
 

 

 

 

Purpose:  

Determine the strength of a connection of Concrete Cloth when connected to steel by screws 

for use in applications such as attaching Concrete Cloth to the invert of a corrugated metal 

pipe, or wrapping a pipe with Concrete Cloth. 

Procedure:  

3 inch by 5 inch pieces of CC8 Concrete Cloth 

were connected at each end to 3 inch by 5 inch 

plates of galvanized steel by means of self-

tapping screws centered at 1 inch from the end 

to form a test specimen.  This arrangement was 

intended to apply pure shear to the screw and to 

avoid any prying or bending of the screw which 

would have made interpretation of the results 

difficult.  The 5 inch dimension of the Concrete 

Cloth was oriented in the roll length or machine 

direction.  The test specimens were then 

immersed in potable water at 68⁰F for 3 days to 

allow the Concrete Cloth to hydrate and cure. 

Subsequent to hydration, the specimens were 

stored for 2 weeks in a lab at 68⁰F and ~50% 

Relative Humidity before testing.  Then the 

specimens were mounted into an MTS Sintech 

10/G electro-mechanical tensile testing machine 

to apply a tensile load.  Elongations at 

incremental applications of a tensile load were 

recorded so that load elongation curves could be plotted along with corresponding modulus 

calculations.   

In theory, there are three possible failure modes: 1) a tension failure of either the steel or 

the Concrete Cloth, 2) a shear failure through the shank of the screw, and 3) a bearing failure 

of the Concrete Cloth that bears or is in contact with the screw.  Combinations of 12 gage 

(Metal 1) and 16 gage (Metal 2) galvanized steel plates were paired with McMaster-Carr Self-

Pierce Hex Washer Head Sheet Metal Screw, Zinc-Plated Steel, Slotted, No. 10 Size, 1" Length 

(Screw 1) and Sealing Hex Head Sheet Metal Screw, Weather Resist Coated Steel, Silver, #10 

Size, 1" Length (Screw 2).   One set of five tests was performed with each setup along with a 

set of uncured CC8, 16 gage galvanized steel (Metal 2) and sealing hex head screws (Screw 2).  

The sealing hex head screws are known as Staps screws and come with a 0.101 inch thick 
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EPDM rubber washer bonded to the steel washer.  These screws are commonly used in sheet 

metal construction for barn roofs, metal siding, and corrugated metal culvert headwall 

construction. The location of the screws was precisely 1 inch from the free edge of the 

Concrete Cloth and in the middle of the width of the Concrete Cloth piece or 1.5 inches from 

the center to the free edge. 

Observations:  

For each of the four possible steel plate/screw combinations, five specimens were tested 

after the Concrete Cloth CC8 was hydrated and cured. For uncured Concrete Cloth CC8 with 

one of the steel plate/screw combinations (metal 2, screw 2), five specimens were tested.  In 

all of the tests, the Concrete Cloth failed in bearing.  The bearing of the screws on the 

Concrete Cloth, after cracking the concrete, essentially elongated and tore through the 

three-dimensional fiber matrix of the Concrete Cloth. The elongation at the peak load 

averaged about 0.27 inches for the cured specimens (and 1.8 inches for the uncured 

specimen.  Below is a chart showing the peak loads of the 5 sets of tests performed. 

 

A sample plot of load versus elongation shows that considerable energy is absorbed by the 

Concrete Cloth both before and after the peak load.  The chart below right shows the load 

versus extension (elongation) for the cured (in blue) and uncured (in red) CC8 Concrete Cloth 

attached to the 16 gage galvanized steel plate with the screw that came with a rubber washer 

under the steel washer. 

Conclusions:   

Concrete cloth can be 

mechanically fastened to 

galvanized steel plate when 

used to patch or cover a steel 

culvert repair installation.  

This application requires that 

the connection strength 

between the Concrete Cloth 

and steel be evaluated. For 

determination of how many 

screws are needed to connect 

Concrete Cloth to galvanized 

 Mean Peak Load, Lbs. Standard Deviation, Lbs. 

Cured CC8 Metal 1 Screw 1 278 52 

Cured CC8 Metal 2 Screw 1 289 47 

Cured CC8 Metal 1 Screw 2 294 17 

Cured CC8 Metal 2 Screw 2 268 14 

Uncured CC8 Metal 2 Screw 2 85 14 
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steel to carry a certain load, a calculation of the bearing stress of representative screws on 

the Concrete Cloth is required.  The bearing stress in psi can be calculated from the formula: 

Load/(Diameter of the screw * the thickness of the Concrete Cloth).     

Recommendations:  

The load that can be depended upon across a connection between Concrete Cloth and a steel 

culvert must take into account the test sample size, the number of screws being designed for, 

and standard deviation measured in the tests.  To obtain more consistent load or shear force 

results, it is recommended that screws with rubber washers under the steel washers be used. 

All of the loads reported in this technical note were applied in the roll length (machine) 

direction of the Concrete Cloth.   These results are for illustrative purposes, as the actual 

connection strength is dependent upon the means of fastening or installing, screwing and 

curing.  All will have an effect on the final joint result. 
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