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• Earthquake wave characteristics.

• Site condition of Bangkok soil layerSite condition of Bangkok soil layer

• The respond of site condition due to 
E h k (Si ff )Earthquake wave.(Site effect)

• Building and Tunnel design g g
code(Thailand,2007)

Eff t f d d t t d t• Effect of under ground structure due to 
earthquake wave 

• Summary



Earthquake wave characteristicsEarthquake wave characteristics

• Body wave

1) P‐wave : Primary waves , longitudinal ) y , g
waves or Compression waves

2) S wave : Shear or secondary waves2) S‐wave : Shear or secondary waves,
transverse waves

• Surface wave

1) Rayleigh wave : ground roll) y g g

2) Love wave : circular shearing of the ground



Earthquake wave characteristicsq

P‐waveP wave

S‐wave



Site condition of Bangkok soil layerSite condition of Bangkok soil layer

• Soil profile

• Dynamic property of Bangkok soil layerDynamic property of Bangkok soil layer

‐Maximum shear modulus, Gmax

‐ Shear wave propagation velocity, Vs



General Bangkok subsoil conditionGeneral Bangkok subsoil condition
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General Bangkok subsoil conditionGeneral Bangkok subsoil condition
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Dynamic property of Bangkok soil layerDynamic property of Bangkok soil layer

Other soil

0.47568.7s uV S= ×
For Soft bangkok clay

max 2200 uG S= ×



Dynamic property of Bangkok soil layerDynamic property of Bangkok soil layer

For sandFor sand



Vs ~ 100 m/s 



The respond of site condition due to 
Earthquake wave

k k lik l i• Peak rock‐like acceleration 
• Amplification factor,Amp
• Predominant period, Td
• Design response spectrum• Design response spectrum



Example Site effect of Maxico cityp y

Mexico (city) earthquake (19 IX 1985 M=8 1) Dist 400 KmMexico (city) earthquake (19.IX.1985, M=8.1) …. Dist 400 Km.

Amplification of acceleration p



Peak rock‐like acceleration 
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Amplification factor,Ampp p

Max Amp. at 
thickness  6‐8 m.

The variation of Amplification factor with Thickness of 
soft clay layer(varied from 0‐20m.)

Amplification factor of soft clay layerp y y

Max. amplification factor is 1.5‐2.5 and occur  when soft soil layer thickness is 
about 6 8 mabout 6‐8 m. 



Predominant period, Tdp ,

The variation of Predominant period with Thickness of 

Predominant period of soft clay soil layer

p
soft clay layer(varied from 0‐20m.)

p y y

At Predominant period 0.5~1.0 s. corresponded with thickness of BKK soft clay 
layer varied from 10~15mlayer varied from 10~15m. 



Design response spectrum

Amplify  0 Amplify 1.5~ 3.0 
time
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Building and Tunnel design 
code(Thailand,2007)

• Design code(Thailand,2007)

• Building• Building

• Tunnel



Building CodeBuilding Code

d ( h l d ) ไ ี่• Design code(Thailand,2007)= แกไขกฎกระทรวงฉบับที 

49(พ.ศ.2540) ใหม ตามความใน พรบ. ควบคุมอาคาร ป พ.ศ. 2550

1 Addi i f l

Design code base on Uniform Building Code(UBC1985) of USA 

1.Addition of control area

2.Classifications of control buildingg

3.Calculation force due to earthquake
4 Addi i f S d d d4. Addition of Standard code; มยผ.1301-50

Use for above ground structure Use o abo e g ou d st uctu e
and regularity



Addition of control areaAddition of control area

ll ื้ ี่• Surveillances area(พืนทีเฝาระวัง)

• Zone 1 : Effect due to Soft soil of far fault

• Zone 2 : Effect due to near fault



Classifications of control buildingClassifications of control building

• Control building each local area

• Add building : Dam, bridge, highwayAdd building : Dam, bridge, highway



Calculation force due to earthquakeq

Building CharacteristicsBuilding Characteristics 

Building regularity Building Irregularityg g y g g y

Equivalent static 
f M th dforce Method

By 
Ministerial regulations

Dynamic Method

Ministerial regulations



Calculation force due to earthquake
byby

Equivalent static force Method

EQ. Base shear: V = ma

V ( / ) WV = (a/g) W

V = Z I K C S W
Seismic Zone Coefficient

Occupancy Importance Factor

Structural System Coefficient

Nature period of building 
CoefficientCoefficient

Soil profile Coefficient

Weight of buildingWeight of building



The respond of building and site condition due to 
Earthquake wave.(Soil‐structure interaction)

• Nature period of building Coefficient,C

• Soil profile Coefficient,SSoil profile Coefficient,S

• Code use  ‐ C*S = 0.14 when C*S < 0.14

‐ C*S = 0.26 when C*S > 0.26 (Soft soil)



Example for Soft BKK and regular 
b ldbuilding
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Soil‐structure interaction Coefficient,CS
V=ZIKCSW
When

Z = 0.38 ; BKK on Zone 2
0 id b ildi
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alI  = 1.0 ; residence building

K =  1.0 ; limit ductility
C =  vary on nature period
S = 2.5 ; Soft clay layer

No. story of building
S   2.5 ; Soft clay layer
W = weight of building
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Equivalent base shear,V
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The maximum equivalent base shear No. story of buildingThe maximum equivalent base shear 
calculation from equation occurs 
when the building has 5 ‐10 stories



Effect of under ground structure due 
to earthquake wave

d d f b ildi• Under ground structure of building
• Basement
• Deep foundation
• Connection joint of Basement with pile

• Structure of Tunnel and station
• Segment of structure in cross section
• Segment of structure in longitudinal section
• Connection joint of station with tunnel

• Other structure
• Pipe line 



Under ground structure of buildingUnder ground structure of building

B t• Basement
– The soil around confine basement structure

– Total displacement less than above ground 
structure

• Deep foundation(Pile)
Th il d fi il t t– The soil around confine pile structure

– Total displacement less than basement structure

• Connection joint of Basement with pile
– Determinate shear at joint connection– Determinate shear at joint connection



Under ground structure of buildingUnder ground structure of building
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Example responding of building under Earthquake

Envelop 
base shear 
of buildingof building

PGA. Envelop base 
shear at pile 
foundation



Effect of Tunnel due to earthquake waveEffect of Tunnel due to earthquake wave

• Segment of structure in cross section.

‐ Ovaling and Racking deformationOvaling and Racking deformation



TunnelTunnel

• Segment of structure in longitudinal section

‐ Axial and Curvature deformationAxial and Curvature deformation



Tunnel Design

The behavior at segmentThe behavior at segment 
joint become hinge 
under earthquake wave  
and increase the ductileand increase  the ductile 
behavior of overall 
structure 

Hinge

HingeHinge



RC Segment design

Joint  
connection



RC SegmentRC Segment



Tunnel of MRT



Pile Wall Excellent Medical Center  Siriraj HospitalPile Wall,Excellent Medical Center, Siriraj Hospital



Head Office, Bank of Thailand,



MRT Underground station

Horizontal Dual Tunnel 
Vertical Stack Tunnel



Siam Paragon



Center of art gallery, BMA



SummarySummary

Underground structure suchUnderground structure such 
as basement, subway 
station and tunnel are safe 
during and after earthquakeduring and after earthquake


