fz 20 2 LOAD CAS 2 737172 7883 97.548 0024 13813 5355
Min Fz 758 |2 LOAD CAS 174 737,167 Fos3 97546 ‘0024 38131 5556
Max Mx] 288 |2 LOAD CAS ) 3887 81245 0.007 1.915 0’003 54,500
Min Mx 252 |2 LOAD CAS 185 3887 #3755 0064 4915 0.005 107.058
Max Wy| 34 2 LOAD CAS 3 243809 3942 46532 ‘0006 130.973 e
Win My 272 |2 LOAD CAS 195 343808 5637 46538 Zooos T 430,080 5357
Max M2 57 2 LOAD CAS 55 3837 127374 0064 {0208 0.002 213.860
Min Mz 734 |2 LOADCAS 168 243609 46532 2943 0.008 9241 4300973
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Summary of slab analysis:

Shear Membrane Bending Moment
Plate LiC 50X (local) | SQY (local) | SX (local) 5Y (local) | SXY (local) Mx My Mxy
Nimma2 N/mm2 Nimm2 N/mm2 H/mm2 kNmim kNm/m
Max Cx 2 LOA 0.005 -0.021 0.019 0 1 0.055
Win Cix 405 2 LOAD CAS -0.005 0.001 -0.021 1.958 0.118 0.055
Wax Clyl 420 2 LOAD CAS -0.001 0.005 -0.019 -0.021 -0.000 -0.118 -1.958 -0.055
Win Ciy 404 2 LOAD CAS -0.001 -0.005 -0.019 -0.021 0.000 0.118 1.957 -0.055
Wax Sx 442 2 LOAD CAS -0.001 0.001 0.009 0.009 0.000 -0.766 -0.766 -0.1658
Win Sx 478 2 LOAD CAS 0.002 -0.002 -0.032 -0.032 -0.002 0.648 0.648 o127
Max Sy 457 2 LOAD CAS 0.001 -0.001 0.009 0.009 0.000 -0.766 -0.766 -0.165
Min Sy 478 2 LOAD CAS 0.002 -0.002 -0.032 -0.032 -0.002 0.648 0.648 0127
Max Sx 508 2 LOAD CAS 0.002 0.002 -0.032 -0.032 0.002 0.648 0.648 -0.127
Win Sx 503 2 LOAD CAS -0.002 0.002 -0.032 -0.032 -0.002 0.648 0.648 0127
Wax x| 42 2 LOAD CAS -0.005 -0.000 -0.021 -0.01% -0.000 1.967 0.358 -0.011
Win Mx 431 2 LOAD CAS 0.005 0.000 -0.021 -0.01% -0.000 -1.967 -0.368 0.011
Max Myl 402 2 LOAD CAS -0.000 -0.005 -0.019 -0.021 -0.000 0.368 1.966 -0.012
Min My 422 2 LOAD CAS -0.000 0.005 -0.019 -0.021 0.000 -0.368 -1.967 -0.011
Wazx M| 405 2 LOAD CAS 0.003 -0.003 -0.022 -0.022 -0.000 1.830 1.830 0.316
Win Mx 400 2 LOAD CAS -0.003 -0.003 -0.022 -0.022 0.000 1.830 1.830 -0.315
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Design of beam (N0.57)

Geometry | Property | Loading I Shear Bending I De:ﬂectionl

Beam no. = 57. Section: Rect 0.400.40

}0.4 oo

Length =10

Physical Properties (LUnit: m}

A 016 b 0.0036

Ay 0.1& by 0.00213333 Ep—
Az 016 I= 0.00213333 ==
D 0.4 W 0.4

Material Properties

Elasticity (kN/mm2} | 21.7185
Poisson |oav

| Densityikadm3) | 2402.61
i Alpha [ 1e-005

0.400

COMCRETE =

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

55 S0 11.5 10

56 60 11.5 10
Addtional Info Releases:
Beta Angle: 0 Change Beta Start:
Member

End:

Fire Proafing :
Radius of Curvature -
Gamma Angle : deg Change R

UNIT: m

1)
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Geometry | Property | Loading | Shear Bending | Deflection

Beam Mo = 57

3093 29.84

55 P T Leg

[}
Section Forces [MInclude 2nd order Effect
Dist Fy Mz
Dist Fy Mz | . m kN Khim
m kN klim 0.000 18.958 30928
6.666656566 -5.174 11,687
75 9318 5233 Selection Type
8.333333333; -12.457 3.839 Load Case :© 1-LOAD CASE 1 =
9.168658668 ! -15.599 15.529 F : :
10 -18.740 29,837 ‘E @ Bending - Z () Bending - Y
| i () Shear-Y () Shear-Z

Gecmeir:.fl Propert:rl Loading |Shear Bending | Deflection |

Beam Mo =57
m u
55—1 56
-0.003
-0.006
Lf
Dist Disp
Deflection m mm
Dist Displ - 0.000 0003
m mm : :
6 666666666 -0.005 Selection T
7E “hooE election Type
8333333333 -0.006 T.LOAD CASE1: -
5.166666666: -0.006 b _ . )
@ ; @ XD
10 Thnos £ @) Global Deflection i Ir
| (2 Dir
- ) Local Deflection i ZDir

Figure: Shear bending and deflection
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Design of slab(No0.412):

Princ Stress and Disp
Geometry

Comer Stresses

Property Constants Center Stresses

Plate Mo : 412

Material Properties

Elasticity(kM/mm2}

21.7185

Physical Properties

Thickness
m

73 0.200000002

79 0.200000002

107 0.200000002

106 0.200000002;

Node

Assign/Change Froperty |

Density(kg/m3) | 24026145

Poiz=zon 07

|CONCRETE

Alpha 1e-005 e |

Princ Stress and Disp

| Assign Material |

Comer Stresses

Geometry Property Constants Center Stresses
Plate No : 412
Node = u =z
m m m
78 0 11.5 20
79 10 11.5 20
107 10 11.5 30
106 0 11.5 30
Edge Lengths & frea
AB BC cD DA
Length (m) | 10 10 10 10
Area (cmz2)| 1000000
Flate Spec :

22




Geometry I Property Constants Center Stresses

Princ: Stress and Disp | Comer Stresses

Plate No : 412

Load List : |1:LOAD CASET:DEADL =

Plate Comer Displacements

Node X Y z
mm mm mm
73 0.005 -1.120 0.002
Fic 0.004 -2.038 0.002
107 0.004 -2.035 -0.000
106 0.005 -1.120 -0.000
Plate Principal Stresses
SMAX SMIN TMAX Anale
Nimm32 N/mm32 N/mm32 Z

Top 0.045041 0.00383289 : 0.0Z20604 -0.0289307
Bottom | -0.0131073 ;-0.0531208 : 0.0200067 : 0.138702
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CHAPTER 6

BEARING CAPACITY USING TERZAGHI EQUATION

In geotechnical engineering, bearing capacity is the capacity of soil to support the loads applied
to the ground. It is the maximum contact pressure between the foundation and soil which
shouldn’t produce shear failure in the soil. Ultimate bearing capacity(qu) is the value of bearing
stress which causes a sudden catastrophic settlement of the foundation (due to shear failure).
There are three modes of failure that limit bearing capacity general shear failure, local shear
failure and punching shear failure.

Its calculated from an equation that incorporates appropriate soil parameters (e.g. shear strength,
unit weight) and details about the size, shape and founding depth of the footing. Terzaghi (1943)
stated the ultimate bearing capacity of a strip footing as three term expression incorporating the
bearing capacity factors N¢, Ng and Ny which are related to the angle of friction (o).

Where c, is the undrained cohesion, q is the vertical effective stress and B is the width or the
diameter of the foundation.

For cohesive soils
®=0,where N; = 5.7, Ny=1 and Ny =0
For square footings
Qu=13ciNc+qNg+04YBN,
For circular footings

Qu=13cuNc+qNg+03 Y BN,

So equation becomes

Onu=1.3 ¢y N

24




6.1 CALCULATION OF BEARING CAPACITY

For calculating qy first calculate the ¢, value from graph 3
Cu = Cavg (Weighted average values)
Cavg = CiHi+CoH;

=26*216+22*0.34/2.16 +0.34

= 2.6 ksf i.e. 125 kN/m?
SURFACE

Sandy silt

Sandy clay | S
i 2.5 !

2.16m

_________ 0.34m

clay rupture zone -

Figure: 11 C, weighted average value

25
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As Q, the test result for unconsolidated- undrained triaxial. C, value as taken from graph (the

best fitted line of Q according to its depth)

OQnu=1.3*125*5.7

=026.25 kKN/m?

Safe bearing capacity Spc
= Qn/f.0.8
= 926.25/3

= 310 kN/m? approximately
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7.1

CHAPTER 7

LOADS ON SUPERSTRUCTURE

FROM THE ANALYSIS IN STAAD PRO FOR DIFFERENT NODES

Node F, Fy F, My (KN.m) M, M,(kN.m)
(kN (kN (kN (KN.m)

85 108.66 960.805 0.000 0.000 0.000 -42.269
86 -15.930 | 1825.432 -0.000 0.000 0.000 9.061
87 -1.549 | 1791.060 0.002 0.001 0.000 1.826
88 -0.076 | 1797.039 -0.007 -0.003 0.000 0.099
89 1.383 1791.059 0.004 0.002 -0.000 -1.622
90 15.751 | 1825.432 -0.000 0.000 0.000 -8.850
91 -108.80 | 960.906 0.001 0.000 0.000 42.452

4 -0.057 | 960.859 108.763 42.370 -0.000 0.091
32 -0.085 | 1825.440 | -15.832 -8.948 -0.000 0.103
60 -0.087 | 1791.056 -1.463 -1.721 0.000 0.104
116 -0.084 | 1791.061 1.462 1.721 0.000 0.102
144 -0.085 | 1825.424 15.834 8.949 0.000 0.103
172 -0.057 960.854 -108.762 -42.369 0.000 0.091

Table 1
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COLUMN DESIGNED FROM STAAD PRO

& & & & & &
B & &
B & & &
& M) @ @

& & @ & &
& & @ | & &

&
&
&
&
Ry

NODE 90

Figure: 12

Taking node 90 for futher designing of footings in which its loads in various direction and
moment are given in figure.11. According to its load it is the maximmum load coming to the
substructure i.e foundation. And its moments are ignored as its very neglible.
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CHAPTER 8

FOOTINGS ON SHALLOW FOUNDATIONS

Footings ' belong to the category of shallow foundations ( as opposed to deep foundations such
as piles and caissons ) are used when soil of sufficient strength is available within a relatively
short depth below the ground surface; otherwise deep foundations are used

Shallow foundations comprise not only footings but also rafts which support multiple columns
on a large plan area. It has a large plan area in comparison with the cross sectional area of the
columns it supports.

8.1 ISOLATED FOOTING

For ordinary structure located on firmly soil, it usually suffices to provide a separate footing for
every column. Such footing is called an isolated footing.

It is generally square or rectangular in plan; other shapes are resorted to under special
circumstances. The footing basically comprises a thick slab which may be flat, stepped or
sloped ( on the upper surface )

8.2 TYPES OF FOOTING

a) Isolated footing (spread footing)

J

Dr

[ ]

Figure : 13
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b)Combined footing

c) sloping

Figure: 14

l

E

-

Figure: 15
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d) step footing

Ds

Figure: 16

c) Continuous / strip footing

Figure : 17
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8.3 DESIGN OF ISOLATED SQUARE FOOTING

Data provided = 1850 kN
Square column =500 * 500
Concrete M20, steel fe415

Safe bearing capacity Spc = 310 kN/m?

I 1850 KN

AT
—

1. SIZE OF THE FOOTING
Total load = 1.1 * 1850

= 2035 kN

So required area = Py / Spc

=2035/310 = 6.329 m?

=2.5m
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Providing area of 2.5 * 2.5 m

g, Net upward pressure in the soil= 1850 / (2.5 *2.5)
=296 < 311.27 (so okay)
qu=1.5*296 = 444 kN

and also factored load = 1.5 * 1850 = 2775 kN assuming factor of safety 1.5

2. DEPTH FROM ONE WAY SHEAR

d (L-a/2)
e

Critical section at d from the face of column
g=P /I

shear force, V =q L ((L-a)+2 — d)

where 1. = permissible shear stress and its value is 0.28 N/mm?[Refer table 19. 1S.456]
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So the above eqn. (1) becomes when substituting 'V’
d= P, (L-a) / 2 (P, + 1 L?)
so d=2775 (2.5—0.5) /2 (2775+ 280 *2.5%)

d= 600 mm

3. TWO WAY SHEAR / PUNCHING SHEAR
Critical section at d/2 from face of column
Perimeter = 4(a+d)
Considering equilibrium of forces
P /L?[ L® - (a+d)®] = 4 (a+d) d t, where 1, is punching shear

1,= 0.25 fck [1S 456:2000 pg.66 cl 34.4]

= 1.118 N/mm?
d/2
—
r— "3 —:
|a a |
| |
L &

Asty=P/L? {L—(a+d)’/4(a+d)d
=.509 N/mm?< 1.118 N/mm?

(So okay)
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4. BENDING MOMENT

Moment at force of column
M,=P/L¥(L-a)*}

=222 KN/m

My = Mylim.
M, = 0.138 fo b d? for fe 415, Mg

Sod=179.37 mm

Steel area M, =0.87 fyAstd ( 1- Ast fy /b d fex)
(1S : 456 G — 1.1 pg.96)
=2.3*108Ast’ — Ast — 1024

So Ast = 1038.89 mm?
Spacing = 1000 / Ast * II/ 42 * 207
Providing 12 no — 20 ¢ bars

Spacing = 300 mm

For 20 ¢, Ld = 940 mm from SP — 16
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5. PLAN OF FOOTING

Ld. starter (23mm dia)
\l\u f“'ﬂ_ﬂfﬁ
l.'ll 51

/ y

. . 12 no - 20 dia
tie 8 dia 300 c/c 300 ¢/c mm
bothwavs
, 600=4d

= ;“—H 201

So overall depth =600 + 50 + (20 / 2) + 20

=680 mm
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6. SUMMARY OF THE DESIGN

As depth designed in one way and two way shear is safe without shear reinforcement. And also
depth in bending moment is safe without compression settlement.

And percentage of steel is 0.15% for Fe 250

0.12% for Fe 415

+ Size of the footing = 2.5m *2.5m

+ Reinforcement details = 12 no. 20 ¢ bars
+ Development length Ld; = 940 mm

+ Total factored load = 2775 kN

+ Sguare column = 500mm * 500mm

+ Concrete My, steel fe 415

+ Safe bearing capacity = 310 kN /m?

+ Overall depth of the footing = 680 mm
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CONCLUSION

One of things that | have learned personally from this project is to adopt a methodical approach
to problem solving. From the outset of the project the aim was to design for superstructure as
well as substructure. In substructure part, with each given bore log data three different sections
of soil profile were created to ensure each individual sections are drawn correctly to achieve an
idealized soil profile.

The aim of this project was to design a superstructure part using staad pro and designing
substructure with respect to it. Knowledge of using this software greatly helped in the design of
the project. Where as in substructure the foundation was designed i.e. isolated footing. These
overall design analysis studied in these past years of civil engineering gave good background
knowledge in both the parts. Another aspect that helped was the use of various software’s in
creating different drawings and the design analysis. Now having been spent the duration of the
project, 1 would have to say that my knowledge has been greatly enhanced, as too is my
understanding of various soil parameters in different bore logs and also in design analysis using
the software as well as in substructure part.

Often component values had to be changed due to errors and viewing designed components
such as beam, column and slab ensured that the design was economical and reasonable.
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Report Mo, 0401-2452

weo 0 McClelland
- T e Wi e T l""ﬂ
o ey

Water First Noticed: M/A Depth to Water; 153
Completion Depih: 593°  Date: August 8, 1591 Caved Depth: 162"

Type: Wet Ratary

Date: August?, 191

Logger: T, Mireles Backfill: Rentonite Granules
« | Location: N 5538 ; E 5356 x ralehl 8] .
Clgtel B | sufEl toos | @ Yzle Qe Helne P8IE" | ok
< E § “E Mote: Location and Elevation Relative o E ﬂ: §g S = ﬁg&
Bl lE A to Temporary Benchmarks Shown on Plate 1 | § 3 U g§ 24151 %E a §§ e
o o STRATUM DESCRIPTION o R n
SANDY SILT, gray, vath roois IT+ P
3 - very etilf eandy clay to 0.5 sl | [ | | o
i SANDY CLAY, o, gray [T TP
S - with calearcous nodules lo 12
F . w:gsﬁfﬂ gray and tan below 4 4P
) . farrous nodules, &' o 12 30
i - with sand pockers helow 6 1IF
[ 17) 40| 1} 2 113 I
1 | 15P
fi 105 23
=~ 10 l 4
YV —
21
= Ij - 7 " S— o~
| CLAY, very stiff, red and gray, slickeasided, IE.E
[ with caleareons nodules
j EiE - _24F ]
20
[ - with silt pockets below 23" R
[ I
= 1:'_ ] ||
[ T
i - silly sand layer wilh clay pockets and sand
r stanc scams, 28" to 30’ g
Bl - with silt stone seams helow %
ﬁfﬁé R 6P
77
)
- red siity sand layer, with oekets, 39 to ' 1
1y | ey sendlaven wih oy
- red clayey silt layer, 38.5" to 9.5
3GF_

LOG OF BORING NO. 1
EXXON COMPUTING CENTER

HOUSTON, TEXAS
PLATE A-1a




T cro B Mctlelland

Hapart No. (4012452

Water First Notlced: N/A Deplh to Water: 153

Completion Depth: 595 Date: August§, 1991 Caved Depth: 16.2°
Type: Wet Rotary Date: August 9, 1991
Logger: T, Mircles ~ Backilll: Bentonite Granules
Location: N 5538 ; E 5356 * waloHl B
£ gl § Surf EL. 100 velaolon |8 [HE B EE z
< | B[4 S5 | Note Location and Elovaica Relie (B 5 E| B2/ 55| EH| 2% | 0B 9| Eon
E E % gE to Temporary Benchmarks Shown on Plate 1 3 ﬁH 4= Eﬂ &H E”‘x" H %E aﬂz
m (-} o H
: : STRATUM DESCRIFTION ; HEHE I
R CLAY, very olill, red, elickensided
. ' T redaad 3 L
: SANDY CLAY, very &t and gray 4], T
= 50
s |
o 1 483
SAND, very dense, tan, fine 523
- with silt to 55°
41’ -
---------------------------- -4
1 |
- ﬁs =
[ ]
b ?.[I ES
]
- 75 e R S
=3 m -1
85 1 ‘ .= i
= L r
I
LOG OF BORING NO.
EXXON CDMPUTING GENTER
HOUSTON, TEXAS

PLATE A-1D




RO B McClelland

2 e ————
Rapart Mo, 04012482 -: W
Water First Noticed: N/& Depth to Water. 15.6°
Completion Depth: 40.0¢ Date: August 9, 1991 Caved Tisprh: 786"
T Wet 'Rl.:[.ﬂl}r Date: Au.pu! 10, 1991
Logger: T. Mireles Back(ll: Beotooite Granules _
« | Location: N 5620 E 5249 C ralss W6l .
E | el & | swfEL 1005 T T M LI -1
2 é 3 B | Note: Location and Elevation Relative ¥tﬁ E Elﬁ a‘-; EE M !E Y ‘ﬂh
ElE B 92 |  toTemporary Benchmarks Shown on Plate 1 578 gni— ] el g4 e 25 HE
' [ n= H | -
8 "l @ STRATUM DESCRIFTION ) dulgs g @
TT “SANDYSILT,
I 1 0, i |
- L Y [s L s i
SANDY FET,:EII,IIMAJJ gray 15 2
- with ferrous nodules at 4’ 16] 33] 1] 20 12
5 13F
- with caleareous nodules at &' TP
L= !.llffbc]uw'? I 116 ;j::l-
- with sand pockets below B YA
- 10- 805
CLAY, very stlf, red and gray 110
- with sand pockets to 16
AT
L 15 (] [T Ve[ 280
I - with siltstone nodules at 1%’ 74T
I 20 9] T3 '_I?__ ﬂ
[ o . |
. - with silt pockets below 23 35
= ']i
I 715
] SILTY SAND, very dense, red, with sand stone 710
AR seams - -}
I N Sﬂﬂj_ : . . Tlﬂ 4 30F
= 30 CLAY, very sulf, red and gray, slickensided 295
| « with siltstone nodules 1o 33
I 36F
- H '
i SILTY 3AND, very dense, red, e E‘E ] -
: R S0/6°
i o 1 L
C0L)- ' 400
1

LOG OF BORING NO. 2
EXXON COMPUTING CENTER
HOUSTON, TEXAS _
PLATE A-2
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orD B McCleland
| TN I ATWLT = AT ey

A#pon No. 4012452 e
Water First Moticed: N/A Deprh o Water: 155
C;:f;lct'ruin Deopth: 40.0° Dale: August 8, 1991 Caved Deprh: 20.1°
+ Wet Rulary Date: August 9, 1991
Logger: T. Mireles Dackfill: Dentonits G;grnulca
- | Location: N 5626 ; E 5437 u rolgal B 2
3 F u
E o ﬁ Surf EL 1011 rxleHEnEIRS B F
e é E E Mote: Location and Elevation Relative -] E{ £z 3; EE H g LE 333
E E E ED to Temporary Benchuarks Shown oa Plate 1 H HEHERE E!: E% E ;g “E
b - =
8 q STRATUM DESCRIPTION 8 g4 gz g @
ILL: 54 LAY, very sillT, gray and tam, | 1 T+ F
T T8y with thell fragments i r‘—%
B NDY SILT, .. I 157
- SANDY CLAY, stifl, tan and gray, with sand 0
I D feerous nodules and calcarcous nudule L3P
I -h;Inw;Enm es and calcarcous nodules o7 I U
[ - very siiff below 5 15P
i ] _ e —
CLAY, still, gray and (2o 80 24T
i « wilh sand pockets to 16" T
= 10
[ 1.9F
- 13 . e
- very otiff, red and gray, slickendided, with
calcareous nodules and siltstone seams below
15
ZIP |
] Z 141 150
- 20
i - with sand pockels below 23 (SN T U N — AET
- 'ﬂ L -
[ L TAL
s0/0° TLTY SAND, very dense, red, fioe, with clay |
. TS
= 0 ?LI-
s CLAY, very stilf, red and gray, slickensided 30 ]
Z 35T |
._ 5- ]
| |
g |
0 I RaNDY LT, red, with day seams %ﬁ i
PPN B I S _fil. _ [
- 40 d| | Ilﬂ.l% |
! * Failed on slickensided plane e ——— !
‘ -
LOG B G NO, 3
EHSN ?EMSU NG GENTER
HOUSTON, TEXAS
PLATE A-3
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:"I.IEIIII =2 H-WIEHHI:IE

Report Na. 0401-2452 3 W‘ME
r Fi .i;Ini' r,d. N/A Depth to Water: 15.2°
guali:pln;ui Dc[;’:h: 40.5; Date: August 9, 1991 Caved Depth: 27.2°
Type: Wet Rotary Date: August 10, 1991
Logger: T. Mircles Backfill: Bentonite Granules
g | Location: N 5461;E 5261 * rale®, 6|
E ¥ | sufEL 1004 N g E|eclan B G828 B0 | oF,
£ 08 Note: Location and Elevation Relative u ﬁ RZl3% Ez Ho gﬂ Lol B3k
E AL toTr.mpmargrE:nchmarhShuwanhtel g 1 :tj fj m‘§ ﬁ. gé gg:
a B STRATUM DESCRIFTION 8 S H
JiSE SANDY SILT, gray 089
; SANDY CLAY, stilf, tan and gray 13 13
i :///;I o . 1L9F
s {{(j - very stiff, with calcareous and ferrous nodules 5T
L5 %; below 47
e u
Y 0P
[ //5 15 18] 370
[ f/ff’///// 19P |
[ L]
= m :,_ /,f
' %//2 ] , . 849
L g:ﬁ?/ SiLTYBEL.ﬂ.Y, stiff, red and gray, with sand 115
- B i3p
I %‘/’/}ﬁ 4 102] 170
=l CLAY, very still, red and gray, slickensided, EIF
" //// with caleareous nodules
;/’//
;}/ 7 33F
= //
v = with silt pockets below 23 TIP
I 7
r 87 744
] " SICTY SAND, red, Tine 260
i - with sandstone 27 to 28.5'
] 17 | -red, clayey silt layer, 28.5" to 29.5' 09
= 30 CLAY, very still, red and gray, slickensided, 295
L with siltstone nodules
] 6P |
- 357
| ;
I 19 CLAYEYSILT, medium dense, red .
R oot
r
LOG OF BORING NQ. 4
EXXON COMPUTING CENTER
HOUSTON, TEXAS P
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Fapnm Mo, D40 -2452

Water First Noticed: N/A Depth to Water: 154"

Completion Depth: 400 Dtz August 9, 1991 Cavmil Dr.plh: 19.0*
Type: Wet Rotary Date: August 10, 1091
Logger: T. MEFHEI_ ) Backfill: Bentonite Granules o
[ Location: N 5470 ; E 5344 X ral ot &
£ 8 éh Sur Bl 1007 ,\E - 'E'E Eg EE E"
T § 2| w0 | Mote: Location and Elevation Relative R CHERE B RN S 355
k EE :'E I‘.uT:ml:lnrai]Ecnﬁhmal'ﬁsﬁhmunl’htn1 z Wy %E gHlzH BRI Ha ;E dw
m%ﬁ - Jge|3z|3dd4|2g/0,| 28 WE
- STRATUM DESCRIPTION 8 LRI
T SANDY SILT, -
i g & By - very stiff mnﬁ:ﬁ}gy 0.5
I 7l | SANDIT CLATY, STIT, gray and ian, with % 13F |
- L calearenus nodules ET:1 A R
| - '-I'mF gtiff, tan and gray, with ferrous nodules 157
-5 below ¥ 4] 3] 13) 0] | 130] 23Q
[ 187
18F
] 12| 230
=10 |
:I_ B w2
; SILTY CLAY, stiff, red and gray 115
| 137
ge 7| 4l
Rl CLAY, very ST, o and gray, shckensded, 150
- with gilistone aodules
: [ | 38F |
(2 u
- 1 R
- with silt pockets below 23 37
=25
L 737
SILT, medium dense, red, with sillsione seams 270
18 ] 712
CLAY, very stifl, red and gray, slickensided 205
« with siltstone scams, 32' to 33.5' O
3T
!
63.7 |
f CLAYEY SILT, medium danse, red ETI] 1
o . ]
L E | |
B -3 .
i ]

I ||
I | B 5
LOG OF BORING NO. 5
EKKBM 8('3!3?[1 ING EEHTEF‘.'

HOUSTON, TEXA

FLATF A-5
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Gren B McClelland
Fs A |

B
Gen 8 H:EIﬂ_I_::i_d
Rapan No. 0401:2432 ' ma : S
Water First Motieed: M/A Depth ta Water 130
c:rt:[lu-lmliiL D?.'.:.Iul: w.L Date: Auguat 10, 1991 Caved Depth: 203
Typa: Wet Rotary Date: August 12, 1991
Lagger: T. Mireles _ Backfilk Bentonite Granules R
Location: N 5402 ; E 5380 x malo¥t b .
i Surf Bl 1007 enzla ‘[Eh g, |ng Fui EE P
4 Note: Location and Elevation Relative ?EE .EE =R Ex ZH - %5
£ to Temporary Beochmarks Shown on Flate 1 |5 5 B 5~ Hh -jﬁ ol Em ;5 E
) w ﬁ a b n.J 'jg;gu ir E
8 STRATUM DESCRIFTION o EEAEH
TSANDIY SI1.T, light gra
i | very stiff sandy %hwslr’n% 5 i 92 ——
- SAN utfcu.‘z, very stlY, gray, with sand 13 T
- c_ s e - o . -
l'_ ; Jk] 39F |
- « tan mnd gray, below 6 3AF |
[ 14 17| 460
" «with ferrous noduoles ar & anp
I 837 TIT
1 CTAY, very stlf, red and gray, sickensded 130
I - with ealeareous nodules below 18° 1 — 5| 050
i "0 TTP
£ N I = ——]—r
I "SICTY CLAY, siiff, red and gray 713
W
[ TTF |
[ B 747
! CLAYEY SILT, red 60
[ - with sandstone scams below 27 T
- R 112 A
=30 CLAY, very stilf, red and gray, slickensided _ _%gg
[ W05
| * Failed on a elickensided plane I
[ [
i |
% |
= dﬂ ]
|
. B | |
LOG OF BORING NO. &
EXXON COMPUTING CENTER
HOUSTON, TEXAS
PLATE A-B
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Repart M. 0401 2452

Watar Firer Noviced:

WA Depth to Water: 4.8'
Completion Depth: 30.0°  Darer August 10, 1991 Caved Depth: 9.8°
Type: Wat Rotary

Loager: T. bircl=s

Dhate: Augu.t! 17, 1wl

Backill: Bootonite Cranules

I [ Location: N 5539 ; £ 5592 3 ra iﬁ ™ _
. | &, | SuwfEL 1006 ) ) ve|eolon| 8 BE| FY ER | o F
£ i Mote: Location and Elevation Relative ga" EE AT 6E gﬁ e 553‘
E % i Temporary Deachmarks Shown on Plate 1| 3 i % gE na ‘Ej g ';: B5 | Fu
8 STRATUM DESCRIPTION 8 2E|E8I1°0| &
------ [FILL: SANDY CLAY, very i, grayand tan, | 095, FNER
M\_with calcareousmodules /] L0 | 1
MSANDY SILT. gray IT+
SANDY CLAY, very stiff, gray and tan, with i) I
sl -
- f (] ———t —{ -
- with vertical sand geams ar & 16 ,}‘i PF_
- tan and gray, with calcareous nodules :
below b -
- very stiff below &' 24P
i7 334
|
- with silt pockets below 14 11F
CLAY, very sull, red and gray, slickensided, _%%
with caleareous nodules and siltstons nodules
% =5
TV
- with <ilt pockers below 13 T
741
CLAYEY SILT, medium dense, rad, with clay 53 -
pockets
........................... T -
300
* Failed on slickensided plans
i -
i
I
LOG OF BORING NO. 7
EXXON COMPUTING CENTER
HOUSTON, TEXAS BLATE A7
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Gro @ McClelland
| TR PR D T T S

B3 e S 3 o0
Faport N, Glor 852 R e B
Warer First Nodced: N/A Depth to Water: 149
Completion Depth: 390°  Dare: August 5, 1991 Caved Depth: 33.6'
- Wt Rotary Diater Auguet 12, 1991
Logger: T. Mircles Backfil: Beatonite Granules
. Location: N 534 ; E 5197 » ralall LB .
'-'- 8 ﬁl_ SurfEL 1007 ) AN M| HE zg g" £
¥ g £ ow Mote: Location and Elevation Relative EE E1EL (o) H ol e %Hﬁ
z EI BE to Temporary Benchmarks Shown on Plate 1 | § a8 gz "4 éj gﬁ b gs Tuy
1} ‘ -] H
a STRATUM DESCRIFTION 8 2A|g8 0| @
B T SANDY SILT, oy — 9.1
" SaNDY CLAY, s wa tan 10 ’
|: « with calearenns nnd_u esat 2’ 13F |
: . - with ferrous nodules at & L. P
B 116 18
2 - tan and gray below & 1,‘5[:?}
R R . 921
CLAY, siff, tan uEd wp. with calcarcous 80 13P
nodules and san pockcts 13 TR A0
10 1 — =) LA
i |87
" SILTY CLAY, sull] tan and gray, with | 120 |
T caleareons nodutes and silr packets T9F
[ 4
Bl CLAY, very sull, red and gray, sickenzided, '
I with calearcous nodules
' L1 I3F
_ Sl SR S A
=20
: - with sand pockets belaw 23 T
- 15
' TAND f ]
. : Y SILT, very d
/8 wirh szndslunﬁ?a;n?ggt;w 2 ] . B E'
3 E 7.2
- 301 CLAY, very stilf, red, shickensided 295
L] - with sandstonc scam at 32'
r I6F
L -!5 ' _!
' TY 5AND, red, [i h cl L g;;
[ ' SILTY SAND, red, fine, with cla £15 an
I ST T T, sandstone nodules ??ud_{ _____ d i
'S L | A it ' 3.0 :
r |
LOG OF BORING NO. 8
EXXON COMPUTING CENTER
HOUSTON, TEXAS
FLATE A-Q
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'l'l.ll:?‘ll- '3 MeCleliand

. g R il
Faperttlo, pae? e
Water First Noticed: N/A Depth 1o Water: 159"
Completion Depth: 39.0°  Date: August 1, 1991 Caved Depth: 3LL
Type: Wet Rotary Date: Auvgust 12, 1391
Logger: T. Mireles - Backfill: Rentonite Gronyles
Location: N 5496 ; E 5654 " rala’ k i
k | E Suerf EL 1003 ! . Jale uE% z
ElAelBL
- - ,,,E Wote: Location and Elevation Relative E :FE EE EE EE E EE :E_ - ;E%
E ﬁu. wTemparar}ernrhmark:Shnmnr_lPlan:.I 3 ;lﬂ g% ﬂ: ;j EE g: EE “E‘
a o STRATUM DESCRIFTION im|aml ~Y i
— TANDYSICT, gray P
T | RAMDOT CLAT, Sult, tan and gray, with saod 15
pockers : v IIF |
- very stiff slickensided, with ferrous nodules TP
5 below & 4] 91 13 &7 |
L = with vertical sand scams below &
240
10 18 0 00
I : , 883
RILTT CLAT, vory still, tan and gray, with 12.0
r sanl 11|.H.:l.:[h I1F
-1 104 250
- 15 LAY, stlf, red and gray, slickensided iiﬂ
i - with calear=ous nodules to 20° e
I 1 18P
" 36| 0] 431 44 &4
- m 1
ke
- « with siltstones and silt pockets at 23
L 2 0P
1 128
L 13 CLAYEY SILT, medium densce red A
0 _ 0l
; CLAY, very stitt, red and gray, slickensided, 300
i with st pockets
L oy
-3
. - with calcarevus nodules below 38° .§H g‘_qp—’
- - B e e e e T i e R T R - - |
W | i
L
1
| 1 1

E}t‘)lfgﬁ' 85& 8 ﬂ%% %%N?EFI

HOUSTON, TEXAS _
PLATE A-J
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GBRrRO 5§ H:l:lilli_r!e

Pepart No, 0401-2452 ] fiemees ‘":.:._.q
Water First Moticed: N/A Depth to Water: 758"
Completion Depth: 320 Date: August 9, 1991 Caved Depth: 124
Type: Wet Rotary Diate: ust 10, 1991
Logger: T. Mircles Backfill: Bentomite Granules
. Location: N 5421; E 5478 ® elail L h .
. fi| ¥, | Swikl wo.r LT 2y ge §F
= | B |g| oG | Note: Location and Elevation Relative s HE ML L R
E E §|., to Temporary Benchmarks Shown on Plate 1 Eﬂﬂ gE 7 ;j ay Ei gﬁ EE:
° @ STRATUM DESCRIPTION | @ e g2l oy| @
] __Lﬂmﬁ'G_AT, very stilt, gray and tan, | 1000
'\ with shell fragments 1 s I 07 i - -
i SANDY CLAY, stilf, tan and gray TP
i 15
i s - very stilf below 4/ T 135
[ 13 20| 350
I - with ferrous nodules below &' 3P
- 10 897 .
I SICTY CLAY, very eGll, red and gray, with 11.0
i sand pockels
[ 5P |
[ 19 31) 14| 14 111] 350
[ 2 I — wal T
CLAY, very stilf, red and gray, slickensided, 16.0
i with sllistone nodules
[ LT
- 20
] - gtiff, with silt pockets below 23’ 13F
= 25 I...—.._I- — -
- - gilty sand layer below 27 72
“SANDSTONE, red 213
L 30 _ 01 —
X CLAY, vory sUll, rcd and gray, shckensided, 300 5P
1 with silt scams and siltstone nodules 637 T
o | MR e -84 _
"] |' :‘
I |
L EREE
- |
= A0 - I
4 i i S
LOG QF BORING NO. 10
EXXON COMPUTING CENTER
HOUSTON, TEXAS BLATE A-10
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; LT =m-.-x-w-n CH
Report No. 0401-2452 . e
Water First Moticed: N/A Depth 1o Water: 143
ﬂa;;l;;ﬁn Depth: 205 Date: August 10, 1591 Caved Depth: 19.1
Type: Wet Rotary Date: August 12, 1991
Logger: T. Mircles Backfill: Bentonite Granules
Location: W 5426 ; E 5633 H ~la% B -
e |y ﬁ E Surf EL 1007 e Nzleson 9. EE =% Eu. E
= g : “!é Note: Location and Elevation Relative Uorllz :giag RIS Ezﬁ
E1E 4% | toTemporary Benchmarks Shownm oo Paee 1 | §  §§E |23 5| 8| 56| £F | 4
in .
g "l @ STRATUM DESCRIPTION I Y
-1 Sﬁl\dbﬂll’,ﬁ gray
. - very stiff sandy clay fill 1o 0.5° 987
I ' SANDY CLATY, £Uf, light gra K} 7P
" with many caldareots o ulczlui' ' 1T 1T T 180
[ s - tan and gray, with ferrous nodules below & I4] L1Q
I - with ealeareous nodules below &' 1 T 1 1ae
I /Y | S ! N I
CLAY, stiff, 1an and gray, with ferrous 80| 13F
nodules, caleareous nodules, and sand i e[ 180
10 pockets -
| t B
SILTY CLAY, stifl, tan and gray, with sand M|
I pockets and calcareous nodulcs | T 12F
[ 15 857 I
CLAY, very sull, red and gray, shckensided, 151
i with siliston nedules —
Z ZTP
il
i - with silt pockets below I3 30F |
- 75 -
I
[ - gilt laver, 27.5" to 28" S S —
N - stilf, wath seams below 28' 12
- iy .- 5P
= 20 295
i
- 35
[ m ]
LOG OF BORING NO, 11
EXXON COMPUTING CENTER
HOUSTON, TEXAS _
PLATE A-11
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;Iimm: @ McClelland

=

Report No. 0401-2452

e ——

Water First Moticed: N/A Depth to Water: 10.5°
Completion Depth: 205 Dater August 10, 1991 Caved Depth: 26.2'
Type: Wet Rotary Date: August 12, 1991
e: T. Mireles Backfill: Bentonite Granules
Location: N 5237 ; E 51338 ® al a®l R _‘
SwrEL 1007 _ Y|l gn| 2|6 SE Ee
Note: Location and Elevation Relative E HE hE H gu LE u
tuT:mparmEr.uchmarksShmuuF[m1 % E -1 ﬂj E: “E Hn ,.,,,E %
' ®
STRATUM DESCRIPTION g b a3 iﬁ i
SANDY SILT, light gray, with roots and clay
kets i ,_E%i
SANDY CLAY stiff, Iiil':cﬁ'n?r and tan, with TP
calcareous and ferrous nodules WG BT i
- stilf, tan ond gray below 4' L3P |
15F
20 10| 18Q
15P
.?' T SILTY CLAY, stiff, red and ith st %&
Y , &tift, red and gray, with s )
?ﬁ pMi::t: e 15F
7 15
CLAY, very still, red and gray, slickensided,
with calcareous nodules
39F
4 W3 2140
- stiff, with silt pockets below 23' 18F
- sandstone seam, 27 10 27.5
- red clayey silt seams, 27.5 to 29
B e e e e e m e mmm——————- | _T1.2
235
L]
- 35 -
= 40 =
|
LOG OF BORING NO. 12
EXXON COMPUTING CENTER
HOUSTON, TEXAS PLATE A12
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ucRro O McClellan

Ll g, o T e ]
H O R e T St W T W
Raeport Na. 04012432 RS e
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
- T Location: N 5244; E 5275 ) > 2}:.' v .
“ | g |8 €, | SwEL w007 & Yz|eolan|Br| 58|28 B | oF
= g #| wo | Note: Location and Elevation Relative ga" EE a; hE o Su ._g cou
E = - §E to Temporary Benchmarks Shown on Plate 1 jﬂa 4= ﬂj ?j Wi ;*"Fuu u=
8 “| 8 STRATUM DESCRIPTION g 3z ga 3@ B
18 SANDY SILT, light gray, with roots 5
P Epnﬁcﬁkm? CLAY, HEF: gray and tan, with sand 15 e 3P
5 13P |
i - very stiff, tan and gray, with ferrous nodules 1 10} LrQ
L below &' .
i 17 21P
- 10 Eg.'?
SILTY CLAY, stlf, red and gray, with sand 110
pockets
i 86,7 18P
I P CLAY, very =tilf, red and gray, slickensided 140 20 06| 220
r
- with calcareous nodules below 18’ 55P
[ 20 1
: - with silt pockets below 23 —
- 23
- with silt seams at 28'
L 19
E____ ___________________________ _701 1 33F
ks 0.0
= 35 -
= m i
b -: r
-
[
LOG OF BORING NO, 13
EXXON COMPUTING CENTER
HOUSTON, TEXAS PLATE A1
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T.l RO D Hiﬂlell&gﬂ

e LT e ey e

[N

Bepurl Mo, 0401-2422

Watr:.: First Noticed: H}A Depih o Water: 14.9°
Compledion Depih: 310" Date: August 9, 1991 Caved Depth: 184
Type: Wet Rotary Date: Augnst 10, 1691
Logger: T. Mireles Backiill: Ecntonitc Granulcs
N Location: N 5777 E 53T 5 ol SR L i
£ 4 i ﬁ Surf EL 10LY rNrle o8 . EE =8 E“‘ eE
< g ; 5 | Mote: Location and Elevation Relative E 3 'E E T EE LEIN_ | F¥ | E9b
: |5l 321  toTemporary Benchmarks Shown on Plate 1 jzg gi Gl Eﬁ Hin '5'.5 262
s | |74 STRATUM DESCRIPTION R FEE
T 1 SANDY SILT, pray
il - very stiff sandy clay fill to 0.5° LT
7 SANDY CLAY, :&m and gray, with sand 13 T 13p
pockets and calcareous nodules T IR
0 5 . « very still, 4" (o 6" 0P |
C ] - ¢tiff, with ferrons nodules below & 1] T F
731
| CLAY, stif, tan and gray, with sand packets R0 12F
calcareous noduoles 19 T TI0
0.1 |
SICTY CLAY, stilf, tan and gray, with ailt 1o |
nockets
_ | 18F
slickensided, B
CLAY, very stul, red and gray, slickenside I
with siltstone nodules
I R A I I I 71
. i9F
- silty sand layer, 27" to 27.5° 716
SANDSTUNE, red, with it seams 215 S
716 :
CLAY, very stiff, red, slickensided, wath silt 20.5 7P
-}, pockets and silrstone nodules | -3 3
k= 35 -
Fm- -—}-—t - —t——f— - _———
' '.
[ |
[
LOG OF BORING NO. 17
EXXON COMPUTING CENTER
HOUSTON, TEXAS
PLATE A-17
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RO 2 McClelland
W R R R N e R T e
B i e ———t
Repadt Mo, 0401-2452

I e Amres | s
Water First Noticed: - Depth to Water: -
Completion Depth: 400° . Date: November 3, 1991 Caved Depth: -
Type: Dry Auger to 6"; Wet Rotary below 6 Date; -
Logger: T. Mireles Backfill: --
- o Location: N 3630 ; E 3367 ’ » ra a® N .
4 gl & | swre wooe ' _ vxlecler] 858 1 AR
. H 9 Mate: Location and Elevation Relative E =1 E: SE hE o gul = ok
E x g 3; to Temporary Benchmarks Shown on Plate 1 | § ﬁ E gE = 35 EE M EE ;ul 4
3 STRATUM DESCRIPTION SEPHE T
SILTY CLAY, still, gray, with roots . 13F
L SANDY CLAY, very stif, light gray and tax, 15
I with sand pnci:tsr;ud wrl.?:alf;nj:i seams 0] & 1] 32 g‘;:
o CIAY, S0l tan and T KL . "
, still, tan and light gra
- with vertical sand s:lasnl':s o8 5P
= with ferrous nodules to 10"
- with sand pockets to 16’ 22P
L 10 - slickensided below 10° L i} 270
: - very stif below 13
L ~with :E:{fpﬁl?:m 3!3‘ 1o 16" 1P |
= 15
L - red and gray below 16'
- - with calcareous nodules at 18° T 30 53T
= 20
I Al
- 25
- = with silt seams at 27"
I - red silt, with clay pockets, 28' 1o 30.5' a7
- 30
- - with silt seams, 305" to 34
| 6P
- 35
i - with silt pockets and seams below 38’
D - 41
LOG OF BORING NO. 18
EXXON COMPUTING CENTER
HOUSTON, TEXAS
PLATE A-18
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Repart Ma, §401-2452

:EEIII:I B McClelland
: RN e e T e

B R L T U PR AT
e e a

Water First Moticed: --
Completion Depth: 50.0°
‘I‘_',rpe Dry Auger to 10% Wet Rotary below 100

Date: November 3, 1991
Date: -

Depth to Water: -
Caved Depth: -

Logger: T. Mireles Backfill: Bentonite Granules
¢ | Location: N 5634; E 5712 % ralen L6
& - Surl El. 1004 . Szlesl8k 8- ne y E"— T
: E 3| »8 | Note: Location and Elevation Relative >0 ,‘EE 2EBE|[H | 2Hl o 3%&
£ i & EE to Temporary Beachmarks Shown on Plate 1 E'Elﬁ $e|nh Eg mﬁ Hin gg Tux
. nwe H =
3 @ STRATUM DESCRIPTION g HEHE T
SILTY CLAY, stilf, gray
—_ BIr1a 2P
_EIFZ'{TL‘?Y vcgr[itgf. gray S“d tan, with 13 .
ockels an ous nodules .
. :I.:“ﬁtg 2 13| 37] 12| 26
= with caleareous nodules below 4 21P
F 3 944
i CLAY, stilf, tan and light gray 6.0 I[8F |
. w:tII: u’nd pui:kmﬂ an 1Egri'l:llu.r. nodules to 16' 16 1 250
- with silt pockets, 8 to 168 BT =
[ very stifl 8 to 23 500 17[ 33 21P
= 10
I 0 21F
- 15 e
! = slickensided below 16'
g - with calcareous nodules below 18' S5
= 20
: - stif, 23’ to 28"
I - with silt pockets, 23' to 30.5' 2 16P
= 25
[ o | -t with silty sand seams, 28' to 30.5'
K - very stiff, red and gray below 305
" 26 23F |
- 35
I « with silty sand seams at 38.5 4.2
r = with sand stone seam at 39"
- ,H] "
i SANDY CLAY, very still, gray and red, with 41
I sand pockets
[ A 20 21P
LOG OF BORING NO.
EXXON COMPUTING GENTEH
HOUSTON, TEXAS
PLATE A-1Sa
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;'-i.m?ln g Htﬂltll::ﬂ&

. _ w =l
Rapart No. 0401-2452 3.
e st =
Water First Noticed: - Depth to Water: -
Complction Depth: 500" Date: November 3, 1991 Caved Depth: -
Type: Dry Auger to 10, Wet Rotary below 10° Date: - .
Logger: T Mircles Backfill: Bentonite Granules o -
, | Location: N5634;E 5712 * raledl Bl 2
i oo Surf EL 1004 I L TN He o= g & | gk
z J ,'g Nutc: Location and Elcvation Relative B EIEZ(3(RR (90| el §3%
3 5 2. | toTemporary Benchmarks Shown oa Flare 1 gdg E'E o E!‘: ny ﬁ: EE E%I
3 " 8 STRATUM DESCRIFTION o as|Fal Y| ©
: TY SAND, medium de h und %3 -
I SIL um den b gray
F tan, fine, with T.l;udl]r clay pﬁtﬁ! 504 37
s K)ot | e pmsssessemamEmmEm=m - === = - ﬂll]_-_ + =t —
55
] T ]
L= m —
=3 ﬁj -t
o N
T
L - - pp— -
= 75
F
- &0
] |
o = — _;I— — - - Pe———
%) ~
r -
i
. —
LOG OF BORING NO. 19
EXXON COMPUTING CENTER
HOUSTON, TEXAS
PLATE A-18L
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;limnn & McClelland

et R s 1

TERMS AND SYMBOLS USED ON BORING LOGS

SOIL TYPES

'Sund I[I]Sﬂt Clay Concrlle

Thin=

i

walled
ube

SAMPLER TYPES

H Augar H DII'I'I!-&I'IH Pialen

1 Sily Sandy 7 Sandy Feat or
IH Sand IH! Silg Clay Highty
i Organke
Claye 7| Cla Y Sl Debris Split= T} Rack Pilcher K1 Na
'Sdgdr gi“"’ | Clﬂ; Fill E parral Caore Recovery
B
SOL GRAIN SIZE
Wi ShacwRl S0V
P T W ‘ 19 0 100
BOUADIRS | COBELET = e ! L oLk
cosase | PmeE | cowtit | wibam | A | ]
152 2 19,1 aTe 2.00 0420 0.074 b.co

0L GRAN SIL M MILLBETIRS

STRENGTH OF COHESIVE soLs (! DEMSITY OF GRANULAR solLs (2.3)

Undrained
Shear Stranglh Descriptive sRelglive
Longistency Kips Per Sg Ft Term Density, %
Very Sofl less thon 0,25 Very Locse less than 15
b — e 0.25 o 050 Laose 15 ta 35
Furem 0,62 ta 1,00 Madium Danes 35 ta &S
Sl 1,00 e 2.00 Denga E5 o 85
Vary SLIf 200 to 4.00 Vary Dense greater thon 85
Hard greater than 4,00 sfatimated from sampler driving record
SPUT-BARREL SAMPLER DRIVING RECORD

flg=s Por Faol riphi

25 25 blows dreve sompler 12 inches, alter inilial B inches of sealing.

T 50 blows drove scmpler 7 inches, after initiol 6 inches of secting,

Rel /T 50 hlows drove sampler 3 inches during initial B=inch seating intereal.

Malas: Ta svaid damags le samplag loals, driving la lmitad ta 50 blaws during oF alter ssabing inbesval

SHEAR STRENGTH TEST METHOD
0 = Uncensalidaled-Undrained Triaxial
T = Torwane ¥ = Minigture Yane

soiL sTRucTuRE (1)

Slickensided _____ Having planes of weakness that oppecr slick ond glossy. The degree of shickensidedress depends
~ upon the spacing of slickensides ond the eose of brecking olong these plones.

Cantaining shrinkage or refief crocks, often filed with fine sond or silt; usually more or less vertical,

U = Unconfined
P = Pockel Penetromeber

Fissured
Pockol e Inglusion of matarial of diffarent laslurs that ie emallar than the diamater af tha sampls,
Porting.——— e Inclusion less than 1/8 inch Lhick exlending lhrough the sample.

Seam .. Inclusion 1/8 inch to 3 inches thick eslending through the sarmple.

Layer Inclusion grecter than 3 inches thick eslending through the somple.

Lamingled.... - Soll sample composed of allernaling partings or seams of differant scd iypes.

Interlayered... ... Sail sample composed of allernaling layers of dilferenl saill iypes,
Intermined .. 'Su_ill“:‘?;mplﬁ composed of packels ol &iferent soil lypes and loyered or lominoled struclure is nol
evident,

Colconeous —....- Hoving apprecioble quantities of corbonate. (12 to 49%)
Corbenate wemewe. Hoving more than 50% corbonaote cantent.

REFERENCES:
(1) ASTM D 2488
{2) ASCE Marwal 56 (1976)
(3) ASTM D 2043

Infarmalion on each boring loq is a compdation of subsurface condiions ond soil or rock
clossifications obtained from ihe field o8 well 03 from loborolory lesting of somples.  Slralo have Been
inlerpreted by commonly occepted procedures.  The slratum lines on the og may be bronsiioned and
approximate in nalure.  Waber level measurements refer only 1o those abcerved of The limes and
ploces indicaled, and may wary wilh lime, gqecloge condilion o construclion aclmity.

PLATE A-20
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VERTICAL STRAIN.

BORING: 1

PENETRATION: 8.0 Ft

MATERIAL: SANDY CLAY, stiff, gray
DRY UNIT WEIGHT: 113.3 pcf
WATER CONTENT: 17 %

LQUID LIMIT: 40
PLASTIC LIMIT: 11
SPECIFIC GRAVITY: 2.70 (assumed)
INITIAL VOID RATIO: 0.487

£

- — - €,
CG T T 1 T T o T T T i TITT T lltlll[TOO
2 3 80
y \
|
| \
4 \ 60
\
6 ‘ 40
|
|
|
: R
)
\
o )
' 1 L1 i1y 1 11 1 110 1 L Lt 1 1 Lt 11
Oo.o| 0.1 ! 10 1000
VERTICAL EFFECTIVE PRESSURE. P (ksf)

CONSOLIDATION TEST RESULTS
JOB NUMBER 0401-24533

BORING !

61

DEPTH 8 FT

(IN2/DAY)

Cy

COEFFICIENT OF CONSOLIDATION,

PLATE A-21
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VERTICAL STRAIN,

BORING: 9

PENETRATION: 20.0 Ft

MATERIAL: CLAY, stiff, red and gray
DRY UNIT WEIGHT: 85.7 pcf
WATER CONTENT: 36 %

LIQUID LIMIT: 70

PLASTIC LIMIT: 23

SPECIFIC GRAVITY: 2.75 (assumed)
INITIAL VOID RATIO: 1.002

£
C'f

T — T T T T T —rrrrrm200
S \ \ 150
@
10 r\ \ 100
\
\
\
?
15 \ 50
\
\
\
&
20 NIRRT L1ty Lo T e =S AR
Q.01 Q.1 l 10 100

VERTICAL EFFECTIVE PRESSURE., P (ksf)

CONSOLIDATION TEST RESULTS
JOB NUMBER 0401-2453
BORING S DQEPTH 20 FT

62

COEFFICIENT OF CONSOLIDATION. C, (IN2/DAY)

PLATE A-22




