
 

 
 

BONDED PRE-STRESSED 
CONCRETE SLABS  

 

OPEN-AIR BLAST TESTING 
 

(Final Report – March 31, 2017) 
 
 
 
 
 

Prepared by: 
 

Stone Security Engineering, PC 
Oregon Ballistic Laboratories, LLC 

Stone-OBL, LLC 
 
 
 
 
 
 
 
 
 

  

 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

TABLE OF CONTENTS 
1 Introduction ...................................................................................................................................... 1 
2 Stone-OBL Blast Testing Site .......................................................................................................... 2 

2.1 Site Layout ................................................................................................................................. 2 
2.2 Reaction Structure ...................................................................................................................... 4 

3 Test Specimens ................................................................................................................................. 5 
3.1 Post-Tensioned Strand Stress Level ........................................................................................... 5 
3.2 Mild Steel Reinforcement Level and Slab Construction ........................................................... 6 
3.3 Supporting Steel Frame Construction and Panel Installation .................................................... 7 

4 Open-Air Blast Testing Procedure ................................................................................................. 12 
4.1 Instrumentation and Test Documentation ................................................................................ 12 
4.2 Explosives and Test Matrix ..................................................................................................... 19 
4.3 Pre-Stressed Concrete Slab Response Limits .......................................................................... 20 

5 Test Results .................................................................................................................................... 22 
5.1 Test 1 (Panel 5A) ..................................................................................................................... 23 
5.2 Test 2 (Panel 1A) ..................................................................................................................... 25 
5.3 Test 3 (Panel 2C) ..................................................................................................................... 28 
5.4 Test 4a (Panel 6C) .................................................................................................................... 31 
5.5 Test 4b (Panel 6C) ................................................................................................................... 32 
5.6 Test 5 (Panel 7B) ..................................................................................................................... 34 
5.7 Test 6 (Panel 3B) ..................................................................................................................... 36 
5.8 Test 7 (Panel 4D) ..................................................................................................................... 38 
5.9 Test 8 (Panel 8D) ..................................................................................................................... 40 

6 Conclusions .................................................................................................................................... 43 
Appendix A. Calculations and Drawings ........................................................................................... A-1 
Appendix B. VSL Stressing Protocols, Data, and Certification ......................................................... B-1 
Appendix C. Slab Inspection and Concrete Results............................................................................ C-1 
Appendix D. Instrumentation Calibration Certification ..................................................................... D-1 
Appendix E. Test Results Documentation .......................................................................................... E-1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

LIST OF FIGURES AND TABLES 
 
Figure 2-1:  Site Location ....................................................................................................................... 2 
Figure 2-2:  Site Layout .......................................................................................................................... 3 
Figure 2-4:  Reaction Structure ............................................................................................................... 4 
Table 3-1:  Test Specimen Summary ...................................................................................................... 5 
Figure 3-1:  Slab Observed During Inspection Site Visit ....................................................................... 5 
Table 3-2:  Concrete Crushing Test Summary ........................................................................................ 6 
Figure 3-2:  Sketches of Simple Supports Used in Test 1 and Test 2 ..................................................... 7 
Figure 3-3:  Steel Pedestals Used in Test 1 and Test 2 ........................................................................... 7 
Figure 3-4:  Lifting of Slab with Crane for Installation onto the Test Fixture (Framing Set-Up 1) ....... 8 
Figure 3-5:  Installed Panel within Framing Set-Up 1 ............................................................................ 8 
Figure 3-6:  Steel Framing Set-Up 2 Layout (Isometric View) .............................................................. 9 
Figure 3-7:  Steel Framing Set-Up 2 Layout (Section View) ............................................................... 10 
Figure 3-8:  Steel Framing Set-Up 2 Pedestal (Isometric View) .......................................................... 10 
Figure 3-9:  Lifting of Slab with Crane for Installation onto the Test Fixture (Framing Set-Up 2) ..... 11 
Figure 3-10:  Installed Panel within the Stiffer Framing Set-Up 2 ....................................................... 11 
Figure 4-1:  Examples of Strain Gauge Attachment to Rebar .............................................................. 12 
Figure 4-2:  Standard Strain Gauge Locations ...................................................................................... 13 
Table 4-1:  Standard Strain Gauge Location Schedule ......................................................................... 14 
Table 4-2:  Strain Gauges with Open or Short Circuits ........................................................................ 14 
Table 4-3:  Data Channels for Strain Gauges and Displacement Sensors ............................................ 15 
Figure 4-3:  Pre-Test Laser Locations on Interior Slab Face ................................................................ 16 
Figure 4-4:  Displacement and Pressure Sensor Locations for Test 1 and Test 2 ................................. 17 
Figure 4-5:  Displacement and Pressure Sensor Locations for Test 3 through Test 8 .......................... 18 
Figure 4-6:  Reflected Pressure Sensor Locations for Test 3 through Test 8 ........................................ 19 
Table 4-4:  Test Matrix ......................................................................................................................... 20 
Table 4-5:  Flexural Response Limits for Pre-Stressed Concrete Slabs ............................................... 20 
Table 4-6:  Damage Levels ................................................................................................................... 21 
Table 5-1:  Test Results Summary ........................................................................................................ 22 
Figure 5-1:  Pre-Test Photos of Test 1 .................................................................................................. 23 
Figure 5-2:  Front Face Slab Scabbing in Test 1 ................................................................................... 23 
Figure 5-3:  Back Face Slab Cracking in Test 1 (at Bottom Center) .................................................... 24 
Figure 5-4:  Through-Thickness Slab Cracking in Test 1 (at Bottom Left) .......................................... 24 
Figure 5-5:  Steel Frame Damage in Test 1 (at Upper Left and Upper Right Corners) ........................ 25 
Figure 5-6:  Pre-Test Photos of Frame Modifications for Test 2 .......................................................... 25 
Figure 5-7:  Pre-Test Photos of Test 2 .................................................................................................. 26 
Figure 5-8:  Front Face Slab Scabbing in Test 2 ................................................................................... 26 
Figure 5-9:  Back Face Slab Cracking in Test 2 (Overall and Along Left Edge) ................................. 27 
Figure 5-10:  Through-Thickness Slab Cracking in Test 2 ................................................................... 27 
Figure 5-11:  Steel Frame Damage in Test 2 (Along Upper Edge) ...................................................... 28 
Figure 5-12:  Pre-Test Photos of Test 3 ................................................................................................ 28 
Figure 5-13:  Post-Test Photos of Test 3............................................................................................... 29 
Figure 5-14:  Highlighted Cracking Pattern on Back Face in Test 3 .................................................... 29 
Figure 5-15:  Through-Thickness Cracking along Top and Side Edges in Test 3 ................................ 30 
Figure 5-16:  Disengagement of Concrete Layers in Test 3 ................................................................. 30 
Figure 5-17:  Pre-Test Photos of Test 4a .............................................................................................. 31 
Figure 5-18:  Post-Test Photos of Test 4a ............................................................................................. 31 
Figure 5-19:  Front Face Slab Scabbing in Test 4b ............................................................................... 32 
Figure 5-20:  Highlighted Cracking Pattern on Back Face in Test 4b .................................................. 33 
Figure 5-21:  Through-Thickness Cracking along Side Edge in Test 4b .............................................. 33 

iii 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

Figure 5-22:  Pre-Test Photos of Test 5 ................................................................................................ 34 
Figure 5-23:  Front Face Slab Scabbing in Test 5 ................................................................................. 35 
Figure 5-24:  Highlighted Cracking Pattern on Back Face in Test 5 .................................................... 35 
Figure 5-25:  Through-Thickness Cracking along Side Edge in Test 5 ................................................ 35 
Figure 5-26:  Pre-Test Photos of Test 6 ................................................................................................ 36 
Figure 5-27:  Front Face Slab Scabbing in Test 6 ................................................................................. 37 
Figure 5-28:  Cracking Pattern on Back Face in Test 6 ........................................................................ 37 
Figure 5-29:  Through-Thickness Cracking along Side Edge in Test 6 ................................................ 37 
Figure 5-30:  Pre-Test Photos of Test 7 ................................................................................................ 38 
Figure 5-31:  Post-Test Photos of Test 7............................................................................................... 39 
Figure 5-32:  Through-Thickness Cracking along Side Edge in Test 7 ................................................ 39 
Figure 5-33:  Pre-Test Photos of Test 8 ................................................................................................ 40 
Figure 5-34:  Front Face Slab Scabbing in Test 8 ................................................................................. 41 
Figure 5-35:  Cracking Pattern on Back Face in Test 8 ........................................................................ 41 
Figure 5-36:  Through-Thickness Cracking along Side Edge in Test 8 ................................................ 42 
 
 

iv 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

EXECUTIVE SUMMARY 
 
This report provides the background, test set-up information, and results for the open-air blast testing of 
eight simply supported, two-way, precast pre-stressed/post-tensioned (PT) concrete slabs with varying 
conventional reinforcement and pre-stressing/PT levels.   
 
The PT slabs in the main portion of the testing program sustained support rotations ranging from 0.4 degree 
to 3.0 degrees.  The corresponding damage level for these tests would roughly range from Superficial 
Damage to Heavy Damage as defined in CSA S850-12 or ASCE 59-11.  However, from the extent of 
concrete disengagement observed in Test 3, it would appear a 3.0-degree rotation is approaching the PT 
slab’s upper limit state for non-hazardous damage (i.e., near a transition from Heavy to Hazardous 
Damage). 
 
The test results seem to indicate that the actual response limits would fall between the currently published 
limits for pre-stressed concrete (lower bound) and conventionally reinforced concrete (upper bound) 
elements.  Moreover, comparing the results for tests on slabs subjected to a similar blast threat, it appears 
that the increase of pre-stressing level from 725 psi (5 MPa) to 1450 psi (10 MPa) may only have a marginal 
effect on slab flexural response to blast loading.  Additional testing and/or detailed analysis that can account 
for concrete disengagement, as well as shear and/or concrete-crushing controlled behavior (e.g., finite 
element modeling), should be performed to justify any modification to the currently published response 
limits and further examine the effects of pre-stressing/post-tensioning in blast applications.    
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1 INTRODUCTION 
Considering the properties of pre-stressing steel and the level of compression in concrete, pre-stressed 
concrete members should respond with lower deflections under blast loading than similarly-sized, 
conventionally reinforced members.  However, the available acceptance criteria for pre-stressed concrete 
in typical structures, provided in Canadian standard CSA S850-12, “Design and Assessment of Buildings 
Subjected to Blast Loads,” and American standard ASCE 59-11, “Blast Protection of Buildings,” as well 
as in the PCI’s Blast-Resistant Design Manual (First Edition), are significantly more stringent than for 
conventionally reinforced concrete.  The technical basis for the difference is unclear. 
 
Therefore, given the number of existing pre-stressed concrete containment structures and new builds of 
similar construction anticipated in Canada, the U.S., and worldwide, there is a need to define design 
provisions for pre-stressed concrete elements with all specificities of nuclear structures (e.g., reinforcement 
ratio and detailing, pre-stressing level), which could potentially use more relaxed acceptance criteria than 
for typical structures, if warranted.  This information would be beneficial for vendors, designers, regulators, 
and standards development organizations worldwide.  This project originated as a joint effort of three 
different standards committees: Joint ASME Section III Division 2 – ACI 359, ACI 349, and ACI 370. 
 
Toward that objective, sponsors from industry, regulatory agencies, and standards developing organizations 
(SDOs) who have a direct interest in nuclear structures have committed funds to sponsor this research 
project to test pre-stressed concrete slabs under blast loading.  The main sponsors are the Canadian Nuclear 
Safety Commission (Client), Daewoo Institute of Construction Technology, EDF/SEPTEN, Swiss Federal 
Nuclear Safety Inspectorate (ENSI), Institute for Radiological Protection and Nuclear Safety (IRSN), 
Radiation and Nuclear Safety Authority (STUK), and ASME. 
 
ASME ST-LLC tasked Stone Security Engineering (Stone) to perform a series of blast tests on simply 
supported, two‐way pre‐stressed concrete slabs to achieve a range of responses based on the research 
proposal from the Special Working Group of Modernization reporting to the Joint ACI-ASME Committee 
on Concrete Components for Nuclear Service (BPV III).  
 
The eight slab specimens were 10-5/8 inches (270 mm) × 16 feet (4880 mm) × 16 feet (4880 mm) in 
dimensions.  Two layers of conventional flexural reinforcement and local shear reinforcement around lifting 
points were included in each slab.  Pre‐stressing in the concrete was introduced using post-tensioned (PT) 
tendons.  The parameters that varied were the pressure loading, conventional reinforcement ratio, and level 
of pre‐stressing. 
  
This report provides the background for the open-air blast testing of the precast, pre-stressed slabs, and 
summarizes results for a total of nine blast tests performed on the eight slabs.  An overview of the testing 
facility is provided in Section 2.  A description of the test specimen and supporting steel frame construction 
is provided in Section 3.  The open-air testing procedure, including instrumentation, explosive material and 
quantities used, and documentation recorded, and relevant pre-stressed concrete slab response limits are 
discussed in Section 4.  Results are presented in Section 5.  Some conclusions are noted in Section 6.  Slab 
specimen calculations and drawings, relevant certifications, and pre-test and post-test documentation 
information are provided as appendices. 
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2 STONE-OBL BLAST TESTING SITE 
The full testing program was carried out using the reinforced concrete test fixture on the Stone-OBL blast 
testing site.  The blast testing site is located in Deschutes County, Oregon approximately 30 miles east of 
Bend, Oregon.  The property area is approximately four acres.  The site, shown in Figure 2-1, is located 
approximately 4600 feet (1400 m) from the nearest utility, 6700 feet (2000 m) from the nearest structure, 
and approximately 8500 feet (2600 m) from the nearest public roadway. 

 
 Figure 2-1:  Site Location 

 
 

2.1 Site Layout 
The blast testing site is accessed from the northwest corner of the property via a private access road. 
Construction areas were provided along this road, as shown in Figure 2-2, for each test slab specimen for a 
total of eight mud mats.  The test specimens were assembled and cured on-site.  In-process mud mat 
construction is shown in Figure 2-3. 

 

Stone-OBL Test Site 
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Figure 2-2:  Site Layout 

 
 

Figure 2-3:  Mud Mat Construction 

  
 

The Stone-OBL test fixture is located in the northeast corner of the site, as shown in Figure 2-2.  Testing 
instrumentation and equipment were located and isolated behind the test fixture in belowground storage. 
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2.2 Reaction Structure 
The reaction structure, as depicted in Figure 2-4, has maximum exterior dimensions of 25 feet (7620 mm) 
wide × 19 feet (5790 mm) tall × 14 feet (4270 mm) deep.  The instrumentation chamber has interior clear 
dimensions of 15 feet (4570 mm) × 15 feet (4570 mm) × 12 feet (3660 mm).  An embedded steel plate is 
present around the fixture opening, which includes 1-inch (25mm) diameter coil inserts spaced 12 inches 
(305 mm) on center.  The reaction structure is constructed of 2-ft (610mm) thick heavily reinforced concrete 
walls, with equally thick roof and floor slabs, positioned on a shallow thick foundation above the bedrock.  
Concrete blocks were secured above and behind the structure during testing for horizontal stability.   
 

Figure 2-4:  Reaction Structure  

 
 

The access opening on the side of the reaction structure was generally covered during testing with concrete 
blocks to limit overpressure and debris from entering the area behind the test panel. 
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3 TEST SPECIMENS 
A total of eight concrete panels (four distinctive designs as shown in Table 3-1) were cast with different 
levels of mild steel reinforcement and applied compressive force due to tensioned strands commonly used 
in nuclear containment structures, and as agreed upon by the Client and project sponsors.  The panel 
dimensions were 10-5/8 inches (270 mm) × 16 feet (4880 mm) × 16 feet (4880 mm).  The targeted minimum 
concrete compressive strength was 6000 psi (41.4 MPa).  The panels were cast at the testing site and post-
tensioned after the concrete achieved sufficient concrete strength.  Figure 3-1 shows a representative slab 
during construction as observed at the inspection site visit.  Appendix A summarizes the initial 
reinforcement calculations and provides drawings for the test slab specimens. 
 

Table 3-1:  Test Specimen Summary 

Slab Design 
Type 

Panel 
Number 

Stress Level Mild Steel 
Reinforcement Level 

A 1, 5 725 psi (5 MPa) 5.9 lb/ft3 (95 kg/m3) 
B 3, 7 725 psi (5 MPa) 13.7 lb/ft3 (220 kg/m3) 
C 2, 6 1450 psi (10 MPa) 5.9 lb/ft3 (95 kg/m3) 
D 4, 8 1450 psi (10 MPa) 13.7 lb/ft3 (220 kg/m3) 

 
Figure 3-1:  Slab Observed During Inspection Site Visit 

 
 

3.1 Post-Tensioned Strand Stress Level 
Slabs were post-tensioned using the VSL 6-4 strand Post-Tensioning System.  Strands were placed in 72/21 
flat ducts measuring 1.378 inches (35 mm) high × 3.386 inches (86 mm) wide.  The ducts, which have a 
capacity of four strands each, were centered in the thickness of the slabs in one direction and staggered in 
the other direction to minimize the eccentricity of the applied force. 
 
Slabs were post-tensioned with 0.6-inch, Grade 270 strands (15mm, Grade 1860) complying with ASTM 
A416.  Lower level stress strands were pulled to approximately 60% of fpu to reach the overall target stress 
level and provide a relatively uniform amount of post-tensioning throughout the slab; higher level stress 
strands were pulled to 85% of fpu.  Each lower level stress strand was pulled 35.0 kips (156 kN); each higher 
level stress strand was pulled 49.6 kips (220 kN).  VSL confirmed that their systems have been validated 
beyond these target values and have been tested up to 95% of fpu. 
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The length of the post-tensioned strands was 16 feet (4880 mm).  Anticipated anchorage seating was ¼-
inch (6.4 mm).  With a strand seating loss, the anticipated force in the lower level stress strand was 
approximately 26.5 kips (118 kN); the anticipated force in the higher level stress strand was approximately 
41 kips (182 kN).  Related calculations are provided in Appendix A. 
 
Slab designs A and B were stressed to approximately 725 psi (5 MPa).  These panels had 14 ducts (56 
strands) in both directions.  Slab designs C and D were stressed to approximately 1450 psi (10 MPa).  These 
panels had 18 ducts (72 strands) in both directions.  
 
VSL stressing protocols, field pull data, and VSL certification of the final product for compliance with the 
design requirements are included in Appendix B. 
 

3.2 Mild Steel Reinforcement Level and Slab Construction 
Two levels of mild steel reinforcement were provided in the test specimens.  Slab design A and C contained 
approximately 5.9 lb/ft3 (95 kg/m3) of reinforcement.  Slab designs B and D contained approximately 13.7 
lb/ft3 (220 kg/m3) of reinforcement.  There were two mats of rebar in each panel, one top and bottom.  Each 
mat contained the same number of bars going in both directions.  No batch testing was performed on the 
mild steel reinforcement.  
  
For Slab designs A and C, each mat contained #4 (1/2-inch or 12.7mm) reinforcement at 6 inches (152 mm) 
on center.  For Slab designs B and D, each mat contained #5 (5/8-inch or 15.9mm) reinforcement at 4 inches 
(102 mm) on center. 
 
Six-inch octagonal shaped spiral reinforcement was designated by the supplier as adequate bursting stress 
reinforcement for all the slabs.  U-bars with the same size as the reinforcement used in the mats were added 
at 6 inches (152 mm) on center around the perimeter of each slab and were placed as close as possible to 
the edges.  U-bars were placed between the trumpets at the same spacing as the mild steel reinforcement.  
Additional shear reinforcement (i.e., five 5-ft long #4 rebar) at each lifting loop point was added to account 
for stress concentrations. 
 
Slab construction was closely supervised and inspected prior to pouring the concrete.  Average concrete 
compressive strengths at 28 days and estimated tensile strengths are given in Table 3-2.  Appendix A 
provides tensile strength calculations.  Appendix C summarizes the field inspections for the slabs and 
provides more detailed concrete crushing data.  
 

Table 3-2:  Concrete Crushing Test Summary 

Panel 
Number 

Compressive 
Strength at 28 Days 

Estimated Tensile 
Strength 

1A 7830 psi (54.0 MPa) 1170 psi (8.1 MPa) 
2C 7620 psi (52.5 MPa) 1140 psi (7.9 MPa) 
3B 6980 psi (48.1 MPa) 1050 psi (7.2 MPa) 
4D 8990 psi (62.0 MPa) 1350 psi (9.3 MPa) 
5A 9430 psi (65.0 MPa) 1410 psi (9.8 MPa) 
6C 7520 psi (51.8 MPa) 1130 psi (7.8 MPa) 
7B 8290 psi (57.2 MPa) 1240 psi (8.6 MPa) 
8D 7370 psi (50.8 MPa) 1110 psi (7.6 MPa) 
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3.3 Supporting Steel Frame Construction and Panel Installation 
Supporting steel framing was fabricated and installed to hold the concrete slab during testing and to mimic 
simply supported boundary conditions.  Two general steel framing set-ups were used throughout the testing 
program—one for the first two tests (trial portion) and one for all subsequent tests (main portion). 

Framing Set-Up 1: Test 1 and Test 2 

For Test 1 and Test 2, the test panel was generally held in place between a pair of 1 1/2-inch (38mm) 
diameter steel roller bars on all four sides—one welded to an HSS 12×6×1/2 perimeter frame, and the other 
welded to the embedded plate within the reaction structure.  The roller bar on the embedded plate was 
positioned such that the center of the roller bar was offset 2.5 inches (64 mm) from the 15 foot (4570 mm) 
× 15 foot (4570 mm) opening within the reaction structure.  The perimeter frame was tied directly to the 
reaction structure with 1-inch (25mm) diameter steel coil rods spaced 12 inches (305 mm) apart, which 
compressed these elements together.  Five-inch (127mm) wide flat clamp plate frames were introduced to 
each side of the panel such that the steel roller bars did not make direct contact with the concrete panel face.  
Sketches of these primary steel framing elements are shown in Figure 3-2.  The steel pedestals, examples 
of which are shown in Figure 3-3, were intended to provide ample clearance for the threaded rods and the 
post-tensioned duct ends protruding from the bottom edge of the panel.  A ¼-inch (6.4mm) gap was 
maintained between the top of the pedestals and the base edge of the test slab.  Guiding plates were also 
provided along the vertical panel edges. 
 

Figure 3-2:  Sketches of Simple Supports Used in Test 1 and Test 2 

 
 

Figure 3-3:  Steel Pedestals Used in Test 1 and Test 2 
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Figure 3-4 shows a panel from the first two tests being lifted into position by a crane.  The final installed 
slab and framing set-up for Test 1 and Test 2 is illustrated in Figure 3-5.  Some modifications were made 
to the steel frame between the end of Test 1 and onset of Test 2.  These changes are described in Section 
5.2. 
 

Figure 3-4:  Lifting of Slab with Crane for Installation onto the Test Fixture (Framing Set-Up 1) 

 
 

Figure 3-5:  Installed Panel within Framing Set-Up 1 
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Framing Set-Up 2: Test 3 through Test 8 

Following Test 2, a stiffer steel framing system was incorporated for the main portion of the testing 
program.  In the updated configuration, the slab was generally held in place between a pair of 3-inch (76mm) 
diameter steel roller bars on all four sides—one welded to an HSS 12×6×5/8 perimeter frame, and the other 
welded to the embedded plate within the reaction structure.  The roller bar on the embedded plate was 
positioned such that the center of the roller bar was offset 2.5 inches (64 mm) from the 15 foot (4570 mm) 
× 15 foot (4570 mm) opening within the reaction structure.  The perimeter frame was stiffened with HSS 
3×3×3/8 L-sections spaced 12 inches (305 mm) apart, which were in turn bolted to ½-inch (13mm) thick 
plate assemblies protruding from the reaction structure.  The perimeter frame was also tied directly to the 
reaction structure with 1-inch (25mm) diameter steel coil rods spaced 12 inches (305 mm) apart.  A series 
of ½-inch (13mm) thick clamp plates were also provided between the test slab and roller bars.  Sketches of 
the primary steel framing elements used for the stiffer steel framing system are shown in Figure 3-6 and 
Figure 3-7.   
 

Figure 3-6:  Steel Framing Set-Up 2 Layout (Isometric View) 
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Figure 3-7:  Steel Framing Set-Up 2 Layout (Section View) 

 
 

Prior to testing, the test slab within Framing Set-Up 2 rested on six pedestals, each comprised of two HSS 
8×6×1/2 members filled with grout and capped with a ½-inch (13mm) thick cover plate welded to the HSS 
members.  The test slab was allowed to bear directly on the short HSS 4×3×3/8 sections that were located 
on top of the cover plate.  A bolted ½-inch (13mm) thick bracket assembly was used to connect each 
pedestal with the stiffened perimeter frame.  A sketch of the primary pedestal elements used within Framing 
Set-Up 2 is shown in Figure 3-8. 
 

Figure 3-8:  Steel Framing Set-Up 2 Pedestal (Isometric View) 

 
 

Figure 3-9 shows a panel using the stiffer steel framing system being lifted into position by a crane.  The 
final installed slab and set-up for Test 3 through Test 8 is illustrated in Figure 3-10. 
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Figure 3-9:  Lifting of Slab with Crane for Installation onto the Test Fixture (Framing Set-Up 2) 

      
 

Figure 3-10:  Installed Panel within the Stiffer Framing Set-Up 2 
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4 OPEN-AIR BLAST TESTING PROCEDURE 
This section summarizes the instrumentation used to record testing information, the explosives materials 
and quantities used to generate the blast wave that loaded the slab specimens, and the program test matrix.  
Summaries of the pre-test and post-test documentation used and recorded, as well as the applicable response 
limits for pre-stressed concrete slabs, are also discussed in the following subsections. 
 

4.1 Instrumentation and Test Documentation 
The electronic instrumentation was set to trigger upon explosive detonation and consisted of several 
different types of sensors to document the PT slab response to the blast load: 
 

• Strain gauges inside the test panel 
• Laser displacement sensors behind the test panel 
• A high-speed video camera behind the test panel 
• Real-time video cameras behind the test panel and at a far distance in front of the test panel 
• Reflected and free-field pressure sensors within set locations as described below 

 
All instrumentation calibrations are documented in Appendix D.  In addition to the above instrumentation 
and recordings, still photography was used for pre-test and post-test documentation of the specimens and 
framing assemblies. 
 

Strain Gauges 

The strain gauges were mounted on the front and back mild steel rebar reinforcement within the test 
specimens to measure strain-time histories.  The typical strain gauge in use is an Omega Model KFH-6-
350-C1-11L1M2R.  These were pre-wired and affixed onto the rebar.  These met in a multi-pin connector 
on each sample, allowing each of the samples to plug in so that all of the bridge completion electronics was 
common throughout the testing.  Examples of strain gauge attachment to rebar are shown in Figure 4-1. 
 

Figure 4-1:  Examples of Strain Gauge Attachment to Rebar 
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The strain gauge locations were laid out by the Client during the on-site slab construction inspection and 
were based on the diagonals (representing the plastic yield line formation) of the test samples.  Strain gauges 
were placed on the rebar on both the front and back rebar mats inside the test specimens.  The standard 
locations are shown in Figure 4-2. 
 

Figure 4-2:  Standard Strain Gauge Locations 

 
Red locations are recorded on both the front and back rebar mats.                                                        

Orange locations are recorded only on the back rebar mat. 
 

Actual locations varied according to the rebar layout.  Locations that would duplicate a reading on an 
already monitored rebar were moved to the nearest available location.  In the case of Slab designs A and C, 
the gauges were moved 6 inches (152 mm) from the yield lines.  For Slab designs B and D, the gauges were 
moved 4 inches (102 mm) from the yield lines.  A layout based on the rebar count (starting from a zero 
datum point at the upper left corner of the slab specimen) for the four slab designs, as provided in Table 
4-1, notes the bars that the sensors were mounted on.  Most locations had two strain gauges mounted in it, 
one on the horizontal rebar and another on the vertical rebar.  Each location corresponds to a channel on 
the data acquisition system.  
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The standard strain gauge layout schedule in Table 4-1 applies for all test slabs, except for Panel 1 and 
Panel 2, which were under construction prior to the on-site inspection and already had some of the strain 
gauges mounted.  These samples have three strain gauges located on the centers of the 8th, 16th, and 24th 
bars in both the vertical and horizontal directions on the front rebar of the sample, while the remaining 
locations of strain gauges on the back face rebar for these two slabs match the standard layout.  
  

Table 4-1:  Standard Strain Gauge Location Schedule 

Slab Designs A and C    Slab Designs B and D 
Rebar Location X-bar Y-bar   Rebar Location X-bar Y-bar 

1 9 9   1 13 13 
2 13 13   2 19 19 
3 15 15   3 22 22 
4 17 14   4 28 21 
5 21 12   5 32 16 
6 14 18   6 23 26 
7 12 21   7 18 31 
8 18 19   8 23 26 
9 20 16   9 28 24 

10 16 20   10 24 28 
 

The strain gauges were tested to determine their continuity.  Table 4-2 summarizes the gauges among the 
eight panels that were determined to have an open or short circuit and, therefore, did not report strain 
information during testing.  Position information on these strain gauges is provided in Table 4-3. 
 

Table 4-2:  Strain Gauges with Open or Short Circuits 

Panel No. Designation Panel No. Designation Panel No. Designation 

1A 
6-SG-3-F-V 

5A 

13-SG-1-R-H 
6C 

1-SG-1-F-H 
29-SG-9-R-H 14-SG-1-R-V 15-SG-2-R-H 

2C 
1-SG-1-F-H 15-SG-2-R-H 

7B 
1-SG-1-F-H 

6-SG-3-F-V 16-SG-2-R-V 15-SG-2-R-H 

3B 
1-SG-1-F-H 18-SG-3-R-V 

8D 
1-SG-1-F-H 

11-SG-6-F-H 19-SG-4-R-H 13-SG-1-R-H 
12-SG-6-F-V 21-SG-5-R-H 19-SG-4-R-H 

4D 

1-SG-1-F-H 22-SG-5-R-V   
9-SG-5-F-H  23-SG-6-R-H   

10-SG-5-F-V  24-SG-6-R-V   
15-SG-2-R-H 26-SG-7-R-V   
20-SG-4-R-V 27-SG-8-R-H   
21-SG-5-R-H 28-SG-8-R-V   
23-SG-6-R-H 29-SG-9-R-H   

  30-SG-10-R-V   
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Table 4-3:  Data Channels for Strain Gauges and Displacement Sensors 

Channel Instrument Location Rebar 
Layer 

Orientation Sensor 
Designation 

1* Strain Gauge 1 Front Horizontal 1-SG-1-F-H 
2* Strain Gauge 1 Front Vertical 2-SG-1-F-V 
3* Strain Gauge 2 Front Horizontal 3-SG-2-F-H 

4** Strain Gauge 2 Front Vertical 4-SG-2-F-V 
5** Strain Gauge 3 Front Horizontal 5-SG-3-F-H 
6** Strain Gauge 3 Front Vertical 6-SG-3-F-V 

7*** Strain Gauge 4 Front Horizontal 7-SG-4-F-H 
8*** Strain Gauge 4 Front Vertical 8-SG-4-F-V 
9*** Strain Gauge 5 Front Horizontal 9-SG-5-F-H 

10*** Strain Gauge 5 Front Vertical 10-SG-5-F-V 
11*** Strain Gauge 6 Front Horizontal 11-SG-6-F-H 
12*** Strain Gauge 6 Front Vertical 12-SG-6-F-V 

13 Strain Gauge 1 Rear Horizontal 13-SG-1-R-H 
14 Strain Gauge 1 Rear Vertical 14-SG-1-R-V 
15 Strain Gauge 2 Rear Horizontal 15-SG-2-R-H 
16 Strain Gauge 2 Rear Vertical 16-SG-2-R-V 
17 Strain Gauge 3 Rear Horizontal 17-SG-3-R-H 
18 Strain Gauge 3 Rear Vertical 18-SG-3-R-V 
19 Strain Gauge 4 Rear Horizontal 19-SG-4-R-H 
20 Strain Gauge 4 Rear Vertical 20-SG-4-R-V 
21 Strain Gauge 5 Rear Horizontal 21-SG-5-R-H 
22 Strain Gauge 5 Rear Vertical 22-SG-5-R-V 
23 Strain Gauge 6 Rear Horizontal 23-SG-6-R-H 
24 Strain Gauge 6 Rear Vertical 24-SG-6-R-V 
25 Strain Gauge 7 Rear Horizontal 25-SG-7-R-H 
26 Strain Gauge 7 Rear Vertical 26-SG-7-R-V 
27 Strain Gauge 8 Rear Horizontal 27-SG-8-R-H 
28 Strain Gauge 8 Rear Vertical 28-SG-8-R-V 
29 Strain Gauge 9 Rear Horizontal 29-SG-9-R-H 
30 Strain Gauge 10 Rear Vertical 30-SG-10-R-V 

31 Laser Displacement 2” Left of 
Center N/A N/A 31-LD-C-1 

32 Laser Displacement 2” Right 
of Center N/A N/A 32-LD-C-2 

Notes:  (*) – For Panel 1 and Panel 2, strain gauges for these channels located on horizontal rebar. 
(**) – For Panel 1 and Panel 2, strain gauges for these channels located on vertical rebar. 
(***) – For Panel 1 and Panel 2, strain gauges for these channels do not exist. 
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Laser Displacement Sensors 

The laser displacement sensors to measure deflection-time histories were Keyence Model IL-2000 laser 
sensors.  These were mounted in a protective box on the back wall of the target fixture, and independently 
measured the encroachment of the back face of the test sample.  Each of the laser sensors monitored a 
different location to average out any localized events, such as cracking or fragmenting.  The laser sensors 
were positioned to read displacement within the central grid area, 4 inches (102 mm) apart on either side of 
the vertical panel centerline, as depicted in Figure 4-3.   
 
For Test 1, both sensors were set to measure displacement 13.5 inches (343 mm) below the horizontal panel 
centerline.  For Test 2, Sensor 32 was moved up to 2.3 inches (57 mm) below the horizontal panel centerline. 
For the remaining tests, Sensor 31 and Sensor 32 were staggered approximately 2 inches (51 mm) vertically 
relative to one another, and generally located within 4 inches (102 mm) of the horizontal panel centerline.  
See Appendix E for specific test information. 
 
The strain gauges and laser displacement sensors were both fed into a DTS TDAS G-5 data acquisition 
system with a vehicle docking station.  The data channels for the laser displacement sensors are shown at 
the bottom of Table 4-3. 
 

Figure 4-3:  Pre-Test Laser Locations on Interior Slab Face 
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High-Speed & Real-Time Video Cameras 

The cameras placed within the test fixture were generally used to watch a central area of the back face to 
monitor crack propagation.  The high-speed cameras used, including a Vision Research Phantom 7.1 black 
and white camera, record at 10,000 frames per second.  Following Test 2, a real-time GoPro camera was 
introduced in a side position, in addition to other real-time cameras along the rear wall of the test fixture 
focused on a central area of the test panel.  The relative positions of the cameras used within the reaction 
structure for Test 1 and Test 2 are shown in Figure 4-4.  The interior camera positions for the remaining 
tests are shown in Figure 4-5.  An exterior real-time camera was used for all tests to record the detonation 
event.    
 

Figure 4-4:  Displacement and Pressure Sensor Locations for Test 1 and Test 2 

 
Note: Pressure gauges 33, 34, and 35 were moved to positions with radial distances of 53 feet (16.2 m), 
43 feet (13.3 m), and 40 feet (12.3 m), respectively, from the charge center for Test 2, irrespective of 
position with respect to the front panel face.  
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Figure 4-5:  Displacement and Pressure Sensor Locations for Test 3 through Test 8 

 

Pressure Sensors 

Most of the pressure sensors used to gather pressure-time histories for Test 1 and Test 2 were PCB Model 
137A22 Open Field Blast Probes, commonly referred to as pencil probes.  These probes monitored the free-
field (or “side-on”) pressure of an incoming pressure wave, and for Test 1 were placed approximately 30 
feet (9.1 m) away from the charge center, centered inside the fixture to monitor potential pressure increases 
within the test fixture, and 5 feet (1.5 m) behind the test fixture to monitor the remaining pressure behind 
the fixture as the wave moves over it.  The final pressure sensor used was a PCB Model 113B24, mounted 
on the test fixture at the panel mid-height, to monitor the reflected pressure affecting the test sample.  The 
locations of these sensors are shown in Figure 4-4, with modified locations for the free-field gauges for 
Test 2.  The data acquisition system used was an HBM Genesis Gen 7T system with a four channel IEPE 
card that can capture one million points per second. 
 
Additional reflected pressure gauges were used in the remaining tests to measure the pressure and impulse 
profile acting along the test specimen surface area.  The positions of these gauges (P3 through P7) are 
shown in Figure 4-6.  Two free-field pencil probes (P1 and P2), which were positioned to the side of the 
test specimen as shown in Figure 4-5, were typically located between 45 feet (13.7 m) and 55 feet (16.8 m) 
from the center of the explosive charge. 
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Figure 4-6:  Reflected Pressure Sensor Locations for Test 3 through Test 8 

 
 

4.2 Explosives and Test Matrix 
The explosive used for the testing of the panels was ANFO (i.e., ammonium nitrate/fuel oil), a widely used 
bulk industrial explosive mixture.  ANFO consists of 94% porous prilled ammonium nitrate (AN), which 
acts as the oxidizing agent and absorbent for the fuel, and 6% number 2 fuel oil (FO).  The density of ANFO 
is approximately 57 lb/ft3 (0.92 g/mL).   
 
A singular lot of ANFO, manufactured by Dyno Nobel Co. – Salt Lake City, was procured by OBL from a 
distributor in Oregon.  All tests were conducted using this same lot. 
 
For Test 1 and Test 2, all ANFO material, originally in 50-lb (23 kg) bags, was poured and packed into a 
single container (i.e., a larger bag) per blast test.  The container dimensions were kept as close to a 1 to 1 
ratio as possible.  The base of the container was elevated above the ground (approximately even with the 
base of the test panel) with use of light wood supports to minimize the extent of cratering (depth and 
diameter), and positioned such that the center of the container was 30 feet (9.1 m) in front of the test 
specimen.  The charge size used for each of these tests, which was specified by the Client, is provided in 
the test matrix in Table 4-4.    
 
For Test 3 through Test 8, stacked ANFO bags were placed on a wood table 4 feet (1.2 m) off the ground, 
such that the center of the ANFO mass was 45 feet (13.7 m) in front of the test specimen and located 
approximately 5.5 feet (1.7 m) off the ground.  A blast mat (i.e., steel plate) was located beneath the charge 
mass to reduce cratering effects for select tests.  The charge size used for each of these tests was specified 
by the Client following the prior test in the current program.  The chosen charge sizes are provided in the 
test matrix in Table 4-4. 
 
Two pentolite boosters weighing 1 lb (0.45 kg) each were used to detonate the ANFO material.  Each 
pentolite booster was detonated by an electric, 0-second delay blasting cap.  The pentolite boosters were 
positioned near the center of the ANFO material for detonation.  An electric blasting machine was used to 
trigger and set off the electric caps. 
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Table 4-4:  Test Matrix 

Test 
Number 

Panel 
Number 

Explosive 
Standoff  

ANFO 
Weight 

1 5A 30 feet (9.1 m) 1300 lb (580 kg) 
2 1A 30 feet (9.1 m) 1300 lb (590 kg) 
3 2C 45 feet (13.7 m) 2300 lb (1040 kg) 

4a 6C 45 feet (13.7 m) 1700 lb (770 kg) 
4b 6C 45 feet (13.7 m) 2000 lb (910 kg) 
5 7B 45 feet (13.7 m) 2300 lb (1040 kg) 
6 3B 45 feet (13.7 m) 2000 lb (910 kg) 
7 4D 45 feet (13.7 m) 2000 lb (910 kg) 
8 8D 45 feet (13.7 m) 2300 lb (1040 kg) 

 

4.3  Pre-Stressed Concrete Slab Response Limits 
Flexural response limits for pre-stressed concrete slabs as defined in CSA S850-12 and ASCE 59-11 are 
provided in Table 4-5.  These limits, which are derived from limits within PDC-TR 06-08 from the U.S. 
Army Corps of Engineers Protective Design Center for use in Single Degree of Freedom (SDOF) analyses, 
depend on the reinforcement index of the pre-stressed element, ωp.  Three ranges of reinforcement index, 
which is a function of the pre-stressed reinforcement ratio, the stress in the pre-stressing steel at the design 
load, and the concrete compressive strength, are provided in Table 4-5.  The upper range (ωp > 0.30) denotes 
an over-reinforced member that could fail catastrophically due to concrete crushing prior to yielding of the 
pre-stressing steel.  All slabs in this testing program were within or near this upper range.  Meanwhile, the 
lower range (ωp < 0.15) denotes a shear limited condition.  The given response limits for this lower range 
would only apply if adequate stirrups or shear ties are provided; otherwise, the middle range limits (0.15 < 
ωp < 0.30) would control.  The damage levels noted in Table 4-5 are defined in Table 4-6 as per PDC-TR 
06-08.  Calculations for support rotation and reinforcement index are provided in Appendix A.   
 

Table 4-5:  Flexural Response Limits for Pre-Stressed Concrete Slabs 

 Superficial Damage Moderate Damage Heavy Damage 
Reinforcement 

Index, ωp 
Ductility, μ Support 

Rotation, θ 
Ductility, μ Support 

Rotation, θ 
Ductility, μ Support 

Rotation, θ 
ωp > 0.30 0.7 -- 0.8 -- 0.9 -- 

0.15 < ωp < 0.30 0.8 -- 0.25/ωp 1° 0.29/ωp 1.5° 
ωp < 0.15* 1.0 -- -- 1° -- 2° 

Note: (*) – These limits only apply if adequate shear reinforcement is provided; otherwise, values in row above would 
apply. 
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Table 4-6:  Damage Levels 

Damage Level Description 
Superficial 

Damage 
Component has no visible permanent damage. 

Moderate 
Damage 

Component has some permanent deflection.  It is generally repairable, if 
necessary, although replacement may be more economical and aesthetic. 

Heavy Damage Component has not failed, but it has significant permanent deflections 
causing it to be unrepairable. 

Hazardous 
Failure 

Component has failed, and debris velocities range from insignificant to 
very significant. 

 

The flexural response limits given in Table 4-5 for pre-stressed concrete slabs are generally lower than 
those for conventionally reinforced concrete slabs, where the Moderate Damage and Heavy Damage 
thresholds would be at minimum 2 degrees and 5 degrees, respectively, as per any of the referenced 
guidelines, even without shear reinforcement.  The responses of the PT slabs tested in this program are 
classified in Section 5 according to both maximum deflection/support rotation and the descriptions provided 
in Table 4-6, generally as pertaining to the back face of the slab and through-thickness damage.  
Comparisons of the test results to the theoretical response limits for pre-stressed and conventionally 
reinforced concrete slabs are made in Section 6. 
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5 TEST RESULTS 
This section discusses the results of the testing program.  Table 5-1 provides an overall summary of these 
tests.  Appendix E can be consulted for detailed gauge information for each test. 
 

Table 5-1:  Test Results Summary 

Test 
Number 

Panel 
Number 

Maximum 
Deflection 

Permanent 
Deflection 

Test 
Rotation 

ANFO 
Weight 

Response Notes 

1 5A N/A 2.7 in 
(68 mm) 

> 2.0 
degrees 

1300 lb* 
(590 kg) 

Significant front face 
scabbing. Concrete crushing 
along panel edges. Through-
thickness cracking. Frame 
damage sustained. 

2 1A 5.8 in 
(148 mm) 

4.6 in 
(117 mm) 

4.4 
degrees 

1300 lb* 
(590 kg) 

Significant front face 
scabbing. Concrete crushing 
along panel edges. Through-
thickness cracking. Frame 
damage sustained. 

3 2C 4.7 in 
(120 mm) 

3.9 in 
(100 mm) 

3.0 
degrees 

2300 lb** 
(1040 kg) 

Significant front face 
scabbing. Through-thickness 
cracking: up to ½-inch (13 
mm) above and below PT 
strands disengaged. 

4a 6C 0.6 in 
(16 mm) 

0 in 
(0 mm) 

0.4 
degrees 

1700 lb** 
(770 kg) 

Superficial slab damage to 
both faces. 

4b 6C 4.3 in 
(109 mm) 

3.5 in 
(90 mm) 

2.7 
degrees 

2000 lb** 
(910 kg) 

Front face scabbing along 
yield lines. Concrete 
crushing along panel edges. 
Through-thickness cracking. 

5 7B 3.5 in 
(88 mm) 

2.2 in 
(57 mm) 

2.2 
degrees 

2300 lb** 
(1040 kg) 

Front face scabbing along 
yield lines. Concrete 
crushing along panel edges. 
Through-thickness cracking. 

6 3B 1.2 in 
(31 mm) 

0.5 in 
(13 mm) 

0.8 
degrees 

2000 lb** 
(910 kg) 

Front face scabbing along 
yield lines. Moderate slab 
damage. Through-thickness 
cracking. 

7 4D 0.8 in 
(21 mm) 

0.1 in 
(2.5 mm) 

0.5 
degrees 

2000 lb** 
(910 kg) 

Isolated front face scabbing. 
Moderate slab damage. 
Through-thickness cracking. 

8 8D 3.3 in 
(85 mm) 

2.0 in 
(50 mm) 

2.1 
degrees 

2300 lb** 
(1040 kg) 

Significant front face 
scabbing. Through-thickness 
cracking: up to ½-inch (13 
mm) along all the corner 
regions disengaged. 

Notes:  (*) – Charge at a standoff of 30 feet (9.1 m). 
         (**) – Charge at a standoff of 45 feet (13.7 m). 
 

22 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

5.1 Test 1 (Panel 5A) 

General Description 

Panel 5 was constructed per Slab design A as described in Section 3, consisting of 725 psi (5 MPa) pre-
stressing with 5.9 lb/ft3 (95 kg/m3) mild steel reinforcement.  The frame design shown in Figure 3-5 was 
used.  Figure 5-1 shows representative pre-test photos of the front and back sides of the panel.  Four pressure 
gauges were placed, as indicated in Figure 4-3.  The panel was subjected to an explosion of 1300 pounds 
(590 kg) of ANFO at a standoff of 30 feet (9.1 m). 
 

Figure 5-1:  Pre-Test Photos of Test 1 

      
   

Post-Test Documentation 

The blast load resulted in significant front face scabbing of the 3/4-inch (19mm) thick concrete cover with 
a recognizable pattern of cracking, as shown in Figure 5-2.  On the back face, the test panel showed 
prominent cracking/crushing along the vertical supports and the bottom horizontal support.  Horizontal 
cracks up to 1/4-inch (6mm) thick occurred near, but below the panel mid-height.  Lighter cracking was 
visible over a wide region in the center of the panel.  Back face panel damage is shown in Figure 5-3.  
Cracking through the thickness of the slab was also observed, as shown in Figure 5-4. 
 

Figure 5-2:  Front Face Slab Scabbing in Test 1 
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Figure 5-3:  Back Face Slab Cracking in Test 1 (at Bottom Center) 

 
 

Figure 5-4:  Through-Thickness Slab Cracking in Test 1 (at Bottom Left) 

 
 

Maximum panel deflection was not recorded due to an instrumentation malfunction.  These issues were 
remedied for Test 2 as described in Section 5.2. 
 
The maximum inbound permanent deflection recorded was 2.7 inches (68 mm) at a position 13.5 inches 
(343 mm) below the slab mid-height.  This permanent deflection indicates that a support rotation of no less 
than 2.0 degrees occurred during testing.  No rebound deflection was noted post-test.  Individual gauge 
outputs of strain are provided on pages E-3 through E-6 of Appendix E. 
 
Damage to the steel frame was observed after testing completed, particularly along the welds at the upper 
corners, as shown in Figure 5-5.  Significant deformation of the steel pedestals was also visible.  
 
 
 
 
 

24 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

Figure 5-5:  Steel Frame Damage in Test 1 (at Upper Left and Upper Right Corners) 

 
 

The slab sustained significant permanent deflections, including concrete crushing along the edges that was 
deemed unrepairable, but with no back face debris.  The overall slab response for Test 1 most nearly 
corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11.   
 

5.2 Test 2 (Panel 1A) 

General Description 

Panel 1 was constructed identically to Panel 5 used in Test 1.  The frame design shown in Figure 3-5 was 
used with the following modifications.  First, the welds at the corners were repaired, and steel hat sections 
were added at all four corners.  Steel spacers were also introduced at the upper corners.  Finally, the steel 
pedestals were stiffened and filled with sand for Test 2.  Some of these frame modifications are shown in 
Figure 5-6. 
 

Figure 5-6:  Pre-Test Photos of Frame Modifications for Test 2 
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Redundancies in the set-up and operation of the instrumentation were made prior to Test 2.  These mainly 
included improved lighting/power for the test fixture and instrumentation, as well as improved wiring for 
the data acquisition system.  A manual displacement reader was also used. 
 
Figure 5-7 shows representative pre-test photos of the front and back sides of the panel.  Free-field pressure 
gauges were moved to three locations ranging between 40 feet (12.3 m) and 53 feet (16.2 m) from the 
charge center.  Due to limited test data collected in Test 1, the Test 2 panel was also subjected to an 
explosion of 1300 pounds (590 kg) of ANFO at a standoff of 30 feet (9.1 m). 
 

Figure 5-7:  Pre-Test Photos of Test 2 

 
 

Post-Test Documentation 

The blast load again resulted in significant front face scabbing of the 3/4-inch (19mm) thick concrete cover 
with a recognizable pattern of cracking, as shown in Figure 5-8.  On the back face, the test panel showed 
prominent cracking/crushing along the vertical supports.  Horizontal cracks up to 1/4-inch (6mm) thick 
occurred near, but below the panel mid-height.  Lighter cracking was visible over a wide region in the 
center of the panel.  Back face panel damage is shown in Figure 5-9.  Cracking through the thickness of the 
slab was also observed, as shown in Figure 5-10. 

 
Figure 5-8:  Front Face Slab Scabbing in Test 2 
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Figure 5-9:  Back Face Slab Cracking in Test 2 (Overall and Along Left Edge) 

 
 

Figure 5-10:  Through-Thickness Slab Cracking in Test 2 

 
 

The maximum deflection recorded with the laser sensors was 5.8 inches (148 mm) a few inches above a 
horizontal crack located 18 inches (457 mm) below the slab mid-height.  This maximum deflection indicates 
that a support rotation of approximately 4.4 degrees occurred during testing.  A maximum inbound 
permanent deflection of 4.6 inches (117 mm) was observed, while no rebound deflection was noted post-
test.  Individual gauge outputs and traces of strain and displacement are provided on pages E-13 through E-
17 of Appendix E. 
 
Damage to the steel frame was observed after testing completed, particularly along the welds at the upper 
corners, as shown in Figure 5-11.  Visible, but less prominent damage occurred at the weld at the bottom 
left corner of the frame. 
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Figure 5-11:  Steel Frame Damage in Test 2 (Along Upper Edge) 

 
 

The slab sustained significant permanent deflections, including concrete crushing along the edges that was 
deemed unrepairable, but with no back face debris.  Similar to Test 1, the overall slab response for Test 2 
most nearly corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11. 
 

5.3 Test 3 (Panel 2C) 

General Description 

Panel 2 was constructed per Slab design C as described in Section 3, consisting of 1450 psi (10 MPa) pre-
stressing with 5.9 lb/ft3 (95 kg/m3) mild steel reinforcement.  The stiffened frame design shown in Figure 
3-10 was used to support the panel.  Figure 5-12 shows representative pre-test photos of the front and back 
sides of the panel.  Five reflected pressure gauges were placed, as indicated in Figure 4-6, with two free-
field pressure gauges placed to the side.  The panel was subjected to an explosion of 2300 pounds (1040 
kg) of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-12:  Pre-Test Photos of Test 3 

      
 

Post-Test Documentation 

The blast load resulted in significant front face scabbing of the 3/4-inch (19mm) thick concrete cover, as 
shown in Figure 5-13.  On the back face, the test panel showed light cracking over the entire surface.  The 
most pronounced cracking occurred near the middle of the slab (0.05-inch or 1.3mm wide) and along the 
bottom horizontal support (0.1-inch or 2.5mm wide), as highlighted in Figure 5-14.  No damage was 
observed to the stiffened steel frame.  
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Figure 5-13:  Post-Test Photos of Test 3 

      
 

Figure 5-14:  Highlighted Cracking Pattern on Back Face in Test 3 

 
 

Peak pressure recorded ranged from 380 to 750 psi.  Positive phase impulse recorded ranged from 400 to 
670 psi-ms.  The maximum deflection recorded with the laser sensors was 4.7 inches (120 mm) near the 
center of the slab.  This maximum deflection indicates that a support rotation of approximately 3.0 degrees 
occurred during testing.  The permanent set near the slab center point was approximately 3.9 inches (100 
mm).  Individual gauge outputs and traces of strain, displacement, and pressure are provided on pages E-
23 through E-28 of Appendix E. 
 
Upon removal of the panel from the test fixture, cracking through the slab thickness was observed along 
the edges, as shown in Figure 5-15.  Moreover, disengagement of the concrete layers above and below the 
PT strands was recorded, as shown in Figure 5-16.  This disengagement generally ranged from 3/8-inch 
(9.5 mm) to ½-inch (13 mm). 
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Figure 5-15:  Through-Thickness Cracking along Top and Side Edges in Test 3 

 

 
 

Figure 5-16:  Disengagement of Concrete Layers in Test 3 

 
 

The slab sustained significant permanent deflections with concrete disengagement at the PT tendons that 
was deemed unrepairable, but no back face debris.  The overall slab response for Test 3 most nearly 
corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11, though the level of 
disengagement observed through the slab thickness would indicate the likely onset of Hazardous Damage 
with even a small increase in blast load. 
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5.4 Test 4a (Panel 6C) 

General Description 

Panel 6 was constructed and framed identically to Panel 2 used in Test 3.  Figure 5-17 shows representative 
pre-test photos of the front and back sides of the panel.  Five reflected pressure gauges were placed, as 
indicated in Figure 4-6, with two free-field pressure gauges placed to the side.  The panel was subjected to 
an explosion of 1700 pounds (770 kg) of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-17:  Pre-Test Photos of Test 4a 

      
 

Post-Test Documentation 

The blast load resulted in only minor damage to the front and back faces, as shown in Figure 5-18.  No 
crushing or scabbing of concrete along the exterior surface was noticed.  The interior surface of the concrete 
slab had minor hairline cracks from the edges that extend to hairline cracks along mid-span region.  No 
through-thickness cracking of concrete nor damage to the steel frame was observed. 

 
Figure 5-18:  Post-Test Photos of Test 4a 
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Peak pressures recorded ranged from 240 to 430 psi.  Peak impulse recorded was approximately 470 psi-
ms.  The maximum deflection recorded with the laser sensors was approximately 0.6 inch (16 mm), which 
translates to a 0.4-degree support rotation.  No permanent set near the slab center point was observed.  
Individual gauge outputs and traces of strain, displacement, and pressure are provided on pages E-33 
through E-39 of Appendix E. 
 
The slab sustained no significant permanent deflections.  The overall slab response for Test 4a most nearly 
corresponds to Superficial Damage, as defined in CSA S850-12 or ASCE 59-11. 
   

5.5 Test 4b (Panel 6C) 

General Description 

Due to the small displacements achieved in Test 4a, Panel 6 was subjected to a second test shot—an 
explosion of 2000 pounds (910 kg) of ANFO at a standoff of 45 feet (13.7 m).  Refer to Figure 5-18 for 
representative pre-test photos of the front and back sides of the panel.     
 

Post-Test Documentation 

The blast load resulted in heavy scabbing of the 3/4-inch (19mm) thick concrete cover on the front face of 
the panel, as shown in Figure 5-19.  On the back face, cracking was observed along most of the slab surface, 
generally ranging from hairlines to cracks with widths of approximately 0.08 inches (2 mm).  Major 
cracking, spalling, and bowing was noted along the left panel edge (when viewed from the interior), as 
shown in Figure 5-20.  Cracks were also observed across the slab thickness, but to a lesser extent than the 
cracking and disengagement that was observed throughout the cross-section in Test 3.  This through-
thickness cracking is shown in Figure 5-21.  No damage was observed to the stiffened steel frame. 
 

Figure 5-19:  Front Face Slab Scabbing in Test 4b 
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Figure 5-20:  Highlighted Cracking Pattern on Back Face in Test 4b 

      
 

Figure 5-21:  Through-Thickness Cracking along Side Edge in Test 4b 

 
  

Peak pressures recorded ranged from 340 to 550 psi.  Peak impulse recorded was 570 psi-ms.  The 
maximum deflection recorded with the laser sensors was 4.3 inches (109 mm), which translates to a 2.7-
degree support rotation.  The permanent set near the slab center point was approximately 3.5 inches (90 
mm).  Individual gauge outputs and traces of strain, displacement, and pressure are provided on pages E-
44 through E-50 of Appendix E. 
 
The slab sustained significant permanent deflections, including concrete crushing along the edges that was 
deemed unrepairable, but with no back face debris.  The overall slab response for Test 4b most nearly 
corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11.   
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5.6 Test 5 (Panel 7B) 

General Description 

Panel 7 was constructed per Slab design B as described in Section 3, consisting of 725 psi (5 MPa) pre-
stressing with 13.7 lb/ft3 (220 kg/m3) mild steel reinforcement.  The stiffened frame design shown in Figure 
3-10 was used to support the panel.  Figure 5-22 shows representative pre-test photos of the front and back 
sides of the panel.  Five reflected pressure gauges were placed, as indicated in Figure 4-6, with two free-
field pressure gauges placed to the side.  The panel was subjected to an explosion of 2300 pounds (1040 
kg) of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-22:  Pre-Test Photos of Test 5 

      
 

Post-Test Documentation 

The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the panel, along with 
some scabbing of the 3/4-inch (19mm) thick concrete cover, as shown in Figure 5-23.  On the back face, 
cracking was observed along most of the slab surface, generally ranging from hairlines to cracks with widths 
of approximately 0.03 inch (0.8 mm).  Significant cracking, spalling, and/or bowing was noted along the 
left and right panel edges, as shown in Figure 5-24.  Cracks were also observed across the slab thickness, 
which were not chained between all end caps as in Test 3.  This through-thickness cracking is shown in 
Figure 5-25.  No damage was observed to the stiffened steel frame. 
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Figure 5-23:  Front Face Slab Scabbing in Test 5 

      
 

Figure 5-24:  Highlighted Cracking Pattern on Back Face in Test 5 

      
 

Figure 5-25:  Through-Thickness Cracking along Side Edge in Test 5 
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Peak pressures recorded ranged from 470 to 750 psi.  Positive phase impulse recorded ranged from 430 to 
760 psi-ms.  The maximum deflection recorded with the laser sensors was 3.5 inches (88 mm), which 
translates to a 2.2-degree support rotation.  The permanent set near the slab center point was 2.2 inches (57 
mm).  Individual gauge outputs and traces of strain, displacement, and pressure are provided on pages E-
55 through E-61 of Appendix E.   
 
The slab sustained significant permanent deflections, including concrete crushing along the edges that was 
deemed unrepairable, but with no back face debris.  The overall slab response for Test 5 most nearly 
corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11. 
 

5.7 Test 6 (Panel 3B) 

General Description 

Panel 3 was constructed and framed identically to Panel 7 used in Test 5.  Figure 5-26 shows representative 
pre-test photos of the front and back sides of the panel.  Five reflected pressure gauges were placed, as 
indicated in Figure 4-6, with two free-field pressure gauges placed to the side.  The panel was subjected to 
an explosion of 2000 pounds (910 kg) of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-26:  Pre-Test Photos of Test 6 

      
 

Post-Test Documentation 

The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the panel, along with 
some concrete crushing/scabbing similar to that seen in Test 5.  This front face damage is shown in Figure 
5-27.  On the back face, cracking was observed along most of the slab surface.  Cracks were mostly hairlines 
in a yield line pattern similar to previous tests.  The main cracks were a central horizontal vertical crack 
with a width of approximately 0.03 inch (0.8 mm), as well as more significant cracking up to 0.1 inch (2.5 
mm) that was noted along the left and right panel edges.  However, no crushing of the concrete was seen 
along the panel edges.  This back face damage is shown in Figure 5-28.  Some cracking was also observed 
across the slab thickness in a similar pattern but to a lesser extent than in Test 5.  This through-thickness 
cracking is shown in Figure 5-29.  No damage was observed to the stiffened steel frame. 
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Figure 5-27:  Front Face Slab Scabbing in Test 6 

      
 

Figure 5-28:  Cracking Pattern on Back Face in Test 6 

       
 

Figure 5-29:  Through-Thickness Cracking along Side Edge in Test 6 
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Peak pressures recorded along the vertical edges generally ranged from about 320 to 570 psi.   Peak impulse 
recorded along these edges was 550 psi-ms.  The maximum deflection recorded with the laser sensors was 
1.2 inches (31 mm), which translates to a 0.8-degree support rotation.  The permanent set near the slab 
center point was approximately 0.5 inch (13 mm).    Individual gauge outputs and traces of strain, 
displacement, and pressure are provided on pages E-66 through E-72 of Appendix E.  
 
The slab sustained permanent deflections, but without concrete crushing along the edges or concrete 
disengagement at the PT tendons.  The overall slab response for Test 6 most nearly corresponds to Moderate 
Damage, as defined in CSA S850-12 or ASCE 59-11. 
 

5.8 Test 7 (Panel 4D) 

General Description 

Panel 4 was constructed per Slab design D as described in Section 3, consisting of 1450 psi (10 MPa) pre-
stressing with 13.7 lb/ft3 (220 kg/m3) mild steel reinforcement.  The stiffened frame design shown in Figure 
3-10 was used to support the panel.  Figure 5-30 shows representative pre-test photos of the front and back 
sides of the panel.  Five reflected pressure gauges were placed, as indicated in Figure 4-6, with two free-
field pressure gauges placed to the side.  The panel was subjected to an explosion of 2000 pounds (910 kg) 
of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-30:  Pre-Test Photos of Test 7 

      
 

Post-Test Documentation 

Lesser cracks and concrete scabbing/crushing were observed on the front face of the panel in comparison 
with the previously tested slab designs exposed to the blast load from the same charge size and standoff.  
This front face damage is shown in Figure 5-31.  On the back face, hairline cracking was observed on the 
slab surface.  Cracks were mostly hairlines in a yield line pattern similar to previous tests.  The main crack 
was a central horizontal crack pattern with a width of approximately 0.016 inch (0.41 mm), as shown in 
Figure 5-31.  No crushing of the concrete was seen along the panel edges.  Some cracking was also observed 
across the slab thickness, as shown in Figure 5-32.  No damage was observed to the stiffened steel frame. 
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Figure 5-31:  Post-Test Photos of Test 7 

      
 

Figure 5-32:  Through-Thickness Cracking along Side Edge in Test 7 

      
  

Peak pressures recorded ranged from about 370 to 430 psi.  Peak impulse recorded was 490 psi-ms.  The 
maximum deflection recorded with the laser sensors was 0.8 inch (21 mm), which translates to a 0.5-degree 
support rotation.  A small permanent set of roughly 0.1 inch (2.5 mm) was sustained near the slab center 
point.  Individual gauge outputs and traces of strain, displacement, and pressure are provided on pages E-
77 through E-83 of Appendix E.  

The slab sustained permanent deflections, but without concrete crushing along the edges or concrete 
disengagement at the PT tendons.  The overall slab response for Test 7 most nearly corresponds to Moderate 
Damage, as defined in CSA S850-12 or ASCE 59-11. 
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5.9 Test 8 (Panel 8D) 

General Description 

Panel 8 was constructed and framed identically to Panel 4 used in Test 7.  Figure 5-33 shows representative 
pre-test photos of the front and back sides of the panel.  Five reflected pressure gauges were placed, as 
indicated in Figure 4-6, with two free-field pressure gauges placed to the side.  The panel was subjected to 
an explosion of 2300 pounds (1040 kg) of ANFO at a standoff of 45 feet (13.7 m). 
 

Figure 5-33:  Pre-Test Photos of Test 8 

      
 

Post-Test Documentation 

The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the panel, along with 
a concrete crushing/scabbing pattern similar to previous tests.  This front face damage is shown in Figure 
5-34.  On the back face, cracking was observed along most of the slab surface, as shown in Figure 5-35.  
Cracks were mostly hairlines in a yield line pattern similar to previous tests.  The main cracks on the interior 
face were central horizontal and vertical cracks with a width range of approximately 0.016 to 0.2 inch (0.41 
to 0.5 mm).  More significant cracking up to 0.1 inch (2.5 mm) and some minor spalling were noted along 
all edges of the panel.  Heavier cracking was also observed across the slab thickness, as shown in Figure 5-
36, which was in a similar pattern to previous tests.  Moreover, disengagement of the concrete up to ½‐inch 
(13 mm) along all the corner regions of the slab was recorded.  No damage was observed to the stiffened 
steel frame. 
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Figure 5-34:  Front Face Slab Scabbing in Test 8 

      
 

Figure 5-35:  Cracking Pattern on Back Face in Test 8 
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Figure 5-36:  Through-Thickness Cracking along Side Edge in Test 8 

      
 

Peak pressures recorded ranged from about 400 to 1100 psi.  Peak impulse recorded was near 500 psi-ms.  
The maximum deflection recorded with the laser sensors was 3.3 inches (85 mm), which translates to a 2.1-
degree support rotation.  The permanent set near the slab center point was 2.0 inches (50 mm).  Individual 
gauge outputs and traces of strain, displacement, and pressure are provided on pages E-88 through E-94 of 
Appendix E.  
 
The slab sustained significant permanent deflections with concrete disengagement at the PT tendons that 
was deemed unrepairable, but no back face debris.  The overall slab response for Test 8 most nearly 
corresponds to Heavy Damage, as defined in CSA S850-12 or ASCE 59-11. 

42 



Bonded Pre-Stressed Concrete Slabs – Open-Air Blast Testing (Final Report) 

6 CONCLUSIONS 
The PT slabs in the main portion of the testing program achieved support rotations ranging from 0.4 degree 
(Test 4a, Slab Type C) to 3.0 degrees (Test 3, Slab Type C).  The corresponding damage level for these 
tests would roughly range from Superficial Damage to Heavy Damage as defined in CSA S850-12 or ASCE 
59-11.  However, from the extent of concrete disengagement observed on the Type C slab following Test 
3, it would appear a 3.0-degree rotation is approaching the PT slab’s upper limit state for non-hazardous 
damage (i.e., near a transition from Heavy to Hazardous Damage).  Other tests sustaining support rotations 
exceeding 2.0 degrees exhibited lesser, but observable through-cracking and/or concrete disengagement.  
 
Comparing the results for Test 6 and Test 7 (each subject to a 2000-lb ANFO charge) and Test 5 and Test 
8 (each subject to a 2300-lb ANFO charge), it appears that the increase of pre-stressing level from 725 psi 
(5 MPa) to 1450 psi (10 MPa) may only have a marginal effect on slab response for the slabs with the 
higher level of conventional reinforcement (i.e., Slab Types B and D). 
 
Front face scabbing and through-thickness cracking were generally more pronounced for slabs with a lower 
concrete tensile strength.  However, charge weight size (i.e., applied load) heavily influenced the overall 
response mechanisms. 
 
The currently published CSA and ASCE response limits for PT slabs provide a 1-degree upper limit for 
Moderate Damage and a 2-degree upper limit for Heavy Damage for slabs with a low reinforcement index 
(i.e., ωp < 0.15) provided adequate shear reinforcement is included.  The slabs in this testing program have 
relatively high reinforcement indices (i.e., ωp near or above 0.30).  These would usually be governed by 
ductility with a limit deflection for Heavy Damage below 1.0 inch (25 mm), which corresponds to a support 
rotation below 0.6 degree.  In Test 4a (Slab Type A), the test panel sustained only Superficial Damage with 
a maximum displacement of 0.6 inch (16 mm), which corresponds to a support rotation of 0.4 degree.  In 
Test 6 (Slab Type B) and Test 7 (Slab Type D), the test panels sustained Moderate Damage without concrete 
edge crushing or disengagement.  The maximum support rotation for these two tests was 0.8 degree.  
Therefore, from the test results, it seems that the actual flexural response limits would fall between the 
currently published limits for pre-stressed concrete (i.e., upper limit for Moderate Damage of μ = 0.8; upper 
limit for Heavy Damage of μ = 0.9) and conventionally reinforced concrete (i.e., upper limit for Moderate 
Damage of θ = 2 degrees; upper limit for Heavy Damage of θ = 5 degrees) elements.     
 
However, the designer should be cautious about using higher response limits due to potential brittle 
responses associated with PT concrete, wherein catastrophic concrete crushing or shear-controlled behavior 
could occur prior to PT tendon yielding.  In any case, adequate supplemental steel (e.g., shear or bursting 
reinforcement) should be provided within PT slabs (particularly when the slabs are over-reinforced) in 
addition to PT tendons and conventional steel reinforcement that are designed exclusively for meeting 
flexural response demands.  Additional testing and/or detailed analysis that can account for concrete 
disengagement, as well as shear and/or concrete-crushing controlled responses (e.g., finite element 
modeling), should be performed to justify any modification to the currently published response limits and 
further examine the effects of pre-stressing/post-tensioning in blast applications. 
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APPENDIX A. CALCULATIONS AND DRAWINGS 
 

Stress Level Calculations 
Slabs were post-tensioned using the VSL 6-4 strand Post-Tensioning System.  Strands were placed in 72/21 
flat ducts measuring 1.378 inches (35 mm) high × 3.386 inches (86 mm) wide.  Four strands were located 
within each duct.  The ducts were centered in the thickness of the slabs in one direction and staggered in 
the other direction to minimize the eccentricity of the applied force. 
 
Slabs were post-tensioned with 0.6-inch, Grade 270 strands (15mm, Grade 1860) complying with ASTM 
A416.  Lower level stress strands were pulled to approximately 60% of fpu; higher level stress strands were 
pulled to 85% of fpu.  Each lower level stress strand was pulled 35.0 kips (156 kN); each higher level stress 
strand was pulled 49.6 kips (220 kN). 
 

𝑃𝑃𝑖𝑖(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = 0.6𝑓𝑓𝑝𝑝𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 
𝑃𝑃𝑖𝑖(𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = 0.6(270𝑘𝑘𝑘𝑘𝑘𝑘)(0.217𝑖𝑖𝑖𝑖2) = 35.0 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘    
𝑃𝑃𝑖𝑖(ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = 0.85𝑓𝑓𝑝𝑝𝑝𝑝𝐴𝐴𝑝𝑝𝑝𝑝 
𝑃𝑃𝑖𝑖(ℎ𝑖𝑖𝑔𝑔ℎ𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) = 0.85(270𝑘𝑘𝑘𝑘𝑘𝑘)(0.217𝑖𝑖𝑖𝑖2) = 49.6 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘   

 
The length of the pre-stressed strands was 16 feet (4880 mm).  Anticipated anchorage seating was ¼-inch 
(6.4 mm).  With a strand seating loss, the anticipated force in the lower level stress strand was approximately 
26.5 kips (118 kN); the anticipated force in the higher level stress strand was approximately 41 kips (182 
kN).     
 
The area of concrete in each direction is Ac = 2040 in2 (33,430 cm2). 

Lower Level Stress 
Slabs A and B were stressed to approximately 725 psi (5 MPa).  These panels had 14 ducts in both 
directions.  Each panel cross section had 56 strands. 
   

𝑃𝑃𝑒𝑒 = (# 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠)𝑃𝑃0 = (56)(26.5 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘) = 1484 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘    
 

Compression stress in concrete: 
 

𝑓𝑓′𝑐𝑐 =
𝑃𝑃𝑒𝑒
𝐴𝐴𝑐𝑐

=
1484𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
2040𝑖𝑖𝑖𝑖2

= 726 𝑝𝑝𝑝𝑝𝑝𝑝 

Higher Level Stress 
Slabs C and D were stressed to approximately 1450 psi (10 MPa).  These panels had 18 ducts in both 
directions.  Each panel cross section had 72 strands. 
   

𝑃𝑃𝑒𝑒 = (# 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑑𝑑𝑑𝑑)𝑃𝑃0 = (72)(41 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘) = 2952 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘   
 
Compression stress in concrete: 
 

𝑓𝑓′𝑐𝑐 =
𝑃𝑃𝑒𝑒
𝐴𝐴𝑐𝑐

=
2952𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
2040𝑖𝑖𝑖𝑖2

= 1446 𝑝𝑝𝑝𝑝𝑝𝑝 
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Stress Checks 
ACI 318-14 limits concrete compressive stress to the following values: 0.45f’c for pre-stress plus sustained 
load, and 0.60f’c for pre-stress plus total load. 
  
When in a horizontal position, supported at its ends, the panel will see stresses due to a self-weight dead 
load moment. 
 

𝑀𝑀𝑑𝑑 = 𝑤𝑤𝑙𝑙2/ 8 = 2125 𝑙𝑙𝑙𝑙
𝑓𝑓𝑓𝑓

× (16 𝑓𝑓𝑓𝑓)2/ 8 = 68,000 𝑓𝑓𝑓𝑓 − 𝑙𝑙𝑏𝑏  

𝑆𝑆𝑏𝑏 = 𝑆𝑆𝑡𝑡 =
𝑏𝑏ℎ2

6
=

(192𝑖𝑖𝑖𝑖)(10.625𝑖𝑖𝑖𝑖)2

6
= 3612.5 𝑖𝑖𝑖𝑖3 

 
Stresses in top of slab (at mid-span, higher stress level): 
 
𝑓𝑓𝑡𝑡 = 𝑃𝑃

𝐴𝐴
+ 𝑀𝑀

𝑆𝑆
= (1446 𝑝𝑝𝑝𝑝𝑝𝑝) + (68,000𝑓𝑓𝑓𝑓 − 𝑙𝑙𝑙𝑙) × �12𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓
� / 3612.5 𝑖𝑖𝑖𝑖3 = 1672 psi (compression) 

 
Stresses in bottom of slab (at mid-span, higher stress level): 
 
𝑓𝑓𝑏𝑏 = 𝑃𝑃

𝐴𝐴
− 𝑀𝑀

𝑆𝑆
= (1446 𝑝𝑝𝑝𝑝𝑝𝑝) − (68,000𝑓𝑓𝑓𝑓 − 𝑙𝑙𝑙𝑙) × �12𝑖𝑖𝑖𝑖

𝑓𝑓𝑓𝑓
� / 3612.5 𝑖𝑖𝑖𝑖3 = 1220 psi (compression) 

 
These values do not exceed a value of 0.45f’c (2700 psi). 
 

Support Rotation Calculations 
Support rotation and ductility ratio are commonly used blast design metrics for comparing component 
response to allowance criteria.  Support rotation is defined as the angle formed by the component deflection 
and the original unloaded component, assuming a straight-line deflection shape.  Therefore, the calculated 
support rotation is not necessarily the actual rotation angle of the component at its support.  For a component 
that achieves a maximum deflection at its mid-span, support rotation would be defined as:    
 
𝜃𝜃 = 𝑡𝑡𝑡𝑡𝑡𝑡−1[𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚/(𝐿𝐿/2)]. 
 
As an example, for Test 8, the maximum deflection near the slab center point was 3.3 inches (85 mm).  
Therefore, for a span of 180 inches (4570 mm), the support rotation was calculated as: 
 
𝜃𝜃 = 𝑡𝑡𝑡𝑡𝑛𝑛−1[3.3 𝑖𝑖𝑖𝑖 / 90 𝑖𝑖𝑖𝑖]  = 2.1°. 
 
For cases where the maximum deflection occurs away from the slab center (e.g., Test 1 and Test 2), the 
maximum deflection would be divided by a value less than 90 inches (2290 mm) in determining its support 
rotation. 
 
For ductility limits, the maximum deflection is compared to the SDOF elastic deflection of the slab.  For 
Slab Types A and C, the elastic deflection is approximately 0.8 inch (20 mm) for all cases.  For Slab Types 
B and D, the elastic deflection is approximately 1.0 inch (25 mm) for all cases.  Therefore, a ductility limit 
of μ = 0.7 (Superficial Damage upper limit) would translate to a maximum deflection of approximately 
0.56 inch (14 mm) or 0.70 inch (18 mm) depending on the slab type.  Analogous Heavy Damage limits (μ 
= 0.9) would be approximately 0.72 inch (18 mm) or 0.90 inch (23 mm) depending on the slab type.  These 
Heavy Damage limit deflections correspond to support rotations of 0.5 degree and 0.6 degree, respectively. 
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Reinforcement Index Calculations 
The reinforcement index of a pre-stressed concrete component is defined as:    
 
𝜔𝜔𝑝𝑝 = 𝐴𝐴𝑝𝑝𝑝𝑝 / 𝑏𝑏𝑑𝑑𝑝𝑝  ×  𝑓𝑓𝑝𝑝𝑝𝑝 / 𝑓𝑓′𝑐𝑐, 
 
where Aps is the area of pre-stressed reinforcement in the tension zone, b is the pre-stressed reinforcement 
spacing, dp is the depth to center of the pre-stressing steel, f’c is the concrete compressive strength, and fps 
is the calculated stress in the pre-stressing steel at the design load.   
 
As an example, for Panel 5A, the area of pre-stressed reinforcement was 0.868 in2 (560 mm2) spaced at 12 
inches (305 mm) on center, roughly centered to the slab thickness.  The estimated stress in the pre-stressing 
steel at the design load was calculated as 199 ksi (1370 MPa) using equations within Section 20.3.2 of ACI 
318-14.  Therefore, the reinforcement index was calculated as: 
 
𝜔𝜔𝑝𝑝 = 0.868 𝑖𝑖𝑖𝑖2 / 12 𝑖𝑖𝑖𝑖 / 5.31 𝑖𝑖𝑖𝑖 ×  199 𝑘𝑘𝑘𝑘𝑘𝑘 / 9.43 𝑘𝑘𝑘𝑘𝑘𝑘 = 0.29.  
 
Reinforcement index values for all test slabs are summarized below. 
 
 

Table A-1:  Slab Reinforcement Index Summary 

Test 
Number 

Panel 
Number 

Reinforcement 
Index, ωp 

1 5A 0.29 
2 1A 0.32 
3 2C 0.38 

4a 6C 0.38 
4b 6C 0.38 
5 7B 0.29 
6 3B 0.33 
7 4D 0.33 
8 8D 0.36 

 

Tensile Strength Calculations 
Concrete tensile strength values provided in Table 3-2 were calculated as 15% of the corresponding average 
concrete compressive strength values at 28 days attained from crushing tests.  
 
As an example, for Panel 1A, the average compressive strength at 28 days was determined to be 7830 psi 
(54.0 MPa) from testing.  Therefore, the concrete tensile strength was estimated as: 
 
 𝑓𝑓′𝑡𝑡 = 0.15 𝑓𝑓′𝑐𝑐 = 0.15 × 7830 𝑝𝑝𝑝𝑝𝑝𝑝 (54.0 𝑀𝑀𝑀𝑀𝑀𝑀) =  1170 𝑝𝑝𝑝𝑝𝑝𝑝 (8.1 𝑀𝑀𝑀𝑀𝑀𝑀). 
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VStructural, LLC 

15600 Trinity Boulevard, Suite 118 • Fort Worth, TX 76155 • Phone: 817-545-4807 • Fax: 817-545-4827 
www.structuraltechnologies.com 

November 24, 2015 
 
Khaled El-Domiaty 
Stone Security Engineering 
2011 Crystal Drive, Suite 400 
Arlington, VA 22202 
 
Re: P/T Stressing Certified Letter – OBL 466 
 
Dear Khaled: 
 

VSL, as the Post-Tensioning provider for the referenced project has reviewed the stressing 
records for all 8 panels of the referenced project and offer the following comments: 

 
1. All tendon elongations were found to be within recommended tolerance of +/-7% plus ¼ 

in for extreme short tendons, such as the case for this project with tendon length being 
16 ft. This is consistent with PTI/ASBI M50-12 “Guide Specification for Grouted Post-
Tensioning” Section 12.6. 
 

Based on the elongations recorded in the stressing report, VSL certifies that required post-
tension forces shown on the construction drawings have been provided to the panels.   

Our review of the stressing results and this certified letter are based strictly on the elongations 
recorded by VSL technicians on site between 11/17/2015 to 11/20/2015. 

 

If you have any questions or comments, please contact the undersigned at VSL Dallas. 
 
Sincerely, 

 

 
 
Zuming Xia, Ph.D., P.E. 
Senior Engineer 
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Structural Technologies, LLC 
15600 Trinity Boulevard, Suite 118 • Fort Worth, TX 76155 • Phone: 817-545-4807 • Fax: 817-545-4827 

www.structuraltechnologies.com 

OBL 466 ADDITIONAL SAFTY PROCEDURES ASSOCIATED WITH STRESSING 
OPERATION 
 
STRESSING  
1 THE STRESSING OPERATIONS MUST BE UNDER THE IMMEDIATE CONTROL 
OF A PERSON EXPERIENCED IN THIS TYPE OF WORK; HE SHALL MAINTAIN A 
CLOSE CHECK AND RIGID CONTROL OF ALL OPERATIONS. SAFETY IS THE TOP 
PRIORITY! 
 
2 ADEQUATE ACCESS SCAFFOLDS, PLATFORMS, AND SAFETY DEVICES SHALL 
BE PROVIDED BY THE GENERAL CONTRACTOR AS REQUIRED BY GOVERNING 
JOBSITE STANDARDS, INSTALLATION, OR STRESSING PROCEDURES. 
 
3 READ VSL MAINTENANCE MANUAL FOR FIELD SAFETY AND MAINTENANCE 
OPERATIONS. THE JOBSITE SAFETY PROGRAM SHALL INCLUDE STRUCTURAL 
TECHNOLOGIES / VSL SAFETY POLICIES AND PROCEDURES. 
 
4 TAKE SAFETY PRECAUTIONS AS NECESSARY. DO NOT PERMIT ANYONE TO 
STAND BEHIND, ABOVE, OR BELOW RAMS, OR DEAD END AREA WHILE 
STRESSING. ONLY ESSENTIAL PERSONNEL SHALL BE IN THE AREA. 
 
5 ALL TENDONS SHALL BE STRESSED BY MEANS OF STRUCTURAL 
TECHNOLOGIES / VSL HYDRAULIC RAMS, EQUIPPED WITH CALIBRATED 
HYDRAULIC PRESSURE GAUGES. A CALIBRATION CHART SHALL ACCOMPANY 
EACH GAUGE. NOTE: RAMS AND GAUGES ARE NOT TO BE INTERCHANGED. 
 
6 THE STRANDS MAY BE FULLY STRESSED WHEN CONCRETE TEST 
CYLINDERS, CURED UNDER JOBSITE CONDITIONS, HAVE BEEN TESTED AND 
INDICATE THE CONCRETE HAS REACHED THE MINIMUM CYLINDER STRENGTH 
INDICATED ON THE POST TENSIONING DRAWINGS. 
 
7 THE POST TENSIONING OPERATION SHALL BE SO CONDUCTED THAT 
ACCURATE ELONGATION OF THE TENDONS CAN BE RECORDED AND 
COMPARED WITH ELONGATIONS. 
 
8 RECORDS OF ALL GAUGE PRESSURES AND ELONGATIONS SHALL BE 
SUBMITTED PROMPTLY TO THE ENGINEER FOR APPROVAL. 
 
9 PROPER ALIGNMENT OF THE ANCHORAGE AND JACKING EQUIPMENT IS 
MANDATORY DURING ALL STRESSING OPERATIONS. 
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10 STRESSING PROCEDURE (VSLAB 6-4) 
 

A) INSPECT RAM AND PUMP FOR LOOSE SCREWS, FITTINGS, ELECTRICAL, 
AND HOSE CONNECTIONS AND TIGHTEN IF NECESSARY. CHECK JACK 
GRIPPERS TO INSURE THEY ARE CLEAN AND ALIGNED PROPERLY. 
 
B) INSTALL WEDGES INTO EACH WEDGE CAVITY (DO NOT REMOVE OILY 
FILM FROM WEDGES). 
 
C) AS A REFERENCE FOR ELONGATIONS MEASUREMENTS, MARK BOTH 
ENDS WITH A QUICK DRY SPRAY PAINT, WHITEOUT OR OTHER MEANS TO 
ESTABLISH A REFERENCE POINT FOR ELONGATION MEASUREMENT.  
 
D) STRESSING STRANDS IN A SYMMETRIC MANNER STARTING FROM THE 
CENTER OF THE SLAB USING 0.6” MONO RAM. ALWAYS STRES THE 
STRANDS ON THE ROW CLOSE TO THE MIDDLE OF THE SLAB FIRST, THEN 
GO TO THE ROW AWAY FROM THE MIDDLE OF SLAB. For THE ROW 
CLOSEST TO THE GROUND, RECOMMEND TO STRESS THE TENDON ON 
THE OTHER END OF THE SLAB SO THAT THE STRANDS CAN BE ON THE 
TOP ROW AWAY FROM THE GROUND. ONLY SINGLE-END STRESSING 
OPERATION IS NEEDED. 
 
E) TO MEET THE DESIGN REQUIREMENT, ALL TENDONS WILL BE 
STRESSED TO 85% MUTS, WHICH EQUALS TO 49.8 KIPS. REFER TO THE 
CALIBRATION CHART OF STRESSING EQUIPMENT FOR GAUGE PRESSURE. 
 
F) AFTER REMOVING THE JACK FROM THE TENDON TAIL, PLACE THE 
MARKING DEVICE AGAINST THE CONCRETE SURFACE, MEASURE THE 
DISTANCE FROM THE MARKING DEVICE TO THE REFERENCE MARK TO 
THE NEAREST 1/8 IN AND RECORD ON THE STRESSING RECORD FORM. 
SINCE THIS IS EXTREME SHORT TENDON (16 FT), THE MEASURED 
ELONGATION SHOULD COMPARE WITH ±7% OF CALCULATED ELONGATION 
± ¼ IN AS SPECIFIED IN PTI / ASBI M50-12 “GUIDE SPECIFICATION FOR 
GROUTED POST-TENSIONING” SECTION 12.6. THE CALCULATED 
ELONGATION IS 1.25 IN SO THE ELONGATION MEASURED SHOULD BE 
BETWEEN 0.91 IN TO 1.5875 IN. OR MORE STRINGENTLY BETWEEN 1 IN TO 
1-1/2 IN. 
 
G) PROMPTLY SUBMIT STRESSING RECORDS TO THE ENGINEER. UPON 
APPROVAL OF THE ELONGATIONS, STRESSING TAILS MAY BE REMOVED 
USING AN APPROVED METHOD TO APPROXIMATELY 3/4" FROM FACE OF 
ANCHOR HEAD. 
 
H) INSTALL GROUT FITTINGS AND PREPARE FOR GROUTING. 
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Construction Testing Sciences

P.O. Box 824483, Dallas, TX753824483
Phone: 214.703.8911

www.ctsciences.com

REPORT OF
RAM CALIBRATION

Client: VSL
Ram SIN: 6MR 053
Gauge: A
Load Cell S/N: 83103, calibrated 03/06115
Strain lnd. S/N: Sl-021

Report No.:
Date of Calibration:

Client No.:

1 13844
vtaq15
1 01 086

Gauge
Pressure

(psi)

Machine Load (kips) Average of
Three

ReadingsReading #1 Reading #2 Reading #3
1,000
2,000
3,000
4,000
5,000
6,000
6,100

7.87
15.75
23.53
31.47
39.35
47.1A
47.84

7.88
15.79
23.58
31.34
39.11
46.67
47.52

7.62
15.78
23.65
31.40
39.26
47 _01

47.67

7.79
15.77
23.59
31.40
39.24
46.93
47.68

Load Cell SIN:83{03, calibrated 03/06I{5

I
o
CL
.Y

o(,
o
lI.
E
Gtr

60

50

40

30

20

l0
0

2000 3000 4000

Gauge Pressure (psi)

5000

Gauge Pressure(psi) = 1 127.974 * Ram Force(kips) ) -1 1.6

Technician: J. Gary

uF ofthe clients to whom they ae addresFd md shall not be reproduced except in full without the witto approval ofConstruction Testing Sciences, LLC.

neral Manager

-]
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Construction Testing Sciences

P.O. Box 824483, Dallas, TX75382-4483
Phone: 214.703.8911

www.ctsciences.com

REPORT OF
RAM CALIBRATION

Client:
Ram SIN:
Gauge:
Load Cell SIN:
Strain lnd. S/N:

VSL
6MR 053
B
831 03, calibrated 03/06/1 5
sr-021

Report No.: 113848
Date of Calibrationz 11104t15

Glient No.: 101086

Gauge
Pressure

(psi)

Machine Load (kips) Average of
Three

ReadingsReading #1 Reading #2 Reading #3
'1,000

2,000
3,000
4,000
5,000
6,000
6,100

7.65
15.58
23.13
30.85
38.88
46.69
47.39

7.62
15.51
23.10
30.75
38.71
46.45
47.08

7.42
15.64
23.20
31.04
38.97
46.72
47.34

7.56
15.58
23.14
30.88
38.85
46.62
47.27

Load Gell S/N:83{03, calibrated 03/06115

50
o
.g 405
o30o

,: 20

E ln(E t-
t

0

2000 3000 4000

Gauge Pressure (psi)

Gauge Pressure(psi) = 1 128.436 * Ram Force(kips) ) +2A-A7

Technician: J. Gary

appemmce, perforune, etc.) or my other featre olsimilar sbject matfer provided by persons or conditiom ovq which we have lo control. Ou letters md reports ar lor the exclusive

use ofthe clients to whom tley are ad&essed ad shall not be reproduced except in ful1 withot the mitten approval ofConstruction Testing Scienc6, LLC.

l

1000 6000
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Gonstruction Testing Sciences

P.O. Box 824483, Dallas, Tx753e244ej
Phone: 214.703.9911

www.ctsciences.com

REPORT OF
RAM CALIBRATION

Client: VSL
Ram S/N: 6MR-076
Gauge: A
Load Cell S/N: 83103, calibrated 03/06/1S
Strain lnd. SIN: Sl-021

Report No.: 1 13854
Client No.: 101086

Date of Calibration: 11fi4115

Gauge
Pressure

(mi)
Machine Load {kips}

Average of
Three

ReadingsReadinq #{ Reading #2 Reading #3
1,000
2,004
3,000
4,000
5,000
6,000

8.03
15.97
24.O3
31.68
39.48
47.11

8.17
16.14
23.88
31.75
39.53
47 ^07

8.10
16.06
23.94
31.68
39.50
47.06

8.10
16.06
23.95
31.70
39.50
47.08

Load Cell S/N:831 03, calibrated 03/06/1 s

I
50

;40o
!
;30o

Eza
E
F4 10

L

3000 4000

Gauge Pressure (psi)

Gauge Pressure(psi) = ( 128.2 * Ram Force(kips) ) -SS.2B

Technician: J. Gary

appeurc, perfommce, etc ) or ey qther fature of similil sbject matter provided by parcro or conditions over which we have no ont.ol- ou letters ad .eports ee for the exelusiye
use of the olierts to whom they ae addrmed ad sfiall not be reprcdwed except in flrl without the wittetr apprord of CotrtructioD Testitrg scien@s. LLC.
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Construction Testing Sciences

P.O. Box 824483, Dallas, TX7S3A2-44A2
Phone: 214.703.8911

www,ctsciences.com

REPORT OF
RAM CALIBRATION

Client: VSL
Ram S/N: 6MR-076
Gauge: B
Load Cell S/N: 83103, calibrated AZrc6/1S
Strain lnd. S/N: Sl-021

Report No.: 113858
Client No.: 101086

Date of Calibration: 111A4115

Gauge
Pressure

(psi)
Machine Load (kips)

Average of
Three

ReadingsReading #1 Reading #2 Reading #3
1,000
2,000
3,000
4,000
5,000
6,000

7.99
15.73
23.5A
31.41
39.14
46.98

7.81
15.72
23.42
31.48
39.34
46.99

7.62
15.69
23.62
31.47
39.32
46.95

7.81
15.71
23.51
31.45
39.27
46.97

Load Gell S/N:83103, catibrated 03106/1S
i

a40
I;30o

3zo
di0

3000 4000

Gauge Pressure (psi) l
Gauge Pressure(psi) = ( 127.5i3 " Ram Force(kips) ) -1.36

Technician: J. Gary

LMITATToNS: The tesi resuits p.esented hereia were prepaed based upon the specific samplo provided for testing. we asume no resporibiity for v6iation in quaiify (compgsitio4
appeamft,perfomacqetc')ormYolhtrleatureofsimiiarsubjestmafterprovidedbypersonsorroditiorovqwhichwehavetocootrol. 

ourlettqsadleportsrelbrtheexclusive
use ofthe ciieffs to whom they ue addressed md shall not be reprqduced except in full without the witien approval ofCo6truction Tsting sciencq, LLC.
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Fric and Elongation Cals.xls

8006 Haute Court, Springfield, VA  22150

Friction and Elongation Calculations (version 4.4)

Project Name: Prototype Panel

Date:

Engineer: ZX

POST-TENSIONING SYSTEM PT is:

Coefficient of Friction: 0.14 /rad. V-Slab

Coefficient of Wobble: 0.0010 /ft

SPANS and PROFILES               REQD Fe = klf

Span Total Support

Number Span(ft.) Type Left Low pt. Right alpha (rad.) Number Force (kips)

1 16.00 1 5.38 5.38 5.38 1 41.0

2 2 41.6

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

14 14

15 15

Total 16.00 16    kips/strand vs position.

STRESSING ORDER

STRAND PROPERTIES

Ultimate Stress, fpu: 270 ksi Cross-Sectional Area: 0.217 sq. in.

Young's Modulus: 28500 ksi Strand Type: Grade 270 Low Relaxation

OTHER INFO % Jacking 85% Slab Thickness: 10.6 in 

Jacking Force per Strand: 49.8 kips 0.19 ft

Seating Loss: 0.250 in.

LONG-TERM LOSSES Average Initial compression per strand at stressing: 40.43 kips (after seating)

P/A: 1691 psi

Concrete Strength, Stressing: 6000 psi Kes: 0.5 for post-tensioned members

Concrete Strength (28-day): 6000 psi Kcr: 1.6 for post-tensioned members

Volume to Surface Ratio: 5.31 in. Ksh: 0.85 for 3 days from moist cure to stress.

Moist Cure to Stressing: 3 days Kre: 5 ksi for 270 grade low-lax strand

Force in This Strip: kips Jre: 0.04 for 270 grade low-lax strand

Relative Humidity: 80 % Cre: 0.7 for low-lax strand at 69% Fu

   Formulas used are based on Estimating Prestress Losses, Concrete International, June 1979.

28-day initial

Young's Modulus of Concrete: Ec = 57000 (f'c)^1/2  = 4E+06 4.42E+06

Elastic Shortening: ES = Kes (P/A) (E/Eci)  = 5.46

Creep: CR = Kcr (P/A) (E/Ec)  = 17.47

Shrinkage: SH = 8.2e-06 Ksh E(1-0.06(V/S)) (100-RH)  = 2.71

Relaxation: RE = (Kre - Jre (ES + CR + SH)) Cre  = 2.78

Total Long-Term Losses:  = 28.41 ksi

= 6.17 kips

SUMMARY

First Elongation: 1.28 in.   in/ft 0.0801

Second Elongation: in.

Pmax: 41.6 kips 0.71 fpu

Pave: 36.5 kips 0.62 fpu

0.8 ∆ NA in.

∆2: NA in.

11/18/2015

VSLAB6-4

Tendon Spacing

Tendon   Profile
Note: Force is after seating 
and before long-term 
losses.
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VSTRUCTURAL LLC

Notes:
1. Pmax, Pmin and elongations include seating loss

but not long-term losses.
2. Pave includes long-term losses.
3. The Deltas for the first and second pulls include the  

seating loss.

Near End Only (Support 1)

Far End Only

Near End Then Far End

Far End Then Near End

Beam or Slab ?    

Beam / Band

Slab

11/18/2015
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E
. CON NO. & EA I DATA SHÊET NUMBER

F
LABORATORY REPORT NUMBER

5245
PROJECT NAME (SECTION)

Oregon Ballistics Proiect
SONTRACT NUMBER

CONTRACTOR

Knife River / OBL
PROJECT I\¡ANAGER BID ITEM NUI\¡BER

CONCRETE SUPPLIER

Knife River Ready Mix
. SUBMITTED BY

Kevin McCaul
QUANTITY REPRESENTED

18 yd"
SONCRETE FOR USE IN (LOCATION OR PLACËMENT)

Precast Panel 1

BRIDGE NUMBER . SPECIFIED STRENGTH

6000 #REFI 28 DAYS

ìEPRESENTED BY

\o. oF cYLs. 12
SET NUMBER

1

DATE CAST

11t2t15
DATE SHIPPED

11t3t15
CYLINDER SIZE

4x8
INVOICE NUIV]BER

1055245
- TEST SPECIMENS AT DAYS INDICATEDA 3le 5lc 7lo 28 lr 28 lr 28 lc 6s lH 65

YIELD

9.14 yd"

MIX

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

IV]IX DESIGN NUI\¡BER

268KN3HOSO

- DESIGN CEI\¡ENTITIOUS

MATERIAL CONTENT

846 lb/yd"

- FREE (SURFACE) MOTSTURE
- COARSE #1 - COARSE #2 - COARSE #3 * SAND

1.34 % 3.02 o/o o//o 8.01 0/o

. AMBIENT TEIV]P

44 "F

CONCRETE TE¡iIP

7B .F

. SLUMP

6.75 tn

- AIR CONTENT

1.6 %

- UNIT WEIGHT

145.2 tb/fF

- CEI\¡ENTITIOUS IVIAT. CONTENT

833 rb/yd"

- FIELD W/C RATIO

0.39 BY WT
ADDIT¡VES CEMENT FLYASH

2965 oz 7617 tb tb

- SILICA

tb

- WATER BATCHED

1510 tb

- NET WEIGHT

36.28
- POT CALIBRATION

0.249810
AGGREGATE #2 #3

2480 tb 11780 rb tb

- FINË AGG (SAND)

12280 rb

* WATER AT JOB

tb

- CURING

Tank
- CAPPING

. PROJECT CONTACT PERSON . CONTACT PHONE NUMBER - TIME CYL CAST

1:30 PM
- LOW TEMP

42 F

TEI\,1P

B4 "F

FIELD REMARKS

UALITY CONTROL NFo * PHONE No. FAX No

T 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE

( L L: ,,-.- l-

DATE

11t2t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY /ö3U # lTlenss

English (E) or Metric (M)

FAIL

CYLINDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

SÏRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11t05t15 3 59204 12.56 4710 60 5 Lab Cure
B 11t07 t15 5 70296 12.56 5600 60 2 Lab Cure
C 11t09t15 7 78740 12.56 6270 60 2 Lab Cure
D 11130t15 28 981 99 12.56 7820 60 2 Lab Cure
E 11130t15 28 973'10 12.56 7750 60 2 Lab Cure
F 11t30t15 28 99288 12.56 7910 60 2 Lab Cure
tJ 01t06t16 65 1 09829 12.56 8740 60 2 Partial Field Cure
H 01t06t16 65 112684 12.56 8970 60 4 Partial Field Cure

coM MENTS (wHEN MATERTAL,cyLTNDERs oR DAIA REcETvED)

Cylinders G and H were field cured on site until 11l1512015 and then lab cured until broke.

X

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COI\¡PANY NAI\¡E

Knife River

SIGNATURE DA.TE

,-..{ 'ì1t3012015

NCONTROL CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
. CON NO. & EA , DATA SHEET NUMBER

F
LABORATORY REPORT NUMBER

5251
]ROJECT NAME (SECTION)

Oregon Ballistics Project
CONTRACT NUMBËR

CONTRACTOR

Knife River / OBL
PROJECT MANAGER B¡D ITEM NUMBËR

CONCRETE SUPPLIER

Knife River Ready Mix
- SUBMITTED BY

Kevin McCaul
QUANTITY REPRESENTED

18 yd"
CONCRETE FOR USE IN (LOCATION OR PLACEMENT)

Precast Panel2
BRIDGE NUMBÊR

6000 #REF! 28 ÞAys
REPRESENTED BY

NO. OF CYLS. 12
SET NUIMBER DATE CAST

2 11t2t15
DATE SHIPPED

11t3t15
CYLINDER SIZE

4xB
INVOICE NUMBER

1055251
- TEST SPECIMENS AT DAYS INDICATEDA 7la 28 lc 28 lo 28 E 65 lr 65 lc H lH H 9.14 yd"

Mtx

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

" CONCRETE SUPPLIER

MIX DESIGN NUMBER

268KN3HOSO

- DESIGN CEMENTITIOUS

MATERIAL CONTENT

846 rb/yd"

- FREE (SURFACE) MOTSTURE

^ coARSE #1 l- connse +z l" connse *s l^ snruo

1.34 v"l s.oz %l v,lo.os %
* AMBIENT TEMP

44 .F

. CONCRETE TEMP

77 'F

SLUMP

7 ln

AIR CONTENT

1.8 Yo

- UNIT WEIGHT

144.4 tb/ft3

* CEMENTITIOUS MAT. CONTENT

832 lb/yd3

FIELD W/C RATIO

0.40 BY WT
ADDITIVES CEMENT FLYASH

2869 7606 lb tb

- SILICA

tb

- WATER BATCHED

1735 lb

- NET WEIGHT

36.07
" POT CALIBRATION

0.249810
AGGREGATE #1 #2 AGGREGATE #3

2260 tb 11740 tb rb

. FINE AGG (SAND)

12100 tb

" WATER AT JOB

tb

" CURING

Tank
- CAPPING

. PROJECT CONTACT PERSON . CONTACT PHONE NUMBER
* TIME CYL CAST

2:00 PM
LOW TEMP HIGH

42 84 F

FIELD REMARKS

UALITY CONTROL * PHONE No. FAX No

T 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATÊ

{**
1112t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY tozu # @enss

English (E) or Metric (M)

FAIL

CYLINDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11109t15 7 55365 12.56 4410 60 2 Lab Cure
B 11130t15 28 94412 12.56 7520 60 3 Lab Cure
c 11130t15 28 96750 12.56 7700 60 3 Lab Cure
D 11t30t15 28 96118 12.56 7650 60 2 Lab Cure
E 01t06t16 65 90658 12.56 7220 60 4 Partial Field Cure
F 01t06t16 65 109201 12.56 8690 60 2 Partial Field Cure
G #VALUE! H

H #VALUE! H

COMMENTS (WHEN MATERIAL,CYLINDERS OR DATA RECEIVED)

Cylinders E and F were field cured on site until 1111512015 and then lab cured until broke

X

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

(:,-- .

11130t2015

CONTROL FICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
. CON NO. & EA - DAIASHEETNUMBER

F
LABORATORY REPORT NUMBER

531 1
)ROJECT NAME (SECT¡ON)

Oregon Ballistics Project
CONTRACT NUMBÊR

SONTRACTOR

Knife River / OBL
PROJECI MANAGER BID ITEM NUMBER

]ONCRETE SUPPLIER

Knife River Ready Mix
. SUBMITTED BY

Kevin McCaul
QUANTITY REPRESENTED

I vd"
FOR USE IN (LOCATION OR PLACEMENT)

Precast Panel 3
NTJMBER - SPECIFIED STRENGTH

6000 #REFI 28 DAYS

ìEPRESENTED BY

!o. oF cYLs. 12
ET NUMBER DATE CAST SHIPPED

1 11t4t15 11t5t15
CYLìNDER SIZE

4x8
INVOICÊ NUI\¡BER

1 05531 1

A 7 ls 2g lc 28 lo ää"1ï"^"''ää^'T', 6s lc H lH H 9.1 1 yd"

MIX

DESIGN

'ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DESIGN NUMBER

268KN3HOSO

- FREE (SURFACE) MOTSTURE- DESIGN CEMENTITIOUS

MATERIAL CONTENT COARSE #1 " COARSE #2 - COARSE #3

o/to

SAND

846 lb/yd' 1.34 % 3.02 % 6.97 %
- AMBIENT TEMP

42 F

- CONCRETE TEMP

75 'F

SLUMP AIR CONTENT

6.25 in 1.6 %

- UNIT WEIGHT

144.3 lb/fF

- CEI\¡ENTITIOUS MAT. CONTENT " FIELD W/C RATIO

833 0.39 BYWr
ADDITIVES CEMENT

2869 oz 7591 rb

FLYASH

tb

- stLtcA

tb

- WATER BATCHED

1626 rb

" NET WEIGHT

36.05
- POT CALIBRATION

0.249810
#1 AGGREGATE #2

2260 lb 1 1600 rb

-AGGREGATE #3

tb

- FINE AGG (SAND)

12220 rb

- WATER AT JOB

tb

- CURING

Tank
- CAPPING

' PROJECT CONTACT PERSON . CONTACT PHONE NUMBER " TIIVE CYL CAS'I LOW TEIVP HIGH TEIVIP,

2:45 PM 53 .F B3 .F

FIELD REMARKS

UALITY CONTROL * PHONE No. FAX No.

r 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

{---.
1114t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY b9öu #

English (E) or Metric (M)

lT'lenss EFAIL

CYLINDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REFI

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11t11t15 7 621 38 12.56 4950 60 5 Lab Cure
B 12102t15 28 89146 12.56 7100 60 3 Lab Cure
c 12102t15 28 86552 12.56 6890 60 3 Lab Cure
D 12t02t15 28 87323 12.56 6950 60 2 Lab Cure
E 01t08t16 65 95631 12.56 7610 60 5 Partial Field Cure
F 01t08t16 65 102771 12.56 81 80 60 2 Partial Field Cure
(J #VALUE! H

H #VALUE! H

COMMENTS (wHEN r\¡ArERrAL,cylrNDERs oR DArA REcETvED)

Cylinders E and F were field cured on site until 1111512015 and then lab cured until broke.

I 22 CERTIFIED TECHNICIAN (PLEASÊ PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

(__-,.,, , __ <1! -- 1212/201s

CONTROL ICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
' CON NO. & EA - DATA SHEET NUMBER

F
LABORATORY REPORT NUMBER

5339
PROJECT NAME (SECTION)

Oregon Ballistics Proiect
CONTRACT NUMBER

CONTRACTOR

Knife River / OBL
PROJECT MANAGÊR BID ITEM NUMBER

CONCRETE SUPPLIER

Knife River Ready Mix
" SUBMITTED BY

Kevin McCaul
QUANTITY REPRESÊNTED

I vd"
FOR USE IN (LOCATION OR PLACEMENT)

Precast Panel 4
DGE NUI\¡BER - SPECIFIED STRENGTH

6000 #REFI 28 DAYS

ìEPRESENTED BY

\o. oF cYLs. I
SET NUMBER DATE CAST SHIPPED

1 11t5t15 1116t15
CYLINDER SIZE

4x8
INVOICE NUI\¡BER

1 05531 1

- TEST SPECIMENS AT DAYS INDICATEOA 6la 6lc 28 lo 28 le 28 |r 62 lc 62 lH H
YIÉLD

yd"

MIX

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DÊSIGN NUI\¡BER

268KN3HOSO

" DESIGN CEMENTITIOUS

MATERIAL CONTENT

846 lb/yd3

'coARsE #1

- FREE (SURFACE) MOTSTURE

l. connse *z l- connse +s l" snro

"t"l g.oz "/"1 ul a.lt o/o1.34
'AMBIENT TEI\4P

46 .F

CONCRETE TEIVIP

78 T

SLUMP AIR CONTENT

nla in nla o/

- UNIT WEIGHT

tb/fF

- CEMENTITIOUS MAT. CONTENT - FIÉLD W/C RATIO

#VALUE! 0.40 BY WT
ADDITIVES CËMENT

2853 oz 7594 rb

FLYASH

tb

" SIL¡CA

tb

WATER BATCHED

1701 tb

* NET WEIGHT

#VALUE!
" POT CALIBRATION

0.249810
#1 AGGREGATE #2

2260 tb 11580 tb

-AGGREGATE #3

lb

- FINE AGG (SAND)

12160 tb

- WATER AT JOB

tb

- CURING

Tank
- CAPPING

' PROJECT CONTACT PERSON - CONTACT PHONE NUMBER - TIME CYL CAST LOW

1:00 PM 53 "F

- HIGH TEMP

83
FIELD REMARKS

Slump not measured
for workability

Approximately a 28" spread due to the addition of 1466 on site

CONTROL * PHONE No. FAX No

T 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

{--.-
1115t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY l-Tgg0-l # lTlenss

English (E) or Metric (M)

FAIL

CYLINDFR

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11t11t15 6 94697 12.56 7540 60 2 Field Cure
B 11t11t15 6 87788 12.56 6990 60 3 Field Cure
c 12t03t15 28 110213 12.56 8770 60 3 Lab Cure
D 12t03t15 28 113874 12.56 9070 60 2 Lab Cure
E 12103t15 28 114644 12.56 91 30 60 3 Lab Cure
F 01106t16 62 120200 12.56 9570 60 5 Partial Field Cure
G 01106t16 62 124044 12.56 9BBO 60 2 Partial Field Cure
H #VALUE! H

COMMENTS (WHEN MATERIAL,CYLINDERS OR DATA RÊCEIVED)

Cylinders F and G were field cured on site until 1111512015 and then lab cured until broke

X

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COI\¡PANY NAME

Knife River

SIGNATURÊ DATE

('---. --
12t3t2015

CONTROL RIFICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
' CON NO. & EA . DATASHEETNUMBER

F
LABORATORY REPORT NUMBER

5456
TROJECT NAME (SECTION)

Oregon Ballistics Proiect
CONTRACT NUMBER

]ONTRACTOR

Knife River / OBL
PROJECT MANAGER BID ITEM NUMBER

]ONCRETE SUPPLIER

Knife River Ready Mix
- SUBMITTED BY

Kevin McCaul
QUANÏITY REPRESENTED

9 vd"
]ONCRETE FOR USÊ IN (LOCATION OR PLACEMENT)

Precast Panel 5
BRIDGE NUMBER . SPECIFIED STRENGTH

6000 #REFI 28 DAYS

REPRESENTED BY

NO- OF CYLS I
NUMBER DATE CAST

1 11t10t15
DATE SHIPPED

11t12t15
CYLINDER SIZE

4x8
INVOICE NUI\4BER

1 055456
- TEST SPECIMENS AT DAYS INDICATED

lc 28 lo 28 lr 57 |r 57 lc H lH HA. 7 la. 28
YIELD

yd"

MIX

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DESIGN NUMBER

268KN3HOSO

- DESIGN CEMENTITIOUS

MATERIAL CONTENT

846 rb/yd"

. FREE (SU
coARsE #1 coARsE #2 COARSE #3 SAND

1.34 % 3.02 0/o o/o 6.55 %
AI\¡BIENT TEI\¡P CONCRÊTE TEMP

41 I 76 .F

SLUMP

nla tn

* AIR CONTENT

nla %

UNIT WEIGHT CÉMENTITIOUS MAT. CONTÉNT

#VALUE! rb/yd"

FIELD W/C RATIO

lb/fr. 0.40 BY WT
- ADDITIVÊS

2857
* CEMENT

7627 tb

- FLYASH

tb

SILICA WATER BATCHED

tb 1726 tb

- NET WEIGHT

#VALUE!
* POT CALIBRATION

0.249810
'AGGREGATE #1

2340 rb

- AGGREGATE #2

11840 tb

, AGGREGATE #3

tb

WATER AT JOB

12200 tb tb

* CURING

Tank
- CAPPING

. PROJECT CONTACT PERSON . CONTACT PHONE NUMBER " TIME CYL CAST H TEI\¡P

1:40 PM 50 B1 .F

FIELD REMARKS

Slump not measured
for workability

Approximately a 20" spread due to the addition of 1466 on site

ITY CONTROL CATION * PHONE No FAX No.

T 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNAIURE DATE

( c + '--- r- llliolis

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY v4óu # PASS

English (E)or Metric (M)

FAIL

CYLINDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11t17 t15 7 97830 12.56 7790 60 2 Lab Cure
B 12t08t15 28 117832 12.56 9380 60 2 Lab Cure
C 12t08t15 28 119047 12.56 9480 60 2 Lab Cure
D 12t08t15 28 118446 12.56 9430 60 2 Lab Cure
E 01/06/16 57 108827 12.56 8660 60 4 Partial Field Cure
F 01t06t16 57 1 05879 12.56 8430 60 2 Partial Field Cure
G #VALUEI H
H #VALUEI H

coM MENTS (WHEN MATERIAL,cYLINDERs oR DATA REcE¡VED)

Cylinders E and F were field cured on site until 1111512015 and then lab cured until broke

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COI\¡PANY NAI\¡E

Knife River

SIGNATURE DATE

l**-,-:- 12t8t2015

QUALITY CONTROL RIFICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
' CON NO, & EA - DATASHEETNUMBER

F
LABORATORY REPORT NUMBER

551 I
TRoJECT NAt\¡E (SECT|ON)

Oregon Ballistics Project
CONTRACT NUMBER

MANAGËR

Knife River / OBL
BID ITEM NUMBER

SUPPLIER SUBMITTED BY

Knife River Rea Mix Kevin McCaul
QUANTITY REPRESENTÉD

I vd"
]ONCRETE FOR USE IN (LOCATION OR PLACÊMENT)

Precast Panel 6
BRIDGE NUMBER - SPECIFIED STRENGTH

6000 #REFI 28 DAYS

REPRESENTED BY

!O. OF CYLS. 9
NUMBER DATE CAST

1 11112t15
DATE SHIPPED

11t13t15
CYLINDER SIZE

4x8
INVOICE NUIVIBER

1 05551 B

A5 le slc 28lo 28lr äî*T" sslc sslH H yd"

MIX

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DESIGN NUMBER

268KN3HOSO

* DESIGN CEMENTITIOUS

MATERIAL CONTENT

- FREE (SURFACE) MOTSTURE
coARsE #1 " COARSE #2 coARsE #3

o//o

SAND

846 lb/yd' 1.34 % 3.02 % 5.85 %
AMB¡ENT TEMP CONCRETE TEIVIP

47 "F 75 r

SLUMP

nla
AIR CONTENT

tn nla %

UNIT WEIGHT CEMENTITIOUS MAT. CONTENT FIELD W/C RATIO

tb/ff #VALUEI 0.38 BY WT
ADDITIVES CEI\¡ENT

2857 oz 7607 rb

- FLYASH

tb

stLrcA WATER BATCHED

tb 1651 rb

- NET WEIGHT

#VALUE!
- POT CALIBRATION

0.249810
#1 AGGREGATE #2

2260 tb 1 1660 rb

- AGGREGATE #3

tb

- FINE AGG (SAND)

12140 rb

WATER AT

tb

- CURING

Tank
- CAPPING

, PROJECT CONTACT PERSON . CONTACT PHONE NUMBER - TIME CYL CAST LOW TEMP HIGH

1:40 PM 53 82 T

FIELD REMARKS

Slump not measured
for workability

Approximately a22" spread due to the addition of 1466 on site

ITY CONTROL NFo * PHONE No. FAX No

T 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAIVIE

Knife River

SIGNATURE DATE

{,--- ,
11112t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY t5'¿u #

English (E) or Metric (M)

@enss trI FAIL

CYLINDER

ID

DAÏE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11117 t15 5 71415 12.56 5690 60 5 Field Cure
B 11117 t15 5 68127 12.56 5420 60 2 Field Cure
c 12110t15 28 961 16 12.56 7650 60 3 Lab Cure
D 12110t15 28 9401 8 12.56 7490 60 3 Lab Cure
E 12t10t15 28 93235 12.56 7420 60 2 Lab Cure
F 01t06t16 55 98119 12.56 7810 60 2 Partial Field Cure
G 01i06/1 6 55 97892 12.56 7790 60 3 Partial Field Cure
H #VALUE! H

COMMENTS (wHEN MATERTAL,cyLTNDERs oR DAIA REcETvED)

Cylinders F and G were field cured on site until 1111512015 and then lab cured until broke.

T 22 CERTIFIED TECHNJCIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

{.*--.,,-- -¿.'.::,"'- 12l1OlZO1S

QUALITY CONTROL FICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
. CON NO. & EA " DATASHEETNUMBER

F
LABORATORY REPORT NUMBER

5549
)ROJECT NAME (SECT¡ON)

Oregon Ballistics Proiect
CONTRACT NUMBER

MANAGER

Knife River / OBL
BID ITEM NUMBER

SUPPLIER SUBMITTED BY

Knife River Rea Mix Kevin McCaul
QUANTITY REPRESENTED

I yd

CONCRETÊ FOR USE IN (LOCAT¡ON OR PLACEMENT)

Precast Panel 7
BRIDGE NUMBER . SPECIFIED STRENGTH

6000 #REF! 28 DAYS

REPRESENTED BY

NO. OF CYLS. B

NUMBER OATE CAST

1 11t13t15
DATE SHIPPED

11t14t15
CYLINDER SIZE

4x8
INVOICE NUMBER

1 055549
* TEST SPECIMENS AT DAYS INDICATED

lc 7lo 28 lr 28 |r 28 lc s4 lH 54A. 4le 4
YIELD

MIX

DESIGN

" ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DESIGN NUMBER

268KN3HOSO

" DESIGN CEMENTITIOUS

MATERIAL CONTENT

- FREE (SURFACE) MOISTURE
coARsE #1 coARsE #2 COARSE #3

%

SAND

846 rb/yd" 1.34 o/o 3.02 % 5.85 %
- AMBIENT TEMP

50 .F

CONCRETE TEMP

77 'F

- SLUMP AIR CONTENT

nla tn nla %

UNIT WEIGHT CEMENTITIOUS MAT. CONTENT

#VALUE! ,b/yd.

FIELD W/C RATIO

lb/ff 0.40 BY WT
- ADDITIVES

2857 oz

- CEMENT

7619 tb

" FLYASH

tb

SILICA WATER BATCHED

tb 1 801 tb

" NET WEIGHT

#VALUE!
- POT CALIBRATION

0.249810
, AGGREGATE #1

2280 tb

- AGGREGATE #2

11480 tb

.AGGREGATE #3

tb

WATER AT JOB

12020 lb tb

- CURING

Tank
* CAPPING

. PROJECT CONTACT PERSON CONTACT PHONE NUMBER
* TIME CYL CAST LOW TEMP HIGH TEMP

11:00 AM 56 .F B4 .F

FIELD REMARKS

Slump not measured
for workability

Approximately a20" spread due to the addition of 1466 on site

UALITY CONTROL l-'luenrncolol, l-'f"lro * pHoNE No. FAX No

r 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

{---.
11t12t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY 629U #

English (E) or Metric (M)

@enss flrntl

CYL¡NDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

ryPE REMARKS

A 11t17 t15 4 80202 12.56 6390 60 3 Field Cure
B 11t17 t15 4 77323 12.56 6160 60 3 Field Cure
c 11t20t15 7 94525 12.56 7530 60 2 Lab Cure
D 12t11t15 28 1 03680 12.56 8250 60 2 Lab Cure
E 12111t15 28 104022 12.56 8280 60 2 Lab Cure
F 12t11t15 28 104577 12.56 8330 60 2 Lab Cure
G 01t06t16 54 112344 12.56 8940 60 4 Partial Field Cure
H 01106t16 54 1 08655 12.56 8650 60 2 Partial Field Cure

COMMENTS (wHEN MATERTAL,cylTNDERs oR DArA REcETvED)

Cylinders G and H were field cured on site until 1'1l1512015 and then lab cured until broke

X

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

CONTROL CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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E
. CON NO. & EA * DATA SHEET NUMBER

F
LABORATORY REPORT NUMBER

5573
PROJÊCT NAME (SECTION)

Oregon Ballistics Project
CONTRACT NUMBER

ROJECI MANAGER

Knife River / OBL
BID ITEM NUMBER

SUPPLIER SUBMITTED BY

Knife River Rea Mix Kevin McCaul
QUANTITY REPRÉSENTED

9 yd"
CONCRETE FOR USE IN (LOCATION OR PLACEMËNT)

Precast Panel B
BRIDGE NUI\¡BER . SPECIFIED STRENGTH

6000 #REF! 28 DAYS

REPRESENTED BY

NO. OF CYLS, I
NUMBER OATE CAST

1 11114t15
DATE SHIPPED

11t16t15
CYLINDER SIZE

4xB
INVOICË NUMBER

1 055573
- TEST SPECIMENS AT DAYS INDICATEDA. 3la. 3lc 5 lo 28 le 28 lr 28 lc 53 lH 53

YìELD

yd"

MIX

DESIGN

- ODOT LAB / MIX

DESIGN NUMBER

- CONCRETE SUPPLIER

MIX DESIGN NUMBER

26BKN3HOSO

- DESIGN CEMENTITIOUS

MATERIAL CONTENT

846 n,ryd"

. FREE (SURFACE)MOtSTU
coARsE #1 COARSE #2 COARSE #3

%

SAND

1.34 To 3.02 % 5.45 %
P coNcREtË

36 "F 72 "F

SLUIVIP

nla tn

- AIR CONTENT

nla %

- UNIT WEIGHT CEMENTITIOUS MAT. CONTENT FIELD W/C RATIO

ffi vnr #VALUE! lb/yd" 0.39 BY WT
'ADDIT¡VES

2857 oz

CËMENT

7634 lb

- FLYASH

tb

, SILICA WAIER BATCHED

tb 1843 rb

- NET WEIGHT

#VALUE!
- POT CALIBRATION

0.249810- AGGRËGATE #1

2260 rb

- AGGREGATE #2

1 1600 tb

-AGGREGATE #3

tb

AGG (SAND) WATER AT

12060 tb tb

- CURING

Tank
- CAPPING

. PROJECTCONTACTPERSON . CONTACT PHONE NUMBER * TII\¡E CYL CAST

10:15 AM

- LOW TEMP

42 B4
FIELD REMARKS

9lump not.measured. Approximately a20" spread due to the addition of 1466 on site
for workability

CONTROL * PHONE No. FAX No.

r 23 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAI\¡E

Knife River

SIGNATURE DA E

(_- 
--_ 11112t15

SAMPLE DATA SHEET FOR CONCRETE CYLINDERS

LAB USE ONLY BELOW

AVE 28 DAY tótu # [Tlenss

English (E) or Metric (M)

FAIL

CYLINDER

ID

DATE OF

BREAK

AGE

DAYS
MAXIMUM

LOAD
CYLINDER

AREA

STRENGTH

#REF!

COMPOUND TYPE /

PAD DUROMETER

BREAK

TYPE
REMARKS

A 11117 t15 3 53766 12.56 4280 60 2 Field Cure
B 11117 t15 3 52789 12.56 4200 60 2 Field Cure
c 11t19t15 5 75618 12.56 6020 60 2 Lab Cure
D 12t12t15 28 91 589 12.56 7290 60 3 Lab Cure
E 12112t15 28 91 163 12.56 7260 60 2 Lab Cure
F 12t12t15 28 94792 12.56 7550 60 2 Lab Cure
G 0'1/06/16 53 103671 12.56 8250 60 5 Partial Field Cure
H 01106t16 53 102364 12.56 81 50 60 2 Partial Field Cure

COMMENTS (WHEN MATERIAL,CYLINDERS OR DATA RECËIVED)

Cylinders G and H were field cured on site until 11l1 512015 and then lab cured until broke

X

T 22 CERTIFIED TECHNICIAN (PLEASE PRINT) AND CARD NUMBER

Kevin McCaul 44396

COMPANY NAME

Knife River

SIGNATURE DATE

l--,=. 12t12t2015

CONTROL FICATION CYLINDERS REC'D DATA SHEET RECD

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016 Pre-Test Specimen Temperature: 36 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

725 psi          
(5 MPa)

5.9 lb/ft3      

(95 kg/m3)
9430 psi   

(65.0 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in significant front face scabbing of the concrete cover. On the back 
face, the test panel showed prominent cracking/crushing along the vertical supports and the bottom 
horizontal support. Horizontal cracks up to 1/4-inch (6mm) thick occurred near, but below the panel mid-
height. Lighter cracking was visible over a wide region in the center of the panel. Cracking through the 
thickness of the slab was also observed.

The maximum inbound permanent deflection recorded was 2.7 inches (68 mm). No rebound deflection 
was noted post-test.

Damage to the steel frame was observed after testing completed, particularly along the welds at the 
upper corners. Significant deformation of the steel pedestals was also visible.

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H 849 0.8818
2 2-SG-1-F-V -914 0.8782
3 3-SG-2-F-H 3441 0.8885
4 4-SG-2-F-V 669 0.8891
5 5-SG-3-F-H N/A N/A
6 6-SG-3-F-V N/A N/A
7 7-SG-4-F-H N/A N/A
8 8-SG-4-F-V N/A N/A
9 9-SG-5-F-H 1190 0.8864
10 10-SG-5-F-V 11,056 0.8916
11 11-SG-6-F-H 614 0.8907
12 12-SG-6-F-V 411 0.9172
13 13-SG-1-R-H N/A N/A
14 14-SG-1-R-V N/A N/A
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V N/A N/A
17 17-SG-3-R-H -317 0.8779
18 18-SG-3-R-V N/A N/A
19 19-SG-4-R-H N/A N/A
20 20-SG-4-R-V -2316 0.8806
21 21-SG-5-R-H N/A N/A
22 22-SG-5-R-V N/A N/A
23 23-SG-6-R-H N/A N/A
24 24-SG-6-R-V N/A N/A
25 25-SG-7-R-H -142 0.9071
26 26-SG-7-R-V N/A N/A
27 27-SG-8-R-H N/A N/A
28 28-SG-8-R-V N/A N/A
29 29-SG-9-R-H N/A N/A
30 30-SG-10-R-V N/A N/A

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Broken wire after 3.86 seconds
Wire broken at 0.8886 seconds

Intermittent connection
Intermittent connection and broken wire

Intermittent connection
Intermittent connection

Broken wire at 0.9432 seconds
Broken wire at 0.8916 seconds

Intermittent connection from 0.935 to 1.74 s
Intermittent connection from 0.89 to 0.91 s

No sensor response
No sensor response
No sensor response
No sensor response

No sensor response
No sensor response

Wire broken at 0.8810 seconds
No sensor response
No sensor response

No sensor response
No sensor response
No sensor response

No sensor response
No sensor response

No sensor response
No sensor response

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Rebar Locat. X-bar Y-bar
1 9 9
2 13 13
3 15 15
4 17 14
5 21 12
6 14 18
7 12 21
8 18 19
9 20 16

10 16 20

Strain Gauge Locations
Slab Design A 

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 N/A N/A 67

32 N/A N/A 68

Displacement Gauge Information 
(see attached diagram for locations)

Notes

Sensor functional, broken wire between 
amplifier and data acquisition system

Sensor functional, broken wire between 
amplifier and data acquisition system

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

33 341 52.3 N/A N/A

34 5.7 7.8 -5.7 N/A

35 14.8 94.2 N/A N/A

36 542 92.4 -387 N/A

Located behind test fixture

Signal becomes noisy after 
0.0058 seconds

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Wire broken after 0.000705 s

Located inside test fixture

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(in)

Final 
Measurement 

(in)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2
V2 H3
V2 H4
V2 H5
V2 H6
V3 H1
V3 H2
V3 H3
V3 H4
V3 H5
V3 H6
V4 H1 2.375 1.625 19.1 0.750
V4 H2 1.875
V4 H3 1.75
V4 H4 1.625
V4 H5 1.625 0.875 19.1 0.750
V4 H6 2.25 1.75 12.7 0.500
V5 H1 2.375 2 9.5 0.375
V5 H2 1.8125 0.75 27.0 1.063
V5 H3 1.75
V5 H4 1.6875
V5 H5 1.625 1 15.9 0.625
V5 H6 2.25 1.75 12.7 0.500
V6 H1 2.375 2.5 -3.2 -0.125
V6 H2 2.25 1.625 15.9 0.625
V6 H3 2.25 1.375 22.2 0.875
V6 H4 2.25 1.25 25.4 1.000
V6 H5 2.125 1.25 22.2 0.875
V6 H6 2.25 2.25 0.0 0.000

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 1 - Panel 5 Charge Standoff: 30 ft to Center of Charge

Test Date: January 7, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016 Pre-Test Specimen Temperature: 17 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

725 psi          
(5 MPa)

5.9 lb/ft3      

(95 kg/m3)
7830 psi   

(54.0 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in significant front face scabbing of the concrete cover. On the back 
face, the test panel showed prominent cracking/crushing along the vertical supports. Horizontal cracks up 
to 1/4-inch (6mm) thick occurred near, but below the panel mid-height. Lighter cracking was visible over a 
wide region in the center of the panel. Cracking through the thickness of the slab was also observed.

The maximum deflection recorded with the laser sensors was 5.8 inches (148 mm) a few inches above a 
horizontal crack located 18 inches (457 mm) below the slab mid-height. The manual displacement reader 
recorded a maximum deflection at this crack of 6.8 inches (171 mm). A maximum inbound permanent 
deflection of 4.6 inches (117 mm) was observed, while no rebound deflection was noted post-test.

Damage to the steel frame was observed after testing completed, particularly along the welds at the 
upper corners. Visible, but less prominent damage occurred at the weld at the bottom left corner of the 
frame.

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H 3287 0.7898
2 2-SG-2-F-H 5911 0.7860
3 3-SG-3-F-H 1911 0.7800
4 4-SG-1-F-V 2679 0.7813
5 5-SG-2-F-V 1221 0.7731
6 6-SG-3-F-V N/A N/A
7 7-SG-4-F-H N/A N/A
8 8-SG-4-F-V N/A N/A
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H 465 0.7948
14 14-SG-1-R-V -4051 0.7843
15 15-SG-2-R-H -3013 0.7838
16 16-SG-2-R-V N/A N/A
17 17-SG-3-R-H -888 0.7798
18 18-SG-3-R-V -13,134 0.7836
19 19-SG-4-R-H 7081 0.7819
20 20-SG-4-R-V -14,152 0.7866
21 21-SG-5-R-H -4093 0.7837
22 22-SG-5-R-V -8654 0.7845
23 23-SG-6-R-H 209 0.7947
24 24-SG-6-R-V -12,791 0.7838
25 25-SG-7-R-H -3707 0.7918
26 26-SG-7-R-V -3535 0.7839
27 27-SG-8-R-H -5757 0.7865
28 28-SG-8-R-V -3899 0.7881
29 29-SG-9-R-H N/A N/A
30 30-SG-10-R-V -5313 0.7868

Permanent Strain: -600 µƐ
Strain gauge had no response
Permanent Strain: -2400 µƐ

Permanent Strain: -1640 µƐ
Permanent Strain: -1100 µƐ
Permanent Strain: -800 µƐ
Permanent Strain: -1100 µƐ

Permanent Strain: -8890 µƐ
Wire broken at 0.7894 s

Permanent Strain: -6910 µƐ
Permanent Strain: -1040 µƐ
Permanent Strain: -4435 µƐ

Noisy Connection
Wire broken at 0.7804 s

No strain gauge installed
No strain gauge installed
No strain gauge installed
No strain gauge installed
No strain gauge installed

12' down in center, Wire broken at 0.7801 s
4' from left edge, Wire broken at 0.7815 s
Center of panel, Wire broken at 0.7809 s

12' from left edge, Sensor had no response
No strain gauge installed

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

4' down in center, Wire broken at 0.7900 s
Center of panel, Wire broken at 0.7862 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Rebar Locat. X-bar Y-bar Rebar Locat. X-bar Y-bar
1 9 9 1 8 8
2 13 13 2 16 16
3 15 15 3 24 24
4 17 14
5 21 12
6 14 18
7 12 21
8 18 19
9 20 16

10 16 20

Strain Gauge Locations
Slab Design A (Red/Orange) Slab Design A (Blue/Green)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 148 0.8715 113

32 148 0.8721 117

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes

Located 13.5 inches below slab centerline

Located 2.3 inches below slab centerline

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

33 69.1 152 N/A N/A

34 101 195 N/A N/A

35 148 218 N/A N/A

36 695 239 -135 N/A

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.17 12.02 45.7 1.800
V2 H3 12.18 11.98 61.0 2.400
V2 H4 12.19 11.8 118.9 4.680
V2 H5 12.18 11.99 57.9 2.280
V2 H6
V3 H1
V3 H2 12.18 11.95 70.1 2.760
V3 H3 12.18 11.89 88.4 3.480
V3 H4 12.18 11.87 94.5 3.720
V3 H5 12.17 11.88 88.4 3.480
V3 H6
V4 H1
V4 H2 12.2 11.88 97.5 3.840
V4 H3 12.2 11.82 115.8 4.560
V4 H4 12.18 11.79 118.9 4.680
V4 H5 12.15 11.87 85.3 3.360
V4 H6
V5 H1
V5 H2 12.24 12.2 12.2 0.480
V5 H3 12.21 11.94 82.3 3.240
V5 H4 12.19 11.92 82.3 3.240
V5 H5 12.17 11.94 70.1 2.760
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1300 lb

Test Number: Test 2 - Panel 1 Charge Standoff: 30 ft to Center of Charge

Test Date: January 8, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016 Pre-Test Specimen Temperature: 57 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

1450 psi          
(10 MPa)

5.9 lb/ft3      

(95 kg/m3)
7620 psi   

(52.5 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in significant front face scabbing of the concrete cover. On the back 
face, the test panel showed light cracking over the entire surface. The most pronounced cracking 
occurred near the middle of the slab (0.05 inch or 1.3 mm wide) and along the bottom horizontal support 
(0.1 inch or 2.5 mm). No damage was observed to the stiffened steel frame.  

The maximum deflection recorded with the laser sensors was 4.7 inches (120 mm) near the center of the 
slab. The permanent set near the slab center point was approximately 3.9 inches (100 mm).

Upon removal of the panel from the test fixture, cracking through the slab thickness was observed along 
the edges. Disengagement of the concrete layers above and below the PT strands was recorded. This 
disengagement generally ranged from 3/8-inch (9.5 mm) to ½-inch (13 mm).

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)

E-22



Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-2-F-H 2369 0.0130
3 3-SG-3-F-H 13,662 0.0130
4 4-SG-1-F-V 3004 0.0131
5 5-SG-2-F-V 2231 0.0130
6 6-SG-3-F-V N/A N/A
7 7-SG-4-F-H N/A N/A
8 8-SG-4-F-V N/A N/A
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H -2835 0.0181
14 14-SG-1-R-V -3166 0.0184
15 15-SG-2-R-H 32,241 0.0156
16 16-SG-2-R-V 13,599 0.0156
17 17-SG-3-R-H -3767 0.0143
18 18-SG-3-R-V -13,134 0.7836
19 19-SG-4-R-H -18,538 0.0189
20 20-SG-4-R-V -10,735 0.0191
21 21-SG-5-R-H -3709 0.0188
22 22-SG-5-R-V -3896 0.0148
23 23-SG-6-R-H -4199 0.0159
24 24-SG-6-R-V -23,783 0.0194
25 25-SG-7-R-H -3967 0.0191
26 26-SG-7-R-V -3206 0.0133
27 27-SG-8-R-H -4964 0.0193
28 28-SG-8-R-V -3871 0.0159
29 29-SG-9-R-H -9105 0.0194
30 30-SG-10-R-V -8669 0.0203

Wire broken at 0.0235 s
Wire broken at 0.0201 s
Wire broken at 0.021 s

Wire broken at 0.0259 s
Wire broken at 0.0238 s
Wire broken at 0.0245 s
Wire broken at 0.0244 s
Wire broken at 0.0244 s

Wire broken at 0.024 s
Wire broken at 0.0245 s
Wire broken at 0.0245 s
Wire broken at 0.0251 s
Wire broken at 0.0256 s

Wire broken at 0.0185
Wire broken at 0.0232

Possible noisy connection
Possible noisy connection
Wire broken at 0.0143 s

No strain gauge installed
No strain gauge installed
No strain gauge installed
No strain gauge installed
No strain gauge installed

12' down in center, Wire broken at 0.013 s
4' from left edge, Wire broken at 0.0131 s
Center of panel, Wire broken at 0.013 s

12' from left edge, Sensor had no response
No strain gauge installed

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

4' down in center, Sensor had no response
Center of panel, Wire broken at 0.013 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016
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ASME PT Slab Test 03
Strain Gauge Readings (Front Face Part 1 of 2)
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ASME PT Slab Test 03
Strain Gauge Readings (Back Face Part 1 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016
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ASME PT Slab Test 03
Strain Gauge Readings (Back Face Part 2 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Rebar Locat. X-bar Y-bar Rebar Locat. X-bar Y-bar
1 9 9 1 8 8
2 13 13 2 16 16
3 15 15 3 24 24
4 17 14
5 21 12
6 14 18
7 12 21
8 18 19
9 20 16

10 16 20

Strain Gauge Locations
Slab Design C (Red/Orange) Slab Design C (Blue/Green)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 120 0.1002 104

32 115 0.1002 100

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 N/A N/A N/A N/A

P2 155 416 N/A N/A

P3 431 398 -97.6 N/A

P4 379 481 -122 N/A

P5 479 667 -178 N/A

P6 590 482 -64.6 N/A

P7 747 616 -46.2 N/A

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 45 ft from charge; 
data read error

Located 54 ft from charge

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.33 12.17 48.8 1.920
V2 H3 12.33 12.08 76.2 3.000
V2 H4 12.33 12.08 76.2 3.000
V2 H5 12.33 12.08 76.2 3.000
V2 H6
V3 H1
V3 H2 12.33 12.08 76.2 3.000
V3 H3 12.33 12 100.6 3.960
V3 H4 12.33 12 100.6 3.960
V3 H5 12.33 12.08 76.2 3.000
V3 H6
V4 H1
V4 H2 12.33 12.08 76.2 3.000
V4 H3 12.33 12 100.6 3.960
V4 H4 12.33 12 100.6 3.960
V4 H5 12.33 12.08 76.2 3.000
V4 H6
V5 H1
V5 H2 12.33 12.17 48.8 1.920
V5 H3 12.33 12.17 48.8 1.920
V5 H4 12.33 12.08 76.2 3.000
V5 H5 12.25 12.17 24.4 0.960
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 3 - Panel 2 Charge Standoff: 45 ft to Center of Charge

Test Date: September 22, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016 Pre-Test Specimen Temperature: 92 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

1450 psi          
(10 MPa)

5.9 lb/ft3      

(95 kg/m3)
7520 psi   

(51.8 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in only minor damage to the front and back faces. The interior surface 
of the concrete slab had minor hairline cracks from the edges that extend to hairline cracks along mid-
span region. No crushing or scabbing of concrete along the exterior surface was noticed.  No through-
thickness disengagement of concrete was seen. No damage was observed to the stiffened steel frame.

The maximum deflection recorded with the laser sensors was approximately 0.6 inch (16 mm). No 
permanent deformation was observed near slab center point.

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V -2085 0.0486
3 3-SG-2-F-H -2960 0.0497
4 4-SG-2-F-V -3248 0.0487
5 5-SG-3-F-H -3167 0.0469
6 6-SG-3-F-V -4174 0.0480
7 7-SG-4-F-H -3034 0.0482
8 8-SG-4-F-V -3323 0.0473
9 9-SG-5-F-H -3200 0.0475
10 10-SG-5-F-V -3319 0.0477
11 11-SG-6-F-H -10,940 0.0480
12 12-SG-6-F-V -3495 0.0479
13 13-SG-1-R-H -3156 0.0231
14 14-SG-1-R-V -2813 0.0233
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V -3743 0.0168
17 17-SG-3-R-H -4242 0.0169
18 18-SG-3-R-V -3699 0.0172
19 19-SG-4-R-H -4230 0.0169
20 20-SG-4-R-V -3803 0.0188
21 21-SG-5-R-H -3810 0.0225
22 22-SG-5-R-V -3191 0.0224
23 23-SG-6-R-H -4518 0.0168
24 24-SG-6-R-V -6106 0.0205
25 25-SG-7-R-H -3135 0.0226
26 26-SG-7-R-V -3659 0.0236
27 27-SG-8-R-H -8932 0.0253
28 28-SG-8-R-V -3792 0.0175
29 29-SG-9-R-H -4660 0.0244
30 30-SG-10-R-V -3519 0.0173

Permanent strain: 64 µƐ
Permanent strain: -86 µƐ
Permanent strain: 131 µƐ

Permanent strain: 100 µƐ
Permanent strain: -42 µƐ
Permanent strain: -136 µƐ
Permanent strain: -192 µƐ
Permanent strain: -1686 µƐ

Permanent strain: 518 µƐ
Permanent strain: 444 µƐ

Permanent strain: -224 µƐ
Permanent strain: -93 µƐ

Permanent strain: -92 µƐ
Permanent strain: -161 µƐ
Sensor had no response
Permanent strain: 150 µƐ
Permanent strain: 295 µƐ

Permanent strain: -154 µƐ

Permanent strain: -142 µƐ
Permanent strain: -1087 µƐ

Permanent strain: 94 µƐ

Permanent strain: -118 µƐ
Permanent strain: 224 µƐ
Permanent strain: -152 µƐ
Permanent strain: -52 µƐ

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response
Permanent strain: -70 µƐ

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016
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ASME PT Slab Test 04
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016
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ASME PT Slab Test 04
Strain Gauge Readings (Back Face Part 2 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016
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ASME PT Slab Test 04
Strain Gauge Readings (Back Face Part 3 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Rebar Locat. X-bar Y-bar
1 9 9
2 13 13
3 15 15
4 17 14
5 21 12
6 14 18
7 12 21
8 18 19
9 20 16

10 16 20

Strain Gauge Locations
Slab Design C

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 15.2 0.0442 0

32 16.0 0.0426 0

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes

Time (ms)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 99.5 174 N/A N/A

P2 119 279 N/A N/A

P3 242 132 N/A N/A

P4 431 332 N/A N/A

P5 382 285 N/A N/A

P6 283 266 -75.0 N/A

P7 423 469 -43.8 N/A

Impulse through 0.0019 s

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 45 ft from charge; 
Impulse through 0.0077 s

Located 53 ft from charge; 
Impulse through 0.0083 s

Impulse through 0.0027 s

Impulse through 0.0023 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.32 12.32 0.8 0.031
V2 H3 12.34 12.33 1.6 0.063
V2 H4 12.35 12.35 0.8 0.031
V2 H5 12.35 12.34 1.6 0.063
V2 H6
V3 H1
V3 H2 12.38 12.38 0.0 0.000
V3 H3 12.39 12.39 0.8 0.031
V3 H4 12.38 12.38 1.6 0.063
V3 H5 12.39 12.39 0.0 0.000
V3 H6
V4 H1
V4 H2 12.40 12.40 0.8 0.031
V4 H3 12.40 12.40 0.0 0.000
V4 H4 12.39 12.39 2.4 0.094
V4 H5 12.34 12.33 1.6 0.063
V4 H6
V5 H1
V5 H2 12.41 12.41 0.0 0.000
V5 H3 12.40 12.40 0.0 0.000
V5 H4 12.38 12.37 0.8 0.031
V5 H5 12.34 12.33 1.6 0.062
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 1700 lb

Test Number: Test 4a - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 26, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016 Pre-Test Specimen Temperature: 80 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

1450 psi          
(10 MPa)

5.9 lb/ft3      

(95 kg/m3)
7520 psi   

(51.8 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in heavy scabbing on the front face of the panel. On the back face, 
cracking was observed along most of the slab surface, generally ranging from hairlines to cracks with 
widths of approximately 0.08 inches (2 mm). Major cracking, spalling, and bowing was noted along the left 
panel edge (when viewed from the interior). Cracks were also observed across the slab thickness, but to 
a lesser extent than the cracking and disengagement that was observed throughout the cross-section in 
Test 3. No damage was observed to the stiffened steel frame.

The maximum deflection recorded with the laser sensors was 4.3 inches (109 mm). The permanent set 
near the slab center point was approximately 3.5 inches (90 mm).

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V N/A N/A
3 3-SG-2-F-H N/A N/A
4 4-SG-2-F-V N/A N/A
5 5-SG-3-F-H N/A N/A
6 6-SG-3-F-V N/A N/A
7 7-SG-4-F-H N/A N/A
8 8-SG-4-F-V N/A N/A
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H -4904 0.0178
14 14-SG-1-R-V -4446 0.0178
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V -10,815 0.0198
17 17-SG-3-R-H -14,170 0.0179
18 18-SG-3-R-V -14,094 0.0179
19 19-SG-4-R-H -15,137 0.0179
20 20-SG-4-R-V -5134 0.0178
21 21-SG-5-R-H -5592 0.0178
22 22-SG-5-R-V -5141 0.0178
23 23-SG-6-R-H -17,646 0.0178
24 24-SG-6-R-V -19,078 0.0178
25 25-SG-7-R-H -4503 0.0178
26 26-SG-7-R-V -5369 0.0178
27 27-SG-8-R-H -27,925 0.0186
28 28-SG-8-R-V -5369 0.0178
29 29-SG-9-R-H -25,581 0.0179
30 30-SG-10-R-V -12,393 0.0178

Permanent strain: 272 µƐ
Noisy connection, Perm. strain: -9699 µƐ
Noisy connection, Perm. strain: 2216 µƐ

Permanent strain: -5380 µƐ
Permanent strain: -6831 µƐ

Permanent strain: 74 µƐ
Permanent strain: -947 µƐ

Noisy connection, Wire broken at 0.0252 s

Permanent strain: -3291 µƐ
Permanent strain: -3128 µƐ
Permanent strain: 419 µƐ
Permanent strain: -292 µƐ
Permanent strain: -651 µƐ

Permanent strain: -882 µƐ
Permanent strain: -319 µƐ

Noisy connection
Noisy connection, Perm. strain: -2907 µƐ

Permanent strain: -2414 µƐ

Wire broken at 0.019 s
Wire broken at 0.019 s
Wire broken at 0.019 s
Wire broken at 0.019 s
Wire broken at 0.019 s

Wire broken at 0.019 s
Wire broken at 0.019 s
Wire broken at 0.019 s
Wire broken at 0.019 s

Sensor had no response

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response
Wire broken at 0.019 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016
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ASME PT Slab Test 04b
Strain Gauge Readings (Front Face Part 1 of 2)
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ASME PT Slab Test 04b
Strain Gauge Readings (Front Face Part 2 of 2)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016
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ASME PT Slab Test 04b
Strain Gauge Readings (Back Face Part 1 of 3)
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ASME PT Slab Test 04b
Strain Gauge Readings (Back Face Part 2 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016
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ASME PT Slab Test 04b
Strain Gauge Readings (Back Face Part 3 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Rebar Locat. X-bar Y-bar
1 9 9
2 13 13
3 15 15
4 17 14
5 21 12
6 14 18
7 12 21
8 18 19
9 20 16

10 16 20

Strain Gauge Locations
Slab Design C

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 109 0.1014 90

32 109 0.0982 91

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 91.9 189 N/A N/A

P2 144 484 N/A N/A

P3 369 118 N/A N/A

P4 340 315 N/A N/A

P5 406 295 -296 N/A

P6 487 570 -509 N/A

P7 545 564 N/A N/A

Impulse through 0.0028 s

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 45 ft from charge

Located 53 ft from charge; 
Impulse through 0.0094 s

Impulse through 0.0034 s

Impulse through 0.00275 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.32 12.18 43.7 1.719
V2 H3 12.33 12.11 65.9 2.594
V2 H4 12.35 12.16 58.7 2.313
V2 H5 12.34 12.21 42.1 1.656
V2 H6
V3 H1
V3 H2 12.38 12.16 65.9 2.594
V3 H3 12.39 12.06 100.0 3.938
V3 H4 12.38 12.08 90.5 3.563
V3 H5 12.39 12.13 79.4 3.125
V3 H6
V4 H1
V4 H2 12.40 12.18 68.3 2.687
V4 H3 12.40 12.14 80.2 3.156
V4 H4 12.39 12.15 73.0 2.875
V4 H5 12.33 12.12 64.3 2.531
V4 H6
V5 H1
V5 H2 12.41 12.30 33.3 1.313
V5 H3 12.40 12.26 41.3 1.625
V5 H4 12.37 12.24 40.5 1.594
V5 H5 12.33 12.22 34.1 1.344
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 4b - Panel 6 Charge Standoff: 45 ft to Center of Charge

Test Date: September 27, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016 Pre-Test Specimen Temperature: 73 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

725 psi          
(5 MPa)

13.7 lb/ft3      

(220 kg/m3)
8290 psi   

(57.2 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the 
panel, along with some concrete scabbing. On the back face, cracking was observed along most of the 
slab surface, generally ranging from hairlines to cracks with widths of approximately 0.03 inch (0.8 mm). 
Significant cracking, spalling, and/or bowing was noted along the left and right panel edges. Cracks were 
also observed across the slab thickness. No damage was observed to the stiffened steel frame.
 
The maximum deflection recorded with the laser sensors was 3.5 inches (88 mm). The permanent set 
near the slab center point was 2.2 inches (57 mm).

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V N/A N/A
3 3-SG-2-F-H 1872 0.0186
4 4-SG-2-F-V N/A N/A
5 5-SG-3-F-H 1528 0.0204
6 6-SG-3-F-V 1315 0.0188
7 7-SG-4-F-H 1184 0.0132
8 8-SG-4-F-V 26,826 0.0240
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H -3582 0.0205
14 14-SG-1-R-V -3616 0.0180
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V -11,683 0.0194
17 17-SG-3-R-H -13,185 0.0188
18 18-SG-3-R-V -14,928 0.0189
19 19-SG-4-R-H -19,231 0.0169
20 20-SG-4-R-V -16,616 0.0184
21 21-SG-5-R-H N/A N/A
22 22-SG-5-R-V -10,377 0.0185
23 23-SG-6-R-H -12,859 0.0199
24 24-SG-6-R-V -8771 0.0184
25 25-SG-7-R-H -4607 0.0185
26 26-SG-7-R-V -3639 0.0186
27 27-SG-8-R-H -7503 0.0205
28 28-SG-8-R-V 3277 0.0150
29 29-SG-9-R-H -15,922 0.0195
30 30-SG-10-R-V -12,601 0.0183

Permanent strain: -137 µƐ
Permanent strain: -2972 µƐ
Permanent strain: -3534 µƐ

Permanent strain: -1616 µƐ
Permanent strain: -957 µƐ
Permanent strain: -513 µƐ
Permanent strain: -353 µƐ
Permanent strain: -1627 µƐ

Permanent strain: -3822 µƐ
Permanent strain: -4944 µƐ
Permanent strain: -5190 µƐ

Noisy connection, Perm. strain: -4080 µƐ
Permanent strain: -1792 µƐ

Wire broken at 0.0268 s
Wire broken at 0.0691 s
Sensor had no response

Permanent strain: -3599 µƐ
Permanent strain: -2983 µƐ

Noisy connection, Permanent strain: 2752 µƐ
Noisy connection

Wire broken at 0.021 s
Wire broken at 0.0183 s
Wire broken at 0.0196 s

Wire broken at 0.0245 s
Wire broken at 0.0223 s

Noisy connection, Permanent strain: 65 µƐ
Noisy connection, Permanent strain: -464 µƐ
Noisy connection, Permanent strain: -119 µƐ

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response
Wire broken at 0.0182 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016
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ASME PT Slab Test 05
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ASME PT Slab Test 05
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016
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ASME PT Slab Test 05
Strain Gauge Readings (Back Face Part 3 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Rebar Locat. X-bar Y-bar
1 13 13
2 19 19
3 22 22
4 28 21
5 32 16
6 23 26
7 18 31
8 23 26
9 28 24

10 24 28

Strain Gauge Locations
Slab Design B

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 83 0.0982 59

32 88 0.0959 57

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes

Time (ms)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 156 172 N/A N/A

P2 178 234 N/A N/A

P3 470 434 -20.5 N/A

P4 525 509 -46.4 N/A

P5 532 493 -47.4 N/A

P6 527 580 -38.3 N/A

P7 751 758 -86.5 N/A

Impulse through 0.008 s

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 53 ft from charge; 
Impulse through 0.008 s

Located 46 ft from charge; 
Impulse through 0.0079 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.32 12.23 27.8 1.094
V2 H3 12.33 12.21 36.5 1.437
V2 H4 12.35 12.22 38.9 1.531
V2 H5 12.34 12.23 34.9 1.375
V2 H6
V3 H1
V3 H2 12.37 12.24 39.7 1.563
V3 H3 12.38 12.20 54.0 2.125
V3 H4 12.35 12.18 53.2 2.094
V3 H5 12.36 12.20 48.4 1.906
V3 H6
V4 H1
V4 H2 12.39 12.27 36.5 1.437
V4 H3 12.38 12.22 47.6 1.875
V4 H4 12.36 12.21 46.8 1.844
V4 H5 12.31 12.19 38.1 1.500
V4 H6
V5 H1
V5 H2 12.42 12.33 26.2 1.031
V5 H3 12.40 12.31 27.8 1.094
V5 H4 12.38 12.29 27.0 1.062
V5 H5 12.33 12.27 19.8 0.781
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 5 - Panel 7 Charge Standoff: 45 ft to Center of Charge

Test Date: September 29, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016 Pre-Test Specimen Temperature: 73 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

725 psi          
(5 MPa)

13.7 lb/ft3      

(220 kg/m3)
6980 psi   

(48.1 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the 
panel, along with some concrete crushing/scabbing similar to that seen in Test 5. On the back face, 
cracking was observed along most of the slab surface. Cracks were mostly hairlines in a yield line pattern 
similar to previous tests. The main cracks were a central horizontal vertical crack with a width of 
approximately 0.03 inch (0.8 mm), as well as more significant cracking up to 0.1 inch (2.5 mm) that was 
noted along the left and right panel edges. Some cracking was also observed across the slab thickness in 
a similar pattern but to a lesser extent than in Test 5. No damage was observed to the stiffened steel 
frame.

The maximum deflection recorded with the laser sensors was 1.2 inches (31 mm). The permanent set 
near the slab center point was approximately 0.5 inch (13 mm). 

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V 1258 0.0190
3 3-SG-2-F-H -1810 0.0490
4 4-SG-2-F-V -2163 0.0546
5 5-SG-3-F-H 6811 0.0271
6 6-SG-3-F-V N/A N/A
7 7-SG-4-F-H -2202 0.0488
8 8-SG-4-F-V -1933 0.0546
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H -3375 0.0211
14 14-SG-1-R-V -3048 0.0212
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V N/A N/A
17 17-SG-3-R-H -11,154 0.0223
18 18-SG-3-R-V -15,242 0.0223
19 19-SG-4-R-H -5109 0.0214
20 20-SG-4-R-V -13,707 0.0223
21 21-SG-5-R-H -3922 0.0198
22 22-SG-5-R-V -3651 0.0223
23 23-SG-6-R-H -14,968 0.0197
24 24-SG-6-R-V -17,413 0.0194
25 25-SG-7-R-H -3715 0.0212
26 26-SG-7-R-V -8215 0.0223
27 27-SG-8-R-H -9370 0.0168
28 28-SG-8-R-V -11,918 0.0174
29 29-SG-9-R-H N/A N/A
30 30-SG-10-R-V N/A N/A

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response
Permanent strain: 250 µƐ
Permanent strain: -125 µƐ
Permanent strain: -513 µƐ
Wire broken at 0.0462 s

Noisy connection
Permanent strain: 87 µƐ
Permanent strain: 123 µƐ

Noisy connection
Noisy connection

Sensor had no response
Sensor had no response

Permanent strain: -321 µƐ
Permanent strain: -154 µƐ

Noisy connection
Noisy connection

Permanent strain: -2133 µƐ
Permanent strain: -2203 µƐ
Permanent strain: 787 µƐ

Permanent strain: -1850 µƐ
Permanent strain: -248 µƐ
Permanent strain: -385 µƐ

Permanent strain: -2731 µƐ
Noisy connection, Wire broken at 0.0235 s
Noisy connection, Wire broken at 0.0233 s

Permanent strain: -991 µƐ
Permanent strain: -4281 µƐ
Permanent strain: -452 µƐ
Permanent strain: -1576 µƐ
Permanent strain: -180 µƐ

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016
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Strain Gauge Readings (Back Face Part 1 of 3)

0 10 20 30 40 50 60 70 80 90 100
-60000
-50000
-40000
-30000
-20000
-10000

0
10000
20000
30000
40000
50000
60000

SG-13
SG-14
SG-15
SG-16
SG-17
SG-18

Time (ms)

St
ra

in
 (m

ic
ro

st
ra

in
)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016
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ASME PT Slab Test 06
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Rebar Locat. X-bar Y-bar
1 13 13
2 19 19
3 22 22
4 28 21
5 32 16
6 23 26
7 18 31
8 23 26
9 28 24

10 24 28

Strain Gauge Locations
Slab Design B
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 31 0.0483 12

32 31 0.052 13

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes

Time (ms)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 95.1 211 N/A N/A

P2 129 283 N/A N/A

P3 318 362 -63.1 N/A

P4 511 526 -62.3 N/A

P5 568 547 -62.1 N/A

P6 922 526 -101 N/A

P7 701 702 -89.8 N/A

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 46 ft from charge; 
Impulse through 0.0121 s

Located 55 ft from charge; 
Impulse through 0.0093 s

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.34 12.32 5.6 0.219
V2 H3 12.34 12.32 5.6 0.219
V2 H4 12.35 12.33 6.4 0.250
V2 H5 12.35 12.32 7.9 0.312
V2 H6
V3 H1
V3 H2 12.36 12.33 8.7 0.344
V3 H3 12.36 12.33 10.3 0.406
V3 H4 12.35 12.31 11.1 0.438
V3 H5 12.35 12.32 7.9 0.312
V3 H6
V4 H1
V4 H2 12.38 12.35 7.9 0.313
V4 H3 12.39 12.35 9.5 0.375
V4 H4 12.37 12.34 9.5 0.375
V4 H5 12.33 12.29 11.9 0.469
V4 H6
V5 H1
V5 H2 12.40 12.38 7.1 0.281
V5 H3 12.37 12.34 7.1 0.281
V5 H4 12.34 12.31 7.1 0.281
V5 H5 12.33 12.30 8.7 0.344
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)

E-74



Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 6 - Panel 3 Charge Standoff: 45 ft to Center of Charge

Test Date: September 30, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016 Pre-Test Specimen Temperature: 53 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

1450 psi          
(10 MPa)

13.7 lb/ft3      

(220 kg/m3)
8990 psi   

(62.0 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: Lesser cracks and concrete scabbing/crushing were observed on the front face of the panel 
in comparison with the previously tested slab designs. On the back face, hairline cracking was observed 
on the slab surface. Cracks were mostly hairlines in a yield line pattern similar to previous tests. The main 
crack was a central horizontal crack pattern with a width of approximately 0.016 inch (0.41 mm)  Some 
cracking was also observed across the slab thickness. No damage was observed to the stiffened steel 
frame.

The maximum deflection recorded with the laser sensors was 0.8 inch (21 mm). A small permanent set of 
roughly 0.1 inch (2.5 mm) was sustained near the slab center point.

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V 1255 0.0217
3 3-SG-2-F-H 1384 0.0222
4 4-SG-2-F-V 1626 0.0230
5 5-SG-3-F-H 1507 0.0211
6 6-SG-3-F-V -1918 0.0174
7 7-SG-4-F-H 1511 0.0210
8 8-SG-4-F-V 2326 0.0211
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H -1535 0.0494
12 12-SG-6-F-V -1940 0.0448
13 13-SG-1-R-H -3346 0.0189
14 14-SG-1-R-V -3166 0.0129
15 15-SG-2-R-H N/A N/A
16 16-SG-2-R-V -4023 0.0190
17 17-SG-3-R-H -4866 0.0206
18 18-SG-3-R-V -14,295 0.0168
19 19-SG-4-R-H -6206 0.0225
20 20-SG-4-R-V N/A N/A
21 21-SG-5-R-H N/A N/A
22 22-SG-5-R-V -4234 0.0206
23 23-SG-6-R-H N/A N/A
24 24-SG-6-R-V -13,423 0.0189
25 25-SG-7-R-H -8776 0.0218
26 26-SG-7-R-V -9754 0.0224
27 27-SG-8-R-H -3796 0.0217
28 28-SG-8-R-V -3635 0.0225
29 29-SG-9-R-H -10,224 0.0207
30 30-SG-10-R-V N/A N/A

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response

Noisy connection, Permanent strain: 353 µƐ

Permanent strain: 216 µƐ
Permanent strain: -57 µƐ

Noisy connection
Permanent strain: -74 µƐ
Sensor had no response
Sensor had no response
Permanent strain: -80 µƐ
Permanent strain: -28 µƐ
Permanent strain: -188 µƐ
Permanent strain: -612 µƐ
Sensor had no response

Noisy connection
Permanent strain: -569 µƐ
Permanent strain: -3957 µƐ
Permanent strain: -448 µƐ
Sensor had no response
Sensor had no response

Permanent strain: -894 µƐ

Permanent strain: -308 µƐ
Noisy connection, Permanent strain: -54 µƐ

Noisy connection, Perm. strain: -2251 µƐ

Sensor had no response
Permanent strain: -1916 µƐ
Permanent strain: -1362 µƐ
Permanent strain: -2811 µƐ
Permanent strain: -329 µƐ
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016
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ASME PT Slab Test 07
Strain Gauge Readings (Front Face Part 2 of 2)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016
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ASME PT Slab Test 07
Strain Gauge Readings (Back Face Part 1 of 3)
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ASME PT Slab Test 07
Strain Gauge Readings (Back Face Part 2 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016
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ASME PT Slab Test 07
Strain Gauge Readings (Back Face Part 3 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Rebar Locat. X-bar Y-bar
1 13 13
2 19 19
3 22 22
4 28 21
5 32 16
6 23 26
7 18 31
8 23 26
9 28 24

10 24 28

Strain Gauge Locations
Slab Design D
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 20.7 0.051 2.4

32 19 0.0506 2.5

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes

Time (ms)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 70.1 352 N/A N/A

P2 114 217 N/A N/A

P3 380 381 -50 N/A

P4 381 434 N/A N/A

P5 373 404 -43 N/A

P6 N/A N/A N/A N/A

P7 432 490 -90 N/A

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 53 ft from charge

Located 46 ft from charge; 
Impulse through 0.010 s

Impulse through 0.0093 s

Data read error
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Gauge Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.32 12.32 0.0 0.000
V2 H3 12.32 12.32 0.8 0.031
V2 H4 12.33 12.32 0.8 0.031
V2 H5 12.33 12.32 2.4 0.094
V2 H6
V3 H1
V3 H2 12.35 12.34 3.2 0.126
V3 H3 12.36 12.34 4.8 0.189
V3 H4 12.34 12.33 3.2 0.126
V3 H5 12.33 12.32 3.2 0.126
V3 H6
V4 H1
V4 H2 12.38 12.37 2.4 0.094
V4 H3 12.36 12.35 2.4 0.094
V4 H4 12.34 12.34 1.6 0.063
V4 H5 12.29 12.29 1.6 0.063
V4 H6
V5 H1
V5 H2 12.41 12.40 2.4 0.094
V5 H3 12.41 12.40 2.4 0.094
V5 H4 12.35 12.35 0.0 0.000
V5 H5 12.32 12.32 0.8 0.031
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2000 lb

Test Number: Test 7 - Panel 4 Charge Standoff: 45 ft to Center of Charge

Test Date: October 5, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016 Pre-Test Specimen Temperature: 18 °F

Height Width Thickness Prestress 
Level

Conventional 
Reinf. Level 

Compressive 
Strength

16 ft (4.9 m) 16 ft (4.9 m) 10-5/8 in   
(270 mm)

1450 psi          
(10 MPa)

13.7 lb/ft3      

(220 kg/m3)
7370 psi   

(50.8 MPa)

Permanent Deflection (see deflection measurement table)

Displacement Gauge Information (see attached gauge summary)

Specimen Description

Specimen Response
Description: The blast load resulted in horizontal, vertical, and diagonal cracks on the front face of the 
panel, along with a concrete crushing/scabbing pattern similar to previous tests. On the back face, 
cracking was observed along most of the slab surface. Cracks were mostly hairlines in a yield line pattern 
similar to previous tests. The main cracks on the interior face were central horizontal and vertical cracks 
with a width range of approximately 0.016 to 0.2 inch (0.41 to 0.5 mm). More significant cracking up to 0.1 
inch (2.5 mm)  and some minor spalling were noted along all edges of the panel. Heavier cracking was 
also observed across the slab thickness, which was in a similar pattern to previous tests. Moreover, 
disengagement of the concrete up to ½‐inch (13 mm) along all the corner regions of the slab was 
recorded. No damage was observed to the stiffened steel frame.

The maximum deflection recorded with the laser sensors was 3.3 inches (85 mm). The permanent set 
near the slab center point was approximately 2.0 inches (50 mm).

Strain Gauge Information (see attached gauge summary)

Pressure Gauge Information (see attached gauge summary)

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Channel Sensor 
Designation

Maximum 
Strain (µƐ)

Time of 
Maximum 
Strain (s)

1 1-SG-1-F-H N/A N/A
2 2-SG-1-F-V -1202 0.1850
3 3-SG-2-F-H -339 0.1811
4 4-SG-2-F-V -1021 0.1795
5 5-SG-3-F-H -206 1812.0000
6 6-SG-3-F-V -546 0.1824
7 7-SG-4-F-H N/A N/A
8 8-SG-4-F-V 3347 0.1137
9 9-SG-5-F-H N/A N/A
10 10-SG-5-F-V N/A N/A
11 11-SG-6-F-H N/A N/A
12 12-SG-6-F-V N/A N/A
13 13-SG-1-R-H N/A N/A
14 14-SG-1-R-V -3216 0.1071
15 15-SG-2-R-H -4505 0.1086
16 16-SG-2-R-V -12,047 0.1080
17 17-SG-3-R-H -3869 0.1080
18 18-SG-3-R-V -14,072 0.1076
19 19-SG-4-R-H N/A N/A
20 20-SG-4-R-V -13,145 0.1089
21 21-SG-5-R-H -4318 0.1078
22 22-SG-5-R-V N/A N/A
23 23-SG-6-R-H -12,645 0.1082
24 24-SG-6-R-V N/A N/A
25 25-SG-7-R-H -3658 0.1090
26 26-SG-7-R-V -3717 0.1070
27 27-SG-8-R-H -4051 0.1094
28 28-SG-8-R-V -3771 0.1086
29 29-SG-9-R-H N/A N/A
30 30-SG-10-R-V -8974 0.1091

Strain Gauge Information 
(see attached table for locations)

(see attached plot of strain time-history)

Notes

Sensor had no response
Permanent strain: -814 µƐ

Noisy connection, Permanent strain: -315 µƐ
Permanent strain: -419 µƐ
Permanent strain: -183 µƐ
Permanent strain: -175 µƐ
Wire broken at 0.1111 s

Permanent strain: 1796 µƐ
Wire broken at 0.1099 s
Wire broken at 0.1086 s
Wire broken at 0.112 s
Wire broken at 0.1086 s
Sensor had no response

Permanent strain: -674 µƐ
Permanent strain: -520 µƐ

Noisy connection, Perm. strain: -4885 µƐ
Permanent strain: 381 µƐ

Permanent strain: -3972 µƐ
Sensor had no response

Permanent strain: -6039 µƐ
Permanent strain: -668 µƐ
Wire broken at 0.1087 s

Permanent strain: -768 µƐ
Wire broken at 0.1104 s

Permanent strain: -3775 µƐ

Noisy connection, Perm. strain: -3108 µƐ
Wire broken at 0.1064 s

Permanent strain: -658 µƐ
Permanent strain: -445 µƐ
Permanent strain: 85 µƐ

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016
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ASME PT Slab Test 08
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Time (ms)

St
ra

in
 (m

ic
ro

st
ra

in
)

ASME PT Slab Test 08
Strain Gauge Readings (Back Face Part 1 of 3)

80 120 160 200 240 280 320 360 400 440 480 520 560 600
-16000

-14000

-12000

-10000

-8000

-6000

-4000

-2000

0

2000

4000
SG-13
SG-14
SG-15
SG-16
SG-17
SG-18

Time (ms)

St
ra

in
 (m

ic
ro

st
ra

in
)

ASME PT Slab Test 08
Strain Gauge Readings (Back Face Part 2 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016
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ASME PT Slab Test 08
Strain Gauge Readings (Back Face Part 3 of 3)
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Rebar Locat. X-bar Y-bar
1 13 13
2 19 19
3 22 22
4 28 21
5 32 16
6 23 26
7 18 31
8 23 26
9 28 24

10 24 28

Strain Gauge Locations
Slab Design D
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Gauge 
Number

Maximum 
Positve 

Displacement 
(mm)

Time of 
Maximum 

Positive Disp. 
(s)

Permanent 
Positive 

Displacement 
(mm)

31 85 0.1848 51

32 82 0.189 48

Displacement Gauge Information 
(see attached diagram for locations)

(see attached plot of displacement time-history)

Notes
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Gauge 
Number

Peak Positive 
Pressure (psi)

Positive 
Impulse      
(psi-ms)

Peak 
Negative 

Pressure (psi)

Negative 
Impulse        
(psi-ms)

P1 90.4 203 N/A N/A

P2 78.5 218 N/A N/A

P3 391 166 N/A N/A

P4 519 474 N/A N/A

P5 572 309 N/A N/A

P6 766 323 N/A N/A

P7 1088 470 N/A N/A

Impulse through 0.004 s

Impulse through 0.0026 s

Impulse through 0.0031 s

Impulse through 0.0036 s

Pressure Gauge Information 
(see attached diagram for locations)

(see attached plot of pressure time-history)

Notes

Located 53 ft from charge; 
Impulse through 0.0102 s

Located 45 ft from charge; 
Impulse through 0.0182 s
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Gauge Locations
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Vertical 
Location

Horizontal 
Location

Initial 
Measurement 

(ft)

Final 
Measurement 

(ft)

Permanent 
Deflection 

(mm)

Permanent 
Deflection (in)

V1 H1
V1 H2
V1 H3
V1 H4
V1 H5
V1 H6
V2 H1
V2 H2 12.38 12.26 36.5 1.438
V2 H3 12.38 12.26 36.5 1.438
V2 H4 12.38 12.23 42.9 1.688
V2 H5 12.41 12.23 52.4 2.063
V2 H6
V3 H1
V3 H2 12.40 12.24 46.0 1.813
V3 H3 12.40 12.26 41.3 1.625
V3 H4 12.38 12.23 42.9 1.688
V3 H5 12.41 12.23 52.4 2.063
V3 H6
V4 H1
V4 H2 12.41 12.25 49.2 1.938
V4 H3 12.40 12.23 49.2 1.938
V4 H4 12.38 12.23 44.5 1.750
V4 H5 12.34 12.23 33.3 1.313
V4 H6
V5 H1
V5 H2 12.42 12.29 39.7 1.563
V5 H3 12.41 12.27 42.9 1.688
V5 H4 12.39 12.26 41.3 1.625
V5 H5 12.35 12.26 28.6 1.125
V5 H6
V6 H1
V6 H2
V6 H3
V6 H4
V6 H5
V6 H6

Deflection Measurements - Interior Face of Specimen
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Testing Data Sheet EXTREME LOAD TESTING

Project Name: ASME PT Slab Testing Charge Material: ANFO

Project Number: 1507-11 Charge Weight: 2300 lb

Test Number: Test 8 - Panel 8 Charge Standoff: 45 ft to Center of Charge

Test Date: December 8, 2016

Deflection Measurement Locations

Bonded Pre-Stressed Concrete Slabs -- Open Air Blast Testing (Final Report)
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