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Figure 3. Loading history 

The first crack appeared in the first cycle of 2 mm displacement for columns C1, C2 and C3 and the 
column top deflection was 3.5 mm, 6.6 mm and 3 mm, respectively. For column C4, the first crack 
appeared at the first cycle of 3 mm displacement when it was deflected up to 4 mm. In column C5, the 
first crack appeared during the second cycle of 1 mm. 

During the test, the breaking of fibres could be easily heard when each first cycle with a big increment 
displacement was applied. The maximum deflections of a considered column are shown in Figure 4. 
Because the first crack distribution did not appear in the debonding length, the height of the fixation at 
the bottom of columns 3, 4 and 5 was increased by 5 cm. 

  

a. Under pushing load b. Under pulling load 

Figure 4. Column maximum deflection 

-70

-50

-30

-10

10

30

50

70

D
is

p
la

ce
m

en
t (

m
m

)

4 mm

12 mm

28 mm

60 mm

No. of cycles

 
 

Schematic diagram Setup 

2.1 Figure 2. Column testing 

LVDT

Load 
cell

Strong floor

Hydraulic jack

LVDT 
stand



4 

3 RESULTS AND ANALYSIS  

3.1 CFRC properties 

 Table 1 summarises the material properties tested using standard procedures: compressive strength 
(σ) and corresponding strain (ε), modulus of elasticity (E), splitting tensile strength (STS), modulus of 
rupture (MOR) and corresponding deflection (∆), cracking load (Pcrack), and maximum deflection 
(∆max). Cracking load is the load taken by fibres and part of CFRC after the first visible crack. All 
values are the average of three readings. It was observed that cracks were produced in the CFRC 
cylinders (unlike the spalling/splitting of plain concrete) while performing compressive and splitting 
tensile tests. After cracking the CFRC beamlets did not break into two pieces, reflecting the advantage 
of fibres. ∆max is approximately 8.7 times the deflection at cracking (∆). 

Table 1. CFRC properties 

Cylinder testing  Beamlet testing 
Density 
(kg/m3) σ 

(MPa) 
ε 

(%) 
E 

(GPa) 
STS 

(MPa) 
 MOR 

(MPa) 
∆ 

(mm) 
Pcrack 
kN 

∆max 
(mm) 

19.1 0.23 10.6 2.49  3.51 1.18 3.21 10.23 2175 

 

3.2 Columns under cyclic loading 

3.2.1 Load-displacement curves 

Figures 5 and 6 show the load-displacement curves and the corresponding load-displacement 
envelope curves, respectively. From these curves, the maximum column capacity Pmax, cracked 
column capacity Pc, and energy E (taken as area under the envelope curve) were obtained (Table 2). 
Since there is a considerable reduction in load at cracking, this limits the use of CFRRC for 
conventional type construction in seismic areas. Therefore, a new way of construction should be 
explored for CFRRC. However, at this stage, the calculated Pmax, Pc, and E of considered columns are 
used for relative comparison under given loading. It should be noted that there is a gradual reduction 
in load carrying capacity after cracking (Figure 5).  

 

Table 2. Properties of columns 

Column 
Push  Pull  Average 

Total 
Energy 

(N.mm) Pmax 
(N) 

Pc 
(N) 

E 
(N.mm) 

 
Pmax 
(N) 

Pc 
(N) 

E 
(N.mm) 

 
Pmax 
(N) 

Pc 
(N) 

C1 696.2 267.8 18379.7  514.2 203.5 12550.5  605.2 235.7 30930.2 

C2 385.6 224.9 13011.3  696.2 182.1 10222.8  540.9 203.5 23234.1 

C3 489.9 307.8 14860.5  677.7 281.3 12373.8  583.8 294.6 27234.3 

C4 596.9 350.6 19941.3  581.3 420.6 18583.2  589.1 385.6 38524.5 

 

It can be observed that after cracking, the capacity of column C4 was reduced by 28 % and 41 % 
during pulling and pushing, respectively. Column C4 also required the most energy in pushing and 
pulling compared with other columns. 
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Figure 6. Load-displacement envelope curves  
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Figure 5. Load-displacement curves 
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3.2.2 Crack patterns 

Figure 7 shows the crack lines of each column after testing. All columns have only a single large 
crack, except for C4 where a second large crack also developed. Cracks appeared near or into the area 
of debonding length in the cases of C2 and C3. 

 

                                    C1              C2              C3             C4                 C5 

Figure 7. Crack lines and debonding length 
 

The maximum crack width is shown in Figure 8. It can be seen that there are still many fibres between 
the two sides of the cracks. It can be concluded that a 5 cm length of fibres is sufficient to hold cracks. 

C1 C2 C3 C4 C5 

Figure 8. Maximum crack width 

 

All columns were in contact with the lower part even after testing. To reveal the cross-section at the 
cracks (Figure 9), the load was applied manually. C5 was the only case where the rope broke. C2 and 
C3 have cracked cross-sections near the start of the debonding length.  

 
 

   

C1 C2 C3 C4 C5 

Figure 9.  Cracked cross-sections  

3.2.3 Properties at different stages of damage 

Figure 10 shows selective load-displacement cycles which correspond to the first cycle, the cycle after 
the crack and the last cycle (± 60 mm displacements). These curves allow the determination of the 
absorbed energy E and the equivalent viscous damping ratio ξ (Table 3). Absorbed energy and 
damping increased after cracking. It is observed that E and ξ are rather diverse amongst the column 
properties.  
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 First cycle (no crack) Cycle after cracking Last cycle 
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Figure 10. Selective load-displacement curve for different stages of damage 
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Table 3. Absorbed Energy and damping ratio of columns at different stages of damage 

 First cycle (no crack) Cycle after cracking Last cycle 

 
EF  

(N.mm) 

ξ 
(%) 

EC 
(N.mm) 

ξ 
(%) 

EL  
(N.mm) 

ξ 
(%) 

C1 119.5 3.09 494.0 11.2 3827.6 5.77 

C2 115.2 2.38 278.1 7.32 1839.7 3.57 

C3 138.8 2.27 2744.7 15.6 3291.1 4.68 

C4 94.7 2.07 1135.7 6.27 4935.1 5.57 

EF = absorbed energy during first cycle, EC = absorbed energy during cycle after cracking, EL = absorbed 
energy during last cycle 

 

4 CONCLUSIONS 

Four column specimens (100 x 100 mm) with various rope debonding length configurations along 
with an additional wide column (200 x 100 mm) are tested under cyclic loading.  

It is observed that  

- the load-carrying capacity of all CFRRC columns was reduced significantly at cracking. 

-the column with alternate debonding length (C4) required the highest energy in pushing and pull-
ing compared with other columns.  

- the fibre length of 5 cm was long enough to hold the crack.  

- the properties at different stages of damage, i.e. the absorbed energy and equivalent viscous damp-
ing, are very diverse.  

- the way the load is applied could not cause multiple cracks at the debonding regions. Only one 
large single crack was observed on each column, except for the column with alternate debonding 
and bonding length, (C4), where two cracks formed. 

Further studies are necessary to enable the use of CFRRC in low-cost seismic resistant housing. 
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