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Presentation Content 
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General Project Description 



Project 

Via Perimetral Cienaga de la Virgen – Cartagena de Indias 

Project Relevant Features 
•Recuperation of La Virgen Sound 

•Improvement of  City Road Connectivity 

•Urban Renovation 

•Creation of a Public Promenade  

 (Alameda) 

Fonade 

La Virgen 

   Sound 

Caribbean 

      Sea 

Cartagena Bay 



    Connection  to City  

      Sport Complex 

Perimeter Road of La Virgen Sound 

  

La Virgen  

   Sound 

2006 Pan-American Games 



Perimeter Road of La Virgen Sound– Cartagena D.T. 

Airport 
Perimeter Road 

 3.4Km (2.1 ml) 

     15 Ponds 

    16 Bridges 

Bridge (16) 

La Virgen  

   Sound 

Alameda 

. 



Generalized Soil Profile of  

La Virgen Sound Shore 



Perimeter Road of La Virgen Sound– Cartagena de Indias 
 

Generalized Soil Profile 

 Lake Deposit 

Gray Clayey Silt, very Soft 

to Soft (Mud…Jell-O..) 

2
.0

m
 Cu 0.15 tn/m2 (30 psf) 

Qa 0.45tn/m2  (90 psf) 

      PI 60% 

Gray Silty Clay, 

Soft to Medium Stiff 

         (15+…) 

Cu 2.3tn/m2    (470 psf) 

Qa 6.45tn/m2  (1320 psf) 

    Cc 1.36 

15.0m 

Medium Stiff to Stiff Clay 

Cu 7.5 tn/m2 (25m- 82 ft Piles) 

Fonade 

50.0 ft 

6.5 ft 

(1530 psf) 



 

 

Design Alternatives and 

Construction Process 

 

 
• Dike Alternatives 

• Zahorra  Dikes  

• Hydraulic Fill 

• Bridge Approaches 



Perimeter Road Embankment/Dike Alternatives 



Hydraulic Fill 

Perimeter Road of La Virgen Sound– Cartagena D.T. 

Hydraulic Fill 

(Dredging) 

Construction Process 

Fonade 

Road Embankment  

   (Zahorra Dike) 

Pond 

Sidewalk-Bike Trail Dike 

Hydraulic Fill 

Selected Alternative 
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Woven Geotextile 
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Fonade 

Zahorra Dike 

Construction Process 

5.0 ft 

6.5 ft 

11.5 ft 

Zahorra: Limestone Quarry 



    Woven 

Geotextile 

  Sidewalk 

 Bike Trail 

General Dike/Embankment Construction Highlights 

Mud line 



              Work Progress 

Embankment-Dike Construction 

Dredging 

   ponds 

Dikes 

Embankment 



Dredging Process 

•Low Revolutions 

•Close to Ponds (80m) 

•Purpose: To obtain clay pebbles or  

 clay balls in a viscous-fluid matrix 

Perimeter Road of La Virgen Sound– Cartagena D.T. 

Pond 

Dike 

SP 

Embankment 
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    Consolidated  

 “Crust” Surface 

Settlement Plate 

“Clay Balls” 

Drainage Ditch 



URBAN DESIGN 

Bike Trails and Sidewalks 

Dike 

Bike Trail 

“Load Test” 

Hydraulic Fill 

           Alameda 

(Public Promenade) 

Hydraulic Fill 



Bridges and Approaches 

Perimeter Road of La Virgen Sound– Cartagena D.T. 



Bridge Sites 



Bridge without Approaches 

25 m (82 ft) Piles 



Bridges and Approach Box Structure 

(Bridge “Bump” Preventer) 

Perimeter Road of La Virgen Sound– Cartagena D.T. 

Approach 

     Box 

Approach Slab 

Abutment 

„„Hammock  Effect” 
Grade 

Fonade 
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Construction 

     Joint 

Approach Slab 

Fonade 



Abutment 

      Approach 

           Slab 

Opening Joint 

Construction Joint Behaviour 

Approach Box 

   Settles 

. 

. . . . 
. . . 

. . . 

Plastic Joint 

       Fill 

. . 
. . 
. 

Fonade 

Slab Rotation 

Sand-Asphalt 

            Mix 



Instrumentation System 

(primary consolidation) 

 

What about Settlements Rate?? 



Perimeter Road of La Virgen Sound– Cartagena D.T. 

Instrumentation System- Settlement Plates (SP) 

SP Locations 

Typical Cross Section  

HF 

SP 

SP 

SP 

(3-7 ft) 

(5 ft) 

SP 



Perimeter Road of La Virgen Sound– Cartagena Indias 

900d 

Octubre 2004 

    April 24 of 2007 

St. Rate: 0.33mm/day 

       (0.01 inch/day) 

            915 days 

. 700 . 

Settlement Rate Projections 

Summary of Dike Construction Phase 

Days 2005 

Days 

   Initial Soil 

Displacement 

     5-7 feet 

Primary Consolidation 

    End of 1st year: 

30-45 cm (12-18 in) 

1 yr 

 Sand-Asphalt Mix (SAM) 

    Ready for Placement 

          (Pan-Games) 

SAM 



Primary Consolidation Analysis… 

Settlement Rate reduction of 70% from 1st to 3rd yr 

         1mm/day  to 0.33mm/day (0.01 inch/day) 



In Situ Compression Load Tests 

 

What About Settlements?? 



Perimeter Road of La Virgen Sound– Cartagena D.T. 

In Situ Compression Load Tests 

33-55gl Drums 

2.86m 

9.5tn 

9.5 ft 

21 kips (300 psf) 

  1st Level (19) 

    3 10-inch  

Water  Intervals 

2nd Level (14) 

 Hydraulic Fill 



Coefficient of Volume Compressibility (mv) 

V
er

ti
ca

l 
S

tr
a

in
, 
 

ᵋ 

Water Load 
2040 psf 

In Situ Compression Load Test 

(Stress-Strain) 

(tn/m2) 

204 psf 

kkk ∆H (Settlement) 



Quick Settlement Estimation 

          Dike Height = 2m 

mv = 0.11 cm2/kg (Coefficient of Volume Compressibility) 

∆H = 13 m = 1300 cm 

∆σ =  4.0 tn/m2 = 0.4 kg/cm2 (816 psf) 

  S = 0.11 x 0.4 x 1300 

  S = 57.2 cm (22.5 inches) 

S=mv(∆σ)∆H 



Geotechnical Experiences and Lessons 

Bearing Capacity 

       Failure 

Hydraulic Fill 

Fonade 



Typical Bearing Capacity Failure 

Hydraulic Fill 

Geotechnical Experiences and Lessons 

Perimeter Road of La Virgen Sound– Cartagena D.T. 

6.0 tn/m2 

1230 psf 



Project Operation: 

Behavior After Two (2) Years 
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Approaches Settlements by March 2008 (1.5 yrs) 
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Recommendations 

Project Maintenance 
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     Sand-Asphalt Mix (SAM) 

             Flexible Mix 



Perimeter Road Asphalt Overlay Plan 

 

0.10 0.10



  Barcelona Bridge 

Asphalt Overlay Completed 

„„Hammock  Effect” 

   No Bridge Bump 



Some Recent Project Photos (late 2011) 

Child‟ Social Garden 



CONCLUSIONS 

 
•La Virgen Sound and Social Environment Recuperation 

 

•Geotechnical Challenges: Case Model, Interpretation and 

Construction 

 

•Team Work within Institutions to Accomplish Goals 

 

•Real Scale Lab: Instrumentation System and Insitu Large Scale 

Tests 

 

•Continued Project Follow Up and On Time Instrumentation System 

Interpretation allowed Predicting Embankments and Dikes 

Behaviour 
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Via Perimetral Cienaga de la Virgen – Cartagena Indias 
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•Recuperation of La Virgen Sound 

•Improvement of City Road Connectivity 

•Urban Renovation 

•Creation of a Public Promenade  

 (Alameda) 


