3.3. Evaluation of Building Foundation Damage

Basic Terminology:

Damage: Destruction, deformation, inclination and settlement of a building
foundation caused by an earthquake.

Damage grade: Degree of danger of destruction, deformation, inclination and
settlement of a building foundation caused due to earthquake.

Retrofit: Secure a necessary aseismic capability reinforcing the aseismic capability
of existing building foundations which decreases due to an earthquake, and
assume an existing building to be reusable.

Safety: Building foundation conditions which ensure the safety of human life even at
apossible severe earthquake.

Purpose: Methodology for evaluating safety of building foundations after earthquake or
tsunami

Important Points:

Timing:
Timing Evaluation Methodol ogy Example
Immediate - First announcement of - Reports of eye witness &
building damage Feelings by local habitants
- Broadcast
Within few days | - Quick inspection of - Evaluation into 3 ranks,
building inspected, limited entry and no
entry
Within few - Damage survey ina - Judge the cause of settlement
weeks typical area and inclination on building
- Confirmation of building
foundation
After severd - Damage Classification - Seismic capacity assessment
months - Judge the retrofit method and
design
Grade:

Grade M ethodol ogy Measures
Minimum Reports of eye withess & Information to habitants
Necessary Feelings by local habitants
Better Instant evaluation Advice to habitants about

Restoration
Best Evaluation of safety of Advice to habitants about
building foundation Retrofitting
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3.3.1. Damage investigation flow chart

The flow of building-foundation damage investigation is presented in Figure
3.3.1-1. Within two or three days after an earthquake, a quick inspection of the buildings is
done to decide on the degree of danger from aftershocks and on whether it is necessary to
restrict the use of the buildings (Step 1). An inspection sheet used at the time is presented in
Example 1.

To judge whether the inclination or settlement of buildings is due to their
foundations (Step 2), inspectors enter buildings that had been judged to need detailed
investigation. This is done several weeks after the earthquake. This inspection refers to
records in the quick inspection sheet for the ground in a broad area (Example 1 in Section 3.1)
and to records in the sheet for the ground in each building site (Example 2 in Section 3.1).

Several weeks after the earthquake, experts start the detailed investigation on the
damage to the foundations and the ground for the buildings that have suffered the damage
judged attributable to the former (Steps 3 and 4 in Section 3.1). The investigation refers to
damage grade classification sheet for the ground in a broad area (Example 3 in Section 3.1)
and such a sheet for the ground in each building site (Example 4 in Section 3.1). From the
result of this investigation, the damage grade classification of each foundation is determined,
and judgment is made on whether it isin need of repair and reinforcement. When the repair
and reinforcement of the foundation are required, their methods are studied to select the most
appropriate ones.

199



2~3Days START
after Earthquake
Earthquake

A4

Quick Inspection of Buildinges

Information of Damage Situation
Newspapers, TV and others

Judgment of the
Quick Inspection

Inclination or Settlement of Builing Is it a building where

the damage of the
base is assumed?

Sevral Weeks of
after Earthquake

Spread Foundation

Foundation ?

Confirmation of
Inclination or
Settlement of

Foundation

Yes

Pile Foundation

|
|
|
|
|
|
|
|
|
|
) i
Pile i
I
|
|
|
|
|
|
|
|
|

Sevral Months of
after Earthquake Investigation for Damage Grade Classification of Building

Foundation by Expert

Repair, Retrofit or

el | Strengthen of

Foundation

Judgment of the Damege

Demolish Grade Classification

Fig. 3.3.1-1 Damage | nvestigation Flow of Building Foundation
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Damage | nvestigation Flow of Building Foundation Step

Step 1
Accompanies the quick inspection in the building, and the outline of damages (subsidence,
inclination, and situation of limb ground etc.) of the building foundation is investigated.

Step 2
It isinvestigated to judge the cause of subsidence and inclination in the building.

Step 3
Investigation for the damage grade classification of building foundation by the expert
In Case, there are a settlement and an inclination in the building foundation.
Or the damage of the building foundation is assumed from a surrounding damage situation.
Refer to the example of investigation seat and investigation method for the investigation
item.

Step 4
The damage grade classification of the building foundation is executed based on the
investigation result of the building foundation.

Step 5

Removal of building or arepair and a retrofit in the building foundation are judged based
on the damage grade classification of the building foundation.

When the building foundation is repaired, the repair method is selected.
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Example 1

Sheet 1/3

Table 3.3.1 Site Investigation Sheet for Building Foundation™

Sheet No.
Time& Date
Recoder

Outline of Buildin

Building Name

Architectural year

Adress

Type LSRC, OORC, OIS, COthers
Stracture Form Owall type, [JRigid Frame
Building Use [OHouse, [1Shoop, [Office

[1School, ClWarehouse, C10thers
Building Size

Number of Stories

Upper Stories_ F, Ground Stories . F

Plane

(m) x (m), [1Square, [1Rectangle, [10thers

Foundation Type [Pile Foundation, [JSpread Foundation
Outline of Building Damage

Settlement max. (mm), Situation of Settlement :
Inclination max. (mm), Situation of Inclination :

Horizontal Movement

max. (mm), Situation of Movement :

Column

[INo Damage, [1Damage, Damage L evel

Inside Wall

[INo Damage, [1Damage, Damage L evel

Outside Wall

[INo Damage, [1Damage, Damage L evel

Other Structures

[INo Damage, [1Damage, Damage Parts

Presence of Materials

[IBoling Log or Sail Profile
[1Foundation Plan or Piling Plan
LI Topographic Map

[1Design Documents

[ 1Quick Inspection Sheet
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Example 1 (Cont.)

Outline of Buildind Foundation

Pile Foundation

PileType ORC, OOPC, OAC, OOPHC
[Stedl, C1Castin place, [10thers( )
Pile Diameter (mm)
Pile Length (m)
Total Pile Number
Spread Foundation
Foundation Type ORaft(Mat) Foundation, [1Continuous Footing

JIndependent Footing

Depth of Footing

(m)

Outline of Buildind Foundation Damage

Pile Foundation

Damage Part [1Pile Head, [1Other Part of Pile

Damage Patern [OBending Failure, [JShear Failure, [JAxial Failure
Damage Level ov, OV, Om, On, OI

Total Number of

Damage Pile

Total Number of
Investigation Pile

Damage situation of
Deep Position

Result of Pile Integrity Test, Borehole Camera or Others

Damage situation

Attached Photo

Footing Foundation

Damage Level

gv, O, Om, On, OI

Damage situation

Attached Photo

Foooting Beam

Damage Level

gv, O, Om, On, OI

Damage situation

Attached Photo
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Example 1 (Cont.) Sheet 3/3
Outline of Ground Condition

Topography OPlain, OOSlope, CPlateau

OLowland, CJReclaimed Ground, [Others
Thickness of Alluvial |[dSandy Soil Layer _ (m)

deposit CJCohesive Soil Layer ~ (m)
Load Bearing Layer |Depth  (m), Soil Type
Attached BolingLog or Soil Profile

Qutline of Site Damage

Ground O Settlement, O Crack, [Sand boil or Sedimentation
COMovement, CISlopefailure, CIRetaining Wall, I
Damage situation Attached Photo

QOutline of Eathguake Damage of Circumstances
Seismic Intensity

Damage of

Building OCollapse, Olnclination, [OSettlement
COMovement, [Others
Distance and Other information

Ground O Settlement, O Crack, [Sand boil or Sedimentation
OOMovement, [OSlopefailure, [IOthers
Distance and Other information

Retaining Wall OCollapse, Olnclination, [OSettlement

OMovement, [Others

Distance and Other information

204



3.3.2. Investigation method

Table 3.3.2-1 shows a list of detailed investigation methods used to judge the
damage grade classifications of pile foundations. Cited as investigation methods are @) pile
integrity test, b) borehole camera, c) inclinometer, d) acoustic emissions, and €) visual

observation, each

of which is outlined bel ow.

Table 3.3.2-1 Outline of Damage Investigation Method of Foundation

Investigation method

Method

Outline

Confirmation ltem

Integrity Test | The pile head islightly stricken]|The length of pile, the pile |-Pilelength
with the hammer. shape, and the crack point, |- Section shape
The acceleration response of  |etc. is presumed based on |- Crack
pile head is measured. the elasticity wave motion |- Damage part
Borehole Camera |The concrete of pileis observed The crack of pile midair part] - Crack
with asmall video cameraof |and the pile boreholeis - Damage part

the waterproof type.

specified.

Inclinometer The inclinometer of the The crack and the cutting | - Situation to which
insertion typeisinserted in the |part of pile are presumed |pileiswind
paling. from discontinuity in the + Cutting part
Theinclination angle of pileis |inclination angle of pile. - Damage part
continuously measured from
pile head.

Acoustic Emission |The elasticity wavein the The damage part of pileis |-Cutting part
supersonic wave generated presumed from the + Damage part
from the concrete of damaged |histogram of Acoustic
pileis measured. Emission source.

Watching The ground in surroundings of | The damage situation of the | - Crack
observation the building foundation is dug. |building foundation can be |-Damage part
The damage situation of the observed directly. « Settlement

building foundation is observed
directly.

*Inclination situation
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1) PileIntegrity Test
Purpose:
Pile integrity test can be used by the following three purposes.

i) Quality management of new establishment piles
ii) Shape investigation of existing piles
iii) Damage investigation of existing piles

Here, pile integrity test is used to investigate damage of the existing piles after an
earthquake.

I_:I:I SO
Outline of PileIntegrity Test: * ’J_‘ _—
Pile integrity test investigates the '
health of regret by using alow warp.
A sonic test in pile integrity test is Fie
an examination method of measuring the
response of the regret with the acceleration
meter etc. by generating the low strain by hitting
the paling head lightly with the hand hammer as
shown in Figure 3.3.2-1. Fig.3.3.2-1 Outline of Pile Integrity Test
PHC Pile(Normal)
20000
L S S
% S | T T
z _30000 | | fPiITTop‘ | | | :\v/ PiIe‘Tipf
-40000 — ‘ ‘ ‘ ‘ ‘ ‘ * ‘
-4 -2 0 2 4 6 8 10 12 14 16
PHC Pile (Bending Crack) e
10000
5000 oA\ ‘ ‘ A ‘
2ol e NN T
- RV A SR N
5 ~10000 [— ‘ BileTo “Crack - ‘ /PlIeTlp
~15000 [ ‘ f | ‘ ‘ ‘ ‘ ‘ ‘
-20000

|
-4 -2 0 2 4 6 8 10 12 14 16
Length (m)

Fig.3.3.2-2 Output of Pile Integrity Test (PHC Pilein Japan)
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Normalized velocity Nomalized vel.

Normalized velocity

20000
10000

—-10000
—-20000
—-30000
—-40000

10000
5000

-5000
-10000
-15000

PHCPile (Normal)

—-20000

-25000

—-30000

10000
5000

-5000
-10000
-15000
—-20000
—-25000

‘ ‘ ‘ ‘ ‘ —T1-1
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ —T1-2
L g e
AN N T
Y N —
v
-4 -2 0 2 4 6 8 10 12 14 16
Length (m)
Belled PHC Pile (Normal)
R — T2
R NY iR WY o
1/ 5 . e
w\ww
-4 -2 0 2 4 6 8 10 12 14 16
Length (m)
{
PHCPile (Bending Crack No.1)
L AA A LA T3
o A A | T
I AL /1 R
N e
1 \dj
-4 -2 0 2 4 6 8 10 12 14 16
Length (m)

Fig.3.3.2-3 Example of PHC PFile Integrity Test Results
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10

Pile Type
Design Length
Pile Diameter

Measurement
Result

Cast-in-place pile

18m

casing pipe 4m-2400mm

gaide casing pipe 7m-2200mm

It is judged that there is no damage in the pile because
there is no downward shape of waves by which damage]
is shown. The reflection with the casing can be
confirmed to 3.5m and 6.5m.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile

12m

1200mm

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damagej
is shown.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile(Belled Type)

19.4m

2500m (belled diameter 2800mm)

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damage]
is shown.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile(Belled Type)

20.9m

2100m (Belled diameter 3200mm)

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damagej
is shown.

/\ S ——— M VoV
v
-5 5 15 20 2 30
2 2 4 s s 10 2 14 15 8
N\ -
= 10 15 0 2

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile

17.5m

2000mm

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damagej
is shown.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile

27m

800mm

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damage]
is shown.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile(Belled Type)

24m

1900m (Belled diameter 2600mm)

The reflection of belled part isindistinct though the
reflection of the paling point isplain. It isjudged that
thisis thought the one by the ground condition.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile(Belled Type)

15.45m

1500m (Belled diameter 2600mm)

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damagej
is shown.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile

19.33m

1100mm

The measurement wave has received the influence by
cut-off of pile head. It is preferable to the Integrity
Tests again after re-cementation of pile head.

Pile Type
Design Length
Pile Diameter
Measurement
Result

Cast-in-place pile

24m

1500mm

It isjudged that there is no damage in the pile because
there is no downward shape of waves by which damagej

is shown.

/’\/\/\__,
\/
/\
N
NSNS~ PEaAVal
V
N\
o~—

Fig. 3.3.2-4 Example of Cast-in-place Pile Integrity Test Results (Not damaged)
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Pile Type Cast-in-place pile

Design Length 17.5m
Pile Diameter - 2000mm JAVAN

Measurement A downward shape of waves of about 4m shows the \ \V/
Result reduction-of-area. Because the reflection of the pile

point can be confirmed, it isjudged that it is partial
damage.

Pile Type Cast-in-place pile(Belled Type)

Design Length 24m

Pile Diameter  1700m  (Belled diameter 2600mm) Ma N\ NS T

Measurement A downward shape of waves of about 2.5m shows the v

Result reduction-of-area. Because the reflection of the pile W(/
point can be confirmed, it isjudged that it is partial - - . - " = " = = - -
damage.

Pile Type Cast-in-place pile(Belled Type)

Design Length 24m T
Pile Diameter 2200m (Belled diameter 3600mm) 1

Measurement  The cross sectional area of pile of about 2.5m ‘ AN, /\/\J\ f\/\/\/\/\ ‘

position than 2.5m is areflection of the damage part.

Result decreases. The repetition shape of waves at deeper ' jg { Vv ' ' ' ' '
Thereflection of the point of pile can be confirmed. 1

Because the reflection at 2.5mislarge, it is thought
that the level of damage of pileislarge.

Pile Type Cagt-in-place pile

Design Length 29.95m

Pile Diameter  1500mm /\

Measurement  The shape of waves by which partial damage is shown 7
Result can be confirmed to about 27m. The reflection of pile

point is about 30m. It is thought that thereis a decrease]
inapartial pile section in about 27m.

Pile Type Cagt-in-place pile

Design Length 18.2m

Pile Diameter  2100mm /\ AN AL /\/
Measurement A downward reflection by which the reduction-of-area / v A\

Result is shown can be confirmed to 6m and about 9m. It is

thought that it is a decrease in a partial pile section
because it can confirm the reflection of pile point.

Fig. 3.3.2-5 Example of Cast-in-place Pile Integrity Test Results (Damaged)
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2) Borehole camera
Purpose: to ascertain the conditions of damage to the pile
Outline of the borehole camera:

Places damaged by cracks in a pile are observed through images obtained by a video
cameraor CCD camerainserted into the hollow section of the pile or aborehole madein its
concrete.

Underwater video camera housing

Video camera A4————— W

fixed type
Spare lighting Cable
Lighting controller
q Cable
DVD Recorder

Camera controller

Fig.3.3.2-6 Fixed Type Borehole Camerd?

Pile

Display
g
Controller HiH

F Cable

Lighting g A
b | :hl“-'-_ ::.- = ::

Fig.3.3.2-7 Rotary Type Borehole Camera”
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3) Inclinometer
Purpose: to measure the horizontal displacement of the pile
Outline of theinclinometer:

The horizontal displacement of a pile is determined by successively measuring its
inclination with an inclinometer inserted into its hollow section.

I Yy
M easuring instrument ;

Fig. 3.3.2-8 Insert Type Inclinometer'”
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4) Acoustic emissions
Purpose: to ascertain the damage conditions at places that cannot be visually observed
Outline of acoustic emissions:

Defects such as cracking in the concrete are detected using elastic waves (ultrasonic waves,
electromagnetic waves, etc.) that propagate through structures.

‘ AE sensor ch.1

LO difference between AE sensor
V0O velocity of AE wave in propagation bar
dt propagation time lag between AE sensors

AE sensor ch.2

Damaged pile Wave propagation bar

Fig. 3.3.2-9 Measuring Image of Acoustic Emissiont”!

5) Visual observation
Purpose: to visually inspect the conditions of damage to foundation members such as
pile-head sections, footing beams, footing slabs, and underground walls
Outline of visual observation:

Foundation members are directly observed when they are observable from the inside of a
building. Piles and footing beams are observed by excavating the ground around them.

Reference
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