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Sample No. 1 2 3 4 5 6 7 8 9 10
Depth (m) 0-0.5| 0.5-1 1-15 | 1.5-22-25|25-3|3-35| 3.5-4 4-45 | 4.5-5
Sample Type - DS | UuD |uD| - |uD|UD| DS DS | DS
Clay % - 33 36 11.4 - 28 15 4 4 17
Particle size Silt % - | 59 | 51 |s46| - | 64| 65| o 10 | 63
distribution
Sand % - 8 13 4 - 8 20 87 86 20
Soil symbol U.S.C.S - CL CL ML - CL | CL SM SM ML
Dry Softto | . . Silty| «. Loose | Loose | Soft
Soil Description top Brown med. S'IFy S'IFy soil S'IFy gray gray | clay
' clay soil | soil soil :
soil clay sand sand | soil
L.L % - 49 49 42 - 47 39 - - 41
Index P.L % - 24 24 | 26 | - | 24 | 22 - - 26
properties
P.1 % - 28 25 16 - 23 17 - - 15
Initial water cont. % - 26.8 28.4 [29.08| - | 242|263 | 26.8 258 | 26.8
Bulk g/cm? - - 1.969 |1.907| - 195 | 1.98 - - -
Unit weight
Dry g/cm?3 - - 1533 |1.481| - 157 | 1.56 - - -
Specific gravity (Gs) - 272 | 275 | 268| - [271|269]| 267 2.66 | 2.78
Unconf. comp.| ) 59 53 ) 48 ) ) ) )
tests
Strength Cu
Tests | kPa| ) 63 60 ) 55 | 43 ) ) )
Triaxial =
MPal ~ - 10.50 | 9.0 - - - - - -
€o - - 0.78 [0.799| - 0.73 | 0.707 - - -
Ce - - 0.157 |0.169| - 0.18 | 0.21 - - -
My - - 218 | 289| - |304|345] - - -
Consolidation | m#kN x 10+ ' ' ' '
tests v
) - - 159 [ 189 - |210] 25 - - -
mé/year
k
em/min. x 1071~ - 6.40 1050 - |12.30{16.60 - - -
Pc
KPa - - 35 36 - 58 55 - - -
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L/D=6 Tomlinson Method A- Method
No. Piles 4 S=2D | S=2.5D | S=3D [ S=35D | S=2D | S=2.5D | S=3D [ S=35D
QFinal 411.74 | 42048 | 429.61 | 439.93 | 413.76 | 422.9 | 432.29 | 442.97
Improving 9 113 137 165 95 11.95 | 144 17.3
ratio%
No. Piles 6 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
Qrinal 42792 | 44258 | 458.8 | 476.65 | 430.6 | 44578 | 462.51 | 480.85
Improving 133 17.2 215 26.2 14 18 22.4 273
ratio %
No. Piles 9 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 450.69 | 475.03 | 502.6 | 533.42 | 454.06 | 479.07 | 507.31 | 538.81
Improving 193 | 2575 33 41.2 202 | 26.83 | 34.3 426
ratio %
L/D=10 Tomlinson Method A- Method
No. Piles 4 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
Qrinal 4247 | 43525 | 446.89 | 459.37 | 42855 | 4400 | 452.0 | 465.14
Improving 124 | 153 18.3 216 13.6 16.5 19.7 23.1
ratio%
No. Piles 6 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
Qrinal 4452 | 4631 | 48256 | 503.65 | 450.33 | 469.10 | 489.61 | 511.65
Improving
ratio%% 17.9 226 278 333 19.2 24.2 29.6 355
No. Piles 9 S=2D | S=2.5D | S=3D | S=35D | S=2D | S=2.5D | S=3D | S=35D
Qrinal 472.29 | 500.95 | 532.84 | 567.98 | 478.69 | 508.64 | 541.82 | 578.24
Improving 25 32.6 M 50.4 267 | 34.65 43 53.1
ratio%
L/D=12 Tomlinson Method A- Method
No. Piles 4 S=2D | S=2.5D | S=3D | S=35D | S=2D | S=2.5D | S=3D | S=35D
Qrinal 431.18 | 443.16 | 45553 | 469.09 | 433.16 | 446.63 | 459.49 | 47356
Improving 142 | 1173 | 206 24.2 147 18.2 215 25.4
ratio%
No. Piles 6 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 45384 | 473.36 | 494.44 | 517.15 | 457.8 | 478.08 | 499.9 | 523.35
Improving
ratiods 20.1 253 31 37 212 26.6 323 386
No. Piles 9 S=2D | S=2.5D | S=3D | S=35D | S=2D | S=2.5D | S=3D | S=35D
Qrinal 483.09 | 51391 | 547.96 | 585.26 | 488.05 | 510.87 | 554.91 | 593.2
Improving 28 36 45 55 202 | 376 47 57
ratio%

4 < gsl) jdall JIS ) de ganal Aol Guedl Bailud) 4 il Jaad AiB Cppad cud (3) Joda
laa¥ A8y ja g () geala g5 A8y s Juarinids (L//D=6, 10, 12) ( D=0.125m)<ld 5 ymadl)

L/D=6 Tomlinson Method A- Method
No. Piles 4 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 430.25 | 443.49 | 458.16 | 474 | 435.11 | 449.16 | 464.66 | 481.3
Improving 1416 | 1767 | 2156 | 258 | 1545 | 1917 | 233 | 27.7
ratio%
No. Piles 6 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 45554 | 478.47 | 504 | 531.84 | 462.1 | 486.18 | 512.85 | 543
Improving 208 27 337 | 411 | 226 29 36 44
ratio%
No. Piles 9 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 482.8 | 519.25 | 572.6 | 621 | 499.35 | 539 584 634
Improving 28 | 3777 | ®2 64 | 325 | 43 55 68
ratio%o
L/D=10 Tomlinson Method - Method
No. Piles 4 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 4505 | 467 | 485.16 | 504 | 4605 | 481.44 | 5015 | 522
Improving 195 24 287 | 338 22 27.7 33 385
ratio%
No. Piles 6 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 482.6 | 51055 | 541 574 | 492.94 | 522.79 | 555.25 | 590
Improving 28 3546 | 435 | 523 | 308 | 387 | 473 | 566
ratio%o
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No. Piles 9 S=2D | S=25D | S=3D | S=35D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 525 569.88 | 619.88 675 538 585.38 638 695.68
Improving 393 | 512 | 644 | 791 | 4275 | 553 | 692 | 84.58
ratio%o
L/D=12 Tomlinson Method A- Method
No. Piles 4 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | $=3D | S=3.5D
QFinal 460.63 479 498.66 | 519.6 | 465.88 485 505.66 | 527.45
Improving 2222 | 271 | 323 | 3786 | 236 | 287 | 3417 40
ratio%
No. Piles 6 S=2D | S=25D | S=3D | S=35D | S=2D | S=25D | S=3D | S=3.5D
QFinal 496.19 | 526.56 | 559.6 | 595.15 | 503.1 535 569.25 | 606.15
Improving 316 | 397 | 484 58 335 42 50.7 | 608
ratio%
No. Piles 9 S=2D | S=2.5D | S=3D | S=3.5D | S=2D | S=2.5D | S=3D | S=3.5D
QFinal 541.88 | 590.13 | 64351 | 702 | 550.63 | 600.63 | 655.76 | 716
Improving
NEL ratio% 43.7 56.58 70.7 86.26 46.1 59.36 74 90
Dry topsoil (brown clay)
05m —
Partially Saturated soft soil,
W,.=26.8%, Gs =2.72,Ei =9 Mpa
W gm |
Soft clayly silt soil, Wc¢=29.08%, Gs=2.68,
som 7 =19kN/m? ,Ei =9 Mpa, Cu= 60 kPa, &,=0.799
Soft brown clay,
W c=24.2%,Gs=2.71, 7:=19.5kN/m ,7s= 15.7kN/m’ |E;
=9.1 Mpa, Cy=55 kPa, &, =0.707 , k =12.3*10" cm/ min
30m —
Loose to medium silty sand mixture
W=26.4%, G g=2.68, E; =9. Mpa,
Cu= 43kPa, €,=0.707 , k =16.6*10"" cm/ min
45m —
Soft clayly silt, W, =26.8%, Gg=2.78, E ;=9. Mpa,
50m Cu= 45kPa, k =16.6*107 cm/ min

10[‘

Depth

407

50




2010 (1)7 e aglall 3siy dlas

[31 (1985 tanall g 2 SAll) (Ui ) 8ISl (Bas pa 10aY dadd (A8l (2) JS&

gg{l(_ < 1.0m >
0.5m
0.3m
NGL 1.0m R NGL
RSN AN
0.5m A 0.5m
0.3m 0.3m
Y
A
0.6m
1.0m

0.5m

1.2m




2010 (1)7 e aglall 3siy dlas

c) L/D=12
(D=0.1m) <3 S8 dadS Jauall (ulud) (4) J8&
c- (L/D=12); b- (L/D=10); a- (L/D =6)

1.0m NGL

R

NGL

0.3m

0.75

1.25m




2010 (1)7

Alaa

-

¢) L/ID=12

(D=0.125m) <3 3is )1 dais Jadall (s (5) JSii
¢- (L/D=12); b- (L/D=10); a- (L/D =6)

45
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Improvement the bearing capacity of the soil which is
supporting the shallow foundation by using bored short
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*Assist. Lecturer, College of Engineering, Al-Mustansiriya University, Baghdad, Iraq

Abstract:

In this paper , concrete micro-piles were used to improve the bearing capacity
of the soil which is supporting the shallow foundation by using groups of (4; 6 and
9)bored short micro-piles which have, (D=0.125m and D=0.1m), and length to
diameter ratio (L/D) equal to (6; 10 and 12) respectively.

To calculate the bearing capacity of the micro-piles,(Tomlinson) and (Lamda)
methods were used; also the soil properties were taken from Al-Muthana airport,(Al-
Qyssi,2001) M
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The results show that; increasing the number of piles and/ or the diameters and
lengths; and the interaction between the bearing capacity of the shallow foundation
with the bearing capacity of the pile group which leads to increasing the strength
against the external loads; and the maximum bearing capacity was, when 9 piles with
(L/D=12) was used. The improving ratio in the bearing capacity was (90%) compared
with the bearing capacity of a (1x1) m shallow foundation without any piles.

The results show that, the Tomlinson method of analysis produce lower results
than the Lamda method by a ratio of (2-6) %. The results show also that the use of
bored short micro-piles with (D=0.125m); (L/D=12) and number of 4-piles better than
the (9) bored short micro-piles which have (D=0.1m).
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