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MEMORANDUHN

November 1, 1956
I-Hum-1-Eur
TO: A, W, Root
FROM: W, G, Weber
SUBJECT: Progress Report No. 1. Effects of driving sand
drains st Eureka Slough

Introduction

A test sectlon has been establlshed at the approaches to
Eureks Slough Bridge to study the action of sand dralns, The
North Approach 1s constructed over a clayey sand to fine sand
that is seml-pervious, The South Approach 1s constructed over
a silty clay to clayey silt that 1s semi-impervious, Fills up
to 25 feet 1in height are to be constructed across the sbove
solls, The native solls are being stabilized by means of
vertical sand drains, Thils report covers the effects of pleclng
the send drains,

Tnstellation of the Sand Draeins

The sand draing under the South Approach werse installed

by means of a nlneteen inch closed mandrel to a depth of about
50 feet in the south approach, The mandrel drove very easlly
for the first 16 to 18 feet, two to three blows per foot with
a 1—1/2-ton drop hammer, The remaining depth was considerably
harder driving with 5 to 15 blows per foot being required, The
mandrel was then filled with sand and & cap placed upon the
mendrel; An alr pressure of 70 to 90 1lbs, per &4q. in, was then
applied to the mendrel and the mandrel withdrawn leaving the
gand in its place,. When the mandrel was completely wilthdrawn

- the send would be l to 5 feet below {ts original level 1n the
mendrel, The sand column was then completely filled to the
ground surface, A one to two-foot working table was used %o

b support the pile driving rig. No stripping of the area was donse.

On the north approach & 22 inch dlameter rotary drill rig
was used to drill a hole to & depth of 8 to 15 feet. The
boring was then backflilled with sand, and a water Jet used to
insure that no arching of the sand occurred. No working plat-
form was required and stripping wes done with a motor grader
after the sand drains were installed,
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On both approaches 8ll sand drains were exposed prior to
the placing of & two-foot sand blanket. The sand drains on
the north approach.all were weeping within two days of instal-
lation. On the south approach the sand dralns required about
five days, after installatlon, before weepling occurred.

%ee attached photos for detalls of operations,
Sand Material

The same sand was used in the sand drains and 1n the sand
blenket, It 1s a fine sand obtained from a nearby sand spit,
The grading is shown in the following table,

TABLE NO. 1

Grading of 8and Used in Sand Drains
and in the Sand Blanket

Qieve Percent
Size Pagsing
30 100
50 9l
100 3
200 1

Permeabllity tests show & permeablllity of 8l fest per
day in the loose state,

Settlements

Settlement platforms were installed prior to the driving
of the sand drains, For location of installations see Flg,
No, 1. The readlngs of the settlement platforms before and
after driving. the sand drains in the south approach are shown
in Table No, 2. The settlement platforms show an appreciable
rise after the sand dralns were driven in the south approach,

The settlement platforms were placed in the center of a
square formed by four gsand drains, Readings were taken before
driving each sand dreain, after the mendrel was 1n place end
before the alr pressure was epplled, and after the mandrel was
withdrawn, The results of these readings were very erratlic,
The rise in the platform would start when the sand drains were
driven 15 to 25 feet from the pletform and contlnue to rise
1in an erratic manner until the platform had been passed, For
this reason the readings shown in Teble No, 2 ere in the
morning before the contractor's operations started and 1ln the
evening after the contractor campleted his operations, DMeasure-
ments were taken in an attempt to determine the effects of
driving the closed mandrel and applying the alr pressure ln
withdrawing the mandrel, Due to the uncertainty and erratic-
ness of the readlngs they are not being included.

WAL SRS OmE O



http://www.fastio.com/

Clib-RDE——y

_3-

No change in elevation was noted in the settlement platform
on the north approach, As the sand drains under the north
approach were installed by means of a drilled hole, 1t 1s reason-
able to expect no change 1n elevation,

Hubs were driven in the soll before the start of sand draln
operations to check the settlement platforms, All of the hubs
were destroyed by the contractor's operations,

Pore Pressures

Piezometers were installed before the driving of sand dralns,
The piezometers are of two types: the control plezometers
placed equal distance from four sand drains at a depth of 10 and
20 feet, and special test group placed at various distances from
s sand drain and at various depths, The speclal test group &are
plezometers 2-33 to 2-39 incluslve,

The control plezometers under the south approach showed &
varying increase in pore pressure due to the placing of the sand
drains; see Table No, 3. This increase in pore pressure varied
from 0,05 to 0,38 tons per sq, ft., with an aversge increase of
0.20 tons per sq. ft, Three plezometers were placed in the stiff
silty clay underlylng the depth to which the sand dralins were
driven, These piezometers showed an lncrease in pore pressure of
0.30 tons per sg, ft,

The plezometers in the speclal test area, at varlous
distences from a sand draln showed that a uniform increase in
pore pressure occurred in a horlzontal direction (0,12 tons per
sq. ft.). In the vertlical direction the lncrease in pore
pressure increased with depth from 0,11 to 0.16 tons per sq. ft,

Attempts were made to take pore pressure readings during
the driving of the sand dralns, but due to the time lag of the
piezometers this proved impossible, The pore pressures shown
in Table No., 3 are the morning readings only,

The pore pressures under the north approach did not change
during the placing of the sand drains,

Pressure Cells

One 8-inch diameter pressurs cell was pleced near the toe
of slope so as to record the norizontel s tress, (C-41), This
cell showed an lncrease of 0,20 tona per sg, ft, in stress
efter driving the closed mendrel and 0,35 tons per sq. ft. after
withdrawing the mandrel. Within & week's time the horizontal
stress had been relleved and the pressure cell read slightly

sbove its original reading,

Heave Stalkes

A series of heave stakes were installed to the slde of
the gand dralin area, Due to the soft condition of the native
soil walking would move these stakes, so this attempt was dls-
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continued. A serles of lath were placed 1in the channel change
to pecord movement at the sides and bottom. At high tide they
floated away, and attempts were again discontinued, The only
reliable measurements of movement obtalned were L x l} inch posts
set two feet Into the mud, These posts were gset at Statlons
215+ and 2174, near the bank of the channel change, At Station
215+ an upward movement of 0,03 feet and an outward movement of
0.10 feet were recorded, At Station 217+ an upward movement of
0,02 feet and an outward movement of 0,15 feet were recorded,
The accuracy of the above movements 1g 0,02 feet, The major
movement appears to be in the horizontal direction away from the
111, The x li inch posts are about 20 feet from the sand draln
area, and it is reasonable to assume that greater movement
occurred close to the sand drain area.

DPlscussion of Settlement and Pressure Data

The driving of the closed mandrel produces & downward
force below the bottom of the sand drains and & horizontal force
along the depth of the sand drains, These stresses are caused
by the soll belng displaced in the driving of the sand draln,
For the 20-foot sand drains under the south approach the meandrel
occupled a volume of 43 cu, f£t, If all of this volume caused &
vertical displacement a surface movement of O.h3 feet would have
occurred. However, & portion of this movement is in the horl-
zontal direction, At the south approach the movement in the hori-
zontal and vertical directions appeared to be about equal, The
volume displaced resulted in an increase in pore pressure that
incressed with depth, Thls pore pressure could be important
where low fills of questlonable stabllity are involved, This
may be a factor where f11ls have falled when loaded before the
gand drains have had an opportunity to relieve the pore pressure
induced by driving the sand drains, The pore pressure readings
will be observed to see 1f loading increases the pore pressure
or if the pore pressure remains constant until its loading has
been reached, The downward force 1s evident from the pore
pressure below the bottom of the sand dralns,

The use of compressed alr in withdrewing the closed mandrel
could increase the horizontal pressure, The plezometers gave
indications that the alr pressurse ceused a sudden increase in
pore pressure; however, the time lag wes such that no accurate
measurements could be obtained, The herizontal pressure cell
(c-41) had sufficiently high response to record this effect,
This installatlon showed that the horizontal pressure was in=-
creased from 0,20 to 0.35 tons per sq. ft. when the air pressure
was applied., It would be advisable to try using a lower alr
pressure, hO to 50 1lbs, per sd. inch, t o reduce this lncreased
pressure and gt11l result in a continuous sand column,

With the use of & one size sand, 30 to 50 mesh, it 1s
possible thet the horizontal force may result in the native
soll working into the sand dralns, Auger borings in two sand
draeins to a depth of ten feet did not show any intruslon of
the sand. Intruslon of the native soll into the sand drain
could greatly decrease the sand drains effectiveness,

ot
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Piezometers were placed in two sand drains to check 1f plugging
actlon occures,

At the north approach the soll wags removed from the sand
drain, This resulted in the placling of the sand dralns without
causing a pore pressure or a soll movement,

3trength of the Native Soll

Two apeclal test areas wers established, one outside the
sand drein area, and one inside the sand drain area, Two-inch
sample borings were made in both areas before and after driving
the sand drains. The strengths are shown on Fig, No, 2. In
the sand drain area & boring was made two feet from the center
of e sand drain and five feet from the center of a sand drain,
The borings were made one and two days after driving the sand
drains in this area., A slight increase in strength appears to
have occurred from elevation =5 to -15, This increase 1in shear-
ing strength is of doubtfull significangi-being about 0.05 ton
per sq. ft, Outslde the sand 4 votm-aFea about two feet of 411
was in place. No change In strength was noted,

Moisture Contents

Tn the borings inside and outside the sand draln areas
molsture contents were taken, The moisture contents are shown
in Fig., No. 3. Outside the send drain area there was no
moisture change noted, The test aree inside the sand drain
apea showed a decrease of 15 percent molsture content between
elevation =4 and -11, It is not known 1f this molsture content
existed before the driving of the gand drains or if for some
reason the sand drains rapldly decreased the moisture content,

Three molsture contents by nuclear methods tubes were
placed in the gand drain area, These tegts are being run in
cooperation with the University of California, Our prelimi-
nery analysis of the dets indlcates that considerable change
in moisture content occurred, The date 1s belng worked up by
the University of Callforniea end will be included 1n later
reports when 1t is recelved,

The large decrease in moisture content indicated by the
borings, 15 percent, should heve resulted in an appreclable
increase in strength, The triaxlial tests have not been
completed s© that a definite relatlon between molsture content
and strength has not been ostablished. The preliminary data
indicate that the lncrease in strength should have been about
0,15 tons per sq, ft. This discrepancy in the increass in
strength could be due to a remolding affect during the driving
of the sand drains, There i1s elso the possibility that, al-
though four Lorings were placed in the test area before con-
struction, the sampling after the placing of the gsand drsains
was in & lower initial moisture content area,
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Conclusions

Only limited conecluslons may be drawn at the present time,
The following conclusions will only apply to the conditions at
Eureka Slough and may or may not apply in general to sand draln
instellations,

1, The placing of sand drains by means of & closed
mandrel results in an increase In the pore pressure,

2. The placing of sand drains by means of a drilled
hole did not disturb the soll,

3, The placing of the sand drains in the south approach
by means of a closed mandrel did not change the
strength of the native soil,

L a0 b PPl AL,

W. @, Weber, Jr.
Asgst, Phys. Test. Engr.

WGWiml
Attech,
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TABLE NO. 2

COMPARISON OF SETTLEMENTS
BEFORE AND AFTER DRIVING SAND DRAINS

Distance
from
Sand Drain
Settlement Sand Settlements to
Platform Drain Feet Rise in Settlement
No. T.ines Before After Peet Platform Remerks
splly B,C,D 0,03 =0,07 0,10 5
sPLL F,G -0.07 =0,15 0,08 5
8SPL5 B,C,D 0,03 =-0,02 0.05 5 In firm clay
SPL45 F,G -0,02 =0,08 6,06 5 Ditto
SPL7 B,C,D 0.07 0,11 =~0,04 5
* 8P47 F,G 0,11 0.10 0,01 23
8SP51 ¢,D 0,01 =0,02 0,03 5 Existing send
draln arsa
SP52 ¢,D 0,10 0.05 0,05 15
SP52 F,G 0.05 =0,20 0,25 5
SP53 c,D 0,06 0,03 0,03 15 In firm clay
SP53 F,G 0,03 =0,04 0.07 5 Ditto

f.
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TABLE NO. 3

COMPARISON OF PCRE PRESSURES

BEFORE AND AFTER DRIVING SAND DRAINS

] Distance
’ of
Sand Pore Pressure Sand Drains
Piezometer Drain _Ton/sq., ft, Rise in from
v No, Lines Betore After Pore Pressure FPlezometer Remarks
Z-9 Cc,D .01 0,13 0.12 10 In existing
8S.D, area
2-13 B,C,D .01 0.39 0,38 5
Z-13 H,J .25 0,28 0,03 15
Z-1k H,J .02 0.20 0,18 5 At toe of
slope
z-16 H,J .0l 0.26 0,22 Ditto
2-33 B,C,D .16 0.46 0.30 5 In firm
Z=-33 F,G A5 0.46 0,01 20 clay
Z-3 B,C,D .10 0.22 0.12 5
Z-3k F,G .2l 0,34 0.10 20
2-35 B,C,D 11 0.27 0.16 5 15 ft,
Z2-35 P,G .27 0,30 0,03 20 depth
2-36 B,C,D .05 0.16 0,11 Ly 5 ft,
Z~36 , .15 0,20 0,05 20 depth
Z~37 B,C,D .10 0.23 0.13 3
Z-37 F,G .23 0.29 0,06 20
Z=38 B,C,D .09 0.21 0,12 2
z-38 F,G .22 0,21 -0,01 20
Z-39 B,G,D .10 0,22 0.12 1/2
2-39 F,G .20 0.15 -0,05 20
7-62 ¢,D .18 0,18 0,00 17
firm
- z-62 H .18 0.18 0,00 13 In
z-62  F,G 18 0.52 0.34 5 Clay
2-63 ¢,D .18 0.2 0,06 23
2-63 F,G .23 0,28 0.05 5
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Pig. No, 1, General view of the pile driving rig
used in placing the sand drains by
means of a closed mandrel, North

approach,

- Fig. No,. 2., Driving the closed mandrel,
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Fig. No. 3. Mandrel driven to required depth
and ready to be filled with sand,

Filling the mandrel with sand.

Fig. No. L.
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FPig, No. 5. The mandrel filled with sand and the
cap in place ready to withdraw the

mandrel from the soil.

Fig. No, b. Withdrawing the mendrel from the soil.
Note air hose supplying air to aid in
withdrawing the mandrel.

ChbPDF=wwiwfastio.com


http://www.fastio.com/

"

Fig. No. 7. General view of the rotary drill rig
placing sand drains on the south

approach,

Rotary drill rig bringing up an auger

?ig. No. 8.
o1l of soil,
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Fig, No., 9. Genesral view of the south approach before placing
the sand dralns, from bridge to motel,

south approach after complet-

Fig. No., 10, General view of the £
from the bridge to the motedi,

ing the sand drains
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Fig. No, 11. Special test section in the sand drain area, Station
235+75, after completion of the sand drains, Note
gand drains weeping in right of plecture. Settlement
platforme =t Station 215+00, on centerline, just to
right of center of picture.

e e R S
RS e

Fig., No. 12, Special test section outside sand drain area, Station
213450, before placing £iil. Running moisture density

by nuclear methods,
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Fig. No, 13. Herizontal and vertlcal pressure cells in
place after driving sand drain,

Fig. No. 1, Placing of the sand blanket In the south
approach sand drain area,
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