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INTRODUCTTON

This report presents the results of foundation investigations
and ground response analyses of the existing and proposed
State Capitol Building sites in downtown Sacramento.

The work reported herein was authorized by the Joint Rules
Committee of the California Legislature on June 5, 1974, in
a memorandum to Mr, Howard Ullrich, Director, Department of
‘:Transportation. The study was conducted in accordance with
Interagency Agreement LCB 9928, dated May 1, 1974, between

the Rules Committee and the Department.

Construction Concepts

A combination of new and rehabilitative construction involving
the State Capitol Building is presently being considered by the
California Legislature. The proposed construction consists of

two alternative concepts which, for purposes of this report,
may be described as follows:

Concept 1

Construct a new building at the four square block proposed
site bounded by 15th, 17th, L, and N streets directly east
of Capitol Park, or, construct an additional wing to the
existing building. Also, the West Wing of the existing

building would be strengthened to the extent necessary for
its intended use. :

Concept 2

Completely dismantle and reconstruct to modern standards
the West Wing of the existing building. In addition, a

new wing possibly would be added to provide additional
space requiremen%s.



As used‘in this'répdrﬁ,uthe term'“Wesf Wing" refers to the
original Capitol structure which was built in the 1860's. The
term "Bast Wing" refers to the relatively newer structure
(sométimes referred to as the Annex) which was completed in

1952 to meet additional $pace requirements. The term "existing
Capitol Building" is used herein to include both the East and
West Wings. The above terminology is consistent with general
usage and is defined in the Office of Architecture and Construc-
.tlon report "Seismic Study, West Wlng, California State Capitol"
dated June,” 1972 '

Construction features at the proposed site probably would include
underground parking under the building itself as well as the re-
mainder of the site, Also, that portion of the site not occupied
by the building would be made into a mall or small plaza at or
very near present ground elevation. This would mean that State

- Route 160, comprised of 15th and 16th Streets, would reguire
reconstruction to lower the grades into,@epressed sections
thereby allowing traffic to pass under the site. An alter-

nate tO‘the‘depreséing of the two streets would be to relocate
Route 160 and close 15th and 16th Streets at I and N Streets.

A new wing at the existing site would either extend to the east
from the present East Wing, or extend around the north, east,
and south sides of the East Wing. For either alternate involving
a new wing, parking under the East Wing would be expanded to
include the area under the new wing. Foundation problems of
undue difficulty would not be expected although épecial atten-
tion should be directed to tunnels in the event the West Wing
is vacated by working personnel thereby requiring relocation or
extensions of subsurface works. Also, the effect of new con-
struction on the foundation system of the existing East Wing
would reguire con51derat10n.



Complete reconstruction of the West Wing would be essentially
new construction from a foundation viewpoint. However, the
effects on the adjacent Bast Wing foundation of removing the
present load and then applying a new construction load would
have to be evaluated.:

Strengthening the West Wing for some form of limited use would
include the foundation system to the extent necessary to realize
balanced objectives between superstructure and substructure,
This would mean that if the building itself is strengthened to
withstand -specific earthquake loadings, the foundation system
should be capable of resisting theée same forces.

Purpose of Investigation

The purpose of this study was to analyze foundation soil and
groundwater conditions at the two sites to provide information
for use in planning and preliminary design of new and rehabili-

tative construction associated with either of the above two
concepts,

Scope of Investigation

The scope of the investigation was based on the above construc-
tion concepts and related potential problems involving foundation
s0ils and groundwater. Major elements of the study were:

1. A seismicity study of the Sacramento area to determine

the most appropriate earthquakes for use in ground
response analyses.



2, Beariﬁg capacity dhalyses, COnsiderihg earthgquake loading,
of the West and East Wings of the existing Capitol Building.

3. Ground response analyses for the existing and proposed sites
to develop response spectra for design use.

4, An evaluation of soil iiquefaction potential and ground
settlement due to vibratory densification.

5. A groundwater analysis to estimate construction dewatering
requirements and to assess the companion problem of ground
subsidence immediately outside the construction limits.
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SUMMARY AND RECOMMENDATIONS

This section summarizes findings from the gtudy and presents
recommendations concerning foundations most suitable for the
construction previously described as Concepts 1 and 2, Special
problems or major considerations associated with contemplated
construction are given appropriate discussion, It should be
emphasized that this investigation was intended to provide
information for planning and preliminary design. Consequently,
a detailed design effort directed toward a particular structure
with specific dimensions and loadings will require further soil
investigation, planned and executed-in accordance with in-depth
needs.

PROPOSED SITE

Subsurface S0il Conditions

Borings at the proposed site show that the upper 5 to 10 feet of
soll is a loosely compacted £fill material consisting of a mix—
ture of sand, silt, and in some areas, varying amounts of rock
and brick rubble. 1In its present state, this material is unsuit-
able as foundation material due to its moderate compressibility
and apparent low to moderate compressive strengths. Underlying
this material is a 20 to 30-foot thick stratum of silty clay of
alluvial origin. The deposit exhibits low to medium compress-—
ibility. Unconsolidated-undrained compressive strengths of
samples from above the water table generally ranged'from 2 to

4 TSF, whereas samples from immediately below the water table
yielded undrained compressive strengths of 0.4 to 1 TSF. Below

5
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the -ﬁéter:ﬁabié}‘ﬁhdrainéd compressive strength values were
somewhat scattered but did appear to increase with depth. The
engineering properties of this stratum indicate that it is
unsuitable in its present state for founding any major structure
of moderate to hea&y loads.

Underlying the silty clay is a 16 to‘23-foot thick stream bed
deposit of sand, gravel, and cobbles. Due to the inability to
retrieve samples of this deposit during field exploration, its
engineering properties can only be estimated. Based on the
exXcellent performance of two 1l8-story state office structures
founded on a similar gravel stratum at 8th and 9th Streets, it
would appear that the material behaves as a medium dense to dense
sandy gravel with low compressibility and high bearing strength.
It is suggested, however, that further field investigation of
this particular stratum be undertaken before a high degree of
competence is placed in its total ability as: a foundation mate-
" rial. The remaining layers of soil lying below the sand and
gravel consist of various mixtures of sand, silt, and clay,
Standard penetration blow counts ranging from 40 to more than
100 indicated relative densities in excess of 80% below a depth
of 50 feet.

Site Groundwater and Dewatering Considerations

Water table fluctuations at this site vary seasonally with river
stage. During the monitored period (1968-1972) groundwater
levels varied from.Elevation +4 to -5, corresponding to depths of
14.5 and 23.5 feet, respectively, below the ground surface.

As a conéequence of the high water level, a pump-down test was
conducted to determine permeability characteristics of the sandy
gravel stratum discussed eaxlier, and the water table drawdown
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characteristics. Results 1ndlcated a permeablllty coefficient of
700 feet/day with rapid recharge potential. Permeablility of the

soils under the overlying and sand and gravel is estimated at
0.01 to 0.1 feet/day.

Pumping from the gravel stratum will Create an essentially flat
drawdown curve which means the excessive settlement of the out-
lying areas during periods of pumping is likely. It is therefore

~concluded that fairly long sheet piling, penetrating to approxi-

mately 60-foot depths, should be used during the excavation phase
of construction. Dewatering by pump wells located inside the
area enclosed by sheet piling is recommended. Drawdown outside
the. sheeting would then be negligible with respect to the settle-
ment problem, and groundwater recharging would not be necessary,
Permanent sheet piling will not replace the need for permanent
pumping to maintain dry conditions below the water table, There-
fore, subsurface structures should be thoroughly waterproofed,

Earthquake Considerations

Ground response at the proposed site was evaluated using two
postulated design earthquakes. These design earthquakes repre—
sent maximum credible events of magnitudes 7 and 8+ associated
with the Midland and San Andreas fault systems, respectively,
The Midland fault is about 24 miles from the 8ite whereas the
San Andreas fault system is about 80 miles distant. The magni=-
tude and distance of each earthquake was established based on
available geoclogic features and historical data.

Results of ground motion analyses indicate the maximum accelefa—
tion in rock~like material underlying the proposed site to be

0. lBg. At ground surface, the maximum acceleration response due
to such bedrock motion was computed as 0,23g. Structural design
response spectra associated with each design earthquake and three
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‘Values of structural démping'are presented in Appendix H. Due to
pbtential embedment of a portion of the proposed structure, a
response spectrum was developed for a depth of 28 feet below

ground surface. Comparison of results indicated no significant
difference in response spectra at the two levels. A generalized
maximum value for vertical acceleration is 0.67 times the maxi-

Tour hdrizontal acceleration. Therefore, a maximum vertical acceler-
~ation at ground surface of about 0.13g should be anticipated for the

.design earthquakes used in this investigation.

Soil-structure interaction during an earthquake was researched
and the available data indicated that the magnitude of uncertain-
ties associated with source mechanism, travel path geology, and
analytical treatment of soil layering and wave propagation is
probably much greatér than potential mechanical interaction
effects -(i.e., effect of deformability of supporting medium on
structural response}. There are some data in the literature
which indicate that low structures of massive weight with varying
depths of embedment (nuclear power plants and pads for space
vehicles or heavy mechanical equipment) are most sensitive to
mechanical interaction.

Laboratory cyclic loading tests of undisturbed soil samples were
conducted to determine ligquefaction potential under design earth-
quake loading conditions. Samples taken from depths of 15, 23,
46, and 55 feet were tested. Detailed information concerning the
tests and analysis is presented in Appendix I. From analysis of
the test results, it was concluded that liquefaction was unlikely
during the design seismic events. It was further concluded that
transient excess pore pressures developed during dynamic loading
would not be sufficiently high to result in foundation soil bear-
ing failures.

Potential settlement due to seismic densification of the fill
layer immediately below ground surface and the gravel stratum

underlying the prOposed site was estimated by considering design

frrea



earthquake induced shear strains. It was concluded that seismic
densification of this material will be negligible.

Foundation Recommendations

Depending on the structure type and intended use, structural
embedment depths will vary. Minimum excavation depths of 25 feet
are recommended to bypass unsuitable material. If 25 to 30 feet
of excavation is acceptable, then a floating type of foundation
would be entirely adequate for supporting major loads. Since it
was not possible to obtain samples for testing, the bearing capa-
city of the sand and gravel stratum can only be estimated. How~
ever, this stratum can conservatively be assumed to possess a
minimum effective angle of shearing resigtance of 35° (¢ = 0)
with a more realistic value being between 40° and 45°. Relative
densities are estimated to be a minimum of 50%; hence, with over-
burden removal and the reloading stress/bf the sgtructure, a total
settlement of 1/2 to 1 inch can be expected based on the perform—-
ance of the 8th and 9th Street structures. Time-settlement
characteristics recorded for these two L8~story office structures
showed a maximum settlement over a 2-year period of less than 1

" inch. Embedment depth for these two structures was approximately

30 feet.

Construction Considerationg: Fifteenth and Sixteenth Streets

Consideration is being given to reconstruction of those portions
of 15th and 16th Streets, within the site bounds, as depressed
sections. This would require excavation to a depth of 25 to 30
feet below present ground surface (Elevation +18+) and would
place the bottom of the excavation at the top of the highly
pervious sand and gravel stratum (Elevation -10+) . Construction
dewatering problems would be very similar to those already des-
cribed for the proposed building.  Again, to minimize ground
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" subsidehce and vblﬁme of water to be pumped, sheet piling should
be used to fully penetrate the aquifer and substantially reduce
the inflow of water into the area excavated.

Due to the very pervious nature of the sand and gravel stratum,
it is recommended that the depressed sections be designed as
"hoat sections", either as full gravity or a combination gravity
and hold-down piles to resist the buoyancy or uplifting force of
the water. A boat section would eliminate the need for a perma-
nent subdrainage system to collect and transport relatively large
volumes of water to a pumping station and subsequent disposal.
The success with the Interstate 5 depressed section along the
Sacramento River and the lack of maintenance problems often agso-
ciated with permanent subdrainage systems further support a boat
section as a preferred design.

A cursory review was made of the possibility of relocating State
Route 160 as an alternative to depressing 15th and 1l6th Streets.
While such a relocation may be feasible, it would appear to be
difficult due to established traffic flow patterns associated
with the 15th - 16th Street/I-80 Intexchange.

EXISTING SITE

Subsurface Soil Conditions

Boring records show £ill material to extend from 5 to 10 feet
below ground surface. 'This material is similar to that found at
the proposed site; a sand-silt mixture interspersed with some
rock and brick rubble. It is moderately cbmp&essible and in a
loosely compacted state, ' '

Underlying the fill material is a clayey silt, approximately
15-30 feet or moxe in thickness. ;This material exhibits low to

10



medium compressibility characteristics. Unconsolidated-undrained
compressive strengths are similar to those determined for the
proposed site; 2-4 TSF above the'waterwtable and 0.4 - 1.0 TSF
just below the water table. Below the Water table, undrained
compressive strengths were scattered but appeared to increase
with depth as was noted for the proposed site. Consolidated-
undrained triaxial compression tests indicate representative
values of angle of shearing resistance, #, and unit cohesion,
c, of 24 degrees and 1000 PSF, respectively, based on total
stresses, A sand-gravel stratum extends from 8 to 17 feet
beneath the clayey silt followed by lavers of clayey sand,
sands, and silt mixtures. A competent sand—graVel layer was
encountered at a depth of about 100 feet in one boring.

Site Groundwater and Dewatering Considerations

Water level during the July exploratory drilling period stood at
Elevation +2 (20 feet below ground surface). Estimated maximum
fluctuations in groundwater level are from Elevation +8 to -1
(16 to 25 feet below ground surface).

No pump-down tests were conducted in this area. However, the
gravel stratum encountered at the 25-foot depth is estimated to
have permeability values smaller than those recorded at the pro-
posed site. Permeability estimates range from 10 to 100 feet

per day. As a consequence, any proposed excavation to or into
this layer may require sheet piling for seepage control, and ade-
quate bracing and possibly underpinning to prevent potential
damage to the existing Capitol facilities. Lowering of the water
table 10 feet from its July 1974 level is not considered a poten-
tial settlement hazard to grounds or buildings outside the exist-
ing Capitol site if pumping rates and depths are carefully
controlled. Maximum ground surface settlement due to 10 feet

of drawdown is an estimated 0.5 inches., Permeability for the
upper 20 feet of material is estimated at 0.01 to 0.1 £t./day.

11



EérthUake Considerations

Ground response at the'éxisting site was evaluated in the same
manner as for the proposed site with the exception that a re-
sponse spectrum below ground surface was not obtained. Maximum
bedrock acceleration was found to be 0.18g with a maximum value
at ground Surfaée of 0.219. Structural désign response spectra
generated for both the design earthqguakes using three values of
structural damping are presented in Appendix H.

As with the proposed site, soil-structure interaction is not
considered to be a problem. _ .

Cyclic loading tests of'undisturbed soil samples retrieved from
depths of 15, 23, 46, and 55 feet were conducted. Appendix I
lists the results. It is concluded from this investigation that
liquefaction during seismic excitation is not likely to occur
and seismic settlement within the more granular soil strata will
be'ingignificant.

Evaluation of East Wing Foundations

Detailed calculations were made to assess the static and seismic
loadihg capabilities of the East and West Wing foundations. In-

put information fof the analyses was obtained from the Office of
‘ Architecture and Construction and reviews of original foundation
construction plans,

The East Wing is avsteel framed buildiné with reinforced concrete
shear walls supporfed by a grid of reinforced concrete footings.
Footings are dimensioned variably so as to equalize foundation
soil pressures, and comprise about 48% of the gross building
area. Maximum dead load plué live load soil pressures are
estimated at 3.7 KSF (kips per square foot). Based on triaxial

12
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compression tests of undisturbed soil samples, the ultimate
bearing capacities are approximately 5.6 to 6,1 KSF.

Even though the Fast Wing has thus far rerformed satisfactorily,
differential settlements in.excess of 1/2 inch are recorded, and
the total settlement at the southeast corner is close to 1 inch.
A large part of the total settlement occurred during construction.
Total settlement at the west end of the East Wing is minor due to
the preéonsolidation effects of the existing West Wing, and a

larger amount of £ill that overlayed this area prior to construc-
tion of the East Wing.

The foundation material of the East Wing area is adequate to
support the maximum predicted vertical and lateral loads. Based
on the California Hospital Code requirements for seismic loads in
the Sacramento area, the estimated minimum factor of safety
agaiﬁst éoil bearing capacity failure is above one for the most
heavily stressed shear wall footing, Overall building stability
against overturning moments and sliding forces due to seismic
loading is satisfactory. The reinforced concrete footihgs are
adequate for vertical and lateral loads based on a structural
analysis of two heavily loaded shear wall footings. No recom-
mendations for increasing structural stfength capabilities are
included since adequate collapse resistance is still present.

Evaluation of West Wing Foundations

The West Wing consists of a network of unreinforced bearing
brick walls supported on tapered concrete footings. Original
construction plans specified footings to be embedded to depths
of approxiﬁately 5 feet (Elevation +10.2). High flood stages
during the 1860's necessitated fill material to be brought in to
raise the ground level outside the structure to a height of 13
feet above the surface of the surrounding streets, Thus, ground
elevation outside the wall is approximately +28 feet.

13
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o test pits were excavated within the basément of the old
structure to verify footing dimensions and embedment depths and
to evaluate soil, brick, and mortar conditions. Based on labora-
tory test results, the soil bearing capacity values range from
6.6 to 8.4 KSF for the footing sizes investigated. Under maximum
design earthquake loading conditions (California Hospital Code)
the estimated range of factors of safety against soil bearing
failure varied from 0.7 to 0.8. For DL plus LL loading condi-
tions, a factor of safety slightly above 1.0 was computed, Even
allowing for sampling disturbance, which tends to underestimate
the soil shear strength, the calculated factors of safety are
still quite low. It should be noted that for purpose of analy-
sis, it was necessary to assume (whether valid or invalid) that
the superstructure is structurally capable of transmitting
possible seismic forces to the foundation., The earthquake
hazards that exist in the West Wing structure, however, are con-
sidered in alréport of the Office of Architecture and Construc-
tion dated June, 1972.

Stability against overturning was found to be satisfactory.
However, tension stresses, developing within the east - west
corridor walls and between the brick wall and concrete footing
would result in mortar and brick separation. According to the
Unified Building Code (Section 2314): "all elements within
structures located in Seismic Zones 2 and 3 which are of masonry
or concrete shall be reinforced so as to qualify as reinforced
masonry or concrete. . . ". Thus, the basement brick walls and
concrete footings do not satisfy this code requirement,

The overall gquality of materials used for construction of the
foundation system was rather poor, compared to present standards,
hased on visual observation and laboratory test results. Two
1aboratory tests on concrete cores from footings showed compres—
sive strengths of approximately 290 and 580 PSI. Although calcu-

- lated maximum concrete compressive stresses are estimated to be
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about 110 PSI, these laboratory compressive strengths are consgid-
erably below the 1973 Unified Building Code minimum standard of
2,500 PSI. Test results of four individual brick specimens indi-~
cated compressive strengths ranging from 1,850 to 4,800 PSI.
These tests indicate the bricks are of good guality and, in
general, conform to the Unified Building Code minimum compressive
strength requirbment of 2,500 PSI. Test results of the brick
assemblies showed the mortar between the bricks to be of poor
quality. Shear testing of the joints indicated an ultimate shear
stress value of 40 PST under zero normal stress loading condi-

tions. The Unified Building Code minimum allowable value for

mortar is 20 PSI.

Investigation of the basement walls uncovered evidence of entire
load-bearing cross walls removed during remodeling, and large
openings cut into various load bearing walls for ducts and con-
duit. Some cracking was also observed. A crack in the northwest
corner is attributed to differential settlément due to softer
material underlying this section. Leveling nets conducted in
July 1974 indicated no apparent tilt or sag in the West Wing

with the exception of the north face which sagged downward tc the
west by slightly more than 1/2 inch. This cbservation is con-
sistent with level readings taken in 1868, soon after construc-
tion of the support foundation. |

From the evidence gathered during this investigation, it is con-
cluded that the existing foundation of the West Wing does not
meet the required seismic resistant capabilities of present
earthquake standards. Therefore, a strengthening program for the
West Wing (Concept 1) should include the foundation system to
ensure compatible seismic resistant capabilities between super-
structure and substructure. No specific recommendation for
foundation strengthening are présented herein since substructure
and superstructure should be considered together in developing
an overall rencovative plan.

15



" Foundation Recommendations

Soil conditions at this site are not entirely suitable for the
use of spread footing or mat type of foundations for the support
of large structures with moderate to heavy loads, Settlement
records of the last 23 yeafs show a maximum settlement of 1 inch
for the East Wing despite an applied building load less than the
excavated overburden. A rational explanation for this behavior
is that soil rebound occurred during excavation followed by re-
compression during construction loading. This experience is use-
ful for predicting probable soil behavior during reconstruction
of the West Wing, where loads involved will be even greater.
Thus, even though the'soil strata under the West Wing will have
been preloaded after dismantling, settlements can be expected if
shallow foundations were to be used. 'Moreover, the much heavier
West Wing with its high domes, irregular shape, and unusual
structural features is more susceptible to damage by differential
settlements than the more flexible frame structure of the East
Wing.

It should alsc be ncoted that approximate estimates of total
settlements that have occurred for the West Wing range from 6 to
12 inches, or more'(Appendix J). In addition, recorded history
-during construction of the West Wing (Appendix C) shows that the
building experienced serious differential gettlements resulting
in cracks in the brick walls. The consultante engaged to inves-
tigate this problem suggested that the structure should have been
founded on piles reaching down to incompreésible soil, so that
there would be little or no settlement. It is noted that the
West Wing construction period had lasted almost 12 years, thus
permitting some time for adjustment of the masonry structure to
differential settlements. Under modern—day methods of more rapid
construction, the effects of differential settlement on the West
Wing would have been even more serious. With regard to founda-
tion selection for the East Wing, the designers would normpally
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have used piles carried to the underlying gravels {(Appendix D).
However, they reached the conclusion that pilé dr1v1ng adjacent
to the West Winé with its inadequate footlngs ‘would have resulted
in irreparable damage due to vibrations of pile dr1v1ng.

Finally, it is noted that except for sone floating type of foun—

dations, most major buildings in the downtown Capitol area are
founded on piles.

On the basis of these experiences, it is recommended that new
wing construction, or reconstruction of the West Wing if decided
upon, utilize pile foundations founded on a suitable bearing
stratum. All previous borings indicate that a sand and gravel
stratum exists at a depth varying from about 20 to 30 feet below "
the base of existing foundations, The thickness of this stratum
under the West Wing has not been determined, nor has it been ade
quately determined for any new wing construction. For this

i

reason the pile foundation recommendation is contingent ﬁpon'
findings from additional exploratory borings that should be made
prior to any construction. The borings should go deep enough to
define the thickness of the sand and gravel stratum and the '
nature of the underlying material within the seat of settlement
of any proposed construction. Special attention should be given
to soil conditions below the northwest portion of the West Wing,
where difficulties were encountered during original construction.

During design of pile foundations, consideration should be given
to the need for partial predrilling before driving piles to
minimize the effects of possible heave and vibrations on adjacent
structures and to reduce the level of noise pollution during pos-
sible legislative sessions in the East Wing., Also, it is strong-
ly recommended that pile bearing capacity be determined by
controlled and carefully interpreted field pile load tests.

Before commencing pile driving for any new wing, the West Wing
should be adequately strengthened (Concept 1), or dismantled or

in a state of reconstruction (Concept 2).
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Another éoﬂéideféﬁidn'féiéted'primarily to reconstruction is

the effect on the East Wing of soil rebound resulting from dis-

- mantling the West Wing. Accurate predictions of soil rebound are
difficult; but estimates based on consolidation rebound test data
indicate possible rebound of up to l.5 inches at the westernmost
portion of the East Wing and practically no rzebound at the east-
ernmost portion. A thorough program of field instrumentation is
recommended, therefore, to monitor possiblgimQVements during
dismantling and rebuilding of the West Wing.

Subsurface Structures

'Extensions and/or relocations of exigting underground structures,
such as tunnels, will be subjected to potential periods of high
water; thus, consideration must be given t%gcomplete waterproof-
ing and buoyancy effects. Soil to the 20 foot-depth is consid-
ered competent enough that heaving or swelling due to seasonal
changes will be of minor importance,

K, - tests conduqted on undisturbed samples retrieved at the
15-foot depth indicated a coefficient of lateral earth pressure
at rest of 0.4, but K values may vary from 0.4 to 0.6. Deter-
mination of earth pressures for design shoq%d consider material
variation, soil-structure interaction, and ‘Beismic effects,

18
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APPENDIX A

AREAL GEOLOGY AND GROUNDWATER

Geologz

Sacramento is located on the eastern side of the broad Sacramento
Valley, in the northern half of the Great Valley of California.
The valley floor, although seemingly flat, displays various
topegraphic.forms. In the vicinity of Sacramento there are
river terraces and natural levees on the westward sloping
alluvial plalns, developed by the adjacent Sacramento and
Amerlcan Rivers.

Geologlcally, the Sacramento Valley is an elongate, northwest—

'trendlng trough filled with a thick sequence of marlne and

continental sediments, ranging in age from Cretaceous to Recent.

Deposits on the eastern flanks of the trough are supported at
depth by crystalline rock of the Sierra Nevada mountains. In
the vicinity of Sacramento, the sedimentary sequence is many
thousands of feet thick. The lower portions, having been
indurated and consolidated, now exhibit characteristics of
competent rock. | |

A stratigraphic sequence for the Sacramento area has been
developed using local gas and water well logs (1). Sediments
encountered are all relatively flat-lying and range from Recent
River Deposits at the surface, through the Pieistobene Victor
formation into the Plio-Pleistocene Laguna formation. The
Laguna formation, encountered below 100'feet, is a extremely
heterogeneous assemblage of silt, clay, sand, and minor lenses
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of gravel deposited on broad f£lood plains by meandering slug-
gish streams. Somewhat compact light gray to yellowish-brown
clayey silts to silty fine sands are most abundant; clean, well
sorted sand occurs chiefly in relatively thin zones. Gravel
béds, which are scarce, are mostly poorly sorted and of low
permeability.

The Victor formation ranges in thickness from 30 to 100 feet
and is encountered at depths of 10 to 30 feet. It is also a
heterogeneous assemblage of silt, sand and gravel, and clay,
transported by shifting streams. The area south of the
American River generally has a layer of "clay and gravel" at

a depth of 30 to 60 feet that is part of this formation. The
Victor formation appears to be in hydraulic continuity with

the Recent River Deposits. ‘The Rivef Deposits are 10 to 30
feet thick, ranging in size from boulders and cobbles to silt
and clay. They generally occur as geologically unconsolidated,
clean, well-sorted sand and gravel. Lenses of silt and clay are
common. These upper formations are considered good groundwater
aqﬁife_rs and have a' rapid recharge rate. Groundwater level
fluctuates about a depth of 12 to 18 feet.

Only two minor faulfslhéve bean receognized near Sacramentc (2).
Both are considered to be of Quaternary age without historical
displécemeht. One is located 15 miles north%ast, the other 20
miles northwest of Sacramento. They are both about 10 miles

- long and trend north-northwest. No earthquake epicenters have
been reported for the immediate Sacramento area. The nearest
are in Solano Céunty, twenty miles west, with a magnitude of
6.0 to 6.9. Others are thirty miles west to northwest in Napa
and Yolo counties, with magnitudes of 4.0 to 4.9.
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Groundwater Records at Proposed Site

Flgure al 1llustrates monthly water level fluctuations between
the Sacramento River and a well located at 15th and N Streets
(proposed site) for a period of approximately 3~l/2 vears com-
mencing September 1968. Pumping along Front Street adjacent to
the Sacramento River during the I-5 construction was conducted-

- periodically during the first six months of the illustrated

period. However, water level fluctuations at the 15th Street
location were minor.

The 3-1/2-year recorded water history occurred during the periods
of some of Sacramento's wettest years, hence, is a good indicator
of maximum water level fluctuations near peak and ebb river stages.
Results indicate maximum water table variations of approximately

10 feet. Damping effects due to distance and soil conditions
results in the lag pericd noted between rapid rising peak river
stages and groundwater levels. However, slow rises and ebbs in

river stage are followed gquite closely by groundwater levels.

The peak water levels during the indicated periods show maximum
elevations of.approximately +5 feet, with lows of about -4 feet
elevation. Long term transient conditions always showed a mini-
mum of 3 to 5 foot river head. During drilling operations in
mid-July, 1974, water levels near 15th and N Streets wete at

an elevation of +5 feet. River stage duriﬁg and just preceding
this period was at Elevation +6 feet, thus, water levels were
commensurate with river stage and head. It is not known at this
time whether groundwater pumping was taking place in the vicinity
of 15th and N Streets during the recorded period. Conseguently,
no explanation for head variations recorded then, but not
observed during this investigation, was found,
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APPENDIX B

SITE SEISMICITY

The seismicity of a particular location within a given area can
be considered as the relationship between the number of earth-
quake occurrences whose epicenters lie within the area, their
magnitudes, and the severity of the ground response at the
selected location., Seismic events occur randomly with time and,
in the case of large magnitude earthquakes, may be experienced
only a very few times over a period of hundreds of years,
Consequently, evaluation of seismicity relies entirely on past
earthquake records. - Unfortunately, historical earthquake records
are far from complete. Only about 40 years of actual recbrded
ground motions exist and perhaps 200 yvears of semi-reliable
verbal accounts are available. Nevertheless, a substantial
amount of information regarding the seismic vulnerability of a
given area can be gleaned from the analysis of this information.

Earthquake Ground Motion

Within the continental United States and adjacent parts of Mexico
enough data have been collected to show a positive correlation
between the length of surface fault rupture and earthguake
magnitude, Figure Bl, (Bonilla (1)). In addition, Schnabel and
Seed (2) have developed curves relating maximum acceleration in
rock and predominant period to distance from causative fault for

given earthguake magnitudes, Figures B2 and B3.
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' ﬁtilizing these relationships, it is possible to approximate
parameters characterizing bedrock motion at any location re-
‘sulting from a given earthquake. '

' Method of Analysis

Two approaches to’ the problem of determlning the seismicity of
a-given prOJect site have enjoyed con31derable popularity in
recent years. The first, and certainly the more rigorous,
involves an indepth statistical analysis of the historical data
pertaininé to a selected study area within which the project
.'eite*is located. This method assumes that:

1) Historical seismic activity is distributed somewhat

uniformly ever'the study area.

2) The time period over which the historical data apply
provides a representative number of events of each
‘magnitude. '

‘3) The study area iﬁcludes all fault systems which might
have a significant effect on the project site.

The reliability of this method, therefOre, depends on the degree
of‘validity of the above assumptions. The second approach, more
simplified in nature, often yields results more valid than the
rigorous approaeh. It consists of individual evaluation of
critical fault systems which historically have produced signifi-
cant ground motion at the project site.

Locating the existing and proposed sites on the earthquake

epicenters map prepared by Greensfelder (3), Figure B4, it is
at once apparent that the surrounding area has exhibited minimal
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seismic activity compared to other areas within the State. To

the east and west, however, at a distance of approximately 80

to 90 miles, lie areas with extremely active histories. TIn

order to apply the statistical seismicity approach to the site,

inclusion of these active fault zones within the study area

is essential. This, however, creates a situation where seismic

activity throughout the study area is far from uniform. For
this reason, the second approach, concentrating on critical
-fault systems, was selected for this study.

Seismic History of the  Sacramento Area

Probably the most intense earthquake ground shaking experienced

in the Sacramento area in the recent past occurred on April 21,
1892, This was the result of a rupture along the Midland fault
between - Winters and Vacaville. The magnitude of the event has
been estimated to be in the low sixes. Although no record of

- the actual ground motion in the vicinity of Sacramento exists,

‘publications of the period have documented the visible effects.

The following is a quotation from Edward S. Holden (4):

"April 21, 1892, Sacramento. There was another severe
earthquake shock at 9:45 o'clock this morning, lasting
twenty seconds. Buildings got a lively shaking and
plastering fell from many ceilings.

Several old chimneys toppled over and much glassware
was broken in the crockery stores. The State capitol

building suffered. A large portion of one of the plaster
statues over the portico, 150 feet from the ground, fell
and struck 40 feet from the building. The gigantic build-

ing trembled violently and the occupants in the State
offices were badly frightened, and there was general
exodus- of clerks.

It was discovered that a crack was made in the ceiling,
extending from one end of the building to the cther
and going through the office of the superintendent of
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public’ 1nstruct10n into the assembly chamber. The
beautiful ceiling of the latter, whic¢h is formed of
- stucco work, tipped with gold, was rent in places,
as were also the Corinthian columns supporting the
gallery. Books were thrown from the. shelves and
general disorder reigned. c

The public schools were dismissed. All the pupils

got out without creating a panic. BAg the city prison
the greatest excitement prevailed.., A number of police
officers rushed into the street, ekpecting the collapse
of’ the old bulldlng. Jailer John McManus stood at his
post, with key in hand, prepared to turn loose the
prisoners in case the bu1ld1ng showed 51gns of
collapsing.”

Another account was reported in Woodland Daily Democrat of
April 21, 1892: '

"The first news came from Sacramento. The Deputy State
Librarian reported that the State Capitol rocked wildly
and the inmates were panic stricken, Several of the

- large statuary on the top of the building were thrown
to the ground with such force that they were buried . in
the ground. The books in the State Library were thrown
from the shelving and the floors literally covered with
debris. (The State Library at that time was in the State
Capitol building.)

All the elegant decoratlons in the Assembly Chamber are
ruined. Nearly every building on J and K Streets show
- the effect of the shock. Chimneys were cracked and in
many instances thrown down and they crushed through the
sidewalks. The Sutter Club and the Metropolitan and
Clunjie buildings have been deserted for two nights. .The
courthouse on Second and I Streets was damaged to the
extent of $3,000.

Although records indicate this to be the most severe ground
shaking, other important earthquakes have induced similar '
effects in the City of Sacramento. Table Bl lists the ﬁote—
worthy events along with selected commments taken from various
publications. Roman numerals indicate probable Modified
Mercalli intensities. A majority of these data was accumulated
and presented in a report by Perry Byerly to the Sacramento
Municipal Utility District (6).
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Table Bl - Chronological Listing of Selected Seismic
Events Relevant to Sacramento

1850, August 4.

. "Smart shocks in Sacramento." Reference calls it V.

1857, January 9. (The great Fort Tejon earthquake)
"Very severe at Sacramento."
"San Franciscd'Bulletin", January 9, 1857: "By Magnetic
Telegraph: Earthquake felt in Sacramento: A smart shock

of earthquake was experienced here this morning at half
past seven o'clock. No damage was caused."

1864, May 20.

"Very severe at Sacramento,"

1868, October 21. (The Hayward earthquake)
V in Sacramento where plaster was cracked. (Water in river

receded, shoaling ships, then came back with a rush.)

1869, December 27. (Origin in Nevada, near Virginia City)
Ref. says no damage in Sacramento.

The "Sacramento Union" for this date says "Door bells were
rung and chandeliers and everything else that could do so
swing to and fro." ©No damage mentioned.

1872, March 25."{Thé great Owéns Valley earthguake)
Sacramento: "Severe, but no damage done."

' 1889, May 19. (Centered near Antioch)
Sacramento: "quite severe --- no damage."

1892, April 19. (Centered in Solano County)
VI at Sacramento where many chimneys were thrown down and

windows were broken. Books were thrown from shelves.
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1902,
1906,
1909,
1915,

1933,

1948,
1952,
1954,

1954,

1966,

May 19, M=?

Probably V at Sacramento and Ione.

April 18, (Centered in Marin County, M=8.3)
V at Sacramento. '

June 22, M=?

VI at Sacramento: Plaster down.

October 2. (Pleasant Valley, Nevada, earthquake, M=7,6)
V at Sacramento.

June 25. (Center near Wabuska, Nevada)

Decemberl29._ (Verdi earthquake)

V at Sacramento where objects were disturbed.

July 21. (Kérn County Earthguake)

V at Sacramento where small objects were disturbed.

July 6. (Fallon'éarthquake, M=7.1)
V at Sacramento,

December 16. (Fairview Peak - Dixie Valley, Nevada,
earthquake, M=7,1)
Low VI at Sacramento where a reservoir roof partially

collapsed, plaster cracked, power cables were broken,
vases overturned.

September 12. (Verdi epicenter)

VI at Sacramento where plaster was cracked, furniture
was shifted, windows were cracked.
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“"Site Bedrock Response

Judging from the historical data, the assumption was made that
earthquakes significant to the Sacramento area have in the past

and will continue to originate along one of the following fault
zZones s ‘

San Andreas
' Hayward
Cazlaveras
Midland
 Russell Valley

Table B2 lists a summary of seismic activity in terms of magni-
tude and number of events associated with the above faults. The
table does not include events of magnitude less than 4. From
these data and the relationships presented in Figures B1, B2, and
B3, ground motion parameters were estimated characterizing
bedrock response beneath the two sites under study due to the
‘maximum historical earthquake associated with each of the faults
under consideration. The results are presented in Table B3,
Similarly, ground motion parameters, corresponding to bedrock
motion at the sites as a result of maximum credible earthquakes
assigned to each fault system by Greensfelder (3) were evaluated
and are displayed in Table B4.

These values can be described as indicative of the most severe
bedrock motion realistically possible at the existing and proposed
sites as a result of seismic activity along the listed faults.

It should be emphasized, however, that these values stem from
relationships based on idealized situations and a very limited
amount of actual recorded data.
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Table B2 ~ Seismic Activity Summary

(from Ref. 3)

Length of

1934~197L oo 1836-1971
Fault Fault Considered 4~4.,9 5~5,9 6~6.,9 7-7.9 8-8+
{miles) L
San Andreas 200 105 46 3 1 1
Hayward 50 6 - - 2 -
Calaveras 120 45 8 1 = -
Midland : 50 3 - 1 - -
Russell Valley . 20 25 5 3 - -
Table B3 - Maximum Historical Earthquake Characteristics
Estimated Estimated
Duration Distance Estimated
Estimated = of Estimated to Maximum
Fault Maximum Strong Predominant Causative Rock
Magnitude = Motion . Period Fault Acceleration
L {sec.) {sec.) (miles) - (q)
San  Andreas 3;25_m 35 .55 | 80 .07
Hayward 7.0 24 .39 65 .05
Calaveras 6.6 20 .36 60 .04
Midland 6.2 20 .32 24 12
Russell :
Valley 6.0 18 .33 85 .02
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Table B4 - Maifmum Credible Earthquéke Characteristics

At

"Estimated ' Estimated
Duration Distance Estimated
Estimated of Estimated to Maximum
Fault Maximum Strong Predomindnt Causative Rock
Magnitude Motion Period Fault Acceleration
(sec.) (sec.) (miles) {g)
San Andreas 8.25 35 .55 80 .07
Hayward . 7.6 30 .42 65 .06
Calaveras 7.6 30 .41 60 .07
_ Midland = 7.0 24 .32 24 .18
Russell - . ‘ '
Valley 6.5 21 ' .35 85 .02
Table B5 - Design Earthquake Characteristics
: Source : Distance Maximum Predominant
Design Fault Magnitude to Source ' Rock Accel-~ Period
Earthquake (miles) Fault eration—-g (sec.)
DEL. Midland 7.0 24 .18 .35

DE2 San Andreas 8.25 80 07 .55
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Based on the available historical evi&ence and estimated ground
response at the study sites for maximuﬁ'historicallearthquakes,'
it is concluded that no earthquake dufingltﬁe last 150 years
has produced bedrock accelerations greater than .12'g at the
exisfihg and proposed sites. Furthermore, the results df an
identical analysis based on maximum credible earthqﬁakes, leads
to the assertion that it is extremely unlikely that a bédrock

acceleration greater than .18 g will ever be experienced at the

‘study Sites due to earthquake excitation.

Design Earthqguakes

Restating the findings of the site seismicity analysis, the

maximum bedrock acceleration'anticipated in the study is
approximately .18 g, corresponding to a magnitude 7 earthquake
along the Midland Fault. It has been shown by Housner (5),
however, that for long period structures (ﬁulti—story) a large
distant earthquake may have a stronger effect on structural
response than a smaller event occurring much nearer the building
site. Due to this circumstance, and the knowledge that histori-
cally earthguakes originating along the San Andreas fault

system have been extremely devastating this ground response
investigation will also consider motions resulting from a

maximum credible event emanating from the San Andreas fault.

In summary, the design earﬁhquakes selected for evaluating
ground response in this study are represehtative of a large
nearby earthquake (Midiand fault) and a larger distant earth-
guake (San Andreas fault). These design earthquakes will be’
referred to as DEl1 and DE2, respectively. Characteristics

of bedrock motion likely at the two study Sites in response
to the design earthquakes are shown in Table B5.
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'The selection of maximum credible events as design earthquakes
was based primarily on a recognized need for the State Capitol
Building to remain functional immediately after a major earth-

quake. This need haS'been'discussed in Reference 7 from which
the following quotation was taken:

"The extent to which the property owner, in this
case the people of California, is willing to increase
construction costs to achieve a higher degree of earth-
duake safety depends also on decisions made as to the
importance according to the numbers of people exposed
per day, the value of the structure, and how vital 3
function it serves in event of an emergency. Therefore
hospitals are given an Importance Factor of 1 in recog-
nition of their vital role in relief of disaster., It
may be assumed that the State Capitol would similarly
be assigned an Importance Factor of 1, considering the
hature of the building and its function as the seat of
State government. State law now also requires that
hospitals be designed to withstand major earthquakes
_without damage. It seems only reasonable that the
State Capitol should be given equivalent protection.
Not only are a large number of people exposed to risk
daily, but the legislators performing their duties
therein influence the operation and thus the cost-
loss picture for the entire State. They and the other
leaders of State government who are also frequently
‘exposed to earthquake risk, are important human beings
- who must be:available to aAct in the case of a disaster,
The State Capitol Building should in fact provide a
model for earthquake protection throughout the State."

The California Hdspitél Code, which addresses itself to function-
ally important structﬁres, states that dynamic

"analyses shall be based upcn the ground motion prescribed
for the site in a geology-seismology report. The report
shall consider the seismic exposure of the site and the
probable maximum seismic event that may be postulated with
a ‘reasonable confidence level within a 60-year period."

During this ‘investigation, the strictly statistical approach
implied in the cCalifornia Hospital Code was not followed because
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of the limited data and nonuniformly located historical seismic
events within a given study area, as already mentioned, Also,
considering the fact that the West Wing of the existing Capitol
is about 100 years old and probably would be used many more
years if it were not for earthquake hazards, a 60-year time
period was judged to be an ﬁnrealistically short life for a-
State Capitol building. For these feasons, attention was

given to the previously listed fault systems to select design
earthquakes. | o

Reéor&ed‘data for the faults show that since 1836 one event of
magnitude 6-6.9 has occurred on the Midland fault and one event
of magnitude 8+ has occurred on the San Andreas system. Estima-

ting a structure life of ‘approximately 100 years, it is reasonable

to expect that events of similar or greater magnitude could
occur on the respective faults, as shown by Greensfelder.

Probability'ébncepts were utilized in establishing some basisg
of estimating maximum probable bedrock acceleration levels.
These results indicated bedrock acceleration levels of 0.2 and

0.3 g's can be expected 1.7 and 0.8 times respectively over a

100 year period. The probability concept assumes, for a given

study area, that a' particular event is given equal probability
to occur anywhere within the study area but, in actuality, may
not be valid for this study due to the distance between causitive
fault and study site. Hence, a realistic approach based on
maximum credible events was utilized to reduce the maximum

probable bedrock acceleration levels to reasonable values.
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APPENDIX C

REVIEW OF PREVIOUS FOUNDATION DESIGN AND CONSTRUCTION
WEST WING

The Capitol Building

The present California State Capltol consists of two portions:
the older Capitol Building referred to in recent years as the
West Wing, and the newer portlon known as the East Wing. The
foundation of the West Wing supports a massive and imposing ‘
masonry structure weighing approx1mately 86,000,000 pounds, not
including the weight of the foundatlon itself, and covering an
area approximately 320 feet long by 160 feet wide, using the .
greatest dimensions. The height of the ~building, not including
the dome, is over 90 feet, The helght of the building from
grade at its base to the ball atop the dome is more than 230
feet. Construction of the West Wing was started in 1860, and
the main features of the building were completed in 1871 (1).
Fortuitously, the original plans and specifications for the
foundation and documentary evidence related to the foundation
were preserved and subsequently found in the State Archives.

Foundation Selection

After selection of the site within a four-block area bounded by
L, N, 10th and 12th Streets in Sacramento, the State 1eglslators
created a Board of State Capltol Comm1851oners to supervise the
construction of a State Capltol bulldlng. On July 14, 1860, the
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Eommiésioneré Seiecfed:the plan of M. Frederick Butler for the
Capitol design. Three‘days later, Reuben Clark was appointed .
superintending Architect for the conétruction. At the outset,
the Capitol Commissioners were duly impressed with the impor-
tance of selecting a good foundation for the building and were
determined to pile it, irrespective of cost (2). By order of
the Commissioners, Clark initiated a series of borings to
determine the character of the underlying soil. According to
one of the Commissioners (2), Clark reported that he had found
as good a foundation subsocil for the building as could poésibly
be needed, and that Piling was not recommehded. On July 30, 1860,
the Commissioners adopted the first set of specifications (3)
requiring concrete foundations at a depth of 5 feet below the
ground'éurfaée.- This ﬁype of foundation is now more commonly
known as a plain concrete wall footing. '

Foundation Contracts

In September, 1860, Michael Fennell was awarded a contract for
construction of the foundation and basement story walls in accor-
dance with his approvéd plans (4) and the Capitol Commissioners!
first set of'specificatipns. On September 24, 1860, ground was
broken for the new structure. Construction was started for the
northern part of the foundation;.but Progress was slow. In
February 1861, the architect Clark reported that 75% of the
trenches for the foundation had been excavated and that 45% of
the concrete foundations had been completed {(5). Brickwork for
the basement walls of the northern portion was started in
February, 1861. It was not until May 15, 1861, that the corner-
stone of the State Capitol was laid at the northeast corner of
the foundation brick walls (6). In May, 1861, the contract with
Fennell was broken. One month later, a second set of specifi-

cations (7) was written to invite. bids for completion of the
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foundation work. In July, 1861, Blake and Connor were awarded
(8) a contract for the completion of the foundation and base-
ment story. walls in accordance with their approved plans (9)
and a seconhd set of specifications. In 1861-62, during one of
the wettest winters in California's history, four heavy floods
overflowed the levee banks of the American River and inundated
the c¢ity, the Capitol grounds, and the foundation walls., 1In
February, 1862 the Commissioners directed the architect Clark
to report on the conditions of the foundations of the Capitol
building and the flood damages incurred. After Clark had
examined the site, he reported that (10):

"In these examinations I found the so0il to be from
three to three feet six inches in depth, under which
is a bed of firm clay twenty-five feet in depth.
Below the clay there is a bed of gravel filled with
boulders. There is also a stratum of hard pan,
averaging from three to four feet in thickness,
passing through the bed of clay about eleven feet
below the surface of the ground. The trenches for
the reception of the foundations are excavated to
the depth of five feet below the surface of the
ground, making a cutting of from eighteen inches

to two feet into the clay."

"Those excavations were made both during the dry and
rainy seasons, and there was no perceptible difference
in theé consistency of the clay. Consequently, the
foundations are perfectly secure and will receive no
injury from the effects of the water, but on the
contrary, both concrete and brick will become much
harder by having been surrounded by water."

In contrast, the contractors Blake and Connors reported (11)
that mud and water exceeding one foot in depth had surrounded
the foundation walls_and covered the site. Under these condi-
tions, they reguested additional time before recommencing their
work, so that the walls already constructed would have had time

to become dry and the ground would become firm and in good
condition. '

C3



“As a result of the flood conditions, a third set of specifica-
tions dated May 19, 1862, raised the "established ground line,"
-or planned terrace surrounding the Capitol walls, to a height
- 0of 13 feet above the surface of the surrounding streets, and
the basement story floor was specified to be 3 feet above the
established: ground line. By that time, the foundation work
had been nearly completed.

" Foundation Plans and Specifications

Except for differences in proportioning of ingredients of
‘concrete mixtures for the foundétions and some minor changes,
the second set of specifiCations reads essentially the same
as the first. To indicate the quality of haterials and work-
manship required for the foﬁndation, the following excerpts
are quoted from the Seqond“Set of specifications (7):

"Height of Stodries  'The ground line of the building
is to be established to the height of 2 inches above
the stone now set on the northeast corner of the
building, which is 7 feet 6 inches above the present
surface of the surrounding streets, and the basement
floor is 'to be 3 feet 1 inch about the established
ground line," : - '

"Digging and Grading Excavations are to be made for the
reception of all the various foundations, to a level

of the bottom of those now laid, and the foundations

now dug are to be trimmed to the required forms, where
required. The earth is to be filled in around all the
foundations and solidly rammed, and all the surplus
‘earth to be graded under the basement floor and around
the building, as may be directed,"

"Foundations All the various foundations are to be
formed of concrete 3 feet in thickness, including the
layer of cobble stones, and all to be of the forms and
widths shown and figured on the sections marked 'Aa,'
'BB,' 'CC,' etc. The bottoms of all the trenches are
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to be made perfectly level and covered with a layer of
cobble stones, solidly bedded and rammed down; the
spaces between the stones to be clear from all earth,

- fubbish or small stones, for the reception of the
concrete."

"The concrete to be formed as follows: to 1 measure of
the best Rosendale cement, well manipulated with 1-1/4.
measures of clear, sharp, river sand, add 1-3/4 measures
of granite chips broken in small pieces (i.e., the
average size not to exceed a cubic inch) and 1-1/2
measures of fine gravel, clear from all foreign sub-
sStances; and all to be thoroughly manipulated and
rammed into the trenches immediately after mixing. No
layer to exceed 10 inches in thickness, The sides of
the concrete to be formed by means of plank boxes,

which can be removed for the formation of other sections

after the concrete has sufficient consistency for their
 removal.," ,

"Brickwork - All the bricks are to be of the usual dimen-
sions, sound Sguare, hard burnt, and of the best quality,

" and no soft or salmon bricks to be used in any portiorn
of the work." '

"The joints of all bridkwork'in the cellar are to be
smoothly struck." .

"All the walls are to be commenced on the concrete,
battering upward, as shown in the sections at large.
In the execution of the work, care must be taken to

effect a perfect bond, and every 5th course to be
headers."

"Mortar The mortar for all brick work, from the line of
the concrete to the established ground line, is to be
formed of 2 parts of Rosendale cement to 1 part of fresh
lime; ... and all to be well manipulated in a mill, with
& proper proportion of clean, sharp, river sand, free

from all foreign substances, and all to be well screened,
if required.," o

With regard to this set-of'specifications, it should be noted
that: (1) excavations would have had to be carried to a depth
of 5 feet below the ground surface existing at that time, in
order to make the base of the concrete foundations level with
the bottom of those already laid; (2) the established ground

c5



line (the planned terrace level surroundlng the building) was
subsequently raised, as noted previously, after the heavy winter
floods of 1861-62; and'(3)‘"basement floor" as used in the
specifications corresponds to the present first floor. 1In the

1860 's- -1880's, the present basement was used for waste disposal (6).

Except for minor changes, the foundatlon plans (9) submitted by
‘Blake and Connor in. 1861 are similar to. those (4) submitted by
Fennell in 1860. Figures Cl and C2 were prépared from the
original plans to show, respectively, the! general outline of
the foundatlons and three typlcal cross-sections, A-A, B-B,

and C~G. 1In general, the foundation consists of a network of
unreinforded load—bearin§ walls supported on slightly-tapered
Plain concrete footings. The annular basement wall under the
rotunda and dome of the building is step—tapered to a width of
10 feet 4 inches, just above the concrete foundation. As
shown, the depth of all concrate foundations is constant at

3 feet, while the width varies to accommodate the different
thicknesses of the supported walls.

Wall Cracks and Supporting Buttresses

According to one of the Capitol Commissioners (2), the architect
Clark and the Commissioners_had observed a crack in the north
wall in 1862, but it never troubled Clark. In September, 18635,
Clark was granted a leave of absence because of illness, and
the following January, Gordon Cummings was appointed Architect.
Soon after his appointment, Cummings had noticed two cracks in
the north wall, 6ne'on each side of the north portico (12).
Presumably, the crackS'had occurred in the basement wall. In
October, 1866, he reported this cbndition to the Commiseioners,
who considered the matter of sufficient importance to engage
the services of Major George Elliott, of the United States
Engineers, and H. Kenitzer, an architect.
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In a report (13) dated October 30, 1866, Elliott and Kenitzer
described the subsurface for the site as a compre551ble clay
xestlng at a moderate depth on an incompressible substratum.
They suggested that, for these conditions, it would have been
better to have used for the foundation bed a grillage and
platform resting on piles reaching down to the incompressible
soil, so that there would be little Or no settlement Moreover,
the type of foundation already adopted could not prevent
settlement, but only limit it and make it uniform by constructing
the bearing surfaces of the foundations proportionate to the
loads to be carried. Elliott and Kenitzer considered the

' bearing surfaces for all the walls as probably being too small

for the compressible soil, and especially so at the masonry
corners. Thus, they attributed the cause of the cracks to

differential settlement of the partially completed structure.

Under the circumstances, Elliott and Kenitzer recommended
that buttresses be constructed at the northeast and northwest

‘corners of the building, which would provide additional support

-and tend to produce uniformity in any further settlement that

might occur. The buttresses would in no way mar the appearance
of the Capitol building, as they would be entirely beneath the
ground surface after the area was graded. Although the Elliott-
henltzer report refers to a sketch of the buttresses, no drawings

show1ng either the exact locatlon of the cracks or details of the
butresses have vet been found, if still existent.

In December, 1866, Elliott recommended that a series of borings
be made around the Capitol building to determine the character
of the soil below the surface and the depth of an incompressible
stratum (14). During the following month 8 borings were made
around the Capitol building, Figure C3, one near each corner and

one near the center of each side {15) . ﬁigures C4 and C5 show,

mmswilq_.
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respectively, the soil profiles in the East~We§t and Neorth-South
directions.  Except for 2 borings, a gravel stratum was reached
within 22 to 44 feet beléw the ground surface existing at that

time. Below and adjacent to the northwest corner and the center

of the north wall, no gravel was reached at bored depths of 55
and 60 feet, respectively.

- It 'should be noted that the buttresses proposed by Elliott and
Kenitzer were substantially the same as the one initiated by
the architect Cummings and partly completed at the northeast
corner, i.e., "a footing of one hundred and ten surface feet
of concrete and granite added to each corner, and brick angle
buttresses built into and incorporated with the walls" {12).
Cummings had also reported that:

"From careful observations taken with the instrument
from established benchments at regular periods of two
weeks, between January first angd September twenty-four
(1867), when the whole weight for this vear was placed
on the corners, I found the subsidence to be scarcely
perceptible, being less than one quarter of an inch,
while in the centre of the building it is nearly two

inches in the same time, producing now almost a perfect
level." : :

Cummings was satisfied that the defect had been remedied.

In 1868, a Joint Committee of the State legislature reported (2)
on the foundation conditions of the State Capitol, including'
the basement wall cracks. The Commitﬁee had been instructed

to investigate and report on the safety and stability of the
foundations of the Capitol building and the possible danger
from river floods. The findings of the Committee cover nearly
100 pages and include the reports and testimonies of a large
number of engineers, architects, mechanics, builders and con-

tractors. The testimony was varied and sometimes conflicting,

C13



‘As noted from the followrng quote from the report, these
experlenced men presented varlous concepts to account for the
presence of the wall cracks._

“Some thought that in thlS instance it could bhe assigned
to the compressibility of the soil beneath; some thought
they may have been caused by the shrinkage of the material;
and others thought that they were owing to a combination
of causes, to wit: the compressibility of the soil beneath,
. and unequal distribution of the weight upon the different
. parts of the foundation; whilst more thought that these
- fissures were attributable solely to the unequal distri-
bution of the weight," -

Other differences were related to: the nature of the subsO1l
the number and size (3/8 to 3/4 of an inch wide) of the cracks,
and the amount of differential settlement between the various
parts of the structure. It was generally agreed, however,

that the maximum settlement had occurred at the’ northwest
corner of the bulldlng, where a boring. went to a depth of 55
feet: Wlthout dlSClOSlng any gravel or boulders

From the ev1dence presented, the Committee concluded that the
foundationh of the Capitol building was safe and secure and that
the cracks were not detrimental,

It should be noted'thet in November, 1869, Cummings reported (16)
that the cracks had nearly disappeared. Subsequently, the

buttresses and exterlor basement walls were covered with fill
materlal - In 1872, fill material was hauled to the site with
as many as 182 2- horse teams making some 10 trips per day. The

£
i

gradlng of the grounds with two terraces around the Capitol
bulldlng was essentlally completed by November, 1873 and
continued in ex1stence untll relandscaped in 1951-52 (1).
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Foundation Investigation, 1948

At the request of the State Architect,
ducted in February and March, 19438,

an investigation was con-

of the soil conditions for
a proposed addition to the State Capitol, just east of the

existing West Wing. Eleven power borings were made, and the

results of the investigation are discussed in Appendix D of this

report.

In May, 1948, two hand borings were made adjacent to one of the

footings of the existing West Wing (17). The boring logs describe

the soil under the footing as a brown silty clay. Laboratory:

tests were performed on 2-inch samples thus obtained, to deter-
mine soll parameters for evaluating the adequacy of the existing
foundation. Shear strength parameters, ¢ and @, were determined

from direct shear tests and used to calculate the bearing capacity
of the so0il under the existing footing,
additional parameters used were:

In the analyses the

size of footing = 9,25 ft, x 10.5 ft.
height of surcharge = 7 ft.

unit load on existing footing = 5.4 kips per sq. ft.

The foundation report (17) summarized the results of the analyses
in tabular form:

SUMMARY OF RESULTS
(After Reference 17)

Shear Strength Krey's Method Terzaghi & Peck Method
Parameters Bearing Factor Bearing Factor
2 c Capacity of Capacity of
Degrees 1lbs/sq.ft, 1bs/sqg.ft. Safety 1bs/sq.ft, Safety
14 400 9940 1.8 6500 1.2
12 487 9200 1.7 €900 1.3
14 - 487 11200 2.1 7100 l 3
C15



‘The feport (17) néted that a factor of safety of three is often
recommernded in design, while the maximum factor of safety indicated
by the analyses wag only two. Thus, it concluded that the unit
load on the foundation soil under the existing fodtiﬁg of the

West Wing had exceeded the safe design loading calculated by
approved design methods based on soil tests,

qundation‘Alterations

th? State Capitol, resulting in some alterations to the existing
West Wing. These alterations consisted of the reconstruction
of the central portion of the east wall of the West Wing, and

~the demolition of the semicircular part of the building just
_eas;hgf the rotunda. ’ '

Tﬁé dégign.and,construction plans (18) give details of recon-
strudting the central portion of the eést‘wall, including the
addition of two reinforced concrete Spread footings and a new
buttress wall in the basement. Essentially, the construction
procedure for the foundation alterations consisted of:

(1) placing two new wall footings and concrete walls in
recessed areas up to the underside of the present second floor;
(2) installing jack bearing pads and hydraulic jacks between
'the_top of thé new concrete wall and the existing brick wall
above; (3) after the concrete had attained sufficient strength,
the brick wall load was taken up by jacking to & predetermined
load; (4) with the jacks-maintaining the load, and after settle-
ment had Occurred, pipe shores were wedged on each side of the
jacks, and thé Space betweaen the top of the new wall and thé
underside of the éxisting brick wall was filled with dry-pack;
(5) after the dry-pack had aged sufficiently to carry the
required load, the jacks were removed and the remaining space

Cle
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around the plpe shores were fllled w1th concrete and dry- pack
After the load was satlsfactorlly transferred to the new
foundations, the existing semicircular construction on the
east side of the reConstructed'wall was removed.

Except for passageway conhections, the East Wing was de51gned
to be structurally independent and separated from the older
West Wing, as described in Appendix D of this report,
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November 1, 1865, to November 1, 1867," Sacramento, State
Printer, 1867, PP. 4-20,

Report of George 'H. Elliott and H.rKénitzer to Governor

F. F. Low, Chairman, ' State Capitél Commissioners, California
State Archives, -Qct, 30, 1866, 4 PP. handwritten.
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14, Communication of George H. Elliott to Governor F. F. Low,

15.

le.

17.

18.

Chairman, State'Capitol Commissioners, California State
Archiﬁes, Dec. 10, 1866, 3 pp. handwritten.

Minutes of the State Capitol Commissioners, California
State Archives, Jan., 1867, pp. 237-240.

Appendix to Journals of Senate and Assembly, 18th Session,
State of California, Veol. III, "Biennial Report of the
State Capitol Commissioners from November 1, 1867 to

November ‘1, 186%," Sacramento, State Printer, 1870,
PP- 9—12¢

Foundation Report, State of California, Division of Highways,
Materials and Research Deparément, July 8, 1948, 12 pp.

Two Plans, Sheets S18 and S19, entitled, "State Capitol
Addition, California State Capitol, Sacramento, California,"

Divigion of Architecture, Department of Public Works,
State of California, May 2, 1949.
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REVIEW OP PREVIOUS FOUNDATION DESIGN AND CONSTRUCTION
EAST WING

State Capitol Addition

[

The newer building of the California State Capifol now. known as
the East Wing and sometimes referred to as the Capitol Annex,
was constructed during the period June, 1949 'to January, 1952
(1, 2). The foundation of the East Wing supports a structure
weighing approximately 48,000,000 pounds, not including the -

weight of the foundation itself, and covering an area of approxi-

‘mately 60,000 sguare feet. The East Wing is about 100 feet high.

It consists of five fioors, a basement, and penthouses consti-

tuting-a'Sixth floor. The basement serves primarily as a garage,
but also provides space for mechanical and service facilities.
Although designed to be structurally indépendent and separated
from the adjacent older West Wing, the East Wing connects directly

into the main corridors of the original Capitol and into the two
legislative chambers. .

Subsurface Investigation

At the request of the State Architect, an investiéation was
conducted in February and March, 1948, of the soil conditions
at the site of the proposed East Wing, just east of the West
Wing Capitol building (3). Eleven power borings were made with
2-inch diameter California-type samplers at the locations shown
on Figure Dl. Laboratory tests were made on samples obtained
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from the various borings, including moisture contents, density,
mechanical analysis, consolidation and direct shear tests.
Figure D2 also shows the soil profiles with plotted results of
the test data. In a report (3) dated March 31, 1948, the soil
conditions at the site were described as follows:

- "The surface soil on the site is man-made fill con-
sisting of sandy soil, the layer varving in thickness
from three feet on the easterly side to fifteen feet
adjacent to the Capitol building. The in-place soil
underlying this embankment material is a river deposited
s0il of undetermined depth, the upper stratum of which
is clayey silt with scattered irregular lenses of clayey
silt and sand. The lower limit of this layer of silty
soil varies from Elevation 00 to Elevation -12 (U.S.G.S.
datum). Below the clayey silt layer is a stratum of
coarse sand and gravel of wvariable thickness; in some

~ of the borings the depth of the gravel was not determined

~as churn drilling and casing would have been regquired

~in order to penetrate further into the gravel formation.

ZIn Boring No. P-8 the bottom of the hole at Elevation

©-18 was still-in sand and gravel; in contrast, at the

‘southeast corner of the site the sand and gravel lay

i between Elevation =12 and -17, with stiff silty clay

- from Elevation -17 to -23, and clean sand between

~Elevation -23 and -35; from Elevation -35 to the bottom

“of Boring No. P-3, Elevation -45, the soil varied from

-clayey silt and sand to fine clayey sand."

The feport (3) also summarized the bearing capacity and settlement
analyses made for proposed alternate type of footing foﬂndations
located within the layer of clayey silt; the results are described
in the following section of this Appendix.

Foundation Selection

According to the Division of Architecture (1, 4), their office
would normally have used piles carried‘down into the underlying
gravels to support a structure such as the proposed East Wing

on the so0il formations shown in Figure D2. They (1) recognized

D3
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that,much of the area under'and around the Capitol Park was at
‘one time.or other the bed of a river, or a slough, during the
geologlcal hlstory of the Sacramento area, and that most of the
surrounding concrete buildings are built on pile foundations
driven 30 or more feet below the ground level. However, their
analyses (4) of the foundation conditions of the exXisting |

adjacent West Wing 1nfluenced their selection of a foundation
type for the proposed East Wing.

The D1v151on of Archlteoture was aware of the large cracks,
whlch had occurred during constructlon of the north wall of

the old West Wing. Further, their analyses (1, 4) indicated
that the soil under the footings of the West Wing was overloaded
due to dead load only without regard to live load or seismic
loads. Thus, they reached the conclusion that the dr1v1ng of
riles adjacent to the existing West Wing with its 1nadequate
footings would have resulted in 1rreparable damage due. to the
vibrations set up by the pile driving. ThlS problem led to a

cons;deratlon of a footlng type of foundatlon for the proposed
Fast Wlng.“

Another problem posed durlng design of the East Wing was the

wide column spac1ng of approx1mately 25 feet each way as governed
by the basement garage requirements (4). It was evident that

the use of normal weight concrete floors for such relatively

long spans would have resulted in very large footings for low
allowable soil pressures. This problem was solved by using a
continuous steel frame structure with reinforced lightweight
concrete floors and exterior walls. The net result was a sub~-

Stantial reduction in the dead weight of the entire building.

Inltlally, two types of footlngs were considered: the isolated

sguazre footlng and a grid type extending each way between columns,
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with the Bottpméméf;tﬁe proposed footings at approximately Eleva~
tion 8 (3, 4). This elevation is within the layer of clayey silt
as shown by the soil profiles in Figure D2. The results (3) of
the subsurface investigation indicated that bhelow this elevation,
the moisture dontent of the clayey silt layer varied from 10 to
40%, with an average of 25%. The in-place soil density varied
from 88 to 118 pounds per cubic Ffoot dry weight, with an average
of 103 1lbs. per cu. ft. Direct shear tests indicated the
'following variations in shear strength parameters; ¢ from 215 to
448 lbs. per cu. ft. and @ from 13 to 16 degrees. The following
quote from the foundation report (3) summarized the results of
the bearing capacity analyses:

- "The tentative building design being studied by the
Division of Architecture contemplates interior columns
Spaced 25 feet in each direction, with a load of 550
kips at each column. Two alternate footing designs are
being considered for the columns: (1) 14 ft. x 14 ft.
pedestal, and (2) monolithic footing consisting of
8 ft. wide concrete strips in both directions. The
unit loads on the foundation soil would be 2800 1bs.
per sq. ft. and 1630 lbs. per sq. ft., respectively,
for the two types of footings. As the test data
‘summarized above indicate that the safe bearing power
of the soil is one ton per sq. ft. or less, the loading
on the soil under the 14 ft. x 14 ft. pedestal would be
excessive; however, the soil should safely support the
8 ft. wide strip 'grid' type of footing without shear
failure.". , ' ‘

Settlement analyses based on consolidation tests were also made
to predict therprobable settlements for both the square and grid
type of footings., The foundation report (3) summarized the
results as follows: . |

"The maximum settlement was combuted at Boring P-3 at
the southeast corner of the site, where the depth of
compressible soil is greatest. The maximum differential
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settlement would be between this point and Boring P-2, -
where the depth of cbmpresSible s0il is the minimum.
For the 14 ft. x 14 ft, pedestals with loading of

2800 lbs. per sq. ft. on the soil, the maximum ultimate
Settlement due to ¢onsolidation of the foundation soil
is calculated to be approximately 0.15 £t., and the
minimum settlement about 0.05 ft,, so the maximum
differential settlement would be 0.1 ft. For the

grid type of strip footings with loading of 1630 lbs.
per sq. ft. on the soil, the settlements would beé much
less. These values are for settlement due to consolj~
dation orly and include no estimateé of any subsidence
caused by plastic flow of the soil under the footings,
which for the heavier foundation loading might be
.considerable; for the lighter loading, the settlement

due to plastic flow should be very slight."

-From a considerétion of these analyses, the grid type of footing
was selected for the design of the East Wing foundation,,

In May, 1948, two hand borings were made adjadent to one of the
existing fdotiﬁgs of the'West Wing,uaf-lqcations inaccessible
to the power rig. Léboratory tests (5) were performed on . '
2-inch diametér saﬁplésiﬁhus obtained; the test .results are
discussed‘ih Ehe_pre¢eding_part of this report. However, for
purposes'beCOmbarisdn,rSbme pertinént qualitative results
should be here noted. The $oil samples obtained in 1948 by
hand bdrihé adjaéent to an existing_foQting_of:the West Wing
consisted of a ciéyey silt similar to the material at the
proposed footing levels for_the East Wing. However, the test
resﬁltsfalso sdeed tha; thé gsoil under the.existing-footing
of the West Wing has a higher shear strength and was more
conSolidated‘than_ﬁhe soil iﬁ'the Same horizon outside the
area of‘the:Wesﬁdwiﬁg, thus indicating, as expected, that
some"cOnsoiidatibn}énd-correspondiqg strength increase had
occurred under thé”footing.of the existing West Wing.

With fégard to soil conditions at the proposed site for the East
Wing, the foundation report (5). noted that:
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" Fig. D3 FOUNDATION PLAN - EAST WING
Scale |" = 40"
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Foundation Construction

The first contraet_for the construction of the East Wing was
awarded in June 1949, for the excavation and foundation work (2).
Preliminary operations requlred reconstructing the central

part of the east wall of - the West Wing just east of the rotunda,
and removing the semicircular part ‘of the West Wing just east
of the reconstructed wall; as descrlbed in the preceding part
of this report, Thls operation was followed by excavation

- and foundation work for the East Wing. The foundation work

was completed and the erection of the steel work was started

in September, 1949 (1) The East Wing was completed in
January, 1952, S

I.%E-"The New : East ‘W:.ng,‘I a. serles of articles by A Boyd,
R W, Formhals, H. ‘W. Rellly, and A. F. Dudman, THE
. "’SACRAMENTAN, Vol + X1X, No, 2, Feb., 1952, pp. 18- 29

2. “Califorﬁia State Capitol " Department of Public Works,
Division of Archltecture, May 15, 1953, 3 pp., Rev. Nov.,
1964, FBD, Jr., Department of General Services, Office
of Architecture and Censtructlen, 5 pp.

3. - Foundatlon Report, State of Callfornla, Division of
nghways, Materials and Research Department, Mar. 31,
1948 14 pp. .

4, Johnsen} F. A., ™State Capitol Extension," State of

California, Department of Public Works, Division of
Architecture, May" 6, 1948, 2 pp.; revised’lQSO, 5 pp.

DI0



Foundation Report, State of California, Division of

nghways, Materials and Research Department, July 8,
1948, 12 pp.

Plan, Sheet 513, entitled, "State Capitol Addition,

California State Capitol, Sacramento, California," State
of California, May 2, 19490,
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APPENDIX E

FIELD INVESTIGATIONS —~ EXISTING SITE

Field investigations of the existing site were directed toward.

gathering information necessary to anal
both the East and West Wings,

criteria for a possible new wi

1.

vze the foundations of .
and to develop preliminary design
ng. The field work consigted of: .

A general inspection of

the building (both wings) as
a whole,

and a more detailed inspection of the West _
Wing basement and the parking area under the East Wing.

A thorough review of available previous foundation

.design, Specification, and construction records for

both wings (Appendices ¢ ang D) to determine

foundation
type, planned dimensions,

and construction methods.

A program of boring and sampling on the grounds surround-
ing the building to delineate subsurface soil stratifi-

cation and to obtain samples for laboratory testing.

Geophysical testing in selected boreholes to determine
values of dynamic soil Properties for u

se in ground
response analysis.,

Excavation of two pits in the basement of the West Wing

to inspect the foundations and extract core samples for

testing, to check actual dimensions and elevatibns, and

to sample foundation soils for classhification and testing,

El



6. Measurement of elevations of known points on the first
floor of the West Wing and on the parking area under
the Eastlwiﬁgifor*oomparison'withlprevioﬁs‘measurements.

Inspection of West Wing Basement

A walk through 1nspectlon of the West Wing basement was made on
June 13, 1974, in the company of the Building Manager. This
lnspectlon included practlcally every room in the basement as
well 'as the narrow (+3') space separating the two wings, During
the 1nsPectlon, attention was focused on qualitatively appraising
the condition of exposed masonry walls and searching for evidence
indicative of poor foundation behavior. Unfortunately, the con-
crete strlp footlngs supporting the massive bearing walls were
well below basement floor level and hence could not be inspected.

The basement walls showed no ev1dence of watermarks Oor accumula-
tion of water although some deterioration :of mortar between
bricks was deteoted at several locations. Outer portions of
mortar in sSome ihstances could be dislodged by thumbnail and
inner portlons by penknlfe There were no visible continuous
wall cracks in the areas inspected and only a few isolated bricks
were cracked Most of the walls along the northern portion of
the building were covered with fibre board masking the masonry
from view. There were no visible separations of walls, floors,
and celllngs at the joints. A Ppeculiar construction feature

of inverted arches in some of the walls was noted but no
explanation was found.

There was evmdence of work for remodellng purposes subsequent

to orlglnal constructlon. Original window openings in outside
walls had been "br;cked in" some years ago when additional fill
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was placed outside the building. Of a more serious hature;:
there was a surprising number of instances where lafge openings
had been cut through walls for ducts and conduits; in sofie cases
entire load bearing cross walls in rooms had beén removed foF
space utilization. There were no visible ill effeets, howsve¥r,

‘Most of the basement room floors were of conarete with &£ile

covering. The floor in one area was of wood. Althéugh much
unevenness was apparent in some of the concrete flsers; thers
were no large visible cracks.

Ceilings consistéd of brick arches spanning I-beams. Agaiﬁ,
some deterioratioh of mortar was noted except in rdoms in £he
northern portion of the building where hung ceilings had '
recently been installed blocking the arches frof view,

After the Inspection, it was decided that a test pit shéuld be
excavated in one of the basement rooms to expose the foundations
for detailed inspection and core sampling. A room at the south=
west corner of the building was selected arid a pit excaviated
(Pit No. l to be discussed later}. Unisatisfactery écre sample
recovery plus the need for further foundation inspection pfompfé&
consideration of another pit. Consequently, another walke
through inspection was made, this time concentrating on the
northern portion of the basement, to select ancotheéer rooi in
which to excavate. During this inspection, a chafice discevery
was mééé df a gdntinuous crack in the north wall, éxternding

from aboveAthe hung céiling to below the floor. This location
was selected f0r Test Pit No. 2.

Teatﬁpit,Nb, L

Test Pit No. 1 was excavated during July 19-24 in the north-
west cdrner of the southwest room (Room 8§ of the basement.
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'ﬁ'The 1ocatlon relatlve to the entire West Wlng is shown in
Figure E1 and the plt 1ayout relative to Room 8 is shown in
Figure E2. Locatlng the pit in the corner of the room per-
mitted portlons of two different foundations to be exposead
by the excavation. The completed pit was eight feet square
and eight feet deep.

Excavatlon was falrly rapld con51der1ng all digging was done
by hand. The tile-covered plain concrete floor slab, varying
in thickness from two to four inches, was easily fractured with
hand plcks and presented no problems in remov1ng the reguired
elght—foot square area.' 8011 was removed to a depth of about
five feet at Wthh pomnt tlmber sheeting was installed and
subsequently advanced w1th the excavatlon. Vertlcal cuts in
the soil could be made prlor to 1nsta111ng the sheetlng. As
soil was removed from the plt it was stored over the remaining
floor area of the same room for later use in backfilling,

To a depth of about four feet the sorl con51sted of a loose
moist brown clayey 51lt whlch afforded easy digging. From the
top of the concrete footlng to the bottom of the excavation,
the- soil Was a flrm to hard moist brown clayey silt which
presented more dlfflcult digging.

Upon completlon '5f the excavatlon, the foundation system was
found to agfeeﬂvery well with the original contractor's drawings.
Figures E3 and E4 show sections through the exposed foundations
and compare orlglnal planned dimensions and geometry with actual
measurements. As can be seen, discrepancies are of a minor
nature. - '

Individual bricks (red, measuring 4" x 2 3/4" x 7 1/2") compris-

ing the walls down to the concrete footings appeared to be in
sound condition with no visible cracks, spalling, or apparent
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FIG.E2  TEST PIT NO. 1 - WEST WING BASEMENT
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serious deterioration. Only a few of the bricks exhibited minor
chips._ Although the lower portions of the_walls were moist from
soil water, there was no visible evidence of wall-deterioration.
Figure E5 shows the typieal appearance of fouhdation.walls.

The mortar between the bricks (dirty white, 3/8" thick) had
undergone some deterioration as evidenced by fairly large wvoid
spaces between several bricks and some hairline cracks through
the mortar. At several random locations the mortar wae easily
spalled into powder when lightly rubbed with a blunt +tool.

Intact pieces of mortar removed with little effort were brlttle

‘and could be broken by hand.

The exposed concrete footlngs are shown in Figure E6 w1th more

detailed views in Figures E7 and E8. The lines of demarcation

-between the three one-foot layers of concrete were clearily

visible during the inspection of the footings and verified
reported construction methods., Each of the exposed footings
contained about a one-foot square area of marked deterioration
from which granite chips (1" to 2") and pebbles (1" to 2 1/2")
were easily removed with fingers. The deterioration appeared

to be in the cement nixture surroundlng the aggregate. In one

area, the surroundlng soil had penetrated around the aaggregate

and into the concrete face to a depth in excess of two 1nches,
the area was ea51ly penetrated with fingers. There was wide-
spread ev1dence;of segregation of the concrete'mix during
construction; the larger and heavier aggregate were found more
frequently in the lower portions of the one~foot layers; The
largerx aggregate'cbnsisted of tWOfdistinct‘types of rock; a
granite which was prone to severe weatherlng, and a denser,
more competent materlal

The layer of cobbles underlying the cohcrete footings were
oval sheped, had smooth surfaces, and ranged in size from four
to five inches high and seven to 12 inches long. They were
not cemented together with mortar and contained no apparent
fractures. 7 |
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Figure

E7 Concrete footing under west wall.

_ Figure ES8

Concrete footing under north wall of Room 8.
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" Attempts tdfcore the concrete footings met with limited success
although tWO'Shdrt 8-inch diameter samples were extracted. The
problems encounteredjwere created by the poor qﬁality of the
concrete as anchor bolts placed in the concrete to secure the
coring rig would pﬁll out under small loads. Also weakly
cemented aggregate became dislodged in large gquantity making

it necessary to-try another location. The two cores that were
obtained are shown in Figure E9. As can be seen, large voids
are present, especially in the core from the west wall footing.
Apparently, the voids'are the result of poor placement methods
that allowed segregation of aggregate and cement to ocCcur.

One intact'brick assembly section was removed from each of the
two exposed walls by the method shown in Figure E10. During
transportation to the laboratory, the brick assembly section

from the north wall separated at the mortar joint.

A California iype hand sampler was used to sample the soil to
a depth of 12 feet below the foundation level. The soil was
pPrimarily a firm moist brown clayey silt as found in the lower
portion of the excavation. Also, a one-foot cube block sample,
Figure E11, was cut from the pit floor for later testing.

After all inspeétion and sampling operations were complete,
the voids from the removed cores and bricks pere filled with dry
pack mortar. ‘The entire pit was then backfilled and compacted

using the stockpiled excavated material, and the concrete floor

slab was repaired.

Test Pit No. 2

Test Pit No. 2 was éxcavated during July 31-August 6 in the
northwest corner of the room (Room 18) just east of the north-
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Figure E10 "Removal of brick sample, Pit No. 1.

Figure E1l Hand carved block soil sample
in bottom of Pit No. 1.
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west corner room of the basement. The location is shown with -
respect to the entire West Wlng in Flgure El and the pit 1ayout
relatlve to the room is shown in Flgure TlZ

Excavation was conduofea in an_identical-mgnner as:fOr Pit No. 1
Again; no problem wdas encountered in breaking through'the concrete
slab basement floor and excavatlng the eight-foot square by eight~
foot deep pit. The first foot of soil ‘beneath the basement slab
consisted of a silty sand with some brlcks, brick fragments,

and mortar. This was followed by a one-foot layer of medium
brown clayey silt. At this depth a hard aark“blulsh'plastic

clay was encountered and extended to a depth of_5}5 feet, The
remaining 2.5 feet to the bottom of the plt consisted of a

hard dark brown clayey silt.

As was the case with Pit No, 1, completion of the.excavation
revealed a foundation system which agreed quite well with the
original contractor's drawings Figures E13 and El14 show cross-
sections of the two foundation walls and their dimensions as
measured following excavation., Of major interest, and the
Primary reason for locating the second pit at this_location,

was a long vertical crack ih the north wall extending from

above the suspended ceiling of the room down and into the con-—
crete footing. Figure E15 illustrates the position of the crack
w1th respect to the foundation walls and Figures E16 and E17
show photographs of the crack. During excavation the work crew
Teported that the crack was wvisible in the hard clay layer and
continued across the entire width of the pit. It was sub-~
sequently mapped as shown in Figure E18. Apparently, the crack
is one of several which occurred during construction of the
Capitol as discussed in detail in Appendix C. Other than the
crack, no apparent spalling or deterioration of the bricks
beneath the basement slab was evident. Some breakdown in
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mortar between bricks was found. In some spots mortar was

~easily spalled into powder form With a pen knife and removed

. pieces of intact mortar were brittle and could be broken by

hand. The lower portions of the brick walls wére moist from
contact with moist soil but no well defined water marks could
be found. The condition of the concrete footings underlying

the north and west walls appeared somewhat deteriorated as may
be noted from Figures E19 and E20. Several areas of serious
cement pasre breakdown were'found in both footings, where aggre—
gates. and granite chips:could be easily removed with fingers.
The lines of demarcation between three one-foot layers of

concrete comprising the fdotings were clearly visible as "cold
construction joints". -

The layer of cobbles underlylng the concrete footlngs was
comprlsed of smooth oval shaped stones varylng in size from
three to five inches ‘high and five to eleven 1nches long.
One cobble was found to be split along its side., There was
no evidence_of"embedment of the cobbles in mortar. |

Attempts at coring the concrete footing met with much the same
problems as encountered at Pit No. 1. Poor quality mortar made

‘it impossible to anchor coring equipment and allowed weakly

cemented aggregate to become dislodged, ¥uining the sample for

testing purposes. Two cores were eventually retrleved however,

one of which is shown in Figure E21.

Three assemblies of brick and mortar from the north and west walls
below the basement slab were removed intact and transported +to

the laboratory for testing. The two samples from the north wall
are shown in Figure E22. '

Soils to a depth of 12 ft. below the foundation level were
sampled using the California type hand sampler., The soil was

E21
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Figure E19 Exposed foundation wall and footing,
Room 18 west wall, Pit No. 2.

Figure E20 Concrete footing under Room 18
west wall, Pit No. 2.




Figure E21 Core from concrete footing under
Room 18 west wall, Pit No. 2.

Figure E22 Samples from north brick foundation
wall, Room 18, Pit No. 2.
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found to be a silty clay, very 51m11ar to that encountered in

. the lower portlon of the test pit. A oné-foot cube block

sample, Flgure E23, was cut from the plt floor for later
testing just prior to backfllllng.'

- West Wing Settlement Data

Elevation readinge‘were made on July 25, 1974, on six reference
points on the West Wing first floor. These points, located along
the interior east wall under the dome, were read initially in
October, 1951, in connection with construction of the East Wing.
The maximum settlement during the 23-year period was about 1/2

inch, but was not considered appreciable considering instrumental
and observational errors in reading levels,

During a general inspection of the building exterior to check
for visible signs of sag or tilt in the structure, additional
levels were read at random locations along ledges, steps,
porticos and similar "level" surfaces. The results showed no
sag or tilt, except for the north portico where a series of
readings showed the portico and steps to slope downward to the
west by about 1/2 inch. Although the measurement itself is of
no great significance, the observation is consistent with level
readings taken March 5, 1868 (see Reference C2), which showed
that the north wall of +the building sloped downward to the west
with the lowest point at the northwest corner,

inspection of East Wing Parking'Garage

An inspection of the parking garage, the floor of which is about
three feet lower than the West Wing basement floor, was made

E25



“Figure E23

Hand carved block soil sample from
bottom of Pit No. 2,




on July 22, 1974. There were no signs of significant distress
‘although twb series of wall cracks were observed. One series
of five diagonal cracks was noted in thé north‘wéll_of the
transformer room. These cracks extended moré or less radially
outward from a set of double doors. The west wall of the
transformer room contained anothef set of seven diagonal cracks
fairly evenly spaced over the lehgth of the wall.

The above cracks are believed to be the result of local differ-
ential settlement caused by the relatively large loads of the
transformefs._ It should be emphasized that the observed cracks
were very narrow, or thin, and that the transformer room walls

are not a part of the main shear walls for the East Wing.

East Wing Record Settlement Data

' Barly during construction of the East.Wing, twelve settlement

reference points were established in the concrete basement
floor of the parking garage.. Nine of these points were located
around the perimeter of the new structure, one was very near
the center, and the remaining two were located about mid-
distance between the building center and western most wall,
These reference points (chiseled X's in the floor) were used

to monitor settlement during construction as loads were gradually -

applied to the foundation soils. Locations of the points are
shown on Figure E24,

Initial elevation readings on the points were made in February,
1950, and seven subsequent sets of readings were made periodi-
cally through February, 1953, the last set having been made

approximately one year after completion of the structure.
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The above points Were foﬁnd auring this investigation and eleva-
tions were read on August 25, 1974, to determine the 22—year'
‘settlement pattern of the building. The data are shown in

Flgures E25 and E26, which contain elevatlon versus time plots

for each of the twelve reference points. All the plots are
similar with respect to time-rate of seﬁtlement, although plots
for Points 3 and 8 are less pronounced. During the first three
months very little settlement occurred; it is doubtful that
construction had progressed during this three-month period to

the point that'heavy loads were being applied to the foundatién
soils. Actually, six of the plots show small gains in elevation,
a discrepancy that probably falls within the accuracy of measuring
methods. Beyond three months, settlement began to increase and
continued beyond completion of the structure. Further review

of the plots shows that Points 2, 5, and 6, under the northwest
portion of the structure, experlenced very similar behavlor with
regard to both time and total settlement (+1/2"). The same is
true for Points 3 and 8 (total settlement = +0.1") located under
the middle portion of the building. It is also noted that Points
7 and 10, located under the southeast corner show similar behavior
with total settlements of 0.6" and_l.O", respéctively.

No clear-cut relation could be found between total settlement
and thickness of compressible stratum. It was generally evident,
however, that for reference points above Ehe gsame thickness of
compressible material, distance of point from the West Wing was
related to total settlement. This relationship is explained by
the combined preloading effects of the adjacent West Wing and
the large amount of f£ill that covered the area now occupied by
the western portion of the East Wing.

Eleven differential settlements were checked for the entire
recording period. Results were generally between 1/4 and 1/3
inch, although two values of 1/2 and .6 inch were fouﬁd.
Distances between points checked for differential settlement
ranged from 50 to 130 feet. '
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'It'iS’intéfeSﬁiﬂg Eb.hofe that 10 Sf the 12 reference points
experienced less“than 1/4 ihch.df'settlemeﬁt after thé structure
was completed. The méximum post-construction settlement was
about 1/3 inch. Therefore, a very large portion of the total
settlements previously discusséd'occurred during construction

of the building. It was also noted that for those points having
the greatest settlements for the entire recording period, about
75 to 85% of the settlement occurred during construction. A
¢heck between the same points Previously used to determine
dlfferentlal settlement showed ‘a maximum post—constructlon
dlfferentlal settlement of .3 inch with the majority being

less than .2 inches.

Boring and Sampling

Boring and sampling of subsoils béganEat the existing site on
June 11, 1974, and continued through July 9. Simultaneous
drilling operations were conducted with truck-mounted rlgs

from Districts 02 and 10 and the Transportatlon Laboratory

to. meet scheduled deadllnes

Five boring locations around the perimeter'of the bulldlng were
selected as a basic network for delineating soil stratification,
Derformlng penetration tests, and obtalnlng samples for laboratory
testing. These borings,’ de51gnated'AlfA5 and shown in plan on
Figure E27, ranged in dépth from 80 to 220 feet. None of the
borings, however, werefsémpled or logged below a depth of 162
feet. Two additional shallow borings (Al-B, A2-B) were made

to retrieve extra sampyes at selected depths. A special boring,
Rl, was made near Boring A5. This boring, to a depth of 250
feet, was not logged, since it was made solely for geophysical
testing purposes. Samples were obtained with California-type
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samplers lined with two-by four-inch brass tubes, and with the
"standard" split-barrel sampler. Individual boring profiles
with summarlzed lahoratory test data are lncluded as Figures

E28 E35.

Information on the area subsoils provided by the above series

- of borings was augmented by data derived from an earlier series

of relatively shallow Sample borings made in 1948, in connection
with construction of the East Wing of the existing structure,.
The 1948 series, 11 in number, ranged from 35 to 65 feet in depth
and represent the foundatlon soils beneath the structure, or
lmmedlately adjacent thereto. Locations and profiles of the
1948 borlnge are shown on Flgures D1 and D2. Information was

COmblned from all the above borings té prepare generallzed s01l

_profiles shown in Flgures E36 and E37,

dysis of the various boring soil profiles indicates that,
with some sandy and gravelly exceptions, the area soils are
principally-silts to a depth of about 60 feet below ground-

‘surface. ’ Helow the 60 foot depth are predominantly sandy

strata. The deposition of the alluvial soils in this area
appears to be lenticular in nature as specific layers seldom
extend laterally from one boring location to another.

The entire area is blanketed‘by 1ightiy'c0mpacted silty sand

some 5 to 12 feet in thickness. The surface mantle is underlain
generally by a thin layer of soft, silty eclay changing to firm

to stiff, slightly to moderately plastic, clayey silts from 15 to
30 feet in thickness.

Underlylng the clayey 31lts is a sandy gravel stratum Wthh is
only partlally deflned 1n terms of thicknhess and lateral extent.

This stratum has been erncountered at several boring locations
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wooden mallet. The compressional waves resulted. from striking
an aluminum platé in an idential manner.

The data accumulated from the three teBt methods were reduced
and the results analyzed and compared, where possible. Figure
E38 présents the results in the form of a graph showing shear
velocity versus depth below ground surface.

E49
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APPENDIX F

FIELD INVESTIGATIONS -~ PROPOSED SITE

At the proposed site, field investigations were directea toward
obtaining information pertinent to the development of preliminary
foundation design criteria for a new building. The field work
consisted of:

l. - A program of borihg and sampling throughout the site to
delineate soil stratification and to obtain samples for
laboratory testing.

2. 'Geophysical'testing at -selected boreholes to determine
" values of dynamic soil properties for use in ground
' ‘response analysis.

3. A groundwater pump test to evaluate drawdown character-

istics and aquifer permeability.

Boring and Sampling

Boring and sampling was initiated at the proposed site on June 15
and continued through August 7. The drilling operation was con-
ducted using the same equipment, personnel and procedures as at
the existing site, with the exception that an additional drill
rig, from DiétrictIOS, was employed{

in total, seven boring locations were selected for soil strati-
fication investigation. Soil samples for laboratory testing

Fl



’and standard penetratlon test results were obtained at various
depths as borlngs brogressed. The borlngs, shown in plan on
Figure F1, ranged in depth from 70 to 220 feet. None of the
borings were sampled or logged below a depth of 165 feet. At
location 5, three boreholes were made in order that additional
samples of selecteéd soil layers could be retrieved. Individual
boring prcfiles for all the holes sampled, with summarized
laboratory test data are presented as Figures F2~F1l. From
these data, a generallzed 5011 cross-sectlon was developed and
is shown in Flgure ¥l2.

Adjacent to location 7, a special boring, (R2) was made to a
depth of 230 feet for purposes of geophysical testing. Its
prox1m1ty to Borlng 7, 35 feet, negated the need for logging.

In association with a planned groundwater pump test, an additional
set of six borings were made. These included a 12-inch diameter
pump well (P—lB) augered just south of the alley bounded by 15th,
16th, and N Streets and Capitol Avenue, and five 4-inch observa-
tion wells, two to the east of the pump well (0~1, 0-2) and three
to the north (0-3, 0—4,.0-5). All are shown on Figure Fl.

Analysis of the above boring records indicates that surface soils
to a depth of 5 to 10 feet are heterogeneous in character, con-
sisting of sand and silt with some brick and rubble. A generalized
profile of underlylng soxls consists of soft, to firm, slightly
plastic silts and clays to depths of 25 to 30 feet, followed by
dense sand gravel and cobbles extendlng to depths of about 55
feet or more below ground surface. Due to the size of ccbbles
in this lower stratum, it was 1mp0551ble to retrieve any sort of
representative sample of the material. This sand and gravel
'stratum‘is underlain by a layer of sandy silt or silty sand

F2
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varyingfin'thiékness from abdﬁt 8 to 25_feet. This layer includes
two clay lenses 2 to 4 feet thick. The silty sand stratum is
underlain in the northern portion of the site by a 8- to 12-foot
thick hard silt (or siltstone). Underlying the siltstone is
another*layer_of‘band and gravel, the thickness of which was deter-
mined as about 10 feet at Boring 7. The deep boring, 7, indicates
this second sand and gravel layer is underlaln by alternating
layers of hard, f;ne grained soils with dense, wet granular soils

extendi@g to &eptbs of over 160 feet below ground surface.

Groundwéter e¢levations were recorded at about Elevation +5
during the period of the exploration in July 1974,

Geophysical Investigation

Field seismic tests were performed at boring location 7 using
several different methods. The tésts were conducted in order to
determine;shéar;(sr‘and coﬁbressional (P) wave velocities of the
varlous 50115 underlylng the site. Along with Transportation
Laboratory personnel and equlpment the Applied Nucleonics
Company of Los Angeles supplled a crew to demonstrate recently
-developed equlpment and procedures for geophy51ca1 investigation.
Thé Applied Nucleoniés Company of Los Angeles used a vibrator to
create standing waves and accelerometers to determine ground wave
lengths. The results of their testing are listed in Table F1.

The same standing wave was used by Transportation Laboratory
personnel to record shear velocities using geophones and an
oscillloscope. The procedure was to use two geophones, one beside

the vibrator and another located at a variable distance away.
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The signals frdm bbth geophones were viewed on a dual channel
oscilloscope while the travelling geophone was advanced until
the two signals were coincident. At that tlme, the length of
the wave was measured on the ground while the frequency was
measured on the oscilloscope. )
Results were obtained by this method at two frequencies. The
wave lengths were-éZ.B feet at a frequency of 23.8 Hz and 34
feet at a frequency of 15 Hz. ‘Corresponding shear velocities
were 531 and 510 feet per second at depths of 11 and 17 feet,
respectively. These results.compare well with those obtained
by the Applied Nucleonies Company.

Alrefraction liﬁetfﬁhgét £his same location showed a three layer
condition, with P-wave veloc1t1es of 1100 fps to a depth of 10
feet; 3000 fps for the next 15 feet; and 5400 fps below the 25
 feet depth. '

Cross=hole compféséional'and shear wave velocities were obtained
to a depth of 220 feet using test holes located approximately
35-feeﬁ apart at boring location 7. Waves were generated by
detonating blasting caps at various depths. Arrival times were
recbrded using an Electrotech Model M4E and a three-dimensional
detector geophone dowered to the same depth as the energy source,
- Problems arising'from the geophone hole caving below a depth of
110 feet necessitated that remaining tests be conducted with the
geophone fixed at this depth. The scatter in subsequent test
results, however, led to considerable skepticism regarding their
~wvalidity. Nevertheless} the proposed site test results are

presented in Figure F13,

It is recommended that in'seleCting shear velocities for use

in earthQuake ground response analysis, test results for the
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proposed site be accepted to a depth of 110 feet and for depths
below 110 feet, test results from the existing site be used.
Boring logs for the two locations indicate quite similar soil
types and layering below the 110 foot depth. It is believed
that any error 1ntroduced by assuming identical dynamic soil
pProperties in these common scils is acceptable as compared to
that associated with the uncertainties surrounding the cross
hole test results for the-proposed site.

Drawdown Test

A-pump test to determine constfuction dewatering requirements
and the effects of dewaterlng on surroundlng structures was
conducted during July. lO -13,

As discussed earlier, (Boring and Sampling) preparations for

the drawdown test included boring a 12-inch pump well to a
depth of 70 feet at a location just south of the alley bounded
by 15th, 16th and N Streets and Capitol Avenue, Figures Fl4
and F15. Pive 4-inch observatlon wells at varying distances
from the pump well, two to the east and three +o the north,
were also made, Figure F16. All five observation wells were
bored to depths of appioximately 70 feet. Figure F17 shows
the layout of the drawdown test equipment.

Scil conditions at the pumo:well{couSist’of a silty-clay layer
extending to a depth of approximately 27 feet followed by a
sand, gravel and cobble aquifer about 23 feet thick. The
aguifer is confined from below by an essentlally 1mperveous
layer of Silty clay. The ground water table was at a depth

of 12 feet below g;ound surface prior to pumping.
ERATEE S P S S R LI t M O B S IR
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Pumping at the test well commenced at 1700 on July 10, 1974,
and operation’ continueéd uninterrupted for 68 hours. The rate
of discharge was held nearly constant at 280 gpm. Water level
measurements were taken at observation wells and the pump well
according to a predetermined time schedule. The first few sets
~of readings were made at short time intervals, with those in
the later stages of the test taken at four-hour intervals.
brawdown verses elapsed time and distance from the pump well
are presented in Fiqures F18 and F19, respectively. Using the
Thiem equatlon and the drawdown data, the permeability of the
gravel aguifer was estimated at 700 feet per day. Based on the
grading analysis and permeability rates available in the litera-
ture fer silts .ahd clays,'a permeability of 0,1 feet per day

has been estimated for the soils: under and overlying the agquifer.

AiaTysis “of "testidata shows that large scale dewatering for
construction of a building or depressed streets would result

in a very flat drawdown eurve extending a considerable distance
outside the limits of the proposed site. The associated problem
of ground subsidence outside anticipated construction limits was
therefore studied.

Prior to the drawdown test, elevations of several fixed points
out to a distance of 100 feet from the pump well were measured
to determine if the test itself would produce any ground sub-
sidence. Readings made prior to rebound showed no perceptible
change in elevations. Heﬁeveﬁ} the test drawdown was of very
short duration compared to construction periods and was
accomplished with only one well. Longer drawdown periods
involving lines of wells would be expected to produce measurable
ground subsidence, especially in view of the fact subsurface soil
conditions are very 51m11ar to. those some 12 blocks to the west
where the Interstate 5 constructlon dewatering produced sub-
51dence of “about one 1nch

ST B i E R REIEN <
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A quantitative analysis using laboratory consolidation test data
showed that 1/2'to one inch of settlement can be expected over
an area of several blocks surrouhding the site. However, the
economic feasibility of such large scale dewatering, considering
the extremely pervious nature and recharge characteristics of
the sand and gravel aquifer, is doubtful because of the volume
of water involved. - Therefore, in any dewatering efforts sheet
piling would be a very important consideration to limit the
lateral extent of drawdown and thereby eliminate or minimize
ground subsidence, and also to minimize the amount of water to
be pumped. To achieve the desired results, sheet piling about
60 feet in length would be required to completely penetrate the
sand and gravel stratum, and pumping from inside the sheeting.
would be a necessity. The importance of sealing off the agquifer

is illustrated by previous experiences during Interstate 5
construction,
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APPENDIX G

LABORATORY TESTING

Samples retrieved from the existing and proposed sites for labora-
tory testing included a variety of materials. Undisturbed soil
samples were obtained at both locations using the 2" California
sampler. Additional undisturbed soil samples were removed from
test pits excavated within the basement bf the West Wing. In
strata where—it was not possible to retrieve undisturbed soil
samples, Jjar samples Were taken for visual inspection. Concrete
cores from the footings and intact portions of the subsuxrface
brick walls were removed from sections of the West Wing foundation.
The following is a discussion of the laboratory procedures used

to determine the engineering properties of the materials sampled
and a summary of the corresponding test results.

Soil Classification Testing

Représentative samples of the various soils encountered at the
two study sites were classified by roufine mechanical analyses
and Atterberg limit tests. In addition, in place moistures and
densities were determined as well as several specific gravities.
A summary of these data is shown‘on the boring records presented
in Appendices E and F. '

Soil Strength Testing

A}

Both unconsolidated-undrained (UU) and consolidated-undrained (CU)

triaxial compression tests were performed on wvariouws undisturbed

Gl



Sdil samplés for determination 6f strength characteristics.

The UU test specimens were set up at their approximate over-
burden pressures and sheared, undrained, at an axial strain

rate of 1% per minute. CU test samples were set up at their
natural water contents and back pressured to approximately

80 psi, while maintaining an effective confining pressure of

3 psi. Consolidation pressures equal to or exceeding effective
overburden pressures were applied prior to shearing for a period
of at least 24 hours. Pore pressures were monitored continuously
during testing, while axial strain rates of approximately 0.3%
per miqﬁ?e were maintained.

Loosely compacted £ill material comprising the upper soil layers
at both study sites was‘not tested for strength as it was judged
unsuifable as aAfoundation material from the ease of boring and

"inspection of samples and classification test results.

UuU strénéth‘capabilities of the naturally deposited soils from
the béSé=of the fill material to the groundwater table at both
sites averaged 2-4 TSF. Reduced strengths, 0.4-1.0 TSF, were
obtained for soils at the water table, with strengths generally
‘increasing below this depth. Moderately fine grained soils (silts
and silty clays)} from both sites exhibited reasonably consistant
results, with UU strengths of at least 4 TSF and some exceeding

10 TSF. Inconsistent and generally low UU results were obtained
for the sandier soils. This is presumed to be a result of sample
disturbaqce,

"CU‘teéting was restricted to samples retrieved from depths of
16-30"' at the existing site. Material here is nearly identical
to that at the same depth at the proposed site, hence, it is
assumed that strength characteristics are similar. Total stress
test results indicate an average cohesion (c¢) of 0.3 TSF. Angle
of internal friction, @, varied from a low of 14°, Effective
stress results indicate an average @' of 34°.
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Lateral Earth Pressure at Rest

Coefficients of lateral earth pressure at rest (KO) were deter-
mined from undisturbed 2" tube samples taken from the 15-foot
depth at the existing site. These samples were extracted from
above the water table, but were saturated by backpressuring
prior to testing to simulate critical peak groundwater condi-
tions. Samples were consolidated to their effective overburden
conditions. Tests were conducted by compressing the specimens
in a drained state while constantly monitoring the displaced
sample volume. Chamber pressure was adjusted manually to
maintain original cross-sectional area (Poisson's ratio equal to

zero). Ko values were estimated from the following relationship:

- ) ]
K, = 03'/01
These values were computed for an axial strain range to 0 to
1.5%. The resulting average K, value was 0.37. It is assumed
that this value applies to the material from a depth of 12 to

30 feet, as this strata is considered fairly homogeneous.

Consolidation Testing

Consolidation tests were conducted on undisturbed 2" tube samples
retrieved from various depths below the proposed and existing
sites. Samples were inundated and loaded at 24-hour time
increments, with loads increasing from 1/4 to 8 tons per square
foot. Time-settlement and e-log p plots were prepared and
maximum past pressures were estimated in order to determine
over-consolidation ratios. Rebound characteristics were
estimated from the unloading cycle of the e-log p plots.

Consolidation test results were erratic, probably due to sample

disturbance. Indications are that the upper silts and clayey
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'ﬁisilts"(lO'—SO' depth) are over-consolidated with over-consolida-
tion ratios (OCR) varying from 1 to 3. investigation, however,
revealed that no known past geological or physical event has
occurred which would substantiate. these results. Therefore,
settlement calculations were based on those test results
indicating normally consolidated materials. Initial void ratios
for the sandy-silts were approximately 0.7 and those of the silty
clays approximately 1l.l. Rough approximationg of the coefficients
of consolldatlon (C ) for the silty clays and sandy silts are 4
and 30 ft. /day, respectlvely. Estimated permeablllty rates are

1 0.001 and 0.01 ft./day, respectively.

Testing of West Wing Foundation Samples

A total of four brick assemblies with brick-mortar bonds intact
were obtained from the West Wing foundation walls. As shown
in Figure Gl, each assembly consisted of three bricks, two on
the bottom and onée overlapping the lower butt joint. Three

of these assemblies were failed in shear and the fourth in
compression. Before testing, excess mortar was carefully
removed from the free surfaces of the bricks. The lower
bricks were partially embedded in the high strength, fast
setting compound to provide uniform bearing. The top brick
was capped with the same compound, and a steel plate the same
size as the brick was embedded in the capping compound to
assure uniform load distribution, Figure G2. During shear
testing the lower bricks were restrained laterally, while a
normal force was applied to the steel plate and an increasing
shearing force was applied to the end of the upper brick until
failure, Figure G3. For the compression test the normal force
was increased until failure occurred, Figure G4,

The three shear tests were conducted using normal forces of
0, 30, and 60 psi. The results of these tests are listed in

G4



Figure G1 Section of West Wing foundation

wall,

Figure G2 Foundation wall section just prior to

shear testing.
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Figure G3 Foundation wall section during shear
T ~_testing.

Figute G4 Foundation wall section following
compresgion testing.

G6




Table Gl, Prior to testing at 60 psi normal force, visual
examination of the brick assembly reveéled that approximately
half of the brick-mortar bond area was fiactured. This is a
likely explanation for the low shear strength listed in Table
G2.

Compressive strengths of individual bricks, two from Test Pit
No. 1 and two from Test Pit No. 2, were also determined. These
bricks were tested in a horizontal orientation, as shown in

Figure G5. The results are given in Table G2.

Two 8-~inch diameter concrete cores were tested for compressive
strength. One core was taken from the concrete footing support-
ing the north wall at Test Pit No. 1, and the other core was
taken from the concrete footing suppor%ing the west wall at

Test Pit No. 2. The concrete was obviously of poor quality
with numerous voids., Flat bearing surfaces at the ends of

the cores were prepared using the high strength casting
compound mentioned earlier, Figure G6. Figure G7 shows one

of the cores just prior td testing. The test results for both
cores are presented in Téble G3.

It should be emphasized that the concrete cores and brick assem-
blies tested in the laboratory may not be representative of the
overall quality of foundation materials. For example, some 8

to 10 unsuccessful attempts (at different locations along the
exposed footings) were made to retrieve concrete cores. The
cores actually retrieved, therefore, may be of somewhat better
gquality concrete that would be generally found in the footings.
Also, one of the brick assemblies separated at the mortar joint
during transportation to the laboratory. Inspection of the
separation faces revealed that a large void had existed where

the mortar had not completely covered the brick. The quality

G7
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'Figure G5 Test specimen following individual
‘ compressicn test.

brick

Figure G6 West Wing foundation footing core after

capping with casting compound.
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Figure G7 Footing core in compression “testing.
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1

fick'Assgmbly“Test Results

ik

H:Ultimate

;o . . : Secant

Type Normal  Shear Compressive Modulus at

of Stress Stress % Cal0 in Strength 1/2 Ultimate
Test psd ° - psi Mortar __psi psi
Shear’ ;6iff’i;_40 o 12,3 - -
Shear’ 30 .. 86 15.5 - -
Shear! 60" 87 15.2 - -
Compression2 :?; = - 1,200 65,000

1

Shear tests were conducted on assemblies from Pit No. 2

2Compression test was conducted on assembly from Pit No. 1

.
PRETS bt

Table G2 Individual Brick Test Resultis

Compressive Secant Modulus at

Specimen Strength 1/2 Ultimate Stress
Identification psi psi
Pit No. 1

Brick 1 3,200 160,000

Brick 2 1,850 110,000
Pit No. 2 E

Brick 1 3,100 ‘ 230,000

Brick 2 4,800 260,000

Table G3 Concrete Footing Core Test Results

Ultimate Section
Compressive Meodulus at Cement Unit
Core Strength 1/2 Ultimate Content Weight

Location psi psi Sacks/¥d.3 1lbs./ft.3
North Wall
(Test Pit 1) 580 300,000 2.5 + 1/2 -
West Wall
{Test Pit 2) 290 370,000 2.6 + 1/2 126

G10



of the mortar itself (a lime mortar, according to a report by

VIN Consolidated, Inc., dated March, 1973) and the workmanship
associated with it appeared to be the factors detracting from

the quality of the brickwork.
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APPENDIX H

' GROUND MOTION ANALYSIS

Most of the current methods for determining the effects of local
soil conditions on ground response during an earthquake are based
on the upward propagation‘of shear waves from the underlying rock

foundation. Analytical procedures which incorporate nonlinear

soil behavior have yielded results in general agreement with

field observations, particularly at sites where the depth to
bedrock is large and changes gradually over a large area. The
development of these procedures has been extremely valuable to
engineers by providing an analytical method of estimating the
amplitude and frequency charactertistics of ground surface

motion at a specified site prior to actual seismic excitation.

Method of Analysis

The ground response investigation presented herein extensgively
utilized the computer program "SHAKE 3" (1). The program,
developed by Schnabel, Lysmer, and Seed, computes the response
associated with the upward propagation of shear waves through
a system of homogeneous, viscoelastic layers of infinite
horizontal extent. The basis of the program is the continuous
solution to the-wave-equation adopted for use with transient
motions through the Fast Fourier Transform Alcgarithm. The
nonlinearity of thé shear modulus and damping is accounted for
by the use of equivalent linear soil properties using an
iterative procedure to obtain strain values compatible with

H]1



médulus and damping. In general, the analytic procedure employed

to conduct a ground responsé analysis incorporated the following

steps:

1.

Determine the characteristics of bedrock motion likely
to develop at the site due to the project design eaxrth-
dquakes using empirical relationshipsvbetween the site-
causative fault distance and the motfon,parameters;

‘maximum acceleration, predominant peribd, and duration
. .0f strong motion. : ' I

Select a number of accelerograms with motion character—

istics similar to those computed for bedrock at the site
from strong motion accelerograms based on prévious earth-
quakes or generated artificially.

¥

o _ {
Determine the soil stratification at the site and the

dynamic soil properties of the various materials {(field
and laboratory testing).

Adjust the motion parameters to fit those of bedrock at
the site for each of the accelerograms individually.

Use the resulting time-history of motion as the input

earthquake in "SHAKE 3" together with the site profiles.

501l Conditions:

Although extensive field exploration indicated essentially the

same pattern of soil stratification at both locations, the

divergent foundation requirements of the two alternate Capitol

construction conéepts dicate that the seismic ground response

of the sites be evaluated separately. The!high degree of

similarity in findings between exploratory borings, however,

H2



did facilitate the consolidation of site soil conditions into
two representative soil profiles, one for each site, Figure HI.
The depth to rock-like material in each case was estimated to be

~in the range of 250 to 350 feet. Dynamic soil properties were

established from the results of field and laboratory tests

" which were discussed earlier in this report.

Bedrock Excitatién Motion B

Accelerograms based on actual records from Taft, Castaic and

El Centro were selected for use as the basis for developing
bedrock excitation motions representing D.E. 1 (besign EBEarth-
quake, see Appendix B). To represent D.E. 2, accelerograns
based on Taft, Pasadena, and El Centro records were used.

The parameters of the earthquake records were modified to
simulate bedrock motion expected in the vicinity of the Capitol
due to the design earthguakes. Table Hl1 summarizes the required
adjustments.

TABLE H1
EXCITATION MOTION ADJUSTMENTS
Maximuﬁ Predominant

Design Acceleration Acceleration Period
Earthquake Record Title Original Adjusted Original Adjusted

Taft .44 .18 .35 .35
D.E. 1 Castaic W27 .18 .45 .35
El Centro .30 .18 .35
Taft + 44 .07 .35 .55
D.E. 2 Pasadena .02 .07 .65 .55
El Centro « 30 .07 .20 .55

H3
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Ground -Response

The modified earthquake records were used as the bedrock exci~
tation motions applied to the soil profiyes representing soil
conditions at the site. Information,obtained from the result-

f

ing ground response included; surface ground motion and the
associated response spectra, maximum acceleration at soil layer
boundaries and soil layer stress-time histories.

Structural Response Spectra

A response spectrum is an effective way of portraying the maximum

potential effect of a given ground surface motion on different
possible structural systems. A response spectrum is a plot of
the maximum acceleration, velocity or displacement of a set of

single degree of freedom structures of varying natural period

and damping to a specified base excitation motion. The result
is a family of curves for different values of damping and the
peak values of the velocity and acceleration curves tend to
identify the predominant period content of the base motion,

In this study, response spectra are presented which represent
thé direct numerical average of the response spectra generated
using each of the three separate motions which had been scaled
to yield the "same" design earthquake. Separate average spectra
are presented for each damping value and each soil profile. It

is the

considered opinion of the authors that each individual

spectrum has peaks associated with "local resonances" unigque

to the

should

a more
at the

digitized record and mathematical model utilized which
not be considered alone. The average spectrum represents
realistic assessment of the maximum probable responses

site. In the remaining sections of this report these

average response spectra will be referred to simply as "response
spectra".
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'Results of Ground Motion Analysis

Due to the uncertainty over the depth to "rock like material" at
the study sites, ‘an initial study was und#rtaken to determine

the significance of a variable bedrock depth. A comparison has
been made of response spectra generated by applYing the excita-
tion motions repreSentative of the D.E. 1 evént to Profile A,
assuming bedrock depths of 250 and 350 feet. A value of 5%
structural damping was used for both spectra. Figure H2 presents
this comparison. Note that these response spectra vary signifi-
cantly only over a range of periods from .6 to 1.0 seconds. The
maximum acceleration differential between curves is approximately
20%, with thé curve representing a bedrock depth of 350 feet
'exhlbiting the larger spectral values. From these results it

was decided that for the remaining portion of the ground response
analysis a depth to bedrock of 350 feet would be assumed.

Tahles H2 and H3 summarize the results obtained from the ground
response analysis of the existing and proposed sites. It should
be poinﬁed out,.that in all cases surface acceleration reflects
a slight amplification of input bedrock motion. Furthermore,
the degree of.amplification is greatest in connection with the
large distant earﬁhquake,.D.E. 2.

- Figures H3 through H6 present the response spectra associated
with the data listed in Table H2 and H3, Structural damping
curves of 2%, 5%, and 10% are present for each spectra.

The results presented in Figure H7 represent a comparison of
structural response at ground surface vs. a depth of 28 feet

at the proposed site during the D.,E. 1 event (5% damping).

These data is associated with possible relatively deep embed-
ment of the Capitol sﬁructure being considered for this location,
and indicates that no significant difference in response spectra
is obtained by using the time history of motion at each level.
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Summary and,Conclusions

The response at the two proposed Capitol construction sites has
been evaluated for two postulated design earthquakes. The magni-
tude and distance of each earthquake was established based on
available geologic features and historical data. These design
earthquakes, D.E. 1 and D.E. 2, represent maximum credible

events occurring along the Midland and San Andreas fault systems,

respectively.

The maximum acceleration in rock-like material underlying the
study sites was estimated at .18 g. Maximum ground surface
accelerations of .21 g at the existing site and .23 g at the
proposed site were computed. In both cases the maximum values
were in response to the D.E. 1 earthquake.

It is recommended that the response spectra presented in Figures
B3 through H6 be used as the basis for estimating the seismic
design levels for the proposed structures.

Natural periods of soil deposits at the two sites ranged from

1.7 to 1.8 seconds for D.E. 1 earthquake and 1.4 to 1.5 seconds
for D.E. 2 event. Predominant periods of motion for these
earthquakes were .35 and .55 seconds, respectively. The spacing
of the predominant periocds of earthquakeé and fundamental periods
of so0il profiles would. indicate no "unusual soil amplification
effect", although, relatively longer period structures may develop
larger force levels than historical data indicate for the area.
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APPENDIX I

LIQUEFACTiON AND SEISMIC DENSIFICATION POTENTIAL

This appendix presents an evaluation of the potential for seis-
mically induced liquefaction and excess transient pore pressure
build-up in soil strata below the water table at both sites.
Seismic densification potential of the sand and gravel stratum
at the proposed site, and of the surface fill layer common to
both sites was also evaluated.

LIQUEFACTION AND EXCESS TRANSIENT PORE PRESSURE

Liquefaction and transient pore pressures were studied by compar-
ing estimated field seismic stress values with stress values
determined from laboratory cyclic load tests. Field seismic
stress levels were eétimated by two methods; a simplified pro-
cedure based on an average but uniform number of stress cycles
associated with a design earthquake, and a second method employ-
ing'a shear stress time history determined by computer utilizing
a recorded accelerogram. Laboratory tests were conducted on

27 soil samples recovered.from depths between 15 and 55 feet
below ground surface. Most of the samples tested were sandy
silts as shown by the'gradation curves of Figure I1.

Cyclic Load Tests i

The cyclic load testing procedure consisted of first applyving
a backpressure of 4 KSC (kilograms per square centimeter) to

I1
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each sample to ensure gaturation, and then allowing it to
consolidate isotropically to its field effective overburden
Pressure (GBE’Q:) » A symmetrical pulsating deviator stress
(tcﬁc)was then applied and tracings were recorded of the
variations in sample pore pressure, deviator load, and axial
strain during the duration of the test. To minimize errofs}

a single transducer was used to monitor chamber and pore water
pressures.

The testing program was divided into series, a series being
comprised of samples from the same soil layer. The samples in
a given series were subjected to pulsating loads of different
magnitudes until axial strains (double amplitude} of 20 percent
were reached. The number of stress cycles, N, reguired to '
produce axial strains of 2, 5, 10, and 20 percent were taken
from the tracings recorded during the tests, and plotted versus
the cyclic stress ratio, k@c/m%g. Also, the pore pressure
ratio,(Au/oy ) , was plotted against N to illustrate pore pres-
sure build-up during cyclic loading. A typical plot of both
relationships is shown in Figure 1I2.

[

To compensate for inadequacies in cyclic load testing eguipment
and procedures, differences between field and laboratory stress
conditions, and relative density variations, Seed and Peacock
(Ref. 1) have developed a correction factor for laboratory cyclic
stress ratios. The "corrected" or "adjusted" cyclic stress
ratios are used in analytical studies. A correction factor of
0.6 was determined for this investigation.

A

IFstimating Field Stress Ratios

_ , - I .
Two methods were uséd to estimate field 'stress ratios during

design seismic loading. The first (Simplified Method) was

13 -



‘'SNIVYLS VIXY
40 % SNOI¥VA 0713IA OL S3T0AD 40 H3IGWNN SNSY3IA OILVH 3IUNSSIHJ
JH40d ANV OlivH SS3YLS JIT0AD AYOLYH08Y1 N3IIMLIA JIHSNOILY13Y 21614

N ‘S3770AD 40 Y3EWNN

14

o_.

07

%2

31IS 9NILSIX3 %S

(1334 i€ =H1d3a)osH §'1="5p %0e %0t

N
o
JII0AD

<
o]

) o
o
€02/ %P0 *OlLvY SS3MHLS

@

Irel-cv
Igl-8V
I el-ev

- AL E1-€V

o %o o

————— JIdWVYS-3I10H 08WAS

O ®w © ¥ N O

SO NOILOYA3NDIT

*Eo/nV O1LYY 3¥NSSIdd 340



developed by Seed and Idriss (Ref. 2) and considers earthquake
magnitude and maximum ground acceleration. This method associates
an average number of uniform equivalent stress pulse cycles to a
design earthquake, thus reducing random acceleration pulses to

a constant and more comparative form. The relationship used for
establishing the simplified stress ratio is:

Tave A max '
S 0.65 ra rd
where; rd = 8tress reduction factor (less than

1 and dependent on depth below.
ground surface)

Amax = maximum ground surface acceleration
g = acceleration due to gravity
Y = unit weight of soil column

The number of significant stress cycles (No) was taken as 10 for

this investigation, based on a duration of ground shaking associated -

with an M = 7.0 earthquake.

The second method used in estimating field stress ratios (Computer
Method) is based on a computer determined shear stress—time history
utilizing the Castaic based earthquake accelerogram referred to

in Appendix H. This earthquake accelerogram was used for several
reasons; only minor adjustments to frequency and peak acceleration
were hecessary to typify design earthquake conditions; it exhibited
the largest resultant ground acceleration; and peak acceleration
occurred at the beginning of the record. The shear stress time
histories shown in Figures I3-I6 repregsent two depths at each

study site. The relationship between shear stress and number of

stress cycles was evaluated by considering three levels of stress;
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the peak stress conditien (&)} and two intermediate stress condi-
tions (B and C). Number of cycles were determined on the basis
of intercepted stress pulses. Since stress level A contains
only the peak stress pulse, it is anticipated that it would
cteate greater material'&isturbance and excess pore pressures
than if it was com?riSed‘of a number of smaller stress pulses.
Stress levels B and C likewise include this peak stress pulse
and therefore experience its effects. In general, it can be
stated that the effect of any individual stress pulse on a

soil Wlll be greater if it is preceded by larger stress pulses.
For this reason, the original stresses defining levels B and C
were‘edjusted upward by averaging the maximum stresses of the
1ntercepted pulsea. These new defining stresses are the
equlvalent or average stresses asscociated with pulses inter-
cepting 1evels B and C. Normalizing these equivalent stresses
by dfﬁidihg by the effective overburden pressure (&) , the
equiﬁelent field stress ratio,tqu%}; s 1s obtained. These
equivéleﬁt field stress ratios are listed on Figures I3-~I6
together with additional data regardlng stress levels A, B,

and C.

Comparison of Laboratory and Estimated Field Stress Ratios

Figures I7 and I8 present a comparison of laboratory adjusted
stress ratios and estimated field stress ratios as determined
using'the simplified method. Values are compared at 10 stress
cycles. Laboratory test results shown for this number of stress
cycles were taken from.curves extrapolated from actual test
points, as shown in Figure I2. Note that_for only one sample
does the estimated f£ield stress ratio apprpach a value large

enough to creat 2% strain.,

Figures I9 and I10 present similar graphs comparing laboratory

adjusted stress ratios with eguivalent field stress ratios as

[y
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defined in the description of the Computer Method. Here, equiva-
lent field stress ratios indicate a 2% or greater strain potential
for only a few samples.

Conclusions

Two governing failure criteria were selected for the evaluation
of soil strength during seismic loading. The first, is complete
ligquefaction or a zero effective confining préssure condition.
The second criterion is field shear strains equivalent to 2%
laboratory axial strain. Two percent strain was selected for
several reasons; one, it was a low level of strain that could
reasonably be approached in the field, and two, laboratory excess
pore pressures were approaching levels which, if occurring in the
field, would significantly reduce material strengths.

'Cbﬁpleté liquefactibn was never observed in any of the samples
during cyclic 1load testing. Comparison of laboratory and

estimated field stress ratios indicate a few instances where
earthquake induced stresses reach levels sufficient to cause
field strains equivalent to 2% laboratory axial strain. All
of the test points in this category correspond to depths below
15 feet. The depths from which these samples originate help to

minimize the significance of these low values, however. It is

concluded that field strains developing as a result of design

earthquakes will not reach levels high enough to create founda-
tion problems. | -

Averaging the pore pressure data presented in Figure I11 indicates
an average increase in pore pressure during cyclic load testing
of 50%. Due to differences in Ko values and stresF conditions
between laboratory and field, and lower levels of anticipated
strain as seen from a comparison of the lab and field stress

I15
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ratios on Figures I7-I10, actual field pore pressures are expected
to be much less. Some excess pore pressures will persist in cer-
tain strata following seismic loading, however, these pressures

will be small and will not'appreciably effect soil strength
capabilities. .

As a firnal note, it must be stated that at best the results and
conclusions presented here reflect a reasonable approximation of
what can be expected to occur in the field under earthquake induced
loading conditions. Assumptions and generalizations made in this
analysis have continually reflected a conservative épproach.

Consequently, estimated field stresses are somewhat higher than

will actually develop.

SEISMIC DENSIFICATION

Seismic densification estimates were made by theoretical calcula-
tions relating field shear moduli and anticipated field shear
stress levels to an average field shear strain condition. These
anticipated shear strain levels were then compared to information
in the literature relating vertical straining potential to number
of significant stress pulse cycles (Ref. 3).

Densification (settlement) of the gravel stratum for relative
denéity conditions exceeding 35% was estimated by consideration
of potential earthquake induced shear strains and information
published by Silver and Seed (Ref. 4) who list densification
potential for dry, cohesionless soils., Since the strata of
particular concerh for this investigation is submerged, but

extremely pervious, it is believed that differences for the
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T;iégéikdf fiela éhear_stfain‘anticipated would be minor and
direct comparison to saturated soils would apply. Pulsating
accelerations are not considered an important factor in the
densification of gfanular soil; however, shear stresses asso-
ciated with horizontal accelerations are importént. As a
consequence, estimation of settlement potential was made by

computing the maximum average equivalent uniform shear stress
at the 35 foot depth (Ref. 2) and estimating the shearing
strain associated with this stress level by the following
relationship;

Yay = 1
Xy G
where %y = .shear strain in the vertical planes
Tave = maximum average equivalent uniform

shear stress = 0.50'KSF

G = shear modulus of gravel stratum
- (estimated from field shear wave
measurements as 1 x 104 XSF at a
shear strain level of approximately
0.005%).

Use of Equation 1 resulted in computed dynamic shear strain levels

of less than 0.005%. Comparing this value to information on

Figure I12 (based on particle size between 0.4 mm to 1,0 mm diam.)

and assuming a similar relationship exists for gravel size particles,

the field vertical strain potential was found to be less than

0.01%; thus, insignificant. PFigure I12 was based on deformation
for 10 cycles. This is equivalent to the significant number of

stress cycles associated with the design earthquake.

In addition to the Vibratory densification estimates of the sub-

surface sandy-gravel stratum, additional computations were made
I18
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‘”fbr the‘1oo§ély cbmpacted sandy fill. This surface stratum is

of a variable thickness at both sites, but for computational
simplicity, a representative‘thickness of 8 feet was used.

Field seismic surveys showed a fairly uniform shear wave velocity
at both sites of 500—600 feet pef second (fps). Thus, using 550
fps as an average, and the following relationship relating shear
modulus (G) to shear velocity (Vg);:

where vy and g are the soil unit weight and acceleration due

to gravity, respectively, we obtain.a value of G= 0.9 x 103 KSF
at an anticipated shear strain of 0.005%. Also, estimating

the average shear stress at 4 feet by Equation 1 we get

Tovezx 0.063 KSF. Utilizing the relationship;

_ Tave
y}()‘ = G

where Yy = shear strain in a vertical plan, we f£find that the
maximum shear strain in the field is approximately 0.005%, hence,
less than 0.01% vertical densification of this stratum (see
Figure I12) if relative densities are approximately 45%. Figure
112 shows increases of approximately 30% in vertical strain for
roughly each 15% decrease .in relative density, thus, anticipating
fill relative densities of 30% would still result in vertical
densification potential of less than 0.1%.

I20
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APPENDIX J

FOUNDATION CONDITIONS ~ EXISTING SITE

This appendix reports the resﬁlts of the analysis for the exigt-—
ing West Wing and East Wing foundations, and any proposed new
construction at the existing Capitol Site. For the West and
East Wings, the investigation includes analyses of:
loads; overall stability of the wing;
under footings; structural analyses o
analyses of the wing. |

fouﬁdation
bearing capacity of soil 7
f footings; and settlement

The appendix is divided into three parts:
Part I - West Wing Analysis -
Part IT - East Wing Analysis
Part III - Possible New Construction - Existing Site

In order to determine the foundation loads, it was necessary in

~each instance to make the assumption, whether valid or invalid,

that the superstructure isg structurally capable of tfansmitting.

possible seismic forces to the foundation. In the case of the

--West Wing, however, the earthquake hazards that exist in that

structure are considered in detail in a report by the 0ffice of
Architecture and Construction dated June, 1972. '

Part I - WEST WING ANALYSIS

The foundation of the West Wing consigts of a network of slightly

tapered plain concrete wall footings, ag shown in Figures Cl and

Jl



C2' of Appendix C of this report. The depth of all footings is
constant at 3 feet; while the width varies to accommodate the
different thicknesses of the supported brick walls.

. Foundation Loads

The dead loads {DL) and live loads (LL) were estimated using

source information taken from the files of the Office of Archi-
tecture and Construction. Seismic forces were estimated based

on both the Zone 3, Uniform Building Code (UBC) requirements

* and the recently adopted Hospital Code requirements for

California, Convincing reasons for using the California Hospital
-Code requirements in an analysis of the State Capitol are presented
in a seismic study report dated March, 1973, prepared by VTN,
LConsolidated, Inc. (John H. Wiggins, Jr., consultant). Because
calculated wind loads were only a small percentage of the estlmated
seismic forces, wind loads were not considered in any further
analysis.

Table J1 summarizes the dead loads (DL} and live loads (LL)

-acting on top of the footings at Elevation +13 2 for the various
walls of the West Wing,

The loads are expressed in units of kips per lineal foot of wall.
For each wall, Table J1 also gives the base width of the support-
ing footing at Elevation +10,2. For the purpose of foundation
analysis, all loads were transmitted to Elevation + 10.2 at the
base of the footings. The total dead weight of the building to
the top of the footings is approximately 86,200 kips, while the
weight of the footings themselves is approximately 7,400 kips.
Thus, the calculated total DL at the base of the footlngs is
93,600 kips., It should be noted that the LIL of the West Wing
constitutes less than 15% of the building DL. The footing area
of the West Wing constitutes almost half (48%) of the entire
36,800 sq. ft. of area under the West wWing.

J2
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With regard to seismic forces, the total base shear based on

' Zone 3, UBC requirements, was estimated to be 8,620 kips at the

level of the top of the footings, Elevation +13.2. In compari-
son, estimates based on the.California Hospital Code require
almost double this value £or the total base shear. For the
purpose of analysis, these loads were also transmitted to EleVa¥
tion +10.2, the base elevation of the foundation. The lateral
inertia forces of the footings ware estimated in addition to the
dynamic pressure increment of the backfill material retained by
the exterior walls of the West Wing for two separate earthquake
loading conditions: in the north-south direction and in the
east-west direction. These loads were used for the overall
‘stability analysis of the West Wing,

Overall Stability of the West Wing

The results of the overall stability analysis of the West Winﬁuf
are summarized in Table J2. Table J2 shows that the factor of
safety against overturning for the West Wing building would be
satisfactory, provided the loads can be safely transmitted to the
foundation and the resulting bearing pressures (considered in the
next section.of'this Appendix) are within the allewagble values
for the supporting soil. 1In contrast, the calcoulated factor of
safety against sliding is quite low for the California Hospital
Code requirement, but satisfactory for the Zone 3, UBC requirem
ments. It should be noted, howevar, that any pagsive earth
pressure resistance against sliding was neglected in the analysis,
because such lateral ground resistance usually is ayailable only
after considerable moveman£ has ocgurred. In addition, the key
effect of footings under crogs walls (perpendiculayr to the direc~
tion of earthquake forces) waé-alsoineglec;ed in the analysis,
The inclusion of these resiwting fopces in the anglysis would

tend to increase the factor of safety against sliding.
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Table'Jl_ ‘West Wing DL and LL at Top of Footing
(Elevation + 13.2)

- DL o LL Total DL+LL  Base Width
Location {kips/ft) (kips/ft) {(kips/ft}) of Ptg. (ft)
West Wall : 49 .1 3.3 52.4 9.5
'Walls Under Dome 1105. 4 3.0 108.4 14.5
North-South ' i
Corridor Walls - 31.9 5.0 36.9 .
North-South Walls - 44.0 2.8 46.8 .
East West
Corridor Walls 28.3 4,0 32.3 .
Interior Partition 18.7 . 2.4 21.1 4.8
Table J2 Overall Stability of West Wing
. FS Against FS Against
Direction Overturning Sliding Code
‘Bast-West EQ | 9 1.6 UBC, Zone 3
North-South EQ. 22 1.8 UBC, Zone 3
East-West EQ 5 1.0+ CA HOSPITAL
North-South EQ 12 1.1 CA HOSPITAL

Table J3 Vertical Pressures Under West Wing Footings

(Seismic Condition: California Hospital Code Requirements)

a) East - West Earthquake

_ DL LL DL&LI. iEQ Total
Location {(ksf) (ksf) {ksf) (ksf) {(ksf)
North & South Walls 6.56 .38 6.94 5.28 12.2
East-West Corridor
Walls 6.57 .83 7.40 8.20 15.6

Walls Under Dome B.13 .20 8.33 0.99 9.3
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Table J3 Vertical Pressures Under West Wing Footings (con't.

b) North - South Earthquake

| DI, LL DL&LL  +EQ Total
Location L (ksf) (ksf) {ksf) (ksf) (ksf)

West Walls ' 5.90 .35 6.25 2.20 8.5

North-South Corridor ' '

Walls _ 6.72 1.04 7.76 4,35 12.1

Walls Under Dome 8.13 .20 8.33 .97 9.3

Interior Partition 4,60 .50 5.10 2.63 7.7

‘Table J4 Results of Bearing Capacity Analyses

of Soil Under West Wing Footings

Shear Strength

Ultimate :
' Parameters Bearing Factor of Safety
c @ ‘Footing Capacity DIA+LTL, DL+LIL+AEQ
(psf) Degrees Location (ksf) CA Hosp. Code
1100 0 West Wall 6.6 1.1 .8
1100 4 North Wall 8.4 1.2 .7

Table J5 Mortar, Brick, and Concrete Stresses

A

J

. Allowable

Calculated Max. Laboratory Stresses

Stresses for Strength UBC or Calif.
Material DL+LL DL+LL+EQ Tests Hosp. Cecde Type

(psi) ~  (psi) (psi) {psi)
Mortar - 20 40-87 ' 20 Shear
Concrete 48 68% 290-580 2500 (ult.) - Compression
Concrete 36 - 51 27-38%% 80 , Tension
Concrete 36 51 34-48%%% 100 Shear
Brick 175 200 1200 (assembled) 115-225 Compression
: (assembled)

*For California Hos

is 110 psi.
**Concrete tension l.6 /f'c UBC Section 2615(h).
***Concrete shear 2.0 V£'e UBC Sectiop 2615 (h).

pital Code requirements, concrete compression
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"ééaring'Cépaciﬁy of Soil Under West Wing Footings

Tables J3(a) and J3(b) summarize the vertical pressures at the
base of the various footings of the West Wing, Elevation +10.2,
for DL and LL and; also, the vertical pressures resulting from
the California Hospital Code requirements for earthquake condi-
tions. A similar table was prepared for the Zone 3, UBC require-

ments, but is not included herein.

As noted in Table J3(a), based upon the California Hospital Code
fequirement, a new uplift pressure would occur, at the basge of
the footings for the east-west corridor walls (comparing DL =
©.57 KSF versus EQ = +8.20 KSF). For these conditions the anal-

- ysis shows that a net uplift would also occur at the top of the

footings at the interface between the brick wall and the concrete

‘footing. But there are no ties. (dowels) at this interface, only

mortar,

According to the UBC requirements under Section 2314 Earthgunake

: Regulations,‘(K) Design Requirements:

"All elements within structures located in Seismic
Zones Nos. 2 and 3 which are of masonry or concrete
shall be reinforced so as to qualify as reinforced
masonry or concrete under the provisions of Chapters
27 -and 26, Principal reinfotrcement in masonry shall
be spaced 2 feet maximum on center in buildings using
a moment-resisting-sgpace frame,"

The basement brick walls and concrete footings of the West Wing
do not satisfy the code requirement.

Table J4 gives a summary of the ultimate bearing capacity of the

soil under the existing footings. Shear strength parameters, ¢
and @, were determined from triaxial compression shear tests on

J6



samples taken from test pits and used to calculate the soil bear-

ing capacity. . In the analysis the additional'parameters used weére:

height of surcharge

1l

7 ft.
unit weight of soil = 120 pect

Table J4 shows that the factors of safety against bearing capa01ty
fdilure for the West Wing are slightly above one for DL + LL and
unsatisfactory for California Hospital Code requirements. Even
allowing for sampling disturbance, which tends to underestimate
the soil shear Strength, the calculated factors of gafety are
still quite low. For the Zone 3, UBC requirements, calculated

factors of safety were also calculated, but not 1ncluded hereln.
These also were unsatisfactory. .

Structural Analysis of West Wing Footings

Table J5 summarizes calculated and allowable stresses, and labora-
tory test strengths of the mortar, brick and concrete. The cal-
culated seismic stresses are for the UBC, Zone 3 requirements,

Table J5 shows that the calculated concrete stresses in the north
wall footing for DL + LL are within the limits of the laboratory
compressive strength and the interrelated strengths for shear and
tension. PFor the UBC, Zone 3 requirements, the computed shearing
and tensile stresses do not meet the required laboratory determined
strengths, Therefore, assuming the laboratory compressive '
Strength as valid, the ultimate capacity of the concrete foctlng

ig unsatisfactory for either the UBC, Zone 3 or the California

Hospital Code requirements. The quallty of the concrete in the
footing is below today's standards,
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The maxlmum computed compre551ve stress of the brick assemblies
was in the wall supporting the dome, The stresses are satisfac~-
tory since the brick assembly tested was of very high strength.
The maximum shearing stress of the mortar in the west wall is
also satisfactory for both DL + LL and UBC Zone 3, and California
Hospital Code requirements, Except for the brick compressive

and mortar shearing strengths, none of the laboratory test strengths

meet present code requirements, Laboratory strength tests are
described in Appendix G.

- Settlement Analysis of the West Wing

| The soil undef the West Wing foundation has been determined to
consist of a thick layer of normally consolidated élayey silt
underlain by layers of sand and gravel, and sandy silt. The
thickness of each layer has not been determined since no borings
- were taken within the building area. However, the clayey silt
layer is estimated to vary from 20 to 30 feet. (See Figures E36,

B E37)

'Settlément ahalysis from consolidation test data of clayey silt
samples from Test Pits 1 and 2 indicate that the West Wing has
settled 6 to 12 inches or more since 1861 Recent borings made
outside of the building area indicate that there might be other
underlying compressible 80il layers within the seat of settlement
below the sand and gravel, (See Figures E36, E37). Historical
records indicate that very large settlements occurred during the
construction of the West Wing. This resulted in cracks in the
brick walls and construction delays. (See Appendix C).

Consideration should be given to soil rebound and recompression
if it is decided that the West Wing should be reconstructed.
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Although the clayey silt under the West Wing will have been pre-
loaded after dismantling, rebound and recompre551on can be expected
of up to 2 inches if shallow foundatlons are used. Accurate
predictions of soil rebound and recompression are difficult., Esti-
mates were based on consolidation rebound tests date from nndis—
turbed soil samples in Test Pits 1 and 2, u51ng the orlglnal
building loads and con31der1ng only the recompression of the
clayey silt stratum above the sand and gravel, Additional settle-
ments would result from recompression of any compre551ble strata

that might exist below the sand and gravel w1th1n the seat of
settlement

Part IT - EAST WING ANALYSIS

The East Wing structure is a steel frame~reinforced concrete
shear wall building supported by a grid type of reinforced con-
crete footing, as shown in Figure D3 of Appendix D. The depth of
the 1nter10r continuous footings is 3'=6" and 2'~0" for the exte~
rior footings. The base of the footlngs is at the same Elevatlon
+10.2 as the base of the West Wing footlngs at - the interface of
the two buildings. The interior footlngs are sllghtly tapered

~both vertically and horlzontally. The reasons for the selection

of this type of foundation are dlscussed in Appendix D.

Foundation Loads

The dead loads (DL) and live loads (LL) were estimated using
source information taken from the files of the foice'of Architec-
ture and Construction. Seismic forces were estimated based on the
recently adopted Hospital Code requirements-fOr California. Be-
cause calculated wind loads were only a small percentage of the

estimated seismic forces, wind loads were not considered 1n any
further analysis.
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‘Table J6 summarizes the dead loads (DL) and live loads (LL) on

top of the footings at Elevation +13.7 for the easterly and
westerly sections of the East Wing, Figure J1 defines the desig-
nated easterly and westerly sections.

For purpose of foundation analysis, all loads were transmitted

to Elevation +10.2 at the base of the footings. The total dead
weight of the building to the top of the footings is approximately
48,300 kips, while the weight of the footings themselves is 13,500
kips. Thus the calculated total DL at the base of the footings

is 61,800 kips. It should be noted that the LL of the East Wing
constitutes about 28% of the building DL. Also, the footing area
of the East Wing constitutes almost half (48%) of the entire
58,800 sq. ft. of area under the East Wing, The easterly section
of the East Wing covers 32,200 sq. ftﬂ of the total building ares.

TaBle J7 gives a summary of the weight of so0il removed during
cohstruction of the East Wing and the building loads. In addition
to the excavation load within the building outline of the East
Wing, 14,300 kips of soil were removed at the south ramp location
énd 6,100 kips at the north ramp location.

With regard to seismic forces, the total base shear based on the
California Hospital Code was estimated to be 5,500 kips at the
level of the top of the footings, Elevation +13.7. For purpose
of analysis, these loads were transmitted to EBlevation +10.2,

the base elevation of the foundation, In addition, an estimate
was made of the lateral inertia forces of the footings themselves.

These loads were used for the overall stability analysis of the
East Wing.

Overall Stability of the East Wing

The results of the overall stability analysis of the East Wing are
summarized in'Table J8. The factors of safety for the north-
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south and east-west selismic forces are the same. Table J8

shows that the East Wing is safe against overturning or sliding,

hearing Capacity of Scoil Under East Wing Footings

Table J9 summarizes the vertical pressure at the base of the vari-
ous shear walil footings of the Rast Wing,
and LL.

Elevation +10.2 for DL
Also summarized are the vertical pPressures resulting from
the California Hospital Code requirements for eartﬁquake condi-
tions. The location of the shear walls is shown in Figure J1.

Table J10 gives a summary of the estimated ultimate bearing capaé

city of the soil under the most heavily stressed

"East Wing
footing.

The shear strength parameters used in the analysis
were obtained by correlation with triaxial compression test

results of soil samples taken from borings outside the area

of the East Wing foundation.

In the analyses the additional parameters used were:

height of surcharge = 4 ft.
unit weight of soil = 120 pcf.

Table J10 shows that the range of factors of safety against
bearing capacity failure for shear wall A footing is 1.5 to 1.6

for DL + LL and above one for the California Hospital Code

requirements. It should be noted, however, that these values

are for the most heavily stressed shear wall footing, and that

the factors of safety for other footings

Yould be predominately
greater.

Table J11 gives =a summary of steel and concrete working stresses
for shear walil footings G2.and G3 for DL + LL and th
Hospital Code requirements.

used for design was 2500 PSI.

e California
The compressive strength of concrete
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TabieﬂJ6

East Wing DL and LL At Top of Footing

Description and
Elevation

Westerly EaSterly Westerly Easterly
Section Section Section Section
DL(kips) DL(kips) LL(kips) LL(kips)

Elev, +10.2

Bldg. Loads to 24,800 23,500 7,500 6,200
Elev. +13.7

Ftg Loads to 7,400 6,100 - -
Elev. +10,2

‘Basement Slah 2,100 2,000 2,800 2,700
sboad Elev. +13.7

- +8011 Load Between 5,300 7,600
Ftgs to Elev. +10,2
- Total Loads at 39,600 39,200 10,300 8,900

Table J7 Construction ILoads

_ Westerly Section Easterly Section Total
Type (kips) (kips) (kips)
Excavation Load -48,700 -37,100 -85,800
within bldg outline
Building Load +44,600 +40,500 +85,100
(including LL, base-
ment slab and ftqg)
Net Construction Load. - 4,100 + 3,400 - 700

Table J&8 Overall Stability of East Wing

F.5. Against

Overturning

F.5. Against
Sliding Code

26

3.1 Calif. Hospital
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Table J9 Maximum Soil Pressures Under Shear Wall Footings

Shear pL, L DLALL EQ DLALL+EQ
Walls (kips) {(kips) (ksf) (ksf). (ksf)

B 3.14 0.48 3.62 1,14 4.76

G2 2.70 0.62 3.33 1.75 5.08

G3 2.30 0.31 2,61 0.77 3.38

M 1.72 0.46 2.18 . 2.67 . 4.85

A 3,46 0.27 ' 3.73 2.08 5.81

C 2.39 0.71 3.10 0.05 3.15

N

2,12 0.41 2.26 0.52 2.78

Table J10 Bearing Capacity of Soil Under East Wing Footing

Ultimate .
Footing Bearing ' Factor of Safety
Location®* Capacity DILA+LL DL+LL+EQ
(ksf)
Shear Wall & 5.6 to 6.1 1.5 to 1.6 1.0 to 1.1

*Most'heavily stressed shear wall footing.

Table J11 East Wing Footing Stresses

Shear Wall Steel Concrete Concrete Group
Footings Tension Compression Shear Loading
(psi) {psi) {psi)

G2 16,800 790 . 60 DIL+LL
G2 25,400 1,100 100 DLALL+EQ
G3 25,000 1,130 110 DI+LI,
G3 31,500 1,400 140 DL+LL+EQ
Allowable
Stresses 18,000 1,125 . 100 bL+LL
24,000 1,495 _133 DIA+LL+EQ
J13
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The results show that the steel is overstressed for G2 and G3
footings. The concrete is slightly overstressed for G3 footing.
However, structural failure is not imminent for the G2 or G3
footings. For the seigsmic loading conditions, the allowable
.Stresses may be increase 33-1/3 percent)

Settlement Analysis of the;East'Wing

. The soil under the East Wing foundation consists of a thick layer

of normally consolidated clayey silt underlain by sand and gravel
as determined from 1948 borings within the building area. The
clayey silt layer varies from about 15 to 30 feet. (See Figures
E36, E37). The thickness of the underlylng sand and gravel layer
has not been adequately determined.

Settlements of the East Wing were estimated using 1948 consolida-
tion test data, and recent rebound consolidation test data for
samples from the West Wing test pits. The analysis considered

. only the upper layer of clayey silt. Settlements of up to 2 inches

were estimated for thé upper clayey silt layer. Settlement records
of the last 23 years show a maximum settlement of 1 ihch, despite
an applied building load less than the excavated overburden.

A rational explanation for this behavior is that soil rebound
occurred during excavation followed by recompression dﬁring con-
struction loading. Analysis of 1948 consoiidation test data

showed that the East Wing area had been fully consolidated under

. the ex1st1ng £ill prior to conatruction of the East Wing.

Considerations should be given to soil rebound and recompression
at the western portion of the East Wlng if the West Wing is to be
dismantled and reconstructed. Soil rebound and recompressmon of
up to 1-1/2 inches for the upper olayey silt layer is possible if
the area of the West Wlng is unloaded and reloaded with about the
same building loads. It shHould be noted that predictions of soil
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‘rébound and*ré¢ompréssion are difficult and estimates are based
on consolidation rebound test data from undisturbed soil samples
in Test Pits 1 and 2.

Part III - POSSIBLE NEW CONSTRUCTION - EXISTING SITE

One of the proposed alternatives for the West Wing is reconstruc-
“tion as described in a report of the Office of Architecture and
Construction dated June, 1972, If this alternative is chosen,
considerations should be given to the effect on the East Wing of
s0il rebound resulting frpm dismantling the West Wing.

- 'Accurate predictions of s0il rebound are difficult, but estimates
- based on consolidation rebound test data of the upper clayey silt
layer indicate possible rebound of up to 1-1/2 inches at the
T'Westernmost portion of the East Wing and Practically no rebound
at the easternmost portion.. This does not include rebound of
‘any underlying compressible layers within the seat of settlement

"~ below the sand and gravel, Therefore, a Program of field

instrumentation to monitor possible movements of the East Wing
during dismantling and reconstructing is strongly recommended.

The building loads are much heavier for the West Wing than the
East Wing. The East Wing, despite the fact that the net construc-
tion load was negative due to excavation, experienced a one-inch
Settlemenf. This experience is useful for predicting probable
soil behavior during reconstruction of the West Wing, where loads
involved will be even greater. Thus, even though the soil strata
under the West Wing will have been preloaded after dismantling,
differential settlements of slightly over one-inch between the
center and corners of the building can be expected if shallow
foundations are used. This does not include differential settle-
ments of any underlying compressible soil layer within the seat
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of settlement below the sand and gravel,. Therefore, plle founda~
tion founded on a suitable bearing stratum is recommended for
the reconstructlon of the West Wing.

Pile foundation is recommended for any new wing because records
showed that the West Wing experienced serious differential settle-
ments. The East Wing would have been founded on piles to the
underlylng gravels except that pile driving vibrations would have

resulted in irreparable damage to the West Wing. Most downtown
Capitol buildings are founded on - piles.

All preﬁious borings indicate that a sand and gravel stratum
exists at a depth varying from 20 to 30 feet below the base of
the existing foundations. The thickness of this stratum under

- the West Wlng has not been determined nor has it been adequately

determined for any new wing construction. For this reason the

-plle foundation recommendation is contingent upon flndlngs from

addltlonal exploratory borings that should be made prior to any
constructlon. The bottom of the borings should be at sufficient
depth to define the thickness of the sand and gravel stratum and
the nature of the underlying material within the seat of settle-
ment of any proposed construction. Special attention should be
given to soil conditions below the northwest portlon of the West

Wing where difficulties were encountered during orlglnal
construction.

Durlng the design stage for the pile foundations, con31deratlons
should be given to the need for partial predrilling to minimize
the possible effects of heave and pile driving vibrations on

adjacent structures. Also, field pile load tests are strongly

recommended for determining pile bearing capa01t1es.

Before commencing pile driving for any new wing, the West Wing

should be adequately Strengthened (Concept 1), or dismantled or
in a state of reconstruction {(Concept 2).
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