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Module - 6: Chapters

1. Raft Foundation — Numerical Examples

2. Shallow Foundations on Slopes




Chapter 1: Raft Foundation - Numerical Examples

* For Soil Pressure

* For Design of Raft Foundation




Raft Foundations

Example 1: The plan of
mat foundation is
shown in Fig. Calculate
the soil pressure at

points A, B, C, D, E and
F. (all column section

are planned to be 0.5
m X 0.5 m.)

.1500 kN
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1200 kN




Example: 1 (Continued...)

Solution:
The soil pressure at different point can be calculated using the Eqn.
M,x M
q = 2 Mt lagit xY
A I, I,
A = Area of raft = 16.5x21.5 = 354.75 m?

I =iBL3=i165><21 53 = 13665 m*
* 12 12 '

I =iLB3=i21 5% 16.53 = 8050 m*
Yy 12 1277 '




Example: 1 (Continued...)

Total column load on the raft, Q

Q=350+2x400+450+2x500+2x 1200+ 4 x 1500=11,000 kN

., B
M, = Qey; ex=X —5

Q1x71 + Qx5 +Q3 x3 + Qqxy + -+
Q
" 8.25 x (500 + 1500 + 1500 + 500)
+16.25 X (350 + 1200 + 1200 + 450)
| 1+0.25 x (400 + 1500 + 1500 + 400) |
x'=7.814m

B 16.5
e, =x -5 = 7.814—T= —0.435~ — 0.44m




Example: 1 (Continued...)

Hence, the resultant line of action is located to the left of the center of the mat. So
M, = Qe, = 11000 X (—0.44) = —4840 KNm. Similarly,
L

MxZQey; eyzy’_z

Y = Q1y; + Q2y2 +Q3y3 + Qayq + -

Q
0.25 x (400 + 500 + 350) + 7.25 X (

1500 + )
1500 + 350
+14.25 %X (1500 + 1500 + 1200)
+21.25 X (400 4+ 500 + 450)
y'=10.85m

kg 215
€y=Y 7= % 2




Example: 1 (Continued...)

M,= Qe, =11,000x 0.1 =1100 kNm.
The location of the line of action of the resultant column load is
shown in the next slide
g = 2 4 Myx N M,y
A I, I,
11, OOO —4840x 1100y

_ +
1=34575< 8050 ~13 665
q=31.0+ 0.6x+ 0.08y (kN/m?)




Example: 1 (Continued...)

Therefore, the soil pressure at
A: q=31.0+0.6%x8.25+0.08x10.75
= 36.81 (kN/m?)
q=31.0+0.6x0+0.08x10.75
=31.86 (kN/m?)
q=31.0—-0.6x8.25+0.08 x10.75
=26.91 (kN/m?)
q=31.0—-0.6x8.25—-0.08x10.75
=25.19 (kN/m?)
q=31.0+0.6x0-0.08x10.75
=30.14 (kN/m?)
q=31.0+0.6x8.25—-0.08x10.75
= 35.09 (kN/m?)

1500 kN

.1500 kN i

1500 kN

1200 kN




Raft Foundations

Example 2: Divide the mat
foundation shown in fig. Into three
strips ,such as AGHF (B, =4.25 m) GIJH
(B, = 8m) and ICDJ (B, = 4.25m) use
the result of example 1 and
determine the shear force and
bending moment diagrams the y
direction. Also find the thickness of
raft. Given, f’ = 20.7 MN/m? f,
=413.7 MN /m?, and the load factor is
1.7

<
<

1
.1500 kN |
1
1
1
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1500 kN
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Example: 2 (Continued...)

Determination of shear and moment diagram for strips :

Strip AGHF:
36.81+35.09

Average soil pressure = Q,,_ Qo) Aty = > = 35.95 kN/m?

Total soil reaction = q,,B,L . (35.95%X4.25X21.50) = 3285 kN

The sum of the column loads on the strip will not equal q,,B,L, because the
shear between adjacent strips has not been taken into account. For this
reason, the soil reaction and the column loads need to be adjusted, or

Load due to soil reaction + column Loads
2

=3542.5 kN

Average Load =

_ 3285 + 3800
- 2




Example: 2 (Continued...)

So ,modified average soil pressure,

3542.5 3542.5
qav(modlfled) qav( 3285 ) = (35 95)( 3285

The column loads can be modified in similar manner by multiplying factor

) =38.768 kN/m?

3542.5
F= 23800 - 0.9322

Fig. in next slide shows the loading on the strip and corresponding shear and
moment diagram. Note that the column loads shown in this figure have
been multiplied by F = 0.9322. Also the load per unit length of the beam is
equal to B;q,,(modifieq) = (4-25)(38.768)=164.76 kN/m.




Example: 2 (Continued...)

Load, shear and
moment diagram
for strip AGHF

372.89 kN

«—— T m

1398.36 kN 1398.36 kN

7m

372.89 kN

7 m——»

025m

41.19 /‘

331.70

1727.57

821.65

1727.57

‘ A Shear (unit: kN)
! ]
‘/ / 41.9

576.70

/\\
s \
5.15 718.35 5.15 R
/\ A Moment (unit: kN-m)

326.55

326.55




Example: 2 (Continued...)
Strip GIJH : In a similar manner,

= q(at B)-Zl-q(at E) _ 31.86;—30.14 = 31.0 kN/m?

Total soil reaction =(31x8x21.5) =5332 kN

Total column load = 4000 kN
5332+4000

Average Load = . = 4666 kN

4666
9 av(modified) = (31'0)(ﬁ) =27.12 kN/m?

load per unit length of the beam is equal to B,q,,modificq) = (8)(27.12)=216.96 kN/m.
F= 4666/4000 =1.1665

The load, shear, moment diagram are shown in next slide.




Example: 2 (Continued...)

Load, shear and
moment diagram
for strip GIHJ

54.256 /

58'4\ 25kN 1749.75 kN 1749.75 kN 583.25kN
0.25m

«—— Tm—>le——Tm—fe—— T m—>| |-

Y Y Y L E

(EEEEEEEENER "W

990.17 759.58

529
/ A Shear (unit: kN)
[/ / / 5

1620.89 1620.89

b 75
P Momem {unit: kN-m)

6%794 637.04




Example: 2 (Continued...)
Strip ICDJ : In a similar manner,

= q(at C)-;q(at D) _ 26.91;—25.19 = 26.05 kN/m?

Total soil reaction =(26.05 x4.25 x21.5) =2380 kN

Total column load = 3200 kN
2380+3200

Average Load = . = 2790 kN

2790
Gav(modified) = (26-05)(5520) = 30.53 kN/m?

load per unit length of the beam is equal to B,q,nodifieq) = (4-25)(30.53)=129.75 kN/m.
F= 2790/3200 =0.872

The load, shear, moment diagram are shown in next slide.




Example: 2 (Continued...)

Load, shear and
moment diagram
for strip ICDJ

392.4kN 1046.44 kN 1046.44 kN 305.2 kN

025 m
PR " P S ') | [pu——— ', FE— P

X Y ¥ Y

EEEEEEEEERER

548.65

ﬂ /|
/)

360.15

4.06
b \ Moment (unit: kN-m)
\ 289.95

495.0 1196.19

410.81 272.97

A Shear (unit: kN)

497.79

664.56




Example: 2 (Continued...)

Determination of thickness of the mat

For this problem, the critical section for the diagonal
tension shear will be at the column carrying 1500 kN
of load at the edge of the mat. So

d d
b0=<0.5+—)+(0.5+§>+(0.5+d)

2

=1.5+2d
Determine the effective depth d of the mat by
checking for diagonal tension shear near various
column. According to ACI code 318-95 for the critical
section:

U = (b,d) |($)(0.34)f]

1500 kN
column load




Example: 2 (Continued...)

¢ = reduction factor = 0.85
fc = Compressive strength of concrete at 28 days (MN/m?)

U = factored column load (MN) or (column load * load factor)

U=1.7x1500 = 2550 kN = 2.55 MN

2.55=(1.5+ Zd)(d)[(O. 85)(0.34)v20. 7]
ord=0.68m




Example: 2 (Continued...)

Assuming a minimum cover of 76 mm over the steel reinforcement and also
assuming that the steel bars to be used are 25 mm in diameter, the total thickness
of the slab is

h=0.68+0.076+0.025=0.781m = 0.8m

The thickness of this mat will satisfy the wide beam shear condition across the
three strip under consideration.
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