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1 PRODUCT EVALUATED 1
1.1

PSM Series Panels
PSG3 Series Panels
PSG6 Series Panels

2 APPLICABLE CODES AND STANDARDS 2, 3
2.1

Codes

2.1.1

IBC—15, 18, 21: International Building Code®

2.1.2

IRC—15, 18, 21: International Residential Code®

2.2

Standards and Referenced Documents

2.2.1

ACI 318: Building Code Requirements for Structural Concrete

2.2.2

ACI 506R: Guide to Shotcrete

2.2.3

ASTM C387: Standard Specification for Packaged, Dry, Combined Materials for Concrete and High Strength
Mortar

2.2.4

ASTM C578: Standard Specification for Rigid, Cellular Polystyrene Thermal Insulation

2.2.5

ASTM E84: Standard Test Method for Surface Burning Characteristics of Building Materials

2.2.6

UL 723: Standard Test Method for Surface Burning Characteristics of Building Material

1 For more information, visit drjcertification.org or call us at 608-310-6748.
2 Unless otherwise noted, all references in this TER are from the 2021 version of the codes and the standards referenced therein. This material, design, or method of construction also
complies with the 2000-2018 versions of the referenced codes and the standards referenced therein.
3 All terms defined in the applicable building codes are italicized.
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3 PERFORMANCE EVALUATION
3.1

The fire-resistance ratings of the assemblies listed in Section 1 were evaluated in accordance with IBC Section
722 Calculated Fire Resistance.

3.2

Any code compliance issues not specifically addressed in this section are outside the scope of this TER.

3.3

Any engineering evaluation conducted for this TER was performed within DrJ’s ANAB accredited ICS code scope
and/or the defined professional engineering scope of work on the dates provided herein.

4 PRODUCT DESCRIPTION AND MATERIALS
4.1

GCT insulated concrete panels are prefabricated lightweight structural elements consisting of an expanded
polystyrene (EPS) core sandwiched between two layers of galvanized steel welded wire mesh.

4.1.1

A steel wire connector is pierced completely through the EPS core and welded to each of the outer layer
sheets of galvanized steel welded wire mesh.

4.1.2

Where needed, deformed steel reinforcement bars are used.

4.1.3

A high-strength mortar achieving 4,000 psi at 28 days is sprayed onto each side of the panels in the field at
the jobsite to create monolithic wall, wall/slab, and wall/roof concrete elements.

4.1.4

Application equipment designed specifically for the application of mortar mixes is highly recommended.

4.2

GCT wall panels designated PSM consist of a single layer of wire mesh on each side of an EPS core varying from
1.6" up to 10" in thickness. A typical section configuration is shown in Figure 1.

FIGURE 1. PSM W ALL SECTION
4.2.1
4.3

A minimum of 0.75" of mortar cover is required over the outer face of the wire mesh on each side, resulting in
an average of 1.4" thick mortar cover on each side of the panel.

GCT floor or roof panels designated PSM-Slab consist of EPS cores varying from 3" up to 10" in thickness. A
typical section configuration is shown in Figure 2.
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FIGURE 2. PSM SLAB SECTION
4.3.1

Working as floor slabs or a roof system, the upper side is poured with a concrete layer (3,500 psi) and will be
2.4" thick with at least 2" over the wire mesh.

4.3.2

The lower side of the section will require a minimum of 0.75" of mortar cover under the outer face of the wire
mesh.

4.4

GCT floor slab or roof panels designated PSG3 consist of EPS cores with voids to form three (3) concrete joists
for every 4' of width. A typical section configuration is shown in Figure 3.

FIGURE 3. PSG3 SLAB SECTION
4.4.1

The joist depth will vary from 4" to 10", according to the requirements.

4.4.2

The upper side is poured with a concrete layer (3,500 psi) and will be 2.4" thick with at least 2" over the wire
mesh.

4.4.3

The lower side of the section will require a minimum of 0.75" of mortar cover under the outer face of the wire
mesh.

4.4.4

In addition, a minimum (2) #4 rebar is placed on the tension (lower) side of each concrete joist.

4.4.5

When required by the building design, rebar is placed in the top concrete layer.
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4.5

GCT floor and roof panels designated PSG6 consist of EPS cores with voids to form six (6) concrete joists for
every 4' of width. A typical section configuration is shown in Figure 4.

FIGURE 4. PSG6 SLAB SECTION
4.5.1

The joist depth will vary from 4" to 10", according to the requirements.

4.5.2

The upper side is poured with a concrete layer (3,500 psi) and will be 2.4" thick with at least 2" over the wire
mesh.

4.5.3

The lower side of the section will require a minimum of 0.75" of mortar cover under the outer face of the wire
mesh.

4.5.4

In addition, a minimum (2) #4 rebar is placed on the tension (lower) side of each concrete joist.

4.5.5

When required by the building design, rebar is placed in the top concrete layer.

4.6

The concrete and mortar thicknesses required to achieve a given fire-resistance rating are shown in Table 1 and
Table 2.

4.7

GCT panels consisting of an EPS core and galvanized wire mesh are prefabricated and delivered to the jobsite
where they are installed. The high-strength mortar and concrete are then applied on the jobsite (Figure 5).

FIGURE 5. PHOTOS OF GCT INSULATED CONCRETE PANELS ON SITE
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4.8

Material

4.8.1

EPS Core:

4.8.1.1

The EPS foam core is made up of Type I EPS foam boards conforming to ASTM C578.

4.8.1.2

The EPS core is molded into proprietary shapes, which vary depending on the intended application (i.e.,
wall, floor, or roof application).

4.8.1.3

The EPS core thickness varies depending on the application as described in Section 4.2 to 4.5.

4.8.1.4

The EPS core has the following characteristics:

4.8.1.4.1

Minimum Density: 0.9 lb/cf

4.8.1.4.2

Flame Spread Index: 4 25 or less

4.8.1.4.3

Smoke Developed Index: 5 450 or less

4.8.2

Steel Welded Wire Mesh:

4.8.2.1

The galvanized steel welded wire mesh is made from steel with a minimum yield of 85 ksi and a minimum
fracture of 95 ksi, and it also complies with ACI 318-19 Section 20.2.1.7 and IBC Section 1903.

4.8.2.2

Longitudinal or principal direction wires are 3.0 mm (11 gauge) in thickness and have an equivalent
spacing of 3.0" o.c.

4.8.2.3

Transverse or secondary direction wires are 2.5 mm (13 gauge) in thickness and have a uniform spacing
of 2.6" o.c.

4.8.2.4

The front and back wire mesh layers are tied together along the longitudinal direction in six (6) rows with
3.0 mm (11 gauge) wire.

4.8.3

Other Reinforcement:

4.8.3.1
4.8.4

Where required, deformed steel reinforcement bars are used, which have a minimum yield stress of 60
ksi and comply with ACI 318-19 Section 20.2.1.7 and IBC Section 1903.
Mortar Application:

4.8.4.1

Carmelo Structural Mortar Mix is recommended for application on the GCT insulated concrete panels
because it has a compressive strength of 4,000 psi.

4.8.4.1.1

Other structural mortar mixes may be used if they provide strength and stiffness that are at least
equivalent to the Carmelo Structural Mortar Mix and as described in Section 4.8.4.4.1.

4.8.4.2

Carmelo Structural Mortar Mix is a single component Portland cement-based plaster containing additives
to enhance its bonding strength.

4.8.4.3

The mortar contains micro-spheres with pozzolanic action to make it less permeable, in addition to
making it easy to place and finish.

4.8.4.4

Low-pressure mortar application equipment is highly recommended for speed and quality consistency.

4.8.4.4.1

The mortar used must have the following characteristics:

4.8.4.4.1.1

Comply with ASTM C387, Type M

4.8.4.4.1.2

Minimum compressive strength at 28 days of 4,000 psi, according to ASTM C387

4.8.4.4.1.3

Maximum aggregate size of 3/16"

4.8.4.4.1.4

Aggregate must conform to ACI 506R Table 2.1

4 When tested in accordance with ASTM E84 in a 4" thickness and maximum 1.0 pcf density.
5 When tested in accordance with ASTM E84 in a 4" thickness and maximum 1.0 pcf density.
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4.8.5

Concrete:
The placed concrete must be a normal weight complying with IBC Chapter 19 and have the following
characteristics:

4.8.5.1
4.8.5.1.1

Compressive strength: 3,500 psi minimum at 28 days

4.8.5.1.2

Slump: minimum 2"

4.8.5.1.3

Aggregate size: ½" maximum

5 APPLICATIONS
5.1

Fire Resistance Applications

5.1.1

Table 1 and Table 2 list the required mortar thickness for GCT assemblies to achieve various fire-resistance
ratings.

TABLE 1. REQUIRED MORTAR THICKNESS FOR GCT W ALL ASSEMBLIES TO ACHIEVE LISTED FIRE-RESISTANCE RATINGS1

1.

Minimum Required Mortar Thickness (in)

Assembly
Name

Assembly
Type

1-Hour Rating

2-Hour Rating

3-Hour Rating

4-Hour Rating

Assembly
Figure

PSM

Wall

0.5

1.25

2

2.5

Figure 1
SI: 1 in = 25.4 mm

Note: an additional ¾" is required under the wire mesh on each side.

TABLE 2. REQUIRED MORTAR THICKNESS FOR GCT ROOF/FLOOR ASSEMBLIES TO ACHIEVE LISTED FIRE-RESISTANCE RATINGS1

1.

Assembly
Name

Assembly
Type

PSM

Minimum Required Mortar Thickness (in)
2-Hour Rating

3-Hour Rating

4-Hour Rating

Top

Bottom

Top

Bottom

Top

Bottom

Top

Bottom

Roof

2

0.75

2

1.25

2

2.5

2

3.5

Figure 2

PSG3

Floor/Roof

2

0.75

2

1.25

2

2.5

2

3.5

Figure 3

PSG6

Floor/Roof

2

0.75

2

1.25

2

2.5

2

3.5

Figure 4

Note: an additional ¾" is required under the wire mesh on bottom side.

5.2

Assembly
Figure

1-Hour Rating

SI: 1 in = 25.4 mm

Calculation Methodology

5.2.1

The following outlines the methodology used to calculate the fire-resistance of the various assemblies listed in
Section 1, Table 1, and Table 2.

5.2.2

Figure 6 shows the general makeup of a GCT wall assembly. The welded wire reinforcing inherent to all GCT
panels is not shown for clarity. This figure provides details and concepts used in the fire-resistance calculation
per the IBC. The same methodology is used to calculate the fire-resistance rating of floor and roof
assemblies.
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FIGURE 6. EXAMPLE CROSS SECTION OF GCT W ALL ASSEMBLY (REINFORCING MESH NOT SHOWN FOR CLARITY)
5.2.3

IBC Section 722 contains provisions for calculating the fire-resistance rating of specific materials or
combinations of materials. The pertinent sections follow, along with commentary to explain the calculations.

5.2.3.1

IBC Table 722.2.1.2(2) (see Figure 7) shows the required value for R0.59 needed to achieve a desired
fire-resistance rating.

5.2.3.1.1

R = Fire endurance of the assembly, minutes

5.2.3.1.2

R10.59, R20.59 and Rn0.59 = Fire endurances of the individual wythes (layers) in minutes

5.2.3.1.3

R0.59 is used in the IBC Section 722.2.1.2.1 Equation 7-4 to calculate the fire-endurance rating of an
assembly. The value of R0.59, when raised to the power of 1.7, results in the fire-endurance rating of
the component that R0.59 represents.

FIGURE 7. IBC TABLE 722.2.1.2(2): FIRE RESISTANCE RATINGS BASED ON R0.59
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5.2.4

IBC Section 722.2.1.2.1 provides the method for determining the fire-resistance rating of concrete walls with
more than one wythe. The referenced tables are also shown here.
722.2.1.2.1 Two or more wythes. The fire-resistance rating for wall panels consisting of two or more wythes shall be permitted
to be determined by the formula:
𝑅𝑅 = (𝑅𝑅10.59 + 𝑅𝑅20.59 + ⋯ + 𝑅𝑅𝑛𝑛0.59 )1.7 (Equation 7-4)

Values of Rn0.59 for use in Equation 7-4 are given in Table 722.2.1.2(1). Calculated fire-resistance ratings are shown in Table
722.2.1.2(2).
5.2.4.1

Equation 7-4 can be rewritten to the following form, so direct substitution of the values in IBC Table
722.2.1.2(2) can be achieved:
𝑅𝑅 = 𝑅𝑅10.59 + 𝑅𝑅20.59 + ⋯ + 𝑅𝑅𝑛𝑛0.59

IBC Table 722.2.1.2(1) (see Figure 8) provides the values for Rn0.59 for various thicknesses of concrete
materials.

5.2.5

FIGURE 8. IBC TABLE 722.2.1.2(1): VALUES OF R0.59 FOR USE IN EQUATION 7-4
5.2.5.1

GCT assemblies are made using carbonate aggregate concrete.
IBC Section 722.2.1.2.2 provides the fire-resistance rating of the foam core material.

5.2.6

722.2.1.2.2 Foam plastic insulation. The fire-resistance ratings of precast concrete wall panels consisting of a layer of foam
plastic insulation sandwiched between two wythes of concrete shall be permitted to be determined by use of Equation 7-4.
Foam plastic insulation with a total thickness of less than 1 inch (25 mm) shall be disregarded. The Rn value for thickness of
foam plastic insulation of 1 inch (25 mm) or greater, for use in the calculation, is 5 minutes; therefore Rn0.59 = 2.5.
5.2.7

The value of Rn0.59 for each wythe of the assembly is as follows:

5.2.7.1

Find the required R0.59 from IBC Table 722.2.1.2(2). For example, for a 2-hour rating (120 minutes), an
R0.59 of 16.85 is required.

5.2.7.2

From IBC Section 722.2.1.2.2, the foam core has an R0.59 of 2.5.

5.2.7.3

Subtract this from the required R0.59. For this example:

5.2.7.4

16.85 − 2.5 = 14.35

Assuming a symmetrical assembly (i.e., the wythe on each side of the wall is the same thickness), each
side would then need an R0.59 of 7.18.

5.2.7.5

From IBC Table 722.2.1.2(1) for carbonate aggregate concrete, this would require just over 2" of cover.

5.2.7.6

However, since the mortar cover on the GCT panels is not of uniform thickness, the minimum thickness, t,
or the equivalent thickness, te, must be used (Figure 6).
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5.2.7.7

IBC Section 722.2.1.1.4 provides the method for determining whether the minimum thickness or the
equivalent thickness must be used.

722.2.1.1.4 Ribbed or undulating surfaces. The equivalent thickness of panels with ribbed or undulating surfaces shall be
determined by one of the following expressions:

5.2.7.8

Per Figure 6, the spacing of the undulations, s, is equal to 4".

5.2.7.9

For this example, to achieve the 2-hour rating, the required cover, either t or te as applicable, must be 2".

5.2.7.10

The first equation in IBC Section 722.2.1.1.4 shows the value of t, if s > 4t. So in this case, this statement
is true where the minimum thickness, t, is 1" or less. Since 2" is needed, check the next equation.

5.2.7.11

The next equation says the equivalent thickness is te, if s < 2t. This statement is true where the minimum
thickness, t, is 2" or more. Since the equivalent thickness, te, is always greater than the minimum
thickness, t, the equivalent thickness, te, is a value greater than 2". Since exactly 2" is desired, check the
third condition.

5.2.7.12

The third condition says to use Equation 7-3 to determine the thickness to use. There are three variables
in the equation and only one is known, s, which equals 4".

5.2.7.13

The undulations in the mortar cover are approx. 0.4" in height. It can be estimated that the dashed line
representing the equivalent thickness, te, (Figure 6) is located at the minimum thickness, t, plus one half
of the undulation height, or: t + 0.2". This can be substituted for te in Equation 7-3.

FIRE-RESISTANCE RATINGS OF GCT COMPOSITE CONCRETE ASSEMBLIES – REQUIRED
MORTAR THICKNESS
© 2022 DRJ ENGINEERING, LLC

SUBJECT TO RENEWAL 4/1/2023
PAGE 10 OF 13

TER 1201-04

5.2.7.14

Finally, for this example, the target is 2", so the equation can be set up to equal 2" and solve for t.
Therefore:
4𝑡𝑡
− 1� (𝑡𝑡𝑡𝑡 − 𝑡𝑡) = 2
𝑠𝑠

𝑡𝑡 + �

4𝑡𝑡
𝑡𝑡 + ( − 1)((𝑡𝑡 + 0.2) − 𝑡𝑡) = 2
4
𝑡𝑡 + (𝑡𝑡 − 1)(0.2) = 2
𝑡𝑡 + (0.2𝑡𝑡 − 0.2) = 2
1.2𝑡𝑡 − 0.2 = 2

5.2.7.15
5.2.8
5.2.8.1

5.2.9

1.2𝑡𝑡 = 2.2

𝑡𝑡 = 1.833 ≈ 2.0"

Hence, 2" mortar cover is needed to conservatively achieve the 2-hour fire-resistance rating.

Surface Burning Characteristics:

The EPS core used as a component in GCT panels must have a flame-spread index of not more than 75
and a smoke-developed index of not more than 450 when tested in accordance with ASTM E84 or UL
723 in a maximum thickness of 4" in accordance with IBC Section 2603.3 and IRC Section R316.3.
Where the application exceeds the limitations set forth herein, design shall be permitted in accordance with
accepted engineering procedures, experience, and technical judgment.

6 INSTALLATION
6.1

Installation shall comply with the manufacturer’s installation instructions and this TER. In the event of a conflict
between the manufacturer’s installation instructions and this TER, the more restrictive shall govern.

6.2

Each installation shall provide GCT verification that confirms the fundamental design properties of the mortar and
the panels.

6.3

Each installation shall provide verification that the GCT panels were installed in accordance with the GCT
installation instructions and connection details.

6.3.1

Installation shall be done by GCT certified installers.

7 SUBSTANTIATING DATA
7.1

Material properties from TER 1202-12.

7.2

Calculations for fire-resistance per the IBC.

7.3

Information contained herein is the result of testing and/or data analysis by sources which conform to IBC Section
1703 and/or professional engineering regulations. DrJ relies upon accurate data to perform its ISO/IEC 17065
evaluations.

7.4

Where appropriate, DrJ’s analysis is based on provisions that have been codified into law through state or local
adoption of codes and standards. The providers of the codes and standards are legally responsible for their
content. DrJ analysis may use code-adopted provisions as a control sample. A control sample versus a test
sample establishes a product as being equivalent to that prescribed in this code in quality, strength, effectiveness,
fire resistance, durability, and safety. Where the accuracy of the provisions provided herein is reliant upon the
published properties of materials, DrJ relies upon the grade mark, grade stamp, mill certificate, and/or test data
provided by material suppliers to be minimum properties. DrJ analysis relies upon these properties to be accurate.
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8 FINDINGS
8.1

The GCT assemblies meet the calculated fire-resistance ratings found in Table 1 and Table 2 when installed in
accordance with the manufacturer’s installation instructions, this TER, and the applicable building code.

8.2

Building codes require data from valid research reports be obtained from approved sources (i.e., licensed
registered design professionals [RDPs]).

8.2.1

Building official approval of a licensed RDP is performed by verifying the RDP and/or their business entity is
listed by the licensing board of the relevant jurisdiction.

8.3

Agencies who are accredited through ISO/IEC 17065 have met the code requirements for approval by the
building official. DrJ is an ISO/IEC 17065 ANAB-Accredited Product Certification Body – Accreditation #1131 and
employs RDPs.

8.4

Through ANAB accreditation and the IAF MLA, DrJ certification can be used to obtain product approval in any
jurisdiction or country that has IAF MLA Members & Signatories to meet the Purpose of the MLA – “certified once,
accepted everywhere.”

8.5

IBC Section 104.11 (IRC Section R104.11 and IFC Section 104.10 6 are similar) states:
104.11 Alternative materials, design and methods of construction and equipment. The provisions of this code are not
intended to prevent the installation of any material or to prohibit any design or method of construction not specifically prescribed
by this code…Where the alternative material, design or method of construction is not approved, the building official shall
respond in writing, stating the reasons the alternative was not approved.

9 CONDITIONS OF USE
9.1

Where required by the building official, also known as the authority having jurisdiction (AHJ) in which the project is
to be constructed, this TER and the installation instructions shall be submitted at the time of permit application.

9.2

Any generally accepted engineering calculations needed to show compliance with this TER shall be submitted to
the AHJ for review and approval.

9.3

Design loads shall be determined in accordance with the building code adopted by the jurisdiction in which the
project is to be constructed and/or by the building designer (e.g., owner or RDP).

9.4

At a minimum, this product shall be installed per Section 6 of this TER.

9.5

This product has an internal quality control program and a third-party quality assurance program in accordance
with IBC Section 104.4 and Section 110.4 and IRC Section R104.4 and Section R109.2.

9.6

The actual design, suitability, and use of this TER, for any particular building, is the responsibility of the owner or
the owner’s authorized agent.

9.7

This TER shall be reviewed for code compliance by the AHJ in concert with IBC Section 104.

9.8

The implementation of this TER for this product is dependent on the design, quality control, third-party quality
assurance, proper implementation of installation instructions, inspections required by IBC Section 110.3, and any
other code or regulatory requirements that may apply.

6 2018 IFC Section 104.9
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10 IDENTIFICATION
10.1 The product(s) listed in Section 1.1 are identified by a label on the board or packaging material bearing the
manufacturer’s name, product name, TER number, and other information to confirm code compliance.
10.2 Additional technical information can be found at gctm2.com.

11 REVIEW SCHEDULE
11.1 This TER is subject to periodic review and revision. For the most recent version, visit drjcertification.org.
11.2 For information on the current status of this TER, contact DrJ Certification.
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