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Publisher's Foreword 
Environmental, economic, and social incentives have led to a 

prevalence of underground development in recent years and 

earthscrapers, also known as underground complexes, gradually 

replace skyscrapers in many parts of the world. In Iran, too, as the 

populations grow and cities develop, issues such as providing 

enough parking space, growing prices of land, and high-rise 

building limitations, leave developers with no option but to turn to 

underground alternatives. In the last two decades, urban 

excavations have become deeper and more numerous than ever and 

ill-advised attempts have led to lamentable results in many cases. 

Consequently, a systematic approach was adopted to regulate 

urban excavations in Iran, and new methods, including nailing and 

anchoring, were introduced to prevent further unfortunate 

incidents. However, safety and reliability concerns as well as legal 

implications of encroachment on a project’s neighboring properties 

put an end to these methods’ decade-long ubiquity in Iran.  

In their attempts to find alternatives, developers have considered a 

wide range of approaches, chief among which are the top-down 

method, the strut method, and the soldier pile method. The top-

down method is widely used in developed countries for soil 

retention in metro stations and other underground structures and 

excavations. It is safe as well as time- and cost-effective. 

Conventionally, using the top-down method involves the 

construction of a diaphragm wall. In Iran, however, where the soil is 

usually compacted and cemented, partition walls are rarely used. 

As such, developers have adjusted the top-down method in 

accordance with local needs. The apparent simplicity of the method, 

however, has led to high-risk execution attempts. 

In response to the pressing need for a domestic method in 

compliance with technical principles, our center prioritized devising 

guidelines to provide developers and engineers with a sound 

technical template. We hope this guidebook can help unify current 

approaches, transfer local knowledge, mitigate risks associated with 

existing methods, and reduce legal issues inherent in excavations so 
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that the groundwork for the preparation of top-down design 

standards and regulations can be firmly established. 

Ghazal Raheb 

President of Road, Housing, and Urban Development Research 

Center (BHRC) 

2026 



© 2026 | P a g e  vii 

Contents 

Publisher's Foreword .............................................................................. v 

Contents .................................................................................................. vii 

List of Figures ........................................................................................ xxi 

List of Tables .................................................................................... xxxvii 

Translator's Foreword ...................................................................... xxxix 

Author's Foreword ................................................................................. xli 

Acknowledgments................................................................................ xlv 

Abstract ................................................................................................ xlvii 

Chapter 1: An Overview of the Top-Down Method .......................... 3 

1.1 Introduction ...................................................................................... 3 

1.2 Aim .................................................................................................... 3 

1.3 Range of Applicability .................................................................... 4 

1.4 The Top-down Method: An Introduction .................................... 4 

1.5 A History of the Top-down Method ........................................... 13 

1.5.1 The Conventional Top-down Method ................................. 13 

1.5.2 The Development and Application of the Top-down 

Method in Iran ................................................................................. 13 

1.6 Notable Iranian Example Projects ............................................... 16 

1.7 Main Principles of the Top-down Method and its Purpose .... 21 

1.8 Creativity and Innovation in the Top-down Method ............... 21 

1.9 The Top-down Method in Construction Codes ........................ 22 

Chapter 2: Principles and Feasibility .................................................. 25 

2.1 Introduction .................................................................................... 25 

2.2 Principles ........................................................................................ 25 



© 2026 | P a g e  viii 

2.2.1 Main Structure as the Retaining Element............................ 25 

2.2.2 Sequential Construction ........................................................ 26 

2.2.3 Structural Stability and Deformation Control .................... 26 

2.2.4 Underground Operations ...................................................... 26 

2.2.5 Underground Tools and Equipment ................................... 27 

2.2.6 Importance of Project Management ..................................... 27 

2.3 Strengths ......................................................................................... 28 

2.3.1 Functionality ........................................................................... 28 

2.3.2 Safety ........................................................................................ 28 

2.3.3 Cost Efficiency......................................................................... 28 

2.3.4 Time Optimization ................................................................. 29 

2.3.5 Legal Compliance ................................................................... 29 

2.3.6 Economic and Environmental Impact ................................. 29 

2.4 Weaknesses..................................................................................... 30 

2.4.1 Space Limitations.................................................................... 30 

2.4.2 Precision Challenges .............................................................. 30 

2.4.3 Urban Environment Constraints .......................................... 31 

2.4.4 Groundwater Risks ................................................................ 31 

2.4.5 Execution Joints ...................................................................... 31 

2.4.6 Heavy Equipment Restrictions ............................................. 31 

2.5 Feasibility Criteria ......................................................................... 32 

2.5.1 Architectural Considerations ................................................ 32 

2.5.2 Structural Considerations ...................................................... 32 

2.5.3 Geotechnical Considerations ................................................ 33 

2.5.4 Other Construction Considerations ..................................... 33 

2.5.5 Financial Considerations ....................................................... 33 

2.6 Classifying Structures Based on Top-Down Construction 

Feasibility .............................................................................................. 34 



 

© 2026 | P a g e  ix 

 

2.7 Top-down Method’s Applicability ............................................. 35 

Chapter 3: Key Concepts of Top-down Construction ...................... 39 

3.1 Introduction .................................................................................... 39 

3.2 Construction Stages ....................................................................... 39 

3.2.1 Preparing the Site for the Construction of Vertical Load-

bearing Components ....................................................................... 40 

3.2.1.1 Manual Excavation .......................................................... 40 

3.2.1.1.1 Manual Excavation Applications........................ 40 

3.2.1.1.1.1 Shaft Excavation .............................................. 40 

3.2.1.1.1.2 Gallery Excavation .......................................... 43 

3.2.1.1.1 Mechanized Excavation ......................................... 43 

3.2.1.2.1 Excavation Machinery............................................ 43 

3.2.1.2.1.1 Pile Boring Machines ..................................... 43 

3.2.1.2.1.2 Hydraulic or Mechanical Grabs .................. 45 

3.2.1.2.1.3 Hydromill or Hydrofraise ............................. 46 

3.2.2 Construction of Vertical Load-bearing Components ........ 46 

3.2.2.1 Construction of the Initial Foundation .................... 47 

3.2.2.1.1 Pile Reinforcement Cage Configuration and 

Installation ................................................................................... 47 

3.2.2.1.2 Pile Concrete Pouring ............................................ 54 

3.2.2.1.3 Preparations for Installing Vertical Load-

bearing Elements ....................................................................... 57 

3.2.2.2 Installing Columns ........................................................... 57 

3.2.2.2.1 Shaft Head Preparations for Installing Plunge 

Columns......................................................................................... 57 

3.2.2.2.2 Construction and Installation of Columns ..... 68 



© 2026 | P a g e  x 

3.2.2.2.2.1 Construction and Installation of Steel 

Vertical Load-bearing Components ............................... 68 

3.2.2.2.2.2 Construction and Installation of Concrete 

Vertical Load-bearing Components ............................... 72 

3.2.2.2.2.2.1 Precast Concrete Columns ....................... 73 

3.2.2.2.2.2.2 Construction and Installation of 

Composite Vertical Load-bearing Components ........ 77 

3.2.2.2.2.2.2 Cast-in-place Concrete Columns ............ 80 

3.2.2.2.3 Quality Control of Installing Vertical Load-

bearing Components ................................................................ 83 

3.2.2.3 Filling the Gaps between Shaft Walls and Vertical 

Load-bearing Components ......................................................... 84 

3.2.2.4 Embedded Retaining Walls .......................................... 85 

3.2.2.4.1 Shaft Head Preparation for Wall Installation 86 

3.2.2.4.1.2 Pile Walls ............................................................ 86 

3.2.2.4.2 Sheet Piles .................................................................. 90 

3.2.2.4.3 Pile Walls .................................................................... 91 

3.2.2.4.4 Diaphragm Walls ..................................................... 95 

3.2.2.4.5 Soil-cement or Soil-crete Walls ........................ 103 

3.2.3 Underground Earthworks ................................................... 106 

3.2.3.1 Soil Excavation ................................................................ 106 

3.2.3.1.1 Mini or Compact Excavators.............................. 107 

3.2.3.1.2 Midi Excavators ...................................................... 108 

3.2.3.1.3 Standard Excavators ............................................. 109 

3.2.3.2 Soil Transfer ..................................................................... 109 

3.2.3.2.1 Loaders and Mini-loaders .................................. 110 



 

© 2026 | P a g e  xi 

 

3.2.3.2.2 Excavators Equipped with Telescopic Arms

 ........................................................................................................ 111 

3.2.3.3 Soil Removal and Disposal ......................................... 112 

3.2.3.3.1 Standard Excavators ............................................. 112 

3.2.3.3.2 Long-boom Excavators ........................................ 113 

3.2.3.3.3 Clamshell Telescopic Arm Excavators ........... 114 

3.2.3.3.4 Tower Cranes .......................................................... 115 

3.2.3.3.5 Lattice-boom Crawler Cranes ........................... 118 

3.2.3.3.6 Telescopic Hydraulic Cranes ............................. 120 

3.2.3.3.7 Gantry Cranes ......................................................... 120 

3.2.3.3.8 Conveyor Belts and Lifts ..................................... 122 

3.2.3.3.9 Innovative Methods .............................................. 122 

3.2.3.4 Optimal Planning for Underground Excavation 

Operations ....................................................................................... 123 

3.2.3.4.1 Optimizing Opening Placements and Sizes . 125 

3.2.3.4.2 Wall/Panel Excavation ........................................ 125 

3.2.3.4.3 Optimal Operational Planning for Excavation

 ........................................................................................................ 126 

3.2.3.4.3.1 Divided Excavation via Overhead 

Openings ................................................................................ 127 

3.2.3.4.3.2 Entire Excavation and Construction ...... 127 

3.2.3.4.3.3 Segmented Excavation ................................ 128 

3.2.3.4.3.4 Channel Type Excavation ........................... 128 

3.2.4 Construction of Other Structural Components ................ 130 

3.2.4.1 Site Leveling and Preparation for Structural 

Execution after Installing Vertical Load-Bearing 

Components ................................................................................... 130 



© 2026 | P a g e  xii 

3.2.4.2 Construction of Retaining and Shear Walls ......... 132 

3.2.4.3 Floor Slab Execution ..................................................... 144 

3.2.4.4 Execution of Foundations ........................................... 148 

3.2.4.5 Finalizing Underground Construction and Closing 

Temporary Openings .................................................................. 150 

3.3 Critical Considerations in Top-Down Construction .............. 150 

3.3.1 Superstructure Considerations ........................................... 151 

3.3.2 Permissible Tolerances in Structure Construction ........... 151 

3.3.3 Groundwater Challenges .................................................... 152 

3.3.3.1 Water Sources ................................................................. 154 

3.3.3.2 Dewatering ....................................................................... 155 

3.3.3.3 Drainage ............................................................................ 158 

3.3.3.4 Waterproofing and Insulation .................................. 167 

3.3.3.4.1 Waterproofing Types Based on Position ...... 168 

3.3.3.4.1.1 Positive Side Waterproofing ..................... 168 

3.3.3.4.1.2 Negative Side Waterproofing .................... 168 

3.3.3.4.1.3 Blind-Side Waterproofing .......................... 169 

3.3.3.4.2 Waterproofing Types Based on Material ...... 170 

3.3.3.4.2.1 Insulation Cover Waterproofing .............. 170 

3.3.3.4.2.1.1 Bonded Sheet Membranes ..................... 170 

3.3.3.4.2.1.2 Geosynthetic Clay Liners ........................ 175 

3.3.3.4.2.1.3 Liquid Waterproofing Systems ............. 176 

3.3.3.4.2.2 Integral Waterproofing Systems .................. 176 

3.3.4 Unforeseen Factors ............................................................... 179 

3.3.4.1 Qanats ................................................................................ 179 

3.3.4.2 Sewage Tanks .................................................................. 179 



 

© 2026 | P a g e  xiii 

 

3.3.4.3 Boulders ............................................................................ 180 

3.3.4.4 Subsurface Urban Facilities ....................................... 182 

3.4 Underground Operations Facility Requirements ................... 182 

3.4.1 Lighting .................................................................................. 182 

3.4.1.1 Lighting Design Standards and Regulations ........ 183 

3.4.1.2 General Lighting Criteria for Underground Spaces

 ............................................................................................................. 183 

3.4.1.3 Lighting Calculations .................................................... 184 

3.4.1.4 Lighting Equipment Technical Specifications ..... 187 

3.4.1.5 General Considerations in Lighting System Design

 ............................................................................................................. 189 

3.4.2 Ventilation and Fresh Air Supply ...................................... 189 

3.4.2.1 Ventilation and Fresh Air Supply Design Standards 

and Criteria ..................................................................................... 190 

3.4.2.2 Ventilation Methods ...................................................... 190 

3.4.2.3 Recommended Ventilation Practices for Top-down 

Construction ................................................................................... 192 

3.4.2.4 Determining the Required Fresh Air Volume ...... 193 

Chapter 4: Key Principles of Analysis, Design, and Control in 

Top-down Construction ...................................................................... 197 

4.1 Introduction .................................................................................. 197 

4.2 Information Required for Design .............................................. 197 

4.2.1 Prerequisites .......................................................................... 197 

4.2.2 Subsurface Exploration and Geotechnical Investigation 199 

4.2.2.1 The Number of Boreholes and Their Position .... 200 

4.2.2.2 In-situ Tests ...................................................................... 201 



© 2026 | P a g e  xiv 

 

4.2.2.2.1 In-situ Tests Carried Out in Mechanized 

Boreholes .................................................................................... 201 

4.2.2.2.2 In-Situ Tests Carried Out in Test Pits ............. 202 

4.2.2.2.3 Geophysical Tests .................................................. 207 

4.2.2.2.4 Recommendations for Selecting Appropriate 

In-Situ Tests ............................................................................... 207 

4.2.2.3 Laboratory Tests ............................................................ 208 

4.2.2.4 Groundwater .................................................................... 209 

4.2.3 Design Parameters ................................................................ 210 

4.2.3.1 Shear Strength Parameters ........................................ 210 

4.2.3.2 Deformation Parameters ............................................ 211 

4.2.3.3 Soil Spring Stiffness ...................................................... 211 

4.3 Design Framework ...................................................................... 212 

4.3.1 Design Principles .................................................................. 215 

4.3.2 Construction Method Design .............................................. 217 

4.3.3 Structural Analysis, Design, and Control ......................... 218 

4.3.3.1 Structural Limit States ................................................. 218 

4.3.3.2 Structural Modeling, Analysis, and Design in Top-

down Construction ...................................................................... 219 

4.3.3.2.1 Manual Structural Analysis ................................ 219 

4.3.3.2.2 2D Modeling ............................................................ 220 

4.3.3.2.3 3D Modeling ............................................................ 220 

4.3.3.3 Soil-structure Interaction Modeling ....................... 221 

4.3.3.4 Column Buckling Control During Construction . 222 

4.3.3.5 Floor Slab Structural Control .................................... 223 

4.3.4 Geotechnical Analysis, Design, and Control .................... 226 



© 2026 | P a g e  xv 

4.3.4.1 Suitable and Unsuitable Soil Types for Top-down 

Construction ................................................................................... 226 

4.3.4.2 Geotechnical Limit States ........................................... 226 

4.3.4.3 Soil Lateral Pressure ..................................................... 227 

4.3.4.3.1 Classic Lateral Soil Pressure Distribution .... 227 

4.3.4.3.2 Lateral Soil Pressure Pattern in Top-down 

Construction .............................................................................. 228 

4.3.4.4 Soil Pressure Special Cases ........................................ 230 

4.3.4.4.1 The Impact of Geometry and Corners ........... 230 

4.3.4.4.2 The Arching Effect ................................................. 231 

4.3.4.5 Numerical Methods of Stress-strain Analysis ..... 231 

4.3.4.6 Stability Analysis ............................................................ 234 

4.3.4.7 Observational Method in Design and the 

Importance of Evaluation During Execution ..................... 235 

4.3.4.8 Recommended Software Solutions ......................... 235 

Chapter 5: Supplementary Considerations ..................................... 239 

5.1 Introduction .................................................................................. 239 

5.2 The Impact of Deformations Induced by Top-down 

Construction on Adjacent Buildings ............................................... 239 

5.2.1 Key Parameters in Assessment of Ground Deformation 

Impact on Adjacent Buildings ..................................................... 240 

5.2.2 Predicting Settlement in Areas Surrounding the 

Excavation ...................................................................................... 241 

5.2.3 Determining a Building’s Vulnerability Index ................. 242 

5.2.4 Building Risk Assessment ................................................... 253 

5.2.5 Proposed Building Protection Plan .................................... 264 

5.3 The Impact of Excavation-induced Deformations on Urban 

Facilities in Top-down Construction .............................................. 269 



© 2026 | P a g e  xvi 

 

5.3.1 Comparison of Slopes Induced by Top-Down Structures 

Adjacent to Urban Facilities with Allowable Empirical Limits

 .......................................................................................................... 269 

5.3.2 Comparing the Probability of Connection Rotation and 

Pull-out with Allowable Limits ................................................... 270 

5.3.3 Comparing the Stress Generated in Urban Facilities with 

Allowable Values ........................................................................... 271 

5.4 Instrumentation and Monitoring .............................................. 275 

5.4.1 Project Monitoring Objectives ............................................ 275 

5.4.2 Geodetic and Geotechnical Monitoring Responsibility .. 275 

5.4.3 Key Monitoring Conditions and Criteria .......................... 276 

5.4.4 Monitoring Methods ............................................................ 277 

5.4.5 Monitoring Instruments ...................................................... 277 

5.4.5.1 Surface Monitoring ........................................................ 278 

5.4.5.1.1 Evaluating Ground-level Deformations 

(Settlement Monitoring) ....................................................... 278 

5.4.5.1.2 Structural Monitoring .......................................... 279 

5.4.5.1.3 Tiltmeter ................................................................... 281 

5.4.5.1.4 Crackmeter ............................................................... 281 

5.4.5.2 Monitoring Environmental Deformations ............ 282 

5.4.5.2.1 Borehole Inclinometer ........................................ 282 

5.4.5.2.2 Single- and Multi-point Borehole 

Extensometer ............................................................................ 283 

5.4.5.2.3 Observation Well ................................................... 284 

5.4.5.2.4 Within-pit Monitoring (Top-down 

Construction Zone) ................................................................. 285 

5.4.5.2.5 Concrete-embedded Strain Gauge .................. 285 

5.4.6 Alert System Based on Monitoring Results ...................... 286 



© 2026 | P a g e  xvii 

5.4.6.1 Alert System Based on Settlement Around 

Excavation ....................................................................................... 286 

5.4.6.1.1 Settlement Awareness Level ............................. 287 

5.4.6.1.2 Settlement Alert Level ......................................... 287 

5.4.6.1.3 Settlement Danger Level .................................... 288 

5.4.7 Minimum Instrumentation Requirements for Top-down 

Construction Projects .................................................................... 288 

5.5 Surveying Considerations .......................................................... 288 

5.5.1 Setting Out Points ................................................................. 289 

5.5.2 Deformation Monitoring ..................................................... 290 

5.6 Safety Considerations in Top-down Construction ................. 291 

5.6.1 Falling into Shafts/Wells or Openings ............................... 292 

5.6.2 Sinking into Undiscovered Underground Voids ............. 294 

5.6.3 Drowning Due to Sudden Influx of Water into the Shaft

 .......................................................................................................... 295 

5.6.4 Risk of Electric Shock in Wet Conditions .......................... 295 

5.6.5 Underground Fresh Air Supply ......................................... 295 

5.6.6 Objects Falling into Shafts or Openings ............................ 296 

5.6.7 Shaft Opening Collapse ....................................................... 296 

5.6.8 Collision of Excavation Machinery with Personnel or 

Structural Components ................................................................. 297 

5.7 Legal and Contractual Considerations in Top-down 

Construction ....................................................................................... 298 

5.8 Execution Management in Top-down Construction .............. 300 

5.9 Value Engineering in Top-down Construction ....................... 301 

5.10 The Top-down Method in Conjunction with Other 

Excavation Methods .......................................................................... 302 

5.11 Common Misconceptions ......................................................... 307 



© 2026 | P a g e  xviii 

 

5.11.1 Managerial Misconceptions .............................................. 307 

5.11.2 Execution-related Misconceptions ................................... 308 

5.11.3 Design-related Misconceptions ........................................ 310 

References .............................................................................................. 317 

Appendix 1: Excavation Methods ...................................................... 331 

A1.1 Introduction .............................................................................. 331 

A1.2 Stabilization Using Stable Slopes or Stepped Slopes ........... 333 

A1.3 Stabilization Using Truss Support Structures ...................... 334 

A1.3.1 Truss Support Execution Steps ........................................ 334 

A1.4 Stabilization Using Strut Support Structures (Compressive 

Elements) ............................................................................................ 337 

A1.5 Stabilization Using Anchored Sheet Pile Systems ............... 340 

A1.6 Stabilization Using Concrete Retaining Walls ..................... 341 

A1.6.1 Diaphragm Walls ............................................................... 343 

A1.6.2 Pile Walls ............................................................................ 344 

A1.6.3 Soil-cement Pile Walls....................................................... 348 

A1.7 Stabilization Using Wall Nailing ............................................ 350 

A1.8 Stabilization Using Anchored Walls ...................................... 353 

A1.9 The Island Excavation Method ............................................... 356 

Appendix II: An Example of Structural Design ............................. 361 

A2.1 Introduction .............................................................................. 361 

A2.2 Geotechnical Analyses ............................................................. 365 

A2.2.1 Determining Isolated Pile Load-bearing Capacity and 

Equivalent Spring Using Numerical Method via Plaxis .......... 365 

A2.2.2 Soil Pressure Data for Structural Analysis ..................... 366 

A2.2.3 Determining Soil Equivalent Horizontal Spring Stiffness 

under Lateral Load Using Plaxis 2D ........................................... 367 



 

© 2026 | P a g e  xix 

 

A2.2.4 Static Geotechnical Analysis of a Sample from the East-

West Frame (Grid Line 5 of the Column Layout) for Staged 

Top-down Construction ............................................................... 369 

A2.3 Structural Modeling and Monitoring of Top-down 

Construction Stages ........................................................................... 374 





© 2026 | P a g e  xxi 

List of Figures 
 

Figure 1.1 Top-down method construction stages ............................. 6 

Figure 1.2 Frictional interactions in a substructure block ................ 7 

Figure 1.3 a) A graphical representation of the International 

Financial Center and its full development plan; b) The bird’s eye 

view of the building................................................................................. 8 

Figure 1.4 Basement level excavation under the floor slab. Soil 

removal trucks are on the ground level next to soil elevators ......... 9 

Figure 1.5 a) A crane transfers the excavated soil through an 

opening; b) Ongoing excavation at level -3 under the lowest floor 

slab, where excavated soil is deposited in the center to be 

transferred by the crane. .......................................................................... 9 

Figure 1.6 Ongoing excavation under a constructed slab while the 

ceiling and columns of the upper floor are already in place. ......... 10 

Figure 1.7 a) ongoing top-down process in basement floors. Notice 

the steel piles that were installed before excavation began to 

support ceilings; b) Steel piles are enclosed in reinforced concrete 

and are used as the final column of the basement floor. ................ 10 

Figure 1.8 Alfa-Arbat Center in Moscow with five basement 

floors. Simultaneous operations in different floors. ....................... 11 

Figure 1.9 Claridge’s Hotel development in London. Construction 

of five underground levels with an excavation depth of ~22 m, 

while the historical building is preserved ......................................... 12 

Figure 1.10 A schematic representation of the top-down method: 

the conventional approach versus the SPW approach .................... 15 

Figure 1.11 Construction stages in the conventional approach 

compared to the SPW approach ........................................................... 16 

Figure 1.12 Yousef Abad project, SPW approach: CFT, waffle 

ceilings, semi-precast slabs, retaining wall as an ancillary element, 

an excavation depth of 17 meters ......................................................... 17 



© 2026 | P a g e  xxii 

 

Figure 1.13 Niayesh multistorey parking garage, SPW approach: 

concrete structure with precast columns, an excavation depth of 35 

meters ........................................................................................................ 17 

Figure 1.14 Shariati-Falsafi project, SPW approach: SRC, an 

excavation depth of 34 meters .............................................................. 18 

Figure 1.15 Andarzgoo project, SPW approach: SRC, an excavation 

depth of 18 meters .................................................................................. 18 

Figure 1.16 Pasdaran project, SPW approach: steel structure, steel 

deck ceilings, an excavation depth of 18 meters ............................... 18 

Figure 1.17 South Dibaji project, SPW approach: concrete 

structure, in-situ columns, an excavation depth of 14 meters ........ 19 

Figure 1.18 Shahid Kolahdouz project, SPW approach: steel 

structure, waffle slab underground ceilings, an excavation depth 

of 22 meters .............................................................................................. 19 

Figure 1.19 Elahiyeh project, SPW approach: steel structure, steel 

deck ceilings, an excavation depth of 7 meters in a 100 m2 lot ...... 20 

Figure 1.20 Sadeghiyeh project, SPW approach: steel structure, 

steel deck ceilings, one-meter-wide buried semi-precast concrete 

slabs as retaining walls, an excavation depth of 7 meters in an 80 

m2 lot ........................................................................................................ 20 

Figure 3.1 Shaft and column placement ............................................. 42 

Figure 3.2 A rotary pile boring machine. ........................................... 44 

Figure 3.3 A grab module attached to a crane. .................................. 45 

Figure 3.4 Hydromill module attached to a crane . ........................... 46 

Figure 3.5 Detail of the connection between a steel column or a 

composite column’s steel core to a pile; embedded connection .... 48 

Figure 3.6 Detail of the connection between a steel column or a 

composite column’s steel core to a pile, base plate to pile head 

connection ................................................................................................ 48 

Figure 3.7 Pile cage in a circular connection used to install a 

plunge, anchored column to a pile head, transverse reinforcement 



 

© 2026 | P a g e  xxiii 

 

consists of spirals or closed stirrups. For more details, refer to 

Figure 3.5 .................................................................................................. 49 

Figure 3.8 Pile cage in a square configuration used with steel 

frames to improve rigidity and integrity; anchor bolts are used to 

connect the base plate to the pile reinforcement cage ..................... 50 

Figure 3.9 Pile cage in a circular configuration used to install a 

plunge, anchored column to a pile head; spiral transverse 

reinforcement. For more details, refer to Figure 3.5 ......................... 51 

Figure 3.10 Steel frame in a base plate with anchor bolts used for 

connection to pile rebar cage ................................................................ 51 

Figure 3.11 Cross-section of a pile showing the arrangement of 

transverse reinforcement bars relative to the pile and the 

embedded column, and the provision of a concrete casting access 

hole. ........................................................................................................... 53 

Figure 3.12 A cage fix used to ensure adequate concrete cover for 

pile. ............................................................................................................ 53 

Figure 3.13 Components of a tremie pipe .......................................... 56 

Figure 3.14 A schematic view of underwater concrete casting using 

the tremie method .................................................................................. 56 

Figure 3.15 A 5-inch diameter concrete pouring hose lowered to 

the bottom of a pile shaft ...................................................................... 57 

Figure 3.16 Plunge column installation on a shaft head ................. 59 

Figure 3.17 Shaft head frame used to install precast concrete 

plunge columns and steel plunge columns ....................................... 60 

Figure 3.18 A non-local variation of shaft head frame used to 

install plunge columns .......................................................................... 61 

Figure 3.19 A non-local variation of the shaft head frame used to 

install plunge columns, incorporating hydraulic rams and a 

sophisticated stabilizer and leveler system ....................................... 62 

Figure 3.20 Anchoring a plunge column to the shaft wall using 

two orthogonal rectangular hollow profiles welded to the column

 .................................................................................................................... 62 



© 2026 | P a g e  xxiv 

 

Figure 3.21 An example of welded splicing of a steel column at the 

shaft head ................................................................................................. 65 

Figure 3.22 Bolted splice connections at a shaft head on a plunge 

steel column ............................................................................................. 66 

Figure 3.23 Splicing on a precast concrete column using steel 

flanges and bolts ..................................................................................... 66 

Figure 3.24 Splicing on a precast concrete column using couplers 

and grouting ............................................................................................ 67 

Figure 3.25 Pile anchors after concrete casting; steel frames have 

been removed .......................................................................................... 67 

Figure 3.26 Transferring alignment reference points from the shaft 

head to the pile head to install a column bolted to a base plate ... 69 

Figure 3.27 Installation and grouting of a column and its base 

plate on  bolts anchored to a pile ......................................................... 70 

Figure 3.28 Steel column installation on base plate bolts at pile 

head in a top-down construction project ........................................... 70 

Figure 3.29 Prefabricated seating angles at the design level to 

facilitate plunge installation ................................................................ 71 

Figure 3.30 Prefabricated additional components to facilitate on-

site splicing operations .......................................................................... 71 

Figure 3.31 Damaged head studs on a column following soil and 

cement operations within the shaft and excavation ........................ 72 

Figure 3.32 Reinforcement in precast concrete columns ................. 76 

Figure 3.33 Prefabricated reinforced concrete columns .................. 77 

Figure 3.34 Reinforcement around a steel core in preparation for 

concrete pouring on a composite column .......................................... 79 

Figure 3.35 Wooden and steel formwork on a composite concrete 

column ...................................................................................................... 79 

Figure 3.36 The final cross-section of a composite concrete column

 .................................................................................................................... 80 



 

© 2026 | P a g e  xxv 

 

Figure 3.37 Cast-in-place concrete columns executed inside shafts 

for a top-down construction project in the United States ............... 81 

Figure 3.38 Reinforcement and formwork in a shaft stabilized 

through a steel casing; adequate access, ventilation, and lighting 

for workers ............................................................................................... 82 

Figure 3.39 Bottom-up concrete column construction within a 

shaft: a) Sequential construction from bottom to top, anchorage of 

the column to the shaft wall; b) Inserting of starter bars via 

couplers to connect the column to a beam ......................................... 83 

Figure 3.40 A mini loader fills a shaft using a mixture of cement, 

water, and screened soil ........................................................................ 85 

Figure 3.41 A breaker module installed on a mini excavator 

crushing a concrete casing to provide filling for shafts .................. 85 

Figure 3.42 Guide walls used in cohesive and cohesionless soils to 

support a diaphragm wall ..................................................................... 86 

Figure 3.43 A concrete spacer used to install a concrete wall ......... 87 

Figure 3.44 Guide walls used to install a diaphragm wall 

reinforcement cage while keeping the bottom part of the wall 

plunged at the shaft head to facilitate the splicing of the top part

 .................................................................................................................... 88 

Figure 3.45 Using steel to install a reinforcement cage ................... 89 

Figure 3.46 A concrete guide wall constructed using polystyrene 

formwork used for construction of a secant pile wall ..................... 89 

Figure 3.47 Driving sheet pile sections through the soil using 

piling hammers: a) piling hammer mounted on a crane; b) piling 

hammer mounted on an excavator ...................................................... 91 

Figure 3.48 Using sheet piles as permanent retaining walls in a 

top-down construction of a multi-level car park .............................. 91 

Figure 3.49 Cross-sections for various pile wall types .................... 92 

Figure 3.50 Cast-in-place concrete pile construction stages: 1) 

Excavation; 2) Stabilizing shaft walls using bentonite if necessary; 

3) Installing the reinforcement cage (or steel profiles); 4) 



© 2026 | P a g e  xxvi 

 

Positioning the tremie tube within the shaft; 5) Bottom-up pile 

concrete pouring using the tremie tube; 6) The completed cast-in-

place concrete pile .................................................................................. 93 

Figure 3.51 Side view and cross-section of a contiguous pile wall 

showing the distance between piles, necessitating soil 

stabilization ............................................................................................. 93 

Figure 3.52 Contiguous pile wall as an embedded retaining 

element in a top-down construction project. After excavation and 

as underground operations are underway, the pile wall is covered 

with a permanent concrete retaining wall from top to bottom. ..... 94 

Figure 3.53 Secant pile types: soft-hard piles, hard-hard piles; 

using steel profiles and reinforcement configurations in various 

forms ......................................................................................................... 95 

Figure 3.54 Embedded construction of a tangent pile wall in a top-

down construction project. The permanent retaining wall is 

constructed sequentially once excavation is over and underground 

construction operations are underway. .............................................. 96 

Figure 3.55 Diaphragm wall construction stages: a) Trench 

excavation and drilling mud circulation; b) Reinforcement cage 

installation inside the trench; c) Concrete pouring as drill mud is 

displaced .................................................................................................. 97 

Figure 3.56 Guide wall preparation at the trench head before 

excavation operations ............................................................................ 99 

Figure 3.57 Trench excavation for a diaphragm wall using a grab 

and guide wall at the trench head with drill mud circulation ....... 99 

Figure 3.58 a) Installation of end stop plates in the trench; b) 

Installation of waterstop bands within the end stop plate joints; c) 

Waterstop band within a concrete wall after casting, ensuring a 

watertight seal between panels ......................................................... 100 

Figure 3.59 Concrete wall reinforcement cage installation: a) 

Placement of the reinforcement cage inside the trench using a 

crane; b) End stop plates on both sides of the trench, with the 

reinforcement cage positioned between them; c) Reinforcement 



 

© 2026 | P a g e  xxvii 

 

cage plunged at the trench head, allowing for splicing operations 

facilitated through guide walls .......................................................... 101 

Figure 3.60 Tremie tubes are used to carry out concrete pouring for 

wall panels ............................................................................................. 102 

Figure 3.61 T-shaped and cross-shaped trenches excavated using 

excavator grabs and hydromills ......................................................... 102 

Figure 3.62 Execution of T-shaped diaphragm walls: a) Installation 

of the T-shaped reinforcement cage; b) The final T-shaped section 

of the wall .............................................................................................. 102 

Figure 3.63 Examples of construction issues that may become 

apparent after excavation is complete: a) Protrusion of 

reinforcement bars pointing to the insufficient concrete flow in 

the empty spaces between rebars and the surrounding soil; b) A 

wall indentation caused by soil instability or the presence of 

rocks in the trench wall; c) Concrete bleeding appearing as linear 

watermarks ............................................................................................ 103 

Figure 3.64 A schematic view of deep soil mixing ......................... 104 

Figure 3.65 Adding bending capacity to a soil-cement wall by 

driving I-shaped steel profiles into them and installing rebars 

within the mixture before the cement is set .................................... 104 

Figure 3.66 A deep soil mixing machine with three drills used to 

mix soil and cement grout; soil-cement columns comprised of 

three overlapping columns ................................................................. 105 

Figure 3.67 A cutter deep soil mixing machine that mixes soil and 

cement vertically; the final soil-cement column with a rectangular 

cross-section ........................................................................................... 105 

Figure 3.68 Excavator dimensions provided by a manufacturer, 

presenting details essential for selecting suitable underground 

excavation equipment .......................................................................... 107 

Figure 3.69 A mini excavator operating at a top-down construction 

site ........................................................................................................... 108 



© 2026 | P a g e  xxviii 

 

Figure 3.70 Underground excavation by a midi excavator at a top-

down construction site where adequate headroom and column 

spacing are available ............................................................................ 109 

Figure 3.71 Simultaneous excavation in two underground floors, 

with adequate workspace for large equipment .............................. 110 

Figure 3.72 a) A mini-loader operating at a small, constrained 

underground site, part of a top-down construction project; b) A 

loader transferring soil to an opening at an underground level of a 

top-down construction site ................................................................. 111 

Figure 3.73 Horizontal soil transfer in a low-ceiling underground 

area at a top-down construction site using an excavator equipped 

with a telescopic arm ........................................................................... 112 

Figure 3.74 Soil removal by a standard excavator through a ceiling 

opening ................................................................................................... 113 

Figured 3.75 A specialized excavator suitable for operating in 

constrained spaces ................................................................................ 114 

Figure 3.76 Soil removal from excavation site using a long-boom 

excavator ................................................................................................. 115 

Figure 3.77 An excavator with a telescopic arm equipped with a 

clamshell bucket; the telescopic arm can extend on the vertical 

axis ........................................................................................................... 116 

Figure 3.78 a) An excavator with a telescopic arm removing soil 

from a top-down construction site; b) the small ceiling opening 

required can be seen ............................................................................ 117 

Figure 3.79 Soil removal using a grab (a) and a self-unloading 

bucket (b) suspended from a crane ................................................... 118 

Figure 3.80 Schematic view of lattice-boom crawler crane with 

grab and self-unloading bucket ......................................................... 119 

Figure 3.81 Soil removal from an excavation site by a lattice-boom 

crawler crane equipped with a soil removal container ................. 119 

Figure 3.82 Lattice-boom crawler crane removing soil .................. 120 



 

© 2026 | P a g e  xxix 

 

Figure 3.83 Using a gantry crane for soil removal at a top-down 

construction site .................................................................................... 121 

Figure 3.84 Using a gantry crane for lifting and transferring a 

container of oil-polluted soil at a top-down construction site ..... 121 

Figure 3.85 Transferring excavated soil from the site through floor 

slab openings using conveyor belts at a top-down construction 

site ........................................................................................................... 122 

Figure 3.86 A lift transferring soil at a top-down construction site

 .................................................................................................................. 123 

Figure 3.87 A schematic view of a suction excavator and its 

components ............................................................................................ 124 

Figure 3.88 A suction excavator .......................................................... 124 

Figure 3.89 A site plan of railway lines and metro stations for a 

top-down project in Shanghai ........................................................... 126 

Figure 3.90 a) Divided excavation with overhead openings; b) 

Entire excavation and construction; c) Segmented excavation .... 129 

Figure 3.91 Steel column installation and shaft filling, followed 

by site leveling, to prepare for the next phase of top-down 

construction ........................................................................................... 131 

Figure 3.92 Installation of precast concrete columns at the site, 

following shaft filling, and site preparation for the construction of 

the floor slab and retaining wall at the first basement level ....... 131 

Figure 3.93 Preparation basement before construction operations 

can begin; defining various work fronts in the project (concrete 

frame and columns with steel cores at basement levels) .............. 132 

Figure 3.94 a) Panel excavation and leveling of the shaft wall in 

preparation for the construction of the retaining wall; b) water 

proofing the excavation wall before the construction of the 

retaining wall ........................................................................................ 132 

Figure 3.95 Sequential, top-down construction of a retaining wall 

over an embedded pile retaining wall.............................................. 133 



© 2026 | P a g e  xxx 

 

Figure 3.96 Connection of a diaphragm, retaining wall to floor 

slab, and foundation via rebar planting ........................................... 133 

Figure 3.97 Protecting the starter bar length at the base of 

retaining walls where longitudinal rebars of each level are 

connected: a) Trench excavation at the base of the wall. Note the 

positioning of the primary rebars, and backfilling the trench with 

a gravel cover and a thin layer of cement grout; b) Protecting 

rebars below the level of the retaining wall’s base using rabitz 

and backfilling the length of the splice with soil, gravel, and a 

thin layer of cement grout ................................................................... 137 

Figure 3.98 Protecting couplers with plastic film covers to prevent 

splice blocks and groove damage ...................................................... 138 

Figure 3.99 Connecting retaining wall’s transverse rebars to a 

precast concrete column through starter bars as mechanical 

couplers installed during column construction .............................. 139 

Figure 3.100 Reinforcement cage on a retaining wall prepared for 

formwork and concrete pouring ........................................................ 139 

Figure 3.101 Anchoring one-sided formwork to supports on the 

ground via rams .................................................................................... 140 

Figure 3.102 Steel support installation and anchorage of a one-

sided formwork using structural columns ...................................... 141 

Figure 3.103 One-sided anchorage of a retaining wall to central 

columns via a chassis ........................................................................... 141 

Figure 3.104 Retaining wall anchorage using truss supports ....... 142 

Figure 3.105 A concrete pouring hatch at the top of a wall; and the 

excess concrete that should be cleared away ................................... 142 

Figure 3.106 Two-sided formwork and top-down construction of a 

shear wall ............................................................................................... 143 

Figure 3.107 Top-down construction of a shear wall where the 

vertical load-bearing component is used to transfer loads to the 

concrete pile ........................................................................................... 144 

Figure 3.108 Steel deck floor slab at a top-down construction site

 .................................................................................................................. 146 



 

© 2026 | P a g e  xxxi 

 

Figure 3.109 Formwork installation on rams established on the 

soil surface under a waffle slab ......................................................... 146 

Figure 3.110 Wood timbers under rams to transfer the load from 

the recently cast floor slab and formwork equipment to the 

ground, preventing ram settlement into the soil as the floor slabs 

are under construction ......................................................................... 147 

Figure 3.111 Beam-and-block floor slabs at a construction site: a) 

using plywood for formwork; b) floor slab on a plastic film layer

 .................................................................................................................. 147 

Figure 3.112 Beam-and-block floor slabs with beam connections to 

precast concrete columns at a top-down construction site ........... 148 

Figure 3.113 Reinforcement installation and concrete pouring at a 

top-down construction site. Note the steel columns and the pile 

starter bars. ............................................................................................. 149 

Figure 3.114 Execution of the foundation. Note the precast 

concrete columns with the preinstalled starter bars. ..................... 149 

Figure 3.115 A steel column’s two-piece base plate at the 

foundation level .................................................................................... 150 

Figure 3.116 Dewatering th e area surrounding a shaft................. 157 

Figure 3.117 Drainage from a shaft ................................................... 159 

Figure 3.118 Details of drainage from within the shaft................. 161 

Figure 3.119 Drainage system types .................................................. 163 

Figure 3.120 Pumping sump details .................................................. 164 

Figure 3.121 Positive side waterproofing on a floor slab and an 

underground wall ................................................................................. 168 

Figure 3.122 Negative side waterproofing on an underground wall

 .................................................................................................................. 169 

Figure 3.123 Blind side waterproofing ............................................. 169 

Figure 3.124 Example of geomembrane covers installed adjacent to 

piles before foundation execution .................................................... 174 

Figure 3.125 Geosynthetic clay liners ............................................... 175 



© 2026 | P a g e  xxxii 

 

Figure 3.126 Waterproof concrete used in a foundation................ 178 

Figure 3.127 Bentonite waterstops ..................................................... 178 

Figure 3.128 The plug-and-feather technique ................................. 181 

Figure 3.129 Extraction of a boulder from a depth of 25 meters at a 

top-down construction site ................................................................. 181 

Figure 3.130 A positive ventilation system ...................................... 194 

Figure 4.1 Lateral pressure pattern for anchored walls in different 

soil types ................................................................................................ 228 

Figure 4.2 The impact of an excavation’s three-dimensional 

geometry on soil pressure ................................................................... 231 

Figure 4.3 Horizontal and vertical arching effect in a top-down 

project ..................................................................................................... 232 

Figure 4.4 Suitable geometry to eliminate boundary condition 

effect in numerical analysis of excavation ....................................... 233 

Figure 5.1 Settlement-induced deformation parameters............... 241 

Figure 5.2 Building conditions survey and recording procedure 243 

Figure 5.3 The process of conducting inspections, documenting 

building conditions, and performing risk assessment studies ... 254 

Figure 5.4 Control variables in building assessment using the 

Burland method .................................................................................... 255 

Figure 5.5 Classification of damages based on the ratio of 

deflection to tensile strain .................................................................. 255 

Figure 5.6 Reduction factor for pipes oriented perpendicular to the 

project (transverse) ............................................................................... 272 

Figure 5.7 Reduction factor for pipes oriented parallel to the 

project ..................................................................................................... 273 

Figure 5.8 Schematic representation of instrumentation and 

monitoring for deep urban excavations and adjacent structures 278 

Figure 5.9 A tiltmeter ........................................................................... 281 

Figure 5.10 A two axes crackmeter with an analog reading gauge

 .................................................................................................................. 282 



 

© 2026 | P a g e  xxxiii 

 

Figure 5.11 Components of an extensometer: a) an extensometer 

head, b) an end anchor rod and extension rod, and c) an 

extensometer head with a transducer ............................................... 284 

Figure 5.12 An example of concrete-embedded strain gauges used 

for geotechnical monitoring ............................................................... 286 

Figure 5.13 Combination of nailing and top-down methods 

(Example 1) ............................................................................................ 304 

Figure 5.14 Combination of Nailing and top-down methods 

(Example 2) ............................................................................................ 304 

Figure 5.15 Combination of anchoring and top-down methods at a 

construction site in Tehran, Niavaran .............................................. 305 

Figure 5.16 Combination of island and top-down methods ......... 307 

Figure A1.1 Excavation and stabilization methods ........................ 332 

Figure A1.2 Stable slopes or stepped slopes stabilization method

 .................................................................................................................. 333 

Figure A1.3 Truss support execution steps ...................................... 335 

Figure A1.4 A truss support structure ............................................... 336 

Figure A1.5 The connection between the horizontal bracing and 

the continuous beam to the pile head............................................... 339 

Figure A1.6 Excavation stabilization using struts .......................... 339 

Figure A1.7 Excavation stabilization using sheet piles ................. 341 

Figure A1.8 Retaining wall types made of reinforced concrete or 

masonry materials ................................................................................ 342 

Figure A1.9 Excavation stabilization using diaphragm walls ...... 344 

Figure A1.10 Excavation stabilization using different 

configurations of pile walls ................................................................ 345 

Figure A1.11 Excavation stabilization using tangent piles ........... 346 

Figure A1.12 Excavation stabilization using spaced soldier piles 

with pile lagging ................................................................................... 346 



© 2026 | P a g e  xxxiv 

Figure A1.13 Excavation stabilization using spaced soldier piles

 .................................................................................................................. 347 

Figure A1.14 Excavation stabilization using soil-cement columns

 .................................................................................................................. 348 

Figure A1.15 Excavation stabilization using anchored soil-cement 

columns .................................................................................................. 349 

Figure A1.16 Excavation stabilization using wall nailing ............ 352 

Figure A1.17 Excavation stabilization using wall anchoring ....... 354 

Figure A1.18 Excavation stabilization using the island method . 357 

Figure A2.1 The site plan and adjacencies of the residential 

building project .................................................................................... 363 

Figure A2.2 Force-deformation graph for a single pile with a 

diameter of 120 centimeters and shaft lengths of 5.14, 5.6, and 6.84 

meters, with and without the 160-centimeter bell-bottom ........... 366 

Figure A2.3 Soil pressure distribution in a braced wall (sandy 

soil), Chebotaryov (1951) ..................................................................... 367 

Figure A2.4 West side soil pressure distribution with a surcharge 

from the 8-story adjacent building .................................................... 368 

Figure A2.5 Force–displacement (p-y) curves representing the 

equivalent horizontal soil stiffness were obtained from numerical 

modeling for the column supported on the pile. The pile beneath 

the column was analyzed at various construction stages of the top-

down method, with evaluations conducted at one-meter depth 

intervals along both the column and pile. ....................................... 369 

Figure A2.6 Column layout of the concrete structure, showing 

basement levels with CFT columns .................................................. 370 

Figure A2.7 Geometrical model of the East-West frame ............... 371 

Figure A2.8 Excavation-induced deformation contour of the 

completed top-down structure at the end of the excavation 

operations along grid line 5 of the East-West frame ...................... 371 



 

© 2026 | P a g e  xxxv 

 

Figure A2.9 Horizontal excavation-induced displacement contour 

of the completed top-down structure at the end of the excavation 

operations along grid line 5 of the East-West frame ...................... 372 

Figure A2.10 Excavation-induced settlement contour of the 

completed top-down structure at the end of the excavation 

operations along grid line 5 of the East-West frame ...................... 373 

Figure A2.11 Global stability safety factor (FS = 7.9) after 

completing the excavation and constructing the structure using 

the top-down method (East-West frame, grid line 5). .................... 373 

Figure A2.12 Envelope diagrams for axial forces, shear forces, and 

bending moments along the pile length (East-West frame, grid 

line 5) ...................................................................................................... 374 

Figure A2.13 ETABS-produced overall model of the pile-

supported structure, representing boundary conditions around 

columns .................................................................................................. 376 

Figure A2.14 Structural stages based on boundary conditions 

produced by ETABS; the first stage represents the embedment of 

the pile-supported columns, and the final stage shows the 

completed basement floors as well the three superstructure floors

 .................................................................................................................. 377 

Figure A2.15 Final axial loads on piles supporting columns at the 

final stage of top-down structural analysis using unfactored 

design loads in ETABS ........................................................................ 378 

Figure A2.16 Maximum predictable settlement when the three 

superstructure floors and all basement floors are constructed 

under axial loads in piles supporting columns at the final stage of 

the top-down structural analysis using unfactored design loads in 

ETABS ..................................................................................................... 378 





© 2026 | P a g e  xxxvii 

List of Tables 
Table 3.1 Groundwater management measures ............................. 153 

Table 3.2 Geomembrane Types ......................................................... 171 

Table 3.3 Luminance levels in different working conditions ...... 183 

Table 3.4 Minimum lighting level values for various workspaces

 .................................................................................................................. 185 

Table 3.5 Utilization Factors of Light Sources for Different Room 

Indices ..................................................................................................... 187 

Table 3.6 Maintenance factor for different environmental 

conditions ............................................................................................... 188 

Table 4.1 In-Situ Soil Tests According to ASTM and ASSHTO 

Standards ............................................................................................... 203 

Table 5.1 Variables Influencing the IV ............................................ 244 

Table 5.2 IV calculation - structural behavior ................................. 245 

Table 5.3 IV calculation - building orientation .............................. 247 

Table 5.4 IV Calculation - Building Performance .......................... 249 

Table 5.5 IV calculation - Architectural characteristics ................. 250 

Table 5.6 IV calculation - Building’s current condition ................ 251 

Table 5.7 IV indices - Total ................................................................. 252 

Table 5.8 Buildings’ descriptive ranks based on the index of 

vulnerability (building class) ............................................................. 252 

Table 5.9 Damage categories after Burland et al. (1977) ................ 257 

Table 5.10 Damage categories for frame structures with single 

foundations after Rankine (1988) ...................................................... 259 

Table 5.11 Relationship between the index of vulnerability and 

damage category ................................................................................... 260 

Table 5.12 Damage categorization matrix based on building class 

and potential damage .......................................................................... 263 

Table 5.13 Risk categories ................................................................... 264 



© 2026 | P a g e  xxxviii 

 

Table 5.14 Protective operations for each building class .............. 265 

Table 5.15 Building Protection Strategies ........................................ 266 

Table 5.16 Allowable slope values for urban facilities ................. 270 

Table 5.17 Allowable rotation values in urban facility connections

 .................................................................................................................. 271 

Table 5.18 Allowable strain values ................................................... 274 

Table 5.19 Potential and notable hazards in the top-down 

construction ........................................................................................... 293 

Table A1.1 Stable slopes or stepped slopes stabilization method 

characteristics ........................................................................................ 333 

Table A1.2 Truss support stabilization method characteristics ... 336 

Table A1.3 Strut stabilization method characteristics ................... 340 

Table A1.4 Sheet pile stabilization method characteristics .......... 342 

Table A1.5 Diaphragm wall stabilization method characteristics

 .................................................................................................................. 344 

Table A1.6 pile stabilization method characteristics ..................... 347 

Table A1.7 Soil-cement pile method characteristics ...................... 350 

Table A1.8 Wall nailing method characteristics ............................. 353 

Table A1.9 Comparison of nailing, block-anchoring, and pile-

anchoring methods in deep excavations .......................................... 356 

Table A1.10 Wall anchoring method characteristics ...................... 356 

Table A1.11 Table Island method characteristics ........................... 358 

Table A2.1 Geotechnical characteristics of the site soil layers .... 367 

  



© 2026 | P a g e  xxxix 

Translator's Foreword 
This guide to top-down design and construction was developed in 

response to growing demand in Iran, coinciding with the method’s 

rising popularity in the country’s construction industry in spring 

2023. During its preparation, extensive efforts were made to collect 

and draw upon all available global resources and publications 

related to top-down construction. However, the authors found no 

comprehensive or unified reference on the subject—only 

fragmented materials addressing specific subtopics. Following the 

successful release of the Persian edition, the Road, Housing, and 

Urban Development Research Center decided to translate and 

publish the guide in English, offering it as the first integrated and 

comprehensive resource on top-down building design and 

construction for engineers worldwide. It is hoped that this guide 

will serve as a valuable and practical reference for its readers. 

The authors welcome all feedback, suggestions, and critiques of this 

work. Comments can be submitted to the following address: 

m.rojhani@shahed.ac.ir 

Finally, we extend our sincere gratitude to all those who 

contributed to the authorship and translation of this work, with 

special appreciation for Mr. Pouyan Assar’s invaluable assistance in 

translating the book into English 

 

Mahdi Rojhani 

Ata Aghaei Araei 

Spring 2026 

  

mailto:m.rojhani@shahed.ac.ir



