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Mr. Bertram D, Tallamy o
Supt., Department of Public Works
State of New York
Albany, New York

Dear Sir:

In compliance with the terms of our agreement with you dated
23 December 1953, Comptroller®s Contract No. 010733, we submit our
report and recommendations based on our study and analyses of sube
soil conditions for the Campus Site for the proposed State Office Build-
ings, Albany, New York, said site lying generally northwest of Brevator
Street, between Western and Washington Avenues,

PURPOSE AND SCOPE OF INVESTIGATION

, The purpose of our investigation has been to determine the subsoil
- and geological conditions obtaining over all areas of the site; to establ;ish :
predictable consolidations under land fills and structural loads; to reéommend ‘
areas where contemplated structures may be installed on foundations of

- minimum cost as contrasted to areas of ‘greater foundation cost for the
same structure; to recommend foundation methods and types for varying
structures based on comparative foundation design studies, :

Therefore we have directed our studies and analyses to the major
overall considerations of the suitability and general adaptability of the site
for the improvements and structural installations proposed. We have given
principal consideration to the problems of assured stability such that pere
manent, monumental type structures may receive foundation supports that
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will assure that differential settlements will not produce cracks or struc-
tural damage and that total settlements will be within acceptable, pre-
determined limits. On those fundamental premises, we have determined

the comparative economies of recommended foundation types and procedures,
for varying shapes and heights of structures and as foundation costs are
influenced by existant subsoil conditions.

' With the exception of the special consideration given to the founda-
tion design for the Civil Service and Commerce Buildings, as defined in
our interim report to you of April 21, 1954 and as amplified in our letter
of June 14, 1954, our studies and analyses have not envisioned specific
structures at specific locations and our recommendations as hereinafter
given do not include design criteria intended for any specific structure®s
foundation design. As provided in our agreement with you whereby we may
be called upon to prepare specific foundation designs under future contract,
this report contemplates and its recommendations call for, detailed
additional site investigations as a basis for definitive recommendations and
design for each future structure.

. To meet the criteria as above defined, our studies and analyses
have included a soils laboratory testing program providing visual examina-
tion and routine tests on 32 exploratory borings, and elaborate soil mechanics
tests on samples from three undisturbed borings; our study of reference
literature, the geology of the site, and case history of structures supported
on comparable soils in the area; interpretation of test results with particular
concentration on consolidation properties of compressible soils, intensive
settlement analyses including investigation of variations in building load,
shape and balancing excavations at soil profile typical of the area, extensive
settlement analyses including investigation of the effect of grading operations
throughout this site and the effect of the variations in soil profile on huilding
settlements; and economic studies.

CONCLUSIONS AND RECOMMENDATIONS

Based on our studies and investigations as hereinafter described

and amplified in detail, W& Bubmit the following summary of our conclusions
and recommendations:

Conclusions

(1) Consolidation test data indicate that the entire
~ - profile of compressible soils at the Campus
Site has been preconsolidated to at least
3 tsf in excess of the existing overburden
pressure for a shallow ground water table.
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(2)

(3)

(4)

(5 =
- the windlaid sand stratum if all windlaid sand

(6)

The present posltion o:f the gromdmj;ex;,,j:able

PupshuUNER Fpviinadeieston o aeeei e - SEtl S G Dipie a4

in the fine g sed_:gr;gnis has not bean_
_definitely established, This uncertainty
“has an important influence on possible
building settlements and dictates conservative

foundation designs.

Long narrow structures induce mmiinum
influence on the more compressible deep
soils, such influence being a functzon of the
width of the building ' ~

To the limits of load intenslty hefemafter set

forth, structures may be supported onmat s

foundations at no substantial economic penalty
over normal foundation costs.

Foundation mats may be installed on or within

below foundation level is re-compacted, or such
mats may be founded at the level of the base of

windlaid sand stratum if ground water is—

controlled by well points or pumping to

"

preclude hydrostatic pressures on the floor
of the excavation.

Excavation of basements to remove a soil
weight equal to the weight of structure as a
method of foundation mat installation will be
controlled by the location of the structure as
influenced by the thickness of sand cover over
compressible soils. The sand strata will

. serve as distributing media to the deeper

(7)

more compressible soils, hence balanced
excavation should not extend into the
compressible soils. Permissible weights
of buildings will be controlled by thickness
of sand cover over compressible soils a.nd
by the shape factor of the bnilding i

The hmiting heights for structures supported
on foundation mats under most ideal conditions
of location, foundation design and method of
installation will be such that the total 1oad o
intensity of structures, including

m




(8)
(9)

4(10)

the wéight of foundations, will not exceed

1.2 tons per square foot, corresponding

to a height of approximately 12 stories N
including basements. I.ower intensities

will control in many areas.

Any structure whose load intensity exceeds
the above defined limits must be supported
on piles extending down to the deep glacial
till, at costs which may prove prohibitive.

Settlements of all structures may be affected
by the grading operation for the site, where.
new fills will produce consolidations and new
cuts will permit soil swell.

In consideration of ideal facility for dispersion
of structures over broad landscaped areas and
hence the absence of demand for very high
buildings or considerable concentration of
load, and in view of the opportunity here
presented for grading operations, site
preparation to include compaction of the
superficial sands and soil storage pre«
loading, the Campus Site is appropriate foz..
the purposes intended from considerations of
adaptability, economy and adequate foundation
support.

Recommendations

(1)

(2)

That the ultimate grading operation over the
site be accomplished at the earliest practicable
date such that its influence may be substantially
spent before building operations begin.

That where future building locations can be
definitely pre-established, at least one year
in advance of constructien, the windlaid

sand deposit be recompacted, either by its
removal and recompaction in thin lifts or by
adequate vibrating equipment, or a combination
of both, and that after such compaction of

- windlaid sands a surcharge be placed upon

the building site of a weight at least equal to
and preferably greater than that of the proposed
structure.
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(3)

(4)

(5)

(6)

(7)

That from economic consideration ‘all structures
on this site be of maximum height and maximum
load intensity such that they may be safely
supported on mat foundations. This provision

will require specific evaluations at sites of all

- future structures and furthermore tha:t no

structure have an overall weight in excess of
1.2 tons per square foot. '

_In locations where both the windlaid sandind

the waterlaid sand strata are relatively thick,
compensating excavation may be employed and
the foundation mat installed at the level where
weight of excavated material equals weight of
structure.

Where the sand strata are thick and the surface
of underlying silt deep, the windlaid sands may

be removed and recompacted to receive surface

mat foundations. In such soil profile locations,
buildings 80% wide and of permissible heights up to
12 stories over all, reducing to 7 stories overall
for buildings 200% wide may be built if subsequent
ground water determination establishes the
position of the ground water table in the superficial
sandss

No excavation for foundations should penetrate

into the compressible silt deposits. Where the
sand cover over compressible silts is thin

and therefore only shallow compensating excavation
is feasible, the building will be limited to gross
weight intensity of 1/2T per sq. ft. approx:.matmg
4 stories in height

The most favorable shape of building to produce

" minimum settlements and for control of

differential settlement is the long narrow struémre .
when the building is articulated to effectuate ’
independently acting units and to reduce

longitudinal differential settlement, and where

transverse stiffness to reduce transverse
differential settlemen:t is built into the
foundations.
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(8)

(9)

For large heavy buildings where the length to
width ratio is 2 to 1 or less, the foundation mat
should be placed at a depth such that the weight

of excavated soil will equal the weight of building
and the substructure should be designed to
incorporate the Vierendeel truss principle to
reduce differential settlements. The intensity of .
loading for such structures will be limited by :
total and differential settlements determined for

each such bmlding

Completed and proposed site gradlng o;:era.tmns o
will induce settlement and swell. In some areas the
settlements so induced equal the limiting permissible
values for building foundations. Residual values of
fill-induced settlements and swells must be
superimposed on foundation settlement computations.
Buildings placed partially over fill and partially

over cut will induce maximum differential settlements. - —<7 = o -

Therefore most careful consideration must be given
to selection of building sites and choice of foundation
design, with detailed ’evaluataon and study in

each case.

Vi



( | INFORMATION AVAILABLE FOR THIS STUDY

The following mformatwn was made available to us for use in our
investigation, ‘

Information Obtained from The New York State Dept. of Public Works

1.

2.

5.

8.

Logs and soil samples of 32 dry sample borings made by the
New York State Department of Public Works and the Giles
Drilling Corporation between June 1953 and May 1954.

Results of seismic investigations made by the New York State
Department of Public Works, ’

Plan of campus site showing surface features and contours of
surface elevation as of 1948 entitled ®General Plot Plan™,

*Master Plan for the Development of the Site for State Office
Buildings in Albany™, report prepared by Charles H, Sells =
Skidmore, Owings & Merrill in 1951, .

Tentative Grading Plan by C. H. Sells showing propdsed final
grade, and Revised Profiles Drawings Nos, 53«111 to 53115
showing finished grades in southeastern portion of the site.

Preconsolidation test data from nine sites in the Albany area
investigated by the New York State Department of Public Works,

Plasticity limit data from 14 sites in the Albany area investie
gated by the New York State Department of Public Works.,

Map of 1oca’.tion of sites in Albany area investigated by the New
York State Department of Public Works.

Information Obtained from Moran, Proctor, Mueser & Rutledge Flles

on Projects in the Albany Area

L

2.

Tlme-settlement observatlons on the State Ofﬁce Bulldlng in

_ Albany, New York,

Timewsettlement observations on the New York Telephone
Company Building in Albany, New York.



3. Investigation of retalmng wa.lls at Veterans' Admlmstra.tion
Hospital at Albany, New York, S

Undlsturbed Sample Bonng_

1. 59, 3«inch diameter fixed plston ty;pe undlsturbed. samples , ”
obtained from three undisturbed borings ma.de by the Gow R o
- Division of Raymond Concrete P11e Company. ‘ L

2. 4Logs of the three undisturbed borings prepared hyaaur Remdent : -
Englneer , Mr, Edward Sanel. o \

Available in Reference Interature

1. A, Casagrande, ®Structure of Clay in Foundation Engineermg s
BSCE«*Contributions to Soil Mechanics 1925¢194.0ﬂ“'tpp. T3wl26,

2. G. W, Glick; ®Rigid Rectangular Frame Foundation for Albany
Telephone Building®, ENR, Nov, 27, 1930, _ o ;

3. G. P, Tschebotarioff, J, R. Schuyler ®*Comparison of the
Extent of Disturbance Produced by Driving Piles into Plastic e
L Clay to the Disturbance Caused by an Unbalanced Excavation®, .. __ . -
( 2nd International Soils Conference Proceedings Vol II, pps L
. 199.205, 1948,

4, G. W, Glick, ®Foundations of the New Telephone Buildiné,
Albany, N. Y,™, 1lst International Soils Conference Proceedlngs,
Vol. I, pp. 278=294, 1936, ' V ,

5. Various Bulletins of the Ncw York State Museum, Department of
Education, relating to the glacial geology of the Capital District.

ILLUSTR.ATIONS ACCOMPANYING THIS REPORT

The following dramngs and photographs illustrate the atudies dlscussed o
in this report. They are bound in the order listed following fhc tet.t of the

report,




Drawing NQ. 1 « Boring Location Plan

Drawing GS«1 = Geological Sections AA, BB, CC

Drawing GS«2 « Geological Sections DD, EE, FF
Drawing GS«3 = Geological Sections GG, HH, LL, MM
Drawing GS«4 =« Geological Sections i, J’J, KK -
Drawing No. 2 = Contours of Surface of Glacial Till

Drawing No. 3 =~ Contours of Thickness of Varved Clay
Formations ‘

Drawing No, 4 = Contours of Ground Water Elevation
Table I « Summary of Laboratory Test Data, Boring 8U
'i‘able I =« Summary of Laboratory Test Dé.ta., Boring 16U
Table III | - Summary of Laboratory Test Data, Boring 25U

O  DrawingNo. 5 = Soil Properties Profile, Boring 8U
Drawing No. 6 = Soil Properties Profile, Boring 16U
Drawing No. 7 = Soil Properties Profile, Boring 25U
Drawing No., 8 e Plasticity Chart |

Drawing No. 9 e« Summary of Pressurew«Void Ratio Diagrams,
Brown Silty Clay

Drawing No. 10 = Summary of Pressure=Void Ratio Diagrams,
Gray Clay and Pink Clay

Drawing No. 11 « Summary of Pressure«Void Ratio Diagrams,
Varved Brown Gray Silty Clay and Brown Silt

Drawing No, 12 « Summary of Pressure~Void Ratio Diagrams,
Blue Gray Silty Clay i

Drawing No. 13 « Photographs of Thin Sections of Varved Clays



Drawing No. 14 « Photographs of Thin Sections of Varved Clays ‘

Drawing No, 15 = 'Average Water Contents and Distribution of
Materials of Compressible Formations at
Boring Points

Drawing No. 16 « Contours of Cut and Fill of Graded Areas

Drawing No. 17 Tentatlve Grad:mg Plan, Campus Sxte, Albany,

Drawing No. 18 = Y.ocation of Lake Aiba.ny Sites Tested by New
York State Dcpartment of Public Works -

TableIV = « w w Atterber g Plastlcnty leits for Sites in
Schenectady« Albany Area

Drawing No. 19 » Summary of Preconsolidation Test Data =
Albany Sites

Drawing No. 20 « Observed vs., Theoretical Time«Consolidation
Curves ,

Drawing No., 21 » Time~Consolidation Curves for Various Thicke
nesses of Clay

-

Table V o @ « = Summary of Ultimate Settlements

Drawing No., 22 e Computed Ultimate Settléments,' 300% x 80% Building

Drawing No, 23 = = L ;L 600t x 80t m
Drawing No, 24 « - " - 400:‘,( 60¢ "
Drawing No, 25 -‘ - | " | \’ om 200t x 200t "
Drawing No., 26 = 1 Lom . ; “w 400t 3’69’ w
Drawing No. 27 - C m e m ; - 4008 x 608 "

Drawing No. 28 « Gradients of Differential Settlements

Drawing No. 29 - " w "



Drawing 'No.
Drawing No.,
Drawing No,
Drawing No.
Drawing No.

Drawing No.

Drawing No,

]jrawing No.
Drawing No,

Drawing No.
Drawing No.
Drawing No.
Drawing No.

Drawing No.

~ The following plates

end of the report.

Plate 1

Plate 2
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42

43

Gradients of Differential Settlements

1! " 11 "

Contours of Settlement and Swell Duc to
Grading Operations - :

Contours of Settlement at Center of 60‘ x 400‘
Building I.foadcd to 1 tsf.

Depth to Top of Varved Brown Sllt from Final

‘Grade. |

Cost Studies - Balancing Excavation -Silt Deposit
Near Surface

Cost Studies - H-Pile Foundation - Shallow

Cost Studies - Excavation and Recompact'ion -
Silt Deposit Deep

Cost Studles - Balancing Excavatlon -

Silt Deposit Deep,

Co st Studies - H-Pile Foundation - Deep
Cost Studies - Pre-load

Cost Index Graph

Contours of Estimated Pile Lengths

Mat Foundations - Location of Ma.mmu*m Building
Heights,

smhmarizin_g consolidation test data are included at the

-Consohdatmn Test Gurves-Bozing SU, Sample

5U, Brown Silty Cla,y \

Consolidation Test Curves, Bonng 8U, Brown

-Silty Clay



Plate 3 - Consolidatlon Test Curves, Bormg 8U, Sample 8T,

Brown Silt
Plate 4 T Consolidation Test Curves, Boring 8U, Sa.mple llU
- Brown Silty Clay
Plate 5 - Consolidation Test Curves, Boring 8U, Sample 13U,
Gray Clay
Plate 6 . - Consolidation Test Gu;rves, Bormg 8U, Sample 15U,
o Varved Gray Clay and Brown Silty Cla.y -
Plate 7 = - Consohdatmn Test Curves s Bormg 8U Sa:mple 18U,
e Blue Eray Silty Cla;y ' : !
Plate 8 - - Consolidation Test Curves, Bormg 16U, Sample ZU,
Brown Silty Clay
£ Plate 9 - Consolidation Test Curves, Boring 16U, Sa.mple 11U,
Gray Clay ,
Plate 10 - Consolidation Test Curves, Boring 16U, Sample 13U,
Brown Silty Clay
: Plate 11 - Consolidation Test Curves, Boring 16U, Sample 17U,
‘ C ' Gray Brown Silty Clay and Clayey Silt
Plate 12 - Consolidation Test Curves, Boring 16U, Sample 19U,
* Blue Gray Silty Clay
Plate 13 - Consolidation Test Curves, Boring 25U, Sample 5U,
Brown Silt,
Plate 14 - Consolidation Test Curves, Boring 25U, Sample 13U,
Gray Clay ah
Plate 15 - Consolidation Test Curves s Boring 25U, Sample 13U,
o _ Brown Sllty Cla.y o
Platé 16 - Consolidation Test Curves, Boring ZSU, Samplé 140U,
Pink Clay
Plate I7 -  Consolidation Test Curves, ‘soring 250, Sampié 19U, Gray

Brown Sllty Clay and Clayey Sllt (* sy Drmar



GEOLOGICAL HISTORY OF THE AREA

The deposits overlying bedrock at the Campus Site are pre-
dominantly of glacial origin dating from the most recent, Wisconsin stage, -

-and may be as young as 10,000 years in age. Before the southerly move-

ment of the glaciers, the area was occupied by an irregular surface of
moderate relief in soft shales eroded by water courses adjusted to the level
of the deep gorge of the Hudson River. The Campus Site overlies the
western slope of the pre-glacial Colonie Channel in the shales at a point
northeast of its intersection with the Mohawk Channel, i T e

' In their southern advance the ice masses plastered till and boulder
clay in varying thickness on the shale surface. One high mound of glacial '
till encountered in explorations at the site may have originated asa ~ -
drumlin, ' ~ ,

The melting of the ice and the recession of glaciers from the
area exposed the irregular till deposits, probably at a lower elevation wth
respect to sea level than at present. .An obstruction of the Hudson River,

" most likely a remnant ice tounge in the gorge plus outlying moraines,

dammed the drainage normally escaping by this route to the sea. As a
consequence there formed in the region an extensive and nearly continuous
body of water, known as Lake Albanyy occypying an elongated triangle
extending from just west of Schenectady to about two miles east of the
Hudson and a number of miles south of the present Mohawk along the Hudson.
Melt waters pouring into the lake carried loads of fine grained particles
which were deposited as deltas extending outward from the points at which
the rapidly flowing streams entered the lake, The principal delta was that
of the Mohawk River which issued into the lake several miles west of
Schenectady on the line of its present course. This source is presumed to
have furnished sediments to the area between Schenectady and Albany in- '
cluding the Campus Site. The materials probably were derived from the
products of erosion by ice and redeposition of the argillaceous rocks in the
Mohawk's drainage area. The most extensive Mohawk deposition occurred
during its flooded or "Iroquoian' when it carried the entire drainage of the
eastern Great Lakes of that time. The appearance of samples recovered
from borings at the site suggest that at some intermediate stage of fake
filling density currents flowed over the delta eroding channels causing slides

and disturbance of the soft sediments.,  —

With:: the further retreat of the ice masses the southern slopes
of the Adirondacks became freed of ice and the streams tributary to the
Mohawk from the north contributed loads of coarser materials derived from
gneiss and other crystalline Pre-Cambrian rocks. As the Lake Albany



deposits became thicker and the depth of water shallower the sandy materials
advanced outward on the delta forming an upper stratum of increasing
coarseness. Periodic changes in the flow interlayered in the sand thin
varves of silt and clay which became less numerous as the sediments

rose.

When the runoff of glac1a.1 water subsided sands were exposed
over the Lake Albany area., In post-glacial times the wind moved surface
sands southeastward on the Mohawk delta, denuding a flat area af South
Schenectady and piling dunes and drifts to form the irregular topography

. of the surface immediately northwest of Albany. The principal recent

erosive activity has been headward gullying from the main water courses.
There is no evidence of general erosion at the Campus Site, Instead,
transportation by the wind has added material on top of the Lake Albany
deposits. As an isostatic adjustment to removal of the ice load, the land
in the Lake Albany area has rigen with respect to sea level., There is no
evidence to indicate that the water level in the fine grained lake sediments
has been at a lower level in the past than it is at*the present time.

SUBSURFACE EXPLORATION PROGRAM

Boring Program

(.

In order to accurately define the subsurface formations at the
Ca,mpus Site, thirty-five borings were made in the area. These borings
were referenced to a grid system whose origin lies at the intersection of
Washington Avenue and Brevator Street at the southeastern corner of the
site. The holes were spaced at intervals of approximately 600 feet with a
few additional ones located near the proposed Civil Service Building., The
boring layout is shown on Drawing No. 1, "Boring Location Plan', The
average depth of all thirty-five borings was 195 feet, Twenty-seven of them
were carried through the sands and clays and extended into the glacial till
to a depth sufficient to establish the character of the till, Eight borings
were made through the glacial till and into the bedrock to a depth sufficient
to determme its character and soundness. R :

. Three borings of the former group were of the undisturbed type
from which 3-inch diameter samples were secured with a fixed piston
sampler thereby minimizing disturbance due to the sampling operations.
The undisturbed borings were made under the supervision of our Resident

' Engineer, Mr, Edward Sanel, These borings, Nos. 8U, 16U and 25U,

were located at three widely spaced points to obtain samples representative
of the soils at all depths and to enable us to determine variations in
physical properties of the soils over a significant portion of the site.



The remaining thirty-two borings were of the ordinarydry - -
sample type from which samples were obtained at five foot intervals by a .
2-inch diameter spoon sampler. The spoon was forced into the soil

by blows from a drop hammer. The number of blows required to drive

the spoon one foot is termed the penetration resistance and is taken as an

indication of the compactness of the layer sampled. All the dry sample

borings were made under the supemsmn of the New York State Depa.mnent h

of Public Works. D e e , i

Seismic Survey

During the exploratory progracm, -a seismic survey was . S
performed at our request by the Bureau of Soil Mechanics of the New York P
State Department of Public Works in an attempt to determine the elevatlons I
of the surface of the glacial till and shale underlying the Campus Site. A S
few seismic points were run at boring locations to give an indication of the o
margin of error to be expected in the seismic data. Examination of the i3
results indicated that the depth to bedrock could be determined to within '

. five feet by seismic methods but extreme caution would have to be exercised

in interpolating between seismic points because of the irregularity of the
bedrock surface. The seismic survey was unable to define the depth to
glacial till within the limits needed for this mvestlga,tlon. Therefore, all = . - -
borings were extended into the glacial till. .

GENERAL SUBSOIL CONDITIONS

The subsoil formations at the Campus Site determlned from ,
the results of the exploratory and undisturbed sample borings are shown on the
geological sections, Drawings GS-1 through GS-4. These sections also show
the bedrock surface as encountered in eight bormgs and as outlined generally
by the seismic survey of the New York State Department of Public Works.
The locations of the sections are given on Drawing No. I, YBoring Location . w
Plan'., The major north-south sections are Sections AA and BB on Drawmg L
GS-1, and DD and EE on Drawing GS-2. North-south Sections CC and FF
intersect smaller portions of the site, Sections GG and HH in the ea.st-west S
direction, shown on Drawing GS-3, cover the south end while Sechons LL e
and MM on the same drawing pass through the north end of the site.” o
Sections II, JJ and KK on Drawing GS-4 are east-west sections across the : -
central portion of the site. In general, the ground surfacd slopes eastto. ____
west from a high of approximately Elev. +260 along Washington Avenue to ,
a low of Elev. +220 east of Western Avenue. There is no significant genera.l i
slope in the ground surface in a north-south direction. The entire area is = RN
broken by numerous topographlc 1rregu1arities consistmg of dunes, ponds and R
swamps., S : s N




The major divisions of the soil profile are summarlzed m sequence ‘
of depth as follows: ,,

Windlaid Sands

A, The greater part of the surface of Campus Site is covered w1th
a deposit of reddish brown fine to medium sand containing a
trace of silt, shown in red on the geologic sections, This
material was wind-drifted southeastward on the Mohawk Delta
following recession of the glaciers and exposure of the Lake
Albany deposits. The irregular topography of dunes, drifts and
ponds reflects the shifting of sands by wind action, - This =~ = -
windlaid sand is loose in its natural state with penetration re-
sistance increasing with depth and averaging 7 blows per foot.

It varies greatly in thickness from a maximum of 26 feet and

is entirely absent in some areas. Its bottom surface ranges
from Elev. +240 bn fhe eastern:edge of:the site to Elev. +225 in
the central and western portions. The grading program includes
leveling the dunes and filling the ponds and swamps with this
material, :

Glacial Lake Deposits

B. Underlying the dune sand is a layer of brown silty fine sand
&' to 27' thick, extending to an average elevation of 225,
colored yellow on the geologic sections, Occasional yarves of
brown sandy silt and clay in samples of this material indicate
its origin as a waterlaid deposit. This sand is loose to medium
compact with penetration resistance averaging 11blows per
foot and was found to be sensitive to any type of vibration in the
boring operations.

C. Directly beneath the silty fine sand and extending to an average
elevation of +170 is a layer of varved brown silt containing some
thin layers of brown silty fine sand and brown and gray clay,
colored brown on the geologic sections. The thickness of this layer
averages 50' and varies from 70' at Boring No. B22 to 14' at
Boring No. Bl, Within the formation concentrations of sands g
and clays were found, whose locations are indicated on the -
geological sections by appropriate symbols for these materials.
The maximum thickness of the individual clay varves was less than
1" and the average thickness of all varves was less than 1/2m,
The clays recovered in undisturbed samples of this formation
were very brittle, In comparison with the underlying varved

10,



clays it has considerably larger percentages of fine sand and silt
and is a much less plastic material.

D. Beneath the brown silt stratum and extending to the glacial till
is a thick formation of varved brown silty clay with some _
thin layers of brown silt and gray clay, colored orange on the
geological sections; and a relatively thin stratum of varved blue
gray silty clay with occasional thin layers of gray clay and
blue gray silt, shown in blue on the sections. These clay strata
include some concentrations of brown silt and blue gray silt as
indicated on the geological sections. The upper surface of the
clay is at a rather uniform elevation, averaging +170 but its
total thickness varies greatly because of the irregular surface
of the underlying glacial till. The general ¥@riation in total
thickness of this layer is shown on Drawing No. 3, '"Contours
of Thickness of Varved Clays'',

Glacial Till

E. The base material on which the Lake Albany varved silts and
clays have been deposited is a compact glacial till, shown in
green on the geological sections. The till varies from a sand and
gravel with clay binder to a boulder clay with rock fragments
and at many points it was necessary to core drill to advance the

, boring in this material. The extreme variability in the elevation

(\ of its upper surface is shown on the geological sections and is

illustrated by the pattern of Drawing No, 2, "Contours of Surface

of Glacial Till". This drawing shows a relatively high and steep
mound of till cresting at a depth of approximately 90' below ground
surface near the proposed location for the Civil Service Building,

From this height the surface of the glacial till slopes downward

sharply to below Elev. 0 in the southeast corner of the site and

to Elev, +20 in the west central portion. The thickness of till

over bedrock also varies greatly ranging from less than 10' in

some northern portions of the site to over 100! in the south cen-
tral areas. Except at the hill in the glacial till surface and an
upslope in the northwest corner of the site, the wind and waterlaid
deposits over the till are generally 200' or more in thickness. -

Bedrock

F. The bedrock underlying the entire Campus Site is shale., The
shale was cored in 8 borings with moderately good percentages
of recovery. The borings, the seismic survey and the bedrock
geology of the area all indicate that the buried rock surface is
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irregular and has been dissected by pre-glacial water courses.
Geological studies show bedrock below Elev. -100 less than

a mile south of the Campus Site. Within the Campus Site
there appears to be no definite relationship between elevations
of the bedrock surface and the thickness of glacia.l till over-
lying the shale,

Below the waterlaid brown silty fine sand the distmctlve Lake Albany
varved silts and clays extend for depths varying from 80’ to over 200!, )
Because of the varved cha,racter of this thick compress:tble deposit, our =
laboratory investigations as far as practicable have been made on the
materials constituting individual varves. By testing the materials Wlthln
the varves and by determining the percentage thickness of varves of each
soil type in the entire stratum it has been possible to estimate the physical
properties of the gross soil profile of varved ma,terlals. For this reason
the laboratory program discussed in sections to follow is designed to
identify the materials within the varves and to determine the properties of
each type. =

GROUND WATER CONDITIONS

Obaervations of ground water levels were made in all 35 borings of
the exploratory program at the Campus Site. The elevations measured are
noted and contoured and the principal bodies of open water located on Drawing
( No. 4, "Contours of Ground Water Elevations'. The water table parallels
- the general surface topography and lies in the upper sand strata at an average
depth of 7 feet. It slopes west to east from about Elev. +255 on Washington
~Avenue to Elev. +230 in the low swampy area on Western Avenue. Several
of the ponds form mounds on the water table while the swamps and marshes
are in ground water depressions.

< Our laboratory test results plus test data supplied by the Bureau of
Soil Mechanics of the Department of Public Works indicate that at some pa,st
time the water level was as low as Elev. +140 to 160 in the varved brown silty
clay stratum at the Campus Site. There is no geolog1ca1 evidence to suggest
that water levels have risen from a low in immedfate post-glacial times to
a high level at the present. On the contrary, it appears that the effect of
isostatic uplift of the land would be to continuously lower the water table with
' : respect to the ground surface, Ins two borings, Nos. 9 and 25U, observations
were made while the casing extended through the upper permeable sands which
indicated water levels substantially lower than those present in the sands.
These readings were not continued over a sufficient time to measure accurately
~ the equilibrium water levels in the varved clay However, they support the
possibility that the water table in the clay is still depressed to its lowest past

e
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elevation deduced from consolidation test data. Such a depressed
water table could be maintained separate from the shallow one
observed in the upper sands by the low vertical permeability ‘
of the intervening varved brown silt stratum. This possibility
has a significant effect on the settlement of buildings at the

site and it has been evaluated in our settlement analyses. To
resolve the uncertainty it would be desirable to install piezometers
deep in the varved clay sealed against any contact with the shallow
water table in order to measure poTe water p:ressures mthe L
compressﬂ:le materlals. S

LABORATORY TESTING PROGRA.M

All undisturbed and dry samples obtained in the bong opera,tmns
were shipped directly to our soils laboratory for examination and testing.
The testing programs for both groups of samples are summarized in the
following section. -~

Undisturbed Samples

. Fifty-nine 3-inch diameter undisturbed samples were obtained in

the three undisturbed Borings Nos, 8U, 16U and 25U at the Campus Site,

, These samples, approximately 24 inches in length, were sealed with paraffin

a and capped to prevent drying in shipment. Upon arrival in our laboratory

( ’ ~ the samples were cut into 6-inch sections, extruded and subjected to

classification and physical properties tests, The identification and classi-
fication tests consisted of visual examination and determinations of natural
water content and density, plasticity limits and specific gravity of soil
solids, The only physical property test performed in this mvestlgatlon was
the consolidation test.

Tables I, II, and III list the basic data of all the laboratory tests
performed on undisturbed samples from Borings Nos. 8U, 16U and 25U,
respectively. The results of the consolidation tests are presented as
pressure void-ratio diagrams and tune—compression curves in Plates 1
through 17 at the end of the report. : :

Visual Examination - Each ‘sample was carefully exam_med and a’
detailed description recorded. Individual silt and clay varves were classlfled
and their thicknesses measured so that the percentage of each soil type in
the samples would be available for the app:tzhsal of the propertles of entu.‘e
stratum,

Natural Water Content Detemninations - The natural water content of a
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soil expressed as a percentage of its dry weight assists in grouping soils
of similar plasticity and compressibility characteristics. Water content
tests were made on the materials as they were removed from the sample
tubes. Since the samples were sealed against drying in shipment, these
water conternts are assumed to be representative of the in-place condition.

Plasticity Limits - The liquid limit and plastic limit of a soil show
the range of water content over which the soil is plastic, The plasticity

 limits assist in separating soil groups having similar consolidation charac-

teristics, and when combined with their natural water contents, provide an
estimate of the relative magnitude of stresses applied to the soil in the
past. Pla.st1c1ty limit tests were performed on typical samples of every

~ soil type.

Specific Gravity of Solids - The specific gravity of the soil solids is
necessary for computing natural unit weights of saturated soils from their
water contents., Specific gravities were determined for representative
samples of each compressible, soil,

Natural Densities - The unit weights of typical samples of the brown
silty fine sands overlying the varved brown silts were determined for use
in overburden pressure computations and as an aid in estimating the com-
pactness of these sands.

Consolidation Tests - Past experience with the Lake Albany clays has
indicated that the principal foundation problem arises from settlements due
to volumetric consolidation under net stress increases, The most
reliable basis for a settlement prediction is the volume change - applied
stress relationship obtained from consolidation tests on undisturbed samples
of the compressible materials, Seventeen consolidation tests performed on
the silt and clay varves were distributed among the soil types as follows:

Summary of Consolidation Tests

Compressible Individual Varve = - Number
Stratum : A of Tests
Varved brown silt Brown "éilt’ . _ 2
Brown silty clay 5
Gra.y cla,y' ' ‘ ) o1
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Varved brown
silty clay : Brown silty clay 1
' Gray clay 4
Gray brown silty clay , :
and clayey silt (varves distorted) 2

Varved blue gray . , = PR SR
~ silty clay , Blue gray silty clay 2

: The consolidation tests were equally divided among the three
undisturbed borings and the test samples were spaced in depth to assure
a preconsgolidation profile for each boring. Great care was taken in selecting
the test specimen in order that each test result would represent the properties
of a single varve and not a combination of different varves.

Photographs of Varved Clays - Photographs of thin vertical slices of
the varved clays taken after drying to the point of maximum color contrast
are given in Drawings Nos. 13 and 14. The rapidly drying sands and silts
are light in color as compared to the slow drying clays. The photographs
of Sample 16U, Boring 8U; Sample 16U, Boring 16U; and Sample 17U, Boring
16U, illustrate the distortion probably caused by movements in the lake
bottom during deposition., This natural disturbance was noted in each of
the undisturbed borings at approximately the same depths.

Disturbances Due to Sampling and Shipment - As even the best "undis-
turbed' samples are somewhat disturbed, it is essential to estimate the
amount of damage that may have occurred to the sample to consider its
effect on the laboratory test results.

The thin tube samples of the varved brown silty clay were received in the
laboratory in excellent condition. The edges of the varves show very
little drag or curvature resulting from forcing the sampling tube into the
soil, The absence of disturbance is disclosed by the five photographs of the
horizontally varved materials. Consolidation tests on the clays corroborated
this conclusion,

The thin tube samples of varved brown silt and brown silty fine sand

arrived in the laboratory in various stages of disturbance, All samples
with high percentages of sand conta.ined free water and void spaces where
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the sand had been vibrated to a more dense state. The silts were slightly
disturbed but very little free water was present. ' The thin varves of clay
in the silt were very brittle and consolidation tests indicated relatively

. small amounts of disturbance., However, the consolidation test curves

showed that the clay varves swelled while in the sample tubes by absorbing
water from the more easily disturbed silt. These observations indicate
that any disturbance was the result of vibration and shocks during sbipmenj:
and not due to faulty sampling procedure. ‘ :

Dry Samples

All dry samples taken from the thirty-two exploratory borings and
the dry samples taken at elevations between the thin tube samples in
the undisturbed sample borings were subjected to visual examination and
water content determinations. The types of clay varves in each sample
and their percentages were noted and water contents determined for varves
of sufficient thickness for a test. These data for the varved brown silt
formation and for the varved brown clay and blue gray silty clay strata have
been averaged at each boring, The averages are summarized at each
boring location in the plan of Drawing No. 15.

SIGNIFICANCE OF LABORATORY TESTS RESULTS

On the basis of identification, classification and consolidation tests s
the individual materials of the Lake Albany deposits were divided into the
following soil types, listed in the order of greatest to least compressibility,
plasticity and natural water contents:

Gray clay, including occasional pink clay

Brown silty clay

Blue gray silty clay {properties overlapping with brown
&ilty clay)

Gray brown sllty clay and clayey silt (varves dlstorted and
materials mlxed) s

Brown silt and blue gray silt

Brown silty fine sand

The plastmity chart of Drawing No. 8 presents a plot of results of
the Atterberg limit determinations, values which reflect the percentages and
toughness of the colloidal fractions in the plastic soils., The test results
fall near a straight line parallel to and above the A-line at almost the exact
position and range assigned to other glacial lake clays of the northern United
States and Canada. This alignment of values indicates that the same parent
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materials, conditions of weathering and of sedimentation have been involved
in the formation of all the clays in the Liake Albany deposits. Only the

gray clay can be classified as a CH clay of high compressibility and
plasticity. The other plastic materials are CL clays of low to medium
compressibility and plasticity., Within this latter broad category there

is overlap of limits between the individual soil types but the ﬁgrouping is fairly
distinctive. Both of the silts encountered are non-plastic and have the
appearance and physical characteristics of rock flour,

The distinctions between soil types are clearly apparent in the
profiles of natural water contents for the three uddisturbed borings in
Drawings Nos. 5, 6 and 7, Except where they reflect large past stresses,
the natural water contents of the gray clay range from about 47 to 55 per

‘cent, those of the brown and blue gray silty clays from 31 to 37 per cent,

the silts from 24 to 26 per cent. The gray brown silty clay and clayey
silt is a composite’ material in which the distortion of varves have made a
more exact distinction impossible, Their propert1es are intermediate

. between a silt and the brown silty clay,

The distribution of percentages of the individual soil types within
the major strata at the undisturbed borings are shown graphically at the
right in Drawings Nos. 5, 6 and 7. Considering relative compressibility
and frequency of materials, the brown silty clay is the soil making the
greatest contribution to_cpnsolidatién-under’ syide spread surface loads.

The void-ratio pressure curves derived from the consolidation tests
are grouped according to soil type in Drawings Nos. 9, 10, 11, and 12, As
would be expected from the difference in classification properties these
soil types show fairly distinctive compressibility characteristics reflecting
the plasticity of the materials. The highly plastic CH, gray clay is the
most compressible material, followed by the other soils in order of their
liquid limits. Relationships between compressibility and natural water con-
tent of the test specimens includid within each major soil type were denved
for ﬁse in the settlement analyses,

s S

Variations of Materials Over the Campus Site

Dry samples from the thirty-two exploratory borings were examined
and tested and their constituent soils classified in the categories described
above, Drawing No. 15 summarizes average water contents for the in-
dividual soil types, percentages of silt and sand in the varved brown silt
layer, and the percentage of silt in the varved brown silty cldy stratum
determined for each exploratory boring. The residual percentages in
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either stratum represent the proportion of combined brown and gray clays.
By applymg the compressibility~water content relationships derived from
the consolidation tests to the data of Drawing No. 15, the overall com-
pressibilities of the major strata were determined at each boring on the
Campus Site.

These detailed samplé examinations gave no indication of a systematic

' variation in the composition of the major strata over the site as might be

expected of a deltaic deposit. Information on this subject has been provided
us Hy.the Bureau of Soil Mechanics of the New York State Department of
Public Works, Atterberg plasticity limits determined by the Bureau at

14 sites on the Lake Albany materials are tabulated in Table IV. The
locations of the sites investigated are shown in Drawing No. 18, These
plasticity limit tests were performed on composite samples of the varved
brown silty clay which included both clay and silt varves in the test specimen.
The results indicate the relative proportions of thése two materials in the
stratum and show clearly that the lake sediments become less silty and-
more clayey in a sotitheast direction towards Albany from the head of the
Mohawk delta at Schenectady . The Campus Site does not encompass a
sufficiently large area to include any discernable portion of this trend.
However, the fine grained sediments at the Campus Site should be notice-
ably less clayey and compressible than the same strata at downtown Albany,
an area known for foundation difficulties arising from comsoldiation settle-
ments.

. Preconsolidation Characteristics

The consolidation tests provide data for computation of settlements
due to volume change of the compressible materials under load. The semi-
logarithmic pressure-void ratio programs show characteristics common
to those of other plastic sediments. The curves progress on a relatively
flat, straight or convex slope to a point where they move sharply into a
steep, straight or slightly concave section., In the flat segment the soil
is being recompressed in the test at pressures lower than those it has
sustained in nature. The steep section represents the range of 'virgin
consolidation' where the sample is loaded to greater stresses than it has
experienced in situ. The boundary between these two stages is at greatest
pressure to which the soil has been loaded in its natural condition, the
"preconsolidation stress', Its minimum possible value is at the inter-
section of the recompression slope with the backward projection of the
virgin compression curve, Its maximum possible value is determined
from shape of the pressure -void ratio curve near the point of maximum
curvature.
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The estimated maximum and minimum test values of precon- -
solidation stresses are plotted on Drawings Nos. 5, 6 and 7 and preconsol-
idation profiles interpolated from these data. It is apparent that stresses
of at least 3 tsf in excess of the existing effective overburden pressures were
present at one time throughout the glacial lake sediments., Apparently these
past stresses were produced by the lowering of the ground water table to be-
tween Elevs. +140 to 160 or to a level slightly below the base of the varved
brown silt stratum. This resulted in consolidation by large effective capillary
stresses above the water table and by somewhat smaller effective stresses
below this level caused by the decrease in hydrostatic uplift of the overburden
load. Only for the soil profile at Boring No. 16U it is necessary to assume a
slightly greater height of overburden to account for the entire preconsolidation,

This quantitative evidence of the preconsolidation condition is
substantiated by the profiles of natural water contents and the position of these
values relative to the liquid and plastic limits, as shown on Drawings Nos, 5,

6 and 7. In the zone of dessication, particularly within the varved brown silt
stratum, the plastic gray clay varves were brittle, their water contents were
notably less and closer to the plastic limit than for this material at greater
depths. The same characteristics were noted for the brown silty clay to a

less pronounced degree. The position.of natural water contents below the
liquid limit throughout the deposit indicates the sediments are preconsolidated
rather than normally consolidated under existing overburden pressures. There
is some scattered test data to indicate that drying affected the sediments below
Elev. +100, a circumstance which might be connected with an erosion process
producing the distortion of varves at this depth.

Profiles of total effective stresses including the increment of
pressures added by representative buildings loaded to 1 tsf are shown on
Drawing No. 5. It is apparent that these added pressures fall below the pre-~
consolidation stresses. Thus the consolidation produced by such building
loads will occur as recompression in the flat segment of the pressure-void
ratio curves, :

The Bureau of Soil Mechanics of the Department of Public Works
has provided us with a valuable series of preconsolidation test data derived’
from investigations of nine sites in the Lake Albany area at the locations shown
on Drawing No. 18, -These data are presented in Drawing No. 19 arranged
in order of the position of the sites from north to south, The estimated pre-
consolidation stress profiles confirm that the Lake Albany deposits have been
loaded at some past time under the conditions of a depressed water table which
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‘T may have sloped from north to south in the sediments., Tests for the Russell

(J b, Road site near the Campus corroborate a ground water lowering to Elev,

+140 to 160 in this area. .As at the Campus Site it is not necessary to assume

. that erosion has removed overburden in order to account for the preconsoli-

" dation stresses. However, since some of the sites tested are near recent
erosion features this conclusion is questlonable. _

The geologic history and the ground Water observations at
the Campus Site suggest the possibility that the water table in the com~
pressible materials is still depressed to its lowest past elevation, between
Elev. 4140 and 160. In this case the materials beneath this level would
simply be compressed to a high existing overburden pressure and not pre-
sently under a lower effective overburden pressure than existed in the past.
Then added stresses would produce a virgin consolidation of these materials
and this possibility must be considered in the building settlement analyses.
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SETTLEMEN T ANALYSES

Scope of Analyses

A series of investigations have been made to determine the
influence on consolidation settlements of the following factors:

’A(.a') Building load,

(’b) Bulldmg shape,
(c) Balancmg excavatmn, f

'(d) P081t10n of the ground water ta:ble, AP

(e) Variations in soil conditions over the Campus Site, a:nd
" {f) Grading operations. o

The term Mbalancing excavation, ™ means that a weight of s0il equal to the
‘total weight of the superlmposed building including foundations and base-
‘ments is excavated and replaced by the load of the structure., The pro-
cedure in these analyses has been to investigate the effect of building shape,
L load and balancing excavation on consolidation at a single location typical
. L ; of the site. To appraise the influence of variations in soil conditions

throughout the site a typical building has been moved about the area, its
settlements computed and contoured on a plan of the Campus. Consolida-

‘ tion and rebound resulting from grading operations were determined for

y the entire site independently of the settlements produced by building loads.
Several years may elapse between grading and building construction and
fill settlements could be substantially completed in this time, but any con~
solidation which remains to take place must be superimposed on settlements
from building loads alone to obtain the total effect.

For the intensive investigation, settlements were computed at
the center of the long side, corner and center of the following buildings,
selected from the Sells-Skidmore report, placed on the soil profile of

~ Boring No, 80, :a,pp:t'o:~:1ma.1zelyr the average subsurface condltlons of. the s:.te.
Al Bu.lldlngs 200" x 200‘ 300' x 80' 400" x 60! and 600' x 80' loaded
at the ground surface to 0. 5, 1.0, 1.5and 2,0 tsf gross area
pressures without excavation and Wlth the grcnmd water level at
Elev. +236 as observed* L - »

B. Bulldmgs 200 x 200! and 400* x 60! loaded to 0.5, 1.0 L5
§ ( ‘ and 2.0 tsf gross area pressures with sufficient excavation
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to balance these pressures, with the ground water level

at Elev, +236;

Building 400* x 60' loaded at the ground surface to 0.5,

1,0, 1,5'and 2,0 tsf gross area pressures without excava~
tion, and with sufficient excavation to balance these loads,
assuming a ground water table depressed in the clay to o
Elev. +158. : o

To appraise the characteristics of the area as a whole, the

following computations were made at each boring on the Campus Site for the |
subsoil conditions dlsclosed 'by these bormgs'

D,

E,

Assumptions

Settlements at the center of the 400‘ 60! bulld.lng loaded to
1,0 tsf gross area pressures with sufficient excavation to
exactly balance this load;

Settlement under fills, and swell from cuts, involved in the
grading operations completed in the southeast portion of
the site and the grading program currently planned for the
balance of the area.

and Computation Procedures

The following assumptions and computation procedures were used

in the seftlement ana.lyses.

@)

(2)

For

For

The buildings are perfectly flexible and the gross pressures are
applied uniformly over the area of the building, at the ground
surface without excavation,o r over the bottom of the pit with
excavation,

To equate gross “area load to height of buildiné +in stories the
following schedule of building loads were assumed:

building on the ground surface:

b e ©

Foundationmat: .~ 400 psf minimum o

~

Permanent live iea.d of first

floor on mat: G 50 psf

Dead load plus permanent live
load of additional stories: 150 psf

Dead load plus permanent live
load of roof: 120 psf

building with balancing excavation:
22.
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(4)

(5)

(6)

Foundation mat: 400 psf minimum

. Permanent live load of

lowest basement on mat: 120 psf

Dead load plus permanent live e R
load for each additional basement : N

story: B V - 200 psf
Dead load for first floor: - 80 psf

Additional floors and roof -
taken as listed above.

For settlement analyses A,, B. and C. above, the s'bil
profile was assumed to be uniform beneath the entire
area of the building and equal to that at Boring No. 8U.

According to the test evidence of preconsolidation cited
previously, additional stresses up to 3 tsf in excess of

the existing effective overburden pressures recompress

the foundation materials for the ground water conditions
of settlement an’a;}?,ses A,, By D, and E.

The recompression portions of the semi-logarithmic
pressure-void ratio curves are straight lines above and
below the existing effective overburden pressure. The
slope of this straight line in the semi-log plot is de-
fined by the value, C,, the recompression index., Re-
compression taking place under the building load after
balancing excavation is assumed to equal exactly the
swell accompanying excavation,

A characteristic ratio of Cy, to natural water content
was determined for individual soil types from an ex~
amination of the recompression and rebound slopes of

‘the pressure-void ratio curves., These ratios were

found to be the following: - .

Maferia.l E.l—'/ Natural w;cttér éonteﬁt

| Gray Clay 0.23

Blue gray silty hlay | 0,27

Brown silty clay 0.20"

Brown silt Independent of riatura.l water

content, C.= 0, 026
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(7)

(8)

(9)

(10)

All sands incompressible in volumetric consolidation.

.

Consolidation settiements, AH, were computed from
the expression:

P . c - Pt e et e e
CAH -2 H(I,—é‘b)loc)%

where eg = natural void ratio, :

Pj = effective overburden pressure before addition of load,
P = effective pressure after addition of load and comple-
tion of consolidation,

2H = total thlckness of compresslble materlals.

A comp051te value of the soil parameter(,ee )was deter-
mined for every major stratum of the geologic sections
at each boring en the Campus Site, This composite para=-
meter, computed frem the relationships of (5) above, was

_ based on the proportions of sand, brown silt, and brown;

gray and blue-gray clay in each stratum plus the water
contents of the clays, as disclosed by sample examinations
and tests, ,

In the settlement analyses C. the ground water level was |
taken at Elev, +158, its lowest past position according to
g&st values of preconsolidation. Increases in stress pro-
duce a virgin compression of the materials below this
elevation,

For settlement analysis €. a ratio of the virgin compres-
sion index, C., to natural water content was determined
for individual s011 types from a study of the virgin com-
pression slepes of the semi-leg pressure—void curves,
These ratios were as follows:

Mate:igl ' ’ C Ce /Natu;'al Water Content
c:;i-ay, Clay | N o - L75

Blue éilty clay - I i. 62

Brown Qilty'clay - 152

Brown silt N | ' hdependent of natural water

content, C=0,.11
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Time-Consolidation Characteristics

The most significant information on time-consolidation charac-

teristics of the Lake Albany clays is in the settlement record of the State

Office Building in Albany. This structure incorporates at its center a 34
story tower, 130! x 130% in plan, - A 24! basement beneath the tower is under-
lain by approximately 100? of the typical varved glac1a.1 clays. The gross

area load of the tower is 4.5 tsf, reduced to a net load of 3 tsf by excava-
" tion. The time-settlement curve observed for the tower is shown on the
semi-logarithmic diagram of Drawmg No. 20, in terms of per cent primary

consolidation, One-hundred per cent primary consolidation, equivalent to
approximately 8, 5" of settlement, ‘was reached in 6 years after ‘construc-
tion. ' :

A study of laboratory time~consolidation curves for the brown
silty clay, the dominant compressible material at the Campus Site, indi-
cates fairly constant time-consolidation chara.ctermtlcs as reflected in
values of the coefficient of consolidation cy. This coefficient averages 55
ft. 2/year over appropriate stress increments and it is only slightly greater
for a process of swell under decreasing stress. Taking cy equal to 55 ft.
2[year, a theoretical time-consolidation curve is plotted in Drawing No. 20
for a 100* clay layer assuming only vertical drainage of pore water in the
consolidation process. Using the same value of cy a second theoretical
time-consolidation curve is plotted which includes not only vertical but also
horizontal drainage of pore water during consolidation. This latter curve
is for a building with shortest dimension equal to the thickness of the com-
pressible material, and permeability 4 times greater horizontally than
vertically. The position of the two theoretical curves relative to the ob-
served time-consolidation curve emphasizes the importance of horizontal
drainage of pore water in accelerating consolidation of the thick varved
clays and silts. It appears that the varved clay may be at least 20 times
more permeable horizontally than vertically. . ~

Because of the complexity of ‘a theoretical time~settlement
analysis allowing for horizontal drainage, the consolidation curve observed
for the State Office Building is utilized for predicting time rates of settle~ ~

‘ment and rebound at the Campus Site, In Drawing No. 21 this curve is re-

produced in terms of per cent of ultimate consolidation for a clay layer
100* thick, The possible extreme time curves for 50 and 150 foot strata are
obtained from the following theoretical relatlonshlp for dramage of pore
water in the vertical direction only: : S o

~ t50 ~=:(50‘)7-;
t100 (100)2

where: t50 and t100 are the times required for a given
per cent consolidation of 50 and 100 foot strata, re-
spectively.
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For a particular building area the accelerating influence of horizontal drainage
increases with the thickness of the layer and the slenderness of the building.
The solid curves representing the probable range of time rates for 50' and 150*
strata are estimated within the possible extremes. There can be a considerable
variation from these probable curves among the buildings considered here be~
cause of the influence 6f size and shape on the flow of pore water during con~
solidation, Consequently the estimates of time rates of seitlement are only

‘approximate and are much less reliable than the computed values of ult:tmate

settlement.

Building Load and Shape R A i TR

The results of the mtensive settlement analyses at Bormg No.
8U are summarized in Table V. Settlements at the center, corner and center.
of the long side of the four buildings placed on the ground surface at Boring
No. 8U are presented as load-settlement curves in Drawing Nos, ZZ to 25,
Gradients of differential settlements on the long exterior walls and on the
transverse axes of the buildings are plotted in Drawings Nos., 28 to .31 as inches
of differential settlement per 20 feet of length versus gross area pressures.
The vertical scale at the right in each of these drawings prov:tdes the equiva-
lent of the gross area loads in the height of building in stories, ,

The increase of settlement with load is generallyat a rate
somewhat less than linear. The settlement under a particular load intensity
on a uniform soil profile depends on the size and shape of the loaded area., In
the consolidation process the buildings create a significant stress increase in
the subsoil to a depth below the foundation 1.5 to 2 times the minimum building
dimension, Consequently for the thick compressible strata at the Campus Site
settlements increase with the building's minimum dimension and are rather

_unimportantly affected by the length of the structure. This conclusion is

supported by the values of Table V which show maximum settlements for 1 tsf
surface loading of 3.5, 3.9, 4.0 and 5.5 inches for the 400% x 60, 300! x 80¢,
600" x 80! and 200* x 200! buildings, respectively. For a given building area

the more nearly equidimensional structure yields higher general settlements,
and, in a perfectly flexible structure, higher differential settlements between
analogous locations, than the shape with greater difference in dimensions,

. This fact is illustrated by a comparison of the load-settlement curves of the

400' x 60! and the 300' x 80’ buildlngs placed at ground surface. £

le_ferennal settlements bei:ween center and corner at 1tsf load
average 2,2" for the three slender buildings and equals 3. 6" for the 200! x
200! building, Drawing No. 28 summarizes gradients of differential settle-
ments of all four buildings placed on the ground surface at Borings No. 8U,
Gradients of settlement on the long exterior wall decrease with building
length, ranging from 0, 27" per 20! for the 200% x 200* building to 0. 09" per
20t for the 600% x 80° building at 1 tsf, In every case the gradient of settle~
ments between center of the building and center of the long side is larger
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than the gradient on the long exterior wall. The slope of the settlement
profile on the transverse axis does not differ greatly among the shapes
considered here but increases somewhat with the slenderness, ranging at
1 tsf from 0. 44" to 0.54" per 20%* for the 200% x 200* and 400% x 60® build-
ings, respectively. The slope of the settlement profile on the short ex-
terior wall has not been computed but is generally about two-thirds that
on the transverse axis,

Balancing Excavation

To appraise the effect of balancing excavation settlements were
computed at Boring No. 8U for the 400% x 60® and 200! x 200% buildings with
sufficient excavation to balance their gross area loads. The compression
caused in replacing the excavated soil by the building load is considered to be
equal to the rebound which occurs in the period between excavation and build~

_ing construction. Since the swell is a time~delayed process analogous to

volumetric consolidation it is necessary to estimate what proportion of the
ultimate rebound will occur in this interval. The accuracy of the estimate is
limited by uncertainties in the time-consolidation analysis. However, if swell
occurs rapidly and a considerable percentage of the ultimate value takes place
before building construction the recompression also will be rapid and will be
importantly advanced before interior finishing and exterior facing are under-
taken. For this analysis an eight month period is assumed between excava~
tion and the mid-point of building construction. In eight months the soil pro=-
file at Boring No. 8U will complete 27 percent of its total potential swell
according to Drawing No. 21.

Ultimate rebounds are shown in parenthesis in Table V coupled
with their 27 percent values. The load-settlement curves for balancing
excavation based on 27 percent rebound, are plotted in Drawing Nos. 24 and
25 for the 400% x 60% and the 200%* x 200% buildings, respectively. Correspond-
ing gradients of differentials are shown in Drawings 29 and 30. For loads’
less than about 1 tsf the recompression following balancing excavation is be=
tween one~third and one-half of the settlement under surface loading. As
pressures rise above 1 tsf and the plane of loading is depressed closer to the
compressible materials the settlements for balancing excavation increase in
percentage of the corresponding values for surface loading. This tendency
is especially important in its effect on the gradients of differential settlements
on the transverse axes of the buildings.

Position of the Ground Water Table

As discussed previously, it is possible that the ground water
table which once was as low as Elev. +140 to +160 in the clay is still depressed

" to this level and is isolated from the shallow water table observed in the upper

sands. Then the clay below about Elev. +150 would be "normally consolidated"
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to a high existing overburden pressure rather than being preconsoiidated.

_ Instead of recompressing the clays below Elev. +150 the building load would

produce a virgin consolidation of these materials,

Drawing No. 26 contrasts the settlement of the 400* x 60°
building placed at ground surface for a water table at Elev, +236 against
the values for a water table depressed to Elev,. 4158, Under the latter con~
dition the general settlements are almost double those for the shallow water
table. The differential settlements, contrasted on Drawing No. 31, are not
as drastically increased by the change in position assumed for the ground
water, since, with a depressed ‘water table the prmc1pal source of consoh-
dation is deep beneath the found.a.tlon at levels where the added pres sures '
are distributed rather um.formly over the buildmg pla.n

Balancing excavation changes the consohdati,on of the clay be~
low the depressed water table from the virgin compression produced by sur-
face loading to recompression, Consequently, the balancing excavation
greatly reduces the general and differential settlements from the correspond-
ing values for surface loading as shown in Drawing Nos. 27 and 31, a per~
centage reduction larger than tha.t produced by excavation under the condlt:ton
of a shallow water table.

Variation in Soil Profile Over the Site

To evaluate the effect of variations in soil profile over the Campus
Site settlements were computed at every boring location for the center of the
400" x 60" biailding loaded to 1 tsf with balancing excavation, - Ground elevations
were taken at the final graded surface of Drawing No. 17. Eight months were
assumed as the period between excavation and building construction in which
rebound from excavation would occur. Percentages of the total potential swell

completed in this eight month interval were estimated for the soil profile at

each boring point from the curves of Drawing No. 21, Contours of settlement
of the center of the 400% x 60% buildings are plotted in Drawing No. 33 from the
rebound-recompression values computed for each boring point. For the 1 tsf
load the maximum settlement in the area is 2,6 compared to a value of 1, 2"
at Boring No. 8U, approximately the average soil proﬁle of the site,

Settlements of other points on a 400! x 60! bulldlng cannot be
taken directly from this plot but can be ‘estimated from the results of the
Boring No. 8U analysis summa.rlzed in Table V, in the following manner:

Settlement of corner = 0.4 X(Settlement value from

of 400' x 60* building ; »  Drawing No. 33 at
‘ - location of corner)
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Contours of depth from final grade to the top of the varved
brown 311t, the uppermost compressible materials, "are shown in Dra.w_mg
No. 34. A comparison of Drawings Nos. 33 and 34 suggests that settle-
ments are controlled principally by the thickness of sand covering the silt
and that settlements are greatest where the excavation reaches the silt,
Since the building consolidates the subsoil to a depth of only about 1.5 to
2 times its width, the main contributions to the settlement of slender
bulldmgs are obtained at relatively ‘shallow depths. Thus, for the slender
buildings the thickness of sand cover is more important than the total
thickness of compres sible materials in its inﬂuem:e on settlements,

The conﬂguratmn of maxunum settlements of other narrow
buildings loaded to 1 tsf with balancmg excavation ig similar to the contour
pattern of Drawing No. 33. It may be inferred from the investigations at
Boring No. 8U that the settlements of the 300! x 80' and the 600' x 80'
buildings are about 15 per cent greater than the values shown in Drawing
No. 33, The maximum differential settlements of slender buildings are
found near the location of the proposed Civil Service Building. By the re~
lationship cited above, the differentials between center and corner at this
location are approximately 2" for the 400 x 60°% structure, 2" for the 300!
x 80! building, and 3™ for the 600' x 80' building. The differential settle~
ments are influenced by the building length since this dimension controls
the amount of variation in the soil profile included beneath the foundation,

-As the minimum building dimension increases a deeper soil

column is stressed by the building load and the pattern of maximum settle~

ments will reflect the contours of thickness of the clay shown in Drawing
No. 3. Maximum settlements of the 200 x 200* building loaded to 1 tsf with
balancing excavation are probably in excess of 3.5 inches and occur between
Borings Nos, 16U and 20 where the thickness of clay is maximum and the

" sand cover relatively thin,

Detailed changes in the percentages and water contents of
individual soil types in the varved brown silt and the brown silty clay strata
are relatively unimportant within the area. No systematic influence of these
factors is apparent on the pattern of settlements over the Campus Site.

Grading 0perat10ns

The site development requires an extensive grading operation
to level the dumnes, fill the swampy low areas and the surface drainage
channels and to prepare for roads across the site., Settlements produced
by fills can equal those under the load of a medium sized building, An
eight foot fill constitutes a load equal to that of a four story building placed
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on the ground surface. A sixteen foot cut can cause a heave equivalent to
the swell accompanying excavation for a nine story building, ‘In addition. -
grading and the installation of drainage facilities may alter existing ground
water levels, This effect must be considered if it is presumed that pore
pressures in the clays communicate with the shallow ground water table
since a two foot depression in water level would then produce a stress in-
crease equal to that of a foot of fill,

Our studies of the gr:ading operations are based on proﬂles of
the final graded surface in the southeastern portion of the site supplied by
the New York State Department of Public Works and the tentative grading
plan by C. H, Sells, shown in Drawing Ne. 17. Finished grades slope from
about Elev, +265 along Washington Avenue to Elev, +230 'on Western Avenue,
- Drawing No, 32 presents values of ultimate settlement and swell resulting
from these grading operations and estimated changes in ground water level
computed at each boring on the Campus Site, Contours, which are necessarily
‘approximate, have been interpolated between boring points., Fills are gener~
ally lower in height than the cuts are deep and the fills are distributed more
uniformly over wider areas. The levelling of steep dunes have produced a
number of deep, concentrated cuts. In general the gradients of settlements
in filled areas are less severe than the gradients of heave in many of the cuts.
The principal change in ground water levels has been assumed to occur in the
southeastern area where periodic flooding by storm drainage will raise the
water level, reducing settlements to be caused by filling operations in this
area,

Between 30 and 50 per cent of the ultimate settlements will be
completed in one year after grading and from 50 to 70 per cent in two years.
It may not be possible to space grading and building construction to entirely
eliminate these settlements and some percentage of the values of Drawing
No. 32 must be added to the consolidation under building load alone to obtain
the total effect. For example, Drawing No. 32 shows that the proposed Civil
Service and Commerce Buildings are located on boundaries between low cuts
and fills and are not severely influenced by the grading operations. Assum-~-
ing a time interval of 2 years between grading in early 1953 ‘and the mid-point
of building construction, approximately one~third of the values of Drawing
No. 32 must be included in the building settlements. Accordingly, the differ-
ential settlements of the Civil Service Building will be increased by about
1/4" center to corner and differentials of the Commerce Building mcreased
by 1/4" on the transverse axis. - "
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BEARING CAPACITY

The settlements due to shear straip immediately beneath the
foundation must be considered in addition to those settlements from deep
seated volumetric consolidation. . Shear strains occur with almost no time
delay upon application of load and are of no serious conééquence to the
structure at pressures up to the "allowable bearing capacity", Settle-
ments increase drastically with loads in excess of this limiting stress
until the point is reached where the overloaded portion of the fmmdatlon
loses support entirely, Considering the various foundation schemes -
between surface loading and balancing excavation, the following soils may
contribute shear strains to building settlement: fill, windlaid sands,
waterlaid sands, and the varved brown silts and clays. No laboratory
determinations of the shear strain characteristics of these materials were
performed on which to base allowable bearing capacities, The following
recommendations are derived from our experiences with similar materials
and from tests conducted for other projects in the Albany area. We believe
they are in general agreement with the standards of the Bureau of Soil
Mechanics of the Department of Public Works for construction in this area.

The fills included in the grading program at the site are not compacted
with control of placement moisture and density. Structures should be
carried through the loose fill unless it is removed from beneath the founda-
tion and recompacted in thin lifts with quality control.

The uppermost natural soil over much of the site is the windlaid
brown fine to medium sand with a trace of silt. This material generally is
cohesionless and relatively loose in place, For buildings loaded up to
0.5 tsf on the dune sands, the sand should be removed and recompacted to
a depth of several feet beneath the foundation. . For buildings loaded at -
the surface in excess of 0,5 tsf the entire underlying layer of windlaid
material should be removed and recompacted. In those cases where the
dune sands are found beneath the water table they may be densified most
efficiently by vibratory methods without requiring excavation. With these
provisions the allowable bearing capacity of windlaid sands for surface
loading will be 2,0 tsf, and this consideratlon will not limit the gross area
bmldmgloa.ds. oo AU SO W

The waterlaid brown silty fine sand is considerably denser than the
overlying dune sands and it contains a binder of silt, For foundations
reaching the waterlaid sands at a distance of about half a story below gréund
surface, its bearing capacity is 1.5 tsf. A sufficient thickness of material
directly beneath the building should be compacted to provide a uniformly
firm support for the foundatlons. o - ,

Because of the relatively low allowable bearing capacities of these
shallow sands, buildings on them will require reinforced mat foundations

31.



utilizing the entire building area for the distribution of load. Then the
unit loads on shallow mat foundations placed on the sands prepared
according to the above recommendations, will be limited by the magnitude
of settlements from time -delayed volumetric consolidation.

Our experiences and field bearing tests on the varved brown
silts and clays on sites at lower elevations in the Albany area where these
materials occur near the surface, indicaté that their allowable bearing
capacity is approximately 1.0 tsf for surface loading. Founding structures
directly upon these fine grained materials would be unwise because of

the disturbance to them by construction activity,

The preceding consolidation settlement analyses indicate that
compensating the weight of the structures by excavation may be desirable
or necessary. In this situation the surcharge of soil remaining in place
around the pit balances the shear stresses produced by the application of
the building load. Then the soil supporting the foundation need provide only
the necessary bearing capacity for eccentric foundation loading due to wind
and transient live loads, With balancing excavation and building pressures
distributed on a foundation mat the bearing capacity is not a significant
factor in limiting the allowable gross area load on the structure.

DISCUSSION OF FOUNDATION REQUIREMENTS

The preceding analyses have considered separately the influence
on building settlements of load, shape of structure, balancing excavation,
position of the ground water table, changes in soil profile over the gite,
and grading operations, The height of buildings and the foundation design
must be such that the consolidation settlements and the differentials from
all sources do not reach values damaging to the structures. From our
experiences with buildings of the type contemplated for the Campus Site,
permanent, monumental structures with ornamental facades, we have estab-
lished the following criteria of allowable consolidation settlements: 4 inches
maximum settlementy 2 inches total differential settlement, gradients of
settlements on exterior walls less than 0.25 inches per 20 feet, gradients
of settlements between interior columns or between interior and exterior
columns of 0.30 inches per 20 feet., R e

Building Load and Shape
The intensive settlement analyses for the average subsoil cbnditions

of the site indicate that the principal influence on settlements under z given
load is the minimum building dimension. Buildings up to 80 feet in width,
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loaded at the ground surface on the average soil profile, will exceed

the allowable maximum settlements, total differentials and gradients

of differentials on the exterior wall at gross area loads above 1 tsf,
However, their gradients of settlements on the transverse axis exceed 0,3"
in 20! at about 0.5 tsf, This conslusion indicates that transverse stiffen-
ing of the foundation is of major importance in the design of narrow build -
ings. Buildings 200 feet in width, loaded at the ground surface on the
average soil profile, will exceed the alléwable settlement criteria at

gross area loads of about 0.7 tsf or at a height of 6 ox 7 stories.

These analyses are conservative in one important respect since
they neglect the influence of stiffness of the building frame and foundation
in redistributing pressures on the foundation and in equalizing settlements.
The choice of a structural design to minimize #ifferential settlements is
influenced by building shape. The settlement characteristic limiting
the allowable height of slender buildings is generally the gradient of
differential settlements in the transverse direction. The longitudinal
gradient of differentials will become critical only if the length of the
building overlies a considerable change in soil profile. For buildings
narrower than about 2 to 1 in ratio of dimensions, the threat of differen-
tials is countered most effectively by providing transverse expansion
joints extending through the height of the building to segment the structure
into short units, and by including transverse stiffening of the foundation and
extra reinforcement of the longitudinal walls between expansion joints,
Buildings more nearly equidimensional than 2 to 1 in plan are best stiffened
by providing a heavily reinforced foundation mat plus sufficient moment
connections in the building frame so that the mat and the frame combine
as a Vierendeel truss in two directions,

Balancing Excavation

The settlement analyses of buildings at Boring No. 8U have not
included the effects of grading operations and variations in the soil profile
over the site, In order to insure that settlements are kept within tolerable
limits when these factors are superimposed, sufficient excavation to
balance all or part of the gross area load of the building may be considered.
Studies for the average soil profile indicate that a balancing excavation re-

duces the general settlements of both the long narrow buildings and the

large square building to betwesn one-half and one-third of the corresponding
values for surface loading. In this situation the limiting settlement
characteristic is the gradient of differentials on the transverse axis. For
the average soil profile the allowable gradient of 0.3 inches per 20 feet is
exceeded at gross area loads of about 1,2 tsf on both the narrow buildings
and the large square buildings. Excavations 18 to 20 feet in depth would
berrequired to completely balance these gross area loads, Drawing No. 34
shows that in much of the southwestern portion of the site there is #mdufficient
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cover of sand above the compressible silt to permit excavations of this
depth without cutting into the silt. It would be unwise to found directly
upon the compressible materials since they would necessarily be dis-
turbed by construction activity. In order that a suitable cover of
waterlaid sands be available above the silt, buildings requiring excava-
tions to balance gross area loads greater than about 0.5 tsf should not
be considered for that southwestern area of the site shaded on Drawm,g
No. 43. :

Position of Ground Water Table

This analysis has not resolved the uncertainty as to the present
position of the ground water table in the varved brown silty clay. Instead
it has demonstrated the importance of this factor in the appraa.sal of :
building settlements, If the water table is still depressed to the low level
which provided the high preconsolidation stresses evidenced in la,‘boratory
test results, the general settlements for surface loading will be doubled and
the differentials very substantially increased. With the depressed water
table the narrow buildings placed at ground surface on the average soil
profile exceed the tolerable settlements at a load of about 0.5 tsf or a
four story height.

Balancing excavation for the depressed water table affects a marked
reduction in maximum and differential settlements. . Under these conditions
the general settlements for a 1 tsf. are only two-thirds of the contour values
shown on the plan of Drawing No. 33. With balancing excavation the narrow
buildings on the average soil profile exceed the allowable settlements at a
load of about 1.2 tsf, the limiting factor again being the gradients of differ-
entials on the transverse axis, For both of the possible ground water levels,
the load limit is 1.2 tsf or a 10-story height with two basements for either
narrow or equidimensional structures. At areas of the site where the
subsoil conditions are less favorable than average, the allowable gross area
loads are sub stantially below these limiting values,

Variation in Soil Pr‘oﬁ.le

Buildings 60 to 80 feet in width causs significant consolidation of
a highly precompressed soil profile to depths of only about 120 to 150 feet
beneath their foundations, For this reason the character of the soil profile
at shallow depths, e‘s”pei:ially the thickness of sand cover above the compress-
ible silt, is most important in determining the pattern of settlements of narrow
buildings over the site, Drawing No. 33, which presents contours of
settlement of the 400' x 60’ structure shows that the maximum value is
double that for the average subsoil conditions at Boring No. 8U. Maximum
" differential settlements are two to three times as great as those on the
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average soil profile. Areas more favorable than average for founding
narrow buildings are enclosed by contours of settlement less than 1,2
on Drawing No, 33 and are shaded on the eastern portion of the site on

Drawing No. 43.

The larger equidimensional bulldmgs will stress a deeper soil
column and the pattern of equal settlements will be somewhat altered from
that of Drawing No. 33, For buildings with minimum dimension as great
as 200 feet, variations in total thickness of the varved clay shown on
Drawing No. 3 would influence the pattern of settlements over the site., -
The least favorable position for a 200" x 200" building would be several
hundred feet west of the location of maximiymm settlements on Drawing No. 33.
The magnitude of settlements at this point:; may be somewhat less than
twice those of the 200' x 200" building at Boripg:No. 8U while differentials
may be twice as great, .

Grading Operations

Ultimate settlements and swell resulting from the completed and
proposed grading operations are shown on Drawing No. 32.  In many
areas these settlements reach the limiting values permitted under build-
ing loads alone. The greatest concentration of fill and the largest gettle-
ments are in the least favorable area for foundations, the southwestern
portion of the site, Because of the loose condition of the fills it appears
necessary to carry building foundations through this material or to remove
and recompact it. Although this will eliminate the earth load precisely at
the building location, a considerable fill surrounding a building will add
to its general settlement though it will not necessarily accentuate differ-
entials, Considering the effects of the grading operations, a building is
in its worst location at a transition between deep cuts and fills where
differentials are maximum.

Data on the time rates of settlement and swell indicate that if
one and one-half to two years elapse between grading operations and build-
ing construction, approximately 50 per cent of the values of settlement and
swell shown on Drawing No, 32 will have been completed. However » unless
the building site is carefully chosen with reference to the contours of
Drawing No. 32, differentials of several inches may be superimposed on
the settlements for building load alone. This possibility dictates a conser-
vative foundation design and a detailed evaluation of individual bmld;ing
sites as plans for the development of the Campus are advance, =
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FIELD CONTROLS

dewatering of all sites in advance of excavation for basements and founda-
tions to assure that the floor of excavation is dry and that underlying soils
are not disturbed by hydrostatic flow. - B

It is essential that adequate provision be made to assure the ;
;\

Excavations should be bottomed out in restricted sections and
their floors immediately protected by a 4" lean concrete working mat
to protect against disturbance of supporting soils. -

ECONOMIC COMPARISONS’

Drawings Nos. 35 to 43 inclusive are appended to show the economic
comparison for varying building heights and shapes at varying soils profile
locations. The minimum permissible building height for the least
favorable portions of the site is four stories, including basements.

" Drawing No. 35 illustrates typical soil profile where such minimum per-
missible building heights will obtain because here the sand deposit is
thin and the surface of silt deposit is close to the ground surface. Here
the foundation costs are minimum and are therefore adopted as the basic
unit of cost index.

As noted éh drawing No. 41 the cost index in each case is per square
foot of building area., The per square foot cost for an 80' wide building
four stories high under average conditions depicted on Drawing No, 35 is
adopted as the unity of cost index and Drawing No. 35 indicates that the
cost index under similar conditions for a 200! wide building would be L 3
times that of an 80' wide building.

Drawing No. 36 depicts the same soil profile as shown on Drawing
No. 35 but where five or more stories may be required. This drawing shows
that the cost index for seil profile where the shortest piles may be employed
is 1.6 and increases 0.2 per additional story beyond five, -

Drawing No. 37 indicates the soil profile where maximum building
pressures and therefore maximum story heights will obtdin, due to the
available depth for recompacting windlaid sands, and to the depth of underlying
silt deposit below final grade, Here, buildings up to 80' in width may be
twelve stories in height reducing to approximately seven stories in height

for the same profile for buildings 200’ in width, The cost index is as
indicated, i.e., 1.7 for buildings 80' wide and twelve stories high and the
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same, i.e., 1.7 for buildings 200" wide and seven stories high. For such
surface loading the maximum allowable 1nten31t1es prescribed assume
ground water table in the sands,

Drawing No, 38 assumes the same soil profile as that of Drawing
No. 37, but in Drawing No. 38 the principle of balancing excavation is
employed rather than recompacting. The same overall height of structure

.applies as for Drawing No. 37, i.e., twelve stories including basement or

ten stories above grade. For such a design the cost index for foundations
for maximum height structures of ten stories .above grade and 80! mde,

is 1.6 and for the same height of structure 200’ 0' wide, the cost index is
1.9. The principal point of comparison between Drawings Nos. 37 and 38

lies in the fact that for the balancing excavation principle of foundations

the maximum permissible story height applies for either high or low
ground water table and allowable intensity is not reduced for increased
width up to 200!, although the cost index increases, For the excavation
and recompaction method indicated on Drawing No, 37, permissible story
heights reduce as building width increases above 80', and permissible in-

‘tensities are influenced by actual ground water table,

Drawing No. 39 indicates the drastic increase in cost for
structures of total height exceeding twelve stories where the building must
be supported on long piles. This drawing illustrates the high cost of
foundations for the thirteen story building as contrasted to an overall twelve
story building, the cost index at thirteen stories being 6.8.

Drawing No. 40 illustrates the foundation principle of compacting
windlaid sands and preloading the area of the structure for a sufficient
period of time to induce subsoil consolidations under the influence of the
preloaded soil weight, a minimum of one year. As indicated, this founda-
tion treatment applies to all soil conditions and permits maximum story
heights for all widths of building if the time period of preloading is adequate,
For this solution the cost index varies only from 1, 5 for buildings 80' wide.
to 1.8 for bulld.mgs 2007 at twelve story heights for either width,

Drawing No. 41 is a graph of comparative foundation costs per - =
story of height for the foundation types illustrated on Drawings Nos, 35
to 40 inclusive. For the varying types of mat foundation indicated by =~ =~

' the steeper graphs on the left hand side of the drawing, and for the pile

foundations for varying lengths of piles as indicated by the flatter graphs
on the right hand side of the drawing, the slope of graph indicates the cost
per floor for foundatlons.

Drawing No. 42 indicates the appréximate lengths of éﬂes required

for pile supported structures in all areas of the site; the contour lines
indicate pile lengths. ‘ '
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-y Drawing No. 43 indicates the approximate areas of limitation
(‘;;‘,» in story heights or maximum load intensities for all structures supported
on mat foundations by other than the preload method.

SUMMARY

1.

- The deposits overlying bedrock are pr'edominantly

glacial lake sediments, covered by a relaﬁvelythmktri—
tum of windlaid sands. .- . L

The ground water level has not been acctrately determined.
The effective level may be logated in the brown silty clay

. stratum between Elevs. +140 and 160, separated from

a perched water table in the superficial sands by the
relatively impervious intervening varved brown silt
stratum.

Consolidation test data indicate that the entire profile

of compressible soils has been preconsolidated to at
least 3 tsf in excess of the existing effective overburden
pressure for a water table near the ground surface,

In this case all building loads will produce a reconsolida-
tion of the compressible materials.

The uncertainty as to the present position of the ground
water table in the fine grained sediments has not been
resolved by this investigation. Assuming the ground
water at its lowest past position, the materials beneath
the water table will undergo virgin consolidation under
building loads.

The first subsoil encountered in depth offering satisfactdry
resistance for the support of heavily loaded piles or other
types of extended foundation is the glacial till, Over a
major portion of the site the depth to this material 1s in
the order of 200 or more feet.

While it is possible to drive steel H-piles to the glacial

till for the support of tall and heavily loaded buildingg, we
question the economic soundness of this procedure in a non-
congested area such as is available at this site, If -

buildings with gross area loads exceeding L2 tons per square
foot on the most favorable sites and with most favorable ‘shape
factors, (with lesser maximum intensities in less favorable
sites) are desired, deep piles or some other form of extended
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8.

10.

11.

foundation carrying the building loads to the underlying
glacial till will be required, to keep both total and
differential settlements within acceptable limits.

Long narrow buildings will be less influenced by con~
solidations in the deep compressible soils than will
large equidimensional structures.

Mat foundations in which the bmldlng loads are carried

in the upper sand deposits either below windlaid sand

or after such sands are recompacted, result in i
acceptable values of both total and differential

‘settlement when gross area loads are restricted as

hereinbefore defined.

If the principle of balancing excavation for a building with
gross area weight not exceeding 1. 2 tons per square foot
is employed, in which a weight of soil equal to the weight
of building is excavated and replaced by building basement,
and providing that such excavations do not penetrate the
pre-consolidated silt strata, then both total and differ-
ential settlements are reduced to acceptable values, even
though the ground water table in the varved clay may now
be at its deepest probable value and although considerable
variations in subsoil conditions may exist within the area
of one building. It is believed that the principle of
balancing excavation is one method of providing insurance
against uncertainties in the subsoil conditions which have
not been resolved by this investigation and some of which
probably could not be resolved by an even more detailed
investigation.

An alternate procedure which would accomplish this same
result would be to excavate the windblown sand deposits,
to recompact these materials over the building area,
compacting in layers with full compaction control to
assure uniformly high densities and then to preload the
building area with earth fill to a weight at least slightly
greater than the ant1c1pated weight of the building. If

this earth fill could be left in place one year or longer,
computations indicate that a considerable reduction in
both total and differential settlements would be obtained,
providing the construction of the building proceeded immed-
iately following removal of the surcharge fill.

In view of the considerable variations in subsoil conditions

over this site, the long narrow buildings present the advantage
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that their performance is little affected by the presence

of compressible soils at depths greater than approx-

imately 1-1/2 to 2 times the building width. For slender
buildings the thickness of sand cover is more important
than the total thickness of underlying compressible
materials in its influence on settlements. Such buildings
are more seriously affected by variations in soil condi-
tions in the upper portion of the soil profile and are
particularly largely affected by thickness of sand and
varved silt under the foundations, To minimize effects
of subsoil variations for the long narrow buildings, we
recommend that such buildings be articulated by expansion
joints extending throughout the full height of the buildings,
and that transverse stiffness be built into the foundaxmns

While the differential settlements for the case of buildings
with gross area loads not greater than one ton per square
foot and spread foundations are within tolerable limits,

the dangers of concentration of differential settlements

due to subsoil conditions can be minimized by providing
beam strength in the foundations to prevent any such
concentration of differential settlement. In long narrow
buildings this can be accomplished by the reinforcing of
exterior longitudinal basement walls as beams and by
providing transverse stiffening and distribution members
designed as beams, girders or rigid frame truss members.
The principle of design of these members should be that
they have sufficient strength so as not to be overstressed
by the anticipated differential settlement deflections and
have sufficient yrigidity to partially reduce the completely
flexible differential settlements by causing a redistribution
of load to the underlying soil. This type of design can )
be accomplished effectively only when the ratio of length

to width of building is in the order of 2,0 or less.

Hence, long narrow buildings can be effectively designed

on this basis only when articulated. Large square build-
ings and buildings with towers or setbacks will require
special treatment which can probably be best accomplished
by a Vierendeel truss prmc:Lple of design within the founda-
tions. : >

Settlement andswell resulting from grading operations may

seriously effect settlements and differential settlements due to
building loads and must be considered in the choice of building

location and foundation design.
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14. Ground water control is essential t6 assure against .
hydrostatic flow in floors of all excavations for foundations. xi\*

.15, "Economic comparisoﬁs indicate the substantial increase
in cost of foundations requiring pile supports and therefore
the advlsabﬂlty of 11m1ting story heights.

16, In view of all of the complexlties in the foundation condltions —%
for this site, as demonstrated by this general study, it'is
recommended that a specific study be made of the fommda:
tion requirements for each particular building as it is-
being designed, in order to assure that the most o
desirable and economical foundation solution is selected .
to meet both the subso:Ll conditions and the buildmg :requlre-

ments,
Respectfully submitted,
MORAN, PROGTOR, MU & RUTLEDGE
. c
i, By .
' ( Carlton S. Proctor

CSP:es
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TABLE T

SUMMARY Of LABORATORY TEST DATA

AORING 8U
L4 i
DET AT ION CLASSIFICATION PROPERTIES HYSICAL PROPERTIES
STRENGTH CONSOLIDATION
Uncontined Triexlel €
Compression Compression &
22 2 - PR ™ :
[ $ |2 & I 4
* # H N
3 14 ® z . & 4§
£ . & % 3 - |2
5 ] '} S| % . [
!‘5~§§"E=~a e=§§§c. s 8233 5x
. =
FRE] aogg.ii_—’:u ‘g,g-n" §§§§sczs§o'
- & é =3 gl [ ~ -] € :':, {.— - § 3
Fl s = §§i:§§§§ "!°§§? ‘.,g°§§
3|8 % |3|2% 3| E |8s 2 STHED R ..2 3
8U 1U [sti0m G |24.3 15
F j24.0
22U potre G [24.8 128
3U 154 G |31.5 j 28
4U [18t9" Fi G
5U Rson B 131.1}43.5[22.5 [27.4 ]| 2.70 34.9| .8537.2 [ 0.58
F [27.4
6U potor Fi Q
77U [3500¢ F&
8U Moo A [47.1]58.2|3.10440.3
B |29.0 . 2.70 30.6]1.27| 7.1 [0.42
27.8 2. 564 26.611.28) - -
9U 4’11t AFLED Entire Sampld Distyrbed
10U  pot2r B {35.3}31.8(10,0}32,1
11U potor B -{34.6 2.73 . 36.711.9115.8 [ 0.47
¥ (25,1 .
120 175%0" A [53.8[72.9{40.5[57.7
B |33.2
F ]28.9
83U |90t0 A |52.1153.9125.7§47.512.77 49.3]2.7615.4 10.98
B (34.4 .
14U {105'1" A 148.9
B (330
F |25.0
15U |130%'0" |A [44.8
B {29.6(33.3[12.5]31.2}2.73 45.013,82]10,5(0.94 ,
F j25.0 i
16U j1460" (A [46.1
C |26.9
¥ |24.5
17U J161t0n |C |25.2
18U 810" |A j41.1
D j28.7 (40,6 (19.4|34.212.77 42.5(15.34] 9.2 [1.10
Notes:
1. Description of soil types
A - Gray Clay
B - Brown Silty Clay
C - Grayish Brown Silty Clay &k Clayey Silt (Varves Distorted)
D - Blue Gray Silty Clay .
E - Pink Clay
¥ - Brown Silt
G ~ Brown Fine Sand
2. The sample depth listed above is the average depth of the sample recovered.
3. Ground Surface Elevation +240.0.
4. CompressionlndexC :exe, -C, Log P/P,
Moran, Proctor, Mueser & Rutledge Campus Site

Consulting Enginsers
New York, New York

New York State Office Building
Albany, New York

File 1491,
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TABLE I
SUMMARY OF LABORATORY TESYT DATA

. Boring 16U
PHYSICAL PROPERTIES
OENTCATION CLASSIFICATION PROPERTIES
STRENGTH CONSOLIDATION
) Uncontined | - Trientel €
B Compressisn Comprossien Fs
) ¢ s
] 5 H ] : g g
g § g a i, ; NE & i °
E’iéfg“ “elyeldlidl]e L 52
ild & 5 ; —.-8' 4 H )7~ $ i 3 s &
r| 3 2§E§§§§ig =!a !.”g’.‘a
& . g [ & i
AR R IEE UL G
16Ul 10 | 110 G .
' 2U | 16'0¢ B | 35.4]|43.4/23,7| 35.4 1.70 35,40 .59 8.5 ] 0.40
33U | 21 A | 52.1
B | 3.3
¥ | 26.7
4U | 26'0¢ A |49.8
B |29.1
r |2s.7 -
| su | s1vom A | 51.9
B |31.3
¥ | 27.8
60 | 354 A | 54.4
¥ |24.9
TO | 410¢ A |59.8
8U 461" B&GR - 8 le Ggeatly Distutb
9uU | s14v A |57.8
B 129.9
H ¥ |21.6
-
10U | 56'0% | A |44.1
ok B | 32.0
- ¥ | 26.4
11U | 7100 | A | 50.7] 68.4]41.1) 51.d 2.74 49.5 2.19 5.5 | 0.8)
B | 39.1
hzu | sevov | B | 36,8
B3U 101" | A | 54.8
B | 35.0) 39.1]17.3]32.5] 2.74 42.4] 3,02/ 7.5 | 0.69
R4U 116100 | B | 35.1
ksU Jis1ov [ C | 3.7
16U [146%0" | A | 49.3
B |38.2
r | 25.1
170 |161%0" | © | 26.4] 29.6{10.7|24.8] 2.73 26,2 4.71 9.7 | 0.
180 [17600n | B | 24,7 )
c |22.3
F | 24.6
190 [191%0" | A | 41.9 .
: D | 36.0] 45.423,3(35.2]2.76 39.7] 5.60| 9.0] 0.66] -
Notes:
| 1. Description of soil types
: A « Gray Clay
! B - Brown Siity Clay
C - Grayish Brown Silty Clay & Clayey Silt (Varves Distorted)
D - Blue Gray Silty Clay
E - Pink Clay
F - Brown Silt
*G ~ Brown Fine Sand
2, The sample depth listed above is the ivernle depth of the sample recovered.
3. Ground Surface Elevation +226.4.,
4. Compressionlndex C.:e=e, - C. LogP/P,
Moran, Proctor, Mueser & Rutledge C,
ampus Site
Consulting Engineers N
New York, New York ew York State Office Bnildin..

Albany, New York
File 1491,




TABLE TII

SUMMARY OF LABORATORY TEST DATA

File 1491,

Boring 25U
PHYSICAL PROPERTIES
BAMPLE CLASSIFICATION PROPERTIES
IDENTIFICATION STRENGTH CONSOLIDATION
U8 8ueou | yncontines Triexial ]
cation] Compression Compression :
$ N
[ i > ¢
-3 & .
5 § gl 2|4 a*ggx'!:‘v ;i is"’
g v £ S : f ! ”
- - -~
il £ . 3 § ngfx 333-"- g & &
- [4 £ " S| %3 EF
HHERREHHER JEHH MR
s § 322 3|2 5 Z 23 § LAN.2] i 3 .
25U {1U 160 G 124.9 1264
2U j20m0" |G -
3U (270" |G (24,7 123
4U | 310 F [25.6
5U 3610 B 36,9
F 5.1 2.76 30.3§1.21|7.8}0.20
6U 1430v G | .
0 (451" G
8uU s1rom B [0,1
F R4.6
U 58111 [ ha.é
10U [66%0" |A 4é6.0
B R7.8
F R4.6
11U j71t0" F  R3.6
12U [76720 E M6.4 71,2 H40.8 M6. 4
£7.8
F R7.6
13y |81t0n A M5.2 2.72 48.312.62110.110.94
7.9 P7.6 |16.4 *26.2 2.73 30.5]2.57110.4) 0.46
pT.5
14U (961" 1.2 2.74 61.2{3.05{ 6.8 .98
F Ré.6 "
15U {11170 WA 50,2
B p5.8 B2.5 [26.4]37.6
16U J126t0" A %7.9
P Blé6
I R5.2
17U {1460 WA B1.3
B 0. 6
F Re.7
HBU J166t0" W B1.9 [73.9{42.5|50.5
B B4. 5
C 8.}
§9U peeron M B8, é
C P2.0 j44.6]21.3]32,2]2.73 34.6]5.54 (8.5 |o.48
ROU 2060 B 8.5
D 5.3
PIU R26'0" D p8.4 {38.0016.9{27.3
P2U  R46t0" P R4
F po.s
i
Notes:
1. Description of soil types
A - Gray Clay
B - Brown Silty Clay
C - Grayish Brown Silty Clay &k Clayey 81t (Varves Distorted)
D - Blue Gray Silty Clay
. E - Pink Clay
F « Brown 8ilt
G - Brown Fine Sand
2. The sample depth listed above is the averagedepth of the sample recovered, «
3. Ground Surface Elevation #255. 6.
4. CompressionindexC.:e=¢,-C. Log P/P,
; Moran, Proctor, Mueser & Rutledge Campus Site
| Consulting Engineers New York State Office Building
New York, New York Albany, New York
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o i L SEnEl MORAN, PROCTOR, MUESER & RUTLEDGE
MORAN, PROCTOR, MUISIR B RUTLEDGE § 4 . E : CONSULTING  INGINLERS fo
CONSULTING  ENGINEIRS 420 LDUNGTON AVE. NEW YORX COTY
420 LXINGTON AVE. NEW YORK CITY

Boring 8U Sample 12U

Depth 75'-8" to ?76'-0"

N. Y. State Buildings

Albany, New York
File 1491

. MORAN, PROCIOR, MUISER 8 RUTLEDGE
" CONSULTING  ENGINEERS - % %
* 420 LEXINGTON AVE. NEW YORK CITY ; ; 2 MORAN, PRUCTOR, MUESIR & RUTLEDGE
s s e : g CONSULTING ENGINLERS
5 % - 7 420 {EXNGION AVE, HIW YORK CITY

Boring 86U Sample 16U - : -

Depth 1451«6" to 147'=0" Boring 16U Semple 10U
N. Y. Stete Buildings X Depth 111'-0" to 111'-6"
Al ,. . New York : . N¥. Yi State Bulldings

New York

File 1491 ¥,
y . File 1491




MORAN, PROCTOR, MUESER & RUTLEDGE

CONSULTING  ENGINEERS
420 LEUNGTOM AVE. NEW YORK OTY

Boring 16U Sample 11U

Depth 70'-6% to 71'=0"

N. Y. State Bulldings -

Albang Hew York /™
ile 1491

MORAN, PROCIOR, MULSIR & RUTLEOGE
CONSULTING  BGINLERS
420 UEXINGTON AVE, Niw YORK <y

Boring 16U Sample 17y
Depth 161'-0" %0 161'-g"
N. Y. state Buildings
Albany, Hew York

File 1491

MORAN, PROCICR, MUISIR & RUTLEDGE
CONSULTING EHGINzERS
420 LEXINGTON AVL. MW YORK CITY

Boring 16U Sample 16U
*Depth 146'-6™ to 147'-0"
N, Y. State Bulldings
, ... Hew York
File 14901

MORAN, PROCTOR, MUESER & RUTLEDGE
CONSULTING  ENGINIERS g
420 LEGNGTON AVE. NEW YORK CITY

Bori 25U Sample 15U.

Depcﬁ&lll'-()" ©o 111'-6"

N. Y. State Buil%in%s

Albany New Yor
File 1201
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TABLE IV

ATTERBERG PLASTICITY LIMITS FOR SITES IN SCHENECTADY-ALBANY AREA

: LIQUID PLASTIC .| PLASTICITY
LOCATION LIMIT LIMIT INDEX
g . Amsterdam Avenue 26 17 9
i h .
: Crosstown Connection 25 19 6
fa) - -
;:. N.Y.C.R.R. Intersection | 25 18 7
O
) g High Bridge Road 28 18 10
= : ‘
8 Curry Road 28 18 10
73]
Schenectady Spur Intr. 28 18 10
o
% Route 146 Intersection 28 18 10
H
(Lﬂ) Mohawk Intersection 26 17 9
Z
0]
o Old State Road 41 23 18
©]
0 .
o) Rapp Road 37 22 15
B
g Washington Ave. Intr. 39 21 18
g Washington Ave. Control 37 21 16
<
o Russell Road 37 22 15
<
= Corning Hill 37 20 17
) .
o
oy
H
NOTES

All data provided by Bureau of Soil Mechanics, New York State Department of

Public Works,

Atterberg plasticity limits were performed on composite samples of varved brown

silty clay stratum.




SUMMARY OF ULTIMATE SETTLEMENTS

-
-
: - - Settlement in Inches »
ol |t | e
s 2|7 =] & Point A Point B . Point C
g ] -5 s e 2 | Center of Building Center of Side Corner of Building
f - w
5 5 - 5 _g g Applied Stress Applied Stress Applied Stress 5
- - 3
i g 8 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 3
@l O S TSF TSF TSF TSF TSF TSF TSF TSF TSF TSF TSF TSF
400" x 60" | BU | 236 0 1.9 3.5 5.0 6.3 1.4 2.7 3.9 5.0 0.8 1.5 2.2 2.8 ]
-3
w
. . 2
236 s |[* 1.8 (1.3) (0.7) 5
*%0, 5 _ 0.3 0.2 H
16 ( 4.3) (2.9 (L4 5]
1.2 0.8 0.4 %
24 { 1.5) (4.6) (2.2) .
2.0 1.2 0. L
32 {10.6) (6.4) (2.9)
2.9 1.7 0.8 3
:153
158 0 3.5 7.0 10.5 13.7 2.9 5.9 9.2 12.3 1.6 3.2 4.8 6.4 |al{
g
1 2]
- [-1 -
K
158 8 | (1.3} (1.0) (0.5) <13
.3 .3 0.1 s
16 (3.1 (1.9 (0.9) M
0.8 0.5 0.2 T4
24 (5.2) (3.0 a.5) -2
. 1.4 0.8 0.4 bl I
32 (6.9 (3.9 (2.0 ;3
1.9 1.0 0.5 | &
L
600' x 80' J8U | 236 ) 2.3 4.0 5.8 1.4 1.6 3.0 4.5 5.9 0.9 1.7 2.6 3.2  lem
¢8
300t x 80’ {8U | 236 0 2.1 3.9 5.6 1.2 1.6 3.0 4.3 5.6 0.9 1.6 2.5 3.1 '§§
w
200" x 2001 8U | 236 0 3.0 5.5 7.7 9.6 1.7 3.3 4.8 6.0 1.0 1.9 2.9 3.6
236 8 2.9 (1.5) (0.8) 5
0.8 0.4 0.2 ‘é
16 (7.2 (3.3) (1.9 %
1.9 0.9 0.5 E
24 (12.4) (5.6) (3.0 ;
3.4 . 1.5 0.8 g
32 (19.4) (7.6) 8.8) o
5.2 2.1 1.0 i
n
NOTES:

*(1.8) Indicates Ultimate Settlement if 100% Rebound is Allowed to Occur.

#3%0, 5 Indicates Most Probable Settlement (27% of Ultimate Settlement)
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