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Ta b le  of Con te n t s



A hollow steel tubular filled with 
concre te  or re inforce d concre te .
High s tre ngth, s tiffne ss  a nd ductility
High rise  buildings, bridge s  pie rs

In t rod u ct ion
Concre te  Fille d  Ste e l Tubu la r 

Tra nsfe r of s tre ss  be twe e n the  
concre te  a nd s te e l.
Bonding s tre ngth be twe e n the  s te e l 
a nd concre te .
Cross  se ction, dim e nsion, a ge , type , 
roughne ss , s tre ngth

Com pos ite  Act ion



There is a lack of consensus regarding the 
e ffe ct of high com pre ss ive  s tre ngth on 
bond s tre ngth be twe e n the  s te e l and 
concre te  in  CFST whe re  som e  s ta te d a  

s im ila r tre nd with norm a l concre te  and 
som e  the  opposite

Prob le m  
Sta t e m e n t

(Xiushu e t a l., 2015, Xu e t a l., 2009, Morishita  e t  a l., 1979)



To e xa m ine the in te ra ct ion
be twe e n the com pre s s ive
s t re ngth of concre te core
a nd bonding s t re ngth of
s te e l a nd concre te in CFST

Ob je ct ive  a n d  Scop e  of Stu d y

• Design Mix
• Compressive Strength of 120Mpa
• Trial Mixes

Ultra High Perfomance Concrete

• Casting CFST samples
• Push Out Test
• Analysis

Concrete Filled Steel TubularObjective

Scope of Study



• Adequate confinement delays the local buckling.

CFST Mechanical Properties Composite Action

Lit e ra tu re  Re vie w

"Ma n ika n d a n  a n d  Um a ra n i, 20 21"

• Lo a d  b e a r in g  ca p a c it y im p ro ve s w it h  g ra d e  o f 
co n cre t e

"Ta o , Uy, a n d  e t  a l., 20 11"

• Me ch a n ica l p ro p e rt ie s ca n  b e  im p ro ve d  d u e  t o  
co m p o sit e  a c t io n  b e t w e e n  st e e l a n d  co n cre t e .

"Ha n  e t  a l., 20 14 "



Arise from the combination of mechanisms, Chemical 
Ad h e sio n , Micro lo ckin g , Ma cro lo ckin g

Mechanism of Bonding Strength

Macrolocking was the main mechanism in CFST 
columns contributing to the bond strength followed 
by friction, and the influence of chemical adhesion 
was very limited.

Lit e ra tu re  Re vie w

(Ta o  e t  a l. 20 11, Vird i a n d  Do w lin g  19 75 , Ch e n  e t  a l. 20 0 9 )

Ma cro lo ckin g  - d u e  t o  m a n u fa c t u r in g  t o le ra n ce s 
a sso c ia t e d  w it h  in t e rn a l d im e n sio n s.

Micro lo ckin g  - ca u se d  b y su rfa ce  ro u gh n e ss in  
m ic ro sco p ic  sca le .

Ch e m ica l a d h e sio n  - in sign ifica n t  a n d  in flu e n ce d  b y 
va r io u s fa c t o rs su ch  a s w / c  ra t io .

(Zh o n g e t  a l., 20 16 )



Com pre s s ion  
Te s t

Me th od ology

UHPC Material Preparation

Tr ia l M ix

Co m p r e s s io n  Te s t

GGBS, Silic a , Gr o u n d  Q u a r t z , 
St e e l f ib e r , w a t e r  r e d u c e r

3  s a m p le s  p e r  m ix  w it h  3 , 7, 2 8  
d a ys  o f  c u r in g

Th e  c o m p r e s s ive  s t r e n g t h  w h ic h  is  
n e e d e d  t o  b e  m o r e  t h a n  12 0 M p a

0 1

0 2

0 3

Push Out  Te s t

St e e l Tu b u la r  Pr e p a r a t io n

Ca s t in g  CFST Sa m p le

Pu sh  O u t  Te s t

Pr e p a r e  t h e  s t e e l h o llo w  
r e q u ir e d

Ca s t in g  UHPC in s id e  t h e  s t e e l 
h o llo w

Ap p lie d  lo a d  t o  t h e  c o n c r e t e  
c o r e  o f  CFST

0 4

0 5

0 6



Ma te ria l Pre pa ra t ion

To utilize UHPC, the subsequent mix needs 
t o  a ch ie ve  120 Mp a  o f St re n g t h .

UHPC d o  n o t  re q u ire  a ggre ga t e s, in st e a d  
n e e d s GGBS, silica , q u a r t z, fly a sh , w a t e r  

re d u ce r

Tria l Mix

Up o n  d e sign  m ix, n e e d  t o  t e st  t h e  a u t h e n t ic  
o f t h e  d e sign  m ix, h e n ce  t r ia l m ix.

A 10 0 m m x10 0 m m x10 0 m m  w a s u se d  w it h  2 
t yp e s o f cu r in g , h e a t  a n d  w a t e r .

Ma te r ia ls  Pre p a ra t ion



UHPC De s ign  Mix



Com pre s s ion  Te s t  Se tup

After curing for specific 3, 7, and 28 days, 
co m p re ssive  t e st  w a s d o n e  t o  e n su re  t h e  

co m p re ssive  st re n g t h  e a ch  sa m p le s

Com p re s s ion  Te s t



Ste e l Hollow Pre pa ra t ion

2 samples 300mm of circular steel hollow 
a n d  2 sa m p le s o f 25 0 m m  sq u a re  st e e l 

h o llo w  w a s cu t  a n d  p re p a re d

St e e l Hollow



Push Out  Te s t  

Universal Testing Machine of 200kN 
ca p a c it y w a s u se d  t o  p u sh  t h e  co n cre t e  

co re  u n t il it  d e -b o n d s w it h  t h e  st e e l

Pu s h  Ou t  Te s t



Compressive Strength

Push Out Te st

All toge the r, 8 tria l m ixe s  wa s done  to 
a chie ve  the  re quire d com pre ssive  

s tre ngth, gre a te r tha n 120Mpa  

4 sa m ple s  of CFST with 2 diffe re nt sha pe s  
we re  te s te d in  push out.
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3 Days 7 Da ys 28  Da ys
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De sign  Mixe s

14 0 Mp a

127Mp a
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Id e a lize d  & Re a lis t ic  Re s p on s e  of 
Pu s h  Ou t  Te s t

(Tao et al., 2011) (Vird i a n d  Do w lin g , 19 75 )



Pu s h  Ou t  Te s t

• At 200kN the  sa m ple  
with  140Mpa  
com pre s s ive  s t re ngth  
ha d a  s lip  of 4m m  
whe re a s  the  concre te  
with  127Mpa  ha d a  s lip  
of 11m m .

Circu la r Cross  Se ct ion

• sa m ple  with  140Mpa  
s im ila r to  Type  3 loa d 
s lip  cu rve .

• Sa m ple  with  127Mpa  
s im ila r to  Type  2 loa d 
s lip  cu rve .



Pu s h  Ou t  Te s t
Squa re  Cross  Se ct ion

• At 200kN the  sa m ple  
with  140Mpa  
com pre s s ive  s t re ngth  
ha d a  s lip  of 8m m  
whe re a s  the  concre te  
with  127Mpa  ha d a  s lip  
of m ore  tha n  10.3m m .

• sa m ple  with  140Mpa  
s im ila r to  Type  3 loa d 
s lip  cu rve .

• Sa m ple  with  127Mpa  
s im ila r to  Type  2 loa d 
s lip  cu rve .

• By com pa rison , 
140Mpa  ha s  a  be t te r 
bonding s t re ngth  
com pa re d to  127Mpa  
of com pre s s ive  
s t re ngth .



The objective of this research is 
a chie ve d with the  re sults  obta ine d 

from  the  te s ts  which ca n conclude  the  
s ignifica nce  of the  com pre ssive  

s tre ngth

Com pre ssive  Stre ngth of the  
concre te  core  of CFST ca n 

s ignifica ntly a ffe ct the  bonding 
s tre ngth of the  concre te  s te e l.

Con clu s ion  & Re com m e n d a t ion

Curre nt Push Out Te st ha s  lim ita tions .
Im pa rtia l othe r type s  of force s , 
be nding m om e nt.
Loa d tra nsfe r from  a  e le m e nt to 
a nothe r through pla te s  or othe rs .

Lim ita t ions  of Te s ts

Too lit t le  com pa rison of sa m ple s  due  
to va rious  fa ctors  of t im e  costs  a nd 
re source s .

Sm a ll Sca le  of Da ta



Th a n k you !
Do you have any questions?
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