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JOB NO.2009-0018

BORING NO. 2
BORING SURFACE EL. 457 FT Pu

GROUND WATER

EL

= 444,00

DESIGN DATA:
Design Specification: AASHTO LRFD Specification (LRFD), using the
Illinois Department of Transportation (IDOT)

Factored Pile Loading, Pu = 220.0 k

Load Factors to be applied to downdrag (per IDOT Design Guide):
Cohesive soil layers, ) = 1.40
Granular soil layers, \ = 1.05

Resistance Factor,
Hammer Efficiency,

SOIL DATA:
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ER = 73 %
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FINAL SURFACE EL.=457.00

=1
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PILE LENGTH

EST.

‘

i

Modified Static Method Design Guide

BOT/FTG EL
DRIVING EL

AZ//f-STEEL HP10x 37

ORIVING POINT

= - .55 (per IDOT Design Guide)

]

Soil Clagsification
(using IDOT terminology)

Fine Sand

Cohesive Soil

Hard Till

Fine Sand

Cohesive Soil

Fine Sand

Cohesive Soil

Very Fine Silty Sand

Clean Medium to Coarse Sand
Cohesgive Soil

=446.00
=446.00
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To

Soil Classification
(using IDOT terminology)

Cohesive Soil
Cohesive Soil
Cohesgive Soil
Rock: Limestone
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This program uses the theory presented in the IDOT "Design Guide AGMU Memo
10.2-Geotechnical Pile Design". A static analysis prediction method is used to
determine pile resistance, based on soil resistance curves developed

by IDOT over 40 years and an extensive research study at Univ. of Illinois.

The ultimate pile resistance is determined as,

R = [Rp (tip resistance) + Ry (skin resistance)]*I

hel G

The pile tip resistance, R, for displacement piles is computed using
a tip stress, g , as

R = F_ *q° * A
wherB P P b
F = tip resistance correction (0.758 for granular, 1 for

cohesive soils)

q = nominal unit tip resistance

Ag = cross-sectional end area
The skin resistance, R , will be determined by subdividing the pile
into 1 foot increments. The skin friction, g will be computed in
each increment. The total friction is the sumhation of all increments,

R = F * g * A * 1 foot

<3 s s sa

where

FS = side resistance correction (0.75g for granular, 1.174 for

cohesive soils)

qdg = nominal unit side resistance

Asa = effective surface area of the pile per foot
I = Bilas Factor Ratio = 1.04

G

The maximum resistance of the pile cannot exceed a force, R ,
. . N, Max

that will cause damage to the pile.

Referring to IDOT's method, for STEEL HP10x57,

A = .117 s.f./ft
p(unplugged)  _ "oog JTeTUEl

Ap(plugged) ‘883

s.f./ft
sa (unplugged) = _
sa (plugged) = 3.365 g.f./ft
RN,MAX = 454 .0 k

The factored bearing resistance of the pile (to be compared to the
LRFD Factored Load), is

Re =g *Ry (LRFD Eg. 10.7.2.8.6a-1)
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EXPLANATION OF THEORY (Cont'd):

For Granular Soils,

q = 0.8 * N1 * D /D <= g (ksf) (LRFD Eg. 10.7.3.8.6g-1)
Fhere 60 b 1
N1 = [O.77log1 (40/g-v, )] * N60 (LRFD Eqg. 10.4.6.2.4-1)
D = pile diamet&r or width
= 10.000 inch = .833 ft
D, = depth of penetration into soil (ft)
N60 = SPT blow count corrected for 60% hammer efficiency
(ER/60%) * N (LRFD Eg. 10.4.6.2.4-2)
where
ER = hammer efficiency = 73 %
N = uncorrected SPT blow count (blows/ft)
Nl60 = SPT blow count corrected for overburden
o g1 = effective vertical soil pressure
= g (total stress) - o w0 (pore water pressure)
ay = 8*1(\)1160 (sands)
= 6*Nl60 (nonplastic silt)

For Cohesive Soils,

aq = 9*Qu (ksf) (similar to LRFD Eq. 10.7.3.8.6e-1)
Fhere Qu = unconfined compressive strength (tsf)
P

For Rock,
For shale and sandstone, g = 3888 ksf
For limestone and dolemitef qp = 5184 kst
Nominal Side Resistance (qS ) e
For Hard Till:
q = 0.07 * N1 (N1 < 30)
s 6 2 60
— * - *
qS = 0.00136 §16O 0.00888 Nl6O + 1.13 (307 < Nl60 )
For Very Fine Silty Sand:
— *
qS = 0.1 Nl60 (Nl60 < 30)
q = 42.58 * gMPonent (30 < N1 < 74)
s 60
where 5
Exponent = [(Nl60 175.05) /-7944]
— * —
qS = 0.297 Nl60 10.2 (74 < N160 )
For Fine Sand:
g, = 0.1 * NI, (N1, < 30)
qs = 0.3256 * ﬁlGO + (182 / N16O) - 12.51 (30 < Nl60 < 66)
qs = 0.329 * Nl6O - 9.91 (66 < Nl6O )
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For Medium Sand:

dq = 0.117 * N1 5 (Nl60 < 24)

q, = 0.00404 * 1§1960 - 0.0697 * N1 . + 2.13 (2472 N1, < 55)
- * -

q, = 0.356 * N1, 9.1 (55 < N1 . )

For Clean Medium to Coarse Sand:
= *

q, = 0.128 N1I§I9 , (N1, < 24)

q, = 0.00468 * NI__ - 0.0693 * N1, + 2.05 (247< N1, < 50)
= * -

dg = 0.394 Nl60 9.42 (50 < Nl60 )

For Sandy Gravel:
= *

dq = 0.15 NlGI(\)I 5 (Nl60 < 20)

q, = 0.00861 * N1, - 0.271 * N1, + 3.91 (20°< N1, < 40)
s * P

dq = 0.6 Nl60 15 (40 < Nl60 )

For Cohesiye Soils: )

dq = -Qu / 2509 - 0.177 * Qu , ¥t 1.09 * Qu (Qu < 1.5)

5 = 0.0495 * Qu - 0.347 * Qu + 1.278 * Qu - 0.068 (1.5 < Qu < 2)

dg = 0.47 * Qu + 0.555 (2 < Qu < 4.5)

q = 2.67 (4.5 < Qu)

162}
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Total Side Resistance =

DownDrag
A *DD

Qu gs Fs* |Side
(tsf) | (ksf) | (s£) | (k)

.8 76|5.05

.8 76|5.05

.8 76|5.05

.8 765.05

.8 765.05

.8 76|5.05

.8 76|5.05

.8 76|5.05

.8 .7615.05

1 1.51)|1.01

0 1.50]1.01

9 1.49)1.01

9 .63]1.01

9 .63|1.01

2.0 1.50|5.05

2.0 1.50(5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

3.5 2.20|5.05

3.5 2.20(5.05

3.5 2.20|5.05

1.0 .9115.05

1.0 .91(5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

2.0 1.50|5.05

0.0 |24.00(3.37

Factored Pile Load
Factored Downdrag Load

Total Factored Load
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COMPUTE TIP RESISTANCE:

Fp*Ap =  .117 s.f.
qp = 240.0 ksf
Total Tip Resistance = 240.0 ksf * 12 s . = 28.1 k
NOMINAL PILE RESISTANCE FOR THIS LOAD CASE (RN ) e
RN = ( 379.4 k + 28.1 k)*1.04
= 423.8 k (GOVERNS) < RN,MAX = 454.0 k for this pile

FACTORED RESISTANCE AVAILABLE (RF ) :

R = R *
F %23.? E * (.55) = 233.1 k > 220.0 k (OK)

i

ESTIMATED REQUIRED PILE LENGTH:

Footing Elev = 446.00 ft
Pile Tip Elev = 388.00 ft
--> Estimated Required Pile Length = 58.00 ft

(not including portion embedded in the footing)
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In the previous analysis, the pile length required to support the loads

was calculated based on eventual conditions that may include the effects
of downdrag, scour and liquifaction. During the pile installation these

effects will not exist, therefore we need to determine the forces due to
side resistance without these effects.

The "Nominal Required Bearing" represents the resistance that the pile
will experience during driving. This value is used in the field to
determine the required pile length based on driving characteristics.

COMPUTE SIDE RESISTANCE DURING DRIVING:

Elev. |Layer| For Granular Soils Qu gs Fs* |Side
[NO. |--m-mmmmmmm e Asa |Resistance
I | o 0 Uoo o'y INlg, (tsf) | (ksf) | (s£) | (k)
(Driving E1 446.00)
445.00 | 1 | .10| 0.00 10| 4.9 .49]1.01 5
(Ground Water E1 444.00)
444 .00 1 .21 0.00 .21 4.3 .43|1.01 .4
443.00 1 .32 0.06 .26 4.1 .41|1.01 .4
442.00 1 .43 .12 .31 4.0 .4011.01 .4
441.00 2 1.0 .91(5.05 4.6
440.00 2 1.0 .91|5.05 4.6
439.00 2 1.0 .91|5.05 4.6
438.00 3 .93 .37 .55] 52.3 4.38|1.01 4.4
437.00 3 1.06 .44 .62 50.8 4.19|1.01 4.2
436.00 4 1.18 .50 .68| 16.6 1.66]1.01 1.7
435.00 4 1.31 .56 74| 16.2 1.62]1.01 1.6
434 .00 4 1.43 .62 .81] 15.9 1.59]1.01 1.6
433.00 5 2.5 1.73]5.05 8.7
432.00 5 2.5 1.73|5.05 8.7
431.00 5 2.5 1.73]5.05 8.7
430.00 5 2.5 1.73|5.05 8.7
429.00 5 2.5 1.73]5.05 8.7
428.00 5 2.5 1.73]5.05 8.7
427.00 5 2.5 1.73]5.05 8.7
426.00 5 2.5 1.73]5.05 8.7
425.00 5 2.5 1.73]5.05 8.7
424 .00 5 2.5 1.73]5.05 8.7
423.00 6 2.87 1.31 1.56] 13.2 1.32]1.01 1.3
422.00 6 2.99 1.37 1.62] 13.0 1.30]1.01 1.3
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Elev. Layer| For Granular Soils Qu gs Asa |Side
No. |--=--mmmmmmmmm e Resistance
(o o g 'y Nl (tsf) | (ksf) | (s£) | (k)
421.00 7 .8 76|5.05 3.8
420.00 7 .8 76|5.05 3.8
419.00 7 .8 76|5.05 3.8
418.00 7 .8 .7615.05 3.8
417.00 7 .8 .7615.05 3.8
416 .00 7 .8 76(5.05 3.8
415.00 7 .8 76|5.05 3.8
414.00 7 .8 76|5.05 3.8
413.00 7 .8 76|5.05 3.8
412.00 7 .8 .7615.05 3.8
411.00 8 4.30 2.06 2.24| 17.6 1.76]1.01 1.8
410.00 8 4.43 2.12 2.31| 17.4 1.74|1.01 1.8
409.00 8 4.55 2.18 2.37] 17.2 1.72]1.01 1.7
408.00 S 4.67 2.25 2.42 5.7 .73]11.01 .7
407.00 9 4.79 2.31 2.48 5.7 .7211.01 .7
406.00 10 2.0 1.50(|5.05 7.5
405.00 10 2.0 1.50|5.05 7.5
404 .00 10 2.0 1.50|5.05 7.5
403.00 10 2.0 1.50|5.05 7.5
402.00 10 2.0 1.50|5.05 7.5
401.00 11 3.5 2.20|5.05 11.1
400.00 11 3.5 2.2015.05 11.1
399.00 11 3.5 2.20|5.05 11.1
398.00 12 1.0 .91|5.05 4.6
397.00 12 1.0 .91]5.05 4.6
396.00 13 2.0 1.50]5.05 7.5
395.00 13 2.0 1.50|5.05 7.5
394 .00 13 2.0 1.50(|5.05 7.5
393.00 13 2.0 1.50|5.05 7.5
352.00 13 2.0 1.50(|5.05 7.5
391.00 13 2.0 1.50|5.05 7.5
390.00 13 2.0 1.50|5.05 7.5
389.00 13 2.0 1.50|5.05 7.5
388.00 14 0.0 |24.00(3.37 80.8
Total Side Resistance During Driving = 385.5 k
Tip Resistance = 28.1 k
Rn = 413.6 k
< R 454.0 k

--> Nominal Required Resistance During Driving = 413.6 k



