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Figure 0-1 LDM Definition of Symbols
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1.0 Ecospan® Composite Floor System and Concrete Load Distribution Member (LDM)
The Ecospan® Composite Floor System (Ecospan®) offers significant benefits for multi-level facilities
with repeated floor plates and vertically aligned building elevations. The concrete Load Distribution
Member (LDM) is used with all types of supporting structural elements and provides added value in
gravity load distribution and shear transfer. This floor system is commonly paired with load bearing
cold-form steel (CFS) wall systems and the use of a concrete LDM provides added value to the design
and construction of these types of structures.

1.1 Overview of the Ecospan® Composite Floor System
Ecospan® is an innovative, effective, and economical method of providing all steel structural components
for elevated floor and roof construction while realizing the benefits of lighter weight composite design.
The system is comprised of the following components:

4. CONCRETE SLAB
REINFORCEMENT
5. CONCRETE SLAB

3F. DECK SIDELAP
FASTENER

6. POURSTOP
7. E-CLOSURE
8. REBAR
3C. JOIST END
FASTENERS
3D. POURSTOP
FASTENER
3E. CONCRETE LDM
SUPPLEMENTAL
FASTENER

3A. DECK FASTENER
TO JOIST
3B. JOIST TO SUPPORT
FASTENER

1. VULCRAFT E-SERIES
JOIST
2. VULCRAFT/VERCO
STEEL DECKING

Figure 1-1 Ecospan® System Components and LDM Components
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1. JOISTS: The Ecospan® System uses E-Series Vulcraft joists typically ranging from 10 to 30 inches
deep with spans up to 40 feet spaced at four to six feet on center for load bearing CFS applications.
2. DECKING: Ecospan® utilizes multi-span sheets of light gauge steel decking. Maximum decking
depth is 1½ inches.
3. FASTENERS: The Ecospan® System uses primarily two different types of fasteners that include
the Shearflex® fastener and standard self-drilling fasteners of various sizes. Shearflex® fasteners
are shouldered, self-drilling, and self-tapping, ranging from 2½ to 3 inches in length, and are
installed using the Vulcraft provided Shearset® Tool. Typical locations of each fastener type are
shown in Figure 1-1. Table 1-1 shows the type of fastener used in each location as determined
by Ecospan® for the composite joist framing and for the concrete LDM, as determined by the
Design Professional.
Table 1-1 Fastener Types and Uses
Fastener
Deck
Concrete Concrete Pourstop
Type
Fastener
LDM
LDM
or
to Joists
Joist
Joist End E –Closure
Fastener Fastener Fastener
Label From
Figure 1-1
Shearflex®
Fastener
Self-Drilling
Fasteners

Concrete LDM
Supplemental
Fastener

Deck
Sidelap
Fastener

3A

3B

3C

3D

3E

3F

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

Yes

No

Yes

4. CONCRETE SLAB REINFORCEMENT: Slab reinforcement is specified by the Design Professional
based upon design requirements which typically consists of welded wire reinforcement (WWR).
Fiber mesh materials may be used as an alternate means for temperature and shrinkage
crack control by the Design Professional if it meets the appropriate design requirements.
5. CONCRETE SLAB: The concrete slab thickness and compressive strength is specified by the
Design Professional to meet code design requirements. For residential applications it is typically
a 2½ inch normal weight concrete topping having a minimum 28 day ultimate compressive
strength (f’c) of 3,000 psi. Thicker slabs may be designed for heavier duty uses or to improve
serviceability performance of the system (vibration, sound, etc.).
6. POURSTOP: Standard light gauge pour stops are used to form the outside edge of a concrete
LDM at the perimeter condition as shown in Figure 1-1.
7. E-CLOSURE (or Z-CLOSURE): These Ecospan® components are used to form the inside edge of
a concrete LDM depending upon the location of the bearing wall.
8. REBAR: This reinforcement is used for bending loads to adjacent supports and/or providing
shear transfer and is specified by the Design Professional.
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1.1.1 Overview of Load Distribution Members (LDM)
A Load Distribution Member is a structural element that distributes vertical (gravity) floor or roof loads.
Load distribution members are employed to distribute gravity loads delivered by roof trusses or floor
joists to supporting load bearing CFS studs without requiring alignment of the bearing wall framing
components. This saves construction time and coordination efforts for panelized or field framed
structures.
The LDM provides redundancy and structural robustness not available in standard CFS bearing wall
construction. By engaging additional load paths the LDM provides maximum structural benefit resulting
in framing economies for CFS bearing walls.
Many multi-level load bearing CFS projects use a steel load distribution member. Steel LDM’s are
typically angles or HSS tubes and are installed at the top of load bearing CFS panels in a shop or are
field applied during erection (See Figures 1-2 and 1-3).

Figure 1-2 Steel Angle LDM at Exterior Wall

Figure 1-3 Steel HSS LDM at Exterior Wall

Design Professionals should carefully evaluate the selection of the LDM type (steel or concrete) to
maximize the benefit to the owner, contractor, erector, and the building system. The concrete load
distribution member offers unique benefits created by the combination of the Ecospan® System with
load bearing CFS wall framing.

1.1.2 The Concrete LDM
The primary advantage in the combined use of
the Ecospan® system with CFS load bearing wall
systems is the simplicity of its construction and
the formation of the concrete LDM. There are
two types of continuous concrete LDMs formed
with Ecospan®: Joist Bearing and Deck Bearing.
Examples of these are shown in Figures 1-4,
1-5, and 1-6. Figure 1-4 shows an interior deck
bearing condition and Figures 1-5 and 1-6
illustrate interior and exterior joist bearing
conditions.
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Figure 1-4 Interior Deck Bearing Condition

The concrete load distribution member is formed through the use of the two E-closures or Z-closures at
the interior bearing walls or the E-closure and the pour stop at the exterior bearing wall. The standard
assembly of Ecospan® components creates a 6 inch x 8 inch continuous concrete form which when
properly detailed, reinforced and filled with concrete creates the concrete load distribution member.

Figure 1-5 Interior Joist Bearing Condition

Figure 1-6 Exterior Joist Bearing Condition

The configuration of reinforcing placement is at the discretion of the Design Professional. The LDM is
typically reinforced with two (2) continuous reinforcing bars in either a horizontal or vertical configuration
as shown in Figures 1-7A or 1-7B. A third reinforcing bar may be required in certain design conditions
as shown in Figure 1-7C and as discussed in Section 3.8.4.

Figure 1-7A Horizontal LDM Reinforcement

Figure 1-7B Vertical LDM Reinforcement

Figure 1-7C Vertical LDM Reinforcement with Shear Bar
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The reinforcing orientation shown in Figure 1-7A may be employed when joist or CFS stud loads from
above are located less than or equal to four inches from the supporting stud below. The reinforcing
orientation shown in Figure 1-7B and 1-7C may be employed when transfer stud or joist loads are
located greater than four inches away from the face of the supporting stud. See Figures 3-2 A,B and,C
for a graphic description of these conditions.
The continuous concrete LDM is attached to the top of the wall
(TOW) track at each joist attachment. Additional Shearflex® screws
are required also to achieve the composite action between the
concrete and the CFS track.
Figure 1-8 is a photo of the top of an interior load bearing CFS stud
wall prior to reinforcing and concrete placement. In this figure, the
staggered Ecospan® joists bear on the stud wall at 48 inches on
center. The E-closures are present forming up each side of the six
inch x eight inch continuous concrete LDM and provide closure Figure 1-8 Continuous Concrete
between the joist seats.
LDM Formed at TOW

1.1.3 Design Considerations of LDM Elements
The formation of a continuous concrete LDM during the normal framing process provides additional
benefits to the project when compared to a steel LDM as shown in Table 1-2.
Table 1-2 LDM Design Consideration
Design Consideration
Is framing alignment required with CFS studs?
Is CFS stud alignment required from floor to floor?
Is the load distribution member a continuous monolithic and integral
part of the diaphragm?
Are LDM continuity splice details required for transfer of vertical
loads or diaphragm forces between CFS load bearing panels?
Can plumbing piping or mechanical routing be accommodated in the
LDM without special considerations in design or the addition of CFS
materials?
Does the LDM provide a benefit for sound transfer without special
treatment?
Does the LDM enhance and speed the construction of the smoke
and fire barriers within the system without special detailing or construction practices?
Are special inspections required for welded connections and lateral
system requirements?
Is the LDM compatible with CFS stud depths less than 6 inches?
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No
No

Concrete
LDM
No
No

No

Yes

Yes

No

No

No

No

Yes

No

Yes

Yes

No

Yes

No

Steel LDM

1.2 Benefits of the Concrete LDM
The advantages of employing the Ecospan® System with a CFS load bearing wall and the concrete LDM
are realized both in design and construction.

1.2.1 Structural Design Benefits-Gravity Systems
The slab and concrete LDM are poured monolithically and provide a seamless transition for gravity and
lateral forces (See Figure 1-11).

1.2.1.1 Load Transfer from Floor to Floor
In traditional CFS load bearing systems, gravity loads are transferred from floor to floor by the alignment
of structural floor framing with the supporting CFS wall framing as shown in Figure 1-9.

Figure 1-9 Traditional In-Line Framing Requirements
The forced alignment requires every stud to be designed to support all loads from roof and floor framing
systems to the foundation. As a result, the adjacent unloaded studs that do not directly support joist
loads are not utilized efficiently.
Use of the concrete LDM may eliminate the alignment requirement of load bearing CFS studs with floor
joists and load bearing CFS studs from above. The integrally formed concrete LDM provides continuity,
redundancy, and load path for point loads from the Ecospan® joists and from level to level point loads.

1.2.1.2 Load Distribution
The use of a concrete LDM facilitates the distribution of gravity loads to adjacent studs within CFS load
bearing walls. This distribution of load to adjacent studs via the LDM will reduce the axial loading in a
typical wall stud.
Design Professionals can determine the distribution factor by modeling the concrete LDM and CFS
studs in a finite element program (See Figure 2-11). A typical level of wall framing can be loaded with
a unit load at spacing that matches application of loads from the joists.
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The distribution factor is a function of the LDM stiffness, the wall stud gauge, wall height, spacing of
the CFS framing members, and the spacing of the joist loads. The effective stiffness of the concrete
members should be used in this analysis.

1.2.1.3 Flexibility in Floor Member Placement
The Ecospan® System and the formation of the concrete LDM provide design and construction
professionals with layout flexibility in the placement of joists and coordination of the wall stud framing
from level to level. Strength and stiffness of the continuous concrete LDM permits the floor framing
layout to be adjusted to accommodate MEP services.
The Ecospan® joist spacing of four feet on center can be adjusted to accommodate mechanical chases
depending upon the loading requirements, MEP routing, and fire rating requirements. The concrete
LDM allows upper level framing layouts to be offset from the lower level framing without requiring
vertical alignment. This assists in speed of construction and flexibility for mechanical routing. Figure
1-10 shows framing where the joists and the upper level studs are not aligned with the studs below.

Figure 1-10 Non-In-Line-Framing

1.2.2 Structural Design Benefits - Lateral Systems
Developing and detailing a continuous load path for lateral forces in CFS load bearing structures can
be complicated. In conventional CFS load bearing structures, Design Professionals must define gravity
and lateral load paths, identify large concentrated load locations and detail load transfer mechanisms,
such as blocking, strapping connections, shear transfer, and uplift transfer. The Ecospan® continuous
concrete LDM provides solutions to many of the connection challenges presented when designing the
lateral system (See Figure 1-11).

1.2.2.1 Concrete LDM and Continuous Diaphragm Chord
Design Professionals commonly use a horizontal truss analogy to evaluate diaphragms where the
slab and deck perform like the web members and edge members are used for the chords. Diaphragm
chords must meet two general criteria:
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• Criteria 1: Flexural Strength
Diaphragms require adequate strength and stiffness to resist applied loads that develop
compression and tension chord forces.
Based upon the required chord forces, the Design Professional may analyze the LDM as a
concrete compression element. The required tension forces may be resisted by the selected
LDM reinforcement, and the Design Professional may specify additional reinforcement in the
slab to meet the tension requirements of the diaphragm.
• Criteria 2: Shear Transfer
Diaphragms require adequate connectivity of the LDM to the diaphragm to transfer shear
forces to the lateral force resisting system.
Due to the monolithic construction with the slab, the Design Professional may rely on the
shear capacity of the concrete slab at the LDM slab interface, or specify additional welded
wire fabric or reinforcing to transfer At Level diaphragm shear to the LDM.

1.2.2.2 Shearwall Load Transfer from Concrete LDM
Upper Level shear forces and At Level shear forces must be transferred through the concrete LDM into
the lower lateral force resisting system.
Prior to placing the concrete slab, Shearflex® fasteners may be installed through the E-closure and
top of wall track. Each Shearflex® fastener acts as a horizontal shear transfer element between the
concrete LDM and the top of wall track in the shear wall below.

Figure 1-11 Lateral Load Transfer
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Design Professionals must evaluate the top of wall track for the load transfer from the concrete LDM.
The top of wall track must be continuous and have adequate tension and compression capacity to
develop and transfer shear loads. The concrete LDM becomes an integrated shear transfer element
in the lateral force resisting system where Shearflex® fasteners provide an effective load transfer
mechanism into the lower shearwall.

1.2.2.3 Minimization of Uplift by Load Distribution to Shear Walls
The concrete LDM allows erectors to quickly and easily erect primary load bearing walls and secondary
load bearing walls with minimal changes in technique. Occasionally, demising walls are not used as
the primary load bearing walls, but are detailed as shearwalls in the lateral system. If the demising
wall carries a tributary area of deck (See Figure 1-4), the overturning uplift forces will be reduced by
carrying dead load from each level. This strategy helps offset the uplift forces and overturning forces
in the shearwall system.

1.3 Concrete LDM Design Requirements
• Supporting CFS stud walls must be a minimum of 6 inch deep CFS studs.
• CFS studwall framing is limited to 24 inches on center maximum.
• The bearing capacity of CFS on concrete shall be evaluated by the EOR in accordance with 		
accepted engineering practices and in accordance with applicable codes.
• The cross section of the LDM is to be maintained as a true 6 inch wide by 8 inch deep beam 		
and is not to be encumbered by overhanging decking or closure pieces.
• The recommended minimum CFS top of wall track flange width is 2 inches and a minimum 		
thickness of 16 gauge (Fy = 50 ksi) or as evaluated by the Design Professional.
• Closures and pour stops should be attached to the CFS wall top track with Shearflex® fasteners
or ¼ inch diameter self-drilling screws per SDI recommendation or at 12 inch on center 		
maximum. Welded pourstops will require the addition of Shearflex® fasteners as 			
recommended at a minimum.
• A minimum of two (2) Shearflex® fasteners should be placed into the top chord of the joist within
the LDM cross-section.
• Shearflex® fasteners should have a minimum of ½ inch of concrete cover.
• Joists are to be secured to the supporting track with a minimum of (2) ¼ inch diameter self-		
drilling fasteners or (2) Shearflex® fasteners.
• Concentric Loading – Joist seat must load the LDM and studs concentrically. See Figure 2-23 for a
Typical Joist Seat Condition using 1 inch Form Decking. The Design Professional is responsible to
evaluate the CFS framing for eccentric loading from the joist framing.
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• Non-composite joist placement is no more than seven inches from centerline of joist to centerline
of stud without specific consideration by EOR.
• Self-drilling screws used within concrete LDM must be through hardened (not case hardened).
• At least two continuous reinforcing bars shall be provided within the upper half of the LDM.
• Cantilever of the concrete LDM must be limited to a maximum of 7 inches from the centerline of the
supporting stud to the centerline of the joists or loading studs.

1.4 Summary
The concrete LDM and the alternate load paths created benefit the foundations and supporting
structural system resulting in more uniformly applied loads and redundancy in load paths. The
combination of the Ecospan® System and the concrete LDM optimizes material usage for the floor
plate and assists in the optimization of the CFS wall framing design.
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2.0 Concrete LDM Design Methodology
2.1 Load Development
Shoring is not required to install the Ecospan® Composite Floor system. The design methodology
presented for the concrete LDM is consistent with unshored construction practices. As a result, the
top of the wall track must transfer the non-composite loads, and the concrete LDM must transfer the
composite loads to the supporting structural elements.
During construction, non-composite loads must be carried by the CFS wall framing until the development
of composite LDM action. During this stage of construction the CFS wall assemblies must carry the
non-composite dead loads (joists, steel deck, accessories, and wet concrete) and a construction live
load. The concrete LDM is considered to behave compositely when the concrete attains the specified
design compressive strength.
Composite action is formed when the combined components resist loads and distribute stresses as
a single member. Composite action is developed when slippage between the concrete and CFS top of
the wall track is resisted via Shearflex® fasteners. In the composite phase, the concrete LDM must be
properly designed and detailed to carry all loads.
It is the responsibility of the Design Professional to determine the appropriate construction live load
based upon actual construction conditions and in accordance with accepted standards. Definitions of
loading, per ASCE 37-02, are presented which include: non-composite dead load, composite (permanent)
dead load, construction live load, and composite live load. The loading definitions presented delineate
the differences in loadings for the design of the concrete LDM.
• Non-composite dead load (construction dead load, CD) is the weight of structural elements and
materials in place at the stage of construction being considered. For a typical concrete LDM, the
Construction Dead Load is comprised of the weight of the Ecospan® joists, bridging, steel decking
and accessories, and wet concrete. Wet concrete weight is considered a construction dead load
until the point at which the concrete has gained sufficient strength to not rely on the light gauge
framing alone.
• Composite dead load (permanent dead load, D) is the weight of all materials of construction
incorporated into the building, including, but not limited to, walls, floors, roofs, ceilings, stairways, built
in partitions, finishes, and cladding. These are dead loads applied after the concrete has cured.
• Construction live load CL is the required design loading from work crews and construction equipment
present prior to and during concrete placement.
• Composite live load L is the design live load produced by the use and occupancy of the building that
does not include construction or environmental loads (snow, wind, seismic, etc.).
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2.2 Non-Composite Design
CFS components (tracks and studs) used in load bearing cold-formed walls are required to support the
non-composite loads. Ecospan® joists may bear on the track at the stud or along the track between
the studs. Standard top tracks are designed as simply supported beam elements spanning between
supporting studs. When a joist is installed on the track, see Figure 2-1, the top track must transfer
the gravity loads to the adjacent studs. If the "a" dimension shown in Figure 2-1 is zero, the load is
transferred directly from the joist bearing seat to the stud. As the “a” dimension increases, the moment
in the top of wall (TOW) track can be calculated with the standard equation for a simple span with
concentrated point load condition.

Figure 2-1 E-Series Joist Bearing on CFS Tow Track

2.2.1 Point Load versus Partial Uniform Distributed Load (PUDL)
Typically, Design Professionals develop applied moments for TOW track by assuming a concentrated
point load without consideration for Section
the joist2.2.1
bearing width using the following equation.

M 

P a ( L  a)
L

The standard E-series joist seat isSection
a minimum
wide. Design aProfessionals
can take
2.3.7 3½ inches
a  2 h
a2  2 h
1  2 h
advantage of the moment reduction of the standard seat or specify a larger bearing seat width for
additional moment reductions. The maximum recommended seat width is 6 inches wide.
Section 3.7.2

Design Professionals may take advantage of a design moment reduction based upon a partial uniform
distributed load (PUDL) on a simple span. This is graphically shown in Figure 2-2 and the moment
Fns
:= fstud
ce Acs
reductions based upon the different CFS
wall
spacing and joist bearing widths are shown in Table
2-1.
Fce-strut := 0.85 βs f'c

Acs := ws bw = 2.115 in 6 in = 12.69 in
2

Acs := ws bw = 12.69 in

2

Either way works for me,
MCAD doesn't allow = and t
more math

Section 3.7.3
Fnm := fce Anz
fce := 0.85 βn f'c
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Figure 2-2 Single Span Design Criteria for Tow Track

2.2.2 Top of Wall Track Design Criteria For Non-Composite Loads
Table 2-1
Moment Reduction Percentage for
Partial Uniform Distribution Load (PUDL)
3½" Wide
5½" Wide
CFS Stud Spacing
Bearing Seat
Bearing Seat
16"
11%
17%
24"
7%
11%
The top track is an open CFS shape loaded in its weak axis that may exhibit numerous buckling and
deflected shapes during the non-composite phase. A few of these are mentioned below and discussed
individually in the following paragraphs based upon research. In the non-composite phase the criteria
includes consideration of strength and serviceability.

2.2.2.1 Strength
Buckling of Track Flange at Supports (Studs)

When the TOW track is designed as a simply supported beam member, the buckling of flanges at
the supports does not affect structural performance of the top track. This buckling occurs due to a
geometric rotation of the section and the inability of the unstiffened flanges in compression to resist
the force. See Figure 2-3.

Figure 2-3 CFS Track Flange Buckling
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Figure 2-4 shows a TOW track test specimen that has been loaded with an open-web joist. The flange
buckle is visible at each supporting stud. As the TOW track deflects due to load, the outstanding legs
near the supporting studs carry compression forces and buckle. This buckling of the flanges allows the
track to perform as a simple span.

Figure 2-4 CFS Track Flange Buckling
(Elevation)
Excessive Warping and/or Buckling of Track Flange at Load Application
Due to the normal rotation of the joist seat as the joist is loaded, the inside flange (loaded side) carries
more force than the outside flange. Figures 2-5 and 2-6 show an example of buckling/warping of the
inside and outside flanges of the TOW track at the point of load application. Because the track is an
"open section," the track is susceptible to section warping. Track sections that undergo this warping
may display a reduction in load carrying capacity due to geometric section property reduction.
Under some cases of narrow widths of load application and/or light top track sections, localized
buckling may be observed at the web/flange junction. During testing, this design limitation was not
observed.
Yielding of Outstanding Flange Legs
Service deflection requirements will govern typical TOW track configurations. Unless the stud spacing is
less than 12 inches and the track is heavy, the yielding of the flange tips is not possible. No tests results
during testing exhibited yielding of flange tips prior to excessive deflection well beyond serviceability
limitations.

Figure 2-5 CFS Track Buckling/Warping
(Side View)

Figure 2-6 CFS Track Buckling/Warping
(Profile)
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2.2.2.2 Serviceability
The L/120 deflection limit for the TOW track (0.2 inch for 24 inch o.c. studs) is adequate to provide a
serviceable support for the non-composite loads from the floor system. This criterion is similar to the
recommendations provided by the Steel Deck Institute for deck used as a concrete form. Based on
testing, a deflection limit of L/120 for vertical deflection of track is reasonable since the behavior of
the track is non-brittle and linear up to this limit. (See Figure 2-7)

Figure 2-7 TOW Track Test Graph for NC Point Loads

2.2.3 Design of Top of Wall Track for Non-Composite Loads
The Design Professional must account for the support of the joist construction loads during the noncomposite phase.
The TOW track is usually a C-Shaped member bent about its weak axis as shown in Figure 2-8. As a
simply supported member, the unstiffened flanges of the track are in tension, simplifying the design.
Section properties for the track section are normally available from the steel stud manufacturer or
are calculated directly based upon gross section properties of the c-section without lips per the AISI
manual.

Figure 2-8 Tow Track in Weak Axis Bending
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Design Professionals can develop a design table for standard SSMA or specialty tracks which can
include steel yield and variable wall stud spacing. A sample table is shown below in Table 2-2. The
maximum allowable point load at the center of the track span may be determined directly from this
type of table.
Table 2-2 Partial Allowable Point Load Table for 6 inch TOW Track
Maximum Point Load Capacity (kips)
Track Section
(Fy = 50 ksi)

Stud Spacing @ 16" o.c.

Stud Spacing @ 24" o.c.

Joist Bearing Width

Joist Bearing Width

3½ inches

5½ inches

3½ inches

5½ inches

600T150-68

0.75

0.80

0.45

0.50

600T150-97

1.05

1.15

0.65

0.70

600T250-68

1.95

2.10

1.25

1.30

600T250-97

2.90

3.10

1.85

1.95

600T300-68

2.75

3.00

1.75

1.85

600T300-97

4.10

4.40

2.60

2.75

Standard TOW tracks will have limited capacities for non-composite loads and additional strategies for
the support of non-composite joist loads including the use of a deep-leg TOW track, an L-header (single
or double), or the use of a back to back header at the joist bearing location. Design considerations
will be discussed for each type presented. The strategy employed will be a function of the anticipated
loads during construction, the type of construction (stick or panelized), and contractor preference.

2.2.4 Deep Leg Wall Track Design Considerations
The use of deep leg wall tracks is common, and they are employed as headers as well as load distribution
members. Design considerations for these members are similar to those presented for standard TOW
tracks. However, design capacities may be based upon proprietary testing in accordance with the AISI
code. The Design Professional should consider the construction limitations of properly seating the top
track over CFS wall studs. This will limit vertical movements under service load conditions to allowable
levels. The use of a deep leg track is best employed for prefabricated wall panel applications where the
tracks can be properly seated by mechanical methods.

2.2.5 Additional Non-composite Stage Strategies
Additional strategies are available to the Design Professional to support joist reactions during the noncomposite construction stage. These may include:
• Single or Double L-Headers. Research has been conducted by AISI, and design equations
are presented in AISI S212-07 with limitations on geometric proportions for the L-header
components and specific installation details required to ensure structural performance.

25

• Back to Back Stud Headers. The use of a back to back stud header may also be employed
in the support of non-composite loads. This commonly used header type is sized as a simple
span beam spanning the stud spacing and is interconnected per AISI provisions.

2.2.6 Transfer of Non-composite Joist Loads to Supports
The non-composite design load supported by the TOW track is not present in the same ratio as
the design loads to be applied to the concrete LDM. The TOW track will maintain the dead load
of the joist and deck, and the LDM must resist the remaining loads. Special detailing criteria are
recommended concerning non-composite support of E-series joist placement and their relative
alignment to the supporting wall studs. Design Professionals should take advantage of Nucor Vulcraft’s
BIM capabilities to manage joist and wall stud placement when coordinating MEP penetrations.

2.2.7 Summary
Based upon the anticipated loadings, joist layout, the type of construction (stick or panelized), the
Design Professional must specify the TOW track, pour stop, and closure geometries and fasteners
to provide sufficient section to support the non-composite loads. Figure 2-9 is presented for 16 inch
on center stud spacing demonstrating the strategies presented to support non-composite loads at
mid-span. The design chart presents the allowable applied non-composite joist reaction based upon
the criteria presented. It can be seen that many options exist depending upon the construction, joist
spans, and top of wall strategy employed.
16" O.C. Stud Spacing & 3½ Joist Bearing Width
6

16 Inch O.C. Stud Spacing & 3½ Inch Joist Bearing Width

Allowable Single Joist Reaction [Kips]

5

4

3

2

1

0
600T150-68

600T150-97

600T250-68

600T250-97

600T300-68

600T300-97

Non-Composite Support Options

Figure 2-9 Non-Composite LDM Options
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2-600L150-54

2-600S162-97B2B

2.3 Composite Design
Composite action is developed when slippage between the
concrete and CFS top of wall track is resisted via Shearflex®
fasteners. Once the concrete has been placed and reaches
its specified design compressive strength, the TOW track and
continuous concrete LDM work together as a composite section.
The doubly-reinforced beam (CFS track and rebar) can be used by
Design Professionals as a structural element to distribute loads
between levels in multi-story structures. Where global design
considerations are required, CFS wall studs and concrete LDM
effective stiffnesses can be included into analytic models to
evaluate load distribution. Alternately, when local considerations
are of concern the span-to-depth ratio of typical stud spacing can
be easily evaluated using ACI’s strut and tie models.

2.3.1 Load Transfer from Floor to Floor
Figure 2-10 illustrates an example of a load bearing wall framing
system. While the lowest level is supported by a footing or Figure 2-10 General Wall Layout
bearing wall, each subsequent floor rests on a concrete LDM
for Multi-Story Building
where the Ecospan® joists apply load. In the figure, Ecospan®
joists are bearing 4 inches to one side of the supporting CFS studs, and the studs are spaced at
24 inches o.c.. Using the information provided, a Design Professional can set up an elastic model
similar to the one shown in Figure 2-11.
ACI 318 should be used to develop the effective moment of
inertia of the concrete LDM components, including the CFS
track, reinforcing, and concrete section. Appendix D illustrates
the method for developing these section properties. Stud
stiffness can be developed using mechanics of materials
along with the stud geometry for each framing level. For
framing simplicity and design ease, each floor will typically
have a constant stud size, gauge, and spacing, except as
required for non-typical heavy loads.
As shown in Figure 2-11, the model can be configured to
develop the load distribution of the Ecospan® joist point
loads of upper floors to the subsequent supporting walls
below. Construction methods and track-to-stud seating also
facilitate the distribution of loads due to the relative stiffness
between the concrete LDM and the CFS wall framing system.

Figure 2-11 Load Distribution Model for
Multi-Story Building
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2.3.2 Local Concrete LDM Design Consideration
ACI 318 defines discontinuity regions as locations where normal flexural theory stress distribution is
disturbed by a change in geometry or a concentrated load. This disturbed area extends a distance
approximately “h” from the concentrated load (See Figure 2-12). In load bearing walls, stud spacing is
equal to or less than 24 inches o.c. Therefore, the disturbances from concentrated loads from upper
and lower studs cannot be more than 12 inches apart. ACI 318 states that in locations where the shear
span is less than 2h (av) strut and tie modeling principles apply (See Figure 2-13).

Figure 2-12 ACI Beam Theory

Figure 2-13 Concrete LDM ACI Deep Beam Diagram
Figure 2-14 shows an elevation of a concrete LDM with the upper and lower CFS stud framing. This
schematic illustrates the force diagrams in an evaluation model. Compression struts are developed
between the point of load application and the supporting CFS stud. Where asymmetrical loads are
present, tension forces are resisted by the TOW track and concrete tensile reinforcement.

28

Force transfer between the concrete and the track is facilitated by the attachment of the joist seats to
the TOW track, and/or with the use of additional Shearflex® fasteners. It is the Design Professional’s
responsibility to evaluate and detail the continuous concrete LDM for the applied loads. The following
design principles are provided only as a guide based on testing and engineering principles used in the
design of CFS multi-story buildings.

Figure 2-14 Idealized Strut & Tie Force Distribution for Concrete LDM

2.3.3 Background of Testing Procedures
Results from the testing have proven that the continuous concrete LDM performs well under gravity
loads as shown in Figure 2-15. Prior to completion of these tests, normal ACI beam theory was used to
design the continuous concrete LDM for the applied loads. This design approach requires a reinforcing
bar to be placed through the gapped joist seat for tension at the bottom of the LDM. As a result of
testing, it was determined that the TOW track is an effective bottom tension reinforcement.

Figure 2-15 Diagram Of Concrete LDM Test Assembly
The original test configuration involved a concrete LDM supported on CFS stud walls. However, the
CFS wall studs buckled before the reinforced concrete LDM reached design capacity. The test setups
were modified to follow the configurations shown in Figure 2-15. Three equal loads were applied to the
center of three equal spans supported on four steel rollers. The testing program studied the following
variables: support spacing, track gauge, Shearflex® spacing and configuration, ancillary fastener
spacing, track width, track adhesion, and closure benefits.
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Deflections, cracking patterns, TOW track strain, and failure mechanisms were monitored throughout
the testing process. The typical failure mechanism was the crushing of the concrete at the point of load
application or at the supports. Figure 2-16 shows a photo from one of the tests illustrating the cracking
pattern and the ultimate failure of the concrete below the load application plate. Concrete cracks are
highlighted with a black marker, and the patterns are similar to the diagram in Figure 2-17 illustrating
the diagonal cracking pattern for a strut and tie model.

Figure 2-16 Concrete Crushing at Load
Application and Cracking Pattern
LDM Test Phase II

Figure 2-17 Force and Cracking Diagram of
Concrete LDM

Figure 2-18 is a plot of the load versus deflection for one of the tests performed with the supports
spaced at 24 inches on center. The deflection ratio at maximum load was observed to be approximately
L/480. This falls well within serviceable limits, even at ultimate loads.

Figure 2-18 Load vs Deflection for 24 inches o.c. Concrete LDM Test
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2.3.4 Basics of ACI Strut and Tie Model
ACI 318 describes provisions for the design of reinforced concrete using the strut and tie method.
Concrete LDM sections are typically 8 inches high (h), and shear span (av) ≤ 2h would show that a
strut and tie model is applicable without additional shear requirements for support spacing of up to 32
inches. However, testing has only been completed for support spacing as large as 24 inches o.c., and
configurations with wider spacing may not meet additional geometry restrictions within ACI 318.
Strut and tie models are represented by a truss model for a structural member or a discontinuity (D)
region. Struts are compression members, and ties are tension members in the strut and tie model.
Nodes are joints of the truss model where the axis of the struts, ties, and concentrated forces acting on
the joint intersect (See Figures 2-12 and 2-13). Based on the forces acting on the nodal zone, concrete
LDMs typically fall into one of two categories of nodal models C-C-T and C-C-C. Figures 2-19 and 2-20
illustrate the two basic types of nodes.

Figure 2-19 C-C-T Node Diagram

Figure 2-20 C-C-C Node Diagram

The C-C-T node has two or more compressive forces and one tensile force acting at the node. The C-C-C
node has three or more compressive loads acting on the node. For each nodal arrangement, the forces
must be in equilibrium and may be resolved by statics and trigonometry. Depending on the number
of forces on the nodes, forces may be resolved into their resultant force or separated into component
loads for ease of analysis. Refer to ACI 318 for various examples.
Figure 2-21 illustrates a basic strut and tie model and represents an assembly used during testing.
Representative stud loads from above are applied at the midpoint between the lower supports and
Shearflex® fasteners were installed at each lower support. Even with symmetry at each node, tension
forces are present due to the statics of the finite beam section.

Figure 2-21 Strut & Tie Model for Shearflex® at Support within Concrete LDM
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Figure 2-22 shows another test beam with Shearflex® fasteners at the midpoint between supports.
This results in a more complex strut and tie model, but resolution of nodal forces is still possible. In
normal construction, there will typically be sections of concrete LDM with “regular” symmetric loading
where tension forces will be negligible in the design. Standard detailing for the concrete LDM should
minimize locations where the analysis of specific strut and tie models are required.

Figure 2-22 Strut & Tie Model with Mid-Support Shearflex® for Concrete LDM

2.3.5 Ecospan® Specifics for Strut and Tie Modeling
Figure 2-23 shows an Ecospan® joist bearing 5½ inches onto a 6 inch wide CFS wall. Ecospan® joist
seats on CFS are 4½ inches tall to align the joist reaction concentrically on the CFS wall. With the seat
depth set, the concrete and deck determine the design height of the LDM.
Typically, a 1.0C deck and a total slab depth of 3½ inches are used for residential construction. Concrete
LDM beam height (h) will be determined by these parameters as shown in Figure 2-23. The concrete
LDM beam width is equal to the 6 inch stud depth. Therefore, typical concrete LDMs are 6 inch wide
by 8 inch deep continuous concrete beams. Construction tolerances and ACI clearance requirements
prevent the concrete LDM width from being less than 6 inches in width.

Figure 2-23 Detailed Joist Seat Condition
As a continuous concrete beam, the LDM is a doubly reinforced section. The configuration of the
reinforcement is at the discretion of the Design Professional as discussed in Section 1.1.2. The
reinforcing shown in Figure 2-23 is in a vertical orientation. Composite action is developed with
Shearflex® fasteners and joist seats engage the top of the wall track as the bottom reinforcing.
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2.3.6 General Cases of Concrete LDM Nodal Models
Because the spacing of the supporting studs can range from 8 inches to 24 inches on center, and the
concrete LDM height is typically 8 inches, the remaining nodal geometry parameters can be evaluated
using graphical or analytical methods. Figure 2-24 illustrates a symmetrically supported gravity load
and the general nodal models for this portion of the concrete LDM. The beam height is 8 inches, and
the supporting studs are 24 inches on center. The upper and lower studs are 2 inches in width, and the
reinforcing is (2) #4 bars as illustrated. Joist seats are shown at 4 inches outside the supporting stud.

Figure 2-24 Symmetric Nodal Model
Upper and lower nodes are C-C-C nodes since the Ecospan® joist seats are outside of the supports and
develop a compression block/strut to resist the thrust from the diagonal compression struts. The joist
then engages the top of the wall track to provide a stable system. The joist seats provide concrete and
track engagement in this figure.
The nodal model shown in Figure 2-24 may seem very basic, but it demonstrates the simplicity of
using the concrete LDM in supporting offset load bearing CFS wall studs. When the upper load is not
centered on the span, the location of the upper node is shifted to maintain consistency for points 1, 2,
3, and 4. Geometry parameters must be checked to conform to the ACI strut angle requirement. The
same procedures for determining the strut and node dimensions are followed.
Figure 2-25 shows the upper nodal zone in closer detail. Point(s) 1 represent the edges of the loading
area. In this case, it is a CFS stud with a 2 inch width, but it could also be a bearing plate for a structural
member. Point 2 is the lower boundary of the tension tie zone created by the upper reinforcing. The
tension tie zone is symmetrical about the reinforcing center and extends to each side equal to d’.
Assuming a #4 bar, with ¾ inch clear cover, the overall tension tie zone is: ¾ inch + ½ inch + ¾ inch =
2 inches. For this nodal model, lines can be drawn from point(s) 1 to point 2 creating the nodal zone.
The light green area illustrates a prismatic compression strut boundary drawn to points 3 and 4 in the
lower node as shown in Figure 2-26.
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Figure 2-25 Expanded Upper Node
of Figure 2-24

Figure 2-26 Expanded Lower Node
of Figure 2-24

Figure 2-26 shows the lower left nodal zone including the joist seat. In the illustration, the joist seat
is attached to the top of wall track using two self-drilling screws. An effective strut depth of 2 inches
was chosen because the joist bearing seats will typically be made from 1½ inch angle stock, and the
½ inch additional height was reasonable additional engagement and was chosen to equal effective
height of the tension tie zone in Figure 2-25 simplifying the model. Point(s) 3 represent the edges of
the supporting member, and point 4 is the intersection of the upper surface of the left compression
strut and the left side of the support (joist seat). Lines are drawn as noted above between points: 1-4
and 2-3. This bounds the generic prismatic compression strut for a symmetric loading.
Design Professionals will encounter framing situations where loads cannot be supported by two lower
supporting members. This may occur at jamb openings on the upper floor, or where MEP elements
must pass through the LDM section. In these cases a cantilever or corbel analogy can be used. Figure
2-27 shows the components of a single sided nodal model. It is apparent that geometry parameters
are very similar to Figure 2-24.

Figure 2-27 Cantilevered Nodal Model
In the cantilever nodal model, the tension zone is engaged at the upper node to resist the rotation
effects of the offset load. The reinforcing is shown to be hooked, but other mechanisms to develop
the reinforcing prior to exiting the upper nodal zone may be used. By connecting points 1, 2, 3, and
4 the compression strut is developed in the same manner as previously illustrated. In Figure 2-27 a
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Shearflex® fastener is shown on the right side of the supporting stud. This fastener develops a small
compression strut to resist the horizontal force exerted on the lower node. The strut is extended to the
adjacent joist attachment (support) where additional compression strut capacity is developed.

Figure 2-28 Expanded Upper Node of
Figure 2-27
The Design Professional should verify that the geometry of the cantilever nodal model meets the ACI
geometry limitations to apply the strut and tie principles in analysis and design. Figure 2-28 represents
an expanded view of the upper nodal zone. This node is a C-C-T node because the tension tie is
restraining the left face of the node. Points 1 and 2 are located at boundary edges of the load application
and tension tie zone. Reinforcement detailing considerations will be covered in greater detail in
Chapter 3.
Figure 2-29 shows the lower right node and the internal force diagram for the section adjacent to the
support. Because the cantilever causes a rotational effect at the support, the equilibrium of the node
and LDM section must be maintained using an internal couple. This couple is created by the tension tie
and compression struts and will be discussed in Section 3.2. Depending on the adjacent joist or upper
stud locations, the geometry of the model will change slightly.

Figure 2-29 Expanded Lower Node of Figure 2-27
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Figures 2-24 – 2-29 illustrated the two primary types of nodal models for the concrete LDM. Opposing
gravity loads were shown at the extreme condition, at the centerline of the span between supports
(Figure 2-24) or as a maximum cantilever (Figure 2-27). Generally, load bearing wall framing member
layout is not this consistent. Studs may be aligned or offset to any degree up to one half of the stud
spacing. The following section will describe these conditions and provide methods to evaluate them in
a global manner by using standard detailing techniques.

2.3.7 Typical Wall Framing Conditions
ACI criteria limit the strut angle to a minimum value of 25°. The strut angle limitation defines the
distance that a supporting stud can be from the point of load application for Deep Beam Theory. Shear
spans up to 16 inches are applicable for an 8 inch continuous concrete LDM (a≤=2h). Therefore, any
load within a 12 inch or 16 inch span can be distributed to both adjacent supports. This is illustrated
in Figures 2-30 A, B, and C.

a1 ≤ 2h
a2 ≤ 2h

Figure 2-30A Elevation of 24 inches & 16 inches o.c. Gravity and Support Stud Conditions

a1 ≤ 2h
a2 ≤ 2h

Figure 2-30B Elevation of 16 inches o.c. Gravity and Support Stud Conditions
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a1 ≤ 2h
a2 ≤ 2h

Figure 2-30C Elevation of 16 inches o.c. with Opening Gravity and
Support Stud Conditions
The shaded regions in the figure represent strut and tie elements as well as possible models for the
given configurations. In each of the Figures 2-30 A, B, and C, the gravity load can be resolved to two
supporting studs. Additionally, Figure 2-30C illustrates a jamb opening where the thrust load from the
struts are not directly opposed by adjacent struts, and a horizontal strut is shown at the bottom of the
LDM resisting this horizontal force. Horizontal ties are also shown at the top of the beam where the
opposing loads may not have equal forces parallel to the axis of the beam.
Figure 2-31A shows a supporting stud spacing of 24 inches on center. Figure 2-31A can be resolved
into opposing struts that support the gravity load, but Figure 2-31B fall outside the ACI criteria due to
a2≥=2h. Testing of this loading configuration has not been tested to validate that strut and tie design
parameters can be used. However, due to the load application being closer than 8 inches or a/h ≤ 1,
deep beam mechanisms will still occur, and the design can be separated into an elastic beam design
for moment and shear friction force transfer to the support.

a1 < 2h
a2 ≤ 2h

Figure 2-31A Elevation of 24 inches o.c. Gravity and Support Stud Condition a2≤2h

37

a1 < 2 ∙ h
a2 > 2 ∙ h

Figure 2-31B Elevation of 24 inches o.c. Gravity and Support Stud Conditions a2>2h
There may be situations in load bearing wall framing where mechanical or plumbing penetrations are
required to pass through the concrete LDM. In this case, there may be a gravity load that is offset to
the supporting studs creating a cantilever design. Figure 2-32 illustrates this condition. The maximum
cantilever distance or shear span should not exceed 12 inches unless the Design Professional
completes a nonlinear analysis of the specific application see Figure 2-27.

2.4 Summary
This chapter is an overview of the concrete LDM Design Methodology from load development, testing,
and the application of the ACI Strut and Tie Model. This methodology requires the Design Professional
to employ and combine engineering principles for differing materials (concrete and CFS) and to apply
various design criteria and codes.
Chapter 3 will discuss the concrete LDM detailing requirements for the application of the strut and tie
model. These requirements will determine the layout geometry and construction details to ensure that
all design criteria are met.
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3.0 Concrete LDM Detailing Requirements
Buildings framed with CFS load bearing walls and concrete floor systems have been designed by
Design Professionals even before the first AISI design manual was published in 1942. This section will
provide a summary of the construction details that will help Design Professionals obtain the highest
value for each project.

3.1 Joist Seat, Shearflex®, and Connections
This Design Guide is primarily focused on the use of the concrete LDM as formed by the use of the
Ecospan® system supported by CFS load bearing walls. The CFS walls are slender compression
members. When CFS wall studs are loaded concentrically, the entire section is engaged, and the full
section properties of the stud can be used to resist the applied loads. Nucor sponsored a series of
tests to evaluate the localized effects of E-series joists bearing on CFS walls. Based on testing, 4½
inch high joist seats apply loads to 6 inch deep CFS wall studs concentrically as shown on Figure
3-1. Non-concentric loading of CFS studs is not recommended and must be evaluated by the Design
Professional.

Figure 3-1 Joist Bearing Force Vector Diagram
Figure 3-1 also shows detailing for joist-end Shearflex®, joist attachment, and continuous reinforcement.
It is recommended to have two (2) Shearflex® installed over the joist seat within the concrete LDM. The
joists may be attached to the CFS with (2) ¼ inch diameter self-drilling fasteners, two (2) Shearflex®
fasteners, or by welds. Two (2) continuous reinforcing bars should be provided within the LDM.
Reinforcing may be either horizontal or vertical (figure 1-7) at the discretion of the Design Professional.
Care must be used to ensure that the design location of rebar is followed in the details provided on the
Contract Documents for proper field installation.
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3.2 Composite Joist Load Transfer
Load transfer from the joist seat to the adjacent supports generally falls into three categories: over
support, adjacent to support, and clear of support.
E-series joist placement when compared to the supporting studs affects the load transfer mechanism
within the concrete LDM. Figures 3-2 A, B, and C illustrates the three cases Design Professionals will
need to manage within Contract Documents.
When E-series joists are placed as shown in Figure 3-2A, then
the centerline of the joist is within 4 inches of the face of the
supporting studs. The joist seat and the two Shearflex® stand-off
fasteners engage the concrete above the supporting stud and
provide a direct load transfer.
Figure 3-2B shows the E-series joist greater than 4 inches from
the face of support, but less than or equal to 7 inches from
the face of support. Under closer inspection of the joist seat
and two Shearflex® fasteners installed into the top chord, the
intersection of the failure cones above the joist centerline can
be aligned with the 12 inch maximum recommended nominal
cantilever strut angle line. Based on the depth of the joist seat
and the Shearflex® fastener height, the maximum distance the
joist centerline may be from the face of support is 7 inches. A
compression strut is illustrated in the figure with a node within
the Shearflex® failure cones. The two continuous reinforcing
bars provide confinement of the concrete within the intersecting
cones.

Figure 3-2A
Over the Support

When the E-series joist must be placed outside the 7 inch
dimension, special consideration must be made for both non- Figure 3-2B Adjacent to Support
composite and composite loads. Figure 3-2C provides one
mechanism for transferring the applied loads
to the supports. An additional reinforcing
bar is shown between the bearing angles
and the top chord for the joist. This bar
shall be designed to transfer the E-series
composite design loads via shear-friction. In
non-residential applications with heavy joist
seat reactions, the vertical gap in the joist
seat may close, not permitting the installation
of the additional shear transfer bar. Design
Professionals should address this condition
Figure 3-2C Clear of Support
with Ecospan through alternate detailing.
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3.3 E-Series Joist Layout & LDM Continuity
In addition to the Shearflex® fasteners, each joist seat provides a shear transfer mechanism between
the concrete beam section and the top of the wall track. Joist spacing may not be consistent as a means
to provide continuity throughout the length of a concrete LDM. Figures 3-3, 3-5, and 3-6 illustrate three
joist framing methods for maintaining continuity.

3.3.1 Double Side Joist Bearing on LDM (Joist Layout Methods A & B)
Figure 3-3 shows the most common and recommended E-series joist layout. The joists are uniformly
staggered on either side of the load bearing wall, and each is within the 4 inch maximum offset from a
CFS supporting stud to be considered aligned over the support (Figure 3-2A). Since the joists (4’-0” on
center) “align” with the supporting studs (2 ft. on center), there is a mechanism to develop a horizontal
compression or tension tie at each support as well as shear transfer.

Figure 3-3 Plan View of Typical Interior Bearing Wall Joist Layout Method A
Figure 3-4 shows the section through the joist layout plan where the two Shearflex® fasteners above
the joist seat and the joist attachment are shown.

Figure 3-4 Section of Interior Bearing Wall Supporting Joists on Both Sides
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Figure 3-5 illustrates an alternate joist layout (Method B) where the opposing joists are aligned and
offset on either side of the bearing wall at 4 foot on center. This layout meets the criteria shown in
Figure 3-2A. The adjacent supporting studs would not have a horizontal shear connection without the
additional Shearflex® fastener shown.

Figure 3-5 Plan View of Typical Interior Bearing Wall Joist Layout Method B
This joist layout is acceptable, but it does not maximize the economy of the system. Additional Shearflex®
are required, and the load sharing along the length of the concrete LDM is minimized because the joist
loads are concentrated at alternating supports.

3.3.2 Single Sided Joist Bearing on LDM (Joist Layout Method C)
Figure 3-6 demonstrates a slab edge condition where an E-series joist frames from one side. This
condition typically exists at the outside edge of buildings and at elevator cores or stairwells. A similar
condition can be found at interior corridors where steel deck spans the corridor and joist frame from
one side only. It can be observed that the joists are aligned with the supporting studs, but they do not
provide shear transfer at all supports.

Figure 3-6 Plan View of Exterior Bearing Wall Joist Layout Method C
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Figure 3-7 Exterior Joist Bearing Condition

Figure 3-8 Single Sided Joist Bearing at Corridor

Where a pourstop is present, Shearflex® fasteners may be used to attach the pourstop to the top of
wall track, or they can be provided when joists do not align with the supports. Figure 3-7 shows a crosssection of the joist bearing at an exterior slab edge. Figure 3-8 illustrates the single sided joists bearing
at a corridor with composite deck supported on Z-closures on the other side.

3.4 Top of Wall Track Continuity
The top of wall track is an integral part of the concrete LDM. The track provides a bearing area and
load path for the non-composite loads from the joists. Once the concrete has been placed, the top of
the wall track is present to develop tension ties between Shearflex® which in turn develop nodal zones
and compression struts within the concrete LDM. Figure 3-9 shows one method to splice the top of the
wall tracks to provide continuity. Design Professionals should specify that E-series joists shall not bear
on spliced track spans, or the splice must be designed for this loading.

Figure 3-9 Top of Wall Track Continuity Detail

3.5 Concrete LDM Termination and Transition
Continuous concrete LDM’s are cast monolithically with the floor system, but corners and wall
intersections (T’s) along with possible penetrations between floors through the LDM cause
discontinuities. Where the concrete LDM is terminated or interrupted by the end of wall or MEP
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penetrations, Design Professionals may use common concrete construction detailing practices to
minimize areas where special consideration are required.

Figure 3-10 Plan View of Wall Corner Continuity

Figure 3-11 Section at Wall Corner

Figure 3-10 and 3-12 represent common concrete LDM transition detailing at wall corners and wall
intersections respectively. Where a strut is developed near the termination or transition, horizontal
restraint shall be provided to maintain LDM integrity (see Figure 3-11). Continuity reinforcement should
be provided where two LDM’s intersect. This should match the continuous reinforcement in size and
overlap adequately to develop the reinforcing. At least two (2) Shearflex® fasteners should be provided
over the intersection to lock the transition area of the top of wall to the concrete LDM.

Figure 3-12: Plan View of Wall Intersection
Continuity Recommendations

Figure 3-13 Section Wall Intersection

Residential and commercial construction will typically have vertical MEP penetrations between floors.
These penetrations are occasionally required to be located within load bearing walls. For this condition,
continuity or strut and tie force termination should be provided. Figure 3-14 illustrates a pipe penetration
passing vertically through the concrete LDM creating a discontinuity in the LDM member.
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Figure 3-14 shows a gravity stud applying load near the penetrations creating a cantilever situation
that is resisted by a compression strut back to the adjacent support member. Because the tension
tie must be developed prior to leaving the upper nodal zone, hooked reinforcement or alternate rebar
termination may be required. To maintain engagement at the penetration, additional Shearflex® are
provided near the discontinuity. A joist seat is shown on the left side of the penetration to illustrate that
the joist attachment provides a bond between the concrete and steel parts of the LDM.
Minimizing unplanned penetrations through the continuous concrete LDM will require coordination
between the design team and contractors. Where penetrations greater than two inches are required,
the opening should be sleeved and cast with the LDM. All penetrations cored or drilled after the
concrete LDM is placed will affect continuity and should be avoided.

Figure 3-14 Mechanical Opening Continuity Recommendations

Figure 3-15 Plan View of Mechanical Opening

3.6 Reduction of LDM Section by Steel Deck
Steel deck is a component of the Ecospan® System, but improper detailing and placement may cause
discontinuities in the LDM cross-section. Figure 3-16 demonstrates a section where the deck lap
conditions occur at a corridor framing situation and the joists are parallel to the corridor. Conform
(1.0C) deck is shown on the left supported by the joists, and composite deck is shown on the right.
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Figure 3-16 LDM Limitations for Deck Encroachment
There are two options when detailing the end of the deck span: provide cell closures or provide
extended Z-closures. The cell closures are used to stop concrete from flowing into the deck profile and
into the space below. Unfortunately, when the deck is placed into the concrete LDM section, and cell
closures are provided, there becomes a continuous void within the LDM the depth of the deck and
cell closure. Figure 3-16 limits the allowable deck encroachment into the LDM to ½ inch to minimize
this effect. Alternately, the deck may encroach into the concrete LDM section up to 1 inch when cell
closures are not used, and Z-closures supporting the deck are extended to minimize concrete flow into
the space below.

3.7 ACI 318 Strut & Tie Component Design for Concrete LDM
General guidance has been provided on design methods, code limitation, and tested specimens.
Detailing criteria has been provided to maintain load paths and continuity in design assumptions. This
section will provide examples and guidance in specific design of elements used in the concrete LDM.

3.7.1 Strut Geometry
General nodal zone geometries were discussed previously. Beam height, reinforcing, stud spacing
and size will typically be known at the time of concrete LDM design. Parametric modeling of typical
geometric framing conditions can quickly determine nodal zone profiles and strut geometries.

Figure 3-17 Midspan General Strut Model Geometry
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Figure 3-17 and 3-18 shows the basic set up for a parametric analysis of various mid-span and
cantilever strut and tie model configurations. Nodal geometries can be idealized as right or isosceles
triangles. Right triangles form at nodes with a horizontal strut is present, for example, at a cantilever
or discontinuous LDM.

Figure 3-18 Cantilever General Strut Model Geometry
Refer to Figures 2-30A thru Figure 2-30C for more examples of nodal geometry. Once the range of stud
sizes and spacing offsets are determined, design geometry, (Ws and Strut Angle), can be tabulated as
shown in Table 3-1. Additional geometric and configurations are tabulated in the Appendix A & B.
By observation, the vertical load capacity for the strut within the concrete LDM varies with the offset of
the gravity load from the supporting member. This is due to the variability in the strut width and vertical
component of the strut as the strut angle flattens. ACI code requirements state that a≤2h is acceptable
which equates to a 26.5° strut angle. Comparing the Figures 3-17 and 3-18, one can see the effective
axis of the strut is centered on the face of the node. Because the shape of each upper node is slightly
different, the strut angle is not equal between the two geometries.
Table 3-1 illustrates the effect in changing the load offset dimension. The effective strut angle varies from
25.47° to 42.30° as the offset decreases from thirteen inches to seven inches. Analytical evaluation
of testing has validated that the effective Shearflex® height approaches two inches for center loaded
LDM spans. Tabulated data shows the effective Shearflex® height as two inches which then matches
the effective tension tie for the upper reinforcing bar at ¾ inch clear of the upper surface. Where the
clear cover to the reinforcing is changed, parametric models can quickly determine alternate geometry
and strut capacities.
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Table 3-1 Midspan Strut and Tie Calculations for Concrete LDM
Offset
(in.)
7
8
9
10
11
12
13

Ws
(in.)

Strut Angle
(Degrees)

2.05
42.30
2.09
38.31
2.12
34.92
2.13
32.02
2.15
29.53
2.15
27.36
2.16
25.47
Constant ßs value

Stud
Bearing
(in.)

d' (in.)

Seff (in.)

Acs (in.)

ØFns
(Kips)

ØFvertical
(Kips)

1.625
1.625
1.625
1.625
1.625
1.625
1.625

1
1
1
1
1
1
1

2
2
2
2
2
2
2

12.29
12.53
12.69
12.80
12.87
12.91
12.94

14.10
14.38
14.56
14.69
14.77
14.82
14.85

9.49
8.91
8.34
7.79
7.28
6.81
6.39

3.7.2 Strut Capacity
ACI 318 provides criteria for effective compressive strengths for
prismatic and bottle-shaped struts. Where the strut has the ability
to spread out from the nodal zones toward mid-length, the strut
shall be considered as a bottle-shaped strut. In cases where the
Section 2.2.1
strut is of uniform cross-sectional area over its length, design
parameters for prismatic struts may be used. Struts present in the
P a ( L  a)
concrete LDM areSection
considered
2.2.1 to be bottle-shaped see Figure 3-19.
M 

L

Table 3-2 Effective Compressive
Strength of Strut
f'c
( psi)
3000
3500
4000
4500

fce
βs = 0.60
(psi)
1530
1785
2040
2295

For the design of struts, ΦFn ≥ Fu (ACI A-1) where Fu is the force
P anominal
( L  a) strength of the strut and Φ is
acting on the strut, FMn is
the
Section2.3.7
a  2 h
a1  2 h
a2  2 h
0.75 for struts and ties. StrutsLin the concrete LDM do not typically
have longitudinal reinforcement, and the nominal strength of a strut without longitudinal reinforcing
should be the smaller
effective
nodal zone. Strut anominal
strength, Fns,
Section
2.3.7 compressive
a  2 h strength: strutaor
1  2 h
2  2 h
Section
3.7.2
is given by ACI equation A-2 where (Acs) is the least cross sectional area:
		

Fns := fce Acs
Section 3.7.2

			

(ACI A-2)

The effective compressive
the strut (Fce-strut) can be determined by ACI equation A-3, and
Fce-strutstrength
:= 0.85 βof
s f'c
Fns := fcein
 ATable
typical values are tabulated
3-2.
cs
2

			

Acs := ws bw = 2.115 in 6 in = 12.69 in
Fce-strut := 0.85 βs f'c

(ACIEither
A-3) way works for me,

MCAD doesn't allow = and then
2
Acs := ws bw = 12.69 in
more math
2
Struts within the concrete
considered
to be inbottle
shaped struts. Therefore, ACI A3.2.2
Acs := wsLDM
 bw = are
2.115
 in 6 in = 12.69
Either way works for me,
governs. Figure 3-19 illustrates a bottle shaped strut. For simplicity, the struts are typically shown with
MCAD doesn't allow = and then
2
Section
3.7.3
a uniform or tapered
cross-section
and should
not be mistakenly assumed to be prismatic.
:= ws bw = 12.69
 in
Acs
more math
Fnm := fce Anz
Section 3.7.3
fFce :=:=0.85
 β  f'
nm fce Annz c
βn  1.0
fce := 0.85 βn f'c
βn  0.8
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It can be observed that the cross section at the face of the node will control the area of concrete strut,
Acs-min. Struts which meet the reinforcing requirements of ACI A3.3 may utilize a βs of 0.75. Otherwise βs
is 0.60. In some cases, the typical reinforcing shown in the detailing guidelines for the LDM will meet
the ACI A3.3 criteria, but not always.
Section 2.2.1

M 

P a ( L  a)
L
a  2 h

Section 2.3.7

a1  2 h

a2  2 h

Section 3.7.2
Section 2.2.1

Fns := fceFigure
 Acs 3-19 Diagram of Bottle and Prismatic Strut
P a ( L  a)
M 
F
 βs):
 f'c
ce-strut
L 0.85(A
Calculation of concrete
strut:=area
cs

		

2

Acs := ws bw = 2.115 in 6 in = 12.69 in
Section
2.3.7
a  2 h
a1  2 h

Either way
a2 works
 2 h for me,
MCAD doesn't allow = and then
2
 in line for 9 inch in Table 3-1. Using
Acsis:=seen
ws bin
12.69
This calculated value
the
offset
geometry data from Table
more math
w=

3-1 and effective strut compressive strength in Table 3-2, the nominal strength (Fn ) for various struts
Section 3.7.2
can be calculated and tabulated as shown in Table 3-1.
Section 3.7.3

3.7.3 Nodal ZoneFCapacity
ns := fce Acs

Fnm := fce Anz

Nominal nodal zoneFce-strut
capacity
is calculated
similar to the strut nominal capacity. The nominal nodal
:= 0.85
 βs f'c
zone capacity ( Fnn ) is calculated using ACI equation A-7.
2
fce := 0.85 βn= f'c
Acs := ws bw
2.115 in 6 in = 12.69 in

Either way works for me,

βAn :=1.0
cs ws bw = 12.69 in

more math

			Fnn:=fce∙Anz		 				(ACI
MCAD doesn'tA-7)
allow = and then
2
β  0.8

n strength (f ) of the node is calculated using the concrete compressive strength
Effective compression
ce
Section 3.7.3
and a βn factor related to the type of nodal zone present.
Section 3.7.4
nm := fce Anz
			FF							(ACI
A-8)
nt := F y Ats
2 areas, β is 1.0 (ACI A5.2.1).
Where the node is bounded
by βstruts,
bearing
f'c  0.20
Ffce
=:= 0.85
60000
 in = 12000 lbn
npsi
nt
			
If the nodal is anchoring
one tie, βn is 0.80 (ACI A5.2.2).
Section 3.8

βn  1.0

The C-C-C nodal zone
using
same
ΣF
F 10-Viscalculated
F 14-V  Punit

0 equation A5.2.2
ΣF x 
Fwith
 F1

0 sectional area
βncapacity
0.8
y
10-Hthe
14-H cross
as the strut. The nominal nodal zone capacity is greater than the nominal strut capacity. Therefore,
the capacity is governed
by the strut.
=
Section
3.7.4
F
1.11 11.5kip = 12.77 kip
10-1.625

Fnt := F y Ats
2
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F nt= 60000 psi 0.20 in = 12000 lb
Section 3.8

Fnm := fce Anz
Fnm := fce Anz
fce := 0.85 βn f'c
fβce :=
0.85 β  f'
n  1.0 n c

3.7.4 Tie Capacityβ  0.8
βnn  1.0
Nominal strength ofβ ties
Fnt in the concrete LDM are governed by ACI equation A-6.
 0.8
Section
n 3.7.4

			

Fnt := F y Ats
Section 3.7.4

					(ACI A-6)

2
FFnt :=
F y#4
Ats rebar
Where a single continuous
is used
the top
 in =at12000
 lb of the section.
 psi 0.20
nt= 60000

		

2
Section
F nt= 3.8
60000 psi 0.20 in = 12000 lb

ΣF y 3.8

F 10-V  F 14-V  Punit 
0
ΣF x 
F 10-H  F114-H 
0
Section

3.8 Sample Strut Calculations

ΣF
F 10-V = F 14-V
 Punit
0 = 12.77 kip
ΣF x 
F 10-H  F114-H 
0
F10-1.625
1.11
11.5
kip
y 

These sample calculations will illustrate the techniques used in resolving forces, determining the load
path, and member Fcapacity within
the1.11
CFS 11.5
wallkip
and
composite
= 12.77
 kip floor system. In the first example, Figure
10-1.625 =
3-20, the joist framing meets the condition shown in Figure 3-3. Therefore, there are joist seats over
the supporting stud. It should also be noted that the struts are drawn as prismatic for simplicity in the
diagram, but the struts will be considered bottle-shaped for the design.

Figure 3-20 10/14 Offset Stud Framing
The gravity stud in the figure is offset from the left supporting stud ten inches and fourteen inches
from the right. The first step is to evaluate the configuration as to whether it meets the ACI strut and
tie design criteria:
The beam depth is 8 inches: h = 8 inches
The largest offset is 14 inches: a2= 14 inches < 2h=16 inches.
Therefore, a/h = 1.75 ≤ 2 and the ACI strut and tie criteria apply.
The calculations will be shown for 1 ⅝ inch and 2 ½ inch load bearing studs. The respective tabulated
data is shown in Table 3-3. Continuous reinforcing is assumed to be ¾ inch clear, and Shearflex® effective
height is 2 inch. Graphical evaluation of the nodal model shows that the Ws-1⅝-10 = 2.13 inch and the
Ws-1⅝-14 = 2.16 inch. Additionally, the Ws-2½-10 = 2.36 inch and the Ws-2½-14 = 2.33 inch. The beam width
is 6 inch, and the concrete strut area can be calculated for each strut end as shown in Table 3-3.
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Effective compression strength of the strut is based on the f’c of the concrete. Table 3-3 values use 3.0
ksi concrete, and the effective strength fce= 1.53 ksi as shown in Table 3-2. Calculation of the nominal
strength (ΦFns) of the struts can then be determined.
Table 3-3 Midspan Strut and Tie Calculations for Concrete LDM
Offset

Ws

Inches

Inches

10
14
10
14

Strut Angle

2.13
32.02
2.16
23.82
2.36
32.62
2.33
24.16
Constant ßs value

Stud Bearing

d'

1.625
1.625
2.5
2.5

1
1
1
1

Seff

Acs

ØFns

ØFvertical

Inches

Inches

Kips

Kips

2
2
2
2

12.80
12.95
14.15
13.99

14.69
14.86
16.24
16.05

7.79
6.00
8.76
6.57

Using the effective strut angle, the vertical and horizontal capacities of each strut can be calculated.
Evaluating a 1 ⅝ inch stud, the approximate maximum axial load on a 600S162-97 with a 5 psf interior
minimum lateral load, would be about 11.50 K. The opposing struts for the 1 ⅝ inch stud bearing
can then be checked for the maximum capacity of this geometric configuration. For simplicity, the
upper node can be thought to be in equilibrium without the horizontal ties provided by the
reinforcement. By summing the forces in the X and Y direction, a unit load can be resolved into forces
using the relative strut angles.
To sum the forces for a given nodal set, the effective angles must be known. Once known, the
summation of forces can be completed as follows using the left side as a1 and the right side as a2.

Now using the effective strut angles, one may solve for F2 and then F1. This is the force in the strut when
the a vertical load of 1.0 is applied to the node. Then the node is internally in equilibrium. Once the
effective strut force is calculated, that number can be divided by the ratio and the comparable equal
applied load can be determined. Please reference Appendix C for solutions to the nodal equilibrium
equations.
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Section 3.7.4
Fnt := F y Ats
2

F nt= 60000 psi 0.20 in = 12000 lb
Section 3.8

More specifically:

ΣF y 
F 10-V  F 14-V  Punit 
0
ΣF x 
F 10-H  F114-H 
0

The axial load
in the gravity stud can then be multiplied by the factors from Appendix C to get the nodal
=
1.11 11.5kip = 12.77 kip
equilibrium resulting forces in the struts. This is shown here for the 1⅝ inch stud bearing:

F10-1.625

F10-1⅝

=

1.11∙11.5 kip = 12.77 kips (based on a1=10 inches)

F14-1⅝

=

1.03∙11.5 kip = 11.85 kips (based on a2=14 inches)

According to Table 3-3, the two struts would have adequate capacity to support this load. From the
F14-1.625 =
1.13 11.5kip = 12.99 kip
table
and knowing the unit load forces, the maximum gravity load for the 2 ½ inch stud bearing would
be the minimum of :
FF10-2½
10-1.625

=

FF14-2½
10-1.625

=

16.24kip
1.09
16.05 kip
1.01

= 14.9 kip

Controls

= 15.9 kip

Even though the 10 inch strut has more capacity, the additional strut inclination draws more vertical

Section
load. 3.8.2
The strut will reach its maximum capacity before the 14 strut. Therefore, the maximum load for a

2 ½ inch stud in this condition is 14.9k.
Vn := Avf F y ( μ sin( α)  cos( α) )

3.8.1 Deep Beam Design Where a < h
Section 3.8.4

Most of the discussion relating to deep beam design previously mentioned related to spans where
opposing
 to the a/h = 2 limit. When the loads are closer to the supports than 8 inch,
  2close
ϕVc := ϕloads
Aslopesare
  f'c
the strut from the adjacent supporting member may exceed the a/h ≤ 2 ACI requirement, and an
alternate approach needs to be developed.

f' 
c


  ( 1.0 )  ( 1.0 )
h
θf
The Design Professional must consider
conditions in the design of the LDM when
 two loading

ϕNcb := ϕ C bs An C crb ψθdN

= 0.75 3.33

a/h < 1 . These two conditions are:
• Offset stud framing.





2

• ( αOffset
supporting
0.2inthe
( 60ksi
) ( 1.4 sinstud.
( 60deg)  cos( 60deg) ) = 15.4 kip
= 0.75 from
Vn := Avf F y ( μ sin
)  cosjoist
( α) ) framing
Each loading condition is addressed separately in the Design Guide, but the Design Professional should
consider them together.
As Figure 3-21 illustrates, a different shear failure will occur depending upon the a/h ratio. The lower
the a/h ratio, the type of shear failure is altered. Beams with shear span ratios less than 1 have
an increase in shear capacity due to shear compression or direct shear transfer. Deep beams of
this configuration do not exhibit significant flexural deflection to enable typical elastic beam design
methods. Loads are transferred directly to the supports via shear and compression stresses. With
this understanding, basic flexural requirements can be checked, but the primary mode of failure and
design consideration will be the shear capacity at the support.
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Figure 3-21 Effects of a/h in Rectangular Beams
"Adopted from Bresler and MacGregor (16), Reprinted with permission from ASCE"
Deep beams with loading within the a ≤ h have specific failure mechanisms that must be addressed.
Figure 3-22 illustrates the various failure modes of the typical deep beams. Various phases of research
were completed to determine which of these deep beam failure mechanisms would control design for
the concrete LDM. The formation of diagonal tension cracks (failure mode 5 in Figure 3-22) was the
predominant initial failure mechanism for all tests. Flexural cracking (mode 3) occurred as the concrete
LDM and top of wall track was seated on the CFS support studs. Anchorage failure (mode 1) did not
occur until sufficient mode 5 cracks widened to allow movement at the supports. In some cases,
bearing failure (mode 2) occurred at or near the ultimate capacity of the concrete LDM specimens and
should be addressed separately when considering stud and track design.

Figure 3-22 Deep Beam Failure Modes
"Adopted from Bresler and MacGregor (16), Reprinted with permission from ASCE"
Testing included numerous joist attachment locations and Shearflex® placements along the top of wall
track to determine the ability of the concrete LDM to engage the TOW track. LDM specimen failure
mechanisms and related analytical models maintained consistent correlation. This illustrated the
redundancy of the concrete LDM and its ability to redistribute anchorage tie forces along the top of
wall track. The strut model in Figure 2-22 shows an example of the tension requirements to maintain
nodal equilibrium when track anchorage was not present directly over the support.
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Cracking propagation is restricted by the continuous reinforcing and the top of the wall track. The
top rebar (see Figure 3-1) is used as flexural reinforcement. The continuous rebar resting on the top
of the joist seat is positioned to mitigate the mode 5 cracking pattern. Based on strut and tie theory,
the bottle shaped strut has a 2:1 spread ratio. This spread ratio, similar to reinforcing bar transitions,
causes a tension force to develop within the strut. This tension force perpendicular to the strut acts as
a contributor to the mode 5 crack shown in Figure 3-22.

3.8.2 Gravity Loads
Point loads will produce a shear equal to a fraction of the load at the adjacent support based on
the distance from the support. Where the point load varies from 3 inch to 8 inch from the support
of wall framing at 24 inch on center, the maximum shear would range from 0.67P to 0.875P. The
maximum moment would also vary between 2.625P to 5.36P in kip-inches. The diagrams illustrating
this information are shown in Figure 3-23.

Figure 3-23 Shear and Moment Diagram for Point Load Close to Support
For example, the shear for a 7 kip load at 7 inches from the support would be 4.95 kips, and the
maximum moment would be 2.9 kip-ft. The cracking moment of the 6 inch x 8 inch beam is greater
than 3 kip-ft for f’c = 3000 psi. Therefore, many of the design moments will fall below this value.
This confirms the idea that shear will govern where a/h <1.0. Using ACI theoretical analysis, the LDM
section is capable of developing approximately 14 kip-ft in negative bending over the supports. This far
exceeds the flexural moment associated to a/h < 1.0 gravity loading.
Based on ACI 318 11.1.3 the critical section would be at the location of the load because the load
is applied at the top, and it is less than or equal to the effective depth of the member. Per ACI 318
11.4.6.1(d) beam sections where h is less than 10 inches, do not need to meet the minimum shear
requirement (Av min.) where Vu exceeds 0.5ΦVc. Therefore, shear friction design methods can be used to
minimize a mode 5 crack pattern as shown in Figure 3-22.
Mode 5 failures are approximated as 45° inclined cracks from the horizontal. This approximation is
supported by ACI and the testing performed. Horizontal bars will then intersect the crack at a 45°angle:
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F10-1.625

=

16.05 kip
1.01

= 15.9 kip

Section 3.8.2
Vn := Avf F y ( μ sin( α)  cos( α) )

			

ACI equation (11.26)

The Design
Section
3.8.4 Professional may determine the concrete LDM shear capacity per ACI equation 11.26 and
its limitations per ACI Section 11.6.5.
ϕVc := ϕ Aslopes   2 f'c

3.8.3
Joist Seat Support
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studs below. In these cases, the Design Professional must evaluate the configuration for LDM member
strength.

Figure 3-2 A, B, C illustrate three joist bearing types as related to the centerline of bearing distance
2
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the
stud.
When
the
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4 inches
of the
( 60ksi
) ( 1.4
sinjoist
( 60deg
 cos( 60deg
) ) = 15.4
 kip support face, the
= 0.75 0.2in
Vn := Avf
 F y ( μ
 sinface
( α)  of
costhe
( α) )supporting
concrete engaged by the Shearflex® and joist chord embedded in the concrete LDM will transfer the
joist composite load to the supporting stud. Once the joist is beyond 4 inches, but less than 7 inches,
the disturbed region of Shearflex® cone breakout creates a nodal zone and strut for the force transfer.





When the joist seat is placed as shown in Figure 3-2C, the breakout cone developed by the Shearflex®
fastener is too far from the adjacent support to form a compressive strut. To address this case, a shear
friction and cantilevered approach may be used.
When the joist is located greater than seven inches from the support, the shear friction zone transfers
the joist load to the top and middle bars. The compressive strut provides a beam mechanism to
supplement the transfer in bending and shear. Shear transfer to the compressive strut is accomplished
via shear friction mechanisms.

3.8.4 Joist Seat Pull-Out
The joist seat is typically embedded in the concrete LDM and transfers load to the LDM through two
mechanisms without the addition of rebar. The first mechanism used is shear prism breakout of the
joist seat, and the second mechanism is the shear cone breakout of the Shearflex® Fasteners at the
joist bearing. Figure 3-24 illustrates the concrete prism that is engaged by the joist seat and top chord
within the concrete LDM.

Concrete Prism

Figure 3-24 Concrete Prism with 4 ½ Inch Joist Seat
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F10-1.625

=

F10-1.625

=

1.09

= 14.9 kip

16.05 kip
1.01

= 15.9 kip

Section 3.8.2

This joist seat shear prism is defined by the top chord, seat depth, and LDM width. Assuming a concrete
failure plane of 30 degrees (conservative), the flat area at the top chord does not engage the concrete
Vn := Avf F y ( μ sin( α)  cos( α) )
above. The break-out capacity of this prism
within the concrete LDM would be based on the tension/
shear capacity of the tapered concrete planes. This can be estimated as:
Section 3.8.4

ϕVc := ϕ Aslopes   2 f'c





f'



 depthc and
  ( 1.0
The normal shear strength developed ϕN
is approximately
5 kips for a 4= ½”
a )6”
track
0.75seat
 3.33
 ( 1.0
)
cb := ϕ C bs An C crb ψθdN

hθf 
width for a concrete compressive strength of 3,000 psi.


Standard details for Ecospan® have two (2) Shearflex® fasteners at the end of the joist top chord. For
simplicity, the sample calculations demonstrate how to quantify the capacity of one Shearflex fastener.
This fastener increases the concrete surface area that is engaged as shown in Figure 3-25.





2

Vn := Avf F y ( μ sin( α)  cos( α) ) = 0.75 0.2in ( 60ksi) ( 1.4 sin( 60deg)  cos( 60deg) ) = 1
Shearflex® Fastener Concrete Cone
F14-1.625

=

F10-1.625

=

F10-1.625

=

1.13 11.5kip = 12.99 kip
16.24kip
1.09
16.05 kip
1.01

= 14.9 kip
= 15.9 kip

Section 3.8.2
Vn := Avf F y ( μ sin( α)  cos( α) )

Figure 3-25 Shearflex® Fastener Concrete Cone

Section 3.8.4

The 6th Edition of the reference PCI Manual
states that headed anchors loaded concentrically have a
ϕVc := ϕ Aslopes   2  f'c


capacity of:






ϕNcb := ϕ C bs An C crb ψθdN

= 0.75 3.33


  ( 1.0 )  ( 1.0 )
hθf 

f'c

These additional Shearflex® fasteners add approximately 2.75 kips to the joist seat pull out for given
parameters previously stated. Neglecting edge effects is conservative since the actual diameter of the
fastener cone is larger than the top of the joist seat
concrete2prism.
= 0.75 0.2in ( 60ksi) ( 1.4 sin( 60deg)  cos( 60deg) ) = 15.4 kip
Vn := Avf F y ( μ sin( α)  cos( α) )





The standard joist pullout capacity can then be the summation of these two values and is conservatively
7.75 kips.
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F10-1.625

=

F10-1.625

=

16.24kip
1.09
16.05 kip
1.01

= 14.9 kip
= 15.9 kip

Section 3.8.2
Vn := Avf F y ( μ sin( α)  cos( α) )
Section 3.8.4
ϕVc := ϕ Aslopes   2 f'c



Figure 3-26 Concrete Prism with
Seat
 Rebar through

f'

c

 ( 1.0 )  ( 1.0 )
ϕNcb := ϕ C bs An C crb ψθdN

hθf 


When joist reactions are high a short rebar section maybe
installed
through the joist seat as shown in
= 0.75 3.33

Figure 3-26. This rebar will increase the capacity of the concrete shear plane by adding tension steel
using the shear-friction design method. Calculating the shear-friction capacity per the ACI for a #4
rebar at this section as shown in Figure 3-26 will increase the capacity by:





2

Vn := Avf F y ( μ sin( α)  cos( α) ) = 0.75 0.2in ( 60ksi) ( 1.4 sin( 60deg)  cos( 60deg) ) = 15.4 kip

The end reaction of most Ecospan® joists supported by CFS walls is less than 15.4 kips. The Design
Professional is responsible to confirm the joist seat pullout capacity.

3.9 Summary
Design Professionals who create Contract Documents usually have common detailing practices for
various structural systems for consistency, redundancy, and construction efficiency. These practices
should be employed in the use of Ecospan, CFS wall framing, and the concrete LDM. Where continuity
can be maintained by standard reinforcing methods, appropriate standard details should be used
instead of specialized CFS detailing, the addition of CFS framing, and the use of specialized fastener
patterns.
Design flexibility in E-series joist spacing due to load sharing allows joists to be adjusted up to
6 inches along the top of wall track without affecting deck capacities or the installation of the Ecospan®
accessories. This allows contractors and erectors to align joist seats with CFS supporting members
and to eliminate additional non-composite detailing and possible reinforcing for composite loading.
Maintaining simplicity will increase economy in the system.
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4.0 Design Example Overview
The following design example will be used to numerically demonstrate the methodologies presented.
It represents a moderate sized six story hotel structure. The floor framing plan is shown in Figure 4-1.
The floor to floor heights are as follows:
Table 4-1 Design Example Story Heights
Story
6
5
4
3
2
1

Height (Feet)
10
10
10
10
13
15

The Ecospan® joists are spaced at 4 ft. on center. Joist A has a 20 foot span and is staggered loading
the stud walls at two foot on center. Joist B has a 30 ft. span. The Ecospan® joists are supported by 6
inch CFS wall studs spaced at 24 inches on center.

FIGURE 4-1 Design Example Plan View
The loadings presented in Table 4-2 will be applied throughout the remainder of the Design Guide and
are summarized here for reference. Non-composite loads are to be developed by the Design Professional
at each level based upon floor construction, spans, and anticipated construction conditions. The joist
reactions are presented in Table 4-3 for both non-composite and composite loads for Joist A and Joist B.
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4.1 Load Development
The loading used in the design example assumes a roof dead load of 25 psf and a roof live load of 20
psf. It uses a wall dead load of 10 psf and a concrete LDM self-weight of 37.5 plf. It is assumed there
is no concrete or steel LDM at the roof level. Live load reductions based upon area are not used in the
calculations.
Table 4-2 Load Summary

Floor Load

Non-Composite

Composite

38 psf

38 psf

4 psf
0 psf
0 psf
0 psf
0 psf

4 psf
3 psf
4 psf
3 psf
5 psf

42 psf

57 psf

Steel Deck and Concrete 3 ½ inch
total thickness (1.0 C 24 gauge)
Ecospan® Joists and accessories
Ceiling-Drywall
Flooring-carpet
Fire Protection
Collateral

Dead
Dead
Dead
Dead
Dead
Dead

Total Floor Dead Load =
Construction Live

Per ASCE 37-02 or similar standard

25 psf

0 psf

Live Load

Residential And Partition

0 psf

55 psf

67 psf

112 psf

Total Floor Load =
Table 4-3 Reaction Summary

Joist

Spacing

Span

A
B

4’-0”
4’-0”

20’-0”
30’-0”

Non-Composite Reaction Composite Reaction
(Kips)
(Kips)
2.68
4.02

4.48
6.72

The following loads are used in the composite section to analyze the LDM for In-Service loads and
assumes no reductions in live load based upon area.
Table 4-4 Joist A Reactions
Roof
Level Load
(kips)

Floor
Load
(kips)

Load at
Level
(kips)

Cumulative
Composite
LDM Load
(kips)

Composite
LDM
Load with
Distribution
Factor (kips)

Wall and
LDM SW
Load at
Level (kips)

Cumulative
Wall and
LDM SW
Load (kips)

Design LDM
Load including
wall and LDM
SW (kips)

Roof
5th
4th
3rd
2nd

0
4.48
4.48
4.48
4.48

1.8
4.48
4.48
4.48
4.48

1.8
6.28
10.76
15.24
19.72

1.8
5.02
8.61
12.19
15.78

0.28
0.28
0.28
0.28
0.34

0.28
0.55
0.83
1.10
1.44

2.08
5.57
9.43
13.29
17.21

1.8
0
0
0
0
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Table 4-5 Joist B Reactions

Level

Roof
Load
(kips)

Floor
Load
(kips)

Roof
5th
4th
3rd
2nd

2.7
0
0
0
0

0
6.72
6.72
6.72
6.72

Cumulative
Load at
Composite
Level
LDM Load
(kips)
(kips)

2.7
6.72
6.72
6.72
6.72

3.6
9.42
16.14
22.86
29.58

Composite
LDM
Load with
Distribution
Factor (kips)

Wall and
LDM SW
Load at
Level (kips)

2.7
5.65
9.68
13.71
17.74

0.28
0.28
0.28
0.28
0.34

Cumulative Design LDM
Wall and Load including
LDM SW
wall and LDM
Load (kips)
SW (kips)

0.28
0.55
0.83
1.10
1.44

2.98
6.20
10.51
14.82
19.18

4.2 LDM Design Methodology
Two framing methods are shown in the building plan in Figure 4-1, Joist A and Joist B. Joist A frames
from the interior bearing wall to the interior bearing wall with a staggered layout as proposed in Figure
3-3. Joist B frames from the interior corridor bearing wall to the exterior load bearing wall. The joist
spans are 20 ft. and 30 ft. respectively, and the spacing is 4 ft. on center. Loading criteria and joist
reactions are shown in Table 4-3 to 4-5.

Figure 4-2 20 Foot Span Joist Example, 1⅝ Inch Stud

4.2.1 Joist A Calculations (Aligned)
This example will illustrate “aligned” (Figure 3-2A) joist bearing conditions at level 5 and at level 2.
Load accumulation at level 5 is shown in Table 4-4. In this example, the upper stud is offset 11 inches
with the remaining 13 inches away from the adjacent support. Level 5 studs will be assumed to be
1⅝ inch studs because the load is 5.57 kips, but the Level 2 studs will be 2½ inch studs because the
load is 17.21 kips.

62

Using the methodology presented in 3.8 Sample Strut Calculations, the ratios of gravity load to strut
force for a balanced joint are 1.10 and 1.06 respectively. Please see Appendix C for more information.
All capacities are based on geometry and are taken from Appendix A. Here is a summary of the level 5
forces and strut capacity:
FLevel 5-11-1⅝ = 1.10 * 5.57 kips = 6.14 kips

From Appendix A with the offset of 11 inches and stud width of 1⅝ inches, ∅Fn-11-1⅝ can be determined.
∅Fn-11-1⅝ =14.77 kips

By similar calculation, FLevel 5-13-1⅝

FLevel 5-13-1⅝ = 1.06 * 5.57 kips = 5.92 kips < 14.85 kips = ∅Fn-13-1⅝
FLevel 5-11-1⅝ < ∅Fn-11-1⅝∴ OK

Therefore, the strut model for the level 5 loading has adequate capacity as a f’c = 3,000 psi with typical
reinforcing.
Even though the strut capacity is higher because the 2½ inch supporting stud width increases the
strut cross section, Level 2 forces are substantially higher. Consequently, using f’c = 3000 psi and a 6
inch x 8 inch LDM does not provide adequate capacity as checked:
FLevel 5-11-2½ =1.102 * 17.21 kips=18.93 kips > 16.21 kips = ∅Fn-11-25 ∴ NG
FLevel 5-13-2½ =1.062 * 17.21 kips=18.24 kips > 16.11 kips = ∅Fn-13-25 ∴ NG

Knowing the strut capacity increased linearly with fce the required effective concrete strength can be
determined as an easy method to support the loading. Checking the next nominal concrete strength
usually specified, f’c = 4000 psi and fce = 2040 psi from Table 3-2. In the event that the strut capacity
is not adequate, the Design Professional may consider other options that may include a deeper LDM,
tighter stud spacing, wider stud flanges, or a higher concrete compressive strength.

4.2.2 Joist A Calculations (Offset)
This example will illustrate “offset” Figure 3-2B joist bearing conditions at level 5. Load accumulation
and stud sizes are the same as the last example. Included in this example is the offset joist. The first
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step is to determine the model geometry. Figure 4-3 illustrates one geometry that could be used.
The compression strut for the joist could be smaller than the gravity strut on the left. Check the strut
capacities using the information shown.
∅Fn-joist = ∅ * fce-strut * Ac = 0.75 * 1530psi * 6" * 1.01” = 6.99 kips ∴OK

The joist load, used for this example, is the composite load that the joist seat is applying to the
concrete LDM. This load is the total composite load minus the non-composite load since the top of
wall track section has already transferred the non-composite load to the support. Therefore, the load
to be carried in this example is: 4.48 kips – 2.68 kips = 1.80 kips. Computing the vertical component
of the joist strut, the joist load is: Fjoist-strut = 1kip / sin 45° = 2.55 kips. By inspection, the joist strut
has adequate capacity.
The opposing strut at the reduced width must be verified. Summing the forces in the vertical and
horizontal direction, the unit forces in the struts are 1.03 and 1.00 respectively. Therefore, the left
strut must be able to carry 5.57 * 1.03 = 5.73 kips.
∅Fn-gravity-L =∅ * fce-strut * Ac=0.75 * 1530psi * 6 in. * 1.07 inch = 7.39 kips > 5.73 ∴OK

Because both struts have adequate capacity, the model does not need to be adjusted. However, if the
gravity load is increased, the size of the joist effective strut width could be reduced to its minimum to
increase the gravity strut’s load carrying capacity.

Figure 4-3 Joist A (Offset) 1 ⅝ Inch Supporting Stud

4.2.3 Joist B Calculations (Aligned)
This example illustrates “aligned” Figure 3-6 joist bearing conditions at level 5 and at level 2. Load
accumulation at level 5 is shown in Table 4-5. In this example, the upper stud is offset 8 inches with
the remaining 16 inches offser to the adjacent support. Level 5 studs are assumed to be 2 inch studs
since the load is 6.20 kips, while Level 2 studs are assumed to be 3 inch studs since the load is 19.18
kips.

64

Figure 4-4 Joist B (Offset) with 2 Inch Supporting Stud
Using the methodology presented in 3.8 Sample Strut Calculations, the ratio of gravity load to strut
force for a balanced joint is 1.07 and 0.89 respectively. Here is a summary of the level 5 forces and
strut capacity:
FLevel 5-8 = 1.07 * 6.202 kips = 6.63 kips < 15.15 kips = ∅Fn-8 ∴OK

FLevel 5-16 = 0.89 * 6.20 kips = 5.39 kips < 15.31 kips = ∅Fn-16 ∴OK

Therefore, the strut model for the level 5 loading has adequate capacity as a f’c = 3,000 psi with typical
reinforcing.

Figure 4-5 Joist B (Offset) 3 Inch Supporting Stud
The tables in the appendix do not have 3 inch studs, so the calculations will need to be completed
without aids. Figure 4-5 shows the required information to complete the design. The effective unit
values for the left and right struts are 1.02 and 0.81, calculated from the summation of the horizontal
and vertical forces having equilibrium.
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FLevel 2-8-3 =1.02 * 19.18 kips = 19.62 kips

∅Fn-8-3 = 0.75 * 1785 psi * 6 inches * 2.49 inches = 19.98 kips ∴ OK
FLevel 2-16-3 = 0.81 * 19.18 kips = 15.48 kips

∅Fn-16-3 = 0.75 * 1785 psi * 6 inches * 2.38 inches = 19.09 kips ∴ OK

Designers should note that the joists are assumed to align for the Level 2 concrete LDMs.

4.2.4 Mechanical Opening with Cantilevered Span Level 5
Cantilevered sections are designed similarly to the mid-span section, except the upper node is a C-C-T
node. Rebar development and detailing was discussed in Section 3-5 and should be referred to for
this condition. Based on limited testing on the cantilevered condition, it is recommended to limit the
maximum offset for loading to 12 inches maximum for a cantilever. It is not uncommon for the Design
Professional to add a CFS stud at this location for drywall support.
A table is provided in Appendix B for cantilevered or single sided nodal models. Based on the offset
from the support, the Ws and фFn can be determined. Figure 4-6 illustrates the nodal model for a
cantilever with a 12 inch offset. In this case, the strut capacity фFn = 17.42 kips, and the maximum
vertical load фFn-vert = 8.23 kips.
Reinforcing required to develop the horizontal force must be developed prior to leaving the upper node.
As a detailing recommendation, both the upper bar (¾ inch clear) and the one resting on the top of the
joist seat should be hooked or terminated to minimize any cracks that may initiate.

4.2.5 Bearing Capacity of CFS Stud
Because the top of wall tracks are relatively thin, no additional area outside the area bounded by the
flanges, web, and lips should be used as the bearing area.

Figure 4-6 Mechanical Opening Example
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Abearing = lb × bw = 2" × 6" = 12 in2

ϕPn(bearing)= ϕ × 0.85 × f'c × Abearing = 0.65 × 0.85 × 3.0 ksi × 12 in2 = 19.89 kips

The design of CFS studs bearing on concrete is not directly covered by AISI or the ACI code. The
equations above are based on engineering judgment with an understanding of CFS and concrete
performance.

4.2.6 End Restraint Requirements on Wall Terminus
End of wall conditions will not have opposing loads and will require a C-C-T node. The tension is provided
by the top of wall track section, but the load must be transferred into the track from the concrete.
This is accomplished by placing Shearflex® fasteners on the exterior side of the node. The number of
fasteners is related to the force in the strut and the top of wall track thickness. Since the track is in
tension, the node is a C-C-T with the horizontal force component of the last strut.
The design capacity of at top of wall track (600T200-68) in tension can be calculated using this
equation:
ϕPt = ϕ×Fy × Agross = 0.90 × 50 ksi × 0.71 in2 = 32.04 kips

The total of number of Shearflex® fasteners required at wall terminus to resist the horizontal force can
then be calculated by using the AISI equation for bolts in CFS:

Assuming an end stud from Level 5 of 5.57 kips, the horizontal force at the terminus is 5.34 kips from
the effective strut angle of 29.53 degrees. The number of screws required is 5.34 kips/2.95 kips = 2
Shearflex® fasteners at the end of each wall termination.

4.3 Summary
This design example illustrates the simplicity and strength of the concrete LDM when used with the
Ecospan® composite floor system. The redundancy when applying strut and tie principles to the design
of the concrete LDM and the alternate load paths created benefits, the design of the CFS wall framing
and the overall project.
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Appendix
Appendix A Mid-Span Strut and Tie Geometries
Midspan Strut & Tie Calculations for Concrete LDM
Constant ßs value									
Beam Width=
6 in
phi= 0.75		
f'c=
3 ksi
2
		
fce= 1.53 ksi
As= 0.2 in
ßs=
0.6
				
Fy= 60 ksi		
Offset
Inches

Ws
Inches

"Strut Angle"

d'
Seff
Acs
Inches Inches Inches2

ΦFns
Kips

ΦFvertical
Kips

9.68
11.18
12.31
13.12
13.70
14.10
14.38
14.56
14.69
14.77
14.82
14.85
14.86
14.86
14.86

9.36
10.26
10.56
10.42
10.02
9.49
8.91
8.34
7.79
7.28
6.81
6.39
6.00
5.65
5.34

ΦFns
Kips

ΦFvertical
Kips

10.92
12.35
13.39
14.12
14.62
14.95
15.15
15.28
15.35
15.39
15.40
15.39
15.37
15.34
15.31

10.59
11.40
11.57
11.30
10.78
10.14
9.47
8.81
8.20
7.63
7.12
6.66
6.24
5.87
5.53

Stud Flange Width = 1⅝ Inches

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

1.41
1.62
1.79
1.91
1.99
2.05
2.09
2.115
2.13
2.15
2.15
2.16
2.16
2.16
2.16

75.12
66.62
59.08
52.56
47.01
42.30
38.31
34.92
32.02
29.53
27.36
25.47
23.82
22.35
21.05

Offset
Inches

Ws
Inches

"Strut Angle"

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

8.44
9.74
10.73
11.44
11.94
12.29
12.53
12.69
12.80
12.87
12.91
12.94
12.95
12.95
12.95

d'
Seff
Acs
Inches Inches Inches2

10/14 Page 51
11/13 Page 63
11/13 Page 63
10/14 Page 51

Stud Flange Width = 2 Inches

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
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1.59
1.79
1.94
2.05
2.12
2.17
2.20
2.22
2.23
2.24
2.24
2.24
2.23
2.23
2.22

75.96
67.38
59.74
53.13
47.49
42.71
38.66
35.22
32.28
29.74
27.55
25.64
23.96
22.48
21.16

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

9.51
10.76
11.67
12.31
12.74
13.02
13.21
13.32
13.38
13.41
13.42
13.41
13.39
13.37
13.34
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Midspan Strut & Tie Calculations for Concrete LDM							
Constant ßs value									
Beam Width= 6 in
phi=
0.75		
f'c=
3 ksi
		
fce= 1.53 ksi As=		
0.2 in2		
ßs=
0.6
				
Fy=		
60 ksi			
								
Offset
Inches

Ws
Inches

"Strut Angle"

d'
Seff
Inches Inches

Acs
Inches2

ΦFns
Kips

ΦFvertical
Kips

10.96
12.12
12.93
13.47
13.81
14.01
14.11
14.15
14.15
14.13
14.09
14.04
13.99
13.93
13.87

12.58
13.91
14.84
15.46
15.85
16.07
16.19
16.24
16.24
16.21
16.17
16.11
16.05
15.98
15.92

12.26
12.93
12.94
12.49
11.80
11.02
10.22
9.46
8.76
8.12
7.54
7.03
6.57
6.16
5.79

Stud Flange Width = 2½ Inches

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

1.83
2.02
2.16
2.25
2.30
2.33
2.35
2.36
2.36
2.36
2.35
2.34
2.33
2.32
2.31

77.09
68.40
60.64
53.90
48.14
43.26
39.13
35.62
32.62
30.04
27.81
25.87
24.16
22.66
21.32

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

10/14 Page 51
11/13 Page 63
11/13 Page 63
10/14 Page 51
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Appendix B Cantilevered Strut and Tie Geometries

Cantilever Strut & Tie Calculations for Concrete LDM						
Constant ßs value
								
Beam Width= 6 in
phi=
0.75		
f'c=
3 ksi
		
fce= 1.53 ksi As=		
0.2 in2		
ßs=
0.6
Span= 24 in
Fy=		
60 ksi			
								
Offset
Inches

Ws
Inches

"Strut Angle"

d'
Inches

Seff
Inches

Acs
Inches2

ΦFns
Kips

ΦFvertical
Kips

Stud Flange Width = 1⅝ Inches

2
3
4
5
6
7
8
9
10
11
12

1.98
2.21
2.37
2.48
2.54
2.57
2.58
2.57
2.56
2.55
2.53

78.80
69.97
62.02
55.09
49.15
44.12
39.85
36.23
33.15
30.50
28.21

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

11.89
13.27
14.24
14.86
15.22
15.40
15.46
15.44
15.38
15.29
15.18

13.65
15.23
16.34
17.06
17.47
17.67
17.74
17.72
17.65
17.54
17.42

13.39
14.31
14.43
13.99
13.22
12.30
11.37
10.47
9.65
8.90
8.23

Offset
Inches

Ws
Inches

"Strut Angle"

d'
Inches

Seff
Inches

Acs
Inches2

ΦFns
Kips

ΦFvertical
Kips

80.54
71.57
63.43
56.31
50.19
45.00
40.60
36.87
33.69
30.96
28.61

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2

13.81
15.18
16.10
16.64
16.90
16.97
16.92
16.80
16.64
16.46
16.28

15.85
17.42
18.47
19.10
19.39
19.47
19.42
19.28
19.10
18.89
18.68

15.63
16.52
16.52
15.89
14.90
13.77
12.64
11.57
10.59
9.72
8.95

Stud Flange Width = 2 Inches

2
3
4
5
6
7
8
9
10
11
12
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2.30
2.53
2.68
2.77
2.82
2.83
2.82
2.80
2.77
2.74
2.71

Cantilever Strut & Tie Calculations for Concrete LDM						
Constant ßs value									
Beam Width= 6 in
phi=
0.75		
f'c=
3 ksi
		
fce= 1.53 ksi As=		
0.2 in2		
ßs=
0.6
Span= 24 in
Fy=		
60 ksi			
								
Offset
Inches

Ws
Inches

"Strut Angle"

d'
Inches

Seff
Inches

Acs
Inches2

ΦFns
Kips

ΦFvertical
Kips

2
2
2
2
2
2
2
2
2
2
2

16.37
17.76
18.64
19.08
19.21
19.13
18.93
18.67
18.38
18.08
17.79

18.79
20.38
21.38
21.89
22.04
21.95
21.73
21.43
21.09
20.75
20.41

18.64
19.56
19.44
18.57
17.28
15.85
14.43
13.12
11.93
10.87
9.95

ΦFhorizontal
Kips

Stud Flange Width = 2½ Inches

2
3
4
5
6
7
8
9
10
11
12

2.73
2.96
3.11
3.18
3.20
3.19
3.16
3.11
3.06
3.01
2.96

82.87
73.74
65.38
57.99
51.63
46.22
41.63
37.75
34.44
31.61
29.17

1
1
1
1
1
1
1
1
1
1
1

2.33
5.71
8.91
11.60
13.68
15.19
16.24
16.94
17.39
17.67
17.82
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Appendix C Nodal Equilibrium Solutions
Stud Bearing = 1⅝ Inches
a1

a2

Inches Inches
8
9
10
11
12

16
15
14
13
12.00

Effective Strut Angle
Φ1

Φ2

38.31
34.92
32.02
29.53
27.36

21.05
22.35
23.82
25.47
27.36

Vertical Load Ratio
a1
a2
1.085
1.099
1.106
1.102
1.088

0.912
0.975
1.025
1.062
1.088

Available Vertical Force
F1 axial
F2 axial

Kips

Kips

13.25
13.25
13.29
13.40
13.62

16.29
15.25
14.50
13.98
13.62
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Stud Bearing = 2 Inches
a1

a2

Inches Inches
8
9
10
11
12

16
15
14
13
12

Effective Strut Angle
Φ1

Φ2

38.66
35.22
32.28
29.74
27.55

21.16
22.48
23.96
25.64
27.55

Vertical Load Ratio
a1
a2
1.079
1.093
1.099
1.095
1.081

0.903
0.967
1.017
1.055
1.081

Available Vertical Force
F1 axial
F2 axial

Kips

Kips

14.05
13.98
13.97
14.05
14.24

16.95
15.87
15.11
14.59
14.24

Stud Bearing = 2½ Inches
a1

a2

Inches Inches
8
9
10
11
12
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16
15
14
13
12

Effective Strut Angle Vertical Load Ratio
Φ1
Φ2
a1
a2
39.13
35.62
32.62
30.04
27.81

21.32
22.66
24.16
25.87
27.81

1.071
1.085
1.091
1.087
1.072

0.892
0.956
1.007
1.045
1.072

Available Vertical Force
F1 axial
F2 axial

Kips

Kips

15.12
14.97
14.89
14.92
15.09

17.85
16.72
15.94
15.41
15.09
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Appendix D Sample Concrete LDM Calculations

Calculation of LDM Nominal Flexural Strength
per ACI 318-11 using PTC Mathcad
Material Properties:
Concrete Strength:

f'c  3000psi

Color Key

Yield Stress Rebar:

fy_rebar  60ksi

Input

Yield Stress CFS:

fy_CFS  50ksi

Modulus of Elasticity Steel:

Es  29000ksi

Unit Weight of Concrete:

wc  145pcf

Modulus of Elasticity Concrete:

Ec := wc

Geometry:

1.5

Calculation

 33 f'c psi = 3156 ksi

Depth of LDM:

h  8in

Width of LDM:

b  6in

CFS c/c Spacing:

SCFS  24in

Distance from Top of LDM to Rebar ℄:

d'  1.0in

Distance from Back of CFS to Centroid:

xbar  0.432in

Distance from Top of LDM to CFS:

d2 := h  xbar = 8.432 in

Number of Rebar:

n  2

Size of Rebar:

#4: As = 0.2 in

Total Area of Rebar:

A's := n As = 0.4  in

Area of CFS:

AsCFS  1.015in

2

Top Track = 600T200-97

2

2
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Positive Yield Moment at Mid-span:

Compression Block:
β1  0.8
εcu  0.003

in
in

Calculate compression block c using Solve Block:
c  1in

Initial guess required for Solve Block programming

Given

 c  d'

 εcu  0.85 f'c  β1 c  b - 0.85 A's f'c

 c
 

AsCFS  fy_CFS = A's Es 
c  Find( c)

c = 2.516 in

Therefore:
a := β1 c = 2.013 in
ε's :=

c  d'
c

 εcu = 0.00181

f's := Es ε's = 52.4 ksi
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in
in

Calculate Internal Forces:
The internal forces in the concrete and steel bars can be found by multiplying the stress value of
concrete and rebar by the corresponding cross sectional area
C c := 0.85 f'c a b - 0.85 A's f'c = 29.78 kip
C s := A's f's = 20.97 kip

C := C c  C s = 50.75 kip

TsCFS := AsCFS  fy_CFS = 50.75 kip

Tpos := TsCFS = 50.75 kip

Tpos  C = 0 kip

Calculate Moment Capacity: Assuming Tension Controlled
a

Mn := AsCFS  fy_CFS  d2   = 31.4 kip ft
2


Calculate ϕ:
c

d2

 0.298

ϕ  0.9

Calculate Nominal Moment:
ϕMn := ϕ M n = 28.3 kip ft

ACI 318 R9.3.2.2
ϕMn = 28.3 kip ft

Calculate Location of Neutural Axis:
h

 b h    d2 AsCFS   d' A's
2

ytop :=
= 4.067 in
( b h)  AsCFS  A's

ytop = 4.067 in

ybot := h  ytop = 3.933 in
Calculate Gross Moment of Inerta:
2
 1
3
h
  
2
4
Ig :=   b h + b h   ytop   AsCFS   d2  ytop  = 275.6 in


 12
2

4

Ig = 275.6 in
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Find Cracked Moment of Inerta for Positive Moment (Neglecting Compression Rebar):

kd 

Icr :=





 AsCFS 

AsCFS

2

b
   AsCFS d2
2

- 4 

b
2  
2
b ( kd )

3





+ AsCFS  d2  kd

3

2

kd = 1.528 in

Negative Yield Moment at Mid-span:

Compression Block:
β1  0.8
εcu  0.003

in
in

Calculate compression block c using Solve Block: Neglecting CFS Compression
c  1in

Initial guess required for Solve Block programming

Given





A's fy_rebar = 0.85 f'c β1 c  b


c  Find( c)
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c = 1.961 in

4

Icr = 55.5 in

Therefore:
a := β1 c = 1.569 in
εs :=

( h  d')  c
c

 ε cu = 0.00771

fs := Es ε s = 223.6 ksi

in
in

Calculate Internal Forces:
The internal forces in the concrete and steel bars can be found by multiplying the stress value of
concrete and rebar by the corresponding cross sectional area
C c := 0.85 f'c a b = 24 kip

C := C c = 24 kip

Ts := A's fy_rebar = 24 kip

Tneg := Ts = 24 kip

Tneg  C = 0 kip

The depth of the compression block, c, is calculated through a iterative process where
C = T. Therefore, the Nominal Moment is calculated below.
Calculate Moment Capacity: Assuming Tension Controlled
a

Mn := A's fy_rebar ( h  d')   = 12.4 kip ft
2


Calculate ϕ:
c

d2

 0.233

ϕ  0.9

Calculate Nominal Moment:
ϕMn := ϕ M n = 11.2 kip ft

ACI 318 R9.3.2.2
ϕMn = 11.2 kip ft

Calculate Location of Neutural Axis:
h

 b h   ( h  d')  A's
2

ytop :=
= 4.025 in
( b h)  A's

ytop = 4.025 in

ybot := h  ytop = 3.975 in
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Calculate Gross Moment of Inerta:
2
 1
  
3
h
2

Ig    b h + b h   ybot   AsCFS   d2  ybot 


 12
2


4

Ig = 276.2 in

Find Cracked Moment of Inerta for Negative Moment:

kd 

Icr :=

 

A's

 A's 

b ( kd )
3

2

b
  A's ( h  d')
2 
b
2  
2
- 4 

3





 0 + AsCFS  d2  kd

2

kd = 0.902 in

CFS Shear Connection for Composite Action:
Sample Loads:
P  12kip
kip ft
DFpos  0.3
kip

Distribution Factor from F.E.A. Modeling

Mu := P DFpos = 3.6  kip ft
Tension in CFS:
Mu
T :=
= 5.12 kip
d2
Shear Capacity of Shearflex Fastener:
kip
Qn  4.3
screw
Required Number of Shearflex Fasteners:
2 T
nfasteners 

2.65
ϕ Qn
 nactual  3 Total number of Shearflex Fasteners between CFS Studs
®
Use sshearflex = 12 in Spacing of Shearflex Fasteners along T.O.W. Track
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4

Icr = 59.0 in
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