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Appendix 1

APPENDIX 1

Theoretical calculation of ultimate bearing capacity of sandy soil

For surface foundations on medium dense dry sand, the ultimate bearing capacity, q;can

be represented by the conventional relationship (Vesic, 1973) as below-

For square footing
qy = 0.5yN, Bs,
where, q; = ultimate bearing capacity of unreinforced sand bed, y = unit weight of soil,
N, =bearing capacity factor, shape factor, s, = 0.8 (IS 6403 1981)
Since as per Vesic’s bearing capacity factor, N, = 2(N, + 1) tan(¢)
where, N, = bearing capacity factor

1+sing
N. = eTtane
q (1—sin<p)

Y Pps = 40.5° for medium dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)

Pps = 15¢4 —17 (@ > 340)

_ (@pst17) _ (40.5+17) _ 0
Por = 15 15 =38.3
@y =38.3°

o N, = emtanss3 (I - 0248 426 = 50.87
1-sin38.3

N, =2 x (50.87 + 1) x tan 38.3 = 82.0
Thus, qy=0.4 X 16.23 x 82.0 x 0.15 = 79.85 kPa ~ 80.0 kPa

Similarly, rectangular footing
a0 =2y, 11— 04 (2)
where shape factor, s, = [1 — 0.4 (%)] (1S 6403 1981)
Thus, gy =0.5x 16.23 x82.0 x 0.15% 0.70 = 69.87 kPa =~ 70 kPa

and strip footing
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Y Pps = 40.5° for medium dense sand (Chapter 3, Table 3.1)

1+sin40.5
1-sin40.5

- N, =2x(68.75+ 1) x tan40.5 = 119.1

o Ny = emtantos( ) = 2683 % 470 = 68.75

1
qu = E]/N),Bsy
Thus, qy =0.5 % 16.23 x119.1 x 0.15
~qy = 0.5 x16.23 x119.1 x 0.15 =144.97 kPa = 145 kPa

Similarly, for surface foundations on loose dense dry sand,
U Pps = 38.8° for loose dense sand (Chapter 3, Table 3.1)

After Lade and Lee (1976)
Pps = 15¢4 —17 (@ > 34‘0)

_ (@pst17) _ (38.8+17) _ 0
Por = 1.5 1.5 =37.2
@ =37.2°

1+sin37.2

. — pntan37.2
~Ny=e (—
1-sin37.2

) = e?3% x 4.058 = 43.84
~ N, =2x(43.84+ 1) xtan37.2 = 68.08
Thus, qy=0.4 x 15.79 x68.08 x 0.15= 64.5 kPa =~ 64.5 kPa
and for surface foundations on very dense dry sand,
Y Pps = 41.5° for very dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)
Pps = 1.5¢; — 17 (1 > 34°)

_ (@pst17) _ (41.5417) _ o0
Por = 15 1.5 =39
thr :390

1+sin39
1-sin39

- N, =2x(55.73+1) xtan39 = 91.88 = 92.0
Thus, qy=0.4 x16.7 x 92 x 0.15=92.0 kPa =~ 92.0 kPa

- Ny = em™ansd( ) = e25% x 4.395 = 55.73
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APPENDIX 2

Calculation of shape factor of footing

The first shape factor proposed by Meyerhof (1963) is a semi-empirical one and is given

as below-

sy =1+0.1tan(45 +%)2

where, B = width of footing, L = Length of footing and ¢ = friction angle of soil

For square footing, rectangular footing and strip footing, g is i—ig = 1,% =0.75& % =

0.15, respectively.

Furthermore, ¢, = 38.3% is used for square and rectangular footing, whereas, Pps =
40.5° is used for strip footing.

Therefore,  sy(q) = 1+ 0.1tan? (45 +222) x 1 =1+0.1 x 4.26 x 1 = 1.43

similarly,  syrec) = 1+ 0.1 tan? (45 + 32—3) X 0.75=1+0.1 X 4.26 X 0.75 =

1.32
40.5

and sy = 1+0.1tan? (45 +222) x 0.15 = 1+ 0.1 x 4705 x 0.15 =

1.07

Another is a semi-empirical one given by De Beer (1970) based on his 1g small scale

model tests -

B
Sy =1- 04(2)

Therefore, Sysqy =1—04 X1 =0.6
Similarly, Syrecy = 1—0.4 X 0.75 = 0.7
and sy =1— 0.4 x0.15 = 0.94

For the present study, the shape factor for square, rectangular and strip footing is calculated

as shown below-
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For square footing rested on surface of sand bed
qu = %yNyBsy
where, q; = ultimate bearing capacity of unreinforced sand bed, y = unit weight of soil,
N, =bearing capacity factor, shape factor, s, = 0.8 (IS 6403 1981).
Since as per Vesic’s bearing capacity factor, N, = Z(Nq + 1) tan(¢)
where, N, = bearing capacity factor

1+sing
N. = eTtany
4 (1—sin(p)

L Pps = 40.5° for medium dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)
Pps = 15¢4 —17 (@ > 34‘0)

_ (@pst17) _ (40.5+17)

— 0
Pir = 1.5 s - 38.3

1+sin38.3
1-sin38.3

o Ny = eTtan3s3( ) = 248 x 4.26 = 50.87
~ N, =2x(50.87 + 1) x tan 38.3 = 82.0
Thus, 91=0.5x16.23x82x0.155s,
-5, =0.911
Similarly, rectangular footing rested on surface of sand bed
qu = %yNyBsy
Thus, 105=0.5x16.23 x82x0.15s,,, =5, =1.05
and strip footing rested on surface of sand bed
L Pps = 40.5° for medium dense sand (Chapter 3, Table 3.1)

1+sin40.5

. — p,ntan40.5
~Ny;=e (—
1-sin40.5

) = e2683 x 4.70 = 68.75
N, =2X (68.75+ 1) x tan40.5 = 119.1
1
qu = EVN)/BS]/
Thus, 145=0.5x16.23x119.1x0.155,
~s, =1.00

164



Appendix 3

APPENDIX 3

Theoretical calculation of ultimate bearing capacity of geocell-reinforced sand beds

Part-1
The ultimate bearing capacity (qr) of geocell-reinforced soil can be calculated by the
relationship, Koerner, 2005 as below-
qr = 2T + cN¢s. + qNgsq + 0.5yBN, s,

where, gz = ultimate bearing capacity of geocell-reinforced sand

¢ = cohesion = 0 (for the present study)

q = surcharge load =y, h,

¥q = unit weight of soil within the geocell

h, = depth of geocell

B = width of applied pressure (footing)

y = unit weight of soil in failure zone

N, = N, = N, = bearing capacity factors

S¢c = sq = shape factors = [1 + 0.2 (;)] =1.2 (IS 6403 1981)

s, = shape factor = 0.8 (IS 6403 1981)

7 = shear strength between geocell wall and soil = a,, tand

o, = average horizontal force within the geocell = P K,

P = applied vertical pressure,

Ka = coefficient active pressure, and

0 = angle of shearing resistance between infill soil and geocell wall
Since as per Vesic’s bearing capacity factor, N, = 2(N, + 1) tan(¢) [Vesic, 1973]
where, N, = bearing capacity factor

1+sing

— pTmtan

Nq =€ (p(l—sin )
10

L Pps = 38.8° for loose dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)

Ops = L.5¢y — 17 (Per > 34°)

_ (ppst17) _ (38.8+17)

=37.2°
15 15

Per
@y =37.2°
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1+sin37.2
1-sin37.2

- N, =2x(43.84 +1) xtan37.2 = 68.1

o Ny = em™tam372( ) =e?38% X 4,058 = 43.84
and N, = (N, — 1) x cotp = (43.84 — 1) X cot37.2 = 42.84 x 1.31=56.4
Similarly, Pps = 40.5° for medium dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)
Pps = 1.5¢¢ — 17 ((ptr > 340)

_ (pps+17) _ (40.5+17) _ 0
Por = 15 1.5 =38.3
@ =38.3°

1+sin38.3

o = 248 % 4,26 = 50.87

"Ny = gmtan3s3(
N, =2 x (50.87 + 1) x tan 38.3 = 82.0

& N, =(N;—1) X cotg = (50.87 — 1) X cot38.3 = 49.87 x 1.266 = 63.15

and @, = 41.5° for very dense sand (Chapter 3, Table 3.1)
After Lade and Lee (1976)
Pps = 15¢y —17 (@ > 340)

(Ppst17) (41.5+17) _
Per = p;.s - 1.5 =39°

Per = 390

emtan3y (IR = 254 4,395 = 55.73

"Ny =
* N, =2x(5573+1) X tan39 = 91.88 ~ 92.0
& N, =

N

N, — 1) x cotp = (55.73 — 1) X cot39 = 49.87 X 1.266 = 67.6

Casel: For loose dense dry sand

c=0

¥q = 16.23 kKN/m?

h, = depth of geocell = 0.115 [depth of geocell = height of geocell + depth of
geocell layer from bottom of footing = 0.1+0.015 = 0.115 m]

q = surcharge load = y, h, = 16.23 x 0.115 = 1.866 kN/m?

B = width of applied pressure (footing) = 0.15m

¥ = unit weight of soil in failure zone = 15.79 kN/m?®

166



Appendix 3

N, = 56.4,N, = 43.84,N, = 68.1

S¢ = sq = shape factors = [1 + 0.2 (g)] =1.2 (IS 6403 1981)
s, = shape factor = 0.8 (IS 6403 1981)

7 = shear strength between geocell wall and soil = g,, tand

0, = average horizontal force within the geocell = P K,
P =58 kPa, § = 38.0°

_1-siné _ 0.384

—— =0.238

a7 1+siné 1615

.0, =58 x0.238 = 13.8 kPa

qr =2X%X13.8+0x56.54x1.2+1.866 x43.84 x 1.2+ 0.5%15.79 x 0.15 X
68.1 x 0.8

~qgr = 27.6 + 98.2 + 64.5 = 190.3 kPa

Case2: For Medium dense dry sand
c=0
¥q = 16.23 KN/m?

hq = depth of geocell = 0.115 [depth of geocell = height of geocell + depth of
geocell layer from bottom of footing = 0.1+0.015 = 0.115 m]

g = surcharge load = y,h, = 16.23 x 0.115 = 1.866 KN/m?

B = width of applied pressure (footing) = 0.15 m

¥ = unit weight of soil in failure zone = 16.23 kN/m?®

N. = 63.15,N, = 50.87,N, = 82.0

Se = sq = shape factors = [1 + 0.2 (f)] = 1.2 (IS 6403 1981)
s, = shape factor = 0.8 (IS 6403 1981)

7 = shear strength between geocell wall and soil = g,, tand

0, = average horizontal force within the geocell = P K,
P =91 kPa, § = 38.8°

_1-siné _ 0.373 — 0229

a7 1+sins  1.626

soop =91 % 0.229 = 20.8 kPa

qr =2x%x208+0x63.2x1.2+1.866x50.87x1.2+0.5x16.23 x0.15 X
82 x0.8

~.qr = 41.6 + 113.9 4+ 79.85 = 235.3 kPa
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Case3d: For Very dense dry sand

c=0

Yq = 16.23 kN/m?

h, = depth of geocell = 0.115 [depth of geocell = height of geocell + depth of
geocell layer from bottom of footing = 0.1+0.015 = 0.115 m]

q = surcharge load = y, h, = 16.23 x 0.115 = 1.866 kN/m?

B = width of applied pressure (footing) = 0.15m

¥ = unit weight of soil in failure zone = 16.7 kN/m?®

N, = 67.6,N; = 55.7,N, =92

sc = sq = shape factors = [1+ 0.2 (Z)] = 1.2 (IS 6403 1981)
s, = shape factor = 0.8 (IS 6403 1981)

7 = shear strength between geocell wall and soil = g,, tand
o0, = average horizontal force within the geocell = P K,

P =28.3 kPa, 5 = 41.4°

1-sind 0.338
= = ——=10.20

a7 1+sind 166

o op, =128.3 X 0.20 = 26.1 kPa

qr=2%X261+0X67.6%x1.2+4+1.866x557x1.2+0.5x%x16.7%x0.15X%x 92 X
0.8

sqr = 52.2+124.7 +92.18 = 269.1 kPa

Part-2
The ultimate bearing capacity (qz) of geocell-reinforced soil using Neto et al., 2013
qr =Py + 4Z+ Kope tand + (1 —e)p
where, p,, = ultimate bearing capacity of unreinforced sand
p = load at the top of geocell mattress
Yq = unit weight of soil within the geocell
h = height of geocell
d = pocket size of geocell
K, = coefficient of lateral earth pressure at rest = 1 — sind

& = angle of shearing resistance between infill soil and geocell wall

_ BL
€= (B+2d)(L+2d)
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B = width of footing
L = length of footing

Since h =depth of geocell = 0.1m; d = pocket size of geocell = 0.075m
B x L =0.15x0.15=0.0225 sgm.

Casel: For loose dense dry sand
Py = 58 kPa, 6 =38.0 & p = 202 kPa
K, = 1-sin38.0 = 0.384

tan38 = 0.781

_0.0225
0.6

~qr =58+ 4 x 1.33 x0.384 x 202 X 0.0375 x 0.781 + (1 — 0.0375) x 202
~qr = 58+ 12.1 + 194.4 = 264.5 kPa

=0.0375

Case2: For Medium dense dry sand
pu =91 kPa, 6 =38.8 & p = 214 kPa
K, = 1-sin38.8 = 0.373

tan38.8 =0.80

_0.0225
0.6

qr =91+4x1.33x0.373 X 214 x 0.0375 x 0.8 + (1 — 0.0375) x 214

=0.0375

~qr =91+ 12.7 + 206 = 309.7 kPa

Case3d: For Very dense dry sand
py = 1283 kPa, § =41.4 & p = 239 kPa
K, = 1-sin41.4 = 0.338
tan41.4 =0.88

e = 29223 _ 0375
0.6
~qr = 128.3 + 4 x 1.33 x 0.338 x 239 X 0.0375 X 0.88 + (1 — 0.0375) X 239

~qp = 128.3 + 14.2 + 230 = 372.5 kPa
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