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October 17,2011 

Mr. William Nye, Superintendent 
Grand Valley Local Schools 
111 Grand Valley A venue West 
Orwell, Ohio 44076 

Re: Building Examination 
Grand Valley School PK-12 Building 
Orwell, Ohio 
IAL No. 11352 and 11361 

Dear Mr. Nye: 
I 

As authorized by you, Isaac Lewin PE ofi A Lewin, PE and Associates (IALPE) has performed an examination 
and review of documents concerning the design, construction and eiisting condition of the PK-12 School in 
Orwell, Ohio. The services were requested to establish the existing 9ondition of the roof and exterior masonry 
walls of this building. This service is being performed to supplement the investigations being performed by 
Construction Resources Incorporated (CRl). The site was visited on August 17, 2011 and August 19, 2011. 
Both site visits were limited to visual observations of the existing conditions at the school. While this writer 
observed the masonry removal and replacement performed under CRl's direction, this office did not authorize or 
perform any testing or demolition as part ofiALPE's services. Phot9graphs of the existing conditions at the 
time of the examinations were taken and are on file at this office. I 

I 

Executive Summary 

i 
This writer found no observable indications of short term structural defects which might adversely affect the 
building or the safety of the students. The only structural issue faun~ is the damaged masonry at the bay 
windows located in the science rooms at the south end of the second!floor of the High School wing. What were 
found are cracked and deteriorating exterior masonry walls and roof:issues at the High School wing. In this 
writer's professional opinion these are due to a lack of properly instatled, spaced, and located masonry control 
joints, and a lack ofbuilding and roof expansion joints. While these!items are not of immediate structural 
concerns, over the long term these items will cause the building to d6teriorate allowing moisture into the 
building (and its related effects) and cause an increase in maintenande spending to reduce the problems caused 

I 

by the items listed above. The review did find a lack of reinforced ~asonry walls that need to be reviewed with 
the original Architect and Engineer. The cost to be budgeted as ofth'e date of this report is$ 170,000. The 
amount is in addition to the costs developed by Construction Resour~es in their various reports. 

I 
The corrective action includes cutting of new, properly sized and located control joints, installation of building 
and expansion joints, and removal and reinstallation of the two bay ~indows in properly prepared and 
reinforced masonry openings. 

The following documents were furnished to or reviewed by this writer and were used in preparation of this 
re~tt i 

i 
• Buehrer Group Architectural Drawings A-lb through JX102, Construction Documents (not 

necessarily complete) dated July 7, 2003 i 
• Buehrer Group Structural Drawings S-1 through S-8 and Drawings S-13 through S-32), 

Construction Documents, dated July 7, 2003 ! 
• Portland Cement Association (NCMA), "Concrete Maspnry Handbook", 1991 
• Brick Institute of America (BIA) Technical Notes,# 181 and# 18A 

'i 

I 
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• "Time Saver Standards for Building Construction", Fjfth Edition, Callendar 

• 
• 

Draft Roof Evaluation Report, Construction Resources Incorporated, dated July 19, 2011 
Draft Masonry Wall Study, Construction Resources Ihcorporated, dated September 7, 2011 

I 
Background I 

The school building was designed in 2003 by Bruehrer Group and Carbone Construction as the Construction 
Manager constructed the school in 2004. It is understood the schodl was completed and occupied in 2005. The 
school building is constructed of multiple materials and building sizes. There are three basic areas that make up 
this building. One is the High School wing which is two stories tall. There is the central core area containing 
the assembly areas, gymnasiums, cafeteria, music rooms and vocational rooms. At the west is the PK and 
elementary wing which is one story building. The High School wiiig has roof constructed of asphalt shingles, 
vented wood sheathing, steel roof deck, and light gage steel trusses .. The second floor ofthis wing is concrete 
floors supported on steel bar joists. At the two story High School wing, the first floor walls are load bearing 
reinforced masonry and the second floor is unreinforced load bearin'g masonry. The central core is constructed 
of different intermixed structures. Two of the gymnasiums are built using pre-engineered steel frames, with 
shingled roof system and masonry walls, some reinforced and some' unreinforced. The assembly and cafeteria 
areas and one gymnasium are constructed of conventional flat roof membrane over steel deck and conventional 
structural bar joists. The walls again are mixed unreinforced and reinforced masonry. The PK-Elementary 
wing is one story with the shingled roof system previously describe~ and is supported on interior reinforced 
masonry walls and exterior unreinforced masonry walls. The entire' complex is supported on conventional 
shallow reinforced concrete foundations. The exterior masonry con~ist of a 4 inch brick veneer with decorative 
concrete masonry elements and precast concrete sills at windows, 2 :inch air space, 2 inches extruded 
polystyrene insulation and 8 to 10 inches of concrete masonry. ' 

I 

As you can note by this description this is a very complex structuralisystem. Due to the complexity of the 
building's plan and structural elements care needed to be taken to properly locate and detail building expansion 
joints, roof expansion joints, and masonry control joints. I 

The defective conditions observed include: 

• Control joints where the caulking has been forced out ofthb joint. 
• Supplemental control joints saw cut into the walls after completion. 
• Control joints located in positions not recommended by the~ referenced masonry publications. This 

includes but is not limited to joints in wall lengths between ',windows and openings, spacing exceeding 
those recommended by the BIA, not located within the onelhalfthe standard joint spacing away from 
an outside comers, control joints do not go through the backup masonry, and no joints located in short 
jogs in building wall plans. These defective joints resulted in both partial and full height cracks in the 
brick veneer in all of the different building elements at this ~ite. . 

• Open mortar joints that should have been either sealed or rnortared. 
• Roof and shingle damage which can be attributed to lack o~expansionjoints as noted in the CRl Roof 

Evaluation Report. 

Roof Review 

The roofs of concern are the ones with light gage trusses with steel decks and vented sheathing. Basically there 
are three different materials with different rates of thermal expansiori, the steel, the wood and the masonry. The 
steel has the highest coefficient of expansion at 0.00065 (per foot per- 100°F) versus wood 0.00030 and masonry 
at 0.00034. This indicates the steel will move twice the amount the wood or masonry will. Given a 
100° F temperature differential and 360 feet of building, the difference in movement is almost three inches. 
This expansion is sufficient to cause buckling of the roof system and !cracks in the masonry. It is standard 
practice to space expansion joints at a maximum of 400 feet for steel iframed buildings, but this is not a steel 
framed building. It is a masonry building with a steel roof; therefore\more care was needed in the placement of 
expansion and control joints. Callender recommends 150 feet for ex~ansion joints in masonry buildings. This 

i 

I 
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building needs expansion joints added to control the differential movement between the different types of 
construction materials. I 
It is also standard practice to locate building expansion joints where there are significant changes in building 

I 

size or construction types. In this instance, it is this office's opiniori building expansion joints are needed at the 
transition between the High School wing and the Central Core, andithe transition between the Central wing and 
Elementary wing. These building joints will help to separate the differential movements ofthe different 
building masses from one another. ' 

Masonry Review 
! 
I 

The primary issue with the exterior masonry walls is the improper ihstallation and locations of all the control 
joints. This is resulting in the brick cracking and sealant extruding ~ll around the building. The first issue is the 
location of the joints. Per all recommendations (PCA, BIA, NCMA), joints are to be locations where the 
buildings change geometry in both plan and elevation. That was no't done on this project. Almost none ofthe 
joints were located at windows or doors. Most ofthejoints were located in walls between windows. This has 
caused some of the cracking and deterioration of jamb/head interseqtions. Along with this, the joint is installed 
in line with the jamb. This is not acceptable since the steel lintel passes through the control effectively locking 
both sides of the joint together. This is causing some of the crackink observed. Typical is the "bump-outs" at 
the High School. At these locations, the building jogs about 1 '-0". At almost every bump-out location, the 
brick veneer has developed a vertical crack so much that at two locations, the brick has actually rotated. Lastly 
for improper joint locations, all references recommend the first control joint at a comer be located 1/2 the 
standard joint spacing from the comer. This was not done at the gable walls that occur above roof such as at the 
south end of the vocational wing. 1 

i 
Second, the joint spacing exceeds those recommended by BIA. PCA and NCMA recommend 40 feet between 
control joints for concrete masonry. However BIA introduces a fonPula for determining the spacing. It is as 
follows: 

Using the following values: 

sj =joint spacing in inches 
wi =joint width, 3/8" is normal 
ei =caulk flexibility factor, 50% is typical. 
k., =moisture expansion coefficient, 0.0005 is typical 
kr = moisture freezing expansion coefficient, 0.00 for this climate 
kt =thermal expansion coefficient, 0.000004 is typical for this formula 
/'>, T = 100° F, 0° winter to 1 00° summer 1 

I 

The joint spacing calculates to 17'-4" (208"). This is 33% closer spicing than the typical existing spacing of24 
feet, with some areas up to 30 feet. This may be why a number of joints were added by saw cutting the existing 
masonry and calking the joint. Of course, the joints that were post-installed did not help this situation and were 
installed incorrectly. the major defect is thickness of the joint which is 1/8" (saw blade width) and since the 
joint was too thin, no ba~ker rod could be installed. Even with the jdints installed, they are incorrectly 
constructed. ' 

Recommendations I 
i 
II 

Based on these observations and this writer's experience as a practicing structural engineer the items described 
above need to be corrected. The following recommendations are off((red: 

1. The roof over the High School wing should be divided into ~hree sections with a true expansion joint 
between them. This will limit the amount of differential m~vement to less than one inch which the 
roofing and sheathing can tolerate. To accomplish this, the roof must be removed to the trusses for a 

! 
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span of 12 feet each side of the truss and a new system witli the deck overlapping to allow it to slide 
and still be supported on the truss. A new roof expansion jbint should be installed over this joint. See 
the attached drawings for suggested locations. I 

2. The CRI report stated some deck fasteners have sheared. When the roof deck is replaced, the fasteners 
at the locations found by CRI should be examined by this ~ffice. At that point a determination can be 
made as to what course of action to follow. It is anticipated that with the proposed expansion joints, 
the only action is to reinstall the damaged fasteners. i 

3. We are recommending two building expansion joints be in~talled. One would be between the 
elementary Gymnasium and the 4th Grade Classroom (Sect,ion D37/A54). This one would be fairly 
simple as it is a non-loadberaing wall, but the deck angle Wfmld need to be removed. The deck would 
be cut back and true expansion joint installed. This would '(llso entail cutting and sealing a 2 inch wide 
vertical joint in all wall that are perpendicular to this wall t6 become the expansion joint. The second 
location is at the two hour fire wall separating Corridors 229 and 230, both on the ground and second 
floors. This wall currently a bearing wall did not meet Section 705.2 of the 2002 Ohio Building code, 
which requires firewalls to have sufficient structural stability to remain standing should the roof on 
either side (this is usually enforced as the roof on both side icollapsing and the wall remain standing). 
Joist support angles will need to be added as well as slide joints under the joist bearing. then a truss 
expansion joint can be installed on the roof with vertical joints in the masonry walls below. See the 

4. 
attached drawings for the proposed expansion joint locations. 
In addition to the recommendations in the CRI Brick Evaluation Report, control joints must be 
installed in the correct locations per the industry standards. i The existing control joints can remain as is 
with no further work. All joints must be at least 3/8" wide imd sealed with backing rod and elastic 
sealant (2-part polyurethane such as Sika Sikaflex 2c NS). i The joints should also be cut into the 
backup concrete masonry walls. See the attached sample elevations for the typical recommended 
locations. i 

5. The bay windows need to be removed, the cracked masoru-Y replaced, a steel frame installed in the 

6. 

masonry opening properly anchored to the adjacent masomy that has been reinforced for the cantilever 
loads and the window reinstalled. 1 

Further review with the Architect of Record and Engineer qfRecord is needed to determine if the 
building is adequately designed and constructed to meet Paragraph 1620.1.7 of the 2002 Ohio Building 
Code. The concern is the lack of reinforced masonry in portions of the building. Paragraph 1620.1.7 
requires there be a continuous connection between the roof,~ floors and foundation. Since this writer 
could find not information to the contrary, many walls are umeinforced concrete which does not meet 
the code paragraph referenced above. This evaluation is outside of this office's scope of services for 
this report. ' 

Conclusion 

I 

There are four issues regarding the building's envelope. The first is excessive differential movement between 
the various roof components of the High School. This can be corrected by the installation of roof expansion 
joints. The second is verification that the roof remains properly attaphed to the steel trusses and replacement of 
any missing fasteners after the roof has been modified. The third issue is the installation of building expansion 
joints at two locations. These are needed to insure that any forces crbted by differential movement are not 
transferred through parts of building that are not capable ofresisting 1these forces. The fourth issue, which will 
require the most amount of work, is installation of new control joints in the exterior brick veneer and 
corresponding ones where needed in the concrete masonry backup walls. These joints should be placed in 
locations and spacing that are recommended by the referenced stand~rds. 

While the examination found no parts of the building that showed siks of pending failure, there is concern 
about the amount of non-reinforced masonry walls in this building. While earthquakes, which the reinforced 
masonry is needed to resist, are rare and of small magnitude, they do1 occur and the design of reinforced 
masonry to resist these loads is a code requirement. It is suggested 'Tihe Architect of Record and Engineer of 
Record provide documentation indicating conformance with the earthquake design provisions of the 2002 Ohio 
Building Code. : 

I A Lewin, PE and Associates 
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The costs for installing the recommended actions follow. The costs l,are for order of magnitude for budgeting 
purposes only. Final details need to be developed before more accurate costs to be developed. 

1. 
2. 
3. 
4. 
5. 
6. 

Roof Expansion Joints 
Fastener Check and Replacement 
Building Expansion Joints 
Control Joints (see CRI report) 
Bay Window Correction 
Engineering Fees 

Subtotal 
Contingency at 25% 
Total cost to be Budgeted 

I 
I 
l 

$ 40,000 
$ 5,000 
$ 60,000 

$ 20,000 
$ 10,000 

$ 135,000 
$ 35.000 
$170,000 

The costs listed are in addition to those presented CRI reports for th~ roof and walls. 

Limitations 

This letter is based on a limited examination of an existing, finished ~tructure. No warranty is made or implied 
that all defects were observed and reported. Due to the finished construction, concealed conditions may exist 
that would affect this report; this office assumes no liability for concealed conditions that may affect the extent 
or costs of any repair work needed. If conditions assumed by this office are found to be different than those 
described in this letter, this office should be notified. This office res~rves the right to adjust the information 
presented in this letter should additional information become available. No structural analysis was authorized 
or performed as part of this report. The opinions, conclusions and re~ommendations, to a reasonable degree of 
engineering certainty that are contained in this letter, are based on th~s writer's experience as a practicing 
Structural Engineer. · 

Please do not hesitate to contact this office. 

Respectfully submitted 
I A LEWIN, PE AND ASSOCIATES 

Isaac Lewin, PE, 
Principal 

Attachments: 
Photographs 
Key Plan of Building for Photographs 
Typical elevations showing proper locations for control joints 

I A Lewin, PE and Associates 
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~ EDP Geosciences 
a division of SME 

June 13, 2011 

Mr. James Froehlich 
Scaparotti Construction Group 
5910 Landerbrook Drive, Suite 230 
Cleveland, Ohio 44124 

Dear Mr. Froehlich: 

RECEIVED 

JUN 1_ 6 Z011 

SCAPAROTTI CONSTRUCTION GROUP 

Grkd Valley Local Schools 
Pru:king Lot Distress 
Orwell, Ohio 
EDP Geosciences #CP63462 

We have completed our study of the distress pavement at the Grand Valley Local Schools 
campus in Orwell, Ohio. This report presents the results of our field exploration and 
laboratory testing, and our conclusions and recommendhtions for rehabilitation of the 
pavement. 

' J Three bound copies of our report are being mailed to y!u for your use and distribution. 

~ If you have any questions relative to our findings or :the conclusions presented in this 

J_ . _ _ _ .. ~~o~ :i~=::_b:o~ ~: :sistan: pi= Cll!l-: ···-·· ··-·····-- ···-·. ·······-· _ 
~1 Very truly yours, 
., . 
I 
1 
l 

.1 

I 
i 

1 
j 
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EDP Geoscienc~ 

~mem,P.E. 
Principal Consultant 

,. EXHIBIT 

~ li &J I;! 
li 
it-! --=-----

.......................................................................... ___ , 
Geotechnical • Environmental e Construction, Materials Consultants 

9375 Chillicothe Road, Kirtland, Ohio 44094-8501 Phone (440) 256-6500 Fax (440) 2S6-6507 www.edpgeosciences.co 



t 
1 

! 
! 

I 
I 
l 
:1 .. .... 

i 
' 
1 
l 

! 
' l 
i 
! 
I 
l 
' 1 
' 

I 
! 
j 

l 
1 

1 
l 

i.J 

. 1 

! 
! 

::.:J 

J 
1 
' ;_j 

: ~ 
' .1 

i 
; 

J 

c i 

' I 
: J 
L.J 

: .! 
: 1 
: .... l 

I 

I 

I 

I 

PAVEMENTDISTRESS STUDY 
GRAND VALLEY LOCAL SCHOOLS 

ORWELL, OHIO 
EDP GEOSCIENCES #CP63462 

JUNE 13, 2011 

Prepared at the request of: 

Mr. James Froehlich 
Scaparotti Constru~tion Group 

5910 Landerbrook Drive, Suite 230 
Cleveland, Ohio 44124 ·· ·Pfiorie:-«o~t53~s2o«r·· ··· ·- · ·· · · · · · · · · ··· ···· ··· · · ·· · 

~ EDPGeosciences 
- - - - - - - - _._... · · · · · odMsion·ofSME· 

9375 Chil/icoth,e Road 
Kirtland, Ohio 44;094-8501 

Phone: 440-25,6-6500 
Fax: 440-256r6507 

www.edpgeosciehces.com 
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Geotechnical Engineering Report 

~.;~(lll~r.*~'" ~~~ii"1l~Otl§!@.:r. [lt.))'lll~!~!l'll""' '!>tm~a ~till:lll~f.~,..~·~ 
~W""'"t:I.DIUntt!D fl =: Ll§IU1 Wir,.;>~f'- 11 ~~ w~iHi~f ~i!tl"&a lil " ~jbtYFt.oa 

Geotechnical engineers structure their services to meet the spe
cific needs of their clients. A geotechnical engineering study con
ducted for a civil engineer may not fulfill the needs of a construc
tion contractor or even another civil engineer. Because each geot
echnical engineering study is unique, each geotechnical engi
neering report is unique, prepared soleiy for the client. No one 
except you should rely on your geotechnical engineering report 
without first conferring with the geotechnical engineer who pre
pared it. And no one-not even you-should apply the report for 
any purpose or project except the one originally contemplated. 

..... ~~~[i .. :ffigMJ!§Rfff!®ft~~t- ... ··-- ............ ·-·- . --· --·· ---· ···-·· ···-·····-··· 
Serious problems have occurred because those relying on a 
geotechnical engineering report did not read it all. Do not rely 
on an executive summary: Do not read selected elements only. 

A Geotech~1iC~! E~~~~iffi~H·~~g ~®~@~'llt i8 ~~~~@ Qi!i 

ffi U&1iij~~ S~t eli~ Pr®j!m~i-S[]iiilCiiEC factaiWlS . 
Geotechnieal engineers consider a number of unique, project-spe
cific factors when establishing the scope of a study. Typical factors 
include: the client's goals, objectives, and risk management pref
erences; the general nature of the structure involved, its size, and 
conligfiration; tile location o1 the s1ructureon"1he- site;-and other ·· 
planned or existing site improvements, such as access roads, 
parking lots, and underground utilities. Unless the geotechnical 
engineer who conducted the study specifically indicates ·other-· 
wise, do not rely on a geotechnical engineering report that was: 
G not prepared for you, 
G not prepared for your project, 
@ not prepared for the specific site explored, or 
C; completed before important project changes were made. 

Typical changes that can erode the reliabflity of an existing 
geotechnical engineering report include those that affect: 
~ the function of the proposed structure, as when 

it's changed from a parking garage to an office 
building, or from a light industrial plant to a 
refrigerated warehouse, 

o elevation; configuration, location, ori~n.tation, or 
weight of the proposed structure, 

~ composition of the design team, or 
<i' project ownership. 

As a general rule, alwa}'S inform your geotechnical engineer 
of project 'changes--Bven minor ones---i'ind request an 
assessment of their impact. Geotechnical engineers cannot 
accept responsibility or liability for problems that occur 
because their reports do not consider developments of. which 
they were not informed . 

sii~i~n~f~c® tariditi-~ris tail"iH. -r;raai]·ge ··· 
A geotechnical engineering report is based on conditions that 
existed at the time the study was performed. Do not rely on a 
geotechnical engineering report whose adequacy may have 
been affected by: the passage qf time; by man-made events, 
such as construction on or adjacent to the site; or by natural 
events, such as floods, earthquakes, or groundwater fluctua
tions. Always contact the geotechnical engineer before apply
ing the report to determine if it is still reliable. A minor amount 
of additional testing or analysis could prevent major problems. 

Mrisf G~OC»t~chrxnctal fiilding$ Are 
frQDWassion~~ O~hteom3 
Site exploration identifies subsurface conditions only at those 
points where subsurface tests are conducted or samples are 
taken. Geotechnical engineers review field and laboratory data 
and then ap'ply their professional judgment to render an opinion 
about subsurface conditions throughout the site. Actual sub
surface coQditions may differ-sometimes significantly--from 
those indic~ted in your report. Retaining the geotechnical engi
neer who developed your report to provide construction obser
vation is the most effective method of. managing the risks asso
ciated with unanticipated conditions. 

~--·-·----·------··--··--·-··- ·-·· ---'--------------------···-···---------·---·-----·----------~ 
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Do not overrely on the construction recommendations Included 
in your report. Those recommendations are not final, because 
geotechnical engineers develop them principally from judgment 
and opinion. Geotechnical engineers can finalize their recom
mendations only by observing actual subsurface· conditions 
revealed during construction. The geotechnical engineer who 
developed your ;eport cannot assume responsibility or liability for 
the report's recommendations if that engineer does not perform 
construction observation. 

Other design team members' misinterpretation of geotechnical 
engineering reports has resulted in costly problems. Lower 
that risk by having your geotechnical engineer confer with 
appropriate members of the design team after submitting the 
report. Also retain your geotechnical engineer to review perti
nent elements of the design team's plans and specifications. 
Contractors can also misinterpret a geotechnical engineering 
report. Reduce that risk by having your geotechnical engineer 
participate in prebid and preconstruction conferences, and by 
providing construction observation. 

report's accuracy is limited; encourage them to confer with the 
geotechni~al engineer who prepared the report (a modest fee 
may be required) and/or to conduct additional study to obtain 
u·1e specifit types of information tfley need or prefer. A prebid 
conference can also be valuable. Be sure contractors have suffi
cient tJine to perform additional study. Only then might you be in 
a position to give contractors the best information available to 
you, while requiring them to at least share some of the financial 
responsibil,ities stemming from unanticipated conditions. 

Some clients, design professionals, and contractors do not 
recognize that geotechnical engineering is far less exact than 
other engineering disciplines. This lack of understanding has 
created unrealistic expectations that have led to disappoint
ments, claims, and disputes. To help reduce such risks, geot
echnical engineers commonly include a variety of explanatory 
provisions in their reports. Sometimes labeled "limitations", 
many of these provisions indicate where geotechnical engi
neers resp,onsibilities begin and end, to help others recognize 
their own responsibilities and risks. Read these provisions 
closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly. I 

I l 
l 
J 

i tk4&! f~@~ [i£[~(\~~f•£\fH' tfiii~~ ~E®(il;~illl~~~i"'illi 1lii.&(f~f~ The equipment, techniques, and personnel used to perform a l I Geotechnical engineers prepare final boring and testing logs geoenvironri:Jental study differ significantly from those used to I 
i based upon their interpretation of field logs and laboratory perform a geotechnical study. For that reason, a geotechnical j 

j 1 data. To prevent errors or omissions, the-logs included in a engineering report does not usually relate any geoenvironmen- · 
j j geotechnical engineering report should never be redrawn for tal findings,;conclusions, or recommendations; e.g., about the I' 

J ,I inclusion in architectural or other design drawings. Only photo- likelihood of encountering underground storage tanks or regu-
~ graphic or electronic reproduction is acceptable, but recognize lated contan)inants. Unanticipated environmental problems have 
I that separating Jogs from the report can elevate risk. led to numerous project failures. If you have not yet obtained j 
.i I 

l------- · ·· ···· · ·----~'-· ·-- ~-~~~- c®~~;~~iii~~-a-~-@lli~ig~i$ ·--- ·· --- - ---- -- --- -------- ···· --- --~~~~ff~~;~~~~r~~~~i-!~~~{~~~~~~~~~5~~0~~~~~~~1~~ --- --~ 
l ' 
-~ 1 ~®~~lf,t ~m~f G~~dil.lln~~ environmental report prepared for someone else. 
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ti~fi:W ~il] V®m! ~~@t~~!ll~~~~~~~ tm!IDlirt:®~ijll ~@ifi 
A~bi~~a~i~~ Assiste1i~a:e 

Some owners and design professionals mistakenly believe they 
can make contractors liable for unanticipated subsurface condi
tions by limiting what they provide for bid preparation. To heip 
prevent costly problems, give contractors the complete geotech
nical engineering report, but preface it with a clearly written let
ter of transmittal. In that letter, advise contractors that the report 
was not prepared for purposes of bid development and that the 

I 
Membership, in ASFE exposes geotechnical engineers to a wide I 
array of risk management techniques that can be of genuine ben-
efit for every~me involved with a construction project. Confer with 
your ASFE-member geotechnical engineer for m~re inform~ 
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INTRODUCTION 

PAVEMENT DISTRESS STUDY 
GRAND VALLEY LOCAL ~CHOOLS 

ORWELL, OHIO ! 

EDP GEOSCIENCES #CP63462 
JUNE 13,2011 

This report presents the results, conclusions, and recoJ!nmendations of a limited scope 
geotechnical engineering study of distressed pavement ,at the new PK-12 Grand Valley 
School campus in Orwell, Ohio. This study was reque~ted by Mr. Jim Froehlich of the 
Scaparotti Construction Group. , 

We understand that the new PK-12 Grand Valley School complex was constructed about 
five years ago, and soon after construction, areas of the' new asphalt pavement began to 
experience distress which included alligator cracking, elliptical cracking, and areas of 
localized settlement. Many of the distressed areas have since been repaired, however 
some other areas either remain in their prior conditio#, or have experienced recurring 
distress, particularly in the northeast parking lot. We have no specific information 
regarding the extent of work done in the areas that were repaired. 

In May, 2011, EDP Geosciences was requested to complete a limited scope exploration 
of the remaining pavement areas of concern to help determine the probable cause of the 
distress, and recommend procedures to restore integrity. i 

...... FIE:LD -EXPLORATION~AND.L.ABl1KATO'Kf-TESTfNG-·-···----
Pavement, base, and subgrade conditions were explo~ed at three locations that were 
selected by other members of the design or constructibn team to provide generalized 
coverage to the pavement areas of concern. Approximatb test locations are shown on the 
enclose Boring Location Plan which is based on a dr~wing provided by the Buehrer 
Group. I 

_ At each location, our drilling crew cored through the ex~sting pavement using a nominal 
6 inch diameter, diamond-bit core barrel. They then sampled the underlying base in its 

-entirety -and -measur-ed- the-thickness of asphalt and baSe with a carpenter's rule .. The 
subgrade was explored by drilling a Standard Penetration Test boring to nominal 6Yz foot 
depths in general accordance with ASTM Standards.; A two-inch O.D. split-barrel 
sampler was driven to obtain samples at selected interVals. The number of blows of a 
140-pound hammer dropping 30 inches was recorde~ for' each of three, six inch 
penetration intervals at each sample location. When 1 the boring encountered shale 
bedrock, where a penetration of six inches or less was obtained for 50 hammer blows, the 
actual blow count and depth of penetration in inches for t~at interval were recorded. 

-~ EDP Geosciences 
-=-- a division ofSME 
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Boreholes were checked for the presence of groundwat~r, either in the sub grade or within 
the base course. The boreholes were then backfilled vJ.ith dry ready mix concrete which 
was tamped, and the pavement surface was patched wit~ cold-mix asphalt. 

Samples were taken to our laboratory where they w¢re examined by a geotechnical 
engineer and classified in general accordance with ASTM . Standards. Representative 
subgrade samples were tested for water content as an ihdicator of subgrade consistency, 
strength, and compressibility. Pavement thicknesses at each of the three core locations 
were measured in general accordance with ASTM D 3549. The results of the laboratory 
soil classification, water contents, and pavement thicknesses are presented on the 
enclosed boring logs. 

ENCOUNTERED CONDITIONS 
Asphalt pavement thicknesses in the northeast parking lot's main drive lane ranged from 
about 2Yz to 4 inches. Four inches of asphalt pavement was encountered at B-3 in the 
southwest parking lot, including a 5/8 inch thick overlay which was placed over a crack 
reinforcing fabric. · 

The composition and thickness of the encountered base materials varied significantly 
among the three test locations. · 

I 

At B-1 (western boring, northeast lot) the base course consisted of an upper, 3 inch thick 
layer of crushed concrete, underlain by a 1 Yz inch thicl~ layer of brown sandy clay with 
gravel, followed by an additional 6Yz inches of crushed limestone. The sample from the 
crushed concrete layer did not contain any pieces larger than 1 inch. The lower crushed 
limestone layer was mostly sand sized particles with minimal larger particles. 

At B-3 (southwest lot), the base course was 7Yz inches·thick and consisted of a crushed 
limestone with clay contamination and a high fines content. 

The pavement subgrade was competent at the two locat!ons explored in the north lot, and 
consisted of very stiff brown or brown and gray sandy clay and clayey silt, underlain by 
shale bedrock at a depth of about 4\/z feet. Somewhat less competent subgrade was 

- encountered at B-3~ corrsisting of about 1 Yz· feet·of medium-stiff brown and· gray sandy 
lean clay followed by stiff brown and gray lean clay with sand to the maximum explored 
depth. We classified the upper 1 ~ foot layer as being possible fill. 

Groundwater was encountered a few inches below the pavement surface at B-2 and B-3, 
I 

indicating that water is trapped in the base course. No w,ater was encountered at B-1. 
I 

2 EDP Geosciences 
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ENGINEERING INTERPRETATION, CONCLUSIONS, RECOMMENDATIONS 

I 

We interpret the available data as indicating that the! distress which is evident in the 
pavement surface is caused primarily by frost heaving ~ithin the base course due to poor 
quality base materials, a poorly graded sub grade, and ~he apparent lack of underdrains. 
Note that we did, however, observe fmger drains at a· catch basin in the northeast lot. 
The distress in the general area of B-3 probably has th~ same causes as in the northeast 
lot, but with the added influence of a less competent subgrade that is probably yielding 
under traffic. 

The absence of underdrains. Water, after it seeps through the pavement section, 
through cracks which inevitably develop, and through: joints at curbs and surrounding 
patched areas, saturates the base course and provides a source of water for frost heaving . 
Eventually, the water will likely cause softening of the underlying subgrade. In the north 
lot, we observed extensive areas surrounding prior patches where the sawcut joints were 
initially filled with elastomeric sealant~ but the joint has since reopened, providing an 
easy source of infiltration i.11.to the base course. 

Undrainable aggregate base. The gradation of the crushed aggregate we encountered 
during this limited scope study is generally poor, with high fines content, significant clay 
contamination, and for the most part, a low proportion of larger aggregate sizes. The clay 
contamination and high fines content render this base practically undrainable. The clay 
layer included within the base at B-1 further impedes Q.rainage. The implication of all 
this is that even if underdrains were installed, water would reach them only with 
difficulty because ofthe low permeability ofthe base course . 

~ A non-uniformly graded subgrade and the resulti~g variation in base thickness. 
~ [ ·; The wide range in base course thicknesses, and the inclusion of clay at B-1 implies that 
L--\J. ·- .. _ .... ___ ·-· the ·sub grade was not carefully graded prior to placement of base. It seems virtually 
i · --·ceita1ii-ihai-1owspoTs ·-ex.!St1ntlie-suhgrnde-surl'ace-wiii~h-ooiircf"PoliCi water-dlinng-f'afr;· 
t r·l winter, and spring months, leading to frost heaving and eventually, softening of the 
~ U subgrade. i 
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Thinner-than-desirable asphalt section< An aspha,lt thickness of 2% inches was 
measured at B-2 which is inadequate for this region, even if the pavement is subjected to 
automobile use only. 

Extent of Repairs 
-Tho·se-invo1ved-with this- project will need to make a decision regarding the extent of 
repairs. Would they prefer to focus only on those areas that exhibit the greatest degree of 
present distress, and leave the remainder as-is, or rebuild more extensive pavement areas? 
The same general repair principles apply to both . 

i 
When making this decision, it should be kept in mind th* if only the presently-distressed 
areas are improved, the potential for future distress in! surrounding areas will remain, 
primarily because of essentially undrainable base materia] left in place, and the likelihood 

I 

oflow spots remaining in the subgrade which will pond \Vater and lead to frost heaving. 
I 
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Remedial Work 
Underdrains should be installed around the perimeter of paved areas, along curbs, and 
interior to larger pavement areas. · 

After decisions are made regarding the areas to be addressed, distressed pavement areas 
should be identified and marked with spray paint. 

Sawcut the edges of the distressed areas and remove the existing asphalt, base, and 
additional subgrade to at least 12 inches below the pavement surface. Shape the bottom 
of each undercut, deepening it where necessary to : promote drainage to the new 
underdrains. Generally anticipate the need for a 12 inch cut at the edges, increasing as 
required along the alignment of the planned underdrain which would generally be 
centered in each undercut area. 

If total removal and replacement of large areas is elected, remove existing asphalt and 
base materials along with any remaining subgrade to a depth of 12 inches below planned 
finished pavement grades. · 

After the sub grade is exposed, if the size of the repair areas is large enough, proof-roll the 
exposed subgrade with a loaded, tandem-axle dump truck. Areas that are judged to be 
unstable should be undercut as required to remove any near-surface unstable subgrade 
materials and backfilled with properly compacted fill. Ifbase material is used, positive 
drainage must be provided. 

The subgrade should be sloped to provide positive drahtage toward the underdrains and 
fine-graded without low spots. · 

.. ·--·--- --·-----uliCferdi-aills should 'be ex-cavated' ·to 3 £fbdow ihe ·fiiia:r:pa.:vem:eiifsud'ace and-should he· ... · .. 
about 12 inches wide. They should include approxilp.ately 2 inches of #57 crushed 
limestone bedding in the bottom of the trench, and 4 inch diameter SDR35 perforated 
pipe set in 10 ft lengths. Backfill the trench to sub wade elevation with #57 crushed 
limestone. 

For underdra~ns to be effective, the aggregate base must be free draining. We 
recommend that crushed limestone similar to ODOT item #307CE (which was 
discontinued after the 2005 Construction and Material Specification), or a custom blend 
-ofbase·material-witlrcomparable drainage characteristics be used in order to·provide the 
required permeability. The final blend should have a maximum of 40% passing the #4 
sieve, 15% passing the #30 sieve, and 8% passing the #2~0 sieve. 

After placement and consolidation of the new base course, replace the binder and surface 
courses, taking care to tack the edges of each repaired ai-ea (if applicable) and to seal all 
joints when the repair is complete using a good quality elastomeric sealant that will 
remain pliable at low temperatures. A 1 Y2 inch thick sprrace course and 21;2 inch thick 

I 

' 
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binder course would presumptively be appropriate for this site given the assumed traffic 
conditions. : 

Implement an annual crack sealing program to address cracks as they inevitably develop. 

Construction Monitoring 
We recommend that one of our senior technicians be present during sub grade evaluation, 
proof-rolling, undercutting and backfilling, the installation of underdrains, shaping of the 
subgrade, placement of new base course, and the repaving operations to help verify that 
the rehabilitation work is completed in accordance with these recommendations . 

REMARKS 
Our services were provided in general accordance with the standards for such 
professional services which prevailed among other qualified practitioners within the 
project area practicing under similar circumstances on projects of comparable scope, size, 
and complexity during the term of our agreement. Plan and specification review, and 
monitoring and testing during construction, are an ·extension of these professional 
services· although they may not have been specifiCally addressed by the original 
agreement and are subject to the same standard of care.' These extended services should 
be provided by EDP Geosciences to maintain continuity of the original intent of the 
recommendations and to reduce the possibility of conflicting interpretations or 
misinterpretations of the data presented in this report. EDP Geosciences accepts no 
responsibility for uses or interpretations of the data by the client, contractors, or other 
design professionals except as expressly described in this report or unless otherwise 
stated in writing. · 

REPORT PREPARED BY: REPORT REVIEWED BY: 
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• EDPGeosciences LABORATORY LOG OF BORING 
LO~~-~~ P~OJECT NAME 

vrwcu, Ohio 
- a division ofSME 

Grand Valley Local Schools 
PROJECT NUMBER E ORING NUMBER I BORING DEPTH I 

CP63462 B-1 5.2 ft 
CLIENT 

" · Construction Group 
DRILLING METHOD 

Solid Stem Auger 
DRILLER/HELPER/LOGGED BY: 

RMIMM/SXM 
IIATER~ 

i DATE 

BORING START & COMPLETION Datemme 
5/18/11-11:31 am, 5/18/11-12:09 pm 

SURFACE ELEVATION 
I~..;. 

TIME 
11= ni>I=N 

[ w 
...J w 

J: a. a. 
1- ::i: >-a. < 1-
w CIJ 
0 

I--

-
1 SB 

- -
-

-
2 SB 

5 f-_.;1-- SB 

-

! 
I 
! 

SOIL STANDARD 
. DESCRIPTION PEN. 

, Blo~/6in. 

.E ?!!-
~ ~ ...J w w 
E; > 0 
@ 0 lil 

<..) 
::i: a: w 

w a:: >-
RQD% 

: 

-' w CIJ ll.. 
::; a:: 
< 0 en (..) 

!liJI!Iii!Ji ~~PJ..{AI.T (4") 
=t &:! BASE: Crushed UNvK : (3") (see Note 1) 
~ ~ F1Lllfr0Wn sandY lean CLAY with aravel (1Yz") 

10 I k~ ~y""""" LIMESl """\6%1 ("" r : 14-13·11 

I
~ Very stiff brown and gray clayey SILT wirM~gf) ! 

18 ! 9-12-16 

: 
' 

~ ' 

1--

2 r-~G
v 

Moderately hard brown and gray severely 
weathered SHALE ! 

' 
i 

: 
: 

50/2" 

None Jl.. None!: 
. 5/18/11 5li8l1 
En<X>Uilt. Cmnplet 

DRY 
UNIT 

Qu WEIGHT PL 

(tsf) (pcf) (%) 

SHEET 

1 of 1 
~ 

we 

(%) 

12 

~ 

LL 

(%) 

·····-· --!··· ................ ---------- ...... . ··, ..... ······· ----·-··········· ...... . . ········ ----:-- ............ - ···········-

-

-

10-

-

-

-

-

SB =SPLIT-BARREL/SPLIT-SPOON 
ST =SHELBY TUBE 
AS =AUGER SAMPLE 
GP = GEOPROBE 

' 

: 

I 

' .. 

' 

: 
I 

! 

! 

REMARKS: Note 1: No pieces large~ then 1" 
Note 2: Moslly sand size with minimal larger particles 

I 

I 
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LABORATORY LOG OF BORING ·· 
· P~OJECT NAME 

Grand Valley Local Schools 
CLIENT 

n • Construction GrOUJl 
DRILLING Mt: I HOD 

Solid Stem Au~er 
BORING START & COMPLETION Datelfime. 

5/18/11-10:49 am, 5/18/11-11:23 am 
.5 ?;'e. 

I=' ~ > 
w ~ ..J 

!!:- w 

~ ..J w ~ 0 
:r: 11. Q. (J rn 
I- ~ > w 0 ~ 0: w 
Q. <( I- ~ 0::: > w (/) a. w (/) 
0 ~ ~ 0 

U) 0 

LOCATIDI\a 
arwen, ohio 

PROJECT NUMBER 

CP63462 
DRILLERtHELPER!LOGGEn BY: 

RMfMM/SXM 
SURFACE ELEVATION' 

SOIL 
DESCRIPTION 

·a EDPGeosciences 
~ a diviSion ofSME 

spRING NUMBER I BORING DEPTH j 
B-2 5.2ft 

-' DATE 5/18/11 5ti8!1I 
: TIME Encount Comple!:. 

i 
STANDARD 

PEN. 
, Blows/Sin. 

, ROD% 

DRY 
UNIT 

Qu WEIGHT PL 

(tsf) (pcf) (%} 

SHEET 

1 of 1 

we 

(%} 

IW!W!I A!':PHA .T {2 5/8") 
~ . BASE C3%"l (see Note 1l 

J 
l~ 

l 

.l 

! 
; 
~ 

... .J 

f.!:. . ·1 
~ j 
!.--·--·· ~ ~:-~ 
; ., 

1 
J 

1 
~ 
l 
1 
1 
i 
i 

I 
I 
I 
i 
t .. 

; _ _j 

;J 

. -~ 

! 
.. .i 

1---

-
1 SB 13 Very stiff brown sandy lean CLAY : 12-15-11 

(CL} ' 

- Very stiff brown and gray lean CLAY with sand 
and sandstone fragments : 12-10-13 2 SB 181 

~~------------------------~ 
-_:. Moderately hard brown and gray severe!y 

2 ~:::A-:: weathered SHALE 
v 

50/2" 

(CL) 

5 ~ SB 

-

.. ···-. ··-····-·· ··-· ·-- ····-·····-·-··-· ·-· . -··-·· . ... ··-··-- ............ ···-···--········· 

-

-

10-

-

-

-

-

12 

14 
14 

11 

SB =SPLIT -BARREUSPLIT -SPOON 
ST =SHELBY TUBE 

REMARKS: Note 1: Crushed concnjte and crushed limestone with clay contamination 

AS =AUGER SAMPLE ! 
GP = GEOPROBE : 

: 

LL 

(%} 
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. -~ LABORATORY LOG OF BORING 
, Jf~Rn~;~J·N~AM~E~~~~~~~TuLO~C~ATlTI~ON~~~~-----j ~ EDPGeosciences 

- a division ofSME Grand Valley Local Schools OrWell, Ohio 
, ··1 CLIENT PROJECT NUMBER 

' l S~;<~.pcuuu.i Construction Group CP63462• 

f l !-; 
i 

i 
' l 

.. l 

i 
I 

.. J 

'· l 
I 
I 
! 
~ 

; 
' ; 

~ ... i 

: 1 
' 

' J 

DRILLING Mt: 1 HVJ.J DRILLERIHELPERJLnr:l~l=n BY: 

Solid Stem Auger RMIMM/SXM 
BORING START & COMPLETiON Datemme 

5/18/11-9:40 am, 5/18/11-10:26 am 
SURFACE ELEVATION 

;=-
!:. w 

.J w 
:X: 0... 0... 
1- ~ >-0... <( 1-
w en 
c 

~ 

1 SB -
f-----

2 SB 
-

f--

" .... 

;; SB -
f---

.!: ~ 0 

> ~ 0:: 

~ § g 
0:: w 
w 0:: 

~ § 

11 

16 

14 

....1 

0 SOIL 
m DESCRIPTION 
:::;: 
>-
Cl) 

!!ii!UI ASPHALT(4") (see Note 1} 

~~ BASE (7%j .(see Note 2) · 

t/:1 

v 

POSSIBLE FILL: Brown and gray sandy lean 
CLAY with gravel 

(CL) 

Stiff brown and gray lean CLAY with sand 
(CL) 

Stiff brown and gray lean CLAY with sand and 
sandstone fragments 

(CL) 

BiRI~MBER I BOR=PTH I 
~ATERLEVEL !).3ft.~ .'f. 

I DAlE 5/18/11 5/18/11 

I BOREHOLE OPEN 

DRY 
~TANDARD UNIT 

PEN. Qu WEIGHT PL 
'Blowsf6in. 

RQD% (tsf) (pcf) (%) 

3-3-4 

I 

1 3-5-9 

i 

I 
i 
: 
I 

' 4-7-12 
i 
I 
I 

! 

SHEET 

1 of 1 
~ 

we 

(%) 

17 

18 

21 

LL 

(%) 

1 1--·-----·-11 .... ·- ·--·········- ···-··· ·······-· ····-··-. ·····---····-·· ·- -···- ··-- ··-· ·-····- ···-··· ······-·····-··· ........ ····· .. ····-············!········-··-·. . .... ··---·-··· ··········-····!··········-·-··+-··············-

! 

j 
t 

I . i \ •• _.JI 

i ··"' 

l ~ 
I 
i 
l 

i 
! 
I 

'··' 

'··' 

·-

-

10-

-

-

-

-

SB = SPLIT-BARRELJSPLIT-SPOON 
ST = SHELBY TUBE 
AS= AUGER SAMPLE 
GP :: GEOPROBE 

' I 
REMARKS: Note 1: · 5/8" overlay placed over crack reinforcing fabric, 1" surface course, 2%" binder 

course . I 
Note 2: , Crushed limestone with clay contamination and high fines content 

i 

I 
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.. ,, ... BORING LOG TERMINOLOGY 
.. ~ .. ~CATtON TERMINOLOGY AND CORRELATIONS 

· · · I'JE,:spli.~.S'\.§({1':)~;',\i~~'2/?t:.-::::;~/·I+··-·'~'Yt!t';:~o:T!f ,,,-: ·.1\inta::· · 

Consistency 
Term 

Unconfined 
Compressive 
~tr~rlgih _{tsfl 

N value 
(blows/ft) 

Relative Density 
Term 

Relative 
Density 

0-2 very soft <0.25 0-4 
4-10' 

10-30' 
30-50 

>50' 

very loose 
loose 

<0.15 
0.15-0.35 
0.35-0.65 
0.65-0.85 

2-4 soft 
4-8 medium stiff 

0.25-0.5 
0.5-1.0 
1.0-2.0 
2.0-4.0 

medium dense 
dense 8-15 stiff 

15-30 very stiff very dense >0.85 
>30 hard >4.0 

. ' . ' !'t.~r~· ... : . 
UNIF.:11 :z,q~~·=··· 

MAJOR DMSION SYMEQLS I.Jt.~U'c:Jt'I~N. BOULDERS >300 mm 
75-300 mm 

GRAVEL 
and 

GRAVELLY. 
SOILS 

more than 

COARSE 50% of 
material 

GRAINED coarse 
SOILS fraction 

more than retained 
50% of #4 sieve 

CLEAN 
GRAVELS 
little or 

no fines 

GRAVELS 
with 

appreciable 
amount of 

fines 

~':' GP 
[a 0 

Well-graded GRAVELS. 
GRAVEL-'SAND mixtures, 

little or no fines 

Poorly-graded GRAVELS, 
GRAVEl-SAND mixtures, 

fittle or no fines 

COBBLES 
coarse GRAVEL 
fine GRAVEL 
coarse SAND 
medium SAND 
fine SAND 
SILT & CLAY 

19-75 mm 
4.75-19 mm 

2-4.75 mm 
0.425-2 mm 
0.075-0.425 mm 

<0.075 mm 
,_jq(a GM 
,0~ c!:, SILT: Plastic Index less than 4 or below the A-Une 
1"'~'-ITT-.t------'f---C-Ia-ye_y_G_fl"'_VE_LS_, __ _, CLAY: Plasticity Index equal to or greater than 4 or 
, _ S _;J GC GRAVEL-SAND-ClAY on or above the A-Une 

Silty GRAVELS, 
GRAVEL-SAND-ClAY 

mixtures 

material 
.., /b mixtures WELL GRADED GRAVEL: 

f-------t-----+7~~--+-----------; Less than 5% passing no. 200 sieve and Cu >4.0 

coarser 
than 

#200 
sieve 

.... F.l~E ... 
GRAINED 

SOILS 
more than 

50% of 
material 

finer 
than 

#200 
sieve 

SAND 
and 

SANDY 
SOILS 

more than 
50% of 
material 
coarse 
fraction 
passing 

#4 sieve 

SILlS 
and .... cLAYs 

SILTS 
and 

CLAYS 

CLEAN .. .. sw 
SANDS 

little or . -
no fines SP 

SANDS 
with 

SM 
appreciable 
amount of 

fines Vvsc 

Well-graded SANDS. 
gravelly SANDS, 

little or no fines 

Poorly-graded SANDS, 
groveny SANDS, 

little or no fines 

Silty SANDS, 
SAND-SILT 
mixtures 

Clayey SAI'Ii OS, 
SAND-CLAY 

mixtures 

WELL GRADED SAND: Cu >6.0 and 1 .O<Cc <3.0 
POORLY GRADED GRAVEL or SAND: 

If either the Cu or Ce criteria for well graded 
soils are nat satisfied 

Cu;, I:to/O,o Cc = (~ )/(D,aXDac,) 
0, 0 , DJO' and D = Particle-size diameters 
corresponding ra , 0, 30, & 60% passing 200 sieve 

fine SANDS ROCK FLOUR, "\. ! 

I Inorganic SILTS and very A Une = D.7~(LL-20) 
ML or ClAYEY SILTS with slight 6Q,..---,--,--L-.,-1--.,--,vr---,--/f-,....~--.----, 

plasticity ~ " V 
LIQUID LIMIT J.H.l,4J,JLJ----f---,---,-~=--~---:---l U Line = 0.9(LL-8) ' 

tho~'~o ':: ~~!¥~~ ~~--~= -V2T~'~=::v'"/ -
fl ll or low plasticity / v 

~ ZO CLv/ y MH f OH 
MH 

lnOTSJanic ClAYS 
of· h1gh plasticity, 

fot CLAYS 

10~~~*-~~~~~~-+--+-~--! 
/1\/ ML ~ OL 

I 0~~~~zo,_~-74o~-L~6~o~~-amo;-~~,rnoo 

LIQUID LIMIT (LL) (%) 

HIGHLY ORGANIC SOILS PEAT and other highly 
organic SOILS 

SB=Split-Borrei/Split-Spoon ST=Shelby .Tube 
AS=Auger Sample NX=Diomond Bit Core 

:s;z._ Water at encounter 

Dual symbols ore used for borderline cases. Symbols may be combined ~ 2nd water level measurement 
t d 'ct th t • 1 :5I- 3rd water level measurement 

~~~K~~};;:;~/lfi ~r ma en~~· ~, -~· i~~ .. ~· ~~~lmm~~-~-~~~~~~m~'·'t--:;s~PT;;;~:Io:w:-::::::n:;~o~.:;.:~: ~~~::~1~nm:u::::::~:e:~~f e~:~~o:w:s~o;f ~o~--{ 
~ TOPSOIL 

I ASPHALT 

BASE 
~~~ 
'K-X CONCRETE 
..:..H. 

-
VOID 

GU\CIAL TIU. 

COAL 

SHALE 

140 pound hammer dropping 30" required to drive a 

I 
split-barrel sampler through each of three 6" 

.. · SANDSTONE increments of penetration through soil or rock. 

CONGLOMERATE 

I SILTSToNE : ... EDFGeosciences 
- a divis;on ofSME 

UMESTONE 


