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1. Introduction A

Reinforced Concrete Filled Steel Tube (RCFST) Drilled Shafts

Seismic Force
Bridge Deck Long. Direction

Moment Distribution
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1. Introduction

Past Research: Brown et al. (2015)

= 12 Large-scale tests
=  D/tratios of 33 to 160

" D/t ratio

= Equilibrium and strain compatibility
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Past Research: Brown et al. (2015)

Ductility 2, A=2.04 in Ductility 3, A=3.06 in

=

Ductility 4, A= 4.08in

Ductility 5, A=6.12in Ductility 6, A=8.17 in

Ductility 6 - Rupture

Progression of Buckling for “Thin Wall” Tubes
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1. Introduction

NC STATE
UNIVERSITY

Past Research: Brown et al. (2015)

Ductility 5-push 1,
¥

A=13 in

Ductility 7-pull 1

Progression of Buckling for “Thick Wall” Tubes
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2. Experimental Program
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2. Experimental Program ONVERSITY

S: South Side (-) N: North Side (+)
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2. Experimental Program

Test Setup

ydraullc Jacks _‘
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2. Experimental Program

Test Setup

oA

Top RC plates
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2. Experimental Program

Example: Test #11 — August 18, 2016

Test # 11

Reinforced Concrete Filled Steel Tube in Soil

Outer diameter . D = 12.75in
Tube Thickness ot = 0.129in
Nominal D/t ratio . D/t = 95
Above ground height : Ly = 724D

Test Day : August 18, 2016

-
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2. Experimental Program

Failure Mechanism

DR R T TR wnmn{nu; ;y-umw&u[n
“91"""“"1"1‘3‘17181920212223242526 282930

:‘ .
i o |

section perimeter

R o Performance Limit States of RCFST Drilled Shafts

KCA |




2. Experimental Program

Tensile Strains Prior Fracture:
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3. Analytical Studies
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3. Analytical Studies

Analytical Model: finite element, fiber-based approach (OpenSees)
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5. Analytical Studies
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Parametric Study: general considerations
» Simulations on single RCFST specimens
» Internal reinforcement: p=2% and p, = 1%

» Material properties:

= Concrete: i_fce’ =36.4 MPa (5.2 k5|)-
= Steel tube: | APIX52L | ... =396 Mpa (57.2 ksi)
= Reinforcement: | A706-Gr. 60 | : f,re =462 Mpa (66 ksi)
Basic parameters:  pead Diameter ALR DIt La/D
Fixity (mm) (%) Ratio Ratio
Pinned 610 5 48 4
Fixed 1,220 10 64 8

15 95 12
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3. Analytical Studies

Parametric Study: soil considerations

» Uniform soil layer
» Deep enough to achieve zero rotation at shaft tip
» Undrained conditions for clay — Matlock

» Dry or moist conditions for sand — API + Reese and Van Impe

Soil parameters:

Soil Strength and Stiffness

Sand Clay

Soil Soil Y %] Nh Cu .
Type  Profile  (kN/m3) (°) (kN/m3)  (kPa) >0

Sand  Flexible 15.7 30 9500 12 0.020
Clay Medium 17.3 35 27200 36 0.010
Stiff 18.9 40 61100 72 0.005
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3. Analytical Studies

System Behavior
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3. Analytical Studies
System Behavior: fixed-head RCFST

10 [ T T :::I = T / “"'{ lllllllllllll SPPTTITILIE B ™3 T T [ 10
0f 1 r S 1T 10
£ E
s 5 17 17 15 5
a, a,
] ]
A A
10 - 1t 1t 1-10
15+ 1t 1t 1-15
— Ductility 1 (p 1)
skl : Ductility 4 (,u4) 1L 1 L i 1-20
0 0.2 0.4 0.6 -0.02 0 0.02 0.04 0.06 0.08 -20 -10 0 10
Displacement [m] Curvature [1/m] Moment [MN-m]

e Performance Limit States of RCFST Drilled Shafts



3. Analytical Studies

System Behavior: fixed-head RCFSTs

» Top plastic hinge
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3. Analytical Studies
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System Behavior: fixed-head RCFSTs

» Inground plastic hinge

0 . 0
—: Tube Starin
-1y " |=: Rebar Strain -1
- - :Yield
2 |- Serviciability 1-2
i
Bl | C
S 4 i 4=
a, 5 Q,
O 1 O
A .5; | 1-5 A
1
i
61 i 1-6
i
7t | 1-7
i
-8 ' ' ' ' -8
0 1.5 1 0.5
Curvature [1/m] 1073 South Strain [%]

o || A Performance Limit States of RCFST Drilled Shafts



Outline

4. Performance Limit States
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4. Performance Limit States

Equivalent Cantilever Plastic Hinge Model
Pinned-Head RCFSTs: Aguirre et al. 2017
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4. Performance Limit States

Performance Limit States: pinned-head shafts

In-ground plastic hinge: RCFST

o, U Sl S Limit state curvature:
; ¢LS &
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Inground plastic hinge strain limits
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4. Performance Limit States

Equivalent Cantilever Plastic Hinge Model
Fixed-Head RCFSTs: Aguirre et al. 2017
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4. Performance Limit States

Performance Limit States: fixed-head shafts

Top plastic hinge: RC

8(?
[ Limit state curvature:
C
Y Prs E
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Note: steel tube provides confinement only

Top plastic hinge strain limits (POLA, 2010)
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Strain : — !
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5. Conclusions
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5. Conclusions

Pinned-Head Shafts:

= Displacement capacity up to y; (even for D/t = 95)
= Controlling LS: tube tensile strain of 2.5%

= PJP spiral welds negatively influence performance

o | bl Performance Limit States of RCFST Drilled Shafts



5. Conclusions

Fixed-Head Shafts:

= Displacement capacity up to p,
= Controlled by top plastic hinge only
= Controlling LS: bar tensile strain of 8% (POLA, 2010)

= |n-ground hinge has reserved capacity
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Questions?
Thank you!

Diego Aguirre, PhD, EIl
Structures Engineer
Email: Diego.Aguirre@kisingercampo.com

EIS;:NSGSEORCCI?mEQ 4800 Six Forks Rd., Suite 120, Raleigh, NC 27609
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