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 ca

isso
n

s, d
rive

n
 H

-p
ile

s a
n

d
 sp

re
a

d
 

fo
o

tin
g

s a
re

 p
re

se
n

te
d

 b
e

lo
w

. 
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D
rille

d
 C

a
isso

n
s: 

T
h

e
 d

e
sig

n
 a

n
d

 c
o

n
s
tru

c
tio

n
 crite

ria
 p

re
se

n
te

d
 b

e
lo

w
 sh

o
u

ld
 b

e
 o

b
se

rve
d

 

fo
r d

e
sig

n
 o

f d
rille

d
 ca

isso
n

 fo
u

n
d

a
tio

n
 s

y
s
te

m
s
. 

T
h

e
 c

o
n

s
tru

c
tio

n
 d

e
ta

ils sh
o

u
ld

 b
e

 

co
n

sid
e

re
d

 w
h

e
n

 p
re

p
a

rin
g

 p
ro

je
c
t d

o
c
u

m
e

n
ts

. 

1
. 

A
s
s
u

m
in

g
 

th
e

 
lo

a
d

 
a

n
d

 
re

sista
n

ce
 

fa
c
to

r 
d

e
sig

n
 

(LR
F

D
) 

m
e

th
o

d
 

w
ill 

b
e

 
u

se
d

, 
a

n
 

u
ltim

a
te

 e
n

d
 b

e
a

rin
g

 c
a

p
a

c
ity

 o
f 1

8
0

 k
s
f a

n
d

 a
n

 u
ltim

a
te

 sid
e

 re
sista

n
ce

 o
f 1

3
.6

 k
s
f 

m
a

y
 

b
e

 
u

se
d

. 
T

h
e

 
u

ltim
a

te
 

va
lu

e
s 

a
ssu

m
e

 
a 

w
e

ig
h

te
d

 
lo

a
d

 
fa

c
to

r 
o

f 
1

.5
, 

a
n

d
 

re
sista

n
ce

 fa
c
to

rs
 o

f 0
.5

 and 0
.5

5
 fo

r e
n

d
 b

e
a

rin
g

 a
n

d
 sid

e
 re

sista
n

ce
, re

sp
e

ctive
ly. 

F
o

r th
e

 a
llo

w
a

b
le

 stre
ss d

e
sig

n
 (A

S
D

) m
e

th
o

d
, a

n
 a

llo
w

a
b

le
 e

n
d

 b
e

a
rin

g
 p

re
ssu

re
 o

f 

6
0

 k
s
f a

n
d

 a
n

 a
llo

w
a

b
le

 sid
e

 re
sista

n
ce

 o
f 5 k

s
f m

a
y b

e
 u

se
d

. 

2
. 

C
a

isso
n

s 
sh

o
u

ld
 

p
e

n
e

tra
te

 
a

t 
le

a
st 

th
re

e
 

p
ie

r 
d

ia
m

e
te

rs 
o

r 
1

0
 

fe
e

t; 
w

h
ic

h
e

v
e

r 
is 

g
re

a
te

r, in
to

 th
e

 b
e

d
ro

ck. 

3
. 

A
ssu

m
in

g
 

a 
c
o

m
p

u
te

r 
p

ro
g

ra
m

 
su

ch
 

as 
LP

ILE
 

o
r 

C
O

M
6

2
4

 
is 

to
 

b
e

 
u

se
d

; 
w

e
 

re
co

m
m

e
n

d
 

th
e

 
p

a
ra

m
e

te
rs 

p
re

se
n

te
d

 
in

 
T

a
b

le
 

II 
b

e
 

u
se

d
 

fo
r 

a
n

a
lysis 

o
f 

la
te

ra
lly 

lo
a

d
e

d
 ca

isso
n

s. 

4
. 

If e
x
c
a

v
a

tio
n

s
 fo

r ca
isso

n
 ca

p
s e

x
te

n
d

 in
to

 b
e

d
ro

ck, a 6
-in

ch
 vo

id
 sh

o
u

ld
 b

e
 p

ro
vid

e
d

 

b
e

n
e

a
th

 
th

e
 

ca
isso

n
 

ca
p

 
to

 
c
o

n
c
e

n
tra

te
 

th
e

 
p

ie
r 

lo
a

d
in

g
s 

a
n

d
 

to
 

se
p

a
ra

te
 

th
e

 

e
xp

a
n

sive
 b

e
d

ro
ck fro

m
 th

e
 b

o
tto

m
 o

f th
e

 ca
isso

n
 ca

p
. 

5
. 

C
lo

se
ly sp

a
ce

d
 

ca
isso

n
s 

w
ill 

re
q

u
ire

 
a

p
p

ro
p

ria
te

 
re

d
u

ctio
n

s o
f th

e
 

la
te

ra
l 

a
n

d
 

a
xia

l 

ca
p

a
citie

s. 
R

e
d

u
ctio

n
 

in
 

la
te

ra
l 

lo
a

d
 

c
a

p
a

c
ity

 
m

a
y
 

b
e

 
a

vo
id

e
d

 
b

y
 

sp
a

cin
g

 
th

e
 

ca
isso

n
s a

t a d
ista

n
ce

 o
f a

t le
a

st six d
ia

m
e

te
rs fro

m
 ce

n
te

r to
 c

e
n

te
r in

 th
e

 d
ire

ctio
n

 

p
a

ra
lle

l to
 lo

a
d

in
g

 
a

n
d

 
2

.5
 

d
ia

m
e

te
rs in

 th
e

 d
ire

c
tio

n
 p

e
rp

e
n

d
icu

la
r to

 lo
a

d
in

g
. 

F
o

r 

a
xia

l 
lo

a
d

in
g

, 
th

e
 

ca
isso

n
s 

sh
o

u
ld

 
b

e
 

sp
a

ce
d

 
a

t a 
m

in
im

u
m

 
3 

d
ia

m
e

te
rs

 
ce

n
te

r to
 

ce
n

te
r. 

M
o

re
 

clo
se

ly 
sp

a
ce

d
 

p
ie

rs 
sh

o
u

ld
 

be 
stu

d
ie

d
 

o
n

 
a

n
 

in
d

ivid
u

a
l 

b
a

sis 
to

 

d
e

te
rm

in
e

 th
e

 a
p

p
ro

p
ria

te
 re

d
u

ctio
n

 in
 a

xia
l a

n
d

 la
te

ra
l lo

a
d

 d
e

sig
n

 p
a

ra
m

e
te

rs. 

6
. 

A
 

m
in

im
u

m
 

ca
isso

n
 

d
ia

m
e

te
r 

o
f 

2
4

 
in

ch
e

s 
is 

re
co

m
m

e
n

d
e

d
 

to
 

fa
c
ilita

te
 

p
ro

p
e

r 

cle
a

n
in

g
 a

n
d

 o
b

se
rva

tio
n

 o
f th

e
 ca

isso
n

 h
o

le
s. 

T
h

e
 ca

isso
n

 le
n

g
th

-to
-d

ia
m

e
te

r ra
tio

 

sh
o

u
ld

 n
o

t· e
xce

e
d

 2
5

. 

7. 
C

o
n

cre
te

 u
se

d
 in

 th
e

 ca
isso

n
s sh

o
u

ld
 h

a
ve

 a m
in

im
u

m
 slu

m
p

 in
 th

e
 ra

n
g

e
 o

f 5 to
 7 

in
ch

e
s. 

8
. 

B
a

se
d

 
o

n
 

th
e

 
re

su
lts 

o
f 

o
u

r fie
ld

 
e

xp
lo

ra
tio

n
, 

la
b

o
ra

to
ry 

te
s
tin

g
, 

a
n

a
lysis 

a
n

d
 

o
u

r 

e
xp

e
rie

n
ce

 
w

ith
 

sim
ila

r, 
p

ro
p

e
rly 

c
o

n
s
tru

c
te

d
 

d
rille

d
-ca

isso
n

 
fo

u
n

d
a

tio
n

s
, 

w
e

 

e
stim

a
te

 ca
isso

n
 s

e
ttle

m
e

n
t w

ill 
b

e
 lo

w
. 

G
e

n
e

ra
lly, 

w
e

 e
stim

a
te

 th
e

 s
e

ttle
m

e
n

t o
f 

ca
isso

n
s 

4 
fe

e
t 

o
r 

le
ss 

in 
d

ia
m

e
te

r 
w

ill 
b

e
 

a
p

p
ro

x
im

a
te

ly
 

y, 
in

ch
 

o
r 

le
ss 

w
h

e
n
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d
e

sig
n

e
d

 
a

cco
rd

in
g

 
to

 
th

e
 

crite
ria

 
p

re
se

n
te

d
 

h
e

re
in

. 
T

h
e

 
s
e

ttle
m

e
n

t 
o

f 
clo

se
ly 

sp
a

ce
d

 ca
isso

n
s w

ill b
e

 la
rg

e
r a

n
d

 sh
o

u
ld

 b
e

 stu
d

ie
d

 o
n

 a
n

 in
d

ivid
u

a
l b

a
sis. 

9
. 

C
a

isso
n

 h
o

le
s sh

o
u

ld
 b

e
 p

ro
p

e
rly cle

a
n

e
d

 p
rio

r to
 th

e
 p

la
ce

m
e

n
t o

f c
o

n
c
re

te
. 

1
0

. 
T

h
e

 p
re

se
n

ce
 o

f w
a

te
r a

n
d

 g
ra

n
u

la
r so

ils in
 s

o
m

e
 o

f th
e

 e
x
p

lo
ra

to
ry

 b
o

rin
g

s in
d

ica
te

s 

ca
sin

g
 andlor d

e
w

a
te

rin
g

 e
q

u
ip

m
e

n
t w

ill be re
q

u
ire

d
 fo

r so
m

e
 o

f th
e

 ca
isso

n
s. 

In n
o

 

ca
se

 sh
o

u
ld

 
c
o

n
c
re

te
 

b
e

 
p

la
ce

d
 

in
 

m
o

re
 th

a
n

 
3 

in
ch

e
s 

o
f 

w
a

te
r u

n
le

ss th
e

 tre
m

ie
 

m
e

th
o

d
 is u

se
d

. 
If w

a
te

r c
a

n
n

o
t b

e
 re

m
o

ve
d

 o
r p

re
ve

n
te

d
 w

ith
 th

e
 u

se
 o

f ca
sin

g
 o

r 

d
e

w
a

te
rin

g
 e

q
u

ip
m

e
n

t p
rio

r to
 p

la
c
e

m
e

n
t o

f c
o

n
c
re

te
, th

e
 tre

m
ie

 m
e

th
o

d
 sh

o
u

ld
 b

e
 

u
se

d
 a

fte
r th

e
 h

o
le

 h
a

s b
e

e
n

 cle
a

n
e

d
. 

11 . 
C

a
sin

g
 p

ro
ce

d
u

re
s sh

o
u

ld
 

be 
e

va
lu

a
te

d
 

b
y th

e
 g

e
o

te
ch

n
ica

l e
n

g
in

e
e

r o
n

 
p

ie
rs 

w
h

ic
h

 

w
ill b

e
 su

b
je

cte
d

 to
 la

te
ra

l lo
a

d
s. 

O
ve

rsizin
g

 th
e

 p
o

rtio
n

 o
f th

e
 h

o
le

 in
 th

e
 o

ve
rb

u
rd

e
n

 

to
 a

llo
w

 ca
sin

g
 in

se
rtio

n
 ca

n
 re

d
u

ce
 th

e
 la

te
ra

l p
ie

r ca
p

a
city, p

a
rticu

la
rly if th

e
 h

o
le

 is 

p
ro

ce
sse

d
 

w
ith

 a 
d

e
n

se
, 

visco
u

s 
m

ix
tu

re
 
o

f 
w

a
te

r a
n

d
 

so
il. 

D
e

p
e

n
d

in
g

 
o

n
 

lo
a

d
in

g
 

co
n

d
itio

n
s a

n
d

 c
o

n
s
tru

c
tio

n
 

p
ra

ctice
s, 

d
e

n
sifica

tio
n

 
o

f th
e

 
m

a
te

ria
ls 

a
ro

u
n

d
 th

e
 

p
ie

r 

to
p

 is so
m

e
tim

e
s re

q
u

ire
d

 a
fte

r co
n

stru
ctio

n
. 

1
2

. 
W

h
e

n
 w

a
te

r andlor a d
rillin

g
 slu

rry is p
re

se
n

t o
u

tsid
e

 th
e

 ca
sin

g
, ca

re
 sh

o
u

ld
 be ta

ke
n

 

th
a

t co
n

cre
te

 o
f s

u
ffic

ie
n

tly
 h

ig
h

 s
lu

m
p

 is p
la

ce
d

 to
 a s

u
ffic

ie
n

tly
 h

ig
h

 e
le

va
tio

n
 in

sid
e

 

th
e

 ca
sin

g
 

a
n

d
 ca

sin
g

 
is 

w
ith

d
ra

w
n

 s
lo

w
ly

 to
 

p
re

v
e

n
t in

tru
sio

n
 
o

f th
e

 
w

a
te

r a
n

d
/o

r 

slu
rry in

to
 th

e
 co

n
cre

te
 (n

e
ckin

g
) 

w
h

e
n

 th
e

 ca
sin

g
 is w

ith
d

ra
w

n
. 

1
3

. 
T

h
e

 
d

rille
d

 
s
h

a
ft 

c
o

n
tra

c
to

r 
sh

o
u

ld
 

m
o

b
ilize

 
e

q
u

ip
m

e
n

t 
o

f 
s
u

ffic
ie

n
t 

size
 

a
n

d
 

a
d

e
q

u
a

te
 

o
p

e
ra

tin
g

 
c
o

n
d

itio
n

 
to

 
a

ch
ie

ve
 th

e
 

re
q

u
ire

d
 

p
e

n
e

tra
tio

n
 

in
 
th

e
 ve

ry 
h

a
rd

 

b
e

d
ro

ck. 

1
4

. 
C

o
n

cre
te

 sh
o

u
ld

 b
e

 p
la

ce
d

 in ca
isso

n
s th

e
 sa

m
e

 d
a

y
 th

e
y
 are d

rille
d

. 
T

h
e

 p
re

se
n

ce
 

o
f w

a
te

r o
r ca

vin
g

 
so

ils m
a

y
 re

q
u

ire
 th

a
t co

n
cre

te
 b

e
 p

la
ce

d
 im

m
e

d
ia

te
ly

 a
fte

r th
e

 

ca
isso

n
 h

o
le

 is c
o

m
p

le
te

d
. 

F
a

ilu
re

 to
 p

la
ce

 co
n

cre
te

 th
e

 d
a

y o
f d

rillin
g

 w
ill n

o
rm

a
lly 

re
su

lt in
 a re

q
u

ire
m

e
n

t fo
r a

d
d

itio
n

a
l b

e
d

ro
ck p

e
n

e
tra

tio
n

. 

1
5

. 
L

a
rg

e
 

g
ra

lle
l 

a
n

d
 

co
b

b
le

s 
w

e
re

 
e

n
co

u
n

te
re

d
 

in 
se

ve
ra

l 
o

f 
th

e
 

e
xp

lo
ra

to
ry 

b
o

rin
g

s. 

T
h

e
se

 co
n

d
itio

n
s m

a
y
 co

m
p

lica
te

 th
e

 d
rillin

g
 p

ro
ce

ss, 
in

clu
d

in
g

 a
ffe

c
tin

g
 

p
lu

m
b

n
e

ss, 

ca
u

sin
g

 
o

ve
rsize

 
s
h

a
ft 

d
ia

m
e

te
rs, 

a
n

d
 

re
d

u
cin

g
 

th
e

 
e

ffe
ctive

n
e

ss 
o

f 
o

r 
p

re
ve

n
tin

g
 

se
a

tin
g

 o
f th

e
 ca

sin
g

 n
e

a
r th

e
 b

e
d

ro
ck su

rfa
ce

. 
T

h
e

 d
rille

d
 sh

a
ft c

o
n

tra
c
to

r sh
o

u
ld

 b
e

 

a
w

a
re

 o
f th

is in
fo

rm
a

tio
n

 a
n

d
 b

e
 p

re
p

a
re

d
 fo

r th
e

se
 co

n
d

itio
n

s d
u

rin
g

 p
ie

r in
sta

lla
tio

n
. 
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1
6

. 
A

 re
p

re
se

n
ta

tive
 o

f th
e

 g
e

o
te

ch
n

ica
l e

n
g

in
e

e
r sh

o
u

ld
 o

b
se

rve
 p

ie
r d

rillin
g

 o
p

e
ra

tio
n

s o
n

 

a fu
ll-tim

e
 b

a
sis to

 a
ssist in 

id
e

n
tifica

tio
n

 o
f a

d
e

q
u

a
te

 b
e

d
ro

ck stra
ta

 a
n

d
 m

o
n

ito
r p

ie
r 

co
n

stru
ctio

n
 p

ro
ce

d
u

re
s. 

D
rive

n
 H

-P
ile

s: 
T

h
e

 d
e

sig
n

 a
n

d
 c

o
n

s
tru

c
tio

n
 d

e
ta

ils p
re

se
n

te
d

 b
e

lo
w

 sh
o

u
ld

 b
e

 o
b

se
rve

d
 fo

r 

d
e

sig
n

 o
f d

rive
n

 H
-p

ile
s. 

1
. 

T
h

e
 p

ile
s sh

o
u

ld
 c

o
n

s
is

t o
f a h

e
a

v
y
 ste

e
l H

-se
ctio

n
 w

ith
 a co

m
m

e
rcia

l p
ile

 tip
. 

T
h

e
 

co
m

m
e

rcia
l 

p
ile

 tip
 

sh
o

u
ld

 
be 

a
d

e
q

u
a

te
 to

 p
ro

te
c
t th

e
 p

ile
 th

ro
u

g
h

 d
iffic

u
lt d

rivin
g

 

co
n

d
itio

n
s in th

e
 d

e
n

se
 g

ra
ve

ls a
n

d
 co

b
b

le
s. 

2
. 

H
-p

ile
s d

rive
n

 to
 v

irtu
a

l 
re

fu
sa

l 
in

 th
e

 
b

e
d

ro
ck 

m
a

y 
b

e
 d

e
sig

n
e

d
 to

 th
e

ir stru
ctu

ra
l 

ca
p

a
city. 

V
irtu

a
l re

fu
sa

l is d
e

fin
e

d
 in

 S
e

ctio
n

 5
0

2
.0

5
 o

f th
e

 C
o

lo
ra

d
o

 D
e

p
a

rtm
e

n
t o

f 

T
ra

n
s
p

o
rta

tio
n

's
 (C

D
O

T
) "S

ta
n

d
a

rd
 S

p
e

cifica
tio

n
s fo

r R
oad a

n
d

 B
rid

g
e

 C
o

n
s
tru

c
tio

n
" 

(1
9

9
9

). 
A

s
s
u

m
in

g
 th

e
 

LR
F

D
 

m
e

th
o

d
 

w
ill 

b
e

 u
se

d
, 

u
ltim

a
te

 ca
p

a
citie

s 
o

f th
e

 
p

ile
s 

sh
o

u
ld

 b
e

 ca
lcu

la
te

d
 u

sin
g

 a
n

 u
ltim

a
te

 p
ile

 stre
ss o

f 2
9

 ksi fo
r A

3
6

 ste
e

l o
r 4

0
 ksi 

fo
r G

ra
d

e
 5

0
 ste

e
l. 

T
h

e
 u

ltim
a

te
 c

a
p

a
c
ity

 a
ssu

m
e

s a w
e

ig
h

te
d

 lo
a

d
 fa

c
to

r o
f 

1
.6

. 

W
e

 
re

co
m

m
e

n
d

 
a 

re
sista

n
ce

 
fa

c
to

r 
o

f 0
.5

 
be 

u
se

d
 

fo
r 

p
ile

 
d

e
sig

n
. 

F
o

r th
e

 
A

S
D

 

m
e

th
o

d
, th

e
 a

llo
w

a
b

le
 se

rvice
 stre

ss sh
o

u
ld

 n
o

t e
xce

e
d

 2
5

 %
 o

f th
e

 yie
ld

 stre
n

g
th

 o
f 

ste
e

l o
ve

r th
e

 cro
ss se

ctio
n

a
l a

re
a

 o
f th

e
 p

ile
. 

3
. 

T
h

e
 su

rfa
ce

 o
f th

e
 b

e
d

ro
ck sh

o
u

ld
 b

e
 a

t le
a

st 1
0

 fe
e

t b
e

lo
w

 th
e

 b
o

tto
m

 o
f th

e
 p

ile
 

ca
p

. 
W

h
e

re
 th

is c
o

n
d

itio
n

 is n
o

t sa
tisfie

d
, e

a
ch

 p
ile

 lo
ca

tio
n

 sh
o

u
ld

 b
e

 p
re

d
rille

d
, in

 

a
cco

rd
a

n
ce

 
w

ith
 

S
e

ctio
n

 
5

0
2

.0
6

 
o

f th
e

 
S

ta
n

d
a

rd
 

S
p

e
cifica

tio
n

s, 
to

 
a 

d
e

p
th

 
o

f 
a

t 

le
a

st 
1

0
 
fe

e
t 

b
e

lo
w

 
th

e
 

b
o

tto
m

 
o

f 
th

e
 

p
ile

 
ca

p
. 

V
o

id
s 

re
m

a
in

in
g

 
b

e
tw

e
e

n
 

th
e

 

p
re

d
rille

d
 h

o
le

 a
n

d
 th

e
 p

ile
 a

fte
r d

riv
in

g
 sh

o
u

ld
 b

e
 fille

d
 w

ith
 p

e
a

 g
ra

ve
l o

r sa
n

d
. 

4
. 

B
a

se
d

 o
n

 o
u

r fie
ld

 e
xp

lo
ra

tio
n

, la
b

o
ra

to
ry

 te
s
tin

g
 a

n
d

 e
xp

e
rie

n
ce

 w
ith

 sim
ila

r p
ro

p
e

rly 

c
o

n
s
tru

c
te

d
 d

rive
n

 p
ile

 fo
u

n
d

a
tio

n
s
, w

e
 e

s
tim

a
te

 in
d

ivid
u

a
l p

ile
 s

e
ttle

m
e

n
t w

ill b
e

 o
n

 

th
e

 o
rd

e
r o

f y, 
in

ch
 o

r le
ss w

h
e

n
 d

e
sig

n
e

d
 a

cco
rd

in
g

 to
 th

e
 crite

ria
 p

re
se

n
te

d
 h

e
re

in
. 

T
h

e
 

s
e

ttle
m

e
n

t 
o

f 
clo

se
ly 

sp
a

ce
d

 
p

ile
s 

in
 

g
ro

u
p

s 
m

a
y
 

b
e

 
g

re
a

te
r 

a
n

d
 

sh
o

u
ld

 
be 

stu
d

ie
d

 o
n

 a
n

 in
d

ivid
u

a
l b

a
sis. 

5. 
A

xia
l 

p
ile

 
ca

p
a

citie
s 

m
a

y
 

be 
in

cre
a

se
d

 
b

y
 

o
n

e
-th

ird
 

w
h

e
n

 
co

n
sid

e
rin

g
 

w
in

d
 

a
n

d
/o

r 

e
a

rth
q

u
a

ke
 lo

a
d

in
g

. 

6
. 

P
iles 

m
a

y b
e

 d
e

sig
n

e
d

 to
 re

sist la
te

ra
l lo

a
d

s u
sin

g
 th

e
 p

a
ra

m
e

te
rs p

re
se

n
te

d
 a

b
o

ve
 

u
n

d
e

r "D
rille

d
 C

a
isso

n
s." 
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7
. 

R
e

sista
n

ce
 to

 
h

o
rizo

n
ta

l fo
rce

s 
m

a
y b

e
 

p
ro

vid
e

d
 

b
y 

b
a

tte
re

d
 

p
ile

s. 
It is 

n
o

rm
a

l to
 

a
ssu

m
e

 a b
a

tte
re

d
 

p
ile

 ca
n

 re
sist th

e
 sa

m
e

 a
xia

l lo
a

d
 

as a ve
rtica

l p
ile

 o
f th

e
 sa

m
e

 

ty
p

e
 a

n
d

 size
 d

rive
n

 to
 th

e
 sa

m
e

 e
le

va
tio

n
. 

T
h

e
 ve

rtica
l a

n
d

 h
o

rizo
n

ta
l c

o
m

p
o

n
e

n
ts

 

o
f 

th
e

 
lo

a
d

 
w

ill 
d

e
p

e
n

d
 

o
n

 
th

e
 

b
a

tte
r 

in
clin

a
tio

n
s. 

B
a

tte
rs 

sh
o

u
ld

 
n

o
t 

e
xce

e
d

 
1 

h
o

rizo
n

ta
l to

 4 v
e

rtic
a

l. 

8
. 

If e
xca

va
tio

n
s fo

r p
ile

 ca
p

s e
x
te

n
d

 
in

to
 b

e
d

ro
ck, 

a 
6

-in
c
h

 vo
id

 
sh

o
u

ld
 

b
e

 
p

ro
vid

e
d

 

b
e

n
e

a
th

 th
e

 p
ile

 ca
p

 to
 c

o
n

c
e

n
tra

te
 th

e
 p

ie
r lo

a
d

in
g

s a
n

d
 to

 se
p

a
ra

te
 th

e
 e

xp
a

n
sive

 

b
e

d
ro

ck fro
m

 th
e

 b
o

tto
m

 o
f th

e
 p

ile
 ca

p
. 

9
. 

C
lo

se
ly 

sp
a

ce
d

 
p

ile
s 

w
ill 

re
q

u
ire

 
a

p
p

ro
p

ria
te

 
re

d
u

c
tio

n
s
 

o
f 

th
e

 
la

te
ra

l 
a

n
d

 
a

xia
l 

ca
p

a
citie

s. 
R

e
d

u
ctio

n
 

in
 

la
te

ra
l 

lo
a

d
 

ca
p

a
city 

m
a

y 
b

e
 

a
vo

id
e

d
 

b
y
 

sp
a

cin
g

 
p

ile
s 

a 

ce
n

te
r-to

-ce
n

te
r d

is
ta

n
c
e

 in
 th

e
 d

ire
ctio

n
 p

a
ra

lle
l to

 lo
a

d
in

g
 o

f a
t le

a
st six tim

e
s th

e
 

p
ile

 
se

ctio
n

 
d

e
p

th
, 

a
n

d
 

a
t 

le
a

st 
2

.5
 

tim
e

s
 

th
e

 
s
e

c
tio

n
 

d
e

p
th

 
in

 
th

e
 

d
ire

ctio
n

 

p
e

rp
e

n
d

icu
la

r to
 lo

a
d

in
g

. 
F

o
r a

xia
l lo

a
d

in
g

, th
e

 c
e

n
te

r-to
-c

e
n

te
r p

ile
 sp

a
cin

g
 sh

o
u

ld
 

be 
a m

in
im

u
m

 th
re

e
 tim

e
s
 th

e
 s

e
c
tio

n
 d

e
p

th
. 

M
o

re
 clo

se
ly sp

a
ce

d
 p

ile
s sh

o
u

ld
 

b
e

 

stu
d

ie
d

 
o

n
 

a
n

 
in

d
iv

id
u

a
l 

b
a

sis 
to

 
d

e
te

rm
in

e
 th

e
 

a
p

p
ro

p
ria

te
 

re
d

u
c
tio

n
 

in
 

a
xia

l 
a

n
d

 

la
te

ra
l lo

a
d

 d
e

sig
n

 p
a

ra
m

e
te

rs. 

1
0

. 
T

h
e

 c
o

n
tra

c
to

r s
h

o
u

ld
 se

le
ct a d

rivin
g

 h
a

m
m

e
r a

cco
rd

in
g

 to
 th

e
 crite

ria
 p

re
se

n
te

d
 in 

S
e

ctio
n

s 5
0

2
.0

3
 a

n
d

 5
0

2
.0

4
 o

f th
e

 sta
n

d
a

rd
 s

p
e

c
ific

a
tio

n
s
. 

1
1

. 
T

h
e

 
p

ile
 

h
a

m
m

e
r 

sh
o

u
ld

 
be 

o
p

e
ra

te
d

 
a

t 
th

e
 

m
a

n
u

fa
c
tu

re
r's

 
re

co
m

m
e

n
d

e
d

 
stro

ke
 

w
h

e
n

 m
e

a
su

rin
g

 p
e

n
e

tra
tio

n
 re

sista
n

ce
 fo

r virtu
a

l re
fu

sa
l. 

1
2

. 
In 

th
e

 
e

v
e

n
t 

th
a

t 
p

re
d

rillin
g

 
is 

re
q

u
ire

d
 

in
 

o
rd

e
r 

to
 

te
rm

in
a

te
 

th
e

 
p

ile
s 

in
 

th
e

 

u
n

d
e

rlyin
g

 
b

e
d

ro
ck 

a
s 

a 
re

su
lt 

o
f th

e
 v

e
ry

 
d

e
n

se
 

co
b

b
le

s 
a

n
d

 
b

o
u

ld
e

rs 
w

ith
in

 
th

e
 

o
ve

rb
u

rd
e

n
 

so
ils, 

p
re

d
rillin

g
 

sh
o

u
ld

 
b

e
 

p
e

rfo
rm

e
d

 
in

 
a

cco
rd

a
n

ce
 

w
ith

 
S

u
b

se
ctio

n
 

5
0

2
.0

6
 o

f C
O

O
T

 S
ta

n
d

a
rd

 S
p

e
c
ific

a
tio

n
 fo

r R
o

a
d

 a
n

d
 B

rid
g

e
 C

o
n

s
tru

c
tio

n
. 

1
3

. 
C

o
n

sid
e

rin
g

 th
e

 n
u

m
b

e
r o

f p
ile

s to
 b

e
 in

sta
lle

d
 o

n
 th

e
 p

ro
je

ct, w
e

 re
co

m
m

e
n

d
 th

a
t a

t 

le
a

st 4 te
s
t p

ile
s b

e
 d

riv
e

n
 a

n
d

 te
s
te

d
 w

ith
 a P

ile D
rivin

g
 A

n
a

lyze
r (P

D
A

) a
t th

e
 s

ta
rt 

o
f c

o
n

s
tru

c
tio

n
 to

 d
e

te
rm

in
e

 v
irtu

a
l re

fu
sa

l crite
ria

 b
a

se
d

 o
n

 th
e

 p
ile

 lo
a

d
s, as w

e
ll a

s 

d
e

te
rm

in
e

 th
e

 c
o

n
d

itio
n

 o
f th

e
 p

ile
 d

u
rin

g
 d

rivin
g

 a
n

d
 th

e
 e

ffic
ie

n
c
y
 o

f th
e

 h
a

m
m

e
r. 

T
h

e
 sa

m
e

 p
ile

, p
ile

 h
a

m
m

e
r a

n
d

 cu
sh

io
n

 sh
o

u
ld

 b
e

 u
se

d
 fo

r d
rillin

g
 th

e
 te

s
t p

ile
s as 

w
ill b

e
 u

se
d

 to
 in

sta
ll th

e
 fo

u
n

d
a

tio
n

 p
ile

s. 

1
4

. 
T

h
e

 
p

ile
 

d
rivin

g
 

o
p

e
ra

tio
n

s 
sh

o
u

ld
 

b
e

 
o

b
se

rve
d

 
b

y
 

a 
re

p
re

se
n

ta
tive

 
o

f 
th

e
 

g
e

o
te

ch
n

ica
l 

e
n

g
in

e
e

r 
o

n
 

a 
fu

ll-tim
e

 
b

a
sis. 

E
ach 

p
ile

 
sh

o
u

ld
 

b
e

 
o

b
se

rve
d

 
a

n
d
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-

ch
e

cke
d

 
fo

r 
b

u
c
k
lin

g
, 

crim
p

in
g

 
a

n
d

 
a

lig
n

m
e

n
t 

in
 

a
d

d
itio

n
 
to

 
re

co
rd

in
g

 
p

e
n

e
tra

tio
n

 

re
sista

n
ce

 a
n

d
 g

e
n

e
ra

l p
ile

 d
rivin

g
 o

p
e

ra
tio

n
s. 

S
p

re
a

d
 F

o
o

tin
g

s: 
T

h
e

 e
x
is

tin
g

 fill e
n

co
u

n
te

re
d

 in
 B

o
rin

g
s 4

4
 a

n
d

 4
5

 a
p

p
e

a
rs to

 b
e

 re
la

tive
ly 

co
m

p
a

ct. 
H

o
w

e
v
e

r, in
 o

rd
e

r to
 p

ro
vid

e
 u

n
ifo

rm
 su

p
p

o
rt fo

r th
e

 re
ta

in
in

g
 
w

a
ll fo

o
tin

g
, 

w
e

 

re
co

m
m

e
n

d
 

th
e

 
fo

o
tin

g
 

b
e

 
su

p
p

o
rte

d
 

o
n

 
a 

la
ye

r o
f 

n
e

w
 

s
tru

c
tu

ra
l 

fill. 
T

h
e

 
d

e
sig

n
 

a
n

d
 

c
o

n
s
tru

c
tio

n
 

d
e

ta
ils 

p
re

se
n

te
d

 
b

e
lo

w
 

sh
o

u
ld

 
b

e
 

o
b

se
rve

d
 

fo
r 

sp
re

a
d

 
fo

o
tin

g
s
 

su
p

p
o

rtin
g

 

re
ta

in
in

g
 w

a
ll B

-3
R

. 

1
. 

W
e

 re
co

m
m

e
n

d
 th

e
 e

x
is

tin
g

 so
ils b

e
lo

w
 fo

u
n

d
a

tio
n

 b
e

a
rin

g
 le

ve
l b

e
 o

v
e

r e
xca

va
te

d
 

to
 a d

e
p

th
 o

f 3 
fe

e
t a

n
d

 re
p

la
ce

d
 
w

ith
 co

m
p

a
cte

d
 fill m

a
te

ria
l co

n
sistin

g
 o

f C
la

ss I 

stru
ctu

ra
l b

a
ckfill. 

T
h

e
 fill sh

o
u

ld
 b

e
 c

o
m

p
a

c
te

d
 in

 a
c
c
o

rd
a

n
c
e

 w
ith

 th
e

 re
q

u
ire

m
e

n
ts 

o
f th

e
 sta

n
d

a
rd

 s
p

e
c
ific

a
tio

n
s
. 

2. 
F

o
r th

e
 

LR
F

D
 

m
e

th
o

d
 

o
f 

d
e

sig
n

, 
w

e
 

re
co

m
m

e
n

d
 

a
n

 
u

ltim
a

te
 

b
e

a
rin

g
 

c
a

p
a

c
ity

 
o

f 

9
,6

0
0

 p
s
f b

e
 u

se
d

. 
T

h
e

 u
ltim

a
te

 c
a

p
a

c
ity

 a
ssu

m
e

s 
a w

e
ig

h
te

d
 lo

a
d

 fa
c
to

r o
f 

1
.6

 

a
n

d
 a re

sista
n

ce
 fa

c
to

r o
f 0

.5
. 

F
o

r th
e

 A
S

D
 m

e
th

o
d

, w
e

 re
co

m
m

e
n

d
 a

n
 a

llo
w

a
b

le
 

so
il b

e
a

rin
g

 p
re

ssu
re

 o
f 3

,0
0

0
 p

sf. 

3
. 

F
o

o
tin

g
s sh

o
u

ld
 

b
e

 
p

ro
vid

e
d

 w
ith

 a
d

e
q

u
a

te
 so

il c
o

v
e

r a
b

o
ve

 th
e

ir b
e

a
rin

g
 e

le
va

tio
n

 

fo
r fro

s
t p

ro
te

c
tio

n
. 

P
la

ce
m

e
n

ts o
f fo

u
n

d
a

tio
n

s
 a

t le
a

s
t 3

0
 in

ch
e

s b
e

lo
w

 th
e

 e
x
te

rio
r 

g
ra

d
e

 is ty
p

ic
a

lly
 u

se
d

 in
 th

is
 a

re
a

. 

4
. 

T
h

e
 la

te
ra

l e
xiste

n
ce

 o
f th

e
 fo

o
tin

g
s
 w

ill b
e

 a c
o

m
b

in
a

tio
n

 o
f th

e
 slid

in
g

 re
sista

n
ce

 o
f 

th
e

 fo
o

tin
g

 o
n

 th
e

 fo
u

n
d

a
tio

n
 m

a
te

ria
ls a

n
d

 p
a

ssive
 e

a
rth

 p
re

ssu
re

 a
g

a
in

st th
e

 sid
e

 

o
f th

e
 fo

o
tin

g
. 

R
e

sista
n

ce
 to

 slid
in

g
 a

t th
e

 b
o

tto
m

 o
f th

e
 fo

o
tin

g
s
 m

a
y
 b

e
 ca

lcu
la

te
d

 

b
a

se
d

 o
n

 a c
o

e
ffic

ie
n

t o
f fric

tio
n

 o
f 0

.3
0

. 
P

a
ssive

 p
re

ssu
re

 a
g

a
in

st th
e

 sid
e

 o
f th

e
 

fo
o

tin
g

 
m

a
y
 

b
e

 
c
a

lc
u

la
te

d
 

u
sin

g
 

a
n

 
e

q
u

iva
le

n
t flu

id
 

u
n

it 
w

e
ig

h
t 

o
f 

2
0

0
 

p
c
f. 

T
h

e
 

c
o

e
ffic

ie
n

t fo
r fric

tio
n

 
a

n
d

 p
a

ssive
 va

lu
e

s 
re

co
m

m
e

n
d

e
d

 
a

b
o

ve
 a

re
 
w

o
rk

in
g

 va
lu

e
s. 

C
o

m
p

a
cte

d
 fill p

la
ce

d
 a

g
a

in
st th

e
 sid

e
s o

f th
e

 fo
o

tin
g

s
 to

 re
sist la

te
ra

l lo
a

d
s sh

o
u

ld
 

b
e

 a 
n

o
n

e
xp

a
n

sive
, 

g
ra

n
u

la
r m

a
te

ria
l 

c
o

m
p

a
c
te

d
 to

 
a

t 
le

a
st 

9
5

%
 

o
f th

e
 

m
a

x
im

u
m

 

sta
n

d
a

rd
 P

ro
c
to

r d
e

n
s
ity

 (A
A

S
H

T
O

 T
-9

9
) a

t a m
o

is
tu

re
 c

o
n

te
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