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Summary and Learning Objectives 

Twisted steel micro reinforcement has been successfully applied by Helix Steel in tens of 

thousands of structural elements over the last two decades. Design is accomplished with a 

simple elastic design approach based on a nearly forgotten chapter of ACI 318 for mild 

structural applications and is supported by ICC-ES criteria and report. We will review projects 

dating back to 2002 in applications subject to extreme conditions including impact, abrasion, 

heavy loading and severe weather.

1. Understand the simplicity, utility and limitations of design with twisted steel micro reinforcement
2. Learn how to apply research reports to demonstrate code compliance through IBC/IRC 104.11 

and ICC-ES
3. Understand challenges with durability in real word applications 
4. Describe the long value in terms term durability in real word applications
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Durability ACI CT-23
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• Twisted Steel Micro Reinforcement Introduction

• Weathering Action –Jetty

• Chemical Attack & Freeze Thaw – Bridge Deck

• Abrasion – Warehouse Slab

• Other Conditions of Service
– Impact – Exterior Pavements

– Hurricane/Tornado – Residential Walls

– Vehicle Loads – Roads

• Conclusion

Durable Structures
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Helix Durability

Helix DurabilityTM

Helix Micro Rebar provides resistance before and after 
crack formation, therefore it takes more energy for a 
visible crack to form. Essentially the amount of energy 
needed to form a 1 mm crack, Helix DurabilityTM is the 
area under the direct tension load displacement curve 
up to 0.04 in [1 mm].  For plain and reinforced 
concrete, this energy is limited by the point of fracture 
because concrete has no tensile capacity after crack 
formation and must crack before rebar begins 
working. Helix is taken from direct tension testing in 
accordance with IAPMO-ES EC-015 
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 Steel wire tensile strength: 270 ksi 

 2-inch long × 0.030-inch diameter 

 Optimized for maximum L/150 performance

 More than 2 miles tunneling NY MTA

 General Motors ”GM-1” Spec

 Steel wire tensile strength: 270 ksi 

 1-inch long × 0.020-inch diameter 

 800 million square feet, 15+ years in 
structural concrete

 ICC-ES, IAPMO-ES and UL Listed
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Weathering
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Chemical Attack & Freeze Thaw

Helix 9 lb/yd

Average Durability Factor: 86

Helix 60 lb/yd

Average Durability Factor: 91

ICC AC 208 / AC 470 Criteria

Target: 80
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Conventional vs Helix
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Conventional Design 40 lb/yd Helix
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“the use of TSMR in concrete bridge decks is recommended to provide additional 

protection against cracking and reduce the occurrence of larger cracks”
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Abrasion

Chaplin 

Abrasion tester 

BS8204
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Impact and Fatigue

Fracture Toughness
Fracture toughness describes the ability of a material 
containing a crack to resist fracture (ACI 446.1R-91) and 
is determined with Equation 2. Helix Micro Rebar typically 
increases Fracture Toughness as dosage increases 
Higher fracture toughness means that the material has 
better ability to contain or limit cracking thereby 
providing increased resistance to fracture.  

2 × 𝑓𝑟 3𝐺     (Equation 2)

Where
𝑓𝑟 is the modulus of rupture (flexural 
strength),

𝐺 is the average particle size assumed to be 1 inch (25 
mm). 
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Repetitive Vehicle Loads

5 Millions ESALS 

180mm W/ Helix vs 

250mm
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Hurricane and Tornado Impact
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Pensmore
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Conclusion

Application Date Challenge Helix Durability Study/Test

Jetty 2019 Weathering 131% MDOT - Corrosion

Bridge Deck 2017
Chemical / Freeze 

Thaw 33% UDOT - BYU

Low Water Crossing 2019
Chemical / Freeze 

Thaw 80% ASTM C666

Warehouse Slab 2022 Abrasion 46% BS 8204

Recycling Center 2011 Impact 46% ASTM C78

Highway 2020 Vehicle Repetition 10% IMT Study

Residential Walls 2007 Extreme Weather 17% Texas Tech Study
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Backup Slides
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The Standard Approach (Rigid Plastic)

Section Modulus:  

bh2/6

Resistance 

Factor

Mu = ɸ𝑓150Sm

Residual Strength 

Factor

𝑓150 < 
1

2
 𝑅

ACI 544.4R Fig 4.6ASTM C1609 

Expensive & limited 

availably test
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An Alternative Approach

Scale Effect Adjustment Factor

Section Modulus:  

bh2/6

Resistance 

Factor

Mu = λ ɸRSm

Modulus of Rupture

𝑅 > 2 𝑓150

ACI 318 Chapter 14ASTM C78 

Inexpensive & widely 

available test
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Research Report (ISO 17065 )

Third-Party Assessments

▪ Modulus of Rupture

▪ Compressive Strength

▪ Minimum Residual Strength 

▪ Freeze Thaw Resistance

▪ Composite Deck Shrinkage

▪ Factory Quality Control Audit

Application

▪ Residential

▪ Footings and Foundations

▪ Walls 

▪ Slabs

ESR 3949
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CT 23

Plain concrete is defined by the American Concrete Institute Concrete Terminology (CT-23) as 

follows:  

plain concrete — structural concrete with no reinforcement or with less reinforcement than the 

minimum amount specified for reinforced concrete in the applicable

building code.

Plain Concrete
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CT 23

The American Concrete Institute reports the definition of modulus of rupture in CT 23 as follows.  Note that 

the point of rupture is determined at the maximum applied load.

• modulus of rupture - the flexural stress in the extreme tension fiber of a plain concrete beam test 

specimen calculated from the maximum applied load measured in accordance with a standard test 

method. (See also flexural strength.)

• flexural strength - the measured maximum resistance of a concrete specimen to flexural loading and 

reported as modulus of rupture. (See also modulus of rupture.)

Flexural Strength
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The American Concrete Institute Committee on 

Slag Cement reports that use of slag cement 

generally yields higher modulus of rupture at ages 

beyond 7 days.  The report suggests the reason for 

this increase is increased density of the paste and 

improved bon strength at the aggregate-paste 

interface.

Slag Cement (ACI 223R-17)
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Reapproved in 2009 but superseded in 2018

The American Concrete Institute Committee on Fiber 

Reinforcement 544.4R-88 “ Design Considerations for 

Steel Fiber Reinforced Concrete” provided equations in 

section 3.2 for predicting ultimate composite flexural 

strength based on steel fiber volume fraction in equation 

3.1

𝜎𝑐𝑓 = 0.97 𝑓𝑟𝑉𝑚 + 494 𝑉𝑓
𝑙

𝑑𝑓
   

  (Equation 1)

Where,

𝑉𝑚 =volume fraction of matrix

𝑉𝑓 = volume fraction of fibers

𝑓𝑟 = modulus of rupture of the plain concrete

𝑙= length of fiber

𝑑𝑓= diameter of fiber

Steel Fiber Reinforced Concrete (ACI 544.4R-88) 
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The American Concrete Institute Committee on High 

Strength Concrete reports equations using ratios of 

compressive strength to flexural strength higher than 

normal strength concrete with high strength concrete 

and steam cured concrete.   It further notes the the 

standard equation in ACI 318 tends to underestimate 

the modulus of rupture especially at the high end of 

compressive strength.

High Strength Concrete (ACI 363R-10)
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Twisted steel micro reinforcement
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Predicted Modulus of Rupture
f'c = 4000 psi, f'cr=5012, R=666 psi

Helix Predicted w/ ACI 544.4-88

Regression Model 2 (w/mix)

Regression Model 1 (w/o mix)

ICC-ES 3949 Table 1

ICC-ES 3949 Table 1 w/ resistance factor 0.59

Study involves the use of Historical Data from 21 test programs (272 specimens) 

conducted at third party laboratories. 
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