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1 INTRODUCTION  

1.1 Introduction  

Approach guardrail transitions (AGTs) are commonly used to shield the ends of bridge 

rails and/or concrete barriers as well as provide a safe transition in lateral stiffness between 

deformable guardrail and the rigid parapet. AGTs are sensitive systems that are designed to 

gradually increase the lateral stiffness along the transition length. Improper designs or abrupt 

changes in lateral stiffness can result in guardrail pocketing, vehicle instability, and vehicle snag.  

The sensitivity of these roadside safety barriers has been observed through the development 

and evaluation of AGTs to the safety criteria provided in either the American Association of State 

Highway and Transportation Officialsô (AASHTO) Manual for Assessing Safety Hardware 

(MASH) [1] or National Cooperative Highway Research Program (NCHRP) Report 350 [2]. 

Modifying a single component or feature of an AGT can significantly alter its safety performance. 

For example, alterations to the shape of the rigid parapet, the presence of a curb, the embedment 

depth of the transition posts, or the guardrail height within the AGT can be the difference between 

a successfully crash-tested AGT and a non-crashworthy system [3-14]. Therefore, AGTs must be 

installed in their proper configurations to ensure crashworthiness. 

Typically, AGTs have been installed with a 31-in. (787-mm) top mounting height based 

on successful crash testing. However, roadway overlays reduce the effective height of the guardrail 

relative to the new roadway surface unless milling or grinding of the roadway occurs in 

conjunction with the resurfacing. Although limited research exists on AGTs with lower heights, 

full -scale testing on the upstream end of an AGT, which had stiffened W-beam rail mounted at a 

27.75 in. (705 mm) height, resulted in the rollover of a 2000P pickup truck [14]. The reduced 

guardrail height coupled with the increase in barrier stiffness caused the high center-of-mass 

vehicle to roll toward the system. Thus, reducing the effective height of an AGT below its nominal 

31-in. (787-mm) height is not currently recommended, as it has not yet met current 

crashworthiness requirements, and is not recommended until further research and testing is 

conducted. 

Transportation agencies who regularly resurface roadways without milling or grinding the 

original surface are often forced to remove AGTs adjacent to roadway overlays and replace or 

reset them to maintain a crashworthy height, typically 31 in. (787 mm) above the new roadway 

surface. Not only is guardrail replacement a costly addition to the resurfacing project, but it can be 

difficult to shift connection plates and anchorage hardware upward on the existing concrete 

parapets. The rigid buttress may not be tall enough to accommodate the vertical shift, or steel 

reinforcement may reside at the locations where the new anchorage hardware is needed. 

To account for future roadway overlays, many transportation agencies have begun 

installing concrete bridge rails and median barriers at increased heights. For example, MASH Test 

Level 4 (TL-4) bridge rails with nominal heights of 36 in. (914 mm) are being installed at 39 in. 

(991 mm) in anticipation of a future 3-in. (76 mm) overlay, which would bring the effective height 

of the bridge rail back to its nominal 36-in. (914-mm) height. With the safety performance 

concerns associated with low-height AGTs and the costs associated with replacing or resetting 

them after an overlay, there could be great benefits to installing AGTs at increased heights in 

anticipation of future overlays. However, the effects of increasing the installation height of an 
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AGT have never been evaluated. Thus, a need existed to develop and evaluate an increased height 

AGT for use with future roadway overlays. 

1.2 Objective 

The objective of this project was to adapt the thrie beam AGT used by the Nebraska 

Department of Transportation (NDOT) for a top mounting height of 34 in. (864 mm) to account 

for future roadway overlays of up to 3 in. (76 mm). The new 34-in. (864-mm) tall AGT was to 

incorporate the newly developed standardized transition buttress to minimize the risk of vehicle 

snag below the raised guardrail. Finally, the new AGT system was required to satisfy the Test 

Level 3 (TL-3) safety performance criteria of MASH 2016. 

1.3 Scope 

The project began with the modification of NDOTôs standard thrie beam transition to create 

the new 34-in. (864-mm) tall AGT system. Modifications were made carefully and strategically to 

maintain the strength of the barrier system, and the upstream end of the system was designed to 

attach directly to the MGS both before and after roadway overlays. The 34-in. (864-mm) tall AGT 

was then subjected to two full-scale crash tests in accordance with the MASH 2016 TL-3 testing 

evaluation matrix. Finally, results and conclusions were formulated and summarized in a summary 

report.   
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2 BARRIER DESIGN 

2.1 Guardrail Transition Design 

The existing NDOT standard guardrail transition provided the basis for the new AGT 

design. The downstream end of the NDOT transition consisted of 31-in. (787-mm) tall, nested 

thrie beam rails supported by W6x15 posts spaced 37.5 in. (953 mm) on center. This AGT 

configuration had been adapted from a number of AGTs successfully evaluated to NCHRP Report 

350 TL-3 criteria [15-17]. The upstream end of the NDOT transition utilized the MASH-

crashworthy Midwest Guardrail System (MGS) stiffness transition, which transitions from 

standard MGS guardrail to stiffened thrie beam AGTs with the use of an asymmetrical W-to-thrie 

transition segment and 6-ft (1.8-m) long W6x8.5 posts [18-19]. The existing NDOT standard 

transition is shown in Figure 1 [20]. 

In order to account for future overlays, the thrie beam rail segments of the AGT were raised 

3 in. (76 mm) to achieve a top mounting height of 34 in. (864 mm). Raising the posts with the rail 

segments would have reduced their embedment depth, thereby reducing the post-soil interacting 

forces and the stiffness of the AGT. Thus, all transition posts remained at their original embedment 

depths (i.e., 52-in. (1,321-mm) and 40-in. (1,016-mm) embedment depths for the W6x15 and 

W6x8.5 posts, respectively), and only the rail segments and blockouts were raised 3 in. (76 mm). 

Previous research has shown that blockouts and guardrail can be raised by up to 4 in. (102 mm) 

on a post without negatively affecting the performance of the barrier [21-23]. Thus, there was no 

concern that this raised rail-to-post attachment configuration within the AGT would create 

performance issues. 

The MGS stiffness transition was desired for continued use on the upstream end of the 

AGT. However, the increased height of the AGT would cause the adjacent W-beam to be installed 

with a rail height of 34 in. (864 mm) as well. Previous small car impacts on the upstream MGS 

stiffness transition mounted at the nominal 31-in. (787-mm) height resulted in some vehicle snag 

on the posts below the rail [18]. Although the snag was not enough to fail MASH safety criteria, 

increasing the height of the rail would further expose the posts, which may result in excessive 

vehicle snag. Thus, the MGS upstream from the AGT was to remain with a 31-in. (787-mm) rail 

height. 

To connect the 34-in. (864-mm) thrie beam to 31-in. (787-mm) MGS, the asymmetric W-

to-thrie transition segment within the MGS stiffness transition was replaced with the symmetric 

transition rail segment. This symmetric W-to-thrie segment allowed for an easy connection 

between the separate rail types using standard rail hardware. Additionally, the bottom edge of the 

symmetric transition rail segment has a shallower vertical angle as compared to the asymmetric 

segment (5.7 degrees vs. 11.3 degrees, respectively). Thus, the risk of a small car wedging under 

the rail during impacts, which could result in more vehicle snag, higher decelerations, and greater 

vertical forces to the bottom of the rail, was reduced. 

After a 3-in. (76-mm) overlay is applied to the roadway, the thrie beam AGT would be at 

its nominal mounting height of 31 in. (787 mm) relative to the roadway while maintaining the 

original post embedment depth. However, the MGS guardrail located upstream from the W-to-

thrie transition segment would have an effective mounting height of only 28 in. (711 mm), which 

has previously shown to cause vehicle rollovers [14]. Therefore, it was recommended to raise the
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Figure 1. NDOT Approach Guardrail Transition Standard Plan [20] 
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rail after an overlay placement using a two-step process. First, the W-beam rail and blockouts 

should be raised 3 in. (76 mm) and reattached to the original posts. Recall that previous research 

determined that raising guardrail in such a manner was acceptable for vertical shifts up to 4 in. 

(102 mm) [21-23], which is greater than the 3 in. (76 mm) utilized herein. This process allows the 

MGS rails to be raised to their nominal height without having to replace or reset the posts while 

maintaining the nominal post embedment depth as well. 

Second, the symmetric W-to-thrie transition segment would be replaced with an 

asymmetric rail segment, matching the original MGS stiffness transition design. Thus, by replacing 

only a single rail element and shifting the existing W-beam up 3 in. (76 mm), the entire transition 

system would be at its nominal 31-in. (787-mm) mounting height and would maintain its 

crashworthiness after a 3-in. (76-mm) roadway overlay. Drawings of the 34-in. (864-mm) AGT 

both before and after an overlay are shown in Figures 2 through 4. 

 

Figure 2. 34-in. (864-mm) Tall AGT Initial Installation, No Overlay 

 

Figure 3. 34-in. (864-mm) Tall AGT After a 3-in. (76-mm) Roadway Overlay 
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Figure 4. System Cross-Sections both Before and After a 3-in. (76-mm) Roadway Overlay 

2.2 Concrete Transition Buttress 

The Midwest Roadside Safety Facility (MwRSF) recently developed a standardized 

concrete transition buttress to be compatible with various crashworthy, thrie-beam AGTs while 

maintaining a MASH TL-3 safety performance [12-13]. The standardized transition buttress 

incorporated a dual chamfered front edge to mitigate vehicle snag on the rigid buttress, as shown 

in Figure 5. The lower chamfer measured 4.5 in. (114 mm) laterally by 18 in. (457 mm) 

longitudinally and was designed to limit wheel snag. The upper chamfer measured 3 in. (76 mm) 

laterally by 4 in. (102 mm) longitudinally and was designed to mitigate vehicle bumper and frame 

snag on the buttress while limiting the unsupported span length of the rail between the buttress and 

adjacent guardrail post. The transition point between the two chamfers was located 14 in. (356 

mm) above the roadway surface. The upstream end of the buttress was 32 in. (813 mm) tall and 

included a 6H:1V vertical slope to bring the height of the buttress up to match the adjacent bridge 

rail while minimizing vehicle snag above the rail. Note, for 32-in. (813-mm) tall bridge rail, there 

would not be a vertical slope and the buttress would have a constant 32-in. (813-mm) height. 
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Figure 5. Standardized Transition Buttress Geometry 

One concern with developing a 34-in. (864-mm) tall thrie beam AGT was that increasing 

the height of the rail would expose more of the rigid buttress below the rail and increase the severity 

of vehicle snag on the buttress. Since the standardized buttress was specifically designed to 

mitigate snag for a wide array of AGTs, especially below the thrie beam rail, it seemed likely that 

utilizing the standardized transition buttress would help mitigate snag in the new 34-in. (864-mm) 

tall AGT. Additionally, the buttress was designed with a vertical front face that could be 

transitioned into a wide variety of concrete barrier shapes. Thus, the standardized buttress was 

selected for use as part of the new 34-in. (864-mm) tall AGT. 

Since the 34-in. (864-mm) AGT was being developed for future 3-in. (76-mm) overlays, 

the height of the standardized transition buttress had to be increased by 3-in. (76-mm), similar to 

the increased height of the thrie beam. Additionally, during the development of the standardized 

buttress, the height of the lower chamfer was shown be critical in mitigating the amount of wheel 

snag on the rigid buttress [12-13]. To ensure the crashworthiness of the system after roadway 

overlays, the height of the lower chamfer on the buttress was also increased by 3 in. (76 mm) from 

14 in. (356 mm) to 17 in. (432 mm), as shown in Figure 6. All other dimensions remained the same 

for this modified version of the standardized transition buttress. 
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Figure 6. Geometry of the Modified Standardized Transition Buttress  
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3 TEST REQUIREMENTS AND EVALUATION CRITERIA  

3.1 Test Requirements 

Longitudinal barriers, such as approach guardrail transitions, must satisfy impact safety 

standards in order to be declared eligible for federal reimbursement by the Federal Highway 

Administration (FHWA) for use on the National Highway System (NHS). For new hardware, these 

safety standards consist of the guidelines and procedures published in MASH 2016 [1]. According 

to TL-3 of MASH 2016, longitudinal barrier transition systems must be subjected to two full -scale 

vehicle crash tests, as summarized in Table 1. Note that there is no difference between MASH 

2009 [24] and MASH 2016 for longitudinal barriers such as the system tested in this project, except 

that additional occupant compartment deformation measurements are required by MASH 2016. 

Table 1. MASH 2016 TL-3 Crash Test Conditions for Longitudinal Barrier Transitions 

Test 

Article 

Test 

Designation 

No. 

Test 

Vehicle 

Vehicle 

Weight, 

lb 

(kg) 

Impact Conditions 

Evaluation 

Criteria 1 
Speed, 

mph 

(km/h) 

Angle, 

deg. 

Transition 

3-20 1100C 
2,425 

(1,100) 

62 

(100) 
25 A,D,F,H,I 

3-21 2270P 
5,000 

(2,270) 

62 

(100) 
25 A,D,F,H,I 

1 Evaluation criteria explained in Table 2. 

 

Recent testing of AGTs has illustrated the importance in evaluating two different transition 

regions along the length of the AGT: 1) the downstream transition where the thrie beam connects 

to the rigid parapet and 2) the upstream stiffness transition where the W-beam guardrail transitions 

to a stiffer thrie beam barrier. Additionally, the 34-in. (864-mm) tall AGT described herein was 

designed for use both before and after roadway overlays, which effectively changes the barrier 

height relative to the roadway surface. The combination of these MASH tests, different transition 

regions, and pre- and post-overlay barrier configurations resulted in a total of eight recommended 

tests, but not all of them were considered critical or necessary to evaluate the performance of the 

new AGT. 

The upstream stiffness transition of the 34-in. (864-mm) tall AGT was specifically 

designed to replicate the MASH-crashworthy MGS stiffness transition [18-19]. Upon initial 

installation, the only difference between the two systems was that the 34-in. (864-mm) tall AGT 

utilized a symmetric W-to-thrie transition rail instead of an asymmetric transition rail. Since the 

W-beam upstream of the transition rail was mounted at its nominal 31-in. (787-mm) height, 

vehicles impacting this region of the barrier should not extend over the rail and roll excessively. 

Additionally, the bottom of the symmetric transition rail has a shallower slope, which would 

produce less snag as a small vehicle tries to wedge underneath the rail. Thus, there were no 

concerns about vehicle stability and/or snag on the upstream stiffness transition of the 34-in. (864-

mm) tall AGT prior to a roadway overlay. 
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After the roadway overlay, the symmetric rail segment is replaced by an asymmetric rail 

and the W-beam is raised 3 in. (76 mm) on the post to maintain its nominal 31-in. (787-mm) 

mounting height. Thus, after an overlay, the upstream stiffness transition is essentially identical to 

the MGS stiffness transition. Since the MGS stiffness transition was previously subjected to and 

successfully passed MASH TL-3 criteria, the upstream stiffness transition within the 34-in. (864-

mm) tall AGT would be MASH TL-3 crashworthy as well. Therefore, all crash testing of the 

upstream stiffness transition, both before and after an overlay, was deemed non-critical. 

At the downstream end of the AGT, the increased height of the thrie beam exposed more 

of the rigid buttress below the rail and increased the propensity for vehicle snag. The front ends 

and tires of both small cars and pickup trucks were susceptible to excessive snag by extending 

below the rail and impacting the rigid buttress. As such, both MASH crash tests were determined 

to be critical in evaluating the crashworthiness of the downstream end of the 34-in. (864-mm) tall 

AGT. 

After an overlay, the thrie beam would be at its nominal 31-in. (787-mm) height relative to 

the roadway, and the buttress geometry would be the same as the original standardized transition 

buttress. As such, the potential for vehicle snag on the buttress decreased as the exposed area of 

the buttress is smaller. Further, the standardized transition buttress was developed and MASH 

crash tested to be compatible with all crashworthy 31-in. (787-mm) tall thrie beam AGTs [12-13]. 

Subsequently, testing of the downstream end of the 34-in. (864-mm) tall AGT after the application 

of a 3-in. (76-mm) roadway overlay was deemed non-critical. Thus, only two full -scale tests were 

recommended for evaluating the crashworthiness of the 34-in. (864-mm) tall AGT, and MASH 

test nos. 3-20 and 3-21 were conducted on the downstream end of the transition with the rail 

mounted 34 in. (864 mm) above the roadway surface (pre-overlay configuration). 

It should be noted that the test matrix detailed herein represents the researchersô best 

engineering judgement with respect to the MASH 2016 safety requirements and their internal 

evaluation of critical tests necessary to evaluate the crashworthiness of the guardrail transition. 

However, these opinions may change in the future due to the development of new knowledge 

(crash testing, real-world performance, etc.) or changes to the evaluation criteria. Thus, any tests 

within the evaluation matrix deemed non-critical may eventually need to be evaluated based on 

additional knowledge gained over time or revisions to the MASH 2016 criteria. 

3.2 Evaluation Criteria  

Evaluation criteria for full-scale vehicle crash testing are based on three appraisal areas: 

(1) structural adequacy; (2) occupant risk; and (3) vehicle trajectory after collision. Criteria for 

structural adequacy are intended to evaluate the ability of the guardrail to contain and redirect 

impacting vehicles. In addition, controlled lateral deflection of the test article is acceptable. 

Occupant risk evaluates the degree of hazard to occupants in the impacting vehicle. Post-impact 

vehicle trajectory is a measure of the potential of the vehicle to result in a secondary collision with 

other vehicles and/or fixed objects, thereby increasing the risk of injury to the occupants of the 

impacting vehicle and/or other vehicles. These evaluation criteria are summarized in Table 2 and 

defined in greater detail in MASH 2016. The full-scale vehicle crash tests were conducted and 

reported in accordance with the procedures provided in MASH 2016. 
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In addition to the standard occupant risk measures, the Post-Impact Head Deceleration 

(PHD), the Theoretical Head Impact Velocity (THIV), and the Acceleration Severity Index (ASI) 

were determined and reported. Additional discussion on PHD, THIV and ASI is provided in 

MASH 2016. 

Table 2. MASH 2016 Evaluation Criteria for Longitudinal Barriers 

Structural 

Adequacy 

A. Test article should contain and redirect the vehicle or bring the vehicle 

to a controlled stop; the vehicle should not penetrate, underride, or 

override the installation although controlled lateral deflection of the 

test article is acceptable. 

Occupant 

Risk 

D. Detached elements, fragments or other debris from the test article 

should not penetrate or show potential for penetrating the occupant 

compartment, or present an undue hazard to other traffic, pedestrians, 

or personnel in a work zone. Deformations of, or intrusions into, the 

occupant compartment should not exceed limits set forth in Section 

5.2.2 and Appendix E of MASH 2016. 

F. The vehicle should remain upright during and after collision. The 

maximum roll and pitch angles are not to exceed 75 degrees. 

H. Occupant Impact Velocity (OIV) (see Appendix A, Section A5.2.2 of 

MASH 2016 for calculation procedure) should satisfy the following 

limits: 

 Occupant Impact Velocity Limits 

Component Preferred Maximum 

Longitudinal and Lateral 
30 ft/s 

(9.1 m/s) 

40 ft/s 

(12.2 m/s) 

I. The Occupant Ridedown Acceleration (ORA) (see Appendix A, 

Section A5.2.2 of MASH 2016 for calculation procedure) should 

satisfy the following limits: 

 Occupant Ridedown Acceleration Limits  

Component Preferred Maximum 

Longitudinal and Lateral 15.0 gôs 20.49 gôs 

 

3.3 Soil Strength Requirements 

In accordance with Chapter 3 and Appendix B of MASH 2016, foundation soil strength 

must be verified before any full-scale crash testing can occur. During the installation of a soil 

dependent system, W6x16 posts are installed near the impact region utilizing the same installation 

procedures are the system itself. Prior to full-scale testing, a dynamic impact test must be 

conducted to verify a minimum dynamic soil resistance of 7.5 kips (33.4 kN) at post deflections 

between 5 in. (127 mm) and 20 in. (508 mm) measured at a height of 25 in. (635 mm). If dynamic 

testing near the system is not desired, MASH 2016 permits a static test to be conducted instead 

and compared against the results of a previously established baseline test. In this situation, the soil 

must provide a resistance of at least 90% of the static baseline test at deflections of 5 in. (127 mm), 

10 in. (254 mm), and 15 in. (381 mm). Further details can be found in Appendix B of MASH 2016. 
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4 TEST INSTALLATION DESIGN DETAILS  

The test installation was approximately 87 ft (26.5 m) long and consisted of four major 

components: 1) a modified version of the standardized transition buttress, 2) the new 34-in. (864-

mm) tall AGT, 3) standard MGS, and 4) a guardrail anchorage system. Design details for test nos. 

34AGT-1 and 34AGT-2 are shown in Figures 7 through 30. The impact points for both tests are 

shown in Figures 7 and 8, respectively. Photographs of the test installations are shown in Figures 

31 and 32. Material specifications, mill certifications, and certificates of conformity for the system 

materials are shown in Appendix A. 

The modified version of the standardized transition buttress measured 7 ft (2.1 m) long and 

39 in. (991 mm) tall. The buttress utilized a dual chamfer design along its front edge, as detailed 

in Figure 21, which was developed to mitigate vehicle snag on the upstream end of the buttress. 

The geometry of the buttress was identical to the original standardized buttress except the height 

of the barrier and the height of the lower chamfer were increased by 3 in. (76 mm). The buttress 

was reinforced with transverse stirrups and longitudinal rebar, as shown in Figure 22, and anchored 

into the test site tarmac using an epoxy with a minimum bond strength of 1,450 psi (10.0 MPa). 

The 34-in. (864-mm) tall AGT and adjacent MGS consisted of 12.5 ft (3.8 m) of nested 

12-ga. (2.7-mm thick) thrie beam, 6.25 ft (1.9 m) of single ply 12-gauge (2.7-mm thick) thrie beam, 

a 6.25-ft (1.9 m) long 10-gauge (3.4-mm thick) symmetric W-to-thrie transition rail segment, and 

56.25 ft (17.1 m) of 12-gauge (2.7-mm thick) W-beam. All thrie beam rails were mounted at a 

height of 34 in. (864 mm) while all W-beam rails were mounted at 31 in. (787 mm). The first three 

posts adjacent to the buttress were 7-ft (2.1-m) long W6x15 posts embedded 52 in. (1,321 mm) 

into the soil and spaced at 37.5 in. (953 mm) on center. The remaining posts were 6-ft (1.8-m) long 

W6x8.5 posts embedded 40 in. (1,016 mm) into the soil and spaced at various intervals, as shown 

in Figures 7 and 8. The tops of the thrie beam rails and the associated blockouts, including the 

downstream end of the W-to-thrie transition segment, extended above the tops of the posts due to 

being raised 3 in. (76 mm) while the posts remained at their nominal embedment depths.  

Finally, a guardrail anchorage system typically utilized as a trailing end terminal was 

utilized to anchor the upstream end of the test installation. The guardrail anchorage system was 

originally designed to simulate the strength of other crashworthy end terminals. The anchorage 

system consisted of timber posts, foundation tubes, anchor cables, bearing plates, rail brackets, 

and channel struts, which closely resembled the hardware used in the Modified BCT system.  The 

guardrail anchorage system has been MASH TL-3 crash tested as a downstream trailing end 

terminal [25-28]. 

As requested by NDOT, test nos. 34AGT-1 and 34AGT-2 featured two different 

configurations of the splice between the nested thrie beam and the thrie beam terminal connector. 

In test no. 34AGT-1, the terminal connector was placed behind both plies of the nested thrie beam, 

as shown in Figure 31, while in test no. 34AGT-2 the terminal connector was sandwiched between 

the two plies of the nested thrie beam, as shown in Figure 32. NDOT typically installs terminal 

connectors in the sandwiched configuration. 
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Figure 7. System Layout, Test No. 34AGT-1 










































































































































































































































































































































































