Case studies in Japan

Applications of piled raft foundations to buildings

2 cases from TAISEI Corporation
10 cases from TAKENAKA Corporation
1 case from OBAYASHI Corp. and YASUI KENCHIKU Corp.



Importance of case study

e Load transfer of piled rafts assumed in design is
compatible with field performance?

e Influence of construction method on bahaviour of piled
rafts?

e Influence of change in ground water table (water pressure
at the raft base) on behaviour of piled rafts?

e Confirmation of possibility of piled rafts through field
observations.

e Development of new pile construction methods adequate
for piled rafts.



Piled raft for low-rise building I

TAISEI Corporation

New building
Piled raft

Location: Tsukuba City

Number of stories: Two above grade
Building area: 530 m?

Total floor area: 1040 m?

Superstructure type: Reinforced concrete
Foundation type: Piled raft
Construction: July 1999 to March 2000

Existing building
Pile group



Piled raft for low-rise building I

TAISEI Corporation
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Combined use of anti-liquefaction soil improvement and piled raft I

Design process
SC piles having a length of 43 m

U

SC piles having a length of 25 m

Location: Tokyo

Number of stories: Three above grade
Building area: 810 m?

Total floor area: 2400 m?

Vi Foundation type: Soil improvement

V3FL + Piled raft

vor,  Construction: Nov. 2000 to May 2001
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Combined use of anti-liquefaction soil improvement and piled raft I
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Study on behavior of ve.rtical load

transfer of pile foundations

Dr. Thesis of Tokyo Institute of Technology
Masaaki Kakural
Tokyo Soil Research Corp.
(formerly Research Institute of Takenaka Corp.)
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10 case studies



Case studies of pile raft foundations

Foundations design as pile groups
3 cases of ordinary construction method
2 cases of reverse construction method

Foundations designed as pi
3 cases in Alluvial grounc

2 cases in Diluvial grounc

ed rafts

10 cases In total



Foundations constructed by
ordinary construction methods

RC building High-rise steel Twin building of
building RC structure



Reinforced concrete building
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Vertical load, earth pressure and water pressure beneath the raft

Final completion
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Load proportion (%)

Reinforced concrete building_

[ ]
6-story above grade Piles: primarily end-bearing pile
1-story below grade Cast-in-situ concrete pile with bell bottom.
Building area = 1,902 m? D, = 2.1 m (shaft), D, = 3.1 m (base)

Total floor area = 11,132 m?

] area = 130 kPa

Vertical load per unit base m;‘;l';‘;i’g% DeS|gn Concept Of plled raft

can be applied to end-bearing

piles, If adequate arrangement
and configuration of the piles
are selected.
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High-rise steel building O O
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- : TT Long term settlements
ng'h rise steel bundlng' Settlements were observed
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High-rise steel building | Loads carried by pile and raft
B ~ (as for the area around the instrumented pile)
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High-rise steel building | Loads carried by pile and raft
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Hiqh-rise steel buildinq
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Piles: 79 piles, primarily end-bearing pile
27-story above grade Cast in-situ concrete pile with bell bottom.
| Dy = 1.8 m (shaft), D, = 3.1 m (base) 24 piles

1-story below grade _
- D, = 1.3 m (shaft), D, = 2.5 m (base) 55 piles

Building area = 4,127 m?

17.43m | Total floor area = 34,479 m?
in Kobe Port Island Design concept of piled raft can
be applied to end-bearing piles,
9.4m If adequate arrangement and

Reclaimed
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S'an'déclay interlayer
N=20~60

= Lower sand—clay
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Twin building of reinforced concrete structure I

Intensive field measurements
were carried out over a large
part of the foundation area.

Low building




Twin building of reinforced concrete structure
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Twin building of reinforced concrete structure
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Twin building of reinforced concrete structure

Time histories of earth pressures and water pressures

Earth or water pressure (kPa)
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Twin building of reinforced concrete structure

Distributions of earth pressures and water pressures beneath
the raft (slab) at 1 year after the final completion
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Foundations In reverse construction methods

RC building #1 RC building #2




Reverse construction method
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Reverse construction method: RC superstructure (1)

Building:

7-story above grade

2-story below grade
Building area = 5,067 m2
Total floor area = 28,685 m?2

Foundation:

Raft foundation in design
Ave. press. =102 kPa
Max. press. = 139 kPa

Pile: Fine sand
Cast-in-situ concrete st

piles withD=1.6m Medium sand
Sandy gravel

Silt

Soil pile wall: Sandy gravel

Cement mortar with
steel pipe pile
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Reverse construction method: RC superstructure (1)

Field measurements

Location Measured item
N1 - N37 Settlement
S1-S57 Earth pressure
W1 & W2 Water pressure
Bl to B6 Axial force at the head of steel pipe pile for soil
pile wall
Al - A4 Axial force at the head of pile

Raft
- Strain
: measurement
‘ Soll ‘ at the top of
pile steel pipe

Excavation \
area

34.4m

165.1'm




Reverse construction method: RC superstructure (1)

Time history of settlements

Ground heaving due
to excavation work
for reverse method
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Small differential settlements
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Reverse construction method: RC superstructure (1)

Time history of pressures for a central area
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Reverse construction method: RC superstructure (1)

Time history of load proportions
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Reverse construction method: RC superstructure (2)

50m

GL=XO

-50m

Designed as raft
foundation

12-story above grade
2-story below grade
Building area = 956 m?

Total floor area =
12,521 m2

Sand N =30 - 40

~~ Soil pile wall

with H-steel

Sand, N> 50 s =0.6m

Piles: primarily end-bearing pile
Case-in-situ concrete piles
L =20.7m, Ds =1.8m, Dy, = 2.5m

Location: Kobe



Reverse construction method: RC superstructure (2)

Field measurements

24.3

24.3

& @

11

e \ """ =+
| | ?3—-:

ﬁsw

y .._._@.3_.__;_._(_:}_ _._._._{?_._.

-ii'lﬂ'l'l.l]'l'l I RN B AR BB R AR L

:ullu TN LN LN R R AN AR A N RO RN ML AL AN LN A
5. Bm T am T.5m To3m T Sm A_Em
39.2m

o D

&

@

& &

@ Pile head force
B Earth pressure

€ Force on soil pile
A Water pressure

© Settlement

@



Reverse construction method: RC superstructure (2)

Time history of settlements

vEL wiitEse Con. 372 v Final completion
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Kobe earthquake (Hyogoken-Nambu Earthquake)
January 17, 1995

Magnitude:
7.2 {

Maximum acceleration:
833 gal

Number of sacrifices:
more than 6000

Number of damaged
superstructures:

more than 200,000
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Reverse construction method: RC superstructure (2)

Time history of settlements Acceleration at the ground
. surface = 0.2 m/s?
vEL wiitEse Con. 372 v Final completion Kobe earthquake
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Proportion of load carried
by raft and piles (%)

Time histories of loads

Load (MN)

Time histories of load proportions
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Intercurrent Summary

Design concepts

Pile group: Piles carry all the vertical load
Raft alone: Raft carries all the vertical load

Reality

» Even if buildings are supported by end-bearing piles, 20 to
50% of vertical loads (weights of buildings) are carried by rafts.

» In reverse construction methods where foundations are
designed as rafts alone, 30 to 35% of vertical loads (weights of
buildings) are carried by piles.

U

Design of a foundation as piled raft are is needed to
predict behaviour of the foundation correctly.



	Importance of case study
	Case studies of pile raft foundations
	Foundations constructed by �ordinary construction methods
	Reinforced concrete building
	Reinforced concrete building
	Twin building of reinforced concrete structure
	Twin building of reinforced concrete structure
	Field measurements
	Time histories of earth pressures and water pressures
	Foundations in reverse construction methods 
	Reverse construction method: RC superstructure (1)
	Reverse construction method: RC superstructure (1)
	Reverse construction method: RC superstructure (1)
	Reverse construction method: RC superstructure (2)
	Hyogoken-Nambu Earthquake(1)
	Hyogoken-Nambu Earthquake(2)
	Reverse construction method: RC superstructure (2)
	Intercurrent Summary

