UK Summary - Negative Shaft Friction

Chris Raison

Negative Shaft Friction Q¢ = qg Ag

qs = oy B for sands, gravels and long term clay
B = 0.25t00.30

s = ac, forshortterm clay

a = 1.0

Qnstq Computed using M2 material factors
Ymg/,cr = 1.25

Ym,Cu = 1.4

Worst case assumptions.

Use soil-structure interaction software to compute location of
neutral axis and actual Q¢ for SLS case. No Q. if pile
settlement greater than settlement of soft soil.

Under ULS conditions, negative shaft friction often reduces to
zero or even positive shaft friction.

Negative shaft friction limited by driving overburden stress for
Qnst caused by backfilling.



Example Problem

Under test:

Qs = 725kN including 392kN from soft clay

Qp = 969kN

Quit = 1694kN  (cf Load test 1587kN at 40mm settlement)

Short term conditions:

Qs = 474kN
Qy, = 1317kN
Qui = 1791kN

Qnstx = 410kN and Qg g = 572kN (M2 factors)
R.q = 464kN
Fq = 450kN < R4 OK

Long term conditions:

Qs = 474kN
Qp, = 1317kN
Qui = 1791kN

Qnstk = 316KkN and Qpsfq = 395kN (M2 factors)
Req = 690kN
Fq = 450kN < R,q OK



TC250/SC7 Rai son Fost er Job Nb. Sheet Nb. Rev.
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref.
350mm CR VEN PRECAST P LE VTG o o Trecked
Load test conditions e CAR e19-Jun- 12 a350_Tl. KPL ecke
Pl LE BEARI NG CAPACI TY
Pile System Pr ecast Pile size 350 mm
Soi | Top Soi | Shaft Stress Shaf t
Descri ption Level Type Top Base Friction
(mOoD) (kPa) (kPa) (kN)
Soft CLAY 0 Undr ai ned 35 35 392
Medi um dense SAND -8.00 Dr ai ned 65 94 333
Pile Toe Level -11.00 nOD NEGATI VE SHAFT FRI CTI ON 0 kN
Base stress 7913 kPa SHAFT CAPACI TY 725 kN
END BEARI NG CAPACI TY 969 kN
ULTI MATE CAPACI TY 1694 kN
Mai ntai ned | oad test to ultinmate capacity EC7 Model Fact or 1.2
Characteristic Shaft Resistance Rsk 604 kN
Characteristic End Bearing Resistance Rbk 808 kN
Characteristic Pile Resistance Rk 1412 kN
Settlement verified by |oad test EC7 Resi stance Factors
Shaft Factor 1.3
End Beari ng Factor 1.5
Shaft Tensi on Factor 1.7
UK Nat i onal EC7 DESI GN RESI STANCE Rcd 1003 kN
Annex to EC7 EC7 DESI GN TENSI ON RESI STANCE Rt d 355 kN
Factor Set R4 Pl LE LENGTH 13.00 m

File 350_T1. H4

Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012
File bearing capacity cal cul ati on

Witten ~19-Jun-12

Page 1
Tine 23: 04



Rai son Foster

Associ at es

NEGATI VE SHAFT FR CTITQM - E&7 EXAMPLE
350mm CR VEN PRECAST Pl LE
Load test conditions

TC250/SC7
Evolution Group 7

Job No. Sheet Nb. Rev.
EGr/ 2012

Drg. Ref.

Mede BY e DBC1g. gun- 12 8 350 11, k. eCked

Pl LE BEARI NG CAPACI TY -

FULL OUTPUT DETAILS -

EC7 Desi gn Resi stance

Pile System Pr ecast Pile size 350 mm
Pile platform|evel 2.00 nOD
Pile cut off |evel 2.00 nmCD
Soi | I ncrenent Vertical Water Shaf t Tot a
Descri ption Level Eff Str Pressure Stress Shaf t
( mOD) (kPa) (kPa) (kPa) (kN)
Soft CLAY 0 0 0 35.0 0
-0.01 0.1 0.1 35.0 0.5
-0.02 0.2 0.2 35.0 1.0
-0.03 0.2 0.3 35.0 1.5
-0.04 0.3 0.4 35.0 2.0
-0.50 3.9 4.9 35.0 24.5
-1.00 7.7 9.8 35.0 49.0
-1.50 11.6 14.7 35.0 73.5
-2.00 15. 4 19.6 35.0 98.0
-2.50 19.3 24.5 35.0 122.5
-3.00 23.1 29. 4 35.0 147.0
-3.50 27.0 34.3 35.0 171.5
-4.00 30.8 39.2 35.0 196. 0
-4.50 34.7 44. 1 35.0 220.5
-5.00 38.5 49.0 35.0 245.0
-5.50 42. 4 53.9 35.0 269.5
-6.00 46. 2 58. 8 35.0 294.0
-6.50 50.1 63.7 35.0 318.5
-7.00 53.9 68. 6 35.0 343.0
-7.50 57.8 73.5 35.0 367.5
-8.00 61. 6 78. 4 35.0 392.0
Medi um dense SAND -8.00 61. 6 78. 4 64.7 392.0
-8.50 66. 2 83.3 69.5 439.0
-9.00 70.8 88.2 74. 3 489. 4
-9.50 75. 4 93.1 79.2 543. 1
-10. 00 80.0 98.0 84.0 600. 3
-10.50 84. 6 102. 9 88.8 660. 8
-11. 00 89. 2 107. 8 93.7 724.7
Pil e Toe Level -11. 00 nmoD  NEGATI VE SHAFT FRI CTI ON 0 kN
Base stress 7913 kPa SHAFT CAPACI TY 725 kN
Vertical eff stress 89. 2 kPa END BEARI NG CAPACI TY 969 kN
Ng 33.2 ULTI MATE CAPACI TY 1694 kN
Sc. dc 2.67
Ef fective Ng 88.7 EC7 DESI GN RESI STANCE 1003 kN

EC7 TENSI ON RESI STANCE 355 kN
Pl LE LENGTH 13. 00 m

Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012
File bearing capacity cal cul ati on

File 350_T1. H4

Page 1
Witten ~19-Jun-12 Tine 23: 05




TC250/SC7 Rai son Fost er Job Nb. Sheet Nb. Rev.
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref.
350mm CR VEN PRECAST P LE VTG T Trecked
Load test conditions e CAR 19 Jun- 12 350 T1. KPL ecke
Pl LE DATA
Pile system Pr ecast
Pile size : 350 mMm Shaft perineter 1.400 m
Base area : 0.123 n?
Pile platform|evel 2.00 nOD
Pile cut off |evel 2.00 nmOD
SO L STRATA DATA
Soi | Soi | Top Soi |
Layer Descri ption Level Type
(D)
1 Soft CLAY 0 Undr ai ned
2 Medi um dense SAND -8.00 Dr ai ned
Ri gi d base | evel -15.00
WATER DATA

Unit weight of water

Hydrostatic profi I
Water table | evel

9. 80 kN nB

0 nOD

CALCULATI ON DATA

User sel ected cal cul ati on options

Desi gn Approach :
Shaft Friction Ks :
Bearing capacity Nq :
Confining stress :
Pile Settlenments :

Maxi mum al | owabl e stresses

Shaft fs :
Base fb :
Concrete fcu :

EC7 design resistance

Ks fromenpirical relationships
Bri nch Hansen bearing capacity
Not consi dered

Not consi dered

500 kPa
15000 kPa
60. 00 N m?

Program KPI LE v2. 0- ECY
File bearing capacity cal cul ati on

(c) Gris Raison Assoc. 2012

File 350_T1. H4

Page 1
Witten ~19-Jun-12 Tine 23: 05



TC250/SC7 Rai son Fost er Job Nb. Sheet Nb. Rev.
Evolution Group7 Associ at es EG// 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref.
350mm CR VEN PRECAST P LE 5 Trecked
Load test conditions Nade by CAR Date 19 Jun- 12 350 T1. KPL ecke
EC7 PARTI AL FACTORS
UK National Annex to EC7 Factor Set R4
Mai ntai ned | oad test to ultinmate capacity
Mbdel Fact or 1.2
Settlement verified by |oad test
Shaft Factor : 1.3
End Bearing Factor : 1.5
Shaft Tensi on Factor 1.7
SO L PROPERTI ES DATA FOR LAYER 1
Soft CLAY Top | evel 0 mOD
Undr ai ned Properties
Uni t Shaf t Base
wei ght Cu Al pha Nc stress stress
(KN'nmB) (kPa) (kPa) (kPa)
Top 17.50 35.0 1.00 9.0 35 315
Base 35.0 1.00 35 315
SO L PROPERTI ES DATA FOR LAYER 2
Medi um dense SAND Top | evel -8.00 mOD
Drai ned Properties
SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress
(bl ows/ 300mm) (kN nB) (kPa) (deg) (deg) (kPa)
Top 19. 00 0 35.0 .50 0.70 65
Base 132
Ef f DB Ef f Base
Phi ' Nq ratio Sc. dc Nq stress
(deg) (kPa)
Top  35. 33.2 0 1.32 43.7 2695
Base 20. 00 3.00 99.7 12557

Program KPI LE v2. 0- ECY

(c) Gris Raison Assoc. 2012

File bearing capacity cal cul ati on

File 350_T1. H4

Page 2
Witten ~19-Jun-12 Tine 23: 05



Rai son Foster

Associ at es

NEGATI VE SHAFT FR CTI QM - B/ EXAMPLE
350mm DR VBN PRECAST PI LE
EC7 design - short termNSF

TC250/SC7
Evolution Group 7

Job No. Sheet Nb. Rev.
EGr/ 2012

Drg. Ref.

Mede BY e BBC,7 gun-12 B8 350 pp. . eCked

Pl LE BEARI NG CAPACI TY

Pile System Pr ecast Pile size 350 mm
Soi | Top Soi | Shaft Stress Shaf t
Descri ption Level Type Top Base Friction
( mOD) (kPa) (kPa) (kN)
Granul ar BACKFI LL 2.00 Negati ve 0 -16 -23
Soft CLAY 0 Negati ve -49 -49 -549
Medi um dense SAND -8.00 Dr ai ned 98 127 474
Pile Toe Level -11.00 nOD NEGATI VE SHAFT FRICTION -572 kN
Base stress 10752 kPa SHAFT CAPACI TY 474 kN
END BEARI NG CAPACI TY 1317 kN
ULTI MATE CAPACI TY 1791 kN
Mai ntai ned | oad test to ultinmate capacity EC7 Model Fact or 1.2
Characteristic Shaft Resistance Rsk 395 kN
Characteristic End Bearing Resistance Rok 1098 kN
Characteristic Pile Resistance Rk 1492 kN
Settlement verified by |oad test EC7 Resi stance Factors
Shaft Factor 1.3
End Beari ng Factor 1.5
Shaft Tensi on Factor 1.7
UK Nati onal EC7 DESI GN RESI STANCE Rcd 464 kN
Annex to EC7 EC7 DESI GN TENSI ON RESI STANCE Rt d 232 kN
Factor Set R4 Pl LE LENGTH 13. 00 m

Program KPI LE v2. 0- ECY
File bearing capacity cal cul ati on

(c) Gris Raison Assoc. 2012

File 350 P1.H4
Witten ~27-Jun-12

Page 1
Tine 21: 09



Job No. Sheet Nb. Rev.

TC250/SC7 Rai son Foster
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FRICTIQM - EG7 EXAVPLE Dg R

350mm CR VEN PRECAST Pl LE

Made by

DCate Cat a
EC7 design - short termNSF CAR 27-Jun-12 350 _P1. KPL

Checked

Pl LE BEARI NG CAPACI TY - FULL QUTPUT DETAILS - EC7 Design Resistance

Pile System Pr ecast Pile size 350 mm
Pile platformlevel : 2.00 nOD
Pile cut off level : 2.00 nmOD
Soi | Increnment Vertical Wter Shaf t Tot a
Descri ption Level Eff Str Pressure Stress Shaf t

(nOD) (kPa) (kPa) (kPa) (kN)

Granul ar BACKFI LL 2.00 0 0 0 0
1.50 8.0 0 -4.1 -1.5
1.00 16.0 0 -8.2 -5.8
0.50 24.0 0 -12.2 -12.9
0 32.0 0 -16. 3 -23.0
Soft CLAY 0 32.0 0 -49.0 -23.0
-0. 50 35.9 4.9 -49.0 -57.3
-1.00 39.7 9.8 -49.0 -91.6
-1.50 43. 6 14. 7 -49.0 -125.9
-2.00 47. 4 19.6 -49.0 -160. 2
-2.50 51.3 24.5 -49.0 -194.5
-3.00 55.1 29. 4 -49.0 -228.8
-3.50 59.0 34. 3 -49.0 -263.1
-4.00 62. 8 39. 2 -49.0 -297. 4
-4.50 66. 7 44. 1 -49.0 -331. 7
-5.00 70.5 49.0 -49.0 -366.0
-5.50 74. 4 53.9 -49.0 -400. 3
-6. 00 78. 2 58. 8 -49.0 -434. 6
-6. 50 82.1 63. 7 -49.0 -468. 9
-7.00 85.9 68. 6 -49.0 -503. 2
-7.50 89. 8 73.5 -49.0 -537.5
-8.00 93.6 78. 4 -49.0 -571. 8
Medi um dense SAND -8.00 93.6 78. 4 98. 3 -571. 8
-8. 50 98. 2 83.3 103.1 -501. 3
-9.00 102. 8 88. 2 107.9 -427. 4
-9.50 107. 4 93.1 112. 8 -350.1
-10. 00 112.0 98.0 117.6 -269.4
-10. 50 116. 6 102.9 122. 4 -185.4
-11. 00 121.2 107.8 127. 3 -97.9
Pile Toe Level -11. 00 oD NEGATI VE SHAFT FRICTION -572 kN
Base stress 10752 kPa SHAFT CAPACITY 474 kN
Vertical eff stress 121. 2 kPa END BEARI NG CAPACI TY 1317 kN
Ng 33.2 ULTI MATE CAPACI TY 1791 kN
Sc. dc 2.67
Ef fective Ng 88. 7 EC7 DESI GN RESI STANCE 464 kN
EC7 TENSI ON RESI STANCE 232 kN
PI LE LENGTH 13. 00 m
Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012 Fle 350 P1. H4 Page 1
File bearing capacity cal cul ati on Witten ~27-Jun-12 Tine 21: 09




TC250/SC7 Rai son Fost er Job Nb. Sheet Nb. Rev.
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref
350mm CR VEN PRECAST P LE VTG Trecked
EC7 design - short termNSF e CAR 27 Jun- 12 350 P1. KPL ecke
Pl LE DATA
Pile system Pr ecast
Pile size : 350 mMm Shaft perineter 1.400 m
Base area : 0.123 n?
Pile platform|evel 2.00 nOD
Pile cut off |evel 2.00 nmOD
SO L STRATA DATA
Soi | Soi | Top Soi |
Layer Descri ption Level Type
(D)
1 Granul ar BACKFI LL 2.00 Negati ve
2 Soft CLAY 0 Negati ve
3 Medi um dense SAND -8.00 Dr ai ned
Ri gi d base | evel -15.00
WATER DATA
Unit weight of water 9.80 kN nB
Hydrostatic profi I
Water table | evel 0 nCD

CALCULATI ON DATA

User sel ected cal cul ati on options

Desi gn Approach :
Shaft Friction Ks :
Bearing capacity Nq :
Confining stress :
Pile Settlenments :

EC7 design resistance

Ks fromenpirical relationships
Bri nch Hansen bearing capacity
Not consi dered

Not consi dered

Maxi mum al | owabl e stresses

Shaft fs :
Base fb :
Concrete fcu :

500 kPa
15000 kPa
60. 00 N m?

Program KPI LE v2. 0- ECY
File bearing capacity cal cul ati on

(c) Gris Raison Assoc. 2012

Fle 350 PL. H4
Witten ~27-Jun-12

Page 1
Tine 21: 09



Job No. Sheet Nb. Rev.

TC250/SC7 Rai son Foster
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FRICTIQM - EG7 EXAVPLE Dg R

350mm DR VBN PRECAST PI LE
EC7 design - short termNSF

Nede b Thecked
e DY or P57 gun-12 P2 350 pr ke ECKe

EC7 PARTI AL FACTORS

UK National Annex to EC7 Factor Set R4

Mai ntai ned | oad test to ultinmate capacity

Model Factor : 1.2
Settlement verified by |oad test
Shaft Factor : 1.3

End Bearing Factor : 1.5
Shaft Tension Factor 1.7

SO L PROPERTI ES DATA FOR LAYER 1

Granul ar BACKFI LL Top | evel 2.00 nOD

Negative Shaft Friction Properties - Effective stress cal cul ation

SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress

(bl ows/ 300mMM) (thnB) (kPa) (deg) (deg) (kPa)
Top .00 0 30.0 0. 88 -0.58 0
Base -16

SO L PROPERTI ES DATA FOR LAYER 2

Soft CLAY Top | evel 0 mOD

Negative Shaft Friction Properties - Total stress cal cul ation

Uni t Shaf t
wei ght Cu Al pha  stress
(KN nB)  (kPa) (kPa)
Top 17. 50 35.0 -1.40 -49
Base 35.0 -1.40 -49
Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012 Fle 350 PL. H4 Page 2
File bearing capacity cal cul ati on Witten ~27-Jun- 12 Tine 21: 09



TC250/SC7
Evolution Group 7

Rai son Foster
Associ at es

NEGATI VE SHAFT FR CTI QM - BE&Z EXAMPLE

350mm CR VEN PRECAST Pl LE
short term NSF

EC7 design -

Job No. Sheet Nb. Rev.
EGr/ 2012

Drg. Ref.

Mede BY e BBC,7 gun-12 B8 350 pp. . eCked

SO L PROPERTI ES DATA FOR LAYER 3

Medi um dense SAND Top | evel -8.00 mOD
Drai ned Properties
SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress
(bl ows/ 300mm) (kN nB) (kPa) (degq) (degq) (kPa)
Top 19. 00 0 35.0 1.50 0.70 98
Base 166
Ef f DB Ef f Base
Phi ' Nq ratio Sc. dc Nq stress
(deg) (kPa)
Top 35.0 33.2 0 1.32 43.7 4095
Base 20. 00 3.00 99.7 15747

Program KPI LE v2. 0- ECY
File

(c) Gris Raison Assoc. 2012
bearing capacity cal cul ation

Fle 350 PL HA
|

Witten ~27-Jun-12

Page 3
Tine 21: 09



TC250/SC7 Rai son Fost er Job Nb. Sheet No. Rev.
Evolution Group7 Associ at es EG// 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref.
350mm CR VEN PRECAST P LE VTG o o Trecked
EC7 design - long termNSF e CAR e27-Jun- 12 a350_F’2. KPL ecke
Pl LE BEARI NG CAPACI TY
Pile System Pr ecast Pile size 350 mm
Soi | Top Soi | Shaft Stress Shaf t
Descri ption Level Type Top Base Friction
(mOoD) (kPa) (kPa) (kN)
Granul ar BACKFI LL 2.00 Negati ve 0 -16 -23
Soft CLAY 0 Negati ve -20 - 38 -322
Medi um dense SAND -8.00 Dr ai ned 98 127 474
Pile Toe Level -11.00 nOD NEGATI VE SHAFT FRICTION -345 kN
Base stress 10752 kPa SHAFT CAPACITY 474 kN
END BEARI NG CAPACI TY 1317 kN
ULTI MATE CAPACI TY 1791 kN
Mai ntai ned | oad test to ultinmate capacity EC7 Model Fact or 1.2
Characteristic Shaft Resistance Rsk 395 kN
Characteristic End Bearing Resistance Rok 1098 kN
Characteristic Pile Resistance Rk 1492 kN
Settlement verified by |oad test EC7 Resi stance Factors
Shaft Fact or 1.3
End Beari ng Factor 1.5
Shaft Tensi on Factor 1.7
UK Nat i onal EC7 DESI GN RESI STANCE Rcd 690 kN
Annex to EC7 EC7 DESI GN TENSI ON RESI STANCE Rt d 232 kN
Factor Set R4 Pl LE LENGTH 13.00 m
Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012 Fle 350 P2. H4 Page 1
File bearing capacity cal cul ati on Witten ~27-Jun-12 Tine 21: 10



Job No. Sheet Nb. Rev.

TC250/SC7 Rai son Foster
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FRICTIQM - EG7 EXAVPLE Dg R

350mm CR VEN PRECAST Pl LE

Made by

. DCate Cat a
EC7 design - long termNSF CAR 27-Jun-12 350 P2. KPL

Checked

Pl LE BEARI NG CAPACI TY - FULL QUTPUT DETAILS - EC7 Design Resistance

Pile System Pr ecast Pile size 350 mm
Pile platformlevel : 2.00 nOD
Pile cut off level : 2.00 nmOD
Soi | Increnment Vertical Wter Shaf t Tot a
Descri ption Level Eff Str Pressure Stress Shaf t

(nOD) (kPa) (kPa) (kPa) (kN)

Granul ar BACKFI LL 2.00 0 0 0 0
1.50 8.0 0 -4.1 -1.5
1.00 16.0 0 -8.2 -5.8
0.50 24.0 0 -12.2 -12.9
0 32.0 0 -16. 3 -23.0
Soft CLAY 0 32.0 0 -19.6 -23.0
-0. 50 35.9 4.9 -20.7 -37.1
-1.00 39.7 9.8 -21.9 -52.0
-1.50 43. 6 14. 7 -23.0 -67.7
-2.00 47. 4 19.6 -24.2 -84.2
-2.50 51.3 24.5 -25.3 -101.6
-3.00 55.1 29. 4 -26.5 -119.7
-3.50 59.0 34. 3 -27.6 -138.6
-4.00 62. 8 39. 2 -28.8 -158. 4
-4.50 66. 7 44. 1 -29.9 -178.9
-5.00 70.5 49.0 -31.1 -200. 3
-5.50 74. 4 53.9 -32.2 -222. 4
-6. 00 78. 2 58. 8 -33.4 -245. 4
-6. 50 82.1 63. 7 -34.5 -269.1
-7.00 85.9 68. 6 -35.7 -293. 7
-7.50 89. 8 73.5 -36.8 -319.1
-8.00 93.6 78. 4 -38.0 -345. 3
Medi um dense SAND -8.00 93.6 78. 4 98. 3 -345. 3
-8. 50 98. 2 83.3 103.1 -274. 8
-9.00 102. 8 88. 2 107.9 -200.9
-9.50 107. 4 93.1 112. 8 -123.6
-10. 00 112.0 98.0 117.6 -42.9
-10. 50 116. 6 102.9 122. 4 41.1
-11. 00 121.2 107.8 127. 3 128. 6
Pile Toe Level -11. 00 oD NEGATI VE SHAFT FRI CTI ON -345 kN
Base stress 10752 kPa SHAFT CAPACITY 474 kN
Vertical eff stress 121. 2 kPa END BEARI NG CAPACI TY 1317 kN
Ng 33.2 ULTI MATE CAPACI TY 1791 kN
Sc. dc 2.67
Ef fective Ng 88. 7 EC7 DESI GN RESI STANCE 690 kN
EC7 TENSI ON RESI STANCE 232 kN
PI LE LENGTH 13. 00 m
Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012 Fle 350 P2. H4 Page 1
File bearing capacity cal cul ati on Witten ~27-Jun-12 Tine 21: 10




TC250/SC7 Rai son Fost er Job Nb. Sheet Nb. Rev.
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FR CTIQM - EG7 EXAVPLE Dg Ref
350mm CR VEN PRECAST P LE VTG Trecked
EC7 design - long termNSF © yOBR 27 Jun- 12 350P2KPL ecke
Pl LE DATA
Pile system Pr ecast
Pile size : 350 mMm Shaft perineter 1.400 m
Base area : 0.123 n?
Pile platform|evel 2.00 nOD
Pile cut off |evel 2.00 nmOD
SO L STRATA DATA
Soi | Soi | Top Soi |
Layer Descri ption Level Type
(D)
1 Granul ar BACKFI LL 2.00 Negati ve
2 Soft CLAY 0 Negati ve
3 Medi um dense SAND -8.00 Dr ai ned
Ri gi d base | evel -15.00
WATER DATA
Unit weight of water 9.80 kN nB
Hydrostatic profi I
Water table | evel 0 nCD

CALCULATI ON DATA

User sel ected cal cul ati on options

Desi gn Approach :
Shaft Friction Ks :
Bearing capacity Nq :
Confining stress :
Pile Settlenments :

EC7 design resistance

Ks fromenpirical relationships
Bri nch Hansen bearing capacity
Not consi dered

Not consi dered

Maxi mum al | owabl e stresses

Shaft fs :
Base fb :
Concrete fcu :

500 kPa
15000 kPa
60. 00 N m?

Program KPI LE v2. 0- ECY
File bearing capacity cal cul ati on

(c) Gris Raison Assoc. 2012

Fle 350 P2. H4
Witten ~27-Jun-12

Page 1
Tine 21: 10



Job No. Sheet Nb. Rev.

TC250/SC7 Rai son Foster
Evolution Group 7 Associ at es EG7/ 2012
NEGATI VE SHAFT FRCTT QM - E&Z EXAMPLE Drg. Ref.
350mm CR VEN PRECAST P LE VTG Trecked
EC7 design - long termNSF yOBR 27 Jun- 12 350P2KPL

EC7 PARTI AL FACTORS

UK National Annex to EC7 Factor Set R4

Mai ntai ned | oad test to ultinmate capacity

Model Factor : 1.2
Settlement verified by |oad test
Shaft Factor : 1.3

End Bearing Factor : 1.5
Shaft Tension Factor 1.7

SO L PROPERTI ES DATA FOR LAYER 1

Granul ar BACKFI LL Top | evel 2.00 nOD

Negative Shaft Friction Properties - Effective stress cal cul ation

SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress

(bl ows/ 300mMM) (thnB) (kPa) (deg) (deg) (kPa)
Top .00 0 30.0 0. 88 -0.58 0
Base -16

SO L PROPERTI ES DATA FOR LAYER 2

Soft CLAY Top | evel 0 mOD

Negative Shaft Friction Properties - Effective stress cal cul ation

SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress
(bl ows/ 300mm) (kN nB) (kPa) (deg) (deg) (kPa)
Top 17.50 -10.0 20.0 0. 83 -0. 36 -20
Base - 38
Program KPI LE v2. 0- ECY (c) Gris Raison Assoc. 2012 FHle 350 P2.HA4

Page 2
File bearing capacity cal cul ati on Witten ~27-Jun- 12 Tine 21: 10



TC250/SC7
Evolution Group 7

Rai son Foster
Associ at es

NEGATI VE SHAFT FR CTI QM - BE&Z EXAMPLE

350mm DR VBN PRECAST PI LE
| ong term NSF

EC7 design -

Job No. Sheet Nb. Rev.
EGr/ 2012

Drg. Ref.

Mede BY e BBC,7 gun-12 B8 350 pp, . eCked

SO L PROPERTI ES DATA FOR LAYER 3

Medi um dense SAND Top | evel -8.00 mOD
Drai ned Properties
SPT N Uni t Ef f Tan Shaf t
val ue wei ght c' Phi ' Phi ' Ks delta stress
(bl ows/ 300mm) (kN nB) (kPa) (degq) (degq) (kPa)
Top 19. 00 0 35.0 1.50 0.70 98
Base 166
Ef f DB Ef f Base
Phi ' Nq ratio Sc. dc Nq stress
(deg) (kPa)
Top 35.0 33.2 0 1.32 43.7 4095
Base 20. 00 3.00 99.7 15747
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UK Summary - Negative Shaft Friction

Q,
Qs
Qnsf
Backfill
Soft Clay
QuIt
4
Qnsf
Factors of Fy,
Safety F.
Design Q,,
Capacity Q,
Dead
Live
\{Fi
Yaf
Applied Qapp
Load

BS 8004 BS 8004 BS 8004
Correct Common Structural
Method Approach Check
Qw - Qnsf (Qs - Qnsf)/Fs Qapp + Qnsf
1317 1317 1317
474 474 474
410 410 410
18 18 18
392 392 392
1791 1791 | [ 1791 |
410 410 || 574
2.0 2.0 2.0
2.0 2.0 2.0
896 896 896
486 691
Wlth Qnsf Wlth Qnsf
450 450 450
0 0 0
14
1.6
450 450 | 1204 |
Qu> Qapp Qu> Qapp

Model
Factor

Load,
Resistance
& Material

Factors

Resistance
Factors

Rb
Rs
Qnsf
Backfill
Soft Clay

Ym,'c
Vm,Cu

Qnsf,d

EC7

EC7

Combination 2
M2 Material M2 Material

EC7

EC7

Combination 1

M1 Material M1 Material

Red - Qustd  Fa+ Qustd Red - Qustd  Fa* Qustd
1317 1317 1317 1317
474 474 474 474
410 410 410 410

18 18 18 18
392 392 392 392
1.2 1.2 1.2 1.2
1098 1098 1098 1098
395 395 395 395
1493 1493 1493 1493
410 410 410 410
1.0 1.0 1.35 1.35
1.0 1.0 1.0 1.0
1.25 1.25 1.0 1.0
1.4 1.4 1.0 1.0
571 571 554 554
1.5 1.5 1.0 1.0
1.3 1.3 1.0 1.0
1036 1036 1493 1493
464 1036 939 1493
with Q. with Q. with Q¢ with Q¢
450 450 450 450
0 0 0 0
1.0 1.0 1.35 1.35
13 13 1.5 1.5
1.0 1.0 1.0 1.0
450 450 450 450
450 1021 608 1161
Rea> Fy Rea> Fy Red> Fy Red > Fy

Model
Factor

Load,
Resistance
& Material

Factors

Resistance
Factors
Design

Resistance

Design
Action

Ro
Rs
Qnsf
Backfill
Soft Clay

Ym,e'c
Vm,Cu

Qnsf,d

Fex

Yo f
Yot

Frep

EC7 EC7 EC7 EC7
Combination 2 Combination 1
A2 Load A2 Load Al Load Al Load
Red - Qustd  Fa+ Qustd Red - Qustd  Fa+ Qustd
1317 1317 1317 1317
474 474 474 474
410 410 410 410
18 18 18 18
392 392 392 392
1.2 1.2 1.2 1.2
1098 1098 1098 1098
395 395 395 395
1493 1493 1493 1493
410 410 410 410
1.0 1.0 1.35 1.35
1.3 1.3 1.0 1.0
1.0 1.0 1.0 1.0
1.0 1.0 1.0 1.0
533 533 554 554
1.5 1.5 1.0 1.0
1.3 1.3 1.0 1.0
1036 1036 1493 1493
503 1036 939 1493
with Q¢ with Q. with Q. with Q.
450 450 450 450
0 0 0 0
1.0 1.0 1.35 1.35
13 13 1.5 1.5
1.0 1.0 1.0 1.0
450 450 450 450
450 983 608 1161
Red> Fy Req> Fy Rea> Fy Req> Fy
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