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Bechtel Corporation 
50 Beale Street 
San Francisco, California 94105 

Attention: Mr. Melvin G. Lewis 

Gentlemen: 

August 27, 1971 

Job No. 8865-001 

With this letter· we transmit 12 copies of our report "Foundation 
Investigation, Proposed Metropolitan Life Building, San Francisco, 
California." This report completes Phases II and Ill of the investiga
tion as outi ined in our April 1, 1971 proposat, as amended July 19, 1971 
and presents our final foundation design reco~mendations. 

During the course of this investigation, we have r·eviewed our 
findings and conclusions with your architect~ and engineers at Skidmore, 
Owings & Merrill. The planned foundation system uti I izes 30-foot-long high 
capacity piles (115- and 135-ton design loads), predrii led 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 founoation system of several ~<lhir.:h were stL:died. 
However~ a portion of the savings in floor slab cosi·s are offset by higher 
pile costs due to a reduction ir. thE; bearir.g capacity of the sands cau~ed 
by the upward seepage force toward the underdrained floor system. 

The pife design loads are considerably higher than the 90-ton loads 
previouslv 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 lo_ads and appropriate 
driving criteria. However, the current demolition and construction scnedules 
limfi' the area avaiiable for initial test driving and load testing to the 
southerly third of the tower area. In order to minimize the changes in pile 
driving requirements in the ba!ence of the site during production pile 
driving, rr~re 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 sit~ had been avai !able for the test pile progr~n. Driving 
of these pi I ing with followers from the existin9 single-basement depth 
requires the use of heavy hanrners and high-driving resistances to compensate 
for the temporarily high confinement in the bearing sands since about three 
fourths of the sci I 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 

WWM: RDD : RAB : i s 
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HEPORf 

FOUNDATION I NVLSl" I GAT I (1;~ 

PROPOSED l•lETROPOLI T N,l Ll FT f~U I LD I NG 

I NTHOOUCT I ON 

This report presents the results of our foundation Investigation 

for the proposed 36-siory Metropolitan Life Bul lding to be located at ihe 

corner of Market and Fremont Streets, San Francisco, Ca II fern i a. The 

scope of this investigation was tailored to supplementing the considerable 

data in our files from nearby projects. Phase I of the investigation in-

eluded evaluations of possible foundation schemes based on results of 

nearby subsurface information. The r·csutts of F-'hase I were informally 

presented. In this report we present the basic subsurface information 

upon which our recommendations wEJre based and final design recommendations 

for the pile foundations. Also included are discussions on basement de-

sign considerations, lateral earth pressure recommendations, building 

settl<:::ment behavior, and our evaluation of the I iquefaction potential of 

ihe bearing sands under seismic vibrations. 

Preliminary studies were performed for shoring design, and for 

the analysis of the superstructure und0r anticipated seismic events. 

The results of these specialized studies were presented sepa.rately*. lr. 

*I> Lateral Fressures for Prel i~inary Shorine1 Design, July 9, I'J7-i. 
2) Seismic Oostgn Studies, Proposed High-RisG Structure, Market and 

Fremont Streets, San francisc0, California, for Metropolitan Life 
lns:.~nmce Company, August 6, 1971. 

DAIWES C IWOORE 
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our report on shorIng, v1e did not point out ·Jr,e impor-tance of maintaining 

a .. watertight seal between the upper and lower aquifers. This Is discussed 

in dotai I in the Conclusions and Recommendaiions paragraphs at the end of 

this report. 

The location of the planned bui !ding with respect to test borin~r 

that we have dri lied in the nearby downtown area Is shown on Plates I, 2 

and 3. Contours of impor1ant subsur-fac:e str·a·ta 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 CONSTRUCTION 

It is our understanding that the proposed tO\ver wi I I be 36 storie~; 

above the street and contain two basements approximately 30 feet deep. ·~-- ~. 
I!Jt. 

tower, to be located at the north end of the property, will measure 130 by 

200 feet to the center I ines of the exterior columns. The busement vial Is 

w iII extend to the property I i nes which rneasu re about 140 by 280 feet. 

The average dead plus live load of the building at the subbasemeni slab is 

estimated to be approximately 4,500 pounds per square foot. Columns are 

planned at 20 by 40 and 45-foot bays. Column loads wi I I range from 1,300 

tons for exterior columns to 2,300 tons for interior columns for dead plus 

I ive loads. It is planned to support the interior columns on two rows of 

115-ton piles, 4 across and 4 fenton center, and the exterior columns on 

a double ro~ of 135-ton ~i les 4 feet on center. Piles wi I I be driven to 

end bearing in the underlying sand strata. It is expected that the pi fes 

DAI\IIES C I'II'IOOAE 
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wi II be driven with a fot lower prior to excavating tor the bc::sement in 

order to expedite construction. The lo\ver basement slab-on-grade wi I I he 

underlain by a drain blanket and subsLJrface drain system with gravity ffoy,· 

outlets that wi I I eliminate hydrostatic up I ift pressures beneath the slab. 

It is anticipated thai the basement wi II be extended for future lew-rise 

bui !dings on the adjdcent property. 

SITE CONDITIONS 

The site is located on ~·he bay side and imrnediately adjacent to 

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 presently about Elevation +4, City of San Francisco Datum. 

The bu i 1 ding area is now occupied by one sing I e-story and two • three-story 

bui !dings, alI with basements to the curb! ine. The existing adjacent 

bul !dings consist of three to six-story bui !dings. To the southwest on 

First Street (Lot II), the two six-story bu i ! dings are known to be pi le

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 bui !ding 

'fli II be underpinned. The adjacent building facing Market Street, on Lot 

13, is scheduled for demolition prior to construction of the Metropolitan 

Life Bu i I ding. 

SUBSURF ACf: CONDIT I Oi··JS 

Based on tho two test borings dri I led for this investigation, us 

well as many borings dri I led for nearby investig3tions, we believe that 

the subsurface conditions have been defined sufficiently to not require 

DAIYIES C IIIIOOAE 
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tho additional borings i"ha·t· were initially contemrlated. A summary of the 

soi I conditions within the tower area as devl~loped from straight line inter-

potation between borings, is tabulated below vlith a detailed descr-iption 

following. Variations of a few feet in the interpolated elevations of the 

various strata are likely to occur- between borings. 

LAYER 

Fi II (including basement) 

Recent Bny Deposits 

Bearing Sands 

Upper Dessicated Old 
Bay Clay 

Second Sand Layer 

Thick Old Bay Clay 

THICKNESS 

(Ft.) 

18 - 26 

14 - 28 

28 - 42 

13 - 20 

10 - 22 

45 - 65 

Intermixed Sands & Clays 88- 94 

Bedrock 

TOP AND BOTTOM OF LAYERS 
DEPTH BELOW ELEVATION 
STREET GRADE (S.F. Datum) 
Min. f\lax. 

0 0 +4 +4 

18 26 -14 -22 

40 47 -36 -43 

74 80 -70 -76 

84 97 -80 -93 

101 Ill -97 -107 

149 176 -145 -172 

258 264 -254 -260 

Below the basements of the existing bui !dings loose fi lis 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 fi I I at the Market 

Street end of the site. Pi ling from existing and previous bul !dings may 

OA-CS C -OORE 
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also be encountered. The pi I i ng is most I ike I y to be v:ood pi I i ng extendIng 

to a depth of not more thc:m 50 feet (Elevation -46 feet). The water level 

in thr~ fill was, at the time of dri I ling, encountered at a depth of 14 feet 

(Elevation -10), which, we believe, Is represen~ative of the averdge water 

level throughout the year. Seasonal fluctuations are probably less than 

±2 feet. 

The fi I Is are underlain 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 shallo1vest are 

expected to be at the dlametricnl ly opposite corner. The bottom of this 

stratum is shown by the ful I contour lines on Plate 1. 

The recent bay deposits are underlain by 28 to 42 teet of dense 

to very dense sands termed "bearing sand." This is the uppermost layer 

from which major bui !dings can gain foundation support. The extent of 

this ~tratum is shown on Plate I. 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 detai I later. 

The bearing sands are underlain by a 13 to 20-foot-thick stratum 

of very stiff marine c I ays, terrr:ed "Upper Dess 1 cated 0 I d Bay C I ays. 11 This 

portion of Old Bay Clay is highly consolidated (probably due to dessica

tion) and wi II therefore not contribute appreciably to the settlement of 

the proposed building. 

DAIIII£S C IIIIOOAIE 
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Beneath this layer Is a sand stratum termed "Second Sand Layer," 

which would also offer high end bearing re:.>ist:::tnce for piles driven ihro~gh 

the "bearing sand" stratum. The extent of this layer is shown on Plate 2. 

The 45 to 65-foot-thick marine clay beneat:1, termed "Thick Old 

Bay Clay," is the major contributor to settlement for heavy buildings 

founded above. The top and bottom elevations are shown by the contours on 

Plate 3. It is not as highly over-consolidated as the Old Bay Clay layer 

above. For loads not exceeding the preconsolidation pressure it is only 

moderately compressible. However, under heavier loads it wi I I compress 

similarly to soft Bay Mud. 

Beneath the Old Bay Clays are very stiff clays intermixed with 

layers of very dense sands to bedrock. These layers wi I I only compress 

slightly under the anticipated loads. Their properties would only be of 

interest if pi ling were to extend into them, a design condition that was 

considered but judged to be unnecessary and excessively expensive. 

WATER LEVELS 

The elevation of the ground\llater table (piezometric level) is 

different in the sands above the recent bay deposits than in the sands be

low the recent bay deposits. The upper l'later tab I e is norma I I y about 

Elevation -10, San Francisco Datum, and has not undergone recent signifi

cant variations. It ls control led primarily by the mean tide level in San 

Francisco Bay. Based on observations taken at other dovmi"ow'n I ocati ons, 

the lower water table (piezorootric level) in the bearing sands below the 

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

DAMES C I\IIOORE 
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to as I ow as E I evat ion -36 1 o -40 feet. This I o1..;er water' I eve I has risen 

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

in observation well W-1 near Boring No. I. It is very likely that the 

water level in these sands with time wi I I rise to its earlier (pre-19D9) 

high of about Elevation -10 feet. 

When the water level in the bearing sand is below its normal 

Elevation -10, there is a downward seepage gradient in the recent bay de

posits. The result Is a tendency for the sireets and fi I !-supported 

bui I dings to settle due to consolidation of the recent bay deposits. The 

interparticle stresses in the deeper sol Is below the bearing sands are 

also higher due to the reduction in buoyancy. This causes even the pi !a

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 time of in

stallation than later when the water table rises. The lower weter pressure 

does have some offsetting benefits, however, as it reduces the lateral 

earth pressure on shoring, increases the passive resistance of ~oi Is belo1v 

the bottom of the excavation, and reduces the tendencies for bottom heave. 

CONCLUSIONS AND RECa~MENDATIONS 

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 

to be satisfactory from supped and settlement considerations, as 'tiel I as 

being the most economically competitive type of foundation system. The 

OA .... tr·S C ""'OOAE 
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bearing sands have adeqtla1e supporting capacity for· the static and seismic 

bui !ding loads~ and settlements of 1he underlying sol Is do not appear ·to 

be of such a magnitude as to cause excessive differential seitlemcnts 

within the tower. 

In the remainder of this report vte present a more detailed dis

cussion of tho design consider·ations for b()sement and pi I ing installation, 

an explanation of our liquefaction studies, and the results of our 

settlement evaluations. 

BASEMENT DESIGN AND CONSTRUCT I ON 

Dotal led recommendations were presented 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 

wal Is can be obtained from that letter. The basement •.-Jails should be de

s·lgned with the groundwater considered to be at Elevation -10 even though 

the basement slab on the interior of the bui !ding wi II be drained. Although 

the basement lateral pressures wi II be influenced by the shoring detai Is, 

a satisfactory design can be based on the c.ctivc pressure diagrams for the 

shoring with certain precautions: I) an allov~ance should be made for sur

charge at the street sides of the bul lding; 2) care should be exercised in 

placing backfi I I against basement wal Is not to develop high compaction 

pressures. Considering ordinary street traffic, an appropriate pr·essure 

diagram would be 200 pounds per square foot to a depth of 5 feet 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 

DA .... ES C II\I'IOOAE 
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shou I d be increased at the rate of 80 pounds per square tooi· and be low -20 

at the rate of 90 pounds per square foot. 

It is our opinion that the subbasomC?nt 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 slab. To avoid designing the slab to 

resist about 15 feet of hydrostatuc pressure, a drain blanket of graded 

fi Iter material wi II be placed beneath the slab v1ith drain pipes into 

pumped sumps. The outlet elevations should be one to two feet below the 

slab. The slab should be wei I reinforced so that displacements do not de

velop at joints and wal I connections resulting from the expected settlement 

of the pile caps and the slight swelling tendencies of the soi Is between 

the pi Je 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 i-o 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 excavation, there wi I I 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 wi II about balance the 1·1eight of the clc:ys. 

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

DA.PVIES C IWIOOA:E 
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penetrate the ctays. During excavation, any existing pi ling that are to be 

rernovod should be cut or broken off ratr1er than pulled. The excavation 

should be inspected for old well casings and if found, those should be 

sealed with a heavy bentonite or· cement grout. Any rei ief wells or devlater

ing "''ells to be used during construction ~,hould be seeded. It wi II be 

necessary that the back f i II for the pi I e caps and elevator p J·j~s contain 

layers of impermeable material compacted "lightly against ·rhe faces of the 

excavation and ; tructures. Some m';lthods of shor-ing cau I d create channe Is 

for water to enter the drain b I anket from one or both of the sand strata. 

Pervious working pads below the perimeter pile caps could also forr'l potE~n

tial seepage channels. Special attention should be given to these and 

similar detal Is during design and construction to assure that the drain 

blanket is isolated from the water bearing sands. 

We expect "that seepage w i I I be on I y a few ga II ons per day if the 

recommended measur·es are taken to sea I openings that may be made through 

the recent bay depos i i·s. Seepage water Cdn probab I y be handfed by the 

ordinary basement sumps and pumping equipment. 

PI LE CAPi\C lT l ES 

The upward gradient in the groundwater •.-:ithin the clay sol Is 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 

zer·o for the highest anticipated groundv1ater condition. Such reductions 

in the effective overburden pressures directly effect pile capacities and 

the design condition for computations. It should therefore be appreciated 

OAIIW£S C MOOR£ 



I 
I . 

I 

' I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- II -

that at least a portlun of the savings ir1 cosi in designing the basement 

slab for zero hydrostn~ic uplift is lost due to added costs of larger pile 

sizes necessitated by these consider<~~ ions. 

With the obove describd groundwcter condition, there is a 

relatively narrow range of pile penetrations to develop high end bearing 

capacities in the upper bearing sands. ThG percentage of ultimate pile 

capacity taken in end bearing is on the order of 70 to 80 percent. The 

bearir.g capacity of soi Is at shallovter depths is ! imlted by the relatively 

lo1v effective confining pressures and at the greater depths it is limited 

by the strength of the undorlyi•19 clays in resisting a punching fullure. 

The following dead pIus Jive load design capacities were developed from 

theoretical analyses and load test experience for 18-inch-squaro prestressed 

concrete piles used for the nm1 r.G.&E. Cui lding (see Appendix 8). T!las(1 

capacities include a computed foetor of safety of 2.0. 

SQUARE PILE 
SIZE 

(In inches) 

18 

20 

22 

24 

Use of these 

MAX IMU~1 
CAPACITY 
(In tons) 

115 

135 

It-::> 

190 

PILE TIP PENETRAT!ON BELOW 
SUdBASEMENT FLOOR SLAB 

Ml Nlt'vlUt-1 t4AX I MU~1 
Penetration Penetration 
(feet) (Feet) 

36 41 

36 40 

36 39 

36 38 

computed maximum pile capacities for design involved 

consideruble risk without extensive pre I iminary pile driving experience 

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

r DANICS C IMIOOIR'E 
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Bechtel and P.G.&E. building sites found v<Jrioi"ions 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 because of local variations in the supporting capacity 

of soi Is, more conservative pi Je designs have been selected. Foundation 

designs are based on I 15 and 135-ton-capacity piles and cal I for 20 and 

24-inch-square prestressed concrete pi lcs to carry these loads. While the 

22-inch-square pile would likely support the 135--ton design load, the 24-

ir.ch was selected on the basis of avai !able sizes and the very high design 

load. 

PILE DRIVING CONSIDERA.TIONS 

Prestressed concrete piling driven prior to site excava·t-ions 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 pf ling requires accurate predetermination of tip elevations. 

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

piles in sand. In this latter case, assurance of satisfactory capacity of 

the individual piles is achieved by control ling 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 accormiodate field adjustme::nt in pile lengths when higher 

OAIIII'IES C .... OOAIE 
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or lower driving resis1anccs are encountered thon specified at the 

design penetrations. Thus, a compromise is necessary between the 

desire for accuracy in predetermined pile len9ths, simp! icity in 

driving criteria, and the desirability of flexibility in actual lensrl1, 

driven to meet field conditions. \'Je believe the best solution is to 

usc an estimated average pile length and a simplified driving critor·ld 

for bidding purposes and to modify the criteria a~> required after an 

initial pile driving program and pile load tests. 

Pile driving criteria and design lengths for bidding purpos~. 

would be based upon the calculated pile lengths presented in the provi. 

section and analagous pile driving experience at the P.G.& E. Buildin~·· 

A summary of the P.G.& E. pile driving and load test data is presenicJ 

in Appendix 8. The major differences between the Metropolitan and 

P.G. & E. foundation conditions are that: 

1. Higher pile loads arc planned for the Metropolitan 

Building. (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 Metropo I i tan has a sha I I ovwr baserrent (two 

stories versus three). This is caused by the upl'iard s"v". 

gradient through the bearing sands resulting from 

the underdrain system beneath the basement floor. 

DAIII'IES C III'IOOA£ 
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3. Only a I imii·cd portion of tlte f-.1otr-opol itan site 

wi I I be avai I able for ini1·ial pile driving and 

load tests, and it wit I not be possible to develop 

early dr-iving 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 loads, 10\'-ler final effective 

pile confinement, and available area for initial testing, requires deeper 

penetration into the sand stratun1 (about 20 feet versus 10 feet at 

P.G. &C) ,c:nd larger p_i te sizes.Aiso, larger pile driving hammers vd I I be 

needed i·o achieve the required pile bearing capacity for the condition 

of pile installation ~rlor to site excavation. As was done at P.G. & E., 

the Metropolitan piles will be driven with follov1ers before the excavation 

is complete. This, together with the temporary lo\'l'er water table in the 

bearing sands, wi I I require a bearing capacity at the time of pi Je 

installation, about two times greater than at the time of application 

of building loads. This factor requires that pi I ing 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). 

Predr iII I ng shou I d be used tCJ fac iIi tate pi I e penetration to 

required depths. The predri I led hole sho~ld be no larger in diameter than 

the least dimension of the pile to minimize the reduction in friction 

support in the bearing sands. Because of caving in the sand stl'ata, this 

wi II probably I imit the drill bit size to 16 to 17 inches for the 

20-inch-square piles. It is expected that predrill ing to Elevation -55 

(plus or minus) wi II be required to actlieve design pile penetrations. 

OAIMIES C I'IIIOOAE 
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Predri I ling is also advantageous in locating old woodpile obstructions 

and minimizing the effects of vibrations and noise related to pile 

driving. 

INITIAL PILE DRIVII~G PROGRAM 

We understand that the relative timing of demo! ition and pile 

driving operations are such that only a limited area in the southern 

half of the site wil I be avai !able for· !nitial pile driving and load 

tests. For the presently anticipated site conditions, approximately 

8 piles should be driven at available pile locations. Four vwuld 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 equiprrBnt and followers plc:mncd for production pi I ing. Variation 

i~ the depth of predri I I ing and driving resistance should be expected to 

meet the variable field conditions. Following the initial pile driving, 

an accessible location would be selected for load tests. Load tests on 

two 20-inch piles r11ay be needed to ver·ify the bearing capacities of soils. 

The load test frame and loading equipment should be sized for a 600-ton 

capacity to accommod3te the effects of temporary confineme~t on the bear

ing sands at the tine of testing and the desire to test the pi I ing to 

soi I yield or failure. It may be possible to test both pi I ing under a 

single frame although the opt!on for multiple load test setups should be 

provided for in the specifications. The piles would be instal led in 

oversize predri lied holes to cutoff elevation, cased and backfi lied 'fdth 

bentonite slurry to minimize frictional resistance in the upper soils. 

Additional predri II ing into the sand stratum wi II probably be required 

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

OAIIIIES (~ I\IIOORE 
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For the P.G.& E. rroject, ufi·imate dynamic pile driving 

resistances as compuiod by wave equation analyses, correlnted wei l with 

load test results for the pile of lower driving resistance (370 tons 

driving resistance versus 380-tor, failure load), bu·t over-estimated the 

capacity of the harder driven pile (450 versus 370 tons). Wave equation 

analyses have been perforrred for the 20-inch-pi le and the type of 

follower employed at the P.G. & E. site. These analyses plus the 

P.G.& E. experience confirm that very heavy pile driving hammers wi II be 

required for the 115- and 135-ton capacity piles at the t4etropol itan 

site. The wave equation analyses indicate that the 014 hammer (~2,000 

foot-pound-per-blow hammer uti I ized at the P.G.& E. site) can not drlve 

the 135-ton pi las to adequa!e bearing. Similarly, the 200-C, differ-

entia! acting steam hammer (50,200 foot-pound-per-blow energy) v1ould require 

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

for 135-ton-pi le). Consequently, we recommend that ihe pile specifications 

requIre pile driving hammers having the following minimum rated 

energies: 

Steam or Air 

Diesel 

~I in i mum Energy 
(Ft./Lb_. per Blow) 

60,000 

80,000 

Even for these hammers, high pile driving resistances are indica-ted for 

the 135-ton-pile(up to 20 blows per inch). This high driving resisi·ance 

should be considered practical refusal with the above production pile 

driving equipment. 

DA-ICS C N'IOORE 
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test pile(s), They would be driven ful I length without follo~ers and 

extend a few feet above 9round surface. Instrumentation of the lond 

test piles with tel 1-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 upon 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 finully selected pile lengths 

should permit a reasonably accurate predetermined tip elevation for the 

prestressed pi I ing; hovtever, it wi II 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 wi II provide the optimum ffexibi I ity to meet 

field conditions, while maintaining an efficient pile driving schedule. 

The most economical foundation system consistent with field conditions 

and satisfactory performance can only be obtained in this manner. If 

field changes were to be eliminated, a much more conservative pi lo design 

would be necessary. 

PILE DRIVING CRITERIA 

It 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 present 

a simplified criteria representative of the anticipated requirements and 

provide for modifications as the result of the initial test program. 
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Prior to gaining field experience with the actual equipment 

to be used for foundatio11 piling, meaningful distinctions cannoi" be 

made between the required driving resistance for 20- and 24-inch pi I ing. 

It is expecied, however, that produdion pile driving critorin wi II 

require higher driving resistance for the 24-inch than 20-inch piles. 

For the pi I ing specifications v1e recommend that the following 

pile criteria be used for both piles: 

1. 100 blows ,_Jer foot at des i 3n pi I e tip 

elevations. 

2. Within 2 feet of design tip elevation, 

150 b I o~t1s per fooL 

3. Depth of predri I I lng to be varied to achieve 

design pile penetrations. 

For design tip elevations, we recommend that the average 

between minimum and maximum calculated pile penetrations be used; that 

is, Elevation -62 for the pi I ing 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 

busement elevations. Thus, the design lengths of the pi ting throughout 

the building would be uniform at about 30 feet. 

SETTLEMENTS 

Tower settlements were estimated for several basement schemes 

in our Phase I studies. For ihc planncd.baserr.ent and foundation scheme, 

our Phase I settlement analyses \tould indicate maximum settlement of the 

central core on the order of two inches wiil1 r&spect to the adjacent 

OAIMICS (! IMIOOAE I 
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streets and u maximur.J differential bet\veen interior and exterior colurn;·.:, 

of less than one inch. Abo~t half of thts settler~nt would occur durin~ 

the initial application of load. The remainder would occur over a periud 

of severa I years and wou I d be part i a II y dependent on f I uctuat ions in the 

water table that may occur following bui I ding construction. 

As this analysis was performed prior to our field investigation, 

It \'las based on sol l data obtained from adjacent borings. The soli 

profile now established reveals a greater thickness of the moderately 

compressible Old Bay Clay at the south end of thE: bui ldi:1g than at the 

north end. Otherwise, the initially assumed soil properties were con

firmed by the resu Its of this i nvost i gati on. If the bu i I ding area "'ere 

uniformly loaded, this would c~use a slightly greater settleroont of th0 

south end and therefore a tilting of the tower. However, we believe thai 

the unloading of the south end of the bui I ding area due to the deep base

ment excavation in the Plaza area, wi I I counterbalance this tendency to 

tilting. Another cause of tilting due to differential settlement could 

be the possible deep basement excavations for future low-rise bui I dings 

to the west of the tower. Unloading of this area simultaneously with 

the excavation for this pr-oject 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 towor would 

essentially eliminate the tilting potential. 

We have also performed preliminary settlement evaluations 

considering longer piles driven to end bearing in the second sand stratur:,, 

Although our analyses were not carried to completion because this scherne 

was judged as not necessary, it appeared that the higher stresses on the 

DAM£$ C fi/IOORE 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- 20 -

th 1 ck 0 I d Bay C I ay under the central co lurnn urcas cou I d cause more 

settlement than with piles driven no deeper than recomrncnded for develop-

ing maximum capacity in the upper bearing sands. 

We have concluded that the be.:1ring sands would not I iq.;efy or 

lose strength shou I d they t.>e subjucted to ·the most severe earthqua~~e 

that was considered in the seismic analysis of the superstructure~'. Ttds 

earthquake, which is considered comparable to the 1906 1 quuke, hud a 

peak bedrock acceleration of 0.40g, a duration of ver·y strong shaking of 

30 seconds, and a total duration of strong shaking of 60 seconds. The 

liquefaction potential of the bearing sands during a si"rony rnotion eur·th-

quake was evaluaied using two su~arate methods. Both methods inv0lvo 

calculation of ft1e cumulative effect of earthquake vibrations on the 

I iquefaction potentii:d of tho sonds as indicated L·y cyclic labvrator'/ 

tests on sands of similar relative density and particle size distribution. 

The resulting cumulative damc:gc number is comparable to that used in 

fatigue analyses of metals. If the cumulative damage is less thdn one, 

liquefaction is unlikely. The cumulative damage approach to I iquofaction 

analyses was recently developed by Dr. Neville Donovan of our San Francisco 

office**. 

The first method used the computed shear stresse~ in the sand 

deposits from the time histories of accelerations developed for the 

*Seismic Oesign Studies, Proposed High-Rise Structure, lvlarket and Fremont 
Streets, San Francisco, For lvletropoliton Life Insurance Company (report 
dated August 6, 1971) <D&M Job No. 4243-011-03) 

**"A Stochastic Appr·oach to tho Seismic Liq1~s-f<.Jction Problem," by i-l6vi lie 
C. Donovan; Conference on Applications of Statistics and Probobi I ity 
to Soi I and Structural Engineeriny, 1971. 

DAMES C MOORE 
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earthquake analysis of the structure. lho second muthcd used statistical 

relationships for the shear stress character·istics of the sand deposii~ 

based upon ana I yscs of previous earthqua!·;e records but not direct I y 

uti I izing the computed time histories of acceler-ations for this site. 

Comparable resuli's v1ere obtained from both n10ihods. 

These analyses indicate that I iquefaction of the sands support

ing the planned pi lc foundations would not occur during a 1906-type 

earthquake if the reI at i ve density of the sands were greater than 70 

percent. As shown on Plate A5A in Appendix t\, the minimum rr.easured 

relative density of the bearing sands is 73 percent with all other values 

being in excess of 80 percent. A conservative desi9n value of 80 percent 

reI at i ve density for the bearing sunds is a I so consistent \vi th the 

driving resistances encountered in sampling the sands at this site and 

e I sew here in downtown San Francisco. The wui"er tab I e used in the ana I yses 

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 Dmple margin of safety against 

loss of r.-i lo support for the severe 1906-type earthquake. 

On the other hand, I iquefaction of the upper sandy fl I Is during 

a severe earthquake is I ikely. For an estimated relative density of these 

sands of 50 percent, 7 feet below the water table, the calculated 

cumu I at i ve damage is l. 46, i nd i cat i ng -the deve I opiT'teni" of progressive 

liquefaction during the duration of strong shaking. Such a condliion 

would not impair bui I ding performance, ~lnce support from these fi II soi Is. 

is not required for earthquake stability. Fi I I suppor·~ed sidewalks and 

uti I ities servicing the bui ldir.g may bo effected, hmtever. For less 

DAMES 6 III'IOOAE 
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severe earthquakes liquefaction of even the sand fills would not 

occur. 

The calculated I iquefacticn of the sandy fll Is and satisfactory 

performance of the pile supporting materials for the severe earthquake 

is in agreement with the performance of bui I dings and sireets during the 

1906 earthquake. Whereas there was considerable ground displacement and 

settlerrent of the fi I Is 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 I ique-

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 Second Sand Strata 
Plate 3 -Estimated Contours of Thick Old Bay Clay 
Appendix A - Field Explorations and Laboratory Testing 
Appendix 8- P.G.& E. Building Load Tests 

August 27, 1971 

Job No.8865-001-03 

Respectfully submitted, 

DAMES & MOORE 

Roy A. Be II 
Project Engineer 
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FI[LD LXPl(l:~,\riO~·J:; PNil UFJD!~YIUf\Y n:SriNG 

fiELD lXPLORATfOt\::., 

lwo )-inch-diuu • .:<cr ir.:;~:-1" bori11gs ~;Hi-, r~_)-ldry-\':c~sh cquiul'l·.::nl. 1/.e borinT.> 

wor0 dri f !ed 3 to If feet inlo hL~nJ :·Jck c:r~d ·lc~nnin;;,ted at 2(,0 <Jnd 26(:, fact 

tel ow ~ treet grade. The df'i IIi ,-,9 a:;d s<:Jmp 11 fl9 was pedcnn·~d under the 

supe1·vision of one of our engineers, 11ho log~y::d uuch bor-ing an0 assisted 

in obtaining reprc!:;eni"otivv undisturbed sci I samples for f-url"hnr observt::

tbn and laborator-y testi:ts.J. Tho boring locations are sho\'ln on Plates 1 

through 3. The logs an~ pr,3::.e:-:ted on PI aies AI.'\ 3i1d AIC:. The~ soi 1~. <:•re 

cli:·.ssified in accordance 1vii'h tho Unified Soil Classificatiun System 

presented on Plate A2. 

Threo tyrJo~; of Snrr.(Jiing i'()·<l~- Y.'ere u:;.::d, d'?ponding on the nc.;turc 

of the> soi I and the physical propertks to bG evaluated. Tv•o of these, 

the DurrK:~s & tv:oore Underwater Samp lor nnd Piston Sample:, are shmtn on 

Pla·te:; f>.6 and A7. In addition to these, the standard penetra-tion sampler 

<ASTM ~Rsignation lJ-1586-67) wa~; used to evaluate the relative densities 

and penetration resistance of the t)ecwing send stratum. The sarnplir.g :·e

sist-anco is shown on ·lfw bering logs and n l<.ey to the types of samplers 

and sample designations is presented on Plate A2. 

A water level obsorvction w~l !, i'l-1, was installed in order to 

measure~ the water level in -the bearing :ond~. ~/-1 v1as instaiiGd in r 78-

foot-deop, 5-inch-diameter boring located 9 feet southeast of Boring tJo. l. 

The well consish of a one-inc.h-cii<,r:JCto,- plas-t-ic casing with -the lm·10r 2CJ 
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feel pe:rforu·:(•d. Fir;c· qr·JV,!I \'iil:~ pl<1':cd <JroLnd tht: lodll' :)() {·:;c: of the 

casing and the; remainde-r i·t,L fi lied vil'lh ~~ v,·:ry thicl, ber1toni h.:J slurry 

forming an ir:.per·vict.;:, sec!! in the boring al1ove tbc bc;Jr·in9 sn:~d:>. 

Lf\Ll()kJ\lOF:Y TlSTING 

Re,·,,rc:ocntai' i ve ~-<..d I s::;r:,o les 1:en~ .!.oo;'!"sd i I' our ! iJbC'rc~ur-y for 

shcor strength, c.onsoiidc:iion, end soil c.lrj':.~.;ifica-ticn indices. 

STRn~GTH TESTS 

Triaxial C0~npressio:1- Tl·'o uncon:.;ofidc::i'ed-undrained tric::xiaf 

compression "tests (T>~ULJ), and fot1r consolid::r1·ecJ-undrdined triaxial corn-

pression tests ( TXCU) v;en~ p•~r fvrr·:od. The pet!i~ ::.hear s tn::ss or.<.i 'lr'e 

confining pressures ar·e tabuluted adjacent to the appropriate Si.J111f.lles on 

the boring logs. The me·i·hod of perfoming i·he triaxicd co~.~prcssior, "fest 

is descrihed on Plate AB. 

Unconfirroc <;oi'!2_1:!..:_Ssion - T~;olve unconfined corn;Jrossion tests (UC) 

were conductz~d on clayey soi f samples. The meihod of performing ·the tesi 

is explained on Plate A8 nnd the test results are presented on the Log of 

Borings. 

Laboratory Vane She<:Jr Tests -This test is conduded on cla-yey 

soi Is by int,·oducing a 4-bladed vune into tho soi I sample and rnea:;u;ing the 

torque requi n~d i·o roi'i.rre the vane at a s !o·.v rate. The shear strength is 

computed from the torque required io shear the soi I a I eng the vert i ca I and 

hor·izontal edges of the vane. The results of the 17 tests p~rformod are 

presented on the Log of Borings. 

DAMI:S C MOOAI: 
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OJUSOL IUAT I O>l ii Sl S 

Eight· con~>olid:1lir_:;n to~i:, (C) 1.'c-:rc pc;rfonnod on thL: l;layey sui Is 

thdt l':i I I contribute io !h(; ~~eHic:r.er1t bc!l,l';ior of ·Jhe brri lcin9. lhe con-

A3D, <;nd ·the mcillod of pcdormino consolid<rlion tec'ts is described on 

Pla·tc A9. The initial portion of the tes·ls Wc•s per·formed in a moist i.l·tmos

pherc, the rernc..tinder- wt-~re f)<::rfonr:-:::d wi lh -t-he sarnpi8S inundi.liod. The load 

at which the smr.ples 1.;ero inund.:d·od is nut(·)d for cCJch test. 

CLASSIFICATION TESTS 

~1oistun~ and fjcn:..i1y- The rnoisiun.; coni·(,tlt and dry dcr;sity ·.voce, 

determined for all of the undis-t-urbed sar.1plcs in tho top 20(; l'eot to help 

assign foundation design paral":'!eter~; and to .:lid in correlation of soi I !c:yer·s 

betv/8~.;;1) the bot i ng~:; at ho 1"11 this :; i te and nearby s i tcs. The icsts wer·o 

performed in accor-dance l'li-th ASH-1 Test Designation D-2216-66 and the rc-

su!ts are tabulated adjac(':nt i"o the samples on the Logs of Borings. 

Atterberg Limits -As an aid to soi I classification and evaluai ion 

of the consolidation test~>, the liquid limit and plastic li111it \-ter·e dotE-:r-

mined for all consolidation samplos and on one sample from El2vation -19:1 

from Boring 1. The tests were performed in accordance 1'-iiih the ASH-i Test 

Designations D-423-66 and D-424-59, and the liquid limit and plastic limit 

results are tabu luted on ihe consolidation test dat3 and on the Logs of 

Borings. 

Grain-Size Distribution- Twelve sieve analyses were performed to 

determine the grain-si~e distribution of the potential pile t..car-ing sands 

to assist In ·i·he evaluution of seismic I iqucf<lction potertial. The te~ts 

OAIWES t} ..-wOOAE 
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f~<;lativc Den:;!iv [;,.·iurmirlcJiivl,-

on tho combined samp I e. Tho ·tes'f ros~ It;; t•r·c: sho·,.;n on F' I a-ro~, A5A and A';[L 

The follo~:ing Plate~ are atruchG,l and complete this f;,ppendix: 

Pla~es AlA and AiU - Los of Oorlras 

Plate A2 

Pld1~s A3A - A3D 

Plates A4A - A4E 

-Sol I Clusslfication Chdrt and 
Key to Te<;t O<:ltil 

- Conso!id~tion Test Gaia 

- Sieve Ana I y:,os 

PI aies Nj/1. anJ A5B - ReI at i ve Dons i i"y Tosi· and S I cvo 
Ana I ys i . .s of Comb i nod Samp I e 

Plate AG 

Plate A7 

Plate A8 

Plate A9 

-Dames & fvk,ore U-Typo Sampler 

- Dames & t·ko:-.:: Piston Sump lor 

- Mett'wd of Pt~rforming Unconfined 
Comprossion and Triaxial 
Comprcssic'n Tesis 

-Method of Per-forming Consolidation 
Tests 
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ELEVATIONS GIVEN IN FEET ( S. f. DATUM) 

TOP OF BEARING SAND 8 BOTTOM 
OF RECENT BAY DEPOSITS 

--- THICKNESS OF BEARING SAND 

,....- BORING NO. -t BORINGS DRILLED FOR THIS INVESTIGATION 

+ BORINGS DRILLED BY DAMES 8 MOORE FOR 
OTHER INVESTIGATIONS 

ESTIMATED CONTOURS 
OF BEARING SAND STRATA 

FEET 
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Oll;ILL£0 413/71 

T 

TO 

---·---···- ··----------------------~--
GRAY S I LTV CLAY 

{STIFF TO VER'f STiff) {OLD BAY CLAY) 

(GRACING WITt-! OCCASIONAL SM/o.LL GRAVEL & V(R'f STiff} 

(fRACE Of OECAYEO VfG£TATION) 

(GRADING. SliGHTLY' SANOY} 

TO MI.:n~ SAND 

GREENISH GRAY SILTY ClAV wiTH OCCASIONAL 4.HGlllA.R 
ROCK fRAGM[NJS 

( lENSE OF (:RAVH) 

(GRAOING WITH INHAeEDOEO SANDY ClAY' U:!'.S£S 
& ~ORE S~.ALl ROO: FRAGH£NTS) 



' CHART a I<EY TO TEST DATA 

DESCAtPTION 

CLAYEY GRAVfLS, GIAV(l•SAIID-CtAY 
HllTUA[S 

w(LL·GIIAOEO SANDS Oil GA&VHLT S.&IIDS, 
ll TTL£ OA NO FINES 

POORLT·GIIA0£0 SANDS o• GIAY(LLT SANDS, 
LITTLE OR 100 fiNES 

INORGANIC SILTS IUIO VUT fill[ SANDS, 
ROCK FLOUII, SILTY Oil CL.&T[Y fill£ 
SANDS 011 CL.&YET S ll TS 'iiiiTH SLI CiHT 
PL.&ST!CITY 

INORGAIIIC CLA¥$ Of LO'ill TO M(OIUH 
Pl.o\STICITTf GI.&V(lLT CL.&YS, SAIIOT 
CLAYS, 5IL Y Cl.&YS, L[AII CL.&f$ 

IHOIIGAIIIC SILTS, MICACEOUS 01 
DJATOIIAC(OUS f !II( SANOY 011 S I LTV 
SOILS, EL.&STlC SII.TS 

INOIIGAIIIC CL.&YS Of HIGH 'l.&SHCITl, 
fAT CLAYS 

OIIGAIIIC CLAYS Of H[OIUH TO HIGH 
PL.&STICITY, OIIGAIIIC SILTS 

'EAT &110 OTHER HIGHLY OIIGAIIIC SOILS 

MA.IOft DIVISIONS 

CL(Ae GIUtL$ 
(llttl• ~no fines) 

GIAV(L$ 'ii!IYH 
fliiU 

(eppre<:lable a-.nt 
of ftneo) 

CLUII SUDS 
(little~ roo fl~~<ts) 

SAil OS 'iii!TH f tillS 
(llpiH'ectable •-nt 

of flnet) 

SII..TS ANO C:UYS 
LIQUID LIMIT LU$ TIIAII 50 

SILTS AND Q.AYS 
LIQUID LIMIT GIUT£11 TMAII 50 

"18HLY ORCJANIC lOlLI 

SOIL CLASSIFICATION CHART 
UNtFIEO SOIL Cl.ASSIFICATION SYSTEM 
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KEY TO TEST OAT A 

TICU • CONSOLIDATED UNDRAINED TIIAKIAL SHEA• TEST 

TXUU • UNCONSOLIDATED UNDRAINED TRIAXIAL SHEAR TEST 

UC • U!ICOIIFINED COMPRESSION SHEAR TEST 

OSCU • CONSOLIDATED UNDRAINED DIRECT SHEAR TEST 

TY 

LY 

S4 

'( 

a; 
IT, 

ITo 

. LAIORATORT TORVAN( TEST 

. PRECISION lASORATO~Y VANE SHEAR TEST 

SIEVE ANAlYSES 

CONSOLIDATION TEST 

PEAK SHEAR STRESS, PSf 

. MAJOR PRINCIPAL STRESS, PSF 

. MINOR PRINCIPAL STRESS, PSF 

. NORMAL STRESS ON Dl R£CT SHEAR SPECIMEN, PSF 

KEY TO TYPE OF SAMPLER 

U • DAMES I IIOOR£ UNDER IIA TE R SANPL ER 

Til • DAMES I IIOORE UNDERIIATER SAMPLER WITH THINIIALL 
UTEIISION 

P • DAMES I I'IOORE PI STDN SAMPLU 

SPY • STANDARD P£11£t.ATIOII TEST SAMPlU 

KEY TO SAMPLES 

- INDICATES DEPTH OF UNDISTURBED SAMPLE 

CB:I INDICATES DEPTH OF DISTURBED SAMPlE 

Cl INDICATES DEPTII OF SAMPLING ATTEMPT WITH ND RECOVERY 

~ IIIDICATES DEPTH OF STANDARD PllllTRATIDII TEST 

SOIL CLASSIFIQ 
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BORING 2 

(GRADING l'lfDILi~ S T I H) 

(GR.AOING WITH ~ltE SMO ltNSrS l 

(l.ENSE or SANOY GRAVEl} 

(LOOSE) 

6fiC'riN FINE TO 11EOIU"' SA!-10 IVE>lY OENS£) 

{LRAJING S!Utl 

(CEMEtH[O LENSES) 

{lE~SE or SAWN CLAYfV SMO.l 
(DENSE WITH SOME CE/'oltNT£0 lE!iSlS) 

(GRAD I JiG VfRV OfNS£) 

(GI\AOING rc fiN£ TO "'fCil:M SAM) 

GR£E~I5H G~'l' C.LAY£'1 SAND \off U1 lENSES CF CLEAN 
SA'fO ( M£0 ll!M OENS£) 

---l~-------------------
GREHIISH GRAY SILTY CLAY WlrH SQH£ WHITE CfMfNTEO 

N00Ul£S & TRACE OF OEC~YEO VEGETAl ION 
(OLO SAY CLAY) 

(TRACE Cf DECAYED VEGETIITIOS) 

GREENISH GRAY s-.NOY CLAY WITH LENSES Of SANO & 
WITH TRACE OF DECAYED VEGETATI{)Jij (VtRY STIFF) 

CLAY (VERY STiff) 

GRH/iiSH GRAY SANOY CLAY WI Hi SC»'£ SMAll GRAVEL 
(VERY STiff) 

I 
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METHODS OF p ERFORML\!G 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· 
SlON TESTS THE TEST METHOD AND THE MAGNITUDE OF 
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE 
ANTICIPATED FIELD CONDITIONS. 

tJ NCONFINE D COMPRESSION Al'.J'D TRIAXIAL COMPRESSION 
TESTS ARE PER FORMED ON UNDISTURBED OR REMOLDED 
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH 
A:'IID 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· 
T!ON AND TilE RESULTING STRESSES ARE RECORDED. IN 
A STRESS.CONTROLLED TEST THE SA\IPLE IS SUB} ECTED 
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 
FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND 

TRIAXIAL COMPRESSION TEST UNIT 

TilE 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 WITII SUFFICIENT COllE· 
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS .\lAY 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 TilE DURATION OF THE 
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, AL THOI.:GH FOR 
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO TilE MEASURED STRESSES. TRIAXIAL COMPRES
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED 
SAM.PLES. TilE TESTS ARE PERFORMED IN ONE OF TilE FOLLOWING WAYS: 

UNCONSOUDATED·UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON TilE SAMPLE 
AT TilE START OF THE TEST. NO DR.\INAGE IS PERMITTED AND TilE STRESSES U1HCH 
ARE MEASURED REPRESENT TilE SUM OF THE 1:'11TERGRANULAR STRESSES At'\D PORE 
\\'ATER PRESSURES. 

CONSOLIDATED-UNDRAINED: TilE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER 
THE APPLIED CONFINING PRESSURE PRiOR TO TilE START OF THE TEST. TilE VOLUME 
CHANGE lS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURI:>JG 
CONSOLIDATION, NO DRAl!';AGF IS PER:\IITTED DURI:\:G TilE TEST A:>ID TilE STRESSES 
WHICH ARE MEASURED ARE THE SAME AS FOR TilE t::-.ICONSOLIDATED-U:-.:DRAI~ED TEST. 

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER· 
FORMING A DRAINED, OR SLOW, TEST. IN TlUS 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 SLO\t' ENOUGII RATE TO PREVENT 
THE BUILD!;P OF PORE \t'ATER PRESSURES. THE RESULTING STRESSES \l'HICH ARE \{r:AS· 
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 SLO\r TEST RATE 
IS USED. 

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

DAMES C MOORE 

Plate A8 
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METHOD OF PERFOR\IING Co:--~soUDATION TEsTs 

CONSOLIDATION TESTS ARE PEil.FOR\!ED TO EVALUATE TilE VOLU\iF CHAN<;ES OF SOILS SUBJECTED 

TO INCREASED LOADS. Tl\IE-CO;\;SOLID:\ TION A'\D PH ESSUR E-CONSOLIDA TION CURVES \iA Y BE PLOT-

TED FROM THE DATA OBTAINED 1!'1: THE TESTS. ENGINEERING ANi\LYSES BASED ON THESE CURVES 

PER.\JIT ESTI\tA TES TO HE MADE OF THE PROBABLE MAGl':ITUDE AND RATE OF SETTLEMENT OF THE 

TESTED SOILS UNDER APPLIED LOADS. 

EACH SAMPLE IS TESTED \\'ITfllt-: BRASS RI:'\GS no AND ONE-

IIALF INCHES IN DIAMETER AND ONE INCH 1!\ LENGTH. UN DIS-

TURBED SAMPU'S OF IN-PLACE SOILS AHF TESTED IN RINGS. 

TAKE:-.: FIW\i THE SA\IPLING DEVICE I!'\ \t'IIICH TilE SA\IPLES 

\\'ERE OBTAINED. LOOSE SA~IPLES OF SOILS TO HE USED IN 

CONST!n.'CTING E:\RTfl FILLS Afl.E CO\IPACTED IN RINGS TO 

PREDETI·:R.\HNED CONDITIO~$ A:'\1> TESTED. 

I!'ll TESTING, THE SA~IPLE IS RIGIDLY CONFINED LATERALLY 

BY THE BRASS RING. AXIAL LOADS ARE TRANSMITTED TO THE 

ENDS OF TilE SAMPLE BY POHOUS DISKS. THE DISKS ALLOW 

DEAD LOAD-PNEUMATIC 
CONSOLIDOMETER 

DRAINAGE OF TilE LOADED SA\IPLE. THE AXIAL CO\IPRESSION OR EXPA:--1510!:1: OF THE SA\IPLE IS 

MEAS!JlU~D BY A MICROMETEH DL-\L INDICATOR AT APPROPRIATE TIME INTERVALS AFTER EACH 

LOAD INCREMENT IS APPLIED. EACH LOAD IS ORDINARILY TWICE THE PRECEDING LOAD. THE IN· 

CREMENTS ARE SELECTED TO OJHAIN CONSOLIDATION DATA REPRESE!I:TING TilE FIELD LOADING 

CONDITIONS FOR WHICH TilE TEST IS BEING PERFORMED. EACH LOAD INCREMENT IS ALLOWED TO 

ACT OVER AN INTERVAL OF Tli\IE DEPENDENT ON TilE TYPE AND EXTENT OF THE SOIL IN THE 

FIELD. 

DAMES C MOORE 

Pl"tP AQ 
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REACTION MEMBER 

COUPLING 

HEAD 

CYLINDER 

PISTON CUPS 

DRIVING PISTON 

SAMPLE TUBE 

SEALING PISTON 

PISTON 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 SO!L. 

OAIWIES C II\IIOOAE 

Plate A7 
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APPCNDfX 8 

P.G.&E. BUILDiiJG LO/\D TESTS 

Eighteen-inch, pr·esi"ressed concreie pi J es wore used for support 

of this 34-story building. Dead plus I ive desion loads vtcre 90 tons. The 

plies averaged 20 feet in length and 'rlero drivon with follo\'Jers from a 

single basement elevation to pene-trations of 4 to 10 feet into the bear-ing 

sands which underlie the bay mud about 60 feet below street level. Pi fes 

were driven with an 014 (42,000 foot-pounds per blow) sin~11o-acting ste<Jm 

hammer. At design tip elevation, a driving resistance of tOO blo1·1s :->er 

foot was required. Pi I es 1vere permitted to stop within one f oo·r of the 

bottom of predri lied holes if refusal driving was encountered 05 blo·.vs 

per inch). if specified driving resistance was not encountered at the 

design tip elevation, piles were overdriven one foot and stopped, regurd

less ot blow count. Piles which did not meet driving criterio v1ere 

assigned a reduced capacity. Column footings were evaluated on the busis 

of total capacity, and extra piles \•:ere added only if toia! capacities 

were below bui !ding column loads. 

Prior to production pile drlving, piles were driven at 12 column 

locations throughout the building area. Twelve piles v1ere driven wit~1 

followers as planned for production piles and 12 without to evaluate the 

relntive effect of the follower on pile driving resistance. Two locc::tions 

were chosen for pile load tests; one 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 fi I I and bay mud to 

design pile cutoff was eliminated by predri I I ing an oversized hole to 

that depth prior to pile driving. In the hard driving aren, the lead 

test pile was driven to a final resistancE: of 21 blows per inch, 6i feet 
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into the bearing S<.mds. The other lc;;~J "Jest pile, which encountered 

easier driving, penetrated 10 feet into the sands with driving resistances 

of about 10 blows per inc~1 for tho last 5 feet. Prior to excavating the 

two additional basements, load tests on these pi I ing indicated a failure 

capacity for the hard driving pile of 370 tons and 380 tons for the 

easier driving. Basement excavation would later remove about one-half 

of the overburden pressure in the bearing sands. It was conservatively 

estimated that this \tould have a comp.:H·ut)le reduction in the pile capacity. 

This condi1·ion required a load test cap?~city of 360 tons for a 90-ton 

design load pi te. This factor of four (4) was to satisfy the require

ment of tho San Francisco Bui I ding Code for a factor of safety of h.·o (2) 

on pile design loads, times two (2) for r-eduction in bearing capacity of 

the sands. After excavation to pile cutoff elevdtion (about 50 feet 

below street level), the easy driving test pi ie (failure load initial 

test 380 tons) was cut off and retested to a failure load of 250 tons. 

This 250-ton failure capa~ity was greater than the evaluated fal lure· 

capacity of about 220 tons, for the condiiion where the pile had no1 

been previously tested. This test indicated that the reduction in pile 

capacity was less than the one-half indicated by conventional sol I 

mechanics theory. This difference is portially attributed to a maximum 

or limiting effective overburden pressure for the initial pile load test 

condition and partially to some slight cementation in the sand strata ~,.tdch 

is not lost by reduction in ovarburden pressure. 
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