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P resentation Outl ine:
o Applications of C F S T
o CF S T Component Testing
o CF S T E R  and WD Connection Performance
o S eismic Resiliency of C F S T  
o Design E xpressions and S tandard Drawings
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C F S T  A dvantages and A ppl ications
• Used for Bridge Piers/C olumns, and Piles and 

S hafts 
• S uperior S trength, S tiffness with Delayed L ocal 

Buckling
• S uperior S eismic R esilience for Design and 

Retrofit
• C onnections are Designed For S trength and 

S eismic 

U S -J apan 
Work shop 

Tenpo-zan Ohashi 
Bridge  

Foundation 
S eismic Retrofit

WSDOT-UW Research 
Project: Professors 
Charls Roader and 
Dawn Lehman) – 
followed by WSDOT 
BDM and AASHTO 
Adoption)
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A B C  B enefi ts inc lude: 
o Decreased construction costs and 

time, 
o Increased safety and Improved 

quality, 
o CF S T columns fulfill ABC 

objectives providing adequate 
seismic resistance

o CF S T Can be integrated with 
precast components

A ppl ication of C F S T  to A ccelerated br idge 
construction
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C F S T  P i les and S hafts -  S S I  
A dvantage

D ucti l i
ty

D eep 
F oundation

L ateral  E Q 
L oad
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B ridge C omparison E xample &   P rac tical  D esign 
S olution
 CF S T Offers smaller diameter columns and 

foundation resulting in less Materials
 CF S T Reduce construction time and cost
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S teel  Tube Types for  C F S T
1. S piral  Weld Tubes 

o E conomical, widely available in 
larger diameters and lengths

o Fabricated by running a coil of steel 
to spiral

o S ubmerged arc weld is used to seal 
the spiral

o Weld provides mechanical bond
2. S traight S eam Tubes

o Thicker tubes used for driven piles

S teel  Tubes:
• AS TM A252 Gr. 2 or 3
• AS TM A572 or A588
• API 5L Grade 42 or 52

• For primarily flexural 
members:

• For primarily to axial 
loading members:

• E ffective stiffness of  CF T, 
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C F S T push-through tests
Applied L oad 2.4m 
lb. 

4-Test 
M atr ix

A xial  S pec imen Testing - C omposi te A c tion 
in C F S T

Tube C oncrete
S traight S eam C onventional

L ow S hrinkage
S piral Weld C onventional

L ow S hrinkage

A xial  C apac i ty:
R einforcement yield strength, 
F yrl
C oncrete S trength, f ’ c
Tube S teel Yield S trength, F yt
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F lexural  R esponse - Test R esul ts:
• F lexural buckling of steel tube
• C oncrete filled inside the tube crack 

patterns:
– Dense transverse flexural cracking in 

midspan region
– Minor to no diagonal cracking in 

shear spans

a/D = 0.5
LT = 2D
D/t = 80

fcm’ = 9.5 ksi
ρint = 0%
clean 
interface

Specimen 17

Midspa
n

Midspa
n
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F lexural  S eismic  -Test R esul ts

8.9% Drift RC
10% Drift C F S T
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S hear  S trength of C F S T

S hear Testing: 21 tests on C F S T specimens 
conducted (a) aspect ratio, (b) D/t, (c) 
concrete strength, (d) internal reinf. ratio, 
(e) tail (anchorage) length, (f)  axial load 
ratio.
o Results show that C F S T sections are very 

strong in shear. 
o Typical shear span ratios: 0.375 and 0.25
o E vident shear strain in shear span with 

Inclined tube tear in shear span region
( a/D  =  0 .375 , F ytm =  56 .8  k si , f ’ cm =  8 .61  k si , flex-

shear)



A nalytical  S tudy of C F S T  – S hear  
Test

Shear 
Span

• Typical shear span ratios: 0.375 and 0.25
• E vident shear strain in shear span
• Minor flexural concrete cracking in midspan region
• E xtensive diagonal C oncrete cracking in shear spans
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C F S T  C onnection - E xper imental  Test 
M atr ix

• E mbedded R ing (E R )

• Welded Dowel (WD) 

• R einforced C oncrete (R C )
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C F S T  E R  and W D  C onnection 
Tests

F ull S trength C F S T E R  &  Welded Dowel C onnection Tests
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Performance of E mbedded R ing ( E R )  
C onnection

~ 7%-8% D ri ft
Ini t iat ion of 

Tear ing

F inal  S tate3.5%-4% D ri ft :  
Tube B uck l ing 

D evelops

C omparison of E R  C onnection 
With and Without Adequate 
E mbedment
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Performance of W D  
C onnection

• Failure mode fracture of 
reinforcing bars (~ 8% 
drift)

• S trength limited by 
reinforcing ratio and 
moment arm

D  
( in)

t  
( in)

D /t P /P o R einforc ing 
S teel

F y 
( k si )

f ’ c 
( k si )

ρL ( %) ( f y/f ’ c) ρL

25.7
5

0.2
5

10
3

0.1
0

A706 Grade 60 68 7.7 3 0.3
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E mbedded R ing D etai l

 E R  Welded to tube are the S ame 
thickness and strength as steel tube

 Projects inside and outside the tube 
for a distance 8t

minimum 
fillet
weld size

F u,st=  ultimate strength of steel 
tube
F exx= tensile strength of weld metal

K ey C onsiderations 
1. Annular R ing Dimensions &  

Weld
2. E mbedment Depth of C F S T 
3. Punching S hear above Annular 

R ing
4. C ap beam reinforcement
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D esign R ecommendations:  
S hear

•  

• Adequate depth must be provided 
above embedded tube to eliminate 
punching shear

• Derived using AC I procedure for flat 
slabs

P unching S hear  R equirements
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The headed reinforcing extends into the 
cap beam to fully develop the dowels 
while eliminating the potential for a 

conical pullout failure

AC I Development of bars with
mechanical anchors

L ength to 
eliminate conical 
pullout

H eaded bars E mbedment D epth 
R equirement
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E R  E mbedment D epth 
R equirement
 Adequate embedment must be provided 

to eliminate pullout from cap beam
 Derived using pullout model with 

empirical stress limits
 6 f ’√ c for seismic
 8 f ’√ c for yielding

Yieldin
g:

Seismi
c:
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E R  P unching S hear

• Adequate depth must be provided 
above embedded tube to eliminate 
punching shear

• Derived using AC I procedure for 
flat slab to column connections

Cc= compressive force in 
concrete
Cs=compressive force in steel





C F S T  P lastic  S tress D istr ibution

P-M Interaction 
Diag. E quilibrium-Based Method for flexural strength calculation

• C apacity to develop Plastic H inging, C onfinement S tress 
Distribution 

• S tress-strain Model For R einforced C oncrete C olumn with S teel 
C asing

• S teel is at Yield in Tension &  C ompression
• C oncrete S tress Block of 0.85f ’ c - 0.95f ’ c 
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S tiff nes
s

S hear  
R esistance

E mbedm
ent

A xi
al

F lexural  -  
C F S T

F lexural  -  
R C F S T

C F S T  D esign E xpressions
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C F S T  S tandard D rawings
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A nnular  R ing 
C onnection

A nnular  R ing Weld 
D etai l

R einf. D etai l  at  C ap 
C onnection

C F S T  S tandard D etai l s
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E astbound N al ley Val ley H ighl ights

• A B C  and P ractical  D esign S olution
• C F S T Pile-C olumn 3 ft dia.
• C F S T R ing C onnection to C ap
• Driven Pile-C olumn (no R einforcement)
• S maller column and C ap

With CFST the Reinforcement could be 
eliminated

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjuzKPxnavNAhUPxmMKHZtCAz4QjRwIBw&url=http://www.atkn.com/our-work/sr-16-westbound-nalley-valley-interchange&psig=AFQjCNGjws9rGtFwsVrRzwxvf9csXoSyPQ&ust=1466121327984100
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F rom R esearch to P ractice -  Implementation
• Nooksack R iver -539/860W – 
• AWV (Holgate to K ing S tage 2), 
• E bey S lough 539/860W 
• E astbound Nalley Valley  
• S R  167 Puyallup R iver project – 

DB
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H C B  – WA  Truss B r idge A ppl ication

 L ength – 7869 feet      
(L ongest floating bridge over 
salt water)

 F loating portion – 6530 feet
 Max water depth – 340 feet
 Tidal Variation – 16.5 feet
 C enter draw span opening–

600 feet



Transi t ion S pan Truss 
F abrication L i ft ing and S P M T  
E rection

30
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C onc luding R emark s
• C F S T bridge columns and connections are efficient 

relative to R C. 
• S piral weld provides mechanical interlock and superior 

bond capacity
• C F S T material savings between 20 and 60%
• The embedded ring connection is capable of developing 

the full composite flexural strength of the C F S T
• C F S T is a viable solution for rapid construction of bridges
• Design expressions have been implemented in AAS HTO 

and BDMThank You
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R eferences – Webinars, Papers, R eports, D esign Pol ic ies

Concrete Filled Steel Tube Bridge Pier Connections – An ABC Solution

http://www.wsdot.wa.gov/publ ications/manuals/m
23-50.htm  

https://abc-utc.fiu.edu/mc-events/concrete-filled-steel-tube-bridge-pier-connections-an-abc-solution/?mc_id=148
http://www.wsdot.wa.gov/publications/manuals/m23-50.htm
http://www.wsdot.wa.gov/publications/manuals/m23-50.htm
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