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Applicability Analysis of Foundation Reinforcement Method for
Expanding Underground Parking Lot Using AHP Technique

Myeong-Ha Shin'™, Chansik Lee’

Abstract: The shortage of parking lots in aged apartment complexes built from the 1980s to the mid 1990s is serious. When we look at the case of

parking lot expansion in the aged apartment complexes, the method of extending the underground parking lot vertically occupies the majority. It is
very important to secure the structural safety of the foundations when the existing buildings are enlarged. In the case of underground vertical work,

the work space should be narrow, so that a method with excellent safety, environmental and construction properties should be applied. Urban
construction is also required to use construction methods and equipment with low noise and vibration.

This study analyzed the factors influencing the selection of the foundation reinforcement method for the expansion of the underground parking lot
and Weights of influence factors were calculated. The purpose of this study was to analyze the applicability of the foundation reinforcement method.
Factors influencing the applicability of the foundation reinforcement method were derived through expert interviews and The AHP technique was

used to calculate the weight of the influencing factors.

It was evaluated by experts on the applicability of the foundation reinforcement method. It conducted a case study on two types of underground parking
lot expansion type and compared the applicability of the foundation reinforcement method.

Keywords: Aged apartment, Underground Parking lot expansion, Foundation reinforcement method, Influence factor of method
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Table 1 Feature of parking extension type
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Expanded type Feature

- Parking efficiency is good

Underground Safety of the complex and need to inspection

horizontal . .
. the foundation's stiffness
expansion . .
- High cost of construction
- Less noise during construction
- Structural difficulties due to large impacts and
Underground ge 1mp

interference on the foundation structure
- High cost of construction
- Construction period considerably needed

vertical expansion

-Need to consider vertical expansion due to
Piloti decrease in the number of households on the
expansion ground floor
- Limited number of parking lots

- Disadvantage of low-rise view

Ground deck . .
. - Can not use existing one-floor households and
expansion . . .
requires vertical expansion
- Less interference with existing structures
- Economical construction cost compared to
An annex .
g underground parking
building. . .o
. - Construction period is short
expansion

- Need to a separate site
- High maintenance cost
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Table 2 Case of expansion of apartment parking lot
Remodeling ~ Number of .
Apartment completion  parking spaces Type of Pa}rkmg
house ....................................................... EXpanSlOIl
year Before  After
Case 1 2005 44 76 Ground expanstion
Case 2 2005 3102 Underground
horizontal
Case 3 2007 78 207 Underground
horizontal
Ground and
Case 4 2008 33 69 New underground
parking lot
Case 5 2010 58 285  Underground
horizontal and vertical
Case 6 2011 181 430  Undereround
horizontal and vertical
Case 7 2012 34 g9  Newunderground
parking lot
Ground deck and New
Case 8 2013 70 200  underground parking
lot
New underground
Case 9 2014 158 461 parking lot
(2 Floors)
Ground deck
Case 10 2014 116 216 and Underground
horizontal
Case 11 2014 82 129 Underground

horizontal and vertical
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Table 3 Foundation reinforcement method

Micro pile method Helical pile method Screw anchor method
) - E

Concept

l

- Pile length is unlimited
Construct ability - The construction period is long
- The process is complicated

. - Vulnerable to noise, vibration and - Very
Environmental

- Pile length is unlimited
- The process is simple

scattered dust scattered dust

- Stress interference with existing pile

Structural safety with diameter of around 200mm
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- Construction up to 50m
- The process is simple

little noise, vibration and - Very little noise, vibration and scattered

dust

- Pile head support method quality test
result 60ton

- Less interference with existing piles

- Less interference with existing piles

- Consider corrosion thickness 1mm/
100yr

Corrosion . . . -
- Corrosion-resistant retention of inside
and outside grout
- Applicable in soft ground, bedrock and - Soft ground can be applied
Applicability
construct the ground with small pore size ~ drilling
Workload per day 100~150 m

250~400 m

- Does not consider corrosion thickness

- Consider corrosion thickness 1mm/100yr - Corrosion-resistant —retaining grout

around the pile

- Soft ground can be applied

rock - The boulder stone layer under the - Site conditions are not significantly
- Due to the grouting, it is difficult to ground can be constructed after separate  affected

150~200 m
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Table 4 Application of foundation reinforcement method

Apartment . . Foundation
house Type of Parking Expansion reinforcement method
Case 1 Ground expanstion -
Case 2 Underground horizontal -
Case 3 Underground horizontal Micro pile

Ground and . .
Case 4 New underground parking lot Micro pile
Case 5 Und'erground horizontal and Micro pile
vertical
Case 6 Und.erground horizontal and Micro pile
vertical
Case 7 New underground parking lot Micro pile
Ground deck and New . .
Case 8 underground parking lot Micro pile
New underground parking lot . .
Case 9 2 Floors) Micro pile
Ground deck . .
Case 10 and Underground horizontal Micro pile
Case 11 Underground horizontal and SAP

vertical
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Table 5 Considerations for selection of foundation reinforcement
method

Division Contents

Vertical and horizontal expansion of
the complex, Applied load, Reliability
of Investigated Methods, Reliability of
auxiliary method etc.

Design condition

Site size, Presence or absence of adjacent
structures, Presence of underground
parking lot, The elevation in the ground,
Material transport way

Site conditions

Field

o Ground feature, Support zone feature,
conditions

Depth of support zone, ground-water
zone etc

Ground
condition

Environmental

.. Noise, vibration and dust
condition

Pile depth, Fluctuation of Applied load,

Construction conditions Work safety, Drilling depth etc

Economic condition Construction period and cost

Table 6 Factors influencing the selection of the foundation
reinforcement method

Level. 1 Level. 2

Constructability Ground condition, Drilling(piles) depth, Pile stiffness
Field conditions Workspace, Scale of equipment
Environmental Noise, Vibration, Scattered dust

Economics Construction period, Construction cost
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Table 7 Selection of foundation reinforcement method Weight by
evaluation area

Influence factor Weight Rank
Constructability 0.488 1
Field conditions 0.139 4
Environmental 0.177 3
Economics 0.195 2
Total 1

Table 8 Detailed influencing factor of constructability weight

Detailed influencing factor weight Rank
Ground condition 0.490 1
Constructability Drill(ilr;igiles) 0.296 2
Pile stiffness 0.215 3
Total 1

Table 9 Detailed influencing factor of field conditions weight

Detailed influencing factor weight Rank
. Workspace 0.813 1
Field
conditions Sc.ale of 0.187 2
equipment
Total 1
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Table 10 Detailed influencing factor of environmental weight Table 12 Weight per area
Detailed influencing factor weight Rank Selection influencing factors weight Rank
Noise 0.493 1 Ground condition 0.239 1
Environmental  Vibration 0.245 3 Constructability Drilling(piles) depth ~ 0.144 2
Scattered dust 0.262 2 Pile stiffness 0.105 5
Total 1 ) . Workspace 0.113 4
Field conditions .
Scale of equipment 0.026 10
Table 11 Detailed influencing factor of economics weight Noise 0.087 6
Detailed influencing factor weight Rank Environmental Vibration 0.043 9
Construction 0417 5 Scattered dust 0.046 8
Economics period ’ . Construction period 0.081 7
) Economics .
Construction cost 0.583 1 Construction cost 0.114 3
Total 1 Total 1
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Table 13 Examination of applicability of foundation reinforcement method

Inspection Constructability Field conditions Environmental Economics
contents Ground condition Seale of c
S . cale o . onstruc
Sedi- Sand ground- Drilling Pile ~ Work cqui Noise Vibra- Scattered tion Construc
Pile mentary gravel 0¢ water  depth stiffness space quip tion dust . tion cost
layer ment period
method layer layer level
Micro Pile A A A A O O O O O O O O O
Helical Pile A X X X A O O @) O O O O A
SAP © O A A O O © © O O O O O

Step of
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reinforcement method Derivation of Influencing i ]
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Selection
step
of foundation
reinforcement
method

Selection of foundation
reinforcement method
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Table 14 Case 1 Applicability Evaluation

Inspection Construct ability Field conditions Environmental Economics
contents

Pile method cgrrlzliltri](()jn Drilling depth  Pile stiffness Work space  Equipment Noise  Vibration ScZﬁz':ed period cost

Micro Pile 2.6 4.0 4.0 4.5 5.0 4.0 4.5 4.5 40 3.0

Helical Pile 3.0 3.0 4.0 3.5 3.5 3.5 3.5 4.0 35 25

Screw anchor pile 3.1 3.5 4.0 3.5 3.5 3.5 3.5 3.5 4.0 3.5

Table 15 Case 2 Applicability Evaluation

5: Very good, 4: Good, 3: Normal, 2: Not good, 1: Very not good

Inspection Construct ability Field conditions Environmental Economics
contents

Pile method cgrrlzliltri](()jn Drilling depth  Pile stiffness Work space  Equipment Noise  Vibration ScZﬁz':ed period cost

Micro Pile 3.0 4.0 4.0 4.5 4.0 3.5 4.0 4.0 35 25

Helical Pile 2.0 3.0 4.0 3.5 3.0 3.0 3.0 3.5 30 2.0

Screw anchor pile 3.0 3.5 4.0 3.5 3.5 3.0 3.0 3.0 3.5 3.0

Table 16 The applicability evaluation result of Case 1

5: Very good, 4: Good, 3: Normal, 2: Not good, 1: Very not good

Inspection Constructability Field conditions Environmental Economics .
contents o ¢ ¢ Evaluation
Pil Ground T ung Pile Work Scale of . ... Scattered on.st- on.st- Measure-
e condition (piles) stiffness space  equipment Noise  Vibration dust ruction — ruction ment
method depth P quip period cost
Micro Pile 0.62 0.58 0.42 0.51 0.13 0.35 0.19 0.21 0.32 0.34 3.68
Helical Pile 0.72 0.43 0.42 0.40 0.09 0.30 0.15 0.18 0.28 0.29 3.26
SAP 0.75 0.50 0.42 0.40 0.09 0.30 0.15 0.16 0.32 0.40 3.50
Table 17 The applicability evaluation result of Case 2
Inspection Constructability Field conditions Environmental Economics .
contents Drilli ¢ c Evaluation
Pil und T ung Pile Work Scale of . ... Scattered on.st- on.st- Measure-
e condition (piles) stiffness space  equipment Noise  Vibration dust ruction — ruction ment
method depth P quip period  cost
Micro Pile 0.72 0.58 0.42 0.51 0.10 0.30 0.17 0.18 0.28 0.29 3.55
Helical Pile 0.48 0.43 0.42 0.40 0.08 0.26 0.13 0.16 0.24 0.23 2.83
SAP 0.72 0.50 0.42 0.40 0.09 0.26 0.13 0.14 0.28 0.34 3.28
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