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REPORT ON INVESTIGATION OF BENDING AND  
SHEAR BEHAVIORS OF HELIX CIRCULAR PILES 

 
(CIES/CVEN/UNSW, 20 August 2014) 

 

INTRODUCTION 

In this project, CIES (Centre for Infrastructure Engineering and Safety) at School of Civil and 

Environmental Engineering (CVEN) of the University of New South Wales (UNSW) has collaborated 

with Helix Steel Australasia Pty Ltd on an investigation of the bending and shear behaviors of 

circular concrete piles reinforced with Helix TSMR (Twisted Steel Micro Rebar) plus a N16 or N20 

bar at the pile center. CIES has undertaken following experimental preparations, tests and analyses: 

 Prepare formworks for casting 6 pile specimens (1.7m long and 200mm in diameter): 4 pile 
specimens each with one N16 rebar at the center and, the other 2 pile specimens each with 
one N20 rebar at the center. 

 Design and make special loading supports for testing circular specimens under 4-point loads; 

 Cast 6 pile specimens with a 50MPa grade self-compacting concrete in two batches: one 
batch contained 30 kg/m3 of Helix TSMR for casting 4 pile specimens with N16 bars and, the 
other batch contained 25 kg/m3 of Helix TSMR for casting 2 pile specimens with N20 bars; 
eight cylinder samples (of 100mm diameter) were cast from each concrete batch for testing 
compressive strength and elastic modulus;  

 During each casting process, use 3 cylinder moulds (100mm diameter) for fibre counting 

 Cure the specimens and samples under wet hessian for 14 days, then expose them in the 
Lab environment until commencement of testing at least 28 days from casting;  

 At concrete age of 7, 28 days and during the period of testing the pile specimens, test 
cylinder samples for Compressive strength (As1012.9); 

 During the period of testing the pile specimens, test cylinder samples for Modulus of 
Elasticity (AS1012.17); 

 Prepare test apparatus and instrumentations for testing of 6 piles; 

 Test each of 6 piles to failure with two supports at the test span of L = 1.5m and two point 
loads: 3 Bending tests with the shear span a = 0.5m and, 3 Shear tests with a = 0.2m;     
(Note: shear span “a” is the distance between the centers of a point load and its nearest 
support)  

 During testing of each of 6 piles, record the data of the load versus the displacement at the 
mid-span bottom of the pile specimen;  

 Present and plot curves of the recorded test data and provide necessary descriptions and 
comments of the test results. 

 
This report presents a summary of the experimental preparations and the test results of 6 Helix pile 
specimens and concrete samples. A copy of the electronic “Excel” data file of the test results will be 
included together with this report. 
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SPECIMENS, CONCRETE PROPERTY AND HELIX TSMR COUNTING RESULTS 

Fig 1 shows the 6 pile specimens cast in the vertical positions in the Heavy Structural Laboratory of 
the School of Civil Engineering of the UNSW. 
 

 
 

Fig 1. Six pile specimens cast in vertical positions in the Lab 
 
A commercial self-compacting concrete of 50 MPa Grade was adopted in this investigation. Two 
concrete batches (each 3 m3 in volume) were used for casting the pile specimens:  
 

 Batch-1 containing 30kg/m3 of Helix TSMR was used for casting 4 pile specimens each with 
one N16 rebar at the center, and; 

 Batch-2 containing 25kg/m3 of Helix TSMR was used for casting 2 pile specimens each with 
one N20 rebar at the center.   

 
During casting of the pile specimens, concrete cylinder samples were also cast for testing concrete 
properties; fibre counting tests were performed with three 100 mm diameter cylinders to evaluate 
the Helix TSMR content and, the average fibre counting results are: 
 

 Batch-1 concrete: 49.8g at start of casting and 47.6g at end of casting; these were translated 
into the fibre content of 31.7 and 30.3 kg/m3 in the cylinder samples; 

 Batch-2 concrete: 40.0g at start of casting and 41.0g at end of casting; these were translated 
into the fibre content of 25.5 and 26.1 kg/m3 in the cylinder samples.   

 
The fibre counting results indicated a fairly good distribution of Helix TSMR in both concrete 
batches as the specified 30 kg/m3 and 25 kg/m3 respectively. The specimens and samples were 
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cured under wet hessians for 14 days before stored in the lab environment. Tests were carried out 
with concrete cylinder samples for the concrete compressive strength f ’c at 7, 14, 28 and 43 days 
and, for the modulus of elasticity at 43 days. The test results are shown in Table 1. 
 

Table 1: Concrete Property Test Results 
 

Batch No. 
7-Day 

compressive 
f’c (MPa) 

14-Day 
compressive 

f’c (MPa) 

28-Day 
compressive 

f’c (MPa) 

43-Day 
compressive 

f’c (MPa) 

43-Day 
Modulus  
Ec (GPa) 

Batch-1 38.0 49.0 65 72 38.4 

Batch-2 36.0 43.0 60 64 35.1 

 
 

TEST SETUP AND MEASUREMENTS FOR PILE SPECIMENS 

Fig 2 shows the test setup for a typical pile specimen. All the pile specimens were tested as 
horizontal beams with the same effective span of L0 = 1.5m and subjected to two symmetric point 
loads, which are at a distance “a” of either 0.5m or 0.2m to their nearest supports. The loading test 
of each pile specimen was conducted with a 500 kN servo-controlled INSTRON testing facility.  
 

 
 

Fig 2. Test setup for a pile specimen with L0 = 1.5m and a = 0.5m  
 
A load cell was used for recording the total load value of the two point loads; a displacement sensor 
was mounted under the pile specimen at its center to measure the vertical displacement. An 
electronic data logger was engaged to record and plot the load vs the displacement curve during 
the testing period. During the tests, the crack width of the major crack was manually measured 
with a crack gauge at different loading levels. 
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MAIN TEST RESULTS 

Table 2 presents the test arrangement for the six pile specimens and the main test results. 
 

Table 2: Test Arrangement and Main Test Results 
 

Pile No. 
Shear span 

“a” (m) 

Maximum 
Load “Pmax” 

(kN) 

Bending 
Moment at 

“Pmax” (kN-m) 

Shear Force 
at “Pmax” 

(kN) 

Load at 
crack=1mm, 
“Pcr=1” (kN) 

Failure 
Mode 

P-N16-1 0.5 47.8 12.0  23.9  47.5 Bending  

P-N16-2 0.2 125.8 12.6  62.9  80.5 Bending 

P-N16-3 0.5 48.5  12.1  24.3  41.5 Bending 

P-N16-4 0.2 130.5 13.0  65.2  92.0 Bending 

P-N20-1 0.5 63.3 15.8 31.6 52.0 Bending 

P-N20-2 0.2 167.0 16.7 83.5 134.0 Shear  

 
Fig 3 and Fig 4 compare the load vs central displacement curves of the two groups of pile specimens 

containing either N16 or N20 steel rebar respectively.  Fig 5 compares all the 6 pile specimens on 

their load vs central displacement curves. 

 

 
 

Fig 3. Load vs central-displacement curves of 4 piles containing N16 rebar  
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Fig 4. Load vs central-displacement curves of 2 piles containing N20 rebar  
 
 
 

 
 

Fig 5. Load vs central-displacement curves of all 6 piles specimens  
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FAILURE MODES AND BEHAVIOURS OF SIX PILE SPECIMENS 

Fig 6 and Fig 7 present the failure modes of the two pile specimen P-N16-1 and P-N16-3 
respectively. Both piles were tested with the two point loads at the shear span a = 0.5m; while P-
N16-1 was subjected to loading controlled by a displacement rate, P-N16-3 was subjected to a cyclic 
loading pattern following the loading path of P-N16-1 (see their curves in Fig 3). 
 
 

 

Fig 6. Pile specimen P-N16-1 at failure (L0 = 1.5m, a = 0.5m) 
 

 

 

Fig 7. Pile specimen P-N16-3 at failure (L0 = 1.5m, a = 0.5m) 
 
 

The failure modes of the two piles in Fig 6 and Fig 7 were typical bending failure with a major 
vertical bending crack and crush of concrete in the above compressive zone. Their load-central 
displacement curves in Fig 3 clearly show the typical bending failure behaviours characterized with 
a great ductility to maintain the load bearing capacity over a large displacement range and 
accompanied with significant opening of the main crack.  
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For P-N16-3 being loaded with cycles following the loading path of P-N16-1, the upper envelop of 
its load-displacement curves was almost the same as that of P-N16-1, indicating its loading capacity 
and ductile behaviour were not negatively affected by the cyclic loading scheme. 
 
Fig 8 and Fig 9 show the failure modes of two piles P-N16-2 and P-N16-4 which were tested under 
two point loads at a very short shear span a = 0.2m. While in this loading case, the concrete shear 
force in the short shear span region becomes much more significant than that at a = 0.5m, these 
two piles were still found to fail in bending with a major vertical bending crack and crush of 
concrete in the above compressive zone. In Fig 3 the load-displacement curve of P-N16-4 
demonstrated a typical ductile bending behaviour although the load bearing capacity of P-N16-2 
dropped a bit more after the load peak.  
 
 

 

Fig 8. Pile specimen P-N16-2 at failure (L0 = 1.5m, a = 0.2m) 
 

 

 

Fig 9. Pile specimen P-N16-4 at failure (L0 = 1.5m, a = 0.2m) 
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Fig 10 shows pile specimen P-N20-1 at failure; it was tested with the shear span a = 0.5m. Its failure 
also falls into a bending failure mode with a major bending crack and crush of concrete in the 
compressive zone. However, unlike P-N16-1 and P-N16-3 which have great ductility to maintain the 
load bearing capacity over a large displacement range, the load-displacement curve of P-N20-1 in 
Fig 4 dropped shortly after the load peak. This might be because in P-N20-1, the occurrences of 
yielding of the N20 bar and distress/crush of concrete in its compression zone were close to each 
other; unlike that in the two piles P-N16-1 and P-N16-3 the yielding of N16 bar occurred much 
earlier therefore enabling the piles to maintain their bending capacity over a large displacement 
range until crush of concrete due to increasing compressive stresses.     
 

 
 

Fig 10. Pile specimen P-N20-1 at failure (L0 = 1.5m, a = 0.5m) 
 

 

 
 

Fig 11. Pile specimen P-N20-2 at failure (L0 = 1.5m, a = 0.2m) 
 
Fig 11 shows the failure mode of the pile specimen P-N20-2 tested with the shear span a = 0.2m. It 
was found to fail in a typical shear failure mode with a featured inclined shear crack within the 
shear span between a point load and its nearest support. During the loading process, there were 
initially 5 bending cracks developed within the pure bending zone between the two point loads; 



Project Ref: RG134090  
 
 

 

Commercial-in-confidence  9 of 25 

however, shortly after the inclined 6th crack being developed in the shear span a sudden drop of the 
peak load occurred accompanying with a dramatic opening of the inclined shear crack. The sudden 
load drop is clearly seen in Fig 4 with the recorded load vs displacement curve. Afterwards, the load 
picked up again but only reached a secondary peak before it dropped significantly together with 
opening of the inclined crack up to 15mm wide.      
 
Of all the six pile specimens tested in this investigation, only the pile specimen P-N20-2 tested at a = 
0.2m failed in the typical shear failure mode and, it recorded the highest shear force of 83 kN (see 
Table 2) in the shear span. The results indicated, under the test condition of a = 0.2m for the piles 
with a N16 rebar or a =0.5m for the piles with either N16 or N20 rebar, the piles all had higher 
shear capacities than their relevant bending moment capacities; therefore they all failed in a more 
ductile bending mode rather than in a brittle shear failure mode.  
 
 

CRACK WIDTH DEVELOPMENT IN SIX PILE SPECIMENS 
 

During the test process, the crack width of the major crack in each pile was manually measured 
with a crack gauge at different loading levels; the measurement results were approximate but 
should be reasonably close to the true values.  
 
Fig 12 presents the load vs crack width development in the major crack in six pile specimens. A 
benchmark of the load at the crack width of 1mm for each pile specimen is presented in Table 2. 
During the process of testing the piles with the shear span a = 0.5m, 3 to 5 cracks were developed 
in a pile, while testing the piles with a = 0.2m, 5 to 7 cracks were developed. It was observed the 
crack widths increased gradually rather than dramatically with the load increases; the crack opening 
process was restricted to some extend by the fibres in the piles. For the two concrete batches with 
30kg/m3 and 25 kg/m3 of Helix TSMR, no obvious differences were identified during the tests.    
 
 

 
 

Fig 12. Load vs crack width in 6 piles specimens  
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COMPARISONS WITH THEORETIOCAL RESULTS  
 
Helix Steel carried out theoretical analyses of the design capacities of 200mm diameter concrete 
piles reinforced with Helix TSMR plus 1-N16 bar or 1-N20 bar; the analyses used the Class C Hybrid 
design approach in the Helix method UER #0279 (see Appendix 1).  
 
Appendix 2 and Appendix 3 presented respectively the main results of the design capacities of 
200mm diameter piles reinforced with 30kg/m3 of Helix TSMR plus 1-N16 bar or with 25kg/m3 of 
Helix TSMR plus 1-N20 bar. The design bending-moment capacities of these two piles are 11.5kN-
m and 14.1kN-m, which are in line with the experimental test results of 12 to 13kN-m and 15.8kN-
m respectively. In Appendix 3, the design shear strength of the pile with 25kg/m3 of Helix TSMR 

plus 1-N20 bar is 83kN based on ACI 318-05 Eq 11-3 and the UER #0279; this compares to the 
experimental test result of 83.5kN of the pile P-N20-2 which failed in a typical shear failure mode. 
 
   

SUMMARY  
 
Six pile specimens and a number of cylinder samples were cast with a self-compacting concrete 
containing Helix TSMR (Twisted Steel Micro Rebar) and experimentally tested in this investigation. 
The piles were 200mm in diameter and 1.7m in length. Four piles with 1-N16 bar at the pile center 
were cast with a concrete batch containing 30kg/m3 of Helix TSMR and, the other two piles with 1-
N20 bar at the pile center were cast with a concrete batch containing 25kg/m3 of Helix TSMR. The 
28 day compressive strengths of the two concrete batches were 65 MPa and 60 MPa respectively. 
All the pile specimens were tested as horizontal beams with an effective span of L0 = 1.5m and 
subjected to two symmetric point loads, which are at a distance “a” (named the shear span) of 
either 0.5m or 0.2m to their nearest support center. Two piles with a N16 rebar and one pile with a 
N20 rebar were tested with a = 0.5m while the other three piles were tested with a = 0.2m.  
 
It was found with the experimental tests that five of the six piles failed in bending failure mode 
with the characteristic of a fair to great ductility to maintain their load-bearing capacity around the 
peak load; a pile tested with a cyclic loading pattern showed no negative influences on its loading 
capacity and ductile behaviour. One pile specimen with 1-N20 bar was tested at a = 0.2m and it 
failed in the typical shear failure mode with a sudden drop of the load and formation of an inclined 
crack in the shear span. It was observed during the tests that the crack widths increased gradually 
rather than dramatically with the increase of loading, which indicated the Helix TSMR in the pile 
specimens helped to improve ductility and restrict the crack opening process. As recognised in 
literature, addition of fibres in concrete could also increase the shear capacity of beams to some 
extent. The design moment and shear capacities based on the approach of the Helix method UER 
#0279 appear to be in line with the experimental results of this investigation.  
 
Overall, this investigation provided encouraging test results of the Helix centrally reinforced piles 
on their performance in the failure mode and crack development. The experimental test results 
would provide a benchmark and useful information for engineers to evaluate and design such 
special types of reinforced concrete piles.  However, the findings are limited by the scope and test 
conditions of this investigation. Further studies may need to be undertaken for performance 
information in other specific conditions or applications.   
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Appendix 1 
 

Helix Method UER #0279 
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Appendix 2 
 

Helix Design of 200mm Diameter Pile with 30kg/m3  
of Helix TSMR and 1-N16 Bar at Center 
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Appendix 3 
 

Helix Design of 200mm Diameter Pile with 25kg/m3  
of Helix TSMR and 1-N20 Bar at Center 
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