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SUMMARY

The retaining walls which are dealt with in this report are
drilled shaft retaining walls. For these walls the resistance to
overturning is developed from the embedded part of the wall by
flexural rigidity. 1In this study an assessment of the existing
pressuremeter method for the design of such walls is attempted.

In a first part the finite difference p-y method to solve such
problems is described and a simple example is given to clarify the
steps followed by the computer program.

In a second part a conventional method is described which
consists of using an elastic plastic p-y curve model using the active
and passive earth pressure coefficients. A parametric analysis of
the solution using the above method is performed, and it is shown that
the pile flexural rigidity and the soil friction angle are two of the
most influencial parameters.

In a third part the method proposed by Menard is presented. This
method is based on the use of the pressuremeter modulus and- the
pressuremeter limit pressure to generate the p-y curves for the
embedded part of the wall.

In a fourth part, two case histories of drilled shaft walls in

Houston, Texas,are reported. The two drilled shaft walls are not yet -

“"built but pressuremeter tests were pérformed at the sites and

behavior predictions are presented.
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IMPLEMENTATION STATEMENT

This report gives the details of an existing pressuremeter method
for the design of drilled shaft retaining walls. This method requires
the use of a new piece of equipment: a preboring pressuremeter. This
method is directly applicable to design practice and should be used
in parallel ﬁith current methods for a period of time until a final

decision can be taken as to its implementation.



CHAPTER 1. INTRODUCTION

This study is related to the design of drilled shaft retaining
walls, sheet pile walls, slurry trench walls, and more generally to the
design of walls which develop part or all of the retaining force from
the resistance of the embedded portion of the wall (Fig. 1).

There are various types of methods available to design such
retaining walls. The first type of method which can be used is the
limit equilibrium approach, where the global equilibrium of the wall
is considered; the distribution of soil pressure is assumed to be the
active pressure behind the wall and the passive pressure in front of
the embedded part of the wall multiplied by an appropriate factor of
safety. This method does not predict the deformation of the wall.

The second type of method is the finite element method where the
wall and the soil surrounding the wall are modeled by finite elements.
This method gives the prediction of soil and wall displacements. At
the present time, however, this method is rather expensive due to the

| large number of elements necessary to model the problem properly and the
assoclated cost of computer runs.

The third type of method is the finite difference method where the
wall is modeled by a series of elements acted upon by nonlinear spring
models representing the soil reaction. This method gives a prediction of

~Wall~displacement and can be considered as being of intermediate com-"
plekity between the first and sééond type of method. The nonlineaf
g springs modeling the soil behavior are described by p-y curves where p
is the pressure on the wall at depth z and y is the displacement of the
wall at the same depth z (Fig. 2). This method is the one which is des-

cribed and used throughout this report.

L
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FIG. 1. Retaining Wall
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CHAPTER 2. FINITE DIFFERENCE METHOD

2.1 Theory

The constitutive equation for the wall in bending is

2

M=EI¢=EId—%...................’ (1
dz
where M = the bending moment at depth z,
E = the modulus of elasticity of the wall,
I = the moment of inertia of the wall for a unit width

of wall,

¢ = the wall curvature = 1/R = dzy/dzz,

R = the wall radius of curvature,
y = the wall lateral displacement, and
z = the depth.

Considering a unit width of wall, the equilibrium equations of a wall

element lead to

v

(2)

where w = the force per unit length or loading intensity on the

wall,
V = the shear force at depth z,
and dM =

Qdy +Vdz . . . . .00 e e s e e e (3

where Q is the axial load,

%1 2

thus w___d_-_+Q§__I. . (4)
2 2
dz dz

The governing equation is obtained by combining equations 1 and 4:




2 2
_EId—%+Q-d—%-—w(y,z)=_0 N )
dz dz

Generally there is no axial load Q on the wall and the equation

reduces to:

d2
EI ——% —w (y,2) =0 . . 0 . e e e e e e e e e (B
dz

Taking a unit width of wall, soil pressure p can be substituted for
loading intensity since loading intensity is the product of pressure
and width. For simplicity, pressure will be assumed to vary linearly

with deflection resulting in the expression (Fig. 2)

p=4q - ky

where ¢ the pressure at zero deflection, and

k

the slope of the p-y line.

This gives the equation

a-ky_dky 7
-dx

When the wall is divided into a number of discrete segments, the
finite difference method can be used to solve this equation.

From finite differences:

a%  Yi41 T Wy 7Yy 8)
2 - 2 L] - . L ] - .- ) - . L] ] - L ] L]
- dxT - h
a% _ Yi+2 ~ 2Y541 ¥ iy " Vi (9)
dx3 ’ 2h3
2 Yygp T Wygq T OV T4V T Yy
4y . : N e 1)

dx h



deflection at node i, and

where cYy
h = distance between nodes.

Substituting equation (8) into equation (7) gives

U~ KYy Viep T Wi YOV~ Ayt Yy,

1 -
EI n*
q;h* kb’
or ET T Ve T Wi PO E) Yy 74V Y Y b

For a wall of n nodes, n equations‘of this form can be written.
Since q, h, k, and EI are known for each node, the only unknowns are the
n+4 deflections. The four extra deflections come from imaginary nodes:
two above the top node and two below the bottom node of the wall. The
four additional equations required come from boundary conditionmns.

Shear and moment are known to be zero at both'top and bottom of the wall

and the resulting equations are:

3
io— -0 = d YO - yZ - 2}’1 + Zy—l - y..2
L dzy y, -2y +vy
Q-0 = o _-1 o -1
El -dx2 h2
FF=0=—3-= - 3
dx Zh
M d? -2y +
i _n =0 = yn = yn+1 yn yn—l
EL - 2 2



These ehuations can be rewritten as:

Yy - 2y1 + 2y_1 - ¥, = O . . v o v v v e e e

vy - 2yo + Y = 0.

Y42 ~ 1 T2, " Vp =0

n

¥y +1 2yn + Ya = 0

Collecting equations gives

0 = Yy = 2y1 + 2y_1 Y.,
0= vy - 2yO + Y1
qoh4 koh4
g " V2 T4t O ) v, -4t Y,
qlh klh4 ,
ET T V3T Wt O ) vy Aty
qnh knh4
EI = Yn+2 4yn+1 6+ EI ) o ~ 4yn—1 + Yn-2
0= Yn+2 ~ 2yn+1 + 2yn—1 - yn-Z
0 =

yn+1

- 2yn + yn-l

(12)

(13)

(14)

(15)



Rewriting in matrix form gives

7 (
F-l 2 0 -2 1 y-2 W 0
1 -2 1 y—]_ 0
4
k_h qoh4
1 -4 6 o -4 1 v, =
klh‘* qlh‘*
=4 + ———— = —_—
1 6+ —57 4 1 § ¥y F =
knh“ y L4
1 -4 6+ - -4 1 v, 9n
EI
1 -2 1 Y41 0
-1 2 0 -2 1 y 0
+2
L J L") L _

This method will not work when the wall has infinite stiffness because
the coefficient matrix becomes singular and the solution matrix is
uniformly zero.

This is the method used in the computer program BMCOL7 with the
added feature of being able to handle nonlinear expressions for pressure.
BMCOL7 uses the iterative technique to handle nonlinear expressions for
pressure. To do this, pressure-deflection curves are simplified into a
number of straight line segments and the coordinates of each segment end

point are entered into the program. Starting with zero deflection, q

- and k are computed for each node. Where no p-y curve has been input,. the

program interpolates to find a curve. Next, the program runs throﬁgh
the finite difference method and computes deflections. If these deflec-
tions differ sufficiently from the previous ones, another iteration must

be done. Using the new deflections, q and k are recalculated from the



p~y curve. K is the slope of the curve and q 1s the pressure found by

extending the tangent to the curve back to where it intercepts the

p-axis (Fig. 3).

The iteration process is continued until it closes on the correct

deflection for each node. BMCOL7 then uses the deflections to compute

the slope, moment, shear, and reaction at each node.

2.2 Example

RETAINING WALL OF UNIT WIDTH

‘ 2
4h IW
h
L

THE P-Y CURVES ARE AS FOLLOWS:

NODE 1 P

A

" 60

>y

NODE 2

P

b 1200
P

NODE 3 \\\\\]
»Y

EI = 10,000
h=1
2h
Wy =Py kly = 60
P = 60 kl =0
w, =120

p, =120 k, =0
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FIG. 3. Example of a Simplified p-y Curve
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|
NODE 4 Wy p4
# ~y P4 = 0
THERE ARE NO PRESSURES AT NODE O SO PO = ko 0
BY OBSERVATION VO = Mo = V4 = M4 =0
SET UP THE SET OF EQUATIONS IN MATRIX FORM
1 2 o -2 1 0 0 0
0 1 -2 1 0 0 0 0
k h’
1 -4 b6t 7 -4 1 0 0 0
klhA'
0 1 -4 6+ BT =4 1 0 0
kzh4
0 0 1 -4 6+ T -4 1 0
k3h4
0 0 0 1 ~4 6+ BT ~4 1
k4h
0. 0 0 0 1 ~f - 6+ ? =4
0 0 0 0 0 1 -2 1
0 0 0 0 -1 2 0 -2

k, = 1500
f ) 2V h;l
Vo2
EL
M h
(o]
Y1 EL
4
poh
yo EX
4
[P
71 EL
4
pzh
( 2 —
4
Psh
Y3 EI
4
LA
T4 EL
3
29,1
Is EI
2
M, b
Ve EI
\ / L _

11




INPUT VALUES FOR P, K, V, M, h, AND EI

"1 2 o -2 1 0o o o 0| f y_;
o 1 -2 1 0 0 o0 0 0 y_q
1 -4 6 -4 1 0 0 0 0 v,
0 1 -4 6 -4 1 0 0 0 ¥,
0o 0 1 -4 6 -4 1 0 O 4 Y,
0o 0 O 1 -4 6.1 -4 1 0 Y5
0 0 0 0 1 -4 6.15 -4 1 Y,
0 0 0 0 0 1 -2 1 o ys

| 0 0 0 0 -1 2 o0 -2 1] \ Ve |

.006

.012

12

SOLVING THE SET OF 9 SIMULTANEOUS LINEAR EQUATIONS YIELDS THE FOLLOW-

ING DISPLACEMENTS:

Y_o = 4.26 z
y_, = 3.49 04

y, = 2.72 1

vy = 1.95 5 ]

Y, =- 1.18

yq = 42 '.3 -,
ya. - - .32 3 <

ys = -1.06

'y = -1.77

ANY CONSISTENT SET QF UNITS CAN BE USED.

DEFLECTIONS WILL BE IN UNITS OF %-.
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KNOWING THE DISPLACEMENTS, THE WALL PRESSURES ARE:

w =20
o
wy = 60
w, = 120
wy = -1000 (.42) = =420

= ~1500 (-.32) = 480

ASSUMING LINEAR DISTRIBUTION, THE WALL PRESSURE DIAGRAM IS:

0
1 4
+
21 120
420 - 3
4 \.aso

SUMMING FORCES AND MOMENTS INDICATES THAT THE WALL IS IN EQUILIBRIUM

AND THAT THE SOLUTION IS VALID.
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CHAPTER 3. PARAMETRIC STUDY

3.1 Conventional Method

3.1.1. The p-y Curve

Conventional soil mechanics gives the active, passive, and at

rest soil pressures at a depth, z, as follows for dry conditions:

active = KaY z
P . =Kyz
passive P
Pat rest ~ X2

where Ka = the active soil pressure coefficient,

~
il

the passive soil pressure coefficient,

K = the at rest soil pressure coefficient, and

vy = the soil unit weight.
KO is assumed to be 0.5. Ka and Kp are computed from the angle of
internal friction, ¢.

K
a

tan2 (45° —-%)'

K
P

tan2 (45° +-%)
Various recommendations exist concerning the amount of deflection needed
to develop these pressures. For this study, deflections of 2 and 10 mm
(0.08 and 0.4 in.) were used as the deflections necessary to mobilize
the full active and passive pressures, respectively. The p-y curve can
then be plotted as shown (Fig. 4). Note that pressure is assumed to
:Qéryllinearly between the sucééssive>points. For BﬁCOL7, these three
.points and two more at very large positive and negative deflections are
used as input..

Such p-y curves are applicable only to depths above the excavation

level where the soil exists only on one side of the wall. Below ‘the
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excavation level the soil on the other side of the wall must be taken
into account. The method of superposition is used to find these p-y
curves (Fig. 5). Instead of inputting five points, seven p-y values
are now required for BMCOL7.

BMCOL7 does not require the input of a p~y curve at each node
since it interpolates between curves. The number of p-y curves needed
to get a fair representation of a particular problem is determined by
discontinuities. Obvious discontinuities are the excavation limit,
both ends of the wall, and changes in soil properties.

3.1.2 The Wall Stiffness

The stiffness of reinforced concrete retaining walls does not
remain constant, but decreases as loads are applied. This is due to
cracking of the concrete which reduces the moment of inertia. The
American Concrete Institute recommends the use of the gross moment of
inertia until the applied bending moment exceeds the cracking moment.
At this point, the effective moment of iﬁertia should be used (Fig. 6):

3 M 3

M
er cr

(M—) Ig+ [1- (M—) 1 i,
a a

[}
1]

r

where Ie = the effective moment of inertia,

-

Mcr = cracking momeﬁt due to bending,
Ma = the applied bending moment,

Ig'= the gross moment gf-inertia, and
Icr = the cracked moment of inertia.

Unfortunately, BMCOL7 does not have the capability to compute the
effective moment of inertia. The user can address this problem by

using the iteration method with each computer run being an iteration.
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FIG. 5. Combined p-y Curve Below Excavation Level
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First, a graph of applied bending moment versus effective moment of
inertia is plotted and BMCOL7 is run using a constant EI throughout.
Using the results of this run, an EI value can be obtained from the

M versus EI plot for each segment of the wall and BMCOL7 is rerun
using the new EI values. This process is repeated until the EI values
input correspond to the values from the M versus EI plot. By guessing
the applied moments and running four or five trials at once, a reason-
able answer can be achieved in three iterations. BMCOL7 has the
capabilityAto run many problems at once using the same p~y curves with
a minimal amount of input. Note that when steel sheet piling is used,

EI remains constant up to yielding of the steel.

3.2 Parametric Analysis

A parametric analysis was done on the wall at Liberty and Mesa
in Houston with respect to the embedment depth, the wall stiffness,
the soil internal friction angle, and the slope of the soil p-y curve.
This wall is made of 60-foot long, three-foot diameter, drilled shafts
spaced 3.5 feet center to center. The wall has a stiffness of 9.42 x
1010 1b—in.2 per foot of wall width. The conventional p-y curves
described in the previous section were used with a friction angle of
30°, a unit weight of 120 pcf, and a coefficient of at rest earth
pressure of 0.5. The cases studied are summarized in Table 1. Figure
"~ 7 shows an exampie set of p-y curves for one of the cases studied.

An examination of the results (Fig. 8) shows that the slope of
the p-y curve has a minor effect on the total displacement at the top

of theAwall. The reason is that along most of the wall the deflections

are large enough to mobilize the full active and passive resistance of
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SOIL WALL
FRICTION STIFFI;ESS, EI

CASE ANGLE, ¢(°) SLOPE OF P-Y EMBEDMENT LB~-IN, PER FT
NO. (AT DEPTH = 22') CURVE, K (PSI/IN.) DEPTH (FT) OF WALL LENGTH

1 25 100 37.5 9.42 x 10%°

2 30 100 * f

3 35 100

4 30 50

5 ﬁ 100 *

6 a ' 200 37.5

7 ‘ 100 22.5

8 A 24

9 25.5

10 27

11 30

12 37.5

13 45

14 : 48 v

15 37.5 2.68 x 1010
16 \ 5.4 x 100
17 9.42 x 1010
18 v Y " 15.4 x 100
19 | 30 | 100 37.5 23.35 x 100

TABLE 1: Summary of Cases Studies
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the soii.‘

The second soil parameter, the angle of internal friction, has
a major effect on the displacement (Fig. 9). The reason is that the
active and passive pressures are directly dependent on the angle of
internal friction: decreasing ¢ increases the active pressure and
decreases the passive pressure.

The effects of the wall properties are shown on Figures 10 and 11.
Common sense indicates that a stiff wall will deflect less than a more
flexible one. The graph of stiffﬁess versus deflection (Fig. 10)
indicates that it is not cost efficient to increase the wall stiffness
beyond a certain value.

Figure 11 illustrates the diminishing effect of increasing the
wall embedment depth. "Beyond a certain point, increasing the embedment
depth has no effect on the wall deflection. The wall is essentially
fixed and the soil pressures on either side of the wall are nearly
equal below the point of fixity.

Varying the stiffness along the cross-section of the wall had a
significant effect on the deflection. To reflect the reduction in
stiffness due to cracking, the wall was tested with the middle third
having a stiffness equal to about one fourth of the regular stiffness.
The maximum deflection was nearly double that of the uncracked wall.
The stiffness reduc;ion was based on the ACI coée and involved an
-aséuﬁpfion‘éf the amount of reiﬁforcing steel present.in the wall. The
results are shown in Appendix A as are the detailed results for each

case of the parametric analysis.
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CHAPTER 4. THE MENARD PRESSUREMETER METHOD

4.1 Menard's Modulus of Horizontal Subgrade Reaction

The pressure of the soil on a retaining wall can be assumed to
be proportional to the horizontal displacement of the wall (Fig. 12)
where the constant of proportionality, K, is called the modulus of
horizontal subgrade reaction. A value for K can be found from data
obtained by a pressuremeter, an in situ testing device described in
Chapter 5. Menard (1, 2, 3) gives the following equation for K in
tons per cubic foot for a concrete or sheet-pile wall, below excava-
tion level

1.1 o
= = [2 a+

£
where EM

13

3555 (0-09 x 30.48 x a)*]

the arithmetic average of the pressuremeter soil modulus
in tons per square foot over the upper two-thirds of the
considered embedded length, h (Fig. 13),

a = two-thirds of h in feet, and

a = a dimensionless coefficient (Table 2) depending on EM

and on the limit pressure of the pressuremeter test.

It can be seen that this equatidn is correct from the point of
view of dimensions when o = 1. The coefficient o was introduced by
Menard in order to match a data set which he.has not described in .

the referenced publications.

4.2 Ultimate Value

The modulus of horizontal subgrade reaction, K, is actually the

slope of the p-y curve in the elastic region. In order to get a
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Clay Silt Sand Sand and Gravel | Peat Rock
Degree of E E E E
Consolidation L a Py o e o Py o Condition @
Over-consolidated | 16 1 14 2/3 12 1/2 10 1/3. 1 | Very Fractured | 1/3
Normally _ _ _ Normally
Consolidated 9-16 { 2/3 | 8-14 | 1/2 | 7-12 | 1/3 | 6-10 1/4 1 Fractured 1/2
Under-consolidated Not Fractured
or ' 9 1/2 8 1/2 7 1/3 6 1/4 1 or 2/3
Weathered Very Weathered
TABLE 2: Recommended a Values
E/pg 10 15
Clay 2.7 3.2
Sand 3.5 4,2
TABLE 3:

Recommended KB Values

LT
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complete p-y curve, the ultimate values of the active and passive

pressures versus deflection are needed.

Menard (1, 2, 3) gives the following equation for the ultimate

passive resistance of the soil:

P, - P
L o
P = +p
P KB o
where P, = the limit pressure of the pressuremeter test,
P, = the at rest pressure in the soil, and
KB = a dimensionless coefficient dependent upon EM and Py

(Table 3).
Given the modulus of subgrade reaction and assuming that the at
rest coefficient of earth pressure and the coefficient of active earth
pressure are one-half and one-third, respectively, a complete p-y

curve can be constructed (Fig. 14).
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CHAPTER 5. CASE HISTORIES

5.1 Houston Wall: Liberty and Mesa

5.1.1 Purpose and Scope

A geotechnical investigation was undertaken as part of the
evaluation of the foundation conditions for the retaining walls of a
railroad underpass. The site is located close to the intersection of
Liberty Road and Mesa Road (FM 527) in Houston, Texas (Fig. 15). Each
retaining wall will be made of a line of drilled piers, 3 feet in dia-
meter with a 42 inches spacing center to center. At the final stage
of construction, those piers will have a total length of 60 feet and
retain 22.5 feet of soil (Fig. 16).

The work consisted of performing pressuremeter tests at the site
in order to obtain the soil properties as follows:

- first loading modulus

- reload modulus

- mnet limit pressure

A total of eight tests were performed on June 29, 1983.

5.1.2 Pressuremeter Testing

The pressuremeter used was a TEXAM model sold by Roctest, Inc.
This is a monocell pressuremeter inflated with water. The probe is
70 mm in diameter and has an initial deflated volume of 1380 cm3.
"Eight tests and two calibratioﬁs”Wefe'performéd. One of the eighE
test boreholes was too large and the results are not reported. .

All testé were performed in the same boring. The hole was drilled

using rotary drilling with axial injection of prepared mud with a 4

inches drilling bit down to a level located 3 feet above testing level.
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For the last 3 feet, a 2-15/16 inches bit was used with a slower
rotation speed and a lower mud pressure. This procedure gave very

satisfactory overall results.

5.1.3 Pressuremeter Results

The raw data obtained in the field was reduced. Corrections
were applied for membrane resistance and volume losses in order to
obtain the corrected curves.

The corrected p.v. data was then transformed and plotted as a
Ps AR/Ro curve (Appendix C). The parameter p represents the actual
total pressure against the wall of the borehole, AR is the increase in
probe radius and Ro the deflated probe radius.

The first load modulus Eo was obtained from the straight part of
the pressuremeter curve on the first loading, the reload modulus ER
from the unload-reload cycle. The net limit pressure pi* was obtained
by manual extension of the curve. The moduli Eo and ER were computed
assuming a Poisson's ratio of 0.33 in all case. The values of the above

parameters are shown on the profiles on Figure 17,

5.2 Houston Wall: West Belt and Kimberly

5.2.1 Purpose and Scope

A.geotechnical investigation was undertaken as part of the evalua-
gion of the-foundation conditions for the retaining walls of a highway
underpass. The site is located at the intersection of the West Belt
and Kimberly Lane in Houston, Texas (Fig. 18). Each retaining wall will
be made of a line of drilled piers, 3 feet in diameter with a 42 inches

spacing center to center. At the final stage of construct%on, those
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pilers will have a total length of 68 feet and retain 22 feet of soil
(Fig. 19).
The work consisted of performing pressuremeter tests at the site

in order to obtain the soil properties as follows:

first loading modulus

reload modulus

- net limit pressure
A total of seven tests were performed on August 31, 1983. Their

position is shown on Figure 20 along with the observed soil layers.

5.2.2 Pressuremeter Testing

The pressuremeter used was a TEXAM model sold by Roctest, Inc.
This is a monocell pressuremeter inflated with water. The probe is
70 mm in diameter had has an initial deflated volume of 1380 cm3.
Seven tests and two calibrations were performed.

All tests were performed in the same boring. The hole was
drilled using rotary drilling with axial injection of prepared mud
with a 4 inches drilling bit down to a level located 3 feet above
testing level. For the last 3 feet, a 2-15/16 inches bit was used
with a slower rotation speed and a lower mud pressure. This procedure
gave satisfactory overall results. In the sand layers future drilling
might be more successful if a tricone roller bit is used and if the

drilling mud is thickened significamntly.

5.2.3 Pressuremeter Results
The raw data obtained in the field was reduced. Corrections were
applied for membrane resistance and volume losses in order to obtain

the corrected curves.
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The corrected p.v. data was then transformed and plotted as a
P> AR/Ro curve (Appendix B). The parameter p represents the actual
total pressure against the wall of the borehole, AR is the increase in
probe radius and Ro the deflated probe radius.

The first load modulus Eo was obtained from the str;ight part of
the pressuremeter curve on the first loading, the reload moduli ERI
and EEZ from the first and second unload-reload cycles, respectively.
The net limit pressure p2* was obtained by manual extension of the
curve. The moduli Eo’ ER1 and ER2 were computed assuming a Poisson's

ratio of 0.33 in all cases. The values of the above parameters are

shown on the profiles on Figure 21.

5.3 Assumptions and Analysis

In order to analyze the two retaining walls in Houston, the
following assumptions were made:
» Each pier affects a width of soil equal to 3.5 feet.
« The reinforcing steel is such that the cracking moment is
not exceeded in each pier.
+ The modulus of elasticity for the concrete is four million psi.
For the analysis using conventional p-y curves, the soil proper-

ties were assumed as follows:

Y 120 pcf,
¢ = 30°,
Displacement needed to develop active pressure is 2 mm.

Displacement needed to develop passive pressure is 10 mm.

For the Menard method, the procedure outlined in Chapter 4 was
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used below the excavation level. Above the excavation level, the
conventional p-y curves were used.

Tables 4 and 5 contain a summary of the p and y coordinates used
to analyze the two walls. Z is the depth in feet from the top of the
wall, P is the pressure in psf, and Y is the corresponding lateral
displacement in feet. A, B, C, and D refer to the four points on the
p-y curve shown on Tablesv4 and 5.

The results of the analysis are shown on Figures 22 and 23 for

both the pressuremeter and conventional method.
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S

N -y
C\ N
D
P-Y Coordinates from Conventional Method
Z(£t) A B c D
P(psf) | Y(ft) | P(psf) | Y(ft) | P(psf) | Y(ft) | P(psf) | Y(ft)
0 0| -1000 - - - - 0 1000
22.5 8064 | -.033 1296 0 - - 864 .007
60 20160 | -.033 1296 0 -2160 { .007 | -11088 .033
P-Y Coordinates from Menard Method
A B C D
z
P Y P Y P Y P Y
0 0| —-1000 - - - - 0 1000
23 8280 | -.0328 | 1380 - - - 920 .0066
25| 22900 | -.0337 | 1350 | -.00008 | 390 |.00078 | -22100 .0343
32 3720 | -.0136 | 2510 [ -.00121 | 20 - {.00408 | - 3120 .0241
56 | 10460 | -.0872 | 4010 | -.00691 | 850 |[.01155 | - 9860 | .10444
60| 10460 | -.0872 | 4010 | -.00691 | 850 |.01155 | - 9860 | .10444
TABLE 4: P-y Curve Data for Liberty and Mesa Wall
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A B C
VA
P Y P Y P Y P Y
0 0 [ -1000 - ~ - - 0 1000
22 7920 | -.033 1320 0 - - 880 .007
68 22644 | -.033 1320 0 -2796 .007 9999 .033
P-Y Coordinates from Menard Method
A B D
Z
P Y P Y P Y Y
0 0| -1000 - - - - 1000
22 7920 | -.033 1320 0 - - .007
31 16640 | -.14 1670 -.0016 230 .0056 ~-9999 .14
42 10000 | -.39 2930 -.019 -2100 .04 -7820 .39
5& 13800 -.62 4090 -.032 - 9@0 .06 -9999 .62
68 7280 -.23 4900 -.04 ;1354 .06 -5060 .23

TABLE 5: P-y Curve Data for West Belt and Kimberly Wall
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CHAPTER 6: CONCLUSIONS

results of the parametric analysis show that, for the cases
the influence of various parameters on the top deflection of
is as follows:

When the slope of the p—yvcurve is multiplied by 3, the top
deflection of the wall is multiplied by 0.65 and the maximum
bending moment is practically unchanged.

When the angle of internal friction of the soil is multiplied
by 1.40 the top deflection of the wall is multiplied by 0.35
and the maximum bending moment is multiplied by 0.5.

When the drilled shaft diameter is multiplied by 2, the top
deflection of the wall is multiplied by 0.2 and the maximum
bending moment is practically unchanged.

Maximum benefit is obtained for an embedment depth equal to

1.4 times the cantilever height (height of retained soil).

The analysis of the two walls in Houston was made using a

conventional analysis and the Menard pressuremeter method. The results

of the predictions show that, in these two cases:

1.

The Menard pressuremeter method predicted 257 and 50% less
top deflection of the walls than the conventional method.

The Menard pressuremeter method predicted maximum bending

moments which were 157% and 397% 1ess:than the maximum

bending moment predicted by the conventional method.

The above results need to be further investigated at full scale

in the field at the time of construction and also at small scale in

the laboratory.
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Influence of the Slope of the p-y Curve on the Wall Response
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PILING OR DRILLED SHAPT FOUNDATION DESIGN

CALCULATED ALLOWABLE STATIC PRICTIONMAL RESIS'!‘ANC!
(Based on Coulomb's Theory, TAT)

Elev, L} h - g |tan 8| < whtan # c+whTan # Design Allowable
Stress Static Frictiona:
‘ or Resiistance
Y% Shear
Strength das
of Seil
{(Tons/Ft. of
s Perimeter)
(re.) (re.) | (re.) | (w/Eed w/eed) | (wreed) [w/red)in/eed)|(Tons/Fedy
) Per Per AcCumu~-
Stratum 4 Stratum; lative
77,5 to 74.5 DISREGARDED ; .
74.5 to 72, 4 J132 o0 Jo 742] 0 742 10,37 0,18 | 0.37] 0.37
72.5 to 71.§ PEN = 22 . 0.36 0.36; 0.73
71.5 to 69. 1 133 0 2382 0 2382 1.1.1d 0.60 1,19 1,92
69,5 to 67.5 9 132 | 0 0 804 O 804 1 0,40 0,20 ! 0,40: 2,32
67.5 to 66.5§ PEN = 18 0.30 ; 0.30! 2,62
66,5 to 64, 12 11330 |0 1210, 0 1210 [ 0.6d 0.30 ;. 0.60! 3.22
64.5 to 62.3 14 138 | 0 ] 3130; © 13130/ 1.568 0,78 1,56 ! 4.78.
62.5 to 61.9 PEN m 41 i . 0.68 0.68; 5,46

17 136 | 0 0 3722| 0 3722 (/1.8 0.93 1.86; 7.32

61.5 to 59.9 =9
19 127 1 0 0 1530| O 1530 [ 0.7 0.38 0.76! 8,08

59.5 to 57.9

57.5 to 56.9 PEN = 60 : 1.00 1.00; 9.08
56.5 to 52.9 3 7010 Q 1670 0 1670 [ 0.83 0.41 1.67:10.75
52.5 to 50.9 PEN = 73 1.04 2.08112.83
50,5 to 47.3 PEN ™= 79 J : 1,13 3,38:16,21
47.5 to 45.1§ PEN = 92 1.15 2L3JJ:'18l5L_
45.5 to 39.§ PEN = 100 1.25 7.50;26.01
39.5 to 35.¢ PEN = 45 0.75 3.00:29,01

09 |00 [no | fon (00 feo 0o b e [0o |00 | =]t Ino = 100 o [ bo feo

35.5 to 33.% 43 61 | 0 g 230/ ©O 2301 0,1 0.05 0.11?29.12
33.5 to 32.d 44.5] 670 |o [2527] 0 |2527|1,2d 0,63 | 0,63 29,75
32,5 to 30,9 PEN |~ 48 0.80 | 1.60 31.35
30,5 to 28,9 48 60 10 Q 1600Q| O 16001 0.8 Q.40 0,80/32,15
¢ (stratum thickness): h {depth of overburden to centroid of stratum); hL”T

w (wet density of soil): For submerged conditions use wet density b 3 _d';
ainus 62.4; # {(angle of internal friction); ¢ {cohesion of soil) = ¢ ny -

from TAT x 144; s (shear strength of soil) = ¢ + whTan @: § (4 shear } { 4,
strength of soil) = 3/2: foundation perimeter (shortest measure ¢

around foundation). i

Accumulative Allowable Static Frictional Resistances in Tons/Ft. of Pile Perimeter =X dS based on a3 safesy
factor of 2.0. FORMULA: p (Accumulative Allowable Static Frictional Resistance 1n Tons) = (EdS) (Pile
Perimeter). To calculate E(SzdS) for drilled shafts, complete Form 1190.

Remarks;

Ccun-y ___HE.LIJ.S___— structure _EE.L‘_WBIL}I_H.&SLBE-LL_ Dutnct \lo 12
Highway No, _Bal.tm;a_a__. Hole No. _ Dars =81

contral station 601 + 18,47 By .Dnng_Q__Nguy;e_n___
IrE QC Loc, from Centerline Re. 78.4ce.

Ferm lo9l
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PILING OR DRILLED SHAPT FOUNDATION DESIGN
CALCUIATED ALLOWABLE STATIC FRICTIONAL RESISTANCE
(Bseed on Coulomb's Theory, TAT
Rlev, 4 h T ow # |Tan # e whTan § ] evwhTan § Design Allowsbie
Stress Static Friction:
or Resistanca
Y Shear
strength | a8
of sail ;
(Tons,'Ft. of
N L] s ! Parireter)
(re.) (re.) | (Pr.) | (w/eed w/eedy] u/red) [/esdyirseed)lizons/red)
Per ! Per 'Ac:wr.
Stracuam ; Stratum, lativ-
28.3 to 27 1 -] 62 (0 [} 3473 0O 8478 ] 1.74 0,87 : 0,87 33,02
!
27.5 to 26,8 1 e PEN = 41 ! Q.82 . 0,82 33,84
i i
H r:
| f |
N 1 7 T t
: [ .
i i
F
; |
H N T { ;
H . : H i
T N
H i R : J :
i i i i .
| — " L T T
i 1 i | 3
o
T 4 "
i
! i
! i :
! j : i
T
1 [l {_ 7
+ T
!
? i
ol L
d (strétum thickness): 2 (depth 3¢ overburden to cer~traid of stratum): f ;1'1""%’ i
w (wet densi:y 2f 10il): For submerged conditions uae wet density l P L
minus 62.4: J tangle of internal friction): ¢ {cohesion of soil}) = ¢ Ny - —-F
from TAT x l44: s (shear strenath of soll) = ¢ + wh7an #: § (i shea: 1 ;"z
strength of soil) = 8/1; foundation perimeter {atiortest mesgure N
around foundation). _t
Accumulazive Allowablsy Stetic Frictionai Resistance 1n Tone Ft. of File Perimeter » £45 Sasad za a sa
factor of 2.0. TOAMULk: P (Accumulative luo sble Sctatic Frictionel Resise wn Tons: = (Tds: iF
ferimezer;. To :llc'.alquZ(sts) for dnu.d shalzs cormplate Form 1132
Rpzarcs; ——
Zouney B%ﬁi: ruct.re _B.e.t._ﬁaj.]._a._t_ 8z _Belt
Highway No, Ay 8 Holc No.
Control -1 stazion 601 + 18.47
1344 Loc. from Centerline Ez. e R

Porm 1091







APPENDIX C

SOIL DATA:

LIBERTY AND MESA
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I D A S I 1T 11 TN T T T 1T =TT ]
g; ] | | T I iT’__‘;

- TEST 5 .
SITE : HOUSTON =
LIBERTY/FM 527

i DEPTH 33'6"
CORRECTED DATA 7l

)

[

7 L]

P (tef) 4 — / ’t -
7|t
// :_,- [;

3 — / g —
/ 7

—
[ T N Y IV S g

-

i
:

ﬂ L_L_A—.L.J--—L NS SIS N E N _J.....L—-J-. -L—--L-—-l--l-«l —t - L«J-—«L O S W ) ..L JO S W Sy L—I—J
B 5 19 15 20 25 30
' (DELTA R)/Re (D ’

Eo = 319 tsf



P (cof)

18

[’ﬁ T 1 7 l | g | T""I'"T' ™11 l T l"T"‘I—T"T"‘1"‘I-‘1"T“I’—T_T"T_r—I

TEST 6
SITE + HOUSTON
LIBERTY/FM 527

T
!.

/
/

| DEPTH 48" , |-
- CORRECTED DATA BN
_ -
i i
;- P U A 4 I A -L——d—"‘"/k —
.l | S 1 l L Ll -1 l I i 1. (4 l e 1 L L [_.l 1 1 _L_‘_j__l 1 L 3 I Jl

-8

5 18 15 20
| " (ELTA R/Re (D

E0 = 418 tsf

25

38

67



1.5

P (tefd

!"_'!—_T_!""I_T'T'l‘ e ‘l"T""Y"I’"T"'T‘T'T" b B | ] T T ’T-‘l""l‘"Y"ﬁ

i TEST 1 /,&4/f' )
SITE ¢ HOUSTON

] LIBERTY/FM 527 ///*/* k

- DEPTH 56" 4 .

- CORRECTED DATA ) -

H
-
.

L} '
axJ,_L_’nxl_l__ll|11[,,4__1,,_11[J|LJL1111_J

5 18 .15 . .28 25 30
(DELTA R)/Ro (D 1

16.4 tsf

m m
L] n

44.7 tsf
2.35 tsf

O
—
*

"

68



r‘r T T 7 g T T=1 rT"l‘T"T—T"T"T"l_'r"’I""l"’f"T"l'_]"1“"1'"'?"1'""‘\'_‘(—'—!—]
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6 — ~

: TEST 2 [

- SITE « HOUSTON -

_ LIBERTY/FM 527 ‘

5 _ DEPTH 18°6" B

: CORRECTED DATA /

- Ir N

/
4 — /I‘ -
. // .
f
3 - / —
P (tef) /,/ :
V4
/
2 - . /77 —_—
.*/' ’/ ."}

- e f / B

. B i 7 ,

1 - #"/ =

z L—&—-J—.J—-l..—l-..l--.l—«l'.-l_.l‘—l._l..J.- L_L,L.J...J__J.,.L_;_J...J._L.J .L.J...L-J--L—L.-L—J-—l—j
] 5 10 15 20 25 3 s
(QELTA R /Ro (D ’

EO = 55.3 tsf




FrrTY

-
<

L

s B ot

T

24

a2

28

18

16

14

P (taf)
18

B

"—r""r""r"r ] T TI‘I"T'_I L3 ]"1‘1 T

-
—

—

-
;
H
1

TEST 3

SITE « HOUSTON
LIBERTY/FM 527
DEPTH 25°3"
CORRECTED DATA

/

7 .‘/
~]

¥
j)’
7/

l J S W § _i_ b R T JUNNES QN VDN U | i 1 4..1 l l N T S L_‘.__l_,L_L__I—L__J

]

S 18

T

s

28

GELTA ®/Ro (D

245 tsf
504 tsf
28.5 tsf

11'11]1'1‘7~"

25

—

—

30

70




12 r—l'_'r—l“’r_[" i A e I | I LN S SR | I r V1 T"'T"‘I—T'T_f"‘r"!’—‘r"
L

TEST 4

11 —
_ SITE « HQUSTON |
, LIBERTY/FM 527 /T ;
18 - DEPTH 32° / i/ -
- 7/ %{ ;

8 - i{: ' =
. / f

7 - f _
6 — . -
P (cefd Jf f -
4 - ' =
3 - /j -
i /} ;/ -

2 — pd : -
- CORRECTED DATA -

1 - .
T 1
7] | AP SRS SRV NN SO TS DS R T T T Y T Y P SO 4_4__1_.1
2. 5 10 15 28 25 38

(DELTA RY/Ro X

306 tsf

m
H

= 712 tsf

m
=
[

10.4 tsf

©
-—
*

n




rom

I B S AL S AL B
A 4
— TEST 7 .
- SITE + HOUSTON :
. LIBERTY/FM 527 -
- DEPTH 55’8" I

. CORRECTED DATA y )

28 - f/% -
i

- , i/ 4

15 - ?/ -

: / ; ;

P (tefd - / .jf .
z -

N

i

1 ; .
s 13

! ' {
: !
IS 3
i 1
;

_k PR RS l‘_L___l_,L_J T BT b2 1 |
o) 5 8. 15 28 25 cV. 2
(DELTA RY/Ro (D

662 tsf

m
]

942 tsf

o
—_
*

H

26.5 tsf



Tea1as Righway Department
Form 854

DRILLING REPORT
(For use with Undisturbed Sampling & Teeting)

County . Harris — Structurs _Rallroad Underpassg 4 District %o 12
ighway No. ™ 527 Tole to. - — i Date
Control _ ot 35 Statlon 'L3J 08 S Grd. Blev, _
Project No, . 1PE 3-930 Loc. from Co CRE e Lt .53 Grd. Water Hier. . —
( 13 THD FEN. TPST Lat. Pressuce | B @ ) : : T ’ E-'“ B
R % Lor Ne. of Rlows famete u -a.-... i < y 2 ;.E tee DESCRIFTION OF MATERIAL  ° u"
war | '! ot ¢ tnd & Nomber et E i sg ié i i AND REMARES
SR AR I I S I 3 Fich tailed . fill T
. | R to. ) T
N W I [UND A . 5' -
. 1 _
P 23 1127 |25 &lﬂy,_slizhh_xand,_sﬂ.t,_da.rk_gm;c,_scﬁ,_miat___
1 5. 16]130 |21 Game :
10 231131 419 (lay, sandy, gray, tafi, soft _moist
115 2132 (e Same : -
9 1 32 Suna_(sc) )
5 113 Je0| | I Fine sand, slight clay, 1t gmy, tan, soft, wet |
10 32] lAalf el les | Fine Qﬂm lta_glﬂl._iﬂn,_ﬂm,—m-tﬂ—hmms————
' 1|1 |same as above
125 |21 Same ; T
N Using washer pen N
- g 2 Sand, no_recovery: vashed out _ -
I B | Same o
- N - I M N (s o .
— | 20 = o o o). |Weshed out . e
R . T - o ¢ Same -
. .43, 3TN Y R DURNN) NN N M e
| ... JS&me i
I -1 : —
o 1 _same
R _ Llﬂ! ,_brmm,_gmy.,.s.t mnmh,_u,lmlmeoua_ _____
] . Clay,_sllght.silh,.krmn,_gra;c,_stjﬁ,_mm,_n,lcalc..
o] 30 o __|Sawe. (ch)
- - 177 - _ Clay, braun Shl.f.ﬁ,_.mﬂ.].sl w/calcs
- i - Cl&}, sand;'_,_bmwn, 18Y, moxst,_wr(cnlcs ’
- “Fine sand, silby, brown, veiy 80ft, water beariy
1 "1 7T Giay, .u.’ff - brown, SEITT, WOISE —
37
P.nh ,|-||n{'r o  Lagrer ... T < 1 _ . s
hrlllerA - Pindieate wuit Goat ly ahaiding '_.r core cecavery, Jeaving n-ﬁi 1‘;. no o croasag (X)) tor unﬂlcl\llhﬂl laburglory un-n?el 1aken. _“T“ N HW?29 113s F.1200 a~ll_ﬂl'

194




Tezao Highway Departinent
orms B4

DRILLING REPORT
{For use with Undisturbed Sampling & Testing)

cql!nlrﬂa'r? is Structure Distris ‘P_l:_ﬂlq_lz s
Highway No, 221 Hola No. ‘Date (§ .
Control . . ton_423 + 08 . Grd. Kiey. -
Projeet No. 1PE-3-630 cemim i e = mwe LC. from Ceunteritno e 14, Qrd. Watermtov,
1] THD PEN, TEST Lat. Pressare ! ;‘ .
Bor. | vopin |3 [ce Ne. of Biews :--.:: o ;"- i | i !g g ) nucnnln.n OF MATERIAL
e [ o 1 . od o - s g i 53 i AND BEMARES
| VN IR - Y N :
— 50/3.50 _|50/L.95 | i lising tookh barrel
' ... 16 1h Silty sand,. browa, ’Mﬂn; waberbearing —
" 50 17 24 [28]. Same lﬂ;
v -|-- 15816 50/2 :
— d—l-= —.. . N S }. Wash out — _
5072-— . 9074, : - Pack_sail
e — 18' 3 36} 124 32 Silty,  clay, brown,.-stiffy moist
10 48] 1e5]31 Same. : _—
15... 581 123130 {79 Sume {ch) .- —
o __ a4l 12331
9 454 12525 Same
10 21| 134 g Clay, sandy, silty, browny-sti moied
15 350136019 |31 Same 7 roabE
Q 133134 [28 Sa.ndy,_nlagc,_bm ~grayy-softy moleb— i
5 24 | 13617 Same - ?
1o 47lazahz.l | Same’ .
15 vIRIELYL Y - _Wlmhrmr broun,-gmy,—scﬂt,—moi—st—(»e;}
Q. 121138 |16 Same— -
5. 3613617 Same _
10 uh {235 fig o) ..Same-wfemlcs ..
15 .56 1135017431 . _Same—
D—r—__ 88 -ﬁ} 28 [—1- E%ﬂl ,-brown, sYiff, molst,. «/ealcs—-————-—-—-t—-—‘
1 108 s | CMIJAL;_D__J_;_ML!"_Q_& ——
~ = |- 15 73] 127 236 | Same
B LA I I TS I B N .
L 1 I I —— _.37_“, N T fe| ~-]-Dist_core._clay, bhrown, stiff, moist
_____ , [N RS, - L WP, 27-)...-|-—|..Same. . T molst
] e | — 39. [0-—...—2q 12hl25 | . _|. . __Clay, _brown, 8ti mois
T S A 215 B9 ot | Same” (Shy >
- IO ;
Diller oo . e . LogREF __ . .. e i TRl 2
Hindicats enih fool by ehading for core recavery, (raving biank for no core recovery, and cromming (X) for wndisturbed laborstory samples taken HW29.1000 F-12011 1-6A 2M

vL



Tezas Highway Depayiment

DRILLING REPORT

Form sss (For uss with Undisturbed Ssmpling & Testing)
Harrig District No. _1& -
County Structure
Highway No. 527 Hole No, _'t Date_5-14-79
Controt ‘Btatlon 23 + 08 - (‘ln!. Rlev, ==
Profect No. .IPE'3:630 Loc¢. from Ceaterline Rt Lt, Qré, Water Eiev.
Riar. | Doptn ) T‘;‘:’:"I-":':"l‘ Sample :::5"“" i ::' ) 53 PESCKIFTION OF MATRRIAL
. Himd Numbor - 5 3= 1 H AND MEMARKS
iy | oy i ot o tud &~ . : ! 5! .i
. 55 57 i - - e e
- k1110 57 hey T30 Clay, silty, hraun, stiff,. maist
b2 115 59 fiey |29 | _Same_ :
310 32 Nhos |25 lamivate, brown, stiff moist - |
- s W15 58 her [28 [ Same (ch)
L 10 9 e
hs 110 k6 P16 37§ Same -
T L6 115 Wy a7 I3u Same o
- h% 0 15 8 [30 ___Sane _
e, 5 b2 1136 (39 |57 _Same
; | 9 -
2 o [10 W2 125 Jo2s Clay, slight §ilt, koay, stiff, moist
N N P ‘90 115 51 _h2s |25 ___Same e
—- Srio 32 phey jes _
- i 92 15 46 6 123 |51,
7 _ 2k 15
5310 i hog o8 [ _nm,Jmn,_ma,_s.tm._mmk,_ulmh.ﬁ__
) sh f15 56 P28 le2 N
- 99 |0 Wy h3o o1 Clav » a;ltx._nmn._nuﬁ._mmaL___
] ] - 56 | 5 47 3o Jeo 35 Same_w/cales e
d 50/3.7 50/1,50 F:}
> 157110, _.ha 0 {25 Clay, siity, bhruwn _a_ti_tt,_nmj_s_t.____________
s8 |15 47 h3o 21 I .JMQ&ICS podules
- 99 R ] Silt, slight clay, brouwn, st.iff woidt w/ Silt sk
b 23 i1 same (cl) . _ .
‘f_’-_":_.______"_ o3 433 e e e
.61 ] o __s0p3e hg Same e —
b G2 15 63131 Same
63110 44 28 3 — ] Seme |
e 6 (15 Tipaa. 3 |51 Same ..
re—pos=11- - -
. - 30 - -"?_2__ = 1o 5o i3 b1 2::“?,1 clay, brown, stiif, moIist
- g 3 AT p30 ;2& 36‘ Clay, sand, silf, brown, Stiff, mofst—
50/3.25 [ 50/2 Using washer pen (q)

6L



Terae Mighway Dapariment
Form 584

DRILLING REPORT
(For use with Undisturbed Sampliug & Testiug)

Gonnty _ ,H&l‘ré'ﬂ - .— Btructure . Distslet No. —12 -
Higbhway No. ... 2_ .l Hole No, -——— —  Deate .. __ 000000000
Control TPE 3630 Station — Grd. Blev _ .
Project No. h Loc. from Centerltae Rt Lt. Ard. Watur Klev. e ——
t TAD PEN. TENT Lat. Proscure | 2 ;‘ N ¢
ias. Degth Los Ne. of Riaws :--\:l: v .:,.. E . s i . 5 » 5 DESCRIFTION OF MATEREAL
w | i - 2ot 5 o : i z& 53 ii AND REMARKS
i i ! Hashed oul very.-bard pack sapd . _.
50/4,.25 150/1.50 {s) e e ]
_ : washed_out layers of day, very haryd
20/50 _ 150[75 . et
I 10 _ o Mo Reeayexy .o oo . ]
_ 68 2 Silt, clay, slight sand, laminate gray, sfiff, ubist
69 . bg Silt, clay, atlight sana, laminate, g.a ¥,-stiff, upist
— . . same as helow
- ‘ 70110 _hgl|1pa 125 135) _ | _ Fine sand, very slight clay, gray, firm, moist (o)
hac 7 —_ 4 22 Same
il -50/2,75 | 50/3.75 : I -~ —-
] 72115 971329 |42 Same — —
1 73 0 4.3 125 —Same [ e
I I ! 26 Sawe,
0o . 75 5 221 32h|26 | 30 Saue e ]
i 25 28 P I U I -]
76 27 Disturhed care, sand, clay, gray, firm,.moist |
N — 11 —|37.Ba Distughed core, elay, :slight-sand, gray, stiff ablst
” N I
} A .
) S - - — m—— - e bl
Driller Logger - Tide

(indicats sech foot By shading for care recovary, leaving biank fer o core secovery, sad crsastng {X) foc undisturbed lahoratory sampies takon.

Itw2y.1005 F-1200 2-66 20t

9¢



PILING OR DRILLED SHAFT POUNDATIOE DESIGN

CALCULATED ALLOMABLE STATIC FRICTIOMAL RESISTANCE

(dased on Coulomb's Theory, TAT)

Elev. e h L4 £* ([Tan g < whTan ¢ cewnTar f Design Allowable
- Strese Static Prictional
or Resistance
Y Shesr
- strengch ds
of Scil
(Tona/rt. of
s Perimster)
(re.) (re.) | (re.) | (a/redy w/eedy| ourre?) (r/redlirseed)liTons ety .
Per Per |Accumu-
Stratum Stracan! lative
L& to G 5 DISREGARDED :
L1 %0 37 L 7 .1.23C |i8.4 | .233 27s | 303 577 .29 1ei W30 | W50
37 to 36 b 9.5l 333 l32.5 | .222) L3 | 280 |Ta2 .35 28] .18 7';
36 fp 35 b PEN =10 - el s .88
|35 to 32 3 ) 32.5] 233 132.5 | ,202) L32 | 369 1801 ,50 .20) .80 1,46
32 to 28 b PEN =|27 | L3310 1.32 ¢ 2.80
28 to 36 2 PEN =i43 i '.?H 1,08 8
26 to 22 5 PEN =[L7 ' 53 2.36 1 .2k
22 %o 28 1 DEN = 82 : 1,030 2,03- 7
21 to 19 2 PEN =[19 | w23 RN )
19 tp 17 2.1 271 6u lo | 0 [1wk0 ;0 140 | .72 361 .72 5.5
17 t0 16 i 129.5]| 68 [32.5'! .636 677 | 1276 [1353 .93 481 .49, i
16 ta 15 1 PEN_=29 T i -;_:9" -5"“'7 90;:‘?
13 5021 L 33 1. 68 [32.5 | .636 677 . 1k27 1210% | 1.03 L5331 2,10 12,03
11t 10 1 PEY = ‘10u ! 1.25] 1.28° 12,82
10 za B 2 PEX =l 50 ' 53] 1.26 1%
8 10 b L PEN = 100 }_.2?! 7.00{
L tol 3 | 3.5 62 |2B.3] ,538 1051 | 1451 (25C2 .25 3.75:
I+ 0 1 | PEN o 28 _ _ -’:‘? 521 23
0 fo -2 2 u7( G2 | 2£.3 | .538 1033 | 1565 (261G [1.31 55
2 toal 2| ol 73 'g3.2 1" ,hed 43 | 253+ 11577 ! .79 ! -39
=h to =8 1 | PER 4 24 ] ool
‘=3 %0 -0 L 531 T4 | 36.9 . 754 ZbSJ 291+l 13229 | .01} -
d (stratum thicknass): h (depth cf overburden %o centroid of stratum); T
w (wet density of scil): Por submerged conditions use wat density [ 2N
minus 62.4: @ (engls of internal friction): € (cohes:on of soil) = ¢ Yig
frow TAT x 1447 ¢ (shear strength of ecil) = ¢ + whTen P: S (% erear t
strength of ecil) = g/2; foundation perimeter (shortast mesansure i
sround foundrtion).
Accumu:lative Alloweble Stetic Prictional Resistance in Tone/Ft. of Pile Perimeter = £dS based on a safaty
factor of 2.0. FORMUIA: > (Accumuletave Allowabla Static Frictional Resiacance i Tons) = (£dS) (Pile
Perimeter). To cllcuhtoi(sRGS) for drilled ahefts, complete Form 1190,
| Remagike;.
county %‘5‘27‘——'— structure Re‘]..oad Underpass Sieericygie,, 7&————-—-——-
Highway No. Hola No. - — oate
con::o{ station ‘n.* 08 N py-_JOYXCON Wi ilials
e _630 Loc. from Cartsrline  Re, L. _Z2

rorm 1091

77




PILING OR DRILLED SEAPT POUNDATION DESIGE

~ CALCULATED ALLOWABLE STATIC FRICTIONAL RESISTANCE
{Based on Coulomb's Theory, TAT)

Llev. 4 h - £° |Tan # e whTan £ c+whTan # Design Allowable
! Strees static Prictional
or Rasistancs
¥ Shear
~ Strength as
of Soil
(Tons/Pt. of
s s Perimater)
(re.) (e, | (peo) fw/red wreed) | wzred) [oasred/eed)|(ronsseed)
Per Per [Accumu-
Jtratum stratum| lative
=9 To -10 1 IFEN = B0 _ i 1,1 _1.01! 30,34
-1C to -1k L 58 | ts Ba.0c |.625 [soh (2682  BRigE | 3,500 7o { 3381 33,3
-1k to -15 1 = 1.29 100 3L &
-5 %o -19 [ 63 |68 [B1.0 |.600[1829 {2570 L399 | 2.200 1,30 1 L,u0| 39,03
-19 to -22 : PEN = 78 i3l 2,921 L2 gi
=22 to -2h i go 161 kso la.colson lupoo Lygg | 2 uol g o0l 2 iodic
-25 to -24 1 PEy =83 : 127 (1 o7} LA 63
-2% to -29 b 73.16r 25.C |,LE7!akho 12070  B91G : 1,76 B8 3.2 5003
-29 to -30 1 [PEN = .9 { ; 26 200 5C.=2
-3C to -3 L 78 |3k P9.7 |.571 1691 205 RO9S [ 1,55 W78 1 %30 53,60
-3k to -35 1 PEN = 1€ : i 36 . ,361353.98
=35 to =37 2 G2 |63 8.4 | ,.33311109 1720 1829 | .91 B8 | .91 5k.89
37 te -39 | 2 8y |63 pi.B [ .40opi18p6 (2337  BdL3 11,82 PR EEW ST
-39 to -Lo b f = P9 : sg ! .sg :57.30
=0 to -1 b 86.463 p1,8 | ,U00 1526 12180 R706 |1,89 531 .93 138,27
=41 to ik 3 88.5. 4 0 2 2880 1 o PRAG 1. Lk 72 | 2,14 i 4035
~bLi; §o b5 1 RN = hoo ! ! 1.23 . 3.28 . A1 60
<45 to -h9o I 93 |68 . C 0 12880 0 288C Ji.5: | .72 | 2,88 ! Gus
55 o <50 I P&V = 65 | ! [ 1351 1.8 | 65.68
=50 to =5k i 9f &R --iac | 233 To23p [as3c  Bam | 1oy 7 i 3.87 &gss
-84 to -5§ 1 : = ko | : i _1.00 ] 1.09 - 708k
-55 to ~50 3 102 |63 0.3 |.182 | 2986 |1262 14228 | 2.21| 3,05 | 3.15 | 73.8
1 T - H
=58 to -63 ol BN = 000 1 : a2z | 523 1 8G.C
d (stratum thickness): h {depth of overburden to centroid of atratum): ] h'lﬂ
v (wat deneity of soil): For sutmesged conditions us» wst dsnsity [ L _g.:
minus 62.4: F (angle of interaal frietion): ¢ (conesion of soil) = ¢ na —t
from TAT x 144; s (shear strenath of soil) = ¢ + whTan f: § [k shear i — ‘ 4,
strength of soil) = ¢/2: foundation poriuu‘r {akortest measurs

around foundation).

Accumulative Allowabla Static Prictional Resistarca in Tons/Ft. of Pils Perimeter =4S based on a safety
factor of 2.0. FORMULA: p (Accrmulative AliOwabie Static Prictiocna. Resistence ipn Toas) =~ Td4S) (Pile
Perimater). To calculatel (5538) for drilled shaits, complete Form L19C.

| Remazks .

_County —Euf‘f*is?r_‘— Structure _, Railroaé Underpass Distrigt 5,,_]_12

| Highway Ngo fIt — Hole No. _2____ . : DAte oo
ooy 38071 sracion I F0S by GOTHCT. Wil Bis
e _ €30 Loc. from Centerline  At, Le. oS

Form 1091



PILING OR DRILLED SHAFT POUNDATION DESIGH

CALCULATED ALLOWABLE STATIC FRICTIOMAL RESISTARCE

(based on Coulomb's Theory., TAT)

Elev. a h w g Tan # e whTan § cewhTan § Design Allowable
Stress Static rrictional
or Resistance
¥ Ghear
Strength as
~ of Soil
{Tona/Fe. of
3 — s Parizeter)
{re.) (re.) | (re.) | te/eed wreedy | uree?d) fasredlor/redyironssred)
i Per Per |Accumu~ ]
e SSratum Stratum lztive
-63 %o -69 & 2! 61 (23,5 U 2.5 ! Se2T | 7,30 S'Z 37
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d (stratum thickness): h (depth of overburden to centroid of stratum):
w (wet density of soill: For submerged conditions use wet dsnsity
minus 62.4: ¢ (angle of internal frictien): ¢ {(cohesion of soil) = ¢
from TAT x 144; s (shear strenath of soill = ¢ « whTan f; § {5 shear
strength of s5il) = a/2;: foundation perimeter {shortest measure
around foundation).

Acsuirulative Allowable Static Prictional Resistance in Tons.Ft. of Pile Perimeter =IdS oased on a sajety

factor of 2.0. TORNUIA: p (Accumulative Allowable Stetic Frictional Resistance 1n Tons) = (ZdS) (Pize
Perimeter). To calcilate I (5p35) for drilled shafts, compleie Fom 1190.
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