Example 12.2-DA3
Anchored sheet pile wall
Verification of strength (limit state GEO)

Design situation
Consider an embedded sheet pile retaining wall which retains Hy . = 6mof

kN
medium dense sand with characteristic weight density ~ = 19—3, angle of
m

shearing resistance ¢y = 36°, and effective cohesion c'k = OkPa. The soil's

angle of shearing resistance under constant volume conditions is estimated to
be ¢, k = 32° Groundwater is located at ground level on both sides of the

wall. A variable imposed surcharge of 9Qk = 10kPa acts at the head of the
wall. The wall is supported by a single row of anchors placed at d, = 1m below

ground level. The wall toe is at a nominal depth dy ., = 5.85m below

formation level. The unit weight of water is v, = 9.81—3
m

Design Approach 3

Geometry
Unplanned 'overdig' AH = min[lO%(Hnom - da) , O.5m—| -05m@
Unplanned height of excavation Hy = Hpyp + AH=6.5m

Reduced depth of embedment dg = dy o — AH=5.4m
Total length of wall Ly = Hy+dy=119m

Actions
Vertical total stresses (excluding surcharge) at...
ground level o, | = 0.kPa
1

wall toe (retained side) oy, |k = o, | + KX (Hd + dd) = 225.2kPa
"2 1
formation level Uv,ks = OkPa
wall toe (restrained side) o, | = o, +"Kx dg = 1017 kPa
4 3

Difference in hydraulic head Ah = Hy=6.5m




Distance around wall x = Hy+ 2dd =172m

Ah
Hydraulic head at wall toe hyg, = —x (Hd + dd) =448m
X

Pore water pressures at... (assuming head falls linearly around wall)
ground level u, = OkPa
1

formation level vy = u = OkPa
3 1

wall toe (retained side) u, = -y, x (Hd +dy- hfoe) =723 kPag
2

wall toe (restraining side) v, = u, =723 kPa®
4 2

Vertical effective stresses (excluding surcharge) at...
ground level o'\, | =0, | —ug = O0kPa
1 1 1

wall toe (retained side) o'\, |, =0, | — U =152.9kPa
"2 "2 2
formation level o' =0, —Uu, =0KkPa
v,k3 v,k3 k3

wall foe (restraining side) o', |k = o, |k —Ug =29.4kPa
4 T4 Ty

Material properties
Partial factors from Set M2: Vo = 125 and v, =125
1 TGn(tpk)
Design angle of shearing resistance ¢4 = tan =302°
T

¢
Design effective cohesion ¢’y = — = OkPa

e

Constant volume angle of shearing resistance (partial factor applied)

1 ‘ran(apcv’k)

Ooyd =Tan | —————|=126.6°
T
2
For soil/steel interface k = 3
Design angle of wall friction 84 = kx ¢, 4= 17.7 deg
o
Design friction/shearing ratio — = 0.59

#d




Effects of actions
Partial factors from Set A2: 5 =1 and Q= 13

Active earth pressure coefficients ch =0287 K,

©

Horizontal effective stresses (humbers refer to diagram)

o"cl,d1 = |:"{G>< (KCWO-IV,kl_ Kacc'd) + QX G"{qQkJ = 3.7 kPa

q=0.287 Ky = 1226

g O,d = :YGX (Ka,\{o"v,kz - Kacc'd) +’YQ>< a’\quki| = 47.7 kPa

o'pd. =16 (Kmo'vlks +Kpec! dﬂ - okra@

GIP,d4 =6 (Kp'yo'lv,k4+ Kpcc'dﬂ - 132.8kPa@
Water pressures (numbers refer to diagram)
uqd =6* Ug = OkPa
d .

(.ICl d =6XU = 72.3kPa
2 2
up,d3 =% Uk3 = OkPae

Upld4 =6% Uk4 =723 kPae

Horizontal total stresses (numbers refer to diagram)
_—

O'Gd = (O"ad +Uad) = 3.7 kPa
1 1 1
_—
o =(o' +u = 120 kPa
c1,d2 ( cl,d2 a,dz)
-
%pd, - (0' pd,* up’d?) = OkPa
- 5

= (o +u = 205.1kPa
pd, ( pd, p,d4)

g +C0
a,d1 a,d‘2 kN
Horizontal thrust HEd = f x Ld =7329—

m
Overturning moment about point 'O’

L
%ad*"d | (Ly kNm
Meg, = | ——5—*| 5 ~da| = 653—

2 m




2 m
2

kNm
sum MEd = Z MEdi = 4969.3T
i=1

o L
ad,""d| (2ly kNm
MEdZ = x 3 dg | = 4904 ——

Resistance
Partial factor from Set R3: yp, =1

(0 +0
pd; " “pd

Horizontal resistance HRd = =548.6—

Restoring moment about point 'O'

o d
P,d4 d de g
x +Hy -
2 3 d "a kNm
Mpg - ~ 49738 —

TRe m

Verifications

m kNm

kN
Design values Mgy = 4969.3

Med
Degree of utilization [Ageg 3 = ——=100% 16
Y

Design is unacceptable if the degree of utilization is > 100%

For horizontal equilibrium, anchor must provide design resistance of

kN
Fy = Heg - Hpq - 1843—@
m
kN kN
where Hgq =732.9— and Hpq = 548.6—
m m

The wall cross-section must now be desighed to withstand...

kNm
Maximum bending moment in wall My oo = 502.8——©
’ m

kN
Maximum shear force in wall Vg4 max = —176—@
’ m




