(A yse
o N K
plce = )
——
x
"W
"31 Fargo
Y
ckway
l \.."—\___k_(L ’
'l : \ AHbo r
F_“} %
) € 00
vor A
! ; 2273
ST, amb
5 S
'He\‘“
- l -
w Jttle
da .
‘%\
Lo} ! l__-- 3 ;
: Y RI-C .,';'.""- o e i

; \ Abutment Design Example
- ot

\""" chris Byrum @ SME

‘Sak‘ Doug Parmerlee AZCOM

ort ;\L‘ r;:'::)‘ = j|
re ke /
\ / _r,_.-—-'“"’f‘f'
_,,.-—-“""'_H_._—
\ j,.f"’l
5 ¥ ToLL BRIDGE
ort Huron
m e, (BOS
: S
/ 7o 7
W&
miths
o i
o o
, 22
94 S r /
/ FERRY




MWoodlawn

m




e

©2015 Google ' C(}()Qle earth




Example Bridge
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Evaluate Existing Test Hole Data

Not much before 1940

MDOT Housel Soil Mechanics 1940-80s

ASTM SPT N-modified values
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Evaluate Existing Test Hole Data

Not much before 1940
MDOT Housel Soil Mechanics 1940-80s
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Evaluate Existing Test Hole Data

Not much before 1940 i
MDOT Housel Soil Mechanics 1940-80s
ASTM SPT N-modified values [
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New Test Holes

DATE STARTED: 12/15/11 COMPLETED: 12/16/11 BORING METHOD: Hollow-stem Augers/\Wash Water
DRILLER: RM RIG NO.: ATV LOGGED BY: SB CHECKED BY: LMJ
E‘ DR{Eg}IENﬂTY W HAND PENETROMETER
- &
L - NORTHING: 54234273 FT o 90 10 W 1o Lﬁ%ﬁ“ﬁiﬁﬁm
= L EASTING: 13625317.71FT = COMPRESSION
5 i | | STATION: 428+37.97 & |go| NVALE-O MOISTIRES | @ VANE SHEAR (PEAK
= I | =} | OFFSET: 3 FEET RIGHT OF CENTERLINE Fo iy LIMITS (%) X VANE SHEAR (REMOLDED)
S i |2 L | STREET: RAMPD Tz |22 LoMe W 4 TRIAXAL (UU)
- & | £ 2 | SURFACE ELEVATION: 617.52 FT =E |8x SHEAR STRENGTH (KSF)
= %‘ wo PROFILE DESCRIPTION OE DD | g9 29 3 40 1020 30 40 1 2 3 4 REMARKS
v 15 Driller Reported 18 inches of 616.0 2 7 I R : : '
r = 4 Clayey Sandy Topsoil- Black (Fill) SS1 3 o s v
35 Fine to Medium Sand- Trace SIt&  614.0| : Y N :
i . Gravel- Brown- Wet- Loose /| ss2 4 ,_fga : Lo E : L
. gl (SPIFill) 611.5 S I Lo
\ Silty Clay- Trace to Some Sand- Tl ss3 8 116 H o
610 | \ Trace Gravel- Brown- Very Stiff / g : /O : : . : : ;V
9 __ (CL/Possible Fill) 608.5| 7 (%/ : SRS S
- 10 | Silty Clay- Trace Sand & Roots- M==d 3 - i S S
| Occasional Silt Seams- Brown& | \ S o
- ] | Gray- Very Stiff (CL) .' Hﬁ T 5
N Sandy Clay- Some Silt- Trace o :
1\|4'D Gravel- Brown& Gray- Medium 603—','5— SS5 E ; g% ’ Lo LV
L Y (CL) ¥ T o :
7 Silty Clay- Some Sand- Trace 1 I :
600 18.0 _ Gravel- Brown& Gray- Stiff (CL) 599.5 | Do j
4 10 3 :
- 556 4 ” P
20 Silty Clay- Some Sand- Trace E 8 T' ’ — ?
N Gravel- Gray- Stiff (CL) | R :
i 23.0 594.5 I . :
i 7 §S7 E ; 2 R 5
i s | Y * v
i 1 Do :
590 ) 1 - :
) 4 12 24l : :
i - Silty Clay- Trace to Some Sand- ssslf 2 | O s v
Occasional Sand Seams- Trace A S : :
- ] Gravel- Gray- Siff (CL) lH 5 S
L 5 T i S
. 889 6 0y v
_ d: oy ’ v
7 4 : :
580 38.0 579.5 ;o : :
cain|d 3 ,-B-a 3? g




In-Situ Vane-shear and 3” Shelby Tubes

E DR[;g;ENgTY ¥ HAND PENETROMETER
- =
i - NORTHING: 542433.13 FT S 0 w0 110 20 | o [erEe
= H EASTING: 1362498663 FT 5 COMPRESSION
5 |2 | STATION: 425+00 & |go| NvAWE-O NOSTIRE S | B VANE SHEAR (PEAK
= < |3 Y| OFFSET: 50 FEET RIGHT OF CENTERLINE colay LIMITS (%) X VANE SHEAR (REMOLDED)
> = g "-:'-) STREET: RAMPD =2 g 2 oowe L 4 TRIAXIAL (W)
o & | € 2 | SURFACE ELEVATION: 618.25 FT S |Sx SHEAR STRENGTH (KSF)
L O no PROFILE DESCRIPTION S=E|BD | g 0 30 40 10 20 30 40 412 3 4 REMARKS
i No sampling above 6 feet
L 6.0 6123 st 8 7 Lo :
i Sandy Silt Clay- Trace to Some a : O. S : ‘7
610 Gravel- Occasional Sand & Silt
104 Seams- Brown & Gray- Stiff to Very
i Stiff (CL I : -
i 12.0 (v 606.3| 25T S e - - : @ :
_ | o o : -
I ] =
- 600 1 (]
L 20— 7 :
25T3 ﬂ . Ev
3 7 Silty Clay- Trace to Some Sand- S : :
| Trace Gravel- Occasional Sand St oo : Ok
i Seams- Gray- Stiff to Very Stiff oo oo : : :
590 y (CL) :
18 :
L 30 2ST4 ﬂ L —
g0
i 1 i0
580 § O
| 40 40.0 578.3 i
25T5 ﬂ i - ]
] _ SOk
r Silty Clay- Trace to Some Sand- R oo : : :
] Trace Gravel- Occasional Silt Lo : ol
i Seams- Gray- Very Stiff to Stiff Loonon : - :
L 50—
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Design Shear Strength Profiles

600 - r 3 i "; 3 I |
| Vane only
580 — -~ . .
= ! == Final Selection
= T _
© 560 » _ | Shear T"l““ﬂ
® ! ¢ —l . | |
> e 5
9 : UC only
L ¢ o
540
n |
le. N L
!
520 |[ o
L ®
500 | |
0 1000 2000 3000 4000

Estimated Shear Strength ~ (s/)

Used for: Global Stability, Bearing Capacity, Piling Side Resistance, Pile Lateral.....



Particle Size Distribution Report
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Particle Size Distribution Report
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.

104.0

Silty Clay- Trace Sand & Gravel-
Occasional Sand & Silt Seams &
Partings- Gray- Stiff (CL)

513.5

110+

108.0

Silty Clay- Some Sand- Trace
Gravel- Occasional Sand Layers &
Rock Fragments - Gray- Very Stiff
(CL)

509.5
=

Sandy Clay- Some Silt- Frequent
Silty Sand Layers- Gray- Hard (CL)

|12

5526 ==

5527 ==

5528 =

111.0 506.5
e Fine to Medium Sand- Trace Silt &
N Gravel- Brown- Wet- Extremely
- 1114.0 Dense (SP) 503.5/
el Silty Fine to Coarse Sand-
1.E1:4116.5 Frequent Shale Inclusions- Dark 501.0
Y Gray- Wet- Extremely Dense (SM)
120
Highly Weathered Shale (WH)-
i Gray & Black
130
1336 _ _ 483.9
] END OF BORING AT 133.6 FEET.
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Tas
Tas
Tas
Tas

External Stability

< 1: Lateral Squeeze
K 2: Global Stability
< 3: Settlement Analyses

< 4:Bearing Capacity



LATERAL SQUEEZE ANALYSIS

FS = 2*Cu + (4.14*Cu)
gama*Ds*tan(theta) H*gama

Also used in the past... H*gama < 3Cu, or 4Cu

Where, Cu = Undrained shear strength of soft layer, psf
Ds = Thickness of soft soll layer, ft
gama = Unit weight of fill solil, psf
theta = Angle of fill slope, degrees
H = Height of fill, ft
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“Secondary/Sympathy” Shear




Edge of Recent Fill

L =

gl
Ll
.-{..-Ir\- i
A
F 3
s i =
h ‘._F"|.' -
S e

§ Laterally Squeezed ;

—




Previous Scenario

T

H =6 to 7 feet




Utility Contractor Adds Weight




Reaches = F.S. = 1.0 Condition

Road Centerline EOM.




Fallure Backcalculation

FS = 2*Cu +  (4.14*Cu)
gama*Ds*tan(theta) H*gama
Component 1| Component 2 FS
Cu 180 psf 0.10 0.92 1.01
s= 30 ft
ForFS=1 gama = 125 pcf 3*Cu = 540
theta = 45 degrees 4*Cu = 720
H= 6.5 ft gama*H = 812.5
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FS 2*Cu

+

(4.14*Cu)

gama*Ds*tan(theta)

H*gama

Component 1

Component 2

FS

Cu

2100 psf

0.01

1.58

1.59

Ds

100 ft

gama = 120 pcf

theta =

88 degrees

H=

46 ft

Cu FS

1600
1800
2000
2200
2400

1.91
2.15
2.39
2.63
2.87

3*Cu = 6300
4*Cu = 8400
gama*H = 5520

3

Lateral Squeeze

2.75

2.5

Abut. B

2.25
2

P

1.75

Abut. A

Where, Cu =

gama
theta
H

1.5

Calculated F.S.

1.25

A

7

1

1500

1700

1900

2100

2300

Undrained Shear strength, Cu, psf

2500

Undrained shear strength of soft layer, psf
Ds = Thickness of soft soil layer, ft

Unit weight of fill soil, psf

Angle of fill slope, degrees

Height of fill, ft
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GLOBAL STABILITY ANALYSIS

|Traﬁic Live Load |Global Minimum Factor of Safety|

Abutment A

. 360.00 Ivfi2

T - _  380.00 b2

]
: Y [Searcn timis}—
] Material: Drained _Cracked Clay
. Unit Weight: 125 Ib/ft3
] Cohesion: 50 psf
2 Material- Sand Fill Friction Angle: 28 degrees
1 Unit Weight: 120 Ib/fi3
E Cohesion: 0 psf
1 Friction Angle: 32 degrees
o
b Search Limits |<
b ‘\/__/
Material: Undrained 1 /
B Unit Weight: 125 Ib/ft3 3= Critical Failure Surface| Material: Undrained 2
Cohesion: 2250 psf Unit Weight: 125 Ib/ft3
] Friction Angle: 2 degrees Cohesion: 2400 psf
7 Friction Angle: 1 degrees| 2w
o
o
E Material: Undrained 3 —
ggg:;iiﬁ'h;bl}? Ib]:’fts ‘\ Material: Sand Layers
— Friction Ahgle' 1%Segrees Unit Weight: 120 Ib/i3
) : Cohesion: 0 psf
1 Friction Angle: 34 degrees
] Material: Undrained 4
] Unit Weight: 125 Ib/ft3  — =
1 Cohesion: 1600 psf
ﬂ—_ Friction Angle: 1 degrees

Material: Hard Clay

Unit Weight: 130 Ib/ft3
Cohesion: 5000 pst
Friction Angle: 0 degrees




i (Global Minimum Factor of Safety|  Gat 29 strain force > 1.1 FS force
Abutment A | Traffic Live Load|
- / 1.097
™ Support: Geogrid
_  360.00 Ibift2 Length: 60 feet
1 |‘_ - Tensile Strength: 10,000 I6/ft (30,000 Ib/ft total)
: Material: Drained _Cracked Clay
1 Unit Weight: 125 Ib/ft3
1 - . Cohesion: 50 psf
= Material: Sand Fill o .
] Unit Weight: 120 Ib/ft3 Friction Angle: 28 degrees
Cohesion: 0 psf
Friction Angle: 32 degrees
7 i Search Limits }4
I
1 Material: Undrained 1
§— Unit Weight: 125 Ib'ft3  —— Material: Undrained 2
1 Cohesion: 2250 psf o ; Unit Weight: 125 Ib/ft3
Friction Angle: 2 degrees Critical Failure Surface| Cohesion: 2400 psf \
Friction Angle: 1 degrees
Material: Undrained 3 [ — —7 Y\
Unit W.eight: 125 Ib/ft3 Material: Sand Layers
= | Cohesion: 2000 psf Unit Weight: 120 Ib/ft3
i | Friction Angle: 1 degrees Cohesion: 0 psf
Friction Angle: 34 degrees
Material: Undrained 4
] Unit Weight: 125 Ib/ft3  ——3
Cohesion: 1600 psf Material: Hard Clay
Friction Angle: 1 degrees Unit Weight: 130 Ib/fi3

Cohesion: 5000 psf
Friction Angle: 0 degrees




i |GIObaI Minimum Factor of Safety‘ .
] Ffraffic Lve Load| Set ultimate force > 1.3 FS force
Abutment A / \
= Support; Geogrid
- 3G0.00Ibft2 Length: 60 feet
1 ‘_ T — Tensile Strength: 19,000 Ib/ft (57,000 Ib/ft total)
1 >| Search Limits
1 Material: Drained _Cracked Clay
1 Unit Weight: 125 Ib/ft3
1 - , Cohesion: 50 psf
= Material: Sand Fill e .
ey Unit Weight: 120 Ib/ft3 Friction Angle: 28 degrees
Cohesion: 0 psf
Friction Angle: 32 degrees
7] i Search Limits |<
] Material: Undrained 1
E Unit Weight: 125 Ib/ft3  |—— 3= Material: Undrained 2
1 Cohesion: 2250 psf . ; Unit Weight: 125 Ib/fi3
Friction Angle: 2 degrees Critical Failure Sun‘ace| Cohesion: 2400 psf \
Friction Angle: 1 degrees
Material: Undrained 3 | == —7 T\
Unit Weight: 125 Ib/fi3 Material: Sand Layers
=] Cohesion: 2000 psf Unit Weight: 120 Ib/ft3
0 | Friction Angle: 1 degrees Cohesion: 0 psf
Friction Angle: 34 degrees
Material: Undrained 4
] Unit Weight: 125 Ib/fi3 |——=
Gohesion: 1600 psf Material: Hard Clay
Friction Angle: 1 degrees Unit Weight: 130 Ib/ft3
Cohesion: 5000 psf

Friction Angle: 0 degrees

50 100 150 200 250 300 39




—
=
] | Global Minimum Factor of Safety|
Abutment A
] Set Grid Limits > 1.54 FS force
| Traffic Live Load
] . Support: Geogrid
i ___ 360000bff2 Length: 60 feet
| Tensile Strength: Infinite
: Material: Drained _Cracked Clay
1 Unit Weight: 125 Ib/ft3
= - : Cohesion: 50 psf
< H;&e&a;}g?ﬁnfzmbaﬁg \ Friction Angle: 28 degrees
Cohesion: 0 psf \
Friction Angle: 32 degrees \
N \1 Search Limits }‘
S | Hr?ﬁ"ﬁ%g%?g 1r ggfgffgg > Material: Undrained 2
“ Cohesion: 2250 psf Unit Weight: 125 Ib/ft3
e iy — - Cohesion: 2400 psf
Friction Angle: 2 degrees |{3rmcal Failure Surl‘ace| Friction Angle: 1 degrees \L
Material: Undrained 3 —
UnitWeighl: 125 I/ft3 ‘\ Material: Sand Layers
o Cohesion: 2000 psf Unit Weight: 120 Ib/ft3
“ Friction Angle: 1 degrees Cohesion: 0 psf
Friction Angle: 34 degrees
| Material: Undrained 4
] Unit Weight: 125 Ib/ft3 —
1 Cohesion: 1600 psf Material: Hard Clay
Friction Angle: 1 degrees Unit Weight: 130 Ib/fi3

Cohesion: 5000 psf

Friction Angle: 0 degrees

50




670

bb5

660

\. \/- 565!_0.#
Change In Ij!an 130" -0" SPAN 1 210" -0" SPAN 2 B
REF. PT. 11 | o i
| STA. 434+69.75 o ! o
7/_IEl 562.89: ______ : ‘I—‘-"‘\-'Egtﬁnlu:——
' ey
=1 o U ] =
< .
=
RN

635

650

645

640

635

630

625

620

615

610

605 b—

DeC|ded to add -a-span, use

short pile-supported abutment,
on 25+ feet of fill instead of the

tall full-height abutment

\ it da e b (N - _-_Ir‘__
| | |
TR e ~ PIER 2 BOTT/FTG. H"“.“'
ST, ¢ ! ; ELEV. 613,00 ]
________ I_________l._.___._____I____,..___,_ _:_—
1 t | I
i ] ]
1 1 1 1
10 436+00 43740C

PROFILE ALONG EB




=] th: 10 feet behind retaining wall footing and eps Pk PN o M2
<7 Tensﬂe Strength: 5,000 Ib/ft (10,000 Ib/it total) b Fﬁ W=y B e , :*r‘== +ebal

i bt;t;nent A SUPPD“ Geogrid M Uitwate S 'fc”‘ﬁ'b‘ "ﬁQJT

. -I o WH-\ "ﬁﬁ?ﬁ Material: PCC/AGS Dase Global Minimum Factor of SafETYI
[ 7] } 2 . P"‘ g Unit Weight: 135 Ib/ft3 B , p '
’ e GCohesion: 0 psf 1.567. _?11 £ T At 'ng; Ay v7 .
?- - F
D 2n . pe 4 [TrafficLive Load| Friction Angle: 36 degrees ? R ﬁ‘ ? ““"'MH
il = } —_ T =———— ]

g1 T VKT, \§
Rl grtewsiens 360.00 lo/f2 '

_} Material: EPS | - ,

Unit Weight: 10 Ib/ft3 Material: Drained Cracked Clay
_' Cohesion:; 0 psf | Unit Weight: 125 Ib/ft3
] bk Search Lipits| Friction Angle: 10 degrees | Cohesion: 50 psf
E == — | Friction Angle: 28 degrees
8 Material: Sand and Clay Fill
Unit Weight: 125 Ib/ft3 '

] Cohesion: 0 psf —— 4

) Friction Angle: 32 degrees | | Critical Failure Surface w

| et a1 P ST

o i _-__ 1 . . =0 e .
g Unit Weight: 125 bits ~ ——3> : = 5 :. m‘fmuﬂ?d{ggﬁé BEIREE

Cohesion: 2250 psf - SR Cohesion: 2400 psf ~
Friction Angle: 2 degrees Friction Angle: 1 degrees

i : Material: Undrained 3 ot s, Sy

I Unit Weight: 125 Ib/ft3 | ___— Material: Sand Layers
3 Caohesion: 2000 psf Unit Weight: 120 Ib/ft3

: | Friction Angle: 1 degrees Cohesion: 0 psf

y . ' =F Friction Angle: 34 degrees|
~ Material: Undrained 4
| Cohesion: 1600 ps . Material. Ha'rd Clay

: | | Friction Angle: 1 degrees| &E;ﬁf"&nﬁpﬁm

§ Friction Angle: 0 degrees
0 50 100 % a0 20 a0 3




Abutment B
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B

Global Minimum Factor of Safety‘

Abutment B

Unit Weight: 130 Ib/ft3
Cohesion: 5000 psf
Friction Angle: 0 degrees

Friction Angle: 1 degrees

Traffic Live Load|

- Material: Undrained 1 GD'OD one - \360.00 Ib/fi2

1 Unit Weight: 125 Ib/ft3 o —
] Cohesion: 2250 psf |
5] Friction Angle: 2 degrees Search Limits ——_

] N |<

] Material: Sand Fil
o “—_{Unit Weight: 120 Ib/ft3
@] >|.( - Search Limits Cohesion: 0 psf

] y ' Friction Angle: 32 degrees

] / / Material: Undrained 2
. | Critical Failure Surface| , , Unit Weight: 125 Ib/ft3
] Material: Drained _Cracked Clay Cohesion: 2400 psf

Unit Weight: 125 Ib/ft3 Friction Angle: 1 degrees
] Cohesion: 50 psf \
Friction Angle: 28 degrees
iy
e 4
Material: Undrained 3 / \ -~
- i Material: Sand Layers

= Unit Weight: 125 Ib/ft3 Unit Weight: 120 Ib/ft3
& Cohesion: 2000 psf Cohesion: 0 psf

] Friction Angle: 1 degrees Friction Angle: 34 degrees

1 Material: Undrained 4
. <€——|Unit Weight: 125 Ib/fi3
@ ] Material: Hard Clay Cohesion: 1600 psf




] Global Minimum Factor of Saiety|
= Abutment B

; Support: Geogrid Traffic Live Load|
i - Length: 30 feet
=] Tensile Strength: Infinite \

. ————_360.00Ibfl2

] Material: Undrained 1 |'_ T T
o Unit Weight: 125 Ib/ft3 —
] Cohesion: 2250 psf Search Limits e |<

Friction Angle: 2 degrees /

7 /

1 : Material: Sand Fill
o] > \ L ™~ / Unit Weight: 120 b3 | — 7
© - " Search Limits —i Cohesion: 0 psf

L \ Friction Angle: 32 degrees

1 \ / / Material: Undrained 2
= — - Unit Weight: 125 Ib/ft3
@ ] | Critical Failure Surface| Material: Drained _Cracked Clay Cohesion: 2400 psf

1 Unit Weight: 125 Ib/ft3 Friction Angle: 1 degrees\

. Cohesion: 50 psf

Friction Angle: 28 degrees
&
7
Material: Undrained 3 / \ Material: Sand Layers

2 Unit Weight: 125 [b/ft3 | Unit Weight: 120 b/t
] Cohesion: 2000 psf Cohesion: 0 psf

. Friction Angle: 1 degrees Friction Angle: 34 degrees

1 Material: Undrained 4
i ] < Unit Weight: 125 Ib/ft3
um'a_: Material: Hard Clay Cohesion: 1600 psf

] Unit W eight: 130 Ib/ft3 Friction Angle: 1 degrees

Cohesion: 5000 psi

Friction Angle: 0 degrees




A

P

Support: Geogrid
Length: 30 feet
Tensile Strength: 4,000 Ib/ft (8,000 Ib/ft total)

Material: Undrained 1
Unit Weight: 125 Ib/ft3
Cohesion: 2250 psf
Friction Angle: 2 degrees

\

Search Limits

Global Minimum Factor of Safety‘

s

Abutment B
| Traffic Live Load|

36000 Ib/fi2

Searntimis]— | |

Material: Sand Fill

r<\

Cohesion: 0 psf

LY

Friction Angle: 32 degrees

EFCI

Critical Failure Suﬂace|

Unit Weight: 120 Ib/ft3 r

>

Material: Drained _Cracked Clay
Unit Weight: 125 Ib/ft3
Cohesion: 50 psf

Friction Angle: 28 degrees

Material: Undrained 2
Unit Weight: 125 Ib/ft3
Cohesion: 2400 psi

T

/

Material: Undrained 3

™~

| Material: Sand Layers

Unit Weight: 125 Ib/ft3
Cohesion: 2000 psf
Friction Angle: 1 degrees

Material: Hard Clay

Unit Weight: 130 Ib/ft3
Cohesion: 5000 psf
Friction Angle: 0 degrees

Material: Undrained 4
<€——|Unit Weight: 125 Ib/ft3
Cohesion: 1600 psf
Friction Angle: 1 degrees

Friction Angle: 1 degrees \

Unit Weight: 120 Ib/ft3
Cohesion: 0 psf
Friction Angle: 34 degrees




ARE SPREAD FOOTINGS OK?

* Bearing Capacity

g, =cN_.s.bi. +0.5yBN s bi +gN

c ¢ Oc Ry~ ty :

f:;‘b;

g 4 4



ARE SPREAD FOOTINGS OK?

* Bearing Capacity

gy =CN_.s.bi,. +0.5yBN s bi +gN s b,i

g 4 4 4

...... Factored B.C. = approx. 5000 - 6000 psf

Approach Embankment Weight next to Abutment:
Abut. A = 48*125 = 6000 psf = not likely!
Abut. B =30 * 125 = 3750 psf = maybe



ARE SPREAD FOOTINGS OK?

Settlement Management

C.H C H + A
S: 5 lﬂg(pcj_l_ C lﬂg[pﬂ pj
l+e, D, l+e, P,

Need to estimate settlement of footings caused
by approach embankments

And Footing pressures causing settlement
serviceability-limit (1-inch and 1.5-inch limits)

Pre-loads? Lightweight Fills? Pile Downdrag?



SETTLEMENT MANAGEMENT

Pressure, psf . Eﬁﬂm-.qgn::_‘d{'
10000 100000
TTTTTT 1
| il
LT | B
=B ||| eris0psa | ]|
F | i
£ 006 L TS — Jﬁﬂ-#'{-}&{),[g*\
7 e R ' ad |
T T T il
|

€, in/min

439 476 457 4 0.0123
535 S64 550 7 0.0068
580 630 B05 a 0.0117
659 725 692 i 0.0116
755 850 BO3 2 00227
881 1020 951 6 0.0074
1041 1235 1138 4 0.0107
1266 1525 1396 4 0.0101




SETTLEMENT MANAGEMENT

Pressure, psf

Percant Strain

I'! : -'L‘lﬂ Oﬂg_:u_li

E,ﬁ ‘-’,m--‘-\;nm p-li'

_._l__

il < unsagm {}Jguﬁ[




Elevation, ft

Pressure, psf .
0 3000 6000 9000 12000 Today’s Condition

15  Driller Reported 18 inches of

6 1 5 ‘\ - __ Cl Sandy Topsoil- Black (Fill
Ie 35 Fine to Medium Sand- Trace Silt &
AY T\ Gravel- Brown- Wet- Loose
s (SPIFIl)
\ iy

Silty Clay- Trace to Some Sand-
\  Trace Gravel- Brown- Very Stiff
190 gCUPossihle Fill)
\ ilty Clay- Trace Sand & Roots-
1l Occasional Silt Seams- Brown&
| Gray- Very Stiff (CL)
\ o Sandy Clay- Some Silt- Trace

\ / 19 Gravel- Brown& Gray- Medium

gCLJ
] ilty Clay- Some Sand- Trace
\ 774180 Gravel- Brown& Gray- Stiff (CL)
590 \ - Silty Clay- Some Sand- Trace
\ Gravel- Gray- Stiff (CL)
23.0

= ===-=P0, Overburden /

Gravel- Gray- Stiff (CL)

\ N Silty Clay- Trace to Some Sand-
/ Occasional Sand Seams- Trace

565 v =

\)
\ 2 Silty Clay- Trace Sand- Occasional

Silt Seams- Grav- Medium to Stff

) Silty Clay- Trace Sand & Gravel-
h Occasional Sand & Silt Seams &
\ Partings- Gray- Stiff (CL)

540 \ |

104,

0
Silty Clay- Some Sand- Trace
Gravel- Occasional Sand Layers &
Rock Fragments - Gray- Very Stiff

i 1080 (LY

\ Sandy Clay- Some Silt- Frequent

5 1 5 [ V) 1110 Sty Sand Layers- Gray- Hard (CL)

Fine to Medium Sand- Trace Silt &

-
-
|

Gravel- Brown- Wet- Extremely
14.0 Dense (SP)

Silty Fine to Coarse Sand-
1 16.5 Frequent Shale Inclusions- Dark

\ Gray- Wet- Extremely Dense (SM




Elevation, ft

Pressure, psf .
0 3000 6000 9000 12000 Lake Stanley Dry Period

615 -

15  Driller Reported 18 inches of
\ Cl Sandy Topsoil- Black (Fill
35 Fine to Medium Sand- Trace Silt &
71 Gravel- Brown- Wet- Loose
(SPIFill)
1 Silty Clay- Trace to Some Sand-
\  Trace Gravel- Brown- Very Stiff
190 gCUPossihle Fill)
\ ilty Clay- Trace Sand & Roots-
1l Occasional Silt Seams- Brown&
\__ Gray- Very Stiff (CL)
\ o Sandy Clay- Some Silt- Trace

\ / 19 Gravel- Brown& Gray- Medium

§CL
] ilty.IJ Clay- Some Sand- Trace
\ 7/}18.0_Gravel- Brown& Gray- Stiff (CL)
590 \ 1 Silty Clay- Some Sand- Trace
\ Gravel- Gray- Stiff (CL)
====-P0, Overburden 230

\ Glacial Lake Stanley

A Silty Clay- Trace to Some Sand-
Occasional Sand Seams- Trace
] Gravel- Gray- Stiff (CL)

565 v =

\)
\ 2 Silty Clay- Trace Sand- Occasional

Silt Seams- Grav- Medium to Stff

) Silty Clay- Trace Sand & Gravel-
h Occasional Sand & Silt Seams &

5 E \ E ﬁ E F Partings- Gray- Stff (CL)

540 \ |

104,

0
Silty Clay- Some Sand- Trace
Gravel- Occasional Sand Layers &
Rock Fragments - Gray- Very Stiff

i 1080 (LY

\ Sandy Clay- Some Silt- Frequent

5 1 5 [ V) 1110 Sty Sand Layers- Gray- Hard (CL)

Fine to Medium Sand- Trace Silt &

-
-
|

Gravel- Brown- Wet- Extremely
1140 Dense (SP)
Silty Fine to Coarse Sand-
6.5 Frequent Shale Inclusions- Dark

\ Gray- Wet- Extremely Dense (SM




Elevation, ft

615

590

565

540

515

3000

Pressure,
6000

psf
9000

12000

7

Pseu

do-Pc

\
\ all
\
\
[}
\
\
|
\ ====-PQ, Overburden
[}
\ .
\ Glacial Lake Stanley
)
\ Pc Assumption
N
\
\}

-
-

Preconsolidation

15  Driller Reported 18 inches of

\ Cl Sandy Topsoil- Black (Fill
35 Fine to Medium Sand- Trace Silt &
71 Gravel- Brown- Wet- Loose

oo (SPIFill)

Silty Clay- Trace to Some Sand-

Trace Gravel- Brown- Very Stiff
gCL.'Posslhle Fill)
ilty Clay- Trace Sand & Roots-
1l Occasional Silt Seams- Brown&
|\ Gray- Veery Stiff (CL)
140 Sandy Clay- Some Silt- Trace

Gravel- Brown& Gray- Medium

@
’ iity Clay- Some Sand- Trace
4180 Gravel- Brown& Gray- Stiff (CL)
Silty Clay- Some Sand- Trace
Gravel- Gray- Stiff (CL)
23.0

Silty Clay- Trace to Some Sand-
Occasional Sand Seams- Trace
Gravel- Gray- Stiff (CL)

380

'% Silty Clay- Trace Sand- Occasional
% Silt Seams- Grav- Medium to Stff

Silty Clay- Trace Sand & Gravel-
Occasional Sand & Silt Seams &
Partings- Gray- Stiff (CL)

/ Ice Weight
on Hard Till

= Silty Clay- Some Sand- Trace
Gravel- Occasional Sand Layers &
Rock Fragments - Gray- Very Stiff

1080 (LY

Sandy Clay- Some Silt- Frequent

111.0 Silty Sand Layers- Gray- Hard (CL)

Fine to Medium Sand- Trace Silt &
Gravel- Brown- Wet- Extremely
14.0 Dense (SP)

Silty Fine to Coarse Sand-

4116.5 Frequent Shale Inclusions- Dark

\ Gray- Wet- Extremely Dense (SM




Elevation, ft

Pressure, psf
0 3000 6000 9000 12000 Load Effects

615 ™ T
‘4

\
\
[\
\
\

X \ 0\ Goay. vey stin (1)
\ \ o Sandy Clay- Some Silt- Trace
L}

15  Driller Reported 18 inches of
" Cl Sandy Topsoil- Black (Fill
35 Fine to Medium Sand- Trace Silt &
E \ Gravel- Brown- Wet- Loose

el (SPIFill)

5 Silty Clay- Trace to Some Sand-

\ Trace Gravel- Brown- Very Stiff
lap gCUPossihle Fill)

ilty Clay- Trace Sand & Roots-
| Occasional Silt Seams- Brown&

/ 1.:1'0 Gravel- Brown& Gray- Medium

ECLJ
iity Clay- Some Sand- Trace
774180 Gravel- Brown& Gray- Stiff (CL)

\

590 ‘

=====-P0, Overburden ' b S
Glacial Lake Stanley 2

Footing Pressure /

Pc Assumption St G- Tt Somo S
PO + DP Gravel Gray. Siff (L)

-
1”

565

\
\ % Silty Clay- Trace Sand- Occasional
Silt Seams- Grav- Medium to Stff
\ N\
\ Silty Clay- Trace Sand & Gravel-

h Occasional Sand & Silt Seams &
Partings- Gray- Stiff (CL)

540

\ 104.0
Silty Clay- Some Sand- Trace
Gravel- Occasional Sand Layers &
Rock Fragments - Gray- Very Stiff
1080 (cy
Sandy Clay- Some Silt- Frequent
111.0 Silty Sand Layers- Gray- Hard (CL)
Fine to Medium Sand- Trace Silt &
Gravel- Brown- Wet- Extremely

015 :

1140 Dense (SP)
Silty Fine to Coarse Sand-
116.5 Frequent Shale Inclusions- Dark

\ Gray- Wet- Extremely Dense (SM)




Pressure, psf Settlement, in
0 3000 6000 9000 12000 0 2 4 6 8
615 15 615 TP
= B = [ V7
g NI 5 77
Z \ \ fs / / £ e =100%
w 590 v \ ----- PO, Overburden L 590 / / / ] C = 75%
“ Glacial Lake Stanley
\‘ \ = Footing Pres_sure I / / ) C = 50%
\ Pc Assumption I /
———P0+DP Uc = 25%
y 1 /7
565 A /
\\‘ 565 B 1771
EEAN ]/
LN 111/
e 7
\
540 Y 540 +
v T 1/
U il
AN
I\
515 L | I 515 -




Determiﬂing C, using LLog Time Method

1 Cit
’ szr

®
1
-
LA
=
I

=
o
2
'E dﬁl..l - — = ————— i
= I
2 | | L5 s
£ | |
1= | |
21 : |
I | \
dypp fe— — - - -
: | | A
| | | Figure 7.19
g h I50) for determining coefficient

Time (log scale) of consolidation



SETTLEM ENT IVIANAGEIVI ENT

Load, psf Height, in, | Dial Headlng Ruoe Lsg, T €, iN/TIIN
B 0.999 355
S CBE L 0,984 B0 3 439 476 457 4 0.0123
Pl 0.977 E75. . 535 564 550 7 0.0068
1012 0,970 ) (i 580 630 605 4 0.0117
2020 0.959 750 659 725 692 4 0.0116
4040 0.947 B7h e 755 850 803 2 0.0227
~goso | 0930 1040 281 1020 951 8 0.0074
- 16180 0.907 i b 1041 1235 1138 4 0.0107
32400 | o881 1530 1266 1525 1396 4 0.0101
'~'1$1'Eﬂ | 0.887 1470
w1 0.909 b kLR
2872 0.924 1055




Wick Drains




Wick Drains










Example Bridge

REF. PT. A \.,
STA. 43B429.12 252°-0" $PAN 3 7 232'-0" SPAN 2 L
EL. 663.21 REF. LJNE 1 R ~
565 = E
B ! ; - g : ooy
Ty use M . : . ) 2 ! ::-; ' - e
SR B > . e LT T T (S o
% < - H ' o
655 VO - ' o i T R i Np— —
: . : ! }

14”7 10" (5-20 years w/o wicks) 6" 8

Settlement Estimates — Soil Only, no footing pressures
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565'-0"

\ V=2
Change In p!an 130" -0" SPAN 1

=1
-4

210" -0" SPAN 2

|

670

bb5

660

635

650

645

640

635 }

630

L Rer,
Ayzf’/,_r-STﬂ.
El

PT. 11
434469.75
662.89

62 [t e é ““““““ =1 ‘“““;;2?ﬁ;
| by Juu- \ : | N
I | 1 !
SIENEEE B 1 " 1 "|" fi"f PROP.' FUTURE " PIER 2 BOTT/FTG. {:}""1“
—_ : l | RAMP OONST. ¢ ELEV. 613,00 !
I e femnn N
” t I I
7 (6 month wait for T90) ' L

?DFILE ALONG EB

Settlement Estimates
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bb5

660

\. A\~ 565" -0"
Cha nge in Ij!an 130'-0" SPAN 1 ) 210" -0" SPAN 2 L
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650

645

640
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PROP. FUTURE
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RAMP OONST. € :
4- 1

610 e

605

" 434400

Settlement Estimates

:_ T -

ains = (ZERO Downdrag!!!!!)
435400 436+00 437+0(
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Placement of EPS and Geogrld behlnd sheetlng
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Piling Analyses

Axial Resistance

Lateral Resistance: batter vs COM624P
Bridge Approach Fill Settlement
Downdrag Negative Skin Friction
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10.7.1.6.2—Downdrag

The provisions of Article 3.11.8 shall apply for
determination of load due to negative side resistance.

Where piles are driven to end bearing on a dense
stratum or rock and the design of the pile is structurally
controlled, downdrag shall be considered at the strength
and extreme limit states.

For friction piles that can experience settlement at
the pile tip, downdrag shall be considered at the service,
strength and extreme limit states. Estimate pile and pile
group settlement according to Article 10.7.2.

The nominal pile resistance available to support
structure loads plus downdrag shall be estimated by
considering only the positive side and tip resistance
below the lowest layer contributing to downdrag
computed as specified in Article 3.11.8.



In the case of friction piles with limited tip
resistance, the downdrag load can exceed the
geotechnical resistance of the pile, causing the pile to
move downward enough to allow service limit state
criteria for the structure to be exceeded. Where pile
settlement is not limited by nominal bearing resistance
below the downdrag zone, service limit state tolerances
will govern the geotechnical design.

This design situation is not desirable and the
preferred practice is to mitigate the downdrag induced
foundation settlement through a properly designed
surcharge and/or preloading program, or by extending
the piles deeper for higher resistance.



If compressible soils are located beneath the
embankment, piles should be driven after embankment
settlement is complete, if possible, to mimmize or
eliminate downdrag forces.



Force effects due to downdrag on piles or drilled shafts
should be determined as follows:
Step 1—Establish soil profile and soil properties for
computing settlement using the procedures in Article 10.4.
Step 2—Perform settlement computations for the soil
layers along the length of the pile or shaft using the
procedures in Article 10.6.2.4.3.
Step 3—Determine the length of pile or shaft that will
be subject to downdrag, If the settlement in the soil layer 1s
< 0.4 in. or greater relative to the pile or shaff, dewndrag can
be assumed to fully develop.
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Figure C10.7.3.7-1—Design of Pile Foundations for Downdrag
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An extra 0.1” allowance for elastic pile shortening....




The summation of the factored loads (Zv,Q;) should
be less than or equal to the factored resistance (@g,R,).
Therefore, the nominal resistance R, should be grealer
than or equal to the sum of the factored loads divided by
the resistance factor ¢4,,. The nominal bearing resistance
(kips) of the pile needed to resist the factored loads,
including downdrag, 1s therefore taken as:

0] DD
R - ZvQ) 1,

(p.:f_rn (p-:-fru

(C10.7.3.7-1)

#

The total nominal driving resistance, R, (kips), needed
to obtamn R,, accounting for the side resistance that must be
overcome during pile driving that does not contribute to the
nominal resistance of the pile, is taken as:

R =R

m Selet

+ R (C10.7.3.7-2)



Rz = side resistance which must be overcome
during driving through downdrag zone (kips)

¢, = Zy,; = tactored load per pile, excluding downdrag
load (kips)

DD = downdrag load per pile (kips)

For R, = 500 kip HP14x73, 25% settlement remaining:

ndr
R, =500 - 220(250/400) = 362.5 kips

Q, = 0.75(362.5) — 220 = 52 kips/pile OUCH!!!!

Drive 500 kip pile, only 52 kip available for bridge weight!!!

NO GO!!




PDA with Dynamic Signal Matching
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Ry = 250/400(DD)...reduced side resistance during driving
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Pile Lateral Resistance
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Soil Resistance p, kN/m
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P = soil pressure

p+W=0

=
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Fig. 2.15 Form of the results obtained from a

complete solution From “LPILE” Technical Manual



List of Recs Given To Bridge Engineer

Global Stability
Settlement Amounts and Rates
Spreads versus Deep Foundations
Lateral Resistances
Special Provisions/Materials Specifications
Construction Considerations
— Water control
— Surface preparation
— Temporary Walls
— Vibrations
— Geotechnical Instrumentation needed?



Doug Parmerlee

e Overview of Abutment Desigh Concepts



Geotechnical Engineering During Construction
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Geotechnical Field Monitoring

Pile Axial Capacity

Settlement Rates and Amounts
Geosynthetics: Limits/Continuity/Splicing
Lightweight Fills: Limits/Materials



PDA with Dynamic Signal Matching
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Load vs. Settlement
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Static Pile Load Tests
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523 Settlenent Cells
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