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* Wall did not fail. The load attained was the maximum capacity of the hydraulic load cylinder

6-in thick walls not required to be tested in shear.

All tests were performed at and by the National Association of Home Builders Research Center in Upper Marlboro , MD.

 (Principle investigator, Jay Crandell, P.E.)

All wall forming systems were ICF flat wall panels
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Research for Performance Evaluation of Fiber Reinforcement in Poured Concrete Residential Wall Systems

Introduction
Traditional reinforcing practice uses steel reinforcing bar (rebar) to impart structural integrity to concrete. The incorporation of a blended steel and synthetic fiber system to augment the structural performance of reinforced concrete can offer considerable advantages.  By adding fiber and reducing the amount of steel rebar, some of the functions previously performed by the rebar reinforcement may be assumed by the fiber system. This option offers potential savings in time and cost at equivalent or improved performance to conventionally reinforced or plain concrete.

One application particularly suited for this fiber system system is poured concrete walls, such as residential Insulating Concrete Form (ICF) structures, which are residential concrete structures. These structures are designed to resist loads defined by building codes and design standards such as UBC
, IRC
, and ASCE 7
.

The structural design parameters for ICF construction, which are based upon ACI-318
, have been simplified and condensed into tables and prescriptive methods
, and adopted into the International Residential Code (IRC). The International Congress of Building Officials (ICBO) publishes the IRC. A detailed explanation of the analytical premises and equations used to develop the minimum reinforcement requirements in the IRC tables can be found in the technical substantiation of the Prescriptive Method for Insulating Concrete Forms in Residential Construction
.

While these prescriptive methods are predicated upon ACI-318, deviations are permitted, if they are based upon experimental results.  However, analytical tools for predicting the material resistance of fiber reinforced concrete are still under development
, and have not yet been adopted by standard code bodies. Lack of valid empirical data has stalled the process of applying traditional analytical design methods to fiber reinforced concrete (FRC). Therefore, ICBO was consulted to derive an appropriate test regime for obtaining the data. The goal of this testing was to generate a valid design method for fiber reinforced concrete, and to evaluate the capacity of SI Concrete Systems’ Vertiforce™ blend of steel and synthetic fibers to augment or replace the minimum levels of reinforcement required by the IRC. The research was conducted in accordance with ICBO-ES Criteria AC-15
. ICBO AC-15 addresses the suitability of test and analytical methods rather than specifying minimum performance values.

Test Plan 

The National Association of Home Builders Research Center, and ICBO certified facility, was contracted to conduct the test program. The reinforcement was evaluated in a flat wall insulating concrete form (ICF) system of rectangular cross-section. Two nominal wall sizes were tested – (1) four-inch thick by eight-feet tall, and (2) six-inch thick by ten-foot tall. The required tests are:

· Section 3.4.2.2 Wall Compression Tests

· 1) 4-inch thick x 4-foot wide  x 8-foot tall   (3 replicates)

· 2) 6-inch thick x 4-foot wide x  10-foot tall   (3 replicates)

· Section 3.4.2.3 Wall Flexural Tests

· 1) 4-inch thick x 4-foot wide  x 8-foot tall   (3 replicates) 

· 2) 6-inch thick x 4-foot wide x  10-foot tall   (3 replicates)

· Section 3.4.2.4 Wall Flexural - Compression Tests

· 1) 4-inch thick x 4-foot wide  x 8-foot tall   (3 replicates) 

· 2) 6-inch thick x 4-foot wide x  10-foot tall   (3 replicates)

· Section 3.4.2.5 Wall In-plane Shear Tests 

· 1) 4-inch thick x 8-foot wide  x 8-foot tall (Dosage Rate 1) (3 replicates)

· 2) 4-inch thick x 8-foot wide  x 8-foot tall (Dosage Rate 2) (3 replicates)

· Cylinder Tests per Section 3.4.2.1 

The concrete mix design used was a standard 3000-psi, ¾-inch maximum aggregate, 6-inch slump concrete.  The fiber was added to the ready mix truck on site and the concrete was placed using a conventional pump truck with a 5-in line reduced to 3-inches.  The concrete was placed and consolidated in accordance with the form manufacturer’s recommendations of 4-foot lifts and hand rodding.  

Output

The output for this research is a summary report which addresses the findings relative to ICBO-ES criteria for ICF wall constructions-AC15, January 2001, Acceptance Criteria for Concrete and Concrete Masonry Wall Systems.
· Section 3.4.2.1 Concrete Cylinders Tests

· Section 3.4.2.2 Wall Compression Tests

· Section 3.4.2.3 Wall Flexural Tests

· Section 3.4.2.4 Wall Flexural - Compression Tests

· Section 3.4.2.5 Wall In-Plane Shear Tests 

Table 1:
Test methods, measurements & equipment. The following standard test methods, measurements, and equipment were utilized in the program:

	TEST METHODS
	MEASUREMENTS (DATA NEEDED)
	EQUIPMENT

	ICBO AC-15 01
	Multiple. 

Load deflection for pure bending

Load deflection for combined Axial load and Bending

Load Deflection for compression with t/6 eccentricity

Shear Load vs. Deflection for 1 to 1 shear ratio panels

APPLICATION:  all test specimens (see below)
	Multiple

NAHBRC  Racker

NAHBRC Guillotine

Misc. Jigs and Fixtures for above tests

	ASTM C-1018 
	Total UTM load vs. deflection of concrete beam


	UTM



	ASTM E-72-98
	This is the basic test standard referenced by AC 15 with the modifications highlighted in AC 15.
	Same as AC 15 

	ASTM C 39-94 
	Load
	UTM


Results: A summary of the test values obtained are shown in Table 2
Table 2:
Data Summary
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ICBO acceptance criteria AC 15 addresses only the suitability of test and analytical methods. It does not specify minimum performance values.

As can be seen in Table 2, all tests were replicated a minimum of 3 times.

Figures 1 – 4 show the load-moment interaction diagrams for 6-inch and 4-inch thick test walls.  The data points in these diagrams (Pu-Mu curve) for Vertiforce™ were derived from the data obtained in Table 2, per the prescription of ICBO AC 15. The data points for rebar reinforced and plain structural concrete were generated by calculation, based upon the requirements of ACI 318.

Technical Discussion

Dissecting residential ICF structures (within size and aspect ratio limits) and analyzing the dead, live, wind, and seismic loads led to the development of the prescriptive requirements. In the dissection, structures were isolated into lintels and wall sections, which are analyzed separately.  Different loads control the design of these two sections. Dead and live loads control the lintels, while soil, wind, and seismic loads control the wall sections.  The structural design within the prescriptive tables address these loads by controlling lintel depths, lintel spans, wall thickness, concrete strength, rebar spacing, rebar grade, and wall opening percentages.

The impact and potential benefits from partial or full replacement of conventional reinforcing bars with fiber reinforcement are discussed with respect to out-of-plane bending, in-plane loads, lintels, and more general reasons for including discrete steel fiber reinforcement in ICF construction. 

1. Out-of-Plane Bending

The design methodology used to develop reinforcement schedules in the IRC tables R404.4 (1,2, and 3) and R611.3 are based on concurrent application of axial and bending loads per appropriate strength design load combinations of ACI-318.  These load combinations are plotted on the derived factored axial load versus bending load interaction curve (Pu-Mu curve).  These derived Pu-Mu curves are constructed as functions of reinforcement ratios.  The interaction curve for plain structural concrete as defined in ACI-318 is also laid within this family of curves. These interaction curves and factored load combinations define the required level of reinforcement.

The basic assumptions used to develop these derived Pu-Mu curves are:

· Rebar is placed concentric in the wall.

· The full spacing between the rebar is effective.

· The grade of rebar is specified (grade 40 or grade 60).

· Where plain structural concrete is sufficient, no reinforcement is required.

· Above a 120-mph wind, a nominal #4 bar at 8-ft o.c. is specified unless the analysis requires a greater amount.

· Concrete strength (f’c) is defined as either 2,500 or 3,000 psi.

· Wall sections are modeled as one foot wide simply supported beams.

The design limitations are strength, deflection, and shear capacity.  From the analysis, some general observations regarding residential ICF walls are:

· Axial loads observed in residential structures are low relative to the capacity of the walls.

· ICF walls generally require light levels of reinforcement, when required at all.

· For many 3.5 inch-thick above grade wall applications, deflection controls (due to the cracked section assumptions).

· Through thickness shear does not control in the above grade applications considered for residential ICF construction.

· When reinforcement is required, the allowable spacing becomes small due to short moment arm.

For ICF walls that require rebar, the greatest amount of is required for out-of-plane bending and, therefore, offers the greatest opportunity for reduction by the use of fiber reinforcement.

From these observations it follows that the use of discrete fiber reinforcement has the potential to decrease the amount of conventional vertical reinforcement used to resist out-of-plane loads.  The fibers are more evenly distributed across the failure zone and along the wall, thereby giving a larger effective moment arm and reducing the risk of non-effective compression flanges.  In addition, the fibers are able to provide nominal levels of reinforcement and ductility thereby providing adequate strength for many applications. Discrete fibers offer the potential to expand the tightly spaced schedule of reinforcement, thus reducing the potential for installation, inspection, and omission errors while concurrently reducing the final costs.  

Based upon these benefits, ICBO Acceptance Criteria AC-15 was used to evaluate the ability of Vertiforce™ fibers to provide the necessary vertical out-of-plane bending reinforcement. More specifically, AC 15, sections 3.4.2.2 through 3.4.2.4, were used to experimentally confirm the Pu-Mu curve, therefore defining the applicable range of performance for this product.

Figure 1:
Full Scale Interaction Diagram for 6 inch x 10 ft. Walls
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Figure 2:
Residential Scale Interaction Diagram for 6 inch x 10 ft. Walls
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Performance optimization of the fiber system, and validation testing are currently being planned.

Figure 3:
Full Scale Interaction Diagram for 4 inch x 8 ft. Walls
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Figure 4:
Residential Scale Interaction Diagram for 4 inch x 8 ft. Walls
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2. In-Plane Loads

ICF residential structures are designed as shear wall buildings.  The shear capacity of the walls has been conservatively defined as only that due to the concrete while the contribution of the reinforcement (i.e., dowel effect and shear friction) has been neglected. Limiting the percentage of wall length that may contain wall openings for doors and windows prescriptively controls the minimum shear resistance. The required amounts of solid wall are determined using a capacity model that treats 2 foot wide segments or less as cantilevered reinforced beams and 4 foot wide and greater segments as shear elements4, 7.

Additional safety that is not included in the analytical design of ICF structures comes from continuos horizontal reinforcement that is required at the top and bottom of all walls.  Prescriptive design also requires all openings to have rebar placed around them and, in seismic locations (Seismic Design Category C or higher) all corners are to have additional vertical reinforcement.  This rebar in essence creates a continuous chord around all shear elements that significantly increases the shear capacity and ductility of ICF structures.  None of this additional shear capacity is taken into consideration in the prescriptive designs except by way of detailing requirements for reinforcement. 

While fiber reinforcement will increase the shear capacity of the concrete and allow for more wall openings or greater lateral resistance, no changes to the prescriptive tables are being proposed at this time.  To demonstrate that the proposed fiber mix is sufficient to develop the required shear capacity (without additional conventional chord reinforcement) two series of 8ft by 8ft by 4in thick walls were tested according to AC 15 Section 3.4.2.5.  One series of three tests was performed to demonstrate the shear capacity or greater lateral resistance at a target dosage of fiber reinforcement. The other series of three tests investigated the sensitivity to a lower dosage of fiber reinforcement. These tests were intended to define the shear stress capability that may be used to determine the shear capacity of other wall configurations with greater concrete thickness. 

3. Lintels

Lintels are designed as reinforced concrete beams with some degree of end constraint. The thickness is assumed to be the same as the wall. The centroid of the tensile reinforcement is assumed to lie properly spaced above the opening.  The required shear reinforcement spacing is a function of the thickness, load, depth, and span. Bending capacity or deflection limits control the span of the lintels. However, ACI-318 requires shear reinforcement in most lintels. When required, the maximum spacing of shear reinforcement must be less than or equal to one-half the lintel depth. This requirement makes the lintel construction more difficult and costly, particularly in ICF construction where working space within the form is limited. This issue may be addressed by using steel fiber reinforced concrete 

When used in conjunction with conventional reinforcement, fiber reinforcement has the ability to address some of the shortcomings in lintel design. No changes to the prescriptive tables are being proposed at this time.  Since the addition of fibers will not adversely affect the performance of lintels, the design methodology and requirements for reinforcement being proposed are those currently approved for the IRC and found in sections R611. Future testing should seek to confirm the use of fiber reinforcement to reduce or eliminate the need for shear reinforcement, and where possible, tensile reinforcement for lintels above smaller walls openings. 

4. Fiber Reinforcement and ICF’s

Some of the potential advantages of combining fiber reinforcement with ICF’s are highlighted below.

· Protected Cavity – one of the concerns regarding fiber reinforcement is that it does not have enough cover to protect it from the environment.  In ICF construction, the forms remain in place providing an integral wall section that has a higher rating against permeability than exposed concrete.  The wall section, form and concrete, is then further protected from the environment by siding on the exterior and drywall or plaster on the interior.

· Moderated Temperatures – homes are climate controlled.  While the mechanics of heat transfer require that a temperature gradient be developed between the interior and exterior temperatures of structures, the insulation of ICFs protect the concrete from temperature extremes.  This effect allows the concrete to only experience a small range of temperatures thereby reducing the expansion and contraction associated with temperature changes and temperature cracking.

· Excellent Curing Conditions - the foam typical in ICFs has low permeability.  This provides excellent curing conditions and yields better, more durable, higher strength concrete structures.

· Excellent Concrete Consolidation – with discrete fiber reinforcement, problems created by “over-consolidating” forms with conventional reinforcement are eliminated.

In summary, poured concrete walls, such as ICF residential structures, present an excellent opportunity for advantageous use of discrete blended fiber reinforcement systems. The protocols defined in AC 15 will lead to the empirical generation of an appropriate design method that defines the useful range of application for these fibers.

APPENDIX

Calculation of axial loads and bending moments for 4” thick Vertiforce™ walls from measured data: ICBO AC15 January 2001
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1. Pure Bending Moment

Bending Moment 
=
31 x (mean applied bending load)/2




1.7

Axial Load
=

0

2. Combined Axial / Bending

Bending Moment 
=
31 x (mean applied bending load)/2




1.7

Axial Load
=

mean applied load / 1.7

3. Pure Axial Load

Bending Moment 
=



0
Axial Load
=

mean applied load / 1.7

APPENDIX

Calculation of axial loads and bending moments for 6” thick Vertiforce™ walls from measured data:
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1. Pure Bending Moment

Bending Moment 
=
38.25 x (mean applied bending load)/2




1.7

Axial Load
=

0

2. Combined Axial / Bending

Bending Moment 
=
38.25 x (mean applied bending load)/2




1.7

Axial Load
=

mean applied load / 1.7

3. Pure Axial Load

Bending Moment 
=



0
Axial Load
=

mean applied load / 1.7

APPENDIX

ACI 318

Chapter 19 Design Calculations for plain structural concrete: ACI 318R-338 22.5

Pn
=
0.60  x  f'c  x  (1-[height/(32 x thickness)]2) x width x thickness


1.54

Puc
=
[1 - mb / (.85 x f'c x section modulus x .65)] x Pn

Put
=
[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness

mb
=
The solution to Puc - Put = 0
1. Pure Bending Moment

Bending Moment 
=
5  x  (square root of  f’c) x (section modulus)


1.54

Axial Load
=
0

2. Combined Axial / Bending

Bending Moment 
=
mb
Axial Load
=
Puc
3. Pure Axial Load

Bending Moment 
=
0

Axial Load
=
Pn
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� Uniform Building Code, International Conference of Building Officials, Whittier CA, 1997


� International Residential Code for One and Two family dwellings, International Code Council, Inc. Falls Church, VA 2000


� Minimum Design Loads for Buildings and Other Structures ASCE 7-98, American Society of Civil Engineers, 1998


� Building Code Requirements for Structural Concrete (ACI 318-99), American Concrete Institute, Farmington Hills, MI 1999


� IRC sections R 404.11 and R 611


� Prescriptive Methods for Insulating Concrete Forms in Residential Construction, Portland Cement Association, Publication # EB 118, Chicago, IL.


� RILEM TC 162, Technical University of Denmark, Denmark, 2001





�	Acceptance Criteria for Concrete and Concrete Masonry Wall Systems, ICBO Evaluation Service, Inc., Whittier, CA 2001
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		SI Concrete Systems

		Vertiforce Fiber Concrete Wall Test Data Summary

		Test Method		Test Description		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

		Height = 96-in     Width = 48- in     Thickness = 4-in

		Tested per ICBO Criterion AC-15    3.4.2.3		Pure Bending		2,809		4,440		-		-

						2,809		4,494		-		-

						2,809		4,933		-		-

		Tested per ICBO Criterion AC-15    3.4.2.4		Combined Axial and Bending		2,809		4,906		3,200		-

						2,809		4,836		3,200		-

						2,809		5,148		3,200		-

		Tested per ICBO Criterion AC-15 3.4.2.2		Pure Compression		2,917		-		271,144		-

						2,917		-		289,141		-

						2,917		-		301,428		-

		Tested per ICBO Criterion AC-15    3.4.2.5		In-Plane Shear                                     (standard fiber dosage)		3,820		-		-		128,371

						3,820		-		-		113,436

						3,820		-		-		97,893

		Tested per ICBO Criterion AC-15 3.4.2.5		In-Plane Shear                                     (3/4 of standard fiber dosage)		3,820		-		-		99,689

						3,820		-		-		103,072

						3,820		-		-		106,517

		Test Method		Test Description		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

		Height = 120-in     Width = 48- in     Thickness = 6-in

		Tested per ICBO Criterion AC -15 3.4.2.3		Pure Bending		3,022		5,174		-		-

						3,022		4,336		-		-

						3,022		4,921		-		-

						3,022		5,101		-		-

		Tested per ICBO Criterion AC-15 3.4.2.4		Combined Axial and Bending		3,022		27,813		175,000		-

						3,022		17,054		175,000		-

						3,022		18,715		175,000		-

								19,237		175,000		-

		Tested per ICBO Criterion 3.4.2.2		Pure Compression		3,022		-		422,250		-

						3,022		-		433,352		-

						3,022		-		*452521		-

		* Wall did not fail. The load attained was the maximum capacity of the hydraulic load cylinder

		6-in thick walls not required to be tested in shear.

		All tests were performed at and by the National Association of Home Builders Research Center in Upper Marlboro , MD. (Principle investigator, Jay Crandell, P.E.)

		All wall forming systems were ICF flat wall panels

		ICBO Criterion AC-15 addresses the suitability of test and analytical methods rather than specifying  minimum  performance  levels.
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Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)

Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 6-in thick, 10 ft. tall

Applicable to Residential Construction

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)
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Full Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
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Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750

Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)
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Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)
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Full-Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
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Structural Plain Concrete 
Design Calculation for 4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
Design Calculation for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750
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Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)
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Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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All Novomesh Wall Data Points (red) are the average of 3 wall tests.

FULL SCALE LOAD - MOMENT INTERACTION DIAGRAM
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4-in thick, 8 ft. tall
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4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
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Structural Plain Concrete
6-in thick, 10 ft. tall
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Approximate Typical Single Story Residential Axial Load
Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area         25 ft.
Axial Load   (10 + 20) x 25 = 750
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Resident scale-Load vs. moment interaction diagram comparing test results of fwall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls
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Revised Plain Concrete Calcs

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								64,932		Pure Bending		5,512		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,233		16,081

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561				Wall heigh		96

				mb		The solution to Puc - Put = 0										64,932				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										64,326				Wall thickness		4

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										64,326				Section modulus		128

																0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841				Wall heigh		120

				mb		The solution to Puc - Put = 0										180,607				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153				Wall thickness		6

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153				Section modulus		288

																0





Revised Novomesh Balances

		Test Method		Test Description		Height (in)		Width (in)		Thickness (in)		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

										4" Walls

		Tested per ICBO Criterion AC-15    3.4.2.3		Pure Bending		96		48		4		2,809		4,440		-		-

						96		48		4		2,809		4,494		-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								42,145

						96		48		4		2,809		4,933		-		-				Factore Axial Load =		Zero by definition								0

		Tested per ICBO Criterion AC-15    3.4.2.4		Combined Axial and Bending		96		48		4		2,809		4,906		3,200		-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								45,254

						96		48		4		2,809		4,836		3,200		-				Factore Axial Load =		Applied load / 1.7								1,882

						96		48		4		2,809		5,148		3,200		-

		Tested per ICBO Criterion AC-15 3.4.2.2		Pure Compression		96		48		4		2,917		-		271,144		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						96		48		4		2,917		-		289,141		-				Factore Axial Load =		Mean Applied load / 1.7								168,963

						96		48		4		2,917		-		301,428		-

																				Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								62,620

																						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								60,229

		Tested per ICBO Criterion AC-15 3.4.2.5		3/4 of standard fiber dosage rate		96		48		4		3,820		-		-		99,689

						96		48		4		3,820		-		-		103,072		Section Modulus		Width x Thickness2 / 6										128

						96		48		4		3,820		-		-		106,517		Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										86,480

		Tested per ICBO Criterion AC-15    3.4.2.3		Standard Fiber Dosage Rate		96		48		4		3,820		-		-		128,371		mb		The solution to Puc - Put = 0										62,620

						96		48		4		3,820		-		-		113,436		Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										60,229

						96		48		4		3,820		-		-		97,893		Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										60,229

																																0

										6" Walls

		Tested per ICBO Criterion AC -15 3.4.2.3		Pure Bending		120		48		6		3,022		5,174		-		-

																-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								56,985

						120		48		6		3,022		4,921		-		-				Factore Axial Load =		Zero by definition								0

						120		48		6		3,022		5,101		-		-

		Tested per ICBO Criterion AC-15 3.4.2.4		Combined Axial and Bending														-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								206,273

						120		48		6		3,022		17,054		175,000		-				Factore Axial Load =		Applied load / 1.7								102,941

						120		48		6		3,022		18,715		175,000		-

														19,237		175,000		-

		Tested per ICBO Criterion 3.4.2.2		Pure Compression		120		48		6		3,022		-		422,250		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						120		48		6		3,022		-		433,352		-				Factore Axial Load =		Mean Applied load / 1.7								251,648

						120		48		6		3,022		-		*452521		-

		4" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)				6" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)						Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								171,774

		Pure Bending		10,536		0		329		Pure Bending		14,246		0								Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								120,319

		Combined Axial and Bending		11,313		471		354		Combined Axial and Bending		51,568		25,735

		Balance Strain Point		15,655		15,057		489		Balance Strain Point		42,943		30,080						Section Modulus		Width x Thickness2 / 6										288

		Pure Compression		0		42,241		0		Pure Compression		0		62,912						Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										187,186

																				mb		The solution to Puc - Put = 0										171,774

																				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										120,319

																				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										120,319

																																0

										96														120



2"

2"

31"

31"

30"

3"

3"

38.25"

38.25"

37.5"



Rebar Data

		Mu		Pu				Mu		Pu

		0		313505.63832				0		292,163				0		73,041				0		78,376

		114986.289829998		287520.746306345				116864.637879792		292,163				29,216		73,041				28,747		71,880

		170080.299639318		258890.370185901				165948.361260565		260,965				41,487		65,241				42,520		64,723

		187335.761474892		205149.365747737				185819.085072235		213,097				46,455		53,274				46,834		51,287

		182736.570942807		156129.354075442				185418.015123663		167,400				46,355		41,850				45,684		39,032

		168526.132491522		118088.429935268				171691.451449422		127,795				42,923		31,949				42,132		29,522

		155056.085319088		91995.0175193316				155056.085319088		98,155				38,764		24,539				38,764		22,999

		106828.356773587		39491.9889411986				92799.0181542675		36,091				23,200		9,023				26,707		9,873

		83620.4804731929		22016.8584539437				64651.9383531944		17,882				16,163		4,470				20,905		5,504

		60891.3858507525		8927.1017356753				42613.1246100299		6,611				10,653		1,653				15,223		2,232

		51957.5748068308		4429.2238222016				35175.9128712522		3,185				8,794		796				12,989		1,107

		47311.1209042811		2200.6915369852				31525.480676164		1,561				7,881		390				11,828		550

		42577.5100602722		0				27941.5234381986		- 0				6,985		0				10,644		0

		#5@24						#4@24						#4@24						#5@24





Plain Concrete Calculations

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								65,842		Pure Bending		5,617		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,460		16,265

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561

				mb		The solution to Puc - Put = 0										65,842

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										65,061

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										65,061

																-0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841

				mb		The solution to Puc - Put = 0										180,607

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153												4"		6"

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153						96		120		5000		52		33

																0						96		120		6000		63		40

																						96		120		7000		73		47

																						96		120		8000		83		53

																						96		120		9000		94		60

																						96		120		10000		104		67

																						96		120		11000		115		73

																						96		120		12000		125		80

																						96		120		13000		135		87

																						96		120		14000		146		93

																						96		120		15000		156		100

																						96		120		16000		167		107

																						96		120		17000		177		113

																						96		120		18000		188		120

																						96		120		19000		198		127

																						96		120		20000		208		133

																						96		120		12500		130		83

																						96		120		13000		135		87

																						96		120		13500		141		90

																						96		120		14000		146		93

																						96		120		14500		151		97

																						96		120		15000		156		100

																						96		120		15500		161		103

																						96		120		16000		167		107

																						96		120		16500		172		110

																						96		120		17000		177		113

																						96		120		17500		182		117

																						96		120		18000		188		120
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4-in thick, 8 ft. tall
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Novomesh 4" Walls
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Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls
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Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale load vs. moment interaction diagram comparing test results of full scale concrete wall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls
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Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)

Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 6 inch thick wall section tests compared to ACI design calculations for plain structural residential concrete walls
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Scaled 6" walls
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Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 6-in thick, 10 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750

Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)
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110

1175

90

100

113

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 6 inch thick wall section tests compared to ACI design calculations for plain structural residential concrete walls
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Full Scale 4" Walls
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Structural Plain Concrete
4-in thick, 8 ft. tall

Vertiforce walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
4-in thick, 8 ft. tall

Portion applicable to residential constuction

Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full-Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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Scaled 4" walls
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Structural Plain Concrete 
Design Calculation for 4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
Design Calculation for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750
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Approximate Corresponding Uniform Wind Pressure (psf) for 4-in thick x 8-ft tall walls
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Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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Revised Full Diagram for 4"
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All Novomesh Wall Data Points (red) are the average of 3 wall tests.

FULL SCALE LOAD - MOMENT INTERACTION DIAGRAM

Novomesh 4" Walls without Calculated Balance Point

Structural Plain Concrete 4" Walls

Rebar Reinforced 4" Walls (#4 @24" o.c. grade 40)

Novomesh 6" Walls

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)
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Structural Plain Concrete walls 8 ft x 4 ft x 4in

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram
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Structural Plain Concrete walls 8 ft x 4 ft x 4in
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Load vs. Moment Interaction Diagram
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Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls
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Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

470.5882352941

16081.4358353979

42240.8333333333

23890.23



Scaled PL NM 4" (1)

		10536.2009803922		5512

		11313.4803921569		16232.9572235986

		0		0



Novomesh walls
8 ft x 4 ft x 4in

Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

470.5882352941

16081.4358353979

42240.8333333333

23890.23



Full Pl NM 4" 1 (2)

		10536.2009803922		5512		10536.2009803922

		11313.4803921569		16232.9572235986		11313.4803921569

		0		0		15655.1107846334

						0



Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Novomesh 4" with Balance Point

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

0

470.5882352941

16081.4358353979

470.5882352941

42240.8333333333

23890.23

15057.2218563222

42240.8333333333



Scaled PL NM 4" (2)

		10536.2009803922		5512		10536.2009803922

		11313.4803921569		16232.9572235986		11313.4803921569

		0		0		15655.1107846334

						0



Novomesh walls
8 ft x 4 ft x 4in

Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Novomesh 4" walls with Balance Point

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

0

470.5882352941

16081.4358353979

470.5882352941

42240.8333333333

23890.23

15057.2218563222

42240.8333333333



Full Pl NM RB 4"

		10536.2009803922		5512		0

		11313.4803921569		16232.9572235986		29216.1594699479

		0		0		41487.0903151412

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick

Novomesh walls
4-in thick

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

470.5882352941

16081.4358353979

73040.75850052

42240.8333333333

23890.23

65241.1765903762

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4"

		10536.2009803922		5512		0

		11313.4803921569		16232.9572235986		29216.1594699479

		0		0		41487.0903151412

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick

Novomesh walls
4-in thick

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

470.5882352941

16081.4358353979

73040.75850052

42240.8333333333

23890.23

65241.1765903762

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Full Pl NM RB 4" PL6"

		10536.2009803922		5512		0		12863.6165987641

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035

		0		0		41487.0903151412		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

42240.8333333333

23890.23

65241.1765903762

51710.1975

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4" PL6"

		10536.2009803922		5512		0		12863.6165987641

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035

		0		0		41487.0903151412		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

42240.8333333333

23890.23

65241.1765903762

51710.1975

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Full Pl NM RB 4" PL NM 6"

		10536.2009803922		5512		0		12863.6165987641		14246.25

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035		51568.125

		0		0		41487.0903151412		0		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale load vs. moment interaction diagram comparing test results of full scale concrete wall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls

0

0

73040.75850052

0

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

25735.2941176471

42240.8333333333

23890.23

65241.1765903762

51710.1975

62911.9117647059

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4" PL NM 6"

		10536.2009803922		5512		0		12863.6165987641		14246.25

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035		51568.125

		0		0		41487.0903151412		0		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Approximate Typical Single Story Residential Axial Load
Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area         25 ft.
Axial Load   (10 + 20) x 25 = 750

60
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125
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100
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195
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50

Approximate Corresponding Uniform Wind Pressure (psf) for 4-in thick x 8-ft tall walls

110

40

120

105

100

90

85

80

70

65

60

50

45

125

130

30

Approximate Corresponding Uniform Wind Pressure (psf) for 6-in thick x 10-ft tall walls

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Resident scale-Load vs. moment interaction diagram comparing test results of fwall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls

0

0

73040.75850052

0

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

25735.2941176471

42240.8333333333

23890.23

65241.1765903762

51710.1975

62911.9117647059

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Revised Plain Concrete Calcs

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								64,932		Pure Bending		5,512		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,233		16,081

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561				Wall heigh		96

				mb		The solution to Puc - Put = 0										64,932				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										64,326				Wall thickness		4

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										64,326				Section modulus		128

																0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841				Wall heigh		120

				mb		The solution to Puc - Put = 0										180,607				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153				Wall thickness		6

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153				Section modulus		288

																0





Revised Novomesh Balances

		Test Method		Test Description		Height (in)		Width (in)		Thickness (in)		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

										4" Walls

		Tested per ICBO Criterion AC-15    3.4.2.3		Pure Bending		96		48		4		2,809		4,440		-		-

						96		48		4		2,809		4,494		-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								42,145

						96		48		4		2,809		4,933		-		-				Factore Axial Load =		Zero by definition								0

		Tested per ICBO Criterion AC-15    3.4.2.4		Combined Axial and Bending		96		48		4		2,809		4,906		3,200		-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								45,254

						96		48		4		2,809		4,836		3,200		-				Factore Axial Load =		Applied load / 1.7								1,882

						96		48		4		2,809		5,148		3,200		-

		Tested per ICBO Criterion AC-15 3.4.2.2		Pure Compression		96		48		4		2,917		-		271,144		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						96		48		4		2,917		-		289,141		-				Factore Axial Load =		Mean Applied load / 1.7								168,963

						96		48		4		2,917		-		301,428		-

																				Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								62,620

																						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								60,229

		Tested per ICBO Criterion AC-15 3.4.2.5		3/4 of standard fiber dosage rate		96		48		4		3,820		-		-		99,689

						96		48		4		3,820		-		-		103,072		Section Modulus		Width x Thickness2 / 6										128

						96		48		4		3,820		-		-		106,517		Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										86,480

		Tested per ICBO Criterion AC-15    3.4.2.3		Standard Fiber Dosage Rate		96		48		4		3,820		-		-		128,371		mb		The solution to Puc - Put = 0										62,620

						96		48		4		3,820		-		-		113,436		Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										60,229

						96		48		4		3,820		-		-		97,893		Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										60,229

																																0

										6" Walls

		Tested per ICBO Criterion AC -15 3.4.2.3		Pure Bending		120		48		6		3,022		5,174		-		-

																-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								56,985

						120		48		6		3,022		4,921		-		-				Factore Axial Load =		Zero by definition								0

						120		48		6		3,022		5,101		-		-

		Tested per ICBO Criterion AC-15 3.4.2.4		Combined Axial and Bending														-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								206,273

						120		48		6		3,022		17,054		175,000		-				Factore Axial Load =		Applied load / 1.7								102,941

						120		48		6		3,022		18,715		175,000		-

														19,237		175,000		-

		Tested per ICBO Criterion 3.4.2.2		Pure Compression		120		48		6		3,022		-		422,250		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						120		48		6		3,022		-		433,352		-				Factore Axial Load =		Mean Applied load / 1.7								251,648

						120		48		6		3,022		-		*452521		-

		4" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)				6" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)						Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								171,774

		Pure Bending		10,536		0		329		Pure Bending		14,246		0								Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								120,319

		Combined Axial and Bending		11,313		471		354		Combined Axial and Bending		51,568		25,735

		Balance Strain Point		15,655		15,057		489		Balance Strain Point		42,943		30,080						Section Modulus		Width x Thickness2 / 6										288

		Pure Compression		0		42,241		0		Pure Compression		0		62,912						Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										187,186

																				mb		The solution to Puc - Put = 0										171,774

																				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										120,319

																				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										120,319

																																0

										96														120



2"

2"

31"

31"

30"

3"

3"

38.25"

38.25"

37.5"



Rebar Data

		Mu		Pu				Mu		Pu

		0		313505.63832				0		292,163				0		73,041				0		78,376

		114986.289829998		287520.746306345				116864.637879792		292,163				29,216		73,041				28,747		71,880

		170080.299639318		258890.370185901				165948.361260565		260,965				41,487		65,241				42,520		64,723

		187335.761474892		205149.365747737				185819.085072235		213,097				46,455		53,274				46,834		51,287

		182736.570942807		156129.354075442				185418.015123663		167,400				46,355		41,850				45,684		39,032

		168526.132491522		118088.429935268				171691.451449422		127,795				42,923		31,949				42,132		29,522

		155056.085319088		91995.0175193316				155056.085319088		98,155				38,764		24,539				38,764		22,999

		106828.356773587		39491.9889411986				92799.0181542675		36,091				23,200		9,023				26,707		9,873

		83620.4804731929		22016.8584539437				64651.9383531944		17,882				16,163		4,470				20,905		5,504

		60891.3858507525		8927.1017356753				42613.1246100299		6,611				10,653		1,653				15,223		2,232

		51957.5748068308		4429.2238222016				35175.9128712522		3,185				8,794		796				12,989		1,107

		47311.1209042811		2200.6915369852				31525.480676164		1,561				7,881		390				11,828		550

		42577.5100602722		0				27941.5234381986		- 0				6,985		0				10,644		0

		#5@24						#4@24						#4@24						#5@24





Plain Concrete Calculations

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								65,842		Pure Bending		5,617		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,460		16,265

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561

				mb		The solution to Puc - Put = 0										65,842

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										65,061

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										65,061

																-0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841

				mb		The solution to Puc - Put = 0										180,607

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153												4"		6"

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153						96		120		5000		52		33

																0						96		120		6000		63		40

																						96		120		7000		73		47

																						96		120		8000		83		53

																						96		120		9000		94		60

																						96		120		10000		104		67

																						96		120		11000		115		73

																						96		120		12000		125		80

																						96		120		13000		135		87

																						96		120		14000		146		93

																						96		120		15000		156		100

																						96		120		16000		167		107

																						96		120		17000		177		113

																						96		120		18000		188		120

																						96		120		19000		198		127

																						96		120		20000		208		133

																						96		120		12500		130		83

																						96		120		13000		135		87

																						96		120		13500		141		90

																						96		120		14000		146		93

																						96		120		14500		151		97

																						96		120		15000		156		100

																						96		120		15500		161		103

																						96		120		16000		167		107

																						96		120		16500		172		110

																						96		120		17000		177		113

																						96		120		17500		182		117

																						96		120		18000		188		120
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Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale load vs. moment interaction diagram comparing test results of full scale concrete wall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls
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Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)

Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Applicable to Residential Construction

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 6 inch thick wall section tests compared to ACI design calculations for plain structural residential concrete walls
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Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750

Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)
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Approximate Corresponding Uniform Wind Pressure (psf) for 6-in thick x 10-ft tall walls
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Novomesh 4" Walls
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Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 6 inch thick wall section tests compared to ACI design calculations for plain structural residential concrete walls
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Structural Plain Concrete
4-in thick, 8 ft. tall

Vertiforce walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
4-in thick, 8 ft. tall

Portion applicable to residential constuction

Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full-Scale Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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Scaled 4" walls
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Structural Plain Concrete 
Design Calculation for 4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
Design Calculation for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750
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Approximate Corresponding Uniform Wind Pressure (psf) for 4-in thick x 8-ft tall walls
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Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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All Novomesh Wall Data Points (red) are the average of 3 wall tests.

FULL SCALE LOAD - MOMENT INTERACTION DIAGRAM

Novomesh 4" Walls without Calculated Balance Point

Structural Plain Concrete 4" Walls

Rebar Reinforced 4" Walls (#4 @24" o.c. grade 40)

Novomesh 6" Walls

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)
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Structural Plain Concrete walls 8 ft x 4 ft x 4in

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram
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Structural Plain Concrete walls 8 ft x 4 ft x 4in
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Load vs. Moment Interaction Diagram
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Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls
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Load vs. Moment Interaction Diagram
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Novomesh walls
8 ft x 4 ft x 4in

Structural Plain Concrete walls 8 ft x 4 ft x 4in
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Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls
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Load vs. Moment Interaction Diagram
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Novomesh 4" Walls

Structural Plain Concrete 4" walls

Novomesh 4" walls with Balance Point

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

0

470.5882352941

16081.4358353979

470.5882352941

42240.8333333333

23890.23

15057.2218563222

42240.8333333333



Full Pl NM RB 4"

		10536.2009803922		5512		0

		11313.4803921569		16232.9572235986		29216.1594699479

		0		0		41487.0903151412

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick

Novomesh walls
4-in thick

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick

Novomesh 4" Walls
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4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)
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Load vs. Moment Interaction Diagram
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4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)
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Load vs. Moment Interaction Diagram
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Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale load vs. moment interaction diagram comparing test results of full scale concrete wall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls
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Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Approximate Typical Single Story Residential Axial Load
Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area         25 ft.
Axial Load   (10 + 20) x 25 = 750
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Revised Plain Concrete Calcs

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								64,932		Pure Bending		5,512		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,233		16,081

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561				Wall heigh		96

				mb		The solution to Puc - Put = 0										64,932				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										64,326				Wall thickness		4

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										64,326				Section modulus		128

																0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841				Wall heigh		120

				mb		The solution to Puc - Put = 0										180,607				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153				Wall thickness		6

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153				Section modulus		288

																0





Revised Novomesh Balances

		Test Method		Test Description		Height (in)		Width (in)		Thickness (in)		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

										4" Walls

		Tested per ICBO Criterion AC-15    3.4.2.3		Pure Bending		96		48		4		2,809		4,440		-		-

						96		48		4		2,809		4,494		-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								42,145

						96		48		4		2,809		4,933		-		-				Factore Axial Load =		Zero by definition								0

		Tested per ICBO Criterion AC-15    3.4.2.4		Combined Axial and Bending		96		48		4		2,809		4,906		3,200		-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								45,254

						96		48		4		2,809		4,836		3,200		-				Factore Axial Load =		Applied load / 1.7								1,882

						96		48		4		2,809		5,148		3,200		-

		Tested per ICBO Criterion AC-15 3.4.2.2		Pure Compression		96		48		4		2,917		-		271,144		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						96		48		4		2,917		-		289,141		-				Factore Axial Load =		Mean Applied load / 1.7								168,963

						96		48		4		2,917		-		301,428		-

																				Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								62,620

																						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								60,229

		Tested per ICBO Criterion AC-15 3.4.2.5		3/4 of standard fiber dosage rate		96		48		4		3,820		-		-		99,689

						96		48		4		3,820		-		-		103,072		Section Modulus		Width x Thickness2 / 6										128

						96		48		4		3,820		-		-		106,517		Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										86,480

		Tested per ICBO Criterion AC-15    3.4.2.3		Standard Fiber Dosage Rate		96		48		4		3,820		-		-		128,371		mb		The solution to Puc - Put = 0										62,620

						96		48		4		3,820		-		-		113,436		Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										60,229

						96		48		4		3,820		-		-		97,893		Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										60,229

																																0

										6" Walls

		Tested per ICBO Criterion AC -15 3.4.2.3		Pure Bending		120		48		6		3,022		5,174		-		-

																-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								56,985

						120		48		6		3,022		4,921		-		-				Factore Axial Load =		Zero by definition								0

						120		48		6		3,022		5,101		-		-

		Tested per ICBO Criterion AC-15 3.4.2.4		Combined Axial and Bending														-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								206,273

						120		48		6		3,022		17,054		175,000		-				Factore Axial Load =		Applied load / 1.7								102,941

						120		48		6		3,022		18,715		175,000		-

														19,237		175,000		-

		Tested per ICBO Criterion 3.4.2.2		Pure Compression		120		48		6		3,022		-		422,250		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						120		48		6		3,022		-		433,352		-				Factore Axial Load =		Mean Applied load / 1.7								251,648

						120		48		6		3,022		-		*452521		-

		4" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)				6" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)						Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								171,774

		Pure Bending		10,536		0		329		Pure Bending		14,246		0								Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								120,319

		Combined Axial and Bending		11,313		471		354		Combined Axial and Bending		51,568		25,735

		Balance Strain Point		15,655		15,057		489		Balance Strain Point		42,943		30,080						Section Modulus		Width x Thickness2 / 6										288

		Pure Compression		0		42,241		0		Pure Compression		0		62,912						Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										187,186

																				mb		The solution to Puc - Put = 0										171,774

																				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										120,319

																				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										120,319

																																0

										96														120



2"

2"

31"

31"

30"

3"

3"

38.25"

38.25"

37.5"



Rebar Data

		Mu		Pu				Mu		Pu

		0		313505.63832				0		292,163				0		73,041				0		78,376

		114986.289829998		287520.746306345				116864.637879792		292,163				29,216		73,041				28,747		71,880

		170080.299639318		258890.370185901				165948.361260565		260,965				41,487		65,241				42,520		64,723

		187335.761474892		205149.365747737				185819.085072235		213,097				46,455		53,274				46,834		51,287

		182736.570942807		156129.354075442				185418.015123663		167,400				46,355		41,850				45,684		39,032

		168526.132491522		118088.429935268				171691.451449422		127,795				42,923		31,949				42,132		29,522

		155056.085319088		91995.0175193316				155056.085319088		98,155				38,764		24,539				38,764		22,999

		106828.356773587		39491.9889411986				92799.0181542675		36,091				23,200		9,023				26,707		9,873

		83620.4804731929		22016.8584539437				64651.9383531944		17,882				16,163		4,470				20,905		5,504

		60891.3858507525		8927.1017356753				42613.1246100299		6,611				10,653		1,653				15,223		2,232

		51957.5748068308		4429.2238222016				35175.9128712522		3,185				8,794		796				12,989		1,107

		47311.1209042811		2200.6915369852				31525.480676164		1,561				7,881		390				11,828		550

		42577.5100602722		0				27941.5234381986		- 0				6,985		0				10,644		0

		#5@24						#4@24						#4@24						#5@24





Plain Concrete Calculations

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								65,842		Pure Bending		5,617		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,460		16,265

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561

				mb		The solution to Puc - Put = 0										65,842

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										65,061

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										65,061

																-0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841

				mb		The solution to Puc - Put = 0										180,607

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153												4"		6"

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153						96		120		5000		52		33

																0						96		120		6000		63		40

																						96		120		7000		73		47

																						96		120		8000		83		53

																						96		120		9000		94		60

																						96		120		10000		104		67

																						96		120		11000		115		73

																						96		120		12000		125		80

																						96		120		13000		135		87

																						96		120		14000		146		93

																						96		120		15000		156		100

																						96		120		16000		167		107

																						96		120		17000		177		113

																						96		120		18000		188		120

																						96		120		19000		198		127

																						96		120		20000		208		133

																						96		120		12500		130		83

																						96		120		13000		135		87

																						96		120		13500		141		90

																						96		120		14000		146		93

																						96		120		14500		151		97

																						96		120		15000		156		100

																						96		120		15500		161		103

																						96		120		16000		167		107

																						96		120		16500		172		110

																						96		120		17000		177		113

																						96		120		17500		182		117

																						96		120		18000		188		120
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Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)
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Structural Plain Concrete 
Design Calculation for 6-in thick, 10 ft. tall

Vertiforce Walls
Measured Data for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750

Each Vertiforce Fiber data point is the mean value of 3 replicate walls.
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain structural concrete design calculations at 1.54 (as prescribed by ACI-318)
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Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)
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Scaled 4" walls
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Structural Plain Concrete 
Design Calculation for 4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.
Design Calculation for 4-in thick, 8 ft. tall

Approximate Typical Single Story Residential Axial Load

Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area        25 ft.
Axial Load   (10 + 20) x 25 = 750
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Each Vertiforce Fiber data point is the mean value of 3 replicate wall tests
Testing was conducted per ICBO criteria AC-15 by The National Association of Homebuilders Research Laboratories
Vertiforce Fiber wall safety factor at 1.70 (as prescribed by ICBO AC-15)
Safety factor for plain and reinforced concrete design calculations at 1.54 (as prescribed by ACI-318)
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Load-moment interaction diagram for SI Concrete Systems Vertiforce Fiber :
Results of 4 inch thick wall section tests compared to ACI design calculations for plain structural and conventionally reinforced residential concrete walls
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Revised Full Diagram for 4"
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All Novomesh Wall Data Points (red) are the average of 3 wall tests.

FULL SCALE LOAD - MOMENT INTERACTION DIAGRAM

Novomesh 4" Walls without Calculated Balance Point

Structural Plain Concrete 4" Walls
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Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

0

0

73040.75850052

0

0

470.5882352941

16081.4358353979

73040.75850052

25735.2941176471

32288.2534137393

42240.8333333333

23890.23

65241.1765903762

62911.9117647059

51710.1975

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Full Pl 4"

		5512

		16232.9572235986

		0



Structural Plain Concrete walls 8 ft x 4 ft x 4in

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

16081.4358353979

23890.23



Scaled PL 4"

		5512

		16232.9572235986

		0



Structural Plain Concrete walls 8 ft x 4 ft x 4in

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

16081.4358353979

23890.23



Full Pl NM 4" (1)

		10536.2009803922		5512

		11313.4803921569		16232.9572235986

		0		0



Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

470.5882352941

16081.4358353979

42240.8333333333

23890.23



Scaled PL NM 4" (1)

		10536.2009803922		5512

		11313.4803921569		16232.9572235986

		0		0



Novomesh walls
8 ft x 4 ft x 4in

Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

470.5882352941

16081.4358353979

42240.8333333333

23890.23



Full Pl NM 4" 1 (2)

		10536.2009803922		5512		10536.2009803922

		11313.4803921569		16232.9572235986		11313.4803921569

		0		0		15655.1107846334

						0



Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh walls
8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Novomesh 4" with Balance Point

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

0

470.5882352941

16081.4358353979

470.5882352941

42240.8333333333

23890.23

15057.2218563222

42240.8333333333



Scaled PL NM 4" (2)

		10536.2009803922		5512		10536.2009803922

		11313.4803921569		16232.9572235986		11313.4803921569

		0		0		15655.1107846334

						0



Novomesh walls
8 ft x 4 ft x 4in

Structural Plain Concrete walls 8 ft x 4 ft x 4in

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Novomesh 4" walls with Balance Point

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

0

470.5882352941

16081.4358353979

470.5882352941

42240.8333333333

23890.23

15057.2218563222

42240.8333333333



Full Pl NM RB 4"

		10536.2009803922		5512		0

		11313.4803921569		16232.9572235986		29216.1594699479

		0		0		41487.0903151412

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick

Novomesh walls
4-in thick

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

470.5882352941

16081.4358353979

73040.75850052

42240.8333333333

23890.23

65241.1765903762

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4"

		10536.2009803922		5512		0

		11313.4803921569		16232.9572235986		29216.1594699479

		0		0		41487.0903151412

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick

Novomesh walls
4-in thick

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

470.5882352941

16081.4358353979

73040.75850052

42240.8333333333

23890.23

65241.1765903762

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Full Pl NM RB 4" PL6"

		10536.2009803922		5512		0		12863.6165987641

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035

		0		0		41487.0903151412		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

42240.8333333333

23890.23

65241.1765903762

51710.1975

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4" PL6"

		10536.2009803922		5512		0		12863.6165987641

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035

		0		0		41487.0903151412		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Load vs. Moment Interaction Diagram

0

0

73040.75850052

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

42240.8333333333

23890.23

65241.1765903762

51710.1975

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Full Pl NM RB 4" PL NM 6"

		10536.2009803922		5512		0		12863.6165987641		14246.25

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035		51568.125

		0		0		41487.0903151412		0		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Full Scale load vs. moment interaction diagram comparing test results of full scale concrete wall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls

0

0

73040.75850052

0

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

25735.2941176471

42240.8333333333

23890.23

65241.1765903762

51710.1975

62911.9117647059

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Scaled Pl NM RB 4" PL NM 6"

		10536.2009803922		5512		0		12863.6165987641		14246.25

		11313.4803921569		16232.9572235986		29216.1594699479		45151.8700125035		51568.125

		0		0		41487.0903151412		0		0

						46454.7712680587

						46354.5037809157

						42922.8628623555

						38764.0213297719

						23199.7545385669

						16162.9845882986

						10653.2811525075

						8793.978217813

						7881.370169041

						6985.3808595497



Structural Plain Concrete
4-in thick, 8 ft. tall

Novomesh walls
4-in thick, 8 ft. tall

Reinforced Concrete #4 rebar @ 24" o.c.)
4-in thick, 8 ft. tall

Structural Plain Concrete
6-in thick, 10 ft. tall

Novomesh walls
6-in thick, 10 ft. tall

Approximate Typical Single Story Residential Axial Load
Dead Load              10 psf/ lin ft.
Live Load                20 psf/ lin ft.
Tributary Area         25 ft.
Axial Load   (10 + 20) x 25 = 750
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50

Approximate Corresponding Uniform Wind Pressure (psf) for 4-in thick x 8-ft tall walls
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40
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100

90
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60

50

45

125

130

30

Approximate Corresponding Uniform Wind Pressure (psf) for 6-in thick x 10-ft tall walls

Novomesh 4" Walls

Structural Plain Concrete 4" walls

Reinforced Concrete (#4 rebar @ 24" o.c.)

Structural Plain Concrete 6" Walls

Novomesh 6" walls

Moment (in-lb/lineal ft)

Axial Load (lb/lineal ft)

Resident scale-Load vs. moment interaction diagram comparing test results of fwall sections containing SI Concrete Systems Vertiforce Fiber to ACI-318 Design Calculations for Plain Structural and Conventionally Reinforced Concrete Walls

0

0

73040.75850052

0

0

470.5882352941

16081.4358353979

73040.75850052

32288.2534137393

25735.2941176471

42240.8333333333

23890.23

65241.1765903762

51710.1975

62911.9117647059

53274.3558138441

41849.9742940801

31948.8653417347

24538.7543798329

9022.708739761

4470.4199432182

1652.6846217715

796.3385443331

390.2572317078

0



Revised Plain Concrete Calcs

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								64,932		Pure Bending		5,512		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,233		16,081

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561				Wall heigh		96

				mb		The solution to Puc - Put = 0										64,932				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										64,326				Wall thickness		4

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										64,326				Section modulus		128

																0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841				Wall heigh		120

				mb		The solution to Puc - Put = 0										180,607				Wall width		48

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153				Wall thickness		6

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153				Section modulus		288

																0





Revised Novomesh Balances

		Test Method		Test Description		Height (in)		Width (in)		Thickness (in)		f'c (psi)		Bending Load (lb)		Axial Load (lb)		Shear Load (lb)

										4" Walls

		Tested per ICBO Criterion AC-15    3.4.2.3		Pure Bending		96		48		4		2,809		4,440		-		-

						96		48		4		2,809		4,494		-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								42,145

						96		48		4		2,809		4,933		-		-				Factore Axial Load =		Zero by definition								0

		Tested per ICBO Criterion AC-15    3.4.2.4		Combined Axial and Bending		96		48		4		2,809		4,906		3,200		-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								45,254

						96		48		4		2,809		4,836		3,200		-				Factore Axial Load =		Applied load / 1.7								1,882

						96		48		4		2,809		5,148		3,200		-

		Tested per ICBO Criterion AC-15 3.4.2.2		Pure Compression		96		48		4		2,917		-		271,144		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						96		48		4		2,917		-		289,141		-				Factore Axial Load =		Mean Applied load / 1.7								168,963

						96		48		4		2,917		-		301,428		-

																				Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								62,620

																						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								60,229

		Tested per ICBO Criterion AC-15 3.4.2.5		3/4 of standard fiber dosage rate		96		48		4		3,820		-		-		99,689

						96		48		4		3,820		-		-		103,072		Section Modulus		Width x Thickness2 / 6										128

						96		48		4		3,820		-		-		106,517		Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										86,480

		Tested per ICBO Criterion AC-15    3.4.2.3		Standard Fiber Dosage Rate		96		48		4		3,820		-		-		128,371		mb		The solution to Puc - Put = 0										62,620

						96		48		4		3,820		-		-		113,436		Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										60,229

						96		48		4		3,820		-		-		97,893		Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										60,229

																																0

										6" Walls

		Tested per ICBO Criterion AC -15 3.4.2.3		Pure Bending		120		48		6		3,022		5,174		-		-

																-		-		Pure Bending		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								56,985

						120		48		6		3,022		4,921		-		-				Factore Axial Load =		Zero by definition								0

						120		48		6		3,022		5,101		-		-

		Tested per ICBO Criterion AC-15 3.4.2.4		Combined Axial and Bending														-		Combined Bending and Axial		Factored Bending = Moment		[ ( Mean Bending Load x Wall Height) / 6 ] / 1.7								206,273

						120		48		6		3,022		17,054		175,000		-				Factore Axial Load =		Applied load / 1.7								102,941

						120		48		6		3,022		18,715		175,000		-

														19,237		175,000		-

		Tested per ICBO Criterion 3.4.2.2		Pure Compression		120		48		6		3,022		-		422,250		-		Pure Compression		Factored Bending = Moment		Zero by definition								0

						120		48		6		3,022		-		433,352		-				Factore Axial Load =		Mean Applied load / 1.7								251,648

						120		48		6		3,022		-		*452521		-

		4" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)				6" Walls		Moment (in-lb/lin ft)		Axial Load (lb/lineal ft.)						Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								171,774

		Pure Bending		10,536		0		329		Pure Bending		14,246		0								Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								120,319

		Combined Axial and Bending		11,313		471		354		Combined Axial and Bending		51,568		25,735

		Balance Strain Point		15,655		15,057		489		Balance Strain Point		42,943		30,080						Section Modulus		Width x Thickness2 / 6										288

		Pure Compression		0		42,241		0		Pure Compression		0		62,912						Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7										187,186

																				mb		The solution to Puc - Put = 0										171,774

																				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										120,319

																				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										120,319

																																0

										96														120



2"

2"

31"

31"

30"

3"

3"

38.25"

38.25"

37.5"



Rebar Data

		Mu		Pu				Mu		Pu

		0		313505.63832				0		292,163				0		73,041				0		78,376

		114986.289829998		287520.746306345				116864.637879792		292,163				29,216		73,041				28,747		71,880

		170080.299639318		258890.370185901				165948.361260565		260,965				41,487		65,241				42,520		64,723

		187335.761474892		205149.365747737				185819.085072235		213,097				46,455		53,274				46,834		51,287

		182736.570942807		156129.354075442				185418.015123663		167,400				46,355		41,850				45,684		39,032

		168526.132491522		118088.429935268				171691.451449422		127,795				42,923		31,949				42,132		29,522

		155056.085319088		91995.0175193316				155056.085319088		98,155				38,764		24,539				38,764		22,999

		106828.356773587		39491.9889411986				92799.0181542675		36,091				23,200		9,023				26,707		9,873

		83620.4804731929		22016.8584539437				64651.9383531944		17,882				16,163		4,470				20,905		5,504

		60891.3858507525		8927.1017356753				42613.1246100299		6,611				10,653		1,653				15,223		2,232

		51957.5748068308		4429.2238222016				35175.9128712522		3,185				8,794		796				12,989		1,107

		47311.1209042811		2200.6915369852				31525.480676164		1,561				7,881		390				11,828		550

		42577.5100602722		0				27941.5234381986		- 0				6,985		0				10,644		0

		#5@24						#4@24						#4@24						#5@24





Plain Concrete Calculations

		

																				Moment (in-lb/lin ft)		Axial Load (lb/lin ft)

		2917		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								65,842		Pure Bending		5,617		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								95,561		Balance Point		16,460		16,265

																		Pure Compression		0		23,890

				Section Modulus		Width x Thickness2 / 6										128

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										95,561

				mb		The solution to Puc - Put = 0										65,842

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										65,061

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										65,061

																-0

		3022		Balanced Strain Conditions		Factored Bending = Moment		The solution to Puc - Put = 0 : See equations below								180,607		Pure Bending		12,864		0

						Factore Axial Load =		Pn = 0.60 x f'c x (1-[H/(32 x T)2]) x W x T / 1.7								206,841		Balance Point		45,152		32,288

																		Pure Compression		0		51,710

				Section Modulus		Width x Thickness2 / 6										288

				Pn		0.60 x f'c x (1-[H/(32 x T)2]) x W x T x .65										206,841

				mb		The solution to Puc - Put = 0										180,607

				Puc		[1 - mb / (.85 x f'c x section modulus x .65)] x Pn										129,153												4"		6"

				Put		[ ( mb / section modulus ) - (.65 x 5 x (f'c)1/2 ) ] x width x thickness										129,153						96		120		5000		52		33

																0						96		120		6000		63		40

																						96		120		7000		73		47

																						96		120		8000		83		53

																						96		120		9000		94		60

																						96		120		10000		104		67

																						96		120		11000		115		73

																						96		120		12000		125		80

																						96		120		13000		135		87

																						96		120		14000		146		93

																						96		120		15000		156		100

																						96		120		16000		167		107

																						96		120		17000		177		113

																						96		120		18000		188		120

																						96		120		19000		198		127

																						96		120		20000		208		133

																						96		120		12500		130		83

																						96		120		13000		135		87

																						96		120		13500		141		90

																						96		120		14000		146		93

																						96		120		14500		151		97

																						96		120		15000		156		100

																						96		120		15500		161		103

																						96		120		16000		167		107

																						96		120		16500		172		110

																						96		120		17000		177		113

																						96		120		17500		182		117

																						96		120		18000		188		120
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