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Outline
• Applications and Types of Pile Shafts 
• Overview of CT Seismic Design Procedure

http://www.dot.ca.gov/hq/esc/techpubs/manual/othermanual/other-engin-
manual/seismic-design-criteria/sdc.html

• Seismic Detailing of Pile Shafts
• General Design Requirements (LRFD)
• Inspection and Structural Evaluation of Defective 

Shafts
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Applications and Types
• Used for high seismic loads also where small footprint is 

desirable 
• Most effective where hard layer (rock) is reachable
• Used with/without casing 
• Types I & II per SDC classification

Type-I : More ductile performance, advantageous for Short  columns 
Type-II : Easier post-event repair, shaft enlargement of at least 24”  to 
contain inelastic action to the column…………………..(SDC 7.7.3.5)
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Types of Large Diameter Drilled Shafts 
(Caltrans SDC)
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Test of 6’ diameter Type-I Shaft at UCLA
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Test of 6’ diameter Type-I Shaft at UCLA



WBES 2009, Sacramento, CA 10



WBES 2009, Sacramento, CA 11



WBES 2009, Sacramento, CA 12

12’

12’

Geometry
Deflected 
Shape

Δe=6.85”
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Seismic Analysis of Ordinary 
Standard Bridges

Salinas River Bridge
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Salinas River Bridge
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Seismic Demand Calculation 
(Multi-Column Bent)

Type-II

Mo

Note: For Type-I, the first hinge must form in the column, and the second hinge in the shaft
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Design Procedure - Type-II

• Strength Check
1.25 Mmax ≤ Mne

Vmax ≤ φ Vn

• Maximum Ductility Demand Check
μD  of column is checked against the Target values of SDC 
2.2.4

• P-Δ Check
PD . Δr ≤ 0.2 (Mp

col)
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Outline
• Applications and Types of Pile Shafts 
• Overview of CT Seismic Design Procedure

http://www.dot.ca.gov/hq/esc/techpubs/manual/othermanual/other-engin-
manual/seismic-design-criteria/sdc.html

• Seismic Detailing of Pile Shafts
• General Design Requirements (LRFD)
• Inspection and Structural Evaluation of Defective 

Shafts
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Seismic Detailing Requirements

• No Splice Zones (SDC 8.1.1)
Plastic hinge region and areas of MD>My

• Ultimate Splices (SDC 8.1.2)
Ductile members outside “No Splice Zone”

• Service Splice (MTD20-9)
Capacity Protected Members like Type-II Shaft    

• For Hoops and Spirals in Ductile Members Use Ultimate 
Splices, Except: 
No splices in spirals used in “No Splice Zones” (end 
anchorage has been used to improve constructability)
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General Design Requirements (LRFD)
• Structural Designer provides Factored Loads for applicable 

Limit States  
• Geotechnical Designer will provide tip elevations based on

Compression, Tension, and Settlement
• Structural Designer performs Stability Analysis and 

provides tip elevation for Lateral Loads
• Scour, Liquefaction and Lateral Spreading are considered 

in design (if applicable)
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Demand Calculation (Single Column Bent)

Mo
Vo

Mo
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Lateral Stability 
Available Software: LPILE, W-FRAME, or SAP
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Inspection and Structural Evaluation of 
Defective Shafts

• Shafts 24 inches in diameter or larger must be 
inspected unless the holes are dry or dewatered 
without use of temporary casing

• Gamma-Gamma Logging is commonly used. 
Cross-hole Sonic Logging (CSL) may be used as 
complement.

• If anomaly is detected the pile is rejected and it 
will be subject to evaluation by Structural, 
Geotechnical and Corrosion units in Caltrans. 

• Structural Designer has to accept or reject the pile 
(fast review)
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Inspection Tubes layout
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Moment Diagram 
(Type-II Example)

Calculate MD at location 
of the defect
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Shear Diagram 
(Type-II Example)

Calculate VD at location 
of the defect
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Evaluation of Type-II Shafts

• The moment and shear checks are summarized as:
MD ≤ Mne

VD ≤ φVn

In general, moment should be applied in different directions to capture the minimum flexural capacity.

One tube with 
low reading

Two tubes with low 
readings
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Evaluation of CIDH Shafts
One tubes with low reading
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Evaluation of CIDH Shafts
Two tubes with low readings
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Evaluation of Type-I Shafts
– Seismic moment demand (MD) at the location of 

the anomaly should be less than:

1.25Mp for multicolumn bents 
1.15Mp for single column bents

Where, Mp is the plastic moment of the reduced shaft cross section at the location of 

the anomaly.

– Seismic shear demand at the location of the 
anomaly shall be less than the factored nominal 
shear resistance of the pile (φVn)



WBES 2009, Sacramento, CA 36

Compression Resistance Check (Types I & II)

• Factored nominal compression resistance of the pile at the 
anomaly location is calculated based on the reduced cross 
sectional area of the pile per LRFD.

Pu≤ΦPn

Where Φ=0.85 and: 
Pn= 0.85[0.85f’c (Ag-Ast) +fyAst]



WBES 2009, Sacramento, CA 37

Pile Mitigation

• Shaft must be repaired, supplemented, or replaced 
if it is inadequate.

• Shaft can be stayed without repair if it is 
structurally adequate. However the contractor will 
pay administrative deduction (disincentive).
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Thank You


