DEEPYEAY

" #3% $
& (0




$ % % & '
- (& ) .
+
* + ! ( & +- +. & |
*# &/
*0 ) & 1
*0 + 2 $( 3 !
*0 455& & 0
*O# 678+ + & *
*00 678+- I+ & ;
9 1)
*Q* 678+ (! 9 19
*0, 2l 1678+ !
*0; &' 9 ) 1678++
*0< ) o= ;
*05 .9 - ;
* * | | [ 5
( ) *
: 9 > 97
, + | #<
&);
JH 8 2% 8 #5
+ ) ( & ?
+
, 0 9 0
X (!9 0
.y 9 9 00
- 1 # ! 00
) '+, ) )
- , ((
< 3 '+ ) ) "
< 7 H
/ )




) 8 <
# 8 17 ? 5
50 8 1? ? 5
5 ) ! 2@ 97 I <
5# 3 !
* 0 , )
1 1 " ] '$
2, -
9 ? ! 5
# 9 1 5#
# 9 | ! 50
# . ?%$147 oF
H# - 19 ! 5,
#0 > M 5;
#* 8 1+ ! 5<
#, 8 !: 55
0 8 @ ! /4 55
* 8 9 &
, &
3 * % *(
+ %
3 * , ||%u . +%
$ 3 0% 3 % (
+ !I+ +&% mn )
)
+ '@ + &% "9 6 3 1?7 % 0

9




? !
! 24
! $

+
)
) 2 IB)
!
|
0 5
! !
?
, 5
!
!

I 1 6

!
!

1, 5

)

C$

1?
e

> +@

+ 2 2

+-+. &A

e

+-+. &A

8
>+@



7 '8 %

+
4
4 1 n#
) ? 1ol | s B
? 11 B> Ic
! 1 B 1C
AT B>! IC 0 %8
# 9l A
D>1 I+ 1
# 5 + N A !
: !
6 A ++.& !
! 4 1
! Il [ 5
? | 5 + | | | A
> 19 9 |
6 A ++. &
! >1 19 9
s A?
?
! 5 . ,
! 19 [ | 11 o -
Lo
7 '8 % N
4
$4 % % &
7 B+ C !B C
v L N .
+-+. & ! B> C ! B | 5 B
IC IB- 9IC 9 * o 1* -
| ° ) ! 7 A
L 2



$4

$4

5% "+ % % &
-4 E % % % E % % %
) 7 E E % E E
)| $ 20! % $ E %
Y/ $F .2 | % $ E | %
( % $ $ = 3 =
% n
-4 ) I
9 i
% % & %
! ! !
1 L 11 A !
Lo ! !
' / !
Lo ! 17
! !
17? D !
I
! !
I ? I
2 2 1Al | A
+ F DF
? ! !
% % & 7"




9

F DF

F DF



Soil Type Dialog/Base Ka-Kp
¥ R 2 R 4

Options 1 2 3
Default Ka, Kp = Rankine Default engine Ka/Kp (Butee) for zero User defined Ka/Kp
(RECOMMENDED) wall friction and horizontal ground gives that can include slope
same numbers as Rankine and wall friction (NOT
RECOMMENDED)

Default KaBase, KpBase defined for each soil type

Enable automatic readjustment of Ka/Kp for slope angle, wall friction etc?
(Performed for each stage)

1. Default Option (YES) 2. No
SW automatically determines slope angle, wall frict  ion, and other effects KaBase
Options: A. Enable Kp changes for seismic effects (Default = Yes) KpBase

B. Enable Ka/Kp changes for slope angle (Default = Yes)
C. Enable wall friction adjustments (Default = Yes)
For each stage then Options 1.1 and 1.2 are availab__le:
Sub option 1.1: Prorate base Ka/Kp for slope and ot  her effects (Default)
Ka= _Kabase x Ka(selected method, slope angle, wall fri __ ction)
Ka Rankine (i.e. ground slope =0, wall friction=0 )

Kp= _Kpbase x Kp(selected method, slope angle, wall fri __ction, EQ)
Kp Rankine (i.e. ground slope =0, wall friction=0 )

Sub option 1.2: Use Actual Ka/Kp as determined from Stage Methods and Equations
(see Table 1)

Ka= Ka(selected method, slope angle, wall friction)

Kp= Kp(selected method, slope angle, wall friction, EQ )

|

3. Examine material changes. The latest Material ch  ange property will always override the above equati  ons.
IMPORTANT LIMITATIONS
A) Ka/Kp for irregular surfaces is not computed and is treated as horizontal.
B) Seismic thrusts are not included in the default Ka calculations.
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Cancrate Cad ACI 31808
Stes| Cod 45D 1983
Non linear Assumptions: ESP
Drain State Clays Undrained
Water g= 53 634 pcf Hydrostat
Adv_ NL surcharge method Beta= 45 d
Drive K Ka, + d-Coul
Resist Kp Rankine [Coul. d=0

DES: FZ35, Sox=48.8in3

FykShest =32 ksi
Wall d= 30% FR
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Name

gtot

g dry

Frict c

Su

FRp

FRov

Eload

Eur

kAp

kPp

kacv

kPov

Vary

Spring

Color

(pcf)

{pdi)

{deg) | {psf)

{psf)

(deg)

(deg)

{ksf)

{ksf)

Springs

Springs

Springs

Springs

Model

Fill San

125

12102 | 30 0

N/A

NJA

N/A

300

500

033

3

N/A

N/A

True

EXP

Clay

125

120

23 | 1000

1000

195

28

400

1200

0.5

2

0.36

277

True

ExpP

Sand

135

130

NJA

NjA

N/A

400

1200

0.27

3.69

N/A

N/A

True

EXP

Weath

135

130

20 | 80OO

NfA

NfA

N/A

900

2700

0.49

2.04

N/A

N/A

True

Linear

Refusa

135

130

20 | 8000

N/A

N/A

NJA

1200

3600

045

204

N/A

N/A

True

Linear

Weath

135

130

20 | 4000

N/A

N/A

N/A

900

2700

0.49

2.04

N/A

N/A

True

Linear

6 3

6 |

I KaWedge(1)=0333, cMew= 0, Kcrit= 12,727, Zcrit= 113.2 RXact= 7.83

KaCV= 10333, KaPK= 0333, RXactCV= 7.83, R¥actPK= 783
KaWedge(2)=1, cMew= 1, Xcrit= 1693, Zcrit= 113.2 RXact= 848

KaCV= 0368, KaPK= 0538, RXactCV= 9.66, R¥actPk=10.5
KaWedge(3)=0289, cMew= 0, Xcrit= 18,586, Zcrit= 113.2 RXact= 15.03

KaCV=0.276, KaPK= 0284, R¥actCV= 1591, R¥actPK=16.94

KaWedge(4)=0.48, cMew= 8, Xcrit= 23.769, Zcrit= 113.2 RXact= 14.77

KalV= 0334, KaPK= 0484, RXactCV= 206, RXactPK= 23.73
KaWedge(5)=-1, cMew= 0, Xcrit= 0, Zcrit= 0 RXact=0

KaCV= -1, KaPK= -1, RXactCV=0, RXactPK=10

KpWedge(l)=3, cMew= 0, XcritP= 35.351, ZcritP= 113.2 R¥pass= 70.45

KpCV= 3, KpPK= 3, RXpassiCV= 70.44, RXpassPK= 70.44

KpWedge(2)=1.021, cMew= 1, XcritP= 39.289, ZcritP= 113.2 R¥pass= 79.62

KpCW= 2758, KpPK= 1958, RXpassCV= 8417, RXpassPK= 8019

KpWedge(3)=3.69, cNew= 0, XcritP= 54.55, ZcritP= 113.2 RXpass= 163.47
KpCW= 3719, KpPK= 3708, R¥passCV= 16837, R¥passPK= 164.17
KpWedge(d)=2.04, cNew= 8, XcritP= 56.178, ZcritP= 113.2 R¥pass= 291.05
KpCV=3.028, KpPK= 2101, R¥passCV= 21087, R¥passPK=193.66
KpWedge(5)=-1, cMews= 0, XcritP= 0, ZentP= 0 RXpass=0

KpCV=0, KpPK= 0, RXpassCV= 0, RXpassPK=0
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Figure 2.2: Passive force wedge search solution acding to Coulomb.
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_ TOTALLOAD . - TOTAL LOAD
P 2/3H Ka¥H P A3 Hy- 173 Hoes
(a) Walls with one level (b) Walls with multiple levels
of ground anchors of ground anchors

H4 = Distance from ground surface to uppermost ground anchor
Hne1= Distance from base of excavation to lowermost ground anchor
T = Horizontal load in ground anchor i
R = Reaction force to be resisted by subgrade (i.e., below base of excavation)

p = Maximum ordinate of diagram

TOTAL LOAD = 0.65 K, YH?
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(a) Walls with one level (b) Walls with multiple levels
of ground anchors of ground anchors
H1 = Distance from ground surface to uppermost ground anchor
H,+4 = Distance from base of excavation to lowermost ground anchor
Thi = Horizontal load in ground anchor i
R = Reaction force to be resisted by subgrade (i.e., below base of excavation)
p = Maximum ordinate of diaaram
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| | =+ — Recommended for 4 < Ns <5.14 | /
1.8 *"| + =+ Torzaghi and Peck (m=1.0)
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1.2 —&— Henkel diH=0.5 / f“"a

| [ % Henkei diH=1.0 |
¥ 1.0 +— R ;

4 5 6 7 8 g8 10
STABILITY NUMBER, N

/ 4)5 ’ LAl ’ +
C/01 **;4

% % ? %
81 ) ) 1 ’4

#4 A8 " )
% , , 4

/01 4

$4 4( /01



?

207

4



Calculation Options X

FHWA - Pressure Options

Multiplier for clay
pressures (m x g h),
mClays= 0.3

Multiply active earth
pressures x M= 1.3

NOTE: FHWA recommends a
mininum M=1.3

= In stiff soil profiles do not allow

pressures to drop to 0. Use 507 Limit.

Apply changes to stages

(#) To cument stage only: (0)

B

Calculation Options X
Peck Pressure Options

Multiplier for clay
pressures (m x g h),
mClays= 0.3

= In stiff soil profiles do not allow
pressures to drop to 0. Use 507 Limit.

Apply changes to stages

(#) To cument stage only: (0)

() All stages () All stages
") From stage |0 te |D ") From stage |0 te |D

QK Cancel QK Cancel
, , /01 A, CcC A

+:4




(A) FHWA (B) FHWA

Multiple Supports Single Support
Sands Clays & Sands
P 2
e  p—
2o A fam
. = 1/3H
y @HYET 1
2/3H4 & o | | 23(H-HI)
o |7 n,
FEsub
(D) FHWA
(C) Peck 1969 Multiple Supports
Stiff Clays Clays
D_ZSHI 2i2Hl I
0.5H A
Jiie % * H4/3
025H] reml 23H4 § Lo |
pb Rsub

pb=p to 0.55yH

Simplified Apparent Reaction At Subgrade
Large displacements tolerated for clays Undrained conditions and/or strict
and/or partially drained conditions experienced deformation control Case (D)

Case (A) Rsub=075p x H4/3=025 p H4 Average: Rsub=05 p H4

Case (B): Esub depends on dimensions Lower limit: Rsub= 0417 p H4
Case (Cy: Rsub=075p x 0125 H Upper limat:
Rsub= 009 pH Rsub= (0.275+ H - 0.083p) H4

¥ = Raturated soil unit weight
Limitations: 1. To be used as a first order approximation
2. Excavations fully dewatered for clays on both wall sides.

Figure 2.9: Proposed modifications to stiff clay ad FHWA apparent lateral earth
pressure diagrams (Konstantakos 2010).
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Design Section
Concrete Code: EC2-2004
Steel Code: EC3 2005
1st Wall classic Assumptions
Drain State Clays Undrained
Water £= 10 kN/m3 Simple flow
Wl Tre Safaty: Drive FHWA, Km=1.3, m=0.3
Min ES=
ey Pressures [kPz) Resist Kp
ESpas = W S0 0 50 100
e 40 S0 O 50 100
Req e FS=1 RN RERERRREREREREY|
TreEl E@=1-
Nevs 1
i Y- -
B — 210.4KkN/m
V1 [UND.) -
gt=20 kN/m3 V—— 22251KN/m W0m
S kPa im
=  182.35KN/m
ME -10m
2 qu
0 kPa
}’2[;":3;3 Thic m, §L-025, ER-D251m
915_ i FykRehars =413.8 MPa, Fok'=20.TMFa
= Supports: Tributary
Boring 1
——— Effective hor. soil pressurss
% DEEP Excavation LLC
) SereenShot
DEEPEACANATIUN 2
Engineer: Engineer Company: My Company
*
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5.14 x 30 kPa
200 kPa

= 10m
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Velom
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Mew Section 3
Concrate Code: EC2-2004
Steel Code: EC3 2005
1st Wall classic Assumptions
Drain State Clays Undrsined
Pressures (kPa) Water g= 10 kN/m3 Simple flow
Drive FHWA, Km=1.3, m= 0.3
- - = Resist Kp

ELOm
Zm
Im
0m
im
E mE -10m
gt=20 kN/m3 ~ =
= 86.7 kPg Zm
Lestiea b Lh 120 kP L
Wall 1
Dig m
Thic: Jom, &L-D25, 8R-D251m
FykRebars =413.8 MPa, Fok'=20.TMPz
‘Supports: Tributary
Boring 4
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Engineer: Engineer

Company: My Company
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K4=1

4 x 39.95kPa

2y

: 200 kPa
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17, DENG
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10m
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514 x 30 kPa

200 kPa

) = 0.549
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Pressures [kPz)

ElL.Om

Mixed Sand Clay Profile

F (UND.)
gt=20 kNim3
Fr=30deg

Vi (UND.)
gt=20kN/m3
Su=kPa

W (UND.}
gt=20kNim3
Su=30kPa

Boring 2

Concrete Code: EC2-2004
Steel Code: EC3 2005
izt Wall clzssic Assumptions
Drain State Clays Undrainad
Water g= 10 kh/m3 Simple fiow
Drive FHWA Km=13 m=03
Resist Kp

DEEP Excavation LLC

DEEPEKCAVAL| Ui dee ScreenShot v
Engineer: Engimeer Company: My Company 8:30:2009
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4*5

Caleulation Options X
Two step Rectangular Pressures

Multiplier above
water table M1 (x Hexc) |177

Multiplier below water
table M2 (x Hexc) qgg

NOTE: Inthis mode, rectangular driving sail
pressures are calculated as M1 x Excavation
Depth (for pressures above the water
table), and M2 x Excavation Depth (far
pressures below water)

Apply changes to stages
(®) To cument stage only: {0}

) All stages

1
1

) Fromstage |0 to |D

0K Cancel
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8 z
Calculation Optiens x

Simplified Load Options

Use simplfied model for non wall
¥ surcharges (except footings and line
loads)
Lhspersion angle tor
strip command |45 deg

Using normz| generated surcharges may causs
the BEF anslysis not to conwerge. Using this
option, 2l surface surchanges are modelled as
STRIP loads (FARATIE technical manuzl) 2nd ars
averaged. All surcharges must be uniform and
have the same elevation for sccurste modelling.
FOOTINGS - LINELOADS ARE IGNORED.

Apply changes to stages

*) To cument stage only: (0}

Calculation Options

All stages
From stage |0 ta |0
oK Cancel
0"9 ! !
/ 1?
6 A
I
C 1?2 7
|
|
I
2 ? |
A 11

x
Elastic Load Options
This factor multiplies horizontal
footing stresses calculated from
elastic surcharge solutions for
infinite space, such as Bousinesqg ,
to account for wall rigidity.
mElastic |2
7 Use equations with wall rigidity when
applicable (see manual)
Apply changes to stages
(=) To cument stage only: (0)
) Al stages
) From stage |0 to |0
OK Cancel
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Top triangular pressure height= 0.25 Hexc = 2.25m Hexc= 9m
Apparent Earth Pressure Factor: 1.3 (times active)
Eurocode Safety factors 1 1
SOIL WATER WATER
UNIT |DRY UNIT| WATER UNIT TABLE TABLE Hydraulic  Hydraulic loss
WEIGHT | WEIGHT WEIGHT ELEV. 1 Ka Kp c' ELEV. travel length gradient i
(kPa) (kPa) (kPa) (m) (deg) (kPa) (m) m m/m
32 0.307 3.255 3 195 22 0.1818
Modified for calculation/Strength Reductions
20 19 10 195 3200 | 0307 | 3255 [ [ 3.000
LEFT EXCAVATION SIDE PRESSURES RIGHT SIDE PRESSURES (PASSIVE)
TOTAL EFFECTIVE Acive Apparent  TOTAL TOTAL EFFECTIVE LATERAL TOTAL
VERTICAL WATER VERTICAL LATERAL Earth LATERAL VERTICAL WATER VERTICAL SOIL LATERAL
ELEV. STRESS PRESSURE STRESS SOIL STRESS Pressures STRESS STRESS PRESSURE STRESS STRESS STRESS NET
(m) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) | (kPa)
200 0 0 0 0 0.00 0.00 0.00
199.43 10.82 0.00 10.82 0.00 -7.93 -7.93 -7.93
197.75 42.75 0.00 42.75 -9.81 -31.33 -31.33 -31.33
195 95 0 95 -25.86 3133  -31.33 -31.33
L4 L4
191 175 -32.7 142.3 -40.39 -31.33 -64.06 -64.06
191 175 -32.7 142.3 -40.39 -40.39 -73.12 0 0 0 10.82 10.82429 62.3
182 355 -106.4 248.64 -73.07 -73.07 -179.43 180 106.4 73.64 250.48 356.84 177.4
Total active earth force above subgrade:
~EX
From EI. 200.00 to El. 199.43 0.0 kN/m
From EI. 199.43 to El. 197.75 8.2 kN/m
From EI. 197.75 to El. 195.00 49.1 kN/m
From EI. 195.00 to El. 191.00 132.5 kN/m
Sum= 189.8 kN/m
Factored Forc 246.7
Max. Apparent Earth Pressure=| kPa
LATERAL STRESS (kPa)
-200 -100 0 100 200 300 400
202
—O—LEFT LAT SOIL
200
=O=LEFT WATER
108 =&=LEFTTOTAL
——RIGHT LAT SOIL
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Design Section
Pressuras [kPa)
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Design Sectiaon
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Design Section
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2 =1 ! 41 2 1
EC7, 2007: DA-3: A1% + A2+, M2 4 RI[LIMK: Design Section)
Cancrate Coda: EC2-2005
Steel Code: EC3 2005
1st Wall classic Assumption
Drain state Drained
Water g= 10 kN/m3 Simple flow
Drive K=-Trapkms= 1.3Htr(38)= 25/0
Resist Kp
EL200m Boring 1 Code EC7, 2007
~ — Case DA3: [A1* or AD+) + M2 + R3
K“p::;?; 3m Paramatar Safety Factor
Seismic Multiplier 0
am Variable Loads 15
sm Parmznent Lozds 1.35
- .l 15t m Temporzry Anchars 1
— Psrmanent Anchors 1
= tan|Friction Angle] 1.25
Eff. Cohasion ¢’ 1.25
Im Shazr Strength Su 14
Earth Unfavarable 1
SEE a2 den Ezrth Favorzble 1
) = Water Unfavarable 1
o Water Favarsble 1
DES: A7 38, Swx= aim HYDraulic Unfavorsble 135
FykSheet=355MPa HYDrzulic Favorzble 0.9
Supponts: Bezm zralysis UPLift Unfavorabls 11
UPLift Favorable 0.3
Used FS Wall STR 1
7

DEEPLAGAVALIUT 22 ScreenShot
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Top triangular pressure height= 0.25 Hexc = 225 m Hexc= 9m
Apparent Earth Pressure Factor: 1.3 (times active)
Eurocode Safety factors 1.25 1 1.25| Safety Safety Safety
SOIL WATER WATER factor on | factoron | factor on
UNIT |DRY UNIT| WATER UNIT TABLE TABLE Hydraulic ~ Hydraulic loss| net water earth Passive
WEIGHT 1 Ka Kp c' ELEV. travel length gradient i | pressures | pressures | Resistance
(kPa) (deg) (kPa) (m) m m/m
32 0.307 3.255 3 195 22 0.1818 1] 1] 1]
Modified for calculation/Strength Reductions
26.56 | 0.382 | 2.618 | |  2.400
LEFT EXCAVATION SIDE PRESSURES RIGHT SIDE PRESSURES (PASSIVE)
TOTAL
LATERAL
TOTAL UNFACTORED EFFECTIVE Acive Apparent STRESS TOTAL EFFECTIVE LATERAL TOTAL | Net water
VERTICAL WATER VERTICAL LATERAL Earth (factored VERTICAL WATER VERTICAL SOIL LATERAL| pressure
ELEV. STRESS PRESSURE STRESS SOIL STRESS Pressures  earth) STRESS PRESSURE STRESS STRESS STRESS | (factored) NET
(m) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 0 0 0 0 0.00 0.00 0| 0.00
199.59 7.77 0.00 7.77 0.00 -7.37 -7.37 0| -7.37
197.75 42.75 0.00 42.75 -13.37 -40.60 -40.60 0] -40.60
195 95 0 95 -33.33 -40.60 -40.60 0] -40.60
v v
191 175 -32.7 142.3 -51.39 -40.60 -73.33 -32.73 -73.3
191 175 -32.7 142.3 -51.39 -51.39 -84.11 0 0 0 7.77 7.765837 | -32.73 -76.3
182 355 -106.4 248.64 -92.02 -92.02 -198.39 180 106.4 73.64 200.51 306.88 0.00 108.5
Total active earth force above subgrade:
AFX
From EI. 200.00 to ELl. 199.59 0.0 kN/m
From EL 199.59 to El. 197.75 12.3 kN/m
From EI. 197.75 to El. 195.00 64.2 kN/m
From EL 195.00 to El. 191.00 169.4 kN/m
Sum= 245.9 kN/m
Factored Forc 319.7
Max. Apparent Earth Pressure=, 40.60|kPa
LATERAL STRESS (kPa)
-300 -200 -100 0 100 200 300 400
202
=O—LEFT LAT SOIL
200
=O=LEFT WATER
198 { =&=LEFT TOTAL
< — ——=RIGHT LAT SOIL
1% —e—RIGHT WATER
5 104 —4—RIGHTTOTAL
Z e===NET Water
g w Net
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EC7, 2007 DA-3: AL* + A2+, M2 + RA[LNK: Design Section]

Concrete Code: EC2-200%
Steel Code: £C3 2008
15t Wall classic Assumptions
Drsin stste Drsined
Prassures (kP2 Water g= 10 kN/m3 Simple flaw
. . _ Drive Kz Trapkm= 1.3Htr[#}= 25/0
- v = Resist Kp
T T T T T T T T T ]
EL200m o Boring 1 Code EC7, 2007
5 Rk, Case DAC3: [A1* or AD+) + M2 + R3
m Paramatar Safety Factor
_ Saismic Multiplier 0
30 CE@’ Im Variable Losds 15
sm Permanent Lozads 1.35
st m Temporary Anchars 1
Parmanant Anchars 1
ten(Friction Anzle) 125
Eff. Cohesion ¢’ 1.25
#m Shazr Strength Su 14
A Esrth Unfevorssle 1
gt=20kNim3, o= 2k, Fr= 22 deg Fm—— T
Wl Water Unfavarsble 1
e Water Favarzble 1
DES: AZ 36, Sox=2600 em3im HYDraulic Unfavorzble 135
FykEhest=335MPz HYDraulic Favorshla 0.3
ST UPLift Unfavorable 11
UPLift Favorable 0.3
Used Fs Wall STR 1

n[Er[]\hH"HI ||.|;;I|
Engineer: DK

ir

ScreenShot

DEEPExcavation LLC

Dezp Excavation 2010

Company: Desp Excavation LLC
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Top triangular pressure height= 0.25 Hexc = 225m Hexc= 9m
Apparent Earth Pressure Factor: 1.3 (times active)
Eurocode Safety factors 1 1 Safety Safety Safety
SOIL WATER factor on | factoron | factor on
UNIT [DRY UNIT| WATER UNIT TABLE Hydraulic  Hydraulic loss| net water earth Passive
WEIGHT | WEIGHT WEIGHT ] Ka Kp c' ELEV. travel length gradient i | pressures | pressures | Resistance
(kPa) (kPa) (deg) (kPa) (m) m m/m
32 0.307 3.255 3 195 22 0.1818 35| .35 1]
Modified for calculation/Strength Reductions
3200 | 0307 | 3255 [ ] 3.000
LEFT EXCAVATION SIDE PRESSURES RIGHT SIDE PRESSURES (PASSIVE)
TOTAL
LATERAL
TOTAL UNFACTORED EFFECTIVE Acive Apparent STRESS TOTAL EFFECTIVE LATERAL TOTAL | Net water
VERTICAL WATER VERTICAL LATERAL Earth (factored VERTICAL WATER VERTICAL SOIL LATERAL| pressure
ELEV. STRESS PRESSURE STRESS SOIL STRESS Pressures  earth) STRESS PRESSURE STRESS STRESS STRESS | (factored) NET
(m) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa)
200 0 0 0 0 0.00 0.00 0 0.00
199.43 10.82 0.00 10.82 0.00 -7.93 -10.71 0 -10.71
197.75 42.75 0.00 42.75 -9.81 -31.33 -42.30 o] -42.30
195 95 0 95 -25.86 -31.33 -42.30 0 -42.30
v ’
191 175 -32.7 142.3 -40.39 -31.33 -75.02 -44.18 -86.5
191 175 -32.7 142.3 -40.39 -40.39 -87.25 0 0 0 10.82 10.82429 | -44.18 -87.9
182 355 -106.4 248.64 -73.07 -73.07  -205.01 180 106.4 73.64 250.48 356.84 0.00 151.8
Total active earth force above subgrade:
AFx
From EI. 200.00 to EI. 199.43 0.0 kN/m
From El. 199.43 to EL 197.75 8.2 kN/m
From EI. 197.75 to EL. 195.00 49.1 kN/m
From EI. 195.00 to El. 191.00 132.5 kN/m
Sum= 189.8 kN/m
Factored Forc 246.7
Max. Apparent Earth Pressure= 31.33|kPa
LATERAL STRESS (kPa)
-300 -200 -100 0 100 200 300 400
202
=0=LEFT LAT SOIL
200
=O=LEFT WATER
108 =&—LEFT TOTAL
=——RIGHT LAT SOIL
196 =e—RIGHT WATER
z 194 =—&=RIGHT TOTAL
E’ «===NET Water
S @ Net
s ’
§ 190
L
|
W g8
186
184
182 1
180 ) ) ) L L L
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- 9 6 ) + "
_ Resisting horizontal forces |
FSpassive = — . (Eg.9.1)
Driving horizontal forces
- 9 6 ) + n

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

# ( ?21) +
F b Arvailable wall embedment depth £q.9.3)
5 i = .9,
emaed Max. Required embedment depth for F5 =1 from Equations 1& 2 above (£q

0 :? =1 ++. &
Fs b Available soil passive resistance beneath subgrads (Eq.9.4)
Pas- Mo = robilized passive soil reaction beneath subgrade a-=
? =1 I I
I $ I
o\ P ++.&
I I
8 ? P ++. & ! IA = !
! ! &/ 5A
5A5# 9?2/ A +-+. & 1A
?1 & 50 ?
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Available Resistance beneath virtual fixity point

FSpas =
P Hor.reaction at virtual point + driving pressures beneath virtual fixity point
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Available Resistance beneath subgrade
Fipas =

Apparent reaction at subgrade + driving pressures beneath subgrade
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1 L =gz (0 ~(D-2-1))
5.= r;‘:"‘ﬂ * Thread Reduction Percentage
T 7 2 N
Zw=7 [0* —(D-2-t,)"] Thread Reduction
™ 4
Jearsion =55 [D* = (D-2-t,)] - Thread Reduction
T " 2
Apipe = 7 (D%~ (D-2-t,)") -Thread Reduction
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Vmax ' Tmax
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2 3 T4
Vmox ™ " Tmax
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21
_ EpERM " Crmax
e I (P )
Ly = 0.4
21 1 %) < I
: SEANE ! =
!
a=K-g=a-b -au (NTC 2008 eq. 7.11.9)
amax= Sag= S S-ag (NTC 2008 eq. 7.11.10)

The software program then determines the desigeleration with:

.ir'ﬂ-h
4

Oy =




Thea andb parameters are determined with the aid of theioiig design charts
where:

H = Excavation height (automatically determinediniy analysis)

Us = design permanent wall displacement (defineds®y)

, a according to Italian building code NTC 2008

/ 45 , b according to Italian building code NTC 2008
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FEQ
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gI*AX

g :=atan . .
(g - gW)>(1- Ay) for pervious soil
b=0 b = 0deg q = 24.649deg
According to Mononobe Okabe if B < FR - THETA testLi=f - estie 735106
: (sin(y+ f-q ))2
KAE :=
i i 0.5 2
COS(QHSin(y))ZSin(y - q-dlx 1+ sin(di+ f)sin(f- b- q )
sin(ly - g -d1)sin(ly +b)
Kag = 0.756
In the horizontal direction KAE h:= KAE>C0S P y 1 o= 0742
' 2 :

? n
sPE@=%$6 =" M ' G **4%D
! P
6'9 &WG k7' $ MF,), sP7D G 004%D
1? ? P

1.6 - Fgq
Qeg.rorsoin = —5 34.3 kPa

0.4-FEQ

_ %
QEQ.BOTTOMS0IL = G<%4



7
_ ]
Pw =73 "8z Yw 2w H

qzgror = 343 kPa + 0kPa = 34.3kPa

Qegsotrom =<4 | ' <*4 G* ##4



[ 4%$53 2 , s g

% C, % 4
D5 %' ' ? A Il
? | ' [
q :=atan PAX
(g - gv)X1- Ay) for impervious soil
b=0 b =0deg q = 28.061deg
According to Mononobe Okabe If8 < FR - THETA testl:i=f- q testl= 3.939deg
: (sin(ly+ f- q ))2
KaE :=
i ; 0.5 2
cos{q){siny ))2>sin(y -q -d1)x 1+ sin(di+ )ssin(f- b- q )
sinly - g -d 1)sinly +b)
Kag = 0.936
In the horizontal direction KAE h:= KAE>COS b y +d1 Kagh =019
' 2 :
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1.6 - Fy

g
9eQropsolL =" g = 48.61 kPa
0.4Fg
dEQBOTTOMSOIL = — 2G *4

Gegrop = 48.61 kPa + 0kPa = 48.61kPa

Qegsorrom= *4 | <*4 G#O 4
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Qgp =1855x025x {1-0.125)x 0.75 = 30.4 kPa

/ 453 2 8

qgp = 1855x0.25x (1 —-0.125) = 40.6 kPa
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WATER
SOIL UNIT WATERUNIT  TABLE
WEIGHT  WEIGHT ELEV. Ka Kp
(kef) (kef) (FD
0.12 0.0624 -10 0.333 3

LEFT EXCAVATION SIDE PRESSURES

%

WATER
TABLE ELEV.
(FT)

-30

RIGHT SIDE PRESSURES

TOTAL EFFECTIVE LATERAL TOTAL TOTAL EFFECTIVE LATERAL TOTAL
VERTICAL WATER VERTICAL SOIL LATERAL VERTICAL WATER VERTICAL SOIL LATERAL
ELEV. STRESS PRESSURE STRESS STRESS STRESS STRESS PRESSURE STRESS STRESS STRESS NET
(FT) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ksf) (ks (ksf)
0 0 0 0 0 0 0
-10 1.2 0 1.2 -0.4 -0.4 -0.4
-20 2.4 -0.624 1.776 -0.592 -1.216 -1.216
-30 3.6 -1.248 2.352 -0.784 -2.032 0 0 0 0 0 -2.032
-43.22 5.186 -2.073 3.113 -1.038 -3.111 1.586 0.825 0.761 2.284 3.109 -0.001
-50 6 -2.496 3.504 -1.168 -3.664 2.4 1.248 1.152 3.456 4.704 1.04
LATERAL STRESS (KSF)
5 4 -3 -2 -1 0 1 2 3 4 5 6
0 I T T R 1 a2 1 1 1 I T N N R 1 I B T N R 1 I W T . | a1 2 1 1 I T T N R 1 a1l 1 1 1 I B T B T 1
04 | —-LEFTLAT sOIL | <
0= EFT WATER
——EFT TOTAL
0] | ==RIGHT LAT SOIL —
n —e—RIGHT WATER
= —4—RIGHT TOTAL
8 30 || ==—NET
<
S
[11]
—
1]
-40 o
[ |
-50 1 1
-60
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Reaction at pin support at EI-43.22 ft  Fg :=9.00Ckip

Note that the pressure at El -43.22 is zero. Now calculate the net passive resistance to the
bottom of the wall.

SBOT := 0.944sf

Therefore, the next passive resisting force below El. -43.22 is

S X1ft
RNET = (50ft - 43.22@%

R
Passive force safety factor FSpas:= g FSpas = 0.356
B

DeepXcav calculates 0.36 which verifies the hand calculated safety factor.

RNET = 3-2kip



Now calculate rotational safety factor about lowest support. In this method, driving and resisting
moments below the lowest support are calculated. The safety factor is then calculated at the
ratio of resistring to driving moments. Note that moments above the lowest support are ignored.

Soil pressure at EI- 20 spRgo0:=0.59%sf

Soil pressure at bottom of left wall side EI- 50ft SDRsbot-= 1.168&sf

From the rectangular portion of the driving soil pressures

FDRrectS:: 30ft><lft>($ DRSZ& FDRrectS: l776k|p
- ft _ :
MDRrectS:= FDRrectSGOE MDRrects= 266.4kip<ft
From the triangular portion of the driving pressures
ft .
FDRtris = (S DRshot- S DRs2C)><30‘t>i > FDRtris = 8.64kip
. 2 :
MDRris = FDRtris><30‘t><§ MpDRris = 172.8kipft
And total driving moment due MpRs:=MpRrects*t MDRtris MpRs = 439. 2kipft

to soil pressures on left side

Now calculate the net driving moment due to water below El. -20ft

Uoq:= 0.624&sf uzg:=1.24&sf
Moment for water from El. -20 to El. -30ft

104t 04t . (U30- uZo)XlOft 10402

2 2 3
Below EI. -30 the net water pressure has a rectangular distribution

Unet:= U30 Unet = 1.248ksf and the moment contribution is

The driving moment is then:  Mpgr :=MpRrs+ M1y + Moy

Resisting moment comes from a triangular pressure distribution pressure at bottom 3.456 ksf
onky due to soil contribution as water moment is added as a net moment on the driving side

Fr:= 3.456(5&2&@.% MR :=Frx 10ft + 20ft><—§ MR = 806.4kip«ft

M
Now we can calculate the rotational safety factor FSROT := M_R FSRoT = 0.814
DR

+6 *0 A 1?2
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1. Calculate Kp according to various equations, define basic parameters

Soil friction angle  f := 40deg

Slope angle  a:=15deg Note that positive slope angle is upwards

Wall friction dl:= 10deg

Wall inclination ¢ := 0deg Note vertical face angle theta is 0

Seismic accelerations

Ax:=0.16 Ay =0

b :=atan

b =0.159 b =9.09deg

2. Calculate Kp according to Coulomb, DAS pg. 430, Principles of Geotechnical Engineering

Ko (coslf +a - b))*

Kp:=Kp1{1- Ay) Kp =15.976
Kpy :=Kpcos(dL - q) Kpy = 15.734

3. Calculate Kp according to Lancellotta 2007, note equation does not account for wall inclination

Q2:=asin sin(dl) + asin M +dl+ (a ) b) b Q2= 1.029
sin(f) sin(f)
2,207 2 = 58.981d
qi= (1- Ay)" +AX g =1.013 Q2 = 58.981deg
) , 05
Kpg:= cos(dl) co{dt) +_(sin(f))” - (sin(ct) e2Han(t)

Kpe=10.401
05 PE

cosla - b) - (sin(f))?- (sin(a - b))?

KpH.Lancellotta= Kpegrcos(a - b) KpH.Lancellotta™ 10.477

KPH.Lancellotta

K = — K = 10.639
P.Lancellotta cos(dl) P.Lancellotta—

. 8 . : 4
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