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 DESIGN &   BUILD                                                               

1. Project Owner: US Embassy Tirana, Albania. 

2. Project Name: Rilindja Ridge Perimeter Wall structure Reinforcement and Retain Wall 
(Gabions Model) 
3. Project Location and address: Rilindja Ridge Residences. 

4. Project Description and work to be performed: 

This  is  a  scope  of work  (SOW) prepared  for  a Design/Build  Contractor  (D/B)  to  examine, 
design, and reconstruct the slope, ground, perimeter wall, and other systems damaged or 
distressed during the slope failure at the south side of Housing compound during the recent 
rainfall season. The work required under this contract consists of furnishing all professional 
services,  labor,  materials,  apparatus,  supplies,  transportation,  equipment,  required 
insurance, and any other items, accessories, and services necessary to complete the design 
and reconstruction of  the slope stabilization and adjacent areas. All work shall be  in strict 
accordance  with  this  specification  and  its  attachments,  applicable  drawings,  local 
regulations, permits, and Building Codes. 

(a.)Perform a limited reconnaissance investigation, at the south side of the compound, take 
measurements and obtain necessary information at the location where the slope failure and 
erosion occurred. Our intention is to reconstruct the slope areas as noted in Attachment 1 
to their original condition and prevent future similar failures. 
(b.)Reconstruct the slope and portion of the perimeter wall, methodically, in a way, as to 
not undermine the foundations of the perimeter wall or cause damage and/or disturbance 
to nearby residences. 
(c.)Perform in such a manner the proposed geotechnical reconnaissance to sufficiently                
characterize the extent of the failure areas, drainage and other issues relevant to the site 
and perimeter wall. 
(d.)Develop and provide 60% design documents (including drawings, specifications, 
calculations and analysis for the methods chosen) necessary to stabilize the ground as well 
as restore the foundations of the perimeter wall as necessary. OBO will review this 60% 
design and provide input before the final 100% design is prepared. 
(e.)Submit the 100% design package that incorporated all OBO review comments from 
previous submission. 
(f.)Upon completion of design phase the engineer/contractor shall mobilize to do the 
required slope restoration. 
(g.)Biweekly reports are required to be submitted to the U.S. Embassy/OBO by the 
engineer/contractor (D/B) as the project reconstruction proceeds and final inspection and 
completion report to the U.S. Embassy/OBO before final payment is made. 
All work performed shall be warranted for a minimum period of 5‐years free of defect 
and/or workmanship. Any deficiencies shall be corrected by the (D/B) at no expense to the 
U.S. Government. 
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5. Project Milestone: 
Site Visit                                                                                                     (02/29/2016‐03/04/2016) 
PHASE I Pre‐liminary Design Submission                                                  (03/25/2016) 
PHASE II Final Design Submission    (After OBO Approved)                  ( ___/___/_____) 
 
Note: The BIDDING process will perform in two phases as listed below in item 5, annex 1 
and the all project deliverables will submitted in according the annex 1 
 
 
6. Design/Build WBS (Uniformat II/WBS)   
Note: All the Construction Works listed as following are parts of Project: 
 

 Landslide Surface = 600 m² 

 Potential Landslide Surface (Should be protected)=282 m²  

 Total Construction Site Surface: A=  882 m² 
 

A102003 UNDERPINNING 
Underpinning is the provision of permanent support for existing buildings by extending their 
foundations to a new, lower level containing the desired bearing stratum. Assemblies 
include excavation, backfill, and underpinning materials. 
 
G1030 SITE EARTHWORK 
Included are assemblies and options for site work such as grading, excavation, filling, 
compaction, stabilization, etc. 
 
G103001 GRADING 
Grading is leveling or flattening of the site in preparation for landscaping or other site 
construction. Includes unlined storm water collection ponds. 
 
G103004 FILL & BORROW 
This is filling or replacing the material that was removed during excavation. Either the 
excavated material may be used or soil and sand may be hauled in from off‐site. Filling to 
basements and foundations is not included in the subsystem. 
 
G103006 SOIL STABILIZATION 
This is stabilization of the soil‐in‐place by the addition of lime or cement. 
 
G103007 SLOPE STABILIZATION   
This is stabilization of the soil‐in‐place through the use of rip rap, gabions, slope paving, or 
other forms of soil armoring. 
 
G103011 TEMPORARY EROSION & SEDIMENT CONTROL 
Interim measures to minimize erosion during construction. 
 
G20 SITE IMPROVEMENTS 
This includes improvements such as parking lots, sidewalks, roadways, fencing, retaining 
walls, and landscaping. 
G204002 RETAINING WALLS AND FREESTANDING WALLS 
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These are structures used to prevent the flow or lateral movement of soil. Assemblies exist 
for cast‐in‐place concrete retaining walls (Gabions Model). 
 
G2050 LANDSCAPING 
Assemblies are included that improve the appearance of the site by planting, seeding, and 
sodding. 
 
G205001 FINE GRADING & SOIL PREPARATION 
Fine grading of the site by hand or machine is required to prepare the soil for planting, 
seeding, or sodding. 
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7. Design Requirement Documents (Proposal Submission): Annex #1 

Highlight X  

Annex # 1 

DRAWING SUBMITTAL REQUIREMENTS 
 

US EMBASSY
CONTRAC

TOR 

LEVEL 
REQUIRED 
/ PRIORITY 

DESCRIPTION / NOTE 

PHASE I         

Context of the Requirement  X      Design/Build 

Brief Description of the Request Services  X     
The objectives of the 
present RFP are 
Design/Build   

Standard/CODE  X  X  High 

The Standards and 
Codes for Design/Build 
must preferable 
comply with US or 
otherwise National 
Standards and 
Regulations 

Geotechnical Evaluation Report, 2000 by Dr. Eng. 
Albert Dimco            (Attachment 2)  X     

 

Boundary & Topographic Survey 
 

 Existing site conditions   

 Site Layout Plan                            

X    High 

Bidders should take all 
such data into 
consideration in 
preparing their 
proposal, and should 
be advised to further 
investigate the data as 
bidder consider 
appropriate. 

Proposal Submission 
*Draft Project / Preliminary Design                
(Attachment 1) 
The above services, described, shall be presented 
in  the engineer/contractor  (D/B) proposal(s) on a 
fixed  price  basis,  but  with  prices  itemized 
separately  for  each  category  of  service  noted  in 
the  following  section.  We  envision  that  the 
following  steps  should  be  taken  to  perform  the 
work described above: 
1.Site  reconnaissance and mapping of  the  failure 
areas, drainage, etc: 

2.Analysis  of  the  slope  to  define  the  extent  of 
failure surfaces: 

3.  Choose  a  method  to  stabilize  the  slope, 

X  X  High 

Note: Contractor is not 
limited to advice in his 
Technical Design 
Proposal. 
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perimeter wall as applicable and correct drainage. 
Due  to  success  with  the  gabion  retaining  wall 
systems,  in  other  parts  of  the  compound,  OBO 
recommends similar systems be used. A schematic 
concept  of  such  a  system  is  presented  in 
Attachment 1;  

4. Use  an  underpinning  system  capable  of  safely 
supporting  the  adjacent  existing  perimeter  wall 
during  and  after  the  slope  restoration.  This 
underpinning system needs to fully described and 
designed; 

6.Produce  draft  drawings  and  calculations 
(addressing  the  stability  of  the  systems  to  be 
constructed)  to  be  sent  to  OBO  for  review  and 
comments;  

7.Obtain  permission  from  nearby  owners  to 
access the site and areas of reconstruction; 

8.Obtain  and  coordinate,  with  U.S.  Embassy 
personnel  for  access  to  the  site,  materials, 
equipment,  and  personnel  at  hours  and  days 
allowed;   

9.  Finalize  drawings  and  proceed  with  the 
construction  of  the  project  utilizing  methods 
outlined on the approved construction documents 
including  field  supervision  as  outlined  in  the 
previous section(s).  

In addition, the proposal shall include a schedule 
presenting the time required to perform the 
above services. All proposals will be rated using 
the rating criteria. Describe in Selection Criteria 
 
 

 A list of the relevant projects.  
 

  X  High 

Do not list projects 
that proposed staff 
was not involved, even 
if your firm was. 

 Expected Duration Of Construction  X    High 
 

90 Days 

 Qualifications/Experience of the firm / 
References/Geological Engineer 
(Mandatory) 

  X  High 
 

 The minimum number of hard copies of 
Documents provided for bid purposes 
should be 

  X  High 
 

Two hard & Soft copy
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 Submitted date    X  High 
 

03/25/2016 

 Selection Criteria 
The proposal shall include a description of 
the capabilities and qualifications of the 
firm, and the qualifications of the key 
personnel who will be working on this 
project. The selection will be based on the 
following criteria: 

     

(Score )

(a) The firm's qualifications and experience on 
similar projects. 

     
(20%) 

(b)  The  qualifications  and  experience  of 
proposed key project personnel. 

     
(20%)

(c)  Understanding  of  the  project  intent  and 
proposed level of effort.  

     
(15%) 

(d)   Facilities and equipment        
(15%)

(e)Proposed time schedule        
(15%) 

    (f) Proposed unit prices and total project cost        
(15%)

All deliverables shall be submitted in English.       
 

PHASE II 
Design Deliverables: 

Upon project award, the D/B contractor shall 
deliver to U.S. Embassy/OBO the following 
documentation: 

Technical  Design:         

a) A brief report outlining the findings of the 
initial site reconnaissance, slope failure 
mapping and reconstruction areas 

  X   

 

b) A 60% design of the proposed systems to be 
constructed, calculations and stability 
analysis, specifications and other 
information:        

  X   

 

c) A 100% final document incorporating 
OBO’s technical comments made at 60% 
before proceeding with the construction 
phase: 

  X   

 

d) Biweekly progress reports; and, Final 
completion report and acceptance of the 

  X   
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project reconstruction 

e) Submit two hard copies and one electronic 
(Adobe Acrobat pdf format) copy of each 
report along with digital photographs of the 
worksite.  

  X   

 

f) Prepare text reports in Microsoft Word, and 
spreadsheets using Microsoft Excel.  

  X   
 

g) Produce drawings on a sheet size 
appropriate for the scale and scope of this 
project.  Minimum size shall be 280mm x 
432mm.  All project documents shall be in 
"hard metric."  Computer aided design and 
drafting (CADD) is required for this 
project.  CADD deliverables are required 
for this project – Autodesk AutoCAD, 
version 2000 format as a 
minimum.  Compact Discs (CDs) or Digital 
Video Disks (DVDs) shall be provided to 
OBO in addition to drawings at each 
submittal. 

  X   

 

h) All deliverables shall be submitted in 
English. 

  X   
 

i) Any of the above reports may require re-
submissions if necessitated by review 
comments by the Embassy. 

  X   
 

*(Project‐Drawings) 

 Demolition Plan: 
Indicate  Landscape and existing vegetation 

 Site Layout Plan: 
Proposal footprint of Retain wall (Gabions) 
and Reinforcement Structure. 

 Layout Dimensions for all the 
Improvements include Reinforcement 
Structure, Gabions and the entire 
supported proposal infrastructure. 

 Provide Earth Work Plan  and section:          
Showing of earth work activities include 
areas and volume of cut and fill, location 
Reinforcement structure and Gabions. 
*Borrow and Disposal Sites: As 
Appropriate, indicate borrow and disposal 
sites for fill or excavated materials and 
vehicle access routes to the sites. Identify 
any local permits that must be obtained. 

 Reinforcement  Structure Design: 
*Plan, Elevations, Longitudinal and cross 

 

X 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

High 

Note: Contractor is not 
limited to advice in his 
Technical Design 
Proposal. 
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Section, reinforcements steel rebar size, 
*Technical Report of intervention methods 
to protect the wall. 

 Retain Wall (Gabions) 
*Site Plan footprint, Plan, Sections. 
*Technical Report of intervention methods 
to protect the land from sliding. 

 Pedestrians walkway  
*Site plan Footprint, Plan, Section 
 

 Preparation Ground to seed with grass 
 
*Site Plan Footprint, section details. 
 

 Civil Details Drawings:  

 
 
 
 
 
 
 
X 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Technical Specifications according the 
constructions works (report). 

 
  X  High 

 

 Scheduling of Construction Progress 
Administration. 

  X  High 
 

 Person to Supervise the 
Work/Performance of the services 
required 

  X  High 
 

Project Site Manager 

         

 Proposal Deliverables 
 

  X  High 

Three (3) copies of the 
proposal presenting a 
fixed price basis, but 
with prices itemized 
separately for each 
category of service 
shall be delivered to 
the U.S. Embassy as 
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noted in section Point 
of Contact by the due 

date specified. 

All deliverables shall be submitted in English.        

Points of Contact 

 

American Embassy, FAC section, 

Mr. Paul R. Bottse, Facility Manager. 

Telephone: + 355-68-201-6363                    
Email:  BottsePR@state.gov 

U.S. Department of State 
Foreign Building Operations 

P.O. Box 12248, Rosslyn Station 
Arlington, VA 22219 

Teleph.Num.:(703)875-6205                
Vassilios K. Magginas, PE 

Fax Num:(703) 875-4548 
Email: magginasvk@state.gov 

 

 

8. RESPONSIBILITIES AND PROJECT MANAGEMENT 

1. COR.  A Contracting Officers Representative (COR) will be assigned to ensure quality 
assurance goals are met. The Contractor shall provide the COR access to the site at 
all times. 

 
2. Point of Contact.   The COR will be  the main point of  contact  for  this Project. The 

Contractor  shall  report  to  the  COR  on  (a)  status  of  the  Project,  (b)  changes  in 
Schedule,  (c) accidents and  safety  issues,  (d) disruptions  to utility  services; and all 
other important information pertaining to the Project  

 
3. English  Speaking Representative.   The Contractor will provide an English‐speaking 

representative  on‐site  during  all  working  hours  with  the  authority  to  make  all 
decisions on behalf of the Contractor and subcontractors. 

 
4. Management  Personnel.    The  Contractor  will  staff  the  site,  full‐time,  with  a 

competent senior manager who shall perform project management.  Remote project 
management is not an option. This individual shall keep a detailed written history of 
the project and shall update the Government weekly. 

 
5. Site  Security.    The  Contractor  is  responsible  for  on‐site  security  as  necessary  to 

ensure  no  unauthorized  access  to  their  work  sites.  The  Contractor  is  100% 
responsible  for  securing  their  working materials  and  equipment.  Any  damage  to 
facilities  or  infrastructure,  which  happens  due  to  a  lack  of  security,  will  be  the 
responsibility of the Contractor to correct. 

 
6. Contractor’s  Temporary Work Center.   The Contractor will be permitted  to use  a 

designated  area  within  the  contract  limits  for  operation  of  his  construction 
equipment  and  office  if  warranted.    If  directed  by  the  Contracting  Officer,  the 
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Contractor shall not receive additional compensation to relocate his operations.  The 
Contractor  is  responsible  for  obtaining  any  required  additional mobilization  area 
above that designated.  On completion of the contract, all facilities shall be removed 
from the mobilization area within 5 days of final acceptance by the Contractor and 
shall  be  disposed  of  in  accordance  with  applicable  host  government  laws  and 
regulations.  The site shall be cleared of construction debris and other materials and 
the area  restored  to  its  final grade.   The Contractor  is  responsible  for maintaining 
this area in a clear orderly manner. 
 

7. Contractor Staff Entrance: The Contractor must abide by US Embassy security 

regulations related to the work including providing names of staff and vehicles one 

week prior to work is to be performed. 

 
8. Construction Materials: The Contractor may not order any materials for the project 

until submittals are approved in writing from the Embassy. 

 
9. The Contractor can work 7 days per week from 7am – 7pm. 

 
10. The US Embassy will provide no materials for this project. 

11. The Contractor shall commence work under this contract promptly, execute the 

work diligently, and achieve final completion and acceptance including final cleanup 

of the premises within the period specified.  

9  RESPONSIBILITY OF THE CONTRACTOR 

1. Commencement, Prosecution, and Completion of Work 
The Contractor will be required to (a) commence work under this contract within five 
(5) working days after  the date  the Contractor  receives  the Notice  to Proceed,  (b) 
prosecute  the work diligently, and  (c)  complete  the entire work  ready  for use not 
later  than  the  proposed  days  in  the  schedule  after  NTP.  The  time  stated  for 
completion shall include final cleanup of the premises. 
 

2. The Contractor shall be responsible for the professional quality, technical accuracy, 

and the coordination of all construction and other services furnished under this 

contract.  The Contractor shall, without additional compensation, correct or revise 

any errors or deficiencies in its construction and other services. 

3. The  Contractor  must  follow  all  working  safety  regulations  and  provide  their 
personnel  with  appropriate  safety  equipment  like  gloves,  safety  shoes,  eye 
protection, etc 
 

4. The  contractor  shall  provide  all  technical  safety  rules  in  construction  areas, 
protection barriers and safety signs such as temporary plastic fencing mesh,  plastic 
tape, to notify the areas is under construction. 

5. The  storage place  for  inert and debris  shall be  contractor  responsibility  to  set  the 
place and transportation out of Embassy Compound. 
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6. The Contractor will provide all services as per statement of work and specifications. 
All construction requirements will conform approved project from US Embassy. 

7. Prior the start (minimum of 5 working days) the contractor will supply names of all 
employees, all vehicles scheduled to enter the premises and a  list of tools that will 
be used.  This all need to be cleared with the Embassy security office. 

8. Contractor must  be  able  to  provide written warranty  for work  in  their  submitted 
quote. 
 

9. Contractor  will  clean  and  clear  all  work  areas  at  the  end  of  each  day  and  on 
completion of  the project. The contractor  is responsible  for  the  temporary storage 
and final removal of all waste and debris. 
 

10. All  damaged  areas  during  the working  process  should  be  restored  to  its  original 
condition by Contractor. 
 

11. The Contractor shall identify a Project Site Manager who shall be responsible for the 

overall management of the project and shall represent the Contractor on the site 

during construction.  The Project Site Manager shall be approved by the COR. 

 

12. The Project Site Manager shall attend all project meetings, prepare Status Reports 

on the project and submit them to the COR.  Status Reports shall contain meeting 

minutes, accomplishments, arising concerns and proposed solutions, any proposed 

changed orders, and any other pertinent information required to report the progress 

of performance. 

 

13. All documentation produced for this project will become the ownership of the 

Embassy at the completion of this project. 

 

14. The Contractor shall verify that all materials, equipment, and systems provide 

operational dependability.  The Contractor assures the completed construction shall 

be easily maintained or replaced with readily available materials and services.  

 

15. Any cost associated with services subcontracted by the Contractor shall be borne by 

and be the complete responsibility of the Contractor under the fixed price of this 

contract. 

16. The Contractor is responsible for safety and shall comply with all local labor laws, 

regulations, customs and practices pertaining to labor, safety and similar 

matters.  The Contractor shall promptly report all accidents resulting in lost time, 

disabling, or fatal injuries to the COR. 

 

17.  The Contractor shall be and remain liable to the Embassy in accordance with 

applicable law for all damages to the Embassy caused by the Contractor's negligent 

performance of any of the services furnished under this contract.  The rights and 
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remedies for the Embassy provided for under this contract are in addition to any 

other rights and remedies provided by law. 
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10.  Attachments 

(a.) Project Idea                                                                                            (Attachment 1) 

(b.)     Geotechnical Evaluation Report, 2000 by Dr. Eng. Albert Dimco  (Attachment2) 

 

 

 

 

                   End of Scope of Work 
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iNTRODUCTION 

As ordered bv the Tirana-based U. S Embassy, the foll owing geological 

engineering and geo-techni cal studies were performed, in the course of the period 

December - January 2000, in the Residential Complex of Villas property of the U S. 

Embassy, respectively the ground in the neighbourhood of the U. S Ambassador ' s Villa . 

The area exam ined i s situat ed on the ieft of the natio nal road net\-vork Tirana -Ribasat\ 

North of the National Martyrs' Cemetery (Photo l ) 

The principal task consisted in re-estimating the geological engmeenng and 

geo-technical condit ion of the area in the neighbourhood of the U S Ambassador' s Villa, 

in view of the fact that, two years foll owing the construction of the vi lla and the tennis 

coun, several cl eavages have emerged. After conducting the initial examination related to 

the damage inflicted in the above-mentioned objects, the geological - engineering and 

geo-technical was drafted. W ith a view to determining the causes bringing about the 

damages in the villa and the tennis court, first and foremost in the course of compiling the 

study program, attention was focused on the probability of the existence of a gliding plan 

on that slope, secondly, the attention was focused on determining the probability of 

swelling and shrinkage for the clayey soils, part of the lythological composition of the 

study area. Therefore complex geological - engineering and geo-techmcal study works 

have been cmTied out in accordance with a well-defined methodology in line with the 

fo llo\.ving type and volume: 

• Geo-technical drills by taking samples 67 .3 ml 

• Test with penetrometer (SPT) 20 

• Topographic works 

• Piezometric pi ts 3 pieces 

• Various analyses intended to determine 

the physical and chemical properties observed 

under laboratory conditions 20 sets 

The report submitted successively focuses on: general data for the geological 

composition of the construction zone and the construction site, the hydro-geological 

conditions of the construction site, the methodologies of the geo-technical studies, the 

physical and mechanical properties of soils and bedrock, defects encountered in the 

relevant constn.1ction site, and the "R A A. " V ill a, conclu.sion s and reco mmendat ions, and 
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the literature appended. The repon is associated with photos, graphs and documentation 

of the works performed. 
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I - GENERAL DATA ON THE GEOLOGICAL CONSTRUCTION OF 

THE CONTRtJCT!ON ZONE AND SITE 

A short information about the geological construction of the zone and about the 

geological construction ofthe construction site is given in this chapter, within the general 

geological framework of the zone. 

1.1. CJliULOCJKA.L C'UNS1RUC''Jl()N OF Llf.H S1VDY ZONE 

From the geomorphologic point of view the study zone pertains to the Seaside 

Lowland in the area including the fields and the hill regions stretching between Lezha -

Tirana, and Durres. Tilis zone constitutes one of the largest regions for the Seaside 

Lowland. It is principally built on Moliasic terrigenous Neo-genous rocks constituting the 

hiilside area, and the Quaternary rocks represented by the alluvial, marshy, lagoon and 

seashore deposits, principally building the lowland zone. Depending on the Neo

techtonical movements, the Tirana Plain possesses various altitudes. Tirana is situated 

approximately i 70 m above sea leveL The hills are in ranges, their East-side slopes being 

more inclined (about 20-35 degrees) than their respective West-side counterparts. In the 

direction of Tirana, they tend to become less inclined. The site examined is situated in 

one of those hiils. From the geomorphological point of view the site examined is situated 

in the borderline area stretching between the lowland and hiHside zone, tending towards 

the iatter. 

The climate of the study zone is of subtropical Mediterranean type characterised 

by a relatively short, mild and very humid winter, whereas summer is very hot and very 

dry. The sunny radiation for the Tirane region varies between the limits of 60.97 for 
,..... · · "1. I 'j_ '" I' 1 • • -. • 

January to 201.81 K V"'InJm- per month ror July. The genera1 annual rad1at1on 1n the T-Irana 

hours annually. The wind movement direction in the Tirane region is Southwest-

Northeast, its veiocity varying between 2.8 to 3.0 m/s, rarely being higher. The air 
A A 

average temperature varies bet'vveen the limits of 6.8 \JC(Ja..'luary) to 28.8u C (i\_ugust). The 

~ • • ~ · - • • • "i A 0 " v:/1th1n a thuiy-year t1me-span. The m1n1mum temperature measured 1s -10.'-+ <_January) 

and ·1 0"} C (.August) . The average monthly rate of the rainfall varies frorr1 42 mm (J1..1ly) to 

i 74 mm (T~ovember), the average overall rate amounting to 1273. 



From the f!eoiof.!ical ooint of view. as shown in the Tirane ref.!ion geological mao . 
..._, '-.J ,j. ,. _. ......, -- .J. ,. 

the study zone is constructed by the Tononian, and the Quaternary deposits (Picture i). 

The Tortonian deposits constitute the bedrock for the Tirane city. They comprise the 

comolete Moliasic 2:eolordcal cross-section. the denth bein2: 2000-3000 m. composed of 5 
i .._, ......,. ~ • .._, / • 

principal strata distinct from one-another. In view of the fact that the bedrock for the 

entire Tirane graben and the surrounding hilis is built up by the Mezez suite, its general 

features are provided in the following. 

The Mezez suite constitutes the central part of the Tirana Synclinal and the major 

nan of the bedrock for the foundation of the Tirana citv and its sunounding hillside areas. J. ,.., ,._., 

Tt is represented by the knitting of siltystone, clays and sandy packets, thereby 

characterised by the emergence of clays, and siltystone. The Qumtenarian depositions 

cover is situated on top of them. The siltystone and clayey knitting packets contain 

minerals pertaining to the Illyte and Montmorryilonite groups. 

The Quaternarian depositions are represented by eluvial-deluvial facies, flood 

plain deposits, and aluvial facies. The study area, the site examined included, are 

composed of eluvial -deluvial facies, thereby covering the entire hill side area surrounding 

the Tirane city and the respective slopes, the depth being 0.5-2.0 m. The greatest 

concentration ofthe abo·ve-n1entioned facies is encountered at the bottom ofthe hills and 

the negative sections of the relevant relief, wherein their depth amounts to 4.0-6.0 m. 

They are represented by subargilles ofbrown-yellow colour. 

From the techtonical point of view, the Tirane region rs composed of two 

structural storeys. The lower structural storey is techtonicaily complicated consisting of 

several synclinal and anti-clynal structures their general direction being Southeast

Northwest, the respective direction being displaced due to the techtonical disruptions 

possessing the amplitude amounting to 2000 m. 

The upper structural storey represents a supra- positioned synclinal , the Tvfollasic, 

oost-Tortonian deoositions taking oart in its construction. The svnclinal is asvmetric 
~ ... -- 1. -' _; :; 

possessing a relatively quiet Eastern wing, whereas the Western side is somewhat slopy, 

tending even towards overturning 

The history of the geological evolution for the region has testified to the effect 

that the latter has been subiected to powerful techtonical actions. oresent even nowadavs 
.., .... , • .I. - ,./ 

due to the earthquake effects. According to the seismic regionalisation (Albanian 

regional isation map i : 500 000) the reg10n ts part of the zone prone to earthquakes 

amounting to a degree of7 MSK-64 



1.2. THE GEOLOGIC4t COIVPOS1110N OF 1H!i COJVSTRUC110J'V 

SITE 

The construction site examined, wherein the existing two-storey villa of the 

American Ambassador is situated, is established on the alluvial-deluvial depositions, the 

latter being established on the bedrock of the Ivlezez suite. It is dearly evident from the 

works neTformed that the a11uvial -deluvial covering cmst is established on the claev-. ~ -
aleavrolvtic denositions of the Mezez suite. According to the studv works with drilis 

.; J. _, ..1 

neTformed. generalising cross-section of the alienated comnosed of the following 
~ " - ....... J.. ......, 

lythological kinds, associated with the geological-lythological types (Picture 

9, l 0,11,12,13) is provided from top to bottom direction: 

• Light to average dusty subargilles, of yellowish brown, mst-spotted colour, with 

moisture, little or averagely compacted. That layer has the largest thickness in the S-

2 drili, approximately 3.70 meter, the minimum thickness being in the driii S-5 

amounting to about l. 9 meter. 

• Heavy subargilles to greyish brown-spotted argii1es, with moisture amounting to too 

much moisture, plastic and averagely compacted ones. Their thickness varies from 

0.6 meter (S-1) to 3.2 meter (S-6). 

• Average dusty plastic subargiiies, of alluvial manifestation, of yeilowish brown 

colour, with moisture, average to compacted. Their thickness varies from i .2 meter 

(S-2) to 3.3 meter (S-7). 

• The bedrock is represented by allevrolite argilles, of brown blue-spotted colour, with 

little moisture amounting to dry conditions, compacted, being in total extremely 

dusty. The bedrock is encountered m depth varymg fi·om 3. 0 meter (S- i) to 7. iO 

meter (S-6) from the earth surface. 

As described in the above, a gradual transition is evident in terms of composition and 

geo-tech_nical condition of the layers as regards the study zone. They start from the earth 

crust initiaily with light dusty subargilles, well-processed due to the alienation processes, 

to proceed to medium to averagely compacted heavy subargilles, further encountering 

subargilles of alluvial manifestation, hence the alienated bedrock, finally concluding with 

fresh bedrock 



Within the framework of the geological-engineering works targeting the Seismic 

Tvficrozoning for the Tirane city, the site examined is pan of the zone '\11 2a, the following 

being a geo-technical model : 

0.0 - 5.5 meter Light to heavy subargiiles of brown-yeilow colour, 

frequently possessing knittings of siltysand. The 

slope inclination is under 15 degrees. 

5.5 meter- Bedrock represented by alevroiyte or sand argiH es 

II - HYDROGEOLOGICAL CONDITIONS OF THE ZONE AND THE 

CONSTRUCTION SITE 

Relying on the geological composition of the zone and the construction site the 

classification of the aquiferous complex has been performed. According to the age of the 

formations composing the zone and the construction site two aquiferous complex are 

identified: 

i ) the Quaternary aquiferous complex. 

2) the radical formation mo11asic aquiferous complex. 

QU.A.TEI?N.A_l?.YAQUIFEROUS COAfPLE):: 

There are two aquiferous levels in this complex: 

a- THF: PHRFATJC AQU!FFROUS J.F:T7FI 1s associated with contactmg the 

conglomerates of weak cementation to the bedrock, and the contact between the 

elluvial -deluvial depositions with the bedrock This level ts characterised by 

inconsiderable water inflow. 1n specific areas, m mstances of relief erosive 

deepening, those waters ·are drained even to the earth surface, thereby creating 

moistened zones The general mineralisation varies from under lgril; pH fluctuates 

betvv'een 7 to 7.4. The maximum ·hardness of these v1aters 
n 

varies from 16 to 18", 

German scale, hence being non-aggressive to concrete. 

b- THE SUBARTESIAN PI?ESSURE AOUIFEROUS LEF'EL Is charactenst1c of the 

Tirane Plain gravels. Tt is principally fed in by the Tirane river, and very little by the 

Lana river. 1t possesses high filtering qualities, the fi itering coefficient being 50-200 
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m/day. The general minerali sation varies from 0.5 to 0. 7 gr/1. The maximum hardness 

of these waters varies from 16 to 18°, German sca1e. The chemical composition is of 

calcium and magnesium hvdrocarbonate. hence being non-aggressive to concrete. ._., .,/ ' .._, .._,.._.. 

I?ADICAL FOR1\1A TION M OLLASIC A QUIFEROUS COivfPLEX 

This complex is associated with the sandy stones and conglomerates of Tortonian Springs 

of low water in fl ow tenths of litre per second. 

Referring to the above-mentioned remarks, the geological and engmeenng works 

performed testify to the presence of ground waters belonging to phreatic waters, 

respectively and more concretely to the contact between the elluvial and deliuvial 

depositions with the argilleous-alevrolitic formation of the Iv1ezez suite. The ground 

water level after 24 hours was encounter as deep as 2 0 metre ( S-6) to as deep as 3. 63 m 

(S-2). Piezometeres of plastic composition, diameter 63 mm were employed in S-2, S-5, 

S-6 to measure the fluctuation of the ground water level depending on time. In the course 

of driil ing underground water was encountered at greater depths. Hence, in S-2, it was 

encountered at 6 25 meter, in S-5 it was encountered at 3 30 meter, whereas in S-6 it was 

encountered at 3.60 meter. From the chemical analyses performed for these waters, we 

can see that the general mineralisation \laries from 0. 7 to 0. 8 t:,'T/1; hardness ] 81

) , German 

scale and pH around 7.2. It is of calcium hydrocarbonate type. The water is not 

aggressive to concrete. The ground water levels will be observed monthly within a one

year period 

ill - P H'{STCAL A'NU GEOLOGIC AL PH 11~NOM11~NA ENCOUNTKRED 

Several physical and geological phenomena negatively affecti ng the 

constructional aspects are observable in the Tirane region and in the neighbourhood of 

the study site, the foil owing being cases in point : aiienation crust, land slides, swelling 

and ground cleavages during drying. 

AL TEI?A TJ( )jV _Alteration crust is encountered everywhere over the bedrock of the Mezes 

suite. Due to the influence of the atmospheri c agents the argi ll es and al evrolites pertinent 

n 
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to this swte have been alienated on the swface, hence forming the alienation crust 

encountered as deep as 3. 0 meter from the earth surface, rarely deeper. 

LANDSLIDES as physical and geological phenomena are encountered mamly m the 

eluviai-deluvial depositions superimposed on the argilious-allevrolitic depositions of the 

Mezez suite. They are encountered South-wise and North-wise the Pulmonary Diseases 

Hospital (in the neighbourhood of the study site), on the Northern slope of the National 

Martyrs' Graveyard (the study site is situated at the bottom of the slope), on the left slope 

of the Lana river, in the former Auto-Tractor Mili, on the slopes of the Selite hilis 

(Southeast of Tirana), etc The elluvial -deluvial deposmon serves as measure for the 

sliding body. The landslides are mainly of crawling type, the sliding level is not always 

clearly evident. Sometimes the landslides capture or affect even part of the partially 

peraerated bedrock The depth of the sliding level, according to the geological analysis 

and the geo-physical measurements performed, is estimated to be 2 to 3.0 meters, rarely 

amounting to 5.0 meters . 

S TiFf'JJJNG AND GROUND CJJFAVAGF:S DURING DRJ'7NG This phenomenon 1s 

associated with the presence of Ill ite-Montmorillonite type argilles encountered in the 

upper part of the al ienation crust. Following the thermal -differential tests performed it 

was observed that 80~·o of the argillaeous fraction is Illite-Montmorillonite type mineral, 

its colloidal activity being approximately 1. TJ:>js phenomenon is directly observed in 

distorting the one-storeyed buildings having shallow foundations and iight loads in their 

foundations (to the order of 0.4-0 .5 kg/cm2
). Such phenomena have been encountered in 

several buildings near the Senior Citizens' Home (in the vicinity of the study site), in 

Mihal Grameno Ouarter on the hills surrounding the Students' Camous (oooosite the 
...... "-' .&. '\. l. .... 

study site) etc. Tn these areas the depth of crust cleavages varies from 1.3 to i .5 meter 

Cleavages of wails_ niaster. floors and ceilings encountered in several obiects built in 
._.. ~ .1. " "-" .... 

these areas are related to the phenomenon of swelling and drying of the elluvial-deluviai 
" 1 "! rT""1 • 1" , • ,... "11 argllles. 1 ne mmera.rsanon or argwes and allevrolites is of hydromocore and 

montmoriilonite type, therefore they are sensitive to the atmosphere agents (water 

moistening, solar dr:,ving, or through the influence of other heat sources, treezmg 

included). 
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IV - G-KOTECHNICAL STUilV METHODOLOG-Y 

The geotechnical studies were conducted according to the methodology 

determined by , the technical codes applicable in Albania and other Europian countries 

with relevance to the £reotechnical estimation of the geological environments and 

designing the engineering objects. 

The principal types of the geotechnical workin2:s carried out 111 the geological 

en'lironil1e11t for the construction site ~?·!ere as follo\vs: 

• Exploration and topographical works 

• Experimental works performed through employing the dynamic penetrometre 

(SPT), likewise establishing the piezometres. 

• Laboratory works with respect to determmmg the phvsical and mechanical 

prope1ties of soils and rocks existent in that environment. 

The exploration works employed in the construction site were the drilling works, 

whereas the tooographic works are associated with determining the quotas for the driiling 

points' co-ordinates. 

DIULLING WOR1(S The drilling works were established in line with the two principal 

profiles, thereby respecting the micro-geomorpholog_' of the study site, as shown in the 

layout of works location (Drawing Nr. i 4). There has been performed a total of 7 driil s, 

in the site of the American Ambassador Villa, through taking undisturbed samples. The 

drilling: of the boreholes was carried out at diameters of i i 0 mm. The maximum deoth 
~ ~ 

reached 10.80 m The driils were performed with the motor driliing instrument (Photo 2). 

In the following table the depth of the driliings and the quotas for the borehole tops are 

provided. The following table provides data relevant to the depth of the drillings carried 

out, as well as the relative quotas for the respective drill as against the termis court 

regarded as i 70_0 m_ The drillings are supported by the necessary documentation and the 

samoles taken at everv 0_5 d1il1ing: with a view to determining: the physical and ... -· :_.· :_.• 

mechanical properties ofthe soils and rocks encountered in the study site. 

j i 
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Nr. N ame ofDrili Depth Relative Quota 

Bl Drill ~~r _ l 6.8 169.9 

B2 Dri ll Nr. 2 10.80 169. 18 

B3 Drill l'Jr_ 3 9.8 170.87 

B4 Drill Nr. 4 C•-'; ."/. _, 152.93 

BS Drill. NL ~ 10.2 164. 79 

86 Driii Nr. 6 iOA i65 72 

B7 Drill Nr. 7 9 .8 159 ~ ~ 

JV2. F,);TF.R.JlvfFJvTAJJ TtVORKS 

The experimental works have consisted in the tests of the dynamic penetrometer 

(SPTi .. The dvnamic oenetrometer (SPTl tests have been carried out in all the lvtholm:dcal 
' , .J I '- ~ "' .._., 

tvoes of soils and rocks encountered in the studv site. Thev have been performed in 
..; i ..; _, • 

compliance with the technical condition ASTM i 589/68 "'Penetration Test and Split

Bare] Samp11ng of soil". (Photo 3). The geological documentation associated with 

laboratory test has been recorded after every interval the dynamic penetrometer has been 

effected. \ \Tith respect to 5.0 m depth, the SPT tests have been performed at every meter. 

Further deeper, they have performed in line with the lythological changes of depositions. 

IV.3. LA.B(}J<A.10RY 1~S1S 

The laboratory tests were performed on both the undisturbed and disturbed 

stmcture samples. Thei1· target was to determine the values associated with physical and 

mechanical indicators of soil s and the bedrock in the constmction site. 

1V. 3.a. GH.ANL.!LOl\1l!.:1lUC C'ON1~N1 ' 

The granulometric content has been determined by means of the standard sieves 

senes for the granules over 0.075 mm in diameter. \Vhereas for smaiier granules the 

hydrometric approach has been employed (Photo 4). The test weight has been 

determined on the basis of the granules maximum diameter. The granulometric analvsis . 
~ - - ..; 

connibuted to map the granule distribution for al l the samples obtained. 
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JV 3. h. Gravit_',J density, hulk density and d1y density 

The gravity density 1s determined by employing the classical picnometer 

approach. \Vnereas the bulk density was determined by the ring method for a familiar 
~ 

volume ( 100 em-'), and the picnometer method for the irregular and undisturbed. structure 

samples. P.>...~.-'ter determining the samples bulk density, following their drying at 

The above 

parameters served to calculate the poros1ty, rate of porosny, humidity of saturat10n, 

degree of saturation etc. 

JV3.c. ATIEBERG LliviJT,S' 

The Atteberg limits serve to determine the liquidity limit (wl), plastic limit (wp) 

and the index of plasticity (Ip). The plastic limit has been determined by employing the 

classic method of thinning. Whereas the liquidity limit is determined by the penetrometre 

cone, Vv"'F 2 i 600 Type (Photo 5) The Atteberg limits have been determined for granules 

having a diameter smaller that 0.4 mm. 

The soil identification is effected on the basis of the granulometric content and 

ASTM (D 2487) ciassification. 

JV3.d. TEST.S OF SHEARI?ESJSTA.NCE 

Test of shear resistance have been performed with a view to determining the two 

principal indicators, respectively cohesion (c), and the angie of internal friction of soils 

on undisturbed stmcture samoies. The Cassagrande box (Photo 6) was emooved to 
J.. ....... ·, ; }._ '"' 

determine these indicators. Test were performed with consolidation and draining (CUJ 

and without consolidation and without draining (CU). 

il/~3.e . COi'vfPRi'.SSION rr;.S'JS 

The compression tests were performed through employing odometers with a view 

to determine the J\1odtlle of Compression for the interval of loads] to 5.0 kg/cm2 and the 
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index of compressibility (C:), and index of swelling (Cg). The compression equipment is 

shown in the Photo 7 . 

IV 3 f UNIAXIAL TEST,.\ 

The resistance in uniaxial compression has been determined in the undisturbed 

stm cture sampl es extracted during the dri liing works. The samples prepared are 

cylindrical in shape their length being double their diameter (i 0 em in length, 5 em iri 

diameter). Even the samples extracted by employing the Rymond type dynamic 

penetrometer (SPT). The equipment employed to perform the uniaxial test is shown in 

photo 8 The cohesion without consoiidation and without draining (Cu) for the soils has 

been determined through performing this test. 

1 /i 
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V - LAYERS AND THEIR PtirTSICAL AND lVIEC:iLt\.NICAL PROPER TIES 

Based on the geological - lythologicai cross - sections and based on ail the dates 

of exploration works the layers of the construction site are differentiated. The layers are 

marked in the geological - lythological cross - sections, from top-bottom. respectively 

1,2,3,4 In the chapter of geological construction of construction site there are 

differentiated two zones that are different from each other in the geological-lythological 

cross-section 

For the construction aims for each layer the physical and mechanical properties 

are processed, separated in all the geoiogical-lythological columns. The classification 

ASTM is used in the classification of soil s. The bearing capacity for each layer according 

to their physical and mechanical properties of is given, based also on the "Technical code 

of projecting of foundations of constructions KTP-N-A-1983, of Republic of AJ bania. 

These are considered as normated loads. 

Layer Nr.l Yellowish brown, rust -spotted, with moist, plastic, dusty medium 

subclays to clays (Lean clay to fat clay CL-CH), slightly compressed. Being part of the 

al ienation cmst, they are characterised by variations of clayey and sand fracti on content. 

According w the ASTM classification the soils of this layer are lean clay with sand (CL) 

They have the clayey fraction smaller that 0.002 mm, i 8-42 %, dusty fraction 35-50 %, 

sand fraction up to 30 %(Fig. 34). The granulornetric cover of this layer is g1ven m 

picture 15. The physical and mechanical properties for this layer are as follows: 

Granulometric content 

Sand fraction (0.05 - 2.0 mm) 

Dusty fraction (0.05- 0.002 mm) 

Clay fraction 

Specific density 

Bulk density 

Dry density 

The liquidity limit 

The plasticity limit 

Index of plasticity 

Colloidal activity 

Natural humidity 

< 0.002 mm 

Ac 

32 - 14% 

56 -64 ~'o 

i 2 - 20% 

") ?. 0 - ") '71 a r lr-m3 
.:...· .V ./ ,.;;.... . J _:, I f V 1 

1.93 - 2.04 " 

1.60- 1.69 " 

37.90 -48% 

24.40- 30.16 % 

13.50- 17.84% 

0.97 - i .0 

18.2 - 22 .3% 
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Porosity n 36.9 -40.6% 

Tndex of porosi ty e 0. 58 - 0.68 

Tndex of Compression Cc 0. 7 - 0.8 

Index of S weliing L 0.46- 0.48 

Pressure of Swell ing 0S 0.4 -0 5 

Module of Compression E1-:. ' 5-80 kn'cm2 
-" ~ _./ ::::/ 

Cohesion without draining, without consolidation Cuu 0.45 

Cohesion \vith draining, \vith consolidation (C ~ ) 0.2 5 kg/cm2 

~At.. ng~e of internal friction 

SPT i 2- i 4 

Bearing capacity 

Layer Nr. 2 Heavy subclays up to dusty clays ( Lean clay- CL), with grey colour, 

brown-spotted, plastic, averagely compacted . According to the ASTM classificat ion they 

are classifiable as lean clay with sand (CL). The granulometric cover of this layer IS 

given in picture 16. The physical and mechanical properties of this layer are as follows: 

Grantl lotnetric content 

Sand fracti on 

D usty fraction 

Clay fraction 

Specific density 

Bulk density 

Dry density 

The liquidity limit 

The plasticity limit 

Index of plasticity 

Activity 

Natural humidity 

Porosity 

Index of porosity 

0. 05 - 2.0 mm 

0.05 - 0.002 mm 

< 0.002 mm 

.L.,,fodule of Compression 

Index of Compression 

Cohesion with draining with consolidation 

32-20 % 

48-53 % 

20-27.2 % 

2. 713-2.728 gr/cm3 

1.89- 1.97 '' 

1.56-1.64 " 

40.8 - 49 .0 % 

23 1 - 27.0% --

Ir 17 7-22 0% 

Ac 0. 9-0.95 

Wn 20.0-21.5 % 

n 39. 0-41. 8 % 

e 0. 64-0. 718 

E l -3 83 .0 - 95 k.g/cm2 

Cc 0.25 - 0.28 

l
~, 

·' 0.25 kg/cm2 

1.C.. 



I\ngle of internal friction 

SPT 13-2 1 

Bearing capacity 1.8 - 2. 0 kg/cm2 

Layer' JVr. 3 Average dusty subclays of elluvial appearance, yellowish brown 

colour, slightly plastic, compacted up to medium compacted. This layer is heterogeneous 

in terms of the granulation aspect, hence situated over the bedrock. It represents the 

partially alienated bedrock, as such it is hard to determine the granulation content or 

plasticity, due to di sintegration difficulty. In addition, due to its own situation, poses 

difficulties as regards obtaining totaily unspoilt stmcture samples. As regards physical 

properties, they are soft rocks. The physical and mechanical properties of this layer are as 

follO\VS : 

Specific density 

Bulk density 1. 95 gr/cm3 

Dry density 
~ 

1. 61 gr/ em·' 

Natural humidity 2 1. 1% 

Porosity n 40.3% 

Index of porosity e 0.675 

SPT 27 - 35 

Module of Compression . ' 2 104 kgicm 

Bearing capacity 
.~ 

2 .2 kg/em"' 

Layer Nr. 4 The alienated bedrock represented by allevrolite clays, yellowish brown, 

sometimes tending to grey, highly compact (soft rock). The physical and mechanical 

properties for this formation are as follows: 

Specific density 2.712 gr/cm3 

Bulk_ density 2.01 gr/cm3 

Dry density 1.71 gr/cm~ 

Natural humidity 17.5% 

Porosity n 36.9% 

Tndex ofporosity 0 .5847 



Uniaxial compression resistance 25-37 

Hauling resi stance i.7 -3 .2 

SPT 45-48 

Bearing capacity k.g/cm2 

In Picture (1 7-44) there are given the curves of compression serving to calculate 

the indicators of compression for layers 1-4, whereas in pictures 45-50 there are given the 

curves of swelling for layer i . 

Tn pictures 51-57 there are given the Logs of the driliings performed. 
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VI. DEFECTS IN THE CONSTRUCTiON SITE AND ''R.A.A" VILLA 

As a re~mit of observations made m the construction s1te and the "R A_A" Vi11a, the 

defects noticed are mainlv of cleavaQ:e tvne. 
• ..; ........., J. 

COM'ii i(UCTJON SITE DEFECT..\ consist m cleavage due to drying manifested in 

various shapes. The shapes are polygonal, star-like, etc. They fraction the construction 

site into smaller fragments, as shown in the photos 9, i 0. The cleavage intensity amounts 

to i 5 per m2. The cleavages do not have any particular orientation. The splitted parts 

have in several places a downward inclination. The depth of the cleavages measured by 

employing a metal rod of 0.8 em in diameter, amounts to 74 em, testifying to the effect 

that cleavages less than 0.8 em in diameter are present even deeper. Within the 

framework of the geological-engineering regionalisation targeting and functional to the 

Seismic Ivficrozoning of the Tirane city, the pits opened in these depositions testified to 

the effect that the cleavages due to drying are encountered as deep as 1. 5 meter. On-site 

measurements concluded that the cleavages due to drying are as wide as 3 _ 0 em. 

Vegetation (trees) have vertical ity deviations, testimony of displacement of the soil mass 

at time intervals (Photo i 1, 12) 

Construction site defects have been observed even m the tenms court. They have 

principally developed in the North-Northeast, South-Southwest orientations (photo 13, 

14, 15), crossing throueh almost the entire tennis court. The cleavages in this tennis court 

are as much as 10 em wide, their uninterrupted length varying from 1 to 10 meters. The 

cleavage depth measured with the metal rod a..rnounts to 0.32 em. 

DAr'ECTS JN lHE "R.A.A " VJ! t 4 

These defects are mainly encountered as cleavages on the floor and the connectmg 

elements regarded as weak constructional parts. The main cleavages on the viila floor 

principally developed in the North-Northeast, South-Southwest orientations, being as 

wide as 3 em. (photo 16, 17). The wall cleavages have an almost vertical orientation or 

45 degree inclination (Photo 18, 19). Cleavages are encountered even in the fencing wall 

at an almost vertical angle, their width being almost 1 em (Photo 20, 21 ). Observing the 

defects encountered in the villa, it is concluded that they have mainly developed on its 

Eastern side, less on its Western side, testimony of the solar radiation influence on the 

1(\ 
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clavev soils of the basement. No defects are observable on the Southern side of the villa_ - - ' 

as well as all along its frontal part . Cleavages in the villa and the fencing wall have been 

manifested two years fo liowing completion ofthe construction work. 

The "R.A.A'' Villa has wood-type construction, the foundations are built on plinths for 

the four tvnes emnloved IA,RCD). respectivelv 0. 16, 0.25 _ 0. 36_ and 0. 50 m2. The 
.J I l .J "- -' " .J " -' 

foundation dimensioning has been calculated for the earth surface permissible loads 1. 5 

k0cm2. Accordinf! to the nroiect snecifications the loads the nlinth transmits to the 
.......... .......... I .J I l 

basement is 4302 Pa or 0.043 02 kg/cm2 . The distance between the plinths in a row is 

2.50 m, whereas the distance between rows varies from i .5 to 2. 50 meter. The plinth 

heads are connected with wood beams, the ground floor supponed on them The plinth 

basi s distance from the earth surface is 0.915 meter. With the exception of the Southern 

side, corresponding to its entrance garden, the "R. A. A" Villa has no pavement. 

Familiarity with the defects ofthe construction site and the building itseif, the geological 

construction, the hydrogeological conditions and the geo-technical features of the layers 

participating in the lythological construction of the study site, made us identify the 

reasons by focus our principal attention on two probable aspects: 

i - Probabil ity of soil mass slide according to a possible pl ane. 

2- Probability of emergence for the swelling phenomenon and drying for the alienation 

crust subargill es whereon the foundations of the building are established. 

As regards the probabiiity of the sliding phenomenon according to a possible plane 

for the eliuvial-deiuvial cover, the samples extracted through drilling works, as well as 

the depth of encountering the ground waters level have been documented by attaching 

special attention . The trees deflection, the obvious presence of a sliding plane, as shown 

in the geological-lythological cross-sections, as weil as the presence of the ground waters 

level testify to the probable presence of this phenomenon. 

The trees' distortion, especially those encountered on the Western side of the villa, has 

been due to the impetuous surface sliding in the course of the recent 40-45 years. Their 

deformation for the last l 0-15 years is not observed, since the upper part of the trees have 

a vertical orientation. Other indicators of surface deformation, such as displacement of 

the object, soil, fencing wall, etc. have not been been observed. There has been noticed 

onlv a slif!ht disnlacemenL indenendent of the construction studv site_ bevond the fencinf! 
.J ___, I -' i .; .1 ..; ...._.., 

walls zone, near Drill Nr 4. Th slide plane has been encountered in six bore holes 

performed, as refl ected in a zone of changeabie thickness, lihwise composed of average 
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to heavy subclays, with much moisture, softly plastic to fluid plastic. Thi s horison almost 

coinci des with the contact between the el1uvial -deluviai depositions with the partially 

ali enated part of the bedrock. Likewise, it coincides with the level of the underground 

waters, having a hydraulic gradient to the order of0.04. In view ofthe fact that average to 

heavv subd~vs with a fiiterin2 coefficient less than that of the water-bearing leveL are 
...; ..1 ~ ~ ~ 

situated above this level, the underground waters is under pressure, hence elevated from 

6.25 to 3.63 meter (S-2). 

The falling plane for the gliding plane is 5 degrees. 

The uhvsica! and mechanical urouerties for the Qiiding ulane zone are as foilows: 
.1. ..1 J. J._ _, .._... l. 

Specifi c density 

Bulk. density 

Dry density 

Porosity 

Index of porosity 

Natural humidity 

n 

e 

Cohesion vvithout draining, "vithotlt consolidation 

1'~1odul e of Compression 

1 76. 1 gn 1 :; 
..... . i - ...... . v gr,cm 

' " ('1•A- .,. / :> l . _..,J - ~ .Lf-. g.i. ~cm 

48.3-46.7% 

0.93-0.87 

26.8-24.6% 

~ 

28-31 kg/em~ 

The gliding plane angle is less than the relief inclination angle. This angie is equal to or 

less than the relief gravity angle. On the other hand, the laboratory tests have shown that 

the saturated subclays have an internal friction angle of about 16 degrees, whereas the 

friction angle caiculated according to the gliding plane is greater than the rel ief angle and 

that of the gliding plane. Under these circumstances, the gliding body is at the moment in 

an equilibrium situation. According to the relief micro-morphology, this equilibrium ts 

better in the direction oftl1e North-North\vest orie11tation. 

The probability of swelling and drying for the elluvial-deluvial subclays is present and 

evident, arguable in view ofthe following data: 

1. The subclays contain contain illite-montmorillonite minerai to the extent of 80 % of 

the clayey fraction, hence the colioidal activity around one. 

2. The presence of subtropical climate with humid winter, and dry summer. 

3. The presence of cl eavages due to drying, as deep as i. 5 m. 

'11 
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5. The presence of defects after the two summer-winter cyci e. 

6. The foundations are of the plynth-type with slight incastration depth (0 .9 i 5 m). 

7. The load of 0.043 kg/cm2 over the p!ynth is smaller than the that of the S\·velling 

pressure. 

8. There are no pavements for the buildings hence the difference of moisture underneath 

tl1e basement can 110t be avoided. 

With a view to esti mating the phenomenon of swel1i ng and drying, as well as determining 

the strength of sweii ing on the basement, samples extracted as deep as 2. 0m from the 

eanh surface have been studied. Tn addi tion to the anal yses for the physical properti es, the 

sweilin2 tests have been oerformed. The value of the swellin2 nressure was determined 
._., I '--' 1 

analytically thanks to the data obtained . The mineralogical thermal-differential analyses 

concluded that the clayey fraction contains illite-montmorinollite mineral amounting to 

80% . 

The granulometric analysis has shown that the clayey fraction vari es fi-om i 2-20~-~. The 

plastici ty limit varies from 24.4 to 30.2 %. Comparing these values to the natural 

humidity it is evident that soils are stiii capable of absorbing water until they reach the 

plasticity limit whereby the swelling capacity for the clays fall under zero. Based on the 

plasticity index, the average swelling potential for the subclays amounts to 5%, whereas 

according to the content of grains under 0.001 mm and the plasticity index, the subclays 

vary from the low to average swelling potential According to the relationships between 

the dry density and the liquidity limit, the subclays manifest swelling capacities 

Comparing the data for the liqui dity limit W1, and the idex of swell ing (Ts), it is 

graphical ly indicated that the pressure of swei1ing vries from 30 to i 25 Kpa. Directly, 

through resorting to the edometric test, the respective pressure results to be of the order 

0.4-0. 6 kg/cm2, almost ten times as much as the load exerted by the object to the 

basement through the plynth 0.043 kg/cm2 . 

; ; 



Vll. CONCL~S!ONS AND _FF.COMMENDATl ONS 

The foliowim! conciusions have been t•eached foHowin~ the ~eneraiisation of - . - -= CJ = 

the ~eotechnicai materiai obtained from the studv construction site. 
~ . 

i - The constr-uction site within the framework of the geoiogicai-engineering 

re2:ionalisation tar2:etin~ the Seismic TViicrozonin2: for the Tir'ane citv beion2:s to ._.,. .......,. ._,. ._.,. ..., ._., 

zone VI 2b~ having a weil-defined geo-technical model: 0.0-5.5 meter aiienated crust~ 

over 5.50 meter bedrock represented by alievroiite clays from the IVIezez suite of the 

Tortoni.an age~ whose main clayey ore is of hydromic-montmoriiionite type. 

2 - From the geo-morphoiogicaJ point of view the study site is situated on the 

Northern radius of the Sauk viiiage hiHs, opposite the students' Campus, their 

relative inclination being about 6 degrees. From the climatic point of view the 

Tirane city has a subtropical cihnate, humid winter (the average annual faiiout is 

1273 mm), hot summer (the maximum average temperature 39 degrees). 

3 - The geological construction of the study site is simple. As a resuit of the 

works performed the alienation crust is dearly evident moving from the surface 

further deeper. The deeper the weaker the aiienation is. It is weii-processed on the 

surface, hence gradually moving towards bedrock represented by the aUev.rolite 

days. A ser ies of layers, depending on the natural conditions and the geo-technical 

features. have been identified in the geoiogicai-iythologicai cross-sections as far as 

the bedrock. The Tiiyte-1VIontmorinonite iuinerais constitute about 80°/., of the day 

minerals in these layers of the alienation crust. 

4 - From the hydrogeoiogica! point of view the construction site contains 

ground waters. The under ground water level is initiaiiy in the depth 3.30 m5 (D-5), 

in the depth 6.25 m (D-2), hence coinciding with the contact point between the 

alienation crust and the bedrock. After 24 hours the ground waters level was 

stabilised at depths varying from 2.0 m (D-6) to 3.63 m (D-2) from the earth level. 

The waters are of calcium hydrocarbonate type, hence non-aggressive to concrete. 

5- The geotechnicai properties of the alienation crust~ generaHy speaking are 

good, the bea r ing capacity varying f1·om average to high. Through studying the geo

technical featu res~ out attention is attracted by sweHing and drying capacity of the 

first layer of the alienation cr ust, the swelling potential estimated to be as much as 

5%, the sweiiing index varying from 0.46 to 0.48 , the sweHing pressure va rying 



I 
f: 

from 0.4 to 0.6. The cleavage depth in the study site amount to as much as 1.50 

meter. The depth of cieavages on the site surface amounts to 3.0 em, amounting to 

10 em in the tennis court. 

6- Studying the geoiogicai-iythologicai columns~ a weak considerabiy humid 
' 

zone representing a gliding piane with a five-degree inciination has been identified. 

This piane is associated with the ground waters leveL 

i -The defects encountered in the viiia are of deavage type. As a t·esuit of 

observations made in the construction site and the "R.A.A" Vlihl, the defects noticed 

are mainiy of deavage type. They have principaiiy developed in the North

Northeast, South-Southwest orientations crossing through aimost the entire tennis 

court. The deavages in this tennis court are as much as 10 em wide, their 

uninterrupted length varying from 1 to 10 meters. They are situated mainly in its 

peripherai parts, in the asphalted area. Defects in the "R.A.A~' Viiia are mainiy 

encountered as cieavages on the floor and the wails. The waH cleavages have an 

aimost verticai orientation, r·areiy do they have a 45 degree inciination. The 

deavages encountered on the floor have t he North-Northeast, South-Southwest 

orientation, being as wide as 3 em. The trees as old as 40-45 years have been mainiy 

distorted in the lower parts, whereas in the upper part the,y have verticai 

indination, testimony of the construction site st~lbiiisation. The defects encountered 

in the object are mainly concentrated on those parts mostiy exposed to the soiar 

radiation. These defects have emerged after two winter-summer cycles, foiiowing 

completion of the construction work. 

8 -The HR.A.A'' Viiia has wood-type construction, the foundations are buiit 

on piinths for the four types employed (A,B,C,D) respectively 0.16, 0.25~ 0.36, and 

0.50 m2. The foundation dimensioning has been calculated for the earth surface 

permissible loads 1.5 kg/cm2. Accor-ding to -the project specifications the ioads the 

piinth transmits to the basement is 4302 Pa or 0.04302 kg/cm2. The distance 

between the plinths in a row is 2.50 m, whereas the distance between rows varies 

ft·om 1.5 to 2.50 meter. The piinth heads are connected with wood beams, the 

ground floor supported on them. ~he plinth basis distance from the earth surface is 

0.915 meter. 

9 - Relying on the study data ob · ained it has ~·esuited that the main reason 

for the damages inflicted and observabie in the construction object is associated 

with the phenomenon of sweliing and drying of argiHes, therefore immediate 

') A 



intervention is r equired with a view to preserving the uniformity of the moistened 

condition of the soli underneath the fou nd <ltion. T he im mediate intervention at the 

initial stage intended to eiiminate this phenomenon developed during the winter

summer cycie should consist in the foHowing: 

• The non-asphaited sections of the viiia should be d ug as deep as 2.0 

meter, the surface width being 2.0-3.0 meter, the width decreasing further 

deeper, as shown on page 58. T he dug-ou t portion should be filied in with 

ciayey matter of non-sweiiing capacity, thereafter rammed by using 

heavy hammer at eve:-y 15 em. 

• The upper part, the rammed area should be covered with a thermal

insulating coating of asphalt 10-30 em thick, or other thermal-insuiat ing 

material. After that the pavement should be iaid with pavement slabs 

• The water-draining gutter should be buiit ali along the intervention zone. 

10 - As regards t he tennis court the same intervention should be effected with a 

view to avoiding that phenomenon: 

• Ramming the basement of the tennis court after the asphalt coating has 

been removed. 

• Laying the tennis court with a iayer of 20-30 em-thick armoured 

• The tennis court dimensions shouid be extended by 2.0 meter more than 

the existing dimensions, the surface waters draining system should he 

constructed aii around the tennis court. 

11 - As regards the fencing waH the intervention shouid be effected in the 

foundation base so as to increase the depth of piynth insertion (no iess than 2.0 

meter from the surface). 

After the above-mentioned measures have been taken, the construction objects 

shouid remain under the observation of the author for this study. In the event of 

potentiai iingering defects; then there should be resorted to the second stage 

envisa2ing the protection of the obiect a2ainst the constmction site !.!iidinl!. bv ........ .._,. .. .., '-" ._,. ......,. ~ ... 

building two rows of waH with niles, one row established on the uooer oart of the 
._,. t:. •• - .:. .:. .I 

tennis court, whereas the other being established on its lower part (near S-1) having 



a North-Northeast -South-Southwest orientation. The depth of piles should exceed 

the sliding plane as shown on the geologicai-lythologicai cross-section. 

designers' team, hence the author of this construction study should be supervisor 

ior the implementation works. 



. ~ . 

\ 

\ 

: 
\,_ 

·, 

•.: ... 

.- ·· 

; :- ,, 
. · .. lq'? 

.. , ........ ...; 
. \ 

/A,i.t.-_-
1 ~, -,: 

/. --\ .. \ ~-//~y 

-~\'· .. :"'/~): \.;~;::( 
., / .._1 ..)/J .. 1 

.', p \\:--- / ! \ 

~\., 

..... ~ . . ~ ... 

><.~ '_·i,'_-.z._~~:, __ --~.~-~~c: ... ~/ ·c> __ . .{;,~.:0-ru ·', . • :..J ' 

~ ' _:)I"J.i \\ . • .., ~ '\' ' ""'~ 
./ '' {! __ /~ ·, . \ ........ ~ ~ \ ,--->~ 

{ ;., ~;.:-:::-'{;::::::;:..:::.-.:,:;~_ -_·.·.~_·-' ..... ,, ~!. \.... ; ~ -~_.'· 
" ,- .... \ .·-\\.f.}, .. \ ,. ~ ~· ' \ ' 

"~;}:- ...., .. , \ ' -2,~ 
:::~::-::, it.,lzt I 

) . 

·<~ .. ;~ :: . ' . 

Tie ,.:\ 1·../ E 

\/' 

·, '• \, I \ •' '-..,- \; '- '· 

'·' .,... ,j ·-~ <"": ...--'<\ "~~~· 
-~\\.. ,.... ;·; --~ \ . 

{ ! \ ; .: -

_:,.; . ..;. v ,j 

·-
\ 

C,k.O:i5 A .-A 

-· ~-

_;~.-::":~_};~~';: r~.z::_/.;~-~ .. ;;l{~j;,_:};_..:__ 
r ·-- - - i /;-!.uv;0/7 ~ !C /Je...-~~-~-;-r;ni~ c//; f: i~.-; 
L. Cl _j 2 c..j .. / s h 7'·c v (' 

------~ ·\ 

.I/ o.t;;~:.-?1'£· o.: " '/.y}!-.r(:- /-:::.~· /- .~{;- :<:. :·:.-:_,··:r 
,1:,::/:;.M~cic·< · .. ' · ~- . 

t-·- - ---: 

i /y'2,:·(...J 1'i/5h c;_/:u;'/o i(.);ctiJ 
I_.L-.J 

r~-:-::·-~ /~;/:';. / ol/--:..oce;·,·7. 
L~.LJ 5/i~E-~:'rm - . ~ 

-~-~-· 1'6; l 
--.,.1~'- ' 

.. :> 

L~?_J 

(- · -c-;~-~ 
:._ ___ _) 

rr:--: 
1 ___ ._ ./ 

p-:--,~ .... : 
l~~ 

D 

Cie/9 c _,.0 ,.-t:· /c .. -·t/-:t' 7C.,,<u .r' 
;'e 5"~;c, c ,-. ./"n. 

c;.,: c:.-.>?c ..... v. '!':'~· Fle".l. , _;'/-/ ~:-.-- .. -fc,._-=--' 
r\~ . S·/..f'X'./-r:r, 

~ . ' . ~ -::. · ..z· ; · '-;:~/7/. ~"l':" 



~3u~;rgiii<::! te le;.ta - tc me s m~-~ r!uhurCire , i-;_afe tc ve;clh8, n-12 , 

njo!h~i ndryshku , rne !oQcshti, plasi.ikc;, pak dcri rn csatsristtt te ! 

E~!u ·.rjon ·· argjilc: e 



(f) 

~ 
UJ 
CJ 

(IOS'.Hi) 

(f) 

LU 

(j) 
U . ..i 

rn -e nj o!l :::1 

i Eluvjon i formac ionit rrenjesor - suargji!a te lehta shume i 

' 1 s ~) 

l-· 

lr) 

~i 
Cr) J 

' 



PE~FSHI\R i Ml L.ITO~_OC~J! r\ 

•-



I 

1\rr; bs~ sac\£:. 

r-- ..-- .. -·;-¥--~-¥-·;---,._ ___ ' I I • (j) i 

I 
. i J 

------- ------- ---:----fr ·,-----------------------------------·----------------------------------"'l 
( :) 

~< (j) 

I (3 ti 
(.' j (() i --· 
(} LL! :1~ 
- ·1 lX C/) 1

' 

() f-
U.J :r . .. , U) 

0 
UJ 
<( 

,::; () i ~ D//. 

( ~5 :~: 93) 

I ' :=- '•, - - ~~ ~-\ -
--,-- J _ _.:_~ - -

LU 
[~~ 
j·, .. 
([) 

LU 
r .. ( I 

(/.; 

FZc.nore, te 

f-

kuq~·~ rre rT: te , iC: 

I 2 r I ~i-=-r ---- -, 
~t __ 143 ._6 L ___ Q ~==-- j__-=-_--==:_ ____ !:__8 ------·----------- - --·--- ---- ------------ ------·--·-----.. --- -- ________ .. _J 

h ':-i s 



(!) SOI\lDJ\:1 
'J ) 

LU UJ 

'::( 
(lG4 .7 9) ~t 

: 

i 
~-'ff(Si-i i<f< lf·/i i LITOLOGJi i< 

-- · I 

~f: ~ 
i 1 6 

! I 
I : 

; ! 

: lJ: I 

----- ·---------·- ! -- • 



·-·) ' 
(' ' ' o: 
__ j I 

0 ' 
LU -, 
CD 

- ..:. - . 

_ /_,_' _ , 
I ! 

r----1 

/\rnbas<-;cJa 

1 
Eluvjon i form acion it rrenjesor - argjila e alevroii1e, me ! 

! 
ingjvre kafe me njoi la blu, rne pal:. lageshti , te ngjeshura. i ... 



PEF~SHI(F<Ifvi i LITOLOCJif< 

f::iuvjon i fo rmacionit rrenjesor - argjila e alevrolite , me 
ngjyre kafe me njoll a blu, me pak lageshti, te ngjeshura. 

~ · s 8 

l- ; 

, I 

_U 



- I · 

0 

~!_~ / 1',/f<'::i._(--:;,:::/( IF f .. 
,-- , .... 

...__ ,.·~- ~ ... ' 

·{('~(' .• r'~ -----
-' ._;; 

.L 
x .. r. 

,···· --...... 
( /1 } 
'-:...' 



\ \ 

\.r~ 

\ .. .) 

···· l 

.. . . ,_: 

'· .. ,: 

··~J 

'· {""'• .... -~ 

t. ... · . ; 

' 
i 
I 

i 
l 
f 

' 

f 

I 

(. -.~ 

; 

l 

i 
r· 

/ 
·/' 

\ .\; <:-.~ 

i C:j 

,, 
·-J 

-~--! 1' •• 

~._} i.l. 

,, ~~ 
)' · '2 

'· 

~~-- ~; 
...J 

f...~ ·....: 
·--...; 

:·::· UJ 
,., 

-,,, 1'-,_f:-; 
~t_ 

c_·~ 

[~ I 

~S:-
' --....1 -...,) 

r~·1 

l 
I 
I 
L __ ~:; 

-~- ) 

'::C 
1 -.... -...:..., 

, ..... . \ ..... 

-~- ! ~-. 

· ·-J 

__ .. ~ 
...: t' 

ll~ ":: :::(> 

' ' 
i -~ 
I , : 
I ·~ L:_,; 

' •, ' 
;y 

·, \ 

~::~ r.:. 

> t) 
::~ l\j 
'--~ .. 

)-, () 

"'~ "":(' 
.• ; --~-L. 

' ; :r.:: 
: '· \"', 
;·•. I I 

'-1 '>.) 

' -,] 

k": 
L:.~! 

\.,::) 

.J 

... . 

:,· 
...... _J \.. ) 

:[·. -:;:: 
~~ \J, 

-~ ~ 
\.(_j r 

~-{J 



-- ·- ( _ ' -

! 
r 
; 

I' 
I !; 
i: ,, 

1.\ - --- -- ----- ------- --- -- - ------·----------- ---- --· -- ··- --- ------·---- --·- -- -------- - - - ------- -- ----~~-------~-;:. i3 5~111 : 

;r'T-:,1]} · · · --- _ ~= ~- =- --- -- -= - : -~ = -~ - - - ~=::___ ·- - · 'Y-'5'-i l! 
hc: __ ~t=J=~-~---~~=~==-~-~-=~ ~=---------- ---- ------- ------------- - ---___ :/!_ ~-~?_ __ __ -- -- -- --- --- - -- ------------ ----- -------- I, " 

6 
~ IIi 

~--:·.;.:c ·;:..· : o --- --- ------- -------- --- ----- - ---- -----~--- ------ --------------------~------------,__-:::: ____ L __ -- -- - ------- -- -- -- - ----------------------- ! 

.:----~---- --::: ___ - ~ 

l! :.::·" - -~; . ()>--;; 7-~:) _/;' -;:·_s{.;:/ t) ' :;/ti'-y(:L .'' 
'/E: / !_C ; --~ ....- C ·:} .~,::: {../,·::~ ~ ~ .. ;:(?{)! '::'/.: ~" 

- - ' ... ,• --:::· l. T· ;--~~~-·_L. ···:.,? 
' ; ~~ 

/;:'_:~r] ~ --./ 5/!.. T )'. 
(f} :.0 [)/~ 

1 
\•\/ .' / r'1 

C / .. /f· )" (j~D 

c· ;? t) \,-~:.:.,//./ 

7'() / =/t f L-,~ , .:..1 ';/_. ~-- ~· ,;~/:.- · ;<:. :: . ·- ~; 

..:; _~-:::-·or::.~ ;~//.::::~ .. ~)/(..:/:~ -; ·_ .. ::-· . ~ ·:·/-~ .... ;(~?-·r: .. :: 

-~. 

t,~~) 

;· ---------::;: ------~· r 

f ~~:~-:--~=( 
·- -~- --- ----- - -~· 

r~_-s_l. 
!~-- --···-------··; 

v~>c /;- T/f E /2, 
A>?::~ -/_ L/TE 

I 

I 
i 
I· 
j 

I 
----~-- -----·--·----------------------------~ ~ -- ---- -·------------- - ----------- - - ---------------- - - ---__________ _______________________________ ! 



' 
j 

J 

I 

I 

-.... :·r·· ,, 

~J --. 
f 
'. i 

~.l 

' 

\ 
·' ' ., 

,.) 

( 
·~ ... :: 

( 

.. , 
.... _. 
'• 

\ 

! ! -

·. 

; -.... .:.. ·-; 4· ,·-·-· ·;·.! 

\ 
; i 
I l 

' 
, \ 

I 

_ , _ _____ ..,.... . • • -·- - - - - - -- -· ... ... ... ... - . .. -·- - · - · ·~ ......... ... . . . .. , ••• u . .. . . 

1; , 

:::·..j 

c::: --· '" 1 

' ;. 
:....:i 

(..~ ·) 
\ 

·. ·- .~ 

'·'.1 ( . 

;.; " 
.:) >'-: 

,-1 ... . - ... : 
i 
i 

\'· .. 

. j 

~ 

\ c 
-.) ~ 
\,_, L:. l 
- ._.1 ~ ... 

-~, (__) 

,-
~< Q~ 
!._.) '~ c . .. ~ 
c: ,·~-\ 
r ~ , J -.., 
l._:_J 

:.'!, \ •J 
.: __ ;;,'·< 

>· ·-~ 
·- ' 

..,. . . . ... j 

•• '...j 

U_l:..: 

-~: '< 

'" ·::; <'< 
~ •. 1 o· ... 1 



' 
\ 

' 
' 

' \ 
·, 
' 

\ 

' 

.. 
' 

' 

', 

\ 
\ 

I.' 1:\\, ''•? .. -\:\~·~. 
I ', . . \\\1\\\ 

'c~; '~\~:·~}::::~~:.\:;~~:~~:·;;.',', 
I :::>: ' 1 \l,\\,'\\\\\~,'· ~~~,\ , 
I 1, \' \ \'1 , 

1 
\11\, I \ \\ 

I '"\,._(• 
1

, ,
11

1
1
,.,, ' Vii i\ I' ', ,,·,,,,l\\11\ \ 

\ \:\r\ '·'·'.'.'.\\\\'\',;,-,\':' 

'~ ;~;\;:''i\\\.:'i; <: . ' 
\\11 .\1',\',•, I I' - - - · -- - - - - -

i\\::\';,'::x\:~:\ \ ·\ · · , ,o , 
' j I I I. 'I I\ '' '-- --- J 5() . '!-' \ \\\-.,\ ', ', \ 

~ \\ \ \ \ \ \\ i I 

., •. i\ 

''', I 

;• I 

. \ .,, 

I '. I \ ·, ~'.. 
\ \ 

'I I 

' 'I 11 '· \\\ 

'i\ \:\\\.I ', • \ ,_, ' ' 
1 

I I '' \ ' ' 1. // I \':.:,::. . .. .,, 

j·;~:,.::::•\•j:·· ··~·:: ' 

\ 

_.;;...._ ___ .... 



-----------~-------~ --- --- ~-- --- ---------

:';::.-:;}!< ! 

:.,.> I .. 
: ··-\ .... , 
:' I 

0 
0 ,, 
0 

0 0 
Q 

Q ci 

--~-~ ~- -- --------- ·-------·-- --- -- --· 

---:: 
6 

rn 
·-· > 

::1 

·~ 

" 

-~~} 
, , 

r J 

J;:'l 

( .. -:. 
, __ 1 
',, 
rn 
.-., 
CJ 

~j1 
_) 

;:; 

cc• 
l 

' 
' 

0 
1-

(} 
r-

-·~ ,...: 
·< 

i 
I 
I ,. 
i 
I 

i 
I 

I 
I 
l 



,...-----------·-------

l_~----- ----~----------·-----

! 

~----~---···· ·.----·-: 

I ~--~ I 
I 1 1 

. I 

I I 
~ ~~ ! I 
::- « I , i u: 
:1: I v I 

1---~ 10 

I ; 
ll 
' I 
' \ 

i CJ 
!:z_ 

I< 
l :..n 
I 
I 
I 

(C.: 

! I I I 
1 i I , 

~------J ___ _j ____ : 
j l 

Q 0 
0 <:)) 
-· 

G: R J\ I \{ :;, I 2 E D \ S T P 1 8 UTI 0 N. C U R V t.~ 

"/c EC1Air-l c0 

0 0 c, 
t·~ ( \) 0~ 

c_, 0 0 0 0 0 0 ~ o..-: ,_ 
"-!:-: l ( l ..,. tf"; '" 

Ol\l \ £' s \fd "/o 

-----------~ 

I 
______ ___ _j 

0 
c 

0 



., 
' 
J 

I 
~-

j 

I 
J 

I 

t.:?: 
"' : 
1::::, ' 

~ ~ 

t~; 
c: 
\0; ,, ' 
~~ : 
\.- ; 

") 

"~ 
1-., 
\ .. 
' -<._ 

Lq 
('-~ 

•' 

"'"' 

k 
' • 

};: 
l._, 
''-...\ 
t'-1 

Lt. I f., \-
' ' 

·<= ") ,__ 
...._ 

~<: lt tJ l' ::, ,..._ 
' ·, J 

\ .,J 
~ 

~~ 
L:,_) ~~ - "• ,, ....,, 
L:) l<J ;.__~J 

...... ; - ··-z ' "'-" ::t ~.t ~ V) '•') .L.') 
\ . 

h... 
.... 

f..... 

l.l.J 
k 
...._ 
t'--1 

"' 10 
r •. \'-

~--t: '-
llJ \:::. 

) ....... 
\l 

''· 1·, ., 
~ 

·.I'"' --. I;; I\( ' ·, 
\:; l~ t I •' 
Q:: 

.... 
'\.}) !ij 

{."·\ 

Ll...4 

"' --.._ 
k .. 

" ...,_ 

"'1 
tt, 

0 
'«: 
'-~ 

[{I 

-...;(-
·, 

" " ' ~: 
t.'t. ..-

"' "S r _ .:..__ __ .~ .. -.:--~~---. -~--- .. :~:.. ... .......::_ :. -- - ...... - j 

~~ I I 

1 

_ __ 1 I I 

1 
r=:

1 
~· 

;;:;: :Tr:~ ;~rrr Fi r-J~ r-=r1=t~-~~ 
Qt-i--1-r--~ --- ~~--r-~~--- ,--!-r --r · ---,-t-!r 
\Q it-r-1--·r ---!···l -·-j·--l·-j··--j- ·: --1 - l--l-r-r--T-1 
h-n--r-~ -l-:-, t-,-~---1--- 1 ---, rr-+--1 
; -r 1 ' ~ r 1 T _1_ -r-r--~~ 1'- , - +-1--j -- ·! 
L-1--+-+- l- r-J---r--l- t- t--r-Y--i-l-f---: ~ 

~~~-~-- ~--: ·++---+---t----1-- ~ -- + - ~ --1-- j 1- - ~-+-1 
i---t------1~--t--~-r-l-- ~--,..--+--,---t .. - LI -~---i --~ 
: i I _j I l i I i I i I ! I I ! i :- i , - .--·r--,---; --1- --· .--t-r---H ---r- 1·--r---H 
! I I I I : ! : I ! I I I I I ' I ' I 

- -~ ~~.e~r=-~-- - . ;=~-~r~l~<~-~~r-:r--r~i-tr-~-~,~~'1---l 
_L_~--~-L_!---t--- __ J_ _ _ ! _ _l __ i-~i _ 1 __ --+----: __ _j_ j__ l 
: : I i • : i ! ! I i ' I I i i i ! 
. i I ' i : I ! I I I I I I I ' i ! I -· - , - 1-r-r--r i--~~-:--+-il-~--r-· r-T-1 
·-~~---:-1--t-- ;-~-L--i--t---! _.L_; _ _ r -:--+-+- ! 

~~ : -i- - ·-j--j- - - j - - l ___ j ___ ll· ·i--J-+--j +- ·1---f -j ---j- --j 
- --- -----,--.,.-- ~-~--.---"--·---,--~-1~--·-·---·---
: J._ L_LJ .. l_t:! l_...cLJ_;_J __ i_J_ri _L_l_ J'- 1 
! I I I I ! ! l : • ; I I i I I :_ 1 ---i-i-J;~j _ _ · -~-~ ___ !___j __ [_J _ _L_f--.L-- f---1 

' I I ' I ' ' I ' I l ' I I I I ~ : i I ' !: f I ! I I i ! __ !_ I I ' I . 

n ck:; ;:. o () c ; 1._-t..// I..A .. .r t...--t../ } 1;-' 
!:'-f .! '=:t \.£) \(i ', ' .I ._. 

I' ""-



l 

"") : 

0--l 
-'!./ ) : 

"-' 
"1·,_ 

f 
\ 

\) 

. :r, / 
r "" i I 

' ~: " ' ' : tJ ; l - -L ___ _j 

' .•. 
k.,, 
.\-· 
l ~ . l 
r ....._ 

,} 

C:;·, 

i.{_J 

(• 
~l' 

\r) 

'\'< 

'• : 
I'~ 

ill 

~·:-
' ·, 
t.,___ 

\ ._, 
l. i .... j 
!\ 

' • 
V; 

··,-·· 
· ·l,_· 
i.,; ) 
\1 

~- '·, 
, . 

'0) 
.-, '-"'-.. '"' 1~\--.. \) 

\- ~ 
~') 

,,._ r.;>l 

l 
·, 

':.··') ':-. 
.... ~ ....... :; -~~ 

: 

l 
' 

<: 
ll,_j 

·- 1. 
ll 
~ "'-t 

k ;5 -, 
:::c~ 

I 

1( , 
., 

' 1.: .,, 

·--·- ~ ~~) 
'•,j 

:~ '• .... 
~-~:,.. I ' 

' · .. :.t ~<l t.l, _j 

i..:-:; 
' iJ 

" .. , ·i 
' 

\.•) _I ~ \ ), 
'' 

I i 
---+---i 

I I 
I I 
l i 

! 
I 
I 

I 
i ' i 

---~ ----~--;-· ·-~ 

C) 0 0 c c ' s\ r~· -: t"<":j ·---
~ U) ·0 

... ,....,. 

' ('"'"' ., ·· -.~ 
r .... ) 

~>- '-!j i'.,. , 

r-...' 
('.,.,_ 

\{J '·<) 
\"•) o,, ~J 

~~.:! \.l) 
i 
~': 

W..! 
\-., (. .. -\ 

·~. 

;" 
'-

'..\.i '" 
I 

"' ,_ 
.... L:,_! 

' 'I ·,':, 
\~ ., 

~'-r:-
! \ ,.., (' 
I. "·i 
·· -l. ; -~<.) 

(\ 
•' "\.._ 1'-t l 

l-..! ....... 

\.:: . I : 

!!,/ 
" ' 



) ~._7 .El( >1 / 

.S l/,.L~ \5/::o l~ C i -f'/ ICE 

5'/!A t~ [,. '() !._ (_! lv! / ;-

f/-/.rf :.~- (,ltJ~L . i--.e-: .J'/(E IE i'1 /-
G E .s·/t./ T./ /~ 
? /.~;;- ( ) Z / ir ;_:: .~r / 

· '-~-..- : -. / FO/?r/ZI TE liT 
: .. ,~ D.A . .::' _ .. -£ c;.. f.S /-/ i' / .r.E 

>' 
.~)--

4 
6 
' / I 

___ )/ "\" 

/?_ 

_!2 
\1 

.?- 6 ~ .. Lj:' --

.. l . (} /;.. _./,_ 

f (;>~8 

2t.) .1 :-< 
(./ ()"" . '7 >~ 

() s-8 t:; ·/ .. 
0 9J) 

;·.o .?.o ~3. o ~ .. . o S.o ~~ 

-T- ~----J- · -~ ·r ·: 1 --: - T · 1 r- ~ --·r T-- ---r-T·-· ·-:- T 
rrl r r TJ .. I~rf ~TnT f r-r !-r 1 
:I~'1r :J=lfJ~IJ ~1~ t+LIL.1t ~=-l=~t=J=~][_:_~ :J 

~ I l :1 I I ·~· II I i l I i i i ! I 
' ! - t · 1 , I 1 ! ! ::u ::JJ::1 TLbTt=r=~ .. ITIJ:::t].~·I= ! 

-~~~(-1- - ~-- ~--t--- f--~- -L_ __ t·---1 --~-!--+-- i- ~----- 1 --- l --l-- -i -·! 1~ --~~f'~ _L __ ,L_ ___ ;_ ~--1- --1---- -- 1- l ---1 -- 1---- ! --1 -~---L- - 1 -- I .. -\ 
! : ~ I I ; . i I ! I I ' I ; I ' ' ' 

-l·--+- j--- ~~-q;· -+- i-··-t ··· --j---t--r-r :----f ----r·--t--[- t-- [- 1---1 
-:-··-r·- -+~ --T- : ~i~l-=::J-+ --+-r- +----!-- (----1~ ---- 1 ·- ··-:--i--- ~ -- · ·· 1 ----1 
-·: --- ·--~---r-1·--_j __ ri~~--:-ji--r--l-··r·i-- -~ --- ~ ---~ · --· 1 · ·· ·-- 1 
·-- :- -l--1·-~ ---- r ··---/-- ··-·-·• -- t~·":::r ·-r---;--r-- ·-- - J - --- ;-----1-- ~- - ··1-- -r-
--r·--H-r-[---LI --+-~ --: - 1-- l:~sJ~:+---- l~--- [---+~J~--·1----/- -- -1 
·-r--1-+--+- -!- r·--L--r--:--T- t·-! -7-'+1 -·- -r j --~ ---~--- -r -----L--- : 
-+ -- f -----'- - ~-[--- 1+~·---l---r---~--+---;--~r~,-~~--r-i--~'-- l --·-j ··· -- l 
--t- ~--1·-j -··-~--1-r-·j -i--l--+-+- t--~- i -l~"J~--- ~ ·t- -i' - ·I 

= r--n=r~- !l+~ ~=r=rrrrn=i±l ~i 
--~ · ·-r --+-r-- r ----~--- r-· 1--: ---j --/--j--~-~ - t-- +-~- -~- ~---~ ---- : 
- -1 ----~ --J _ _j_ ...\ --- ·-ll __ _j ... . ! - -'--J ... . . L._.;__ __ ,. _ __ -• - _ j__ __ ; ___ ) __ _ J_ ___ l ·· _j 

I I i I I_J i , I : I , I I I ; I I i I 
__ L _J __ 

1
i _ _j __ J ___ 

1 
_ _J __ ( _ _ 

1
1_ ~ --- __ ~-·---!---~-:. __ 1 _~L_ 1L . . , I I I l I • • ' I • I . ' l 

--~--L_L_~ __ j _L_l __ l _L ____ L _ _!__I_j_ ___ L_ .. .J..._j_; _j __ J ....... L __ i 

._5 ·? /v' /:) /.~ 1//.q ... . ... <.. .... 
) 

<il 

1- --· __ _. 
l ,- ' / 2 
\ c ! - 3 I<,J I Cr7) _ 5S. 7.5' J-- .. · --- . .. .. _____ _ 

i ,.,. . 2 /j_.. /] 
1 ~<1 _ 3 un ! ·--:J U-0-<-B:f 
L - - -- - --

l '~~8t~J;~0:~ ~l -~;~8{2=== ~ ~~~~~=-· -~ crr.:(kt~·l~j~ 
!_2.-:.L ! __ C}{ 2 i C-S,5.l / ~ -- ~ 7 /8 i 
: .J~·2 L .. !L-~~~~=--]=~ - c?J(.:~~=r -;:~~-~----~---0 O}_f_J ___ ~_k_il ___ _ 
! ) .; I 11u'8- : ,, 'i_, 1 ,;:· ~---;·-;JJ ·) __ , _ o o 3t 1 : c5J:L£.5.-
;_.~·----- --- - -l- ----------- --:._- ----i~- t / ..... _ I _:1_"' '-../ - 1--;' ";.~ . ' . L t- ----- - ---,-- ----

: ].0 i f ]{-]? ! ---;;~-5:i?--r---~;-z-;;;-·---l, __ [). c?_Z7 7-- : __ 89 5:1 . . 

~--~fiz r_ !~~:.~:{ ----=2:i.i2'f ___ ~ __ ; __ ~-~~~--s-~:--- r- - U:_(?_2]£ _J_?~i:?Q===--= 
I .... 

C/, ~· / f,')· ') , / - -- --------- /) n ·1 r.., I .. - ·~ ~ 
- '<-'/- - . . . ·- o ·s·L ' .. I ... - .. --- '-

1 I 
. '--------·- - 1 
! i ! 

'-L __ . ____ ___ 1_~-- .. ·----··--L __ ··----·--··- . 

() -·1' )•' 70 ',, ~0 6D P'- I 2 
·- - ·- - - I I_ v - '- >"- \ ) - - - ....... I '-.; (_I ._) , A_ (7/ c /)) 

1'\ J J 1 1 i 1 1 i 1 :· : ~ - J 1 l ~ -- ~ T--r-r r- rJ- --r-r·---r-· · r ' i -- ·: 1 1 , -1-·1 -:--,- '---r-:-T-r---·1 ·--- --r-r-- -T- - r _ _j_ --t I 
10

:-- : \·~,-- 1 \ : +--- ~ -:--1- - l-- i--;-- -r' 1 ~ ~+i- l l + , -1 : + ~ - I 
. -- II r-... l- ·--- ,__ ! - I :- ., --- -- 1-- ~ - _ I -- 1 , 1--- . - - .. _ L 1- _!__ _ _~ __ ..: __ ~~~ _, I 
; " 1 ' '-( ' 1 1 I 1 I 1 r I I 1 : 1 1 j 1

1 • j 1 : j' 1 ' 1 r ~ I 1 I • 1 1 ! I ,:(. [---- i - j ~~~- r- r - - , _ : - r-r ~ -- -~ --'- ___ , __ - ~ ; -1 - - ~- ~ - - r-~ --- - -~- -- ~- i --~---: I 
_ ~ - ~ - ~ i : "~ T -I- r-- r- ~ --!- :-1- - ,_:- !- l __ _j ___ ! -~--- -L l---1---~-: --

C· r-· ! ' - / ~ ' - ('·J-- j !-- ~ --- ~--- ;--~ - ~-1 - ~ ---- • \--r--·-1--r----t-+-J_-: _ _[ _ I_ ! / 
r---1--+ I ,- ~ - f"',i i-- j---T - j - -,-J- ~-+- ->-r·-~---r -+- 1 --i-- 1 ----r-~ ~-4 f 

,! ,, ' -- ~ -- - ! __ , -- ~ -- ~ - -- · -1'-.. -r· __ , ____ L__ ~._ + -~ -- L _ _j ___ , _ , ____ L _i --1--+-----r-+- , 
•• , , II: .. l _ _l__ J ; !' _j II 'i"-_, _ __! -_J~--li __ _L_ 1-- . -11 _ __[ _j __ j__j_ _I ~---L_ [ __ ~--1 'II 

I I • ' I ' ""' I ' I I I ' I t I ' ' J 
:~() r - ; j -\ i -1--l-- : - >--i~'---..~......_1 L--;-r---[-- --r-- __ ! ___ _~1_~-.- --j-- :I ___ I_,___LI_ ~-~-I 

. I I I ' I \ I ' 'i : ' I I I j ' I ;----1 - ~ --- . : ·1 - -~ - - - ~--~--l~~"l-~-- ~-- ~ -- ~ ---r --,-- -- - -j- .- 1- i- ,- I 
(',;) ' · - i II i - 1- ~ ! - ' - ---l----11 __ _[ _______ ,, __ ,1 _ _] _ _ __ l__L ____ , __ __ L_i~_~_j _ _j __ _:_ ! 

I ' ' I I ' • I I ' I I I I I I I 

,--~: ! - - I l -- i i-+ -i- ! -· ~ --1---l -~--:-- ! --'h1·~- - :---~-- i-- ~ -- ~--+-t-- ;-+-~ --~- I 
'F - J L ~ -- - - - I__-!- - - ; - _,__ I_ __ ,__"_ , ___ ] - t - '-'- · - - '-~-~----~---' - ~--· -·-~- I (< : I . ; l : i : I I i ! I I I ':'· ". : i I L I I I ~ i - -

,S I - i ~ · - · 1\ i +-!
1 

' - : --- r-·- i -:-~--i--_~1 - ·t - - ; --·· 'f --i -- -1~ - ---; -- - 1-- ·
1
- --L- -: -

1
:--.-

1
· 

_, ' ' ' ' I ' I I i ' • ' I . I ~T . J I I ' ' 

<~- :-·. ·1 - ~ ·T -1 - r - i-· 1 · -r--- ~ -- ~ --- ~ -- -; - t-1 ·- r ! ~ -1-,,r ·t- : ·-r-r-·~ -- : - -i -~--/ : 
Gj L·-+--1----+ ·+-····--~ -·--· ! · · I·· -[-i --;-·--'--'--·~---f·-- 1 ! _, ___ L __ -j~--~- - --: ·--1---L j_-..;-.. ---.+ . 

i _. L..i. __ j __ _ [ ___ LJ ..... L_ __ j__j ___ l_L_j_ l_j ___ l J. __ ) ___ j ____ /_j__~L ...... l.. .. .J __ j __ ,j~~-Lj __ L 
'flq ' q 

A } • ./ 



~ 

l 
~ 

!)., "-0, 
"-- ~ 

';::)• 
\:\! · 

~· ~· 
l:{:j, ~-- : 

"' ~?! f . ' 
~ \J c ......... _ ! st "''" ~ ' -..,.\c '! ! 

' J 

tr) : 
'') I I 

\ ~ ~ ~ ' 
I . CJ i l_J ____ o 

·--::---, 
(; 
"-J: 
~; 

I ' 

' --k .... 
~'{_~· 
t\.,J ,.._ 

J .-. .. 

r---~---- --·- . 

! I 
j • 

\J 
ID : •I 

~') ~~ (~ l 
' ~I ., , r-i ... .•. 

i " ' \-:} 1 
' ~ · i , · j 1 I ' , 

. ~ t-~-{~[~I~- -~i~~~J-: 
1.) t: ; ! 

:_"<::_--~-- .. - - ·- --- ·- ·-"'- - ----.. -- ... ·---- · .. ____ J 

~-

I ' I 
C>\ 

V \ ""': ·'· '-..;· 
::::. \_·,_1 C> f'·- D 

(:, \) 
\!} ' \s, Cr.J ..r, 

(') 
\\~ 

"-,, ''-1 '-:-· \.) \) 

k \..l J 

~-< \-.._ ·~. 

\l....i ··-, " 
1--. !-.. .... -...., 

\ , \ l lli ' '· 
"'' 

' ·~ ...... '-'"l 
, __ 

·'-:: 
• ..... ") --... tt-.~ 

-.. ·s: 
,tt.J 

r,~ ·..:., 
'"· -..J ~ ''- " "<" ,, f· •.. \'1· \ .J. ~ '··I '"'\:' 

.. _ 
" 4.; ~ li r· , 

" ! '-' 
l\, 

_, . 
...... k...' ~-... I\. \J .• '-') 

"'' l•.J :r.: ' .. 
i.,..) 1\.j "'-':.:" -.._.·· 

\) l~ u· ' .J 
' · ~ ... z- ..... · •. : !\:: 

., 
·~: \/ ~ ,'·') \'; t;.! 

~ ' , . 
,,.., . ,~, 

" ~ ~ . 



L.L 

"') : 
I ' 

l_~ i tr" 

I : i \ 
.L---'- - - ·-" 

----.._; 
1), ,, 
"-' 

l ' 
() 

"- i 
"---
\'\J ; 
~ ' 

~~~-:;~-~:1{~[~-~~~ .• ~l~IJ 
('~ : ! 

(J ' 

< 
~,~ ~ .~: :_' 

; " ::_: i 
--------- ------ ··- -- --------- _________ _____ , __ 1 

() 
'--') 

... i,, 

c-,-) 

0 
'-· - 2 : }. 

::-:·~-

>. 
" '> \? ~ ' . ' "-) 

"' '\) '-!" 
~" ~ ~>! ~ •. '-.> \!) 

\(i \o {'-.._ 
"'! ~)) ':::, ..... 

'· "· ,, t'-) \:j ~ 

' ---:J l.-o '-· c:J 1'"'-:.:, ·,-"h 
C)) ·..;::::, ---.:.~ ; 

I 

J 
i.!_l 

h... ~ 

' 
.. , 

........ ~ ... 
l.J..J '· .. , 
f-... l . .r) 

-.... i ~ 
"-! ,s 

., \': 
... ,..... j ... .., ~ " l!,j ('~). 

h. 
. , 

\\... . ., 
~ I ~ . ., ...... ··,. 

' ·I 
' • 1--! .... .. 'v·, .•.... 

r·, 
., 

lt\ '·' 1: ' '\ ,. ~ 1\ J · ~;.:-
<:1 ,. t\.· 

v) '· "J I i.J 

'-:«:" ·..::: 
::.r .. · ::r 
V) '•) 



"'.rl~l'tl··r;,~"''::·•P-!'!"li;!"f••r.:;!l'·i4"'·"''*'"1"1 ... _.,_ ,,..:,~.,-t"":: lll"_ ~'!:i. __ 1~~· ~}9r<·. ..1 . ..:-:~fA\. _ " ~ • -~·----~ 
II 

\I 

{.~.7 /~( .rT/ 

-~.s· Jlr~~ \S ,.c:- (_--C / _.r. I ;; E 

~ .. )//A t.~ !/(/ .~- U /Y/17-

~; //~,~-- ~~- flt?i . /-£. j-/(1-~ L £ ;TI .. :r 
G)~· -5·.-:;:r/ . .!f 

::1 /f:(} .. t: / ,r E ;-/ 
7 .rc,r I ,/.;.0

1
? (} .t.'""Y/ ft.~-: T / / 

~ /} [) .4 j_=- a!.~ .. 4 (~ ,-~ 5 ,L/ 11 
/ -~:- .1_:.. 

)," 
(/-
:'\ 

--· ~- -"1 
(-

(j 

__ /~! 
/ .{_ 

e 
/" 

~..\! 

2- (;57.) 

2.01 

1- GtS' 

19-J ;/ 
?~!.'7'/ 

(./ " / ... 
o. 6o_5f. 

o, (16' 

j-- __ .............. . 

I E I / .2 
1 f - 3 i<Jj(l-,? _ ... fi'J ~:Z 1---.. . .... .. .. ... .. ... -· --- . 

,s 0 l\/ l·:; .I.\ 2 j/.,_? .] .. 3 -·<9_) 
I 2. I L ,.., \G1 _3 Un; .4=;y u .0254 
L__ ..• ·-·--- · ···-~--- . --~-------- · -- - -- ----~---

o< E ,-< 'I -p f""(7 iJ E 1 i " 
l ,y-_..-y•i·;~. ;.: I' p I ,:, 
1 ' 1 1 ;r1 v,1J _,,-,_,7 •] ~ ·i _ I 

I r~-~ ~ ----~~=~~= ;-, G ;;Z_ J ~?~' ~ ! 

... .. ........ __ l __________ _ 
.:( /I ( / 

c..- n / ":9 -L~o ,!. <:"~ 
. ...... ·· ······· ---- I 

i 
I 
! 

: (7 . <;" I ,? 2 'Z /) ' ~ s .-. ~ /.. I I I 

L~Z~~-- ~ ~=~~f~~;~~~-~--=_; . /;!;_~-=~~=--=~~~;1 ~__£ 0 L--~--- SJ 5_ 
i 20! (i?Ol : . (?.r~_,L, I ?7.6 · L._~;J.(J2__t?? : 7-?.5'/ 
!----·---- T-----~--L-- __ .. _,__ .:> J Y t _ v , {.,. 1 -.-~ _ _ _y___ __ 

\..-?.::P_i.. .... ~~U_6- ! o.SJ._j_{' r---~{-,; 6,: 1__ _ _ ?~-~~--_L 76··7:z 

. J(··r·-~~j~L:i 0 ·! -,- · · ~:i(;> · ··· ·· ·· ,._.:r~~' - . S.o , .. I i I I +---~ - l I l1 I . ,- ···1···------- · .. . , .. t'·Y .. ) -,::.f---1. --+--J __ _ i_ I ~ - ~ -~- -- --, ___ L ____ j I r--- ~·---· rt ..... [ .. ___ !_ · .. <,~<rn~ 
~"-..... I l J------___ [.. __ I l ! I ~---~ ---1-- --- : ~-~~·-· ·~ ' I I' -,- ,- ___ , , , -,~ - , " : I ·-.,J --1·-- ~ ---i-- -- ~---J.. ! I I ~--, --- :··-·r ---+---J _j L i ---~--i r· I J I ' ' --··r.·-j·---- . : I ! . II • .r 1 ........ --·" . 1 ___ ,_:::, -- . I I r ----· I__ ' I ' . I : 

.,l~;~;~_ :fi~ -~~ i:~ ~:~- I?;f[~E~%i~-3=~~~~? ! ~-~ ~=~~~ -~: 
I I I I J : 

.L. _____ c·~~-~-~j==-~=~~~=~--~~·: t:~~~==~==-~t~=~=--~=-=--=~~=~~~=-c=-==-
: I ~~r-~------.1- . · , 1 

1 
l -F-r· · -+----~--

1 

' ,. -- •~- ,--+- _ ''· 1 ' - T_,_ -- , __; __ _1_ '- 1 r 1 ~ ~- r ~-. I j 1...-.._c--1·--l---' j I I ! i : _l ___ , __ , ___ .: I i · --~---·r·---.--.!--_j_/''1 ! ~-~~-~--~·~ ---i-- -f---.L __ . __ i l i --- ~.-.-.j 
: : I' i I~!'-::,."".~~- I i I ! I --~---;--- .. 1 ... .1. 

----·--·---1----· ' ' I i ' . --,, . I ! I -'. I ~---~---1-----<------ i ·-i l. I I ; ..,--~--· ----L- ' I I : ' I : I ·-r··--"-~ l .. I I ' ---!--.. .-1. ... I 
. , ...... 1 ..... .. ; . ___ ) ___ [ I I I ! ~~- 1 ----LJ ... .. _ j __ I ! ] I I -( 

I ' I I --~- . I -t t --1. I ' -!---

1 

I I l I ,--,-----1-- ,--..... j I l i ~-~-- -----.. ------- [ __ I 

-- ,- ... -~ 1--' · ' ~ .. - , ... -'<-,-~--L I 1 ' -:- LL - r H-++-_L~ __ J __ j __ :1'---J --r-T--1-J-.. _ L_~ 
. . 1------,---L __ I I 1 1 1 1 I ! r--~-----...:..... 1 1 I , 1

1
--+-1----+--i __ l l_-t--r-J··-·t --

1

L ..... ·-·-···t.---~--1--J~-~~--l--·· ~---~ 
:--- . I _j 

1 

, 

1
--!--+-L_j 1 , 1 I 1 1 --r---+ --L .. J 

i -:----r ~ ----J _____ j __ __ I __ ..J-___ L Cl-r-: ----r~ -+---[~ _ _[ ________ ,_ I 1 
J---;-·-----L 1 l I j i 1 -~ ---~----1 --- 1 i . ! 1 : -

1

, ---r 

I 

. I·--;·---- , - ·- · '- . : I I I -·---.-·-·-- t ' I . 
I I I' II i ----1,--,-- ·! ______ , ____ ! i ; i I' ! ---~"--•1 '-~ 'l"'"•,---- l! - j' ,- c . .- ~ ' . . ' . ~ -1-J-~]~~[_j__ :-r-1-l -;-1-ti=~=tl=l~-r--+---r··! -- ~ .-- ! 

! ' I 1 1 -t--,---L ...... L .. l I II ~ ; I I -T-+- i----1·· --- ; jl · ·--.~- ------ 1 --. ! I I ~--t·--· -- __ l, __ __ ! I .:· I . ~ ---1 · 1 1 · - -- ---L-- • ___ .L __ l 1 1 1 -r--
1
---: .... __ l ____ __ , .. 1 

1

-- --- --

1 

.... __ 1 1 1 J i !- --:-- i----·----·---L , I 1 i , ... ·;· . I -r--~-- _ i 1 I I 1 •- i -, ~--'-· I • I I 
I .• I j I I' ... , .... ·<·-·-·-·]' I I ' ! I I ; 1- :·-----··------' 
i --;-+-+ .. - --j·- , j i i ---- ~---t --+ -1--1 ---L- j i j

1 

] '-- i I ' . --r-.. · ··-+ ---; ____ , ! ! ~ 1 . 1~ 1 -.---··r-1 .. ·--- -···--1· 
I - ;·---1-- -j--·· I ' I : 1--r--- -; ... --.! ....... I . I i I I L' ' 

1 

i i ,,--- ---- -t-
1
- + - L_L i i ' -:~ --- -- 1.---·-r-; -----1: __ L __ .... i 

; -- -+-------··1. . I I I : I ~~---LI ___ , __ ___ J .. 1 ! I ' I I ' _____ .. , ----- ' ' ! . I i I - 1·---"'j·--- -- -- L 1. I I ' 1 ,--.. -· j"--:-- --.!.. ...... 1... ! . 
.t l I "I I I I 1 - ,----1.----.. t I J l . ---~----j 
.• ~- ,.. . ' ' ' ' • ' ,--·~' - · ' ' I I ' . U_ , ~-- ~ -;--li-1-L 1-1 .. 1 i rrr~-[4 -1- i 

_____ _ _\_, __ J..__ •• L . ..L ... _j ___ j_ ___ j ___ L .... ~~=r-~~ c: :~~- :j -~~~~---J-_-_1 =J:.-:1 

0 i.D 2. {.) 3.0 ,;,_o S.o 6.D P k.J/cn} T\ -- T-- 1 T·· r ·-- ,-r·r-- !·····r·T--, -- 1 -~ - 1 --- , -- --· -rT·-- ;·-r·r- -~J--j--· r---··f~~~ ·r-l . i __ ll __ - ~··· - ; ·- ·r -- ~ --- ,-T--i--f-- 1i ____ ! __ rj __ l' _______ , __ _ 1 ____ ---- ~-~--j-l 
10 ~--·--r·\·kJ -1- t--r-- i -:---- ~-+--!--T·- r- ~ ---~ --T-1 -- 1 ---~-~--~ -- 1 -+--i --- t--~-~ 
... ::~-- ~ -- j--'i'<r -T---J····"-1- r----1-~~--~---:--1--~- -jl - j '' l-·l __ JT_TI'-r ! I n 
'

0 !=ttr !~':EL , r::tt! -c[L [ i J]=LtrTTtrJ 
30 !----1-···· j- --!-·· -- i···---·1-·-· ~-~~l'~·kJ---L-+---i--1 ---+---+ ---- : .... ~ --~------~---1-----j---: - --t---: -+--~! -1 

f- -- ~ · --1--J····· i- ~--- !-- 1 ---+--~~-j----:--~-l---1--- : - ---- 1 ----!---~-t-- ~ -- - ~ -- ; ---i-~--r~-,: ., : ... J .. --1-..... -+-- 1 ... ! . -- l-- ~- -1- .. 'h-,! --~---1-_j ----. .. .: ---: ----L-1--i----;----1---i ----:--)-- : 
. ·~ i -1--! ---1 [ .. Iii _ _! __ I - 1 ---'---J--~-J-- 1 --- 1 -: .L .. j----t-L _ _! __ ll~-- -~--~~1 L 

i · i 1 , j 1 ' 1 I I .. r ~ ...... , • I 1 • tJ 1 • 1 i s 0 : ----! .... ... ·4 -: - . ! .... - ~ ---~----i--[-·-·r-t-+-J ·--r--+'<~-1 -----~-i -:------l-+--:---ll--1" 
~- -- ! .... L.

1
_ i----- 1 ---i ----- ~-~-~-- ~---i-_;_-1_-r· --+--,+~---: 1---- . __ J __ . t -"-7 1 

so : .... ... ! ___ J ___ , --i ----- '1- L ... j .... i ____ l!_ ___ ll _+ ___ , ___ i _____ j ___ ~__II ___ JI.~~- _;j-- ___ j_J_l.._~l·~--:- ! 
... , ; I i ! : I I : ' ; I ! . . I ; . I I I 

-(~· !---· : - --;~---·· t' ·-···1--· t· -- -~: -- ·r-r--+-- 1-t-;--l·--~--1---'--- -·-- - : I : ' I, -~·~~- I 
. I . . ' l I I I ' . ' I j__ I I I I ' 

--~~r---·j ··-1--j--- i---+-- :----- f---:·--1- j ·--r~-- -: ·--r-+·-~--- ,---j -- r-i-~-~-~~:-~-L J 

1 J ... ! L. j __ ! __ I __ j _ _ j_ __ ; ____ J ·-i--- __ ;., __ 1--- L ... ! .. - -. -~--f--~---L~-- -- 1-----'1' .. L-. i 
'· . I ' I I I I ' I I I . I . . J ' I ' . I ' I :·: ' I i i : i : I ' : ! : I I • : I I I i : i : 

._ · ·~ ·- .. .. ..... 

1 

.. - -- t·· · ·: --- ~ - -r-- ~1 -- [ - -r- ·- :·-·
1

- r·-- --:·-- ···J
1
··-- r -- r-- : --- ~ - -1 -.)1 ---. i-T-1----:--

1

· -~-~-: 
·--- 1 I . I I I : I ' ' I I i ' I ' I _j ' I I 

G) l.~J~~-<J.: ~j_- j ___ ~-t~_ :L ... l=J~] __ =l .. ..LJ ___ c_1_=]=~-~-J.=[=J~.i~_[ ..... rJ~:__i_.=L~.:C]_L 
r-:.-l) '2:2 



; ...... :-:· ~_;_: //" ~-' / ,' 
/-~~- .{ _( _ ·_ .. -:; .!-..-' ~ ?'/ ... y,-- .. :::·' --

,~-=· ;,)· . 

------/· 
// 

// 
.!"'-~-------.-,-------------- -----··--··----~-----;----.__"::.... 

,·- ~ .. ... , .. .. -; 
.,/: 

.,., .. /: .i 

i~~:'./'] .) /_/-~', .E:.· _:; .. ~: t.:,A/ ?"'.~) 

;~:!.)/\1l)/-4 .7 .. / c; :\/5 

__ )//(~;:(E:S.:= 
:r/<..A.:i/tE-5 I 

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

; < 

'' '' 

i 


