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Jeb No. 8865-001

Bechtel Corporation
50 Beale Street
San Francisco, California 94105

Attention: Mr. Melvin G. Lewis

Gentlemen:

With this letter we transmit 12 copies of our report "Foundation
tnvestigation, Proposed Metropolitan Life Building, San Francisco,
Catifornia.” This report completes Phases Il and 1l!| of the investiga-
tion as outlined in our April 1, 1971 proposat, as amended July 19, 1971
and presents our final foundation design recommendations.

Buring the course of this investigation, we have reviewed our
findings and conclusions with your architectc and enginesrs at Skidmore,
Owings & Merrill. The planned foundation system utilizes 30-fecot-long high
capacity piles (115~ and 135-ton design loads), predrilled and driven
into an upper dense sand stratum. The system also calls for a dewatered
subbasement floor slab at Elevation -25. This scheme is considered
to be the most econcmical founaetion system of several which were studied.
However, a portion of the savings in floor slab costs are offset by higher
pile costs due to a reduction in the bearing capacity of the sands caused
by the upward sespage force foward the underdrained floor system.

The pite design loads are considerably higher than the 20-ton loads
previous!y used for 18-inch-square prestressed piles at the new P.G. & E.
Building for similar bearing capacity conditions in the upper sands. Thus,

a pile load test program is necessary to verify safe pile loads and appropriate

‘driving criteria. However, the current demolition and construction scnedules

limit the area avaiiable for initial test driving and load festing to the
southerly third of the tower area. In order to minimize the changes in pile
driving requirements in the baleance of the site during production pile
driving, mcre conservative pile sizes have been selected (20-inch-square

for 115 tons and 24~inch~-square for 135 tons) than would have been necessary
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if the entire site had been available for the test pile progran. Driving

of these piling with followers from the existing single-basement depth
requires the use of heavy hanmers and high-driving resistances to compensate
for the temporarily high confinement in the bearing sands since about three
fourths of the soil support Is in end bearing. Recommendations for shoring
design and information relating to seismic design have been presented in
separate reports,

We enjoyed working on this project and we look forward to continued
participation during bid selection and construction of the foundations.
Please let us know If you have any questions concerning this report or if
we can assist in any way during final design and construction.

Yours very truly,

DAMES & MOORE
s
D P 2T ’/ //’A"Qﬁ/‘\,
%///“"'/1'3")-’*-'/

William W. Moore
Senior Consulting Partner
WWM:RDD:RAB:is
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REPORT
FOUNDATION INVESTIGATIUN
PROPOSED METROPOLITANM LIFE BUILDING

SAN FRANCISCO, CALIVORNIA

INTRODUCT | ON

This report presents the results of our foundation investigation
for the proposed 36-story Metropolitan Life Building to be located at the
corner of Market and Fremont Streets, San Francisce, California. The
scope of this investigation was tailored to supplementing the considerasule
data in our files from nearby projects. Phase | of the investigation in-
cluded evaluations of possible foundation schemes based on results of
nearby subsurface information. The results of Fhase | were informally
presented. In this report we present the basic subsurface informaiion
upon which our recommendations were based and final design recommendations
for the pile foundations. Also Included are discussions on basement de-
sign considerations, lateral earth pressure recommendations, building
settlement behavior, and our evaluation of the !iquefaction potential of
the bearing sands under seismic vibrations.

Preliminary studies were performed for shoring design, and for
the analysis of the superstructure under anticipated sei§mic events.,

The results of these specialized studies were presented sepafafe!y*. In

*1) Lateral Fressures tor Preliminary Shoring Design, July 9, 1971,
2) Seismic Design Studies, Proposed High-Rise Structure, Market and
Fremont Streets, San Francisco, California, for Metropolitan Life
Insurance Company, August 6, 1971,
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our report on shoring, we did not point out The importance of maintaining
a watertight seal betwecn the upper and lower aquifers. This Is discussed
in detail in the Conclusions and Recommendations paragraphs at the end of
this report.

The location of the planned building with respect o test borings
that we have drilled in the nearby downtown areca is shown on Plates |, 2
and 3. Confours of imporiant subsurface strats as interpreted from the
borings are also shown on these plates. The results of the two test bor-
ings and the associated laboratory testing performed specifically for
this investigation are presented in Appendix A.

PROPOSED CONSTRUCT ION

It is our understanding that the proposed tower will be 3& stories :

T o

above the street and contain two basements approximately 30 feet deep. Fie
tower, to be located at the north end of the property, will measure 130 by
200 feet to the center lines of the exterior columns. The basement walls
will extend to the property lines which measure about 140 by 280 feet.

The average dead plus live load of the building at the subbasement silab is
estimated to be approximately 4,500 pounds per‘square foot. Columns are
planned at 20 by 40 and 45-foot bays. Column loads will range from 1,300
tons for exterior columns to 2,300 tons for interior columns for dead plus
live loads. |t is planned to support the interior columns on fwo rows of
I15-ton piles, 4 across and 4 feet on center, and the exferiér columns on
a double row of i35-ton piles 4 feet on center. Piles will be driven to

end bearing in the underlying sand strata. |t is expected that the piltes

DAMES £ MOORE
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will be driven with a follower prior to excavating for the besement in
order to expedite construction. The lower basement slab-on-grade will be

uncerlain by a drain blanket and subsurface drain system with gravity flow
outlets that will eliminate hydrostatic uplift pressures beneath the slab.
It is anticipated thal the basement will be extended for future lcw~rice
buildings on the adjacent property.

SITE CONDITIONS

The site is located on the bay side and immediately adjacent fo
the old shoreline of San Francisco Bay that in the early 1800's ran be~
tween First and Fremont Streets. The site was reclaimed by man-made fills
consisting of sand and rubble placed more than 100 years ago. The sidewalk
elevation is presentiy about Elevation +4, City of San Francisco Datum.

The building area is now occupied by one singie-story and two, three-story
buildings, all with basements to the curbline. The existing adjacent

bulldings consist of three to six-story buildings. To the southwest on

First Street (Lot |1), the two six-story buildings are known to be pile-
supported. The three-story building to the southeast on Fremont Street

(Lot 4) is thought to be supported on a timber mat; if so, this building

will be underpinned. The adjacent building facing Market Street, on Lot
13, Is scheduled for demolition prior to construction of the Metropolitan
Life Building.

SUBSURFACE CONDITIOHS

Based on the two test borings drilled for this investigation, as
well as many borings drilled for nearby investigations, we believe fhat

the subsurface conditions have been defined sufficiently to not require

DAMES £ MOORE
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A summary of the

soi! conditions within the tower area as developed from straight line inter-

polation between borings, is tabulated below with a detailed description

following. Variations of a few feet in fthe interpolsted elevations of the

various strata are likely to occur between borings.

LAYER THICKNESS TOP AND BOTTOM OF LAYERS
DEPTH BELOW ELEVATTON
STREET GRADE (S.F. Datum)
(Ft.) Min, Max.
0 0 +4 44
Fill (including basement) 18 - 26
18 26 -14 -22
Recent Bay Deposits 14 - 28
40 47 -36 -43
Bearing Sands 28 - 42
74 80 -70 ~76
Upper Dessicated 0Old
Bay Clay 13 - 20
84 97 -80 -83
Second Sand Laver IG - 22
101 RN -97 =107
Thick Oid Bay Clay 45 - 65
149 176 ~145 -172
Intermixed Sands & Clays 88 - 94
258 264 -254 ~260

Bedrock

Below the basements of the existing buiidings loose fills consis-

ting of fine clean sand with some rubble are expected to extend to depths

of 18 to 26 feet below street grade, with the deepest fill at the Market

Street end of the site.

Piling from existing and previous bulldings may

DAMEIES £ MOORE
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also be encountered. The piling is most likely to be wood piling extending
to a depth of not more than 50 feet (Elevation -46 feet). The water level

in the fill was, at the time of drilling, encountered at a depth of (4 feet
(Elevation -10), which, we believe, is representative of the average water

level throughout the year. Seasonal fluctuations are probably less than

i2 feet.

The fills are underiain by 14 to 28 feet of recent bay deposits
consisting of soft to medium stiff silty clay intermixed with sand lenses.
The thickest deposits were found at Boring No. 2 and the shallowest are
expected to be at the dliametrically opposite corner. The bottom of this
stratum is shown by the full contour lines on Plate |.

The recent bay deposits are underlain by 28 to 42 feet of dense
to very dense sands termed '"bearing sand." This is the uppermost layer
from which major buildings can gain foundation support. The extent of
this stratum is shown on Plate |. The sands are primarily clean sand In-
termixed with silty and clayey sand, particularly near the top and bottom
of the stratum. Occasional cementation was encountered. The water level
in this stratum was measured in the observation well at about Elevation -30.
Water table elevations are discussed in detail later.

The bearing sands are underlain by a 13 to 20-foot~thick stratum
of very stiff marine clays, termed "Upper Dessicated Old Bay Clays." This
portion of Old Bay Clay is hightly consolidated (probab!y duelfo dessicea-

tion) and will therefore not contribute appreciably to the settlement of

the proposed building.

DAMES £ MOORE
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Beneath this layer is a sand stratum termed "Second Sand Layer,"
which would also offer high end bearing resistance for piles driven through
the "bearing sand" stratum. The extent of this layer is shown on Plate 2.

The 45 to 65-foot-thick marine clay beneath, termed "Thick Otd
Bay Clay," is the major contributor to settlement for heavy buildings
founded above. The top and bottom elevations are shown by the contours cn
Plate 3. |t is not as highly over-consolidated as the Old Bay Ciay layer
above. For loads not exceeding the preconsolidation pressure it is only
moderately compressible. However, under heavier loads it will compress
similarly to soft Bay Mud.

Beneath the 0ld Bay Clays are very stiff clays intermixed with
layers of very dense sands to bedrock. These layers will only compress
stightly under the anticipated loads. Their properties would only be of
interest if piling were to extend into them, a design condition that was
considered but judged 1o be unnecessary and excessively expensive.

WATER LEVELS

The elevation of the groundwater table (piezometric level) is
different in the sands above the recent bay deposits than in the sands be-
fow the recent bay deposits. The upper water table is normally about
Elevation -10, San Francisco Datum, and has not undergone recent signifi-
cant variations. |t Is controlled primarily by the mean tide level in San
Francisco Bay. Based on observations taken at other downtown locations,
the lower water table (piezometric level) in the bearing sands below the

recent bay deposits has fluctuated from as high as the upper water fable

OAMES £ MOORE
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o as low as Elevation -36 1o -40 feet. This lower water level has risen

slowly over the last several months and is now at Elevation -28 as measured .

in observation well W-1 near Boring No. . It is very likely that the
water level in these sands with time will rise to its earlier (pre-{9u9®)
high of about Elevation -10 feet.

When the water level in the bearing sand is below ifs normal
Elevation -10, there is a downward seepage gradient in the recent bay de-
posits. The result is a tendency for the streets and fill-supported
buildings to settle due o consolidation of the recent bay deposits. The
interparticle stresses in the deceper soils below the bearing sands are
also higher due to the reduction in buoyancy. This causes even the pile-
supported buildings to settle due to consolidation of the underlying Old
Bay Clays. During construction, the higher interparticle stresses in the
bearing sands will cause piles to have higher capacity at the fime of in-
stallation than later when the water table rises. The lower water pressure
does have some offsetting benefits, however, as it reduces the lateral
earth pressure on shoring, increases the passive resistance of soils below
the bottom of the excavation, and reduces the tendencies for bottom heave.

CONCLUS IONS AND RECOMMENDAT I ONS

The presently proposed basement and foundation scheme utilizes

115 and 135-ton design capacity piles driven into the upper sand stratum,

and a dewatered basement slab at Elevation -25., This scheme is considered
1o be satisfactory from support and settlement considerations, as well as

being the most economically competitive type of foundation system. The

DAMES £ MOORE
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bearing sands have adequale supporting capacity for the static and seismic
building loads, and settlements of the underlying soils do not appear to
be of such a magnitude as to cause excessive differential settlements
within the fower.

In the remainder of this report we present a more detailed dis-
cussion of the design considerations for basement and piling installation,
an explanation of our liquefaction studies, and the results of our
seftlement evaluations. -

BASEMENT DES{GN AND CONSTRUCTION

Detal ied recommendations were presenfed in our Progress Letter
dated July 9, 1971 for the development of excavation procedures and design
of shoring. Information on lateral pressures for design of the basement
walls can be obtained from that letter. The basement walls should be de~
signed with the groundwater considered to be at Elevation -10 even though
the basement slab on the inferior of the building will be drained. Although
the basement lateral pressurés will be influenced by the shoring details,
a satisfactory design can be based on the &active pressure diagrams for the
shoring with certain precautions: |) an allowance should be made for sur-
charge at the street sides of the building; 2) care should be exercised in
placing backfill against basement walls not to develop high compaction
pressures. Considering ordinary street traffic, an appropriate pressure
diagram would be 200 pounds per square foot to a depth of»S %eef and then
increasing at a rate of 35 pounds per square foot per foot to the water

table at Elevation -10. From Elevation -10 to -20, the lateral pressure

DAMES £ MOORE
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should be increased at the rate of 80 pounds per square foot and below ~20
at the rate of 90 pounds per square foot.

It is our opinion that the subbasement slab can be satisfactorily
supported on the recent bay deposits that are expected to extend about 10
to 20 feet below the bottom of the stab. To avoid designing the slab to
resist about 15 feet of hydrostatuc pressure, a drain blanket of graded
filter material will be placed beneath the slab with drain pipes into
pumped sumps. The outlet elevations should be one fo ftwo feet below the
slab. The slab should be well reinforced so That displacements do not de-
velop at joints and wall connections resulting from the expecled settlement
of the pile caps and the slight swelling tendencies of the soiis between
the pile caps.

To avoid lowering the water table in the area surrounding the
basement, which could lead to adverse behavior of the adjacent structures
and/or troublesome legal problems, provisions must be included to avoid
creating channels along the basement and foundation components that could
conduct groundwater to the drain blanket from the sands that are both above
and below the recent bay deposits.

As long as the water table in the bearing sands remains below the
bottom of the excavalion, there will be no tendency for the drain blanket
to affect it. However, if the water table rises, as expected, to about
Elevation ~10, the upward hydraulic gradient in the clays between the drain
blanket and the bearing sands will about balance the weight of the clays.

This would produce a tendency for piping through any channels that may

DAMES U MOoOORE
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penetrate the clays. During excavation, any existing piling thal are to be
removed should be cut or broken off rather than pulled. The excavation
should be inspected for old well casings and if found, these should be
sealed with a heavy bentonite or cement crout. Any relief wells or dewater-
ing wells fo be used during construction should be sesled. It will be
necessary that the backfill for the pile caps and elevator plvs contain
layers of impermeable material compacted tightly against Tthe faces of fﬁe
excavation and structures. Some methods of shoring could create chaanels
for water to enfervfﬁe d?é}n blanket from one or both of the sand strata.
éervious working pads below the perimeter pile caps could also form poten-
tial seepage channels. Special attention should be given to these and
similar details during design and construction fo assure that the drain
btanket is isolated from the waler bearing sands.

We expect that seepage will be only a few gallons per day if the
reccmmended measures are taken to seal openings that may be made through
the recent bay deposits. Seepage water can probably be handled by the
ordinary basement sumps and pumping equipment.

PILE CAFACITIES

The upward gradient in the groundwater within the clay soils below
the basement drain blanket can be of sufficient magnitude to reduce the ef-
fective overburden pressure at the top of the bearing sands to practically
zero for the highesT anticipated groundwater condition. Such reducfiohs
in the effective overburden pressures directly effect pile capacities and

the design condition for computations. |t should therefore be appreciated

CAMES £ MOORE
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that at least a portion of the savings in cosi in designing the pasement
slab for zero hydrostatic uplift is lost due to added costs of larger pile
sizes necessitated by these considerations.

With the above describsd groundwater condition, there is a
relatively rarrow range of pile penetrations to develop high end bearing
capacities in the upper bearing sands. The percentage cf ultimate pile
capacity taken in end bearing is on the order of 70 to 80 percent. The
bearing capacity of soils at shallower depths is timited by the relatively
fow effective confining pressures and at the greater depths it is limited
by the strength of the underlying clays in resisting a punching failure.
The following dead plus live load design capacities were developed from
theoretical analyses and load test experience for 18-inch-square prestressed
concrete piles used for the new P.G.3E. Duilding (see Appendix B). These
capacities include a computed factor of safety of 2.0.

PILE TIP PENETRATION BELOW
SUSBASEMENT FLOOR SLAB

SQUARE PILE MAX IMUM MINIMUM MAX 1 MUM
SI1ZE CAPACITY Penetration Penetration
(In inches) {(in tons) (Feet) (Feet)
18 15 36 41
20 135 36 40
22 [ 3¢} 36 39
24 190 36 38

Use of these computed maximum pile capacities for design involved
considerable risk without extensive preliminary pile driving experience

across the site and pile load tests. Also, previous experience at the

. »
bl -
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Bechtel and P.G.&E. building sites found variations in the upper sand

stratum (during pile driving), which might cause problems in obtaining
required bearing within the strict limits of pile penetrations indicated.
Since present demolition schedules preclude wide coverage of the site with
driving tests, and becaﬁse of local variations in the supporting capacity ;
of soils, more conservative pile designs have been selected. Foundation !
designs are based on |15 and 135-ton-capacity piles and call for 20 and
24-inch-square prestressed concrete piles to carry these loads. While the
22-inch~-square pile would likely support the 135-ton design load, the 24-

inch was selected on the basis of available sizes and the very high design

load.

PILE DRIVING CONSIDERATIONS

Prestressed concrete piling driven prior to site excavations with
long followers, are the only economically competitive pile type for the |
planned short, high-capacity bearing piles. The most efficient use of the
prestressed piling requires accurate predetermination of tip elevaticns,

This is simpler to achieve for friction plles than for the planned bearing

piles in sand. In this latter case, assurance of satisfactory capacity of
the individual piles is achieved by controlling field pile driving by an
appropriate pile driving criteria. Within the zone of acceptable bearing
capacity, significant variations in driving resistances are expected due to
differences in relative density and cementation of the sands; and the densi-
fying effect of previously driven piles. Consequently, the pile driving

criteria should accommodate field adjustment in pile lengths when higher

DAMES £2 MOORE
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or lower driving resistances are encountered than specified at the
design penetrations, Thus, a compromise is necessary between the
desire for accuracy in predetermined pile lengths, simplicity in
driving criteria, and the desirability of flexibility in actual lengts
driven tfo meet field conditions. We believe the best solution is to
use an estimated average pile length and a simplified driving criteria
for bidding purposes'and to modify the criferia as required after an
inttial pile driving program and pile load tests.

Pile driving criteria and design lengths for bidding purposc.
would be based upon the calculated pile lengths presented in the provi.
section and analagous pile driving cxperience at the P.G.& E. Building.
A summary of the P.G.& E. pile driving and load fest data is presenici
in Appendix B. The major differences between the Metropolitan and
P.G. & E. foundation conditions are that:

1. Higher pile loads are planned for the Metropolitan

Buitding. (One-hundred and fifteen and 135 tons for

20- and 24~inch piles versus 90 tons for 18~inch piles

at P.G. & E.).

2. The confining pressures in the bearing sands at the

Metropolitan site are lower than at the P.G.& E., even
though Metropolitan has a shallower basement (two
stories versus three). This is caused by the upward sa~:
gradient through the bearing sands resulting from

the underdrain system beneath the basement floor.

OAMES £ MOORE
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3. Only a limited portion of the Metropolitan site

will be available for initial pile driving and
load tests, and it will not be possible to develop
early driving experience over most of the site.
(At P.G.& E. comprehensive testing was performed
at the cleared site prior to production driving),

This combination of higher pile ioads, lower final effective
pile confinement, and available area for iniftial testing, requires deeper
penetration into the sand stratum (about 20 feet vefsus 10 feet at
P.G. &E.),end larger pile sizes.Also,larger pile driving hammers will be
needed 1o achieve the required pile bearing capacity for the condition
of pile installation ¢rior to site excavation, As was done at P.G. & E.,
the Metropolitan piles will be driven with followers before the excavation
is complete. This, together with the temporary lower water table in the
bearing sands, will require a bearing capacity af the fTime of pile
installation, about +two times greater than at the time of application
of building loads. This factor requires that piling be driven to high
driving resistance, and that pile load tests be carried to four (4) times
their design load (factor of safety of 2).

Predrilling should be used tu facilitate pile penetration to
required depths. The predrilled hole should be no larger in dismeter than
the least dimension of the pile to minimize the reduction in friction
support in the bearing sands. Because of caving in the sand strata, this
will probably limit the drill bit size to 16 to 17 inches for the
20-inch-square piles. |t is expected that predrl{ling to Elevation =55

(plus or minus) will be required to achieve design pile penetrations.

DAMES & MOORE



- 15 -

Predrilling is also advantageous in locating old wood pile obstructions
and minimizing the effects of vibrations and noise related to pile
driving.

INITIAL PILE DRIVING PROGRAM

We understand that the relative timing of demolition and pile
driving operations are such that only a iimited area in the southern
half of the site will be available for initial pile driving and load
tests. For the presently anticipated site conditions, approximately
8 piles should be driven at available pile locations. Four would be
20-inch in size and four 24 inches. These initial piles should be
cast 5 feet longer than design lengths and should be driven with the
identical equipment and followers planned for production piling. Variation
in the depth of predrilling and driving resistance should be expected to
meet the variable field conditions. Foliowing the initial pile driving,
an accessible location would be selected for load tests. Load tests on
two 20-inch piles may be needed to verify the bearing capacities of soils.
The load test frame and loading equipment should be sized for a 600-ton
capacity to accommodite the effects of temporary confinement on the bear-
ing sands at the time of testing and the desire to test the piling to
soil yield or failure. |t may be possible to test both piling under a
single frame although the optlion for multiple load test setups should be
provided for in the specifications. The piles would be installed in
oversize predrilied holes to cutoff elevation, cased and backfilled with
bentonite slurry to minimize frictional resistance in the upper solls.
Additional predrilling into the sand stratum will probably be required

to achieve the desired tip elevation and driving resistance for the load

DAMES I MOORE
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For the P.G.& E. project, ultimate dynamic pile driving
resistances as computed by wave equation analyses, correlated well with
foad test results for the plle of lower driving resistance (370 tons
driving resistance versus 380-ton failure load), but over-estimated the
capacity of the harder driven pile (450 versus 370 tons). Wave equation
analyses have been performed for the 20-inch-pile and the type of
follower employed at the P.G. & E. sife. These analyses plus the
P.G.& E. experience confirm that very heavy pile driving hammers will bLe
required for the 115- and 135-ton capacity piles at the Metropolitan
site. The wave equation analyses indicate that the 014 hammer (42,000
foot-pound-per-blow hammer utilized at the P.G.& E. site) can not drive

the 135-ton piles to adequale bearing. Similarly, the 200-C, differ-

ential acting steam hammer (50,200 foot-pound-per-blow energy) would require

higher pile driving resistances than desirable (over 200 blows per foot

for 135-ton-pile). Consequently, we recommend that the pile specifications

require pile driving hammers having the following minimum rated

energies:

Minimum Energy
(Ft./Lb. per Blow)

Steam or Air 60,000

Diesel 80,000
Even for these hammers, high pile driving resistances are iﬁdicafed for
the 135-ton—-pile(up Té 20 blows per inch). This high driving resistance
should be considered practical refusal with the above production pile

driving equipment.

DAamMES & MOORE
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test pile(s), They would be driven full lengih without followers and
extend a few feet above ground surface. Instrumentation of the load
test piles with tell-tales and/or electric resistance strain gauges is
desirable to evaluate the load distribution under test conditions. Such
data would permit a less conservative evaluation of the reduction in
pile capacities for final building conditions.

Based uporn the results of the initial pile driving and load
test(s), final pile lengths and driving criteria would be estabilished
for the production pile driving., The finally selected pile lengths
should permit a reasonably accurate predetermined tip elevation for the
prestressed piling; however, it will be impossible to have anticipated
all variations for foundation piling. Controlled predrilling depths
and alternative driving resistance for lengths above and slightly below
the planned tip elevations will provide the optimum flexibility to meet
field conditions, while maintaining an efficient pile driving schedule.
The most eccnomical foundation system consistent with field conditions
and satisfactory performance can only be obtained in this manner. |f
field changes were to be eliminated, a much more conservative pile design
would be necessary.

PILE DRIVING CRITERIA

I+ is impractical to develop the detailed driving criteria to
be used for the production pile driving prior to completion of the
initial driving and load test program. The specifications should presch.
a simpliffed criteria representative of the anticipated requirements and

provide for modifications as the result of the initial test program.

OCAMES I MOORE
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Prior fto gaining field experience with the actual eqgitipment
to be used for foundation piling, meaningful distinctions cannot be
made between the required driving resistance for 20- and 24-inch piling.
It is expecied, however, that production pilte driving criteria will
require higher driving resistance for the 24-inch than 20-inch piles.

For the piling specifications we recomnend that the following
pile criteria be used for both piles:

1. 100 blows per foot at design pile Tip

elevations.
2. Within 2 feet of design tip elevation,
150 biows per foot.

3. Depth of predrilling to be varied tc achieve

design pile penetrations.

For design tip elevations, we recommend that the average
between minimum and maximum calculated pile penefrations be used; that
is, Elevation -62 for the piling in the deeper basement excavation.
Because of the controlling influence of end bearing on pile capacity,

a direct reduction in pile tip elevation can be made for the higher
basement elevations. Thus, the design lengths of the piling throughout
the building would be uniform at about 30 feet.

SETTLEMENTS

Tower settlements were estimated for several basement schemes
in our Phase | studies. For the planned basement and foundation scheme,
our Phase | settlement analyses would indicate maximum settlement of the

central core on the order of two inches with respect to the adiacent
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streets and a maximum differential between interior and exterior columis

of less than one inch. About half of this settlement would occur during

the initial application of load. The remainder would occur over a periud
of several years and would be partially dependent on fluctuations in the

water table that may occur following building construction.

As this analysis was performed prior fo our field investigation,
it was based on soil data obtained from adjacent borings. The soil
profile now established reveals a greater thickness of the moderately
compressible Old Bay Clay at the south end of the building than at the
north end. Otherwise, the initially assumed soil properties were con-
firmed by the results of this investigation. |f the building area were
uni formiy loaded, this would cuause a slightly greater settlement of the
south end and therefore a tilting of the tfower. towever, we believe that
the unloading of the south end of the building area due fo the deep base-
ment excavation in the Plaza area, will counterbalance this tendency to
tilting., Another cause of tilting due to differential setflement could
be the possible deep basement excavations for future low-rise buildings
to the west of the tower. Unloading of this area simultanecously with
the excavation for this project could cause the tower to tilt towards
Fremont Street on the order of 1 to 2,000. Delaying of the unloading
several years with respect to the construction of the tower would
essentially eliminate the tilting potential.

We have also performed preliminary settlement cvaluations
considering longer piles driven to end bearing in the second sand stratun.
Although our analyses were not carried to completion because this schemc
was judged as not necessary, it appeared that the higher stresses on fthe

DAMES & MOORE
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thick Old Bay Clay under the central column sreas could cause more
settlement than with piles driven no deeper than recommended for develop-

ing maximum capacity in the upper bearing sands. |

We have concluded that the bearing sands would not liquefy or
lose strength should they be subjected to the most severe earthquake

that was considered in the scismic analysis of the superstructure®. This

earthquake, which is considered comparable to the 1906 'quake, had a

peak bedrock acceleration of 0.40g, a duration of very sfrong shaking of
30 seconds, and a total duration of strong shaking of 60 seconds. The
liquefaction potential of the bearing sands during a strong motion earth-
quake was evalualed using ftwo scparate methods. Both methods involve
calculation of the cumulative effect of earthuaké vibrations on the

liquefaction potential of the sands as indicated by cyclic laboratory

tests on sands of similar relative density and particle size distribution.
The resulting cumulative damzge number is comparable to that used in
fatigue analyses of metals. |f the cumu!STive damage is less than one,
liquefaction is unlikely. The cumulative damage approach to |iquefaction
analyses was recently developed by Dr. Neville Donovan of our San Francisco'
office*¥,
The first method used the computed shear stresses in tihe sand
deposits from the time histories of accelerations developed for the
¥§ET§ETEfBEéagn Studies, Proposed High-Rise Structure, Market and Fremont
Streefs, San Francisco, For Metropo!itan Life Insurance Company (repcrt
dated August 6, 1971) (D&M Job No, 4243-011-03)

XA Stochastic Approach to the Seismic Liquefaction Problem," by ileville
C. Donovan; Conference on Applications of Statistics and Probability

1o Soil and Structural Engineering, 1971,
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earthquake analysis of the structurc. The second methed used statistical
relationships for the shear stress characteristics of the sand depositis !
based upon analyscs of previous earthquake records but not directly
utilizing the computed time histories of accelerations for this site.
Comparable resulfs were obtained from both methods.

These analyses indicate that liquefaction of the sands support-

ing the planned pile foundations would not occur during a 1906-type
earthquake if the relative density of the sands were greater than 70
percent. As shown on Plate AS5A in Appendix A, theée minimum measured
relative density of the bearing sands is 73 percent with all other values
being in excess of 80 percent. A conservative design value of 80 percent
relative density for the bearing sands is also consistent with the
driving resistances encountered in sampling the sands at this site and |
elsewhere in downtown San francisco. The water table used In the analyses
was conservatively estimated to be at Elevation -10. The calculated
cumulative damage for 80 percent relative density within the bearing sands
is between 0.31 and 0.37, indicating an ample margin of safety against
loss of pile support for the severe 1900-type earthquake. ;
On the other hand, liquefaction of the upper sandy fills during |
a severe earthquake is likely. For an estimated relative density of these
sands of 50 percent, 7 feet below the water table, the éalculaTed
cumulative damage is 1.46, indicating the development of progressive
liquefaction during the duration of sfrohg shaking. Such a condition
would not impair building performance, since support from these fill soils
is not required for earthquake stability. Fill supported sidewalks and |
utilities servicing the building may bc effected, however. For less
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severe earthquakes llquefaction of even the sand fills would not
occur,

The calculated liquefacticn of the sandy fills and satisfactory
performance of the pile supporting materials for the severe earthquake
is in agreement with the performance of buildings and sireets during the
1906 earthquake. Whereas there was considerable ground displacement and
settiement of the fills in the lower Market Street area in 1906, no
adverse foundation behavior was evidenced by any pile-supported building.
Thus, we are confident that there is a negligible probability of lique-
faction of the bearing sands during a future earthquake.

The following Plates and Appendices are attached and complete

this report.

Plate 1 - Estimated Contours of Bearing Sand Strata

Plate 2 - Estimated Contours of Top of Secend Sand Strata
Plate 3 - Estimated Contours of Thick Old Bay Clay
Appendix A - Field Explorations and Laboratory Testing
Appendix B ~ P.G.& E. Building Load Tests

Respectful ly submitted,

DAMES & MOORE

4(21/* {:’:>/ﬂ Afif?

William W, Moore
Partner
Roy A. Bell

Project Engineer

August 27, 1971

Job No.8865-001-03

DAMES £ MOORE



— —_— s _— — — - - —— —— — -——— —— —— —— .
— -— . S ——
. -

STEVENSON

\

MISSION




o /O

5

»’-L

BEALE ST.




PP

AN A
S
s AN

LEGEND -

ELEVATIONS GIVEN IN FEET (S.F. DATUM)
—— TOP OF SECOND SAND STRATA
— = = THICKNESS OF SECOND SAND STRATA

_o— BORING NO.
? BORINGS DRILLED FOR THIS INVESTIGATION

+ BORINGS DRILLED BY DAMES & MOORE FOR
OTHER iINVESTIGATIONS

ESTIMATED CONTOURS
OF TOP OF SECOND SAND STRATA

FEET
100 o} 100 200

M




4 STEVENSON  ST. /

JESSIE ST.

MISSION ST.




—§-

BEALE ST.




LEGEND:

ELEVATIONS GIVEN IN FEET (S.F DATUM)

TOP OF THICK OLD BAY CLAY STRATA.

— e —= BOTTOM OF THICK OLD BAY CLAY STRATA.

2/ BORING NO.
*#» BORINGS DRILLED FOR THIS INVESTIGATION

* SCRINGS DRILLED BY DAMES & MOORE FOR
CTHER NVESTIGATIONS

ESTIMATED CONTOURS
OF THICK OLD BAY CLAY

FEET
100 o 100 200

e




AN p

FICLD EXPLORATIONS AND | AAORYTORY TESTING

FIELD EXPLORAT IONG

The subsurfoce conditions at The site were explored by drilling
two D-inch-diancver desT borings with rotary-wash cguivment,  The borings
were drifted 3 to 4 feet into hard rock end terminated at 260 wnd 206 faet
below street grade. The drilling and sampling was perfoimed under the
supeivision of one of our engineers, who logg:d wcach boring ang ascisted
in obtaining representative undicsturbed scil samples for further observe-
tion and laboratory testing. The boring locations are shown on Plates |
through 3. The logs are prasented on Plailes AIA and AlE. The soils ere
classitied in accordance with the Unified Soil Classificetion System
presented on Plate AZ.

Three iypes of sampling tonle were uzed, depending on the nature
of tha soil and the physicel propertics to be evaluated. Tvo of these,
the Dames & Moore Underwater Sampler and Piston Sampler, are chown on
Plates A6 and A7. In addition to these, the standard penetration sampler
(ASTM Designation D-1586-67) was uscd to evaluate the relative densitics
and penetration résis%ance of the bearing sand stratum. The sampling re-
sistance is shown on the bering lecgs and a key to the types of samplers
and sample designations is presented on Plate AZ.

A water lcvel observetion well, W—!, was installed in order 1o
measure the water level in the bearing cands. V-1 was installed in & 78~
foot-deep, S5-inch-diameter boring located 2 feet southeast of Boring No. .

The well consists of a one-inch~diameter plastic casing with the lower 20

DAMES £ MOORE
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feel perforaied. Fine grovel was ploced around the lower 30 fuct of the
casing and the remainder was filled with o vory thick bentonife slurry
forming an imperviceus scel in the boring sbove the bearing sands.

LABORATORY TESTING

Representative coil szmples vere “ested in our laberatory for
shear strength, consoiidalion, end soil classification indices.
STRIENGTH TESTS

Triaxial Compressicn - Two unconsulidated-undrained trioxial

compression tests (TXUU), and four consolidated-undrained triaxial com-
pression teste (TXCL) were perforrod.  The pezic shear stress and the
confining pressures are fabulated adjacent to the appropriete sardles on

the boring lcgs. The meithod of performing The triaxial compressicon test

Unconfined Comnression - Twelve unconfined compression tests (UC)

were conducted on clayey soil samples. The meihod of performing the test
is explained on Plate A8 and the fest resulis are presenfed on the Log of
Borings.

Laboratory Vane Shear Tests - This test is conducted on clayey

soils by introducing a 4-bladed vane infto the soil sample and measuring the
torque required to rotute the vane at & slow rate. The shear strength is
computed from the torque required 10 shear the soil sleng the verlical and
horizontal edges of the vane. The results of the 17 tesis performed are

presented on the Log of Borings.

BAMES £ MMOoORE
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CONSOLIDATION TESTS

Light consolidation tesis (C) were performed on the clayey soils
that will contribute to the settlement bLehavior of the building., The con-
solidation test results are presentad graphically on Plates A3A through
A3D, and the method of performing consolidation tests is described on
Platc A9. The initial portion of the tesis was performed in a moist atnios-
phere, the remuinder were performsd wilh the samples inundated. The load
at which the samples werce inundated is noted for cach test.

CLASSIFICATION TESTS

Moisture and Density - The moisture content and dry density wes

determined for all of the undisturbed samples in the top 28C vect to help

assign foundation design parameters and fo aid in correlation of soil layers

performed in accordance with ASTM Test Designation D-2216-66 and the re-
sults are tabutated ezdjacent to the samples on the Logs of Borings.

Atterberg Limits - As an aid tu soil classification and evaluation

of the consolidation tests, the tiquid limit and plastic limit were defer-
mined for all consolidation samples and on one sample from Elevation =195
from Boring 1. The tests were performed in accordance with the ASTM Test
Designations D-423-66 and D-424-59, and the liquid limit and placstic limit
results are tabulated on ihe consolidation test dats and on the Logs of
Borings.

Grain-Size Distribution - Twelve sicve analyses were performed to

determine the grain-size distribution of the potential pile bearing sands

to assist in tvhe evaluation of seismic liquefaction potertial., The tests

DAMES 2 MOORE
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were performsd in eccordence with The A0TH Teot Designation D-422-03. Th

results are presented on Plates A4A Through Adb.
Relative Density Dolerminations - A maxinum and mininom doensity

test was performed for a combined somple consisting of sands from the bear-

ing sand stratum. The test was performsd in order to determine the relative

densities of the sands in place. The test was performed in accordsnce with

the ASTM Test Designation D-2049-69. A sicve snalysis was also performed

on the combined sample. The test results are shown on Plates ASA and AbLB.

The following Plates are attached and complete This Appendix:

Plates AILA and AID

- Log of Dorinns
Plate A2 ~ Soitl Classification Chart and

Key to Test Data

Pilaies AZA - A3D ~ Consolidation Test Date

Plates A4A - AdL Sieve Analyses

Relative Density Test and Sieve
Analysis of Combined Sample

Plates ADA and ADDB

Plate AG - Dames & Moore U-Type Sampler
Plate A7 - Dames & Moore Piston Sampler
Plate A8 - Method of Performing Unconfined

Compression and Triaxial
Compression Tests

Plate A9 - Method of Performing Consolidation
Tests

DAMES £ MOORE
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KEY TO TEST DATA

CONSOLIDATED UNORAINED TAJAXIAL SHEAR TEST
UNCONSOLIDAYED UNDRAINED TRIAXIAL SHEAR TEST
UMCONFINED COMPRESSTON SHEAR TEST
CONSOLIGATED UNDRAINED DIRECT SHEAR TEST
LABORATORY VORVANE TESY

PRECISION LASBORATORY VANE SHEAR TEST

SIEVE ANALYSES

CONSOLIDATION TEST

PEAK SHEAR STRESS, PSF

MAJOR PRINCIPAL STRESS, PSF

WENOR PRINCIPAL STRESS, PSF

NORMAL STRESS O DIRECT SHEAR SPECIMEN, PSF

KEY TO TYPE OF SAMPLER

|

gogn

DAMES & MOORE UNDERWATER SANPLER

OANES & WOORE UNDERWATER SANPLER WITH THINWALL
EXTERSION

OAMES & MOORE PISTOX SAMPLER

STANDARD PENETRATION TESY SAMPLER

KEY TO SAMPLES

IMDICAYES DEPYM OF UNDISTURBED SAMPLE

INOICATES DEPTH OF DISTURBED SAMPLE

INDICATES DEPTH OF SAMPLING ATTEMPT MNITH ND RECOVERY
TADICATES DEPTH OF STANDARD PENETRAYION YESY

SOIL CLASSIFIC/
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METHODS OF PERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER, THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC-
TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN IS ACHIEVED,

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED TRIAXIAL COMPRESSION TEST UNIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR’S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL. TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES, THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED; THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST., NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRAINED: TIE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THI TEST, THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION, NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES., THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES, THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES

MEASURED ARE THE INTERGRANULAR STRESSES.

DAMES E MOORE

Plate A8



FORM NO. 4i7.3 (Rev. 4-61)

MeETHOD OF PERFORMING CONSOLIDATION TESTS

CONSOLIDATION TESTS ARE PERFORMED TO EVALUATE THE VOLUME CHANGES OF SOILS SUBJECTED
TO INCREASED LOADS. TIME-CONSOLIDATION AND PRESSURE-CONSOLIDATION CURVES MAY BE PLOT-
TED FROM THE DATA OBTAINED IN THE TESTS. ENGINEERING ANALYSES BASED ON THESE CURVES
PERMIT ESTIMATES TO BE MADE OF THE PROBABLE MAGNITUDE AND RATE OF SETTLEMENT OF THE

TESTED SOILS UNDER APPLIED LOADS,

EACH SAMPLE IS TESTED WITHIN BRASS RINGS TWO AND ONE-

HALF INCHES IN DIAMETER AND ONE INCH IN LENGTH, UNDIS- v v
. i
TURBED SAMPLES OF IN-PLACKE SOILS ARE TESTED IN RINGS. 5 f
TAKEN FROM THE SAMPILING DEVICE IN WHICH THE SAMPLES *.
. 13
¥ERE OHBTAINED., LOOSE SAMPLES OF SOILS TO BE USED IN By X
e )

CONSTRUCTING EARTH FILLS ARE COMPACTED IN RINGS TO

PREDETERMINED CONDITIONS AND TESTED.

IN TESTING, THE SAMPLE IS RIGIDLY CONFINED LATERALLY
BY THYE BRASS RING. AXIAL LOMSQ ARE TRANSMITTED TO THE DEAD LOAD-PNEUMATIC
' } He AR e > CONSOL | DOMETER

ENDS OF THE SAMPLE BY POROUS DISKS, THE DISKS ALLOW

DRAINAGE OF THE LOADED SAMPLE. THE AXJAL COMPRESSION OR EXPANSION OF THE SAMPLE IS
MEASURED BY A MICROMETER DIAL INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH
LOAD IN(‘_REVMENT IS APPLIED. EACH LOAD 1S ORDINARILY TWICE THE PRECEDING LOAD. THE IN-
CREMENTS ARE SELECTED TO OBTAIN CONSOLIDATION DATA REPRESENTING THE FIELD LLOADING
CONDITIONS FOR WHICH THE TEST IS BEING PERFORMED., EACH LQAD INCREMENT IS ALLOWED TO

ACT OVER AN INTERVAL OF TIME DEPENDENT ON THE TYPE AND EXTENT OF THE SOIL IN THE

FIELD.

DAMES £ MOORE
Plate AQ
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REACTION MEMBER

COUPLING

HEAD

TIE ROD

PISTON CUPS

DRIVING PISTON

SAMPLE TUBE

SEALING PISTON

Pi1sTON SAMPLER

THE DAMES & MOORE PISTON SAMPLER
HAS BEEN DEVELOPED TO OBTAIN SAM-
PLES OF SOFT SOILS WITH A MINIMUM OF
DISTURBANCE. THE MOST SIGNIFICANT
FEATURES ARE THE SEALING PISTON
WHICH CONFINES THE SOIL DURING
SAMPLING AND THE SAMPLE TUBE
WHICH HAS A WALL THICKNESS OF ONLY
0.042 INCHES.

AT THE START OF THE SAMPLING, THE
LOWER END OF THE SAMPLE TUBE IS
ADJACENT TO THE SEALING PISTON AT
THE BOTTOM OF AN EXPLORATION
TEST BORING. THE SEALING PISTON,
CYLINDER, HEAD, AND REACTION MEM-
BER REMAIN STATIONARY DURING
SAMPLING., COMPRESSED AIR, COM-
PRESSED NITROGEN, OR WASH WATER
ARE FORCED INTO THE CYLINDER
THROUGH THE SAMPLING RODS FROM
THE DRILLING EQUIPMENT. THE DRIV-
ING PISTON MOVES THE SAMPLE TUBE
DOWNWARD INTO THE SOIL.

AMES £ MOORE

Plate A7
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BORING DEPTH[ ELEV. | sampLe | GIQUID | PLASTIC | gyypoL SOIL CLASSIFICATION KEY
1 51.5' -47.5' 5 SP | BROWN FINE SAND 0}
2 48.0' -44.0' 7 SP BROWN FINE SAND @
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PER CENT FINER BY WEIGHT

BORING  [0EPTH| ELEV. | sampLe | LIQUID | PLASTIC | gyygq SOIL CLASSIFICATION KEY
1 60.5 -56.5' 6 A SM  |GREENISH GRAY SILTY FINE SAND 0)
1
2 52.5' -48.57 8 SM__ |BROWN SILTY FINE SAND @
2 57.5' -53.5' SP/SM |BROWN SILTY FINE SAND (3)
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GRAIN-SIZE DISTRIBUTION
(UNIFIED SOIL CLASSIFICATION SYSTEM)

BORING  [DEPTH| ELEV. | SAMPLE Lo | PLASTC | symseoL SOIL CLASSIFICATION KEY
1 65.5(-61.5" 7 SM BROWN SILTY FINE SAND |
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GRAIN-SIZE DISTRIBUTION
(UNIFIED SOIL CLASSIFICATION SYSTEM)

BORING  [DEPTH| ELEV. | sampLe | HIQUID | PLASTIC | gyygor SOIL CLASSIFICATION KEY
1 72.5'-68.5' 8 sC GREENISH GRAY CLAYEY FINE SAND | (1)
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PER CENT FINER BY WEIGHT

BORING  [DEPTH| ELEv. | sampLe | {IQUIP | PLASTIC | sypgo SOIL CLASSIFICATION KEY
2 79' | =75’ 13 SP | GREENISH GRAY FINE SAND 0}
2 101] -95' | 17 a SM | GREENISH GRAY SILTY FINE SAND | (2)
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RELATIVE DENSITY, D4, PERCENT
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NOTE: YO DETCRMINE RELATIVE
DENSITY, PLOT MAX DENSITY
AND MIN DENSITY ON THEIA
RESPECTIVE SCALLS AND ORAW
A STRAIGHT LINE BETWEEN THE
TWO VALUES, FOR ANY INTER-
MEDIATE DENSITY, THE CORRE~
SPONDING RELATIVE DENAITY IS
READ OIRECTLY FROM CHAAT AS
. - SHOWN.
70 70

SAMPLE:
COMBINED SAMPLE OF:
BORING 1, SAMPLE NO.5 FROM ELEVATION -48'
BORING 2, SAMPLES NO.7 THROUGH NO.11 FROM ELEVATIONS
-44' 70 -64'

CLASSIFICATION OF COMBINED SAMPLE: BROWN FINE SAND (SP-SM)

GRAPHICAL DETERMINATION OF RELATIVE DENSITY
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GRAIN-SIZE DISTRIBUTION

BORING  [DEPTH| ELEV. | sampie | Y/QUID | FLASTIC | gymgo SOIL CLASSIFICATION KEY
COMBINED SAMPLE: SP/SM | BROWN FINE SAND @‘
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DRIVING OR PUSHING
MECHAN!SM

COUPLING

WATER QUTLETS

NOTCHES FOR
E NG AGING
FISHING TOOL

NEOPRENE GASKET

HEAD:
\\

NOTE:

"HMEAD EXTENSION® CAN
BE INTRODUCED BE TWEEN
"HEAD" AND “SPLIT BARREL"

SPLIT BARREL
{TO FACILITATE REMOVAL
OF CORE SAMPL €}

-

T ——
N\

o

SOIL. SAMPLER TYPE U
FOR SOILS DIFFICULT TO RETAIN IN SAMPLER

CHECK VALVES

s B eeesy

I VAL YE CAGE

ALTERNATE ATTACHMENTS

CORE-RETAINER

/ RINGS _
(2-1,2" 0.D. 8Y 1" LONG}

SPLIT BARREL. __ |

—f d CORE-RETAINING
LOCKING , : ERETA

X

2
A
2 sPLIT
7 FERRULE
7 CORE-RETAINING
4] DEVICE
?," RETAINER RING
’ RETAINER PLATES
b (INTERCHANGEABLE WITH
4 OYHER TYPES)
THIN.WALLED
SAMPLING TUBE
{INTERCMANGEABLE
LENGTHS)



APPENDIX B

P.G.AE. BUILDING LOAD TESTS

Eighteen-inch, presiressed concrete piles were used for support
of this 34-story bullding. Dead plus live design loads were 90 tons. The
plles averaged 20 feet in length and were driven with followers from a
single basement elevation to peneirations of 4 to 10 feet into the bearing
sands which underlie the bay nmud about 60 feet below street level. Piles
were driven with an 014 (42,000 foot-pounds per blow) single~acting steam
hammer. At design tip elevation, a driving resistance of 100 blows ner
foot was required. Piles were permitted fo stop within one foot of the
bottom of predrilled holes if refusal driving was encountered (35 blows
per inch). {f specified driving resistance was not encountered at the
design tip elevation, piles were overdriven one foot and svopped, regard-
less ot blow count. Piltes which did not weet driving criteris were
assigned a reduced capacity. Column footings were evaluated on the basis
of total capacity, and extra plles were added only if toial capacitics
were below building column loads.,

Prior to production pile driving, piles were driven at 12 column
locations throughout the building arca. Twelve piles were driven with
followers as planned for production piles and 12 without to evaluate the
relative effect of the fellower on pile driving resistance. 7Two locetions
were chosen for pile load tests; cne of high driving resistance and one
of relatively easy driving. An additional load test pile was driven at
each of these locations., Temporary support in the fill and bay mud to
design pile cutoff was eliminated by predrilling an oversized hole Vo
that depth prior to pile driving. In the hard driving area, the lcad

test plle was driven to a final resistance of 21 blows per inch, 63 feet

DAMES £ MOORE

1
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into the bearing sunds. The other fcad 1est pile, which encountered
easier driving, penetrated 10 feet into the sands with driving resistances
of about 10 blows per inch for the last 5 feet. Prior to excavating the
two additional basements, load tests on these piling indicated a failure
capacity for the hard driving pile of 370 tons and 380 tens for the
easier driving. Basement excavation would later remove about one-half

of the overburden pressure in the bearing sands. |1 was conservatively
estimated that this would have a comparable reduction in the pile capacity.
This condition required a load test capacity of 360 tons for a 90-ton
design load pile. This factor of four (4) was to satisfy the require-
ment of the San Francisco Building Code for a factor of safety of two (2)
on pile design loads, times two (2) for reduction in bearing cepacity of
the sands. After excavation to pile cutoff elevation (apout 50 feet
below street level), the easy driving test pile (failure load initial

test 380 tons) was cut off and retested to a failure load of 250 fons.
This 250-ton failure capacity was greater than the evaluated failure-
capacity of about 220 tons, for the condition wﬂere the pile had noi

been previously tested. This test indicated that the reducticn in pile
capacity was less than the one-half indicated by conventional soil
mechanics theory. This difference is partially atfributed to a maximum
or limiting effective overb&rden pressure'for the initial pile load test
condition and partially to some slight cementation in the sand strata which

is not lost by reduction in overburden pressure.
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