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1. Introduction 

The goal of the FastFloor Residential project is to create a new steel floor system that is lightweight, fast to 
construct, and nonproprietary. FastFloor Residential strives to achieve this by exploring prototypes such as 
the one shown in Figure 1, employing 18 gauge 3 in. deep steel deck fastened back-to-back to create a 
cellular deck, then topped with ¾ in thick cementitious (structural) panel screwed to the steel deck.  

 
Figure 1. FastFloor Residential prototype cross-section 

This report summarizes a series of push-out tests that were conducted in the Thin-Walled Structures Lab at 
Johns Hopkins University. The push-out tests provide the shear response of the fasteners used to attach the 
cementitious panel to the steel deck. Repeatability of response, fastener spacing, and installation conditions 
(overdriven screws) are all explored in the testing. 

 

2. Background 

In 2022, a set of four-point bending tests on the FastFloor Residential prototype assembly were performed 
at the Johns Hopkins University, Thin-Walled Structures Lab, as shown in Figure 2 (see report CFSRC R-
2022-03 [1]). The goals for these tests were to understand the behavior of the composite action between 
the steel deck and cementitious panel, identify the failure modes, and evaluate the strength and stiffness of 
the composite floor system. At large deflection, the ultimate strength of the composite specimens was 
controlled by shearing of the fasteners connecting the cementitious panel to the steel deck. This led to the 
idea of performing push-out testing, to explore the behavior of this assembly in isolation. This report 
provides the results from the push-out tests. 
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Figure 2. Four-point bending lab setup [1] 

 

3. Test Matrix and Specimens 

Thirty-five push-out specimens were tested with five unique configurations. All specimens used #12-14×3/4 
@ 2 in. O.C. Hilti fasteners for the deck-to-deck connections and #8 × 1-5/8 in. Grabber fasteners for the 
cementitious panel-to-deck connections. For the cementitious panels, 4 ft × 8 ft × ¾ in. structocrete 
structural panels, provided by USG were employed. The panels were cut into 8 in. × 12 in. specimens for 
testing. DACS Inc. provided the 18 gage (43 mil) 3 in. deep N-deck used in the specimens. The push-out 
tests consist of four (two on each side) Grabber fasteners attaching the structocrete panel to the deck. The 
tested panel to deck fasteners are spaced longitudinally at 6 in. , 4 in. , 2 in., and 1 in., as well as one set of 
overdriven fasteners at 6 in. spacing, as summarized in Table 1. For all specimens, the deck-to-deck #12 
fasteners had 2 in. spacing to prevent slip between the two pieces of deck. The geometry of the specimens 
and the layout of the fasteners are provided in Figure 3. The 1/16 in. overdriven fastener depth was 
determined as reasonable based on experience of fastening the floors together from previous testing [1]. 

Table 1. Test Matrix 

Name Grabber Fastener 
Spacing (in.) 

Overdriven Depth 
(in.) 

Quantity  
(#) 

Set 1 6 -- 7 
Set 2 4 -- 7 
Set 3 2 -- 7 
Set 4 1 -- 7 
Set 5 6 1/16 7 
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Figure 3. Specimen schematic – elevation, side, and top view 

4. Test Setup  

The push-out tests were conducted in a 10 kip MTS loading rig, where the bottom of the specimens 
(cementitious panels) rested on a fixed bottom platen connected to the actuator, and the top of the 
specimens (steel deck) are in bearing with a steel platen with a ball joint, attached to the load cell, as shown 
in Figure 4. There was no contact between the steel deck and the bottom platen to ensure all applied loads 
transferred to the panels and thus placed the #8 Grabber screws in shear. The specimens themselves were 
symmetrical with the locations of the cementitious panels to prevent eccentric loading of the specimens. As 
the bottom platen moves up the 4 panel-to-deck fasteners (2 on each side) are placed in shear. 
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Figure 4. Test rig setup 

5. Instrumentation and loading procedure 

As shown in Figure 5, four position transducers (PTs) were used to measure the slip between the deck and 
the structural panel at each corner of the specimen. The PTs were clamped onto the cementitious panels 
and pressed against angles secured to the deck of the specimen for slip measurement. 

The applied load in the tests was controlled using an MTS FlexTest SE controller. A displacement-controlled 
loading procedure was used at a rate of 0.000278 in/sec. The data acquisition system was a National 
Instruments NI cDAQ-9174.  
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Figure 5. Position transducer locations 

 

6. Material Properties 

As reported in [1] and repeated here in Table 2, six coupon tests on the steel deck samples were 
conducted per ASTM A370-21. The tests were conducted using an MTS Criterion Model 43 tensile testing 
rig with a 0.001 in/sec load rate. An extensometer with a 1 in. gage length was used for all tests. The 
extensometer was removed just before the specimen reached 20% strain; therefore, ultimate and fracture 
strains were calculated using the overall displacement of the MTS crosshead. The yield strength, Fy, was 
determined using the 0.2% offset method to be 58 ksi. The stress-strain curves from this test are also shown 
in Figure 6. 

Table 2. Coupon test results 

Coupon (#) 𝑤 (in.) 𝑡 (in.) 𝐹! (ksi) 𝐹" (ksi) 𝜀!  (%) 𝜀" (%) 𝜀#$%&'"$(  (%) 
1 0.502 0.0458 57.87 71.97 0.45 16.7 28.3 
2 0.501 0.0461 58.73 74.03 0.47 16.4 25.8 
3 0.499 0.0461 58.14 72.14 0.45 16.6 26.1 
4 0.501 0.0474 57.65 71.45 0.45 16.6 26.7 
5 0.498 0.0475 56.79 71.36 0.46 16.1 23.4 
6 0.502 0.0464 59.00 73.46 0.50 16.2 24.8 
Mean 0.501 0.0465 58.03 72.40 0.46 16.5 25.9 
COV (%) 0.29 1.55 1.37 1.52 3.76 1.39 6.52 
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Figure 6. Stress-strain plot of the coupon tests 

Separate material tests were not conducted on the structocrete panels or fasteners. 

7. Test Results 

Herein we provide the load-deformation response, peak strength and initial stiffness, and characterization of 
the failure mode. The load is provided on a per fastener basis (total load divided by 4) the displacement is 
based on the slip recorded by the four PT sensors. All recorded data is provided in Figure 7. 

Figure 7. Load-displacement based on the actuator load cell and all PT Sensors for different spacings 

If we average the two PT sensors on each piece of structocrete, thereby providingn the average slip per 
panel then the overall load-displacement plot is provided in Figure 8. 



 10 

 
Figure 8. Load-displacement based on the actuator load cell and averaged PT sensors for different spacings 

Per Table 1, Set-5 provides a series of tests where the fasteners are overdriven by 1/16 in. These tests are 
compared with Set-4 in Figures 9 and 10.  

 
Figure 9. Load-displacement response of Set-5 overdriven with Set-1 for all PT data 
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Figure 10. Load-displacement response of Set-5 overdriven with Set-1 for averaged PT data  

 

Baed on the data we determined the peak strength and the secant stiffness (at 40% of ultimate) for each 
test. Figure 11 provides the load and secant stiffness as a function of fastener spacing. Mean of the data is 
indicated with a line and a whisker plot is used to show one standard deviation from mean. The strength 
and stiffness of each specimen can be found below in Tables 3 through 7. Table 8 provides a summary of all 
the strength and stiffness results. 
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Figure 11. Load and stiffness as a function of fastener spacing 

Table 3. Strength and Stiffness of 6 in. Spacing  

Test # Ultimate Load (lb) Stiffness at 40% Ultimate Load 
(kip/in.) 

1 506.6 22.4 
2 727.4 11.7 
3 624.6 21.8 
4 658.7 13.4 
5 751.2 12.4 
6 813.1 11.4 
7 624.3 15.2 

Mean 672.3 15.5 
CV 38.0% 30.4% 

 

Table 4. Strength and Stiffness of 4 in. Spacing  

Test # Ultimate Load (lb) Stiffness at 40% Ultimate Load 
(kip/in.) 

1 635.9 14.2 
2 591.2 13.4 
3 700.7 20.2 
4 630.7 15.5 
5 709.5 13.0 
6 694.5 11.6 
7 638.3 17.1 

Mean 657.3 15.0 
CV 6.8% 19.4% 

 

Table 5. Strength and Stiffness of 2 in. Spacing 

Test # Ultimate Load (lb) Stiffness at 40% Ultimate Load 
(kip/in.) 

1 607.3 15.8 
2 615.5 15.2 
3 603.8 17.2 
4 535.4 14.2 
5 790.1 12.3 
6 549.5 13.3 
7 523.6 14.2 

Mean 603.6 14.6 
CV 15.0% 11.1% 
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Table 6. Strength and Stiffness of 1 in. Spacing 

Test # Ultimate Load (lb) Stiffness at 40% Ultimate Load 
(kip/in.) 

1 674.4 18.9 
2 587.0 19.1 
3 707.7 17.5 
4 721.2 14.8 
5 703.5 13.0 
6 716.8 16.0 
7 672.4 11.0 

Mean 683.3 15.7 
CV 35.9% 19.4% 

 

Table 7. Strength and Stiffness of 6 in. Spacing with Overdriven Fasteners 

Test # Ultimate Load (lb) Stiffness at 40% Ultimate Load 
(kip/in.) 

1 642.3 19.4 
2 800.8 25.6 
3 853.2 22.1 
4 828.7 26.4 
5 832.5 27.2 
6 690.6 25.7 
7 703.9 32.8 

Mean 764.6 25.6 
CV 10.9% 16.4% 

 

Table 8. Summary of Strength and stiffness for each set of tests 

Fastener Spacings Average Ultimate Load (lb) Average Stiffness at 40% 
Ultimate Load (kip/in.) 

6 in. Spacing 672.3 [1.00]* 15.5 [1.00] 
4 in. Spacing 657.3 [0.97] 15.0 [0.97] 
2 in. Spacing 603.6 [0.90] 14.6 [0.94] 
1 in. Spacing 683.3 [1.02] 15.7 [1.01] 

6 in. Spacing Overdriven 703.9 [1.05] 25.6 [1.65] 
*Bracketed numbers are a ratio of the value shown to the equivalent 6 in. spacing value 
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The overall behavior in the tests is provided in Figure 12. As the panels are pushed up the screws tilt and 
bear against the cementitious panel and the steel plate. Some minor withdrawal of the head into the panel 
is also observed. At approximately 0.1 in. of slip the first tilted screw shears. The screw shear generally 
occurs approximately ¼ in. from the deck to panel interface as shown in Figures 12 (b) and (d). This screw 
shear location is approximately 1/3rd the depth of the panel.  

 
(a) overall test setup, shown at maximum displacement (note tilting) 

 

 
(c) typical Grabber #8 fastener 

 
(b) post-test, panel removed (d) post-test, panel removed, close-up 

 
Figure 12. Observed failure in specimens and fastener detail 
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8. Discussion 

The tested panel-to-deck assembly has relatively high variation in shear strength and stiffness as reported; 
however, little trend is observed with fastener spacing. Thus, we conclude that strength and stiffness are 
simply additive, at least for spacing greater than 1 in. apart. 

It is not uncommon to find overdriven fasteners in the field. This work shows that over-driving by 1/16 in. is 
not problematic. In fact, the strength and initial stiffness increase (see Set-5 Table 8), while the decrease in 
displacement at peak load is only modestly reduced due to overdriving. 

Average tested shear capacity of the assembly, per screw, is 655 lb. Grabber reports a nominal shear 
strength of 1045 lb in shear for their #8 fastener (Grabber product #290 utilized for USG structural panels, 
see appendix) utilized with USG structural panel. The actual screw shear strength is not reported for this 
#8, but a similar #8 for cementitious panels (Grabber product #268 utilized for cement board screws self-
drilling) reports a nominal screw shear strength of 1694 lb. Thus, the pushout condition in this test setup, 
appears to be more severe than pure shear. The fastener assembly is depicted in Figure 13. Under relative 
shear between the panel and the deck, the fastener tilts and must resist shear, bending, and prying action 
creating tension on the fastener. This is a more detrimental configuration than pure shear, but it is 
hypothesized that the push out test conditions are better aligned with actual conditions in a prototype floor 
system; however, further comparisons are needed. 

 
Figure 13. Schematic and postulated freebody diagram for fastener at failure 

The results from the testing may be utilized in design methods to assess the degree of realized composite 
action and provide predictions of flexural strength. This work remains to be done. 
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9. Conclusions 

Experimental shear performance for #8 fasteners connecting 3/4 in. cementitious panel to 18 gage deck a 
measured in a small-scale push-out test are provided. The results are not sensitive to fastener spacing. In the 
assembly the observed fastener stiffness is approximately 15 kip/in., and fastener strength 655 lb with 
coefficients of variation of approximately 20% for both stiffness and strength. The results are intended for 
use in further development of the FastFloor residential prototypes.   
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Appendix-1: Data Sheets 

 

Figure A1-1. Steel deck datasheet 
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Figure A1-2. Structural panel datasheet 1 
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Figure A1-3. Structural panel datasheet 2 
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Figure A1-4. Hilti fasteners datasheet 
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Figure A1-5. Grabber® fasteners datasheet from USG 
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Figure A1-6. Grabber® fasteners datasheet (1of 2) 
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Cement Board

Product #290

GRABBER® USG® Structural Panel fastener (1 OF 2)

APPLICATIONS

 For attachment of sheathing, siding, OSB or plywood to steel.

SPECIFICATIONS

 Gauge - #8

 Length – 1-1/4” to 2-3/8”

 Head Type – Thin Wafer

 Recess Type – LOX® #2

 Thread Type – Single Lead

 Finish –GRABBERGARD

 Head diameter - .362 inch

  GRABBER   screws are manufactured in an ISO 9001 and ISO 14001 certified 
and approved factory, and are approved by ICC ESR report ESR-4223.

PRODUCT FEATURES

   The  USG Structural Panel screw has “reamer nibs” under the head to ease 
countersinking and leave smooth clean edges.

   Wings allow the screw to drill into the metal without clogging the threads 
and racking/lifting the material before it penetrates through the metal.

INSTALLATION GUIDELINES

  Use a standard screwgun with a depth-sensitive nose piece. Suggested 
screwgun specification for optimal performance – 4 amps minimum and 
RPM range of 0 to 4,000.

  Proper depth setting is paramount in this application.

  Overdriving may result in failure of the fastener or stripout of the  
work surface.

  The fastener must penetrate beyond the metal a minimum of three thread 
pitches.

Designed for USG Structural Panels.

Finish - GRABBERGARD

Drill Point
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Figure A1-7. Grabber® fasteners datasheet (2 of 2) 

149www.grabberpro.com

Product #290

GRABBER® USG® Structural Panel fastener (2 OF 2)

PRODUCT SIZES AND ORDERING INFORMATION

Catalog No. Gauge/Length Length Metric Quantity Per Carton  Weight Per Carton

CGH8114LG #8x1-1/4” 32 mm 1 M 

CGH8158LG  #8x1-5/8” 41 mm 1 M 

CGH8238LG        #8x2-3/8” 63 mm 1 M 

GH8114LG #8x1-1/4” 32 mm 5 M 32.00(lbs)

GH8158LG  #8x1-5/8” 41 mm 4 M 30.00(lbs)

GH8238LG        #8x2-3/8” 63 mm 3 M 30.00(lbs)

*Collated screw packaging option available on selected items.

Cement Board

PRODUCT DIMENSIONS (MILLIMETERS)

Gauge B Head Recess W Gauging d Shank d1 Minor d2 Major TPI
 Dia Depth Width Dia Dia Dia

#8 7.77 1.80 #2 3.28 2.85 4.05 18
 8.18 2.46  3.32 3.05 4.25

STANDARD CORROSION TEST RESULTS

Finish Test Standard/Protocol Results

GRABBERGARD Salt Spray ASTM B117 1,000 hours, 
 Results  no red rust

GRABBERGARD Kesternich DIN 50018, 2.0L 15 cycles, 
 Results  no red rust

d1 d2

B

W

Pull-out and Shear Test Data**

Screw Gauge Metal Gauge Tension (lbs.) Shear (lbs.)

#8 14 450 1012

 16 442 955

 18 340 1045

**GRABBER fasteners are not categorized as structural bolts. The 
figures listed above are ultimate average values achieved under 
independent laboratory conditions, and apply to GRABBER Line 
fasteners only. An appropriate safety factor must be determined by a 
qualified professional for design purposes.

All GRABBER® screw products are manufactured in facilities that are ISO 9001 certified. The fasteners 
comply with ASTM C1513 and are listed in ICC ESR-4223.  ©2012 GRABBER Construction Products, Inc. 
GRABBER®, STREAKER®, DRIVALL®, LOX®, GRABBERGARD® and SCAVENGER® are registered 
trademarks of Grabber Construction Products, Inc.

Screw Drill Point Max Panel  Steel Thickness
Gauge  Thickness Gauge Range

 8 3 0.100-0.140 20-12

DRILLING CAPACITY


