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ABSTRACT

This report presents the results of a level 3 crash test of the portable F-shaped concrete
barrier used by the Pennsyivania Department of Transportation in work zone areas. The
crash test was conducted on November 22, 1999 at the Pennsylvania Transportation
Institute’s Crash Safety Research Center.

One test was conducted in accordance with NCHRP 350 level 3, test designation 3-11.
The test vehicle used was a 1993 Ford F-250 pick-up truck with an impact speed of 100.9
km/h (62.7 mph). The test article's performance was not satisfactory. Following impact
with the barrier, the vehicle mounted the barrier and rolled over three times. One of the
barrier sections was completely separated from the adjacent sections, and was displaced
significantly rearward and knocked over. The impact caused significant damage to the
joint between adjacent barrier sections. The testing agency recommends that the
connection detail be reevaluated before retesting the barrier.
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INTRODUCTION

Statement of Problem

In order to meet Federal Highway Administration (FHW A) requirements, the Pennsylvania
Department of Transportation (PennDOT) needed to evaluate the crashworthiness of its portable
F-shaped concrete barriers by means of crash testing according to NCHRP 350 requirements
(Ross et al. 1993). Barriers with joints that fail to transfer tension and moment from one segment
to another will not be acceptable to FHWA after October 1, 2000, unless they are demonstrated
to be crashworthy. A crash test is necessary to evaluate PennDOT’s current portable concrete
barrier with slotted connection as shown in Roadway Construction Standards (RC 57M).

Objective and Scope

The objective of the test program described in this report was to evaluate the performance of
PennDOT’s portable F-shaped concrete barrier when subjected to NCHRP level-3 testing criteria
based on test designation 3-11.

The scope of the test program consisted of a single test in which a 1993 Ford F-250 pick-up truck
impacted the barrier at 100 km/h (62 mph) at an impact angle of 25 degrees. The portable
concrete barrier was manufactured in accordance with PennDOT standards.

TECHNICAL DISCUSSION

Test Parameters

Test Facility
Crash tests were performed at the Pennsylvania Transportation Institute Crash Test Facility. A
detailed description of the test facility is provided in Appendix A.

Test Article Design and Construction

The test article consisted of 20 sections of portable F-shaped concrete barrier, each 12 ft in
length. The barriers were manufactured and installed by Eagle Concrete Products Co. of
Somerset, Pennsylvania. The barrier sections were manufactured according to PennDOT
Standards RC-57M. Compressive strengths of concrete test cylinders ranged from 4800 psi to
5677 psi. The barrier sections were placed directly on asphalt concrete pavement. Photographs
of the barrier installation are shown in Figure 1. The ends of the test section were anchored
using reinforcing bar dowels driven into the ground adjacent to the sides of the end section. Four
dowels were used on each side of each end section and four dowels were used at the end of the
end section.



Figure 1. F-shaped barrier installation and end treatment (dowel) detail.

Test Vehicle
The test vehicle was a 1993 Ford F-250 pick-up truck. Vehicle specifications are provided in
Figure 2. Photographs of the vehicle are shown in Figure 3.
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Vehicle Dimensions

- - .

Item Geometry (in/cm) Item Geomeltry (in/fcm)
Overall Width A . 76.5 194.3 | Hood Height J 45.5 115.6
Front Overhang B 32.8 83.2 Bumper Height (top) | K 28.0 71.1
Wheel Base C 133.0 337.9 | Bumper Overhang L 4.0 10.1
Height D 74.0 188.0 | Bumper Height M 17.5 445
Rear Overhang E 51.0 129.5 Front Wheel Track N 68.0 172.7
Total Length F 216.5 550.6 | Rear Wheel Track 0] 65.5 166.4
Front Axle to CG G 57.5 146.1 | Tire Diameter P 31.0 78.7
CG Height H 29.3 74.3 Wheel Diameter Q 17.4 44.1
,r — = | ;:J
A when _ € o o wen
! N
E = D_ >
TAE O e P e TOY ORTAL
WHELL O Q==
T
7 »
O 0= |
Ly T\ ' L1
—* v, ¢ M, ¢
[ 4
: Vehicle Data
Gross Static Mass (kg) 2000 Engine Type
Front 1135 Engine CID
Rear 865 Transmission Type
Test Inertial Mass (kg) Optional Equipment:
Mass Distribution (kg) |
Left Front 570
Right Front 565
Left Rear 430
Right Rear 435 Dummy Data
Dummy Mass (kg) Type:
Tire Inflation (psi) 50 Mass:
Tire Size LT235/85R16 Seat Position:
Odometer 93,280
Engine 4.9 liter, 6-cylinder
Vehicle Identification No. (VIN) | IFTHF25Y9PNA76938

Figure 2. Test vehicle specifications.
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Figure 3. Pre-te

Soil Conditions

Soil conditions were not applicable for this test because the barrier was placed on the surface of
the pavement, a typical field installation in Pennsylvania. However, the skid resistance of the
asphalt concrete pavement was measured. The data presented in Table 1 summarize the results
of the skid testing of the pavement on which the barrier was located. Six runs of the skid-testing
equipment were used to calculate the average skid number. An average skid number of 82.3 was

LR

st photos of the test vehicle (1993 Ford F-250 pickup).

obtained with a standard deviation of 0.9. This corresponds approximately to a friction

coefficient of 0.823.

Table 1. Pavement skid resistance measurements.

Date: November 8, 1999

Driver: Allen Homan

Tester: Two-Wheel

Weather: 53°F, partly cloudy Operator: Robin Tallon

Tire: Ribbed

Time Test Number SN Speed
11:49:01 3 81.4 40
11:50:31 5 83.8 40
11:52:02 6 81.4 40
11:53:32 7 82.1 40
11:55:03 8 82.8 40
11:56:32 9 82.3 40

Average SN 82.3
Standard Deviation 0.9
4
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Impact Description/Vehicle Behavior

Based on video analysis of the test conducted on November 22, 1999, the approach speed at
impact was 100.9 km/h (62.7 mi/h). Following impact with the barrier, the vehicle mounted the
barrier and rotated counter-clockwise with the rear of the vehicle crossing over the barrier. The
front wheels came in contact with the ground and the vehicle began a passenger-side leading roll,
coming to rest in a grassy area after rolling three times. Examination of the barrier indicated that
the initial contact occurred when the tire struck the barrier approximately 36 inches upstream
from joint 7. Based on examination of the front bumper, which showed only minimal damage,
the front bumper did not appear to have struck the barrier. Test results are summarized in Figure
4.

Test Article Damage/Debris Patterns

As a result of the impact, the barrier section between joints 6 and 7 moved approximately 27
inches rearward at joint 7. The barrier section between joints 7 and 8 was completely separated
from the adjoining sections and was knocked over as shown in Figure 5. Significant damage,
including spalling of the concrete adjacent to the joint, occurred at joints 7 and 8 as shown in
Figure 6. Displacement of the barrier sections, along with the debris pattern resulting from the
crash event, is illustrated in Figures 7 and 8. A pre-test map of the barrier locations is provided
in Figure 9 for comparison purposes.
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Vehicle Damage

The impact and subsequent rollover caused significant damage to the vehicle. The roof of the
vehicle buckled and the windshield and rear window separated from the vehicle. Damage to the
vehicle is illustrated in Figure 10.

Y0t

H

'z%f"a

i
4
i

Figure 10. Post-test views of the test vehicle.

Dummy Behavior
The NCHRP-350 specification for this test states that the use of the Hybrid III dummy 1s
optional. Therefore, the dummy was not used in this test.

Assessment of Test Results

Occupant Risk
The rollover following the initial impact and the damage to the vehicle compartment would be
expected to place occupants at significant risk.

Structural Adequacy

Significant movement of the barrier during impact occurred, resulting in an undesirable
trajectory of the vehicle. Spalling occurred at barrier joints 7 and 8, resulting in the separation of
adjacent barrier sections in the vicinity of the impact.

11



Vehicle Trajectory Hazard

The vehicle climbed the barrier and rolled over three times resulting in significant risk to
occupants and, potentially, to oncoming traffic. Table 2 provides a tabular assessment of
structural adequacy, occupant risk, and vehicle trajectory.

Table 2. Risk assessment table.

| Evaluation Criteria | T | Assessment
A. Test article should contain and redirect | The test vehicle was not contained by the F- No
the vehicle; the vehicle should not shaped portable concrete barrier. The acceptable

penetrate, underride, or override the
installation, although controlled

lateral deflection of the test article is
acceptable.

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

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 that could
cause serious injuries should not be
permitted.

should not penetrate or show potential

vehicle penetrated the installation and then
overrode the installation before going into a
series of side-over-side rolls.

The penetration of the portable F-shaped
concrete barrier resulted in a section of the
barrier separating from the installation. The
separated section of the barrier would have
presented an undue hazard to traffic,
pedestrians, or personnel in the work zone
behind the installation.

acceptable

F. The vehicle should remain upright
during and after collision, although
moderate roll, pitching, and yawing

are acceptable

The test vehicle rolled a total of three times
before coming to rest in an upright position.

Not
acceptable

K. Afier collision, it is preferable that the

After impactﬁé e

percent of test impact angle, measured
at time of vehicle loss of contact with
test device.

making the measurement of an exit angle
difficult, especially without the overhead
high-speed video camera data.

Not
vehicle’s trajectory not intrude into vehicle’s trajectory was such that the vehicle acceptable
adjacent traffic lanes. would have rolled into adjacent traffic lanes.

L. The occupant impact velocity in the Occupant impact velocity and ridedown Not
longitudinal direction should not accelerations were not calculated. Although calculated
exceed 12 m/sec and the occupant the initial impact was captured by the data
ridedown acceleration in the acquisition equipment, the equipment was
longitudinal direction should not subsequently thrown from the vehicle during
exceed 20 Gs. the rollover and data beyond 2 sec from the

initial impact was lost.

M. The exit angle from the test article The vehicle contact with the barrier ended as Not

preferably should be less than 60 the vehicle began its series of rolls, therefore measured

12



CONCLUSIONS AND RECOMMENDATIONS

Based on a review of the test results, it is concluded that PennDOT’s portable F-shaped concrete
barrier that was tested does not meet the NCHRP 350 level 3 performance criteria. It is

recommended that the joint design for the portable F-shaped barrier be reevaluated and modified
before conducting further crash tests.

REFERENCES
Ross, H.E. Jr.,, D. L. Sicking, R. A. Zimmer, and J. D. Michie. Recommended Procedures for

the Safety Performance Evaluation of Highway Features. NCHRP Report 350. National
Cooperative Highway Research Program, National Academy Press (1993).

13






APPENDIX A:
TEST VEHICLE EQUIPMENT
AND
GUIDANCE METHODS

14






TEST VEHICLE EQUIPMENT AND GUIDANCE METHODS

The Pennsylvania Transportation Institute (PTI) facility uses a rigid rail to provide vehicle
guidance, a reverse towing system to accelerate the vehicle to the required test speed, and a
release mechanism that disconnects the tow cable prior to impact. The guidance systems
currently being used by crash-testing facilities can be generally categorized into three types:
remote control guidance, flexible cable guidance, and rigid rail guidance. Remote (radio) control
systems have been used with limited success, largely due to problems caused by delays in
reaction time and response of the control system and operator. Cable guidance systems are
attractive because of their low set-up cost and versatility. However, the instability introduced by
the lateral deflection of the guidance cable makes it difficult to reliably achieve the tolerances
specified in NCHRP Report No. 350. The rigid rail guidance system effectively removes many
of the lateral instability problems associated with cable-guided systems.

Figure Al. Speed multiplier pulley, alignment pulley, and pulley shown
with bogey and guidance rail. )

PTT’s rail guidance system consists of a guide rail, release post, bogey assembly, and tow cable
as depicted in Figure AI. The guide rail is a 930-ft-long, 3.5-in-high I-beam. The east end of the
rail terminates into the impact zone (see Figure AI). The rail is securely anchored to the
pavement along the edge of the vehicle dynamics test pad. This test designation requires a
2000P vehicle. Therefore, a pickup truck is used for the crash vehicle. The pickup is run along
the rail with a bogie mounted onto the rail so that it fits underneath the truck. The bogie is
attached to the truck’s lower suspension arms.

Figure A2. Bogey aligned on guidance rail and attached to test vehicle.
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The towing system is used to bring the test vehicle up to the desired impact speed. This system
consists of a tow vehicle, a tow cable, two anchored re-directional pulleys, a speed multiplier
pulley attached to the towing vehicle, and a quick-release mechanism attached to the bogey as
shown in Figure A2. This configuration results in a speed-doubling effect, in that the speed of
the test vehicle is twice the speed of the towing vehicle.

TEST LAYOUT AND PREPARATION

The test article is aligned at a 25-degree angle with the guide rail using a CAD package and total
station, taking into account the position of the vehicle with respect to the guidance rail. The
critical impact point (CIP) for the article and the vehicle is also determined. Typically, it reflects
a worst-case scenario. '

TEST VEHICLE

For this test, a 2000P pickup truck was used. The test vehicle, as presented in the main text of the
report (Figure 3, p. 4), was a 1993 Ford F-250 pickup truck, structurally sound, and possessing
characteristics that match closely with the national fleet. The test vehicle had no rust damage or
damage to the frame or suspension, and no modifications to the bumper or ride-height were
incorporated.

VEHICLE PREPARATIONS

—Vehicle wheels were balanced and aligned.

—Vehicle geometry was measured.

—The battery was removed and the radiator and fuel tank were drained.
—Guidance, data acquisition (DAQ), and emergency systems were installed
—Tow hooks were mounted to the front suspension A-arms.

—The air actuator was installed in the vehicle with brake control cables.
—The pressure tank and radio controlled air valves were secured.

—Large reference marks were placed on the vehicle.

16



APPENDIX B: PHOTO INSTRUMENTATION

17






High Speed Video Coverage
and Analysis Report for

Portable F-shaped Concrete Barrier

Tests Performed by:

Test Dates:

Device Tested:

Impacting Vehicles:

Report Date:

Report By:

The Crash Safety Research Center
The Pennsylvania Transportation Research Institute

The Pennsylvania State University
University Park, Pennsylvania
November 22, 1999

Portable F-shaped concrete barrier

1993 Ford F-250

6 December 1999
Revised 20 December 1999

John R. Yannaccone, P.E.
ARCCA, Incorporated

Penns Park, Pennsylvania

18



Introduction:

This report documents the setup and results of high-speed video coverage of impacting an
F-shaped portable concrete barrier with a 1993 Ford F-250 pickup at approximately 100
kilometers per hour (km/h). The purpose of this test was to evaluate the performance of
the device and its ability to meet the requirements of NCHRP-3 50, level 3.

The goal of the portable F-shaped concrete barrier test was to impact the barrier with the
vehicle at 100 km/h. The barrier was placed at an angle of 25 degrees to the line of travel

of the vehicle. The point-of-impact on the barrier was to be approximately 1 meter from
the joint between barrier sections.

High-speed video was used to allow post-test analysis, including vehicle speed prior to
impact, angle at impact, point-of-impact to the vehicle, and the exit speed for the vehicle.

This video will also be used to analyze the performance of the devices, although that is
beyond the scope of this report.

Setup:

Four high-speed video cameras were set up to provide test coverage (see Table BI and
Figure BI). In addition, two real-time video cameras were used to supplement the high-
speed video coverage. Pre- and post-test conditions were documented with a Minolta 35-
mm camera. The placement of the cameras was as follows:

Table B1. Camera Placement

Speed Lens
Camera Type Frames/sec | (mm) Location/View
1 Motionscope 8000S 500 6 90° from left side of vehicle
2 Motionscope 8000S 500 6 Overhead
3 Kodak EktaproEM | 500 Head of barrier looking down
centerline of barrier
4 Kodak Ektapro TR 500 85 | Approx. 65° from line of travel of
vehicle looking at rear of the barrier
5 Sony CCD-TRV65 Zoom | 90° from right side of vehicle
8 mm palmcorder
6 Sony CCD-TR910 Zoom | Approx. 45° from right side of
8 mm palmcorder vehicle
19
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Figure B1. Diagram of camera placement. .

The exact location of the real-time cameras, cameras 5 and 6, was not included on the
survey information received from PI1. However, these cameras were located to the right
and left of camera 4. During the test, the power cord for cameras 2 and 3 became
entangled in the tow cable, resulting in a loss of power to these cameras. Thus, no
images were recorded for this test by either of these cameras.

General information on the vehicle used for the test is summarized in Table B2.

Table B2. Vehicle Information.

MAd.
Test Vehicle VIN Date

3 1993 Ford F-250 IFTHF25Y9PNA76938 3/93

Prior to the tests, the vehicle had a visual target placed at the center of gravity (CG) on
both right and left sides and the top of the vehicle. In addition, a target was placed 36
inches aft of the CG on both sides of the vehicle. These targets were used to determine
the speed of the vehicle as it approached and exited the barrier. There was also a 24- by

* 24-inch grid painted on the ground in the test area that was used for both speed and

direction calculation from the overhead camera. In addition, two lines were painted on
each of the tires, which could be used to determine vehicle speed.
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The portable F-shaped concrete barrier was composed of 12-foot sections of steel-
reinforced concrete approximately 34 inches high. The thickness of the barrier was
approximately 23 inches at the base and 9 inches at the top. Twenty sections of this

barrier were joined together and the entire barrier was pinned with reinforcing bars at
both ends.

Results:

In this test, conducted on November 22, 1999, a 1993 Ford F-250 was used to impact the

face of a portable F-shaped concrete barrier. The barrier was placed at a 25-degree angle
to the direction of travel of the vehicle.

The vehicle’s approach speed is summarized in Table B3 below. Only the overhead and
left side views were placed such that the images could be used to calculate the speed of
the vehicle. Due to the aforementioned loss of power, no images were collected by the
overhead camera. Thus, speed was determined from the left side camera only.

Table B3. Vehicle approach speed.

Approach Speed
Camera km/h (mph)
Left side - Linear motion 100.9 km/h (62.7 mph)
Left front - Tire rotation 101.2 km/h (62.9 mph)

Following impact with the barrier, the vehicle mounted the barrier and rotated counter-
clockwise with the rear of the vehicle over the barrier. After the front wheels of the
vehicle contacted the ground, the vehicle began a passenger-side leading roll, coming to
Test in a grassy area after completing three rolls. Examination of the vehicle following
the test showed minimal damage to the right front portion of the bumper. Marks on the
wall failed to show any significant damage attributable to the bumper of the vehicle. The
first mark seen on the barrier was at a point between 35.5 and 36 inches before joint 7.
This mark was at the lowest portion of the barrier and is consistent with right front tire
contact. The barrier section between joints 6 and 7 was shifted approximately 27 inches
rearward at joint 7. The barrier section between joints 7 and 8 was displaced significantly
rearward and knocked over. This section was completely separated from the adjoining

sections. The barrier section between joints 8 and 9 was shified approximately 8 inches
rearward at joint 8.

Due to the loss of video coverage from the overhead camera, the angle of impact between
the vehicle and the barrier could not be determined.

Comments and Suggestions for Future Testing:
For the F-shaped barrier test, the initial point of contact with the wall of an exemplar

Ford F-250 pickup should be verified. This would be helpful in evaluating the test, as it
appears the right front tire contacted the wall prior to the bumper. This information
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would be useful prior to placement of a barrier for a test. Knowing the first point-of-
contact would allow the barrier section to be placed so that the initial contact point is at a
proper distance from the joint between sections.

In order to prevent loss of power to cameras, such as occurred in this test, a change
should be made. Cameras located in the position of camera 3 should have their power
lines routed on the ground, under the tow cable. A piece of sheet metal should then be
nailed down over top of the lines to prevent the tow cable from contacting the power
cords. This should allow the tow cable to safely pass over the power cords. Although the

power cords were placed on top of the barrier and a 55-gallon drum, this failed to prevent
the whipping cable from damaging them.

When placing targets on the side of the vehicle where they could be obscured by the
concrete barrier, the targets should be placed at a level greater than the barrier. For these
tests, the targets should have been at least 36 inches high on the vehicle.
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APPENDIX C: ELECTRONIC INSTRUMENTATION
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ELECTRONIC INSTRUMENTATION

The portable F-shaped concrete barrier was tested according to NCHRP 350, test 3-1 1, at
a speed of 100 km/h (62 mi/h). The test vehicle was instrumented with two tri-axial
measurement systems (NeuwGhent Technology, TAA-3121M4-1%-1000 and Crossbow
Technology Inc., DMU-VGX) designed to measure linear acceleration along three
orthogonal axes and rotation rates around three orthogonal axes. The first system uses
three +/- 20 G accelerometers to measure longitudinal, lateral and vertical acceleration
levels. The second system uses three 100 degree/sec angular-rate sensors to measure roll,
pitch, and yaw rates. The two systems were secured to the vehicle in a location near the
vehicle center-of-gravity. The vehicle was also instrumented with a Keyence PZ-61
photoelectric sensor for speed and an impact sensor built in house.

The electronic signals from the accelerometers, rate, speed and impact sensors were
recorded by an 8-channel Data BRICK data acquisition system. Data collection was
triggered with the release of the bogey. A small wire was attached between the bogey
and the vehicle. The separation of the two broke the wire, which triggered the acquisition
of data a few seconds before impact. Two seconds of pre-triggered data and 20 seconds
of post-triggered data were collected. Calibration and offset signals were recorded before
the test. The signals were sampled at 1,000 Hz and then filtered with a lowpass 300 Hz.
The data was downloaded to a notebook computer after the test for analysis.

The plots of the data acquired from the test are provided in Figures CI and C2. Table

C1 provides a summary of the minimum and maximum accelerations and angular rates
encountered during the test.
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Figure C1. Acceleration data for the portable F-shaped concrete barrier test.
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Table C1. Maximum and minimum accelerations and angular rates.

November 22 1999

Maximum Minimum
X-acceleration (g) 4.82 -9.81
Y-acceleration (g) 12.94 -16.60
Z-acceleration (g) 7.56 -7.88
X-gyro (rad/sec) 6.82 -3.57
Y-gyro (rad/sec) 4.90 -2.86
Z-gyro (rad/sec) 4.06 -4.68
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APPENDIX D: DETAILED DRAWINGS OF TEST ARTICLE

28






6

*(S 30 1) adeys-J JaLLieq UBIPAUI 1215U0D Jo Sulmelp parers "1 2mS1d

“0ILON SY Ld30X3 MeE) SYILINITUR NI JYY SNOISKINIC TTv “t1

VIMIINI 330 X31530 40 fIYSEN *wOLINIQ
*ONIL00S JTHLITONOR 4330 0SZ ¥ 30 NOILIINNOD NI-0373800 ¥
ot

WLG-0d

HIMLII KIIE SNOTLJOMNAINI LV MO SQN3 WL LV HITHYVE 3HL HOHONY
“NBOMS SY Id3JX3 »Z +40 SNIQVE ¥ HLlA $3903 TIv ONOY °

N :
v NOILONYLSNOD .SV33d¥g TVIIdAL
GIYIND3Y LON S1 ININGIERI
*SWLLVIINLSNI JMVIOMNAL M0J  SHOLLVTTHSN LKMNTRAZd ML Y
(1ens 1yvHOIRIL SY 36N HOJ WIIWHVE NVIOSM LL3UINCD LSYI4 30IACHS §

. ‘L 30N 335
S 40 2 133HS 338 \#xmhdx 3sveens 00% “3SYRENS 20 QY3iSNI O3S0 35 Avm 3Svg
-5350d8Nd INITIATT HOJ TYINILYA 3ASYRENS 3HL <0 dOL NO O3S0

mm N mm<m Z< M sz m.hmmuzou *STvi30 LNSMIJNOJNIIY 03 W araty v

- o T 38 AYM NVLHOM WNINHS-NON 3O ¥O1#1 SZ M3AYI ¥ °05€ NOILI35 *AgC-
- NOILY3118Rd HLIS 3INYOHOIIY NI TYIN3LYA SO0 “ON HO ¥Z °ON LOVARCL "L

P 5%
L v “§1 NI13VINE NI OALSIT HIUNLIVINWA ¥ X8 0317ddNS
SLHOIT 35N -SIWOIT ONINMYA ¥3HIO TV 804 SLKOI NMAE AQY3LS
: .3, 3dil MOTT3x 3QIADYd  'SLHOIT ONIHSYTd ¥, 3dAL BOTIIA 38 AYN
°! B31yNvd 3HL 40 LMYLS 3L 1V SiHOIT OAL 1S¥Id 3HL AINO "NOILJ3S
— : W3INEYE OILVNDISIO0 THL O 277 1Y Ji¥20T ONV W »Z 20 ONIDVdS
= ARIXM v Ly TTAISNI CATLMYHOOMAL G350 SIIMHYE NO SHOLVININI0

LMON-301S ¥0 Q0L 20 N3I1 RI QI0IACHd 38 AYA SIHOIT ONINSYA "9

T 20T ANS | Tegirol wyr OIMNIMOISH | gegiror wvr JIONIWOITN

NOISRG 40 QvEEQY
NOLLYLYOdSNVYL 40 LNIWLYVdId

VINVATASNNAd 40 HLTVIMANOWWOOD

51 NILITING NI QIASIT NSMLIVIONYA v &S J317ddNIS SLINT HO1D31dTY O
SHOLY3N1T3Q LMOM-B3IH¥YE 3SN  NOILD3S ¥IIYHVE QLLYNDOISIC JHL
Hre : NO 277 LY 3LYD0T ONY W 21 40 ONIDV4S IYNIGNLIONGY ROALXYN
: i ¥ LY SYOIV3NIT3Q 33¥7d * SNOILYTIVASNI ASVMOMIL MO
yd -t —L w 00, NYWL $S37 SNIOYYN TYINOZIHOH ¥ RLIE SNOILIIS 3AHND ¥od
-— W 02 QWY SNOI1I3S INIONYL 4OJ W SZ O ONIJVAS TYNIGILIINGT
s Sib ROAIXYA ¥ 1Y SHOLY3NIT30 30¥3d * SNOILVIIYASNI INJMWVANIJ 03
— e “OL§-IL
\ otz se QUYONYLS D14dvHL MO NAOWS SY SLINM ¥01231438 3UYX0Y (2)
- ol “H3HAYE NYIOIM 40 NI THAINID
TYNIGNLIONOT ONOTY MOIVINITI0 LNNOR-YITHHYE HAINID (1)
N sSA0703 SY_SHOLYINI T3 LMNON-dOL TIVASNY
‘5 40 ¢ 133HS 325 *S31vi3g “31A30_3HL 40 HIINZD AL OL WJIMMVE ML J0 dOL JHL MOMd OS50
NOLLIIMNGY 3:¥7d Q311075 04 SHOLYIR1T30 LMAOR-301S 21¥201 *SISYS 133104 A9 133r0¥d ¥
NO O3INIAHILZG SY C(LINA HOUJTTI3Y 20 MOLVINITIO LMNOM-HIIHNVE )
SHOLYINI 130 INNOM-OL MO (MOLVINIT30 LNMOR-N31:5VE) LNNOR
301§ 3SN *SNOILYITYLSNI BII1HHYE AYYHOMIL ONY INSNYAN3J ¥0d °S

SONIEYan
-9 ONY § SILON 33§ NOTLONUISMOD Zri NO NNOHS 38 01 €ITvi3s Tvidsey SIUIMG3Y
S1INN Hoi3143¥ TRl INFW3AVS ONIISIX3 NO NOLLINMISNOD ¥IILEVE NYIOF 313WON0D ¥
*SINIOF NOILONHISNGI TIv 1y TVINILYA INIOP
03070M38d 35N *NOILINHASNOD ANO-d11S HO 3IVId-NI-ISYD ¥OJ °C
“a3[A3Y ¥0d NOISIAIQ INILSAL ONY STYIHILYR ‘STVILILYA ONY
3 NOLLONHLSNOD 20 NYIWTA 3HL OL INIAYNO dOHS ITBIDNNONIIY FES X L1¥e
N Nv LIMBAS *ONILSIT S1 NIl3710M8 ¥ ¥0d4 “St NMILITNB RI 431517 SY
YIWLIVIINVA ¥ A0 03[7ddNS YILBAYE ILIWONGT LSYISYd 301A08d "2
"£29 NOILIIS *RPOr NOILYIITGNd
40 SINIMIYIADIY ML ONILIIN YATHYYE KY[GIM JLIWONOI 3Q1ACHd °L

S3LON

NOITLJONILSNOD WH03-4d1 1S H0 FJV id-NI-1SVD TVIIdAl

— e
NOILJAY¥LSNOD DIHLITONOKN

NO{LINHLSNGD T3MOC

Q31V02 AX0gZ
(dALl_9NOT 002
Y78 13M0Q0 i 0N

-

: i3
R Pl %
M._\v } u_n i 2
55 -3 . |r.—|2.
: LO iwn
03Lv0> AX043 = AR
2 I
HNOT W 58°5 ° o
(dAL) HVE £1 CON i@
L { 1dAL) SHYE " 3
It ! *ONDY (E1 "ONI-b
°y ! 1t
P T (dal} SHYE
L - ‘ONOT (E£1 ON 1=y
152 se
w o9 =

*9 ONY S SILOM 335
* LINR HOLI3T43M TY31dAL

"NOILINBASNOD
MY03-4175 ¥0d SNONNTLNOD
J0YN 41 INIOT A¥3AT LV ¥VE 1N







0¢

*(¢ Jo 7) adeys- IaliIeq URIPAW 313J0U0D Jo SupmeIp pafre1ad ~Zd 21031

TN 210

WLS-0Y]

T 165 | GersiowT

m 21530 40 MY3WN *WOLIWIC

_ BBE1° St Nyr CIONIWOIIY

* 3dVHS -4

¥3194vE8  NVIQ3IN  3LS5HYONOD

NDISIQ 40 AvVIHa

NOLLYLYOdSNVUL 40 LNIWLYVHIQ
VINVATASNNId 40 HLTVIANOWWOO

'QAUON SY 1d32X3 aun) SE3LMITIN KI 38¥ SHOISNIAIG v

NAOHS SY 1d32X3 »2 40 SNIO¥Y ¥ HLIN $3903 TIW QNOY “

©919°F1 NOILIIS NI
Q3141934S SY *HINS SY CIIJIINIQI ONY ° 229 NOILD3S HLIZ 3INTOHOIIY
NI *XINQ NOILYTIVLSNI AHYHOJRIL NI Q350 39 QL SI H31¥Mve Nvigam

3L3YINOD L1SYIUD NIHE OIHIMDTH LON S1 INFM3JWOSNIIY QILYOD 4X0d3 °

“Or 30 ¥3A0D ALIUONOD WTNINIR ¥ KiIM 60L NOILII3S ‘MEOr NOILYIITBAd
40 SININIYIMOIY 3IHL ONILIIN TIZLS INSNIJVOINISY 301A0Hd

(2)20°50(1 NO1L1J35 ‘WSO WOILYOITBNG NI Q3141D3dS
SY S33IAIQ VLI IZINYATYY  “HI1WMYE ALIUINOD LSYIInd ONIAOMIM

ONY ONITTYASNE *ONITONYH ¥0d4 S3JIA3C SNILd1T IWYLINS 301A0Hd

@ 8

SINFMINIMOIY AV 3¥¥V4 #od € LI3HS *¢ ITEYL 01 ¥4

1YY 3019 ONILSIX3 HLIA Q3ddVYIHIAD

¥O QILIINNOD A1WId0¥d SI_A3LSAS WITHYYE 3HL S0 ONI Jnl
JIIND 3Lvd 3¥Y14 §3¢08d 3HL LY GIGNIUXI ST ¥IIybYE JHL
N01123S

103 v NI Q31408 39 NYD R31SiS ¥3TusvE 3H2 30 ON3 WL
QUINT 2ivd 34VIS ¥30Hd IML 1Y OIONILXI S1 HIIHNVE THL
°Zt HILJYHD *Z LUVd * TYINYA NO1S30

*RCL NOILYSITGNd NI QINIMYALI0 SY 3NOZ ¥VITH QIO 3HL
301SLN0 QI1¥I0) SI WALSAS ¥3I¥¥YE Il 30 ONI JHL TILNN
31vH 3WY73 ¥3d0¥d 3ML LY Q3ONILX3 ST 3IBUYE FHL (V)

@

10214S11YS JHY SNOILIONG3 ONIKOTI03 3KL dJ0 ANV JI OJWIMO3H LON SI 3J1A30
ONILYANILIY 13¥dM] NY “SNOILYTIVISNI ¥3THWYE 304 “SS3T ¥0 Ymot 02 S1 033dS
I¥53T JHL 3M3NA G3ISN 36 AVA NOILISHYHL ONJ w ("2 ¥ ‘SNOILJISHIUNI L YO SdAVY
T37TVHYL 40 ON3 3AL 1v O3LYNIMNIL S1 ¥31¥4¥A IIIYINOD N3HR °¥.D §1 30 30¥04

NOILYH3T3030 X¥3d AMRIXYA ¥ ONY 2.0 S°§ 30 3040J NOTLIYEITAII" OVMdAY

ONLLYINILLY LIVAAI XV 35N *3ISIANIHLO
JUIHE SNOILYITYLISNI LININVA¥SA HOS 336YLJ3IIY S NOILISHYHL QN3 J34071S 1302 ¥
*Zl MIL4VHI ‘7 L¥Yd ° TWONYA NOIS3Q ‘ALl NOILYDITBNd NI O3NIRNALIQ SY *3n0Z
Y319 Q341(RSY 3HL JAISLAO QIALYI0T SI NOIID3S HIIUNYE LSYT 3HL NIHE A0

SNOILYTIVISN] u3I1N¥YS LNINYAN3d ¥0J 03SM 3@ VA NCILISNWML ON3 T¥dldir v °i

NOILONYLSNOD 1SVI34¥d d0=

STIYL130 LN3N3JYO4NI3SY TvOIdAL

533LS IN3N3OH0INISE

—_— T =g4im G2
NOTLIISNVEL ONS uq% diM G2073M
- *Z 310N 335 (daz) §/7
“S101S ONILd!? e - =
Wiz YO/QNY wuq-:wcc _ XYW 06 = 3 XYRN W Q6 = T
oonlwom NIN oml/ Deesty -
' *Iﬁ r,1|nJ 1 ] T, nom
F L T i i
[ T ---top
e g ———————— (i) Y ¥Ze

038

P

[ ;
03L¥0D Ax0d3d -~ :
) suve €1 ON-Y

S

e

—_— \

Q3LY0S AXQa3 (dAl! NIR OF:

Nim or: og2 Nin ot SLAR X GLAM-ZS! % 25: dAM
NOTIOASISNGD WE0S-=198 80 559 7d-NI1-15VD WoldAs
NOTLONULSNGS 1Svi35d WITdkL < v ,.o:uaﬂmzs ezmw_“”
v-v Zo:.umm

v-v NOilD3S

.NOTLONYLSNOI Ti3MOC
¥-v NOILJSS

Q31¥0D AX043
(dal) ONO1T 0OC

5 90 | L3S 55 .
‘L 310N 335 cos . - HYE 13M0Q €1 CON
*IVIYILYN ISYERAS T~ ' 1051 g
=) ”: - 1
o, [

d 052

(dAL) SHYE
CONOT (£1 ON)-»

Sii

ol -4 182t

7

~— S 40 § L3IIMS 235 *SAUYLIC
NOILJ3NNDD 31¥1d O3LL07S WOd

teal) SHVE

“ONOT (i. "ONI1-P 1 \ MH
, A Oy 1
a1t
1 —_——
5t
I
- o2

(dAl) SHvE
“ONGT (€1 ONi-v

g§-8 NCIL1235

009
Lllfﬂ TN 5
X Folan .I
//, s
- ;

A iin '

|

i

L
NiN Or}

NOIL1JNYLSNOD NOILISNV¥L QNI VIIdAL

MIIA NOILVA2IS

T I
i |
|
= 39vdEns |
I LNFNIAVE—
{ AN
' ,./ NOILINELSNOD M¥O3-dils
| H0 39¥7d-N1-15V2
: // 404 *03LY0D AXQd3
[ S Y idal) NYd £1 O

Si K3TA NV

h E3 ;

oot

U Yty :
T - :
s Ty

R T -
g T i
' 5
18
3 1 .
v







£

(g 30 ) adeys-. I1311req UBIPSW 312I0U0D JO Fumelp pajrelnd "¢ 2InS1g

LTWIN IO, MOIS0 0 MVIWG *¥0L33MIC

d3144¥VE NVIQ3n 3139O0NOD

NLS-JY
T 40 T IHS | §eBi I Wwr O3CNIWMOIIL | GEEITS1 Nvr 0ICNINMCOT
[ | os
. vre focrol 03 1v LN3N3IVd
m&<Imlm (IR SR A L 4 ce
¥31¥¥ve NVIA3N  3LIYONOD ey R %
[N A2} 08 31vHD NOMI 1S¥I
[T 1) oot X08 13Wi
NOISIA 40 AVEERL oSt _ [T ot LINN gC. SL3¥INOD M 3dAl
NOILVIYOdSNVYL 40 LNIWILAVLIA trst | o1zoz foout
VINVATASNNAd 40 HLTVIMNOWWOO [Five 30| TR | et
sazvy 3uv1d AmALXYR | NOIS30

NOIS30 ¥3iyyve ¥02 S3Lvy F¥¥1z
t 378Vl

“¥3Iv3S LNI1OT 03AOBddY

N HLIK SINIOF YIS

“Q3L0N SY L430X3 M) SHILIMITIIA NI JdY SNOISNINIC 1T °%

S3NOZ NOIL3NMISNOD * (GIZIHOLIITIIB) 30NVHO
(@IZI1¥OLI3 1438 ) 80734 t 97314 @)
(OIZIHOLIITIIY-NON) S3IJIHLS XOVIS 1 30¥SS3M (V)

1SAOTI0S SY SEJANYN 3ONWHYITD HOd HOIGD 301ACHG

ONIQYIT 3HL OL A1LDIWIC SHINWYR va<t< ¥ Yiag NI G3LNIS3dd SY
S33IA30 ONILYANSLLY LIVAAl 30 NOILVINIT30 dOJ *TIYINAUWYA ONILIINS
11 SSY13 mOMd QaLYSI¥8Y3 *12-91a 40/ ONY YZ-91A “ SHINWYA IONVHYIID
SAILISN3S JUNSSTAd ‘ANNIANTY QHYCHYLS ‘FIONVLIITY T¥IILH3A 30IACNd 2

"5 J0 1 L33WS *Z 3UON

335 “B3TA3Y ¥Od ONTAVHO JOHS 370I1ON00HJ3Y PES X (v NY LIREGNS

*N91S30 uo.adw‘z JHL AR nwsbx&md SY IS 3§ AVA SNOILIINNOD
40 SINIWSNIMO3Y 3HL ONILIM “SEY X 061 X @ *SILVI4 SAIAOMd °:

S31i0N

L3INT vIIdAL

S39TA30 ONILVNNSLIV LJOVdNT 40 NOILV3INIT3Q

NOILO3NNCO 31Vid (Q3Li071S S0
|
¥3av. SI81851AESE TIVISC 1015 -2 3108 33
2 ONY HZ-9iM
yI3auvn
JONVEYITY

301A30

LECLEELR)

v 11v.l3a

HZ-91N AVMAVOY HONOYHL
7
/) q
\ HZ-918 -“-
/

JINYHYITID — _

Tz % ¥Z-9M oy
i

|

!

i

ERIGED)

/ ONILYONSLLY | !
/\ LoV~ |
/\ |
A P :







(43

(¢ J0 ) adeys-.] J9LLIEQ UEIP3W SI9IIU0D JO BUIMEIP PRI v 051

N1S-0Y uamioNd 43160 w1530 %0 (VIWNW °WOLIIWIO

2= 40 5 NS | TEET ST wVF Q3ONFWOOIY | FEgir 51 wvr (IONIROI3Y

JJVHS -4
¥31y¥8ve NVIG3IN  IL3HONOD

NpfSEQ 40 avEUNE
NOILV.ILMOdSNVYL 40 LNIWLAVdIA .

VINVATASNNEd 40 HLTVIANOWWOD

‘Q3LON SV Ld39X3 mau) SYILINTIIA NI 3yV SNOISN3NIQ T17v

“NEOHS SV Ld32X3 ¥2 =0 SNIQVY v Hilw S3903 TIv ONNOY
“§0L NOILJ3S
*NGOF NOILYDITENd 30 SLNINIYINDIY 3IHL ONTL3SM INSMIDNOINISY 301A0¥d

S3LON

o

BT NOTLI03S
[ECHET] §-8 NOI1J3S eECICEE]
SV Hid3C — SY Hid3d —

N =T
ERLECIEIN

AY
39vauns \ — =
araara- N\ 8| LN3NGAYE -
AR M
0s2 3 X I ¥ 052
b wh‘m —m
/~ \.\
@xd) suvs |\ !
-ONOT (1 CON Ik i
m— H (dal) SHVE
m_; ! *ONOT (Tl ONY-v
otz -, [5
— =

NOILJONYLSNOD NOTLISNv¥L 0.0 CL 018 7vIIdal

K314 JiHGTHIOHLEO

— e
®31A NOTLVAZIS

.

v-v NOILJZS

otot

HITA NV

— 2oVANNS

AN3N3AYY

oot
O
|

598

of2
009







%3

*(§ JO §) adeys-J JSLLITG UBIPSUI 31310U0D JO SWIMEIp pafreIaq "¢ inSLy

SHENING SN0 | _ VIS0 O TN ©widig

'NLE-DJY | i

.u T 20 T 15 | GeeicsT wvr SOOI | FET s T JIONIWOISH

NOTZohELSNGS NO.-1SNVE_ CoZ: 0L Cio. 5 3tons
w

CEERR T GEE T )

|
i
|
i SdVHS -4

HITHHVE NVIG3W  Z13YONCD

: NDEIG 40 NVFEOR
i NOILVIYOdSNVYL J40 LNFWLYVLIT
VINVATASNNId 40 HLTVIANOWKOD

i
!
i

|
t
i
i
:

030N ST _o30X3 w0 SEILING TTIA NI FY SNOISNIAIO TV -

NMDHS 37 ig33X3 v2 20 SAIQYY ¥ -1id SZVCF Y ONAOY
“Or =0 YSADD TLIWINGD WOWINIR v Kiis 6O0L NOILJ2S
*REOP NOILVIITGhG =0 Sow3NIWIND3x IHL ONILIZM ININ3DHOIN(3y 2014080

L

S31ON
T
e T g
2- L33 - TIIES !
: mmx:awm { . : i P i
A -— — . -
! e z e g
: 2e3d ;
_— e EH z —
: _ - ' :
; T —= : : — . L - i
i - i : ; o . "
! - - ! i — —_— !
i \" s : - . ;
I 33vauns : 3ovauns =
! INFMIAYE — INTRIAVE . © -
i ¥ 082 . T
} : 3
_ L E
m { | AIIA NV D
; 23LYS2 4x0eE \ / 5T !
: LaaL) G1AR. T 31RA p—— [ ' =oE :
i Z51 = 253 - 3 — L
H SLSHONOS
H I 0 |
H — 7 i
: Ser Iz, !
i — NN CF —_— —— !
. E H
: : T 2 !
] >
[
c i
- —t !
' & 'y i
L e !
|







