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Mr. Mark Hunter 
Construction/Capital Projects. M anagElr 
777 N.E. Martin Luther King Jr. Bo.ulevard 
Portl,md, Or€lg0n 97232 

Dear Mr. Hunter: 

RE: CONSULTATION 

Ans'd •••••••••••• 

METROPOLITAN EXPOSITION CENTER EXPANSION 
PORTLAND, OREGON 

AGRA Earth & Environmental, Inc. 
7477SW Tech Center Drive 
Portland, Oregon 
U.S.A. 97223·8025 
Tel (/503) 639·3400 
Pax (503) 620•7892 

This. letter has been prepared to present additional re.commendations for the subject project-and 
to clarify prEJvious recommendations for overeXct\vation cif existing fill soils. AGRA Earth .& 
Environmental, lrto. (AEErs geotechnical r.eport-of March 15, W96 recommended that three feet 
of existing fill soil be exc;,.vated and reconipt\cted prior · to site development This 
recommendation was ba.sed on the assumption that tha new site. elevations would not be · 
substantially different from ex1sting eJevat.ions. A review of preliminary grading plans for the 
project indicates that fills on ·the order of 2.5 to '3.5 feet will be placed over portions of the site. 
The three-foot-thick section of compiwted soil is intended to provide firm soil support for the 
exposition center concrete slab. It is our opinion that the three-foot-thic~ i,ection of compacted 

· soil may come from imported fill soil, r1,compacted existing fill soil, or combin.aflons. of the two that 
result in a compacted fill section having a thickness of three feet .Areas ofihe exposition C'3nter 
building that will be increased 'in elevation three or more feet above extsting elevations should 
have the. grass. stripped off, the exposed ground surface scarified and compacted, and irnport fiil 
soil placed and compactedto finish grade elevations. 

Within the pavement areas it is recommended that the upper one foot of subgrade soil be 
compacted per the recommendations. of.our report. Therefore, pavement areas Which will receive 
one or mote feet of import fill soil should have the grass stripped off and soil surface compacted 
as discussed above. As presented in our report, automobile parking pavement sections should 
consist of2 inches of asphaltconcrete underlain by7 inches Of base While driveway areas should 
consist of 3 inches of asphalt concrete- underlain by 9 inches of bas.e, 

As discussed within our report of March 15, 199El it Is recommended that the exposition center 
building be supported on pile foundations. Discussions with represenlatives of KPFF Consulting 
Engineers indicate that additional columns will be located outside of the main building footprint 
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and will support the entrance foyer area and meeting rooms east of the exposition center. Two 
foundation alternatives are available for these. footings. The first alternative would consist of 
placing these foundations. on piles per the recommendations of the previous report. The second 
alternative would consist of completely removing the existing fill soils within the area of the 
proposed footings and recompacting the soil as structural fill. This would require overexcavation 
of approximately$ feet below the existing ground surface. Placement and compaction of fill soils 
should. be in accordance with the recommendations contained in our March 15, 1996 report. 
Spread footings could then be used to support these columns. Spread footings should have a 
minimum width of 18 inches and be founded at least 1.8 inches below lowest adjacent soil 
subgrade. Footings with the above minimum dimen.sions may be dElt,igned for an allowable soil 
bearing pressure of 2,000 psf. A one0third increase may be assumed for transient wind or 
seismic loads, Lateral pressures may be resisted by a passive earth pressure equivalent fluid 
weight of300 pcf and a friction factor of 0,3. 

Continuous footings may be used to support the loading dock walls at the west end of the 
exposition. center. Continuous footings should have a minimum width of 18 inches and be 
founded at least 18 inches below lowest adjacent subgrade. An allowable. bearing pressure. of 
1500 psf is recomrnended for the continuous footings. 

Pile foundation recommendations were presented in our report of March 15, 1996. At that tirne 
maximum pile lengths were estimated to he on the order of 100 feet and allowable pile loads 
were developed for these. pile lengths. Discussions with the project contraotor and structural 
engineer indicate that it will be more economical to utilize longer piles with higher pile capacities. 
Dense gravels were encountered during our geotechnical investigation at a depth of 
approximately 115 feet below the existing ground surface. Pipe piles having a minimum diameter 
of 12 inches may be designed for an allowable axial load of 120 tons if driven into the dense 
gravels at a depth of approximately 115 feet. The actual depth will depend on pile driving criteria 
developed from the pile contractors equipment. 

It is recommended that the travel pathway that Will be used by the crane to set the trusses for the 
exposition building receive. at least 12 inches of pit run quarry rock (6· to 8-inch. maximum .size 
with no more than 5% by weiQhtpassing a No. 200 sieve). After placement, the rock should be 
compacted by a minimum of four complete passes with a moderately heavy steel drum roller. 
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If you have any questions regarding this letter or desire further information, please contact the . . 

undersigned at your convenience. 

Sincerely, 

AGRA Earth & Environmental, Inc. 

CL,w_o4~ 
A. Wesley Span~: ~h:{:" P.E. 
Associate 

AWS/klp 

c Mr. Nathan Charltc;m, KPFF Consulting l=ngineers 
Mr. John Blumethal, Yost Grube Hall Architects 
Mr. Dave Garske, Hoffman. Construction 
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March 15, 1996 
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Mr. Mark Hunter 
Construction/Capital Projects Manager 
Metropolitan Exposition-Recreation Commission 
777 N. E .. Martin Luther King Jr. Boulevard 
Portland, Oregon 97232 

Dear Mr. Hunter: 

RE: GEOTECHNICAL INVESTIGATION 
METROPOLITAN EXPOSITION CENTER .EXPANSION 
PORTLAND, OREGON 

f\GRA Earth & Environmental, Inc. 
7477 SW Tech Center Drive 
Portland, Oregon 
U.S.A. 97223-8025 
Tel (503) 639-3400 
F ax(503) 620-7892 

In accordance with your authorization and our proposal dated February 9, 1996, AGRA Earth 
& Environmental, Inc. (AEE:L is pleased to present this geotechnical investigation for the 
proposed Metropolitan Exposition Genter Expansion in Portland, Oregon. As discussed, within 
this report, it is recommended that the building columns be supported on deep foundations. 
We appreciate the opportunity to assist you -and look forward to cOntin.ued involvement on 
this and other projects. 

If you have llny questions regarding thi$ report or c:l.tJsire further information, pleas¢ c:ontact 
the LJndersigned at (503) 639-3400 at yoLJr convenience. 

Sincerely, 

AGRA Earth & Environmental, Inc . 

. a.w4,'.~ 
A. Wesley S~g, Ph.D., ;t.. 
Associate 

AWS/skh 

c Mr. Art Johnson, KPFF Consulting Engineers 
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It.is the opinlcin of AGRA Ea.rth .& Environmental, Inc. (AEE), based ·on the results of our 
investigation, that the site is .geote.chnically suitable for the proposed construction. Key 
geotechnical design items are summarized below, and are discussed in greater detail in the 
following sections of this report. 

SOILS: The project site is covered by a fHI of silty gravel, building rubble, concrete etc. to .a 
depth of approximately 7 .5 to 8 feet, These materials are underlain by dredge fill m1Jt.erials 
composed of silty sand to sandy silts; Soft to medium stiff sandy silts, sllty sands, and silty 
clays un.derlie the dredge soils to a depth of approximately 113 to 116 feet where gravels 
were epcountered. Groundwater was interpreted at a depth of 15 to 17 feet based on the. 
CPT piezocone soundings data. 

Stripping Depths: The majoritY of the project site is covered with previously placed fill soils 
to a depth of 7.5. to 8 feet. It.is recommended that the top 3 feet of existing fill materials be. 
overexcavated and recompacted as structural fill tb provide uniform soil support for the .,, 
concrete floor slab, 

Fills: .Existing soils can be LJsed fo'r fill m(lterial provided they are free of organic~, debris., or 
other deleterious material and can be adequately dried and compacted. Signiricant fills are 
not anticipated due to the reletiveiy flat topography of the site. 

Foundations:' Building column ioads will need to .be supported on deep foundations to provide 
satisfactory foundation support. 

Seismlc Design: A site•specific seismic study was performed for the project .site. It is 
recommended that the seismic design of the buildin9 incorporate a site soil coeffici.ent of S3. 

The preceding svmmary is intend Eld for introductory and reference use only. This report 
should be read in its· entirety in o.rder to understa11d the details end basis of the 
recommendations. 

@ AGRA 
Earth & Environmental 
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This report presents the re.suits of a geotechnical investigation prepared by AG.RA Earth & 
Environmental, Inc. (AEE), for the proposed eicpan$lon of t!'Je Metropolitan Exposition Center 
in Portland, Oregon. The project location is shown on th.e Site. Location Map, Figure 1, The 
purpose of put study wes to characterize subsurface. soil conditions within the. proposed 
building location and provide geotechnical eng. ineering design criteria for the project. The 
scopi;i of our field. work consisted of advancing two exploratory borings and four cone 
penetration soundings {CPT) at the approximate locations shown in the Site And Exploration 
Plan, Figure 2. Additionally, six pre-bored pressuremeter tests {PM:f) were piarformed in one 
of.the borings to assist In foundation design. Logs of the exploratory borings, CPT Soundings 
•and PMT test results are presented in Appendix A. La\:>oratory test results of $elect!')d soil 
samples are presented in Appendix B. 

This study has been accomplished in accordanc1;i With generally accepted geotechnical 
engineering practices for the exclusive use of the Metropolitan Exposltion-Hecreation 
Commission an.d the.ir agents for specific application to. the a\:>ove described project. ' . . ' . . . . 

2.0 SITE AND PROJECT DESCRIPTION 

Thi;, site is locat.ed Within the Multnomah County Fairgrounds a·nd Exposition Center in 
Portland, Or.egon; Thia Exposition Center property is fronted by North Marine Drive and North 
Broad bare Street to the north and south, respectively, and by North Force Avenue ar\d 1°5 to 
the west and. east, respectively, It is understood that the proposed Exposition Center 
expansion will consist of constructing a steel-framed, clear span Exhibition Building 
approximately 340 feet by 360 feet in dimension located adjacent to and south of the eJdsting 
South Hall. Discussions With the structural engineer {KPFF Consulting Engineers) indicate that 
the maximum column .loads are on the order of 600 kips, The building will be a "Special 
Occupancy Structure" per ORS 455.447. Minimal fills are anticipated to raise the sjte. to that 
ofthe existing South Hall floor el!')(.ration. Construction of parking areas, utilities, landscaping 
areas etc. are also anticipated for project development. 

3.0 GEOLOGIC $1::TTING 

The Multnomah County Exposition Center is located in North Portland between the North 
Portland Harbor Oregon Slough to the north and the Colunibia Slough to the south, The 
subsurface materials within the general area consist of fines to coarse-grained alluvium 
deposited by the Columbia River. The upper 10 to .20 feet of material is composed of 
dredged soils. Fill soils associated with construction activity are locally present. 

@ AGRA 
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Subsurface explorations were performed under the observation of a representative from AEE. 
The. following descriptions of the site soils are based on the results of the. borings, CPT 
soundings and PMT test results, .and a. review of available. geotechnical/geologic literature. 

Subsurface c.onditions. and Water Jevels at other location? may differ from the conditions at 
the. locations where testing ·Was conduc.ted. The passage of time may alsei. result in change:; 
in the conditions interpr!:)ted to exist at the locations where testing was conducted. .Based 
on.the results otthe subsurface.explotation the foliowing .soilconditions are Interpreted within 
the area of .the proposed exhibition hall.: 

FILL: The, majoriW of the project site is covered with previously placed fill soil consisting of 
silty gravel, building rubble, concr(Jte etc. to a depth of approximately 7 ,5 to 8.0 feet. The. 
central portion of the site is covered with saturated soil to a depth of 6 inches to 1 foot. This 

' ' 

area is also underlain by the same f.ill described above. Concrete. rubble was encountered at 
the base of the Jill. The. CPT soundings had to be predrilled through these fill materials. The 
presence of concrete, debris, and gravel in the fill may result in di,fficult pile installation 
operations near the ground surface. 

DREDGE FILL: Dredge fill soils were encountered Within the majoritv of the site below the fill 
layer. These soils con'sist primarily of silty sands to .s;mdy silts and extend to depths of 
approximately 1 Oto J 5 fet'Jt, Cone tip resistanc.es and SPT blowcounts indicate the dredge 
fill soil.s 'are moderately dense. 

SANDY SILTS AND .SILTY SANb,S: The dredge fill soils are underlain by soft to medium stiff 
sandy silts and silty s·ands. Basild on interpretation of the CPT soundings and borings logs, 
these materials extend to depths of apprqximately 55 to 60 feet and also from approximately 
80 to 114 feet. · Ahalysis . indicates that these solls are slightly preconsolidated 
(overconsolidation ratio between 1 to 2). 

CLAYEY SILT TO SILTY CLAY: Medium stiff to stiff, saturated, blue,to (Jray cl;'lyey sllt.s to 
silty clay Is present at a depth of approximately 60 to 80 feet below the> ground surface. 

DENSE GRAVEL.: Dense to vt'lry dense, J)'Oorly,gradeq gravel was encounter.ed ;:it a depth of 
ap. P. roximately., 114 fe:et. A review of the "Geqlogic Map of ,the Portland Quadrangle" prepared 
by the Ort'Jgon Department of Geology ,and Mineral lndus):ries (DOGAMI) indicates that the 
area Is underlain at depth by Columbia River basalt, 

5 .. 0 GROUNDWATER 

Interpretation ·of CPT piezooone sounding~ indicates a groundwater depth of 15 to 17 feet 
beloy,., the ground surface. However, it should be anticipated that perched groundwater maY 
occur during wet periods in variable and unpredictable locations. Typical locations would be 

@ AGRA 
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within interpedded silt layers, near landscaping areas, within ei<istlng utility tren·ches and in 
other similar locations where th.ere are variations in soil permeability. 

6,0 GEOTECHNICAL DESIGN RECOMMENDATIONS 

6,1 SITE PREPARATION 

Prior to beginning construction, all areas of the site that will receive buildings, pavement or 
till shoul_d be overexcavated to a minimum depth of 3 feet and recompacted as structural fill. 
·soft soils encountered in the central portion of the site should be excavated and removed. 
from the site. Isolated areas requiring deeper overexcavation and recompactiori may be 
encountered. One such area was encountered near the .location of .CPT P-1 .during our 
exploration program. The overexcava:ted material may be reused for strUctl.Jral fill lf it me_ets 
the requirements of Section 6.2. 

We have provided recommendations for _both wet weather and dry weather construction, If 
possible, it is recommendecl that th_e site be prepared during relatively dry ·weather, 

6. 1.1 Dry Weather Constructi_on 

h is recommended that all building, pavement and fill areas be overexcavated to a depth of 
_at least 3 feet apd reoompacted as structural fill. The structural fill Should meet the 
specifications provided in Sec_tion 6,2. Excavated material that consists of cpncrete, debris, 
and other deleterious material should be exported off site. Import fill .soils should consist of 
granular fill as described in Section 6 .2. Even dudng dry weather it is possible that some 
-areas of the exposed subgrade will become soft or will pump or weave. Any areas that 
cannot be effectively dried and/or compacted should be prepared in accordance with Section 
6.1.2, Wet Weather Construction. 

6.1.2 Wet Weather Construction 

During wet weather, or when adequate moistur_e control and/or proper compaction cannot be 
obtained, it may benecessary to install a granular working blan_ket to support construction 
equipment and provide a firm base on which to place subsequent fills, floor slabs and 
pavements. Commonly the working blanket consists of pit run quarry rook (six inch to eight 
inch maximum size with no more than 6% by weight passing a No. 200 sieve). We 
recommend that we be consulted to approve the material before installation. 

The working blanket should be installed on the excavated subgrade in a single lift with truoks 
end-.dumping .off an advancing pad of granular fill. After installation, the working blanket 
should be compacted by a minimum of four complete passes with a moderately heavy steel 
drum or grid roller. 

@ AGRA 
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The working blanket most provide a firm be.se for subsequent fill installation and compaction. 
It has been our expE3rierice that 12 to 18 inches of working pad is normally required, 
qepending on the gradation and angularity or the working pad material. This assurnes that 
the material is placed on a relatively undisturbed subgrade in accordance with the preceding 
recommendations, and that it is not subjected to frequent heavy construction traffic. A very 
conscientious contractor may be able to prepare the site without resulting in major subgrade 
disturbance. We .recommend a minimum 12-inch-thick granular working pad be installed in 
all areas where scarification and compaction of the subgrade is not able to be accomplished .. 

Areas used as ha1.1I routes for heavy construction equipment may require a working pad 
thickn·ess. of two feet or more during extremely wet we.ither. If particularly soft areas are 
encountered, approveo non-woven fabric. installed .on .the subgrade 1s r.ecommended before 
the pJacerrient ofro!;ik, If desired, we can provide you with sample specifications for the non. 
woven fabric. 1.t should be anticipated that excavations may encounter locally perched 
grounowatet during the-winter months. This water may occur at variable and unpredictable 
Jocation.s .. 

6.1.3 Proof-rolling 

Reg·ardless of whe.n the subgrade is prepared (I.e. wet Weather or dry weather), we 
recommend that prior to fill. placement or base course installation, the subgrade Or 1iranular 
working blanket be proof-rolled with a fullY-lOaded 10 to 12 yard ct!Jrnp truck. This pertains 
to all pavement ·an.ct Hoor slab areas. Any areas that pump, weave or appear so.ft and muddy 
should be overexcavated and backfilled with cornpacted granular fill. If a significant length 
of time passes betWe.en ¢omple.tion cJf fill piacement and cornmencement of construction 
operations, .or if signlficant traffic has !Jeen routed across the site, We recommend that the 
sit\3 be sjmiiarly pro-of-rolled i,gain before final placement o.r asphalt or concrete. · 

6.2 FILLS 

Any fills on this project should be installed .on a .subgrade that has been prepared In 
accordance with the recommendations in Section 6.1 of this report. Fills should be Installed 
in horizontal lifts not exceeding about eight inches in thickness, and should be compacted to 
at least 92% relative. compaction for silty soils and _95% for sands and gravels per ASTM 
D-1557. This criteria may-be redu.ced to .85% in non-structural landscaping or planter areas .. 

During dry weather; structural fills may consist of virtually any relatively well-graded soil that 
is free of debris, rubble, and organic matter and that can be compacted to the preceding 
specifications. It is anticipated that imported fill materials will be required due to the relatively 

' ' 

level topograplW of the site, We should be contacted to approve any proposed fill materials 
before iristall.ation. 

In order to ac.hieve adequate compaction during wet weather, we recommend that fills consist 
of well-graded granular soils (sand or sand and gravel) that do not contain more than 5 % 
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material by .weight passing the No. 200 sieve. In addition, it is usually desirable to limit this 
material to a maximum six inche.s in diameter for future ease in the installation of utilities. 

6.3 FLOOR SLABS 

Subgrades for floor slabs on grade sho.uld be prepared in accordance with Section 6.1, Site 
Preparation. It is recommended that all floor slab areas be proof-relied with a fully loaded 
dump truck. Any areas that pump, weave, or appear soft or muddy should be over-excavated 
and stabilized with compacted granular fill. Floor slab design thickness will be controlled by 
the subgrs1de soils in the building area. A layer of compacted crushed rook at le.est 6 inches 
thick should be installed over the .prepared subgrade to provide a capillary barrier and to 
provide a strong base to minimize subgrade disturbance during construction, This crushed 
roc.k material should be well-graded, angular, and contain no· more than 5% passing a No. 
200 sieve. 

It is anticipated that the majority of the floor slab will not receive moisture-sensitivl'l floor 
coverings. However, it .is recommended that an irnpermeable membrane (vapor barrier) be 
installed between the crushe<;l rot,k and the floor sf.ab in areas where floor moisture could be 
of concern. The purpose of the vapor barrier ·is ta reduce the migration of water vapor 
through the floor slab. Many glued down floorings, carpets, hardwood, and finishes are 
damaged by floor moisture .. Vapor barriers are commercially available from a number of 
suppliers. To maximize It's effectiveness, the membrane should be . .installed according to 
manufacture's recommendations. A thin layer of sand should be placed both below the 
ba.rrier to protect it from punctures during construction, and above the barrier ta reduce the 
potential for slab curling, cracking, and to improve curing. 

6,4 .RETAINING WALLS 

At this time,• it is our understanding that no retaining walls or basements 11re proposed. 
Should this chang·e, we :shoµld be contacted for additional recommendations. 

6.5 FOUNDATIONS 

6.5.1. General 

As previously discµssed, the site is underlain by compressible soils. Site .improvement 
techniques such as surcharging with fill soils, etc., are not anticipated to be feasibl.e due to 
the costs and time required. Therefore, it is recommended that the E)Xposition ceriter 
expansion building be .supported on a deep foundation system. It is i'lnticipated that steel pipe 
piles and concrete driven grout piles will be the most ec.onamical foµndation sy!3tern for tl')is 
project. AEE should be contacted if other pile types are to be considered, 

0 @ AGRA 
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Allowable axial pile capacities as a function of depth of embedment below the ground surface 
are presented in Figure 3. Pile capacities have been calculated for 14-inch driven grout piles 
and 12-inch steel pipe piles. Pile capacities are based on analyses utillzing the GPT sounding 
data .and PMTtest results. Pile uplift capacity may be. taken as 75 percl:!nt of the allowable 
downward axial loe-d. 

It is recommended that piles be designed with a center-to-center spacing. of at least :three pile 
diametets. Oriven grout piles should not be installed for a minimum of 24 'hours after the 
construction of an acljacent pile. Steel pipe piles should be drive_n closec:l•end to assist in 
demiificsition of the solls. during driving, Steel pipe piles should be filled with concrete ,:ifter 
ihstall,:itlon. 

A$ previously discussed the upper 7 to 8 feet of material contains building .debris,. rubble, 
concrete, etc, Difficult pile installation operations should be anticipated within this material. 
Predrilling or other means of excavating the material at the pile. locations may be needed to 
avoid damaging the piles during penetration of the upper fill materials. 

6.5.3 Lateral Loads 

Lateral lo,:ids on pile caps can be resisted by a combination ofthe lateral 1011.d cap,:icity of the 
pil(ls and paS$ive earth pressures against plle caps, The lateral load resistance of the pHes 
was determined based on the assumption that the piles will. be structurally connect13d to the 
pile caps such that thEl pHe head will be fixed against rotation. Additional assumptions include 
a minimum compressive strength of concrete of 4,000 psi and a steel pipe wall thickness of 
3/8 inch. Lateral loads were calculated using the PMT results as suggested by Briaud 11989) 
.and the computer pro.gram LPILE. Lateral load and moment diagrams are presented in Figures 
4 through 6. In addition to the lateral load resistance of the piles, a passive earth pressure 
may be assumed to act against the pile. caps and grade beams equivaient to a 2.50 pcf fluid 
pressure. 

6.6 SEISMIC HAZARD STUDY 

A site-specific Seismic hazard study was performed for th_e property in accordance with 
Section 2905 of the Oregon Structural Speeialty Code !OSSO). This amenclment requires tha,: 
sites which Will contain certaih structures (as defined by ORS 455.447) be investigated for 
susceptibility to seismic-induced geologic hazards. This section presents the results of our 
stucly and includes an evaluation of site ground shaking characteristics as well as other 
seismic-related hazards. 
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The seismicity of the Portland Metropolitan area, and hence the potential for ground shaking, 
is controlled by three separate fault mechanisms. These include the Cascadia SUbduction 
Zone (CSZ), th.e mid,depth intraplate zone, .and the relatively shallow cr1.1stal. zone. 
Descriptions of these potential earthquake sources are presented below. 

The Cascadia Subduction Zone is located offshore and extends from Northern California to 
British Colurnbia. Within this zone the oceanic Juan De Fuca Plate.is being subducted beneath 
the continental North American Plate to the. east. The interface between these two plates is 
located at a deptb of approximately i 5 to 20 kilometers. The seismicity of the CSZ is subject 
to several uncertainties, including the maximum earthquake magnltuae and the recurrence 
intervals associated with various magnitude earthquakes. Anecdotal evidence of previous 
CSZ earthquakes has been observed within coastal marshes along the Oregon coast (Peterson 
et. al., 1993). Sequences of interlayered peats and sands have been interpreted to be the 
result of large subduction zone earthquakes occurring at intervals on the order of 3.00 to 500 
years with the most recent event taking place approximately 300 years ago, A .recent study 
by Geomatrlx ( 1995) suggests that the maximum earthquake associated With the CSZ is 
moment magnitude' (Mw) 8 to 9. This is based on an empirical expression relating moment 
magnitude .to the area of fault rupture derived from earthquakes vyhic.h have occurred within 
subduction zones in other parts· of the world. A moment magnitude 9 earthquake would 
involve a rupture of the entire csz. As discl,lssed by Geomatrix (1995) this has not occurred 
in Other subduction zones which have exhibited much higher levels of hi.storical seismicity 
than the CSZ and is considered unlikely. For the purpose of this study an earthquake of . . . 

moment magnitude$.$ was assumed to occur within the Cascadia S1.1bduc:tion Zone. 

The intraplate zone encompasses the portion of the subducting Juan De Fuca Plate located 
at a depth of approximately 30 to 50 km below Western Oregon. Very loW -levels of 

· seismicity have been observed within the intraplate zone in Oregon. However, much higher 
!eve.ls of seisrriicity within this zone have been recorded.in Washington and California. Several 
r.easons for this seismic quiescence were s1.1ggested in the Geomatrix (l995) study arid 
include changes .in the direction of subd1.1ctlon betwe1:>n Oregon and British Columbia as well 
<JS the effects of volcanic activity along the Cascade Range. Historical activity associated 
With the intraplat<'i zone inclutfo th.e 1949 Olympia magnitude 7 .1 and the 1965 Puget Sound 
magnitude 6.5 earthquakes. Based. on the d.ata presented within the Geomatrix (1995) report 
an earthquake o.f magnitude 7 .25 has been chosen to represent the seismic potential of the 
intraplate zone. 

Moment magnitllde is used'by seismologists to measure larger' earthquakes and is based on fault disp!aciement and area 
of fault rupture. For-smaller earthquakes the moment magnitude ls approximately equal to the farnil,iar Richie, (or 
commonly called local) magnitUde (M1J, 
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The third source of seismicity that can result in ground shaking withln the greater P9rtland 
area is near-surface. crustal earthquakes occurring within the North American Pl.ate. The 
historical SEJismi9ity of crustal earthquakes in western Oregon is higher than th§) seismicity · 
associatEJd with the CSZ and the intraplate zone. The 199$ Scotts Mills (magnitude 5. 6) and 
Klammetth Falls (magnitude 6.0) earthquakes were crustal earthquakes. lndividua.1 faults or 
fault zones which have been mapped by th,i Oregon Department of Geo\9gy and Mineral 
Industries (1991) and Geomatrix (1995) within the near-vicinity 9f the site include the 
following: 

Fault System 

Portland Hills Fault Zone 
Bolton Fault 
Grant Butte, Damascus-Tickle 
Creek Fault Zone 
Helvetia !'ault 
L.acamas Creek Fault 
Sandy !=liver Fault 
Mount Angel Fault 
N,iwberg Fault 
Gales Creek Fault 

Approximate C.losest 
Distance I◊ Site fmilesl 

4 
20 

20 
11 
12.5 
18 
35 
26 
30 

Seismic and geologic parameters such as slip ri:rte.,. horizontal and vertical offset, .rupture 
length, and geologic age have not been determined for the majority of the above faults. This 
ls primarily due to the lack of surface expressions or exposures· of faulting because of urban 
development and the presence of late Quaternary so.ii deposjts Which ov13rlie the faults. The 
low level. of hist9rica\ seismicity (particularly f9r earthquakes greater than magnitudti 5). and 
lack of pa\fclo-seismic ,late results ih large u.ncertainties wt)en evaluating individual crustal faµlt 
maximum magnitude earthquakes and recurrence intervals. Thus i.t is consi<:lered prudent to 
also evaluate the potential for seismic shakir19 du.e to crustal earthquakes on a regional sciJle. 
Based on data presented by Geomatrix (1995) and DQGAMI (l991) the seismic exposure at 
the site from crustal zone sources is represented by an earthquake of magnitude 6.5. 

Bedrock Acceleration 

The acceleration within the underlying bedrock (at this site considered to be the Troutdale 
Formation) expected due to .an earthquake occurring Within the above-.described seismic 
sources was calculated based on the maximum earthquake magnitude a.n.d empirioaldistance, 
attenua.tion relationships developed by Geomatrix (1995) and joyner and Boore ( 1982), The 
following t.able presents the estimated peak bedrock accelerations at t;he site for the different 
earthquake sources; ·· 
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Peak Horizontal 
Source Magnitude Depth !km) Distance {km) Acceleration (g) 

Crustal Zone 6.p . 10 10 0.26 

lntraplate Zone 7.25 30 35 0.20 

csz 8.5 15 120 0.10 

The peak horizontal bedrock acceleration for the crustal zone earthquake (0.26g) was 
increased to 0.30g for conformance with the minimum level of bedrock accelerati.on specified 
per OSCC amended Section 290.5 • 

. Ground Accelerati.on 

The pptehtial ground accelerations a:t the site were evaluated by applying an acceleration time 
history record to the .b1lse. of the site. soil profile and determining the response .at the ground 
surface. No recorcted accelerati.on re.cords are available from an earthquake within the 
Cascadia Subduction Zone. An acceleration re.cord obtained from the 1985 Mexico City 
earthquake (13 subduction zone event) was used to represent potential CSZ bedrock motions. 
Additionally, a synthetic time history record developed by Seed and Idriss (1969) to model 
a magnitude 8 + earthquake was used to assist in evaluating the response of the site to a 
CSZ magnitude 8.5 earthquake. Recorded time histories are available from the 1.949 Olympia 
and 1965 .Puget Sound earthquakes and were us.ed to analyze the response of the site to an 
interplate zone earthquake. Ground shaking characteristics due to crustal zone sources were 
evaluated using the 1993 Scotts Mills acceleration time history as well as two near-surface 
California earthquake records, Parame.ters of the selected .earthquake time historie.s are 
presented below: 

Tal:!le II 
Selected Earthquake Acceleration Time Histories 

Earthquake Epicenter . Peak Horizontal I 

Record Magnitude Dist.ance (km) Acceleration (g) 

Mexico City (1985) 8.1 . 131 0.17 

Synthetic 8+ N.A. 0.32 

Olympia ( 1949) 7.l 26 .0.28 

Puget Sound ( 1949) 6,5 62 0.20 
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Scotts Mills (1993) 5.6 

Castaic ( 1971)" 6.5 

Lake Hµghes (1971 l 6;5 

Epicenter 
Distance (km) 

54 

30 

32 
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Peak Horizontal 
Acceleration (g} 

0.03 

t 0.32 

o. 15 

The peak horizontal ac.celerations of the above time histories Were scaled to match the. peak 
horizontal accelerations shown in Table I. 

Horizontal grol!nd accelerations Were .calcµlated for the. ·site by propagating the individual 
. earthquake acpelemit\on tltne hi$tory records. up through the soil profile using the computer 
program SHAKE91 (Idriss,. 1991 ). The following soil profile was developed from the 
expioratory borings, .CPT shear wave velocity tests obtained .from the CPT soundings, and 
geologic information presented by DOGAMI !1.991) lor the .general vicinity of ,the s.ite: 

Depth (ft} Geologic U1,1it Shear Wave Velocity (ft/sec) 

0- 8. Fill 500 

$ - 15 Dredged Sands. & Silts 550 

15- 60 Silty Sand to sandy slit 500 

60- 80 Clayey Silts to Silty Clays 500 

. 80 • 114 Silty Sands. to Sandy Silts 600 

114-126 Gravel 800 

Results of the analyses ·indicate that peak ground horizontal accelerations are approximately 
0.23g, 0.17g, and 0.12g for the crustal zone, intraplate ;zone and· CSZ earthquakes, 
Je'spectively. These va.lues of ground acceleration are in general agreement with a study by 
Wong and Madin (1993) for a site near the Portland Airport, 

It is recommended that the seismic design of the building utilize the UBC Zone 3 response 
spectrum with a site soil coefficient {Table No. 23-J} of S3• 

6.7 FAULT DISPLACEMENT AND SUBSIDENCE 

There are no mapped faults. within the boundaries cf the site or within ,adjacent properties. 
No evidence was encountered during the field investigation to suggest the presence of faults 
within the property. It is our opinion tha.tthEl potential for fault displacement and .associated 
ground rupture is extremely remote. 

@ AGRA 
Earth & Environmental 



.ropolltan Exposition-Recreation Center 
,eotechnical Investigation 
Portland, Oregon 

6.8 LANDSLIDES 

21-08598-00 
March 15, 1.996 

Page 11 

There are no landsl.ide or slope stability hazards at tt-Je site due to the relatively flat 
topography of tt-Je. site and surrounding areas. 

6;9 LIQUEFACTION 

The potential for fiquefaction within the site was eve1luated using the SPT blowcounts from 
Boring B-1, CPT sounding data, and grain-size characteristics of the soils. Observed field 
performance .of areas that have experienced earthquake shaking has resulted in empirical 
methods .of analy$is that provide a good assessment of a site's liquefaction potential. The 
analyses utilized herein are based on the work of Seed and DeAlba ( 1986) and Stark and 
Olsen (1995). 

The seismic loadi.ng vvas assumed to consist of a Magnitude 6,5 earthquake with a peak 
horizontal ground ac.celeration of O. 25g. Liquefaction resistance was base.d on SPT 
blowcounts, CPT tip ff;lSistances, (Ind percentage of soil passingtt-Je N.o. 200 sieve(% fines). 
The results of the analyses intjicate that a portion of the un<:!erlying s.oils .c.o.uld experience 
liquef(lction during a major seismic. event, Manifestation of liquefaction can include a 
reductibh in shear strength, settlement, and lateral spreading, E.ach of these consequences 
are discussed l:)elow. 

Founding the building on driven piles will assist in mitigating the effects of liquefaction on the 
building, A reduction in soil shear .strength due to liquefaction could result in settlement of 
the piles (approximately 1 to 2 inches) but vvould not compromise. the structt.fral integrity of 
the piles. Potential ground settlement within the site due to liquefaction vvas analyzed based 
on the method presented by Tokimatsu · and Seed (1987). Analyses utilizing their 
methodology results in calculated settlements ranging from 4 to 6 inches, However, this 
procedure does not account for the beneficial effect's of an overlying tt-Jickness of unliquefiable 
soil at the ground surface. Ishihara (1.985) and Youd and Garris (1995) have shown that the 
presence of a 1 O· to 15-foot-thick layer of unliquefiable soil signJficantly re<:!uces the potential 
tor ground surface distUrbanc1, or settlement .due to liquefaction of underlying layers, Thu$ 
it is our opinion that $ettlenients at the groqnd surface would likely not exceed 1 to 2 inches. 
The potential for late.ral sp,e!)ding during an earthquake was evaluated based. on the 
procedures presented by Bartlett and Youd (1.995). This procedure incorporates earthquake 
and soil characteristics as weH as site topography to estimate lateral movements due to 
earthquake shaking .. The results of our analyses indicate that lateral spreading on the order 
of 1 to 3 inches could occur. 

It is our opinion that the occurrence of liquefaction within the site wo.uld not compromise the 
life safety performance of the structure. The· use of pile foundations and the presence of an 
overlying unliquefiable I ayer would mitigate the majority of the potentii'll for significE!nt building 
damage. Some building and/or floor slab remediation would likely b.e required after a major 
crustal earthquake. 
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It should be. noted that the above analyses are deterministic based an.d do not include any 
information r()g;,rding the fr\lquency or return interval of a seismic event whi.ch would cause 
liquefaction. A recent study by Geomatrix (1995) estimated return periods of 500, 1000, and 
250.0 years for peak bed.rock acceierations in the Portland area of 0.19g, 0.27g, and 0.37g, 
r!'lspectlvely. The majority of these bedrock accelerations were attributed to crustal 
earthquake sources. A return period of ,500 years roughly corresponds to the UBC. return 
interval ( 10 percent probability of .exceedence in 50 years). It can be seen that.a bedrock 
acceleration of 0.30g (used in this report) has a return. interval (per the Geomatrix study) of 
approximately• 1000 years. 

6.10 TSUNAMI AND SEICHE.INUNDATI.ON 

There is no potential for tsunami- .and seiche-related damage at the site due to the site's 
elevation and dis.tance from c.oa!cltcll areas, waterways and lakes. 

6.11 PAVi:MENT DESIGN 

Pavement designs for asphalt and portland cement concrete have been. prepared in 
accordance. with widely accepted AASHTO design methods. A range of pavement designs 
·tor various traffic conditions are presented in the table below, Pavem\lnt Designs. These 
designs assume that the sulJgrade will be. prepared in accordance With; Sections 5.1 and 5.2 
except that the top eight inc.hes Should .be compacted to 95% relative to ASTM D·1557. 
Specifications for pavements and base course should i::onform to current Oregon state 
Highway Department specifications,. With the addition that the base rock should contain no 
more th,fr1 5% passin9 a f}Jo'. 200 sieve, an.d that asphalt concrete be compacted to

1 
a 

minimum of 8.1% AS.TM D-2041. 

ASPHALT CONCRETE PAVEMENT 

Approx. No. 
Trucks/day 
(Mch W<!Yl 

Auto Parking 
5 

10 
15 
25 
50 

100 

Approx. No. 
18 k design axlei; 

lx1000l 

· 10 
22 
44 
66 
110 
220 
440 

Asphalt Concrete 
Thickness 

.linJ 

2,0 
2.5 
2.5 
2.5 
3.0 
3.5 
4.0 

Crushed Rock 
Base Thickness 

lliLl 

7 
8 
9 

10 
10 
11 
12 

@ AGRA 
Earth & Environmental 



Metropolitan Exposition-Recreation Center 
Geotechnical Investigation 
Portland, Oregon 

PORTLAND CEMENT CONCRETE PAVEMENT4,5 

Approx. No, 
Trucks/day 
(each wayl 

Notes: 

5 
10 
15 
25 
50 
100 

Approx. No. 
18 k design axles 

.cx1 oooi 

22 
44 
.66 
110 
'220 
440 

P •. c.c. 
Thickness 

.GnJ 

5.0 
5.5 
6;0 
6.5 
6;0 
7.0 
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Crushed Rock 
Base Thi.ckness 

1inJ. 

6 
6 
6 
6 
6 
6 

1) All pavement sections were designed using AASHTO design methods, 

2) All pavement sections assume an AASHTO reliability level « of 90%, with a 
terminal serviceability of 2.0. for asphalt concretEl; <!nd 2.5 for portland cement 
concrete. 

3) The. 18 kip design axle lo1;1ds are estimated from the number of trucks per day using 
Sta.te ol Washington typical .axle distributions. for truck traffic and A.ASHTO load 
equivalency factors, and assuming a 20 year life.. 

4) Concrete .design is based on a modulus of rupture equal to 550 psi, and a compressive. 
strength of 4000 p~i. 

5) Concrete sections assume plain jointed or jointed reinforced sections with no load 
transfer devices at the shoulder. 

If possiple, construction traffic should be limited to unpaved and untreated roadways, or 
spe,:ially constructed hiiul rol'lds.. If this is not possiole, the pavement design selected from 
the above tabl.e should Include an allowance. for construction traffic. · 

7.0 CONSTRUCTION OBSERVATIONS 

The analysis, conclusions, and recommendation.s contained in this report are based on site 
conditions as they presently exist, and on the assumptii:ln that the results obtained from the 
subsurface exploration are representative of the subsurface. conditions throughout the site. 
It is the nature of geotechnical work for soil conditfons to vary from the conditions identified 
during the geotechnical .investigation, even when a normally acceptable program of 
exploration has been implemented. 

While some variations may appear slight, their impact on the performance of structures and 
Other Improvements can be significant. It is therefore recommended that AEE be retained to 
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observ.e the Portions of this project relating to geotechnical engineering, particularly the 
construction of the building foundations and soil compaction. This will allow AEE to correlate 
observations .and findings with actual soil conditions encountered during construction and to 
evaluate construction conformance with respect to the recommendations in this report. 

Unanticipated soil conditions frequently require additional expenditures to attain a properly 
constructed project. It is therefore prudent to allow for such 0nforeseen conditions in both 
the project schedule and construction budget. 

8.0 LIMITATIONS 

The recommendations in this report are based on information gathered in our office review 
and on site conditions obsen,recj at the time ot the .field exploration. If there is a substantial 
lapse of time betwee.n the submission of this report and the start of work at the site, or if 
conditions have changed dUe to natural causes or construction operations at, or adjacent to 
the site, it I.$ recommended that AEE be requested to review this report to evaluate the 
conolusiol)s and recommendations considering the lapse of time of changed conditions. 

AEE requi,sti, that a copy of the plans and specifications be forwarded to AEE for review, so 
that AEE: ~ay evaluate any specific conceptual, architectural, .or ,construction detaiis which 
mlght affect the validity of AEE's recommendations, and ensure that AEE' s recommendations 
have been appropriately interpreted. 

AGRA E.atth & Environmental, Inc. 

Rajiv Ali 
Geotechnical Engineering Staff 

0- . w ➔ ~--
A. Wesley Spang, Ph.D.r-;.E:-;;­
Associate 

AWS/skh 

0 
8598.l&r 
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Boring Number. 

B-1 

B-1 

B-1 

B-i 

ATTERBERG LIMITS 

Table B-2 
Hydrometer Analysis 

Depth (feet} % Silt Size 

15, 16.5' 89.% 

35 • 36.5' 93 % 

60 • 61.5' 87 % 

90-91.5' 9,5 % 

% Clay Size 

11 % 

7% 

13 % 

4% 

Atterberg limits of selected. soil sarnples were determined in acoord,,noe with·.ASTM D 4318. 
The Atterberg Limits of these soil samples are presented in the table be.low: 

Boring Number 

B-1 

B-1 

B-1 

B-1 

B-1 

D!a!pth (feet) 

15 • 16.5' 

35 • 36.5' 

50-51.5' 

60 • 61.5' 

90 - 91.5' 

Table Ill 
Atterberg Limits 

Liquid Limit (%) 

37 

Plastic L.imit . Plasticity 1.ndex 
(%) (%) 

Non Plastic 

Non Plastic 

Non Plastic 

29, :8 

Non Plastic 
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APPENDIX A 

FIELD INVESTIGATION 

The field investigation was performed from February 21 through 23, 1996 and consisted of 
the excavation of .:C exploratory borings and 4 CPT soundings at the approximate locations• 
shown iq Figure 2. The borings were advanced to depth of 116 feet with a CME 55 drill rig 
using mud-rotary drilling techniques. Soil samples were obtained at selected depths for 
classification and laboratory testing. Logs of the borings are presented on the following 
pa(Jes. 

Six prebored pressuremeter tests were performed Within Boring 2. by lnsitu Tech (Dr. Trevor 
Smith at Portland ~tate University). Pressuremeter testing consists of e,<panding a membrane 
laterally against the borehole sidewall. The. resulting membrane expansion versus pressure 
data results in a determination of soil modulus and limit pressure. These parameters are then 
Used for ev?luating axial and lateral pile capacity and settlement. Graphs of the 
pressuremeter tests are presented herein. 

Four cone penetration tests (CPT) were also advanced within the building footprint at the 
approximate locations shown in Figure 2. Resistances to cone. penetration and sleeve friction 
were recorded·at intervals of 0.3 feet. Cone tip resistances and sll;l.eve fric.tiqn recordings are 
presented herein .. Shear Wave velocities. were determined at 1 O•foot-.interyals. within CPT-1 
and are also. presented herein. 

@ AGRA 
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9 
a: 

Boring NUmber: B·i· 
w 
~ STANDARD 

w rs (f) PENETRATION RESISTANCE 
::i::- Boring Method: Mud Rotary D. 

1-t:i ~ "' ~ :, 0. A, 810Wll pc-rfoot(140 ~ ~mt" (hp) Q. w ... g :; 
UI LI. Borehole Diameter: 41/8" 0. D. 0 "'' c- (f) C, (f) 10 20 30 40 . 

SOIL DESCRIPTIO" • I I I I {I'; '' '' '' '' l''' .,..17 Tr i T rr- T i-17 r11 r 1-17 T 1• 
.,..1:--rT f" 7 Tr.1 T ,-,7 n7r L.. - - -I I l I 

FILL of gravel, building rubble, slits, etc, ~ 1JIC 7 ·r-11 Tn7 r'"'1 l I 

i... ___ 

._.I_!.!..!~ 

concrete layer at. bottom of this fill. 1·1 I I 17 t, 1-11-1 1111 1 I I I j 1-.IJ J. L .J i L.1 .!. L)J l_!j L 1-!J,11_ 
, .• JJ.l. L J ! CA l.U,J -l.J.J L 1-lJ l. 1_ 
1-..U l. L .J J; L.l. l.LIJ UJL i-,.!J .L L 
s-1.J J.. L .J .LL! .Lt...lJ Ll..! L· l..i .1..L , 

'. . ,''' '' . ' .. ' 
h.!-I .!,. ~- ;..I·"" H 4- ~!..j: 1-1..-l i. l--1"" ~-1-

H + I- -4+ !-l +H-1 H ..i +- 1--1--1 + I-
1-..1--t+r "i T.t-1 1- t-cl-1 _1-1--t + H4+.t-
.,_!""I T·r '1·1'. r1 T·t"'l 1 t-l-'1T' 1--1-, t"I ~----. ------ ----~---·-------~'-,-- --- ~- ''' '' '' '' '' ' u 1-..17Tr i T r1• 

~1'"1 n-i -r '-1] Tr 

~tiT r 7 T rt· ' 17 1-.11-ir l-17 T ! 
Medium den$e, moist to wet., gray, poorly graded ~l~T J 7 T t, Ti-17 r.11 r t(}:~i= .... - _,_ 

i Tri• Tn7 j-. l-17 f 
-1.0- fir'l!:l SAND. l I J·1 l ! I I 

j..._l_l.,!..L_ J l ~~~ l I.I I I! !.I 1-l,J . .!.,I_ 
k.l .. ) ..!. L A·u ZCiJ .CiJ I 1-IJ l 1_ 

IJ l."L .J l. u lUJ .!_!JL 1-IJ !. t ., _________ ' --- ' - '-----·-«·~--- ,.--- ~- l.J . .1 L J l. u J..I_IJ U..J.L 1-l..[ .!.. L '-_, '' ,., '.'' 
Medium stiff to.stiff, moistto wet, gray, SILT. i-..l..J .LL J .L !-I .L L!...l L! .J, l. LI..).!..\... 

i-.\..l-,-1-.- \-' '..-1 .i:1-1 .:.1-1.J !-1 .J J. 1-l...l_~\-
H.-!'t--1-- '--l•H -i:. 1-1-4 1-1 -I ..i. 1-H ..-..;.. 

'-'15-
H + t- -I + 1-1 + H-1 l-l-; <!-- 1"1 t- !---

~-------------·.-- ---· ---~----.-.----- ~-
~· 

,' l \ '' '' '' '' 1,_,. r ~br- ,. r.--1'1 r--e .. 11- I\ 1' r 
1--17 T r' ' ,.., ·Tri, r1"1 r 1,·r'r 
~17Tr 7TTI; T r11 .r17"T Ll71'"1 

Medium dense, wetto •saturated, gray, poorly 17T1 1 r·ri Tr("\ ·1-11 r 1-17 T :-
It 1 ! .!.!..L'. I l I I I\.! I I I I! graded, fine silty SAND. :1JIC J.!..U Tt'17 117 T :=c! r c 

1-,.l,_/.!.-L J l. u- IC1J .CiJ-I LJ_! l,1_ 

1--'~ ~ ~ .J.!.U. l. U.J U . .\'L 1-IJ 1.,-1.,.. 
..,;..,2D- •<I 0 ''' '' '' ''' 

No sample recovered In Shelby Tube, -i-1-1 .l. L. .Jl..LI • .I. Ltj L! .J ,!.;. !..l . ..L:... 
1-1:..I i. I- .:J l..'Li 4.1-1,.:1 L.(..l ,!._ 1-!..l .!.. I-
1-,1..:i 'l:- I- ~.I.I-\ ... 1-!...I J..:-1-l ,I... 1-1....i .... i.:... 

---~~--. -·--- -------------.----- ~~ ' l--1-! -1--1- -i + H• ,,.. 1-1,--1 1-:-. .... t-1 ...... I-

Very soft, saturated, gray to black, SILT with h,+-; + -~ l-~--1 + t--I-+ H• -+ 1-: -I 1:-:..;+ 
some sand. ~ f"' ·U· 

-\ T 1-l• -r ~\''"1 i.. f:r-:1 T" j.:.._j-,·i"-

1'1 T t- "i -r r--;• "t" 1"""("1. ,-,.., i" 1-J""'l·T ,-

'--25- L---«.--: ,.._ ---· -- __ .... __ . --------·--- 11-rr .,_. 'r n. Tri-; r1"'\ r L.17 T!":"" - 1 I I I u 'I J ! l l l I '!I; Ill, 

~17Tr' -1-T 1-1 .,, 1-17 1-1$1" L,. -·- -

Medium clenselstiff, saturated, gray to brown, I I!! ,...1:,1-c 1·rr1 r:1-11 1-,1 f I- - - -I It; 

~Ip ILij C17 T 1---- -Silty SAND to saQdY SILT, 1-1 I I { 1-l..! J_ l_ ,-: - t ' ' , I I l -i "'i ;- . '·.' 
1--l.J J...L., .J,J.. L! . .l.-.LlJ _LIJ .!., l.;J .L ,_ 
f..._!J J. L .J l...U-.. l. L.!-.:1 Ll .J J.. 1 ... J J !. ;.... 
1-l..J . .i. l.. ,.J J.. L.l .• J..1-!J l-1..1.:.. i...<..l .::.L.. 
l-t-1. .... 1- -I ,l.. 1-1. 

'--30 
..... 1-1--4 1-1-1 .;... h_1-1 - 1-

LEGEND AEE Project Number: 6617.08$98,-0 

] 2,0'' o;D, split spoon 6"mplor p Sampler pushed 
with perc,,nt rocovorod • % motstur,, content. Matropolltan·Exposltion canter 

TI 3.0" O,D, undlsturb~<fsamplor • Sample not =v•red. 2060 N. Marine Drive 
with percent reoovered 

·'£-~ Water level fluctuation Portland,' Oregon 
IZl 3,0" !.D. Unlyors,il sampler ;;:z · Statlo watar love! 
□ 3,0" l,D, Ring snmplor 

:3l... Groundwator 1'>.vol ot AGRA EARTH AND ENVIRONIVIENTAL 
G Grab samplo lnwrval WO ~ofdrllllng INCORPORATED L(C) Laborutory/ohomloal analysis 

j 
7477 S,W, Tech Center. Drive 

Plezomoter tlp Portland, Oregon 97223 
Phone: (503) 63S.3400 Fax (503) 620-7892 
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Boring Number: B-1 

Loose/soft, saturated, gray, silty SAND to sandy 
SILT. No sample-recovered from 30 te> 31.5 feet. 

llTANDARD 
PENETRATiON RESISTANQE 

A ffiQWS por~140 lb. h&-mmr~" drop) 

.1...l_l .!. L .J ,L LI .l. LU LIJ !: :-1.,J J.: ·1_ 
1.-.J,ll...JJ.U .LUJ UJl.f-l..J·J..'-

1..I.J J. L J .L L1 .l.Ll-l LI_\ Lf....ljL1..,. 

L...35_ ~!~ J.. l,J .I..~ 1-I..J .!. L ..J .l. \..I . 
+._!...;{ ..I 
.f..->=-1-r 
TJ--+-t 
1"rT1 

! l I .' -l < 

!"i T i 7· T n T rt., 
nTr,Tri Trn 
n Tr , :r r1 T ,-i", 
It TI i T !I TCl7 

1-1..1 ~ f-1..l .... f­
l-14 .i.- f-i~+ f­

-1-H + H--t 1" 1-

r-1,; r 1"1-rr 

' '' '' ' 
11-i r f-11 r r 
n,,-t--"rlTr 
n1.tf-n1r. 
n1rf-i111-

l---45- ..... ~ -- - - ~-- .... - ~ ... - - - - - - - - - - . '""' - -- ---- --· - - I- .,. 

1-(~ J.. I--! .t..1-f, -1- 1-\..l 

l-H +I-~ +·1-f + I-(-! 
l--1:....i+r--i+I-I· -t-.}-\-! 

1-14 ,I.. ·1_..: 4' ~ 
l-\-.1 ~ !~ ..j.. 1-

}-H + J-i·T·t-

' ' 
Medium stiff/loose, saturated, gray, sandy SILT 
to silty SAND wit.h conspicuous organics. 

No sample recovered in Shelby Tube. 

Medium dense/stiff, saturat.ed., gray, silty SAND 
to sandy SILT with conspicuous organics. 

-r r-1-: 
rr!:1 
T ri'l 
Tl17 

f"'"l"1t- 1"1t"i"" 

rT1T .1"1Tr 
rn r 11 :r·r 
n1 t 17 T·1-

lJ~L....JJ...LI. lUJ U..!L-!JLL 
l....l .!.a L ...J J.. 1-1 • .!.. L.IJ L\ . .J . .!. -tJ·J.1-

~-J----f,.1:1,- ....IA-1-L .i-1-1...1 1-1..1.,l- -lo-1.;.!-

~1~~1-4+1-l +~1~ 1-!-f~-l~~~ 

'-1-! + t-- -I + ~­
,-.1-t ~ t-- -t 't- ·t--1 · 
~.i-1 -r ·r-- '1 "t' r.-1· 

17 i r IT ri· 

........ 1~ 

""l'" t-1-t 

-:-' l"""i""1 
Tri7 
j i ! 

T.i-t1 
11-11 
7.ti'"i 
'.' 

1-i-f+- 1--i+-1-
1-1-1,t- J-,,-.r 
r-"1"1·1" -1,; r­
r,, r i,·11-

~l..J ~ L J .1. LI, ..1. L! . ..1 LU L~"I....! J..1_ 
~jJ .l. L J J... L.l. J. L.1..! Lt-..! L ~l~ .1.. i._. 

i-1-l".1. I- ..J J. L..!. J...1-.l.,J L.IJ J.. t-,-1.:.: J.. L... 

·14 -i- I- -l + H ·+ 1-1--l. H-f.;... t·-d..f -,-:~ 
1-60,--'..c..----------------:......i.,....J..-:......._..1..._..L-..--1-.....L--1 

Ll,!GEN.D 

Ji 2,0" 0,0. split spoon samplor 
with per0<1nt rsoovored 

il 3.0" o.o. undlstutboo sampler 
wlth.perC!lnt raooverod 

t2l .3.0" 1.0. Unlvon;al sampler 

□ ·3.0" i.O. RinU sampler 
G Grab sample·lnterval · 

L{C) Lal>oratory/o.homlcal·analysls 

i P)ezometertlP 

p 

• 
• 

"r:~ 
s:z 
~. 
WD 

Sampler p.ush&d 
% molature oontent· 
Sample not reooverO<l 

Water level fluotuallon 

. AEE. i>roJeot Number: 6617-08698.Q 

Metropolitan Exposition Centei 
20.60 N. Marine Drive 
Portland; Oregon 

Sta~c water level 
Groundwater kfvel at 
time of dolling 

AGRA EARTH AND ENVIRONMENTAL 
INCORPORATED 

7477 s.w. ·Tech Center Drive 
Portland, Oregon 97223 
Phone: (503) 639-3400 Fax: (503) 620-7892 
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Boring Number: B-1 

Boring Method: Mud Rotary 

Medium stiff to stiff, saturated, blue to gray, 
clayey SILT to silty CLAY.. . 

r-,-70.-

·st1ff, saturated, gray, clayey SILT with some 
sand. · 

LEGEND 
Z.0" 0,0. spilt spoon 6'lmplor p Sampler pushod 

PROJECT NUMBER: 6617--08698-0 PAGE 3 
(.? 0:: w g !.: 
w ~ Q. 

i:: "" ::, 
..J i 0 
"' Cl 

STANDARD 
0) l'SNETRA'flON RESISTANC!l 

~> 

I,. ,...,. ,,., foo<(140 lb.-~ -I 
::;; 
iii 10 20 30 40 

LU,.!,. L .J .l.. LI. l LI_I I t_l I I I I I 
LI.J l. L ..! l u. 11.:1.1 C,J i 1-.I:'.:! I:_1: 
LJ,.J J. L ,J J. \..1. J. LI.J Ll...l .L L.!,..J ·.U­
LI..J :1-, L .;J .1. 1--l· ·,1..·1.-1..1 1-. 1-1.J .L. l-,.i.J ,1.. 1... 

L1-1 +l- .,! .i.·1-1. 

L1-t-+ .l- -I+~!'· 
L.t-i ,+:1- --i t rt;. 
J...1-1 Tr' "1·1" t-1 • 

LI LI_IJ.L;J.!.l_l 
,_IJ J.L ~1_1 
U..J .1. L J .L LI 
LU .l.L J J. LI 

' ' . '' ' 
L..!..;! J. L. J .J..LI 
LJ.J ~ L,.,: -i.;.. \...-1 
L1-:-1 .i- l- ...i 4- H 
L1-r1+r. ~+1-1 

,....,,--.---1 ' ' 
~1-i T r , T r1 
l-1., Tr' "1 T rt' 
~i7 1 r 7 T f"'(-·: 

!'TT r 7 T rJ 

[] 

~j;.J .l I...: j ;l. i-,.l 
LI-! J. L. .J J.4._I 
;....1-1 + I- ..J ~ 1-l 

-1-t ·+ I- '"I 4 1--l 

L[-i +.t--- ~..,. 1-1 

LJ-{ 'T' j- :"1 +t-i 
i'"l -r r 7 Tri' 

'""11 Tr I_T ri 
I I ,If ''' -1- - .,;. 1·1:n_ - _1 .!. !_ 

_\.! .t L J_IC1. 

-:~ + ~- ~·+; .. :-
\,.l,.J_.L L .J 1. Ll 
~-1..J J. L ..J J. L.r 

1-! J. \-. -I .,I..- _1...1 

\-1 + l- ..,...,.H 

~l-1-1 L.1-1-1 .j.,. 1,-1-.;.I,.. 

+H..! H..i.+.1...H+-l-
+r1-1 r"l-i ,t.-L.,J-,·-rt-
1:' r-il I- i-'l "t T" l-j-,··,- r 

t-··r I , 

Trli i'l""l·,1-.,,,..r 
T·ri7 ri7 r 1-.i, r·r 

:!:-Ci~ L i:1:(::::\J rt~ 
I ,1 I l 1 I I l I I 1·1 

J..1-_I J Lt..1--,L LI~ "-· 
~ 1-l..l \.-! .J' J,. LI~ ,l., ;_ 

+H-1 1-l.,.l .i:.1-.1--1 H-
"'71-1'"1 t--(--l +-'-1-1 .,... 

' ' '''' i-;·~-~~ 1'"t""1"'1 r,-i·r 
irn r1-r;: i-11 ;.. r 
Tr1i L ri"7' i L./7 ·Tr 
Tr1.T r11 r 1--,•7 Ti-
t·I ! I Io I !_ L-"1...!.!.. .. 1_ rr11 ~:~ T- i-1.J ,!. 1_ T 1-,1 L..iJ .L 1_ 
I,(:_1.J -..... ,-:-~ ~ -~ 1--1.J.L_1_ 

' '' ' '' ·,' 
J. Ll.J :.. Ll.:l .I. 1-1..: .l.,;_ 
l.)-1..l l-t j J.. t-1.:.: ! 1--
..1-1-1~ :.. \...\J J.. 1-r..i .;..1-
... l-,1-1 f-J---1 +' 1--;--i '-!- J-

..-1-1,-. l-1.-1 ·.i... 1-;:..,· +·>-
1--·t-1-1. i-1-1 t"'-i.,T>-
T r'l"l r'!~ t"'-1~+r 
Tri:-; !1.-:t 7' '-17 T 1-

' ' ' ' l >II 1 .. )J.!,. ,_ 
j 1-1~1 i--:1'1"T j_-1_:!.!_1_ 
T t17 t"1i·r \.-IJ .!.'. ... Tt,! t""11 i' J-J...! J.. I_ -;-,-,i --1-;-:- ·,' '. 
i LE,.l l.l.J .L!-1.J.LL 
J. L.I .J L.J ..I L 1-1 . ..J aL 
J. 1-JJ L,(,.l L .-J J J..·-
+·1-1,.;; 1-,\--I ~ i4 +i-

~ With per .. n\ ro<>ovoroci 

Il 3.0" O,D. undls\u,_ 6'lmplor 
With percent n,covored 

{'gl 3.0" 1.0. Unlvoraalsamplor 

.. 
• 

~'-~ 

% mol<rture. content 
Sample not recovered 
Water i..vel nuctuatlon 

AEE Project Number. 6617--081396--0 

Metropolitan Exposition Center 
.2060 N. Marine Drive 
Portland, Oregon 

:s:z 
□ 3.0" 1,0. Ring sampler 

~ 
G 

L(C) 
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Laboratory/ohomloal analysis 

WO 

Static watar level 
OroundWamr.level at 
time of drtillng 

I Plozomotar tip 

Orllllng Started: 212219G Orllllng Complot<ld: 2123/SG 
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Number: 
(.!) ffi Boring 8·1 s ~ STANDARD I 
IJ.I ! PENETRATION RESISTANCE 

:i: - Boring Method: MudRo~ry 0.. 

~ ... Iii >- "' ... "' A Blowi pet ~140 lb. h.arrm,trt30"-dtt,p) D..w 
Bor-ehole Diameter; 4 7/8" O., D. g. fl ::;; WI.!- <( c ..... 0 ,,, 

10 20 ,30 40 l--90 .son. Pl:SCRIP'T10" 

LI ''' ' '' '' '' '' i' !'l T.r 7Trf Tnl i-e, r r-n,;50 
,. ,-1 T.r 7Tn T 117 1-17 T r-17 T 1 

l--1 j \ 7 Tl-!· T li7 l17T_ ~,.J-t( 1!.T I- I Tr-'1 r,-11 1-111 I!! I 
lJlL .J J. u J.!_I...) UJ.!.. r-1.J.J."1_ 
J.J .L L ...!.L L.1 J._l_f.J U..!.l. r-.1..I J..r_ 

...,.U "'\... _I .l. LI !,LU UJ.i r-1...I ·L L 
-IJ J. 1.,. J J,. I-! ,I. L.t..J .L-,.l .l .L 1-r.J· J.. I-!-,95- Dense to very dense, saturated, gray, silty ''' ' ; 

SAND to sandy SILT. . . -!4·4- l- --l·+ 1-l + ~1.-.J 1-\-l ~ H -4 . .;. ,__ 
-I~ .j. !- -( + 1--1 + i-1--l H..f.;. ... t-1 +, I-
:..1-; -tr -i-t-H + J--1-1 H-!.+ r-"!-1 1- f--
f.-1-i Tr "i,. ~t· Tri~ ri"i r f-1"1 Tr . 

' '' ' '' ' . . . 
Ii Tr 7·Th T·r.-11. iii T 1-i.,·,..r 

Ll'l Tr '7 T n T ri7 n,r r:-,,., r, 
_,-17T r 7 T n T ,--.n r1i T r11 T'1-- ~ - 7TII -r-·rr"1 1-11 f t-"r7 i 1-t-,..100- I Ill 

~-!...! .!.L I I I .I l l 1 I I) It 1-_l,J .!. 1_ 
f-1_111_ J IC:1 I'C!J CrJI rl..! l..1_ 
1-!-l J. L .J J.. !-1 .!, I_JJ I 1 I l t-U.l.L 
1-1.J J, L _J l. LI. .l,. Ll.J :C1Jl i-!.l L'.L 
'.' '' ' ... ' ' .. ' '' 
1..J J. L J_J.. Ll .J..LL_;J L..l..! J.. i-1..J_ ·J.. L. 
t...J.,l.l- -l -1- 1-1. ~ l-1,..1 \...\ J l._ t-H +._t-
\-4,-l- I- -I ..j.. }-:-f, -1- 1-1-1 H+i.;.. >-l-l ~ I-
1---;+r -i + !-I +I-!""\ 1-i"·Ct- i-1':1 ·.t- t-:-'---'105-
l > < < ., ' '' ''' 
'!'""l'T,r -, T t"'l ,: rl'i r1-: r ,..,,., ·rr 
1i·Tr -, T i'I Tr11 ,1-i-'r 1,-rr 
l7 Tr Jtn T rE7 t'17 r >-t.7 i-r 
17 Tr 7 Trt· 1' i-ti rri-r"r r-1'1"T'·1-
I I! I I 1 r I l, l I l .I I I I I I I I 

I 17 Tt I T1-1 11-11 n11· 1-- - -I! I 1 

1JIC 1Ic;: 1·t'17 ·t:1 l .1· t- - - -
t-!J . .!..l_ 

U.1.L .1 l. u LCiJ i-D:i :C r-U l. L ,-..c110- -·. --· -~------------------------ . ' '' '' 'I 1) ',·, t r -

l1 ;...i..J 1. L .J ..L Li .i. L!..,1 t-\.-1.l l. 1-1.J l. L 
i-l..J. J. L ..J l. 1,..1' :.l.!....l..J r u..1 .L f-1..J .l-1'-

Medium dense, saturated, gray, silty $AND. r..:i J. I- -I .\. ,)-1 .+)-t...; ,-.1-1-'l.l.- H--:l + i-
~H+!---- ...;.+H• +H--1 H-:f f- f-1+; + I-· ... 

Hot l- "1 + t-l· -1..ri..,, !-{ ... -r. i-1.,-, +i,..s 
1""1-t't--" --1 "!" t-1 +t-l-1 t-1'"'17" 1-;-: 1" I-·------~----------------.·-- .----- - !""i"rt" -, ,- rl• ·'t't"'!7 r;-:?..- >-ri Tr 

-11$- Very dense, ,saturated, GRAVEL and cobbles. 1--17 Tr IT n · T' rt'1 t-n,r '"'"'t7 T-r 

(By drill cuttings and action of drill rig,) ''' I I I I , l It I I I I 1 t I; 1-r, T1 J :!: c/ T 1~17 n!.T r-1111---: 
Boring .t!irminated at 116,0 feel ~

1J.IC _!~ !_I, l,~n 1-,, i f-11·\ l-
1-iJ.!.I_ ..! l I_I, I 1-1! 1:iJ-i. 1-1rr1-

,··, 'l I• •.I 7 ,-, -; 
'' t-,-;7,-

I~ J. L .J LL!. .L L,!J, U.J L ,-t.J J...L 
_1,..J .l.-L _J J,. l..!. J. L,!J. L,l ..l i. t""I ..J ~ ~ 
_!...1·.,l,. L.:. _J . .i.1,..1 ..L.LIJ L!.J .. L -!.J .J,.:.... 
1.-i.-+:i- --l+H ,-{.I-!-:!'• 1-l_+I -1- -1---1 4-/-

-120 
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1 2;0" o,b. spilt spoon sampler p Sampl11r p_usl)ed 
with percent r&eovared & % mol<iture eontent Metropolitan Exposition.Center 

JI ·3,0" O.D. Undisturbed &amplor • s11n1plo not re<><>vored 2060 N. Marine Drive 
With P'Jfoeht roeoverod 

'S' ( Water level fluctuation Port!ao(;f, Oregon IZI 3.0" 1.0.- Unive..-s.a_l_ sampler 'Q Static water level Ci 3,0" 1.0, Ring &ampler y Groundwater level at AGRA EARTH AND ENVIRONMENTAL 
G Grab sample Interval WO tlmo of drtlllng INCORPORATED L(C) U.boratory/cnemloal analyols 
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METRO Exposition Expansion 
Pressuremeter Results 
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EXPO CENTER PMT TEST2 13.5 Ft 
18 I :. i : , 

! I J l 
16~ · Eo....: 278 ksf - ;---- ·· · ;-=-==-=------

. I 1111-~ 
Pl*= 15.3 ksf I ......- . i 

,_, 14--'----,-------,--- ' ; 
~ I INS!TU TECH 
~ '---'-~----"---+'-.i==&""""' ' f ... - 12~- 1 -----,· · ~-" i. · Beaverton,OR 
w / 
~ +--'---r--~~m---- I ~ 10 · j .. · ; 

w ~--~--• ..-~-t-,--~~___,· 
[ 

8 l '·t Light Grey Sandy Silt ' 
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·-- r . __ *** Test _ f _____________ J 
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1 I . 
I ! 
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: I Eo = 39ksf I I I 
--. 7 . I P!*= 6.4 ksf Jl.• I J.J----f - ! 1 

LL . . . _¾ ·: l l 

(f) . i i i s ... .,,, . l l l i IN ITU TECH 
..:1- i I 1 .i 

-..;..,· 6 1 Beaverton OR 
w I ' 
0: ' 
·:J 5 ... ,-~~~---+--- -----~!' --·-···-,_J 
(/) i l 

w l I -
w ! ! . 
0: 4 ' ' ' ,----' 
o..- ! -~ f I 
~ 3-1-----'--,--,c ~--~r, . t . Grey Soft i ! 
> I Sandy Silt 
<( ' o 2 f 1 ** Test i 

1 ~ , : ···1 .! I . 

I i t 
I ' ,- : 0 .l . ' I 
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RADIAL EXPANSION (dR/Ro) % 



EXPO CENTER PMT TESTS 32. 7 Ft 
9 I . .i ' 1· ' ' ! ,, ' 

l j ! l 
I ) ! ' i 

8 1 .................. ; .......... , ...... ·.,............ ' . . ·. • I 
Eo=39ksf i · i 'Ia ~ 7 . Pl*= 5.6 ks!/ +-- . ! =. 

(I) . i 1 :::5 · · r ?I ! ., · /I I· w . · .· . 1 INSIT. U.TECH rr · 1 
:J 5 ; .~ .. ,. ~;, l' : Beaverton,OR 
(I) , . 

IB .. l -- I I l rr 4 l ..,..-.__,:=~~ll!IL...4~---l ,.... . . 
0... I j I· Lu l 

~3---~-- I • 

-~ 

0 2-·-

i """ 

! '! ' ' -f ····•-:.-
' i Grey Soft l i i: i I .i 
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r l 
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EXPO CENTEB PMT TEST6 53.2 Ft 
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k f ' -1111 ------Pl*= 5.2 s · , . 
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,,....., 

16 l i 1• 

! . 
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14~---i Pl*- 8,4 ksf 
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-.- _ 12 ! I j I Beaverton
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EXPO CENTER F'MT TEST8 92.9 re ... ~ 

35 l f l ! .! l 

I I L. ii· 

Eo= 671 ksf l 1111-•___. l , 
i ______.~ i I 

30 Pl*= 25.6 ksf e---•-•_;':■•· i ·-1~--~·+: -~----1 

~ i ·• 1 I J 
(f) i ! ! : 

:::. 25 l ! l ! INSITU TECH 
w I l· i Beaverton,OR 

a: . i i. I .. :J t j ' . i 
(J) 20-1-----1 l ! ----+---~ 'e---~--t 
CD ' ' W r \ , 
a: ! • . .. • . i 
o_ . ! Grey Stiff Silt 1 
t i 5 ···-···-··- 1· : *** Test 1---c-~-!---~---+;-----' 
- ! L-----'------' I 

~ i I l I 
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i O ... , -·l------, 1 
! 

l ! i 
l , . ; 
• j ~ • , l ! ; . 
i l [ I 

5 ! i i 1 
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METRO Exposition Expansion 
CPT Results 

Cone Tip Resistance (tsf) Cone Friction (tsf) 
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METRO Exposition Expansion 
Shear Wave Profile 
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Boring Number. 

B-1 

8-1 

8·1 

B-1 

ATTERBERG LIMITS 

' 

Table B-2 
Hydrometer Analysis 

Depth (feet) % Silt Size 

15 · 16.5' 89 % 

35 · 36.5' 93% 

60 · 61.5' 87 % 

90 · 91.5' 95 % 

% Clay Size 

1 1 % 

7% 
I 

13 % 

4% 

Atterberg limits of selected soil samples were determined in accordanc.e with ASTM D 4318. 
The Atterberg Limits of these soil samples are presented in the table below: 

Boring Number 

B-1 

B-1 

B-1 

B-1 

B-1 

Depth (feet) 

15 · 16.5' 

35 · 36.5' 

50-51.5' 

60-61.5' 

90-91.5' 

Table Ill 
Atterberg Limits. 

Liquid Limit (%) 

37 

Plastic Limit Plasticity. Index 
(%) (%} 

Non Plastic 

Non Plastic 

Non Plastic 

29 8 

Non Plastic 

@ AGRA 
Earth & Environmental 
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PROJECT: Metroh'-tltan Ex~Asitlon Center PROJECT NUMBER: 6617.08598-0 PAGE1 
(!! ''" Boring Number: 

w B-1· 0 !:;: STANDiq\0 ... 
u.l ~ r/) PENETRATION RESISTANCE 

::t:i= l3Qting Method: Mud Rotary 0.. 

I'.'. :,,: ~ t-w g n. A ~QWS P'H' ~140 Sb. MITll'n=rffit" dtt,p} fuw -' ~ BQrehote Diameter; 4 7/8" O. D. 0 o!::::. <fJ (!! "' 10 20 30 40 
V SOIL DESCRIPTI -1 r ·1 7 ' '' , 

''' . ' 
ll'T r 1rn T 11'1 rt7i ~17Tr 

-nTr 7Tr1 r n1 ,-,7 r f-.J7 TC 
FILL of gravel, building rubble, silts, etc. ... 1TIC TTf1 1r11 c,1 r '-:iJT:,-
Concrete layer at.bottom-of this fill, I I I I 11n rn.-; i"'.'l'"i-1 1i r,-u tJ 1..L Jl~ ,l_ 1,.JJ, UJ i IJ.!.L 

.. .IJ"J. \... .L LI.J LlJ: .!. IJ J_I_ 
:..UJ..L- ..l .L LI .L_ \.,JJ, qJ 1. 1-lJ ,J. !--

- 1--_I..J .L _L.. .,.J i-L( .L L.f.J \...a.I :.1 .i., !..I J.. i-
. . . 

... 1-1 ,I.. I- --l.4-H• .J.l-.1~ -~1-.i ~: -i--1 .1-.-l-
"-1-1 + ... ~+i+ +·H~ f-1-4•, ~ 1·--t.+.1-

f.-1-1 +·t- ,; +·t--1• + t-!-i l-l--t t- 1-i -t- r 
J"1 l r .-, T rt :r- rtt1 t"i'1-1 ,,tr 

I-~~- .. -------•-·---------------- -- u " ' ' I r f. < <II· 

'°'l~Tr "'"\Tr't ''f,f'"' r1,.-ri -!'1 -Tr 

Medium dense, moist to wet, gray, poorly graded 
,..,., Tr IT ii ,., n"lt "'n Ir 

t!l Tr lt·ll· rrn Tll.T !7Tf" 
L.-10- fine·SAND. . 1~1Tr 7 Tl, rn1 n1r 1111-

~ ~U-LL . .,!LU .!.,1_1.J I I I! 11 It 

_I.J lL AL1 I I I I CiJI 1.JI( 
I..J .J.-L ..,l..!.U IDJ .1_1..! L I..! !.,I_ 

-----·- ··-·· --------------- .. -----·· I- - f.-.lJ .. J. L J .1.LI • .L U,J 1--lJ.1 L UJ..l.. . .· ' . .. . . . 
... ,...1 _.,L '- .l J; L..:l. ,J.."t-1.J 1-- LiJ J. ;..!...I l;. L. Medium stiff to stiff, moistto wet, gray, SILT. e,-1....J,1.~ -1 J..·J-1 . .1. \-1~ 1-_l--!.J .I. ... 1.-1 .(.,_t-
.-..1-1.-1- I- -I~ H . ...-- \-l.-4 ·l-!-1 .1. -H -l-1-

'--15-
1-t + I-'- ---t +l--; + 1-"-J-l l-l ➔~ :...1-1 'rt-

----------. 0-------· .-------. ------ 1-- u . • . .. 
i:-11' r ~r:_1 t r-1-1. r-.-1. 1"" 1"1 ,.r 
II ·if" r, -_r-ri-i r1, r l-1°1 T·r 
1'"\"T /-' 7Tl.l Tri7 n,r nrr 

Medium dente, wet to saturated, gray, poorly 17.T I 7 T 1-:-1 T li:1 h1 ·r ~i7' Tt-
~1_!_2._J_ ..! !. ' . ..I. \·1 l I l I I.I 11 I I grade<i, fine silty SAND. • ~,.J LL J .. !:LI . IC1J n-:r.r ~i_JI:,: 
l_l....} ..! L -'.). u I I I I .OJI _1J.!. 1_ 

'-20-
~:~ ~L -!- J.. L! ~ ~=~J 1-- ~-!..!_ ".!-· r--U.1..1_ .. . 

No sample recovered ii\ Shelby Tube. ,-.1.J :.L t.. .J.J.. L,.1 .L t...r..J LIJ J; f-l.J .L L 
hlJ ..Lt... .J J..l.-1 .J.1...1..J t...\.J.j.. 1-t J.. l--

\..J -1, i- ..[+I-!. 4- i.:.:.1 .-I 1-1-1 .t. I~"--~ __ ..... ______ :··------ .... ~-- - ·--·~--. ---- I- - 1--1·+ I- -I+ 1-1 -tH--f 1-1---\.-+- l'<'i + t-
Very soft, saturated,. gray to black, SILT with 

~-I.+ l-
.... · 

some sand. 
-if ._..l + !-1-{ . H-i'+ H-1 .+ l-

r-!-1 + .1- -{ -t t-J 't" i-1-1 t-1 --1· -t- i'...t --r·r 
I-\ 't" 'i- -, T-1"'"! -r- i-t'"1 r-1 "1 1" l't t' r 

'-'-25-
. ll Tr 7 T f"'! T'r""l.7 rr-, r 1\ T 1-'-·--- -·---~·- ---- ·---.-------,--. ---- -._ ~ ~ u ''' ..: !.. ,_,' '' ' ! I .I I I· I . ~·- - - T 1~i""i' r11;1 17'1-I-Medium dense/stiff, saturated, gray .to brown; ;i..,'l J 2_ ,I_ J !._ 1_1, 

,...-1_11-i_ J .!.. 1_1. .11-1'i ""C1J I ~iJ IC 
•Silty SAND to sandy SILT, . I j 1·1 l I I I 1r·11 I I .I I l 1-1 f 

.~ 7 ,- -:; "; ,-, :- - -. . ,-,-; 7 '--; -; ;' 
)J .L .L ...l J. .. u J.U-J UJ.U 1j LI_ 
1.J .L L J .LLI J. L.IJ \ ... J...J J... · 1~_.1...:i-,. 
!J .l:..J .. ..J +, I-I_ J..~I.J t,...!J L )·-l ~ I-

'-30 
i--1--1 +-1- -4 +H +-1-14 l-:1~- +- t-:--i +i-

l,EGEND AEE Project Ni.unbar: 6617-08698-0 

! 2,0" o.o.spltt spoon ~ampler p Sample_r pushod 
-with pare-en~ re-cover.od · • ¼ moisture content Me\ropolltan Exposition. Center 

Il 3.o• o.o.-undlsturbed sampier . SRm"plo not rooov·crod_ 2060 N, Marine Prive 
\'(tth pdr'corit roo.o.vered 

'S ~ Water level fiuc\uaUon Portland, O1s1gon [8) 3.0'' l.b. Universal s,,mpler -sz · ~tatlo wat8r level 
□ 3.0"·1.o. Ring sampler y GroUodwatilr Mvel at AGAA EARTH AND ENVIR.ONMENTAL 
G Grab samplo lnwrval Wr:i fill)O of dolling INCORPORATED qc) Laboratory/ohomlc,il analyol• 

i Plozomowt tlp 
7477 S.W,Tech Center. Drive 
Pcrlland, .Oregon 97223 
Phone: (503) 639°::\400 Fax: (503) 620-7892 

Drllllng Started: 2122/96 Dnll!ng Complotod: 2123136 LoglJ6d By: RA 
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i (.') "' 
Boring Number: 

w s~1 g ~ STANDARD 
w .:: 

ffl 
PENE;TRA i!ON RisSISTANCE 

i::~ Boring Method: Mud Rotary a. C 

~ :z ,.J :, Q. A 8towtp,&rk-ot(HOl:b.~~l a.w .., g :s 
Ul u.. Borehole Diameter. 4 7/8" o. o. 0 ;,lj Q._.c ., (.') 10 20 30 40 

-30 $()IL PESCRIP110- -
1-,i!·c . '' '.' ... '' ' 7 T rr- ,- rr1 rt7T -11r1-

-1"1 l I 7Tn~ Trtl n,t -,1 'i ,-

Loose/soft, saturated, gray, silty SAND to sandy : 1J IC i T 1-,- T 1-11 f".11 T -n-rr 
! I 11 111;· rn, .t'iiT ti ;1-

SILT. No sampiinecovered from 3.0 to 31:Sfeet, _L.J !L. .1 .!..1~1- l l_!J UJ !, _1.J .L-!_ 
.Ul L ;J .l. 1,....1_ J.. LI.J UJL _1.J ,LI_ 
.I.J J. L J !·LI .L L.IJ LIJL .. IJ J.. L 
..-l-1 ..LL .J l. t...! J. L....! ...t LIJ 1-, fJ .1.;i,.. 

,_ '. .. ' > ·,. ' u~· .. ..(_ 4- ~, ""~1..1 1-1·..J i. -.\J{.1-
. +,.. -1+-H +1--14 • ~1--l ~ -I .f.1-

r-H+.t- "1 Tr-I -t-rH HS~ -1".'1 t, t--
1-, T·r- ., i r1 T r1-, •r11 r -,, 'r ,-

' '. ''' '' ''' l-1, T.r 7 Tri• T' r,,, ·r-1;- r -r, .'r r 
""'"r-,·T r 7-r r1 Trri 11, r -r'l Tr 
n-rr 7 f f'"I Tri, n,r ·17 T ,-

--40-
(1 Ti- 1.T ,-1 Tr-i7 n1r -,11r 

1-:-:·k: 1·1 I I 11 f I I I 11 I I I I 

JI.Ci I{(J i'Yi I ·1J I.C 
' -- [,JI ,_1.J 1. I_ ../ l. LI~ ~'-'-' 1.11. 1_ 

-U J. L .J .l. LI~ .L 1_1J L!J_L _IJ .LL . . . ' .. · .. 
-l.J ~ L J l. LI, .L Ll.J LtJ J.. _/J .LL. 

-1-1 ,c.J. l- .,,1,1.L...J ~Ll..J _1-1,-1 .i.. :..1J . .t.;... 
-H.-1;,-.. .,./ + .... ,..: .4- l-!--4 1-1..i .j.. -H +;... 
--, ... of: t- -t + r, .. -+ t-l -I H--l·f- -1--1,'t-t-

-45- --· -.- - ' -- --- - - --~ - .. --- -·- - - --- - - ,.... -- - -- u . ''' 1 . ' '' 

Medium stiff/loose, saturated, gray, sandy SILT -17 ,: ~ "1 T J-1"" -r- J-l -r ri'1 t' -r, rr-
)-Ti 'r -, t rr"· Tll":1 t-1"'1 r -1, Ir 

Id silty SAND with c;onspicuous organics, 1-,·-, Tr i T'r'l T 11"1 -rnr -n· rr 
~17 Tf I t11 T t·11 n1r 17 Tr 

I I I I l l I ·1 l I ·I J 11 I J I 11 I 

~ 1J.1 C JIC1 rr,1 "OJI -,Jrt 
1-U J.. L JlU i:Ci'J If l I l..!.l,1_ 
1-IJ l L .J .!. •J .. Lt..1.1 q~I 1-.U L-'-

I l I I t t I, ,., ,, . ' 

No sample recovered In Shelby Tube. ,-L,.J ..L 1- ..J .L LJ ·J. Lt.J LJJ ~ i.J J.. L. 
, .. ."1.J ·:.t.· L ..J .1.Ll J. L.J,J LJ..I L 1 . .J .t. I-

.i-l:-1 J.. I- ,..i LL! -1.LIJ );..1..1 j; i-,-f-1 +-I-

- - - - - - - - ': .... - - - -· - - - -. ' ~- .. - -· T 0 - - ' -- - :-+-1·+·1- -t·+ H + l-1'"1 H-1+. -1 ➔ +:·1-. 
f-,f-l +.I- .-{+~ +: l'-r-; H-1 t- 1-1 t- t-

.... i--1'"'1 +.~ -I "f' l-l 't'l:·+1. H-i 't- -J"'-1 t-1-
r-1-, +r -r ·i- t-i 1' r_:-1 _., ,_,.., + 1, rr 

Medium dense/stiff; satur<1ted, gray, silty SAND >-,.-;i Tr 7 Tn T r11 ri, r 17 r1-

to sandy SILT with conspicuous.organics. I-~~ _1,1_ ''' ! ! l 1 ' I I I .I 
I I 1 I 7 Tl! 11-n li1·t -r7 Tr 

1-.- - - 7111 t't1 r ':,:-; T-,-1--<IJ J._l_ I I l_l 

·1.:-' f L 
Ii 1-1~ T1-1I t,i I -~J LC ~ 7 I- l 1-,-:-; - '1 :-- .. 

1-'.J J. L J J_ l.1. i U.J LI-J L: jJ J.-1.,.. 
1-I.J .l. L ,.J J. LI J. LI.J ... Ll-.:.1.L IJ J.;L 

1-1..J .J,. L. --1 J. Lt J.. L..t .J Ll.J·,J... -1-' .LI-

e-r--4 + l- -{ 4- 1-'J- -t, L!-1 1-1,--1 +- 1-1 .+- f--

-◊ 
Lis(lEND AEE Prpjedt Number: 6617--08698-0 

l ;2.0" 0,0; spllt-~poon sampler p Sampfor pushed 
wfth. percent rcc~vore9 • '½ moisture oonOOnt Metropolitan Exposition Center 

Il 3.0t< o.o. undlstur:be-d·e.an,pfqr . 
· sample not rooovorftQ 2060 N; Marine Drive 

with J><!!fcent rcoovere-d '5::( Water level nuctuaU,:,n Portland, Oregon 
!SJ ;3.o·., 1,0, Unlve~l_s,11:mpler "SZ StaUc w,rtar level 

□ 3,0" 1.0, Ring sampler y GrouhdWB.tar klvol at AGRA EARTH AND ENVIRONMENTAL 
(l G.rab samf>la.foterval WO timo of dlilllng (NCORPORATED l.(C) La.bora.tory/ohemlcal anatycls 

i .Plezomet-Jr:u·p 
7471 S.W. Tech Center Drive 
Portland, Oregon 97223 
Phone: (503) 63S-3400 Fax: (503) 620,7892 

Drilling Started: 2/22/SS Drilling Complofod: 2/23/~6 l.oglJ'<IBy: RA ;dGEOTEClf-M€C\85M81?2.DR'v'{ 



PROJ E CT: Metro=litiin Ex-sltion Center p 0 B R: R .JECT NUM E 6 617--0 86 .0 98 p A E G 3 
C) "' Boring Nl.i!Tiber; "' B•1 s ~ STANDARD 

Boring M!>thod: Mud R<1tary i .iS 
~ 

PENETRATION. RESISTANCE 

i!: ffi" = :::, A. mow,. P*f~140 lb.~ cm,p1 
Q., II.I 

Borehole Ofanieter: 4 7/8" o. o. 
., 0 :. 

~~ 0 0:: 
~ f/) ~ 10 20 ~o 4-0 

SOit; 06SCRIP'fl0"" u '' '''. .,.,·,. ., ' ~Hr:~ ~i"lT\ ,i-n T•rl7 r11T 
1--nT1 ,rn 1n1· f"l7 T 

: 1Jit i-n r,- 7111 lrfl n11 c.)J 11_ 
I- - - - 7 Ii, T f11 i'1i I I I 11 11'1 I 

t-o-U.!.L Jl._U J. l_lj 11 t I ._lj J.1_ 
, .. :IJ J. L J .1. L.I ]. l:IJ [1:i,L ,_1,J J. I.. 
1-IJ .LL ..J.l.. LI J._UJ L_IJL _IJ .l._L 
i-,.l..J f-'-- .J .1.:L.1- J.1....1.l l-1..l l. !.J .Li-

..-.,;5;..;.,, ' ' ' '.' 

Medium stlffto· stiff, saturated, blue to gray, 
i--:1.:...i.4, I- '"".;.. l-(- +- ~1..i, -~1.J ,I. '°"\,.n-l-
H-1+~ ~+-H +H4 H~:i.. -,_--i+r· 

clayey.SILTto silty CLAY. ~1--i-t_r --if,t-1 +l;""l'"i H--1 t- 1'1 ., .. )-

1-1-, Tr ""I t'-t"I ,-: rl""I t•l"f't -1,.rr 
' ' '' ''' " ' -;.,-~-r-1-r,,. r i __ T r'I~ IFl'1 rli ,.-

rwn·T r iTn~ Trt7 n,r ,..n.T.r 
1-i'"i ·Tl l r·ri Tt.,..11 rnr !1Tr 

,--70- 1-nT1- ·1 r c1· rn1 riTr -i, rr 

u ,._I .J ,!_ l.,. 11 I l I I I I 1111 • .l..! .. .!.·L ----- it1.! [lj I r-1.J.1 L ~LI.:. ~IJ !. ·1_ 
r-1.JJ.1_ J.J..Q .. i'C,~ L\Jl c.J.! .!.. ,_ 
1--IJ~.L ~·.1. t.;1. J.:1,..1.,! LlJL !J LI.-

''' "' ' ' 
r-lJ.J.L.. J_,l.t..\,;. .l.L..i.f L.I ..!. !. \J .l.L.. 
r--i,-1 ,1.. L-, .,f.-1,. L..1- _.l-HJ. L,.\..1 .. \~ ,l.i;_. 

H-l. + I- ➔ ·,t.·H ,{--1--1..f ~-l-,I -t, lo-I~ I-

r_l-t +.f- --t.+r1~ + H-t. .1-.H t- -1-1 t- t-
-75- . ' ' ,, 1-i'jT"r -, -r:r-1· T t"-1"'1 r--!"1< '-1"1 rr 

r-r, r r \T·H- T rli rl·<-T '-17 Tl 
r-17 T·f"" ,Tri T r11 111 r '""ri rr 
t-1j Ti Tl rt ·r·t·r1 1-11 T :--,1·lT1-

J.! .t I I I I l l l I I I! I I 11 ! I • 
r-,":j '.i I 7 r ri· IC(1 n1r :.iJIC 
~1_JI'C 1-rr1· I I I I Iii I ... Ul.L - - --·· iC1J· C1J-I 1:J + ~ ~ ~~:- !Jl.L ',-, Ii' '' --------------·-----.- ------·-----,--. --

~ 
r-1...1 :L· L J ~ .Ii:' l. l,...IJ U.J..L IJ J..I,.... 

t-1-....l .1. I- :..J J.. I. l. L-1 J" \..l ..t J. i.J. !. l-

Stiff, s;;ituratoo, gray, clayey SILT with some 
i-.1---1 .I-- L-, J. .1., 1-J ,l.-L..-1.J. i-l .f J. t-L4-..\-
i-H+!- -lf'H +:i--14 1-H ·,t- ... H.i"I-

5<11'\d, . . 
f-'.\-1.+~ +"1-i---1 -I -l-< 1-1· H-i:I-, H +t--
~1--1 + I- -IT ~t -r-r-1·--1 1-1-1 t- 1-1 Tt-
~1-1 'Tr' -I "1' t""l 1' r11 t-1'1 -r ,., T' r-
t-11 Tr IT r1 T."r-1'1 r,.,. r -n,.., 

' ' ,_,' -'-'..! ' .. ! I, I .... ,-, r r 7 Tri~ ;_ 1_1 _:! r-11 r -i1 r,-
>:,I~ 7.T t1· 11 I I !=I} r _iJ IC 
l_l)..~ J.I() IC1J .UJ L _t.,! .LL 
I l ! I I!-! .. ,- .. ; ' 

i--,IJ .I. L J)., L.,I ,1...L..1J UJL -U 1.L 
i--,U .I. L. .. f·J..U .1.1...lJ "LIJ L 1..l .1.\... 
t-1..l J.. \... ..J .l. l-1~ +t.,.1..i t..!.J·J.. 1J i.\ .. 
I-J-1-+ \.- -'4 + 1--t- +- ~1-1 1-,!4 ·:1,- -1-:1 +·.t-

l.6GEt,m AEE Project t./Umber. 6617--08698--0 

} 2.0" .0,0, tpllt spoon snmplor p Sampler pushod 
With p,,r<>>r\t r<i<>oirorecl • :%" rnoiSWre et;intoht Metropolitan Exposition center 

TI . 3.0" 0,0. undlstu~.sampler . 
·s9.mplo nol-reccvered 2060 N, Manne Drive 

_with percent ~overed -s-: Water.1evel fluclµatlon Portland, Oregon 
Gl M" to. Unlvorsal ""mplot :sz S.tatlc wator l•v•l 0 3;0" 1.0. Ring sa11>plor y Gtoundwator love! at AGRA E:ARTH AND ENVIRONMr;NTAL 
G Grab $.ample·tntervat WO tlCI)<). o! drilling · INCORPORATEQ L(O) Laboroto.ry_lct,.omloal"analYsts 

i Plezometar·tlp 
74TT S,W. Tech Center DriVe 
Portland, :oregon 97223 
Phooe: ( 50'.)) 639-3,400 Fax: (503) 620-7892 

Drilling Starte<i: 2122196 Diilllng Complot<,d: 2123198 Logged Sy: .AA "a;\Gl:OTECI-MtEC\8.S0801P3.0RW 
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Soring Number: B-1 

Boring Method: Mud Rotary 

Dense !oveiy dense, saturated, gray, silty 
SAND to sandy SILT. 

-105-

Medium dense, saturated, gray, silty SAND. 

'-115- Very dense, i.aturated, GRAVEL and cobbles. 
{Ely drill cuttings and action of drill rtg,) 

Boring terminated at 116.0 feet. 

,-.120 

LEGEND 

] 2.0" 0,0. split spQOn sampler p 
wtt_h percent rocoy!lred .. Sampler pushed 

Il 3.tl0 O,D. ·undisturbed &>implor ' with pe rcant recovered --r-~ 
lSI ~.0" ljD, Un!VOl'.$RI :sanipler sz 

Cl ffi g ~ 
"' f5 ., 
Q. 

/:. z UJ 
-' ::, 0. .., 

ii .~ 0 
(I) Cl 

STANDARD 
PENETRATION RESISTANCE 

A 'Blows porfoot(140 lb. l\.MtTMrfW.df-op) 

, ... ,1 • .JlLJ.L_L,I 11 11 UJ.l..1-J.J!.t . 
.,.tJ-.1.L.Jl."U Ir:IJ LIJLt-l_.J.1..1_ 
,.l_J.1.!...JJ.LI J;,LI-.J t_lJLL..t.JiL 
:-'.~~L.J.L,~I .LL\..! J..:,.l..1L1-\...C+.i..,. 

1-1.:..i + I- -I + ~I 
-H 't-t-- '":-1-4<'~1 

-1":1 TI'"' -c -tH 
i".'iT/- '1. -r t-1 

I.' '- • -1,,. r 7 iil 
-nrr , 1 rt 
""n tr 1rr_l" 
,1-rr IT II 
I l 1 I l I I I ... - __ ,... 

111-1 1-'1 l I 

1JIC J'IO 
1.J 1-L .J l LI: 

!J .l. L .J ,I.,. L,.! 

1.-1 ..i. ~ :-.1 -!-,- 1-1 
-t-t -1- I- -l .+- 1-1 

1---1 + t- -I+ H 
,_'' _., 

1-i-t.i-,-rr-1 
'--'1-i i'r ""I I i""I 
'-11 Tr 7 -r n 
t-'·1•·f7 1- i :'r' i":"1 

+ 1-1.I 
+H--1 
.+H-1 
-r ri., 

'' Trl~ 
in! 
T i-t'1 
T,-,1 
I ' \: I 
li~11· 
i:CrJ 
J..LJJ 

. ' ' 
s!.\...IJ 

.1. 1-1.J 
+ 1-i..: 
+. t-1-1 

''' 
T-rl"'1 

Trl"1 
Ti17 
"Ti-t1 

'-!-t + I- -1 +-1-t + 1-l--! 

-1.4-.,- r-; + 1-1 "!' i--1-1 
i-i Tr-'; 't' l'"'l T"!l""t 

·11Tr'ill1~ Trft 

IJ_.l.. L .J J.:U- Ll.,U 
).J,.l. L.-').. L.! J,. '-;'-l 
l..J.J..L-.J·.1.1-1 .. .1.1-i..J 

14 -l-,,)- _--! ,i;. 1-1· + 1-1-

H~-i. L...1..i +. I-
1-14 .f- 1 ... :1 ... +1-
H ➔+ ~J.-1.-f"'.t-"1· 
II "'1, T' ~1'1 Tr 

''' ri,r l-1'1 Tr 
r,,,.r l-17 TI 
ritr i-n·T r'. 
1'-1lT -j7 Ti-
11 11 : .. ..'J l. J_ 
.Ci][ _I_!:!. I.;, 

UJ!. _u L'-
1-1 J J. IJ_ °7t.., 
_LI J. !. j.J_ J. L. 

~I~ .t.: I.J J.1-
I-! -I -1-- \.-.{ ..i,. I-

t'"l -i t- -1.-1 1' t-
TTT TT ' r-f"1"T' 11 Tr-

•.rl"'I 1" 1, -r-r 
ri, r ~nTr 
n-1 r 17 Ti-

.1-I--! r ~1-1· + ;­
t-:1~ t- i-.17 1" t­
J-'1-"1. r 1, ,:- r 
r11r nTi-

LU.!.. _IJ l..t,.. 
LU l. ~I.J .LL 
L.I.J L J.,..I.J i, ~ 
i,;.1-1 + 1-1-1 • t-

AEE Project Number. 6617-08598-0 

Metropolitan Exposition center 
:2060 N, Marine Drive 
Portland, Oregon 

□ 3.0" 1.0. Ring ""mplor 

G Grab &a.mpio Interval 
l(C) LaboratQry/chomlcaf analysis 

~ 
WD 

% moisture ~ontont 
S~ntple not roeov~red 
Water level fiuctuatlon 
s·tatlo water-level 

Groundwabi:r .J9v~I at 
time ofdrtlllng 

AGRA EARTH AND ENVIRONMENT AL 
INCORPbRATED 

i Ple:z:omewr tip 

Orllllng St,ui<>d: 2122196 Drllllng Completed: 2123/96 

74Tf S.W. Tech Center Drive 
Portland, Oregon 97223 
Phone: (503) 639-3400 Fax: (503) 62()..7892 

Logg.o By: RA a:\GEbi"ECH\MEC\059881.P4.DRW 



20.0 

40.0 · 

60.0 

80.0 

100,0 

~o.o 

METRO Exposition Expansion 
CPT Results 

Cone Tip Resistance (tsf) Cone Friction (tsf) 
50 100 150 0.0 0;5 1.0 1.5 2 .. 0 

0.0 --l----''--....L--'----'-_,_ _ _,___..___, 

-~ ~- . ________ ...,":' ___ ~ ..... --
:.----... 
=-

20.0 

40.0 

60.0 

. --.· ::...::::::.~~~====~-=~-=--.:.-a.- $0.0 

100.0 · 

CPT P-1 

- - - CPTP-2 120.0 

------ GPT P-3 

GPT P-4 




