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Soil at-rest

| was sitting for a few thousand years at-rest and after a
long time an excavation contractor started disturbing me. |
was stressed beyond my strength, boiled up, and finally
blew my excess pressure on his face. | though he knew I
was more than just my SPT.

Your insitu soil




Webinar topics

» Philosophy of deep excavation design
» ldentification of issues

» Understanding soil response

» Geotechnical investigations

» Wall systems

» Support systems

» Analysis methods




1.1 Definition - deep excavation

An excavation, typically deeper than 10ft
(3.5m) that requires structural support.

Webinar examines vertical cut excavations that
require structural support.




1.2 General

» A deep excavation system has to retain earth,
water, and neighboring structures

» Unknown factors and risks
» Protect adjacent properties
» Design issues

» Code issues

» Economy
» Constructability




1.3 Philosophical approach
investigation

Talk to owner Preliminary concepts

h Final analysis &
design
Yes? Adjust!!!

Identify critical issues

Design life

Similar projects
Local Experience

’f
-
Run? & Inspect/Monitor
un¢

All ok!

Communicate
project issues to

contractor

LEARNI!!



1.4 Staged construction

» Deep excavations always require staged
construction.

» Even wall construction can affect
performance.

» Start from at-rest conditions (or before)




2. lssues

» Soil/rock properties

» Adjacent structure condition and loads

» Design water levels

» Select appropriate earth retention system
» Examine possible failure modes

» Analysis methods

» Design/building code compliance

» Minimize deformations (wall, surface, etc)




3. Understanding soil

As engineers ask questions about your soils:
» What

» Where
» When
» How

Gravel San Clayey-Silt

<"




3.1 Idealized soil in excavations

Before & After

l I l
Ko " | \\K»a?{ }« Before &  After
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3.2 Soil shear strength

Every soil takes it’s path, or stress path that is.
» Stress path

» Tension strengths <compression.

» Different response between sands and clays




3.3 Don’t clay me

» Clays are like sponges, they have absorbed so
much water and they do not want to let it go.

» Clays are waterphiles, low permeability

» They resist changes in their state of stress,
just like your spouse.

» S0, when you are trying to excavate they are
building up negative water pressures (think of
it as negative emotions).

» Over time (long time) these negative

pressures go away.
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3.4 Clay response

TA Ta

Undrained Shear Strength Su : kon-




3.5.1 Quiz

» Three clay samples are taken from the same
depth. They were tested in the lab and the
following strengths were reported:

- ¢ = 800 psf, § = 10 degrees

Ty
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3.5.2 Quiz

» Three clay samples are taken from the same
depth. They were tested in the lab and the
following strengths were reported:

- ¢ = 800 psf, § = 10 degrees

Ty
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3.6 Useful correlations

N{‘J 7034
Schmertmann (1975) d' = tan ! e
12.2 + 203
- Pa/
Hara et. al. (1971)
_ 0.72 _ 0.72
c,(kPa) = 29N, c,,(ksf) = 0.6Ng,
Unconfined
Standard compression
penetration strength, g,
number, Ny, Consistency (kN/m?)
0-2 Very soft 0-25
2-5 Soft 25-50
5-10 Medium stff S0=100
10=20 Stiff 1000 =200
20-30 Very stiff 200400
=30 Hard =400

Su = SPT/8 in ksf



3.7 Elastoplastic response

Linear & Elastic
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Soil inside excavation is in load-reload response

Response idealized as linear for practical purposes
Ereload = 3 t0 5 Eloading
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3.8. Rough recommendations

Recommendations by Perko

Angle of Undrained Stress-5Strain
SPT Blow LInit Weight Friction Strength v Modulus Modulus! Poisson Strain at 50%
Count ¥ o] 5, K E. Ratio Peak Strength
Ngg (pef)  [g/cm?] (degl | (ipsf) [kPa] (pci)  [kg/em®] |(ksi)  [MPa] [z E5p

?:u Very loose 14 T 1.12 25 - - 5 [0.1] 1 [9] 0.35 -
®| Loose 410 1.44 29 - - 25 [0.6] 2 [18] 0.35 -
ﬁ Medium 10-30 11 1.7 33 - - a0 [2.4] 3 [23] 0.35 -
g Dense 30-R0 12 1.92 39 - - 225 [6.2] 7 [47] 0.35 -

Very dense =50 130 208 45 - - 500 [13.8] 20 [137] 0.35 -
- Very soft 1-2 } 1.2 - 200 [9] 30 [0.8] 1 [7] 0.5 0.06
I Soft 2-4 b 1.3 - 400 [19] 100 [2.7] 2 [14] 0.4 0.02
Eﬂ Medium 4.8 1.44 - 800 [38] 500 [13.8] 5 [31] 0.3 0.01
E Stiff 815 1 1 - 1,500 [T1] | 1,000 [27.6] T [47] 0.2 0.005

Very stiff =15 12 1.92 - 3,000 [143] | 2,000 [55.3] 10 [T1] 01 0.003
E
®| Soft =30 120 [1.92] - 4,000 [191] | 2,000 [65.3] 70 [482] 0.25 0.003
: Medium 3050 130 [2.08] - 10,000 [478] | 3,000 [83] 280 [1931] 0.25 0.002
E Hard 50-100 135 [2.16] - 20,000 [957] 1 4,000 [110.7] |520 [3586] 0.25 0.001
E Very hard =100 140 [2.24] - 50,000 [2394] | 5000 [138.4] | 700 [4828] 0.25 0.001
2

Always take tables with a grain of salt,

In this table unit weights are conservative for piles
but not for excavations
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3.9 Geotechnical/site investigation

mportance of site visit

Relevant information (historic, geologic, etc)
dentify code requirements

dentify required tests (insitu/lab)

» Go beyond SPT’s

» Determine/monitor groundwater levels

» ldentify depth of investigations (consider
increased excavation requests).

» Realistic conservative estimates.

vV v VvV Vv
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3.9.1 Borehole depths/locations

» Critical locations

» Next to buildings/structures

» Extend beyond excavation (1.5 x Hexc)
» 3m in rock

» Minimum code requirements (NYC incoming
revisions one borehole/50ft)
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3.10 Useful tips

» A little cohesion goes a long way
» Be considerate of soil variability
» Look out for spacial variability

» Look out for problematic soils (running silts,
soft organics, normally consolidated soft
clays, fissured clays).

» What is this clay doing on this mountain (hill)?

» Draw your soil profile sections along the
excavation.
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4. Wall Systems

A wall is the main structural system that
provides earth retaining support. With the
exception of cantilever walls and some circular

shafts most walls require bracing.

» Temporary/Permanent

» Drilled/Cast-in place/Driven/Soil mix
» Flexible/rigid

» Watertight/permeable
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Soldier pile walls
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il mix

Slurry walls / So
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5. Support systems

Supports provide lateral bracing for walls.
» Temporary/permanent

» Active or passive

» Internal or external

Type Prestressed Internal Temporary/
/External Permanent

Tiebacks External Both
Steel struts Some times Internal Temporary

Deadman No External Both
Rakers/Heelblocks No Internal Temporary

Top/Down No Internal Permanent
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5.1 Tiebacks (ground anchors)

» Angle inclination

» Locate beyond active wedge (below
excavation, +0.1 to 0.2 Hexc)

» Design life/corrosion
» Stress relaxation with time

Anchor head —
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5.1 Bond resistance & pressuremeter test

SG1, AL1:etc graphs for IRS
technique (multiple injection,

SGT - Bustamante TAG5 — — SG2 - Bustamante TAG5 pressure grouted anchors with
AL1 - Bustamante TA92 —— ALZ - Bustamante TAS95 _

r re >= PL
MC1 - Bustamante TA9: —— NMC2 - Bustamante TAS95 P ESSE € Iiltl.'lbe a
R1 - Bustamante TASS R2 - Bustamante TAS5 manchettes tec n'que)'
1400 ——————F—————F—————————— SG2, AL2:etc graphs for IGU

1 ; : ; ; . technique (single injection,
1200 oo SRR NRRES T -+ gravity grouted anchors with
T : : : E - single pressure between PL/2
1000 __ ................ ............... T and PL).
T § § § § - SG1, SG2= Sands and gravels.
800 Foo s e T e T “ AL1, AL2= Silts and clays.
T ' ' ' ' . MC1, MC2= Chalk-Marl,
T _ : _ _ . Calcareous Marl rock altered
400 1 : : : : : (Craie Marne, + Marno-Calcaire)
1 : : : : . R1, R2= Altered or decomposed
200 ... . ST T ] SURRRRRRR SRR rock
i’ : : : : © PL = Pressuremeter limit.

Ultimate Tieback Bond vs. Pressuremeter Pl

600 __ .............. ............... ............. ................ ................

Ultimate Bond Stress gqs(kPa)

=

: : : : - IRS technique French standards
e fee v allow the assumption of a

2 4 6 8 10 greater grouted body diameter.
Pressuremeter Test PI(MPa) This effect can only be
accounted by increasing the Dfix
diameter in each ground anchor.29




5.2 Steel struts

Cross-lot Broce
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5.2 Steel struts/Internal Bracing

EE TT WG e———
| S g
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32

Fxcavating Under The Grade Level Slad

down construction

op/




6. Failure modes (no

(a) Tensile failure of (b) Pullout failure of
tendon grout/ground bond

|

(f) Failure by forward rotation (qg) Failure due to insufficient (h) Failure by overturning
(cantilever before first anchor installed) axial capacity

k) Shear failure of wall m) Piping failure

'

(e) Failure of wall due to

(c) Pullout failure of insufficient passive capacity

tendon/grout bond

(i) Failure by sliding (J) Rotational failure of
ground mass

A-J Source:
FHWA, GEC No. 4

.

n) Uplift
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6. Failures
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7. Analysis methods

Analysis methods used to determine support
and wall forces, displacements, and other
important behavior data.

All analysis methods are simplifications of very
complex interaction problems.

Each analysis methods has advantages and
disadvantages.
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7.1 Active and passive

Wall moves
away from soil

Wall moves
towards soil
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7.1 Lateral earth pressure
coefficients

[0 ] = Kaio,'—2C/K,  * Assumes smooth wall

' _ ' / *Only vertical walls
[O-h ]passive o KPGV +2C KP 4

a] Rankine passive earth pressure coefficient: _ (1 +sin(g)

= —sinlg)
b} Coulomb passive earth pressure coefficient: Kph = Kp -cos(§ - 8)
cos’(g + 8 — A)(1 — ay)
Kp = | Z
2 2 7 _ 7 |, _ [sinl6 + g)sin(g +a— F)
cos2(#) cos {ﬁ’}cus{ﬂ g+ 5|1 ,\||'5"5’5|:5 — 6+ F)cos (a — 8)
a= slope angle {positive upwards) ax = horizontal acceleration {relative to g)
= Seismic effects :mﬂ—1{£] with ay= vertical acceleration, +upwards (relative to g)
Loy A= ‘Wall angle from vertical {0 radians wall face is vertical)
¢} Lancellotta: According to this method the passive lateral earth pressure coefficient is given by:

|Kph = Kpe -f-cus{u—f?ﬂ

cos(6)(cos(8) + sinlp —sin?(E)
Hpe =

. g2ftan (g

F=y—ay) + (1 +ax) cos(a—§) = [sinep — sin®(a — F)

26 = sin™ (22) + s~ (BER) 6 + (a - §) + 28
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7.1 Lateral earth pressure
coefficients

Kerisel

Failure Wedge Log-spiral Log-spiral
surface

Wall friction Yes Yes Yes
Correlation  Equation Tables Equation
Ka Yes Yes No

Kp Yes Yes Yes

Seismic Yes No Yes
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/.2 Water

IWT

ZPC

L0l A AT

g

LAYER 1

LAYER 2

= pore pressure
zZz

LAYER 3

LAYER 4

S,

rated value of
seepage pressure
G,

rated value of
uplifted dead load
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7.3 Analysis methods

» Conventional methods

» Beam on elastoplastic foundations
» Finite elements/Finite difference

» Neural networks

Conventional B:;rgtic:: il Finite-
Methods foundations elements
No

Easy to check Yes/No

SSI No Yes Yes+

Simple input Yes Yes/No No

Time Hand Faster Fast
calculations

Realistic ? ? ?

behavior

i —_
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7.3 Conventional methods

General
» Assume lateral earth pressures.

» Determine fixity locations for forces at
subgrade.

» Analyze wall beam with assumed loads.

» Advantages: Easy method to verify. Gives a
back check for more rigorous methods.

» Disadvantages: Soil-structure interaction
ignored.

41



7.3.1 Determine net loading
diagram on wall

20 de
— 20 ~ [
’-""/ — — — —
- 20 de —_— /
g—
——""’J j—
Ek-fuft M/ Tt R
1.289 ks ksf X

Soil pressures Surch. Water Seismic Net loading

Soldier pile walls (berlin type), 3D effects
Pile spacing above excavation,
Active and passive effective widths, Water width
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7.3.2 Wall embedment safety
factors (limit-equilibrium)

» Horizontal force
» Moment
» Length

Awvailable Resistance beneath virtual fixity point
Fipas =

Hor.reaction at virtual point + driving pressures beneath virtual fixity point

Resisting moments about a point
FSrotation = — — (Eq.9.2)
Driving moments about the same point

Available wall embedment depth

FSembed = Eq.9.3
emae Max. Required embedment depth for F5 =1 from Equations 1& 2 above (Eq )

FF_:n- - =TE= Mll\ir — ML LI.F;III Fa L.-F'I;=1
¥ = —Fp J' I &
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7.4.1 Beam on elastic foundations

Soil assumed as elastic (elastoplastic) springs.
Different methods available:

a) Driving pressures assumed, passive springs
n) Active and passive soil springs

o Stage dependency?

» Subgrade reaction (depends on dimensions)

» From soil elasticity with active/passive wedges

BEAM ELEMENTS THAT MODEL ¢ (ksf) =Qu (TSF)
REMOVED SOIL BEFORE THE FLEXIBLE WALL | A NED COMPRESSIVE STRENGT 4, T5F i |
ANCHOR INSTALLATION snee” | SUPP | vemene 1 .
4
Wy L L
A | 1 ‘-Aqu SPRING ELEMENT THAT ‘/
INTERMEDIATE EXCAVATION MR onaaa MODELS THE GROUND
LEVEL PRIOR TO ANCHOR [ PP : L ANCHOR " f = COEFFICIENT OF VARIATION OF LATERAL SUBGRADE REACTION
S r [~ WITH DEPTH. OADE! g
|N_‘TALLATIOb:I : : |iws / WITH DEPTH. USED IN ANALYSIS OF LATERALLY 0 PILES
] it
I oo ek --—-I"Fww—': 1w, /
| =AWA— | ! WA ,”
rivesit N || Pesvet s : % o L
. 2. r
REMOVED SOIL AFTER ot B ] s i S - L Con comse
ANCHOR INSTALLATION _— | &"w—| ] W 7| oraneo soiLS
1 WA~ | | FWwWA
FINAL DREDGE LINE = - | : W FOR FINE
GRAINED SOILS
A
. /W
0. ~ 20 30 40 50 60 0 80 90 100]
VVVVVV | wose | meowm pense | [verv pense |
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7.4.2 Wall embedment safety

Fipas.mob =

Available soil passive resistance beneath subgrade

Mobilized passive soil reaction beneath subgrade

(Eq.9.4)
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7.5.1 Finite element analysis

» Discretize soil in simple elements

» Boundary conditions

» Model soil with strength and elasticity
» Model structures

» Include construction stage history

» Advantages: Full soil structure interaction

» Disadvantages: Requires skilled designer,
difficult to verify
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7.5.2 Finite element analysis

Model Coordmates (feet)

150.00 20000 25000 300.00 350.00 400.00 450,00 500.00
I 11 1 1 I (S A M | l L L 111 I 2.0.0.4 l L 1 1 I 11 1 1 l L1 1 I Lt b e l [ I (N A l L 0. 0.0
wouo__ g M Typical Cone
- 5 Penetration Data
. Internal Bracing “ Dam SPoint PrPore
= WL: Fl. +68 " LF: Light Fill tress essure
5 ; — ——p = Qc (ISF) Ut (TSF)
- so,oo_: 'FL 452 0 lq00 0 5
s 3 I
& R < o B - I e Gh e R B 0
z . SANDS L +275 T
= g E [ ]
E = |
£ =
= - H HeH
- FCLAY - E
] ol 5 . ¥ o O B
. bsTiFr ™Pile Fou.udaaons } -
= C LAY (deactivated) 1 =i
-50.00 7] S8 ft
3
=
[ | 1 v w0 0 0 | [ 0w
sw -V 1 -V 1] 0 0 a vy
Em |_ 1 R 1 0 1] 0 (o g
Yo E 0 0 0 2(1+w) 1] 0 Ty
Yyy 0 0 ] 0 2(1+w) 0 vz
| Y= |0 0 0 0 ] A1+ | | O
Young's modulus v= Poisson's ratio

Effective stress




7.5.3 Finite element issues

» GIGO (Garbage in - garbage out)
» It is good to know what to expect!
» Small strain stiffness vs. large strain

» Basal heave and cantilever displacements
usually overestimated

» Surface settlements occasionally are out of
touch (models without anisotropy)

» Nice colors can give a false sense of
assurance
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7.6 Vertical settlement

» Horizontal wall movement

» Wall construction

» Ground anchor construction (soil loss)
» Vibration induced

» Consolidation

» Dewatering

) v A -
composite |

profile — "Ej
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7.7 Other issues

» 3D arching effects

» Thermal loads on steel struts

» Shrinkage issues on concrete slabs
» Connection details

» Pin piles for struts

» System redundancy
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8.1 Cantilever wall analysis

-ree earth method (balance Moment)
Fixed earth method (balance moment-shear)
Driving earth pressures: Active

Resisting pressures: Passive or /Safety Factor
Fixed earth method

\| Al g -
Water | ' 1 R
table “ XRY . ~ leats x g i
gt ET\ v v (FETN el
-— ‘ -  — —y - =
‘ r
“ Zone A
1 Active > e
\ N Sand
\|| pressure L
‘ -
Dredge \\
- TINE | EEE Fee— | i F [
Passive 1| Active t —/ X4 7/
p;vs.surv-"{ pressure  Zone B 1V oo T
“ilo | “
Active Passive . »
, = R \. . _ Zone C Sand a
pressur | pressurc ! \ le
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8.2 Free earth method

» Balances out moment

» Shear not balanced

» Increase length by 1.2 togetFS 1.0
» Then apply additional safety factors
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Left Side El. =0 FT

Soil y= 120 pcf

Active on left side ka= 0.333

Right Side El.=-10 FT

WATER
SOILUNT WATERUNIT  TABLE
WEIGHT  WEIGHT ELEV. Ka Kp
(kef) (kch) ll)
0.12 0.0524 -1 0.333 3

LEFT EXCAVATION SIDE PRESSURES

TOTAL EFFECTWE LATERAL TOTAL TOTAL

WERTICAL WATER WERTICAL SOIL LATERAL WERTICAL WATER

ELEY. STRESS PRESSURE

Gen. Water El=-10 FT

Friction Angle=30 deg Water y= 62.4 pcf

Passive on right side kp=3

WATER
TABLE ELEY.
Fn
-1

RIGHT SIDE PRESSURES

EFFECTIWE LATERAL TOTAL
WERTICAL S0IL LATERAL

STRESE  STRESS STRESS STRESS PRESSURE  STRESS  STRESS  STRESS NET

ll) ksf) ksf) ksf) ksf) (ksf) (ksf) (ksf) ksf) ksf)
] ] ] ] ] ] ]
10 12 ] 12 -0.4 -0.4 ] ] ] ] ] 0.4

-20 2.4 -0.624 1.776 0852 -1.216 1.2 0.624 0.576 1728 2304 1.088

-50 B -2.496 3.504 1165 -3.664 458 2,456 2304 B.912 9216 5552

LATERAL STRESS (KSF)

——LEFT TOTAL

a0l | ——RIGHT LAT SOIL
—— RIGHT WATER
——RIGHT TOTAL

——LEFTLAT SOIL
—o—LEFTWATER

ELEVATION (F

53



LATERAL NET PRESSURES ABOVE SUBGRADE

i
lip = 1000bf  ksf = 1 -2

ﬂz
Otop = Oksf Thot = — kst L. = 10ft
Lateral force above subgrade  Fy = Stop + Shot/Le'1 # Fi = -Tkip
2

Centraid to force abave subgrade L. = % Lep = 333346

LATERAL NET PRESSURES BELOW SUBGRADE
Tath = That Tayh = —0.4ksf

At battom of wall (EFS0) o, = 5.552kef

WWall length below subgrade L4, = 40ft

| -0 |

Fassive pressure slope my, = Tow ~ Fsuh) my = 0.149 ket

Ly ft

. ~Tzuh
Depth to zero passive pressure from subgrade  EL, = EL, = 24854t
Hp
[ Taghy- i-1ft

Lateral force from subgrade to Elo Fp = % Fo = -0.538 kip

Mow in order to find toe embedrment depth for a safety factor of 1, the total net moment must be
ZEHD
Assumed depth fram Elo to TOE FS 1 Elevation ) = 120756 <

Surm moments above ELo

2
Mipp = [F1-1Le1 + ELg + dy /] + [Fg-[dl + EL,:,EI| Mipp = -43.643 kip At
Lateral net pressure at TOE F51 Elevation  opsy = dmy oF5] = 1797 kef
MET Resisting lateral fi below El A
esisting lateral force below Ela F3:= cpgl-T Fq = 10848 kip
MET Resisting Moment d
MpoT = Fg-? MpnT = 43663 kip-ft

TOTAL NET MOMENT - MygT = MpoT + Mg Which is equal to zero

Elevation at safety factor of 1 Elpgy = -10ft - EL, - &4 ELps) = 24763 1t

x 1.2 forFS=1.0
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Mow find the maximum bending moment. In arder to achieve this, the point of zero wall shear
must be found first.

Shear to Elo Viop = F1 + F2 Viop = —2.538 kip

D —2-?1.:@
epth to zero shear do= || —— o = 5541t
iy 181

baximum moment at zero shear

. 2 o

Migment ki) Brassures (k]
A5 ] 2 20 1 2 3 4 5 8 37
[ T T T T | I'I'I1'[ITI'|'I1'I1TIT|1TI'|TI'I'|'I'ITITI'I'|'I'IT|
ELOR
- -
B iRk
224 kAt
- 40 R
= 120 pet
Fr=30deg ‘\
1963 k! \ ES12 ksl -
Va1
Stedl Sraets
DES: AZ 26, Scxw 48 38 ndh
FykShest = 50 ksi
R T T p—

— Yl Emedis




8.3 Single support free earth

» Sum moments about support level
» All text books show active earth pressures
» Ground anchor prestress?

= _Sl.lNE LOAD QL= 200e PLF

UNIFORWM JREW = ROC PsF
TR TR Q g & SO R R 8

ANCHOR PuLL
i T

A
| ¢
H= o'
i 1T—
Teow Wi (4
H‘ .w H" 17'
ODREDGE
LINED 1
| L (N
D PASSIVE
%)
3

ACTIVE

Sand backfill :
y=110 pof

In ~ situ medium sand :
Y =65 pof
¢ =345° K, =026and K, =385
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SOIL UMIT WATER UMIT TABLE

WEIGHT WEIGHT ELEY. Ka Kp
(kef) (kef) )
012 0.0524 -10 0.333 3

WATER

LEFT EXCAVATION SIDE PRESSURES

TOTAL EFFECTIVE LATERAL TOTAL

YERTICAL WATER

YERTICAL S0IL LATERAL

WATER
TABLE ELEV.
]

20

RIGHT SIDE PRESSURES

TOTAL EFFECTIVE LATERAL TOTAL
WERTICAL WATER WERTICAL S0IL  LATERAL

ELEY. STRESS PRESSURE STRESS  STRESS STRESS STRESS PRESSURE STRESS STRESS STRESS NET
(FTy thsf) thsf) thst) thst) (ks) (k) (k) ths) (ksf)
] ] ] 0 0 0 ]
-10 1.2 0 1.2 0.4 0.4 -0.4
-20 2.4 0624 1.776 -0.582 -1.216 0 0 0 0 i] -1.216
-a0 5] -2 496 3.504 -1.168 -3.664 36 1.872 1728 5.184 B.5912 3.248

LATERAL STRESS (KSF)
B -4 -2 0 2 4 5] g
04 . . .
ne ——LEFT LAT SCIL
—o—LEFT WATER
—— LEFT TOTAL
a0 4 ——RIGHT LAT SOIL
;— ——RIGHT WATER
o ——RIGHT TOTAL
'_
-30 —NET
<
w
|
w
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LATERAL NET PRESSURES ABOVE SUPPORT

ki
kip = 1000tLf ksf = 1 — Otnp = Oksf That = —dksf L, = 10ft
ﬂ2
ft .
Lateral force above support F] = (Otop + Ohot L1 m Fi=-2kip

Centroid to force above support Ly = % Lo = 33331t

Moments above support By =L Fy Iy = —6.667 kip-ft

LATERAL NET PRESSURES BEL OW SUPPORT AND ABOVE SUBGRADE EL 204t

Cgyh = —1.2168ksf Ly= 108 DEPTH FROM SUPPORT TO SUBGRADE

Rectangular portion farce  Fpeet = opot Ly 1t Fyeet = —4kip

Moment sbout SUBROR  MoRGOT = -Fect = MoRgeT = Wkip In free earth method for walls
Traneula potion offrce  Fug = (o oot 5 Fi =408 5p with one support levels, both
Moment sbout support  Myrey = Fiilyy MR- 2kpf shear and wall moment balance
Mg = MyTRI + MaReCT Mg = 472k0p R out at base of wall.

LATERAL NET PRESSURES BEL OW SUBGRADE EL -201t
At bottom of wall (EFS0) oy = 3248kef Wall length below subgrade L, = 306
_ 'Obw ~ Tsub kst

Length does not need to be

Passive pressure slope tly = iy = 0149 — .
Lo R Increased for FS=1.0 to be achieved
=0,
Depth to zero passive pressure from subgrade  EL, = [ SU}JJ EL,=2.172ft
1
13
i Bl )-1tt
Lateral force from subgrade to Elo Fg = % F3 = —4969 kip

EL,
Moment about suppot M5 = —[Lg + ry ‘F3 Iz = 63221 kip-ft
Met moment above Elo MpET: = M + Mg + M3 MyET] = 103754 kip-fi

To find toe embedment depth for a safety factor of 1, the total net moment must be zero

Aszsume depth to FS1 below ELa

ft
Pressure at d1  opgy = - ofFs] = 1.151ksf  Fq=op5)-di-l Y Fq= 4448 kip
2
Morment about support My = —[Lz +EL; + dl-gj-h Mg = -103 Féd kip-ft

NET MOMENT MugT = MyET1 + My MypT = -0.01 kip-fi

Elevationat F5 1 ELpsy = -20ft - EL, - ELFs) = —35.0041t



Sample output from software

Momaent [k-ft/f) Preassures (isf)
- 0 L% 2901234 536
- Ton Satery Sara s | S | A LARY LAY LA LARJ LAY LAl Lan) |
MeoESe 1808 |
e ESFzmiacs 1508 - . -
—tS00 - 10 h
| Bag o 551 LWLt .
Toa Bl ESat £4 058 >
£S Ell“ - Ay
EHenn \ o
F \
gt= 120 pet \ 0
F!‘”m \
1968 kst \ 5184 kst e

Wal?

Steel Sreets

DES AZ 26 Sxxw 4B 38 r2%t
FykSheet » 50 ksi

Boring 1

— EMectve Por 301 pressures
—1ALEACEES




8.4.1 Apparent earth pressures

» Earth pressures back calculated from Strut
oads.

» Peck 1969, early excavations in Chicago.

» Private discussion with Dr. Peck, gamma is
effective, water to be added separately.

» Reaction at subgrade?
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8.4.2 Apparent earth pressures

» Envelopes captured maximum force from all
stages
» Wall moments were almost never measured!

» Wall moment recommendations may not be

reasonable!
i i ‘ : ‘ ] ‘ ' '
Hy 23 H H, A H, 23H, H, A i
-] ! T *_‘BMB Th1 —4— Ti—BMg
Tnt P H, [ H2((Mec T
- P e L P |, W G T
H , H,.( Hn Hn _Mp .H .BI.
. WC Thﬂ_*_‘ T : D co QTM
213 (H-H1) H ‘ " J T
c " 203 Hy s H“"C“‘OE K
P . ' RA— R ] . 'RE—E

p=02YH-04YH

p = 0.2YH - 0.4YH

a. Walls with one support level

b. Walls with multiple supports
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8.4.3 Apparent earth pressures

Peck, 1969
Tributary Pressures  Apparent .
- Sands Saft C.
On Each Snppurt Pressures Supports oft Clags Stuff Clays
&
R1 D_ZSHI 0.25H I 4 4
R2 |H H H sy H H
0.75H ’
R3
0.25H
¥
""I.,_ Rsub TE s - Iq—p v
P d r P P d
4
R1= Reaction at first support level p = 0.65Kayh p=}—'h[1——;} p=03yh
= i ¥
Rsub = Apparent reaction at subgrade level e (Range 0.2 to 0.4)
for —=1
¥ h
Multiple Supports Single Support
Clays & Sands —FHWA Clays & Sands
[T I T, ’
23 Hy H . H 213 H, T A
ISR o wl D HI | gy {23m
T L P lisn H Tt R1+
H “H H H2
/ - Qe | 7 R |H 13
213 (H-Hy g H f
c n+1 203 Hn-'l
- R n__'/_; R3 1 —~  |23@H
p=02YH- 04YH p=0.2YH- 0.4YH LY —p
a. Walls with one support level b. Walls with multiple supports I PR, R_"ﬂlb?. ’
d ry

Sands: Total Load = 0.65 Ka y h*
Clayss p=02yh to 04yh

Esub = Apparent virtual reaction at subgrade 62




Ns

8.4.4 FHWA - Basal failure (Ns>6)

¥rotal

Sy

Where m=1 according to Henkel (1971). The total load is then taken as:

45 5145,
Kim1l—m 2%y ( _ﬂ)
4 ¥y H V2 ¥ H

P=05K,yH?

- ---- - *“—'

d
NI ’\W\\\\ N K WAL &, ’\" %
~\\\/;,r///\//\ \,\\\»}&\\\ \\\\\ S Ny \\\ \\Q\ SNAVAVAZA
\ ARG PV DR DD »’/» WOPRLID? QPP RO
\\.,_

Henkel’s mechanism of base failure
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8.4.5

Basal stability

\._,\J%
NE Sub S
FS= ForD<(v 2/2)B
Y -Su /D
Ncﬁub —
FS= ForD>(v 2/2)B
2 s
Y- —
J2 B

S =

s = undrained strength of basal clay

undrained strength of clay above the excavation grade

B = Breadth of excavation
D = Depth from excavation grade to firm stratum
Nc =

5.4

e
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8.4.5 Design example soft clays

» 10m excavation in clay

» Analyze with FHWA

Clay 1: From O to 10m depth,
Su=50kPa y=20kN/m3

Clay 2: From 10m depth and below
Su=30kPa y=20kN/m3

all Toe Safety Miall 1
Mic£S= 0458
ESEmbeds D458 ressures (kPa)
ESpaz = DASE — = - . o
ESBo s D422 0 S0 %
Bag ioafSa Eal TrT'ITT'rTFTTTTTTTrTFTF]
FFFFFF Eal
TS Satas faies
ESBas L ASS
&_
V1 (UND.)
gt=20kN/m3 = 22281Nm
Su=50 kPa
e
10m 3
T N\ -
80kFz WPz

Wal
J=onagm
vgm:. Thick: S0cm, 6L-D25, 6R-D2¥1m
’;me FykRebars =413.8 MPa, Fok'=20.7MPa
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8.4.5 Design example soft clays

The total vertical stress at the excavation subgrade is:
o,/'=20 kN/m?* x 10m =200 kPa

The basal stability safety factor is then:

FS=5.7 x 30 kPa/ 200 kPa = 0.855 (verified from Fig. 2.10)

Yeotal H _ 20x10
Ns = = = 6.67
Su 30

Then according to Henkel Ka is calculated as (m=1):

v ASu, sd (1 5.14 sm,)
AT TUR TV yH
4x50kPa _ —~10m ( 5.14 x 30 kPa

>00%Pa T *V%Tom 200 kPa

The total thrust above the excavation is then: Py = 0.5 Ka o x H = 647 kN/m
The maximum earth pressure ordinate is then:
p=2x Load /{2 H—2(H1 + Hp.1)/3)} =2 x 647 kN/m /{2 x 10m -2 x (2m +2m)/3}= 74.65 kPa




8.4.6 Support reactions

» Middle support most critical.
Tributary area method
3m x 74.65 kN/m2 = 223.95 kN/m
» Wall bending simple moment?
M= wL?/8 = 83.98 kN-m/m
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8.5.1 Surcharges

» Theory of elasticity
» Rigid walls with Boussinesq, x 2
» Distribution angle on vertical stress

29
G, =—" [B-sinp cos(20))
9

where angles B and 8 are defined in Figure 12.30.

q (Strip load)
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8.5.2 Surcharge example

» 6.5ft excavation (2.0m)
» Train loads 11ft back
» Compare results

Rigid conditions m=2 3.52 23.5
Flexible conditions m=1 1.95 15.95
Distribution angle 0.23 3.29
Deflection Moment Pressures Deflaction Moment Pressures
finch) (k-ft/ft) (ksf) (inch) (k-ft/ft) (ksf)
4-202 00 30 1.0 1 10 1 500 50 20 2 4
) Rl WL | [rTrT| frrTT [T [T LU B UL |
-3.52in 0 k-t " 0 Lo 4 0.23in ‘ 00
EL65H E Q612 ks

=
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9. Beam analysis - multiple supports

» Blum’s method

» FHWA method with simple spans (GEC-4)
» Mix between FHWA and Blum’s

» CALTRANS Trenching and Shoring Manual
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9.1 Blum’s method

» Pinned supports - continuous beam
» Point of zero net soil shear below subgrade.
» Use point of zero shear as a virtual support.

Shear moments Net loading

0 1 2 3 4

12,9 kit

> -

Reaction for Virtual/ \

embedment Fxb  support ~ Available FS.passive= =%
resistance Rx Fxb
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9.2 FHWA Simple Span Approach

» Pin support at excavation base, simple spans

\\ ewh an 1k _< 7 e,r;-.
= deg e — e & ‘rﬁ“
- mil ''''''' F —
i N
Reaction for Virtual
I ) R
embedment Fxb support Avanable FS.passive= —
resistance Rx Fxb
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9.3 Modified FHWA-Blum

» Pinned supports - simple span
» Point of zero net soil shear below subgrade

Shear moments Net loading

ieswn \ 129K 431kR . Q_..—- - I
s JIMYL-LM & — ¥
T \\ 123K . e—’__ |
Reaction for Virtual
: | .
embedment Fxb support Avallable FS.passive= 2=
N\ resistance Rx Fxb
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9.4 Caltrans method

» Pinned supports - simple span
» Base at point of zero moment below bottom support
» Shears and moments balance out

Shear [k/ft]

""""

Shear moments Net loading

. \ N 20 de ’r‘" *
;i;gag -25’“'"?;:'“‘.“ . e—-ii‘; |
20 \\ 1230 . B U !
S N - Toaska ! A
‘:;E é 3.033 kst
No Reaction Virtual resist

—embedment support FS.rotation = 7=




9.5 Caltrans & negative moments

» Simple span may be very conservative
» Assume negative moments (20% of simple span)

Shear moments Net loading

8.9 kit \ 128K 431 kit . =
0.3 kit <> i

e | o
\ ----- )

yi=125pct
=100 psf
$=38de

No Reaction

Negative Virtual .
embedment J FS.rotation = Mrestst

Moment support Mdrive
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9.6 How methods compare

Static loading final excavation
Blums's FHWA Simple FHWA Mixed CALTRANS CALTRANS - Nonlinear

method span Blum Method negative analysis*
Maximum
support reaction 33.68 23.91 27.66 30.08 30.08 30 - 31.8
(kips/ft)
Maximum
Moment 58.25 36.78 74.29 99.41 87.45 65 - 86
(kips/ft)
Maximum Shear
18.13 13.14 15.49 17.77 17.77 17.4 - 20
(kips/ft)
Seismic 0.1g at last stage
Blums's FHWA Simple FHWA Mixed =~ CALTRANS CALTRANS - Nonlinear
method span Blum method negative analysis*
Maximum
support reaction 38.51 31.81 31.81 34.36 34.36 31.6 - 34.6
(kips/ft)
Maximum
Moment 66.74 43.46 83.95 112.33 98.63 76.9-101.5
(kips/ft)
Maximum Shear 16.94 17.45 20 20 19.5 - 22.2

(kips/ft)



9.7.1 Anchor Prestress effect

» Compared LEM with B.E.F. (NL)
» LEM: Active, FHWA, Peck

» Examine 100%, 110%, 120% Ka prestress

Deflection Moment Pressures
[cm) (kN-m/m) (kPa)
£ 2 2 6 <100 300 700 <100 100 300
ELOm 413em
-

#

\ -18. 5 kN-m/m

5.74cm

536 ZkN“m/m

T74kPz

237 4Pz

.{El-Bm




9.7.2 Results

1.633

LEM-Active

LEM-FHWA

LEM-Peck

NL - 100%
Active

NL-110%
Active

NL -120%
Active

4.02

4.43

6.68

6.47

6.28

536.7

386.4

433.7

467.2

463.3

460.02

i

207.9

270.2

263.1

269.6

282.2

294.9

1.698

1.676

N/A

N/A

N/A

1.494

1.56

1.537

N/A

N/A

N/A

N/A

N/A

N/A

1.462

1.465

1.468
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10.1 No earth pressures

» Pressure are not a property
» Construction staging

» Wall-to-soil friction

» Support prestress

» Wall deflections

» Surface profile

» You think you are safe!

79



10.2 Example of confusing specs

_~—GROUND LEVEL

! R S SN O . .
- Not physically possible
~y  specifications
- ‘ Active pressures
I y=125 pcf (19kN/m3)
SHDEIHG - Ma.dry =30D
HEI[GHT 0. BH
= o Ma.wet = 15D
N Results in Ka= 0.24
- and ¢= 37.8 degrees
CoTToM OF EXCAVATION | - | ..., Passive slope produces
| 2y RS- | Kp= 2.4, thus
s pe-sm 0= 24.32 degrees
PiLe
EMBEDMENT GWS
_1 T——pPa’=18D

7000 psf T ACTIVE
MAX

B e



11. Conclusions

» Use at least two different analysis methods.
» Understand soil and project needs.

» Soil and structure interact -
Lateral earth pressures are not a property
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12. What is next

» Next week: March 3, 4,5, 6
Second series of webinars:
Design codes: ASD, LRFD, Eurocode 7

Worked out examples.
» Third week: March 10, 11, 12

Optimization of excavations
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Thank you!

For attending this webinar.
dimitrios@deepexcavation.com

Design example available at:
http://www.deepexcavation.com/en/50ft-

deep-excavation-example

Connect on LinkedlIn

N7

DEEP EXCAVATION

I RELIABLE GEOEXPERTISE
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http://www.deepexcavation.com/en/50ft-deep-excavation-example
https://www.linkedin.com/profile/preview?locale=en_US&trk=prof-0-sb-preview-primary-button

