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Outline

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

http://www.dot.ca.gov/hqg/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 1s
desirable

Most effective where hard layer (rock) 1s 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)

WBES 2009, Sacramento, CA



WBES 2009, Sacramento, CA



WBES 2009, Sacramento, CA



WBES 2009, Sacramento, CA



Types of Large Diameter Drilled Shafts
(Caltrans SDC)
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Test of 6° diameter Type-l Shaft at UCLA
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Test of 6° diameter Type-l Shaft at UCLA
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xSECTION

VER._Z.40, MAR-14-99
(C)'99 Mark 5. Mahan
Licensed to:
CALTRANS
529-W37_CONNECTOR
23-223F

09142004, 16:53
File: bentb.xse
TYPE_ I COLUMN_SHAFT
firea G(ft"2)= 24.48
I G(ft™4)= 47.54
fAxial (kipsl= 1200.0
Percent steel= 0.97

Moment—Curv. Curve :
Mmax ft-k= 8548.1
phi_max 0.001046

Rebar Yield info:

My (k-ft)=  5705.3
phi_y = 0.000057
Ec  (ksi)= 4032

Idealized values:
(CT) dark blue lines
others zee print-out

Mp (k-ft)=  7947.9
phi_p = 0.000966
Icr(ft™4)= 14 .43

[ fi-k]

Moment

Curv. (rad/in]
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wFRAME

VER._1.1Z2, JAN-14-95
(C) 1994 Mark Seyed.
Thi= Relea=ze for
Demo OMLY (beta
testing incomplete)

09-15-2004, 10:11
File: bent6.wfi
TYPE_I_COLUMN_SHAFT
Frame Geometry:
Dimensions (Ft):

Min. of X = .00
Max. of X = 24 .00
Min. of ¥ = -132.00
Max. of ¥ = Q.00

Approx Plot Dim(ft):

Min. of X = .00
Max. of X = 24.00
Min. of ¥ = -132.00
Max. of ¥ = Q.00
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Salinas River Bridge
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wERAHE

VER. 1.1Z, JAN-14-95%
(C) 1994 NMark Seyed.
Thisz Release {or

Demo OHLY (bheta
testing incompletel

19-.31-2000, 15:5%9
File: t.ufi
60"x3.1" " pipe

X-Spr. Stiff C(keft):
Maxinum =24737 .77
Hininum = (oelcic]

Figure [1-C-16- Soil-Structure Interaction (p-v) Springs
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wEFRAHE
VER. 1.1Z, JAN-14-95
(C) 1994 Mark Seyed.
Thiz Releaze for
Demo ONLY (heta
testing incomplete)

18312006, 15:59
File: t.ufi

6" x4 pipe
Frame stage 1V
D . range(TotdCind:
X —. b, 9.76
¥ -Z.M, 0.57

Figure 11-C-13- Deflected Shape of Bent at Formation of Top Two Plastic Hinges
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uFRANE J
VER._1.12,_JAN-14-9
(CY 1994 Hark Seyed.
This Release for
Demo OHLY (beta
testing incompletel

163172000, 15:59
File: t.wfi
fil"x3.-4"pipe

Frame =tage 21
Def. roange(TotlCind:
X -b.1¢, F1.89
¥ -Z .9, 9.68

=D DD I DD TS e[

Figure [I-C-14- Deflected Shape of Bent at Formation of Bottom Two Plastic Hinges
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wFRAME
VER._1.12,_JAaN-14-95
(C) 19941 Mark Seyed.
This Release for
Demo OMLY (beta
testing incomplete)

18312000, 15:59
File: t.ufi

b8 'x3-1"pipe

Dead Load(k)= 1912.4
Frame Lat. Strength:

Loc/5tage/Force-sDef 1

n | in
Pe1XeZ 13 8.05 £2.27
POZXEZ 14 .05 2.32
Pe1Xe3 15 8.07 3.34
POZXO3 16 ©.08 3.37
Ce1-8Z 17 8.20 9.76
Co2-02 17 .20 9.76
Fe1Xe1 18 8.23 1£.13
POEX01 168 ©.23 12.13
PO1XEZ 13 ©.28 17.62
FOZXeZ 19 ©.208 17.62
PO1X03 20 8.36 £7.21
POZXe3 20 ©.36 27.21
Fo1-64 21 6.41 31.89
ro1-65 21 9.41 31.89
roZ-04 21 6.41 31.89
PezZ-685 21 6.41 31.89

Figure 1-C-15- Force-Deflecnion Curve for the Two-Column Bent

Force [(*q)]

Lalerol

ICapacity=40"

Demand=18.6"

Deflectiions

(in.

)
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Seismic Demand Calculation
(Multi-Column Bent)

=3 5 5 5
Mo/
\
/

Type-11

< < < < <
< < < < <
< < < < <
< < < < <

Note: For Type-1, 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

125M, <M,
Vs 0V,

max —

 Maximum Ductility Demand Check

Uy of column is checked against the Target values of SDC
2.2.4

 P-A Check
Py. Ar <0.2 (M)

WBES 2009, Sacramento, CA 22



Outline

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

http://www.dot.ca.gov/hqg/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 Mp>M,
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)

WBES 2009, Sacramento, CA
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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)

WBES 2009, Sacramento, CA
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Atop (IN)

Lateral Stability

Available Software: LPILE, W-FRAME, or SAP

Critical Pile Shaft Length (L)

Push-over
analysis

L

TRE TR

Le

B

Critical Pile Length

Single col. use F.S, of 1.2 10 1.5

20

30

40

50 ' g0 70 80
Ly {FT)
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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 1s 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)

WBES 2009, Sacramento, CA 28



Inspection Tubes layout

5" Min, Typ

Orilled Hole

= . Vo
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Moment Diagram
(Type-II Example)

Calculate M, at location

of the defect

—/— W0 Liquefaction & Scour —X - Liquefaction —+—Liquefaction+Deg.Scour - -O- - Deg.Scour

30000
25000

0 20 40 60 80 100 120
Depth (f
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Shear Diagram
(Type-II Example)

Calculate V 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 —< ¢ Vn

One tube with Two tubes with low
low reading readings

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

One tubes with low reading

L NN,

WBES 2009, Sacramento, CA
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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 (M) 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 (pV)

WBES 2009, Sacramento, CA
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Compression Resistance Check (Types I & 1I)

* Factored nominal compression resistance of the pile at the
anomaly location 1s calculated based on the reduced cross
sectional area of the pile per LRFD.

P <®P,
Where @=0.85 and:
P =0.85[0.85f". (A g-ASQ +f)/1S,]

WBES 2009, Sacramento, CA 36



Pile Mitigation

» Shaft must be repaired, supplemented, or replaced
if 1t 1s 1nadequate.

» Shaft can be stayed without repair 1f 1t 1s
structurally adequate. However the contractor will
pay administrative deduction (disincentive).
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Thank You
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