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GEOTECHNICAL ENGINEERING DESIGN REPORT 

PROVIDENCE HOSPITAL - EAST TOWER 

SEATTLE, WASHINGTON 

INTRODUCTION 

This report presents the results of  our subsurface e xplorations and 

geotechnical engineering study for the proposed east tower addition to the 

Providence Medical Center located at the corner of  E .  Cherry Street and 

18th Avenue in Seattle , Washington.  The purpose o f  this study was to 

assess subsurface site conditions, assis t  the structural engineering in 

establishing foundation design criteria ,  and to provide geotechnical 

recommendations related to design and construction. 

The scope of the field explorations for this study consisted of three 

hollow-stem auger borings drilled to depths ranging from 60 to 70 feet 

below the street level. Following completion o f  the field explorations , 

laboratory tests consisting of visual classification, water contents , and 

grain s ize analysis were performed on samples retrieved from the borings to 

aid in classification of the s ite soils and to establish the geotechnical 

index and general engineering properties o f  the materials. Engineering 

studies and analyses were then undertaken to develop recommendations for 

design and cons truction. 

The exploration procedures are discussed and the exploration logs are 

presented in Appendix A. The locations of  the explorations are shown on 

the Site and Exploration Plan,  Figure 1. In Appendix B are presented a 

discussion and results of all laboratory tests completed for this s tudy . 

Subsurface conditions interpreted from the e xplorations and the soil 

properties inferred from field and laboratory tests formed the basis for 

the engineering studie s .  
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In addition to the work completed for this scope our studies utilized the 

results of previous work at the Providence Hospital s ite completed by Hart 

Crowser,  Inc. for the linear accelerator/physicians o f fice building in 1983 

and by Shannon and Wilson for an earlier addition to the hospital completed 

in 196 3 .  A single boring from the 1963 study , DR-l, has been reproduced in 

this report and is shown in Appendix A and located on Figure 1 .  The 

seismic response study completed in the 1983 s tudy by Hart Crowser has been 

referenced in this report . 

This study has been performed in general accordance with our proposal dated 

October 5 ,  1987.  This report has been prepared for the exclusive use of 

Providence Medical Center and their design consultants for specific 

application to the subj ect project and site .  This s tudy has been performed 

in accordance with generally accepted geotechnical practices .  

warranty , express o r  implied, is made. 

SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

No other 

The following is a summary of the principal conclusions and recommendations 

contained within this report . The subsequent s e ctions of the report should 

be consulted for discussion of each p o in t ,  a s  well as for o ther 

recommendations .  

o Perimeter site grades range from about e levation 346 feet at the 

northwes t  corner to e levation 353 feet at the northeast corner to 

elevation 343 feet at the southeast corne r .  The existing structure has 

a basement slab elevation assumed to be 3 3 8  f e e t .  The slab elevations 

and foundation elevations of the surrounding buildings are not known at 

the time of writing. 

o The borings disclosed somewhat variable soil conditions across the 

proj ect site. Borings B-2 and DR-l encountered about 30 feet of 

glacial till overlying silty, fine sand. Boring B-3 had a small cap of 

recent fill overlying till to the bottom of the boring. Boring B-1 

encountered silty , fine sand through the entire drilled length. These 
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results suggest that a t ill cap overlies the proj ect site and dips to 

the east and south . All materials encountered except the near-surface 

fill were very dense and assumed to be heavily overconsolidated.  

o Groundwater was encountered in each of the borings at an elevation of  

about 300 to 305 feet .  

o Host of the area can be open cut to the elevations planned. Based on 

an assumed excavation level across most of the site of 320 feet,  we 

expect cut slopes to average betwee n  3 /4H:1V and 1:1 . 

protection of the exposed slopes will be required. 

Erosion 

o Along the east side , the location o f  the new building with respect to 

the property line may require installation of  shoring. In this area we 

would expect such shoring to be designed as a cantilever or single 

support system. Recommendations for design are given in this report.  

o In the southwest portion,  near the existing building an elevator bank 

will be installed. This will r e quire excavations to a lower level, on 

the order of  300 to 305 feet.  Shoring with multiple supports may be 

necessary in this area, and underpinning or consideration of the 

surcharge loads from adjacent footings may also be required. The 

general design o f  the shoring is given in this report . Specific 

discussion o f  underpinning techniques and design are not provided 

herein, as the required information on the existing building is not yet 

available . 

o Foundation support may consist o f  spread footings such as isolated 

column footings or s trip footings founded on the dense natural s oils . 

The maximum allowable bearing pressure is 10 kips per square foo t .  

Foundation settlements are estimated to be o n  the order of  1 inch or 

less . 

o The presence o f  groundwater at an elevation approximately equal to the 

excavation level in the southwes t  corner could require that local 
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dewatering be accomplished . The permeability of the materials 

encountered at that depth is estimated to be about 1 0-3 em/sec. 

Ins tallation of well points or sumps could be necessary to provide for 

a dry excavation to permit construction of footings at that level. 

o A permanent subs lab and behind the wall drainage system will be 

required for the structure. This sys tem can consist o f  a network of 

underslab perimeter and cross drains with sheet drain installed behind 

the walls and tied to the underslab system .  

o An existing well located in the southwes t portion o f  the site is 

intended to be maintained and saved throughout construction and after 

completion of the proj ec t .  No information on the design o f  that well 

has b een available to Hart Crowser, and therefore no recommendations 

for the continued use of the well can be made at this time. 

o The characteristic site period and smooth dual level response spectra 

were developed for the linear accelerator project and are referenced 

for use in the seismic design of this project. 

SITE AND PROJECT DESCRIPTION 

The proj ect site, which is approximately 200 by 160 feet in plan dimension, 

is bordered by E .  Cherry Street to the north, 1Bth Avenue to the east , the 

exis ting hospital building to the south, and the existing surgery addition 

to the wes t .  The proposed east tower will consist of an B-story structure 

(only 6 s tories being constructed at this time) with below grade levels 

extending generally to elevation 324 feet . The lowest level o f  the east 

tower will be elevation 306 feet, and will be c ommensurate with the lowest 

level o f  the surgery addition to the west . The lower level limits of the 

project are generally 25 to 35 feet from the property line on the north 

side and range from 10 to about 22 feet from the property line on the eas t  

side. 



J-2071 
Page 5 

The existing east tower which covers much of the project area consists of  a 

6-story brick building with one unde rground basement level . The slab level 

o f  that existing structure is apparently elevation 338 feet . Street grades 

decrease f rom a high at about elevation 354 feet at the corner of E .  Cherry 

and 18th to grades 5 to 7 feet lower to the west and south adj acent to the 

east tower location. An interior court yard between the surgery addition 

and the existing east tower is at an elevation of approximately 338 fee t ,  

the basement level of  the exis ting s truc ture . 

Structural loads on the proposed facility are not yet known . In addition, 

the footing elevations and locations of  the adjacent existing buildings 

have not been available to Hart Crowser. As a result specific 

consideration of the effects of the existing buildings on the new 

construction are not addressed in this report . When the required 

information becomes available Hart Crowser will issue a supplemental design 

letter to address these considerations . 

SUBSURFACE CONDITIONS 

Subsurface conditions across the site have been evaluated on the basis of  

the three borings completed for this s tudy together with the b oring DH-l 

completed in the 1963 study. The b orings disclosed three distinct soil 

typ e s .  

The uppermost soil consisted of recently placed fill . This material was 

encountered only in B-3 and was in a loose condition. The fill was 

generally granular , but included a high percentage of fine-grained soil . 

The second maj or soil type is glaCial till . This material was encountered 

to depths o f  30 feet in borings B-2 and DH-l,  and was located below the 

fill to depths of at least 60 feet in boring B-3 .  I n  all three locations 

the till was very dense, with blow counts commonly greater than 100 . The 

material was cemented with variable contents o f  silt , sand , and gravel . 

Generally the fines content was about 30 to 40 percen t .  
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The third soil encountered in the borings was classified as slightly silty 

to silty , fine to medium sand. The sand was located below the till to the 

bottom of the borings in B-2 and DH-l, and was encountered exclusively in 

boring B-1 . The sand is also very dense , with b low counts generally 

ranging from 70 to more than 1 0 0 .  The fines content within the sand was 

generally less than 20 percent , and in many cases appeared to be less than 

5 percent. 

Groundwater was encountered at elevations ranging from 299 feet to 305 fee t  

in the borings . An observation well located in boring B-1 identified the 

groundwater level at e levation 299 feet. At the other locations the 

groundwater level was observed at the time of drilling. In borings B-2 , 

B- 1 ,  and DH-l the water was clearly within the sand uni t .  However , in B-3 

water was also noted at this consistent elevation during drilling, even 

though the drilling was within glacial till at that elevation. 

In general ,  the encountered soils will provide good support for the 

proposed development . Although both the till and s and were encountered in 

a very dense condition , the till will tend to exhibit more s tability on cut 

slopes because it is cemented . The sand will have a tendency to ravel and 

erode if the slopes are cut too steep and if th"e material is exposed t o  

moisture. The extent of the f ill materials across the s ite is unknown, as 

it was encountered only in boring B-3 . It is likely that some filling has 

occurred adjacent to the existing buildings . Demolition of these buildings 

will probably reveal more f ill than suggested by the exploration results . 

We would expect the cut s lopes in fill to require some protection and may 

need to b e  flatter than cut slopes in the natural soils . The materials 

expected at the foundation level should possess relatively high strength 

and have low compressibility charac t eristics . 

In the areas where deeper excavations and lower f ootings are required ,  

groundwater could be encountered. The water may have a tendency to loosen 

or disturb the soils at the base of the excavation. It will be necessary 

to complete the excavation and subgrade preparation in such a way that a 

firm surface can be maintained for support o f  the footings. This may 
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require localized dewatering and restriction of passage o f  construction 

equipment . 

It should be no ted that the nature and extent of subsurface variations 

between the borings may not become evident until construction. Should 

significant variations appear evident, it would be necessary to reevaluate 

the recommendations of this repo rt . 

GEOTECHNICAL ENGINEERING RECOMMENDATIONS 

The recommendations and considerations presented in this report are based 

on the data ob tained from the field explorations accomplished and previous 

studies . In addition, our recommendations are sensitive to the project 

description and assumptions outlined in various sections of the report. 

Should these design criteria change prior to construction it would be 

necessary for Hart Crowser to review and reevaluate the recommendations of 

the report. 

Excavation Consideration 

The area o f  the new facility is currently occupied by a brick s tructure 

with one basement level extending to about elevation 338 feet. The limits 

o f  the building extend to within about 10 feet of the property line on the 

north side and about 1 5  feet on the east side. Demolition of this 

structure and r emoval o f  the construction debris will be required prior to 

construction o f  the proposed building . At the time of writing we do not 

know if the limits for excavation and construction of the new facility are 

defined by the existing property line, or by the s treet. The report 

addresses various excavation support alternatives on the assumption that 

the excavation can not extend beyond the property line. I f  the additional 

distance b etween the property line and s treet line can be utilized for 

excavation , some o f  the recommendations will need to be modified .  

I t  i s  our recommendation that the perimeter walls of  the existing facility 

be completely r emoved in conjunction with the general s ite excavation . I f ,  



J-2071 
Page 8 

for example, the existing exterior walls are left in place without the 

internal support, they may be overstressed and fail in an uncontrolled 

manner . If it is desired to leave these walls in place without support, 

the structural engineer should evaluate the conditions to determine that an 

adequate factor of safety exist for either overturning or sliding. 

It is strongly recommended that Hart Crowser meet with the s tructural 

engineer and the contractor to identify the stability conditions as a 

function o f  the excavation sequence. 

The general excavation to the foundation level for the new facility should 

occur predominantly in glacial till soil on the southeast half of the site 

wi th increasing thicknesses of sand encountered to the northwes t .  In the 

northwest corner , the excavation should encounter nothing but the silty 

sand described in the SUBSURFACE CONDITIONS section of this report. We 

expect the excavation levels to extend some three to four feet below the 

basement slab elevation of 324 feet across most of the site, and three to 

four feet below the elevator bank slab elevation of 306 feet in the extreme 

southwest corner. 

Excavation in the glacial till will likely require use of conventional 

heavy equipment such as large bulldozers and front end loader s .  Due to the 

very dense nature and partial cementing of the till,  ripping will probably 

be required for much of the excavation in that material . Cobbles and/or 

boulders are common in this soil and are expected to be scattered 

throughout the excavation .  The sandy soils can probably be excavated with 

less effort. Although this material is also very dense, it lacks the 

cementing which bonds the till soil . As a result cuts into the silty sand 

can be made more easily. The silty sand is expected to be in a generally 

moist to wet condition,  as  indicated by the borings . However J as the 

excavatio n deepens and approaches the groundwater level ,  the moisture 

content of the silty sand will increase and the material may be more 

difficult to handle. Within the til l ,  zones of seepage are frequently 

encountered , but are typically isolated. 
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Excavation of on-site soils required to reach the basement level of the 

proposed structure can be completed as open cut wherever sufficient room 

allows this construction t echnique . The excavation slope and support 

requirements will be generally addressed in the context o f  three distinct 

areas of the site. 

-North Building Wall 

Along the north side of the building the planned excavation level of about 

3 2 0  feet is located some 20 feet from the existing basement wall. The 

depth to which the wall footings extend is unknown , but the old basement 

slab level is elevation 338 feet . Ten feet away from the exis ting basement 

wall is the property line. The street line lies about 15 feet north of the 

property line. Along this side o f  the proj ect ,  glacial till should be 

encountered to about elevation 325 feet at the east side and to about 345 

feet at the western one-third point of the wall . Below the till is the 

dense s ilty sand unit . It  appears that sufficient clearance exists along 

this area for the entire cut to be made open cut .  

By our es timation , slopes o f  about 3/4H:IV to 1 : 1  would be required in the 

sand and 1/2H :  IV within the till. We believe the· 1/2: 1 slopes in the till 

soils are o btainable and maintainable without s igni f icant slope 

protection. It would be necessary to protec t  the slopes from precipitation 

and surface runoff . This could probably be accomplished using plastic 

sheeting. In addition if gravel or cobbles are encountered along the cut 

face, and appear loose or susceptible to spalling, s ome additional 

protection such as wire mesh or chain link fencing over the area may be 

necessary . 

In the sand , the steepness of  the slope which can be safely attained 

depends on several factors . These factors include the moisture conditions 

o f  the material, the presence o f  seepage zones , the percentage of 

fine-grain soil, the grain size of the sand itself , and several other 

fac tors . It is  possible therefore only to est imate the steepness of the 

slopes which can be maintained through the sand . For planning purposes ,  we 
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would expect slopes with steepness o f  about 1:1 t o  require protection only 

as given for till slopes , mainly , plastic sheeting to protect against the 

change in moisture conditions. If the slopes are s teeper than 1: 1 and 

approach what we consider to be the limit of about 3/4H:1V , it is 

recommended that they be protected with a wire mesh and shotcrete facing . 

While a wire mesh/shotcrete protection does not add s ignificant strength to 

the slop e ,  it  does reduce the likelihood that minor erosion and sloughing 

would lead to a progressive larger scale problem. 

-East Side 

Along the east side the location of the new wall is close to the location 

of the existing wall. The ground surface elevation along that wall 

averages about 350 fee t .  Therefore cuts o n  the order of 25  t o  30 feet will 

be necessary to construct that wall.  The wall location is within 1 0  feet 

o f  the property line on the northern half of the wall and 22 feet of the 

property line on the southern half of the wall . The s treet is located some 

20 feet east of  the property line . As a result , if the excavation can 

extend all the way to the street line , or close to it , an open cut can be 

made through this are a .  If,  however, the excavation can only extend to the 

property line , some form o f  shoring will probably be required. Even i f  

shoring is necessary , it would be possible to limit the height b y  

completing an open cut i n  the upper portions of  the excavation. It is 

likely that the shoring wall along this side could be either cantilevered 

or require only a single level o f  internal or external support. 

Soil conditions across this side of  the property are expected to consist of 

fill near the g round surface , possibly extending as deep as 10 feet , with 

till located below. Again, cuts made in glacial till could be as steep as 

1/2H:1V with proper protectio n .  Cuts in the fill would need t o  be f latte r ,  

and f o r  planning purposes may be estimated to b e  about 1 :  1 .  Depending o n  

the nature of  the fill soils that are exposed upon initial excavation, wire 

mesh and shotcrete slope protection could be required .  
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The specific recommendations for design of the shoring system discussed 

here are p resented in subsequent sections of the report. 

The decision on whether an open cut excavation , shoring support, o r  

combination of the two will be used depends on a number of facto rs .  These 

include the relative cost of each alternative, the construction time frame , 

the demolition plans for the existing buildings ,  and the area available for 

excavation. The decision on whether o r  no t to use shoring should be one 

which is arrived at through consultation with the geotechnical and 

s tructural engineers , and the contractor .  This consultation is 

particularly important in those portions o f  the site where no alternative 

is clearly preferable to another. 

-Southwest Corner 

In the area of the southwest corner where the excavation will extend to 

about elevation 300 to 305 feet, it appears that some shoring will be 

necessary .  The depth of the required excavation support could necessitate 

installation o f  a multiple braced o r  supported system. Recommendations for 

design and support of this system are g iven in the Temporary Shoring 

section o f  this report. The soils in this corner will consist of glacial 

till over the s ilty sand . A design fac tor which could have a significant 

effect on the shoring system is the location, depth ,  and loads of exis ting 

footings for the adjacent s tructures· . I f  underpinning is required , Hart 

Crowser will address potential alternatives and design considerations in a 

future let ter. If the footings are so close to the shoring wall that 

surcharge loads will be applied to the wall , the magnitude o f  those loads 

can be estimated using the information in this report, although it is 

recommended that Hart Crowser p rovide consultation with the structural 

engineer to review the design approach and results . 

Because o f  the many variables involved , the actual limiting steepness to 

maintain s tability of temporary cut s lopes can only be approximately 

estimated prior to construction. Actual tempo rary sloping in soils should 

be made the responsibility of the contractor since he is continuously 
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present at the job site to observe the nature and conditions o f  the 

subsurface materials encountered , including groundwater . 

In general, it is recommended that surcharge loads such as those occurring 

from traffic , construction equipment, or s tockpiled materials , be 

maintained a minimum of 4 feet behind the top of any till or natural sand 

soil s lopes , and 6 feet behind the top o f  any cuts in existing fill. 

Surcharges should also be kept behind any shoring walls , a distance equal 

to the depth of cut , unless the surcharges are included as lateral loads in 

the shoring wall design. 

Temporary Shoring 

-General Considerations 

In those areas where open cutting is not feasible, a temporary shoring wall 

will be required . Several types of  shoring would be appropriate for this 

site, but we expect a conventional shoring system consisting of a soldier 

pile wall to be most likely . This report discusses considerations for such 

a. wall . The design criteria given in the report may, however , be applied 

to o ther wall types . 

The shoring recommendations presented in this and subsequent sections are 

intended to be applied to the design of an appropriate system. The 

recommendations should be used by the s tructural engineer and shoring 

subcontractor in conjunction with the other information in this report 

during the design and construction of the shoring . It is generally not the 

purpose of this report to provide specific criteria for construc tion 

methods , materials , or procedures . It should be the responsibility of the 

shoring subcontractor to verify actual ground conditions o f  the site and 

determine the cons truction methods and procedures needed for ins tallation 

of an appropriate shoring system .  

Soldier pile walls in this area typically consist o f  some type of steel 

beam installed in a pre drilled vertical hole. Pressures of  the soil are 
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resisted through cantilever action of the soldier pile or by internal or 

external anchors or supports . Based on the anticipated wall heights , it is 

possible that e ither a cantilever ,  s ingle support, or multiple support wall 

or series of walls will be appropriate. 

-Lateral Pressures 

Des ign of temporary shoring could be based on either active or at-rest 

lateral earth pressures depending on the degree of  deformation of the 

shoring which can be tolerated. Shoring which is free to deform at the top 

on the order of 0 . 001 to 0 . 002 time s the height o f  the shoring is 

considered to be capable o f  mobilizing ac tive earth pressures . This 

lateral deformation is likely to be accompanied by vertical settlement at 

the top of  the shored face up to roughly 0 . 005 times the height of the 

shoring , which gradually reduces to zero over a horizontal distance equal 

to roughly the height o f  the cut (i. e . , within a zone defined by an 

imag inary plane extending up and back from the base of the shored cut at 

roughly 1: 1) . A greater amount o f  lateral deformation could allow greater 

vertical settlement. 

If no structural e lements , such as existing footings , are located within 

this zone or if the s tructural e lements within this zone are not considered 

to be sensitive to this degree of settlement, then it would be appropriate 

to design using active earth pressures. If , on the o ther hand , s tructural 

elements or other facilities such as utilities are located within this zone 

it would be more appropriate to design for an at-rest earth pressure 

conditions . Adjacent to s treets , it is generally accepted that active 

design criteria can be employed. 

The dis tribution of lateral earth pressure for the various shoring walls 

expected at this site are depicted on Figures 2 and 3 and discussed in the 

following paragraphs . The expected conditions along the east wall are 

represented on Figure 2 .  We anticipa te some open cutting at an average 

slope o f  about 1: 1 in conj unction with a cantilever or s ingle support 

system to be used along much of that wall. As this area borders a s idewalk 
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and street , we have assumed that active conditions are appropriate . The 

active pressure on the wall is represented by an equivalent f luid weight of 

30 pounds per cubic foot (pc£) . The open cut slope above the top of  the 

wall is treated essentially as a surcharge , with a larger equivalent f luid 

weight being applied through a distance o f  two-thirds the slope height . 

The pressures on the unexcavated side o f  the wall extend to the bottom of 

the soldier pile . These pressures are resisted on the excavated side of  

the wall below the excavation by passive earth pressures . Those pressures 

are es timated using an equivalent fluid weight of  400 pcf,  including a 

factor o f  saf e ty of  about 1 . 5 .  Resistance in the upper 2 feet below the 

base of the excavation is neglected due to potential soil disturbance .  

The required depth of soldier piles is not known . However it is possible 

that the soldier piles could extend to depths below the groundwater table , 

e s timated at elevation 305 feet . I f  the shoring extends below the water 

table a reduction in the equivalent f luid pressures to account for 

submerged unit weights must be made . Those reductions are shown on Figure 

2 .  Together with the reduction in the pressure however is an increase in 

applied pressure on both sides of  the wall due to hydrostatic forces . 

Except below the water table , the pressure shown on Figure 2 are based on 

an assumption of no buildup of hydrostatic pressure behind the wall. In 

other words , it is assumed that water which may occur above the excavation 

level behind the wall is free to drain through the wall. 

I t  is recommended that the soldier piles be extended a distance of 1 to 2 

feet above the bottom o f  the slope if an open cut exists above the wall. 

This stick up area should be lagged with 2-inch wood lagging. The purpose 

of this s tick up is to prevent materials from sloughing off the open cut 

slope and falling into the excavation b elow. 

In the southwest corner of the site it may be necessary to install shoring 

with multiple supports . 

illus trated on Figure 3 .  

The design o f  a multiple supported system is 

On Figure 3 we have identified a pressure 

distribution for both active conditions and at-rest conditions . 
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The shoring pressure shown on Figure 3 assume a horizontal back slope, with 

no surcharge component . If either of these conditions are not prevalent , 

Hart Crowser should b e  consulted to provide additional recommendations . 

The design o f  a multiple supported sys tem is based on the assumption that 

the pressures are distributed among the various levels o f  support . The 

distributions are derived from actual field instrumentation o f  deep 

excavations. The distributions represent an envelope of the maximum 

pressure which may potentially occur across the shoring wall s .  The actual 

average pressures across the wall would probably be less than its envelope 

value. The distribution assumes a simple area contribution of s t ress to 

each support and is intended to predict the maximum load that could 

reasonably be expected on any support for a given depth of cut at this site. 

We have est imated that the appropriate design pressure for assumed active 

conditions is about 1 8  times the height of the excavation (in feet) in 

pounds per square foot.  For at-rest conditions, the assumed pressure is 24 

times the height o f  the excavation. The at-rest distribution is 

rectangular and assumes that little or no movement will occur . The active 

distribution assumes that some yielding will occur near the ground surface, 

resulting in a reduction in the applied pressures . As a result ,  there is a 

linear increase from zero to the maximum value at a depth of HIS. The 

distributed pressures are applied, in both the active and at-rest 

conditions , only over that portion of the wall above the excavation level . 

Those pressures are assumed to act over the entire wall. 

The ac tive or at-rest pressures are resisted by earth pressures below the 

ground surface as well as the internal or external support . If  ac tive 

conditions are assumed , then passive pressures may be used to provide 

resistance below the base o f  the excavation. The values of passive 

resis tance are the same as shown on Figure 2 .  However , it is assumed that 

where multiple supports will b e  needed , the base o f  the excavation will be 

at or below elevation 305 feet , the level of the assumed groundwater 

table. Therefore, submerged unit weights must be used in estimating the 

equivalent fluid pressures available to resist wall kick-out . A value of 

200 pcf would be appropriate for passive resistance below the excavation 
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level below elevation 305 feet . If at-rest pressure conditions are 

as sumed , the value of only 23 pcf would be available to resist the kick-out 

pressures . The factor of safety o f  1 .  5 has been incorporated into these 

values . Again support in the upper 2 feet below the base o f  the excavation 

should be ignored. 

Shoring walls should be designed for additional lateral soil pressure due 

to any vertical loads likely to occur within a horizontal distance of the 

wall equal to the depth of the wall below the adj acent ground surface .  

Determination o f  at-rest lateral earth pressures due t o  surcharge loadings 

should be calculated in accordance with the methods presented on Figure 4 .  

Again is is recommended that Hart Crowser review any surcharge loading 

conditions , as  they were not specifically available at the time of 

writing. Surcharge loads include not only those applied from building 

foundations , but also those associated with material stockpiles , 

construction equipment , or streets . Street loads are typically modeled as 

a uniform surcharge with an equivalent magnitude o f  250 psf. They are 

applied to the wall as horizontal pressures with a magnitude of about 

o ne-half of the vertical value, with the point of applicatio n  beginning at 

a depth equal to the distance of the nearest point of the load behind the 

wall. 

-Soldier Piles 

Soldier piles in the Puget Sound area are typically installed in predrilled 

vertical holes. Using the predrilling procedure, steel reinforcement such 

as an H beam, channels , or the equivalent are placed in cased or uncased 

holes , typically 24 to 36 inches in diameter. Concrete is dumped into the 

hole around the soldier pile (steel reinforcement) to the approximate level 

o f  the base of the excava tion. This concrete should be s trong enough to 

transfer load from the pile to the soil through both end-bearing and 

friction mechanisms .  If vertical load transfer is not required , a weaker 

grout may be used. The backfill within the length of the soldier pile hole 

above the bottom of the excavation may also consist of a weaker grou t ,  if 

desired. The material above the base ·of the excavation may be chipped away 
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to facilitate placement of lagging, as required . If a casing is used 

during drilling, it should be pulled as the concrete is placed . 

Structurally , soldier piles must be designed to carry the bending stresses 

between tiebacks or struts , and the vertical load resulting from any 

down-angle tieback anchors .  The s tresses can b e  calculated from the 

apparent earth pressure diagrams for the appropriate conditions . From a 

soil standpoin t ,  the soldier pile must be capable of lateral s tability 

below the lowest tieback or s trut level and possess adequate vertical 

capacity . 

Soldier piles may be designed to resist vertical loads using an allowable 

friction on the concreted surface of 1. 0 kips per square foot (ksf) and a 

maximum allowable end-bearing resistance of 30 ksf. These values include a 

factor o f  safety of at least 2 . 0 .  

feet is recommended. 

A minimum soldier pile embedment of 6 

Embedment depth o f  soldier pile below final excavation level must be 

designed to provide adequate lateral or "kick-out" resistance to horizontal 

loads below the lowest strut or tieback level, or the entire wall for a 

cantilever design. For design, the lateral resistance may be computed on 

the basis o f  the passive resistance computed using an equivalent fluid 

weight of 400 pcf above elevation 305 feet and 200 pcf below acting over 

twice the diameter of the concreted soldier pile section or the p ile 

spacing, whichever is less . The passive pressure value has been derived 

using a factor of safety of 1 . 5 . 

The installation of soldier piles may be complicated by the presence o f  wet 

sandy zones within the upper soils and any portions below the water table. 

These materials could cave during installation. The contractor should b e  

prepared t o  case the holes i f  necessary . I t  i s  likely that casing will be 

required below elevation 305 feet . The actual conditions and necess ity for 

casing the holes should be determined in the field . The soldier pile holes 

should be as free as possible from water during placement of concrete .  If 
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concrete placement i s  required under water, the concrete mix should be 

properly designed for such conditions and should be tremied into place. 

Cobbles and occasional boulders are o ften present in the glacial till 

soils . Large cobbles or boulders may present d if ficulties for ins tallation 

of soldier piles or  tiebacks . If drilling obstructions are enc ountered it 

may be necessary to relocate the shaft o r  break up and remove the 

obstruction. 

-Lagging 

The necessity of lagging between the soldier piles depends on the nature of 

the soil, the presence of groundwater, and the size and spacing of the 

soldier piles . Installation of lagging may also be subject to government 

regulations . It has been our experience that some form of lagging or other 

substantial protection of the excavation face will be required by the City 

adjacent to city s treets , regardless o f  soil conditions . 

lagging will be required in the fill and silty sand soils. 

At this site, 

The need for 

lagging in the till can be determined at the time of excavation. Prompt 

and careful installation of lagging will reduce potential s palling or 

caving in loose and gravelly areas . The requireme"nts for lagging should be 

made the responsibility of the shoring subcontractor to prevent soil 

failure, s loughing, and loss o f  ground , and to provide safe working 

conditions . 

backf illed . 

We recommend voids b etween the lagging and s oil be 

However, the backfill should not allow potential hydrostatic 

pressure buildup behind the wall. Drainage behind the wall must be 

maintained. A permeable grout or sand s lurry may be considered . 

Because o f  soil arching between soldier piles , a reduced lateral pressure 

could be used for design o f  lagging. Experience suggests that about 30 

percent o f  the lateral soil pressure uniformly distributed over the width 

o f  the lagging may be appropriate where the free space between the 

concreted soldier pile section is three diameters of  les s .  If the clear 

space is greater than three soldier pile diameters , the lagging should be 
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designed for about 50 percent o f  the design lateral pressures. Lagging 4 

inches thick or less should b e  suff icient to provide the necessary support .  

In areas where soil will b e  open cut above the top o f  the wall, it is 

recommended that lagging or s ome o ther type of protection be extended at 

least one foot above the top of  the wall. This is to prevent loose 

material or slough from the cut slope from rolling into the excavation . 

-Criteria for Bracing or Supports 

Lateral loads on shoring walls may be resisted by installing internal 

s truts o r  braces or external tieback anchors . Struts are commonly 

installed at angles to transfer the wall loads to small footings at the 

base o f  the excavation. The footings may be designed either as V-shaped 

wedges or with a typical horizontal bearing surface .  Construction and 

design o f  these footings is similar to the conventional building 

foundations. 

For a horizontal bearing surface, the maximum allowable s o il pressure is 

6 , 000 psf f o r  footings a minimum of 2 feet wide and 2 feet deep. In 

addition, passive resistance on the side of the ·footing may be used with 

values as discussed in the previous sections . A third component, fric tion 

on the base of the footing may be estimated using an allowable coefficient 

o f  friction o f  0 . 35 . 

For V-shaped footings the maximum allowable soil pressure is a function of 

the depth o f  the bearing surface and the width. If the ratio o f  depth to 

width is about zero (little or no embedment )  the allowable pressure is 

estimated to be 400 times the footing width (in feet) in pounds per square 

foot (psf) . If the depth of embedment is about the same as the footing 

width a value of 1 , 300 times the footing width (in feet) in psf could b e  

assumed. A friction component on the other side of the V may also b e  

included. 
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Tieback anchors must be fully located a sufficient dis tance behind the wall 

to develop resistance within a stable soil mass .  This "no load" zone is 

approximately defined by a line inclined at 600 up from the horizontal 

extending from the base of the excavation to the ground surface . To 

provide a safety factor , the line is set back behind the wall a distance of  

the excavation height divided by 4 .  

The anchor loads are transferred to the soil through friction along the 

shaft .  The length of the anchor sec tion required may be approximated using 

an allowable soil-anchor friction of 1 .  5 ksf above elevation 305 feet and 

1 . 0  ksf below. We recommend all tieback anchors have a minimum length of 8 

feet beyond the no load zone . 

These recommended anchor design values include a factor of  safety of at 

least 2 . 0 ,  considered standard geotechnical practice . This factor o f  

safety would provide for a reasonable additional load capacity should an 

unforeseen increase in unit soil load develop because o f  irregularities 

that can occur during installation of the anchor . The ultimate frictional 

resis tance should be verified through field tests  as subsequently discus sed. 

In order to allow for latitude in methods of installation, we recommend 

that selection of the materials and the installation t echnique be left to 

the shoring subcontractor . The anchor holes should be drilled in a manner 

which will minimize loss o f  ground and not disturb previously installed 

anchors .  During the drilling, wet or saturated zones may be encountered, 

and caving could occur . Drilling with a continuous-flight auger or a 

casing (under extreme conditions) would reduce the potential for loss of  

ground . The shoring subcontractor should particularly note the presence of  

existing facilities adjacent to the proj e c t  site , including buried 

utilities and foundations , as these may affect the location or extent of  

the anchor holes .  The design for anchor locations , capacities , and related 

criteria , should be reviewed by Hart Crowser prior to implementation. In 

addition, the selected tieback anchor installation should be subject to 

performance testing by field anchor tests and proof loading . 
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We recommend that concrete be placed in the drilled tieback anchor hole by 

tremie methods such as pump ing through a hose placed in the bottom of the 

hole or pump ing through the center of a continuous-flight auger. In this 

way , the grout is forced up through the anchor zone under some pressur e ,  

with the resulting anchor more likely to be continuous . The grout should 

not be placed into the anchor zone by simple gravity methods such as 

flowing down a chute . 

All tieback holes within the non-stable soil zone (no load zone) should be 

backf illed . The sole purpose of  the backfill is to prevent possible 

collapse of the holes , loss of ground , and s urface subsidenc e .  We 

recommend that the backfill consist of sand , a sand-po zzolan-water mixture , 

or equivalent non-cohesive mixture . A sand-cement grout could be utilized 

only if some acceptable form of bond breaker ( s uch as plastic sheathing) is 

applied to the tie rods within the no load zone . 

-Testing of  Supports 

Tieback anchor design and installation can be tested using production and 

performance tests outlined in this section. Such testing is not convenient 

for s truts . It is recommended , however , that s ttuts be j acked into place 

to load magnitudes approximately equal to the design load . A key to 

successful performance of a strut will be the proper preparation and 

construction of the supporting footing on f irm, undisturbed soil. 

The unit friction resis tance to be used in design of tieback anchors shall 

be verified under controlled test conditions . The shoring subcontractor 

shall be required to complete verification tests  of  200 percent of  design 

stress prior to installation of any production anchors in a soil type . At 

least two successful tests must be completed for anchors in a particular 

soil type with successful tests completed on a total of 5 percent of the 

anchors through the course of the proj e c t .  

The verification tests shall measure anchor s tress and displacement 

incrementally to a value of unit skin friction of 200 percent of the design 
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stre s s .  The anchor shall be loaded in increments of  about 20 percent of 

the design load with each increment held without significant movement . 

During the holding perio d ,  the displacement will be read at approximately 

1 ,  2 ,  4 ,  8 ,  15 and 30 minutes.  All measurements o f  movement s hall be 

obtained with a transit and a scale accurate to within 0 . 0 1  inch. 

Tests shall be performed without backfill ahead of the anchor to avoid any 

resistance contributed by t he backfill. If it is necessary to place 

backfill to prevent caving, the subcontractor shall take necessary steps so 

that load transfer does not occur within the backfill. For proper 

interpretation of the test results , the length of the anchor z one must be 

verified through direct measurement , rather than estimated during grouting. 

An anchor performance verification test shall be deemed successful if the 

anchor exhibits neither excessive movement nor excessive creep . The 

relationship between the anchor s tress and movement over the entire 200 

percent s tress range shall be approximately linear . If  movements greater 

than about 0 . 04 inch are observed under constant load during the 

incremental holding period the holding should continue . The t e s  t should 

not be discontinued until all incremental and final movement s  are within 

acceptable limits . In addition, the rate of  movement during the thirty 

minute hold period at the 200 percent stress level shall not exceed 0 . 08 

inch per log cycle of  time . If  this rate . is exceeded, a new thirty minute 

hold period should begin. 

Following verification of the anchor design, each production anchor shall 

be proof-loaded to 130 percent o f  the design load . The anchor shall be 

loaded in increments of  approximately 25 percent of the design load , with 

each increment held for a sufficient period to obtain a stable displacement 

reading. The 130 percent proof load shall be maintained for at least five 

minutes with displacements noted at 0 . 5 ,  1 ,  2 ,  and 5 minut e s .  Measurements 

of movement shall be obtained with a trans it and a scale accurat e  to 0 . 0 1  

inch. Following proof loading, the anchor shall be locked o f f  at 8 0  to 100 

percent of design loading . 
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A production anchor shall be considered acceptable if t.otal movements are 

less than 3 inches and movements during the 5-minute hold period do not 

exceed 0 . 08 inch p er log cycle of time (i . e. , from 0 . 5  to 5 minutes ) . 

Movements in excess of 1 2  inches are considered indicative of failure and 

require anchor replacemen t .  Movement s  between 3 and 1 2  inches are signs of  

deficienc ies in the installation . Acceptance or rej ection of these anchors 

is at the discretion of the engineer . 

-Shoring Monitoring 

Any time an excavation is made below the level o f  existing s treets ,  

utilities , o r  other structures , there is a risk o f  damage even if a 

well-designed s horing system has been planned. We recommend, therefore,  

that a sys tematic program of observations be conducted during the proj ect 

construction to delineate t he effects of  construction on adj acent 

facilities and structures . We believe that such a program is necessary for 

two reasons . First ,  if excessive movement is detected sufficiently early , 

it  may be poss ible to undertake remedial measures which could prevent 

serious damage to existing facilities or structures . Second, t he 

responsibility for damage may be established more equitably if the cause 

and extent of the damage are better defined. 

The monitoring program s hould include measurements o f  the horizontal and 

vertical movements o f :  1) the surface o f  the adj acent street s ,  2 )  t he 

adj acent s tructures on the south and west side of the excavation, and 3) 

t he shoring system itself . A reference line should be established adj acent 

to the excavation at a horizontal distance back from the excavation face o f  

about H, where H i s  the final excavation height . Monitoring o f  the shoring 

system should include measurements of vertical and horizontal movements at 

the top o f  each soldier pile o r  at intermittent intervals as considered 

appropriate by t he geotechnical engineer . 

The measuring system used for shoring monitoring should have an accuracy of 

at  least 0 . 0 1  foot . All reference 'po ints on the existing ground surface 

should be installed and read prior to commencing the excavation. 
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Subsequent points at depth along the shoring wall should be installed and 

read as soon as poss ible during excavation . All reference points should be 

read prior to and during critical stages of  construction. The frequency of 

readings will depend on the results of previous readings and the rate of 

construction. As a minimum, readings should be taken about once a week 

throughout construction until the basement walls are completed . More 

frequent readings may be required at critical times during construction or 

if s ignificant movement is indicated. 

the geotechnical engineer . 

All readings should be reviewed by 

In addition to the monitoring program described above,  we recommend that 

the owner or his representative make a complete inspection of all pavements 

and s tructures and o t her facilities adj acent to the proj ect site.  This 

inspection should be directed toward detec t ing any s igns o f  damage, 

particularly those caused by settlement . Notes should be made and pictures 

taken where necessary . Likewise, the contractor and the s horing 

s ubcontractor should be familiar with the exis ting site conditions . They 

should be allowed to review the data obtained by the owner and may also 

choose to complete a s urvey . Regardless ,  t he contract should c learly 

define the responsibilities of the owner , contractor , and s horing 

subcontractor in making inspections , reviewing dat a ,  and repairing possible 

damage .  

Foundation Design 

Spread f oundation support may be used for design o f  all areas o f  the 

building . In general ,  dense to very dense till or silty sand is expected 

at the proposed footing elevations . The footings must bear on undisturbed 

soil surf aces . Should disturbance occur during excavation , the footing 

excavation s hould be extended until dense, undisturbed material is 

reached . The overexcavated area could then be backfilled with either 

s tructural concrete o r  lean mix concrete. In those areas where glacial 

t ill i s  expected to be encountered at the bearing level, dist urbance is 

less likely . However in the areas of  the s ilty sand , movement o f  

construction equipment , o r  excessive foot traffic could result in some 
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loosening of the exposed soil . All footing excavations should be observed 

by the geotechnical engineer prior to placement of reinforcing steel and 

concrete. 

We recommend the footings be designed using a maximum allowable soil 

bearing pressure of 1 0 , 000 p s f .  This bearing pressure would be appropriate 

for either the dense undis turbed silty sand or the glacial till soils . If  

the s tructural design requires that a higher value be used , one could be 

provided for the till soils . The use o f  1 0 , 000 psf is appropriate for 

footings with a minimum width of 4 feet . For footings smaller than 4 feet 

wide, a maximum allowable pressure of 6 , 000 psf should be used. 

Thes e recommended allowable soil bearing pressures are appropriate for a 

combination of dead loads plus frequently applied live loads . For short 

duration and infrequently applied live load s ,  such as seismic load s ,  the 

allowable soil bearing pressure may be increased by one-third. For 

individual and continuous spread footings we recommend a minimum width " f  

2 4  inches . The bottom of all footings should be embedded a minimum of 18 

inches below the lowest adj acent f inished grade. 

Lateral loads applied to the footings and foundation walls could be 

resisted by a combination o f  passive r esistance and frictional sliding 

resistance. The appropriate design values for estimation of these 

resisting forces are the same a s  given in the shoring section o f  this 

report . The allowable friction on the base o f  footings can be estimated 

using a fric t ion factor of 0 . 35.  Passive resistance can be estimated using 

equivalent fluid weights of 400 pounds per cubic foot (pcf) above elevation 

305 feet and 200 pcf below . A factor o f  safety o f  about 1 . 5  has been 

incorporated into thes e allowable values . 

Total settlements are estimated to be on the order of 3/4 to 1- 1 /4 inches . 

Differential settlements between adj acent footings or across the building 

area will range from 1 / 2  to 3/4 inch.  Because the site soils are elastic 

in nature, we expect most of  the settlement to occur during and shortly 

after construction. Disturbance of the foundation bas e  during excavation 
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or subgrade preparation could result in larger sett lements of  the shallow 

foundation due to the loosening effect on the soil . We therefore recommend 

that areas loosened or disturbed during sub grade preparation or excavation 

be hand cleaned , if necessary , to remove the loosened soil prior to 

concrete placement . 

Lateral Earth Pressures on Permanent Basement Walls 

For backfilled basement walls or foundation walls backfilled on one side 

only , lateral soil pressures will be a function of the ac tive or at-rest 

conditions depending on the amount of lateral movement permitted at the top 

of the wall during backfilling operations . If backfilled walls are free to 

yield at the top a distance of at least 0 . 0 0 1  times the height of  the wall 

during backfilling , soil pressures would be in an active condition . If the 

movement is limited by stiffness or by construction of a structural floor 

network prior to backfilling, an at-rest conditions should be assumed . 

Based on s o il backfill and compaction criteria given in a subs equent 

section, we recommend that an equivalent f luid pressure of 35 pcf or 5 5  pcf 

be used for yielding (active) or non-yielding (at-rest) walls , 

respectively . To reduce the potential for buildup of lateral earth 

pressures in excess of the above design pres s ures , overcompac t ion o f  the 

fill behind the wall should be avoided . This can be accomplished by 

placing the backfill within 1 8  inches of  the wall in lifts not exceeding 6 

inches in loose thickness and compacting with hand operated or small self 

propelled equipment . 

For basement or foundation walls poured flush against the in-place shored 

walls , the lateral soil pressures will be a function of the final 

backfilled height of the soil adj acent to the wal l .  Equivalent fluid 

pressures of  35 pcf or 55 pcf for active o r  at-rest conditions , 

respectively , should be used for the portion o f  the wall which is 

backf illed , s uch as that area which has been previously open c ut .  The 

portion below the open cut area, may be designed using reduced equivalent 

f luid pressures to represent the intact soil conditions . Values of  30 p c f  



! 

1 
I 

J-207 1  
Page 2 7  

or 45 pcf may b e  used for active or at-rest conditions , respectively , in 

the previously shored portions of  the wall. 

For a multiple supported system, the . applied pressures for the permanent 

design of the wall may be the same as those as sumed during shoring , if the 

pattern o f  floor spacing is similar to the spacing used for the shoring 

support . If  significant differences exis t between the spacing of the 

s horing support and the floor network, a triangular distribution of 

pressure s hould be assumed for design o f  this wall , u s ing the criteria 

given in the preceding paragraph. 

The preceding lateral earth pressure recommendations are based on 

horizontal backfill, utilizing granular soil for backfill, and no buildup 

o f  hydrostatic pressures behind the wall. The effects o f  surcharge , such 

as traffic or floor loads , should also be included . For a uniformly 

distributed load behind the wall , a corresponding uniformly distributed 

pre s sure equal to 35 percent or 50 percent o f  the surcharge s hould be added 

to t he lateral soil pressure for yielding or non-yielding walls , 

respect ively .  

Slab-on-Grade 

The lowes t  basement level may b e  constructed as slab-on-grade above a 

drainage layer placed on the dense or hard natural soils . Following 

excavation and footing construction it is likely that some loosening of the 

soil near the surface will have occurred . Loose areas s hould be 

recompacted to provide a dense , non-yielding surface . I f  structural fill 

is required to bring the surface to the desired final grade , it s hould be 

placed in accordance with the provisions given in the s tructural fill 

section of this report . 

All s labs-on-grade should be underlain directly by a drainage layer at 

least 6 inches thick. This layer should consist of well graded sand and 

gravel with a fines (soils smaller then the U . S .  No . 200 s ieve) content of 

less t han 3 percent by weight . This layer serves as a capillary break and 
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drainage layer and is intended to reduce the potential for buildup of 

hydrostatic pressures beneath the slab and envelop the recommended subs lab 

drains as discussed in a subsequent section. 

Structural Fill 

All fill placed beneath slab-on-grade, or behind basement walls should be 

placed as s tructural f ill . The structural f ill should be placed in lifts 

not exceeding 8 inches loose thickness and should be thoroughly compacted 

to at least 95 percent of  the modified Proctor maximum dry density as 

det ermined by the ASTM D 1 5 57 test procedure. The moisture content during 

compaction s hould be controlled within 2 percent o f  optimum moisture. 

Optimum moisture is t he water content which results in the highes t 

compacted dry density . It  is recommended that a representative o f  our firm 

be present during placement to monitor filling and perform field density 

t ests . 

Prerequisite to fill control is the determination of the compaction 

characteristics from representative samples . Samples should be obtained 

from either the excavated on site natural soils or a borrow area as soon as 

work begins . The s tudy o f  the compaction charact eristics should include 

determination of optimum and natural moisture contents of these soils at 

the time of placement . The suitability of  excavated site soils or imported 

soils for compacted structural fill would depend on t he gradation and 

moisture content o f  the soil when it is placed . We recommend all 

structural fill material cons ist of  well graded sand or sand and gravel 

with a low fines content . As the amount of fines increases , the soil 

become increasingly sensitive to small changes in moisture content and 

adequate compaction becomes more difficult to achieve . Soils containing 

more t han about 5 percent fines cannot be consistently compacted to a 

non-yielding conditions when the water content is s ignificantly above or 

below optimum. The fines content should be limited to less then 5 p ercent 

(based by weight on the minus 3/4-inch fraction using the wet sieve 

analysiS) if placed during periods of wet weather . Fill within 6 inches of  

slab-on-grade, 1 8  inches of  backfilled sub grade walls , and around all 
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drains must be well graded with a fines content of less then 3 percent . 

This material is ref erred to as drainage f i l l .  

The existing s ite soils consist o f  silty , medium t o  fine sand , and very 

silty , gravelly sand . The fines content o f  the till soils is typically in 

the range o f  about 30 to 40 percent . The silty sand has less fines , 

typically less than 20 percent . These soils are considered moderately to 

highly moisture sensitive. The s ite soils appear suitable for use as fill 

only during extended dry weather periods that typically occur in the late 

summer months . It may be possible that some areas of  the silty sand would 

have a smaller fines content and could be placed as f ill . During wet 

weather construction, however, we recommend using imported fill consisting 

of free draining , well graded , sand and gravel containing less than 5 

percent f ines . Regardless o f  the source, material used as structural fill 

should be free o f  construction debris , organic material , and cobbles 

grea ter t han 6 inches in size. 

for use as drainage f ill . 

Construction Dewatering 

The existing site soils are not suitable 

In our opinion significant construction dewatering will not be required . 

Most o f  the area will be excavated to a level estimated to be some 1 5  feet 

above the groundwater table. However in the southwest corner o f  the 

proj ect ,  excavation will extend to depths at or near the estimated 

groundwater level of elevation · 305 feet . In t hose areas it  may b e  

necessary t o  provide some measure o f  dewat ering t o  the general excavation, 

or to individual footing excavations . The type of dewatering system which 

would be most appropriate depends on the drainage characteristics of the 

material encountered in this area. We have found the silty sand soils to 

be variable, with silt contents es timated to be as high as about 20 percent 

or low as less then 5 percent . The permeability or drainage 

characteristics of the materials is therefore also expected to be variable. 

It may be possible that installation o f  s umps and small pumps would b e  

sufficient t o  allow the excavation t o  maintained in a workable condition. 
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Deeper excavations s uch as those for individual f ootings , may require 

installation o f  "ell points to drain a confined area . We have estimated 

the p ermeability of the materials based on limited grain s ize data to be 

about 10-3 em/sec . We believe the contractor should be prepared to deal 

"ith "ater in all areas of the site, based on the presence o f  zones of  

"ater bearing material even "ithin the fill soils . 

It is recommended that the geot echnical engineer reevaluate the ground"ater 

conditions in the excavation in terms of  both temporary and permanent 

de"at ering systems "hen the excavation has progressed to the necessary 

levels .  

Permanent Drainage Considerations 

In those areas "here the s lab-on-grade "ill be at or near elevation 324 

feet , a c onventional permanent drainage system is appropriate. In the 

areas "here the lo"es t level "ould be nearer elevation 306 feet , a higher 

capacity system is required. 

In genera l ,  subslab drainage should be provided using a combination o f  

p erimeter and cross drains beneath slabs-on-grade. In addition, "e 

recommend drains be installed behind any backfilled sub grade "alls . The 

drain ("ith clean-out) should consist of 4-inch-diameter perforated pipe 

placed on a bed of and surrounded by 6 inches of  c lean (less than 3 percent 

fines ) , "ell graded sand and gravel. The drain should be sloped to carry 

the "ater to a sump or other suitable discharge location. The cross drains 

should be installed on about 40- to 50-foot centers and also surrounded by 

sand and gravel .  As previously mentioned all slabs should be underlain 

direc t ly everY"here by a 6-inch drainage layer and capillary break . 

Backfill within 1 8  inches of  any backfilled retaining or subgrade walls 

should consist of clean, free draining sand and gravel. This backfill 

should be continuous with and envelop the drains behind the wal l .  
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Permanent drainage behind basement walls constructed flush against shoring 

walls can be provided using a manufactured drainage medium such as 

miradrain. Such a material s hould be attached directly to the lagging or 

soil .  A one-foot-wide s trip of  the drainage medium between each pair o f  

soldier piles should be sufficient . The drainage material should have a 

filter fabric between the drain and the lagging and should be covered on 

the back face to prevent concrete contamination . The drainage medium 

should b e  hydraulically connec ted to the drainage f ill which will be behind 

any backfilled wall areas abov e ,  and to the p erimeter or subs lab drainage 

sys tem below. 

We recommend perimeter drains be placed at the base of foundation walls 

constructed against shoring and that they be sloped to carry water away 

from the foundations to the collection system described previously. These 

drains should also consist of  minimum 4-inch-diameter perforated pipe . The 

drains should be hydraulically connected to the drainage fill and to the 

manufactured drainage medium behind the walls . 

In the deeper excavation area o f  the s i t e ,  it may be necessary to increase 

to the s ize of the subslab pipes drainage pipes from 4 inches to 6 inches . 

In addition a special discharge point or sump will probably be required in 

this area with a permanent pump to provide for the additional water 

quantities expected. 

considered in this area.  

A backup sump or pump system should also be 

Installation of the drainage system should be within any guidelines 

e s tablished by the s tructural engineer , architect , and owner ,  and should be 

reviewed by the geotechnical enginee r .  It  s hould be noted that the subslab 

and wall drainage recommendations are des igned to remove excess water and 

prevent a damaging buildup of hydrostatic pressure . 

systems may not result in a totally dry wall or slab . 

The recommended 

Surface runoff and roof drainage should not be allowed to infiltrate 

adjacent to the foundation walls . Pavement and sidewalks should be sloped 
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t o  drain away from the building and adequate runoff disposal should be 

provided . 

Seismic Design 

In 1983  Hart Crowser performed a study of the seismic design parameters for 

use at the linear accelerator facility located at the corner of  16th Avenue 

and E. Jefferson Street on the Providence campus .  Soil conditions at that 

location are similar to those at the east tower sit e .  While some advances 

in the s tate-of-the-practice have occurred since comple tion of that study , 

our review of the design assumptions and procedures sugge sts that 

s ignificant changes in the conclusions and recommendations are not 

appropriate . 

We therefore recommend that those previously developed results be used for 

this proj ect,  to the degree required by the s tructural design. The results 

o f  that s tudy have been given to the s tructural enginee r ,  and may b e  

obtained b y  others through Hart Crowse r .  

RECOMMENDATIONS FOR ADDITIONAL SERVICES 

As the design process continues , additional geotechnical services should be 

provided by Hart Crowser as needed. We would be available to address all 

aspects of the geotechnical design and construction. It is recommended 

that Hart Crowser be provided the opportunity for a general review of the 

final foundat ion design plans and specifications in order that the 

geotechnical engineering recommendations may be properly interpreted and 

implemented in the design and specifications. 

As the design continues it is expected that Hart Crowser will need to 

provide additional input on the design of sub grade walls to resist 

surcharge pressures from adj acent facilities and footings , and design of 

underpinning , if  needed. These requirements will be established by the 

structural engineer as the design process continues and more information 

becomes available . In addition, it is expected that geotechnical input 
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will be required when more information becomes available on the existence , 

des ign , and plans for an existing well located near the southwes t  corner of  

the proj e c t .  We will be available to meet with the o ther design 

consultants and with the owner to review the various requirements and 

changing design as they effect the geotechnical aspects of the proj ect . 

We also recommend that Hart Crowser continue to provide geotechnical 

engineering services during the excavation and foundation construction 

phases of  the proj ect . This would include observations and review of 1)  

excavation and installation o f  shorin g ;  2) foundation construction to 

verify the nature o f  the bearing soils prior to placing concrete ;  3) 

assessment of the suitability of on site  or imported soils f or use as 

s tructural backf ill ; 4) slab-on-grade areas including surface preparation 

and p lacement and compaction of structural f ill; 5) subslab and wall 

drainage provis ions ; and 6) other geotechnical considerations which may 

arise during the course of construction. 

The purpose of these observations are to observe compliance with the design 

concepts ,  specifications , or recommendations and to allow design changes 

for evaluation o f  appropriate construction measures in the event that 

subsurface conditions differ from those anticipated prior to the s tart of  

cons truction . 

HART CROWSER, INC . 

DAVID G .  WINTER, P . E .  

Senior Proj ect Engineer 

DGW : stk 


































