Solved Problems in:

Effective Stresses

*01.:
*02:
*03:
*04.
*05:
*06:
*07-
*08:
*(09:
*10:

The concept of effective stress.

The concept of effective stresswith multiple strata.
Effective and porewater pressure profileswith depth.
The effects of hydrostatic uplift upon athin stratum.
Effective stress at any point.

What depth will produce a“quick” condition?

Uplift for ces during dewatering excavations.

Find an expression for the critical gradient.

Combined problem with “quick” and other conditions.

Depth of embedment D for a sheet-pile cofferdam.
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Svymbols Effective Stresses

Dy, Diameter of thegrainsdistributed (represent % finer by weight).

€ Thevoidsratio.

Gs  Specific gravity of the solids of a soil.
H  Maximum depth of excavation or thickness of a soil layer.

Neii  depth of the soil.

leritical Critical hydraulic gradient.
Ky Horizontal permeability.

ky  Vertical permeability.

U porewater pressure.

Effective stress.
V’ Vertical Effective stress.
Bouyant unit weight of a soil.
saT  Saturated unit weight of a sail

w  Unit weight of water.

Vw  Volume of water.
W water content.
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*Effective Stress—01: The concept of effective stress.

(Revision: Aug-08)

A sample was obtained from point A in the submerged clay layer shown below. It
was determined that it had aw = 54%, and a Gs = 2.78. What isthe effective vertical
stressat A?

saturated clay h-=15m
s =

Solution:

Theeffectivestress ' at the point A consists solely of the depth of the soil (not the
water) multiplied by the soil buoyant unit weight.

s =ghy where 9 =g, =gy - Gy
In order to find g there are anumber of derivations, such asthisone,

. (Gs+e)g,
I~ Tire

and noticing that S =1 because the soil is 100% saturated, e=wG =(0.54)(2.78)

(Gs+€) g, 2.78+(0.54)(2.78) (9.81)
1+e 1+(0.54)(2.78)

- g, Wherethevoidsratio e can be found through Se=wG,

s =g'h, = -Gy N = - 981 (15m)

s =105kPa

The concept of bouyancy is dso easily illustrated by this question: What forceis required to hold just below the water surface an empty box that has ¢

3
volumeof 1ft ?
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*Effective Stress—02: Effective stress with multiple strata.
(Revision: Aug-08)
The City of Houston, Texas has been experiencing a rapid lowering of its phreatic
surface (draw-downs) during the past 48 years due to large volumes of water
pumped out of the ground by industrial users.

a) What wastheeffective vertical stressat a depth of 15 m in 19607

b) What isthe effective stress at the same depth in 2008?

¢) What happensto the ground surface as aresult of the draw-downs?

g = 20.4kN / m? v WT 1960
18.8kN / m? hal N —
i G ST b YOU UM TSN Ty 2 Syt IR T N WL TR SRR
g =16.5kN /m?® 2 S
m
= 3
_____ D e O S B
Gor =12.6kN /m®  6m CLAY 7S
ROCK
Solution:
a)

S\', - [gh +glh']5AND * [glh']SILT + [glh']CLAY where gl = Gsat - 9w
s, = (20.4)(3) +(18.8- 9.81)(3) +[(14.9- 9.81)(6)]+[(12.6- 9.81)(3)]
s, =128 kPa

b) Sy = (20.4)(6)+(16.5)(6) +[(12.6- 9.81)(3)] =230kPa

Thisisan 80% increasein stress due solely to a dropping water table.
¢) The ground surface has also been lower ed, due to the decreasing thickness of the

sand and the silt strata dueto their loss of the volume previously occupied by the
water.
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*Effective Stress-03: Effective and porewater profiles with depth.
(Revision: Aug-08)
In the soil profile shown below, show a plot of the pore water pressure and the
effective stress along the right margin of the figure with numerical values at each

interface. Pay heed to the capillarity in the upper clay (d = 0.001 mm), where S =
50% in the upper clay stratum.

7\ »S + —>u =
S
Dry sand Gs=2.66,e=05
6 ft
62.4)(2.66
-G (2428 o
1+e 150
i 66 -250 414 664
Clay G —Z7l 5-05 €075
9(G+S9 _(624) 27m+0)(07 _
4 ft| g= =110 pd
1+e 1+0.75
\V/ WT CAPILLARY RISE ZONE
- 104 + Of =
1104 ——
Clay Gg=272,e=0.95
9 ft
T l+e 1%
v 562 \ 216
Depth, ft S’ + u = S
0’ 0 0 0
0 664
6’ (110.7)(6) = 664
(62.4)(-4) = -250 414
10’ 664+ (110)(4)=1104 0 1104
19’ 1104+(117.4-62.4)(9)=1600 9(62.4) = 562 2162
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*Effective Stress—04: The effects of hydrostatic uplift upon a thin
stratum.

(Revision: Aug-08)

Calculate the maximum theoretical depth of excavation H below, beforethe
remaining clay layer isuplifted by the vertical seepage pressure.

SATURATED CLAY H

«t = 121 Ib/ft? 30 ft

20 ft

A
®

10 ft SAND
wt = 121 Ib/ft

Solution:
The maximum depth of excavation H is reached when the effective stress ’ =0 (that is,
the upward seepage force is equal to the downward weight of the soil); mathematically,

Spa=S,-U,= 121% (30- H)- 62.4% (201)=0

(62.4)(20")

(121)

30'- H = =10.3 feet \ H =19.7 feet

F1 1 1 1 ¢ 1 |

Seepage hydrostatic uplift
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*Effective Stress-05: Effective stress at any point.

(Revision: Aug-08)

If the saturated unit weight of the soil in this shallow bay bottom is 20 kN/m?, what
isthe effective vertical stress ' at point A?

A4

|
i
4m i Sheset piling
|
i

Solution:
Thisisacombined static and dynamic head problem...

Thetotal stress s, =g, n, + Gt = 9.81k—N3 (4m) + 20k—N3 (11m) = 259k—N2
m m m

The pore water pressure u, =g, (h, - z,) = 9.81% i—g (8m)- (- 7m) :113%

Therefore, the effective stressat A: s, =5 ,- u, =259- 113= 146k—|\2I =146kPa
m
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**Effective Stress-07: Uplift forces during dewatering excavations.
(Revision: Aug-08)

Consider the effect of dewatering a pit (3 m wide by 7 m long) for a building's
elevator shaft, as shown in the figure below. What is the Factor of Safety against
failure of the remaining limestone layer of being sheared upward by the hydrostatic
uplifting force? Assume the ultimate shear strength of the limestone is 400 kPa.

Initial conditions: outline of the future
excavation
1.5m 5 / sand =188
kN/m® ; :

} .V

b porous limestone = 20.0

! ; kN/m®
43 m
o3m

gy
sand

Solution:

Step 1. Theeffectivestress A’ at point A before excavation and before dewatering is:
A= a-U = (1L5m)(18.8 KN/m®) + (4.6 m)(20) - (4.6 m)(9.8) = + 75.1 KN/m? l
Step 2: The effective stress A’ at point A after excavation, but before dewatering is:

A= a-U = (0.3m)(20)—(0.3m)(9.8) = +3.1 kN/m’ l

1.5m Condition before
dewatefing but \V4 AV after
excavaling the pit.
43m i
0.3m — VR

.A
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Step 3: Theeffective stress A’ at point A after dewatering to an elevation — 5.8 mis:

A = a-u =(0.3m)(20) KN/m?® — (0.3)(9.8) - hyar= + 3.1 KN/m* (4.3 m)(9.8) = - 39
kKN/m

Step 4: The perimeter of the excavationis7m+ 3 m+ 7 m+ 3 m= 20 m. The factor of
safety of the remaining 0.3 m limestone layer against shear failureis:

o= Resisting Force _ (400kN/n)(0.3m)(20m) _ 2, 400kN _

— 29
Driving Force  (39.5kN/nt)(7m)(3m)  830kN

Step 5: Asseenin Step 4, a stratum of limestone 0.3 m thick provides a FS = 2.9 against
shear failure. How thick “h” should this stratum be when FS = 1, that it, at failure?

15m

43m

= |

R EEE

hydrostatic

a-U = (h)(20) KN/M? = ()(9.8) - nyar = (N)(10.2) - (4.3+h)(9.8)

Al

FS = [(400 kN/m?)(h)((20 m)] / [(h)(10.2) — (4.3+h)(9.8)] (7 m)(3m) =1
Therefore, h=0.1m
and back-substituting in order to find the A’ at point A at the moment of failure,

A= a-Uu=(0.1m)(20)—(45m)(9.8) = -42.1 kN/m’ T
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*Effective Stress-08: Find an expression for the critical gradient.

(Revision: Aug-08)
_Dbh_(G,-1
critical L (l+ e)

Prove that i

Solution:
Consider acontainer under aheadof DN + L atits bottom, point A shown below:

4

Theweight W (force) at point A due to soil and water is:

W =W + W, = (V<G +Vi, ),

The velocity of the flow creates an upward seepage force S:

S=(Dh+L) Ag,

A “quick” condition exists when the downward force is equal to the upward seepage,
W=S or (Dh+L)Ag, =G, +V,)g,

butV = AL =V, +V, \ A= VsGs tMy
Dh+L
aubsiitute PRV _y 6 4y
Dh _ (VG +V,,) Dh . _ (VG +V,, - V- V)
— tl =-—2—=—"= o — = laitica =
L (Vs +VW) L critical (VS +VW)
Dh . _(G,-DV,, Dn P (T
T = lgitica = T\ T = lgitica =
critical critical (1+ e)
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**Effective Stress-09: Combined problem with “quick” and other
conditions.
(Revision: Aug-08)
You have been assigned the task of checking the design of a cofferdam in the center
of Biscayne Bay. The cofferdam is to be built of sheet piles, and is 30 m long, 15 m
wide and 13 m deep (seefigure below) in a saturated silty sand with a unit weight of
20 kKN/m®,
a) Determine the size of the pump you will need to keep the excavation free of
water.
Provide a factor of safety of 2 in sizing your pump. Rate the pump in gallons per
minute (gpm). The coefficient of vertical permeability is 1.5 cm/s, and theratio of
horizontal to vertical permeability is 14.5.

cm cm cm
k, = 15— \ k, = (145) 15— = 21.75—
S ) S
b) Determinethedistribution of the porewater pressure (expressed as meters of
head)
both on the outside and inside of the sheet piling. Sincethe design is
symmetrical, show theflow net and calculationson one side only. Theinitial

porewater u =(h- z)g,
c¢) Comment on the stability of this proposed design.
i =

cr

9
G

CL

bay bottom
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Us=11.01
U1=10.00
Us=12.62
U,=10.41
U, =12.02
Us=11.41"
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Solution:

Q=Lq=LJkk, Dh% (FS) = (20m) \/ 021752 00157 (10m)

o S S

Q =815,000 gpm Therefore, provide pumps for this rate of inflow.

and

u, =9.81 £)1O+O :98.1k—|\2|
10 m

u, =9.81 %1o+1 =081
m

u, =9.81 E1O+ 2.41 :102k—|\:
10 m

=2 (M- Hy) and i = (M Hy) g =10

i
critical average
11 9

- _ kN kN . kN
G=0u Q=205 - 985 \ g=102 5

1 3
L =g J102NIMT ) o NOT STABLE
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*Effective Stress—10: Depth of embedment D for a sheet-pile cofferdam.
(Revision: Oct.-08)
You have been requested to design a sheet-piling cofferdam in the middle of ariver
in order to placea bridge pier at that site. The diagram below shows a cross section
of the cofferdam. The perimeter of the dam is 400 feet, and you expect to lower the
head inside the cofferdam to the AB level (10 feet below theriver bottom). The sand
stratum has an effective grain size of 0.42mm and the dimensions shown. Also Gs =
2.65and e=0.90.
a) Find thetotal water inflow Q into the cofferdam (in gallons/ minute),
b) Find the depth of embedment D of the sheet-piling below theriverbed to
insurea
FS=15against failure.

A Water level A

h=10ft
15ft y W

o
o
03
0
o
o
o
o
Q
o
o
o
of
2

clay (impermeable layer)

Solution:
Notice that the number of flow channelsis N¢ = 3 and the number of equipotentialS Neq =
8:
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a) k=C,D?=(15)(0.42mm)’ = 2.65%“

ft3

mm - _tinch - Lft )ty :;’ =0,033_ per ftof sheet- pilewall

sec 254mm 12in

Nf

g=kDh — = 265
Neq

ft® 7.5 gallons sec

\ Q=qL= 0.033— (400ft) - 60 \ Q»6,000 gpm
sec ft m

_G.-1_265-1_

b) icritical - - = 0.86
e+l 0.90+1
but e = %h from Terzaghi's experimental results,
1.5)(30 ft
\ D:(F_S)Dh:( )( ):52 feet

| 0.86

cr
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