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 By Amed Muñoz
 Literature review of 

 Professional paper

 Engineering publications

 Information Synthesis 

 Investigation of distress / Foundation problems



 Engineering behavior of earth materials
 Soil Mechanics, Properties

 Interaction with Earth Structures

 18th century 1st theoretical soil design 

 Scientific analysis of physical evidence



 Tower of Pisa (1173)
 Cause: Site Investigation

(http://failures.wikispaces.com)



 Transcona Grain Elevator (1913)
 Cause: Design

(http://failures.wikispaces.com)



 Shanghai Apartment (2009)
 Cause: Construction

Pile foundation weakened by 
digging an underground garage.

(www.dailymail.co.uk/news/worldnews)



Root Causes 

Environmental
Site 

Investigation
Poor Design Construction



 Collapse

 Sinkholes



 Expansive Clays

(septictankinfo.com)

(Sharma & Lewis, 1994)



 Montmorillonite

Modified from (Sharma & Lewis, 1994)



 Lateral movement
 Induced by 

large scale subsidence

(Day, 1999)
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 Crack Mapping

(Zisman, 2010)

(Zisman, 2010)



 Aerial Photography

(Zisman, 2010)



 Pressuremeter

(www.roctest.com)



 Pressuremeter



 Electrical Method

&

 Ground Penetrating Radar

(Geotechnical Engineering Investigation Handbook by Hunt, 2005)



 PEMD

(Day, 1999)



 Vibroreplacement

Stone Columns

(www.haywardbaker.com)



 Deep Soil Mixing 

(www.haywardbaker.com)



 Deep Dynamic Compaction

(www.haywardbaker.com)



 Injection 

(www.haywardbaker.com)



 Compaction Grouting

(www.haywardbaker.com)



 Compaction Grouting

(www.haywardbaker.com)



 Compaction Grouting

(www.haywardbaker.com)



 Diffused double layer 

Diffused 
Layer

Interparticle 
Attractive 

Forces

(Sharma & Lewis, 1994)



 Differential Movement & Active Soils



 Synthesis of Investigation

Objectives

Methods & Equipment
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