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Crack Control in conv. FRC      
 on Macro-scale only 

Mechanical property enhancement through addition of microfibers which              
control microcracks at onset and delay formation of macrocracks 

Crack Control in “HyFRC”  
on Micro- + Macro-scale 





HyFRC SCC HyFRC 

Vf=1.5%; [0.8% (60mm)/0.5% (30mm)/0.2% PVA] 



Flexure Tests 

Cement (lb)  Fly Ash  (lb)  Water (lb)  FA (lb)  CA (lb) 
SP      

(wt. % 
binder) 

VMA 
(wt. % 
binder) 

60mm 
(Vf) 

30mm 
(Vf) 

8mm  
(Vf) 

Mix (#1)  675  225  405  1670  835  0.46  0.84  0.8  0.5  0.2 

330mm (13”) 







Flow reduction ≤ 100 mm;  
 Ht. difference ≤ 20 mm 

Conclusion: The volume fraction of long fibers 
had to be reduced to ensure sufficient 

flowability and homogenous fiber dispersion 
due to the close rebar spacing of the bridge 

columns 



Initial SCC
 HyFRC Final SCC HyFRC for bridge columns 





Beam Tests: four point and three‐point
 loading 

6”x6”x24” beams 

Cylinder Tests: Compression 

6”x12” cylinders 



Beam Tests: mid‐point loading 

Beam Reinforcement ConfiguraLon 

• #3 Bars 
•  ¼” ties 



Plain SCC  0.2‐1.1‐0.2 A  0.2‐1.1‐0.2 B  0‐1.3‐0.2 A  0‐1.3‐0.2 B 

Aprox. Load at first 
observed crack (Kips) 

3  6  7  8  8 



SCC A  SCC B  0‐1.3‐0.2 A  0‐1.3‐0.2 B  0.2‐1.1‐0.2 A  0.2‐1.1‐0.2 B 

Peak Stress (psi)  5822  5703  5869  6180  5651  5940 

Axial Strain @ Peak 
(microstrain) 

3154  2849  3645  3970  3375  4055 

Lateral Strain @ Peak 
(microstrain) 

1586  1004  985  2290  2039  2303 



Cement (lb)  Fly Ash  (lb)  Water (lb)  FA (lb)  CA (lb) 
SP      

(wt. % 
binder) 

VMA 
(wt. % 
binder) 

60mm 
(Vf) 

30mm 
(Vf) 

8mm  
(Vf) 

Mix (#1)  1  0.33  0.6  2.47  1.24  0.46  0.84  0.8  0.5  0.2 

Mix (#58)  1  0.33  0.6  2.63  1.05  0.46  2.22  ‐  1.3  0.2 

Final Mix 

Original
 Mix 



IV) DESIGN AND TESTING OF Hybrid FRC 
BRIDGE COLUMNS considering : 

Mechanical characteristics of FRC in tension and 
compression : Relaxation of transverse reinforcement 
requirements. 



Prototype Column (Ketchum et al., 2004) 

•   Aspect Ratio H / D ≈ 7 
•   Longitudinal steel ratio ρl = 1% 
•   Transverse steel ratio ρt = 1.2 % 
•   Axial load ratio N / (fc’Ag) = 0.1 

#8 hoop
 @ 5’’ 

D = 7’  

36 #11 

H=50’ 

ELEVATION COLUMN SECTION 



•  Longitudinal steel ratio ρl = 1.2% 
•  Transverse steel ratio ρt = 0.5% 
•   Axial load ratio N / (fc’Ag) = 0.1 

Test Specimen 1 – Unbonded  Longitudinal Reinforcement 

D=16’’ 

H=64’’ 

D=16’’ 

W3.5 spiral @ s=2’’ 

12#4 

Elevation 

Column Section 

Ld =16’’ 

Unbonded
 longitudinal reinf.  

1:4.7 scale Specimens 



•  Longitudinal steel ratio ρl = 1.2% 
•  Transverse steel ratio ρt = 0.5% 
•   Axial load ratio N / (fc’Ag) = 0.1 

Test Specimen 2 – Stainless Longitudinal Steel – Helical Corrugated Duct  

D=16’’ 

H=64’’ 

D=16’’ 

W3.5 spiral @ s=2’’ 
8#5 316  

stainless steel 

Elevation 

Column Section 

Helical
 corrugated

 duct 

stainless steel 



•  Post-Tension force Fpt =350 kips 
•  Longitudinal steel ratio ρl = 0.6% 
•  Transverse steel ratio ρt = 0.5% 
•   Axial load ratio N / (fc’Ag) = 0.1 

Test Specimen 3 – Post -Tensioning and Unbonded Long. Steel 

D=16’’ 

H=64’’ 

D=16’’ 

W3.5 spiral @ s=2’’ 

12#3 

Elevation 

Column Section 

Ld =16’’ 

Unbonded
 longitudinal reinf.  

Tendon 

Tendon 

Duct 




