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CFST Advantages and Applicatic

Used for Bridge Piers/Columns, and Piles and
Shafts

Superior Strength, Stiffness with Delayed Local
Buckling

Superior Seismic Resilience for Design and

trofit.
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AB’%%B atlcglrl}dof CFST to Accelerated bridge
A NS IEEB e oo

(2) deliver steel tubes (3) place and temporarily k (5) cast CFST
to site with annular ing  support stee! tubes :

tlme, (1) cast spread footing welded o each end

0 Increased safety and Improved wsrw
quality, L_J

0 CFST columns fulfill ABC
objectives providing adequate

seismic resistance

0 CFST Can be integrated with copan
e Precast COMPONENLS e o ree




CFST Piles and Shafts - SSI
Advanttagtg
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Bridge Comparison Example & Practical Design
Solution

" CFST Offers smaller diameter columns and
foundation resulting in less Materials
Original

" CFST Reduce construction time a - gy
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Steel Strength (ksi) 60.0

Redesigning \ = - - Diameter (ID) 72
One Column
in Bent 2

Tube Thickness (in.) -

Concrete Area (in.?)

Steel Area (in.?) 99

Weight/ft of Pier (kips) | 4.4 2.2

CFST columh

o 'A’A’SI—éTQdés%dnf 3 o Total Pier Weight (kips) 209 104

raction curve - 4/

Axial Load (kip)

N04Splra| : : : / . axa - - - : .
@ 3.5" R R Difterence in Pier Weight 50% Reduction

Moment (kip—in) 4 6

CFST Pier x10




Steel Tube Types for CFST
1. Spiral Weld Tubes Steel Tubes:

0 Economical, widely available in - ASTM A252 Gr. 2 or 3
larger diameters and lengths - ASTM A572 or A588

0 Fabricated by running a coil of steel - API 5LGrade 42 or 52

to spiral * For primarily flexural
0 Submerged arc weld is used to seal members:

the spiral % < D.ZZFE
0 Weld provides mechanical bond - For primarny to axial

: loading —~~—""-"~
2. Straight Seam _‘ﬂrs‘f - %‘—: 0.15F£

nor.aduedl hick&r tubes usets VEN PHES ™Y y
» o’ | - ~ . Effective stiffness of CFT,
- pRive { J< ey - Efeff — ESIS + C’chf_.
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Axial Specimen Testing - Composite Action

in CFST 4Test

aq’\z;rrj Tube Concrete

“ Straight Seam Conventional

. : LIRS el I Low Shrinkage
strain gage e 8 .
location typ. | e Spiral Weld  Conventional

welded wire

=W o Low Shrinkage

gage location

i ' fill
vo, T ]. ! concrete
TP | length = 60"
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N
N
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air gap to

allow shp i |

rigid base \_Ji 0 !

support i
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— Straight Seam-Conventional
Straight Seam-Low Shrinkage

— Spiral Weld-Conventional

- Spiral Weld-Low Shrinkage

Average Stress/\f_
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Axial Capacity:

e - F Ny -
Reinforcement yield strength, 0 — T+ — 1+
Fyrl 0 010203 04050607 0809 1
Concrete Strength, f'c Average Displacment (ir)
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Flexural Response - Test Results:

« Flexural buckling of steel tube

« Concrete filled inside the tube crack
patterns:

—Dense transverse flexural cracking in
midspan region

—Minor to no diagonal cracking in
shear spans

—MOMENT—

Shear Span

(Primary Test Region)

Shear Span
(Primary Test Region)

\ // Specimen 17
Tail Length Tail Length _ 0 q
- i Il = a/D=0.5 f_’=9.5 ksi
2) Lt L,=2D Pine = 0%
- D/t =80 clean
interface

|
Ly

( Pure Moment Regiol




Flexural Seismic -Test Results

I / i Moment Load v. Drift
| ) ;

10 5 0
Drift (%)

8.9% Drift RC
10% Drift CFST
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Shear Strength of CFST

Shear Testing: 21 tests on CFST specimens
conducted (a) aspect ratio, (b) D/t, (c)
concrete strength, (d) internal reinf. ratio,
(e) tail (anchorage) length, (f) axial load
ratio.

0 Results show that CFST sections are very
strong in shear.

0 Typical shear span ratios: 0.375 and 0.25

0 Evident shear strain in shear span with

Inclined tube tear in shear span region
(a/D = 0.375, F,,= 56.8 ksi, f' = 8.61 ksi, flex-




Analytical Study of CFST -Shear

« Typical shear span rati€sS10.375 and 0.25

* Evident shear strain in shear span

 Minor flexural concrete cracking in midspan region
« Extensive diagonal Concrete cracklng in shear spans




CFST Connection
M atrix

Experimental Test

Connection Type

. Embedded Ring (ER)

Loading Direction

D (in)

t (in)

Tube Type

Axial Load
(P/Po)

Transverse

20

0.25

Spiral Weld

0.1

Embedded Ring

Transverse

24

0.25

Straight Seam

0.05

Longitudinal

0.25

Spiral Weld

0.1

Longitudinal

0.25

Straight Seam

Transverse

Straight Seam

Transverse

Spiral Weld

Longitudinal

Spiral Weld

Transverse

Spiral Weld




CFST ER and WD Connection

Tests
Full Strength CFST ER & Welded Dowel Connection Tests

transverse il tube®
/

| gap between
' heads and
top of void
(L, measured
from the bottom
of this gap)

annular
ring

reinforced

Ca T o\
SR B grout*
::# jde-bonded [| 2 nular
.. - - region . fing

B

[ =

void filled " ~<\a2)  Lcorrugated : .
with fiber pipe* ".1' " . ’)\A region

-4

reinforced S g CFsT
i

weld

lumn column
grOUt* el friction collar

Note: Cap beam reinforcing not shown (during Note: Cap beam reinforcing not shown.
construction) Deck reinforcing not shown.

* Used for precast construction * Used for precast construction




Performance of Embedded Ring (E
Co

@ ©)

R)

[ ]
. . .. initiation of
deck~, tube | fill tube® buckling visible tearing A=~
[ 2 J | kr 15 A ya 09 7 = / ' 17
uuuuuuuu m= 8 HHMHL“““““ === ====== Y
Lpi eh F ; 0.6 -
e | ty ¢
e 5 e 7 T Y~annular -
Lol (0. 4 oo o f- =-0.3 -
: . ‘1 i‘ cap -0.6 -
v (¥ R R ‘7 beam
: a :" " *t( "0.9 7
void filled ' ~u\a corrugated 1.2 — S
wi_thfﬁberd cFST pipe -10-75 -5 25 0 25 5 75 10
renfrorce .
ot column . Drift (%) .
Comparison of ER Connection

Note: Cap beam reinforcing not shown
* Used for precast construction

With and Without Adequate

| S H

i

8% Drift
Initiation of
Tearing

> Final State

Tube Buckling
Develops



7.5% Drift |
—— o 1 '\
rocking |

D t D/t P/P, Reinforcing Fy f. pu(%)  (f /)P,
(in) (in) Steel (ksi) (ksi)
257 0.2 10 0.1 A706 Grade 60 68 7.7 3 0.3

c c 2 Fe

0
Drift (%)

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

Strength limited by¢




Embedded Ring Detail

Key Considerations
. Annular Ring Dimensions &
Weld v ir _ i
Embedment Depth of CFST £ PRCAREAN 5 s b
. Punching Shear above Annular £ TR, ¢
Rin

cap

. g \ :"‘> beam
&R wﬂq?éjar’ﬁ FHhﬁ&r@emsr&ame id filled J * *t(corru ated
thickness and strength as steel tube e pipe”

- . . . . reinforced CFST
Projects inside and outside the tube grout* column

f or a d | St ance 8t Note: Cap beam reinforcing not shown

* Used for precast construction

minimum 1.31XF, o+ Xt F, .= ultimate strength of steel

u,st

. >
fillet W= Foprx tube
' F . = tensile strength of weld'metal




Design Recommendations:

Shear
Shear resistance of CFST and RCFST:

V= &V = d94|91(0.6,9:4;) + 0.0316g;:4.\/F; |

. o vent
Punching Shear Requirements o

* Adequate depth must be provided

above embedded tube to eliminate T T )
punching shear _-f-_‘_";_'.- P
* Derived using ACI procedure for flat IR B AT I }‘;-'7 oo
,"_."‘ w ! _:::'.' b
leags DZ C.+ C, (psi) — TR 0 eeimd
= _ - Sl void fille Llae corrugate
pc Le (p with fiber pipe”
f reinforced CFST
c,cap grout* column
Note: Cap beam reinforcing not shown
* Used for precast construction

-

18




Headed bars Embedment Depth

The heRie@ueikm@ndktends into the

cap beam to fully develop the dowels
while eliminating the potential for a
conical pullout failure

ACI Development of bars Wlti‘l 0.016¥,Fy p

mechanical anchors fr
g

Length to R D
eliminate conical | > + yb ~ isth =

= |4 ’ , 2
pU”OUt 61 fccap

deck -..]

| gap between
! heads and
top of void
(L, measured
from the bottom

of this gap)

friction collar
(during Mote: Cap beam reinforcing not shown.
construction) Deck reinforcing not shown.

* Used for precast construction

compression




ER Embedment Depth
Requirement

" Adequate embedment must be provided
to eliminate pullout from cap beam

" Derived using pullout model with G R &
empirical stress limits T TED e
. 6\/f'cf0r seismic void filled - (corrugated

with fiber pipe*

= 8Vf'_for yielding reinforced CFST

grout* column

Note: Cap beam reinforcing not shown
* Used for precast construction

)//E/d/n D2 DtFy D compression

+ —— (psi)
o) [ , 2
g’ 8 f c,cap
DtE, D

— = (psi)
6‘If'c,cap :

- TN~ annular
~4ed ring =

corrugated
pipe




ER Punching Shear

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

Derived using ACI procedure for
flat slab to column connections

2 .
h> [ —SetCtParia D ;> gy

Y os003160m [f1 L, C
;V
[ [ [
(f ceap M ksi)
C= compressive force in

concrete
C=compressive force in steel

SR cap

: T ""‘7 beam
) 1°. . K 2> fet (

void filled e corrugated
with fiber pipe*

reinforced CFST
grout* column

Note: Cap beam reinforcing not shown
* Used for precast construction

P/P0=0.1
Fy=50-ksi : : o
fc=6ksi [P A, P »

. . . R4

........... t ='0.5-in. . : e
R SR o B




Dowel to Steel Tube Weld Requirement

Longitudinal dowels are welded to the inside of the steel tube

Weld type 1s flare bevel groove weld as specified in AWS D1.5

Weld lengths based on typical limit states for flare bevel groove welds

vent Q transverse

fill tube*
tube* | /hoops |

ﬁ:gdbsemen Weld M etal

top of void
&) (L, measured
= from the bottom
? of this gap)

“H{ {corrugated
.I_: - pipe*
cap

el

Tube Metal Yield

e

oid filled

R R ith fiber

) '.I«d_'-'.i _ _'4-'.-, Gl [reinforced
e hul grout*

AT o oA A
R a0
: o e

e }dé-bbnd’ed‘ ) Section A-A
. regil;)n . ring

I AR o - E
L 2 Y

R i weld
PR A
B |‘

« §_7 region

b LLLLEELIL LIS

-

Tube Metal Rupture

- a~ CFST
column
friction collar
(during Note: Cap beam reinforcing not shown.
construction) Deck reinforcing not shown.
* Used for precast construction




CFST Plastic Stress Distribution

« Capacity to develop Plastic Hinging, Confinement Stress
Distribution

e Stress-strain Model For Reinforced Concrete Column with Steel
Casing

- Steel is at Yield in Tension & Compression 'Y' Interaction

P |

P-

. E-qu(l_JI(g)rqlclJFe]tBag}d é/lsestléold for fl?ﬁugé?;ren%tlbg?lculé’?mn

Neutral Axis -

centroid

t SteeT Concrete

y and O are positive as shown Stress Stress




CFST Design Expressions

Flexural - Flexural -

Hrpel mibe
P
#

Sioed Rehar  Congreas Ecuilibrim
Ll le] ulrisy dupce conditea

{7.10.2-5)

Bly)= (E - E) nt— yc) + 0.95f" . —40trmF, (7.10.2-8) By = ((;— ﬂ:'r{z - ;-c:] * 0.95f" —48tr, Fy—tyrym(48pFyp + (r — 28,)095F° ) (7.10.2-11)

M () = (c(® - ¥%) —“;:] = 0.95f"_ + m%ﬁ, (7.10.2-7) Ma(y) = (c® =y =) + 095", + 4ct " + dtsmomen(Fyp —095'))  (7.102-12)
¢ = rycosf {7.10.2-8) cy = Mpcosty (7.10.2-13)
8 = sin™? 1_]' {7.10.2-9) 6y = m‘n"l{i) (7.10.2-14)

r

Tm =T — (7.10.2-10) (7.10.2-15)

AXi Stiffnes
al R ecictanre ' | Elsf = El + C'E.L
Py =095f A. + F, ;A W= gl = qlgl[gl(ﬂ'ﬁfl-’gﬂﬂd‘} + ﬂ.ﬂElﬁg;ﬂn.I"E]

C' =0.15 +;l+ A =09

p AgtAg
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STAMDARD COMCRETE

CFST Standard Drawings

REINFORCING
STEEL _,_ - CONNECTIONS

TUBE BAR | ax
ANNULAR RING L :
EXTENDS 8t TO ;‘:‘;m 2014

THE INSIDE NEORCIN
OF THE TUBE / (?EMR ECho

WELD

e GENERAL NOTES:
EXTENDS 8t TO (TRANSVERSE REINFORCING 1,=0.2d, \'13-:;? 1. All connections can be used with cast-in-place or precast cap compenents. See page 2 for standard
THE OUTSIDE NOT SHOWN) precast cap beam requirements.
OF THE TUBE L] Option “A"
1. Thickness and strength of annular ring shall conform to the thickness and
DETAIL A (SCALE NOT CONSISTENT) strength of steel tube.
2. Steel tube shall be welded to the annular ring using fillet welds designed to carry the full tensile
capacity of the tube.
3. Strength and ductility of connection controlled by CFT component.
Option "B"
) 4 1. Thickness and strength of annular ring shall conform to the thickness and
SEDRGHIE I f strength of steel tube,
y g 2. Steel tube shall be welded to the annular ring using fillet welds designed to carry the full tensile
capacity of the tube.
3. Strength and ductility controlled by longitudinal reinforcing which extends from CFT into
cap beam.
. Welded longitudinal bars must be placed with sufficient space to allow for welding.
(1= wm Ehe . Half of debonded length must extend into cap beam while half of the debonded length must
extend into the CFT column.

B8
.Ja "? SHEAR REINF, . Transverse reinforcing required to increase confinement in joint region, One hoop must be placed

SPACED EOUALLY in the thickness of the soffit.
T FROM BOTTEM OF Option "C* )
HEAD INTO SOFFIT, 1. Strength and ductility controlled by longitudinal reinforcing which extends from CFT into cap beam.
AMNULAR RING NOTE: OME HOOP It is difficult to acheive the plastic mement strength of the composite column using this connection
(SEE SECTION A-A} x < MUST BE PLACED L, type due to the moment arm and reinforcing ratio of longitudinal reinforcing,
- IN SOFFIT 2. Transverse reinforcing included along the length of the longitudinal reinforcing.
3. Friction collar required if this connection type is used with precast cap beam element.

4_BOTTOM OF
CAP BEAM

| v e e
WELD REGION {SEE SECTION B-8) FROM BOTTEM OF
oL L= HEAD THROUGH
DEVELOPMENT MATERIALS:
LENGTH OF BARS
IN COLUMN EBEINFORCED CONCRETE
f, = 6,000-psi
NOTATION AND DEFINITIONS: LOW SHRINKAGE ADMIXTURE REQUIRED
d, - Reinforcing bar diameter IN CONCRETE CORE
Ly - Development length of reinforcing. CONNECTION REINFORCING
La = Debonded length of reinforcing as calculated  f, = 60,000-psi _
Eacmrulng to ?mmt wwmre analysis.  AT06 REINFORCING REQUIRED
L. - Embedment o into cap beam as STEEL PIPE.
calculated using EQ. xx. I
L, - Soffit depth as calculated using EQ. xx. :&Mm&m] e
L. - Weld length as calculated using EQ. xx. AP| GRADE STEEL PREFFERED
t - Thickness of steel tube

L AHMULARALID
t, - Effective weld throat thickness ANNULAR RING SHALL HAVE SAME

STREMGTH AS STEEL PIPE

BOTTOM OF Le
CAP BEAM

ALTERNATIVE "A" ALTERNATIVE "B"




CFST Standard Details

Annular.Ring Annular Ring Weld Reinf. Detail at Cap
Connection.... Detail Connection

FILE/SHAFT CAF R CROSSSZAM
XF | o
) | = '
= cqe: | -
= FULL-GUT
\/_F.-.u..'.lzs CONE
Y

ANHLUILAR — ~
EING FLATE

(OPTION 28}

ANNULAR
EING FLATE

[
iNTERNAL REBAR _/
(WHEN INCLUDED)
n = & OF EQUALLY /

SFACED BARS

FILE CAF OR CAF BEAM . W CJF, BACKGOU

(OPTION 1) FOPTION 2A)
CASING

" & VENT HOLE (TYF) OFTION 1 AND OFTION 2

W - SIZE WELDS TQ DEVELOF
FULL CAFACITY OF CASING WALL

i

i

{

;"‘& : CJF, BACKGOUC
@
- JOPTION 3} JOPTION 4) u]
2 ANNULAR RING -
FLATES :::;?r_:: r.‘-r-,l_/ C)\J \_-‘“' P s LSt o

CABING
SECTION £AYN
SECTION
\—/ OFTION 3 AND OPTION 4 .

NOTE: FOR QFTION 3, THE MINIMUM FILLET WELD SIZE SHALL
BE LIMITED TO MINIMUM FILLET WELD S5IZE FEE AWS DL




Eastbound Nalley Valley Highlights

ABC and Practical Design Solution
CFST Pile-Column 3 ft dia.

CFST Ring Connection to Cap

Driven Pile-Column (no Reinforcement)
Smaller column and Cap

With CFST the Reinforcement could be
eliminated -
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From Research to Practice - Implementation
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Ebey Slough 539/860W
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/ Puyallup River project -

SR 167
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HCB - WA Truss Bridge Applicatio

Length - 7869 feet

(Longest floating bridge over
salt water)

Floating portion - 6530 feet
Max water depth - 340 feet
Tidal Variation - 16.5 feet
Center draw span opening-




Transition Span Truss
Fabrlcatlon L|ft|ng and SPMT

@ Port Gamble Bay
* Seattle
* Tacoma

\ WASHINGTON
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Concluding Remarks

CFST bridge columns and connections are efficient
relative to RC.

Spiral weld provides mechanical interlock and superior
bond capacity

CFST material savings between 20 and 60%

The embedded ring connection is capable of developing
the full composite flexural strength of the CFST

CFST is a viable solution for rapid construction of bridges

Design expressions have been implemented in AASHTO

Thank You



References - Webinars, Papers, Reports, Design Policies

Chapter 7
/ 7.10 Concrete-Filled Steel Tubes
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