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I. INTRODUCTION

Current standardized wood post guardrail systems use two wood species:
Douglas fir and southern yellow pine. Performance of these species is
accepted as adequate. However, many other species exist which may offer equal
or superior performance while providing more cost effective installations
throughout the United States.

A good post for a "strong-post guardrail system” is one that maintains
adequate fracture energy while displaying a low peak force and low average

force. Fracture energy relates to the ability of the guardrail system to

absorb the energy of the impacting vehicle or pendulum. The peak and average

forces relate to gravity forces which act on vehicle occupants when the
vehicle is redirected or stopped.

The main purpose of this study was to dynamically test posts of several
Great Lakes wood species to determine their acceptability as guardrail
posts. A second purpose was to determine if wood species with fracture
energies less than 6.0 could be found that would meet full-scale crash test
criteria. The third purpose of this study was to suggest criteria for a more
appropriate specification for guardrail wood posts.

The existing specifications are presented in "A Guide for Selecting,
Locating, and Designing Traffic Barriers®{1) and "A Guide to Standardized
Highway Barrier Rail Hardware“.(z) The first publication specifies the use of
Douglas fir and southern yellow pine for wood posts with no reference to
physical properties. The second publication states that posts and blocks
shall be made of timber with a stress grade of 1200 psi or more based on
static test results, but makes no reference to species, moisture content, or

djnamic impact characteristics. The stress grade of 1200 psi is widely
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thought to be an attempt to extend the post requirement to include other
species, Thus, stress grade is the existing guideline for post selection.
This report presents the results of pendulum tests performed on 6"x8" and
8"x8" guardrail posts constructed from twelve different species of wood, the
results of four full-scale crash tests of the standard G4(W) guardrail system
shown in Appendix C with alternate wood posts, and the suggested criteria for
wood post specifications. Section II provides a detailed description of the
experimental procedures and Section III presents the results of the testing
while Section IV gives a discussion of the results. The conclusions and
recommendations of this project are presented in Sections V and VI,
respéctiveiy. Appendix A contains the pendulum test results and Appendix B
preseﬁts the full-scale test réports. The current specifications for wood

posts are included as Appendix C.
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II. TEST PROGRAM

This project was performed in two phases. The first phase consisted of
152 pendulum tests and one full-scale crash test and phase two consisted of 36
pendulum tests and three full-scale crash tests. The pendulum testing was
used to determine dynamic characteristics of the posts. Potential species of
wood posts were then selected from the results of this testing to be evaluated
with full-scale crash testing. The pendulum testing program is described
first, followed by a description of the fuli-scale crash testing.

A. Pendulum Tests

1. Test Facility. The pendulum facility located at Southwest Research

Institute is shown in Figure 1 and consists of a pendulum, operating equipment
and test-control and data-acquisition instrumentation.

The 4,000-pound bullet pendulum is suspended on a 26-ft swing radius
such that the mass remains horizontal throughout the swing arc. An accelerom-
eter is mounted at the rear of the mass to measure longitudinal, or forward,
accelerations. The mass consists of a 3'x6'x1.5' block of reinforced concrete
with a concrete-filled 8-in diameter extra-heavy steel pipe attached to the
front face to act as the bumper. A 1-in thick pad of 70 durometer neoprene
was attached to the surface of the steel bumper during these tests.

The post fixture is located at the point of the arc where the
pendulum is lowest and where the kinetic energy of the mass is greatest.
Because the project objective was to evaluate the post rather than soil
characteristics, the post holder was designed to provide a fixed base.

Figure 2 shows fabrication details of the 6"x8" box beam fixture. The slope

on the upper front face of the rear upright was cut to prevent a sharp edge

LIM/8397fr




THE PENDULUM TEST FACILITY

FIGURE 1.
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from affecting the reaction of wooden posts to the impact. A 2-in thick pad
of 70 durometer neoprene was attached to the front of this cut section.
Impact velocity was determined by adjusting the vertical fall of the

mass and is calculated by the expression:

2gh
where velocity (ft/sec)

acceleration due to gravity (32.2 ft/sec
mass drop height (ft).

2)

o 287 o R <l

Impact velocities ranging from O to 40 fps (27.3 mph) are obtainable within
the available 25-ft drop height.

2. Data Generation. Signals from an accelerometer, mounted at the rear

of the pendulum mass were continuously recorded throughout impact by a high-
speed tape recorder operating at a speed of 60 in per second. The tape was
simultaneously played through an oscillograph, providing hard copies of the
tracings. The data from the tape were then converted and reduced using
existing software with the following relationships. Using Newton's second law
of motion:

F = ma

the post resisting force (F) was determined from the pendulum mass (m) and its
instantaneous deceleration (a).

The pendulum impact or initial velocity (V,) was determined with
signals from a crack-wire speed-trap. The peak resistance force and time of
resistance to impact could be taken directly from the force-time data. Other
important parameters that were calculated include:

a. Final pendulum velocity - (V¢).

The area under the force-time curve is the linear impulse

and is expressed by:

LJM/8397Fr
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c.
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t -
Itof Fdt = m (Ve - V)

where F = resistance force acting on the pendulum
mass
m = pendulum mass
V, = initial velocity
Ve = final velocity.

When electronic data were not available, the impulse was
measured by a planimeter, and the final velocity was
calculated by:

Linear Impulse

m
Fracture energy - (FE).

The fracture energy is the change in kinetic energy
resulting from impact. It was obtained from:

- 2 2
FE=1/2m (Vf - Vo )

Post displacement during impact - (d).

The pendulum mass velocity was assumed to change linearly
with time. Thus, the displacement of the post during
contact with the pendulum was determined from:

V1 + Vi-l
dy = > (ti - ti-l) and o = zd,

where 1 is the current time step and i-1 is the previous
time step.

Peak force - (Fpeak)

The force which occurs at the highest measured
deceleration and is calculated as:

Fpeak = Mamay

Average force during post displacement - (Favg)'

The average force is an idealized constant force that
acts through the distance of post displacement during
impact. It was derived from dividing the fracture energy
by the post displacement. Thus:




f. Moisture content - (% moisture content).

The moisture content was taken from a slab of wood cut
from the post immediately after each test and was
calculated by:

-W

% moisture content = —EW-gw *100
D
where We = weight of wood when cut
Wp = weight of oven dried wood

For comparing guardrail post sizes and materials, analysis of force-time

data to the point of major failure is more precise than considerations of

total effects. Beyond the point of major failure, it is difficult to compare
wooden and steel posts, because wooden posts suffer a major material failure :

whereas steel posts suffer a major structural failure. Once a steel post

fails initially, the subsequent force is largely that used to bend the post

around the base. Figure 3 consists of photographs taken from the high-speed

film of the test on Post R-16. The major failure occurred between 24 and 30

ms. Figure 4 is the digital data showing the major failure at 26 ms. The time
of force generation is a factor in calculating final pendulum velocity,
fracture energy and post displacement which is used to calculate the average

force acting on the post during impact. Once the major failure occurs, the

rate of displacement of the post top increases. By terminating the analysis

at the point of major failure, the precision of comparisons is increased.

3. Test Specimens. Prior to receipt, each post was treated, visually

inspected, and the desired impact face was marked by the Michigan Department

of Transportation., Table 1 includes pretest information about the posts of

Phase I. The pretest information for the posts for Phase II consisted only of

i LIM/8397fFr



FAILURE SEQUENCE FOR RED PINE POST R16

FIGURE 3

S—
G
™~
[@)]
o™
[o0]
S~
=
~2
-




MP-R-16 10
8 _PENDULUM RESULTS

15.00

3.00

i

ACCELERATION (G'S)

-15.08

oy
o~0.00

. G0 0.490 40.00 69,00

TIME (M5)

300.00

x 10
225.08

150. 001

(LB-S)

IMPULSE
75.09

a
g.08 46.60 60.09

20.00
B TIME (MS)
Post R-16 - Red Pine

The shaded area represents the time
to major failure.

FIGURE 4. ACCELERATION TIME AND IMPULSE CURVES
FOR RED PINE POST R16

LIM/8B397Fr



11

TABLE 1 1

PRETEST POST INFORMATION FOR PHASE I

Post Stress Grade
Number Species Grade (1,2) Candition After Treatment {3) Comments (1,2,4,5,6)
*3 White Pine 1050 P&T Select  Passed P&T, No. 1 due to defect outside stress area.
*2 White Pine 1050 £&T No. 1 Passed
*3 White Pine g00 PAT No. 1 Passed :
*Yy White Pine 950 P&T No. 2 Passed i
*5 White Pine 1150 P&T No. 1 Passed
6 Yellow Birch 2300 P&T Select  Passed
7 Yellow Birch 1750 MpoT Passed
Beech 1200 P&T No. 2 Passed
Beech 2000 MDOT Passed
10 Beech 1700 MROT Passed
" Beech 1950 MDOT Failed due to spiit
12 Beech 2350 P&T Select  Passed
13 Red Maple 1900 MDOT Passed
14 Beech 1100 P&T No. 2 Passed
15 Beech . 2000 P&T No. 1 Passed
16 Beech 1800 P&T No. 1 Passed ‘
17 Beech 2350  P4&T Mo, 1  Passed w i
18 Red Maple 1800  MDOT Passed :
19 Red Maple 2000 P&T Select  Passed
20 Red Maple 2100 P&T Select Passed
21 Red Maple 2100 P&T Select  Passed
22 Red Maple 1800 P&T Select  Passed
23 Red Maple 1800 MDOT Passed
2k Red Maple 1850 MBOT Failed due to check length.
25 Red Maple 1800 P&T Seiect  Passed
26 Red Maple 1459 MDOT Passed
27 Red Maple 1900 P&T Select  Passed P&T No. 2 due to unsound knot.
28 Aspen -—- Reject Passed Rotted
29 hspen 1300 P&T No, 1 Passed P&T No. 2 due to unsound knot.
30 Red Maple 1950 MDOT Passed P&T No. 2 due to unsound knot.
31 Red Oak 2000 MDOT Passed P&T No, 2 due to unsound knot.
32 Red Oak 2000 P&T No. 2 Passed ,
33 Red Oak 2300 MDOT Passed '
3 Red Oak 1800 MDOT Passed P&T No. 2 due to unsound knot,
35 Red Dak 21090 MDOT Passed
* indicates Posts with Nominal Cross-Sectional Dimensions of 8 in. x 8 in. A4ll others are 6 in. x 8 in,

Notes on Table

1) P&T is Posts and Timbers,
B%S is Beams and Stringers.

2) Grading rules are either Northeastern Lumber Manufacturers Association or Miehigan Department of Transportation.

3) Condition after treatment is based on Michigan Department of Transportation Specification only.

i) Some posts could be considered post and timber, No., 2 due to unsound knots, however, were not graded as such since these knots
were either smaller than 1/2 in. in diameter or outside the stress area.

5) Some posts could be consldered post and timber, No. 2 due to white speck, however, they were not put in that grade since,
aceording to the NELMA definition, "Pleces econtaining white speck are no more subject to decay than pieces which do not contain
it" ang "it develops in the liv1ng tree and does not develep further in weod in service.

6} If a post contained a defect outside the stress area {the middle one-half), its category was noted had the entirepost been
graded. The middle half of the post was graded because the gf§?test forces occur in the middle third of the post when
inserted in the ground tc a depth equal te half their length.

1. Arnold, Charles J., Letter to Southwest Research Institute, Cect. 8, 1985.
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TABLE 11 {Continued)

PRETEST POST INFORMATION FOR PHASE I

Post Stress Grade

Number Species Grade (1,2) Condition After Treatment {3) Comments (1,2.4,5,6)
36 Red Oak 1700 MDOT Passed P&T No. 2 due to unsound knot,
37 Aspen 1350 B&S Select Passed P&T No. 2 due to unsound knot.
38 White Ash 1650 MDOT Failed due to check depth. P&T No. 2 due to unsound knot. |
39 White Ash 2200 MDOT Passed P&T No. 2 due to unsound knot.
40 White Ash 1350  P&T No. 2 Passed ,
i White Ash 1800 None Passed g
42 White R?h 2000 PET No., 2 Failed due to split. |
43 White Ash 2200 P&T No. 1 Falled due to split, P&T No. 2 due to unsound knog.
4y Aspen 1250  B&S Select Passed P&T No. 2 due to unsound knot.
45 Aspen 850 P&T No., 1 Passed
i6 Aspen 1150 P&T No. 3 Failed due to split.
ur Aspen 1250 B&S Seiect  Passed P&T No, 2 due to unsound knot.
43 White Ash 2100 P&T No, 1 Failed due to split. PAT No, 2 due to unscund ¥mot.
4g Aspen 1150 B&S No, 1 Passed
50 Beech . 2350  P&T Select Passed
51 Beech™ 1850  MDOT Passed P&T No. 2 due to unsound knot. ;
52 White Ash 2150 MBOT Passed P&T No. 2 due to unsound knot, ol
53 fispen 1250 B&S Select Passed P&T No. 2 due to unsound knot.
L Aspen 1300 B&S Select Failed due to split.
55 White Ash 2600 None Passed
56 White fsh 2350 None Passed
X Aspen 1250 B&S Select  Failed due to split and shake.
58 Beech 1650 MDOT P&T No. 2 due to unsound knot.
56 ispen 1300 B&S Select  Failed due to shake. P&T Ho. 2 due to unsound knot.
60 White &sh 2100 MDOT Passed P&T No. 2 due to unsound knot,
51 White Ash 2660 P&T Select Failed due to split.
62 Elm 1600 MDOT Passed
63 Elm 1350 P&T No, 1 Passed
64 Eim 2000 MDOT Failed due to check width.
65 Elm 2000 MDOT Failed due to rotted end,
66 Elm 800 P&T No. 2 Passed i
67 Elm 1550 MDOT Passed g
68 Etm 2000 MDOT Failed due to check width, ;
69 Elm 800  P4T No. 2  Passed
70 Elm 1500 MDOT Passed P&T No. 2 due to defect outside stress area. f

* Indicates Posts with Mominal Cross-Sectional Dimensions of 8 in. x 8 in. All others are 6 in. x 8 in, é

Notes on Table 4

1} P&T is Posts and Timbers.
B&3 is Beams and Stringers.
2) Grading rules are either Northeastern Lumber Manufacturers fAssociation or Michigan Department of Transportation,

1}  Condition after treatment ls based on Michigan Department of Transportation Specificatlon only.

) Some posts could be considered post and timber, No. 2 due to unsound knots, however, were not graded as such since these knots
were either smaller than 1/2 in. in diameter or outside the stress area.

5) Some posts eould be considered post and timber, No, 2 due to white speck, however, they were not put is that grade since,
according to the NELMA definition, "Pieces containing white speck are no more subject to decay than pieces which do not contain
it" and "it develops in the living tree and does not develop further in wood In serviee,"

6} If a post contained a defect outside the stress area {the middle one-half}, its category was noted had the entirepost been
graded. The middle half of the post was graded because the gfg?test forces gecur in the middle third of the post when
inserted in the ground to a depth equal to half their length.

1. Arnold, Charles J., Letter to Southwest Research Institute, Oct, 8, 1985,
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TABLE 11 {(Continued)

PRETEST POST INFORMATION FOR FHASE I

Pth Stress Grade

Number Species Grade (1,2) Condition After Treatment (3) Comments (1,2,4,5,6)
T Elm 1550 MBOT Passed
e Elm 2000 MDOT Passed Reject due to decay outside stress area.
73 Elm 1750 MPOT Failed due to cheeck width,
Th Yellow Bireh 1650 P&T No. 2 Failed due to check depth.
% Sugar Maple 2200 P&T Select Failed due to check depth,
76 Yellow Birch 2000 P&T Select  Failed due to check depth,
71 Aspen 1500 B&S Select  Passed
78 Yeilew Birch 1150 MDOT Passed
T4 Aspen 1300 B&3 Select  Passed
80 Sugar Maple 1400 P&T Select  Passed
81 Yellow Birch 1600 P&T No. 1 Failed due to check deapth.
82 Yellow Birch 2300 P&T Select  Passed
83 Yellow Birch 2300 P4T Select Failed due to check depth.
84 Sugar Maple 1000 P&T No. 2 Passed
85 Yellow Birch 2300  MDOT Passed
86 Sugar Maple 2200 P&T Select ~Passed
87 Yellow Birch 1800  MDOT Failed due to check length.
88 Sugar Maple 1300 PAT No. 2 Passed
89 Yellow Bireh 2000 P&T Select  Passed
90 Yellow Birch 1500 P&T No. 2 Failed due to check depth.
91 Sugar Maple 2300 P&T Select  Passed P&T No. 2 due to unsound knot.
92 Sugar Maple 1000 PAT No. 2 Passed
93 Sugar Maple 1900 MDOT Passed
94 Sugar Maple 2300 MDOT Passed P&T No. 2 due teo unsound knot.
95 Sugar Maple 2600 MDOT Passed
96 Sugar Maple 2300 P&T Select Passed
97 Sugar Maple 1000 P&T No. 2 Passed P&T No, 3 due to defect outside stress area.
98 Hemlock 1750 P&T Select Falled due to shake. P&T No, 3 due to defect outside stress area.
99 Hemlock 1200 P&T No. 1 Passed P&T No. 2 due to unsound knot.
100 Hemlock 1700 PET Select  Failed due to shake, P&T No, 3 due to defect outside stress area.
101 Hemlock 1600 P&T No. 1 Failed due to shake, P&T No, 2 due to unsound knot,
102 Hemlcek 1300 P&T No. 1 Passed
103 Red Pine 1350 B&S Select  Passed P&T No. 2 due to white speck.
104 fled Pine 1200 P&T Select Falled due to shake. P&T No. 2 due to white speck.
105 Red Pine 1750 PET No., 2 Passed

'
i Indicates Posts with Nominal Cross-Sectional Dimensions of 8 in. x 8 in. A1l others are & in. x 8 in.

Notes on Table

1}

2)
3)
4y

5)

6)

PAT is Posts and Timbers,

B&S is Beams and Stringers.

Grading rules are elther Northeastern Lumber Manufacturers Association or Michigan Department of Transportation.

Condition after treatment is based on Michigan Department of Transpertation Specification only,

Some posts could be considered post and btimber, No., 2 due to unsound knots, however, were not graded as such since these knots
were either smaller than 1/2 in. in diameter or outside the stress area.

Some posts could be considered post and timber, No. 2 due to white speek, however, they were not put in that grade since,
accerding to the NELMA definition, "Pieces econtaining white speck are no more subject to decay than pieces which do not contain
it" and "it develops in the living tree and does not develop further in wood in service."

Tf a post contained a defect outside the stress area (the middle one-half), its category was noted had the entirepost been
graded. The middle half of the post was graded because the gfg?test forces occur in the middle third of the post when
inserted in the ground to a depth equal to half their length,

Arnold, Charles J., Letter to Southwest Research Institute, Oct. 8, 1985,
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TABLE 11 (Continued)

PRETEST POST INFORMATION FOR PHASE I

*

Post Stress Grade .
Number Species Grade (1,2) Condition After Treatment (3) Comments (1,2,4,5,6)
106 Red Pine 1500 P&T Select Passed
107 fed Pine 1450 P&T Select  Passed
108 fied Pine 1150 PET No. 2 Passed
109 Red Pine 1359 PAT No. 2 Passed
110 Red Pine 1650 P&T No. 2 Passed
111 Red Pine 1750 P&T Select Passed
112 Red Pine 1250 PAT No. 1 Passed
13 Red Pine 1750 P&T Select  Passed
115 White Pine 1200 P&T Select  Passed P&T No. 2 due to white speck.
116 White Pine 1200 PET Select Passed P&T No. 2 due to white speck.
119 White Pine jaoo P&T Select Passed P&T MNo. 2 due teo white speck.
120 White Pine 1350 P&T Select  Passed P&T No. 2 due te unsound knot.
121 Jack Pine -1860 P&T No, 1 Passed P&T No, 2 due to unsound knot.
122 Jack Pine 1550 P&T Select  Passed P&T No. 2 due to unsound knot.
123 Jack Pine 1éGD P&T No, 1 Passed P&T No. 2 due to unsound knot,
124 Jack Pine 1200 P&T No. 2 Passed . ‘
125 Jack Pine 1450 P&T Select Failed due to shake. P&T no. 1 due to defect outside stress area. *'E
126 Jack Fine 1400 P&T Select Passed :
127 Jack Pine 1150 P&T No, 1 Passed
128 Jack Pine 1600 B&5 Select  Passed P&T No. 2 due to unscund knetb,
128 Jack Pine 1450 P&T Select  Passed PAT No. 2 due Lo unsound knot.
130 Jack Pine 1550 P&T Select Passed
131 Jack Pine 1400 B&S Select Passed P&T No. } due to defect outside stress area,
132 Jack Pine 1150 B&S Select  Passed P&T No. 2 due to defect outside stress area. i
*113 Red Pine 950  P&T No. 1 Passed ’
®13Y Red Pine 1450 P&T No. 1 Passed
¥135 Red Pine thoo P&T Select  Passed
*136 fled Pine 900 Reject Passed Some rot.
*137 Red Pine 1050 P&T No. 1 Passed
*138 Red Pine 1100 P&T No. 1 Passed
139 Red Pine 1200 P&T Ho. i Passed
140 White Pine 1150 P&T Select  Passed
4 Hemlock 1450 P&T Select  Passed
*l2 White Pine 1250 P&T No. 1 Passed P&T No. 2 due to white speck,
3 Hemlock . 1060 P&T Select Passed

*

Notes

Indicates Posts with Nominal Cross-Sectional Dimensions of B in. x 8 in. All others are 6 in, x 8 in,
on Table

P&T is Posts and Timbers.

B%S is Beams and Stringers.

Crading rules are either Northeastern Lumber Manufacturers Association or Miehigan Department of Transportation,

Condition after treatment is based on Michigan Department of Transportation Specification only.

Some pests could be considered post and timber, No. 2 due to unsound knots, however, were not graded as such since these knots
were either smaller than 1/2 in. in diameter or outside the stress area.

Some posts could be considered post and timber, No, 2 due to white speck, however, they were not put in that grade since,
according to the NELMA definition, "Pieces containing white speck are no more subject to decay than pieces which do not contain
it" and "it develops in the living $ree and does not develop further in wood in service.”

If a post contained a defect outside the stress area {the middle one-haif}, its category was noted had the entirepost been
graded. The middle half of the post was graded because the gfg?test forces occur in the middle third of the post when
inserted in the ground to a depth equal to half their length.

Arnold, Charles J., Letter to Southwest Research Institute, Oct. 8, 1985.
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TABLE 11 (Continued)

PRETEST POST INFORMATION FOR PHASE I

Post Stress Grade

Number Species Grade {1,2) Condition After Treatment (3) Comments (1,2,4,5,6)
iy White Pine 1050 PET Select  Passed P&T No. 2 due to white speck.
s White Pine 900 P&T No, 1 Passed P&T No. & due to white speck.
tho Hemlock 1100 P&T No, 1 Passed
158 White Pine 1450 B&S Select  Passed PAT No. 2 due to white speck.
1h9 White Pine 1250 B&S Select Passed
?50 White Pine 1300 P&T Select  Passed PAT No. 1 due to defect outside stress area,
152 White Pine 1150 B&S Select Passed B&S No. 1 due to defect outside stress area.
153 Wnite Pine 1450 B&S Select Passed P&T No., 2 due to defect outside stress area.
155 White Pine 1150 BLS Select  Passed P&T No. 2 due to white speck,
157 White Pine 1200 P&T Select  Passed
159 Hemlock 1500 P&T Select  Passed P&T No., 2 due to unsound knot,
160 Heml.oek 1850 P&T Select  Passed ‘
161 Hemlock 1600 P&T No. 1 Passed P&T No. 2 due to unsound knot. :
162 Hemlock 1400 P&T Select  Passed P&T No., 2 due to unsound knot.

# Indicates Posts with Nominal Cross-Sectional Dimensions of 8 in. x 8 in, All others are 6 in. x 8 in. s.f

Noktes on Table

1) P&T is Posts and Timbers,
B&S is Beams and Stringers.

2) Grading rules are either Northeastern Lumber Manufacturers Association or Michigan Departwent of Transportation.

3) Condition after treatment is based on Michigan Departmest of Transportation Speeification only.

Iy Some posts could be considered post and timber, No. 2 due to unsound knots, however, were not graded as such since these knots
were either smaller than 1/2 in. in diameter or outside the stress area,

5) Some posts could be considered post and timber, No. 2 due to white speck, however, they were not put in that grade since,
according to the NELMA definition, “"Pieces containing white speck are no more subject toc decay than pieces which do not contain
it" and "it develops in the living tree and does not develop further in weod in seryice.”

6) If a post contained a defect outside the stress area (the middle one-half}, %ts category was noﬁi$ mzé 1%} Eﬁgirepost been
graded, the middle one-half), its category was nobf BF T T ast when

E??teSt Forces occur in the middle third o

i ide the stress area (
t contained a defect outsi
0 Iiazegos The middle half of the post uwas gradig EEZ?gsieEE:h%
) %nsertéd in the ground to a depth equal to ha

1. Arnold, Charles J., Letter to Southwest Research Institute, Oct. 8, 1985,
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species. The wood posts were cut to nominal 68-in long sections for
installation in the fixture. The entire length of the impact face of the post
was marked for identification after the test. A 1l-in thick attenuation pad of
styrofoam was attached te the posts at the pendulum contact point.

B. Full-Scale Crash Tests

1. Test Facility. The test facility is located at Brooks Air Force

Base approximately 20 miles from the SwRI campus. The standard G4(W) guard-
rail installations were constructed adjacent to an inactive runway. The
length of each installation was 100 ft. consisting of W-beam rails attached to
wood posts and blockouts spaced at 6 ft-3 in.

The ten posts and blockouts at the impact location and down stream
from 1ﬁpact were constructed of the desired species of the recommended cross

section. The remaining posts and blockouts were constructed of southern pine.

2. Data Acquisition. Data acquired during the impact event is obtained
from electronic and photographic sources. Each is totally indebendent of the
other which offers a means of checking the data. The electronic data consists
of three accelerometers and a rate gyro mounted at the approximate center of
gravity of the vehicle. These are oriented to obtain data in directions
parallel to the longitudinal, lateral, and vertical axes of the vehicle. The
photographic data are provided by two high-speed cameras at right angles to
each other. A motion analyzer is used to provide displacement data about the
vehicle during impact. Additional cameras are used to provide visual
information.

3. Test Criteria. The guardrail systems were tested to NCHRP Report

239(4) criteria for the strength test No. 10. This requires that the systems
be tested with a 4500-1b vehicle at 60 mph and a 25-degree impact angle,

LIM/8397fr
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IIT. RESULTS

A, Pendulum Test Results

Tests were performed on 188 posts made from four species of soft wood and
eight species of hard wood. Two cross-sections, 6"x 8" and 8"x 8", of three
species were tested. Table 2 gives a matrix of the tested posts.

The posts were tested in numerical order and the tabulated and plotted
results for each post are presented in Appendix A. Table 3 provides a summary
of the average results of each species while Table 4 provides the results for
each post by species. The digital information for 23 of the 188 tests was
unavailable because of magnetic tape failure. However, the hard copy tracings
from the oscillograph were available and the necessary information was
obtained from these. The digitized plots from these tracings are included in
Appendix A.

Considerable variation is noted in the post impact properties determined
from pendulum tests (Table 4). Even tests on the same wood species at near
equal moisture contents and stress grades are subject to variations. This,
however, is not unexpected because in contrast with most structural materials,
the strength properties of wood and their relationships to applied loadings
are highly variable. Wood is neither homogeneous or isotropic. Its strength
properties are affected by moisture content and density as well as by knots,
shakes, checks, splits and other flaws parallel and perpendicular to the
grain.

The first four tests on white pine utilized an impact velocity of 30 fps
(20.5 mph). A1l subsequent tests were conducted at 20 fps (13.6 mph). Since
the strength properties determined by pendulum tests are independent of the
impact velocity and the energy for fractures is basically the same regardless
of its value, the impact velocity was reduced for smoother pendulum

operations.

LIM/8397fr
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TABLE 2

MATRIX OF POSTS TESTED BY PENDULUM

Species

PHASE 1

White Pine
White Pine
Yellow Birch
Beech

Red Maple
Eim

Red QOak
Aspen

White Ash
Sugar Maple
Hemlcck

Red Pine
Red Pine
Jack Pine

TOTAL PHASE I
PHASE II
Jack Pine
Red Pine
Red Maple
White Ash
TOTAL PHASE II

TOTAL

Number Tested

187

Description

3x8
6x8
6x8
6x8
6x8
6x8
6x8
6x8
6x8
6x8
6x8
6x8
8x8
6x8

8x8
8x8
6x8
6x8

inech
inech

inch -

inch
inch
inch
inch
inch
inch
inch
inch
inch
inch
inch

inch
inch
inch
inch

18
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TABLE 3

AVERAGE IMPACT VALUES FOR EACH WOOD SPECIES

Phase in Fost Moisture Fracture Average Peak

Which Posts Cross-Sgction Content Energy Force Displacement Forece

Type of Post Were Tested (in.=) (%) (ft-k) (1bs) (ft) (1bs)

Sof't Wood
- White Pine 8x8 I 64.80 86 4.43 12,440 0.45 27,126
- White Pine 6x8 I 49,04 65 2.49 7,224 0.34 11,082
- Hemlock 6x8 I hg.27 50 3.35 7,823 0.43 12,277
- Red Pine 6x8 I 48.75 47 2.86 7,211 0.39 12,203
- Red Pine 8x8 I 64,42 37 2.38 6,582 0.36 10,412
- Red Pine 8x8 11 56.01 25 6.78 16,102 0.42 24,291
- Jaek Pine 6x8 I 47.98 40 4.33 9,030 0.47 14,310
- Jack Pine 8x8 11 57.43 19 5.50 12,760 0.42 23,210
Hard Wood

- Yellow Birch 6x8 1 49.69 43 7.50 10,990 0.68 19,079
- Beech 6x8 1 45.60 40 6.74 11,506 0.58 17,331
- Red Maple 6x8 I 45.12 32 5.22 10,533 0.49 16,567
- Red Maple 6x8 11 48.09 30 10,24 17,916 0.57 29,112
- Elm 6x8 1 47,06 4y 14.73 12,666 1.08 18,556
- Red Oak 6x8 1 41.68 62 8.36 12,322 0.68 19,968
- Aspen 6x8 I 47.03 61 3.81 7,502 0.51 12,583
- White Ash 6x8 1 47,20 33 6.49 10,493 0.61 16,492
- White Ash 6x8 11 47.89 40 6.01 11,519 0.52 20,289
- Sugar Maple 6x8 I 51.04 36 6.99 12,026 0.58 21,319

61




TABLE 4
SUMMARY OF POST IMPACT PROPERTIES, PHASE I

POST TYPE OF FOST MDISTURE STRESGS PENDULUM VELOCITY .
NO. POST X~BECT  CONTENT, GRADE ELAFSED IMFULSE FRACTURE  AVER. DISFLACE- FEAK
AREA (¥'3) (FSI) IMPACT F IMNAL TIME ENERGY FORCE MENT FORCE
50 IND (FT/SEC) (FT/SEC) (5EC) (LE-BEC) (FT-K} {LES) (Fr) (LES)
________ _ N R —_— e e e
i WHITE FINE &65.26 103 1050 29.33 24.70 0,018 327 9.31 18261 0.51 32950
2 WHITE FINE &5.00 74 1050 29.33 28,08 0,026 158 4.61 4142 0.75 23557
3 WHITE FINE. £5.00 73 900 2¢.33 2B8.01 0.014 163 4.78 11959 0. 40 28387
4 WHITE FINE 64,25 100 950 269.33% 268,13 0.014 149 4,34 10894 (.40 0830
S WHITE FINE 6602 B89 1150 18.33 14608 0.01lé 279 4.89 18122 0.27 2BS576
142 WHITE PINE £3.25 59 1250 19.80 18.34 4,020 182 3.52 9261 0.38 18454
AVE &4.80 8b ¢.018 210 4.47% 12440 0.45 271264
115 WHITE PINE 48.38 70 1260 19.80 18.74 0,015 107 2,11 7241 0.29 11738
116 WHITE FINE 48.94 74 1200 19.B80 18.95 Q.015 105 2.08 7178 0.29 7544
119 WHITE FINE 47.50 72. 1200 19.80 18.72 C.020 135 Z.63 &741 0. 39 11299
120 WHITE FINE 48.38 70 1350 19.80 1B8.53 0.020 158 3,08 7888 O, 39 11177
130 WHITE PINE 48. 63 43 1150 19.80 19.09 0.015 a8 1.75 &017 .29 8394
148 WHITE FINE 49.51 80 1450 19.80 18.54 0. 020 156 3.05 7B28 0.39 12127
149 WHITE FINE 50. 08 54 1250 19.80 18.%4 0.015 104 2.06 7095 0.29 10316
150 WHITE FINE 48.36 3 1300 19.80 19.17 0.015 79 1.55 S350 029 200
152 WHITE FINE 50.08 &2 1150 19.80 19.13 0,01 83 1.65 5684 0.29 7985
153 WHITE FINE 49.26 41 1450 19.BO 18. 62 0. 020 147 2.87 7347 G.39 11093
133 WHITE FINE 49,77 ai 1150 19.80 18. 60 0,020 149 2. 91 74567 Q.39 12596
137 WHITE PINE 49,43 [3¢] 1200 19.80 18.08 0,020 213 4.12 10836 0.38 19%13
AVE 4%.04 &5 0.018 127 2.4%9 7324 G. 34 11082
7 YELLOW BIRCH S0.&é 54 2300 14,67 2.97 0.040 583 7.32 14075 0.52 22993
74 YELLOW BIRCH 590.50 47 1750 19.80 17.94 0.030 231 4.44 75649 0.58 15608
74 YELLBW BIRCH  S51.11 41 2000 19.80 15.45 0,050 541 .69 10888 0.9 17773
78 YELLOW BIRCH 46.56 4 1150 19.80 15.17 0. 040 576 10.23 14412 0.71 23%17
31 YELLOW BIRCH  48.38 53 16G0 19,80 17.65 0,035 268 5. 09 7595 Q.67 18483
82 YELLDW BIRCH 49.%96 45 2300 19.80 17.03 . 040 344 6.45 2484 0.76 13897
83 YELLOW BIRCH 48.98 32 2300 19.80 15.08 Q. 050 5864 .40 11691 .89 17993
BS YELLOW BIRCH 50.3% 53 2300 19.80 16.35 0. 035 429 7.88 12124 G.65 18G72
87 YELLOW BIRCH * 34 1800 19.80 16.90 0,035 240 &-73 10248 .65 19234
8% YELLOW BIRCH 49.13 x4 2000 19.80 16.38 0. 035 425 7.82 12031 0. 65 21394
20 YELLOW BIRCH 49.25 42 1900 19.80 17.01 0. 030 347 &.49 11590 .56 21104
AVE 49,49 4z 0.038 424 7.50 10990 .68 17079
B8 BEECH * 44 1200 17.80 17.11 0.025 335 &.27 13944 .45 24604
L BEECH 46.27 41 2000 19.80 17.29 0.030 312 5.88 10508 3. 5& 19911
10 BEECH 46,78 3 1700 19.80 18.41 0.020 173 3.58 =]z jusd 0,368 11289
11 BEECH 45.16 44 1950 19.80 17.49 0.025 287 5.44 11582 0.47 15754
12 BEECH 44.30 44 2350 192.80 15.02 0. 050 594 10.52 12091 0.87 15571
14 BEECH 45,04 34 1100 19.80 146.31 0,035 434 7.96 12445 0.a64 1B422
15 BEECH 44,80 40 2000 19.80 17.18 0,025 326 L£.12 13028 0.47 21697
14 BEECH 44,546 39 1800 19.80 16.84 0. 030 385 6.81 12164 0.54 19208
17 HEECH 44.82 45 2350 19.80 14. 446 0. 050 L6673 11.56 13139 ©.88 16811
%0 BEECH 45.77 40 2350 19.80 17. &7 0. 029 264 5.04 10732 0.47 17124
s1 EBEECH 45.89 44 1850 17.80 16.73 0.035 et 7.09 11074 0. 44 18701
58 BEECH 46.20 34 1650 19.80 17.75 0. 030 255 4.86 8535 a.s7 12887
AVE AS_ &0 40 0.032 3b6b &.74 11506 .58 17321
Note: Multiply £fps by 0.6818 to obtain mph.
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TABLE 4 {(Continued)

SUMMARY OF POST IMPACT PROPERTIES, PHASE 1
POET TYPE OF POST MOISTURE STRESS PENDULUM VELOCITY
NO. POBT X~SECT CONTENT GRADE ELAPRED IMPULSE FRACTURE  AVER. DISFLACE- FPEAK
AREA 3] (PSI) IMPACT FINAL TINE ENERGY FORCE MENT FORCE
50 IN} . (FT/BEC) {FT/BEC) {REC) (LB-5EC) (FT—-} (LEB) (FT) LES)
13 RED MAPLE 4. 24 30 1900 19.80 17.26 0.025 316 5.9S 12658 0.47 21666
18 RED MAFLE LY ] 37 1800 19.80 17.11 0.030 334 &.27 11205 0.56 17148
19 RED MAPLE 44.38 29 2000 19.80 17.11 0.030 3134 &.27 11203 0. 56 18235
20 RED MAPLE 45.53 28 2100 19.80 17.51 0.025 285 5.40 114089 0.47 18756
21 RED MAFLE 45.53 30 2100 19.80 18.22 0.020 1946 3.80 F391 0.38 13810
22 RED MAPLE 45.47 31 1800 19.80 18. 04 0.025 217 4.16 8858 0.47 13488
23 . RED MAFLE 44,02 40 1800 12.80 18.13 0.025 208 4.00 8340 0.48 13977
24 RED MAFLE * 37 1850 19.80 17.84 0,025 243 4. b4 9920 0. 47 14059
2% RED MAPLE 45,23 33 1800 19.80 17.45 0.030 292 5.53 9879 0.54 13530
24 RED MAFLE 45.90 22 1450 19.80 17.13 0.030 332 &.23 11128 0.5& 19794
27 RED MAFLE 45.21 27 1900 19.80 17.05 0.0Z0. 341 &. 40 11434 0.5 201461
30 RED MAPLE 43,72 24 1950 19.84 i8.17 0.020 203 3.91 10293 0.38 14178
AVG 45,12 32 0,024 275 5.22 10533 0.49 16547
&2 ELM 48.31 &1 1600 19.80 18.3& 0.020 179 3.47 139 0.38 14108
63 ELM 44,561 24 1350 19. 80 i.61 0,300 2259 24, &1 9767 2.52 14753
&4 ELM 46,27 27 2000 19,80 0. 31 0.180 2421 24.77 15481 1.40 19307
65 EiL-M 48.50 55 2000 - 19.80 16,27 0.040 434 B.0S 11023 Q.73 15641
bb ELM 47.48 71 800 19.80 19.32 0.005 59 1.19 3954 0.30 | 883
&7 ELM 48, 00 30 155G ' 12.80 0.35 0.110 2417 24.77 20990 1.18 29257
&8 ELM 45.41 30 2000 19.80 G.41 0.160 2384 24.78 15186 1.463 21946
&9 ELM 48.00 24 800 19.80 10.81 0.070 1117 17.39 15955 1.09 21178
70 ELM 44.87 27 1500 17.80 15.47 G, 040 538 9. 43 13405 0.72 20021
71 ELM 47.37 &0 1550 19,80 16.78 0,350 I7s &.98 10741 0,85 15406
72 ELM 49,77 &5 2000 19.80 17.10 0,030 334 £.30 11244 0.5& 17527
73 ELM 456,14 27 1790 19.80 0.12 0.1%90 2445 24.78 15107 i.64 244629
AVE 47 .04 a4 0.125 1247 14.73 12666 1.08 189546
31 RED DAK 41.34 bé 2000 19.80 17.31 0.030 310 5.84 10245 0.57 18507
X2 RED DAK 44.90 &4 2000 19.80 15.84 ¢.035 492 8.92 13937 0.64 23084
33 RED DAK 40.78 73 2300 19.80 16.47 0.035 413 7.83 11743 0.65 19376
34 RED 0AK * 73 1800 12.80 15.52 0.040 531 9.55% 13087 0.73 19504
3%  RED 0AK 40.91 57 2100 19.80 15.29 0.040 s461 10.00 13701 Q.73 22283
34 RED 0AK 40,44 40 1700 19.80 14.20 0.040 440 B8.19 11220 0.73 17051
AVE 41.48 &2 0.037 459 8.34 12322 0,468 19948
28 ASFEN 44,92 &2 19.80 18.95% 0.020 105 2.08 5337 G.39 9156
29 ASFEN 44,468 48 1300 1%.80 18.36 0.025 179 3.47 7235 0.48 12604
37 ASFEN 45.90 59 1356 19.80 17.95 0.035 230 4.41 &&87 0. bb 8444
44 ASPEN 44,58 55 1250 19.80 18.17 0.025 202 3.91 B14% 0. 48 1304y
45 ASFEN 45,41 &2 850 19.80 18,48 0.020 139 2.72 4984 0.3%9 11170
44 ASFEN 44.54 &0 1150 19.80 i8.75 0.020 131 2.56 6559 0,39 12653
47 ASPEN 46.50 &8 1250 19.80 17.94 0.030 230 4.44 7783 0.57 13180
49 ASPEN 45,90 52 1150 19.80 18.11 0.025 210 4.05 8435 0. 48 13337
53 ASFEN 45.64 54 1250 19.80 17.78 0. 025 252 4.80 995 0.48 16445
sS4 ASFEN 61.28 54 1300 19.80 18,05 0.025 218 4.19 8721 0. 48 15504
57 ASFEN 44,38 532 1250 19,80 18.346 0.020 178 3.47 8905 G.39 154675
59 ASFEN 44.39 97 1300 12.80 18.74 0.0258 132 12,58 5269 0.49 H721
77 AGPEN 49,00 &1 1500 19.80 17.49 Q. 040 287 5. 44 7143 0.746 12692
79 ARPEN 49,26 53 1300 19,80 17.62 0. 035 271 S5.14 7811 0. bs 13308
AVE 47.03 &1 0.024 197 3.81 7502 G. 51 125a3
Note: Multiply fps by 0.681l8 to obtair mph.
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TABLE 4 (Continued)
SUMMARY OF POST IMPACT PROPERTIES, PHASE I

POST TYFE OF POST MOISTURE SYRESS PENDULUM VELDCITY

NO. FOST X-BECT CONTENT GRADE ELAFSED IMPULSE FRACTURE AVER. DISFLACE- FEAK
AREA (%) (FSI) IMPACT F INAL. TIME ENERGY FORCE MENT FORCE

se IN) (FT/SED) (FT/BEL) (BELC) (LB~BEL) (FT—-i) (LBS) (FT) (LES)
38 WHITE AEH 46.70 19 1650 19.80 15.45 0. 040 515 G.30 12913 0.72 19947
39 WHITE ASH 45.5% 20 2200 17.80 17.83 0.029 245 4,48 G740 0. 48 15448
40 WHITE ASH 44,548 0 1350 19.80 18,23 0.025 195 3.77 7861 0.48 10427
41 WHITE ASH &1.03 27 1800 19.80 16.45 0.03% 417 7.47 11807 G, 65 19563
42 WHITE ASBH 42.89 xa 2000 19.80 17.36 0.025 303 St 12192 0,47 21456
4% WHITE ASH * 25 2200 19.80 14.84 0,030 347 &.85 12240 0,86 21130
48 WHITE ASH 45,77 40 2100 19.80 15.41 0.050 545 7.77 i1101 .88 144656
52 WHITE ASH 45.90 3= 2150 19.80 17.01 0.040 347 6,49 a771 0.74 14295
55 WHITE ASH * 27 Z&O0 19.80 17.87 0,025 - 240 4,57 572 0.48 15971
54 WHITE ASH 46,27 bt 1 2350 19.80 15.91 0. 040 484 8.78 12024 0.73 17479
&0 WHITE ASH 456.27 X3 2100 19.80 18. 30 Q. 025 186 3. 61 7525 0. 48 12988
&1 WHITE ASH 47.13% 39 2400 19.80 16.98 0.035 352 &, 60 101581 0.45 14308
AVE 47.20 Iz 0.033 350 &.49 10493 0. 61 16492
75 SUBAR MAFLE 53.3%9 a7 2200 19,80 15. 65 0. 040 515 .50 12736 .73 156408
80 SUBAR MAPLE 49.36 30 1400 19.80 15.89 0. 040 485 8.82 12081 0.73 19929
84 SUBAR MAFLE 54,44 53 1000 - 19.80 17.27 0.025 314 S5.93 12611 0.47 21411
84 SUGAR MAFLE 49,00 e 2200 19.80 16.2% 0.035 434 8.01 12509 0.44 , 19504
B8 SUGAR MAFLE B51.76 31 1300 ' 19.80 17.62 0,025 271 S.16 10969 0. 47 19950
91 SUGAR MAFLE 53,19 34 2300 19.80 16.67 0.030 388 7.21 12883 0.56 24951
92 GUGAR MAFLE * 34 1000 19.80 16.85 0. 030 3&b 6,83 12202 0.564 21138
93 SUBAR MAFLE 47. 464 29 1900 19.80 17.59 Q.025 274 5.22 11111 0.47 20232
24 SUSAR MAPLE 49,54 37 2300 192.80 14.59 ¢.030 398 7.38 135183 0.58 28791
95 SUGAR MAPLE 50.27 35 2600 19.80 17.45 G.025 292 5.53 115246 0.8 24053
& SUGAR MAFLE 49,83 5 . 2300 17.80 16.49 0.035 411 7.5% 11862 0. &4 20282
97 SUGAR MAFLE 50.98 33 1000 19.80 16.81 0.035 - 371 6.92 104643 0.65 19180
AVG 51.04 24 . 0.034 377 6,99 12026 - 0.58 21319
98 HEMLOCE 49.2& 48 1750 192,860 18,01 0.025 222 4.28 8911 0. 48 12772
9% HEMLOCK 49,07 80 1200 17.80 18.19 0.025% 200 3.87 8053 0.48 13992
100 HEMLOCK 49,51 54 1700 19.80 18,54 0. 025 154 3.01 6263 0.48 10518
10t HEMLOCK 50.53 &5 1600 19.80 18,34 0.025 182 3.52 7332 0.48 12241
102 HEMLOCK 48.25 a9 1300 19.680 18.53 0,020 157 3.08 7088 0.39 12473
141 HEMLOCK 49.45 71 1450 19.80 17.83 0,025 244 4.48 9740 G. 48 15148
143 HEML.OCK 48.75 =0 1000 19.80 18.48 0.020 164 3.19 8404 0.38 11285
1446 HEMLOCK 50.15 52 1100 19.80 18.50 0.020 155 315 8281 0.38 12699
159 HEMLOCE, 48.38 =z 1500 19.80 19.14 0.01%5 az 1.862 S601 0.29 13245
140 HEMLOCK 49,28 T 1850 19.80 18.22 0.4025 197 3.80 7909 0.48 11570
141 HEMLOCK 49.57 5 1600 19.80 18.53 0.020 158 3.08 7888 0.3% 1046%
162 HEMLOCK 49,07 27 1400 17.80 18.58 0.020 152 2,94 7588 0.59 10922
AVE 49,27 S0 0.022 172 3.35 7823 0.43 12277

Note: Multiply fps by 0.6818 to obtain mph.
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TABLE 4 (Continued)

SUMMARY OF POST IMPACT PROPERTIES, PHASE I

POST TYFE OF POST MOISTURE STRESS FENDULUM VELOCITY
NO. FOBT X-BECT CONTENT GRADE ELAFSED IMPULSE FRACTURE AVER. DISFLACE- FEAK

AREA ¥ 3] (FSI) IMFACT FINAL TIME : ENERBY FORCE MENT FORCE

(50 IN) (FT/SEC) (FT/SEC) {8EC) {LB-BEC} (FT-K) (LBS) (FT) {L.BS}

103 RED FINE 47.1%9 41 1350 1%. 680 19.08 0.015 a9 1.77 &101 Q.29 8183
104 RED PINE 49.24 55 1200 19.80 18.53 Q.025 158 3.08 &409 0. 48 12467
105 RED FINE a472.77 S50 1750 1%.80 18.24 0.025 193 3.735 7813 Q.48 13447
1064 RED FINE 48,50 52 1500 17,840 18.04 0. Q23 : 218 4.21 8769 0. 48 1&280
107 RED FINE 47.7%8 246 1450 17.80 18.55 0,020 155 3.02 7768 0.39 12311
168 RED FINE 49.24 74 1150 19.80 17.38 0.010 53 1.04 S200 0.20 11162
109 RED FINE a?.77 &% 1350 12.80 18.40 0. 020 174 3.38 B&bE C.37 138464
110 RED FINE 47.75 'y L&50 19.80 18.35 0.025 i80 3.50 7283 .48 11847
111 RED FINE 47.25 T oig 1750 19.80 18.52 0. 020 158 3.10 7948 0.39 11753
112 RED PINE 47.25 35 1250 19.80 i8.80 Q. 020 125 2. 44 &255 0.39 10949
113 RED PINE 50.08 45 1750 12.80 18.32 0.020 183 3.37 383 0,38 16492
139 RED PINE 49.57 30 1200 1%.80 19.22 0.015 72 1.43 4932 0.29 7702
AVG 48.73 47 0.020 147 2.86 7211 0.39 12203

133 RED FINE &3.25 2k F50 19.80 17.02 0. 020 37 1.91 4907 0.3%9 7259
134 RED FINE &4.50 3z 1450 19.80 18.29 0.020 188 3.63 =TT} G. 38 144601
135 RED FINE &5.00 us 1400 19.80 18.53 0. 020 158 3.08 7888 Q.39 12192
134 RED FINE &6%.91 2% F00 19.80 18.732 0.020 133 2.51 LaB1 0. 39 12222
137 RED FINE a4.00 30 1050 19.80 17.14 0.013 82 1.62 S601 0. 27 BOZE
138 RED FINE b4.20 35 1100 19.80 19.23 0.0G15 70 1.41 4848 0,29 8172
AVE 64.42 37 G.0oi8 123 2.38 L5582 .36 10412

121 JACK FINE 45.51 40 1800 19.80 18.15 0. 025 205 3.96 8244 0.48 13356
122 JACK FINE 49,51 I3 1550 1%9.80 18.3%9 G. 020 175 3.40 B754 0.8 11488
123 JACK FINE 44. 02 29 1800 19.80 17.21 0. 030 322 Pyt 10818 0.56 146470
124 JACK £INE 48.00 S0 1200 19.80 17.92 0.030 234 4.48 7863 0,57 11915
125 JACK FPINE 48.24 35 1450 19.80 18. 53 0.020 158 .08 80%4 0.38 . 12350
124 JACK PINE S0.98 35 1400 ‘ 17.80 18.34 0.020 182 3.52 F261 0.38 12207
127  JACK FINE 46.88 24 1150 19.80 16.19 0. 025 zZa2 3.87 8224 0.47 19609
128 JACK FPINE 49,00 75 1800 19.80 17.85 0.025 242 4. 44 7872 G.47 140464
129 JACK PINE S50.21 49 1450 12.80 16.77 G. 020 ize 2.91 6438 0,39 11844
130  JACK FPINE 47 .00 7 1550 19.80 146.79 G, 035 374 &.7& 10708 0,45 163569
131 JAEK FPINE Ab. b3 34 1400 19.80 18,05 0.025 217 4.19 B721 0. 48 13930
132 JACK FPINE 47.81 41 1150 19.80 17.38 0. 025 274 S.24 11158 0.47 17470
AVE 47.98 49 0.02% 230 4.33 v 0. 47 143140

Note: Multiply fps by 0.6818 to obtain mph.
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TABLE 4 (Continued)
SUMMARY OF POST IMPACT PROPERTIES, PHASE I

FOBT TYPE OF POBT MOISTURE FENDULUM VELOCITY

NO. FOST X~8ECT CONTENT ELAPSED IMFULSE FRACTURE AVER. DISPLACE~ PEAK

AREA (%) IMPACT F INAL. TIME . ENERGY  FORCE MENT FORCE

(S@ IN) (FT/SEC) (FT/SED) (SEC) (LE—~SEC} (FT-K) (LES) (FT) (LBS)
D1 JACK FINE 56.25 21 20. 00 18.49 0.020 188 3.67 7418 0.3% 17542
02 JACK PINE 54,84 20 20. 00 17.91 0.022 2&0 5.01 11645 G.43 28205
03 JACK PINE Sg.14 23 20, 00 19.25 0.018 93 1.86 5148 0. 34 13309
D4 JACK FINE 58. 62 21 20,00 14.52 G.024 4379 8.02 17229 0-47 30354
05 JACK PINE 58. 41 18 20. 00 15.74 0. 02T 53 ?.463 2435 0. 41 1570
06 JACE FINE 57.43 17 20. 00 19.04 0.017 121 2.34 7115 033 15142
a7 JACK FINE S&,. 95 18 20. 00 18.08 0.017 243 4. 463 14297 0.32 17418
08 JACK PINE 58.61 18 20.00 16.14 0. 034 479 g.82 13775 0.564 29141
AVG 57.43 19 ¢.022 z95 5.50 127460 .42 23210
R9 RED FINE 55.32 25 20,00 17.0% 3. 020 TLE 6.83 18403 0.37 25150
10 RED FINE 57.42 22 20.00 18. 40 Q.01% 203 .89 10948 0.36 17827
Ril1 RED PINE 55.08 21 20.00 17.41 0. 018 327 &.17 iB175 0. 34 15834
12 RED FINE 55,08 25 20.00 17.14 0,023 il ] bH.68 15628 0.4% 27758
R13 RED FINE 54,25 0 20.00 17.45 0. 022 3I23 6,04 14660 0.41 25399
Ri4 RED FPINE 55.78 28 20. 00 16.17 0.028 484 8.7% 18607 0.47 28221
K15 RED PINE S6.25 21 20,00 15,49 0.028 570 10.11 207320 0.47 27474
Fi4 RED PINE 56,72 0 20,00 17.54 0.024 TS 5.84 11673 0.50 22486
AVE 56,01 25 ’ C.023 347 &.78 16102 0.42 24291
W17 RED MAPLE 48. 00 31 20.00 14,77 0.031 660  11.48 21305 0.54 25835
W18 RED MAPLE a8, 04 28 20. 00 17.44 0.019 24 &5.07 170356 ©.36 24304
Wi% RED MAFLE 43,94 29 20.00 14.58 0.039 &85 11.83 17802 0,487 24593
W20 RED MAFLE 48. 064 27 20.00 15.12 0.034 616 10.82 17243 0. &2 346982
W21 RED MAFLE 47.04 20 20. 00 14.85 0,036 851 11.35 18089 0.43%  3E7B1
W22 RED MAFLE 47.54 2% 20,00 15.53 0.033 544 10.03 17104 0.39  3IBLS
W2Z RED MAPLE 47.74 25 20.00 17.18 0,622 358 b, 62 16564 G.40 24929
W24 RED MAPLE 48,82 31 20.00 13.77 0.039 788 13.30 20199 O.&66 33479
WIS RED MAPLE 48.37 2 20,00 14.28 0.028 470 8.53 18450 0.44 24700
W24 RED MAFLE 48.25 i 20,00 14,21 O, 045 707 12.34 15232 .81 28653
AVE 4B. 09 0 . 032 582 10,24 17914 0.87 29112
B27 WHITE ASH 49.13 37 20. G0 17.83 2,020 274 5.19 13722 0.38 19211
B28 WHITE ASH 49,43 35 20.00 17.54 0,022 311 5.83 13513 0.43 14704
B29 WHITE ASH 34,74 31 20. 60 17.84 0. 024 273 5.17 10713 0.48 22244
B30 WHITE ASH 47.19 42 20.00 17.25 0.028 341 &. 47 12215 0.33 21897
E3Z1 WHITE ASH 48, 04 43 20. 00 16.14 0.038 479 8,82 2417 ¢.71 20513
E32 WHITE ASH 47,738 52 20.00 14.44 0,035 442 8.20 12613 G.a% 21123
E3Z  WHITE ASH 47.1%9 39 20.00 18.18 0,024 226 4.39 9344 0.47 18315
B34 WHITE ASH 48.23 42 20. 00 18. 44 0,022 194 3.79 8817 0.43  192s1
B35 WHITE ASH 47.38 a1 20.00 18.52 0.022 184 .40 8379 0.43 19210
EZ6 WHITE ASH 47,81 42 20.00 14.24 6.034 A&7 8.41 13458 U.64 24420
AVE 47.89 40 0.027 319 &, 01 11519 0.52 20289

Note: Multiply fps by 0.6818 to obtain mph.
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Two distinct failure modes were observed during the pendulum tests; a)
brashy and fibrous, and b) shear. (The shear failure mode is an interlaminar
shear generally parallel to the grain of the wood). Examples of each type are
shown in Figure 5.

Immediately after each test, a 2-in length of the post was cut from near
the failure area and weighed for later determination of moisture content. The
onIy known difference between the posts of Phase I and the posts of FPhase II
was that the posts of Phase Il had a Tower moisture content at the time of the
preservative treatment to allow for better penetration.

Soft wood. Eight sets of soft wood posts were tested including
white"pine,‘hem1ock, red pine, and jack pine. The white pine, red pine, and
jack pfne had two sizes of cross sections, 8"x8" and 6"x8", as indicated in
Table 2. ATl posts were tested about the strong axis. The failure mode for
all soft woods was generally brashy to somewhat fibrous. Once begun, failure
extended across the entire cross section without shear. When major failure
occurred, no resistance remained to the pendulum. The only major exception to
this was hemlock post #38 from Phase I which failed primarily in shear,

Hard Wood. Ten sets of hard wood were tested including yellow
birch, beech, red maple, elm, red oak, aspen, white ash, and sugar maple. Two
sets of the red maple and white ash were tested. All posts had a nominal
cross section of 6x8 in and all were tested about the strong axis. Of the
hard wood posts, the following stopped the pendulum mass and thus did not fail
at impact: yellow birch post #7; beech posts #16, #17; white ash posts #38,
#W24; elm posts #63, #64, #67, #68, and #73; and sugar maple post #91. With
the exception of the beech and aspen which failed similarly to the soft woods,
the hard wood posts generally failed in the shear mode. However, there was no

apparent relationship between impact values and the failure mode.
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B. Full-Scale Test Results

Results from previous tests on standard G4(1W) and G4(2W) installations
are presented in the AASHTO guide.(l) These and the results of the four tests
performed on the different species of wood posts are presented in Table 5.

The dynamic deflection of the system is the most critical comparison value,
The G4(W) guardrail systems have been tested in the past and deflect
approximately 2 1/2 ft in the standard strength test (60-mph, 25-degree, 4500-
1b car). Based on this information, MDOT uses a design deflection distance of
2 1/2 ft for their guardrail designs. As shown, Test MWP-1 with 6x8-in white
pine posts had a deflection much higher than the design values. Al1 ten of
the white bine posts fractured during this test which indicates that the
def1ecfion may be greater for an installation composed entirely of 6x8-in
white pine posts. The remaining three tests compared very favorably with

Report 230(4) performance criteria for G4(W) guardrail systems.

LJM/8397fr
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TABLE 5

SUMMARY OF FULL-SCALE TESTS

Test No.

Report 230 Test No,

oy ()M

10

ch(2uyt

10

MWP -1

10

MWP-2

10

MWP-3 MWP-4

10 10

Post Type 8"x8" Douglas Fir 6"x8" Douglas Fir 6"x8" White Pine 8"x8" White Pine 8"xB" Red Pine 8"x8" Jack Pine
Test Vehicle 1978 Plymouth 1978 Plymouth 1978 Plymouth 1978 Dodge
Gross Vehicle Weight - 1lb 4123 4960 4700 4310 4310 43258
Impact Speed (film} - mph 60.1 68.0 59.1 61.3 60.6 58.7
Impact Angle - degrees 22.2 24.0 24 .4 25.3 23.9 25.1
Exit Angle (film) - degrees -15.0 -1, 0 Not Available -11.6 4.3 -14.6
Dynamic Deflection - ft 2.8 2.33% 6.3%x 2.8 2.6 2.9
Maximum 50-msec Avg. Accel.

(film/accelerometer)

Longitudinal -3.0 -6.8 -2.4 (film) -3.0/-4.8 -4.3/-5.3 -4.8/-5.0

Lateral -6.1 -7.0 -3.6 (film) -5.5/-7.0 -5.7/-7.3 -5.1/-7.3
QOccupant Risk, NCHRP Report 230

(film/accelerometer)

AV long, fps (30)%%# 7.0 (£ilm) 12.9/8.8 18.2/16.6 18.9/17.4

AV lat, fps {20)#%% 11.3 (£ilm) 16.2/15.5 18.1/718.3 16.9/18.4
Ridedown Accelerations, g's

(accel}

Longitudinal (15)%%* + + -3.7 -4.g

Lateral (15)%%# -11.3 -10.3 -10.4 -16.1

¥  Permanent Deflection

#% 111 test posts fractured indicating that the deflection may be larger for an actual installation.
*#%% Numbers are recommended in NCHRP Report 230
+ Occupant did not travel required flail distance

1 AASHTO, "Guide for Selecting, Locating, and Designing Traffic Barriers," 1977.
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IV.  DISCUSSION OF RESULTS

Proposed Wood Post Specification

As stated in the Introduction, the only existing specifications for wood
guardrail posts are presented in References 1 and 2. The 1200 psi stress
grade used by AASHTO is based on static test results and does not relate to
dynamic post characteristics, and no reference is made to moisture content, or
species other than Douglas fir and Southern yellow pine.

1. Dynamic Strength

The dynamic strength of a guardrail post may be quantified by three
properties: fracture energy, peak force, and average impact force. The
fracture energy is the amount of energy the post can absorb up to failure.

The peak and average forces relate to the severity of the impact. As
explained below, these properties appear to be independent of static strength
properties.

2. Stress Grade

From the 152 pendulum tests performed in Phase I, no relationship
could be determined between static stress grade and the three dynamic
characteristics, fracture energy, peak force, and average force. Figure 6
shows a plot of stress grade versus the three properties for the 6x8-in white
pine posts. In each plot, the dynamic property was divided by the actual post
cross-sectional area. A linear regression was performed for each set of data
and the R2 value and standard error are listed with the corresponding plot.
The R? value, when multiplied by 100, gives the percentage of variation of the
random variable which is accounted for by differences in the stress grade.
Perfect corre1atioh is indicated when R = 100%, and when RZ is near zero
there is almost no Tinear correlation between the variables. Values of RZ

near 50% indicate reasonable correlation whereas values less than about 20%
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indicate very little linear relation between the variables. For example, in
Figure 6, the first graph indicates that only 8 % of the variation in the
fracture energy is accounted for by the change in stress grade. The standard
error is the amount of the expected variation of the random variable. In the
same example, for any stress grade, the predicted fracture energy could vary +
15 ft-1bs. Figure 7 presents the same information for red maple. Only data
from posts tested in Phase I are used in these figures because stress grade
was not provided for Phase II posts.

Because no relationship appears to exist between stress grade and
dynamic performance from this work, new or revised specifications should be
estab1ished;

| Critical Knots. From-a USDA Forest Service study(3) in 1974, it was

determined that the dynamic strength properties of wood guardrail posts
depends primarj1y upon the density and location of defects, especially
knots. The location of knots within the post and the extent of the grain
distortion can have a serious effect on strength. It was determined that
knots which distorted the grain for one-half or more the width of the impact
face caused a reduction in dynamic strength.

3. Moisture Content

During the initial work, several post properties were considered
inciuding moisture content. In Phase I, the high moisture contents of the
tested posts were thought to be conservative based on results of static
testing and that the dynamic strength of the posts would increase as the
moisture contents dropped below the fiber saturation point. Additional
research and testing during Phase II has indicated that this may not be true
and that high moisture content would slightly increase the dynamic strength.

The U.S. Department of Agriculture Wood Handbook(s) states that the shock

LIM/8397fr
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resistance, or dynamic strength, may actually decrease as wood dries because
the dry wood will not bend as far as green wood before failure and, thus, the
green wood will sustain a greater dynamic load.

The strength data from the pendulum tests were linearly regressed on
moisture content to determine if moisture content had an effect on dynamic
strength. Figures 8 and 9 illustrate these correlations graphically. As with
the stress grade plots, the RZ value and the standard error are included on
each graph. From this information, no discernable relationship exists between
mositure content and dynamic st;ength.

Multiple regressions were performed on these data by the Michigan

Department of Transportation relating fracture energy to the product of stress

grade and moisture content. The correlation coefficient was low and the RZ
value was approximately 25%, again indicating no significant relationship
between the combination of variables.

4, Previous Studies

Two research studies performed for the USDA Forest Service in
1970(6) and 1974(3) quantified the dynamic characteristics for a total of four
species of wood posts and the standard steel weak post and steel strong post.
Each study tested the two steel post shapes, S3x5.7 and W6x8.5. The 1970
study tested several cross sections of red oak, Douglas fir, red pine, and
southern pine posts while the 1974 study tested cross sections of red oak and
southern pine. Tables 6 and 7 present the data for the cross sections of
interest from each study, respectively. Stress grades of the wood posts were
not reported in either study.

Because certain values from these tables will be used as comparisons
for the current project, a brief discussion of the testing procedures is

presented here. Only tests of posts that were rigidly fixed were considered.
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Posts," USDA Forest Service, Contract 23-00,210, 1970.

LIM/8397fr

AVERAGE IMPACT VALUES FOR WOODEN POSTS, 1970 STUDY
Moisture Fracture Average Displace=- Peak
Posts Content Energy Farce ment Force
% ft-kips kips ft kips
Wood
Red Oak 6x6 19 3.54 5. - 1.
Red Oak 6x8 20 T.42 7. -- 22.
Douglas Fir 6x8 15 4.86 6. - 16.
~ Douglas Fir Bx8 15 7.25 3. - 20,
Southern Pine 6x6 1 2.80 3. -- 10.
Southern Pine 8x8 13 11.81 10. -- 26.
Red Pine (Round) - 1.73 3. -— 9,
Steel
Wex8.5 (about
strong axis) -- 6.04 7. -- 15.
6 Michie, J. B. and Breonstad, M. E., "Dynamic Properties of Timber Guardrail
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TABLE 73

AVERAGE IMPACT VALUES FOR WOODEN POSTS, 1974 STUDY

Moisture  Fracture  Average Displace- Peak E
Posts Content Energy Force ment Force :
% fe-kips kips ft kips
Wood
Southern Pine 6x6 23 3.16 8.8 .36 4.3
Southern Pine 8x6
(weak axis) 28 4.55 11.2 A 18.3
Southern Pine 6x8 24 6.86 13.1 .53 22.0
' Southern Pine 6x8, Dense 7.97 4.0 .57 21.0 E
Red Oak 6x6 52 5.5 114 48 18.1
Red Cak 6x8 | 57 7.40 15.5 .48 25.6 i
W6x8.5 (about
strong axis) —— 5.94 18.0 .33 25.6

3 Gatchell, Charles J. and Michie, Jarvis D., "Pendulum Impact Tests of
Wooden and Steel Highway Guardrail Posts," USDA Forest Service Research
Paper NE-311, 1974,

frmmoe s
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The fixture used for the current tests was identical to the ones used in the
previous studies with the foilowing exception. In the 1974 study and in all
subsequent studies, the fixture for the steel posts was modified to keep the
post from twisting which insures structural failure above the clamp. This
made no difference to the test results. The slope on the front face of the T-
brace was filled with a wooden block and a U-shaped metal insert was
substituted for the pad at the top of the the T. In all other respects, the
test procedure was comparable.

5. Behavior Comparisons

Because a relationship does not appear to exist between static and
dynamic stréngth properties of wood, expanded specification criteria should be
estab11$hed for wood guardraii- posts and this should be based on dynamic
properties. In general, the better strong post is one that provides a Tower
peak resistance force and a lower average resistance force while at the same
time maintaining an adeguate fracture energy. Peak and average forces relate
to the "G" forces acting on vehicle occupants. Fracture energy relates to the
ability of a guardrail system to absorb the energy of impact. The average
force 1is determined by dividing the fracture energy by the post
displacement. The more resilient posts will provide greater displacements
and, as a result, lower average force va]ues.(3)

The behavior of the W6x8.5 steel posts is considered acceptable for
a strong-post system, and is proposed for the standard of comparison. The
values from the 1974 study will be used because its modified testing
procedures provided a more accurate failure mode.

One of the three full-scale crash tests 1in Phase I[I performed

successfully with posts made from species whose fracture energy values were

less than the W6x8.5 steel post value as shown:
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Fracture Energy
from Pendulum Test Results

Post (ft-kips)
W6x8. 5 gﬁ) 6.04
W6x8.5(3) 5.94
8x8 Red Pine 6.78
8x8 Jack Pine 5.50

Based on pendulum tests supported by full-scale crash testing, a fracture
energy value of 5.5 ft-kips and ébove has been established in this study. A
lower fracture energy {4.5 - 5.0 ft-kips) may be appropriate if proven in
future tests.

6.. MWood Past Specification Considerations

The following specifications were developed from the preceding
informafion. |
1. Wood posts and blockouts should be constructed from
approved species of wood. Approval should be documented

by one of two methods.

a) A full-scale crash test, No. 10 from Reference 4,
may be performed on the guardrajl system,
incorporating posts and blockouts constructed of the
desired species.

b) Pendulum tests may be performed on a series of posts
of the desired species. If the average fracture
energy of the species is equal to or greater than
5.5 ft-kips and the peak and average forces are less
than 25.6 kips and 18.0 kips respectively, for the
Wex8.5 post, the species is considered appropriate

for a strong-post guardrail system.
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No defects or knots may exist across more than half the
face of the post.
A minimum stress grade should be included to insure a

consistent quality of wood posts and blockouts.
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V. CONCLUSIONS

qﬁ Based on the proposed wood post specification presented in Section III-G,
the following conclusions are made using the values presented in Table 3 for

pendulum test results and Table 5 for full-scale crash test results:

A, Pendulum Tests

. The 6x8 white pine posts did not develop enocugh fracture
energy and should not be considered for strong posts.

. The 6x8 hemlock and the 6x8 red pine posts did not develop
enough fracture energy and should not be considered for strong
posts.

. The 6x8 jack pine post did not develop enough fracture energy
and should not be considered for strong posts.

. The 6x8 yellow birch, €6x8 beech, and 6x8 red maple posts did
develop the required fracture energy and the peak and average
forces were less than those for the steel post. These posts
may be considered for strong-post systems.

. The 6x8 elm posts had extremely variable impact values and
although most developed the appropriate fracture energy, they
should not be used for guardrail posts. The high variability
between posts could create problems such as vehicle snag.

. The 6x8 red oak post developed the required fracture energy
and the peak and average forces were less than those for the
steel post. The species may be considered for strong-post
systems.

. The 6x8 aspen post did not develop enough fracture energy and
should not be considered for strong posts.

. The 6x8 white ash and 6x8 sugar maple developed the required
fracture energy and the peak and average forces were less than
those for the steel post. These species may be considered for
strong posts.

. The 8x8 jack pine posts developed the required fracture energy
and the peak and average forces were less than those for the
steel post. This species, with the larger cross section, may
be considered for strong posts.

. The tests of the 8x8 red pine posts indicated large
variability of fracture energy from Phase I to Phase [I. This
species should not be considered for strong posts without
further testing.
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The tests of the 8x8 white pine posts indicated large
variability of fracture energy from Phase I and full-scale
tests behavior of Phase II. This species should not be
considered for strong posts without further testing.

B. Full-Scale Crash Tests

The guardrails incorporating the 8x8 white pine , 8x8 jack
pine, and 8x8 red pine posts were comparable to existing
systems and were acceptable according to NCHRP Report 230
criteria. The 8x8 jack pine may be considered for strong-post
systems. Because of the variability in results between Phase
I and Phase II, the red pine and white pine posts should not
be used without further testing.
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VI. RECOMMENDATIONS

A. General Reccmmendations

1. The results from the full-scale test in Phase II indicate that 8x8
jack pine posts performs adequately for the strong-post guardrail systems. It
is recommended that these jack pine species be adopted for 8x8-in wood post
construction.

2. Because of the extreme variability of the values for the red pine
and white pine posts, it is recommended that additional testing be performed
before these species are determined to be acceptable for wood post
-construction.

73; The results from the pendulum tests for each of the species of wood
posts have been compared to the standard W6x8.5 steel post. Several species
were indicated as acceptable for use as strong posts. It is recommended that
6x8 yellow birch, 6x8 beech, 6x8 red maple, 6x8 red oak, 6x8 white ash, and
6x8 sugar maple posts be adopted for use with strong-post guardrail systems.

4. Treatment of wood guardrail posts was not considered in this
study. However, all the posts indicated shallow penetration of treatment.

The deepest penetrations were less than two inches and the shallowest was just
below the surface. One possibility would be to require a Tower water content
before treatment. After the post was treated, the water content could be
allowed to return to equilibrium.

5. No National Standard currently exists that covers the replacement of
wood posts which have naturally deteriorated due to weather, insects, or
age. This deterioration will probably occur at the point where maximum
stresses occur if the post is impacted, thus creating a hazard. If the post
deteriorates from the center, visual inspections are ineffectual. Very little
research has been done in this respect for guardrail posts. This should be

pursued to establish warrants for replacement.

LJM/8397fr
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Phase 1 Post Tables

TEST ID p-1 ¥

TEST LDATE ~—- 10-07-85

PENDULILIM KINETICS ZUMMARY

NOTE: VALUES ARE INSTANEOUZ AT TIME

TIME ACCEL VEL nDIsP FORCE IMFULZE
{S) (3°%) (FFPZ) (F) (B3} (L.B-SEL)
0. 000 - 0& LB Cha GO 239, 1,
. Q02 -.12 LT o7 « Q& 442, 1.
. Q04 - 29.31 .12 w71, 2.
. Q06 -1.70 29,24 .12 &H200, =
» QOS b2 28,97 23 27EE5, 45,
010 7 o 20 28.51 « 2 27122, 10z,
012 -2. 24 ZE.01 ] HA9E0, 144,
LG14 -2.13 27.47 - 40 32504, 231.
«O1é& R -PRCH 27 .00 44 25242, 290,
JOLE -2.87 26,70 51 11482, 327,
. Q20 —. T 2l &0 .37 2EIs, ICICH
Q22 -1.7% 24,51 o B2 7151. 330,
- 024 - S5 26.43 b7 2182, S60.,
Q26 - 07 26.41 .72 271, J42.
. 328 el 26.41 73 —-143, 62,
. 30 01 26,42 32 —-453, 262,
HIGHEST 10.0-M% AVG. ACCEL.
TIME (ZED)
£l START END
-7 .27 QOO0 L2170

Do

i START OF PROGRAM BLOCKF

POST 1 - WHITE PINE




TEST ID ————— p-z™
TEST DATE ——— 10-07-85

PENDULUM KINETICS SUMMARY

NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIsF FORCE
() (13°5) {FFS} (F) (LB=)
0. 000 - Q2 29.33 Q.00 7t
. 002 —. 084 29,33 06 zag,
« 004 —-. 09 =29.32 - 12 350,
« 004 —-. 04 29.32 .13 229,
. 008 -« 11 29.3 .23 442,
010 SR ¥ 29.30 « 2 &35,
012 -~ 24 29,29 « 33 P,
.14 -. 52 29.2 41 2026,
«0lé —Z. RO 29.14 - 47 154603,
w018 -5.29 28.83 33 23557,
« Q20 ~-2.62 . 28.351 .58 10492,
022 -1.43 - 23.38 =g o924,
024 -2.40 28,246 - 70 10705,
024 —~2.72 228.06 - 75 iogag,
<028 ~. 30 27.97 .31 3183,
020 ~. &6 27.93 B7 2754,
L0322 —. 49 27.89 - 19464,
- 034 —. 41 27.85 . PE 14640,
LR — e 2D 27.83 1.03 D,
. D38 ~-. 13 27 .32 1.0% S23.
. Q40 «Ola Z7.82 1.14 —44.

HIGHEST 10.0-M3 AVG. ACCEL.

TIME (SEL)

G5 START
~3.49 - 0140

POST 2 - WHITE PINE

Ak

ENI
W D2AD

IMPULSE
(LB~ZEC)

C}-
1.
1-

T
]

Fa
S
a.
2l.
43,
101,
113.
23,
1583,
1469,
174,
179.
123,
126,
127,
187,




» 020
. 022
. 024
D26
. 028
. Q20

TEST IO ~——-

-~ P-3

-

TEST DATE ——— 10-07-25

FENDULLDM KINETICS SUMMARY
NOTE: VALUES ARE INSTANECOLUS AT TIME

ACCEL
(E73)

.17
.14
Q.00
—. 03

0.00

VEL. OIsF FORCE
(FFS) (k) (LBS)
FO.EE Q.00 122,
29.28 - D6 16777.
2E.86 « 12 283387,
Iz .17 27293,
22,15 . 23 12765,
2. 04 29 1337.
2EL03 24 —~hbT
28,01 .40 -212.
28,02 « 45 790,
22,01 « 51 608,
.08 .57 =473,

S RAR.0R AE —hAP .,
28,03 W &S -547.
28,02 .74 0,
.03 7Y 122,
2E. 03 L35 0.

HIGHEST 10.0-Mz VG, ACCEL.

TIME (ZEC)
Goo START ENII
-4.01 LO01S L0115

POST 3 - WHITE PINE

IMPULSE
(LB-SEC)

S8
117,
147.
157.
162,
163,
163,
1463,
1463,
léaz2.
162,
161.
141.
162,




TEST IO ————— P-4%
TEST DATE ~~— 10-07-25

PENDLILM KINETICES SUMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL. DIsF FORCE IMPULSE
(3) (53) (FP=) {F) (LBS) (LB-ZELC)
Q. Q00 .00 29,383 0. 00 -13. Q.
. 002 -5.77 2%.24 - 04 23028, 11.
- 004 -7.71 22,76 12 30820, 71.
. Q06 -1.74& =2, 43 17 7022, 109,
QO3 -2.24 2332 - 23 3941 . 123.
L0210 -, 0% 28,2 2% 23T 141.
012 —~. 33 28.17 . 34 2385, 144.
014 -1.17 28,13 <40 4640, 14%,
L2146 ~. 36 2E.0w 44 1442, 154.
018 -. 14 22,046 =) &53. 157.
Q20 —. 24 28,04 « 37 W3k, 1461,
022 - 28 28.02 b2 1133, 1463,
. 024 -. 13 28,01 iy 59, 164.
. Q26 —. 1% 25,01 .74 774. 145,
28 —a 23 27,99 .79 7. 1&6.
» D30 -~ 2 27.97 3T 11328, 143,
. Q2 -. 33 2793 . ®0 L 221, 171,
L34 =31 27,93 i 1240. 174,
-02& -3 27.%1 1.02 1240, 174,
.03 =21 27.90 1.07 2325, 172,
. 040 - 18 27 .88 1.13 713, 130.

HIGHEST 10.0-M5 AVG. ACCEL. o
TIME (SEC)
Gra STORT ENL
-2, 52 » 0005 0105

POST 4 - WHITE PINE

Ao



TEST ID ~———- F-5 "

TEST DATE ——— 10-02-35

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP FORCE IMPULSE

(=) (G°5) (FF3) (F) (LBS) (LB~ZEC)
Q. 000 02 12,323 Q.00 -2, Q.
.02 -4.02 153.26 .04 16076, 2.
- DO4 ~5.53 17.%1 Q7 22108, 5.
. 006 ~&. 43 17.54 .11 23715, 3.
. 303 -7.14 17.10 .14 285746, 154,
010 ~fa 20 16.47 - 18 ZAT3Z. 204,
~O12 ~-3. 02 16,364 21 120%¢6. 245,
014 -2.01 16.23 .24 2022 241,
O1é& -1.72 16.08 - 27 L3272, 279
Q18 ~a O 146.03 .31 342, 286,
« Q20 - 1% 14,03 . 34 ~7&é. 228,
Q22 02 146,04 .37 -¥3. 24,
. 024 . 07 14.05 .40 —-280. 223,
. D28 0.00 14,06 .44 0. 232,
. 025 D 14,04 .47 ~4és, 282,
L0330 -. 01 146.06 « 30 31. 282,

HIGHEST 10.0-M5 AVGE. ACCEL.
TIME (SEC)
G5 START END
-5.93  .0020 0120

POST 5 - WHITE PINE ?




TEST ID -~ F~-7

TEST QATE ——— 1 O=-08-85

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

ACCEL VEL
s (578) (FP5)
0. 000 -.01  14.47
.00S -3.18  14.52
.010 -.86 14,12
L0158 -3.00  13.790
.020 —4.16  13.24
.025 ~4,99  12.53
. 030 S.48  11.69
. 035 ~5.75  10.78
. 040 ~3.58 9.97
. 045 -4.76 9.34
. 050 ~4.32 8. 60
. 0S5 ~4.24 7.a9
. 060 ~4.33 7.23
. 045 -4, 16 6.52
.070 ~4.19 5. 26
. 075 -4.13 5.19
. 080 —4.19 4.51
. 085 -4.10 3.85
. 090 ~3.74 3.20
. 095 ~3.78 2.59
. 100 ~3.76 1.9
. 105 ~2.74 1.37
110 ~32. 68 .77
L 115 ~3.54 .17
. 120 ~3.33 ~.37
125 ~3.41 -.92
. 130 ~3.08  -1.43
135 -3.01  -1.93
140 ~2.80  ~2.40
. 145 -2.56  -2.83
. 150 ~2.28  -3.22
155 -2.13  -3.58

. 1&0 —-1.835 ~3.90

HIGHEST 50.0-MS AVG.

575

~4 . &0Q

DISP
(F)

ACCEL .

FORCE
(LBS)

14733,
14178.
133215.
13423,
12329,
12021,
11219,
10233.

123,

3507,

7397.

TIME (SEC)

START
01465

. END
- 046635

POST 7 - YELLOW BIRCH

A8

IMPULSE
(LB~-SEC)

A g et et e

19.
A8,
P3.
177.
266,
371.
433.
583,
b&2.
754,
342.
P23,
laiz,
1094,
1173.
12462,
1345,
1425,
1500,
1576,
1652,
1724,
1793,
184%.
1936,
2000.
2062,
2120,

2174,

Ty
S,

2247,
2307.




TEST IO -—-

-— P-g

TEST DATE —-—— 10-08-385

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

HIGHEST S0.0-MS

TIME ACCEL
(3) (G°8)
0.000 . -.04
. 003 -4.98
.10 —-56.15
L0135 ~3.77
LOZ0 - 37
. 025 ~.93
. 020 - 24
. 035 ~.21
. 040 - 25
045 ~- 26
. 030 —-. 44
- 053 - 44
« 060 .41
. 065 —. 27
. 070 -, 2
075 ¢ ~. 05
. 080 .07

VEL
(FFPS)

16.97
16,93
16.8%
16,83
16.74
16.48
16.63
14,59
16.57
16.57

AVEG.

G-S
—1n85

DISP
(F)

v v

- P4
1.04
1.13
1.21
1.29
1.38

ACCEL.

FIORCE IMPULSE
(LBS) (LB-5EC)
170, Q.
19915. 74,
24404, 183,
13071. 285,
1445. 322.
3718. 335.
P41. 247.
843, 3352,
1003. 354,
1034, 3461,
1774. 369,
1774. 380.
1651. 387.
1095, 394,
213. 399.
201. 401,
~-293. 401. .

TIME (SEC)

START
. 0008

POST 8 - BEECH

END
. 0208




TEST 1D ————— P9
TEST DATE -—— 10-08-85

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL DISE FORCE IMPULSE
(3S) (G"S) (FP3Z) (F) (L.BS) {(LB-SEC)
Q. 000 - =-.04 19.80 0.00 151. Q.
» 005 ~-2.09 17.41 .10 8363. 4.
010 -1.49% 19.28 .19 5948. 63, .
.015 —-3.93 18.68 = 29 15911. 139.
- 020 ~1.93 18.17 . 38 78Z20. 202.
« 025 -2.23 17.70 47 8906, 261.
» 030 -2.25 17.29 « 96 B997. 312.
« 035 ~. 46 17.12 Y 3 1842, 333.
. 040 ~1.03 17.00 73 4136. 347.
« 045 -.70 16.84 - 32 2808. 368.
. 0350 —. 38 16.74 - 70 1510. 378. .
- 053 -. 55 16.70 .78 2204, 386.
« 060 —.31 16.41 1.07 2023, 396,
- 063 —. 26 16.54 1.15 1057, 405.
« Q70 ~.23 16.51 1.23 3. 409,
075 ~. 24 16.47 1.31 1057. 414,

030 - 20 16.43 1.40 215. 418. .,

HIGHEST 50.,0-MS AVG., ACCEL.

TIME (SEC)
G8 START ENLi
—=1.8%9 . Q002 - Q508

POST 9 - BEECH

A.10




TEST IO ————— P-10
TEST DATE ——— 10-09-85

PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

« 03590 .31 18.39 - 73 ~1244. 175.

TIME ACCEL VEL DISP FORCE  IMPULSE ;
(8) . (G’S) (FPS) (F) S (LBS)  (LB-SEC) 3
0.000 -.09 19.80 . 0,00 373. 0. ﬁ
- 005 - P6 19,49 .10 3856. 38. :
010 ~-2.67 19.32 . .20 10698, 60. g
Q15 -2.82 18.81 .29 11239, 123. :
. 020 -.48 18.41 . 38 1928, 173. ;
. 025 .11 18.36 .48 -435, 179. 2
- 030 - 30 18.30 .57 1182, 187. :
. 035 -.08 18,26 .66 311. 191. :
. 040 .33 18.29 .75  —1306. 187. ;
. 045 .36 12.34 .84  -1431, 181. i

HIGHEST 10.0-MS AVG. ACCEL.
TIME (SEC)
ol -2. 99 « Q0F0 . 0190

]

POST 10 -~ BEECH

A1l




TEST IO ————
TEST DATE —

PENDULUM KIN

- P-11
- 10-0%9-85

ETICS SUMMARY

NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL DISP
(S) (G°S) (FPS) (F)
0.000 .01 19.80 0.00
. 005 -1.15 19.39 .10
.010 . ~2.81 19.13 .19
.015 ~3.,94 18,58 .29
. 020 -3.51 18.03 .38
.025 ~2.44 17.49 .47
. 030 —1,68 17.18 .56
. 035 -1.12 16.96 . 64
. 040 -. 80 16.81 .73
. 045 -. 44 16,73 .31
. 050 ~.50 16,65 .89
HIGHEST 10.0-M3 AVG. ACCEL.

FORCE
(L.LBS)

TIME (SEC)

G s START
=3. 61 20113
POST 11 - BEECH

A.l2

END
0213

IMPULSE

(LB~SEL)
Q.
51.
77.
152.
220.
287.
325,
353.
372,
382.
391.




TEST ID —

——— P12

TEST DATE —=-— 10-09-85

PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL
() (G“S)
Q. 000 -. 06
. 005 ~. 79
.010 -2.39
015 ~-3.69
« 020 ~3.8%
. 025 =-3.86
- 030 ~3.389
« 035 —2.97
-« 040 -2.80
« 045 -2.36
« 050 -1.51%
-« 055 -1.51
- 060 ~-1.03
« 065 -1.146
. 070 — 97
075 .71
- 020 —.87
- 085 —. 56
» Q90 -. 68

HIGHEST S0.0-

VEL DISP - FORCE
(FPS) (F) (LBS)
19.80 0.00 247.
19.33 «10 3151.
19.20 .19 578,
18.53 . 29 147468.
12.03 . 30 15571.
17.41 47 15448,
16.82 e 15571.
146.27 . 54 11864,
15.7% L7 11184.
15.34 - 30 10237.
13.02 .87 6055,
14.78 - 70 6033,
14.58 1.02 4140Q.
14.40 1.09 4634.
14.22 i1.14 3893.
14.07 1.23 3644,
13.93 1.30 3460.
13.81 1.37 2224.
12.71 1.44 2719,

M3 AVG. ACCEL.

TIME (3EC)
G s START END
=00 0013 L5132

POST 12 - BEECH

A.13

IMPULSE
(LB-SEC)




TEST ID ————= P-13
TEST DATE —~—= 10-0%-385

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL pDisp FORCE IMPULSE
(5) (578) (FFS) (F) (LBS) (LB-3ELC)
Q. 000 - —.03 19.80 0.00 123, Q.
. 0035 -2.03 1?.46 - 10 8125. 42.
<010 ~2.68 19.27 « 20 10710. bb.
015 ~3. 66 18.469 « 29 14449, 138,
« 020 =-3.42 17.38 .38 214666, 238,
025 ~1.46 17.26 »47 o847, 31é6.
« 030 -3.34 16.65 =t 13357, 392,
« 035 -3.40 146.0% &4 13603, 465,
« 040 -2.17 15.56 71 B679. 526,
- 045 -2.03 15.25 79 8310. 565,
. 050 -1.23 14.97 .87 4924, 600,
- .05 —-.54 14.34 P4 2154, 613.
- 0460 - 40 14.20 1.02 1400. &21.
. 065 ~. 86 14.70 1.09 3447. 633,
« 070 ~. 60 14.57 1.164 2401. 650.
- 075 ~. 48 14.51 1.24 1908, £357.
. Qg0 ' -~ &3 14.41 1.31 2585, 670.
- 035 ~. 31" 14.34 1.32 1231. 679,
« D20 ~ o 38 14,28 1.45 1539, . &8SG.

HIGHEST Z0.,0-M% AVG, ACCEL.

TIME (SEC)
= START END
« 3 Loia L0518

03 02

POST 13 - RED MAPLE

A.14



TEST ID —-

-—— P-14

TEST DATE —— 10-0%-85

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

ACCEL
(G5}

VEL DIsP FORCE
(FPS) (F) (LBS)
19.80 0.00 124.
19.3%9 - 10 1607,
19.26 » 19 10380,
13.69 .29 110&%.
i9.18 . 33 18422,
17.56 .47 17124,
16,93 =7 15455,
16,21 « &4 15024,
13.77 72 15331,
15.17 « 20 13642,
14,463 « 37 131467.
14.17 .24 10324.
13.73 1.01 10942,
13.32 1.0 7295,
13.03 1.13 3345,
12.72 1.21 7109,
12.44 1.27 L9224,
12.24 1.34 4204,
12.02 1.40 5440,
11.85 1.44 3923,
11.49 1.92 3771.
11.57 1.57 3027,
11.435 1.63 2396,
11.34 1.4% 27905,
11.23 1.74 2102,

HIGHEST S0.0-M3 AVG. ACCEL.

TIME (SEC)
Grs START ENL
.44 L0103 » Q032

POST 14 - BEECH

A.15

IMPULSE
(LB~SEC)

&7 .
139,
201.
278.
357.
434,
501.
573,
&40,
700,
755 -
2035,
341,
a79.
?15.
D3
267,
87,

1007.
1023,
1038,
1051,
1044,




TEST ID —-=—== P-13
TEST DATE ——— 10-09-385

PENDULLUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL. DISP FORCE  IMPULSE

(5) (G75) (FPS) (F) (LBS)  (LB-SEC)
0. Q00 - 04 19.80 0. 00 247, 0.
. 005 -1.632 19.45 .10 6534, 4z,
.010 ~2.13 19.31 .20 2506. 61,
015 -3.43 18,75 .29 13930. 130.
. 020 -5.42 18.00 L38 21697 224,
. 025 -3.34 17.18 .47 13376, 326.
. 030 ~8.76 16.77 .56 19044, 377.
035 2,13 16.17 b4 8504 451,
. 040 ~1.76 15.50 .72 7027. 497,
. 045 -.B85 15.564 .80 3390, 527.
050 -.B2 - 15.4%3 .87 2267, 542,
055 -7 15.30 = 3144, 559,
. 060 -.31 15.2 1.03 1233, 570,
. 065 -.29 15.17 1.10 1171, 575.
LO70 - 26 15,12 1.18 1048, 581,
. 075 -. 43 15.06 1.25 1726. 583,

. D80 - 23 1%.01 1.33 986, 3935,

HIGHEST 350.0-MS AVG. ACCEL.
TIME (SEC)
G5 START ENIi
~2. 73 L0015 0318

POST 15 - BEECH

A.l6




JE——
S

e

TEST 1D

-~ F-16

TEST DATE ——— 10-10-85

FENDULUM KINETICS SUMMARY

NOTE: VALUES ARE INSTANEOUS AT TIME
TIME ACCEL VEL DISP
(3) (G*35) (FPS) (F)
0. 000 -, 0Z 19.80 0.00
. 005 -3.02 19. 48 .10
.010 ~1.07 19.30 .20
L0115 -4.26 18.75 .29
. 020 -2.78 18. 08 .38
. 025 -4, 580 17.55 47
. 030 -4,58 16.86 .54
. 035 -4.17 16,17 . 64
. 040 -4, 26 15. 49 .72
. 045 -3,52 14.34 B0
. 050 -3.30 14,28 .37
. 0S5 -3.09 . 132.76 .94
. 0460 -2.381 13.28 1.01
. 045 ~2.19 12.88 1.07
. 070 -2.12 12.52 1.13
. 075 ~-1.9% 12.21 1.20
. 080 ~1.76 11.91 1.26
. 085 -1.7& 11.63 - 1.32
. 090 ~1.62 11.36 1,37
. 095 -1.60 11.10 1.43
. 100 ~1.40 10.86 1. 4%
105 -1.29 10. 64 1.54
.110 -1.22 10.43 1.59
<115 ~1.17 10.23 1.64
120 -1.13 10,05 1.69
.125 ~1.13 9.36 1.74
. 130 -1.11 9,68 1.79
. 135 ~1,05 . 9,52 . 1.84
. 140 -1.01 9,35 1.89
. 145 - 9.20 1.93
. 150 - 93 9,05 1.93
. 155 -. 84 8.91 2.02
. 160 - 8.77 2,07

HIGHEST S5G.0-MS AVG. ACCEL.

5rE START
-3.77 L0118

POST 16 - BEECH

A.17

FORCE  IMPULSE
(LBS)  (LB=-SEC)

91, Q.
12069, 40,
4265, bz,
17030, 130.
11101, Z13.
19208. 230,
13300, 365,
16667, 451.
17030, 536,
14064, 616,
13219, 686,
12372. 751.
11222, 210.
8742, 860,
as00, 205.
7713. 243,
7043, 980,
7048, 1015,
6473, 1049,
4382, 1080.
SS96. 1111,
=173, 1138,
4870. 1164,
4637, 1129,
4507. 1212,
4507, 1234,
4447, 1257.
4205. 1277.
4053, 1293.
3721. 1317,
3721, 1336,
3358, 1353,
3297.

TIME (SEC)

ENL}
04613

1370.




TEST Ik ————— F-17
TEST DATE -——— 10-10-83

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL DISP FORCE  IMPULSE
(8) (1375) (FES) (F). (LBS)  (LB-SEC)
0. 000 .06 19.80 0.400 239, 0.
.010 -.57 19.27 .20 2269, b6,
.02 -3.84 15.30 .38 15347, 186.
. 030 -4.08& 17.08 .56 146303, 338.
. Q40 —4.20 15.70 .73 16811, 509.
. 050 —3,88 14,44 .38 15527. 663,
. 060 ~3.69 13,23 1.01 14750, S16.
. 070 -3.42 12.09 1.14  13675. 957,
. 080 ~3.05 11.08 1.26 12182, 1084.
. 090 —2. 61 10. 15 1.36 10451, 1198,
. 100 ~2.24 9,37 1.46 8958, 1294,
.110 ~2.11 8,65 1.55 8420, 1385.
.120 ~1.87 3.01 1.63 7445. 1465,
.130 -1.67 7.44 1.71 4688, 1535.
. 140 ~1.55 6.93 1.78 6211. 1599.
L150 -1.33 b. 84 1.85 5215. 1657.
. 1460 ~1.28 6.08 1.91 5136. 1710.
. 170 -1.0% 5. 66 1.97 4359, 1757.
. 130 -. 94 5. 33 2.03 3762, 1798.
.190 - 82 5,05  2.08 3284, 1833,
. 200 ~.56 4,83 2.13 2239, 1840.
210 ~. 49 4,67 2,17 1971. 1820.
. 220 ~. 86 4.51 2,22 1851. 1899.
. 230 - 40 5,.3g 2,26 1612, 19164,
. 240 -.39 4,26 2.31 1553. 1931,
. 250 -.26 4.164 2.35 1045, 1943,
. 260 - 24 4,08 2.39 55, 1953,
. 270 ~.21 4.01 2.42 836. 1962.
. 280 ~.13 3.95 2.47 537. 1949,
. 290 ~.14 2.90 2,51 547. 1975.
. 300 ~.04 3.87 2.55 179. 1979.

HIGHEST S50.0-MS AVG. ACCEL.

TIME (SEC)
5 START ENL -
.39 L0140 . 0640 e

POST 17 - BEECH

A.18



TEST IO ————- P-18
TEST DATE ——— 10-10-8%

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP FORCE IMFPULZE
() (G-3) (FPS) (F) (LBS) (LB-ZSEC)
0.000 ~-.04 19.80 0.0 179, 0.
. 005 ~2.92 12,350 .10 119083, 37.
. Q10 ~1.0& 19,29 . 20 42327, &3,
. 015 -3.71 12.85 « 2% 13440, 113,
» 020 ~3.22 18.22 » 38 12991, 194.
025 —4. 2% 17.67 ¥4 17148, 264,
. 0320 ~3.14 17.11 «3& 12563, 334.
. 033 =2.36 16.64 - 64 10241, 393,
. 040 -1.03 16.43 .73 4102, 419,
. 045 =1.83 16.15 .81 7383. 4353.
- Q30 —. Fh 15.95 . 3% 3840, 473.
- 035 -.72 15.131 27 2833. 494,
. 060 ~1.01 13.67 1.05 4049, 513,
<045 -.74 13.53 1.12 2977, 331.
Q70 ~. &5 15.42 1.20 2620, 544.
- 075 -.74 15.31 1.28 2977. 557.
. 080 ~. b6 15.1% 1.34 2650, 572,
035 -, 23 15.10 1.43 2322, 584.
- 090 — 7 15.00 1.51 2263, 596,
09T -.51 14,92 1.5 2024. &07.
» 100 —-, 48 14.34 1.4k 19335, blb.

]
. HIGHEST S0.0-MS AVG. ACCEL.

TIME (SELD)
- G START ENL

L ~2. 41 . G020 . 0520

i POST 18 - RED MAPLE

A.19



TEST IO ————— P-1%

TEST DATE

—== 10~-10-35

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOLS AT TIME

TIME ACCEL
(3) (G*S)
0. 000 -.02
. 005 ~2.51
.010 -.86
.01S -3.47
.020 -4.56
. 025 -4,18
. 030 ~4.00
.035 -. 20
. 040 ~3.55
. 045 ~1.4%

©.050 ~2. 40
. .055 ~1.52
. 060 ~1.44
. 065 -1,4%
. 070 ~1.70
. 075 ~1.13
. 080 -1.67
085 -1.37
. 090 ~1.23
095 ~1.35
. 100 -1.13
105 -1.32
110 ~1.04
115 -1.14
. 120 -1.14
125 ~1,05
. 130 -1.11
. 135 -.87
. 140 ~.41
. 145 -. 60
. 150 . 06

VEL DISP FORCE
(FPS) (F) (LBS)
19,50 0.00 135,
19,55 .10 10024,
19.37 .20 3431.
18.97 .29 14499,
18.37 .3% 18235,
17. 63 .43 14736,
17.11 .56 16017.
16,61 . A5 2581,
16,21 .73 14219,
15,82 .31 5943,
15.51 .89 2604,
15,17 .76 6048,
14.95 1.0 5769,
14.72 1.11 5943.
14.45 1.19 6787.
14,20 1.2 4540.
13.99 1.32 . 6668,
13.75  1.40 =467,
13,53 1.47 4930.
13.24 1.53 5409,
13.15 1,40 4540,
12.94 1.66 5299,
12.75 1.73 4150,
12.58 1.79 4570,
12.40 1.85 4s570.
1z.22 1.92 4210.
12,05 1,98 4450.
11,38 L 2.04 3491,
11.79 2.10 1633,
11.70 2,15 2412,
11.64 2.21 —225.

HIGHEST S0.0-MS AVG. ACCEL.

TIME (SEC)
= START END
—2.74 . 00320 T30

POST 19 - RED MAPLE

A.20

IMFULSE
(LB-SEC)

it i e v e e g

b
iR
e




TEST ID ~———- P-20
TEST DATE —-— 10-10-35

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACLEL VEL DISP FORCE
. (S) (G”3) {FPS) (F) (LBS)
Lo 0. 000 -.01 19.30 0. 00 59,
. Q0S5 -2.84 19.56 .10 11347,
.010 -1.01 19.34 . 20 4057.
015 -3.97 18.91 .29 15875,
. 020 ~4. 69 18.23 .38 18756.
. . 025 -1.30 17.51 .47 5203,
= 030 —2. %0 17.08 .56 11583
L . 035 -1.1%9 16,74 .64 4762,
. 040 -, 59 16.63 .73 PRSI,
. 045 -1.12 16,45 .31 4493,
. 050 - 33 16.31 .89 33P2.
055 -5 14,16 .27 3792.
. 060 - &9 14. 04 1.05 27463,
. 065 ~- 32 15. 72 1.13 3263,
. 070 - 6P 15.80 1.21 2763,
L0775 - 73 15, &8 1.29 2940,
. 080 -. 40 15.59 1.37 1537.
. 085 - 29 15.53 1.45 1176.

- 090 =.31 13.49 1.352 1235,

HIGHEST 50,0-MS AVG. ACCEL.
TIME (SEC)
575 START ENLD
-2, 20 Q025 « 0523

POST 20 - RED MAPLE

A.21

IMPULSE
(LB-ZED)

57
111t.
196.
285,
338,
373,
394,
412,
433,
432.
463,
432.
497.
a11.
923,
230.
D539,

I
@




TEST ID -——-- P-21
TEST DATE -—— 10-10-85

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIsSP FORCE IMPULSE
{3) (G"3) (FPS) (F) (LB3) (LB-SEL)

0. 000 ©0.00 19,30 Q.00 0. Q.

. 005 —-2.62 19.58 « 10 10476, 28,

.010 —-1.49 19.3 « 20 59354. 33.

015 —-3.45 12.37 .29 13810, 114,

- 020 ~2.62 18.22 .38 10474, 196.

. 023 ~3.31 17.74 47 12258, 236,

. 030 —2.%4 17.18 - 36 11846. 325,

035 -1.264 16.388 st S033. I6Z.

» 040 —. 464 146.74 .73 23783, 320.

. 045 ~. 32 16.67 .31 1289, 389.

« 050, -. 39 14,40 « 20 1565. 398,

. 055 - 23 16.56 .78 P21, 403.

« 060 - 23 16.52 1.046 P21, 407.

. 045 ~. 23 14.4% 1.15 P21, 411.

- 070 ~.14 1&. 46 1.23 552. 414,

« 075 —-.12 16. 43 1.31 471. 417.

. 080 -.18 14.42 1.39 737. 420.

« 085 —-. 02 14,239 1.47 338. 424,

« 090 - 02 146.38 1.56 &1, 423,

. 095 « 03 14,38 1.44 -124. 423. |

. 100 02 1&4.3%9 1.72 -&1. 424, 5

HIGHEST SG.0-MS AVG. ACCEL.

TIME (SEC)
Grg START ENLI
T 0013 03513

POST 21 - RED MAPLE

A,22




TEST 1Dt =———= P-22
TEST DATE ——— 10-11~83

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOQUS AT TIME

TIME ACCEL VEL DISF FORCE — IMPULSE
(3) (G°8Y (FPS) (F) (LBS)  (LB~SEC)
Q. 000 .0 19.80 0.00 244, Q.

. 005 ~-1.84 17.49 .10 74464, 39.

.010 -1.78 19.32 . 20 7110, 59,

.015 -3.37 18.83 .29 1348383, 121.

. 020 ~2.85 18.24 .35 11413, 194.

. 025 -.73 18.06& 47 2930, Z17.

. 030 ~-.58 17,99 .56 2319, z24.

. 035 -1.04 17.85 5 4150, 242.

. 040 -.52 17.73 .74 2075. 257.

. 045 -.70 17. 64 -lc! 2907, 269. §
= ' L0850 Y 17.52 .92 2485, 284, |
- . 055 -.50 17.42 1.01 2014. 2964. :

. 040 ~. 47 17.33 1.09 1892, 306. “

. 065 - 37 17.25 1.18 1495, 316.

. 070 -. 06 17.22 1.2 244, 320.

.075 .12 17.23 1.35 -433. 320.

& . 080 Wiz 17.24 1.44 -428. 317.
HIGHEST 50.0-MS AVG. ACCEL.

TIME (SEC)
G START ENL}
“-1.43 L0013 L0513

POST 22 - RED MAPLE

A.23




TEST ID ————— P-23
TEST DATE ~—— 10-11-85

FENDULIUM KINETIDS SUMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL DIsP FORCE  IMPULSE
(5) (G73) (FPS) (F) (LBS)  (LB-SECD)
0. 000 B 19,30 0. 00 &1 0. i
. 005 —-2.75 19.54 .10 11012, 33. '
LO10 -1.489 19.3 .20 S930, &1,
015 -3.4% 18,36 LI 13977, 117.
. 020 -1,56 18. 38 .28 7442, 177.
025 -76 18,13 . 43 3025, 203,
. 030 - 30 18,02 .57 509, o221,
. 035 -1.0% 17.34 . b4 4356, 241.
. 040 -1.00 17.70 .74 a99n, 261,
. 045 -.82 17.57 .33 3267, 277.
. 050 -, 38 17.45 .92 2509, 292,
. OS5 -.73 17.31 1.01 2935, 309.
. 060 —-. b4 17,2 1.09 2541, 323,
L0865 -.59 17.10 1,183 2360. 336,
- . 070 ~-. 41 17,03 1,26 1634, 344,
075 - 45 16.96 1.3% 1315. 353.
. 030 - 36 16,99 1.43 1452. 361.
.035 - 29 16,83 1.5% 1150. 368,
. Q%0 — 16.80 1,60 377. 373,
. O9S - 21 16.77 1.69 347. 376.
. 100 -, 05 16,764 1.77 1382, 73,
. 105 -.05 16.76 1,385 212. 73,
L 110 - 03 16.75 1.94 121. 79,
115 -1z 16.75 2,02 434, 379.
. 120 - 01 16.74 2,10 30. 220,

HIGHEST S0.0-MS AVG. ACCEL.
‘ TIME (SEC)
5 START ENL
-1.42 - DOER Q323

POST 23 - RED MAPLE

A.24




.
£
I
Y
|9

iy

— i e e

- 105
L3110
115
. 120
125

TEST ID

—-— P24

TEST DATE ——— 10-11-85

PENDLLIM KINETICE SUMMARY

NOTES

ACCEL.
(575)

3.0
—2.92
2. 40
-2.35
- T

~-1.30
~-1.14
=-1.20
-1.14
=1.13
—1.05

-

-1.032
-.55
-. 47
-.57
—-. &4
-. 55
- 47
-0

VEL
(FP3)
12.30
19.52
19.29
12,90
19,36
17.34
17.26&
16.29
14.45
16.10
15.78
15.31
15.32
15.13
14,95
14.72
14.60
14.45
14,29
14.15
14.07

.99
13.38%
12.7%
iz.71
12,432

HIGHEST A0, 0-MS AVG.

[y ]
Ao

3>

[ ]

POST 24 - RED MAPLE

DIsP
(F)

ACICEL.

VALUES ARE INSTAMECOUS AT TIME

FORCE
(LBZ)

12433,
4727 .
12317,
14059,
1221%.
12362,
114694,
FEOS,
@33,
29048,
S2iz.
4545,
4737,
435435,
4406,
4212,
3béb6.
412%.
2212,
18979,
2272,
2579,
2212,
1879,

3464,

TIME (ZEC)

START
. Q02

A.25

ENI
. QE2E

IMFPLULSE
{LB--5EC)




TEST ID ——

TEST DATE

h—— P2

=== 10=-11-25

PENDLILLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME &LCEL
(2) (575)
0,000 - 10
. 005 —2.30
LO10 —1.28
015 -3.35
L Q20 -3 28
. 025 —2. 20
« 030 -2.11
D35S - 28
. 340 - B2
« D45 —-. 24
« 050 - 7t
- O5S — .ol
» Q460 i T
. Q&S ~. 55
. 070 —. 44
075 - 44
- 80 . o]
OBS -. 44
. 090 ~-.55
QPS5 .31
. 100 — Sk
105 —-. 264
110 - 40
113 - 28
120 —. 34
123 -.13

HIGHEST S0.0-

VEL niseE FORCE,
(FP=E) (F) (LBZ)
19.30 O Q0 420,
19,35 16 10020,
19,35 .20 B130.
13,90 .29 13410,
13,37 .28 135320,
17.%0 .45 11220,
17.45 « 54 2430,
17.32 - 65 114G,
i7.24 .74 3304,
17.09 = 2360,
14,93 .71 3040,
16,3838 .9 2340,
16.7% 1.08 2170,
14.70 1.14 21910,
14,61 . 24 1260,
14,53 1.323 1840.
14.47 1.41 1710,
14040 1.49 1844,
14,22 1.57 2190.
14,25 1,65 1230.
14,20 1.74 1440,
14,15 1.82 1050,
14, 0% 1.70 1620,
16.04 1.9% 1140,
15,99 2.06 1380,
153.73 2.14 540,

ME AVE. ACCEL,
TIME (2EC)

G 3 START END
-1.7& D020 - Q320

POST 25 - RED MAPLE

A.26

IMPULSE
(LB-5EC)
____5:-
a1,
Rk
112,
173,
234,

T

208,
3213,
236,
350,
263,
374,
333,
394,
406 .
414,
422,

i
wtalw

441 .
447.
4753,
4461,
4&7.
474,
431,




TEST 10 ~——=- P26
TEST DATE ——— 10-11-8%

PENDIILLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP FORCE — IMPULSE
(5) (5°5) (FPS) (F) (LBS)  (LB-SEL)
0. 000 -. 04 19,80 0. 00 229, 0.
. 005 ~3.05 19.5% .10 12181, cich
.010 -1.58 19.30 .20 329, 62,
. 015 —-3.82 18,21 .29 15226, 123.
L020 —4. 95 18,14 L33 19794, 207.
.02 ~-3.01 17.45 W47 12031, 292,
. 020 ~2.57 17,13 LS4 10300, 332,
. 035 -1.7%9 16.73 Y 7165, 381.
. 040 -2,12 16.40 73 2479, 422,
. 045 ~1.47 16,13 .31 S881. 457.
. 050 —-1.37 15,59 = S443, 456,
085 -.11 15, 23 HT 443, 3494,
. D&0 . 2 15.30 1.05 1045, 497.
E . 045 .49 15,73 1.12 1970. S0S.
i, 070 -9 15. 64 1.20 1552, 515.
075 -.31 15, &0 1.28 1254, 521.
& . 030 ~. 16 15. 96 1.36 4657, 526.
L) J0RS ~. 24 15,53 1.44 1045, 530.
. OR0 -.27 15,49 1.51 1075, 5as. “
95 -.24 15, 45 1.5% 755, 541, }
. 100 - D 15.43 1.467 239, 54.3. f
105 -.01 15,42 1.75 30. 544,
N 110 0. O 15,42 1.82 Q. 545.
Pl 115 -.02 15.41 1.90 20. S45.
il . 120 - 02 15.41 1.98 20. 545,
L 125 -. 09 15.41 2.05 353, 545,

HIGHEST S0.0-M3S AVG. ACCEL.
TIME (SEC) . |

5 START END |
—Z.44 L0015 .0S15 ﬂ
1

o

k

[ POST 26 - RED MAPLE

A.27



TeEST ID ———m— F-27
TEST DATE ——= 10-14-35

PENDULILIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIzF FORCE  IMPULSE
(5) (G5) (FPS) (F) (LBS)  (LB-SEC)
0. 000 - 03 19,80 0. 00 122, 0.
. 005 ~2 .80 19,43 L1000 11180, 22,
. 010 -.73 19,37 .20 2933, 54,
.015 ~3.79 15,98 .29 15151, 102.
. 020 -5.04 18.3 L3P 20161, 185,
. 025 -2, 49 17.42 .45 9953, 271,
. 030 -3.35 17.05 .56 13410, 341.
. 035 ~1.14 16.72 A5 4552, 383,
. 040 -1.15 16.54 .73 4613, 405,
. 045 - 91 16.37 .31 3635, 426,
L050 . -1.01 16,22 .89 4032. 445,
. 055 ~.32 16.07 .97 3299, 464,
. 060 -. 59 15.94 1.05 3543, 480,
. 065 - 70 15.81 1.13 2810, 496,
. 070 —. 62 15.70 1.21 z474, 509,
. 075 -.58 15. 40 1,29 2322, 522.
. 080 —. 34 15,52 L3 1344, S5322,
. 085 -. 324 15.47 ° '1.45 1344, 5383,
. 090 -. 42 15. 40 1.52 1630. 544,
095 -.21 15.35 1.60 ass, 553,
. 100 - 15,32 1.48 g55. 557,
. 105 - 15 15. 2% 1,75 611, S60.
.110 —-. 12 15,27 1.83 439, 543,
LA1S - 03 15.2 1.91 122, 5S¢4,
. 120 -, 03 15, 25 1.98 122, 565,
125 0. 00 15. 25 2.06 0. 565,

HIGHEST 50.0-M3 AVG. ACCEL.
TIME (SEC)

G5 START ENII
~Z.26 L0030 L0530

POST 27 - RED MAPLE

A.28




TEST IO ————- P-2a
TEST DATE ~-- 10-15~25

PENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INZSTANEOUS AT TIME

TIME ACCEL VEL DIsek FORCE

(5) (13735 {FP3) (F) {LBE)

e em e e
5 1. 000 ~.01 19,80 0.00 41,
005 ~1.74 19.71 .10 7760,

- LO10 -85 19,44 .20 2403,
it LO01E —2.29 19,19 .29 2154,
i 020 -.39 18,95 .39 1519,
L025 - 03 .93 . AT 3.

. 020 - 22 18,92 .58 B62.

L0235 -t 15,57 L&7 1930,

. D40 ~ 20 1881 .77 780,

. 045 -. 30 15,75 . B 1191.

. 050 - 4Z 18.71 o5 1683,

LOSS —.39 18, 44 1.0%5 1560,

« 040 —-.G9 18, 58 1.14 1540,

TS —-. 44 18.51 1,03 17466,

070 ~. 44 18,43 1.33 15943,

L0785 .37 12, 24 1,42 1473,

HIGHEZT S50.0-M3 AL, ACCEL.
TIME (=EC)

G START ENL
- & . D030 . DE30

&

2

:i

£

s d

E POST 28 - ASPEN

A.29

IMPULSE
{_B~-ZEC)




TEST IO ————= P29
TEST DATE —~- 10-14-85

PENDULIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIsP FORCE IMPULSE

() {(G75) (FFZ) (F) (LBZ) (LB-SEC)
Q. 000 - —. 02 19.80 0.00 &0, 0.
. 005 -2.2 19.462 .10 8987, 22.
010 -1.00 19.43 20 4011. 46.
015 -2.92 19.04 .29 117322, F2.
« 020 ~3.13 18.59 .39 12606, 150.
« 025 - 14 12.36 « 43 m73. 179.
. Q30 .24 18.36 27 -151. 179.
035 —. 38 12.34 B4 1308, 122,
. 040 —.4& 18.26 7S 1340, 192,
=045 —. 26 128.21 25 1023, 198.
. 050 —. 29 12.16 « 74 1174, 204.
.« DTS5 -.32 12.12 1.02 1297. 209,
» Q&0 —a 29 18.07 1.12 1176, 215.
- Q6T ~a 28 132.02 1.21 1116. 221.

. Q70 - 1& 17,98 1.30 633, 226. .
D78 —. 20 17,95 1,39 734. 230,
- 020 Rl pit=] 17.21 1.48 11164, 234.
« D33 - 22 17.37 1.57 g75. 240,
Q70 - 20 17.84 1.46 724, 243,
- 025 -.14 17.32 1.78 43, 246,
« 100 -. 04 17,580 1.3832 151. 248.

HIGHEST S0.0-MS AVG, ACCEL.
TIME (SEC)
GUS START END
~-1.02 015 L0315

POST 29 - ASPEN

A.30




TEST ID ——-

—— P-30

TEST DATE —~—— 10-14-33

PENDULUM RINETICS SLMMARY

NOTE! VALUES ARE INSTANEDUS AT TIME
TIME ACCEL VEL LIsP FIORCE IMPULSE
(S) {5°5) (FPS) (F) (LBS) {(LB~3EL)
0. 000 - O 19,20 .00 240, Ch
. Q05 -2, 43 19,54 10 711, 20.
L0110 -2.03 19.33 .20 2109, SE.
L015 -3.54 13.21 .29 14176. 123,
. 020 —2.%0 18,17 CE] 11593, 203.
. 025 -. 31 18.01 47 1231, 222,
. 030 -, 10 17.99 .56 390, 225,
. 035 -5 17.95 A5 1932, pcTi
L 040 - 38 17.387 .74 1502, 240,
. 045 -. 320 17.32 .83 1201, 246,
. 080 - 23 17.77 .92 201, 252,
. 055 -2 17.74 1.01 1021. 2564,
. 060 -.21 17.70 1.10 241, 261.
. Q45 -, 18 17.67 1.19 721. 265,
. 070 -1z 17.64 1.28 431 . 263,
HIGHEST S0.0-MS AVG. ACCEL.
TIME (SEC)
G START ENL
—~1.,24 . QOOS . Q505

. ' POST 30 - RED MAPLE

A.31




TEST [0 ————= F-31
TEST DATE —-— 10-14-35

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIsP FORCE  IMPULSE
(5) (5°8) (FPS) (F) (LBS)  (LB~SEC)
0. 000 -0l 19.80 0. 00 30, 0.
© 005 - P4 19,75 10 2339, 6.
.010 -2, 14 19.41 . 20 23639, 4a.
015 -1.31 19,18 .29 7259. 78,
. 020 -4,08 18, &6 .39 16317, 142,
. 025 ~4, 63 17. 94 .43 18507, 229.
. 030 ~2.54 17.31 .57 101683, 310.
. 035 -3, 25 14,99 .65 12983, 349,
. Q40 —2. 60 16,41 .74 10408, 421,
. 045 -2.23 16.04 .82 g908. 467,
. 050 —1.94 15,73 . 90 7762, 506.
. 055 -1.49 15.41 . 98 6749, 545,
. Q60 -1.27 15,19 1.08 5099, 573.
065 -. 96 15.01 1.13 3339, 594,
. Q70 ~1.085 14.34 1.20 4199, 616,
075 -.%0 14. 68 1.28 3599, 636.
. 050 - 74 14.56 1.35 2949, 651.
. 085 —. bl 14, 45 1.42 2430, 665.
. 090 ~. &1 14,35 1.49 2440, &77.
095 ~.57 14,25 1.5¢& 2220, 689,
. 100 - 52 14.17 1,64 2070. 700.
. 108 ~. 54 14. 0% 1.71 2160, 711.
. 110 -. 54 13,99 1.73 2250, 2.
L 115 ~. 44 13,91 1.85 1770. 732,
120 -4z 13.84 1.92 1680, 741,
125 - 44 13.77 1.98 1840, 749,
. 130 ~.43 13.6% 2.05 1740, 759.

HIGHEST S0.0-M% AVG. ACCEL.
TIME (SEC)

GoE START ENL
—Z.70 - D0&0 0560

POST 31 - RED OAK ?ﬁ

A.32




TEST ID ————= P-3z
TEST DATE ——— 10-14-35

PENDULLM KINETICES SUMMARY

NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP
(5) (G73) (FFS) (F)
0. 000 - 09 19.80 0. 00
. 005 -3.18 19,55 .10
.010 63 19.29 .20
L 015 ~3. 40 19.01 .29
L 020 -3.94 18,39 .38
. 025 -5.14 17. 44 .48
. 030 ~5.77 16.77 . 54
. 035 ~5.74 15,34 . b4
. 040 ~4, 18 15.01 L72
. 045 3,16 14,41 .79
. 050 ~1.20 14.02 . Bh
0S5 — 63 13,92 .?3
. 040 ~1.589 13.72 1.00
. 065 -1.55 1%.42 1.07
. 070 ~1.29 13.22 1.14
075 -1.44 13. 00 1.20
. 080 ~1.14 12,78 1.27
. 085 -1.0% 12.60  1.33
. 090 —. 95 12,44 1.39
L 095 - 95 12,29 1. 46
. 100 - 51 12,13 1,52
. 105 — A5 12.01 1.58
L110 - 30 11.39 1,64
L1115 .77 11.77 1.70
. 120 — b5 11.65 1.75
.125 - 63 11.55 1.31
. 130 —. 60 11.45 1.87
. 135 ~.57  11.35 1.93
. 140 - 47 11.27 1.98
. 145 -.53 11.19 2.04
. 150 - 47 11.11 2,10

HIGHEST S50.0-M5 AVG. ACCEL.

FORCE
(LBZ)

12715,

2325,
13587,
15752.
205461,
230864,
22966,
16713,
12625,

4&10.

=y
2325,

7375,
AH1P2,
5170.
5741.
4347,
4359.
3738,
3819,
244,
2935,
2134,
20946,
2618,
2325,
2405,
2285,
1864,
2104,
1274,

TIME (SEC)

GS START
"'"-..?'- f’_"'o - DQIS

POST 32 - RED OAK

A.33

ENIL
L0515

IMPULSE
(LB-ZELC)

L} L3
sl.

1753,
249,
277,
492,
594,
&70.
718, .
731.
7535,
792,
217.
245,
372.
893,
214,
34,

D

FhE,

PEZ.

8.
1012,
1023,
1039,
1049,
1040.
1069,
1050,

E
;
|
|
|
L
t
i
i
|
i
|



TEST ID ——=—- P-23
TEST DATE ——— 10-14-85

FENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME GoCEL VEL. GISF FORCE IMFULSE
(3) (153°5) (FP3) {(F} (LBS) (LB~-SEC)
G 000 -, Q1 19.80 0.00 e, Q. .
. 005 —2.45 17.67 .10 9320, 16.
. Q10 -, 80 19.25 .20 2193, 06,
015 —~2., 35 19.14 27 F409. 79.
020 -3.61 18,43 . 39 14431, 143.
025 ~4,.33 15,00 .48 17324, 224,
. D20 -4,.34 17.26 .57 1932764, ch
<035 -4.02 16.47 - 63 16093, 413,
040 -. 21 16,21 By ac 3254, 444,
. 045 -Z.1& 15.97 .31 824647, 474,
< OS0 -1.35 15.65 .39 5393. g15.
- Q55 - 97 15.49 <27 2899, 536.
. 060 —-. 38 15.33 1.05 3517. B5a9.
065 - B& 15.1% 1.12 34220, 572,
070 i i5.07 1.20 2990, 588.
. 375 -, 74 14,95 1.27 29461, 603,
« O30 ~. 74 i4.23 1.35 2961. &17. .
- 035 — b3 14.72 1.42 2609, &32.
. 020 - 74 14.862 1.30 2961, &£44,
095 —-. &8 14.4% 1.597 2726, 659,
. 100 ~ .37 14,40 1.44 2286. &71.
105 % 14.320 1.71 2609, 683,
. 110 -, 39 14,20 1.78 23245, C ERhA,
115 -.23 14.13 1.35 238, 704,
. 120 —. 10 14.11 1.93 381, 707.
125 -.12 14.09 2.00 449, 709,
« 130 -.21 14.Q4 2.07 3830. 713,
- 135 W05 14.04 2.14 -2035. 715.
. 140 « 10 14.06 2..21 4140, 713,
. 145 - 16 14.0& 2.28 643, 713.
- 130 ~ . 0h 14.03 2.39 234, 7ié. .
. 155 . 02 14.03 Z2.42 -38. 717.
« 160 -.12 14.02 2.49 469, 7183,
« 1463 - 10 14.01 2.3546 381. 720.
- 170 Q.00 14,00 2.432 . 720Q,
175 .01 14.00 2.70 ~-5%. 720.

HIGHEST 50.0-MS AVEG. ACCEL.
TIME (SEC)
G“% START END
gL &3 - 00325 0535

POST 33 - RED CAK

A.34




s gﬁ;:‘.__'_._‘.i

TEST ID —-

-—— P-34

TEST DATE ——— 10-14-385

PENDULUM KINETICES SUMMARY
NOTE: VALLUES ARE INSTANEQOUS AT TIME

TIME ACCEL
(3) (G"5)
0.000 - 08
010 — 7l
. 020 ~3.59
. 030 -4.34
040 -4,38
. 050 ~1.42
. D60 2.2
070 ~a 78
. 050 -. 95
. 070 -.79
« 100 —-.72
110 -.59
. 120 —-. 44
. 130 —.39
. 140 a3l
150 - 2&
. 160 — 27
=170 ~.1% -
» 130 .19
. 170 ~. 14
- 200 -.13

HIGHEST Z0.0-

VEL DISP FORCE  IMPULSE
(FP3) (F) (LBS)  (LB~SEC)
19,50 0.00 209. 0.
19.38 J20 3047, 53.
18.55 .39 14352, 155,
17.15 .57 19354, 329.
15.52 .73 19504, 531.
14.64 .38 S667. 641,
13.85 1.02  3738. 739.
12,31 1.16 3135, 806,
13. 00 1.29  3miz. 245.
12,73 1.42 3165, 879.
12,49 1.54  2870. 2083,
12.31 1.67 2370, 231,
12.15 1.79 1840, 951,
12.00 1.91 1546, 949,
11.89 2.03 1251, 982,
11.7% 2.15 1045, 995,
11.70 2.2 1075. 1006.
11.6% 2,38 751. 1014,
11.54 2.50 751. 1023,
11.51 2,61 574. 1030,
11.45 2.73 515. 1037.

MS AVG. ACCEL.

TIME (SEC)
S START END
.50 . 0140 . 0440

L,

POST 34 - RED OAK

A.35




TEST 10 ——-

-— P-325

TEST DATE ——= 10-14-35

PENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL
(8) (G75)
1. QOO0 -1
.010 220
« 020 —3. 69
. O30 =5 33
. 040 -5.57
. 050 3. 43
. 040 -1, 94
. 070 -ty O
« 020 -1 .30
. 090 -1.37
L100 —1.75
w110 -1.25
. 120 ~1.03
- 130 ~1.17
- 140 ~1.03
. 150 —
. 140 ~1.06
L170 ~. 24
- 120 ~1.08
L1920 ~1.04
W 200 -
L210 -1.07
.22 —. 97
- 230 -1.08
. 240 - %3
- 250 -. 73
« 260 - 27
L 270 -.54
- 280 —. 87
. 2P0 -. 73
. 300 —.5a

VEL DIse
(FPS) (F)
19.30 Q.00
17,41 20
15.69 .39
17. 14 .57
15.29 Byich
14.24 .28
13,38 1.02
12.72 1.15
12.17 27
11.4% 1.3%
11.26 1.51
10. 35 1. 62
10.51 i.7%
10,15 1.8%2
.82 1.93

P, 49 2.02
P13 2.1z

3.82 2,21

3. 48 2.29

2.14 2,28

7.7 2,45

7.44 2,53

7.0%9 Z. 60
b 76 2.467
&. 45 2.74

b 13 2.80

|
i)
[
33

F N O O]
R
L)
[CTIR N
O g
R~

N
3]
t
fe]
~J

HIGHEST S0.0-M3 AVG, ACCEL.

FORCE
(LBs)

2809,
147469,
21419,

B i)
2.&'-—1&13 "

13732,
7773,
Z118.
T212.
5424,
S500%,
25009,
4102.
44664,
4102,
34671,
4z32.
37357,
4318,
4232,
3757,
{4275,
3824,
4313,
=714,
3714,
aE84.
2365,
3495,
2P34.

PLICIC VS

TIME (=EC)

GeE START
e EO L0155

POST 35 - RED OAK

A.36

ENLi
. DASS

IMPULSE
{(LB-3EC)

48,
138,
328,
S&1.
&R0,
797.
379,
X4,

1007,
10461,
110&.
1154,
1199,
1239,
1z31.
1323,
1364.
1406,
1442,
1493,
1556,
1579,
1&£20.
1658,
1473,
1731, T
1747. e
1801, o
1231.
185%.




TEST IO ————— P36
TEST DATE —-— 10-14-35

PENOLLUM KINETICS SUMMARY
NOTE: VALUES ORE INSTANEOUS AT TIME

TIME ACCEL VEL - DIszP FORCE  IMPULSE ;
(3) (G"8) (FFE) (F) (LBS) (LB~-3E) ;
L 0. 000 -.04 19.80 0. 00 151, a. i
. 005 -y F7 19. 54 L1000 11377, 30, L
L010 -1.07 19.29 20 4290, g, ;
L01S ~3.14 18,92 L2 12652, 109.
. 020 -4,0% 18,36 38 16189, 173.
L 025 —~4,26& 17,48 .47 17051, 2464,
.030 ~-2.71 17.0% .56 10343, 344,
. 035 -2.21 16049 L5 13257, 386.
. 040 -i.82% 14,20 .73 7523, 443,
L0485 -Z.15 15. 71 .31 8601, 433,
L050 ~-1.76 15.54 .39 7049, 526.
. 055 -2, 28 15.24 =7 2113, S&7.
. 040 -2.1% 14.38 1.04 S773. 611, i
045 -2.37 14,53 1.11 443, &S5, :
L0700 —-2.45 14.14 1.18 2208, 703, :
L0759 -2.21 13.77 1.25 2340, 750. f
. Q0 —-2.37 13,40 1.32 PL&3. 795, ;
L0825 -2.2 12,03 1.39 2946, 342. i
. OF0 ~2.1% 12, b6 1.45 8773, 387,
L 95 -1.641 12,36 1.51 4445, P25,
. 100 —-2.06& 12,00 1.58 RB256. P43,
. 105 -1.9% 11.72 1.63 7739, 1004,
L 110 ~1.7& 11,42 1.6% 7049, 1041,
11T -1.7& 11.12 1.75 7047, 1077. :
. 120 -1.7& 10. 84 1.80 7042, 11i1. :
L 125 -1.72 10,58 1.84 &£87¢4. 1144, .
130 -1.48 10,30 1.91 L704. 1180, :
. 135 ~1.61 10.03 1.94 4445, 1214, g
. 140 —1.&E 2. 74 2.01 L7704, 1243, :
L 145 ~-1.50 D51 2.06 £014. 1279, :
. 150 -1.50 9.2 2.11 6014, 1309, :
. 155 -1.42 2,03 2.15 Sas9. 1332, ;
140 -1.37 S.81 2.2 5497, 136&, ;
. 145 -1.29 2.40 2.24 5192, 1392. g
. 170 ~1.24 3,39 2.28 4977, 1417. 5
. 175 -. 40 g.24 2.3z 1617, 1436. ;
. 180 -. 48 B.15 2,36 2738, 1447. *

S

57
;
:
[

HIGHEST S0.0-MS AVG. ACCEL.

g : TIME (SEC)
& G5 START END
. —2.76 0125 L0625

e POST 36 - RED Q&K

A.37




TEST ID ~————

P37

TEST DATE ——— 10-14-35

PENDULLM KINETICE IUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL DISP FORCE
(5) (G°S) (FPS) (F) (LBS)
0. 000 —. 0z 19,30 0,00 2.
005 -1.81 19,73 .10 7255,
.010 ~. 56 19.43 .20 2246,
.015 —2.1% 19,23 .29 D444
. 020 -1.20 12.91 oo TLOO0,
L 025 2,12 12,55 L4z G444,
. 00 —2.00 18, 23 .57 79Ee.
L 035 ~1, 38 17.95 Lb6 S527.
. 040 ~1.04 17.78 .75 4146,
. 045 ~1.22 17.57 .84 4280,
. 050 ~1.01 17.39 .93 4059,
055 -.52 17.24 1.02 2073
. 060 ~.58 17. 18 1.10 2332,
. (065 — 45 17.08 1.19 2591,
. 070 —. 69 16,97 1.27 2764,
075 -.52 14.37 1,36 2073,
L 080 -.52 14.79 . 1.44  2073.
. 025 .35 16.71 ©  1.53 1332,
. 0%0 - 0b 16, 67 1.61 255,
L 095 .04 14,467 1.69  ~—173.
. 100 .04 16,67 .78 —173.
HIGHEST S0.0-MS AVG. ACCEL. -
TIME (SEC)
GE START END
-1.55 L0040 . 0S40

POST 37 ~ ASPEN

A.38

IMPULSE
(LB-SEC)

339,

SER,




TEST ID ———=~ P23y
TEST DATE --— 10-15-85

PENOULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIS FORCE — IMPULSE :

(5) (G*S) (FPS) (F) (LBS)  (LB-SED) .
0. 000 .02 19.80 (.00 ~Gbs a.
.010 -1.29 1%.27 .20 5164. b6
. 020 —d, P 13.12 L3S 19947, 207.
. 030 ! 16.51 .56 117085, 403.
. 040 —2.67 15.65 .72 10672, 515.
. 050 ~3. 6 14.77 .27 10758. 625,
. 060 ~2. 43 13,90 1.01 9725, 733,
. 070 ~#.17 13,24 1.15 8673, 213.
. 050 ~1.74 12. 66 1.2 7744, 286.
. 090 ~1.4z 12,10 1.40 S&30. 956.
. 100 ~1.55 11.63 1.52 6197 1016.
.110 -1.51 11,14 1.63 &02S. 1074,
. 120 ~1.2% 10.72 1.74 5164. 1128,
. 130 -1.16 10,37 1.35 4643, 1172,
. 140 -1.01 10.02 1.95 4045, 1215,
. 150 - 95 9.70 2.05 3787. 1255.
. 140 - 95 9. 39 2. 14 3727, 1293,
L1760 -, 30 9.11 2. 24 3184. 1323,
. 180 —. 67 5. 33 2,33 2668. 1356.
. 190 -. 8z 8,72 2. 42 3270. 1377.
. 200 -.77 2.47 2.50 2099, 1403,
210 . —.34 27 2. 58 23%7. 1439,
. 220 - 36 7. 95 2.67 2443, 14732.
. 230 -.71 7.71 2.74 2840. 1502.
. 240 —. AT 7. 4% 2.82 24%6. 1531,
. 250 —. 60 7.27 Z.89 241Q. 1556.
o . 260 - &) 7.07 2, P 2410. 1581.
i . 270 -2 &. B 3. 03 2494, 1605,

HIGHEST 5G.0-M3 AViG. ACCEL.
TIME (SEL)

Gs START ENDI
—3, 05 L0115 LOE1S

!.‘
i
I
58

i POST 38 - WHITE ASH

A.39



TEST ID ————- P39
TEST DATE ——— 10-15-25

PENDIILUM KINETICE SLMMARY
NATE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL. VEL DISP FORCE  IMPULSE

(3) (573) (FPS) (F) {LBS) (LB-SEC)
&, 000 .01 19,30 0. 00 —2E 0.
L0005 ~-2.77 19.6% L1000 11154, 14.
.010 -1.172 19,32 .20 4444 &0,
L0155 -3.34 13.97 L2900 1E3%4, 103.
. 020 -2.87 15.43 LI9 0 15468, 171.
L 025 -2, 24 17.83 . 45 BYS3. 245,
. 030 ~2.05 17.39 LS6 17189, 299,
L 035 -1.24 14,97 oS 7357, 349,
. 040 -2.31 Lh. b7 .73 FESS, as9.
. 045 ~1.34 14,34 . e 7357. 430,
. 050 -1.67 1&. 0& i-Te! bbb, 465,
L 055 —1.2% 15.21 -1 5156. 495,
. 060 -, 77 15. &5 1.064 2085, S12.
065 -1.02 1%, 53 1.13 4077. 531,
. 070 -. 31 15. 38 .21 AESE. 549,
Q75 -. 28 =, 23 1.29 3517, 567.

HMIGHEST =50.0-MEZ AVEG. ACCEL.
TIME (=EC)
Gos START END
L L0045 L OSAS

POST 39 - WHITE ASH

A.40




TEST 10 —=——- P40
TEST DATE —-—= 10-15-8%5

FENDULUM KINETICS SUMMARY
NOTE!: VALUES ARE INSTANECOUS AT TIME

TIME ACCEL VEL DIskF FORCE IMPULSE
(=) (5735) (FPZ) (F (LB%) (LB-EEL)
0. 000 -. 03 19.80 Q.00 108, 0.
. D05 -2.2 19.71 10 P0O75. 12.
210 =1.13 19.20 . 20 4571, L2,
01T —2.35 12,09 29 101%6. B¥.
« Q20 —2.66 12.58 . 39 10&627. 132,
025 =1.40 18,23 .48 &HA40Z2, 195,
« 030 -.11 18.13 .57 4353, 208,
. 035 =0 12.0% bk 13320, 213.
« 040 —. &0 12.01 73 2393, 222
<0435 .41 17.21 24 2436, 235,
- 050 ~. 45 17.32 93 1912, 247,
S =3l 7.7z l1.02 204=, 257,
- 060 =.70 17043 1.11 27:31. 270.
« Q&S —~. &0 i7.52 1.19 2393, 283.
.70 —-.51 17.44 1.28 z04a, 293,
» 075 - 35 17.37 1.37 1401. 301,
- 030 ~ . 30 17.32 1.44 1136, 202,
« 035 .27 17.28 1.54 1092, 213,
- 070 -. 24 17.24 1.43 1056, 3
- 095 - 18 17,20 1.71 711, 223,
. 100 -, 13 17.17 1.20 SE. B4,

HIGHEST S0, 0-MS aVG. ACCEL.
TIME (ZEC)
B START ENI

-1. 25 . 003 W F fe

POST 40 - WHITE ASH

A41



TIME
(%)
(. Q00
. D05
L 010
.15
- 020
25
. 30
035
. 0440
L0455
. Q50
- OS5
- 0460
. Q&S
QD70
075
- D50
C N RS
» D0
L RS
» 100
. 105
L1160
115
. 120
125
- 1330
. 135
- 140
. 145
. 150

TEST ID ———-

~ P-41

TEST DATE —=— 10-15-285

PENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

ACCEL
{(G75)

—_ T
i
—. 21

oy
» uD Ll

-~a17

.02
e U
—~. 11
—-. 01

HIGHEST SG. O-—M=

VEL.
{(FP3)

I#.51
19. 24
152.26
18,47
17.7%
146,98
14.45
146,03
15.62
15.21
1513
14,20
14.74
14,642
14.47
14,33
14.24
14,173
14,032
13,97
13,720
13,823
13.78
13.74
13. 469
13.464
123,43
1= s
13.62

1-3- /:-0

AV

L
3]

3
[EEI L
-

POST 4

OISk FUORCE
(F) (LBS)
0. 00 pyelel

10 2004,
.20 4011,
L 2% 13097,
3 1546324,

] 173%%.
T 19362,

2t m454.
. 7 13424,
=5 7853,
L SR L7974,
« Pl 4743,
1.02 5454,
1.11 S35,
1.12 2274,
. 4175,
BRI 28435,
1.40 1333,
1.47 2P04.
1.54 1740,
.61 1351,
1.68 1883,
1L.73 171%.
1.32 1105,
1.8% 12248,
1.9% 12469,
.02 LPE .
2,079 ~22.
MO 22,
2.2% 450,
2a50 41.
ACICEL.
TIME (SEC)
ETART ENL
LOO1E b

1 - WHITE ASH

A.42

IMPULSE
(L.B-3EC)

0.

34,

BE.
105,
170.
252,
250,
417.
4é6a.
o192,
558,
S=0.,
&0,
29,
&84,
HbE2.
AE0,
&H71.
704,
717.
725,
733.
742,
743,
a3,
759,
7469,
Tébh,
Téb,
763,
770,




TEST ID ————- P-4z
TEST DATE —-— 10-146-85

PENDULLIM KINETICES SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISF FORCE — IMPULSE
(S) (G°8) (FP3) (F) (LBS)  (LB-SEC)
0. 000 .0 19. 50 Q.00 ~111. a.
. 005 ~3. 40 19,57 .10 13613, 28,
. 010 ~1.16 19,29 .20 4628, &3,
015 -3.85 1g.82 .2% 15389, 122,
. 020 ~5. 34 18.13 L3& 2145, 207. |
. 025 -2 35 17.36 .47 9411, 303. |
. 030 —3.39 14, 26 .56 13573, 365, |
Nkt ~1.54 14,56 .64 6175, 403,
. 040 ~1.26 16, 32 .72 5024, 422,
. 045 -1.04 16,15 . B0 4141, 454.
. 050 -9z 15. 78 .88 TR 475.
. 055 - . 35 15.34 -7 3388, 492,
. 040 -.74 15.71 1.04 2945, S03.
. 065 — 60 15,61 1.12 2414, S21.
. 070 - Bk 15,53 120 1E38. 530.
075 -. 56 15,45 1.28 2236, S40.
. 020 . 15. 36 1.35 1661. 552,
«DES - 29 S.30 0 1.43 1174. 553,
. 090 —, 4 15, 24 1.51 1705, S5&b., :
095 -. 40 15.17 1. 55 1416, 575. i
. 100 ~. 20 15,12 1. bk 1218, EE2. , ?

MIGHEST S0.0-M% AVG. ACCEL.
TIME (ZEC)
G5 START END

] -2, 40 L OOES 8 Lyt

POST 42 - WHITE ASH

AL43




TEST ID ————- F-43
TEST DATE ~-— 10-14-25

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL. VEL DI= FORCE
(3] {(573) CFES) {F) (L.BS)
0. Q00 -. Q2 19.20 0.00 g,
» 003 —-3.32 19.54 10 13294,
LO10 —-1.39 19.27 20 150,
013 ~3.70 18,80 .29 14721,
- 020 ~5. 28 18.12 <38 21130,
L0235 -4.12 17.28 47 14444,
« O30 -1.9% 16.24 1. 7465,
35S -1.05 140466 - a8 4132,
« 040 ~. 77 14048 72 3974,
. 045 —. 4T 16433 .51 2597.
050 . - D 16.27 LB 1453,
» 055 —. 35 14.21 W®7 1453,
- D&O -.51 16.14 1.035 2025,
. 063 -, 36 14,04 1.13 1453,
. 070 - 26 146,01 1.21 1054,
075 -2 15,24 1.29 220,

HIGHEST S50.0-M5 AVE. ACCEL.

TIME (SEC)
GG START ENL
2,20 LOOLE OE1S

POST 43 - WHITE ASH

A.44

IMPULSE
(LB-ZEC)




TEST ID ---—— F-44
TEST DATE ——— 10-16-85

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDILUS AT TIME

TIME ACCEL VEL oIzP FORCE  IMPULSE

(5) (G°5) - (FPS) (F) (LBS) (LE-SEC)
0. 000 0.00 19.80 0. 00 0. o,
. 005 ~.24 19.78 10 PE7. 2.
. 010 =-2.59 19,53 . 20 10352, 24,
015 —2.33 19,25 .29 aclyi= &9,
« Q20 ~2. 24 12.75 .39 12049, 1321,
025 -2.94 12.17 A 11744, 202z,
. 020 ~. 44 17.98 .37 1827. 225,
. 035 —. 35 17.52 . b 1392, 234,
. Q40 ~. &7 i17.382 « 73 2697, 245,

HIGHEST 10.0-M3 AVG. ACCEL.
TIME (SEC)
.g START END

AT L0155 L D2ES

Ll

prx}

POST 44 - ASPEN

A.45




TEST 1D ————— F-45
TEST DATE ——— LO-14-35

FENDULUM KINETICE SUMMARY
NOTE: VALUES ARE TMSTANECUS AT TIME

TIME ACCEL VEL OIsE FORICE IMPLILSE
(S) {(573) (FFZ) (F) {LEZ) {LB-SED)

(), 00 (. 0.

€. 000 0. 00

gL

005 2,75 e L1000 10992, 27.
L010 ~1.44 5, .20 =757, =,
015 -2, 79 8,91 LEE 11170, 110.
L 020 -. 47 8. 68 .39 1990, .

(e

iy
¥
Y
o
[k
o~
e

-
Fary
N,
ey
x

. 025 -. 90
. 030 ~. 45
L 035 ~. 43
. D40 - 62

x
L]

[ua]
[ 3

R IY
Do Sl O P - o B

e IR IR B |
3

.57 1204, 165,
. b 171&. 173.
L7E 2452, LEE.

R N T T TR S SR S )

045 — 45 o a3 1204, 124,
. G50 -, 54 = .74 =143, 205,
055 —. 364 2. « 03 2EE4 214,
o DHA0 - 17.% . L2 20LZ. 227,
«OAS -. 37 17.90 k] 1441, 236,

-
g

« Q70 — % 17.34 1547, 245,

u

L3
TR B NN S N oY,

L0755 ~. 30 17.7% Ed 1203, 249,
- 020 ~ .4 17.7% .48 4T 254,
< OEE -.17 17.72 & LE7 ., 253,
w0 -.17 L7 . b « & A27. EEE.
o O —-. 08 17.&7 .74 30 24T
« 100 ~. 04 17. &4 z 172, Ebdb.

I

HIGHEST S0, 0-MS AVG, ACCEL.
TIME (5EC)
G START END

—i.04 W CQOED . Q520

POST 45 - ASPEN

A.4b




TIME
(=)
2000
-0
D04
2 0
L 00
LOLO
L2
L1014
1A
LO1E
« D20
Y e
024
26

« QS

TEST [N ———— F—ds
TEST DATE ———

FENDULLM KINMETICS SLUMMARY
NOTE:2 VALUES ARE INSTANECDLLS

ACIZEL VEL n1sF
(E753) (FE=) =

e he 1%, 530 0, 00

i 1230 <04
- e 1%, 7% . D
o, T .12
ER T .1
.47 .20
41 .ol

.21 27

i3 .21
- S =LY .o
-2, -7 e

-
i~
e

IR

43
bk -4k
.o

T .54

f0 O
v s
’_
A

fxL

HIY)
=
—
£
il T e R T T S Y
tr]
=
=
bR

TGHEST 10, 0-M5 AVG. ACCEL.

AT TIME

FORCE
(LB=)

1280,
AL,
FO07 .

T

LT .

BWT7L.

PO,

TIME (SR

SR START
o

. S O LES

POST 46 - ASPEN

A.47

ENLY

Naaeits

o e e !

ITMP UL ZE

(LEB~SED Y




TEST I —=——— F-47
TEST DATE ——— 10-1

FENDLILUM EINETICE

LH—E5

SUMMARY

NOTE: VALUES ARE INSTANEDIS AT TIME

TIME ACCEL VEL
() (5°3) (FPS)

O 000 —. 1 17,80
. D05 ~-. 51 192.77
D10 —2. 3 17,47
SOLS -1.75 19,22
L Q20 -3, 2% 123.77
025 -2 bl 18,25
. OE0 ~-}.73 17.74
LS - 40 17.73
L 040 — S 17.7%
. 45 -1z 17.70
. DEQ —. 21 17.463

« EIES ~. 35 17.62

MHIGHEST So.0-MS AVa,

o

—1.7

IV}

‘

{43

POST

n1sE

{(F)
.00
10
20
o2
.3
A
«37
o b
o 7

.3

1.0z

ALCEL .

FORCE
(LB=)

1321460,
104641,
A6,
1407,
e
47%&,
225,

2218,

TIME {(SECH

START

 QO5E

47 - ASPEN

A.48

EmMD
» DE5E

IMPLILSE
{LB~ZEC)




TEET I ————— F—-43
TEST DATE ~=— 10-16&-25

FENMDLLUM KINETIOE SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL OIsF FORCE IMFULSE

{5) (E38) (FPas) (F) (LBS) (LB-SEC)

0,000 -.01  i%.80  o.00 43, o,
LO10 -1.19 19,28 L 20 477 1. i
L0520 D Ab& 1,22 . 35 14454, 196,

- O30 - 55 17.132 . Hid 14312, AR,
. D40 —2. 20 14019 . 7

Ry
L G
[y
e
E=
£
[
L]

« Q050 -2, 10 15,41 o = S45.
. O&AD -1 &2 14,20 1.04 HAD0, LHO7,
LO70 -1. 364 14,44 1.18 =453, hEST,
L Ga0 —1.04 14,05 .32 4255, 714.
o QR0 -1.0% 13, 6% 1. 44 4241, TET,
« 100 -1 . 00 R RCPRE T 1,40 99T . 200,
L1li0 - 87 AT.05 1.732 431, Za9.
W 120 - 2,74 1.8 awil. 277. ’
« LE0 - 12.432 1.%9% ATET. @13,
. 140 —, T 12410 211 e W P54,
. 130 - 11.77 2. 23 a2EAT . PR .
A AG — 25 11,42 23 SERE, 1033,
w170 —. 35 11.23 PO YO8 SIS 10465,
. 1 B0 - i 11.01 2.87 SEIE. 1022,
. 10 - bk 10,77 P EAZE. 1121,
W 200 = 10, 8% Ee 7R 2EEZ, 1144,
210 -. 40 10,43 oL Ew 1590, 1144,
. 220 - T 1.1 . 12322, 117%.
- 2E0 —. 2 10.21 IL10 1074, 191,

[N}
~

o 240 - 10011 .20 1074, 1204,
. 2ED - 10,03 230 1140, 1214,

.HIQHEST TOLO-MS AVG. ACCEL.
TIME (2ECH
Gz START ENE

-2 30 L OGI0 . SIS0

gg . POST 48 - WHITE ASH

A49




TEST D =———— F—g
TEST DATE ——— 10-14-83

PENDULLM KINETICE SUMMARY
NOTES VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL ODIsF FIORCE ITMPULEE
(5) (1F72) (FP=) (F3 {LESZ) (LE-ZEC)

0. 000 L2 19,80 09.00 (=1 0.
. 003 ~2. 28 19,467 « 10 #1211, , 14.
010 —1.42 1%.327 ele] SREHT . 54.

0135 -2.21 18,92 . 27 l2azt. 102,
- 020 —3. 33 13 <29 144

.37
' . o bts
» 040 —. 27 17.71 .74
Q45 =. 4% 17.43 L 1977, 269,
. 050 ~. &0 17.54 . T2 240, Z80.

o
&
1 w s
7

HIGHEST 10.0-M2 AVG, ACCEL.
TIME (ZED)

G START END
L, OB L0125 LS

POST 49 - ASPEN




TIME
{5)
(o alale]
. D05
Q10
LOLE
Q20
Q25
. 020
LS
. 040
. 045
. 30
L OS5
o G0
L 04T
.70
075
. 020
L DEE
o 50
LS

100

TEST 10 —=——
TEST BATE ~-

- F-50

- 10-14-85

FENDULUM RINETICE SUMMARY
NOTE: VALUES ARE INSTANEDUS

ACCEL
{G3)

-. 4z

HIGHEST 50, G-M3S

VEL
(FP3S)

o [
— T

e ow

DIsP
(F)

ALCEL.
TIME

START
cle

POST 50 - BEECH

A.51

AT TIME

FORCE
(LBS)

11414,
S5Y3,
14454,
17124,
7214,
144628,
029,
4705,
2872,
4302,
2340,
14635,
1979,
2402,
1972,
1425,
1292,
1807.
1443,
1473,

(SEC)
ENL

IMPULSE
(LB-3ECD)

&b
115,
192,
244,
324,
I3,
414,
4353,
455,
474,
484,
492,
503,
513,
522,
531.
S542,
S50,

SaE,

F‘\




TEST IO

- P-51

TEST DATE ——— 10-14&-25

PENDULLIM KINETIZE SUMMARY
NOTE: VALLIES ARE INSTANEGUS AT TIME

TIME ACLCEL

(31 (575

005 -3,
.10 -1.
Q15 -3,
- D20 -4,
025 -2
« Q30 -3.
L 235 -1.
» D40 -2

< 06T -

« 070 -3

)

o

L 075 - 40
- 080 ~. 3R
s -, 40
. QR0 - 32
. TS -
« 100 —

VEL
(FFs)
19.30
1%. &0
19.232
iR.7w
12,132
17.4%
17.14
14,73
14,41
16,17
14.04
13.91
15.79
15,71
13,45
15,59

15.532

15.47
15.41
15,327

13,33

HIGHEZT S0, 0-M% AVG,

G
- A

POST

DISP
(F)

ACCEL .

FORCE
(-B=)
170.
12920.
5440,
15216,
18701,
10425,
12495,
7055,
2415,
4335,
220,
3145,
RS0,
1700.
1275,
14615,
1530,
14615,
1279,

l_j bl —

11035,

TIME (SEC)

START

51 - BEECH

A.52

ENI
L OE20

IMFLLZE
(L.B~-ZED)




Fg

10-17-25

TEST 1L
TEST DATE ——-

PENDLILLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEQWS AT TIME

. 20
« 100
.110
« 120
L 130
. 14G
. 150
. 160
L 170
. 130
. 1RO
w200
210
. 220
. 230
240

- 2T0

a
(

HIGHEEST

CCEL

G2)

VEL.
(FF3)

ISP
(F)

.00

. oy,
-2.23

-3.57
—2.31
—1.%94
-1.464
-1.23
-1.32
—1.05
-1.04
-1 .05
—a 27
=
~.78
— T
-7
— .23
—. 5=
- 37
— . Bl
. =
—. 26

iy
o al

e [:’é'
o (:}é'
-.17

=, O —

19.320 (. Q0

1%, 4% .20
1@.72 T

17.6Z - 57
17.01 - 74
14,44 b
15,99 1.07
15.54 1.23
158,18 1.3
14.34 153

14.%51 Ladi

14.21 1.2z
12,9232 .94
13,467 210
13,45 224
13,23 2.37
12.03 250
2,87 CRL AR
12.73 2.7k
2.5 =
| 2. 44 .0l
FEN i .14
= ' D.2b
bl .33
e < HaE0
2.14 .63

ACCEL .
TIME
R =START

- 24 W D0ES

Mz AVIGE.

PCGST 52 - WHITE ASH

A.53

FORCE
(LBZ)

S934.,
14295,
11232,

774z,

L£4637.

4935,

D276,

4212,

4147,

212,

2439,

o574,

2972,

FEII.

2E93,

2127,

2127,

1432,

1447 .

182,

1021,

Wb
e
BTt

U P Y

a3l

(ZEC)
ENL

o PEET

IMFULSE
{(LB-3SEC)
O
44 .
124,
270,
=47,
415,
474,
=29,
574,
AHlb.
&£37.
AR5,
730,
74&2.
7E9.
=217,
241.
41,
27%.
=23,
Wil
DR
a4,
@41,
FhbL

7?31




TEST
TEST

I ————= P-353
0ATE ———= 10-17-35

FENDLILUM KINETICE SUMMARY )
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL DIsF
(3) (G7S) (FP=) {F)
¢, 000 —. 19.20 .00
. DOS 2,03 12.67 10
L0110 —-1.4% 19.34 w20
D13 3.34 13,92 29
L 020 ~4,.12 12,24 .39
. 25 1.70 17.78 .48
L Q20 -, 23 17.62 . Sé&
« (35 -, 17.4%5 w &5
. 040 —. &3 17.32 « 74
- D45 —ebhé 17,23 .32
050 -, 70 17.12 .71
Q055 P ) i7.04 1.00
« QAR - 51 16,74 1.08
W DES - 25 16,358 1.17
070 —. 41 14,20 1.25
7S - 40 ic.74 1.33
- D30 -, 2 14,467 i.42
D055 P 1# l&. 461 1.50
0 - oS 14.5% 1.58
W RS -, 38 14.4% 1.467
L 100 — 3 16,42 1.75
HIGHEST Z0.0-MZ AVG. ACCEL.

TIME
G START
-1, a2 . 030

POST 53 - ASPEN

A.54

FORCE
(L.BS)

10102,
ae975.
13349,
1&4465,
LT7RZ.

SARA,

J6T4.
253246,
2622,
2774,
1349,
2020,
2192,
1624,
1591,
1805,
1591,
14137,

1205,

tmp g
FRCICHE I

(oET)
ENDI

LSS0

IMPULSE
(LB-3ELC)




TEST ID —~--
TEST DATE —-

- -S4
- 10-17-385

PENDULLIM KINETICES SUMMARY
NOTES VALILUES ARE INSTANEDIUS AT TIME

TIME ACCEL

(3) (G73)
0. 000 -0
. 003 ~1.57
L0110 ~1.23
Q15 —aa 12
« 020 —3. 33
02T —3. 28
« 030 —1.93
O35 =« 40

. 040 -.17
. D4S « O
. O350 . )

HIGHEST 10.0-~ME

VEL nDIsP
(FFS) (F)

19,30 Q.00
12,72 .10
1%.42 20
17,15 . 22
18,65 .39
.05 - 45

1756 .57
17,39 o by
17.24 74

17.32 I
17.33 .72

AVG. ATIEL.

FIORCE
(LB=)

L2234,
49073,
103896,
13327,
15504,
7711,
1992,
&H71.
-251.

—251.

TIME (SEC)

START

POST 54 - ASPEN

A.55

END
I s

IMPULEE

(LB~-SEL)
0.
10.
44,
21,
143,
213.
278,
200,
304,
208,
307.




TEST ID ——-—- Pt
TEST DATE —-~- 10-17-8S

=

FENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INZTANEQUS AT TIME

TIME ACCEL VEL nIisp FOREZE IMPULSE
(S) (G 8) (FF3) (F) (LB=) (LE-SED)

Q.000 © 0,00 1%.30 0.00 Q. 0.
. 005 -2.31 19,65 .10 PETT . =P
»010 -1.17 15, 24 =20 4670, 23,
015 -3.32 1?.00 .29 13261, 100,
. Q20 —3.9% 18. 40 .39 13971, 174.
L Q25 ~1.7% 17.27 s 7172, 240,
. Q30 —. 71 17.468 .57 28346, 264,

. O -.29 17.61 L &S 1ieg. 272
« 040 - Q2 17.5% . 74 23, 275,
L 045 -. 03 17.5% e 234, 275,
. OS0 ¢, 00 17.58 = Cra 274,
. O55 -, 17 17.57 1,00 LET . 278,
. D&0 -« F0 17.52 1.0% 2002, 284,
L 0AS - 40 17.42 1.18 419, 295,
070 -. 27 17.35 1.27 1084, 304,
L 075 ~. 13 17.33 1.35 S500. 307.
« D20 0. 00 17.32 1.44 0. 208,
o=l Ll 17,33 1,53 -500, 207,
L 0F0 .13 17,35 L&l ~500., 204,
. S . O 17.37 1.70 —-334, 202,
L 100 15 17,38 1.79 ~524, 300,

HIGHEST S0.0-MS AVGE., ALCEL.
: TIME (SEC)
START ENII

= L D005 Q505

—~
LY

(AT I':;

]
e

POST 55 - WHITE ASH

A.56




TEST

TEST DATE —--

o =——— F-5&

10-17-285

PENDULLIM KINETICS SUMMARY
f VALUES ARE INSTANECUZ AT TIME

NUTE

TIME A

LCEL

VEL
(FP3)

(3) (G"3)
a.000  -.04
010 ~1.33
L020 ~3. &7
L O30 ~4,37

- 040 ~1l.66

« Q0 R
W D& -2, 03
. 70 -
. QB0 -5
D50 -, 7
- 100 - 5
110 - 52
. 120 -, 54
130 - =0
« 140 - B
. 130 —-.37
. 1460 - 4]
170 -3
« 120 ~

. 170 - 3w
. 200 - 7

HIGHEST

S, O—Ms

19.30
12,35
12,53
17.1%2
15.%91
15, 0%
14,.3%
13,24
13,41
12,35
12,16
12.97
12,820
12.463
12.48
12.34
12.20
12.07
11.9%
11.83

11.73

avi,

i
t
=
3

OisPF
{F}

3 b
1

ACCEL.

TIME
START

O3S

POST 56 - WHITE ASH

A.57

FORCE
(L.B=)
L&k,
|RO0E.
14463,
17479,
EE2T.
PLRZ.
=113,
BT A
ol
28,
REa7.
2320,
2154,
1=,
2071 .
1471,
14657,
1574.
1243,
1574,
10677,

(SEC)

ENII

o D5

IMPULEE

(LB~-SEL)
0.
Th.
138,
332,
424,
b= T
LH72.
728,
T&P.
=01.
B29.
242,
870,
290,
210,
P27 .
43,
REQ.
P75
W20,
1002,




TEST ID ————m F-57
TEST DATE ——— 10O-15-85

FENDLILLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIz FORCE IMPLUL=E

(3) (G73) {(FFs) (F) (LBS) (LLB-SEZ)
0, Q00 - 02 12.30 0.0 &S, 0,
« 005 2. 4% 19,41 .10 2937 . 24,
L0110 -1.75 19.35 .20 LS. b b
L0115 —2 .Y ig,92 e 1i7a2. 102,
« Q20 —3.92 18, 24 . S 12475, 178,
25 .17 13,03 .43 —&HT 219,
. OZ0 L1 18,07 BT -527. 218,
.35 11 18,08 . b 4473, Z13.
- Q40 .01 1809 75 -21. =13,
045 . 05 18,09 =1 =190, 212.
. OS50 11 13,11 =] —-447%, 210,

HIGHEST 10.0-M5 AVG. ACCEL.
TIME (SEC)
G START END

—Z. 25 PSR L0225

POST 57 - ASPEN

A.58




TIME
(3
0. 000
- QOS
L0010
2015
« 20
025
» O30
i
« Q40
« 343
050
055
« DED
«DET
L0770
075
- 030
OS5
L OR0
L DP5
« 100

HIGHEST

TEST ID
TEST DATE ———

-5

10-12-85

FPENDULLUM KINETICE SUMMARY

NOTE:

ALCEL
(G52

-1.4%
-1.22
-1.11

-. 27
-, 35
- &E
~. 27
—. 12
- O
-. 01
-, 10
- 05

- 03

VALUES ARE INSTANEQUS AT TIME

VEL
(FP3)

DISF
(F)

FORCE
(LBS)

IMPLILSE
(LB~-BEC)

19.20 )
1%.77 .10
19.47 « 20 11347,
12,14 .2 L4524,

18.782 .39 2840,
12,23 43 12aE2,
17.75 57 12626,
17.31 » b E PEA
17,03 - 74 a201.
140581 23 42463,
16,63 ¥ 4434,
1&.47 1.00 o4wa.
146.34 1.02 2413,

14,22 1.14
16.15 i.24
14012 1.5
4. 10 ‘
14, 0%

2730,
1044,
725,
254,

1.4 i

14,08 1.54 Z24,
la. & 1.464 213,
14008 1.72 123,

ACCEL.

TIME (SED)
R START END
: « QOAL N=1-18

POST 58 - BEECH

A.59

—a5. 0.
1877, 3.




TEST IO ~m—mm .
TEST DATE ——— 10-18-895

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL niseE FORCE IMPULSE
(=) {37°3) CFFE) (F) (LBZ) (LB-SEC)

9. 000 ..oz 19. 20 a. 00 = o.
. 005 - 17 19,78 10 671. 2.
010 1,79 19,67 .20 7170. 16.

- L0185 -1.1% 17034 <20 4720, 54,
- 20 & 18 19.12 .3 #3721, =i
« D25 —Z2.05 12,74 .4 2218, 12z,
« QER0) —-. 23 18,58 W S 1004, 15t.
. 033 o O 8.5 - —252, 152,
« 040 L7 12.5% L TT ~2%4, 150.
L0045 A 12,60 « B4 =10 i4%,
<050 0,00 i8.4&1 .3 0. 147,

HIGHEST 10.0-M% AVG, alCEL.
TIME {(SEC)
i START ENL
— 304 LOIT70 270

POST 59 - ASPEN

A.60



o

T

TIME
{5
0. 000
. DOS
Q10
L0015
. Q20
L Q25
. 20
035
- 040
. 043
- S0
055
« &0
L OED
D70
075
« 220
RN
L 0RO
. ORE
. 100
=105
110
L1015
120
L 12
. 130
L 1EE
w140
« 145
. 130

HIGHEST

TEST I ————— Fea0

TEST DATE ——— 10-1&-35

FENDULUM KINETICE

SLUMMARY

NOTE: VALUES ARE INSTANEGUS AT TIME

ACCEL
(55

— =
-, 75
—. 74

oS
—. 4

L.

-.14

et

~ 12

-, 14
—. O
- OE
7
. 14

VEL
(FFS)

1 h3~N

-
o~
O 0 0 03

Ll B o o

E

14,03
15,95
L
153,23
15,80

15.75
15,73
13.71
15, 4%
15,48
15, &%
13.71

S0, O-ME AVIE.

—-1.72

POST 60 - WHITE ASH

DIsP
(F)

0. 00

10
. 20
29
.39
.45
.97
Y
T3
.24
. TR
1.01
1.0%9
1.1%
1.246
1.34
1.42
1.50
i.98
1. &4
1.74
1.22
1.20
1.93
2.0b
2.14

T
[t

-

a
2.20
)

e
LA e

2.45

" By
g N

ACTEL .,

FORCE
(LBS)
-41.
H617.
3635,
wgn4a,
12938,
5391,
7842,
4320,
5310,
4901 .
4573,
4411,
3758,
25994,
F921.
31846,
aea2.
2741,
F204.
19461,
1389,
S92,
572,
299,
430,
490,
S572.
248,
~327 .
-286.

-57Z.

TIME (SED)

START
- D050

A.B1"

ENLI
» Q550

IMFULSE
(LB~-2ED)

124,
134,

Evsici

252,

281,
203,
324,
351,
271.
258,
447 .
425,
440,
455,
4463,
473,
L a7,
433,
43h,
500,
S04,
S06.
302,
S11.
S1l.
S10.
502,




TEST 1D ————— P61
TEST DATE ~-— 10-13-85

PENLILULLIM EINETICS SLMMARY i
NOTE: VALIUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL. nIi=ep FORCE IMPLULSE
{5} (53 (FFs) (F) {LBg) (LB-SELC)
0, QG —a 14 19.80 Q.00 143, 0.
005 ~Z2.467 19. 664 o 10 10475, i7.
2010 - 77 19.332 20 20322, S8,
L0015 -2.97 19.09 . 2 1199, =28,
« 020 -2.75 18.55 - .39 11001, 156.
. 025 -3.591 12,10 . 48 14022, 211,
« 030 -3. 58 17.54 57 14308, 21,
035 -2.12 1&.76 .63 12714, 352,
. 040 -1.38 16.54 « 74 7331, 405,
. 045 -1.%7 16.28 .22 7899, 438.
. Q50 - 159.93 .20 6715, 473,
R & 1 —. 15.75 . 7E 3P0, 3503,
. Q&0 -, 83 15.61 1.04 3531, 520,
. O6S -1.12 15.45 1.13 4470. S541.
LO70 —a P 1524 1.21 a[esA, 8563,
LTS -3 15.13 1.2% 2735, 331.
- OO -1.02 14,95 1.3&4 4042, LHQZ2.
I - 25 i4.21 1.44 =403, 20.
. 70 —.132 14.4&7 1.51 wR27. 637,
L OPS -. 21 14.55 1.52 32473, &53.
. 100 - 75 14.473 1.66 2000, &&T7.
L 105 -.71 14.31 1.73 2237, &L32Z.
L1100 — . &4 14.20 1.20 20951, AP6&,
115 - 583 14.10 1.87 2102, 708,
« 120 -. 13 14.05 1.%4 592, 714,
L 125 .02 14.05 .01 -41. 715,
« 1320 .04 14,05 2.0 -143. 715,
135 .05 14.06 2.15 1324, 713,
« 140 11 14.Q7 2.22 -4, FARR
. 145 11 14.0% 2,29 -2, 709,
. 150 .10 14.11 poC -8, 707,

HIGHEST Z0.0-M% AVG. AZCEL.
TIME {(SEC)
G5 START END
—Z. 44 L D035 L SIS

POST 61 - WHITE ASH

A.62



TEST 10 ————- P2
TEET DATE —-— 10-22-85
PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE INSTANECUS AT TIME
TIME ACCEL VEL DISF FORCE — IMFULSE
(3) (G 5) (FF5) (F) (LBE)  (LB-SEC)
o.on0 -0z 1%.@0  0.00 @3, 0.
. 005 ~3. 53 .54 L10 14108, 33,
010 ~1.0% .18 20 4096, 77.
.01 ~%. 26 27 29 13446, 115,
020 -1.58 24 £330, 179,
3

- Q25 . Q7 =220, 155,

ik
=

R

L O30 .01 -41. 1z4.

b pl bt ek Feb pet bR b e
"
R IS | R R Y
1 I B R 1)

P e
- 035 . O3 = . ~124., R
+ 040 L3 .= . -124, 122,
045 . 03 L <B4 —-124., =2,
. Q350 « 11 B35 TR 455, 1&1.

MIGHEST 1G.0-M5% AVG. ACCEL,
TIME (SED)
= START END
— e G L1 10 AR

0

POST 62 - ELM

A.63




TEST I ————— F-&3
TEST DATE ——— 10-22-35

FENDULLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACZEL VEL DISP FORCE IMPILSE
(=) (G75) (FF=) (F) (LBZ) {(LB~5E)

r 3

. 240 -~
< 250 -

« 260 =

8"
o

. oY ZShd. 2112,
.42 21, 2144,

- 44 pATLS | BN 2177,

—~
!

L}
RCRAE

<270 -. 2.0= » B4 2321, 2201.
w20 ~e 1.%0 A 1508, JEE I

I

Q. 000 .00 1%. 20 0.00 0. Q.
<810 —-. 04 19,25 L 20 2257 . &9,
. 020 i M 18,29 3R 147352, 121,
« 020 —3. 44 17.22 . T 132414, 321,
- 0340 —EH. 22 14013 g lZ2aas, 454,
. D50 —3. 0% 15.12 = 12349, =Fl.
«DED —-3.44 14.08 1,073 1323753, 711.
. 070 ~Z. 26 12.08 1.17 443, 835,
. 20 —2.30 1217 1.2% 1119, ER T
. 070 —-2. 33 11,33 1.41 10111%. 10352,
<100 -1.97 10.54 1.52 7874, 1148,

110 -2 22 B, 82 1.42 sEes. 1239,
« 120 -1.9% EN R 1.72 7771, 1223,
130 -£.11 =, 4% 1.280 2454, 1403,
140 —1.97 . 720 1.39% 7274, 1425,
. 150 -1.95 7,23 1.7& 77?1, 13462,
. 140G ~1.%1 Gabl 203 7&L2T. 1632,
170 =1.830 &, 03 2.0 7211, 1711.
« 120 =1.320 Da 4 2415 7211, 1784,
<130 -1..31 4. 203 220 AO50, 1353,
200 -1.4a 4. 44 223 THIA 1214,
210 ~1.4%5 b I 229 TSRO, 1972,
o 220 -1.31] .51 2.33 S22, 2024,
L 230 =-1.03 F.12 2. 324 4310, 2072,

2.5 2
2.0 2

—
‘4 =3
o

. 20

« D00

50 2155, 2241,
] é_’-.‘:'-iE: - SRS T

it i tef 5

(3

i
b)

B BN NG S
N TR RN y

1]
k1

1

l.51

3
H=2

L3
kY

HIGHEZT T0.0-M3 AVG., ACCEL.
TIME (SEC)
GrZ START ENLDI
- ns W 1S . DES0

POST 63 - ELM

A.64




[

TIME
(=)
&, 000
D10
« Q20
. O30
o G0
. OS50
. QA0
D70
. QB0
. 2P0
L 100
L L10
« 1320
« 1E0
. 140
130
« LAG
170
. 150
L 10
. 200
210
o S0
.t
. 240
250
. 2E0
L 270
o 20
. 2P0
. 200

TEST [0 —————
TEST OATE ——-

=it

10-22-85

FENIHA UM FINETICE

SUMMARY

NOTE: VALUES ARE INSTANEOUS AT TIME

ACCEL
(G5)

—. H0
—. 4k

- 3T

i
i,

— T

L g

—a 16

HIGHEST S0, 0-M=

VEL.
(FPE)
1%7.30
12,26
18, 26
14,47
15.15
.99
12,08
10,45
iy
w4
72
bt =
8]
52
.
=)
. e
. 7h
A
- NS
-. 44
—. 74
—-1.03

~1.25

—1.45
—-1.6464
-1.77
-1.%21
. 00
-, 0%

el ot U PR SRR i

AVE,

G
R T

POST

nrspF

(F)
.00
« 20
pcH=
« ok
T2
. B4
-7
1.10
1.20
1.29
1.34
1.42
1
i

ACCEL .

FORCE
(LES)

12598,
123207,
17097,
19265,
lazéd.
173046,
1A205,
14388,
14929,
13203,
12718,
11759,
10173,
2520,
APE4,
SEl.
5171,
4357 .
4045,
CANE4,
2044,
2985,
2419,
1335,
1751.
141a.
1412,

217,

250,

TIME (SEQ)

START
« D200

64 - ELM

A.65

ENE
2 700

IMRUILSE
(LB—3SEC)

&7.
171,
414,
573,
771.
T,

1134,
1308,
14773,
146258,
1766,
1901,
Z022.
Z132.
2225,
2200,
2365,
2421,
2470,
2515,

e
A:_._I._I:'_'.

2507,
24615,
DEI,
Z2hE&T.
2679,
2697,
270,
2719,

2TEE.




TEST I0 —==-- Pt
TEST DATE ——— 10-22-2%5

FENDUL UM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEQUZ AT TIME

TIME ACTEL VEL OIsF FORCE ITMPULSE
(5} (5713) (FFs) (F) (LES) (LBE-SEC)

- 050 —-2.4% 15. 40 .39 DL 546,
. A0 -2.17 14,44 1.04 Dbk . &a1.
LO70 —-1.77 14.01 1.18 709, 717,
L Q20 -1 .59 |5 Bb 1.22 =T 7E7.
L 0RO -1.32 13,03 1.45 S28E. 241,
« 100 -1.17 12,467 1.58 4Lz, BEA.
110 - 12,30 1.70 ITAZ. 231,
w 120 -, 73 11.97 1.82 2714, P73

£, 000 - 02 19,80 0. 00 a3, 0.
010 ~1,07 19,2 .20 4292, 73.
020 ~3, 71 18, 20 L3238 1Sa4l. 193,
L0320 —3, 35 17,23 .56 13m3e, 319,
. 040 —2 .54 L4027 e 73 11249, 439,

<

. 130 -, 1l.44 1.74 BTAE. 1011,
. 140 - 23 11,37 2e b 2E0Z, 1048,
LAS0 - 5 11.17 2.17 2311, 1072,
. 1&0 -1 10,94 2. 28 a4:a5, 1098,
. 170 - 50 10.72 L 5 12=E1. 1120.
« 1RO - 5 10,41 2250 N A 1142,
L 1R0 - 43 1¢, 44 2 &D 1723, 11432,
. 200 -, 82 1028 2.70 206D 1183,

HIGHEST =0.0-M5 AVG. ACCEL.

TIME (SED)
START ENI
. D1EG w D0

POST 65 - ELM

A.66




TEST I —~—=— P-té
TEST DATE ——— 10-23-55

PENDULUM KINETIOE SUMMARY

i NOTE: VALLES ARE INSTANECOUS AT TIME
i) TIME ACCEL VEL ISP FORDE
() (1573) (FFS) (F) (LBS)

. . GO0 - 04 19,280 0. 00 164,
. 005 - 07 19, 7% 10 287.

L0100 -1.38 19.73 L0 5H29,

L0115 -2.17 19,32 Ty 3683,

. 0Z - . OF 19,11 .39 4300.

025 - 732 18.97 . 4% 2905,

O30 - 20 18,91 .58 819,

.035 - 10 13,88 . A3 410,

040 .04 15, 94 .77 —144.

045 -, 04 13.84 . 36 144,

L 050 ~. 04 15.36 -7 144,

L0555 ~. 02 12, 85 1.05 2.

. (1460 04 18.85 1.15 -1&64,

HIGHEST S0.0-M3 AVG. ACCEL.
TIME (=SED)
G5 START ENE
-5 L0010 LOS10

POST 66 - ELM

A, 67

IMPULEE
(LB-SELC)

24,
10Z,
111.
114.
116,
116.
117.
119,
115,




TEST ID ————- P67
TEST DATE —— 10-22-85

PENDOULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DIsP FORCE IMPULSE
() (573) {(FPs) (F) (LBS) (LB-SELC)
Q. 000 0. G0 19.80 0.00 0. Q.
010 -1.76 19,25 .20 &211. &2,
<020 4., &9 18.24 .38 18762, 193,
» 030 —&a 78 16.40 .56 269473, 423.
. 040 ~7 27 14.16 .71 29085, 701.
« D50 -7.31 11.52 - 34 2R2ET7. wI2.
« 040 ~7 .04 P52 .73 2822, 1277.
070 ~&.51 7.35 1.03 246044, 1547.
- 020 =5.79 H.39 1.10 23174, 1792.
. 020 -5. 44 .55 1.14 2124646, 2015,
=100 -5, 00 1.8%9 1.17 20004, 2225,
<110 —-4.5% C L35 1.19 18376. 2417.
- 120 ~4., 02 ~1.05 1.17 1463220. 2390,
. 1320 —3.3% -2, 2 1.14& 13579, 2741.
- 140 ~2. 3 3. 24 1.13 11351, 2865,
120 —Zadb ~-4.07 1.9 2038, 2963,
- 140 ~-1.77 -4,72 1.035 7048, 3044,
«170 -1.17 ~S. 1% 1.00 4669, 3103,
<120 —a 73 ~3. Sk 53 37ET7. 3150.
« 170 ~o 77 -5, B3 .39 2084, 23124,
200 - 33 -5.9% . 2332 1323, F204,
» 210 -. 14 —f, 0F .77 SS7. 3215,
- 220 . O3 -&.11 71 214, 321,

HIGHEST So.0-MD AVGE. ACCEL.
TIME (5ED)

Ges START END
e S L0265 L0765

POST 67 - ELM

A.68




TEE:T I ——m—— F""f}::‘.:
TEST OATE ~—— 10-22-3%

FENDULLM KINETICS SLMMARY
NOTE: VALUEZ ARE INSTANEOUS AT TIME

TIME ACCEL VEL LGIsep FORCE IMFULSE

{5) (573) {(FF3) (F) {LBS) (LB-2EC) |

0. Q00 : e 1980 Q.00 - 10k, Q.

L0 - 30 17.22 « 20 2AEO5. 7
020 -394 18,29 . o3 137&%. 18
L D30 ~5. 49 1é&. A « By 219446, ci=
- 040 -3 15,539 .72 15427, 545,
« 050 -4,1% 14,02 .27 14490, 713.
. Q&EQ . PR 12, A4 . 0 17424, =290,
070 ~d 20 11.28 iz 16737, 1059,
. QD50 -4, 15 WD e 16617, 12264,
. Q90 == Saa3 .32 19514, 1327,

F
£)

<100 -3, =27 7aaa .40 19471, 15473,
110 -3, 584 P .47 15429, 1695,
« 120 —H. BS 4,92 32 1459320, iz48, .
. 1320 —Z. a7 .74 s 144645, 1925, :
. 140 - Ek D td . 201 12424, 2134,

t

o
:_-
IF

1.57
w el

« 130 .
« 160 —.

2 12372, 22&T.

11057, g,

g

o~
.

RO

- 170 PRIt —. 20 . 2317, 2435,
120 ~1.%2 ~, 0 Théad. 2572,

« 170 ~1.71 —-1.48

&RE5, 2643,

P,
&
5
Lz
LAl
. 200 -1.,41 -1 . @ .59 STl BT, |
L2110 -1, 25 ~2. 41 .57 4257, 27E9.
SRR —1.003 -2.77 ] 4178, 2804,
.0 - -3, 10 " 2544, 2e44
. 240 S —3.,35 A5 PEIA. PETA.
L 250 - 53 -3, 55 .45 F101. 2901,
o RO —. 50 —3, 71 .41 01k, 2921,
= L2700 - 3k =T Bct- 1422, 2RET .
- . 2EO - 20 —3.94 L3 75, 2949,

. 290 - 1% —-4.00
. SO0 . O3 -, 05

L
o,

743, 2937 .
10, UL, ;

I R T T o T N e R e R S T R L i o e
.

3
e

HIGHEST S0.0-M5 AVG. ACCEL.
TIME (SED) :
S START ENI! o
~4, 36 LOZLS L0715 .

o POST 68 - ELM




TEST ID ————- b
TEST DATE =~— 10-22-85

PENDUL UM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDLE AT TIME

TIME ACCEL VEL DI=F FORCE IMPULSE
(=) (57°5) (FF:) (F) (LB=) (L.B=-SEC)

0. Q00 C=a 16 17.380 0,00 H37 . 0.
» 010 -1.30 19.132 17 aved, o4,
220 -5.2% 17.%1 et 21176, 235,
. Q30 -4.33 14,39 - ST 17214, 4323,
- 340 —-4.72 14.36 71 12889, &H14.,
. 050 -4.74& 13.31 55 12054, S04,
. Q4D —3.97 11.%1 «P7 15871, B0,
370 =2.460 10.21 1.0%9 10397, 1117,
. 30 —&.05 10,04 1o1i? 2120, 1209,
« 020 -1.%?& .41 1.2% T34, 1290,

« 100 ~-1.75
110 ~1.71
. 120 —-i.64
L1320 -1, &b

« 20 1.3 7002, 13244,
464 . 6B, 1444G,
Ak 1.54 &572. 1508,
12 1.62 LAHZO. 1575,

b
[y

. 140 -1.38 « &0 1.4% J2A. 14640,
. 150 -1.54 .10 1.75 6153, 1702,

« 140 -1.51
. 170 -1.%531
W 1830 -1.44

]
o~
e

1,31 AHO24. 17&4.
.13 1.3& HO24, 1823,
1.%1 5771, 1eae.,

P otk s b b PRI R PI W W R N0 TS
i
o

L 190 ~-1.4%3 19 1.7 B5759, 1939, i
L 200 -1, 2% 7S 2.00 559, 1993, 1
L2110 -1.23 L3z o, 03 493, 2047,
L 220 ~1.1& LS . Ok AaZh, FO94,
. 230 -7 LAl 2,09 2842, 2136,
240 -.87 c 2011 AAEO 2173,
250 - 72 . O Z.14 TEBG. 2202,
. 2E0 -, &3 B Tolb 2504, D223,
L3270 -. 4% e 2,17 1952, 2RE0,
. EEO - 33 .55 L] 1316, T
=11 ] .45 2,20 1018, 2EE0.
300 -9 St 2,22 1146, 2290,

HIGHEST S0.0-MS AVG, ACCEL.
TIME (SEC)
RS START ENDI
—4, S L0140 « QA0

POST 69 - ELM

A.70




3]
}
3

TIME
{(3)
e Q00
L0010
» 20
« 30
040
- Q50
« Q&EQ
D70
» 050
. 0F0
« 160
<110
- 120
- 130
. 140
. 150
140
. 170
L 120
. 170
. 200
210
L 220
. 230
w 240

« 230

Ca 2A0

270
o REO
270

. B0

TEST IO -———- =70

TEZT DATE ——— 10-22-25

PENDULLIM KINETICS

SUMMARY

NEOTE: VALLES ARE INSTANEDUS AT TIME

ACCEL VEL
(575) (FFZ)

-4, 74 18,19

-3 w4 15.47
—-2.72 14.54
-2.70 132,67

I
3 Bk
o4 0
L
[
= = ha
00
~}

<1

i i

f oy = 1

0 00 D

o

TR
3 LG
Sy

- . B4 T
R
M e
-1
.70
. 4
.30
<10

1]
o~
]

!
o~
S
R IS A BN BN IR (v IS A

— & b w0
-, 4 WA

] o S
—. 53 P

o

i

i

I
i G 0

HIGHEST S0, 0-ME AVEG,

PO3T

OIsk
(F)
0.00

. 20
e}
« b
7R
.37
1.01
1.14
e
1.38
1.49
i.5%
1.49
1.78
.37
1.%6

ot
&

hbEES BRI RY B3 ORE B ORE BRI BRI RG

R RN I
B e

2.70

J
£
o

A

ACCEL .,

TIME

START

LTS

70 - ELM

AL71

FORCE
(LE=)

19049,
20021,
15751,
10338,
10203,
113232,
10321,
LD,
B2&A.
7421,
4303,
2A13,
a444,
{40385,
Alos.,
iC ) O
2421,

2558,

P2AEFE.
2347,
2220,
2E00 .,
19466,
2516,
S0 .
1924,
2178,
18322,

2092,

(ZET)
END

. DAEZE

IMPLILEE
(LE-3SE)

71.
200,
395,
HES.
653,
762,
B4,
272,

1044,
1142,
1220,
1272,
1312,
1350,
1285,
1417.
1449,
1477.
1502,
1529,
1552,
1575,
1602,
1424,
14642,
14670,
1621,
17140,
1730,
17%1.




TE=T 1D ————— F-71
TEST DATE ——— 10=-22-35

FENDULLIM KINETICEZ SUMMARY
NOTE: VALLES ARE [NSTANEQLS AT TIME

TIME ACCEL VEL OisF FORCE IMFULSE
(=) (5°5) (FF3) (F) (LBS) (LB~5ED)
0. Q00 Co=-a01 19,50 e OO 41, 0.
Q03 -2, 45 1%. 44 e 11} wI24 ., 20.
L0 -1.03 12,31 .20 4324, &1
1
i

LO01S I 4 2,07 .29 104645, 21,
L Q20 -3, 74 |3, 43 et 15029, 164,
L2 -3, 3 17.95 L4 13547. 229.
. 020 ~3, 90 17.34 .57 1SA04 30b.
L 035 -1.91 14,75 65 74659, 275.
<040 -3.57 L. 22 .73 14223, 445,
. 045 -1.51 15, 78 .31 L0053, 499,
. 050 -3z 15,462 L2 1276, P19,
. 055 =.01 1S, 40 .97 41. S22.
L QA0 O3 15, &0 1.05 -124, 521. .
L 0AS - 04 15, A1 1.13 247 . . 521.
LO70 -, 11 15. 60 1.20 453, 522.

075 — .25 13.37 1.2% 111z, S26.
. QS0 —. 50 154320 1.34 2013, Sa4.

L -3 15.42 1.44 1345, 544,
o A0 - 20 15,537 1.51 2. S50.
1
1

- 0P -, 01 L1536 O 41, a2,
- 100 .05 19, 25 W7 2 A,

i

£y
[
)

HIGHEST 0. 0-MS AVG, ACCEL.

TIME {SEC)
START E NI
L} SO0LE L0515

O

k3 03

POST 71 - ELM

A72




TEST IN —~=——w P72
TEST DATE ——— 1O-22-85

PENDULILIM WINETICE SUMMARY
NOTE: VALUES ARE INSTANEGUS AT TIME

TIME ACCEL VEL DIsr FORCE IMPLULSE
(5) (G375) (FFs) (F) (LB=) (LB-SED)

0. 000 .01 19,50 Q.00 ~41. 0.
005 —E. AT 19. b4 L1000 10447, 17.
LOL0 ~1.45 19,26 .20 5728, AT
L0115 -2, T2 15, 99 L3290 10878, 101,

. 020 -4, 022 18,3 L9 17117, 177.
L0225 -4, 35 17.467 AT 17527, 265,

L 030 -3.,07 17.11 LSk 12272, 234,
O3S -39 16,23 R 3571, 370.

. D40 - 34 16,75 W73 1437. R73.

L 045 - 2 146,71 .21 S6%. 354,

. 050 —. &1 14, 64 .0 2APR. 293,

. 055 -, 73 16,52 . 2914. 407.
. D&D —. 34 14, a3 1. 04 1355, 20, "
LS -11 16,38 1.15 452, 425,
LO70 -, 11 16, 24 1,23 4532, 427. .
LO7S L0 14,36 1.31 ~349, 427,

HMIGHEST S0, 0-M5 AYGE, ACCEL.
TIME (SED)

GieE =START ENL
e L OQE0 « OSE0

POST 72 - ELM

A.73



TEST IO ————— F-7Z
TEET DATE -~—- 10Q0-34-25

FENDULLIM RINETIZE SUMMARY
MNOTE: VALUES ARE INSTANECQLS AT TIME

TIME ACCEL VEL DIsF FORCE IMPULSE

(=) {575 (FPZ) (F) (LB (LB-35EC)
0, 000 - U2 19.80 O, Q0 HE. .
L O10 —-2.7E 192,32 . 20 11123, G2,
. Q20 ~3, B89 12.74 L3 15844, 130,
. 030 5. 85 17.22 37 23402, 313,
. 040 —~&a. 16 15.42 W73 ZALZT ., 544,
- 050 -5.05% 1z.21 a8 20210, 744,
. OG0 —g B2 2. 35 01 12124, PES.
070 —4 . Az 10.%0 12 17&74. 1105,
o D50 -4, 5 23 17510, 271

Ll

n:.'p -
. 0 -4, 0z S.ET . 32 14119, 1435,
. 100 ~3. w5 BT el 15792, 1594,
110 =270 E.7A I T3 14314Q. 1745,
. 120 3.2 4, &2 51 12174, 1885,
120 - .07 F.59 . i 12274, 2014,
. 140 —-2. 54 o .S 10145, 2125,
. 150 -2 0w 1.24 . &0 o344, =219,
. 14O -1.74 1.3 N HPET, Da9E.
170 ~1.32 . S o & 5319, 2E54.

« 1520 —-1. 13 A 45
- LT0 - P L2
W 200 —. 73 -, 17
210 —-. 7 = 40

« bd 45550, 2404,
& AT, —a4%,
W fodd E10w. 2431,
23464, 2509,

»
i1
5
T S i P e e L e e T e
.
o~
I
S

utly
o 20 ~. 4 —. Lt .3 15b64. 2RI,
ey} -~ 57 - 77 .2 2291, 2ERS.
W 240 - a5 - 70 1391, a7
. 230 - 25 -1.02 FEZ. 2337 .
o bl Pt -1.11 . QR SPa

L

iy
fe
(=
3 b3 kR
0 O~ O o
-]
L

w270 ~.2a ~-1.17 A
. 20 —- 25 ~-1.2&

407 . 2&H20,

e ]
TThltil w 4:.{'..'_-_.‘ .

2B0 —. 10 ~1.29
w 200 L2 ~1.31

DL T LR
L I N I BRI S O R Y
ey
3]
5]
-3
o~
it
-

A gk b et
P T |

HIGHEST S0, O-MS AYG. ACCEL.
TIME (SEC)
GG START ENL
-4, =59 LO21LE L0715

[ IRV R

POST 73 - ELM

A, 74




TEST ID ~———- F~74
TEST DATE ——— 10-24-8%

FENDULLIM KINETICE SUMMARY
NOTE: VALIUES ARE INSTANEOWS AT TIME .

TIME ACCEL VEL ISP FORCE IMPUILLSE
(=) (G75) (FFs) (F) (LBS) (LB-SEC)

O, Q00 -, 01 1%.320 Q.00 41. 0.
L 05 i 19.73 .10 770. Z.
LQL0 -1, 1. 68 W20 ToH&Z. 15.
015 —-2.54 19,23 .30 10174, 7q,
020 -1.19 18,99 i 47473, 100,
L0255 -G P00 18.462 « 43 15405, 147.
. Q20 —-2.37 17.%4 . 13500, =3l
Q35 -2.14 17.57 v ol oS54, 273,
- 040 -, O 17.13 73 12345, 331,
045 —-2.2& 16.467 » 24 w041, 38y,
Q50 -2.24 1&. 24 . P2 2e59, 420,
- 055 —-2.38 15,95 1.00 PE27. 473,
L 04D =1.%0 S5 1.03 7531, BZ2.
. 085 -1.585 15,32 1.14 A&203, =554,
070 =1.4&2 15,04 1.23 LR2T. a9,
075 -1.57 14,21 1.321 L2354, 420,
. DE0 -1.12 14,592 1.8 AE0T, 443,
L0E5 —. 20 14.4% 1,43 34602, bET .
. RO -. 24 14.28 1.52 3770, AEA,
. OPE - . D 14,13 1.5% 2444, 704,
L LO0 -7k 14. 080 1.467 2041. 20
105 - B 1z.87 1.732 2444, T3k,
110 - 2k 13.732 1.320 2444, 754,
115 -.74 12,41 1.37 2999, 7L,
. 120 ~, 70 13 1.94 2797. a3,
125 - 750 13 2,01 2727 . 7R7.
« 1320 - bbb 13 2.07 2LIT. 210.

HIGHEST S0.0-M3 AVG. ACCEL,
TIME (SED)
R START ENT
T O 100 ATty

POST 74 - YELLOW BIRCH

A.75




TEST 10D ————— P75
TEST DATE -—- 10-24-85

FPENDLULUM KINETICS SLMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL pisp FORCE  IMPULSE
() (G7S) (FPS) (F) (LBS) (LB~3EC)
0. 000 . OF 12,50 0.00 Y 0.
L010 -%.14 19,3 .20 12571. 63,
020 -4, 0% 18. 60 .39 14082, 149,
. 030 -4, 04 17,032 .56 161463, 245,
. 040 ~4.10 15, 65 L7300 16408, 515,
L 0S50 -1.00 15. 06 .85 4000, 559,
. 060 —1,. 41 14,5% 1.03 L4497, 647,
L070 -1.164 14,22 1.17 44653, 693,
. QB0 —1.39 132.77 1.31 5551, 742,
.00 -1.33 13,40 1.45 53206, 795.
. 100 -1.14 12,98 1.58 4653, 347,
110 -1.082 12,63 1.71 4227, 2870.
. 120 —1.04 12,2 1.83 4163, P3R4,
L 170 -1.16 11.91 1.9% 44653, F30.
. 140 -1.14 11.54 2.07 4571, 1024,
L 150 - 75 11,21 2.19 3102, 1067,
L 1AO - 98 10,94 2.30 A91g. 1098,
L170 - &7 10, &5 2.40 Z2ev4, 1137.
L 180 - 20 10,41 .51 2124, 1146. 3
. 120 - 55 10,17 2.41 612, 1197. |
L2200 - 59 7.w7 2.71 ZRE7. 221, i
210 - A 9,77 2,051 2612, 1244, ?
L RZ0 -, 47 W, b1 2.91 1878, 1245,
ity -.57 9. 45 3. 00 il 1286,
240 ~. 4% 9,28 2.10 1959, 1307,
. 250 -3 9,013 3,19 1510, 1325.
20 —. 49 .S F.2S 1952, 1344.
L2270 - 45 &, 8% 2,37 1796, 1361.
SO - 45 3.71 . 4b 1794, 1378,
270 ~-. 43 2. 5k .54 1714. 1374,

MIGHEST =0, 0-ME AVIG. ADCEL.

TIME {(=EC)
IR START ENIT
-3, 03 L D05 . EEE

POST 75 - SUGAR MAPLE

A.76




TEST ID ——~——m F-76
TEST DATE ——— 10-24-3%5

FENDLILLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTAMNEQUS AT TIME |

TIME ACCEL VEL DIis FORCE IMPULSE
(= (G5) (FFz) (F) (LB {LB-ZEC)

et e e g o e o s e e e e At Lt S e it P sttt et ot e — o el A s

(. 000 .01 19. 30 0. 00 ~20. Q. .

010 -2, 10 19,24 .20 3371, 69,

. 020 ~4, 44 15.44 L3R 17773 169,

30 ~3. 90 17.43 .56 15539 295,

. 040 —3. 00 16,59 .73 11990, 424,

- QS0 -1.77 15.45 .39 7077. S541.

. QA0 -2, 06 14.30 1.04 2. b21.

£ 070 -1.71 14,23 1.19 454, 492,

. QE0 ~1.45 13.73 1.22 3303, 754.

. 090 —1.4%2 15, 25 1. 464 S722. 210.
100 ~1.25 2,84 1.59 4994, 5.
110 -1.:31 2. 44 1.72 o237, 9135,
120 ~1.05 2.07 1.84 4135, P60,
130 ~1.11 11.72 1.94 4423, 1004. ;
. 140 ~1.15 11.34 Neic 45%0. 1051, i
150 ~-1.1% 10. 74 19 450%. 1092, L
& . 140 -1.01 10,63 ey 4024, 1139, , 1
2 170 . ~. 77 10,20 40 2362, 1120,

N . 130 ~. 54 10. 00 =50 BI77. 1217, ;

. 1P0 ~. 7t w7 o &0 20532, 1231, i
% . 200 -7 9,47 70 2EL, 1oEE. ;
= L2110 - 75 Il 3134, 1314, i
pcely) - 74 3053, 1345,

@
2~

2213, 1373.
2563, 1429,

L 230 -, 50
. 240 S
. 250 ~. 64

1 ]
o R

IV i R I R S I o s

.
L
Lo

O3 L0 by G D3 G L0 R BRI BD RS R B2 R BRI TS

IR LN BN I I v SR e )

- Y B0 - bt ok 2 2449, 1454,
= L2700 e a5 .3 pleiion 1431.
bl L0 - bd . .3 FE&AD. 1505,
. 290 -t . 50 .4 RS, 1527.
. 300 - B e, W5 1240, 1550,

HIGHEST S0.0-MS AVG. ACCEL. |
TIME (SED)
GUS START ENII
~2. 24 L O04S L0545

POST 76 - YELLOW BIRCH

A.77




TEST IO ==
TEST DATE -~—=

- P-77
10~24-35

PENDULLIM KINETICS SUMMARY

NOTE: VALUES ARE INSTANEOUS AT

TIME ACCEL
(=Y (5°3)
€. Q00 —o 01
- 005 —'!._09
» Q10 - 47
L0158 -2,481
- D20 =1.04
025 —2. 39
. 030 . o =3.17
« D33 —-2. 74
040 -2, 461
.45 —~1.04
050 -1.47
055 -1.0%
. 0&0 —. a9
. Q6T - 77
70 Y ¥4
L0775 -. 43
» QR0 .
- -, 42
» D20 - 37
. OIS - 41
« 100 —. 37
105 —a 27
<110 -2
L1158 - 25
120 - 23
125 - 17
« 120 R
« 135 —. 43
. 1440 -, =31
. 145 -, 13
« 130 - 07

HIGHEZT S50.0-MT

VEL
(FP&)
19.30
19.79
19.77
1i7.51
12.2&
18.94
18.45
17.98
17.4%
17.23
17.00
16.7%
14,67
14,56
14.44
14,34
14029
16,22
1h.14
16.10
16.04
15,99
15. %4
15.92
15.37
15,24
19.7%
159.72
15,43
15,42
153,460

AVS.

TIME
DIsP FORCE
(F) {LBS)
QL Q0 40,
.10 24Q.
. 20 18982,
« 30 L4,
. 2 4164,
. 4% 11411,
. 124692,
L &7 11851.
.78 10450,
. 25 4144,
.23 5936,
1.02 43464,
1.10 23E2.
1.19 D083,
1.27 24683,
1.3% 1722,
1.43 1722,
1.51 1722,
159 14a1.
1.47 1442,
1.75 1481,
1.33 1031.
1.91 241,
1.%99 1001,
2.07 w21,
2415 7461,
2.23 1541,
20321 1222,
2.39 1241,
2.47 520,
P 220,
ACCEL .
TIME {SEC)
START END
LOTi0 D10

POST 77 - ASPEN

A.78

IMPULSE
(LLB-SELC)

3b.

&7.
103,
1&67.
227.
Z87.
319,

. 248,
373.
389,
403.
413.
428,
436,
445,
4332,
440,
4&7.
473,
477.
432,
483,
472,
493,
S507.
513.
319,

TEL.




TEE;T ID ————— F=75
TEST DATE —~— LO~25-35

PENDLALIM KINETICE SUMMARY
NOTE: vALLES ARE INSTANEDIS AT TIME

TIME ALCEL VEL. DIzP FORCE IMPLLSE 3
3 ) (FFE) {(F}) (LBS) (LB-5EC) E

. o s e e ey ron e v s et ——— e e e e S — 88 s b

(. Q00 - 01 17,80 0.00 1. 0,
L0 -1.37 19.12 .20 453, 35.
- D20 -8, 0% 17.95 L o8 20202, 2E9 .,

5 « ORE0 -5, 33 1&. 0% . 25 23317, 4461,

&5 - 040 - 15,17 .71 1557. S7E.

. Q50 15,05 =T 2R3, 520,

« Q4D — 14.75 L0l 2349, a27.

70 - 14,3535 15 2240, AD2.

« QN30 - 14,327 2329, A74,

. 090 -. 14. 20 1213, b96.,

. 100 - 14,02 1214, 710.

110 - 13.27 724,

. 120 - 13.88 1201. 7335,

130 - 12.77 1301, 747,

.
i)

I

(P ORI SR I RN R TR

[3
-

(@Rl W N i ]
oy
e
oy
-

I O SV

-

I e e T e
(o RN R -

SRR

HIGHEST =50, 0~MS AVG. ACIZEL,
TIME (ZEC)
G START ENg
-2 w7 W DHIET LOE2E

e

POST 78 - YELLOW BIRCH

A.79




TEST L ——me— =79
TEST DATE ——— 10-25-285

FENDULLIM KINETICS SUMMARY
NOTE: VALIUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL oIS FORCE  IMPULSE

(s) (53 (FPS) (F) (LBS)  (LBR-ZEC)

0. 000 0% 1v.80 0.00  1=¥s. 0.
.00S 15 19.79 .10 709. .

1

.10 —2.37 19.64 <20 444, 20
LO1S -1.37 19,29 .29 SALZ. 62,
D20 — . T 19,00 . 11048, 2,
L0025 3. 38 12.47 .43 13508, 143,
. 0320 -~ 07 17,964 .58 12299, 229,

«OEE
o A0
. 045
« Q50
ot
< D&EQ
< OAS
L0770
LTS
. GE0
L QES
» Q0
. QPR

o 200

LA 17.462 -1 4711. 271,
- &E 17.4% P75 2710. 253,
= 17.38 .54 2376, 300,
74 17.27 . ?3 ERE0, 315,
&1 17.14 1.01 2440, 329,
Rz 17.04 1.10 2148, 341.
-2l 146,97 1.13 20472, 251,
et 16.%0 1.27 1501, B&O.
=1 14,332 1,35 2043, BLEY.
.51 14,73 i.44 2043, 277,
Iy 1. 42 1.32 1243. 7.
41 1&.462 1.40 1&24. AVE,
: 14.56 1.6%9 1376, 402,
el 1450 1.77 1439, 410,

LI 3

=

e
i

i
| T R R N T T T I T O A B O T

108 LAZ LA, 4T 1.85  170%. 413,
110 I 16,34 1.93 1543, 427.
115 L3 14031 2.01 1374, 424,
. 120 16 16,27 2.10 425, 439,
-t .11 16,25 2. 18 457, 441,
130 L14 16,23 2.2 S42. 444,

HIGHEST S0, O0—-M= AVG., ACCEL.
TIME (SEC)
Gk START ENTI
. L O0E0 « OFE0

POST 79 - ASPEN

A.80




TIME
(=)
0, 000
LO10
L0220
« Q320
« 040
. QS0
« D0
. O70
L D20
R0
- 104
110
- 120
. 130
- 140
- 150
n 1E0
L 170
L 1E0
L 120
w 200
o 2180

TEST 1D —w==—- P—a0
TEST DATE ——— 10-25-25

PENDIJLIIM KINETICE ZUMMARY
MOTE: VALLES ARE INSTANEDQLD AT TIME

ACCEL VEL DISE FORCE  IMPULSE
(55) (FFS) (F) (LBS)  (LE-SEC)
—. 04 19,80 0. 00 145, Q.
-3, 14 19. 32 CE0 12652, 59,
~4, P 18,43 LEF 19929, 170.
-3, Ak 146,95 LS4 14637, 354,
~3. 10 15.8% L7E 12404, 455,
-1.61 15.14 = 4450, 579,
~1.12 14,43 1.03 4445, L4z,
~1.26 14,29 1.18 5044, &35,
- 35 13,93 1,52 3514, 729,

- 70 10,54
— 7 10.21
—. B 10,10

L]
o~
[rg

2812, 1143,
" Th 30460, 1179,
.S 2319, 1205,

-9 13, &2 1.45 39469, 7&83.
-1.03 13,30 1.5% 4135, 202,
- 27 12,98 1.72 24732, 2847,
-1, O3 1265 1.85 4135, 884,
-1.04 12. 3k 1.97 4176, P24,
- 12,03 2,10 T, Do
-1.1% 11.47 .21 4445, 1011.
- 71 11,33 YOI 2a53, 1052,
-1.30 11.08 244 5210, 1053,
-y R 10,79 2,55 272 1119,

p

2

2

HIGHEZT S0.0-M3 AVE. ACCEL.

TIME (3EC)
[ i START ENI
-3, 05 - D0AD OEAG

POST 80 - SUGAR MAPLE

A.81

3
g




TEST ID ————- P-

TEST

DATE == [ (G=25-55

FENDLUILLIM KINETICE SLMMARY
NOTE: VALUES ARE INSTANEQUS AT TIME

TIME ACCEL VEL. DISP FORCE

() {

O 000
- IS
WD
L0OL1E
w V20
. 25
W 130
- 035
« 40
L 04T
W 30
. 055
. &0
« DAT
L1070
LTS
. 20
. (REE
e
LR

L 100

HIGHEST

5SS CFP) {F) {LBS)
~. 0% 19,80 .00 53,
- 12 19,79 <10 495,
— 25 1?2.77 . 20 S0,
-3, 40 17,52 .30 13615.
~1 .84 17, 0% oo 7428,
-2. 51 1=.74 P 11222,
o 18,10 it 13433,
—1. &5 17. 45 -4 L7255,
— AT 17,45 o 7l EEEE.
-. 11 17.4% . 24 454,
-, 04 17.40 .32 145,
~. 10 7.3 1.02 4173,
-2 17.3% 1.10 B3,

—. 02 17.2% 1oi% 330,
- 21 17.357 .28 R25.

-2 17.32 1.37 FR,
-4 17,27 1.4% . 1341,
. 17.22 1.54 1114,
-. 17 17.18 1.462 L&D,
-, 04 17.17 1.71 145,
- 17.17 1.80 271,

SG, O-ME avia. AcCEL.
TIME (=SEC)
= START END
o R L O30 L0530

LR

POST 81 - YELLOW BIRCH

IMFULEE
(LB-ZED)




TEST ID -—-—— F-2Z
TEST DATE -—— 10-25-85

PENDHILLIM KINETICS SLMMARY
NOTE: VALUES ARE INSTANEOLIE AT TIME

TIME ACCEL VEL. ISP FORCE IMPULSE
(=) (G3) {FFZ) (F) (LBZ) (i-B-SEC)

O, 000 .04 19,80 GO —1 &3, Q.
D10 - 24 19.77 .20 1057. 4,

020 - 19,13 LT 3IE20, 23.
ekcls: ~3. 41 18.10 -58 12453, 212,
. 040 -3 47 17.03 7 1387, 44,
. OS50 ~-2. 3R 14,14 P DLES. 455,

=044, Ly
L4220, 598,
AH542. b&E,
S141. i3,
A&, 776, :
2007, 217. b
D7Eg. 232,
2901, 891,
35T . RET .
27463, Y40,
2170, 2.

« Q&GO -z, 01 15.5:
70 ~-1.&1 14.2% ]
. O30 —-1.464 14.44 1.
. 090 ~1.29 13.98 1.
. 100 -1.14 1
« 110 - 75 1.
. 120 - B 1
« 130 - PE 12,463
. 140 -, 21 S
. 150 - 12.07
1AG -7 1i.a

170 —a 7 11.45 S0E, 1012,
L 130 - 11.42 B S Lake, 1041. :
. 170 ~. 47 t1.27 2,74 s, 1040, E
200 41 i1.12 s 125, 1075, :

¢
Faadiiamd
-
—
[

a
iR ISR R VXTE N

D R Y T I VI

kY
!

e
ka
Pd = = 2 e

"
o

¥

i

¥

PR
R i3

(O SO e

P
l-u

S %
(f] I g e

e AIGHEST 30, o-ME AVIZ, ATLEL.

i TIME (SEC)

- G S BTART ENE:

R 2120 LA

. POST 82 - YELLOW BIRCH

A.83



TE:;.:T I = F:_E:EI,
TESYT DATE ——— 10-05-25

PENDULUM KINETIOS SUMMARY

NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL nDIrze
{(3) (G75) (FFE) (F)

Q. Q00 -, 07 12,0
D10 3. 34 19,53
L 20 -3.17 12.73 M
. 30 -4, 50 17.40 37
. Q40 —3.44 15.20 3
L OT0 ~2.01 15,03 . BT
«OED —1.28 14,52
D70 -1.07 14,14
» 030 - 25 13,2
070 - 5
. 100, -
.310 —.
120 ey
. 130 -
. 140 -
150 -t
<160 -.=
170 - :
. 130 . 1. 14
170 —. b2 10,91
w B0 — 10,70

P
o~ b

[l
i
g

&0 60
[ AR Y]

<G00
=2 LG 0
=

~J 0000
JRI v N i
b
-
~

i el o
[ o T o S
= K
o
i

I-.

i
]

]
if

FR N B S I I O B e
Tr

=
q

HIGHEST S0, 0-M3 AVG. ACCEL,
TIME
= START
2017 L R

o1

POST 83 - YELLOW BIRCH

A.B4

FORCE

(LB=)

12670,
17925,
o,
2038,
53101,
4224,
IS I
27T
33B0.

IES0.
275,
Y

FEE4.

2W17.
2463,
2224,
2e97.
2897,
2427,
2244,

(SEC)
ENI

IMPULSE
(LB-ZEC)

33.
13z,
2PE,
497,
S2A.
A5,
701,
741,
772.
202,
244,
220,
12,
248,
P53,

1015,
1044,
1Q74,
1104,
1131,




TEZT ID ————- F-z4
TEST DATE —-- 10-25-25%

FENDHILLIM KINETIOS SUMMARY
MOTE: VALLES ARE IMNSTANECLZ AT TIME

TIME ACCEL VEL GISP FORCE — IMPULEE |
(%) (G73) (FF3) (F) (LBS)  (LE-SED) |
Lo 0. 000 ~ o 2 1
. Q05 -3, 85 1% el
L0110 ~1.30 19.07 1w 5219, 1.
LO1S -3, 07 18, 850 2P 1zzeR, 124,
. Q20 ~5, 35 18, 0F .38 21411, 217,
L O25 -4, 10 17.27 A7 16397, 314,
A wlcle —~2. 83 1AL AD . 5 15411, zo4,
RS -1.75 14,10 A4 7110, 459, |
. 040 —. Bk 15, 8 .72 1473, 437, :
! 045 —~. D2 15,20 .20 2094, 497.
. | ' . S — b5 15.71 = S8, =08,
. 055 -6 1E.56 P w22, 527 |
. OE0 — b5 15.44 Rk EED, S4Z :
L OAS -4 i 2671, SE5.
LO70 —. 4 15,2
1!
}

.
[y
furs

.18 1549, S,
L 078 - T .2 ZOTL, 574,
L a0 - 42 R 14585, =EbA, :

1
1
1
i
i 1
NS —. 40 152,02 L.&1 14032, TF,
1
1
1
1
1
L
1

W 0 —. 54 A - =17, &Q2,
LO93 -y T 14,3 =t 2014, &1,
L 100 =4 14,0 LA 1E4, Ll
A b -3 14,73 1.71 1262, 0,
L3110 -, 4z 14 . b
S11E . 05 i
120 -, a7 14.61
122G - 40 14.41 2.00 —205, LH4T,

.
o~

L7 1485, LEEL
1.25 270, L4,

T e L4
e’ E a

Jom STl [t e Y

L]

= . 1R . T4, A 2.07 ~-534, &H43,
L 13 Ll 14, b4 1S ~453, £41,
' L tan e b 14, A5 R -0, LT,

o 14,47 P -=5324, a37.

. 143 !
. LA b 14, 4% Ea27 —-Z70, &

4 it

HIGHEST S0.0-MS AVG. ACCEL.
TIME {(SEC)
Gos START . ENLI

-2 55 2 D020 Q5RO

" POST 84 - SUGAR MAPLE




TEST IO ~———— -
TEST DATE -—-- 10-25-25

FENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOIS AT TIME

TIME ACCEL. VEL. RISF FORCE IMPLLEE
(5) (35) (FFz) (F) (LRZ) {(_B-3SEC)

0. 200 -.0& 19,80 Q.00 245, =P
- 003 —-2.70 19 &3 .10 10794, o1
010 —1.6&& 19.17 « 20 HE2S, 7S
L0150 -1.82 12.94 .2 7272, 107,
D20 -8, 47 19,42 L 17444, 171,
025 -4,.07 17.73 A7 14273, 2587,
. 330 -4,52 17.03 Sk 18072, 344,
25 -2, bk 1&.35 . A5 104731, 427,
. 040 -1.0% 14011 73 4009, 457,
045 - 10 14,05 .3l 409, Rbb,
. QS0 0. 00 14,04 .82 Q. LYY
. OF3 0.00 1405 27 0. 4&b,
. Q&0 .04 16,05 1.0 ~1&4, Gbb
«DES . O 16,035 1.13 -327 . 465,
- 070 .12 1&.07 121 -4%1. 443,
075 .0 L, 003 1.2%9 ~327. 442,
L 0E0 4 L& o 1.37 ~1é&d., 4L2.

HIGHEST S0.0-M3 AVG. ACCEL.

TIME (ZED)
ETART BN
'y, 0 Qo0 . =500

POST 85 - YELLOW BIRCH

AL 86




ilal

il

TEZT 10 ———-

TEST DATE -—

- P34

L O=RE—s

FENDULLIM KINETIOS SLIMMARY

NOTE: VALLES

TIME ACCEL
(=) (E573)

0, 000 W01

L Q0T —-1.28
L3210 —R. O
LS —1.A0
LAE0 -4, 325

W 2T —4.67
W (130 ~-4.4%
iy —-2. 26
» 380 -1.1z
« 5 - 05
- Q50 =01

S Ll - 01
o A0 -

WOED W O
W70 -0
LO7E - 05

» O ]

HEGHEST 50, 0-M3

ARE TMNSTANEDUZ AT

VEL nIsp
(FPS {F)
L9LE0 0.00
19,74 .10

19,24 el
18,96 L2

~33

R=I .
17.41 .
14,087 .

o e

4

S
14,29 « 64
12.%7 P
15.%1 =)
153, w1 .S
15,92 )
1322 .04
15,92 1a12
15,94 1.20
15,24 1.28

13,94 1.36

AVIG, ACCEL,

TIME (%

R START

POST 86 - SUGAR MAPLE

A.87

" IME

FiRCE IMPLILSE
LES) (LB-3EC)
—~&41. 0,

L 7.

L2307 &7

a419, 1605,

19304, 14k,

12484, 273,

17950, Shd,

SO, 434,

4539, 475,
204, 453,

41. 423, |
41. 437, o)

123, .
204, 421,
122, 430,

204, =0,
~12=, 47%.

P—
el )
ENL

» O




TIME
()
0, 000
« ROS
010
015
« 20
Q23
« 020
035
040
. 045

» 050,

L O3S
. OO0
. D45
« D70
L0785

TEST IO -—-

P-37

TEST DATE ——— 10-28-35

PENDULUM KINETICE SUMMARY
NOTE: VALLUES ARE INSTANEOUS AT TIME

ACCEL
(G"3)

VEL nise FIORCE IMPULSE
{FP3) (F) (LES) (LB-5SEC)
17.80 Q.00 127, G.
17.70 .10 1138464, 12,
1?.22 <20 &921. 2.
18.98 . 2% FALE, 101,
12.346 39 19234, 177,
17.72 .44 11741, 232,
17.26 C b 104657, 316,
1&£.90 A5 43273, 2340,
164.74 73 4034. 381,
1. 42 = 1371, 393,
14.5& « 7D P77 . 4073,
16,532 P8 207, 407,
1&.50 1.06 &37. 41Q.
14.4% 1.15 212, 411.
14.48 .23 382, 41z,
14.47 1.31 297. 414,

MHIGHEST S0.0-M=Z AVEG. ACCEL.

TIME (=ELC)
"5 START ENL

L0025 I Ll

POST 87 - YELLOW BIRCH

A.88




TEST IO —m—— P
TEST DATE ——- 10-228-33

pEMDULLIM KINETICE SUMMARY
NOTE: VALUEDS ARE INSTANMEQUS AT TIME

TIME ACCEL VEL DS FORCE  IMPULSE
(5) (375 (FFS) (F) (LBE)  (LB-SEC)

Q. OO0 L O 19,350 Q.00 —137. 0.
L 005 -1, 34 19,74 .10 5441, 7.

010 —3.01 19,232 . 20 12020, 70,
L0 —-2.20 12,70 2 SRS, 111,

L 020 4, @ 18,28 LIS 19950, 189,
L0225 -1.%5 17,462 .47 7RO, 271,
(220 ~-2.41 17.1% . Sk FEED, SEE.
. 0325 —~ 3 14,79 WS PIZL. 274,
. 040 1.3 L&, 51 7 5441 . 405,
045 -1.80 14,25 <31 7212, 441,
L0S0 —1. 23 14,00 L 4935, 472,

LSS oo =1.00 15,82 «F7 4007 . 434, ok
L D6EG -, 20 15,68 1.05 ASEE. Sy ;
QAT - &0 15,55 1.12 2404, Se2e,
70 — a2 15.45 1.21 24aa, S40.
L0773 - 31 15.34 .22 Z24L, 54 .

. 0 -, 7= 12.21 ARET 21, =70,
. QRS -, A 18,11 1.44 2573, =23,
. 0 -, = 1501 1.5 2404, =95,
L 095 - A0 14,98 1.5% 2404, LOA,
. 100 1) 14,84 1. TEER, 617,
. 1O -, 50 14,74 1.73 1vaER, &27.
D110 - S 14.47 1.3 2067, HET.
L11: -, A5 14, A0 1.as 1393, G,
. 120 — 2 14,55 1.9 1139, &S,
L 125 -39 14,47 2003
- . 1320 - 25 14.42 2,10
[ L1325 - 20 14,2% .17
. 140 -, 13 14, 28 2.2 717. hHTE.
L 145 -.37 14,38 .31 1474, LE0,
. 150 — 23 14.27 P 1139, &BT .

HIGHEST =0, 0-Mz AVG, ACCEL.
TIME (ZED)
s START =

POST 88 - SUGAR MAPLE

A.B9

3
i
:
.
|
L.



]

TEST I} ——=—= F-3%
TEST DATE -—-—— 10O-28-55

FENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL, DIse FORCE IMPULSE

(5) (G75) (FFZ) (F) (LBES) (LE~SEC)
0. 000 S -, 04 19,80 .00 14683, Q.
. 005 - 4z 19.75 .10 1425, 3.
L.010 -3, 5& 19. 484 .20 142324, 42,
L015 -1.87 19,02 .2 7496, 27.
. Q20 -3, 94 B bl Il 15751, 143,
L 025 -5.35 17.8%2 A 21394, 246.
. O30 -4,27 14,5 57 19878, 3S0.
L3S ~%. 13 16,325 L A5 12508, 425,
. 040 ~Z, 01 15,97 .73 [044, 474,
.45 -3.31 15.55 .31 13224, 523.
. (50 -1.05 15, 23 .29 4211, 5e3.
oSS -. 93 15, 05 . B706. S89.

. Q&0 —-.78 14.92 1.04 2116, &06.
Q&S =. 44 14,32 .11 1769, &18.
. Q70 —. 44 14.74 l1.18 1853, &28.
LTS —. 2% 14.70 1.24 1179, 634,

. QS0 - 21 14, bd 1.33 1221, 641, .
L 0ES -2 14, 5% 1.40 1179, 547, ;
L090 — 14.54 1,48 1179, &54.,

L OES — 38 14,4% 1.55 1316, &&1.,

. 100 - Bk 14. 4% 1. 42 1432, L&T . J
L1085 - 15 L4, 2 1,69 520, 672, ’
L1110 - 17 14,37 1.77 &74. AT7S.

1S - 11 14,34 1.384 421, &75.

. 120 - 04 14,35 1.91 168, LEC,

L1Es - 14 14,31 1,98 3y 481,

. 130 S | 14,55 2,05 242, AR5,

.13 -.24 14,25 Tz P69, &90.

. 140 - R Wi 219 505, &4,

L 145 - 13 14.19 el 505, 697,

L1560 - Qb 14.17 W, ma IEI, LR,

HIGHEST S0, 0-M5 AaVE, ACCEL.,
TIME (ZEC)

G START END
-2, 74 . 0045 COS4E

POST 89 - YELLOW BIRCH

A.90



TEZT 10O ——=—— =20
TEST DATE ——— 10-25-35

PENDULLIM KINETIOS SUMMARY
NOTE: VALIIES ARE INSTANEDLIS AT TIME

TIME ACLEL VEL DISF FORCE  IMPULSE
(5) (3°5) (FPS) (F) (LES)  (LB~ZED)

0. 000 - 04 19, 50 000 50, a,
L 005 ~3. 44 19,55 L1000 13347, 3.
L010 —1.3%4 19,17 .20 S047., 34,
.01 ~2.50 18,20 .29 10010, 112,
L OZ0 -5, 28 18,22 SIS 21104, 197,
025 -3. 44 17.50 A7 137464, 256,
. 030 —2.11 17.01 LBA 12479, 247,
L35 ~-2. 44 16,53 . A4 PB4, 404,
. 040 -.71 1. Sh L7 DERL, 427,
. 045 ~. 48 1. 28 .31 1919, 437,
. D50 —-1.22 1 O == TEO7. 441, :
. 055 -1.79 15.77 .97 7174, S01. iy
L 060 -1.11 15.54 1,05 44271, 529, _
. ORE -1.53 15,34 1.12 A131. 554, ;
LO70 ~1.48 5.0 1.20 AT1S. EES,
0TS -1.33 14,35 1.27 SIIV. &615.
L 00 -1.07 14, & 1o 4087, L3S, i
LO0ES ~.54 14.55 - 1.42 2167, LES2. ;
. 0 —-. 40 14,43 .4 1585, IS
L 095 - 21 14,41 1251, 669, -
L 100 - 29 14, 34 1148, LT, |
. 1O - 18 14,32 7009, e
L 110 - 17 14, 30 L&T AET,

*
3
B~

1

A

~J

0000
SER VIR I 2 R

NI N B R S S R Y ]
« a B

L 115 —.3l 14.36 ¥ 1251, &5,
. 120 ~.48  14.17 : 1919, 696,
125 ~.2% 14,13 P9 1163, 704.
g L 130 ~.18 14,09 ot 70%. 710,
] 135 ~ 18 14.04 Z.13 709, 713.

i < 140 ~. 01 14.04 20 4z, 715,

. 145 . 02 14.04 2.27 -33, 715,
« 130 . 14.04 2.34 —230, C 718,

HIGHEST S0.0-M3 AVIG. ACCEL.
TIME (=EC)
. START ENEH

e L 05 LSS

E.
B
L

[ ]

B POST 90 - YELLOW BIRCH

A.91



TEST I =—m—-— P-91
TEST DATE ——— LO~28-85

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE TNMISTANEOUS AT TIME

TIME ACCEL VEL nIse FORCE IMPLULSE
() (57 5) (FPS) (F) (LBZ) (L.B~SEC)
1, Q00 - 05 19,80 .00 z0g. 0.
L010 -2, 75 19.32 LED 10997, &0,
. 20 . 1E. 48 1o 128334, 144,
. 030 —&.24 14,67 T 249351. 288,
. 340 -4,72 15.21 . 7 19119, =70,
. S0 —32. 43 12.85 27 14537, 73,
. 060 -2, 30 2. b4 1.00 13204, 27,
. 070 -3.59 11.41 1.12 143271, 1017,
. 080 -2.43 10.73 Mtic F705. 1126,
020 - 05 T2 1.34 2206, 1227,
. 100 -2.11 -4 1.43 2456, 1312,
. 110 —2.24 .2 1.52 BY546. 1401,
« 120 -2.01 -3 1.&0 2039, 14203,
. 130 -1.834 .23 .63 7373, 1542,
140 -1.332 o 1.7% 7331, 1641,
- 150 -1.8240 B 1.581 7206, 1713,
. 1AD -1.78 = [ 27 7123, 1792,
“}? o)

L 170 -1.3 0 = 7331. 13464,
. LEO -1. e 1. %4 LET3. 1935,
L 190 -1.53 L7 00 4123, 1998,
. 200 -1.34 el 3 204 5373, 2055,

L2210 ~1.07 = 2,07 4290, 2105,
. 220 -89 . 2,09 3541, 2142,
i ~-. 44 2.12 2541, 2170,

. 240 ~. 47
. E50 -. 41

Z.14 1z74., 2172,
2,14 14625. 2211,

O ) LR DG

O R LR O O G 8O

- 20 ~. 34 . 2 2e18 1375, Z2R0.
270 -. 47 .7 2.20 1374, 2244,
« 2H0 -, 30 = 2.22 1208, Z2bZ.
. 290 =. 20 4 2.23 12083, 2275,
" JO0 .m0 40 e 1203, 2IEA.

HIGHEZT S0, 0-ME AVG. ACCEL.
TIME (=ZED)
G ETART END
—g 2 L1180 . DESD

POST 91 - SUGAR MAPLE

A.92



e
j

TEST IO ————

- P-9Z

TEST DATE ——— 10-2%-32%5

PENDULLUM KINETICE ZLMMARY

NOTE:

ACCEL

(i373)

. VEL
“(FPS)
T19.80

19.76

19.25 .

18,922
18.25
17. 44
16.85
14.42
15,91
15,61
15.48
15.2%
15.04
14,20
14.72
14.57
14.44
14.232
14,18
14.07
1:3.%4
13.24
13.73
13,41
132.48
13.3&
13.25

HIGHEST S0.0-MS AVG. ACCEL.

oIz=p
{(F)

ETART
L OG0

VALUES ARE INSTANEOUS AT TIME

FORCE IMPULSE
(LBS) (LEB~-ZSEC)
127. .
1737. 5.
12920, &3,
Y531, 10,
211328, 192,
19740, 291,
FI1P. Bhb.
14021, 420,
3920, 4s3,
4443, S20.
3516, 337.
4735, B4,
4194, 591,
2897, &09.
4575, &31.
3022, &350,
3177. &E3.
2516, &30,
2431, L4P8. .
2415, 712,
2923, y el
2833, 740,
2753, 754,
F008, 7465,
219, 7a5,
2177, 200,
2753, 214,
1?91, o2&,
1821. 236,
PI2. o444,
720, 242,

TIME (SEC)

ENL
L OSED

POST 92 - SUGAR MAPLE

A.93




TEEJT IEI ————— Ft_:..-:}E: ]
TEST DATE —— 1O —a

PENDULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP . FORCE  IMFULSE

(%) (G-5) (FPS) (F) (LBS)  (LB~SEC)
0. 000 .07 19.80 a. 00 277, 0.
' 005 “1.86  19.71 .10 7445, 11.
L0110 —-2.41 19.2 : - 20 PEII. 73
T015 ~2.12 18,93 .29 3475, 108,
.020 5. 04 2.3 .38 o232, 126.
. 025 ~3.45  17.5% .47 13795, 274,
1030 ~2.0%  17.30 .56 B8131, 323,
. 035 —.e2 17.03 LS 3669, 345,
. 040 ~1.50  16.85 73 5936, 367.
. 045 ~1.45  16.43 .82 5314. 395,
. 050 Z.86 16,44 .90 3454, 417.
oS5 . —.98 16,29 .58 3798. 436.
. 060 -1.0Z  1é.12 1.06 4093, as7.
L 065 ~1.00  15.76 1.14 401z, 477.
. 070 -1.09  15.79 1.22  4@ss. 493.
075 ~.87  15.63 1.30 2497, s13.
S 080 —.83  15.49 .38 3326, 536.

. 085 ~.81  15.3% 1.45 3240, 553. -
. 090 —.56 1533 1.53 2639, S563.
L095 -2 15.13 1.61  170%. 520.
. 100 ~.23 15.09 1.68 223, ses.
. 105 -11 15,06 1.76 4s1. =23,
.110 L02 15.06 l.e2 -107. 553,
L 115 01 15.07 1.91 -21. 557.
« 1201 - 04 153.07 1.93 130, 587.
. 125 —.06  15.06 2.06 236. =23,
. 130 -.10  15.05 2.13 408, =570
L 135 -.24 15,00 . z.21 1392, 596.
.140 -~ 10 14.95 2,28 40z, 603,
. 145 L0z 14,93 2.36  -107. 603.
. 150 ~.06  14.95 2.43 236. 502,

HIGHEST =, O0-MS AVG. ACCEL.
TIME (SEC)

G ETAarRT - END
~Z2.14 L OG4A0 L OSAC

POST 93 - SUGAR MAPLE

A.94



e,
Ei i

TIME
()
L, 000
L0110
20
« 0320
- 040
« D30
. 060
L0770
o DEOD
. 00
. 100
w110
. 120
. 1320
« 140
L1350
. 10
L1770
. 130
L 1RO
w 200

HIGHESZT

TEST ID -—-
TEST DATE ---

~— P-4

10-29-55

PENDULIUM EINETICSE SUMMARY
NOTE: VALLIES ARE INSTANEQUS AT TIME

ACZEL

(E75)

b
~. 44
-.41

— D

S, O—ME

VEL
(FP3)
19,320
1%, 4%
S.52
14,59
14.21
132,32
1Z2.59
12.1%
11.77
11.3%9
11.04
10,77
10.4%
19,23
10.01

A
wOE7

. 40
HaEE

Wi

.01

AVEG.

HERN

- m7

’-.[ 5

DIsF
(F)

o
]

et b b
w
e

45
Sé
1.4&7
77
37
a7
g
17
28
BRE

.44

AN e =
1 ] L] L]

Faprba ko b

AoCEL,

TIME

START
L OO70

FORCE.

(LBS)

IMPULSE
(LB-3SEC)

) Q.
17132, 47,
LES0. 159,
23791. 295,
19830, 595,

17130,
3770,
aS12.
4499,
S441,
2083,
4113,
2470,
2RI,
2913,
2785,
24E5,
1757.
2314,
1628,
1457,

(SED)
ENI

SOES0

POST 94 - SUGAR MAPLE

A.85

205,
B,
F45,
297 .
1045,
10846,
1122,
11537,
1138,
1217.
1244,
1271.
1292,
1=11.
1327,

1241,




TEST 1IN

——— P-95

TEST DATE ——= L0O-29%-3%

PENDULUM KINETICS ZLMMARY
NQTE: VALUES ARE INZITANEOUZ AT TIME

TIME ACCEL
(=) (G"3)
0,000 02
005 - 93
010 -2.46
L0015 ~-2.02
. Q20 -5, 33
25 ~6.901
. 030 -, 2]
Q35 ~5. 44
« 040 i e e
. 043 ~3.14
. 050 -Z2.03
. 055 ~1.84
« 060 -1.37
065 -1.17
Q70 -, 4
LTS - 20
L DE0 -, 32
035 ~ .25
« 00 - 25
L 75 — i
. 100 -y )
105 - 3=
110 - 28
115 -.37
. 120 - 23

HIGHEST

IMPULSE
(LB-SEC)

VEL. DIspP FORCE
{FPa) {F) (LEBS)
19,80 Q.00 -85,
12.77 . 10 3740,
19,31 20 12854,
13,34 .29 2074.
18.26& .39 21334,
17.45 .43 24053,
16.45 T 194634,
15,52 oY) 21344,
14.74 T2 2519,
14,44 TP 12979,
14.11 . Bh 3117,
12.84 .3 7352,
13.5& 1.00 7430,
13.322 1.07 K675,
13,20 1.13 1955,
1Z3.14 1.20 207,
13.10 1.2 1275.
123,05 1,33 1020,
12,01 . I9 1020,
12,94 1.44 1530,
12,90 1.52 1615,

20855 1.5% 1317.
12.73 1.45 15320.
12.72 1.72 1487.
120468 1.78 IS,

S0.0-M3 AVIG. ACITEL.

TIME (SELD)
= START ENDI
o & « QA0 - D340

L3 €51

POST 95 - SUGAR MAPLE

A.96

0.
4.
&Hl. .
105,
17%.
292,
417.
=31
&04.
560,
707.
740,
775.
205,
220,
827.
2R3,
338,
=43,
249,

57,

Ba4 .
372,
277,
B84,




TEST 1D ——=-— F-94
TEST DATE ——— 10-~29-8F

PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE TNSTANECQUS AT TIME

TIME ACCEL VEL DISF FORCE IMPULSE
(3) (5-5) (FFS) (F) (LBS) (LB~SEC)
. 0. 000 -. 032 19.50 0. 00 104, 0.
. 005 -3.01 17.47 .10 12052, 16.
.010 -1.7& 19.19 . 20 7057, 7h.
LOLS -3.23 18.87 .2 12906, 115,
L 020 ~5.07 18.14 LI 20282, 204,
L025 -2, 20 17. 45 .47 2795, 292,
. 030 -2, 93 1696 . S 11508, as2.
L0325 -2.37 14.4% .64 D473, 411.
L 040 -2.00 16.19 .72 7920, 449,
. 045 ~Z. 68 15.24 . 30 10702, 439,
. 050 -1.72 15.50 . 85 &3, 534,
L 055 -2.54 15.17 =7 10151, 575.
L D&Q -2.4% 14,77 1.0 PE85. &H25.
L0465 -2, 32 14.4%2 1.11 261, 647,
L 070 -2 2 14.04 1.18 2007. 716.
075 —-1.93 12,47 1.25 7735. 762,
. OO -2, 0 3.54 1.32 2074, 202.
LSS -1.51 13,10 1.38 &040. 333,
090 ~1.64 fr= e 1.45 4549, B&b.
L 095 -, 9 12,44 1.51 2bbb. 289,
. 100 - =21 *.51 1.57 a243, P0b.
. 105 -.77 12,38 1.63 3073, 22,
L1110 - b 12,26 1.70 2564. w37
L1158 -. 564 12,17 1.7& 2225, 43,
. 120 -. 53 12.07 1.82 2310, P40,
L 125 -.47 11.958 1.88 1336. 271.
. 130 -, 41 11.%1 1.94 1632, 280,
. 1035 -.39 11.85 2.00 1547, s,
. 140 —. 49" 11.78 2.06 1971. 7.
. 145 -.37 11.70 2.11 14462, 1004,
. 150 - 22 11,47 2.17 269, 1010, }
. 155 -. 56 11.60 2.23 prrta 1015, :
. 140 - 15 11.56 2.2 &15. 1024, !
L1485 - 22 11.54 2. AS 567, 1027.
. 170 -2 11.4% 2,40 H67. 1032,
175 -.13  11.44 .44 S30. 1036,

MIGHEST S0.0-M5 AVGE. ACCEL.
TIME (SELR)}

L ' (g START END
-2 =0 L0045 LOS45

POST 96 - SUGAR MAPLE g

A.97



TEST 1D —=—-— P27
TEST DATE ——-— 10-2%-385

FENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANECUS AT TIME

TIME ACCEL VEL pisp FORCE IMPULSE

(=) (G2 {FP3) (F) (LBS) (LB—SEC)
0. 000 - 01 19,50 0. 00 21. 0.
005 - &2 19.77 .10 2734, 4.
L0110 -2.27 19,09 .20 11882, Y
015 -1.24 192,032 .27 5342, F5.
L 020 -4, 79 12.57 .39 19180, 152.
. 025 -4, 05 17.21 LAE 164213, 247.
. QZ0 -4.07 17.22 .57 14297, 220.
L3S ~1.29 14.31 L5 5150, I7t.
. 040 . O 14.73 My cic g2,
. 045 -1 16,73 .32 21. 381,
. OS50 .19 14.74 . P0 ~-742, 280,
. 0SS e 16,76 -] -403, 378.
. D&0 L 1® 14,78 1.07 -742. 275.
Q65 LOE 14.380 1.15 -313. 373.
L 070 . D& 14.21 1.24 -233. 372.

HIGHEST S0.0-MS AvG, ACCEL.
TIME (SED)
R START ENL
- .0 L D000 - Q500

POST 97 - SUGAR MAPLE

A.98




TEST ID ——

- P

TEST DATE ——— 10-29-33

PENDULLM KINETICE ZUMMARY
NOTE: VALUES ARE INSTANEOLES AT TIME

TIME ACCEL VEL DIsP FORCE  IMPULSE
(5) (575) (FF3) (F) (LES) (LB-SED)
0. 000 -.15 19. 80 0. 00 =592 0.
. 005 -1.97 19,59 L10 7866. 26,
L0110 —-1.4%2 19,38 .20 Fab7 z.
.015 ~2.90 18.99 v 11538, 101.
. 020 -3.1%9 15,49 3P 1277Z. 143,
. 025 -2.78 18.01 L45 11123. 222,
L030 - 41 17.30 .57 1647, 243,
.035 -, 21 17.77 . b 46, 752,
. 040 ~.15 17.74 .74 592, 256,
045 - 41 17.6%9 -k 1647, F62.
. 050 -.30 17.63 = 1124, 270.
HIGHEST 10.0-MS AVG. ACCEL. |
TIME (SED) i
G START ENL
I ~ 3. 05 L0245

L0145

POST 98 - HEMLOCK

A.99




TEST ID ~——m— P—3
TEST DATE ——— 10-29-25

FPENOULLIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUDS AT TIME

TIME ACCEL. VEL OISk FORCE IMPULSE

(3) (G75) - A{FPE) {F) (LES) (LE-SEC)
Q. 300 —.04 1%.80 Q.00 1&g, 0.
005 - 28 19.7% .10 F3EV. b
010 -1.24 19.4%3 - 20 4953, 4&.
L0155 2. 62 17,182 - 29 10442, 77.
- Q20 =3.50 . 18,467 « DY lasrasz, 141,
. 025 ~1.11 12,17 .43 44354, 200.
. 030 ~, 02 18.14 37 24. 206,
. 035 - 04 12,135 . bth 148, 205,
« 040 o= 13.14 - 73 - 334, 204,
- 045 G, Q0 12,15 .34 0. 205,
. 050 =-.13 12.13 93 528, 205.

HIGHEST 1€, G-MS AVG. ACCEL.
TIME (SEIZ)
Ges START END
-4, 1A 0145 L0245

POST 99 - HEMLOCK

A.100




TEST I ————— F-100
TEST DATE ——— 10-29%-25

FENDUJLLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL nisp FORCE IMPLILSE
(=) {(573) (FFS) (F) {LBZ) (LB—-3ZED)

. QOO -, 01 D, 20 Cha 00 472, Q.
. 005 - 37 .78 .10 1441, 2.

it

010 -2 37 « 20 474, 5.

19,

1%.7

1. 32
LO1S -1.7% 1%, 25 by LEET. LB,
D120 -2 A 1R, 24 L LOS13, 120.
. s -1.14 1. S L3 4545, 154.
L O30 -1.,45 1S LSE O BR01. 180.
- O35 - 23 1m.17 T 3715 203,
. 0240 - s 18,04 ~Th 2713, 219,

. 045 - A3 17,964 .35 1711. 229,
. 050 - 17 .50 .74 1182, 2R,
A bkt e 17.8& 1.03 1377. 241.
. DED - EE 17.7% .12 1294, 220,
LAOES -, 43 17.74 120 i1711. 259,
W O70 — om0 17 . b 1.2% 1210, 245,
LO7E — ., ik 17.68 1.3 SED, 271.
L AE0 20 17 .55 1.47 73, 274,
P OHES - 153 17.585 1.5 T, =20,
2P0 — 20 17.582 1,64 7, =84,

HIGHEST Z0.0-MZ AVG. ACCEL.
TIME (SEC)
ERIES HTART END

e R . S0 L OBER0

POST 100 - HEMLOCK

A.101




TEST IO ————= F—101
TEST DATE ——= 10--2%-33

FENDLLUM HINETICE SLUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL OISk FIORCE IMPLHSE

{5 (Z73) {(FPZ) (F) (LBE=) (LB-SED)
6?650 - 34 19.80 1. 00 147, .
L 005 -1.00 17. 73 10 3997 . &
L0110 -1.21 1744 .20 4520, 42,
LD1S ~2. 33 19.23 2 D27 . 7i.

2
L 020 —3.06& S, T By 2241, 12%.
1

ek

2 -1 .73 13,34 o AHE AT1Z. 182,
akcle] 1% 18,24 37 742, 1924,
N hciat - D& 1o, 24 oy 250, 174,
« 040 L 12,24 T AT 174,
045 . O 18,24 = ~1&7. 194,
L 050 .04 18,24 o B —-147. 19z,
L 055 .4 e, 2s 1.0 VA7 193,
. 040 -.17 18,23 1,12 Lbats, 192,
06D -, 553 13.1% 1.21 priChe e 200,
LO70 —-. 42 15.11 1.30 &bk, F10.
D75 —a 17 .07 1.3 LYY 214,
. QE -, 12 Ci5 1.4% SO0, 217.

. QEE -, 0 5.05 1.57 =2 218,
. 350 -1z .05 1.b6 S04, 218,

.04 1.75 147, 218.
. 04 1.8 ~1&7. 21,

L OF5 04
. 100 L D4

ek i bl et B

i

HIGHEST S0, 0-MS aVvG, ACCEL.
TIME {(3EL)
G START ENT

POST 101 - HEMLOCK

A.102




TEST ID ~=———— F=102
TEST DATE ——— 10-29--25

PENDULUM FINETIDS =UMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL oI=pP FORCE IMPLLEE
(5 (G73) (FP=) {F) (LBS) (LB-ZED)
2, 000 — . 13 18,20 0. 00 125, .
L 005 -2, 0E 19,42 <10 202, A
=010 —-1.3% 19,328 . 20 RE4E, S
LOLS —-Z. 13 12.00 . 25 12473, 29,
« G20 i 18,53 L 5218, 157,
I et -, 07 12,44 L A= 2R, 1467,
« D30 -, 1£,40 .37 1%44, 174,
L0325 - WD 12,2 oy 374, 1a,
. 040 R .14 7S 1544, 203, ,
. 045 —. 47 =P =t 1377. 211. {
« 050 — a4 S0 ] 1377. 219,
. OEE -, 53 17,94 1.02 2123, 223,
» DEQ —. 47 17.8% 1.11 1977. 238,
DES - 24 17,33 1.20 IED, 244,
Q70 —, 20 17.7% 1.2% 1210, 290,
OTS -. 20 17.75 1.38 1210, 255,
. O30 -1k 17.71 1.47 A2k, 20,
< RS -. 11 17.4% .34 459, 262,

HIGHEST %0.0-MZ AVG. ADCZEL,
TIME (SED)
(R START ENL
=1.10 LO01S LDELS

POST 102 - HEMLOCK

A.103



TIME
(=)
0. 000
D05
LOLG
1S
. Q20
2 Q25
- CH20
O3S
. 40
.45
- D50
« ES
- 0&Q
LS
370
O75
« QD

L CHES

TEST [0 ——e—— F—103
TEST DATE ——— LO-2%-33

PENBLILLIM EINETICS SUMMARY
NOTE: VALLUES ARE INSTANEDUZ AT

ACCEL VEL DIspE
(155) (FF=) (F}
i e GO0
15 &2 10
—1. 324 19.41 o 20
[
1

.
—
-

3

L

i

13, 0 L
%, (01 .39
G, 0 1%, 00 LA
- O 15 Q0 Pt
.2 L& w3 7
-.71 L BE 77
-3 LR S0 =1
-.17 18.77 -
S 15,73 1.05
-, 52 1E. AL L.14
—. 40 e, 5w 1.24

— B0 1,33
-~ 23 Q.49 1.4%Z

1.51
1.41

- O

o N

P b pe bt
]

g R S

>~

[EAREEY

=

AIGHEST H0.0-ME AV, ACCEL.

TIiME |
START

W DOLE

POST 103 - RED PINE

A.104

TIME

FLRCE
(LEE)

FAES

T

e =

ey
34
=

4 00
D I

RTINSO

i
oo L
r L]

k1]
B

1169,
28440,

[ ]t
ST .

haE,
1334,

2088,

15387.
13234,
219,
R4,

334,

SR
END

IMEULSE
(L.B—ZEC)

3

i

R S ]
£ 40 LY

100,
101.
1i4.
124,
128,
1323,
141,
150,
153,
163,
1adb

167 .




TEET IN —e——— F—-104
TEST DATE ~—— 10-2%-23

PENMOULLIM KINETICE SUMMARY
NOTE: VALUES ARE ITNSTANEQLE AT TIME

TIME ACCEL VEL nDIsF FORCE
(5) (373) (FEZ) {(F) (RS

0,000 L5 159,20 0. 00 —~EE,
D05 ~. 14 19,80 A LT
L0110 =Z2.03 19.357 . 20 =131,
LS -1.51 19.3& . EQL A,
20 -3.12 18,94 i 12447,
. 023 =1.24 12,53 L An =045,
- OE0 LR 12.4 .S —-37S,
35 - 05 18,48 AT —0T,
« 040 .14 12,91 “Th ~3432,
« 045 11 1E, s =t —4553
. 050 .11 18,53 L5 457,
L OS5 —. 14 123,53 1. 04 =45,
. 260 T 12,42 .13 T
D& -.47 18,32 .22 1274,
- 70 -, 03 1, 2 1, T e
LTS - K 12,22 1.41 105,
» UR0 L1 1.2 1.50 ~70F,

MTIGHEST 30, 0-M% AVG. alCEL,
TIME (ZED)
Cie = STRART ERL

—u e D000 L U0

POST 104 - RED PINE

A.105

IMEUL SR
(LB-SEC)

.

Gk

107.

=
&b,
143,
14&1.
L&,
138,
15&,
170,
124,

S1=

Ll =20
%]

0
D




TIME
(%)
0. 000
. Q05
010
LOLS
- 020
L0225
- 030
033
« 040
. 045
. S0

HIGHEST

Fe10m

R ]

TEST IO
TEST DATE

PENDULLM KINETICE SLUMMARY
NOTE: YALLEZ ARE ITMITANEDIZS

ACCEL
(G575

VEL.
{(FF=)

19080

DISF
(F)

O, 00

1%. 75

19,45

10
w20

- W 19, 1% el
-2, 37 182,67 L
—a St 18,24 L A5
<08 18,22 u BT
02 18,2 » ot
10 1E. 24 7S
.10 a5 =

o HE &3, 26 L wa

T0.G-ME AVG. ACCEL
TIME

G START

e 13 140

o
s

AT TIME

FORCE
(LBS)

4350,

bR e L
LD a

11711.
13447,
2257,
~251,
-4,
-413,
~413,

_— e
ATl

CSEDY
EML
W 2240

POST 105 - RED PINE

A.106

IMFLILSE
(L_B-5ED




TIME
(=)

TE=ET LD ———-

TEST DATE —=——

FEMDUH_LIM KIN
NOTE: VALUES

ACLCEL

(GfS)

S alel)
« D05
LO10
LOLS
« 020
. Q25
" Q0
3T

o QG
. 045
- « D50
Y e
n 05O
OAD
- D70
L D75
. OEO

-, 04
- Tt
—-1.22
-2, 75
0.5l
—-4,0Q7
11

- 2
-4
—a 0%
« Ob
0. 00
-
. Q0
02
0. 00
. G

HIGHEST S0, 0-MaE

POST 106 - RED PINE

ETICE

ARE INSTANEDLS AT

VEL
(FF=)
19, 30
19, 75
12, 48
17.21
18. 6%
158,04
1784
17.35
17,85
17.85
17. 34
17.34
17.258
17.324
17 .25
1785

17.524

AIVIER

a7 =

-1, 21

A,

=104

LO=20-05

HUMHMARY

DIcF
{F)
0. a0

. L0
.20
&
. 3

4

. a7

. il

LTS

. S

. 3

1.0z
.11
1.20

1.37
1.44

-

ATCEL.

TIME

STERT
0. G0

107

TIME

FORCE
(LBS)
AhG.
203,
TE74.
10993,
140325,
L&IR0,
~4.3,

ot -
173
27,
—2E0,
[
H4bE,
0.
—27.
Q.
—2L0,

SR

ENT
OO0

IMPLULSE
(LB-SED)

Y pr
L] »

-
s
=

L
:

oL~ I

3 el

3
B
(O

242,
243,
242
241,
242,
243,
242,
243,

244,

|
i
h
i:
f
H




TIME
(3)
e 00
- D05
PRAD Y]
~01E
. D20

[
LRSS |

- O30
L 0ES
» D0
045
. 050
« OS5
W DED
« 055
370
«O7E

TEST I ————m F-107
TEST DATE ——— 10O~30-25

FENGULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDLS AT TIME

ACCEL VEL nr=pe FORCE
{(G75) {FF=) (F} (LB=)

4 19,80 0. 00 a7.
—Z2.41 19, 4& 10 WEDT,
-1.15 1, 42 20 qmas,
-3, 08 19. 03 . 2P 12311,
-1.71 18,55 .3 A4,

-. 02 18,45 - 43 27.

11 18,45 57 —433.

. 0P 128.44 Y —347.
L0 18,47 .74 ~347,

. 17 S, 48 LB —REC,
s uly] 18, 4% =2 .
. O 18,580 L3 ~z47,

4
—. 02 18.51 1.13 87.

- 07 L& 50 1.22 —240,
0. 00 12,51 1.31 0.
. 07 g, =2 1.40 240,

HIGHEST S50, 0-M% AVIE. ACCEL.

TIME (SED)
R START ENT

POST 107 - RED PINE

A.108

IMPLLSE
(LB-=EC)

142,
laa,
lé4,
145,
1&5,
143,
141,
1&1.
141.

16101
152,




7
[
1o
|

L —

TIME
)
0,000
« D05
» 210
COLE
o 0320
. 025
» O30
O b
« D80
=045
. 050
S b
» G0
. O&S
L0770
7S
L 0E0

HIGHEST

TEST ID
TEST DATE ——-

P-108

10-30-85

PENDILLUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS

ACEL

(57

—_—
LR
—
ottt
—. 14

S, Q-

POST 108 - RED PINE

g
x| X
L]
o
4

(R YR NN ]

VEL
(FFS)

1%9.80
19.46%
19,28
12.1%
2,15

00 0 ~O =0
« c 3z =
dggn
00 B b

)
~J
i

(AR NX]
1 =
o

M
0o (0 0

ooy o 0

.
POx)

:
{5
~d

i)

AVIE.

DE R

=

e

nisgE
{F)
.00
10D
.20
2%

2w

=
i ]

S
« &7
77
3
. T

ALCTEL.

AT

TIME

FURCE
(LBS)
2lé.
11102,
ZE01.
2030,
b4,
1030,
2153,
2413,
2020,
P07 .
207 .
&H443.
202,
A,
A4,
214,
214,

TIME (SES)

STORT

LTS

A.109

E NI

LSS

IMPLILEE
(LB-SEC)

e L e e




TIME
(=)
0, 000
L D05
010
015
W D20
P D2F
. 030
L RS
. 480
045
. Q50

.05

W OAD

HIGHEST S0, 0-ME AVG,

TESZT IL —
TEET DATE ——-—

——= P10

10-30-535

PEROLLUM KINETICS SUMMARY
NOTE: VALLUES ARE INSTANEDUS

ACCEL
(53759

0. 00
-
O
.01

VEL DIsF
(FF=) (F)

G 00
10
.20

2
.3
. 4E
57
. ot
7S
=
W W

1.0

.12

o0 0 D

[

L]

OO OO 00 00 00 00

LY

GOCEL .

TIME

G START
T O D000

POST 109 - RED PINE

A.110

AT TIME

FLORCE
{I_BT)

13844,
13171,
&OT .
~173.
-0
—&07 .
Q.
—~2h0,
S0,

-43.

(SR

END
. D0

IMFUILEE
(LB-SED)

54,
104,
174,
199,
196,
197.
1¥5.
124,
194,
192,
192,




TEST IO ———=—— F-110
TEST DATE ——-— 10-30-25

PENDIILLIM KINETICS SUMMARY
NOTE: VALLES ARE INSTANEZOLIZ AT TIME

TIME ACCEL VEL, DIsr FiRCE IMPILLEE
(=) (G73) {(FF=) (F) (LEBZ) {LB-5EC)

Q.00 - O 13,520 0, 00 =38, Q.

- 005 —. 5 12,78 .10 2317, 2
L0110 ~1.75 13,47 o 20 LA, i
LO1S —2.2% 12025 -2 PIEZ, 5

« OZG —2. Pk S.7Y . a3 11247, 123,

025 -1,14 18,35 . 4% A457, 120.
D30 - 10 18, 23 .57 417, 183,
nicls -1 18,32 Y 758, 182,
. Q40 07 18,54 .74 L N 1=,
. D45 Ll 158,35 b -, 130.
« Q50 - 04 18, 34 .54 152, 17%.
oLt - 04 15, 25 1.03 152, 131,
. Q&0 - 21 LEL EE 1.12 2455, 134, -

HIGHEST =0, 0-ME AVGE. ACCEL.

TIME (SEC)
X START ERNT 7
— O, D000 . DE00 g

PR WL

POST 110 - RED PINE

A1l




. ot e A A s it e REEERTRE Y

TEST ID ——=—— Eeq1d
TEST DATE ——— 10-=30-325

FENDLILLM KINETICE SUMMARY
NITE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL nIsE FORCE IMPULSE

(:5) (575) (FF3) (F) (LBS)  (LB-SEC
0. 000 <01 19,320 0. 00 -, 0.
- “1.69  19.58 .10 &7S9, 27.
-010 -t.80 19,37 .30 7189, =4,
- 015 —2.94 15.91 CEY 11753, 110,
- Q20 -1z 1@, 5z Lo 474, 155,
e » 20 1g. 2 -4z -318, 159,
« Q30 .05 18, 54 .57 ~215, 157.
- O35 —. 40 12,5l - bt 1593, 140.
- 040 -5 18. 44 . 7 =T 147,
- 045 ~.1& 15,42 L ES 7. 175
- D50 -. 18 18, 2w x-71 Cyan., 176,
. 0SS ~. 10 1B 34 1,03 w57 179
- Dé‘[:) - :.. 1 :3. :3:3 j . 12 474. 132-

HIGHEST 50, 0-ps avlh. ACCEL.
TIME (ZEC)

START BN

SO0 LGS0

POST 111 - RED PINE

A.l12




TEST IL ——=—— F-113
TEST DATE —=- 10-Z0-25

FENDLL LM EINETICE SLMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME AZCEL VEL. RN o FORCE IMPULSE
(= (575) {FPE (F} (L.Bz) (LB--EED)

el

—
hU
ih
o

0, Q0 129, O
1%, &7 « 10 PEE0. 1é.
1. 46 .20 HE2EA. )

12,14 « 2% 10947, = e

i
s & =
Ralelte)
T
<D
|
dod
= s
0L O

—
n
I
3
N
RN O TS O - o

« OEO -
< OAS -
L0706 -
075 —a 12, 40

L84, 1 &3,
Y43, ieas,
A0, 172,
243, 174.

By b e

« D20 - 13, 80 - 2EaE. 125,
L O25 - 0 .75 . A5 S, 131,
W 30 1.3 18,74 Lo ] 2.
- Q35 1P 1o, 72 W7 771. 134,
« 040 - 18, &% . T 1547, 12,
. 045 . 18, 41 g1 1200, 145,
L Q5 -z 1.5 . 10232, 1353,
L QRS -.1 1o, 52 . 0 EHSA. 152,

1

i

e~ i
e
0
I
LR

e PR £ed L3 e i1

- D20 -.17 1. mE . 20 ESA . 177.
. e — o £ L E5 171, 179,

. OO O, 00 0. 1E0,

~ g
£1

g
o~

=

«OE T b .7 129, 18,
. 100 — O .54 a i 43, 121,
« 105 oo M 18,34 1.%& =257 132,
110 —. D |, e 2. 05 2E7. 22,
LIS o (iR 12,22 o, 14 AT 134,
L LEO - 04 1=,21 Py 171. S

HIGHEST S0, O0--M% AVGE, AcTEL.
TIME (=&
R START FENEY

- W RS OSs

 RELr a Wbl

PGST 112 - RED PINE

g

o A.113



T e

TEST ID ————— F-113Z
TEST DATE ——= 10-320-85

PENDULLM KINETICE SUMMARY
NIZTE: VALUES ARE INSTANECLE AT TIME

TIME ACCEL VEL DIsF FIORCE ITMFULSE
(=) (13°5%) (FFPE (F) (LBS) {LB-8EC)
. Q00 —. O 19,80 Q.00 2ET . Q.
el -1.%71 1953 .10 TE2T. 24,
LD ~1 .75 o2 7111, 53,
WLT —. PR L 2 11208, 11t.
. D20 —-4.12 i R L&472, 185,
25 —-2. 8% 17.32 47 Llz0w, 247 .
. O30 -l 17.5% . D 2448, P74,
L35 - O 17.54 Yt 257, 281,
. 040 - 13 17.52 .78 =14, 283,
D45 .11 175 B3 ~423, =
- QS0 - 15 17,52 .2 AHO0, 7
¥ ki L O 17.51 . D0 —2473, 2
« A0 . 04 17.51 s ~171.
. 065 - 14 17.51 1B 171%.
Q70 . Q0 17.50 o Bl .

ENR

60D G G 0

G~

=3 1 B2

P gt B i

HIGHEST S0, 0-MS AVG. AllEL.
TIME (ZED)
Cie = START END
S A . OO0 . OEOS

POST 113 - RED PINE

A.114



TEST ID ————— P~11€
TEzZT DATE ——— ~30-85

FENDULLIM KINETICE SUMMARY
NOTE: VALUES ARE INSTANMEOUS AT TIME

TIME ACCEL VEL OISF FORCE IMFULEE
(=) (G 8) {FF3) (F) {LB=) (LB—ZEC)

0. OO0 - 03 19 .50 O, 00 12=, Q.
« DO -2, 11 1%, 55 10 245, 27.
2010 —-1.40 19.325 . 20 HA0E. S5éb.
LS —2. 93 H.W4 » 11733, 107,

< Q20 ~-. 17 LS. 74 M L, 159,

o Q25 0. 00 1u.7¢ « A3

« Q30 -.14 18,74 .57 a5
« D25 — 70 18, 46% . &7 et

oL 5R L7h 145

=, 54 W Es 7
A . P53 145

I A R
= L ]
b e
L B3 B2
1Y 2"-{'.!
a

. 040 -, 36 1
. 045 ~-. 18 1
OS50 = 15

Lo
o
o
frli“-.ll’

HIGHEST 19, 0-M% AVE. ACCEL.
TIME (SEC)
Gl START EnNTT
— O L CHOAE L1 A

POST 115 - WHITE PINE

A.115




TEZT ID —~wm—— P=-114&
TE=T DATE ~—— 10—-30-35

PENDULIIM KINETICS SUMMARY
NOTE: VALUES ARE INSTANECHES AT TIME

TIME ALCCEL VEL DIsF FIORCE IMPULSE
(8 (G°5) (FP3) (F) (LB=) (L.LB-ZEC)

0. 000 = 4k 19.80 0, 00 LEae., 0.
 DOS -1.28% 19,55 .10 7544, 21,
010 ~1.35 19,22 o 20 7418, 3.
0105 —-1.4&3 13,93 2 L5364, 103,
o« D20 -, 02 18.86 MRCEY =213, 116,
« D25 -~ Qb 18,84 . A5 231, 117.
- IO —. 04 12,24 57 147. i
O - 14 18,83 b7 &5, 121.
. 040 - 42 18.77 L 7E 1912, 25,
. 043 =20 12.72 . Bh 220. 1323,
0530 - 12 12.70 S A4z, 137,
- OIS —. 10 18, 48 L.04 . 137,

. 040 —. 14 12 64 114 5867, 141.

HIGHEST S0, 0-MS AVIG. ACLCEL.
TIME (SED)
G ZTART END
o 1 95000 1500

POST 116 - WHITE PINE

A.116



TEET ID ————— F-119
TEST DATE ——— LO-320-33

FENMDULLM KINETICZ SUMMARY
NOTE: VALLES ARE TNSTANEOUZ AT TIME

TIME ALCEL VEL pDIseE FORCE IMRPLILESE
(=) (G3) {FF3S) (F) (LRS) (LBE-3EC)

0. 00Q —. 004 197.20 0,00 149, 0.
D05 a2 1%.5% . 10 S LA. 26,

LO10 ~1.23 19.40 .20 4915, 50,
S015 —-z.8% 19,01 L2 11299, P
. 020 ~. 40 18.72 .39 15964, 135,
L025 05 13, . 45 ~-1932. 139,

B tata 57 1170, 14z,
b= a7 2447, 151,
2,50 w 7 14681, 1&1.
=.44 = 1935, law.
.40 W T4 14264, 174,
2,35 1.04 10040, 120G,

< Q20 - 1
L 035 - A1 1
. 040 . ¥ 1
«O45 — 27 1
L D50 - 26 1
OS5 -, 25 1
1
1
1
1
1
]

1.13 375, NECIC
.22 4034, 125,
.31 —-1%2Z. 136,
1.40 —-1%2, 134,
c1.4% 19z, 1EE,
131

1.58 —342,

«DEQ —-. 14
« 0465 - 10
070 <O
< O75 . Q5
« B0 05

L HEE . S

HIGHEST S0.0-MZ AVG. ACCEL.

TIME (SEC)
START ENII
LOOLE 0SS

WG

POST 119 - WHITE PINE

A.117




TEST ID ———— F=120
TEST DATE ——— LO-30-23

FENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME

TIME ACCEL VEL DI=P FORCE IMPUESE
{5) {1373} {(FP=) (F} (L.B3) {LBE=-SED)
g.000  -.0L  1%.m
. 005 -Z. 14 172, 54 s
LOLO -1.42 19.37 L 20 Se
1
{_-

o

L01E —E. 73 12.74& . 1
< OEC -1 .63 18.53 Y

D25 -~ 14 1g.43 « A

-Q30 — o CHE 18.41 . a7 255
. 055 - 27 12,37 Y 10463, 176.
- 040 - 57 iE. 3l a7 2. 185,
045 — . &4 18,23 . S 1743, 125.
IS0 -3 18.17 Ry 1318, 203,
OIS -2 te. 1= 1.03 1143, 209,
. 0&Q - 2R 1. O 1.12 293, 214.
. DAE -2 1. 04 .21 IS 217,
70 —. 18 18,01 1.30 723 223,

CO7 - 1& 17.9%2 1.39 &2 gﬁé.
. Q20 —-. 10 17.%4& 1.4% : E29.
- DS om0 17095 1.27 230,

HIGHEST =0.0-MS AVGE. ACCEL.
‘ TIME (SR

START ENEI

WL LOE10

ek

]

—1 .02

POST 120 - WHITE PINE

A.118




g
J

TEZT D ————— F-121
TEZT DATE ———

FPENTHILLIM RINETICS SUMMARY
VALLES ARE INSTANETIE AT TIME

NOTE s

aCzEL VEL
(LE7S) (FFZ)

—. 01 1w, 20
-1.7% 19.54
_lurﬁl j.‘.:;u:z:‘;}
—2.7 19,00

- 12,581
-1.02 12,15
- 10 18. 0%

L3 13,10

o, O

b}
1~

.
[y
(]
oy

vy
L]
=
o

m
= M
Pt bR b bR b bR el ek
Pt

y it

ARERRE

M
b
ot

g e

D]
.

-1 =
L .

fen)

£
b 0 = e

»

HIGHEST S0.0-MS AVE, ACCEL.

G ZTART

e S, OO0

POST 121 - JACK PINE

A.119

1020 nE

FIORCE
(LBS)

044,
10862,

13354,

41040,
280,
—-127,
-2,
~330,
~&E4,
—-42,
~432.
=320,
42,
-211.
-127.
—1&%,

(SR

ENE

LS00

IMPLLSE
(LB-ZEC)

=29

51.

PP
141,
205,
213,
212,
212,
211,
210,
210.
211,
210,
210.
210,
209,
S0,




TEST Il ——=—— Foioo
TEST DATE ——— 10-30-25

FENDH UM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEDIS AT TIME

TIME ACCEL VEL DIZP FORCE  IMPULSE
(%) (57 5) (FFS) (F) (LBS)  (LB~%EC)
a.000  -.z1 1w.@0  0.00  247. 0.
. 005 ~1.61 19,54 L10 6437, 23,
&1

2010 -2. 34 19,21 a el WASY, A1 .
LS —. PR 12,58 e R YIS 114,
» D20 -2 18,29 BC w147, 175,
025 - 18.14 « 45 a3sa, 206.
- D30 —-1.58% 17.%4 - RS2 wEd .
L0325 ~-1.12 17.73 AT 4439, 295,
a 40 -1 .14 17.54 74 4374, 280,
L4 ~-1.27 17. 364 .33 mOZZ, 203,
« Q50 -1.14 17.16 22 44555, 38,
8 bt -1 .04 14,93 . D0 4235, 3F0.
. QED - B3 1&.8 L0 feicTulc N AT,
. AR —.hé 1&.7% Ea2A. 3E2.

J
L |

LOF0 - a1 1a. B2
7S -l 16,55

2454, 294,
2454, 404,

i
i)

. 30 —-. 57 1. 42 I ey 2aa7. 413,
LOES - 51 1. 25 50 pete Jeic 42,
W FO -, 44 16,27 . 5 177%. Sc1=
- S - 32 14,20 ) 1270, 447,
o 161D - 2 O B « 74 EUCL 4553,
. 1O -2 1aa1l B3 WEZ. 45,
110 - 14,09 RRL. 4473,

L11S .17 L& 0%
. 120 ~, 3z LA, 01
L1285 - 34 15,96

. P &7 Qb
.07 127G, 471,
15 1253, 473,

W 130 -, 13 18,92 L2 =03, 482,
. 135 -, O 15,91 31 254, 44,

< 340 —a 17 15,29
. 145 -, 1% 15,86 . A4é& 508, 4335,
. 1E0 - = 15.285 . 54 491,
155 - O3 15,33 PR 4973,

- 140 —-. 08 12.8 2.70 498,

- 38 H72. 42k,

0 B B R R R T b o e R e e e B R B
.
.3
-

HIGHEST S0, 0—-MS AVG. ATCEL.
TIME (=ED)
i 5 START ENI
e T L 0RO 2 CSZ0

POST 122 - JACK PINE

A.120




o TEST [0 ~——=— e
TEZT DATE ——— 10-20-25%

FENELILUM S INETICS SUMMARY
NOTE: VALIUES ARE ITNSTANMEOLE AT TIME

TIME
{3 {E75)

ACCEL VEL. nIsF
(FPE) (F)

FIORCE
(LB

IMPLILSE
.B~-%EC)
G, [:'16 )
L D05
LO10

W 110

L 20

L0LE PR 104,

W G20
LR

" g i

L QRO

OS50 - 41

- 35S 35

L 00 —. 3 L 254, :
040 ~ o L7 S ARG, g
L85 - TH CEE 2921, ZEO. :

|;1 = :

n CHEC Rl

. DAS —. 4

- 70 -

“
o
—
Xy
L
ull
.
+1

o o

142z,

[} '-{l [ =]
s =

jarl
&

)
O
~ -

AEARRE RN
=

D75 —. 3% 1270, 403,

- 100 .

L 10E e ]

@10 -

13

G i B Rt bR el bk et B Rt bk ped
.
A
=
£

b L1 S —, S _ .
fﬁ AR - (15 A2 2Ok dd s,

HIGHEST S0

LO-ME AVG. ACCEL.
TIME

START

LOULS

POST 123 - JACK PINE

A.121

{=ET
ENI

b

L . OED - 43 1H0E, 412

L - 27 2 1432, 20,

- i : . L =5, !
-4 s 430, i




TEST

o -

——— F-12

4

TEST DATE ——— 10-30-325

FENDLULLUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS AT TIME
TIME ACCEL VEL ODIispF FIORCE
{5} {(53°%5) (FF3) (F) (LBES)
0, Q00 - 0% 19,80 Q.00 379,
- 005 -1.53 1%.71 . 10 A105.
- 010 ~1.13 19,42 .20 45095,
~SO15 -1.8 19.22 e 7334,
« D20 -2 P 18,80 . 3 11915,
- 025 —-2.54 18,26 .45 10231,
L0320 -2 47 17.%92 .97 Foe4.,
D33 -. 12 17.77  ads 443,
. 040 - 07 17.76 LIS 295,
. 045 —.01 AT T « 54 42,
. 030 1 17.77 .73 -716.
W OEE -.01 17.73 1.02 42.
. D40 .01 17.77 i.11 o
» AT 01 17.77 1.19 —42,
2070 -~ 03 17.745 1.28 124.
7S R 17.74 1.:27 1979,
L D30 -, 37 17 . s 1.44 1474,
W (HRE -. 07 17643 b 295,
L R0 ~a 12 1762 L. 64 4432,
L FS - 0I5 17wl 1.72 z11.
. 100 LOF 1761 1.5 —124.
HIGHEST 30, 0-M5 AVE. ACCEL.
TIME (SEC)
Gom START END
-1 .24 0, QOO0 « QSO0

POST 124 - JACK PINE

A.122

IMFLULSE
(LB-SEL)




TIME

0.

u
»
"
"

"
o
=
x

=

000
GOS
010
1S
Q20
D25
O30
035
040
435

« 050

L

#

OS5
00
QAT
Q70
075
o0
O3
CHE )
RS
1000
145
1140
A
| 26

g e

A

TEST ID —

——— F-12%

TEST DATE ~—— 10-30-53

FENDULUM KINETICS SUMMARY
NOTE® VALUES ARE INSTANEQUZ AT TIME

ACEL

{E75)
0. 00
-2, 00
-2.11
-3, 0%
T
-1.0%
e
- 72
- 70
- o 45
—. 3%

=. 33

—. 40

— o D
T :':{')
—a 1%

- 11
~a.11
—. 04

02
— A
—. 02

« 02
0, Q0
—. 0%

VEL DIsE FORCE IMPULEE
(RIS (F} (LB (LB-3EL)

12,30 0,00 0.

e
.

19,54 =10 SO0&, 22,
17589 .20 a4as, A3,
1=.22 2T 123250, 1z1.
1853 LB BT Rk 13,
19,47 i 1704, 14646,
18,23 : S7 4344, 122,

W] . s 2087, 197.
1z T AEOL, 209,
1&. 00 .5 2211, 224,
17.90 . P 1789, 23b.
17.82 .02 =215, 244,
17.73 1.11 i S 257,
17.4664 1.2 1613, 2h664.
17-4&0 1.2% 1443, 273,
17. 54 1.37 1443, el N
17. 50 R . 747 . 2R4.
17.47 1.55 426, 289,
17.45 l.&4 425, L
17.43 1.72 170, =9,
17,42 1.51 - gLt
17.41 1.70 T 297,
17.41 1.9 =5, 297,
17.41 2.07 ~25. &97.
17.41 2alt Q. 297.
17.41 2.25 241 . 297 .

o
Ay IV A

HIGHESZT S0.0-M2 AVG. ACCEL,

TIME (ZEC)
Ciis START ERI
-1, 13 LOOL0 LS00

POST 125 - JACK PINE

A.123




TEST I —-

TE=T DATE

——— P16

— QB =TT

FENDULUM £ INETICE SUMMARY
NOTE: VALLUES ARE INSTANEOUS AT TIME

TIME ACCEL
(=) A ERES)

G, Q00 o CHe

. QS -2
010 -2 01
1S —E. 05
« OF0 —-1.4a4
W 25 -
W A0 S
L 2T - 0

o 30 e
» 0475 - Ok

<50 — T
. OER O3
2 DO -, 04
W DA T ]

2 OT70 - O
WO7F ek
o CHE0 - O3

| LGRS

VEL BrzF
(FP3) (F}

13,30 .00

1%. 5% 10
190354 . 20

&89 .
15, 24 R 1

3

P )

PARNGE IS

. A=

i,

1
15,31 LB7
&3 ol
18. 31 LIS
lE, 2% .24
La. 2w LTI
dm, 2 1.03
1828 l1.12
15, 26 1.2l
TE. 24 1.30
T 1,32
TEL RS 1.4

SO, 0P AVE, ATICEL.

TIME
R STaRT
-~ w4 L 01D

POST 126 - JACK PINE

A.124

FORCE
(LBS)

2050,
2207,
HE46.
1h33,
LN
.
as,
231 .
o

pap P )
~133.

177

133,

(TECS
ENL
LOF10

IMPLILESE
(LEB-SED)

L

gy

i

o
®

]

[EE)

00 O 00 00 a0
= 3 - »

LY

GO NSRRI WD

~£1

)
x

01 = B3
-

RN




il

4 TEST ID ——==— P—127
TEST DATE —~— LO-31-3%

s FENDULLM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME
(3)
0. 000
Q05
.010
LO1S
L 020
L0253
L O30
L O
« 040
04T
. 050

« D&D
« QAT
070

SRR

"
!
-
)
J

ACCEL

~1 .
-2.732

VEL
(FFZ)

-
=

-5
W B

A

.

¥

T3 - A

¥,

e
o
.
-
G

17.80
17.21

POST 127 - JACK PINE

DIEF
(F)

000

10

“

L

i

-2

1=

P T

.47
T
D

.74

1.01
1.10

HIGHEST S0, 0-M= avis, ACCEL.
| TIME

START
Cr, D100

A.125

FORCE
(LRI
2EE,
T7ITE,
10227,
12901,
1965,

e
Sl

1097,
—&14,
307.
PEI.
~3E,
-44,
—2,
439,
o

~21

(SR

END
o OEO0

IMFPULEE
(LB—SED)

.
24,
Al

124,

200,

242,

o,

242,

24,

244,

=49,

250,

249,

243,

247,




TEST I ———e F-12m
TEST DATE -—— 10-31-8%

FEMDLILUM EINETICE SUMMARY

NOTE: VALLIES ARE INSTANEOLS AT TIME

TIME ACCEL VEL nIsgF
(5) (15750 (=) (F)
6.000  —.o®  1s.E0 | 0.00
. QOS5 -2 P 1% . &% 10

L0110 o R 19.2 .0
SIS -3, 32 12,24 R
L D20 —d. 52 182w .
. D25 —-1.oE 17.32% 47
L 030 - 54 17.73 T

L 035 - 17.64 W BT
« D40 w27 1761 o 78
. 045 Ot 17,640 I
L OS0 — 1E 17,57 =gl
L OEs - 05 17.55 1.00
. 00 - = L%
DS -
- 71 o
LTS -
L QRO -

H
~J
]l
111 1

FSEN: N
[y
~}
2

£ I ]
o

bt g e g
-
[
n
ot g

.

E [}
B iy

"
e
T
Fente T
~J
n
ol
G

M
T e

HIGHEST S0, o-M% " AYGE, ACCEL.
TIME
START

. D005

POST 128 - JACK PINE

A.126

FORCE TPl SE
(LB §LE-SEC)

0.,
I
13273, 119,
18044, 127,
=234, 242,

21bb, ST
1éaad, 2A5

1072, 272
-2, 273,

=2, 277
m2a, 279,
459, R,
Thb, 235,
AEa, 220,
L, 271.
153 A

(=R
EM




TEST I —~——-—- o
TEST DATE w—— 10=31-2F

FENOULLIM KINETICD SUMMARY
MNOTE: VALUES ARE INSTANEDUZ AT TIME

TIME ACCEL VEL DIseE ERCE IMPLULSE
] (E75) (FFE) iF) (LBZ) (LB-SED)

O, 000 - O 145, 3 .00 10, .
L 005 - R 19,63 o L0 11244, 21.
W 180 -1.15 19,40 20 amos, 501,

LO1E —2 ., B 19,032 . toe4e, 2.
L 00 o 18.77 o 1&&d . 123,

L2 W i3, 74 o i —-237 . 1297,
W Q20 ~. 18 18,74 37 454, 129,

e — T 18,7 .4 pacTat 135,

L A0 - 2T 12, &4 . 7l 1145z, 144.

. 045 =-. 11 1, &t CEE 453, 1445,

< 050 - 12 13, 5 -8 494, 191,

. OES - 1= 13,54 1.04 a8, 154,

o CHold - 13,54 1.13 aad, 156,

- DAES -, O 12,52 1.23 aEq, 199,

A L0700 -, 18,51 ) 227, 141,
- LTS - 0 1E, S 1.41 L5, 141,
« O - O 1EL. 50 1250 237, 142,

HIGHEST S0, G-ME a3, ACCEL.
TIME (RE)
R START (=T

T e labels) L YD

POST 129 - JACK PINE

A.127



TIME
(35}
O, 000
D05
L10
15
L0
« Q25
« Q30

L O35

« 240
. 045
. 050
« OET
. Q4D
« D45
L 070
L 075
L O30

W« DEE

HIGHEST

TEST ID ——=—- e-1z
TEST DATE ——— 10-3

FENRLH M KINETICES

NOTE: VALIES ARE INSTANEOUS AT

ACCEL

{55)

VEL.
(FP3)

-2 07 19,55
~-1.74 19,32
. P R8P
-4,10 = o
4. 14 17.62
—1.,9& 17.04

- .l:l'

!
~J
~}
g

j o~
by

ke y
4 =

-, 34 14,50
~. 34 14, 42
- 20 16,73
-. G5 14,5
-2 14,51

- 27

- 37

B0, O

ALVIE

(37

-2 0Z

POST 13

0

1-2%

SLUMMARY
TIME

nrEF
{F)
0. 00 —2E
.10 a274.
.20
. aw 11240,
o 1AZRA.
14545,
=7 T2,
= LDDE.
2059,
1145,
. &70.
1261,
134&1.
72,

FORCE
(LEBS)

L. Q&
1.14

T T
S ) il ot
P Ty

ARRCH]
1.2
1

.47

e,
Dadhm i 09

1143,
1491,

ATTEL
TIME
START
L0010

(=EC)
=ND

<0310

0 - JACK PINE

A.123

IMPULS
(LE~ZEC)




TIME
(5}
0, OO0
.05
LO10
LS
. Q20
L 025
.30
LOEF
- 140
« 045
» OIS0
I ba
W QLD
. OEE
. D70
OTE
W NS0
. s
. R0
L RE
e 100
105
W 110
L1115
L 120

23
« 130
<135

W 140
L 14m
. L300

FENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOGUZ AT TIME

BCCEL
(575
R
1.4
~1.75
P s
—3. 4
~1.24
- 71
-1.97

¥
—

n
Wiy E

S

|
[ |

.

i

e
- 57
— T
-~ a5
— . A0
—. 5

bl
— . o4
- 3

— 0
2l
-, 0E
— . CH=
~. 04
-~ 15
~. 07
—. 0k
=, 1li

P A

VEL pIspE
(FPS) {F3

1%, 20 .00
1%, 55 L L0
19, 36 <2,
15, 94 .27
15,43 .39
18,05 . 4%
18,00 .57
17

~J
~J

o b
17460 .78
17.44 33

17,3 b

L2 b
B0

£

by iy

z__,A
o~
i
~ oo i
A~

—
i~
s
3 L
O g

b

37
2

.
R,
-

M

o~
a
5
£

" .

AN &)

R |

Na ] 2
164015 2. lb
1, 103 .
a1l P g

b
e
x
e i I e e e N I 18]
T~

=, 40
Z. 4%

14,07 258

-
[y

.

s}

i

HEGHEZT S50, 0-MI AaVG, ACCEL.

TIME
ETART
OG0

POST %31 - JACK PINE

A.125

FORCE
{LBs)

DERA.

04,
10642,
Aotletn,
2EEe,
LRI,
A244.
2547,
4235,
BT A
3Gl
A2aw,
2E01.
23EA,

AT A T
il it m

2171.
1453,
1254,
1 24&2,
TS,
79E,

ity g g

sl e

150.
HE0,
279.
a6,
451,
494,

AN
ENT

L OS50

IMPLILEE
(I.B—5%EC)

106,
170.
217.
224.

SR

273,
290,
SO
T30,
4%,
367
ERCHR
295,
407 .
419,

=]
L.

4324,
440,
445,
44,
431

£y

4354,
404,
459,
4 L0,
482,
444,




TIME
(=)
., 0200
L D05
010
SRLS
. D20

. D25

L 330
R et
- 040
« 45
« D50
. OS5
« DAG
o AT
. 70
LTS
L =0

L 0BT

< O
LR
W 1O
L10S
W 110
L1158

. 120

Ha1—d
o Lol

» 130
L1EE
. 140
R

. 150

TEST ID e Fel3Z
TEST HATE ——— 10-31-35

FENDULLUM HINETICS SUMMARY

NOTE: VALUES ARE INSTANEOUS AT

ACCEL VEL nDIzF
(G75E) {EPs) {F)

—. 1% 1920 0. 00
]

—2.3% 1%, 5% 10
-1.61 19,30 R0
.2 =, 83 g

1
g 1
z 15.71 1
Bl 1,44
5. 54 1
T 44 1
S A0 1
.04 1
5,27 1.24
15. 21 1.92

-, 23 15,14 200
—. 15 15012 .07
-, O 153,10 2015
- 40 15,07 PE,
- 25 159,03 a0

-~ 15 L5.00 A
- 1% 14,98 2,45

HIGHEST S0, 0-M5 AVG. ACCEL.

TIME

FORCE
(l-BE)

174620,
12402,
7a45,
5524,
S441.
4497,
4707,
2719,
aEOE.
FE7T.
2eas,
1956,
20E5,
247,
200,
1&12.
1412,
1655,
1612,
1T2aE,
w24,

580,

=
ot
=5
o B
.

TIME (EEC)

05 START
-2, 07 AT el

POST 132 - JACK PINE

A.130

ERNT:

L ITI T

IMPULSE
(L.B—-SEL)

244,
A&,
287,
410,
433,
4351,
449,
485,
497,
508,
alv.
[0,

1l
o
S

12
N

LR IR Xy ]
[ Y ]
M

RN A

..‘,:)
O
a




- PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE INSTANEDLS AT TIME

-

IME ACCEL VEL DIsR FitRCE IMPUL S
(= (1E75) (FFs) {F) (LEB=) (_LEBE—-SEC)

Q, 000 L0 LR .00 —-a4 a

. 005 -1.77
L 010 ~1.24

3

@

401
==y s
o= i1

= 10 A, ES
4930, 4%,

L5 —-1.21 215 CER
« 20 T A w27

1
H
1
1
1
025 — 01 1%, 00 R = 100,
- 030 -~ 17 128.27 . S LTS, 103,
« CEAE -7 1&.71 BT e, 111,
- 040 - 74 13.74 .77 ES4, 129,
043 o 1. a8 o S 130, 139,
. Q50 - 13 184S . PE 717. 143,
- O35 - AR L5 &2 1. 0% v2a, 147.
« Q60 -. 18 18,59 1.1.4 717, 151 . .
S —. 04 1257 1,23 ET, 153,
W70 —. 13 158, 54 1.5E 14,
D73 - 08 13, 55 s 154,
L 08D Py T L5 =
L 1a, 55 1.&0 155,
QPO L0 LEL 55 1,70 |5

i HIGHEST S0, 0-#5 AVG, ADCEL,
TIME (ST
BN

POST 133 - RED PINE

A.131




TE=T

I ———-

- p—i13za®

TEST DATE --- L[0-31-8%

FENDUILUM FINETICE SUMMARY
ARE INSTANMEQLES AT TIME

NOTE

TIME A
(=) {

0,000
- Q05
.10
W01
. Q20
L QZE5
« Q20
- 35
« 040
- 45
» OS0

("E'E‘
w O
. DA
" Q70
. Q75

L 00
.05
W 100

HIGHEST

2 VALLES

EEEL
l‘l ,;::

Sl Gl

VEL Oi=E
(FF=) (F)
Tis.s0 | @.00
19,595 o L0
1YL EE 20

L&, 20 o e
10.;9 L E

12,14 .47
Iia. O . Sk
1a, 00 ol
17.%0 ]
17.7% L
17.46% PR
17.58 1.01
17.47 1.10
17,327 1.31%
L7 .3% 1.27
1724 1.34
17,2 1.

17.1% : i.Ju
1714 1l
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FENDLL LM
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D45 —-. 24 18,85 . B 1244, 113,
. D50 s 15, B0 . R 101z, 124,
.655' —~ 12.74 1. QS TOt12. 129,
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POST 159 - HEMLOCK

A.150




[ TIME

(&)
Q, Qo
L O3
1O
D15
020
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ERIC
« D
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« DEO
. QAT
. Q70
- 7S
L DE0
. OES
. O
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o 10
L LOE
110
L11E
L 120

[
i
‘.
i
[

i HIGHEST

TEST 1D
TEST

—— F-1&0
DATE —=—

110125

PE@DULUM FIMETICE SLUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

ACCEL,

[l Lot
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—. 13
-,

-

ot
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- 24
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- 07
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{FFE)
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-
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1%, 35 L0
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& 127
17.07 1.35
.44
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POST 160 - HEMLOCK
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TIME
(=)
0, 000
L 00T
« 310
LO15
20
« Q25
L AE0
- 35S
040
045

W N0

Yt
. QA0
DA
W 70
D75

TEST ID —-——v Foled
TEST DATE --— 11-0L-25

FEﬁﬂULUM EINETIDE SLMMARY
NOTEZ: VALUES ARE TNSTANECDUZ AT TIME

ACCEL VEL. DIsF FORCE
(G- 5) (FF3) (F) (LBS)

—u 03 19,80 0. O 131,

—-.21 1960 W10 PEAT .
—1 .67 2. 41 . B0 LEST,
-2 A2 18,98

w2 10443,

O i, B2 . BOYE.

0

o
—1.44 18,31 . 4 TRZZ.
- 18,14 . 1074,
-, 12 12,12 e,

~ ol 18.0%
-, 34 18, 05
-, 40 17.9%
-.27 1795

TR S SRR [

3 4

Lol SO RRKV R SN
L]
i
~i

1420,
1o,

s

=
®
.
Din

~. 1k 17.%1 « 1 L7
- 30 17.82 1,26 1isz.
- 1% 1736 R 744,
- 13 17.283 1,33 EET.

PIGHEST 0, 0-M5 AVEG,  J0CEL,

TIME (ZEC

0 s START ENI
-1,V L D W QOS2

POST 161 - HEMLOCK

A.152

IMPULSE
(L.B-=FED)




TIME
{5
0L 000
D05
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15
« Q20
N
. T
O35
o« 40
L Q45
L0
. 55
L QA0
. QES
LOT70
L0755

HIGHEST 50, 0-

PE@EULUM FINETIOS SUMMARY

NOTE x

ACCEL
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-, 0z
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-, 02
-1t

- 0%
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i

INSTANEDLES

DIsE
(F)

O 0

VEL
(FFE)
1, 0
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19, 40 L 20
17,00 .2
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18,432 a7

13,42 Y s
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LS. 24

2
I

= ft el i em
.
ES BRI % B e T

C b B G A4S LR

Lo, 23
a2l -0
LE, 20 4

AN,

AUCEL

TimME

e START
- LG

POST 162 - HEMLOCK

A.153

AT TIME

FORCE
LBz

£l

7.
437,
27

i)
ENEI

0m30

u LA

IMPULSE
{LE-SEC)

4%,
100,
132,
149,
171,
172,
179,
1384,
188,
121, E
194, !
194,
197.
197,




Phase II Post Tables

TEST ID -~»--~ MF-G-01
TEST DARTE --- 12-10-86

-

- -

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL YEL OISR FORCE  IMPULSE
(S) (3°9) (FPS) (F) (LES)  (LB-SEC)
000 -.27 20.00 .00 1084 0

002 -.95  19.97 .04 3818 3.4

. 004 -1.15  13.90 .08 4613, 12.2

. 008 -1.80 13.81 1B 5386. z4.0

. 008 -1.64  19.70 16 6551, 37.0

.010 -1.96 19.59 .20 7824, 51.2

012 -2.40  19.45 .24 9615, 68.7

014 -3.34  19.27 .28 13361, 91.2

016 . -4,31  1%.02 3L 17280. 122.3

018 -3.79  18.78 .38 15175, 155, 4

. 020 -4,70  18.49 .39 18305, 188.0

022 -.90 18,27 .43 3s82. 215.0

. 024 -1.04  18.20 .46 4147, 223.2

. 026 -.91 18.17 .50 3629, 227.6

028 -.22 18.14 .54 895, 231.3

TEST ID ----- MP-0-01
TEST DATE --- 12-10-86

HIGHEST LO.0-MS AUGS, ACCEL.

TIME (SEC)
578 START END
-3.70 0145 0215

POST 0-01 - JACK PINE

A.154



TEST ID ----- MP-0-02
P TEST DATE --- 12-10-86

E

PENDULUM KINETICS SUMMARY
NOTE: UALUES ARE INSTANEOUS AT TIME

TIME RCCEL VEL 0DIsP FORCE  IMPULSE
(S) (B'5) {(FPS8) (F) (LB3) (LB-BEC)
000 -.19 20.00 Q0 7al. .0
002 -.57 19.58 04 2265, =.3
004 .75 19,93 .08 3017, 8.6
006 -1.46 19.86 12 5837, 17.9
Q08 -2.32 19.74 Lle 2268, 2.4
010 -2.73 i9.87 .20 11147, 3.4
.Qliz -2.93 19,39 24 11711, 75.5
014 -3, 40 12.19 .28 13691, 100.6
L0165 -4.34 18.34 31 17381, 131.4
2018 -4,90  18.64 .35 139607, 169.0
Q20 -5.47 18.31 . 39 21862, 209.49
022 -&.93 17.914 » 43 27737, 258.7
024 -.66 L7.62 A6 2641, 295. 1
. Q2E -1.13 i7.88 80 4521, 300.2
028 -.61 7.57 53 2483, 301.6
TEST ID ----- MH-0-02
TEST DATE --- 12-10-86

HIGHEST 10.0-M8 A\VG. ACCEL.

TIME (SEC)
'8 START END
4,36 .QL35 0235

o POST 0-02 - JACK PINE

e
i
H

i
I
Lo

A.155




TEST IO ~-

TEST DATE

L

--- MP-0-03
--- 12-10-86

FENDdLUM KINETICS SUMMARRY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL
(S} (37S)
000 12
ooz 01
cQ4 -.21
Q06 .54
ooBs -1.10
QLo -1.39
01z -1.72
014 . -2.23
016 -2.85
018 -3.27
020 -1.9%
oz2 -.97
o224 -.22
026 ~-. 10
oz2e -.28

TEST ID --
TEST ODRTE

HIGHEST 16.0-

YEL OISP FORCE
(FPS) (F) (LBS)
20.00 .00 -478.
20.0L .04 -56.
20.00 .08 835
19.97 .12 2147
19.91 16 4393,
19.84 .20 5546
19.74 .24 6882
19.62 .28 g9z2,
19.45 32 11383
19.25 36 13071
19.06 .39 7820,
18.99 .43 3882
12.96 47 asl,
18.94 51 413
13.92 .58 1116,
--- MP-0-03
~-- 12-10-86

MS AUG. ACCEL. :
TIME (SEC)

'S START ENDO

-2.43 0110 L2210

POST 0-03 - JACK PINE

A.156

IMPULSE
(LB-SET)




TEST ID -=---~ MP-0-08
TEST DATE --- 12-12-86

£

PENDULUM KINETICE SUMMARY
NOTE: VALUES ARE INSTANECUS AT TIME

TIME RCCEL VEL DISP FORCE  IMPULSE
(3) (G°3) (FPS) (F ) (LBS)  (LB-3EC)

. 000 -.05  £0.00 .00 1898, O

Q02 -.28  19.33 .04 1131, 1.4

L 004 -.50  19.97 .08 2008, 3.8

. 006 -.78. 19.93 12 3109, 9.3

L 008 -2.78  19.83 16 11117, 21.4

LO10 -2.27 19.82 .20 3092. 47.0

012 -1.81  19.54 .24 6030. 57.6

014 -2.69  19.42 .28 L0740, 72.3

L016 S -3.92  13.18 .22 15686 . 102.5

018 ~3.19  18.94 .35 12742, 13L.85

. 020 -4.44  18.70 .39 17789, 161.4

.0z2 -5.28  18.38 .43 21104, 201.5

024 -5.24  12.03 47 20962, 244.6

.06 -5.43  17.&9 50 21716, 287.1

028 -5.81 7.34 .54 22046 330.6

L0230 -5.68  16.98 .57 22705, 375. 1

032 -6.55  1&.59 .60 26215, 423.7

O34 -7.16  1&6.14 .64 28641, 478.9

038 -5.85  15.79 67 22187. 522.9

. 038 -5.10  15.44 .70 20397. 566. L

L 040 -2.18  1l5.14 .73 8715, 603.1

042 -2.71  14.94 .76 L0SES. 628.3

044 -.85  14.97 .79 3392. 636.7 :

. Q46 -.43  14.85 .82 1978, 639.9 |

. 048 -.28  14.82 .85 989, £43.3 :
TEST ID ----- MP-0-08 :
TEST DATE --- 12-12-386 :

HIGHEST 10.0-M5 AVG. ACCEL.

TIME (SEC)
G'S START END
-5.94 0275 Q378

POST 0-08 - JACK PINE

. A.157



TEST ID ----- MP-R- 16
TEST DATE --- L2-12-86
. -

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL OISP FORCE IMPULSE
(S) (G739 (FPS) (F) (LBS) (LB-SEC)
. 000 -, 11 20,00 .00 439, O
, Q02 -.36 19,59 . Q4 1434, 1.7
NoleY:] -.56 13.3986 .08 2240. E.4
. 008 -.86 19.91 12 3426, 10.9
. 008 -2.07 13.83 - 8286, 21.1
L0110 -3.62 19.80 .20 14474, 49,5
012 -1.16 19.46 .24 4659, 66.7
.014 -3.,01 19.34 .28 L2084, 82.5
.0l1e -4.10 19,09 .32 16418, 113.0
.018 ~3.74 18.84 .35 14949, 144.5
020 -4.56 18.57 .39 18220. 177.1
. 022 -5.43 12.24 .43 21729, 218.4
. 024 -5,38 17.89 . 46 21839, 262.5
ey=1=} -5.52 17.584 .50 22061, 308.3
.028 -2.86 17.228 .53 11439, 337.5
030 -4,86 17.03 57 194853, 368.7
. 032 -1.84 16.80 60 7362, 397.6
.034 -1.06 15,71 .64 4286, 408.2
L0336 -, 79 15.86 .67 3141. 418.5
.038 -.83 16.51 .70 3331, 421.7
TEST ID ~---- MP-R-16
TEST DATE --- 12-12-86

HIGHEST 10.0-MS AVG. RCCEL.

TIME (SEC)
5'S START END
-4.91 L0117 L0273

POST R-16 - RED PINE

A.158



----- MP -l 28
1Z-12-86

TEST ID
TEST DRTE --~

-

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIMe ACCEL VEL OxseP FORCE
(51 (3'3) {FPES) (F) {LB3}
000 -.18 20.00 o 734
005 -.49 19.96 10 12973.
QL0 -2.52 19.685 20 1Q100
018 -3.57 19.35 .30 14294
Q20 -3.81 18.7& .39 15247,
P ~-4,96 17.28 48 13823
030 -0, 69 17.13 57 22778
i 035 -7.04 1&.10 =t 28ie4,
o 040 -6.,82  14.96 73 26066
045 ~4,12 14.31 sl 16486
Qs0 L. 71 13.728 88 &£853
=4 -3.26 13.32 .94 130321
oBo -2.1% 12.85 1.01 8744
OBE -2.33 12.52 1.07 9337,
o770 -1.80 12,158 1.13 7192
G775 ~1.73 11.87 1.19 8308
0BO -1.321 11.e3 1,28 5238
085 -1.24 11.50 1.31 4952
Q30 -1.12 L1.34 1.37 4475
035 -1.08  Li.17 1.4z 4333
TEST IQ ----- MP -~ 26
] TEST DATE --- 12-12-86
[
(] '
HIGHEST S50.0-MS AaWwG. ACCEL.
TIME (8BEC)
G’'S START END
-4.27 Q633

0133

POST W-26 - RED MAPLE

A.159

IMPULSE
{(LB-SEC)




TEST IO ----- MP -B - 30
TEST DATE --- 12-12-86
.

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEDUS &T TIME

TIME AncEL VEL OISk FORCE
(S) 1G'S) (FPS) (F) {LBS)
000 -. 18 20.00 o &3
002 -.30 13,93 04 1219
004 -.41 139.95 08 1854
006 -1.56 19.91 2 £249
008 -3.36 13.7 16 13455
010 -.63 19.80 20 2525
0i2 -1.44 13.83 24 5765
0L4 -3,99 19.35 28 18970,
016 -3.25 19,10 32 13020
.018 ~3.77 18.31 .35 15099
eY=r; -5.03 18.62 .39 20129,
022 -5.,18 18.28 .43 20710,
024 -5,38 17.95 .46 21532,
026 -5.80 17.59 .50 22016,
L0283 -5, 12 17.25 53 20463,
030 -4,29 156,93 .57 17179,
.032 -4,71 15,68 y=Ye! 18848,
L0324 -4,60 16.61 .84 18388,
036 -1.18 18,51 67 4701,
L0385 -.09 16,40 .70 345.

TEST IN ---~- MP -8B -30
TEST DATE --- 12-12-88

" HIGHEST 10.0-MS AVGE. ACCEL.

TIME (SEC)
G’'S START END
-5.26 .0158 . 0293

POST B-30 - WHITE ASH

A.160

IMPULSE

(LB-SEC)

Jil.
135.

17z

213,
264,
298.
341,
381,
41=.
421,
433,
447,

NOPJBRODWO DO K~ 0G0~ O




TEST IO ----- MP-B-3
TEST DATE --- L(2-12-36&

-

PENCULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL. DISP FORCE  TMPULSE
(53 (B’3) (FF3) (F) (LES) (LE-SEC)
000 - 20 00 815 .0
002 - .59 04 2366 2.7
004 - .66 o= 2657 2.4
006 -.83 12 3336, 14.4
Q08 -1.28 16 4984 22.6
0410 ~1.71 L20 5827. 34,1
oLz -2.57 .24 10269, 50.9
014 -2.89 .22 11578, 73.4
16 -2.82 .32 11287. 95,3
018 -3.46 .35 13857, 121.0 .
020 -4.,05 .33 16184, 154,82
022 ~4.22 43 16363, 184.4
024 -4.80 47 18390. 219.7
026 -4.74 N=te) 18948, 266.3
028 ~4.54 .54 18860, 294.9 :
020 -4,96 57 13821, 3332.4 :
032 -5, 04 &1 20160, 373.0 :
034 -4.29 .64 17154, 413.0
036 ~3.77 67 15093, 440,73
038 -5.02 7L 20063, 473.0
040 -3.985 T4 1796, 512.3
042 -4.32 77 17299, S46. 4
044 -4,32 .80 17299, 581.6
046 - .24 .83 960. 603.0
048 - .60 .86 2415. = 607.7
TEST ID ----- MP-B-31
TEST DATE --- 12-12-86
HIGHEST 10.0-MS AUG. ACCEL.
TIME (SEC)
6’5 START END
4,84 L 0240 . 0340

POST B-31 - WHITE ASH

A.l61




TEST ID ----- MP-B-32
TEST DATE --- 12-12-86

K-

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL BIsP FORCE IMPULSE
(g (3°8) (FFS) {F3} (LBS) (LB-SEC)
Q00 -.31 20.00 00 1268, s
. 008 -.382 is.92 L0 3272, 10.4
Q10 -2.88 19.68 20 11518, 40 .2
018 -2.88 19.24 » 30 11518, 34.0
020 -4,28 18.63 .39 17127, 1e9.8
025 -5.13 17.8% 48 207741, 266.5
O30 -4,23 17.01 57 16912, 371.8
035 -4.38 15.44 65 17415, 442.0
Q40 . -2.74 15.82 .73 10943, 518.9
. 045 -1.01 15.43 81 4039, E67.3
OBG -1.75 15.22 .89 7oL2,. 593.9
VOEE ~1.45% 14.97 .98 213, &e24.9
ety -1.27 14.76 1.04 5094, &e&l. 4
L0885 -1.12 14.58 i.1L 4519. &e72.8
C70 -1.0L ta. 44 .18 4039, B34.6
078 -1.02 14.24 1.26 4063, 7i5.9
LOBC -1.03 14.00 1.33 4135, 737.6
085 -1.1%8 13.87 1.40 4758. 761.3
Q90 ~-1.14 13.&8 L1.47 4587, 24,7
L0395 -1.06 12.51 1.83 4231L. 806.8
TEST I0 =-=--- MP-B-32
TEST DATE ~--- 12-12-36

MIGHEST 50.0-MS AUG. ACCEL.

TIME (SEC)
3’3 START END
-3.09 L007E LOBTYS

POST B-32 - WHITE ASH

A.162



TEST ID ----- MP-B-33
= TEST DRTE --- 12-12-86
: .
PENDULUM KINETICS SUMMARY
NOTE: WALUES ARE INSTANEOQUS AT TIME

TIME AECEL VEL OIsP FORCE IMPULSE
(5} (675 (FFPS) (Fd (LBS} (LB-SEC)

000 07 20 .00 ) -264, O

elar -.Q9 20,00 Q4 366, O

Q04 -.24 19,99 .08 44, 1.2

005 -1.08 13.9% . L2 4219, 5.5

. 008 -3.414 12,78 . L6 13887, 27.3

010 -.87 i12.67 .20 2232 . 41l.6

L2 -1.56 19.60 .24 6241, 50.0

014 -3.49 19.42 .28 13246, 71.5

L8 -3.08 19.20 .32 12309, 99.0 :
018 -3.,37 19,00 .35 1348, 123.7 o
020 -4.580 18.75 .32 179931, 185,77 :
022 -4,37 18.4& 43 17462, 191.5

024 -4.20 1=2.18 .47 16787, 226.0

026 -2.10 12.01 .50 8408, 246.8

028 -3.90C 17.e81 54 15608, 272.4

030 -2.13 17.el B7 8508, 297.1

Q32 .75 17.82 B4 3015, 307.7

034 -.84 17.47 .64 3382, 314.6

036 -1.14 7,40 B3 4556, 322.8

038 -1.04 17.33 7L 4170, 331.2

Q40 -.24 7.27 .75 3352, 338.6

.04z -.65 17.22 . 78 2774, 344.8

044 - 77 17.18 .82 3063, 350.7

045 -.72 17.13 .85 2834, 356.8

. Q48 -.72 17.08 .89 28%94. - a362.4

TEST ID ----- MP-B-33
TEST DATE --- 12-12-86

HIGHEST 10.0-M2 AVS. ACCEL.

TIME (SEC)
5’3 STRART END
-3.90 L0150 L0280

POST B-33. - WHITE ASH

A.163




TEST ID ----- MP-B-34
TEST OARTE --- 12-12-86

L 3

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP FORCE IMPULSE
(3) (G’S) (FPS) (F) (LBS) (LB-SEC)
olels -, 14 20.00 o0 g72 e
002 -.23 19,98 .04 1318 1.9

004 -~ 44 19,98 .08 1880, 5.1

. Q08 -, 75 19,92 L 12 3039, 9.7

. Q08 -1.88 13.85 Y- 7517, 1.2
VOL0 -3.46 19.65 B0 13840. 43.9

012 -1.21 12,50 .24 4835, 1.5

.0la -2.20 19.40 .28 8810. 74.5

QL6 -3.69 19.20 .32 14750. 93.2

L0148 -3.7% 18.95 .35 14589, 129.8

020 -3.89 8,71 .39 15864, 159.7

022 -4,73 ig8.44 .43 18917. 194.4

024 -1.11 18.24 a7 4452 , 218.4

L0265 -1.59 18, 1& .50 6368. 228.6 -

.028 -1.65 18,04 .54 6807, 243.6

TEST ID ----- MF -B-34
TEST ORTE --- 1l2-12-86

HIGHEST 10,0-M3 RUG. ACCEL. .

TIME (SEC)
G’'S START END
-3.63 0138 Q238

POST B-34 - WHITE ASH

A.l64



TEST ID -----~ MP-B8-35
TEST DARTE --- 12-12-886

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANEOUS AT TIME

TIME ACCEL VEL DISP FORCE  IMPULSE
(S) (6'S) (FRS) (F) (LBS)  (LB-SEC)
. 000 -.11 20.00 .00 438, 0
. 002 -.3L  19.99 04 1223, 1.6
. 004 -.45  19.96 .08 1796, 4.7
. 006 -.72 19.93 .12 2894, 9.3
.008 -1.64 19.86 .16 6571. 17.9
010 -3.58  19.67 .20 14307, 40.8
012 -1.30  19.51 .24 5186, £0.7
.0L4 -1.76  19.42 .28 7025, 72.2
016 -3.47  19.26 .32 13877, 9L.9
018 -3.90  19.02 .38 15597, 122.0
. 020 -3.64  18.79 .39 14545, 150.9
022 -4.72  1B.5Z .43 18892, 184.2
024 -2.02  18.32 47 8099, 208.8
026 -3.52  18.13 .50 14068. 23L.7
.028 -2.67 17.92 .54 10678, 258. 1
. 030 -3.03  17.77 57 12111, 277.6
.032 -2.25  17.58 B 9006 . 300.7
034 -1.59 17.49 .64 £380. 311.7
.036 -1.80 17.38 .63 7192, 325.0
038 -1.37  17.27 71 5497. 338.7
TEST ID ----- MP-B-35
TEST DATE --- 12-12-86

HIGHEST 10.0-M8 AVGE. RCCEL.

TIME (SEC)
6’S START END
-3.50 0170 L0270

ﬁﬁ POST B-35 - WHITE ASH

A.165



TEST ID ----- MP-B-36
TEST DATE --- 12-12-86

-

PENDULUM KINETICS SUMMARY
NOTE: VALUES ARE INSTANECQUS AT TIME

TIME ACCEL VEL oIsP FORCE - IMPULSE
(S) (5'%9) (FPS) (72 (LES) (LB-SELC)
000 -.a8 20.00 018 1129 0
ooz -.39 13.98 04 1558 2.8
oQ4 -.Ba2 19.95% 08 2082 a8.1
GO& -.81 13.91 .12 2226 1.2

L0088 -1.76 19.83 .16 7039. 21.1

QL0 -3.45 13.64 .20 138E83. 4.0

LOL2 -1.45 19.49 24 5800, £3.0

.014 -2.36 19.37 .28 421, 78.2

0l& -3.95 19.16 32 18807, 1o4.4

018 ~3. 77 18.51 .35 15092, 136.0

020 -3.88 18.67 39 iss21. 165.5
Q22 -5.08 18.38 .43 20334, 201.9
024 “5.17 18.04 .48 20668 . 243.6
026 -5.23 17,72 .50 20908, 283.8
028 -5.48 17.37 .54 21907, 27.2
Q30 -5.70 17.01 .57 a2z812. 371.8
032 -6.,00 i15.62 .60 24003, 419.4
034 -5.66 16.24 .64 22621. 467,232
.36 -1.60 16.13 67 6419, 484C . 4
.038 ~1.93 is.399 .70 7706, 4977

TEST IB ----- MP-B-36
TEST DATE --- 12-12-86

HIGHEST 10.0-MS AVG, ACCEL.

TIME (SEC)
G'S START END
-5.60 . 0243 . 0343

POST B-36 - WHITE ASH

A.166



Phase I Post Plots

8 8
- g g
B @
o
-
[~ %
B B
- g ¢ &
1 7S]
3 z z =
= |
L ]
% wm mm +®
= s Cia o
= o
= @
* m [~
~NZ
]
o.a. 2 s
[y 20°51 i 9 S-- nu.B..ﬂ. op opE 0o 'sf7 B..nm: 0&'ss nn.u-u.
(5.5 NOI 1H&373304 BT = (5-871 3ISMNdW1
g :
o 8 8
Lot
@
=
el
8 8 &
) 3 o)
- g —
A n 0 b
. = z £
= =
L i
& J = ¥ '
B g8— £ 3
= i 6t —
3
= 4
« = a%
- £
o
a.a. s g
a0 2% 0S5t =7 5+ ] 9055 s.ﬂ...l 0008 on-szr 00°05¢ 00 'ss gd.o
(5.9) NOI1H¥373004 B0 *  1S-87) IS MdWI

A.167




3" P-4

P g - ‘
8 PENDULUM RESULTS s PENDULUM RESULTS
: B
. &
u =
' )
W -
=
= O e
= g ,_,,:’
— S —
e @
& =
T = -
i [ r
[ He
[y S8
U Ili m w
a - .
: :
P 1 . i B
0.00 20.00 .00 56.60
.68 20.08 40.00 £6.00
g TIME (MS5] 8 TIME (MS)
B g
=
i
g &
oy =2y
X E
#*
o 8
-] ne
E g o
:f" =
Ly 3
4 <,
o 2
=" =
8 g
c?.ne .20.00 0. 00 50.00 8.00 <0. 6o ) 40.00 0. 09
FIME (MS) [ IME (MS)

Post 3% - White Pine Post 4% — White Pine




P-5

*

8 _PENAULUM RESULTS
g 8
o v
S 2
Es &5
En ED /
88 5.4
| 4
o i
5 e T
@ ¥ a¥
B 8
g "
o ) . . LI 10.88 2000 30.00
o TIME MsT e & TIME MS) x 10
& B
>
—
% B
- B - =8
@ ] i
24 =%
* *
g it
2 4
ch 3
L vy
4 -,
T2 Ty
= £ =
B ////’fpn ‘ E ‘
“ g . . ., a.00 n.00 0.08 30.00
G.50 ﬂ_l_ﬂ{dME (M(?;uﬂﬂ £0.Go ”ME [MS} x 10‘

Post 5% - White Pine Post 7 — Yellow Birch




p
—
~J
[}

P-3
ﬁ PENDULLUM RESULTS
8
o
=
s
E o \‘x/\,
o
w
—J
g
L)
a =
8
R
‘a.00 56.08 100.00 150.00
g TIME (MS)
®
~ 8
g
*
v 8
o
=
Ll
(V2]
ol
[s NN
=~
v——-_—l'd_'_—’__.
-
& .
“¢.oe 0,00 156. 56 156.08
[ [ME IMS;

Post 8 — Beech

15.00

P.-Q

§ PENDULUM RESULTS

0.00

ACCELERATION {G'S)

15,00

-9, 00

300, oo

o0 180,00

IME {MS)

— 8

150.00

x 10
i25.00

150. 03

IMPULSE (LB-S)
75,00

o0.00

56.08 106. 96
T

ME (MS)

Post 9 ~ Beech

150. 08



1L1°V

F-10
& _PENDULUM RESULTS
g
g:_
)
=
=
g
e
e
ui
0
&
o8
T
g
®
0.00 28.00 40.00 £9.00
. TIME (MS)
B
- B
g ¢
*
" 8
@ &
—
w
M
D8
(a3
z =
I S
gl |
“a.00 .08 8,08 £0.08

[IME (MS)

Post 10 - Beech

P-1]
PENDULUM RESULTS

30. 80

g
¥
vl
W
=
Es
= T
(o //—
[0
[T}
o g
o .
i
@ -
B
’?
[ W] 20.00 40.00 60,80
g TIME (MS)
g
_ 8
g
Landia}
*
Ry
ni
o X
—
]
U
Ss
ol
/
8 /
< 1
¢.00 20,00 18. 68 8. 08

TIME (MS)

Post 11 — Beech




P-12 P-13
§ PENDULLUM RESULTS . i PENDULUM RESULTS
2 8
- v
© =
= =
Qe Seg
- & P———— - = e
g g
L b
Y o tk
@ - a -
g 8
® R
0.00 50.00 100, 08 150.0 ‘ 0.60 50.00 100,06 156.00
8 TIME (MS) 8 TIME (MS)
B 8
>
[
~J
™~
- 8 -8
g =
#* ¥
\ & e
o o ?
g 3
A A
=g =g
[+ WS o v
" ./-_ E " o
g B —
“o.00 50.08 100. B0 159.08 Se.08 s0.08 100.00 150.00
TIME (MS51 T{ME (M5]

Post 12 - Beech Post 13 - Red Maple




ELTV

G'5)

ACCELERAT [ON

x 10

IMPULSE (LB-S)

P-14
& PENDULUM RESULTS
5
E
‘0.00 50.90 100.00 150.00
o TIME (MS)
&
8
8
P
8 /
/ |

u'cn.au . sn.00 108, 08 ‘%Is.uu

TIME (M5

Post 14 - Beech

IG'S)

- ACCELERATICN

x 10

IMPULSE (LB-5;

P15
8 PENDULUM RESULTS

g
o
)
8
&
‘0.0 56.00 100.68 150,00
5 TIME (MS)
8
4
B
8
g
AT
//
da.nu sol.cu 100. 60 "6, 9

TIME (M5)

Post 15 ~ Beech




=17

8 PENDULUM RESULTS

PENDULUM RESULTS

P-16

[ -3
<]
2
h

£ [ ﬁm
% - !
mm g @
T x = ” [=e]
]
g _,_ e A
mf. \ = @
Lu ; g o
\ 2 N ¢ &
/ — / —
|t g .
pos: 0o-g , . mn..mm” on,nm..ﬂ 0 '00E 0q°'ser uc‘.um_ DO°S¢ nb.u.u.
(591 NOTIBNITIIE DL x  15-87) 35N
g 8
g P8
- o5
g 5= 3
mi Mﬂ 22}
|
— —_ (V&)
Z \ ¢ =
g~ \ N 7
T i A w4
5 = =
u ///// ]
[r v ] aa°s1- n_b.nﬁ..M D3 'DOg, 1o Tt 92°05:( : 90°s¢ _uo.n&
[S.91 NOIIHY3I3b 00 % 15-g7) 35NGNI

A 174




P-19

P-18

8 8
”.n.\ -
B 8
" E_ E_
S £ £
A
= z / o
z A - Aa
sl
=]
]
=
Lol
@ g ]
08 9& el -5t 1] 1R B.H..ﬂ. 00 0oE 0Q 'ser o0 ost [ T B.nl
(5,9 NOIIHY3T3DH B0 % (5-87) 3SNWT
8 8
g g
8 B
o~ g _ E_
5 2 <
A
B b= wM
x g g
-
)
(]
=
al
a. s g
00 Je st o 00°sq-~ B.B:m 9 -goe oG szt ah s ®'ss E.no
(S.9) NOIL1HYITII8 01 % (S-81 B NWI
AL175

Post 19 ~ Red Maple

Post 18 - Red Maple




PENDULUM RESULTS

P-21

o
=
o
~

P-20

8 PENDULUM RESULTS

S.9) NOIlB4¥373300

g g
8 8
g _ E_
Y n
z E2
Ll Ll
=
g= g
; g 8
_ @ 03t [N wn3°
5.9 NOI (S-873 351
8 8
i 2
8 g
g g
n U
= =
Lt el
= x
B— —_
s g
8
o9 'ast 00°s¢ ea®

(S~@7) SN

Post 21 - Red Maple

Post 20 - Red Maple




LLT°V

P-22

8 PENDULUM RESULTS

15.00

o.o0

ACCELERATION G S)

-15.008

6.0

50.00 100.00
g TIME (MS)

1560.00

300, 0

x 10’
425.08

158,00

IMPULSE (LB-S)
75.00

F,,_‘

o

Post 22 - Red Maple

5. 00
TIME (MS

18008

)

150. 80

P-23
3 PENDULUM RESULTS

15,08

ACCELERATION (G'S)

-15.00

680

.00 100.00 150.00

ME (MS)

—8

x 10
42500

150,00

[MPULSE (LB-S)
7s.00

Kl

—T |

80

[ ] 100.08 150. 06

50.
TIME ([MS)

Post 23 - Red Maple




B
[
~J
0

x 10

(LB-S}

IMPULSE

ACCELERATION (G°S)

-15.06

P

P24
PENDULUM RESULTS

36.6C

15.00

o.00

400 -6 100. 00 150.00

ME (MS)

200. 60
_‘g

225,08

150,00

75,00

v

/

9.00

oa.08 100.00 150. 06

.50.08
TIME MS]

Post 24 - Red Maple

P25

=]
(=3

RCCELERRTION (G9!

~15,.00

x 10
225.00

150.60

5.0

15.00

6. 06

PENDULUM RESULTS

IMPULSE (LB~S!)

—

L

1

b

.88

[} 150.08

50.00 100
[IME (MS)

Post 25 - Red Maple




-
[ -
~J
\D

(G5

RCCELERATION

x 10

IMPULSE (LB-S/

15,00

&
PENDULUM RESULTS

c.05

LNy

15.00

0. 66

66 O

25,66

150.80

59.¢0 1
TIME (MS)

£s.00

150.00

15,00

c.co

e

.00 51,00 !

TIME iMS)

46.406

Post 26 - Red Maple

1
140 08

.IMPULSE (LB-S)

15,00

ACCELERATION (G'S)
0.16

-15.00

0.09 50.00

TIME

3ec. G0

* 10
J25. 00

150. 00

75.00

B
p

-27
ENDULUM RESULTS

(MS)

0. 90

150.00

yai

.G 50.08 08. 08 156, 08

TIME (MS)

o0.00

Post 27 — Red Maple




P28 p-29 |

- ° ) !
E PENDULUM RESULTS 8 _PENDULUM RESULTS i
" i
;
B g
v w
w2 2
= =
=K . Es
© s ]
g 5 ° NS (
4. o i
(T¥] (|
3 1 o
Lid Lid o
)8 =B
| U5 4
@ - T -
g B
R ¥
‘noo 56.00 100. 59 150.00 : a.08 50.00 100, 68 150.00 {
g TIME (MS) e TIME (MS) |
: £
R g ;
.
e
[
© E:g EDS
—~ 8 =4
* #*
vis g
o o ¥
= e
L] Ll
a i
DE D8
QA w v
z ~ z: -~
e
B #———F- 2 /_/—
o 5 ]
n.00 100. 00 150.00 “o.08 50.00 100. 00 156.00

_50.00
TIME (MS) T{ME (MS)

Post 29 - Aspen

Post 28 - Aspen




- ew | 8 bEobi UM RESULTS
§ PENDULUM RESULTS e ENDULUM RE
: i
—_Y =
[fp) -
! w
w 2
=
: o E o r/_,.,..-ﬂ—-———-'——"-
& @
& |
L ] .
1 o X
G .
LJ B il
& i
8 ; |
2‘?n oo 50.00 108.00 150.00 060 50.00 180. 00 150.00
g TIME (MS) 8 TIME (MS})
B g
>
H
e -8
) By ©y
=8 -
*
8 v
m n
= =
: :
=g > 8
T g (.
=" .
.
8 I a | B 1!
dﬂTﬁ' 50'_00 00.00 59,00 uﬂ.ﬂﬂ 50,460 168. 6 159,00
.60 . 100. *58, . .
TiME (MS) TIME (MS)

Post 31 — Red Oak

Post 30 — Red Maple




P32
8 _PENDULUM RESULTS

P-33
8 PENDULUM RE

SULTS

a's{ T

b5

(5.5) NOI lHy3713006

2051 na-

5.7 NOI

e
164374

BosI--

Ay

[ g
- (=]
g~ g
L m * -1 ﬁ »
n N
= =
8~ g
Suy =210
= =
— —
o [ =]
—— - &
oo-oe-S  noooe 0582z 0 oS 09°ss os®
G *  1S-g7) FSTNGWT
g 8
g - 7
2 8
T m —_ -t .m —
1
g 2
b
8—
- e
| 8 . 8
0o ooooe 00527 08051 90752 o
WL * 15-87) IS MNIWI

A.102

Post 33 — Red 0ak

Post 32 — Red Qak




. ﬁ
E A
- P o
—vﬂﬂu _ fan} =]
A { B g
— — T T& 4 s — TTE ]
o I :
_J _ 1
5 — I
U U N o)
wl = | = ™
a@. g> g
i R et Ry e N Ry
3 z -
. = o =
oY}
o=
PG
a a ° /_ o
: = . v S o B : : . kg
05 "9k Q0 Si{ [Afil ] 08 5i- 00 Qe 00 00E 05T 0395t &5 ey 2
(5.97 NCOILE4313000 D1 * [5-87) IETdWI
g 8
g e
~ " 4
b = K= 8
o g= | . -
b &
d
A —~ — ]
2 e E
o g= V[ g - )
wm Sy TN T T T By 4
| x = @
: 4% . b = ~
frian 4 : e
b S — g — —— ——h
P peok 0o°s1 oo 0D°gi- 000 D00k Qo ser 207051 80°sr o
IS5 NOT 1883713334 AR (G-871) I5MNW!

A.183




P-37

P-36

- . —
- T e B e R L.
= =
2
i o2 .
i s ﬁT e S m_
5 I
-
2
P
i
e g 8
8008 a0 st anp oG '51- op " 5t- < ag .BBM;’ T o0oee? Loosl 0oy o !ﬂh.lcﬁ.
fS. 31 NOIiBy37307Y DU x 15T 38 NI
-u]mU o
. g % g
T
)
U —
(5] U
_mm_ wm 8
x - w% \/ﬂ![u —T 8
L et
= —
[}
& /////.
D. D [ =3
+8 | ™ 8
00 Q& 00! [*a s} G-y iy S 96 00K D szr Qa-gst [» 1 4 ogo
(5,91 NOI 1H¥373038 L1 % 1S-€7) 3I5INdW1

A.184

TIME

* 100

(M5}

(M5

T iME

Post 37 - Aspen

Post 36 - Red Oak




P33

P-39

g 3
8 8
- 5 _ 5 _
™ £ £
A
: h .
= g g
s
i
=
&
o. ] 8
0g-0g s v <14 209 0031~ un.nn..& 00 "ooe £ 4 of oSt s, Dn.nﬂm
1S,9) NOIL1HY3IT3D38 L1 % 15871 ISNWI
B B
¥ g
m.,..m uﬂb
—
=
n n
4 2 \ ik
= Sy Sy
=3 = / x
3 - =
= ,
HT|
- g g
Q0 [ M1 206 oggi- B.Blﬂ. 0000 oo -9tz 00 'nst 05/ s.uﬂ.
(5.3} NOIJ1BM3T3304 LI * (5-97) 35 MNdW!

A.185

Post 39 - White Ash

Post 38 - White Ash




150,00
1568.08

.-
= =
4]
-}
s 8
8 8 _ 3
~— r 01
3 b 2
@A w :
o e e
by A LN
=3 fu]
—t n
—_ S
<=
TN
a s g
0g CE [ 0 [Fli 3 apsi- B.EJL 8030 an-szr 0g st 0052 ba.o-u
(5,9) NOIIHY3T3238 Bi * (S-81 IS N1
8 8
] 8
=
[4s]
: g
g
v == £ - =
: : 2
m tu {1 1
a wm wrML c
¥ g %T. ~t
3 +J
= W
== ke
I L
G.n. g g
1400 0037 000 00°'s1-- QU.B..H- 00 "0ae 0992z 0g'gst 00'sL g.nnu.
{S.3) NOIIBN3ITH20H B = 1S-97) 38MNdWI

A.186




L8T°V

T

x 10

IMPLLSE (LB-Si

ACCELERATION (G'S)

~16. 80

P42
& PENDULUM RESULTS

15. 90

oo

~30. 08

.00 .00 joo.00 150.00

ME (MS)

Y

300.00

225.00

150. 08

75,00

/f/_ﬂ

o0.60

150. 08

S0, 60 108.00
[IME (MS)

Post 42 — White Ash

=]
(=]

P-43 .
PENDULUM RESULTS

15.00

ACCELERATION {G'S)

-15.00

a.50

x 10!
168.00 225.00 a0, 08

IMPULSE (LB-S3
75.00

o.0a

0.08

160.06

56.08
TIME (MS)

150.00

/////,/ak~d*

2 100.08

50.
TIME (MS)

Post 43 - White Ash

154.00




P-44 P-45

8 _PENDULUM RESULTS 8 PENDULUM RESULTS
8 B
W -
= 2
= =
S =8
E ° MJ }G—: °
5 i
_J el s-;-r‘
L] [} i
g g
|90 it J g
aT = [ agtd
g g
R ]
Jll.ﬂu 20,00 40.00 68.00 'u.ou 50.00 150,00 150.08
g TIME (MS) g TIME (MS)
§ g
>
—
o
<o
- 8 -~ B
=% =&
* *
E: w8
nt o 8
= |
A ¥
=" Ex
}_ o
o sl
“e.00 2000 10.00 66. 00 “6.00 50.00 100. %0 '56.00
TIME (MS) TIME (MS)

Post 45 ~ Aspen

Post 44 — Aspen




g
[
o]
=)

('S}

ACCELERATION

x 10

IMPULSE (LB-S;

P-46 ]
E PENDULUM RESULTS
E 7
8
B
¥
.68 20.00 48_68 60.08
g TIME (MS)
g
§
g
B
gl -
DU.GG 46.60 £8. 00

0,08
TIME (MS]

Post 46 - Aspen

ACCELERATION (G'S)

x 10

iMPULSE (LB-5!

P-47
& PENDULUM RESULTS

r—r

16,00

G. o

""!'“

~15.00

2,048 20.00 40.00 60.00

TIME (MS)

300. 00

225.00

150. 00

/5,00

5]
e
0.60 24.68 48.00 6000

TIME (M5

Post 47 ~ Aspen




{MS)

TIME

P-49

§ PENDULUM RESULTS

P-48

(5.9} NOILIBY¥3T3308

: ’
g 2
wm 2
=
b=
8— g8
g &
E 005t e Esm
(5,3) NOIiB¥3T300b 1S-8711 ASMNdWI]
8 g
Tg 5 x ]
.
W
0]
& mmm g
= b
=
T
a. o -
g0k © 26°031 90's S.nu

(5-87) 3ISMdWI

Post 49 - Aspen

* 10’

TIME (MS)

Post 48 - White Ash




15006

WP

100 08

TIME (MS)

50.00

P-51
& PENDULUM RESULTS

060

150.60

100. 00

50.00
TIME (MS)

(S,9) NOTiHY3T3304 (5-87) 35

156.00

10800

TIME (MS)

50.08

PENDULUM _RESULTS

P-50

a.08

=]
]

oea . - 80°S¢,
NOI 1HY3713 (S~871) ISTNWT

150.09

100. 00
(MS)

ME

—

%T

Post 51 - Beech

Post 50 - Beech



b
—t
=
N

ACCELERATION (G'S}

* 10

IMPULSE (LB-S)

P_52 |
8_PENOULUM RESULTS

g

8 V\_/“‘"’—

5 |
"0.68 1008 .00 0.
8 TIME (MS) = 16

g

&

8

8 /i’__'_—

u ////4

8

“o.00 16.00 20.00 30.00

TIME (MS) = 10

Post 52 — White Ash

P-53
8 _PENDULUM RESULTS

g
nh
Y
=
Es
b— o
[any
[v.
I8
i X
Js ”
T ¥
B
¥
0.08 50.0a 10020 150.00
o TIME (MS)
g
-8
24
»
n B
o &
=
.
=g
i
Z N~
I
E /
nﬂ. 56.00 100.00 150.00
TIME (MS)

Post 53 - Aspen



E6T°V

P (RIS

P-54

& _PENDULUM RESULTS
_GE
w
=z
Se
g © L
&
|
L
o8
a -
8
®”
's.00 20.08 48.08 60.00
g TIME (MS)
5
- 8
=4
»*
v B
o2
=
wl
(Fa'
Js
Er-
/’_——_—M
8
bu. 60 28.08 4000 £0. 68

TIME (MS)

Post 54 - Aspen

P.55

15.060

E PENDULUM RESULTS

ACCELERATION (G'S]
0.00

~15.00

50.00 100. 480 150.00

TIME (MS}

ang. oo

x 10
225.00

160.00

75.00

IMPULSE (LB-S)

Pu.m

2] 100. 00 150.00

50.
TIME (MS)

Post 55 - White Ash




.
—
O
=~

P-_56
B _PENDULUM RESULTS
B
=%
e
=
Cs
— [
T
o
[ TW)
1
L
S
& =
B
®
aas 1a.6o 20.00 30.00
g TIME (MS} = 1€
B
B
— 4
*
w8
o &
=
A
—t
=" /////
8
cﬂ.ﬂﬂ 19.00 0.

20.00
TIME (MS) x 1@

Post 56 - White Ash

P-57
PENDULUM RESULTS

35. 00

15.00

o.00

ACCELERATION (&'S)

~15, 00

«~320.00

.08 . G0 48.00

ME (MS})

8

300. 00

* 10
226,00

180, 0

IMPULSE (LB-S)
75.00

/

I

0.0

0.00 20.00 40.00

TIME (M5}

Post 57 ~ Aspen

60,00




oh
60.00

.00
40.00

IME (MS)
ME (MS)

L

g g

Post 59 — Aspen

PENDULUM RESULTS

P-59

=]

o

[~

"
a.49

0.08

0@ st a6'9 20°51~ L0 De- a6 "00e 03 'sTT 20051 0G'ss R0 g

1S.9) NOILBy37333Y W1 * (5-87) 35 MNdW]

£l
Lo
2
£
b

150.68
150.04

108.06
160.00

TIME (MS)
ME (MS)

50.08

5

Post 58 - Beech

pP-58
8 PENDULUM RESULTS

o.00
0.08

0B st /i ] 0351~ 30 °0e-- 03'0ge i G0'98¢ 005/ we

(5.9) NOI1BY3T430b O % (S5-87) 35NdW]

A.195

I
[~
[



P-£1

P60 .
E PENDULUM RESULTS 3 PENOULUM RESULTS
8 8
w o o
L Y
pd prd
=t =
o iz ° S
[0l 2. i
Ll Ll
—d —J
t Ll II‘N |
2 =} i |
[« un] a =
B B
. 7
‘600 080 100. 00 158. 00 6.00 50.00 100.00 150. 00
8 TIME [MS) e TIME (MS)
g g
>
>
o
- 8 - g
* *
nE g
mE on?
= =
ﬁ Ty
2: 7
= =* —
///'—‘_"_ l 3 /
B B
ce_ou 5806 100,00 155,00 uﬂ.ﬂﬂ 50.400 100. 00 150.00
TIME M5} TIME (MS)

Post 61 — White Ash

Post 60 - White Ash




L6T"V

ACCELERATION (G'S)

~15,00

x 10’

iMPULSE (LB-S)

P62 |
PENDULUM RESULTS

30.00

15,00

o.co

48.400 50.00

20.00
8 TIME (MS)

225.00

156, 00

75.00

o008

.00 20.00 40. 60 64.08

" TIME (MS)

Post 62 - Elm

P-63
PENDULUM RESULTS

=3
L=}
=
~

15.00

{G'9)

RCCELERATION
0.00

~15.00

o000

20.00

10.86
TIME (MS) % 10

26,06

300.00

* 10
226,00

160.00

IMPULSE (LB-S)
75.08

.00 10,06

.00
TIME (MS) = 10’

Post 63 - Elm

36.99




P-65

8 PENDULUM RESULTS

-64

P

8 PENDULUM RESULTS

] s
&
© ©
g— 8~ g
L £ x e
!
- S @
fy N
— —
8 — . g
og gl 0o'e QG 91~ E.Btl 00 "oog 0g-szz 0g-Qst Q05 E.uﬂ
{5,9) NOIibBy373308 B0 * 15T} IS MNdWI
B B
# B
© ©
Bt g — B
|
2 N g @
g~ g~ P
gy = S 4
% £ Q
= f///!f/l = N
o 0a st 00p 20°91- B.B:l G 908 00°sTL 05 'gat 80'Sss e
[S,9) NOILBY37300y BT *  (S-87) ISNIWI

A.198




6617V

o P_66 i . = 3 P_.67 2 cLnnls =
8 PENDULUM RESULTS ‘ g PENDULUM RESULTS
g ‘
g g
= 8 ha #
s E
e
Sy — Zs
SIS & F
i 0
<, O ”
T8 a¥
: :
Ea. 0.00 .00 62.00 ‘000 18,00 20.00 36.00
g TIME (MS) 8 TIME (MS) = 10/
ﬁT R
- 8 - &
% 28
* *
N8 e
4 ¥ gg
wi L
A n
=g Sg
i =&
=R Er-:
8.!— T T ¥ I 8.
“o.00 20.00 40.00 62.00 “o.00 18.00 20.00 30.00
TIME (MS) _ TIME (MS) = 10

Post 66 - Elm . Post 67 - Elm




P-68 | P-69

& _PENDULUM RESULTS & PENDULUM RESULTS
8 8
v i
@ S
=z =
28 28
" B = NWtan
- 48
Lii ]
—d —
il [T o
i wh o
(v i cr -
8 8
8 9
c.ge 10.00 20.00 30.06 [N 10.09 2000 30.08
8 TIME (MS) = 1@ 8 TIME (MS} = 10
8 §
= /
o ////
o
< . B ]
=4 =g —
* *
e ne ///////
2 ]
ik 3" 2
t i
2 !
= =
8 B
nﬂ.ﬂu 30. 06 Bu. a0 10.60 30,00

10.0a 20.00 20,00
TIME (MS) = 10 TIME tMS) = 10

Post 69 — Elm

Post 68 - Elm




P-71

- P-70

8
B
ﬁ @
8
S m.]
o z
?A
o o
= g
=
]
g3
=
Ll
a. o
D3 -0€ o0 -5 0o 2091~ B.H..& 00 ‘0o Do -3zT Qg o4 80°st 80°0
(S.3) NOIIYN¥3T320H BT % (S-87) ISMNIWI
B
&
©
88—
N % %
—
—J
2 G
ﬁ
=
5 k= Z
=2 —
=
£
a 8
00 oE WSt 0oe 0g ‘a1~ wE- ocoope oSt 00°05 ¢ 905t 00°0
(S, 91 NOILWY3T3I0H L% 15-g7) ICMNIWI

A.201

158, 00

100.68

TIME (MS)

S6.00

0.00

30.00

o0
x 10°

0.

1800
TIME (MS)

Post 71 - Elm

Post 70 - Elm




P-72 P-73

8 PENDULUM RESULTS 8 PENDULUM RESULTS
g 8
P n-
w w2
= =
=8 Es
E 5] ]EE o /
o o
5 &
gf H
a T - |
1
g B |
g §
‘0,00 58.00 100.00 150.00 ‘ a.08 10.08 70.08 30.00
g TIME (MS) 8 TIME (MS) x 1@
§ g
-
[y
< /’_,—_
3=
of EF e
»* *
7t 7%
g ES g =4
i 2
B B
Lo %;ﬁ
8 /////,ﬂ4 g
.0 sa.08 108.80 150,00 “5.00 18.00 20.00 30.00
" TIME (MS) TIME (MS) = 10

Post 73 — Elm

Post 72 - Elm




€0V

P-74

8 _PENDULUM RESULTS
8
E
@
=
=g .
E Q ‘/-_.-.—’m—d-—'h—.—d—w—
[r e
bl
i
o
a s
B
8
a.60 50.00 106.00 150. 00
g TIME (MS)
8
=5
—
¥*
RE
n g
-
:
T
E = /
g /
BO.M 50.00 10000 150.00
TIME (MS)

Post 74 - Yellow Rirch

IMPULSE (LB-S;

75,09

8

P-75
PENDULUM RESULTS

3i

15.00

1.00

RCCELERATION (6'5)

-15.00

ra.00 20
TIME (MS) = 10°

300.00 -0,
Paam

x 10
25.00

156,08

/

5,00

10.00

20.00
TIME (MS) = 10’

Post 75 - Sugar Maple




¥0I°V

P-76
g _PENDULUM RESULTS
B
§%~
3
=
Ss
- o
a-
[+
b
ot
wi
o8
a7
g8
8
’ﬂ_ﬂﬂ 10.08 20.08 30.00
g TIME (MS) = 10@°
g
. B
=F
*
N8
&
=
L ////////ﬂ
Ul
Ss A
‘.—-Zn‘ h
8
aﬂ.ﬂﬂ 1006 30,68

28.08
TIME (MS) = 10

Post 76 — Yellow Birch

ACCELERATION (&'S)

-15.00

x 10

IMPULSE (LB-S)

P-77

8 PENDULUM RESULTS

16,00

G.00

|

18.08 o0
TIME (MS) x 10°

3p0. 00

226.00

160, 00

75.08

yal

20,00
TIME (MS) = 10/

Post 77 — Aspen




e
™o
o
i

IMPULSE (LB-S)

P-7

8
8

B .
PENDULUM RESULTS

15,00

0.00

ACCELERATION (G'S)

-5, 80

-30. 60

a.00

150.00

s8.00 120.00
TIME (MS)

300.G0

226.00

x 10

150,00

75.08

ol.00

Post

.00 160. 68 155.00

50
TIME (MS)

78 - Yellow Birch

P-79

g PENDULUM RESULTS

16.00

0.60

ACCELERATION (G'S)

~15.00

g.ae .00 108. 00

[ME (MS)

8

150.00

300. 00

* 10
225. 90

150. 00

75.00

IMPULSE (LB-S)

T

E

100, 06

50,00
TIME (MS)

o
-N.

Post 79 ~ Aspen

150.00




90T°V

P-80
g PENDULUM RESULTS

16,00

o.on

ACCELERATION (G'S)

~15,80

~30, 06

o.00

a60. 00

15.00 20.00
TIME (M) = 10

x 10
425.00

160. 00

75.00

/

IMPULSE (LB~-S)

10. 08 .00 .00

TIME (MS) = 10

Pogt 80 - Sugar Maple

IMPULSE (LB-S)

P--31
g PENDULUM RESULTS

15,00

[ ]

RCCELERATION (G'S}

-18. 00

-530.00

aas 100.00 150.00

400
TIME (MS)

368. 90

x 10
426.00

150, 00

75.08

/—
o 100,00 150,00

8.
TIME (MS)

Post 81 - Yellow Birch




T

g p_8_ 4

P-83

F-32
§fPENDULUM RESULTS & PENDULUM RESULTS
g g
- n
w w9
= =z
Os Ss
e @ [~ _ . ro——
[on [t
[V o
lal [T}
—J -
o @
i i
O - it
8 8
¥ B
0.00 10.00 .00 30.00 000 10.00 20.00 3600
g TIME (MS) = 10° 8 TIME (MS) =x= 10/
g §
>
o
o
= o8 - 8
— 4§ — 8
E *
v 8 (" B
| g g
o =~ o=
= =.
=s 2s
= : = g
g 8
uo.us 10.68 0.90 30,00 uﬂ-ﬂﬂ 10.00 20.00 30.00
TIME (M5 x 1O ' TIME (MS) = 10/

Post 82 - Yellow Birch Post 83 - Yellow Birch




80TV

P-B85

P-384 g ;
E PENDULUM RESULTS ; PENDULUM RESULTS
: K
_ﬁ ) n
e 9
Se E B
g o [ E o
& &5
- 1
o TN}
iJ o
aTz F 7
|
o g ]
8 g
"s.00 50.00 100.00 150.08 e.c0 5008 100. 68 150_00
8 TIME (MS) 8 TIME (MS)
g B |
|
= - 8. |
B 23
» *
D E e
o 2 ,i_.-i' e
2 %
it T
] /’_’___._‘_’-—-—'——"—“‘
g g
du_ 1] 58.00 100.00 150.00 0.00 50.00 100. 00 150.86
TIME (MS) TIME (MS} :

Post 84 — Sugar Maple Post 85 - Yellow Birch




602"V

P-86

PENDULUM RESULTS

30. 00

15.00

0.08

RCCELERATION (G°5)

~15,00

~30, 00

LK. ]

50.00 100.08

TIME {MS]

150.88

a00. 0v

* 10
226.00

158.00

75.00

IMPULSE (L.B-S)

0.60

0.08

50. 00 100.00

TIME (MS)

Post 86 — Sugar Maple

150. bg

P-37
PENOULUM RESULTS

30.00

15.08

ACCELERATION (G'S)
0.u0

~15. 0

£5.08 190.00

TIME (MS)

158.08

6. 00

x 100
125.00

150, 00

IMPULSE {LB-S)
5.0

50.00 100. 60
TIME (MS)

Post 87 - Yellow Birch

150.00




e e ULTS
PENDULUM RESULTS ENDULUM RES

oo

ae.co

8 g
28 v
e W
=
& g =8
— S }— o
= — o
= o
5 lej
u 1
o Li
Lui He
s o
aO ¥ et 7
B 8
8 8
fﬂ_ﬂﬂ 54.00 180, 90 159, 00 L. 50.00 100, 08 158.00
i ’ . )
. TIME (MS) g TIME (MS
g B
>
[3%]
P . 8
Sy o4
* »
N e 0
o |
[ 0]
H 4
" "
= ] = "
. y :
.00 5. 06 100.06 150.08 .08 5!_}00 £ [MS;m.m 150. 00
TIME (MS) M

Post 89 ~ Yellow Birxch

Post 88 - Sugar Maple




112°V

x 10

IMPULSE (LB-Si

RCCELERATION (G'S!

P-9g

8 PENDULUM RESULTS

g

8

g

'B.UB 56.00 108. Go 150. 00

5 TIME (MS)

§

§

g

8

= /______,_1.__———'-"_"*__

/'/

dﬂ-Uﬂ- 50.00 100.400 150.00

TIME (MS)

Post 90 - Yellow Birch

ACCELERATION (G'S)

x 10

IMPULSE (|B-S]

Lok

=

91

PENDULUM RESULTS

30.00

15.00

0.00

-15.00

300. 90 -3, 00
306 e & 5]

B 28.00 30.00

18
TIME (MS} x 100

425,00

150, 00

75.08

1
10.08 6. 00

.00
TIME (MS) = 10Y

Post 91 — Sugar Maple




he. ]

[AY AN

IMPULSE (LB-S)

P-92
g PENDULUM RESULTS

15. 00

g.00

]

ACCELERATION (G'S)

~16. 00

~30.00

ae)

1000 !
TIME (MS) = 10

360. 08

x 10
225.00

150, 60

5.0

N

19.00 20.00
TIME (MS) « 10’

Post 92 - Sugar Maple

IMPULSE (LB~Si

F-93
PENDULUM RESULTS

30. ¢

15,00

0.00

ACCELERATION (6'S)

~15,.00

6.608 . 00 100, 00 150.00

ME (MS)

8

300. 00

x 10’
225.00

160.00

75.00

L

L

aﬂ.ﬂ 56.00 100.00 158. 50

TIME (MS)

Post 93 - Sugar Maple




1TV

P-94
§ PENCULIUM RESULTS
g
g%d
U
=
=8
=
@
[l
(1)
]
Led
(g
Uy
a -
5
‘0.00 10.06 20.08 30.08
o TIME (MS)  x 10
=P
*
N g
et
=
H /
2
o
Eh
g
“p.o8 15.40 0. 00

20.008
TIME (MS) = 10

Post 94 - Sugar Maple

P-85
g PENDULUM RESULTS

1s.00

ACCELERATION (G'S)
6. 96

-15.00

-3

o.08

50.00 106. 0o

TIME (MS)

150.00

340. 00

*x 10
225.00

160. 40

IMPLL.SE (LB-S]
75.00

o006

50.00 108. 00

TIME (MS}

Post 95 - Sugar Maple

150,98




VAYAR

P-96
8 PENDULUM RESULTS

15,00

RCCELERATION {G'S]
0.co

15,60

~30. G0

a.00 18.00 30.06

2690
TIME (MS) = 10

390. ca

* 100
426.060

15G, 80

\

IMPULSE {LB-S)
\

0.0

%) 10.08 30.00

26.60
TIME (MS) = 10

Post 96 - Sugar Maple

P-97

3¢, 00

PENDULUM RESULTS

Eﬂ
9
-l
Cs
—_—
% \/\J/
[re] .
.
&
o8
@ -
B
]
‘e.80 58.00 108. 60 150,80
g TIME (MS)
g
- 8
=4
*
v B
ok
=
'ﬁ.
T
E»—.
g /////’”_ ]
“c.00 50.00 10000 156.00
TIME (M5)

Post 97 - Sugar Maple




P-93 P-99

E PENDIJLUM RESULTS E PENDULUM RESULTS
o & =
2 w
= =
Sg Cs
& g
5 ~ zT
L3 ol
= o
o8 ks
O = a -
B ¥
‘0.00 2650 40,00 5¢.00 ‘o.00 20,08 40.00 56.00
B TIME (MS) 8 TIME (MS3
g B
>
o
—
U1 =3
¥ =k
% *
s P
a2 OB
= =
¥ A
S =1
% £ E £
V-f-ﬂ_ﬁ i —
g ——] 8 : |
.00 T .00 a0.00 £0.96 _ “e.0n .08 10.08 £0.00
T IME (MS) TIME (M5}

Post 98 - Hemlock Post 99 - Hemlock




P-100 P-101

. g p N
5 _PENDULUM RESULTS 5 ENDULUM RESULTS
; i
— 3
un z
L !
b 2
=
= Qe
o —
g 3
&5 bl
w ud
o o
[ -] o E
& o [
(@ s :
: :
$G.UU 50,00 190.00 T;ﬂ.m ' :ﬂ.ﬂﬂ SEI:UIGME lMSim.OG 150.00
o TIME (MS) g ME (!
.> ™
[ o]
=
< - 8
g O v
© er —_—
) *
»
— 6 5
i a k-] ! o
| o o &
o i 3
= =
w A
3s =k
Q. ]
= =
*”” — ]
o 8| !
|:jﬂ,ﬂﬂ SG. 08 ‘0o, 08 150. 08 ¢.o00 SO_I_DFME l MS ‘]Bﬂ Ga 150.00
TIME [MS)

Post 100 - Hemlock Post 101 - Hemlock




L1zgv

0. 05

P-102

PENDULUM RESULTS

3

15.00

o.o0

RCCELERATION (G'S)

-15. 00

o X.00

.00

50.06 100.00 150.06

TIME (M5)

300, 00

x 10
225. 60

150. 06

5.0

IMPULSE (1.B-S)

o 0.0

.0a

s0. 08 10698 156. 00

‘TIME (MS

Post 102 - Hemlock

(G'S)

RACCELERATION

* 10

IMPULSE (LB-S)

P-103
PENDULUM RESULTS

8

B

8

&

‘a.on s0.68 140.00 156. 06

5 TIME (MS)

B

:

B

= """ -

“0.08 50.00 186. 60 15000
TIME (M5]

Post 103 - Red Pine




P-104 - . P-105 |
E_PENDULUM RESULTS

E PENDULIUM RESULTS
8 z
?‘ = W
£ €
=
=
Ss Ss
& &5
| 1
TS ]
[T e
il g
a?® @~
; . Eiu.on 20.08 "
‘0.60 50.00 100.68 150.00 . 16,00 £6.00
o TIME (MS) e TIME (MS3
>
o
bt
o _ & _ B
8 =
* W
k- o
-] m 2
m2T
-~ =
[TE|
% 3
=)
ot g«
=" -
[ E—
R
8' ﬁ E 1
s 0.00 .00 48.0¢ £6. 00
6.00 s0.60 100.06 156,96 ;
TIME [MS) T IME (MS)

Post 105 - Red Pine

Post 104 - Red Pine




P-107

P-106 8 P ULUM RESULTS
& _PENDULUM RESULTS - NOLM B
. g
—% v
v 5
g —
=
= Sg
s —_c
- 8 @
o W 2
[FH] d
1 ul
[T L8
=y o8
LJ g aT =
o~
g
8 ]
$ﬂ N on s0.80 . Iﬂ.ﬂﬂ 50.60 100.06 156,00
.60 568.00 190, 150. T[ME [MSj
o TIME (MS) :
5 B
>
[
= =
b - 8 Dy
[an] —
— 5 N
*
- nE
k=) 3
& B 3
1.' mandt
ol
1 723
3 Js
a & = n
=" -
el g
G i .08 36,00 100. 60 150,00
000, 50. 60 106,06 150,00 ']' IME lMS]

TIME (MS)

Post 107 - Red Pine

Post 106 — Red Pine




pce’v

P-108
B_PENDULUM RESULTS

15.00

(G'S)

ACCELERATION
0.00

-15.00

6.60 58.60 1e0.08 156.00

TIME (MS)

300. 4D

x 10
225.00

150. 00

75.00

IMPULSE (LB-S)

a.60

y 1
0.63 59.08 100.80 1506, 00

TIME (M5}

Post 108 - Red Pine

P-109

E PENDULUM RESULTS
B

g%_

<

=

Ss

z° ‘\vf\\xqwr/’

I

i

1

T

be

a
8
g
‘608 20,00 46.00 56. 06
. TIME (MS}
g

=H

*

8

m B

=

A

=g

a

Z T
8
“8.08 20.00 a6.90 60. 00

[ IME (MS])

Post 109 - Red Pine




1T2°V

110
PENDULUM RESULTS

]
g’
8
?;"
s
=
Oo
—
(=1
o 4
[0
Lo
—1
-
=l
a -
8
¥
6.06 20.00 40,600 66G. 00
g TIME [MS)
=1
%
- 8
4
— ™
*
RE
o2
1
]
i
&
i
gl ,
bﬂ. oa 20,60 10.08 50. 00
TIME (MS)

Post 110 - Red Pine

15.40

(6'S)

0.60

RCCELERRTION

--15.00

-390, 00

-90 20.00 48.00 60.08

TIME (MS)

360. 60

% 10
225.00

i60. 00

75,00

iMPULSE (LB-S!

8
=]
0.00 20.60 40.00 58, CE

TIME (MS)

Post 111 - Red Pine




8 ]
8 8
. g _ g
5 g g
= z
Ll LJ
Wm wmm mmm
o |
|
[48 By
.I‘D
—
(|
anQ ] 8
5006 8051 ana 08 'sr- uo.B;nﬁ 00 "00E plrig:rdd 00 '0st oo no.n&
(S, 3} NOILIbB¥31300Y . D0 % (5-87) IS MNJIWT
g 8
g 8
" g 8
5 b2 £
w
: z 2
= g g
] .
~D
—
—Z
[N
aa g 8
a5 Qe pg ‘st 2T ] o0 °S(-- oo ._H....._ 00 "00e g sz 00051 no'se g .n_-m
($.9) NOILB¥373304 D1 *  (5-87) ISTINGWT

A.222

Post 113 - Red Pine

Post 112 ~ Red Pine




8 8
g g
8 8
5 £ £
CUJ
b % :
= & B
d
O
—i3
—=
|
oq o g
a0 oSt ga'g @9 s~ nn.?...ﬂ. 00 00E 00322 03 st 05y B.n-u
(S, 51 NOT 1g&373204 L1 = (5-87) B MNIWI
B 8
s ]
8 8
2 - 2
)
= = £
R
i o= >
= g £
-
.t
0=
—_
[
o0 g 8
oo e oz sI goa 9%°51- nn.nm..-m GO ohe ud st 02054 [ un.u.u_
{S.9) NOT 188313334 a1 x 1S-87) ISTNIWT

A.223

Post 116 - White Pine

Post 115 - White Pine




¥ZT'V

RCCELERATION (G°S)

x 10’

IMPULSE {LB-S)

P-119

SENDULUM RESULTS

3c. 00

15.00

o.on

15,00

R

‘a.ue 50.00 100,00 15000

8 TIME (MS)

g

B

“0.00 50.08 10000 158, 60
TIME (M%)

Post 119 — White Pine

ACCELERATION (G'S)

* 10

IMPULBE (LB-S)

P-120

g PENDULUM RESULTS

B

E

8

Q

g

u

g

8 —
0.488 50,00 100.00 150.00
o TIME (MS)

=)

E]

8

8

2

g

B

E

el |

nﬂ. an 58. 68 100. 09 15008

TIME (MS)

Post 120 ~ White Pine




TAAN

TIME (MS)

Post 121 - Jack Pine

Post 122 — Jack Pine

o121 P12 ,
8 PENDULUM RESULTS S _PENDULUM RESULTS
8 e
— lﬁ ¥l g
U z
- o
lg —
& &
Cs — B
— o
(un o
o L
[ 4
o tHe
g U5
g O -
(o gtd ’
g .
.8 1 'U..ﬂﬂ 19.08 20.08 30.68
o.0 Sﬁf?ME [MS;”-“ 1sn.00 o TIME (MS) % 18’
g g
- B E:E
0y =
©4 )
»*
s R
s o 8
m*¥ —
:'_‘J et
e 5 :
=g i
0 =~
z -~ —
= o
g g
60.50 S8, o0 100. 68 156. 60 000 . 10.00 20.00 1 3.0
TIME (MS) = 10




P-123 P-124 _
PENDULUM RESULTS

| (=]
8 PENDULUM RESULTS e
B
s s
hd o
o t
=z
=z
Ss Ce
g Efn
= [0
& I]
u —J
o [TH)
[T Sa
tig =8
[ &g
a - T
g B
B ¥
i LK. ] 50.09 106.0a 150.80
8.08 50.08 lo8. 08 150.00
g TIME (MS) 8 TIME (MS)
5 ©
8 8
=g
]
o
o . s
- O P
D8 — &
* 3
e ne
mE
3 =
= 5 =g
B :
T £
.—-"'——'_’_‘_—P’_ __—'____J
. /_, E /—‘
= 0.00 S8.00 100. 88 156. 00
a.80 50. 08 M ] 156. 3
. ) * TIME (MS)

TIME (MS

Post 124 - Jack Pine

Post 123 - Jack Pine




LTT°V

2 PENDULUM RESULTS
]

o

e

=

Ss

-

T

v

[T}

]

ul

o8

@ -
g
]
‘a.00 56.00 100. 00 150. 80
. TIME (MS)
B

- 8

— &

»

RE

m 2

=

A

Ss

E M~

[ B

sl |
Dﬂ.ﬂﬂ 56.80 100. 00 158.00

TIME (MS)

Post 125 - Jack Pine

IMPULSE (LB-S}

P-126

2 PENDULUM RESULTS

1S.00

ACCELERATION (G'S}

-~-i5. 00

o300

.00

300.00

50.09

TIME

150.00

1600.00
(MS)

x 10
225.00

150.00

75.00

G.00

0.68

sa.
TIME

108. GO 158.00

(MS)

Post 126 — Jack Pine




P-127 , P-128

B _PENDULUM RESULTS g PENBULUM RESULTS
2 B
o Gh
& U
= =
Ss . =4
’___ 2 l_ o
A0 =
et L]
] —J
| : w
=g U
L) o
a7 = s
:
‘a.08 50.00 100.00 150.00 8.00 sq.00 100.00 150,89
" TIME (MS) s TIME (MS)
g 8
>
N i
(]
o © o
=% o
* %
N E w8
g Eb
.zi b
5 =g
o A
=" =X
3 ' | o |
uo.ua 50.08 100. 00 150. 08 ou.un S8. o8 160, 00 156. 80
TIME (MS) [ IME (MS)

Post 128 - Jack Pine

Post 127 - Jack Pine




6TC'V

P-129

B _PENDULUM RESULTS
B
7
i
=
Ssg
—
T
[2ad
bd
_F
Lil
O
U5
a s
E
‘0.60 50.60 104. 68 156.00
o TIME (MS)
oy
*
V1 8
1 g
m=E
=
H
=g
v
T
8l |
Bﬁ.ﬂﬂ . 56.00 180. 00 156. 46
TIME (M%)

Post 129 -~ Jack Pine

P-130

(=]
a
[=]
-

PENDULUM RESULTS

B

RCCELERATION (G'S!
0.6o

~15. 00

30,00

a.00

300. g8

. GO 100.00

ME {MS)

8

150.00

x 10"
225. G0

158. 4o

IMPULSE" (LB-S)

75,68

o000

.00

o8 100.08

sa.
TIME (MS3

Post 130 - Jack Pine

156. 00




P-131 P-132

E_PENDULUM RESULTS & PENDULUM RESULTS
B B
G 4 —J‘j =z
o \o
= =
Se 2%
e AV an S
& &
o o
il i
T~ @ 5
|
‘500 58.80 100. 00 150.00 0.00 50.68 100.40 150. 06
o TIME (MS) o TIME (MS)
> ’ )
~
L
o o =
=¥ =F
* *
w8 e
E‘Ii g 3 ]
i "
Se =F
& %o
—_ — | e ]
] : ]
/
g 8
nﬂ-ﬂu 50. 00 10600 150. 68 00.00 50. 00 ) 160, 60 150. 00
TIME (MS) TIME (MS)

Post 132 - Jack Pine

Post 131 - Jack Pine




£
[

2 8
g g
bl @ &
= = g
¥p]
[Fu]
) . s
5 8" 8
L |
3
™M)
— 2
I
aao. © °
0008 oo sr ) uEo 0961~ uo.nﬂ..& Q0 poE 8052z A% osi 06'Se Eu.nM
(S.9) NOIIH¥3T3008 AL x15-87) ISMNIWI
8 8
g 8
- 8 _ 8 __
o £ £
n w w
1. W.. mwm
= A g
o}
®)
M)
[ealin]
—i
TV,
. | ] g
a0 oe 20591 on..u 8091 nbénfi DD "QRE Do g7 0005t 00°5¢ B.b&
{$.9) NOIIHY373208 B0 x  (5-81 ISNWI]

A.231

Post 134% - Red Pine

Post 133% - Red Pine




p
[
(=]
o]

pP-135*

16,00

E_PENDULUM RESULTS

0.op

ARCCELERATION (G'9)

~15.00

--3G. 00

o.ca 59.00 104,60 185. 89

300. 00

TIME (MS)

1
* 10
225.00

156,00

75.00

IMPULSE (LB-S)

b ——

o008

.06

=
o8 i64. ot 150.08

Sa.
TIME (MS)

Post 135% — Red Pine

[ =
=}
o
m

15.00

RCCELERATION {&°S)
o.09

~-15.00

~30.50

a.eq

x 10
225. 066 3g0.c0

150, 60

IMPULSE (LB-5)
75,08

.08 5

*

P-136
PENDULLM RESULTS

104, 08

59.00
TIME (MS]

150.00

b ——

]

=] 1486. 0C
I

.
TIME (M5)

Post 136*% - Red Pine

150, 08




£Lev

P.137"
PENDULUM RESULTS

0. oo

15.00

0.00

ACCELERATION 16°9)

~15.00

-, 08

. G0 40.00

20.
TIME (M5

50.00

300,00

x 10
225.00

150. 00

15.00

IMPULSE (LB-5Si

o 0.00

.68 20.00 40.00

TIME MS)

Post 137% — Red Pine

63.08

P-138"

8 PENDULUM RESULTS
.y—_-! B
wJ
=
=%
— &
@
a
18}
—_t
Ll
g
s
a s
8
R
‘a.00 se.08 106. 00 150.00
s TIME (MS)
B
- B
Oy
g
*
RE:
o
=
L)
Ve
—J
38
I
E ~
A D —
“b.00 56.06 100. 00 sl.u.ou
TIME (MS)

Post 138% - Red Pine




7ETV

P-1
PEN

36. 00

39
OULUM RESULTS

15,00

ACCELERATION (G5
6.60

~-15.00

--30.00

6.40

20.90 40.60

TIME (MS)

60.60

306.c0

]
x 10
225.00

160,00

IMPULSE (LB-S)
75.00

C. 08

9.60

Post 139 ~ Red Pinme

o

..
TIME

0. 00

(M5}

60.08

ACCELERATION (G'S)

x 10’

[MPULSE (LB-5J

P-140

B_PENDULUM RESULTS

8

%

a.en 5e.00 140.00 1560.00

e TIME (MS)

8

B

ﬁﬂ.ﬂﬂ 50. 00 100.60 !:ﬂ.m
TIME (MS)

Post 140 - White Pine




*
P-141 P-142
LA < E PENDULUM RESULTS
& PENDULUM RESULTS o
- 8
¥ n
T %)
(o =
=
=z &8
S d
- &
< L
s —
| [T
ol Se
o 8 T %
&7
8 ¥
R 800 50,08 100.90 15000
8.80 58.60 136.59 150. 00 o TIME (MS)
o TIME (MS) g
ﬁ m
>
LNg +
v - 8
- B fam TS
LT — N
—g *
®
= vig
v e 2
o8 3
« =
" th
9 =¥
B [ I
T o L
=5 —
B B
gl .~ B
s .08 se.06 100,00 150.00
0.08 50.40 160.G0 150. 00 TIME (M9)

TIME (MS)

Post 142% -~ White Pine

Post 141 ~ Hemlock




. 9ETV

P-143 | P-146

E PENDULUM RESULTS g PENOULUM RESULTS |
|
8 E I‘
7 @ |
= = |
= |
S =8 |
;: =3 E o V\f |
@ T |
& |
™ 1
0 L
T; L
e =k |
a a T
. - L
‘.00 50.08 100.69 150,00 0.00 sa.68 100.08 150.06
g TIME (MS)] 8 TIME (MS)
EX By
® *
7 7
Sk Sk
Ll
A %
5 B 28
o “ o
=8 =
8 T ) 1
dﬂ. =1+ 58.00 106. 08 !‘S‘E‘ v ‘;ﬂ. [«1+] 56.50 . 108. 06 150. 08
TIME (MS) T[ME (MS)

Pest 146 ~ Hemlock

Post 143 — Hemlock




LET'Y

ACCELERATION {(E'S)

~15.00

x 10

IMPULSE (LB-S)
7500

;—!48
PENDULUM RESULTS

30.00

16.00

0.00

-30.00

. .].]

50.08 100.
TIME (MS)

156.00

360.00

226.00

150. 05

P

o 0.00

TIME {MS)

Post 148 — White Pine

.60 50.00 166. 00

150. o6

(G5

x 10

IMPULSE (LB-Si
75.00

ACCELERATION

-15.00

P-149
PENDULUM RESULTS

30.00

15.00

0.08

-93. 00

6.48

tn

—8

IME

100. 08 158.00

(MS)

a00. 00

225.00

150. c8

gl —— [

s
0.00 58.08

TIME

100. 08
(M5)

1
150.00

Post 149 - White Pine




8LV

P-.150
& PENDULUM RESULTS

16. 00

(G5}

.60

|

ACCELERAT ION

15,00

-90.00

a.69 50.00 100-00 150. 08

TIME (M)

300.08

H
x 10
225.60

150. 00

75.00

IMPULSE (LB-S)

o000

. 6o 50. 00 160,00 156.06

TIME (MS)

Post 150 -~ White Pine

40. GO

P-152
PENDULUM RESULTS

15.060

(G'SI]

0.co

ACCELERATION

~15.00

-30.00

300. 00

20.40 48.08 60. 60

TIME (MS)

* 10
£25.G0

159. 00

IMPULSE (LB-5)
75.00

G. 0k

0.08

0.0 40.00 | Ef.cB

TIME (MS)

Post 152 -~ White Pine




6€C°V

P-153
8 PENDULUM RESULTS

15,00

(G'S)

ACCELERATION
0.60

~18. 00

~-30.00

1
.08 50.08 100.00 150. 09

TIME (MS)

306. 00

x 10
£25.00

159,00

IMPULSE (LB-S:}

5.0

1
. a8 50.co 16806 150. 08

TIME (MS)

o008

Post 153 — White Pine

[=]
[~]

P-155
PENDULUM RESULTS

15.00

ACCELERATION ('S)

15, 60

0,60
fom.

g 50.00 15008

TIME (MS)

1560.08

225.00

380.00 ~30. 00
-]

x 10

150.G0

IMPULSE (L8-S)

75,08

]

05

N} 50.490 100.00

TIME (MS)

Post 155 - White Pine

156, 06




P-159

P-157 8 PENDULUM RESULTS
§ PENDULUM RESULTS =
H
8 —
— )
U W
s =
- =
= ' Og
Sr =
i T
& o
Ll FH]
] 5B
He Sy
L aO =
@O~
g 8 |
® ‘.00 s%m . 100.00 150.00 i
8.08 50.00 10060 150.00 ME (MS5] ’
2 TIME (MS3 §
g 3]
. v |
ro a
=~
[« - 8
- 8 2
Dur'.'\ o
pundl *
*
e g%
m‘- S
=
9
L =¥
El”\
Bl — ]
5///mpﬂ , “2.00 50.00 10000 156.00
0.08 58.00 100. 00 150, 06 TIME i(M5)

TIME (MS)

Post 159 - Hemlock

Post 157 — White Pine




72V

RCCELERATION (G'S1

x 10

IMPULSE (LB-S)

[Ny

 Po16g

§_PENDOLUM RESULTS

8

8

;

nud 50.08 16008 150.00

. TIME (MS)

8

E
[

8 /

‘:ﬂ.oﬂ .50. 68 He e 15000
TIME (MS)

Post 160 - Hemlock

ACCELERRTION (G'S)

* 10

IMPULSE (LB-S)

P-161

E PENDULUM RESULTS

B

g

ST~

%

lﬂ.ﬂﬂ 50.08 o080 150.00

. TIME (M)

g

f

g

] ] |

QU.UU sq.uu 10000 150.00
[IME (M5)

Post 161 - Hemlock




%

A,242

B
-1
. g
5 £
w
L b
= i
—
™D
[CaYmm]
—=
[}
0. g
g9-0e oarsr oo o051~ B.Blﬂ. oo 0D ST a0'ast . D °s¢, [+ i 4r]
[5,9) NOTIHY3T3230H T * (5-97F FENIW]

156. 06

160.00

IME (MS)

ﬂ.T

Post 162 — Hemlock




Phase II Post Plots

50.00
60.00

40.06

(M3)
48.00

(MS)

Post 0-02 - Jack Pine

e

20.90
TIME
L

20.00

TIME

MP--0-02
8 _PENDULUM RESULTS

0.00
g.o0

ogst pao QD 'Si- e e 00-nge 0g°stz 00 'ast 08°sL e’ g

{5,3) NOILlH¥373324 B % (5-87 ISINIWI

60.00

60.00

40.00
40. 36

(MS)
TIME (MS)

IME
—

20.00

5

Post 0-01 - Jack Pine

MP-(0-01
B_PENDULUM RESULTS

na
0.u0

en-si Qu0 ag'si- oe-oe-% 0000 oStz 60051 0o'ss il

{S.39) NOI1Hy¥37330H _mw * (5871 F5NWI

A.243




MP-0-84
PENDULUM RESULTS

MP-0-03
E_PENDULUM RESULTS

-
! &
]
3
[}
]
[
:
I
......... R
1 &)
L] ~
] w
£ X
¢ T
] (1)
] T
' X
' [ ol
IIIIII R I
i 5
3
i
i
i
]
]
F
t
1 ]
- - - -
5 s : g 8
¢5.9) NOT1YH3I300W
g 8
g g
m. ]
$ - =
VA 32
m =
Lek )
= =
8— 8
o ot
™~ ™~
g g
pa-si 900 0081~ 0006~  DoOOg 00°sTZ Q00! w0°se g0a®

(S.9) NOI1HY3T3336

A.244

BT % (5-8T1) ISTINIWI

Post 0-04 - Jack Pine

Post 0-03 - Jack Pine




MP-0~86
PENDULUM RESULTS

MP-Q-a3
PENDULUM RESULTS

158 bnmm e a -

5.9 NO1L9H313006

P

B T R kil

5.2 ND1ERHITII

TIHME <(MS>

“a “ae
TIME (HS)

A.245

Post 0-06 - Jack Pine

Post 0-05 - Jack Pine




-
{5.Dy NOIEDHITIODY

AL 246

E 8
g E
1h]
=
8 g &
LA e g
- n e
; = =3
R =3
L tl L
o o = !
B 8— 8
= L s— B
jeaan ] 1
o BN o
g
G| 42
= /7]
O led O
=0 o o [a¥]
8 g
0o-9t 0g°s1 00 oo°si- GOGE- T gnoes oo-szz 80°0St 00°5s a®
(S,9) NOTibBY3 13035 L1 * (S-g71F IS INdW!I
- T m
i
i
t
! Q
[
' E
]
oy ! P
[ T UGN} S Lo ] -
3 “ * 3
o3
Ty ! z S
T g w
WM " W 1
[ -
2 ! )
T T "Gl T ] - ]
£ ® [
N o
] 0
[ (o]
3 Q.
’
I
{ 4
- - - -
K 5 : 5 8




_ — 7 3
'
!
I
t
t
1
_ :
1
P N SRR SURR | - et
@M " ? o o
< 1 w
4 1 x .m
@ 1
= 1 wl =
a S
= “ x i
2 , s
T I DU R NUUTER Vo @ ]
al i 7 —
1 1
1 o
[}
| 4+
! 2]
1
. O
h oy
1 i ]
8 - : 7 8
{5.0} NOIiGHIT3IOOY
T T m
1 1
1 1
1 1
1 1
1 1
' ' @
' i =)
o i { art
] ] -
i [t ettty il T -
' P ~
N % i ] w o
@ iy ' N z o
a t V s
e ' 1 w
a. 3 t t bt 1
3 ! . =
.M t E (=)
] ) L]
g e A T u S
1 '
' 1 A=
¥ ]
]
: : 2
t I o
1 1 (2
1 l
! 1 1 g
A 5 : % ’
(5,9 NDIEYHITIOI

A, 247




MP-R-11
PENDULUM RESULTS

MP-R-12
PENDULUM RESULTS

TIME (MS

R

(5,0 HOTLYHITIODY

L

A e mmr — o ———

(5.9) NOIL®H3INZOIVW

we CX
TIME (NS>

A.248

Post R-12 - Red Pine

- Red Pine

Post R-11




MP-R-14
PENDULUM RESULTS

MP-R~13
PENDULUM RESULTS

18 P mm

€5.9) NOTL8NITII0N

3.8

85§ P = m .-

(5.0 HOT1pHITIION

-.%

o 2

“.e

L 2]

@&

Al

TIME <MS

TIME <MS)

Post R-14 - Red Pine

Post R-13 - Red Pine




B8
g
8
n 2
")
TI
= z
CUJ
]
[Vl
o &m
<
M [ -]
w3 h
—_I
f
¢ aym]
U=
0 Led
>0 =
e
00 "0¢ 00°si 030 00°5i- o0-ee-°  0oooe Oo-sZ? 00 oSt 00'ss ]
(5.9} NOILbY¥3T338 B0 % (5= ISTNHI
m 3
]
1
1
1
i
1
1
1
b R N | o -
5 - ' +
= ~
og ! ¢
a] ' ~
iz ! w_
* 5 f [
=] ]
x ! - =
-l A A ot %
1
1
1
1
1
i
A 1 rt_ 3
- - L4
: . s 2 3

(3.7 zom,cxmn_muu«.

A, 250’

68, 08

0. 00

20.00
TIME IM9)
Post R-16 - Red Pine

0.00

Post R-15 - Red Pine




_ 73
| 1
5 _
' @
! 2
1
O | S A - 3
4 ! 2 =
A | »
e ! z 2
(- 1 Lad R
mmM ' = 1
z | " @
I ©
o T % -
1 1
! =
i
1 et
1 /4]
" [a]
| j=M
A 1 " 2
7 s : % "
€S.3y NOIliWHITIDIY
i 3
1
1
1
i
' o]
¥ |
f Ch
t 1)

K n 1 -

w \\\\\\\\\ [ ¥ =
M @ ] M./u d
T _ z 2
=:t _ " =

1 !
£3 “ x !

= 1 - -

2 R S R A e - -

b [ 1 & i
' =
]
' »
' 42]
' s}
i (2 W
F
. 2

% G £ i 8

(5.3 NOliwd3 133

A.251,




MP-y¥-2¢
PENDULUM RESULTS

- o

MP-¥-15
PENDULUM RESULTS

5.9

{5.9) NOTLBY3IIIOOY

S15 8 prm s

-39

58. 4

(5.0 NOTIVHITIODY

SIE0 e =

300

TIME CMS>

TIME (MS3

Post W-20 - Red Maple

Post W-19 - Red Maple




t f s
¢ '
1 '
1 ‘
; : ©
¥ £ —t
1 % o,
[ ! ¢ o
' -
LT R it ST L ST T T T T T T 7 =
=2 1 ¥ ~ o
& _ ‘ £ D
1o h £ ~ [~
T i
¢35 | : b= '
' '
m t i = MM
1 1 -
O e Y St o n )
' | =
' |
| I o
I I
i 1 %
1 1
' I [a ¥
1 '
o L 1 3
% ° : % 3
(5.9} NOILBYATIDOV
, m
1
1
1
1 Q
' —~
) (=
! [
) | - =
1T e T T T o
e ) 1 1 ~ e
Wmﬁ ¢ b o =
(N ' P z
TE " ' '
a5 : y ¥
3 =
jr F | = —
= i t (o]
& R N S b f = )
o " " = =
" ‘ Y
1 | %
\ |
f ' =]
1 '
' I
1 N ] )

-5

e
159

(5.0 HOTIVHITIAIW

A.253




MP-V-24
PENDULUM RESULTS

MP-¥-23
PENDULUM RESULTS

"
(MS)

TIME

F- 2

¢5.,0) NOI19H¥3IT13I3Y

LA R e

TIME (MS)

(5,9y NOTLYHITTIOY

8 e ———

= K
104

3y
A. 254

Post W-24 - Red Maple

Post W-23 - Red Maple




150. 68
150.06

et
B <] =}
s g [is]
N "3 "B =
= = = 3
= = =
A w s
L
xm_ - = = |
ﬂ” MH o
= o o
oE | s g
13 -
=D 2
Q. L} o
o g a =¥}
. s
09 'DE go-sr 600 oSy oo-ce-°  go-ooe 06 stz §0°0St 00°sz, i
(5,9) NOJLH&373304 BT x (5-81 3SINW!
T ¥ 3
) )
3 ]
E ]
] 1
[ 1 [4}]
1 § s
" " &
]
w ' -
% naiaeinteei [ttt B Bttt - . =
=2 1 ] ~
0@ ] i ] 9
Ve ' ] z D
iz “ : =
] ] w
£3 _ : 2 _
3 " “ :
Z ! 1 - ﬁu
Shboo 4
o " “ a i
' 1 =
]
. ' m
t ) n
| ' ]
" ¥ [a
I i
. i N 1 . s
- -
i 2 : % 3

&
(5.0 NOLiWy31300y

A.255




MP-B-27
PEMDULUM RESULTS

MP-B-28
PENDULUM RESULTS

“
TIME (MS>

F R

B I

{5.9) HOILYHITIDOY

i

B R

-
(5.9 HOIIWY3I13I00

wo .0
TIME <MSO

A.256

Post B-28 - White Ash

Post B-27 -~ White Ash




g 8
: o o
) w = _
7
8 8 <
u...u] -.w.\l. [i}]
u
98] u
o . = = 5
| =i
" y g
o [~ et g |
= gk 8 o
[0 Ry [x]
o 1
| 2]
(R Fa
| Z 4+
(s IR T aOu
>a g 8 0a
09°pe ag-si oo 00755~ oooe-®  00pBe 20°52¢ GO -pSI D0°St wa®
(5.9) NOI1dgM3T33134 B0 *  (S=ET) 3STNWI
: _ :
' 1
i 1
t 1
[} 3
) 1
=
n ' 0
1 ] <x
bl S L F L =
3 i " * 3
D i » .
] _ " z 'z
o ] ¥ w
= ) ' w
a0 1 } =
unw. 1 1 n ]
m 1 | w2
1 1 -
ol [ S S [ ] &N
' ' 1
] ¥ uanl
' I
f i : L
| t qou
I 1 O
' 1
I . 3 m
; - : : :

{5.0) NOILDHITADIY

A, 257




86TV

MP-B-31
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Note:

APPENDIX B

FULL-SCALE CRASH TEST REPORTS

Multiply fps by 0.6818 to obtain mph. *
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SUMMARY OF RESULTS, TEST MWP-1

.................................................................. MWP -1
D= v 1-27-86
Installation Length - £ (M) . irniriiiiniriieninieninernnosannnsenns 100 (30)
Beam

Member In. (Om) ..ttt i ittt ittt it et ettt iaasaneens 12 ga W-beam

Length = 0 (M) ettt ittt ittt et ienareranerasoastnennns 12.5 (3.8)
Posts 4 through 13

Material. . . i nn e it iisoiavnnonsentvassensrnansansnns Michigan White Pine

10T o o1 o ¢ T 6x8x72 (15x20x183)

Embedment — ££ (M) ... iinreenornrnenrnrosrooransoensonossnantonenens 3.3 (1.0}

1S 0= Lo o= v (11 2 6.4 (1.2)
Maximum Deflections - in. {(em)

13 o= 3 < 3R 75.6 (192.0)

Permanent.........cvvvevnrnn..s e e et eae ettt 57.6 (146.3)
S011 Type and Conditiom. ... ...ttt iia i itennsenennrneanes S1 (dry}
L= ¢ = 1978 Plymouth Sedan
Mass - 1lb (kg)

Test Imertia.......vvvvviniennn.. ot ettt et e, k370 (1982)

41 330 (150)

B O i vttt st et et et et tataansenetoaatoacteastsrsnasereaasannn k700 (2132)
Speed - mph (km/h)

8107 o P PPN 59.1 (95.1)
Angle - deg

0= T P 2U .4
Occupant Impact Velocity - fps (m/s) _

FOrWard (FLlm) vt ittt s et e earararasanansanararereanesnnnnenans 7.0 (2.1)

Lateral (il iu i nenuen e intenenresnneunenernonsaaensnseonnns -11.3 (-3.4)
Ocecupant Ridedown Accelerations - g's

Forward (Film) ...t ittt ettt inasen it ci e er i tanatenns 4

Lateral (Film) ...ttt ittt it iiaaautinnt i onatsannsnannnennns -11.3
Maximum 50-msec Avg Accelerations - g's

Longitudinal (Film) ...t istennnoneeneresonneenanneaeaenronsnnesnens -2.4

Lateral (FiIm) . vttt it s enrannenenononansensseeenasnsnenroenanens 3.6
Damage

A 01-FR=-3

VT it ittt ii it etae e neeceseeenaeanaranaenatttatstatnnneencennnes Q0 1FREWS

¥ Qccupant did not travel required distance.
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TEST MWP-1

Barrier Installation: The barrier evaluated in the test was a

standard GH(2W) blocked-out W-beam {wood post) system. White pine posts and
blockouts were incorporated in the impact area of the barrier. Figure B.!
presents construction details as well as a listing of post numbers vs. speci-
men numbers and moisture content of the specimens.

Test Vehicle: The vehicle used in the test was a 1978 Plymouth sedan.

Gross test weight, including the dummies and instrumentation, was 4700 lb
(2132 kg). Figure B.2 contains photographs of the barrier and_test vehicle,
Performance: Impact conditions were 59.1 mph (95.1 km/h) and a
24 ,4-degree impact angle. As shown in Figure B.3 the vehicle impacted the
barrier 1.7 ft (0.9 m) upstream of Post 6. The barrier deflected laterally
6.3 ft (1.9 m) while the vehicle remained in contact with the system for 48 ft
(1.5 m) before redirection. Observation of the test film indicated that the
specimen posts fractured due to rail deflection before vehicle impact. The
vehicle came to rest 205 ft {62 m) downstream of and in line with the impact
point. |
Maximum 50-msec average accelerations measured by film analysis were
-2.4 g (longitudinal) and 3.6 g (lateral). Figure B.U4 presents a summary of
test results. Permanent barrier deflections are presented in Table B.1.
Table B.2 contains vehicle kinetic data as well as occupant risk data from
film analysis. Figure B.5 contains photographs of barrier and vehicle damage.

Barrier Damage: Damage to the system consisted of deformation of six

sections of W-beam. Post 1 was split vertically through the rail attachment
nole. Longitudinal displacement of the footing was also evident. Posts 3

through 14 were fractured during impact.

B.5




Vehicle Damage: Vehicle damage consisted of sheet metal deformation

of the right front fender, side, hood, and the headlight/grille area. The
right front tire was blown out during impact. The front bumper was deformed

and displaced laterally to the left.

B.6
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Metric Convervions — e

. Lh 2 O308m . PR :
1 T 254 mm - B

i moh® 1.6 km/he —— -
| th »0.454 kg ~ [

Ga{2W)
Blocked-Qut “W* Beam {Wood Pest)

o
i
i

RFER DESCRIPTION 6 3"
_:_.:m!snpsem 6" x 8" white pine Do - :

. BEAM TYPE Steef "W gsection, 12 GA : . . : ) . o I
- OFFSET BRACKETS 6" x 8" x 14" wpad block o . s “

"m._'au"‘:;g‘sss 5/8" diameter carriage bolts . . :
. None R . P

- LIST OF POST NUMBERS VS. SPECIMEN NUMBERS

Post No. Specimen No. % Moisture

14 67
117 g 48
145 : 30
151 T
154 ey
118 | 56
10 14 .58
11 47 g
12 : 156 Sl
13 0 158 21

O 00 =1 v B

Averagé 487

ERR

e,

FIGURE B.1 CONSTRUCTION DETAILS, TEST MWP-1
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FIGURE B.2 BARRIER AND VEHICLE DETAILS, TEST MWP-1
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01°d

205°

Beam
Member in. (em)
Length - ft (m)

Posts 4 through 13
Material

Maximum Deflections - in. (cm)

Dynamic. ... i e

Permanent

......................... 12.5 {3.8)

....... "u.......Michigan White Pine
................. 6x8x72 (15x20%183) -

...................... vea.3.3 (10)
.................. e B8 (1.2)

........... e 7506 (192,00
....................... 57.6 (146.3)
........................... 31 (dry)-

R 1978 Plymouth Sedan

48"

Mass - Ib (kg)’ ‘ :
TeSt INertla. . ouycnnnnrenrerrrriostsstsnsncaststosetionsiosnnnnins 8370 (1982)

DT .« o e et et et ey e veeatoesinas s aniasoonnsiaarenentonernannan ve+.2330 (150)

L o 1= . LHT00 (2132)
Speed - mph {km/h)

TIPACE . e variererrerannns I 59.1 {95.1)
Angle - deg

5o ] 24,1
Occupant Impact Velocity - fps (m/s)

Forward (film}........ vt e et et e e et e 7.0 {(2.1)

Lateral (£ilm)...ovvsvnvuvevnonsnnnnes et ~11.3 (-3.1)
Occubant Ridedown Accelerations - g's

oA (F LMY . vt e s croranarnsneessosatoaeatosensntestonsotsinansomasansuas *

Lateral (Film) ... i iiiuiirecesmarasrsonarinsnnareransrntonsnnssanenys -11.3
Maximum 50-msec Avg Accelerations - g's

Longitudinal (£ALm) . ey uvruanneeseiasunnuunssesonsionsranntonssssarsans -2.4

Lateral (FIlm)....ouerurunsennnrarerrsrennesesenerorosneenorasnnnsrnsanss 3.6
Damage o

TAD. i iiin i i e iaareen e raa e s s ety 01-FR-3

L] 1) S e b et e s e ende et a e s v o e s O1FREWS

* Oceupant did not travel required distance.

*FIGURE B.4 SUMMARY OF RESULTS, TEST MWP-1
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TABLE B.1}

PERMANENT BARRIER DEFLECTIONS, TEST MWP-1

Post/Location

G W

10
11
12
13

14

| '_'1"5

B

.12

Deflections (in.)

0

10.

18.

30.
45,

57.
58.

us.

34,
27.

20.

(e TV N A S 1)




TABLE B.2

FILM ANALYSIS DATA, TEST MWP-1

MICHIGAN WHITE PINE TEST MuWFPl

1-27=86

VEHIGLE KINETECS SUMMARY—~FROM FILM ANALYSIS

TiMc YEHs ACCELLLG'S5) HEADING YEHe YEL.(FPS) YEHs DISP,.(F}
t354 LONG. LAT . ANGLE (DEGI LUNG. LAT . F I i
00000 - o b4 2.15 24.-"9 Bb.b? ".22 -5.‘.8 ""5-67
QLU ri-Yi 2429 2%e3% 86s 40 LY ~%4s69 ~5331
.0&0 —070 d.i? 2‘..22 86.24 -99 -3-90 ""4.96
« 030 ~a 73 Ze%d 24402 86.01 L.47 “«3sll =—4,62
«U40 -~ 7T Eaté 23.75 845.7¢6 kot4d =2832 ~h.29 -
«U50 -e82 2039 23.39 ‘85454 2408 =la52 3,96
+000 -e 87 2035 s - 85.28 2,19 -sd3 =3465
« 080 -l.03 Lol 2le83 84.71 2400 «86 ~=3.04
.090 -l013 anb' 21015 34.39 l.?O 1.65 -2-75
«LOU ~ls24 deli - 20439 64,93 - ledl - 2ot —2uhb—
2110 ~las30 2.0? 19.57 83.62 i 3024 -2418
o LE0 =150 205 l&.b? H3.47 ol @ 4,03 ~-]1eG2
0130 ~Llab% a5 - iTe?l 8206 @I R £ L S 2 T
+ 140 =1.78 €207 is.70 82,09 =Lak2 560 =1le40
« 150 =le92 2.1 2 15.63 8l.4%6 =Z2+27 638 ~=1a415
e lod’ -2sU5 £el9 la.52 L o R T 3 e O B IS X - -
«170 —-Zal? Zel9 13.3¢6 80.01 -4 0b 7«92 j“ibg
« 180 -Z2s:28 Zetl 12417 79.20 -4 496 Be 69 =47
-—s 190 -2e37 2a54% 10494 T8 ¢34 —=Be85 - — G fh ey Bl
0200 -Zn‘l* Z2abd 9‘59 77.43 "6.71 10.21 - 06
« iV -2 o %Y Zed% 8+43 THe48 =~7:52 L1096 «13
s 220 - e4Y £ 99 Tal% V5.50 - =829 ——lhe ¥ ———aB3d
230 ~Ze48 3eit 5,85 T4.50 -8,99 143 - 99
WL -2 %% 3e26 456 73450 -3 63 13.1i6 Y L]
- 250 2437 - BehO— — 3.27 [C I NP S — T W
«200 -2+ 28 3.50 L.99 7i.51 -10.69 14.60 4593
0 « 270 =217 3,58 72 7056 ~=1lal? 15,31 1e06
I I W2BY - - =2403 302 o my 53 6963 —mlle49 . 1640l ——dedF~
b - 290 -1.88 3.64 =1.75 68475 =11.79 10.70 1428
« 300 ot T P 3a0l -2 o4 67.92 =—1l2.05 i7.39 1.37
+3i0 ~1s95 el =t L - DTk E -k Rw RS A B BTl e
e 320 -=l.38 EPY 10 =5all bbas 44 =l2.42 18.74 1.52 .
<330 =~lell 3.33 =6 el B 65.79 —=12.56 1942 157
B - 1 1) =105 Fe kb =Ty 29 - a8 e Q- —=1Zsbl— - - 2w 8- —L-wbd—
fed . «350 -+ 99 2497 =Bad5 b4.08 =12.78 20474 1.686
;Ji 2360 ~e b FRY L =415 64.21 =l2.87 21«40 l.69
b + 370 -t g L S -Ge29 63,80 =1l2+496- Rl La L
2360 =a53 LedD —-10.75 63.44 -13.64 224 70 le72
«390 ~.45 1.96 ~11.45 63.42 -13.13 23035 1473
Ll 400 -39 dedl -12.07 62,04 =13.22 23499 1433
oLl -2 35 l1e45 ~12.62 62.60 =13.31 24063  dat3
« %20 - 33 119 ~13.,09 62+38 ~=1l3.40 25.27 1,‘72
=33 - e PGl D g M B b2edlB - *13449 ~RBe Gl — L edl

. w433
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TABLE B.2 {Continued)

FILM ANALYSIS DATA, TEST MWP-1

C adq =e35 «73 =13.60 62400 =—13.58 26254 i1.69
“a%50 . =238 24 —14.04% 6le63 ~=l3.61 2717 let7
ol G Y o ) lyg @ d o Blebb = LlBebh 2V e8d e
C «%70 =a50 «lb =14430 6l.48 ~13.04 28444 le&3
- w%80 =a 57 ~«l8 ~1l%.33 - 6la3l =13.60 2907 l.81
P —mg bl e o pd gl e 29 . . Bledd--~l3e51 EERRE A D %" PPN TS - R
2500 -aTh P ] =14.19 60.91 =l3.36 30.32 l.57
+510 Y L} slé ~l4.04 60469 =13.15 3094 1.55
~—wPEe - g Py g @y LB a B3 : 40e45 ~1i.86 oo 31aBb - LeB4 ..
wp530 ?130“ "e38 =]13.59 6019 =12.50 32.17 1.52
2540 =1s13 «53 13430 59.90 =12.06 32479 1.50
e & 1| TR SR ¥ RSUNUIE " ) S (5N - - SUN I~ N -1 - S, P S - S U DU Y : SN Y Y S
- b0 -lsl% «92 =)2s65 . 59,25 ~10.93 34,00 l.45
iﬁ?g -1036 Led3 -12430 58. 89 =10.23 SQ.bO 1-*3
=380 e B0 TS 135 ~lla9h. 58431 =9 » 46 35,19 Lad0
=590 ’1(4* le58 =11s56 58.11 =§.61 35,78 137
«500 : =1a%b Aa 7Y =11ls19 57.0% =769 36,37 1a34
el =145 1908 =10.82 5727 ~ba7l 36.9% i.30
PY. Va1 " =ledi 2al% =10.45 56.85 =5.08 37.52 l.25
2030 =1le36 2elb =4i0a.10 56,43 -hebd 38.08 1e20
Taba%0 =ladd i Lad% —  wH9,75 S56.03 =3 +53 © 3B.64 1.15
w50 =}ed7 237 =Fedl 55605 -2 %4 39.20 l.08
s660 =L+ 0% 2334 =9,08 55441 =137 39.75 l.01
s BT0 - =90 . Lad T =BT & 55,00 =a 3L ) 430 +93
=080 e T4 Lell =8 .45 54273 PY-Y 40.84 Py -]
2090 = H9 le%4% =f sl S54.51 let3 41l.38 T8
e 700 =2 Rb 1o74 ~7s85 " B4.33 2650 . %ie91 Y-l
« 310 -s Jo Lesad =deHT 54,19 329 42045 « 50
o120 =232 1437 ~Ts32 54 ou7 4400 42.98 « %6
230 - 30 led7 ~7a10Q P EPR L] e300 #3451 - «35
HIGHEST 50-MS AVG. ACCEL.
TIME (SEC) e e e
G'S START END
LONG, -2.44 .1950 . 2450
LAT. 3.62 . 2650 .3150
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TABLE B.2 {Continued)

FILM ANALYSIS DATA, TEST MWP-1

MICHIGAN WHITE PINE TcST mMPl - 1-27-80 - T
OCCUPANT RISK SUMMARY == FROM FILM ANALYSIS
NUTE: AVG. ACLEL. FOR PRIOR 0,010 SEC. CALCULATED
FRUN VENLCLE VELOCITY CHANGE - - .
RELATIVE YALGES=(OCCUPANT WeRaTe VEHLCLE)

f e W EHICLE X GLCUPANT ——mme—me———)

TIME ACCEL. (G*S) ANG. VEL YEL. EFPS) ODISPe. {F)
(51} LUNG. LAT . lRAUIS) LONG . LAT . LONGSs - - LAT
U.000 - 0% 2415 43 Q.00 - 0a00 C.00 0.00
+0L0 Y X4 2429 o HE 1] ] “e57 : -« cog @0
.020 ‘n?O 2.5? 642 +12 -1.17 « 00 -.01
2030 ~o 73 2e %2 T4 «l8 -l.77 « 090 -o3
« 040 .= 7T 2a82 - LY w23 -2 edB s g G ey @B
.USO -062 2-39 .*l 28 -2-98 -01 “.07
oObO -.a? 2035 'aQO .34A “3058 .01 ~edll .
s UT0 - 9% et «39 sl - =hai& gk e
+ 040 ~leQ3 2edl e 38 + 49 -4 e T4 «01 ~s19
.U‘?O "lnld 2016 .3? .bO "'5.30 .02 . -.24
« 100 =lel4 éall «3€ 72 =586 - - Wl -— =30 —
«il 0 =ledb 2407 ed4 <84 -be 4l «G2 -+ 36
ﬁ e iU —=Le50 Zoilb +33 lLe06 =8¢ 99 @3 -43
& 130  =l.0% 240 - ¢33k iledd8 -Te5T: @ F g GG e
= « 140 ~lo.78 207 +29 L+53 -8517 0% -s58
«150 -le92 2aid o 2T le81 -Hedl e 04 Y - 1-3
f PR -Z2eQb C 2ed9— —  aLb 2ekd - e A A e £ . S
£ «170 =2.17 2249 023 2447  —10.23 .05 -~ 86
- °180 =2.28 24l .21 284 . —ile02% «06 -+ 6%
« 190 —2437 2é5%— — W19 - 3623 =klebd ¥R O
w200 -Le % £+ 68 + 417 3a63 —1cle81 «98 “~le20
210 ~ls 48 2a84% 215 4403 =13.81 «8%9 ~1e34%
s 229 =—Z2s49 2eF9— gk g BB L Bl g kO )y B e
.. -230 -2045 3.1* .10 Q.BO -15'02 cll 'l.bq
?% 240 =2s %4 3.28 « 08 54306 =17e23 ok =le81
i 0250 =24 47 B I 11 I 1 L & R B B B B L, | & &
’ +£60 -2ed8 3.50 203 577 =19.83 ol% =219
«&70 -2ed? 358 201 601 -21s20 « 15 =2+39
«»280 - —Z,403 ~Zwbd— g @l - - be 20 —22+60 gl =2yl
«290 =le 8B 3at04% - - o3 Ledd -24e02 «de =2+85 i
»300 =lad2 3ebi- -2 05 042 -25+45 +ib -3.10 !
0340 =led5— - FaBh—— g QT  -buhb 28687 B e & 1 & ave— :
«320 -1ls38 3etd - 09 Gei4 -28a220 slb -=3e65
« 330 ~1ls2d 3.33 =21l 6.39 ~29e b2 «1l5 =394
o340 =1s05 Bedkts— g d3— Hu2d - =30:94 ol 4 -l d D —
2350 - 90 2+91 =4 l4 6a17 =32.19 k3 “4e56
e dblU ~s b Lo d% ‘-916 6202 —33.3? o ll —aB9
3740 -1 250 kT —Bel = I hT - ol =523
« 3480 =453 Le+25 - lY 3672 =35.49 «09 «“5¢59
e «390 =2 %D 1«98 -a20 S5.58 -536. %l «08 =5e 95
] 900 =035 P ST SR P 357 ST PO . T3

o
{
4
j



TABLE B.2 (Continued)

FILM ANALYSIS DATA, TEST MWP-1

+ %10 =,35 lo4%b —alé Se3? -37.906 aCt -bebG
s %20 =e33 1.19 a3 3053 "'38062 .O’ "7008
« 430 -y 33 »95 -ad4 Sed3 -39, 48 «06 =Tatb
ot %0 =g 35 of3 -l 5348 —-39.05 «07 =7s86
« 450 =+ 38 -1 “elh 5e49 -40.04 +09 -fe26
s 460 - o443 939 ~e25 5.0? -} o 36 eld -bebb
« 470 =g Hi Y] -el5 5«90 -4Qo 03 «l6 -3.,07
11 -s 57 »18 -a29 620 =40 .85 el -G .47
490 -y o 1% -sl5 -beHT e T LK 29 -G8
2500 -5 iy e Y4 b Y+ -4lol8 + 38+ ~10.29
OCCUP. RISK FACTORS TIME VELOCITY
» (s). (FPS) .
<LONG. VEL. AFTER 2.0 FT. DISP. -- .500 6.99
<LAT. VEL. AFTER 1.0 FT. DISP. -- .183 -11.30

MAX.' ACCEL. AFTER OCCUPANT IMPACT TIME (S) ACC. (G'S)
{TAT. ACCELERATION == .290 3.64




BARRIER AND VEHICLE DAMAGE, TEST MWP-1

FIGURE B.5
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SUMMARY OF RESULTS, TEST MWP-2

=T 5 R o MWP-2
0= At 01/14/87
Installation Length - ££ (m). . vt i it iaens 100 (30)
Beam

(=311 a1 ] ol 12 ga W-beam

Length = £ (M) vrn ittt ittt ittt iiiseeitnenononnnnnsnay 12.5 (3.8}
Posts (in test area)

Material. . ..ttt eneiononoaneneronsanasessrosennssascanonens White Pine

JT=T-Ted o o o o o PN 8" x8"xbyn

oY= a 1= X 2 hyn

pSTeT=Te RN o1 UG Seaeebesaseseesanatiateenrnsanatas 6'-3"
Maximum Deflections ~ in. (ecm)

103 =Y« A 34.0 (86.4)

Static....... e e e et e e et 23 (58)
S0il type and condition.. ... vt i e i e S1 (dry)
L= o = 1978 Plymouth sedan
Mass - 1b (kg)

Gross Test Inertia. ..ot iii ittt it i orernnesaoanaans 310 (1955)
Speed - mph {km/h)......cvcvuen.. ot e r et e 61.3 (98.7)
Impact angle - deg......ccoiiiiiiiinniann et ae e . e..25.3
Occupant Impact Velocity - fps (m/s) :

Forward (£ilm/aceel) ... ieernrnenrernrerecsnrenns 12.9 (3.9)/8.8 (2.7)

Lateral (film/aceel) .. ..vieierinniieearanrnaenrannas 16.2 (4.9)/15.5 (4.7)
Occupant Ridedown Accelerations - g's

FOrWard (BCCEL ) . vt ittt iir st tretnnunosonensoesonnnessenesssennsasesnannanes *

=R ) o= T (=TT Y- -10.3
Maximum 50-msec Avg Accelerations - g's

Longitudinal (Film/aceel ). .. e i erennnenerooarnvnsosassesses -3.0/-4.8

Lateral (Film/aCeel) . ... e et ieitneneeeetotossonansacnannan -5.5/-7.0
Damage ,

TAD........... R e P 11~-FL-4

L0 Y 11FLEES

* Occupant did not travel reguired flail distance.




TEST MWP-2

Barrier Installation: The barrier evaluated in the test was a

standard G4(1W) incorporating Michigan White Pine posts and blockouts in the
test area (Posts 5 through 14). Total barrier length was 100 ft (30 m).
Figure B.6 presents system details and the moisture contents of the white pine
posts.

Test Vehicle: The vehicle used in the test was a 1978 Plymouth

sedan. Gross test weight, including instrumentation, was 4310 lb (1955 kg).
Figure B.7 contains photographs of the barrier and the test vehicle.

_ Performance: Impact conditions were 61.3 mph (98.7 km/h) and a
25.3-degree impact angle. As shown in Figure B.8, the vehicle impacted the
barrier 1 £t (1.1 m) upstream of Past 6. The vehicle remained in contact with
the barrier for 28 ft (9 m) while laterally deflecting the W-beam 34.0 in.
(86.4% cm) before smooth.redirection at a -11.6-degree angle. Final rest
position of the vehicle was 315 £t (96 m) downstream of impact and 40 ft
(12 m) out from the barrier plane.

Maximum 50-msec average accelerations measured by film analysis were
-3.0 g (longitudinal) and -5.5 g (lateral}. Transducer data indicated 50-msec
averages of -4.8 g (longitudinal) and -7.0 g (lateral). Figure B.9 presents a
summary of test results. Table B.3 presents permanent barrier deflections,
The vehicle kineties obtained from film and onbozrd transducers are presented
in Table B.4. Table B.5 contains occupant.risk data. Figure B.10 contains
photographs of venhicle and barfier damage. Plots of transducer data are
presented in Figure B.11.

Barrier Damage: Damage to the barrier consisted of deformation of

three sections of W-beam. Although deflected laterally in the soil at the

impact area, all posts remained intact.

B.21




Vehicle Damage: Damage to the vehicle consisted of sheet metal

deformation of the left front fender, side; and the headlight/grille area.
The front bumper was also deformed. The left front tire was blown out and the

A-frame was displaced rearward. All windows remained intact.
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FIGURE B.7

BARRIER AND VEHICLE DETAILS, TEST MWP-2
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SEQUENTIAL PHOTOGRAPHS, TEST MWP
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- — 315 T
B MWP -2 Mass - 1b {kg)
Gross Test Inertia.. ... .. e et 4310 (195%)
L 01/14/87
Speed - mph (KMm/h) ..o means e aaeaeaaaa 61.3 (98.7)
Installabion Lengbh — £ (M) .. ureur et re et e 100 (30)
Impact angle - QBE. .. v ir it riieacnrrintatiataaensne i anraaen e 25.3
Beam .
Member. ... e e e 12 ga W-beam Occupant Impact Velocity - Fps {m/s)
Length - Fb (M) e e 12.5 (3.8) Forward (Film/aceel). .. v irinneinannecanniannananass 12.9 (3.9)/8.8 (2.7)
Lateral (film/aceel}. . vueesiiiaiiinienneeannnnnnerans 16.2 (B.9)/15.5 (4.7)
Posts (in test area) . . :
Material . e e e e e White Pine Oceupant Ridedown Accelerations - g's
Description.........,.. hae e W rererareransans N B'"xBrxa4" Forward (accel)............... N Lo
Embedment.............. O Lyn Lateral (Ae0el). ..ot eeinenran s et ttataraereaoeeneeannaaenennans -10,3
SPACING .ty v vmnrranise it e, ....... 6r-3"
: v Maximum 50-msec Avg Accelerations -~ g's
Mazimum Deflections - in. (cm) - ' Longitudinal {film/aceel)...........cevuuuan et e -3.0/-U.8
Dynamic....o.ooeniieunineennduis e e v e 34.0 (86.4) tateral (film/aceel).... ... ioeinnmmiin i =5.5/-7.0
L 23 (58}
Damage
S01l type and coMdibion. cuuuy et et e e S1 {dry) TAD . e e 11-FL-4
L1 11FLEES
=2 L I S 1978 Plymouth sedan * Oecupant did not travel required flail distance

FIGURE B.9

SUMMARY OF RESULTS, TEST MWP-2
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FIGURE B.9  SUMMARY OF RESULTS, TEST MWP-2 (Continued)




TABLE B.3

PERMANENT BARRIER DEFLECTIONS, TEST MWP-2

Pos.t/Location Deflections {in.)

3 0
b 1.0
5 5.0
6 14.0
7 _ ~21.0

Midway Between 7 & 8 , 7 - 23,0
8 ‘ 21.0
9 , 12.0
10 1.5
M 0




TABLE B.4

VEHICLE KINETICS DATA, TEST MWP-2

MlLrivAN wUUL PUST TEST MafP-c l~la=-37

VERICLE KINETIUS SUMMAKY-—FKGM FILM ANALYSIS T E

TiMc YErds ACLELS(GYS) HEADING ¥YeHe YELGIFPS) ¥YeHs DISPL(F)
il {31 LUNG e LAT « ANLLE {wzG) LONGL. LAT « A Y
VeliUu —laZ4 =Ll. L0 25433 89.97 —4.56 -3ds 71 ~-5.50
+W1l0 ~1.353% =LlJ40 D0e2'8 89.52 -4 .51 -Z.88 =5.1¢
sUgw S wla iy -i1s0¢ 25414 YUl -3.448 ~zeH EL YR -T4
PRvEV -1.87 =LedO c4eY1l [X- I 1.} «5.38 ~ledd -4 449
UG Y -Z2+05 -ledF E4e58 8§7.8¢ =-5.51 =40 —4416
PRV Y -2add ~-Ze 34 4o lb 8721 -5 e5b 242 ~3 4.8¢&
« JEU 238 ki lf..jcbg db053 -540¢ l.24 -32.56
-U?U ’ -Z2a53 _308"'! ’ 22.9‘! ' 65.80 —50"‘}0 2'05 -3027
2 . Uov =Zs606 —3e iU céel? 8504 -5 g} el -l e GG
wUYY -Zsib =34 30 dled9 Bhel4h ~4 490 3a66 2413
« 100 T =2.89 ~3eb3" 20432 ’ 3441 =4 .86 4446 =248
aldid =24517 =380 iv.2¢ 82455 —4433 5426 =—24E4 ol
. leu —3.03 —4ad4 loell dlebd =398 6,05 =Z.C1
» LIU —3.07 i, 39 T L8977 BO0WTE -3.63 © be84% «}s8C
440 -3.08 -4.62 Lo.02 7985 =-3.30 Te62 =1la€1
o« LDY -3.07 bl R l4a30 Tos493 - =3,00 Be 39 -1le44
TElEu ~3.03 =5, U2 L2.95 7  "T8L08 &~ =2.74 Felb =128
e 170 —Z2.98 =5 e L0 ll.59 77411 =2.513 FGe93 ~lal4
v Lou ~2s9l -5, 31 losee 7022 =2440 10.68 =1,.G2 :
YU e B —5edl © BeBT - 7535 =2433 - 11.83 " =a92 |
« 200 “leli “5 s 40 Te53 74452 -2434 12.18 - b#h :
Wiy —2ead -5 .4l bel4 7372 —2442 12492 =477 :
s =2o4s “5.45 ©  ee9T - T2e¥S - =2.5d 13e05 =472 r
43U ~Zadd bl - ¥ 3.79 72423 -2.481 " 14438 ~a€G
Y4 2% -2+l 2420 2eb5 T1l455 =-3,10Q 15.10 =-oE8
el s w2all e % o N cLem8 0 0 709l =3 i44 15681 ~o69
« 200 =l.%4 -4eFLl «59 70.32 =3.83 l6.52 ~e7l
elfu —Le.87 - o0 —e33 6%.706 —4 o l4 17.22 - 75
I T e LBU T “leie = =gy v el TTTTOEYR2E T =g g6 S &7 i’ B Nl 9 . |
s LYY =-lebt . -4 .09 ~1le95 Y- PWE. =541l 18460 - 07
« 3U0 -l.56 -3d. 70 =Ze bbb bB8.41 -5.5% 19.28 ~-a G5
a4l o = Lle 47 gy 0 oY ggg oo g eg8r =5, 94 R 50 T R By -
o . 320 -1.39 3,04 ~3.86 6748  =6.30 20463 =1.15
b +330 -l.31 —cet) —4437 67+.11 =t.bZ ¢Le30 =1.26
: 30T =Le23 =421 =4ET " b TS =687 o P9l = Te a8
+ 359 =lsio- =l.40 =5425% bb. 4l =7T.00 £2ebl =1la351
« 360 =-1leid =le51 —-5.03 66.10 -7.l0 23-27 —1s&5
e3TU  mleud o miaiS———— co=5.98 - 65,80 —7.lo i3092 —1.78
e 35U -—eyf -+ 80 =ha31 0he5c -Teil Z4450 =1e%3
« 39U ~e9i —e4d —-6s 03 Gheco =6.Yc 29420 =caC7
P LV VI bl ] =19 —ba 94 9.0l -0efl 29.84 -2edl
o TLU - i3 «Jo =fec4 4479 -6e40 2be %48 ~Z«3b
YAy N E e “isb4 b4e57 -6 G0 L'?olrl -2450
L34} =+ L8 ] N Y- T b%e 3l =5.54 2Te ¥4 =24¢65
o 44y —e0d 58 -84l 4420 2402 . ide3 —2+19
«450 - 58 » bb -Ha48 b64.03 —4e47 29400 —2493




TABLE B.U {(Continued)

VEHICLE KINETICS DATA, TEST MWP-2

s400 .3 « 7y —t.80 030067 ~3.69 903 ~3.07
470 - 4Y e f —le L bide i3 -3-3_0 30e25 =320
a 480 i R ] +03 bt 'R 63429 -Z2a13 KV . r) —3433
e AT ~edic D0 =-JalH o346 ~2a.18 31.50G ~3s4t
+ 500 ~s3Y ¢ 44 =1L, Ut 63e 34 ~le08 dcell -3.59
« 510 -ed{ e lY ~10s35 Bdedd =led4 e T4 -3a.7c
T T EN e JU . il -1lleb bdedil 11 13. 30 ~3.84
eSaU —a3b -e U0 ~Lilden? 0daul ~eb b 23.97 ~3e5%7
L v -2 —s L0 =31leu¥ bl 89 —e4c 34459 -4 4,C%
95U -e 34 =40 ~liall bl 8 —+34 35421 =4.e2
[S-147%} - &0 ~ e QD —Jlled> bLZa05 - 35 Z5.4d02 —44345
B U =« 45 -a O =1lias>0 bLade - XD Zbe4d Y
s 20U —« S0 ~e Yo =4il.05 62436 ~s0h 3709 =4atl
e 59V =508 —LeuD ~Liad2 ole L9 =85 37405 =4,74
00U =« C0C -la ¥ ~ilef ¥ ol.99 ~lald EI- ¥y =488
sGly —sin ~LeU{ =il.bl ble fo -l.4l ibsbb =5aCe
N -yav . -t - Llelu —4aled GlebU ~la77 JY%a. 406 ~-5.1¢€
s il ] —e0Q =i Lla90 bleldu =2l 40400 =-La2L
. Oy C=dieav e X 2) =ilavd Gue 7 -2 el 40405 =5.4%
s 20U ~iell -2 =leat? ole5u ~ladb 4ied% =5.¢0
s00Y —lesd sl PRV 60.4u —Zacu 41482 =5.,75
PYYRY -ls30 2 e =iLasl 5F.07 -2aul 4241 =5,E%
[Y=1+2V) b W P e G —h& a3 59«23 ~latb 4f 490 ~taC4

HIGHEST 50-MS AVG. ACCEL.

TIME (SEC)
G'S START END
LONG. -3.01 L1150 .1650
LAT. -5.47 .1850 . 2350

B.30




,ﬁ_.,k.‘..__
s A

TEST ID --
TEST OATE

280
. 220
. 300
. 310
. 320
. 330
. 340
. 360
360
370
. 380
350
- 400

VEHICLE CLASS
IMPACT SPEED -~

VEHICLE KINETICS DATA, TEST MWP-2

----- MP -2

TABLE B.4 (Continued)

————— 0L-14-87

- STANDARD
.89.87 FPB

VEHICLE KINETICS SUMMRRY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

ACCEL.. (B'8)
LONG . LAT.
-2.87 19
8.67 ~12.06
8.52 -2.60
-6.08 -2.43
~1.45 ~16.02
-.85 -3.78
-B5.2& -8.34
-1.90 -1.76
-2.87 4,46
-1.30 1.78
~10.566 -5, 47
~3.54 -9.,35
-4.58 -1,92
-6,38 -6.32
-£.08 -7.1l&
-5.48 2.12
-.78 -7.83
2.87 -10.03
'4-29 '5-81
-9.21 -2.84
-6.82 -3.98
2.09 -13.68
-2.3%9 -&£,23
-2.94 -5.47
-6.97 2.62
-2.64 -l1.21
-, 48 8,34
-1.897 -3.61
-4.43 -2.09
4.28 -3.55
-3.09 61
-.2B -2.09
-2.4% ~3.63
-2.94 -.B7
-1.30 1.1
-, 65 1.61
-l.60 -1.84
-1.00 -, B7
- 48 -.57
-, 48 1.45
-2,08 77

HERD.ANG .
DEG

VELOCTITY(FPS},
LONG, LAT.

89.97 -4.B8
89,73 -2.96
B88.99 -5.03
88.7C ~6. 1B
88,17 -7.82
B7 .42 -7.92
86.73 ~&,98
B5.41 -6.64
84 .58 -6.71
83.97 -6.99
83.06 ~7.53
81.3%9 -B.21
80.5%6 -8.24
728,61 ~7.80
78.47 -7.68
76.84 -6.,00
76,40 -5.44
75.68 -8.76
74,70 -5.63
7a., 72 -5.03
70.89 ~3.07
70,93 ~2.70
69.21 -32.64
6B.9& -4.00
&8.69 -4,99
67.21 ~4.,54
66 .47 -£.,34
&6.18 -6.49
65.17 -6.91
64.27 6,76
64,72 6,64
e4.41 -6.57
64,23 6.4
63.59 -5.79
€3.64 -5.40
63.32 ~-5.08
63.21 -4.32
ez2.98 ~4.78
63.09 -4.,48
62,79 -4.20
62,75 -3.78

.31

DISP. (F)

X Y
-3.71 -5,80
-2.89 -5. 15
-2.06 -4,81
-1.23 -4, 45

-.41 -4, 16

.42 -3.86

1.258 -3,87

2,086 -3.28

2.87 -3.00

3.67 -2.74

4,47 -2, 49

5.26 ~-2.26

6.05 -2.08

&.83 -l.86

7.61 -1.68

B8.37 -1.83

9,13 -1.29

9, 88 -1.26
10.63 -1.17
11.38 -1.09
12.08 -1.03
1z2.79 -, 99
13.49 -, 87
14,18 -.98
14.87 -1.00
15.58 -1.08
i&.22 -1.4i2
i16.88 ~1.21
17.64 -L.31
18,17 -1.42
i8.81 -1.54
L9, 458 -1.66
20,08 -1.79
20.71 -1.92
21,34 -2.08
21.96 -2, 19
22 .58 -2.32
23.19 -2.48
23.81 -2.62
24,42 -2.77
25,02 -2.93




TABLE B.4 {Continued)

VEHICLE KINETICS DATA, TEST MWP-2

» 410 -.85 ~1.538 -11.03 62.37 -3, 15 2t.64 -3.08
s 420 ~1.00 -1.08 -11.54 62.38 -3.09 26.25 -3.23
430 <34 1o -12.07 &2.55 -2.33 26,86 ~3.38
e -, 88 VB4 -i2.B6 &2.40 -1.86 27.46 -3.54
A4S0 -1.08 ~1.42 -13.00 62,22 ~1.45 28.06 -3.69
VA0 -, 10 .54 -13.43 62,15 -1.25 28,66 -3.85
870 -.48 -. 24 -13.84 &6l.84 -.92 2%8.26 -4,00
. 480 .19 - .49 -14.24 £1.86 -.55 23.86 -4, 16
s 450 -. 48 .10 -14.63 6L.74 -. 08 30,46 -4.32
»BOO .34 1.28 -15.02 &L.77 51 3L.06 -4.487

HIGHEST E0.0-MS AUG, ACCEL.

TIME (BEC)
E'eg ETART END
LONG, ~4.76 155 205
LAT. =700 202 as2

B.32
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ABLE B.5

QCCUPANT RISK DATA, TEST MWP-2

THITHIGAN &0GD PUST TEST #AwP-&
OQUCUPANT RISK SUMMAKY == FRUM FiLM ANALYSIS
NUFTc? AYGe ALUELe FUrR PRLUK GeULlY 5;0. CALCULATED

“FRUM YEHICLE YELOUITY CHANGE

RECATIVE VALUES=(JLCUPANT HWekeTla

(wmm———— YEHIulc

Tine ACLeL. (LS
(3} LUNG S AT,
VeuOU  ~l.d4 ~1.18
+010 =l.352 —ie90
LU -l. /U =lstg
U3V -ledd =il.t0
00407 —dallb —ZeY
.ubO —Z+dd =Cla 34
sUQU ~2e a4 —LsDY
2070 ~deD3 ~LelH
1Y =Z+ 0O -de Ll
d YU ~cefo —da3t
« 13V -Z2+89 " =3eb3
«lld —Za1 ~3s0Y9
s bl =303 =-4el4
-.L.‘}O -.5-0! -4, 3y
« 140 =308 e TY-T4
«il20 =3.U7 -4.03

e koF =340 3 =502
«470 —ZeYb -5,14
« )80 ~Z2s%1l =5e3l
«lY0 -la k& ~SedlL
« 200 —da il -Dsh0
« 210 —zZetl =DeHU¥F
¢ G20 Ll ¥ ] - 3
o2 30U —2e 3D =Desd
Y XY —-Zeil - TP -]
ESU —lelid =5,11
s LDV =leb%b LE TR NN
2l U ~letf -hetd
e 2BV -l.70 i % 1/
o270 =Llsgo -qa09
«3UU =l.s50 ~3afb
«31 “lyvq7 e Bywioo
« 320 ~ledd ~3404%
«3 30 —le.41 -Ze0b
« 350 =LlLedd ~LdET
e300 =lasd0 ~l+B08
« JoU =Lt =lasbl
«IT0 T =1leld =l.1i2
e300 -+ 94 —sBU
« 390 —-e 9l bl 2+
FL2 1 —eth e lY

1-14-87

vieriiLs)

) (mmmmm e mmmee QCCUP ANT ==mmeamemma)

B.33

ANG. VEL VELs (FP3) DISP. (FJ
{RAL/S) LUONG. LAT. LONG. LAT.
s 44 JaU0 OIOO 0.00 .00
44 «Z9 « 25 «00 L0
o4 Y-¥4 55 «01 «01
a3 -96 090 .Cl .Ol
o4 3 1.37 133 «03 s02
s4l L «d0 lLeb2 e r ] VE
o4l Zeldb Ze %0 « 06 « U6
e U é.?b 3.08 -09 .09
a3 JelY 3.87 ell «13
o 37 3283 4o 17 +15 17
«35 44,43 ° 5480 YY) . €3
34 e 0.95 «£3 29
e 3L 5402 BaedlH o Z7 «37
« LY belld T Fab5 W32 Y S
s 27 beldl El.20 «38 +58
25 737 1ce 87 E o 71
23 7.9l Llaweb¥ o 49 aéw-
YRy Cabd 16455 95 l.03
«i0 et 16.52 «b1l 1.22
» 15 Yed2 T EUaST - .Y A Le43 —
13 Ye70 i« b8 «13 1866
«ll 10.04 24982 o 79 192
« 09 1035 26497 - A4 - B
Ni¥) ld.ol 29«11 « 90 2449
05 1082 31.23 2150 281
03 L L33 930 - e Gl 3,15
«01 llel4 35430 l.06 3.51
o0l 11040 37022 1ell 3.89
—.U2 LL.96T BI04 oA 429
—+03 llo?l 40:?5 1023 4-?1
=05 L1le82 42433 1426 5.14
g L2 R8 436TT L35 o Be58 -
-e U7 idel3 45407 Iedl 6.4
- Ud lee27 40.22 l.47 el
—a G L0473 L.54 6e99
—-09 12052 43008 lotz ?.48
-lU lzebd 48.78 l1e£9 7.9?
-l les 7L 49435 Le?7 B+48
—ell Lea7o 49.78 leb4 8. 98
~ald 14.63 50.04d 1492 Gea9
~ulé -1Zedot - 50428 2400+~ 10400 —




TABLE B.5 (Continued)

OCCUPANT RISK DATA, TEST MWP-2

edly e f9t PRLYR] —al3 1dedd SUe 37 Ee07 10.52
P TV —add sl d =eld icedd HUL3Y Zal49 11.03
.30 =04 s 42 —el4 leod? JUe3d 2edl il.55
s e b Y 1 e D8 —el% Fary-3 20e 23 cel? lisuéb
G d a0 . + 00 —sl> lleou DU . 0Y Ce33 id.D8
o Gou s 0d Yas; —a21b LZedo 44 F4 s34 13.09
et i =s iy o fU “eltt 12430 49470 ced d 13,60
498 e 43 -3 ~.lo leads 49.0% FRRL: l4.11
D e a0 ~elf 12.1¢ 49424 PRSI 144862
PR TVAV] —es 27 s 44 —alb Ldavl 4947 Zaebb 15413
OCCUP. RISK FACTORS TIME VELOCITY
(s) (FPS)
<LONG. VEL. AFTER 2.0 FT. DISP. ~-- .400 12.86
<LAT. VEL. AFTER 1.0 FT. DISP. -~ .168 16.23
MAX. ACCEL. AFTER OCCUPANT IMPACT TIME (S) ACC. (G'S)
<LONG. ACCELERATION -~ 410 -.79
<LAT. ACCELERATION == ,210 -5.48

.34



TABLE B.5 (Continued)

OCCUPANT RISK DATA, TEST MWpP-2

TEST ID --=-=-- MuP -2

TEST DATE ----- OL-14-B7
VEHICLE CLASS -~ STANDARD
IMPACT SPEED -- = 89.97 FPS

OCCUPANT RISK SUMMARY
NOTE: INSTANTANEQUS LO-MS AVERAGE RACCELERATIONS

(wmmmmmn VERICLE =-=----- Y(mmmmemm - OCCUPANT ~=-=meeemann 3
TIME ACCEL.. (B’'S) ANG. VEL VEL. (FPS) DISP. (F)
(S) LONG . LAT. (RAD/S)  LONG. LAT. LONG . LAT.
000 -2.87 .19 .07 .00 .00 .00 .00
010 3,16 -.05 -.02 .13 -1.79 .01 -.01L
0RO -3.07 -4.82 -.23 .59 -, 06 .04 -.01
030  -2.1B -3.99 - 13 1.02 1.35 .02 -.0L
040 -1.50 -4.,77 -.36 1.27 2.78 .03 .04
L0580  -1.3S -.76 -.74 1.56 3.45 .05 .04 :
L0680  -4.44 .03 -.80 2.22 2.94 .06 .07 N
070  -1.53 -2.02 -.89 3.45 3.25 .09 .10
080  -E.&5 -4.09 -1.14 3.98 3.87 12 14
090  -1.95 -4.24 -1.13 4.61 5,22 17 19
L 00 -4.25 -4,25 -1.45 5.13 6.54 24 .25
L110 -2.26 -6.44 ~1.60 6.59 £.33 .27 .33
120 -3.98 -3.65 ~1,93 6.56 9.58 .33 .42
130 -4.44 -4, 42 -2.32 7.42 10.82 .39 B3
140 -4.82 -8.20 -2.40 £.19 12,46 .45 .65
L1580 -2.32 .16 -2.73 9,08 12.71 .52 .79
160  -4,LB -8.77 -2.80 9.22 14, 49% .59 . 94X
LL70 -2.44 -6, 46 -3.17 3.06 17.03 .65 L2
L1880 -B.90 -5.79 -3.28 9.368 19.45 .70 L.32
190 -B,02 -5.65 -2.39  10.57 21.75 .76 1,85
\200  -6.10 -2.76%  -3.17  11.98 22.91 81 1.80
V210 -.42 -9.59 -2.92  11.50 26 .38 . B8 2.08
220 -3.07 -5.22 -B.68 12.73 29.04 .93 2.28
{ . 230 - .50 -7.47 -2.76  12.41 31,45 .99 2.71
| 240 -5.14 -5.57 -2.76 11,54 34,69 1.03 3.07 :
l 280 - -1,99 -6.74 ~1.97 13.12 37.45 1.08 3.45 ;
260  -2.83 -B.B6 -1.99  13.23 40.54 1.14 3.86 s
270 -2.24 -1.99 -L.62  13.31 42.63 1.20 4,30
J2B0  -4.08 -4, 44 -1.32  14.12 44,61 1.27 4,76
. 290 -. 14 -, 14 -1.05 14,88 45,78 1.36 §.22
. 300 - .46 -2.42 -1.00  14.07 46.54 1,44 5.70
310 -.7L -1.78 -L.08  13.8% 47,26 1.82 6.18
320 -L1.70 -1.04 -1.09  13.56 47.61 1.59 6.67
. 330 -.89 -1.09 -1.22 13.54 48,03 1.64 7.17
340 -1.33 -, 72 -.94 13.36 48,83 1.70 7.68
. 350 -.42 -1.61 -.88  13.17 49,26 1.75 8.18
B . 360 - .58 -1.38 -.92 12.94 49.91 1.80 g.70
b 370 -.93 -1.28 -1.04 12.88 50.40 1.84 9.22
. 380 B1 - .84 -.86 12.24 50.99 i.88 9.74
J . 390 -.37 -.E5 -.87 12.12 51.33 1.92 10.27
§ 400 -.99

A -.86 11.7% 51.56 1.95 10.80
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TABLE B.5 (Continued)

OCCUPANT RISK DATA, TEST MWP-2

410 ~.64 =.36 -.B87
820 01 - B2 .90
+ 430 -. 16 - 27 ~. 92
' 440 .57 ~. 24 -.86
450 -. &7 -.l4 73
460 -, 48 - -.83 -.77
E70 -.42 =, 40 -, 72
<480 -, 09 1B - 70
. A90 -.38 + 36 e 1)
+BO0 04 73 -.&65

CCCUF. RISK FACTORS
PLONG. MEL. AFTER 2.0 FT. OISR,
JLAT.  WEL. AFTER L.0 FT. DISP.
MAX. ACCEL. AFTER OCCUPANT IMPACT

PLAT.  ACCELERATION

i1.69
11.20
10.53
10.33
10,26
9.89
5.88
S.54
9.32
£.93

TIME(S)

B.36

51.60 .97
B2.16 i.98
82.07 1.97
g2.31 1.97
B2.63 1.97
B2.83 1.97
B3.18 1.97
53.34 1.96
B3.42 1.95
53,31 1.93
VELDCITY
(FPE)
B8.84
i5.49
ACC. (88)
-10.33

11.33
11.87
iz.41
iz.95
13.49
14,03
14.57
iB. 12
15.67
i6.21
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. FIGURE B.10 BARRIER AND VEHICLE DAMAGE, TEST MWP-2
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MWP-2
S_VEHICLE ACCELERATIONS

15.00

(G'S)

-0.00

-15.00

R-ACCELERATION

o —30.00

.00 20.00 480, 60 60.00

TIME (MS)  x 10’

30.00

15.00

(G'S)

0.00

: _NIS.UU

S_ACCELERATION

--30. 00

0.60 20.00 40.00 60. 0B

TIME (MS) x 10

FIGURE B.11 VEHICLE ACCELERATIONS, TEST MWP-2
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SUMMARY OF RESULTS, TEST MWP-3

AL v o MWP-3
172 o = O 01/15/87
Installation Length = £0 (B .. iiir it iennrasnsosnsaosencnnnnss 100 (30)
Beam

Member............ N 12 ga W-beam

Length - £t (m),..venureinennnn... e ettt e 12.5 (3.8)
Posts (in test area)

= o) o 1 T Red Pine

97T T3 S+ X o ) o S P Bx8"xoun

3 rT o =T 115 Y o O Ll

1 T i TG 6'-3"
Maximum Deflections - in. {(cm)

350 0T 1Y AU 31.3 (79.5)

YRS X S 20.5 (52.1)
Soil type and condition. . viei it iiieeiirietirnanneetenteriessanans S1 (dry)
Vehicle. v ii it ivririonuansnsnnanss ettt 1978 Plymouth Fury
Mass - 1b (kg)

Gross Test Inerbla. . vt in ittt it ie i et sietoraensenenns 4310 (1955)
Speed - MPh (KB /D) it vttt ie s ittt it et e et e 60.6 (97.4)
Impact angle — deg. it ittt ittt i i 23.9
Occupant Impact Velocity - fps (m/s)

Forward (fllm/aceel) ... iiiet i ieinrnnereneenoccnnnas 18.2 (5.5)/16.6 (5.1)

Lateral (film/aceel)...uneeererenenennneonnnensnenas 18.1 (5.5)/18.3 (5.5)
Occupant Ridedown Accelerations - g's

FOrWard (BCCEL ).ttt ittt ittt eiaeseeaanneannssensssassosnsnnennannns -3.7

Lateral (BCCEL ) .t ittt i i ie et s eteerenensnrasastassaososonenonennns -10.4
Maximum 50-msec Avg Accelerations - g's

Longitudinal (film/accel)....vevirennnennns [ -4.3/-5.3

Lateral {film/acceel ). .. .ttt iin it ssarnsanvanssennen -5.7/-7.2
Damage

T D sttt i i i s et ie it a ottt e e st 11-FL~2

L 11FLEE4

B.39




2
Loy

TEST MWP-3

Barrier Installation: The barrier evaluated in the test was a

standard G4{1W) incorporating Michigan Red Pine posts and blockouts in the
test area (Posts 5 through 14). Total barrier length was 100 ft (30 m).
Figure B.12 presents system details and the moisture content for each red pine
post.

Test Vehicle: The vehicle used in the test was a 1978 Plymouth

Fury. Gross test weight, including instrumentation, was 4310 1b (1955 kg).
Figure B.13 contains photographs of the barrier and the test vehicle.

Performance: Impact conditions were 60.6 mph (97.4 km/h) and a
23.9-degree impact angle. As shown in Figure B.14#, the vehicle impacted the
barrier 4 £t (1.2 m) upstream of Post 6. The vehicle remained in contact with
the barrier for 19.3 ft (5.9 m) while laterally deflecting the W-beam 31.3 in.
(79.5 cm) before smooth redirection at a -4.3-degree angle. Final rest
position of the vehicle was 160 ft (58 m) downstream of impact and 5% ft
(17 m) behind the barrier plane.

Maximum 50-msec average accelerations measured by film analysis were
-4.3 ¢ (1ongitudinalj and -5.7 g (lateral). Transducer data indicated 50-msec
averages of -5.3 g (longitudinal) and -7.2 g (lateral). Figure B.15 presents
a summary of test results. Table B.6 presents permanent barrier deflections.
The vehicle kinetics obtained from film and onboard transducers are presented
in Table B.7. Table B.8 contains occupant risk data. Figure B.16 contains
photographs of vehicle and barrier damage. Plots of transducer data are
presented in Figure B.17.

Barrier Damage: Damage to the barrier consisted of deformation of

three sections of W-beam. Although deflected laterally in the scil at the

B.4l




impact afea, all posts remained intact. The blockout at Post 8 was split

vertically through the rail attachment hole,

Vehicle Damage: Damage to the vehicle "consisted of sheet metal

deformation of the left front fender, side, and the headlight/grille aresa.

The front bumper was also deformed. The left front tire was blown out during

impact. All windows remained intact.

B.42




Metric_Conversrons o Frad

i, 0. %Bm
1 in. * 25.4 mwn . '

| mgh e i 6) | P -
I 16, * O 458 kg A I

SYSTEM - . . G4{1¥)
. - Blocked-Out ‘%" Seam {Wood Post}
BARRER DESCRIPTION : . .

. POST SPACING 3 . :
POST TYRE - s red pine N
BEAM TYPE ) Steel ¥ section, 12 GA.
OFFSET BRACKETS 27187 214" woou ' )
MOUNTINGS : 5/8% dissmter carriage bolts -

MOISTURE CONTENT OF POSTS

~ Post No. _ % Moisture

T
21
b
95

_ ' RS 1 NETT
0. ' s
11 20
12 - 16

13 - 23
14 RIS 16

Average - f' 17%

FIGURE B.12  SYSTEM DETAILS, TEST MWP-3
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BARRIER AND VEHICLE DETAILS, TEST MWP-3

13

.

FIGURE B
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FIGURE B.14 SEQUENTIAL PHOTOGRAPHS, TEST MWP-3
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4310 (1955)

Mass - 1b (kg)
60.6 (97.4}

Gross Test Inertia
3peed - mph {km/h)

impact angle - deg

Occupant

Forward {fiim/accel)
Lateral {film/accel)

Impact Veloeity - fps (m/s)
................................. 18.2 (
18.1 (5.5)/18.3

Occupant Ridedown Accelerations - g's

Forward (accel}.

Laterai (accel)..
-4,

Maximum S0-msec Avg Accelerations - g's
Longitudinal (film/@aceel) .. co.uvraiumnmanreetiurmrnsnsiurrraeans
Lateral (FL1M/A008LY . v eeuaraneanreraonorasssssnssranscnnnsssenss -5.

Damage
TAD

oy
;l :};"‘" e
M P n'\s-:_"‘"«\,
" rrr X . el K 7 }
] LN [ "
< [ x o F1
¢ Irr r , s
[oeE M 0
RS LAEA i
Tl Il
BT L = TR R MWP-3
DALy vt s ettt anaranosamme sttt aaassreacaotsisarranesenansosatins 01/15/87
Installation Length ~ L (M) ..o irnrennronianumuarmnranaca e 100 (30)
Bearm
121« =3 < L L L L L R T 12 ga W-beam
O o £ S R R R 12.5 (3.8)
Posts {in test area)
Maberial....cveevnuuiannesivin Red ‘Pine
Description 8 xB"xby"
Embedment. . .ovuuvenreiivines IV
Spacing...coccvarvniaus g 6'-3"
Maximum Deflections - in. {om) _ : ' '
DYDAMIC . .« wsreanerranmene s iy tieaaibanansstaananns RN 31.3 {79.5)
B 1 7% X < TP AL SRR L 20.5 (52.1}
Soil type and condition.....: et e e .81 (dry}
O P PP 1978 Piymouth Fury

FIGURE B.15°

SUMMARY OF RESULTS, TEST MWP-3

5.5)/16.6 (5.1}

(5.5}
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FIGURE B.15

SUMMARY OF RESULTS, TEST MWP-3 (Continued)




TABLE B.6

PERMANENT BARRIER DEFLECTIONS, TEST MWP-3

Post/Location | Deflections {in . )
3 0
4 . 15
5 s S 7.0
6 T X
:;.7 . o .. S 20.5
8 -' S 11.5
. _ : e
10 0
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TABLE B.7

VEHICLE KINETICS DATA, TEST MWP-3

BILAlGaN wOLlU FUST TEST

Tine VeHe ALCELL(G'D)
R LUNG . AT .
UeUUd - 40 -Lend

ULy ~eO% =l«93

PRV Pas) s OQ —Lell

PRTELY ~lsdc =2s80

« 0RO ~Lleb3 -£a95

«050 ~lad =330

« U0y =Za 3l =-Jabd

YA -2+71 =39y
sUgyJ ~3aU8 ~4432

« U944 -3slg e B e Y]

« LUU ~34 72 -4 441

ollU -3.57 “bslb

slou e T 1) ~Das 30

«l30 It PRA ~Ha.9¢

e L40 —4.430 ~3e03

« 150 -4, 57 -2.008

T e Lo ~44 32 503
«l7U —-4.ct =2s0¢
«lov -4. 07 -2

e 5 2 ¥] -3a.80 =-5«33
« 20U =3,85 -5.11
«£10 -3.,49 -4 s 04

e g o =3a e 4423
« 230 —Zs 83 —4acid
L1t ~dabd -3 0%

e 2 C=2e2é t-Tt i
. ZBU -1l.92 -3 09
s lTU —lend —Zedl

—eEBY - =14 50 -2455
s 290 -1lstid -2.01
» 30U "o 0l -is09

g Ik =g teo =Le U
s 320 —e Dl =Llel%
2330 -s 34 —ad s

7.3" U [ P — . c‘."‘ - ._.vﬁ».m—,‘i. ? D PP —
« d50 —2c3 =261
ET-1H —slL -a5l

- «3f 0 -l —hh

o 300 —acd ~a4d

390 —a 3l —eh Jd
ey - 1Y ~-aqf

P ¥RV - ts )

e 74 =~ DL =+ by
S w3 hat WR'AT -0 d

» 4y =les 1Y - 17

450 =Ledd —eB35

MNP=3 L l=15-47

HEADING VEH,. YEL.(FPS}
ARGLE (DEG) LONG. LAT.
23 eY3 58083 ~2 a4
2370 Bos0b ~3.08
234306 Sde44 ~3.21
22.91 ddedi3 =-3.30
22435 87.73 ~3433
Z1l.68 87.¢1 =3,31
£0a91 86,58 -3,26
zﬂouﬁ 85.082 -3020
1v.11 844949 ~3.,13
l13.10 83.95 =3.08
17403 82,45 =3.07
ls.93 8len7 ~3.11
l*.ﬁl B0e42 -31&2
l3.68 7913 ~“3 .40
Léaot ?7.80 -3 +686
11445 76447 =399
{U.38 " 5.5
Fa3% 713.86 -4 o848
8430 i2.061 “5a4l
7.42 0 Tledd —=5u98
6e55 70.31 ~b458
5.73 69.27 =T+19
4.98 6832 e T
428 LY L] —-8437
Jehb 66. 740 -8.,92
L L e 1 TR Ml P L T
2e53 65445 -9087
ce05 H4,. 96 -10.25
le60 - - héy S =0 e
1.18 4424 =10.80
« 80 64.00 =10.986
e ¥ 1 o -gFe 8 =llhel4
«08 63470 =ll.0¢
- 27 63,602 =l1ll.01
B 2 - & B3 Fe =090
-5 63450 ~10.74
—1le29 63208 ~L0 .54
e b4 - —43¢55 —10430
—2200 63.513 =10.05%
~2a23b 63. 44 -9,78
—2s¥3 63440 —-3e851
=391l 03ecd -9.26
—3449 63.10 -3.01
=3. g8 bZeod =8 «88
—Gel b blde58 ~Beb1l
~4%+049 6ladl =83 48

B.49

- HO

YEH. DISPo(F)

X |
~0s ¥l =465
=5.95 -4 032"
~H5.12 -4 4 GO
-4430 —3o¢3
=-3+47 ‘3.3?
~2+.89% =3.08
’1083 -2.?9
*l-Ol ~2e52

—el3 =2.26

-62 ‘2.02

1.42 “1080"

2e22 =1.6C

3201 =l.41

3.79 -1.25

456 =1410

5432 -+98

b.08 - =,8&8

b.82 ~qe 80

7+55 -+ 43

8al?- —=gt9

.98 --67

G.68 ~obb
10437 =y 6T
1l.06 ~e 10
11l.73 - 74

ABak G- G

13.06 ~a 66
13.72 ~a93
1437 —~—1taCG1-
15,01 ~1.10Q
15.66 “1.20

- l6e30 ——1u31-
lbe%4 ~lekl

17.57 ~la52
18 21h - wbebh
i8«.84% -1-76
19-47 -1.87
C0ell - =2eGG-
20,74 =2.12
&103? -ZGZﬁ
22400 =2,36
2263 =~2.49
2325 =2a62

" 83488 =275
24450 ~2.88
25411 —=3,01




—
470
« 480

—a i

500
910
20
« 530
e 54U
EASU
260

#2970 _

+ 2850
-2 1
PV 10

Ce8l07

gde
« 030
-1
+ 620
« 000
«0fU
PY-1-5Y
2690
a fUV
afiv
s il
Y EL

HIGHEST 50-MS AVG. ACCEL.

'“_lnj?
=1l.?0
=lawd

o= Ze Q7
—La kY
“2449

R T
-Zs30-

~2s33

R TR p—

bl TR &)
-la 7Y
“iuﬁb
=led{
s 50
~u %
1Y
e U3
adb

s O3
.07
e 04
iedd
l. :L‘-
o7

. GY

s g3

TABLE B.7 {Continued)

VEHICLE KINETICS DATA, TEST MWP-3

LONG.
LAT.

-'097 =He38 6lsald
e @Y -5 e 13 G077
-ty -0 1'9‘3 SE 118 l?
—a 94 - TEL 59.53
~ab ~bHab3 58.55
- ¥l -G a%l 5814
-S4 -7 sl4 D7 s42
~edl ~7435 S5tb«bY
- Us - —Te02 55497
s 20 =708 55.c8
29 =7.81 54,03
9D —7.91 5% .04
Lesi ~be 00 53.21
La GO ~&GaUb 534t
Lal3 =Ga.11 52.71
La34 =al4 52445
ceOl ~&alo 52430
delll —bB4l7 524206
Lde¥Yd ~ablbd D2e42
Ze'D ~Geld S52s:48
I Y-Xi -84 10 .72
L2000 -belUd 23.03
Cad% ~7ed 53.08
Laedd =7 17 54.10
« 032 =7 el D4 .37
- =7 e 54423
TIME (SEC)

START END

1250 L1750

. 1350 .1850

.50

-8 434
-8u25
_8020
—8a.17
-8.lb
“8.l5
—tad4
-8eil
—8.04
=T 9
-?o7q
~T+4ab
~Tal4
-6070
-bulS
-5.51
=4.70
=396
~3sud
~2adb
-3¢
22
l.2o
l1,8¢
24271
2okt
240

572
Zbe33
ﬂbog3
eTa52
2bell
ZbebY
29420
29.8¢
30438
30.9<
3l.47
32400
34493
33.05
33.57
34,08
34. 60
35411
dba62
3014
ES-P.5]
37617
37.70
dBe22
3B.70
3949
39.83
40+ 38

=—3a15
=3e29
-3+43
-3.57
w3 TE
~3. 87
—4002
—4417
7@032
-4.*7
bl X 34
*407?
-4 4G
—5006
=52 C
=~5.33
_5c4ﬁ
-5u57'
-5.€8
-5-75
-5+8&0
—.-9&
=HeC3
=€, 1(
=&elh
-652‘_1
~tact
~8e 3l
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TABLE B.7 {Continued)

VEHICLE KINETICS DATA, TEST MWP-3

TEST ID ------- MR -3

TEST DATE ----- 01-18-87
VEHICLE CLASS - STANDARD
IMPACT SPEED -- 88,83 FPS

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

ACCEL . (B'58) HEAD . ANE . VELOCITY(FPE5), DT8P, (F}
LONG. LAT. DEG LONG. LAT. X Y
-2.80 -1.66 23.93 88.83 -2.64 -6.77 -4.,885
-2.57 -7 .45 23.77 8g.11 ~4.43 -5.98 -4, 52
~14,13 o5 23.43 B&.84 -5.66 -5.13 -4 .22
3.64 -5.80 23.08 84.57 -6.L4 -4, 32 -3,94
=25 -.90 22.73 B84.26 -7.08 -3.82 -3.67
-1.60 -8.8% 22.20 84.72 ~£.88 -2.71 -3.41
1z2.62 18.23 21.82 84 .88 -5.92 ~-1.90 -3.16 :
-1.90 -7.16 20.72 88,39 4,68 -1.09 ~2.90
2.4 L.46 19.74 g5 .62 ~-3.64 -. 28 ~2.64
-6.86 -5.80 i8.66 8s5.8583 -2.74 S5 -2.38
-3.40 -L.92 17.37 B83.77 -3.33 L.36 ~2.16
-10.61 -1l2.42 15.93 82.18 -3.26 2.17 -1.96
. 20 2.08 14.51 280.50 ~3.64 2.96 -4.77
-10.01 -11.58 13.23 78.44 -2.82 3.74 =1.60
- 25 2.22 12.13 77.81 ~4.78 4,51 -1.47
-2.80 3.73 11.28 76.73 -4,33 5.28 -1.36
6.19 2.64 10,31 77.61 -3.16 £.04 ~1.288
-5.50 -7.16 9.46 76,69 -3.63 6.81 -1.1E
~4.45 -8.00 8.70 7E.48 ~5.87 7.57 ~1.07
~6,70 .14 7.99 74.3& -6.98 8.32 -1.03
-7.4% -6.82 7. 42 73.30 ~7.54 9.06 -1.00
-13.16 -.06 6,90 7L.28 -8, 46 9.7% -.99
2.00 -.31 6.50 69.04 ~8.94 10.49 -4.00
-1.30 “1.66 £.20 &8.81% -9.85 11,48 -1.028
-3.10 -3.27 5.83 69.49 ~9.,44 i1.88 ~1.04
-3.85 -4.62 5.46 6B.72 ~9.38 iz.58 -L.07
4,24 11 5.03 68,13 -3.09 13.27 ~1.40
-3.85 -5.64 4,54 67.86 -9.30 13.985 -1.413
280 .73 -1.92 4,12 &7.24 -3.48 i4.63 -1.47
-, 17 » 95 2.78 66.71 -9.69 15.31 -i.22
.50 ~2.42 2.39 66.64 -3.82 i5.98 -1.27
-1.7% -1. 75 3.03 &66.13 ~10.03 16.65 -1.34
-1.60 2.47 2.71 66.0L -10.16 i7.34 -1.40
1.85 z2.864 2.42 65.80 -5.97 i17.97 -1.47
.38 ~1.33 2.149 65,85 -9.84 18.64 =-1.55
-1.00 -1.75 1.86 e5.38 -9.81 19.29 -Ll.62
-2.05 1.04 1.89 65.16 -9.83 18.95 -1.70
-1.45 -2.76 1.34 54,88 -9.594 20.60 ~1.78
~1.30 -2.09 1.07 e4.81 9,99 2L.25 -1.B7
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TABLE B.7 {Continued)

VEHICLE KINETICS DATA, TEST MWP-3

390 =1.07 -1.66 .80 a4.84 -g.92 2L.90 ~-1.96
400 .50 -4, 4% Bl &4, 15 ~9,7& Z2.585 -2.05
410 ~1.90 B2 ez 63.73 -9.42 23.19 -2.14
420 -1.78 -2.00 LO8 &3.16 -8,96 23.82 -2.23
. 430 ~1.90 ~1.92 -. 14 &2.52 -8.77 - 24.4%5 ~2.32

- 440 -1L.0Q -.23 .25 62.19%9 -8.77 25.07 ~2.441

HISHEST BO.,0-MS AVE. ACCEL.,

TIME (SEC)
5'S START ENC -
LONG . -5.34 . 166 2l6
LAT. -7.15 . 089 139

B.52
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KR1LHIGAN WOUD PUST TEST mMap-=37

TABLE B.8

QCCUPANT RISK DATA, TEST MWP-3

1-15=-a7

ULLUPANT KISK SUMMAKY —— FRUM FLLM ANALYSIS

NUTES AVGe ACCELe FUR PRIUK Qo010 SEC. CALCULATED
FRUM YERICLE YELUCITY CHANGE " ‘
KELATIVE VALUES=(UCCUPANT WeReTe VEHICLE)

{ e
Tink ACLEL.
{3} LUNGS
Ueid i -« 4d
«ULO- ~s b4
U200 TR -1
LY =ldl8
040 =l.353
1Y) -laYe
«U B0 -2+31
fUTO =247
«JBU -3.08
090 -3+4&
# L0~ —~3.7
«11l0 —3.97
eidU —4alb
B e e T Y
;140 =44 30
s LDU -0 37
wlol—  —4a Je
«170 bl R Y4
« L8O —4.07
k98— =3, ty
e 20U —3s.80
PPNV ~3.39
e Lk T
30 ~Zel 3
o240 —Zde5¢c
- eSO =2yl
+ 200 “le92
«2T0 =-1eb3
PR R ) E
«290 ~lall
« 300 -st8
«3LQ =Bl
2 340U =+ 51
e 330 -1
» 340 —e LY
«3 02U —e il
s 36U —e il
N S ]
+ 380 -049
234990 =30
i H QU =50

UCCUP ANT

VeHiLle ==— J{(—=—rmmmsaaae JCUUPANT =—m—mmeceenmw—
(G5} ANGS VYEL ¥ELs (FPD) DISF. (F}
LAT . (RADZSY  ~ LUNGS LAT. LUNGa LAT .
=lsb& T4 e 00 ~0.00 Q.00 6,00
-i.%93 4l -ad32 «35 -+00 + 00
—Lah «dl -+06 o719 -+ 00 «01
=l -4 1l 1.33 ~ -«00 « 02
A b | 539 - PV N I 2400 -+00 «03
“dsad 038 + %06 2480 +00 06
-3ebD « 30 + 36 de T4 e01 + 09
-3 99 l535' 1e38 7 meB82 «02 «13
LT P4 «33 2403 607 «03 +19
-4 403 « 3 2479 Tedb « 05 .
~9,91 WBY Al EE T QO «08 434
=541 28 4e5Y 1068 «11 ot 8
=Ds30 e 26 5439 idea9 el « 56
w53 T gl T oeb% T T L4w&l e g20 « 70
-5e0d 22 Te71 Llbe43¥ 206 «85%
=3.008¥% e 20 B8.79 ld.51 «32 la04
~5.08 BT 3 - B P T 20ae3 - " gBg- o el
-5 bd sl 10.89 22478 i le4o
-5050 ols 11059 24.91 655 l.?l
-%+33 313 - Lgel83— 2Te02 - oth - 198
“Daedl +11 L3«72 29.06 o715 2el7
~4e b4 «10 14.53 31.02 «Ho 2458
by iy g e G G B 3 88 e 2591
=442l .07 15-93 34462 1.09 3;26
~d. 0% 006 lb-5l 30‘2-3 1.23 3403
—3e4t @Gk w00 3T 135 - %e Gl
—3.09 + 0% 17440 39.03 le48 4a41
—-Za il «04 1772 4022 1e62 4,82
=235 g Q3o o wkd26 - L ath TS 24
wiaQl 02 l18el1l+ 42416 1e50+ 5«67
=-l.69 +01 18.19 42493 0% 6all
=Y @ —— 184359 - Z4ld bbb
=lely «G0- 1813 G4a 1% 2e32 701
-a92 -+ 00 lo.02 44460 Z446 Te4?
=75 ey @l k80— 44696 Ze3% 7493
-s0l -.02 l?.bb< 45.30 Zo?é 5.40
a0l —e 02 17e45 45458 Zed4 8.87
-a45 - g G ——}f B2 4S8 F 2ot Fe34
LT T4 -+ 03 1700 90206 3.07 Y.82
bt B I - 04 1679 40430 , CPR Y. 10430
-o4? — 05 Loebl 4054 3428 k0479
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« 420

- w3 0
244U
a0
R £~ 17
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T E-1Y)
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OCCUP. RISK FACTORS
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el X T4
-l
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=1 ?D
-leu3
—Za L‘?
~lelYFH

TABLE B.& {Continued)

OCCUPANT RISK DATA, TEST MWP-3

-s 23
-y OU

—-o ¥
=l
L'y I
-a77
|
-.95
-4

= US
-4 LD
e g 7
- 07
~a 06
= Uy
-~ G
=10
-all
~-ell1

<LONG. VEL. AFTER 2.0 FT. DISP.

<LAT.

MAX. ACCEL. AFTER OCCUPANT IMPACT

{LONG. ACCELERATION
{LAT. ACCELERATION

‘VEL. AFTER 1.0 FT. DISP.

B,

ioe4? 460,80 3.47
lowe. 30 *?uog 3. 406
in.do 4744l 3454
lo.s5 4776 3eb
laesd 48,15 3.70
lb.06 48 457 3677
loe9l 49.01 ETY. L
17423 Y Fey3
17464 49494 402
ldedy 50440 delld
TIME VELOCITY
(8)
- ,297
- 148
TIME (§) ACC. (G'S)
-=  .500
-- 150

24

li.28
L1a77
12.27
lead?
13.27
13.78
14.29
14,80
15.32
i5.85




OCCUPANT RISK DATA, TEST MWP-3

TABLE B.8 (Continued)

TEST ID ------- Md-3

TEST DATE ----- 0L1-15-87
VEHICLE CLASS - STANDARD
IMPACT SPEED -- BB.83 FPS

OCCUPANT RISK SUMMARY
NOTE : INSTANTANEQGUS 10-M2 AVERABE ACCELERATIONS

TIME

RCCEL.
LONG.

VEHICLE
(5'S)
LAT.

-92.07%
-7.86
-5.66
-3.82
~B5.2%
-2.85
-1.0%9
~L.74
~-.66
-.98
-1.89
-1.586
-1.97
-1.84
~l.62
-1l.66
-.30
-.82
"162
-1.5C
-1.18

-------- )¢

ANG . VEL
(RAG/S)
-.08
.29
-.91
”157
-,80
«. 94
-4.19
-1.57
-1L.68
-2.185
-2.28
~2.70
-2.36
-2.04
-1.73
-1.83
-1.40
-1.89
-1.38
-. 86
-.84
-.99
-.41
-154
-.85
-.77
.85
-.86
~.63
~. 65
-.64
~. 45
-, 48
~-1..18
=33
-.59
~ 40
-.40

VEL.
LONG .

B.55

--=-= DECUPANT ~=-=-=--
(FPS) DIsP.
LAT, LLONG .

LO0 Nele
1.78 00
2.76 .0l
4.28 04
5.41 .08
5.84 R
.64 14
E.17 AEB
8.862 16
5.72 16
g8.1l4 18
9.78 A7

12.76 .20
14.32 23
18.31% 29
19.49 36
13.89 42
21.43 47
25.07 B4
27.77 Bl
29.2% s
30.84 B0
32.65 i
33.84 .07
33,83 1.21
34.20 1.34
34 .43 1.46&
35,37 1.58
a36.45 1.7
37.04 1.84
37.87 1.97+
38.82 2.10
39.39 2.24
38.75 2,37
40 .09 2.51
40, 16 2.64
40.79 2.78
41.23 2,92

(F)
LaT.

» 39

98X
i1.18
1.38
1.59
1.83
2.1
2.39
2.70
3.03
3.36
3.71
4.06
4.41
4,78
5.1
85,52
.91
6.30
6.71
7,41
7.52
7.93
8.35
g.77




TABLE B.8 (Continued)

OCCUPANT RISK DATA, TEST MWP-3

.380 -1.01 - 65 -.38  17.68 41,76 3.08 $.20
.390 -.9% -1.08 -.48 17.54 41,93 3.8 9,63
.400  -1.44 . 00 -39 17.99 42,29 8.31 10,07
410 -1.92 .48 -.27 1B8.38 42.53 3.44 10.81
420 -l1.68 .24 -.32 1B.7% 42,23 2.59 10.94
430 ~1.76 -, 10 -.30 19.34  42.34 3.78 11,38
440 ~1.66+ -, 10 - 14  19.80 42.70 3.92 1i.81

OCCUP. RISK FACTORS TIME VELOCITY

(8) (FPS)
JLONB. VEL. AFTER 2.0 FT. OISP. -- . 308 16.58
JLAT. VEL. AFTER 1.0 FT. DISP. -- . 141 18.29

MAX. ACCEL. AFTER OCCUPANT IMPACT TIME(S) ACC. (BS)

PLONG. RCCELERATION - 444 -3.07
JLAT. ACCELERATION - A7 ~i0. 40

B.56




BARRIER AND VEHICLE DAMAGE, TEST MWP-3
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FIGURE B.
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MWP-3
VEHICLE ACCELERATIONS
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SUMMARY OF RESULTS, TEST MuWP-4

=< o A MWP-4
2= N 02/11/87
Installation Length = £8 (M) .. v it iiininnniietereeneronnnsenennnanas 100 (30)
Beam

=341 T 12 ga W-beam

Length = Tt (M) . uuerrnnreriin it reenrononsnsnsnsnonssrenannnnssl 12.5 (3.8)
Posts (5 thru 14)

Material. .ot on it orenivonnnnsassasonnnssasasasnssanses Jack Pine

LT o 21 7 K o 4 P grx8rx7en

38101 =T o= o v By

Spacing......... S T 6'-3"
Maximum Deflections - in. (cm)

334 T2 O 34.5 (87.6)

Statie.......c.iiiiiiiiiiinns e e e et er ettt 20 {"1)
Soil type and condition. .. vvueiererearrieronnoararannestsronaitennns 81 (dry)
L =T e 1978 Dodge sedan
Mass - 1b (kg)

Gross Test Inertia. . e ieirinrireneneeeenanasosananansnaneas K325 (1961)
Speed - mph (km/h)....... e r ettt e 58.7 (94.4)
Impact Angle - deg. .. i vttt iir it ittt et seten s ineceatanasnsannannns 25.1
Occupant Impact Velocity - fps (m/s)

Forward (film/aceel) ... nn e rrensnseonennnas e 18.9 (5.8)/17.4 (5.3)

Lateral (£ilm/acCel) ... eininirerennrnreennanenanennn 16.9 (5.2)/18.4 (5.6)
Occupant Ridedown Accelerations - g's

FOruard (B0CeL ) ... u it iietrteieeeonenseeaniasatesnsosencsnurerenesnnns ~4.9

Lateral (BCCel) ... ittt i i it e et tenteanteraannanennanen -16.1
Maximum 50-msec Avg Accelerations - g's

Longitudinal (film/aceel) .. ierernennrnneennnnesneensonennennnens -4.8/-5.0

Lateral (f1lm/acCel) .. eeneeneerernrenrnnnorernrnensnsnnsensosnns -5.1/-7.3
Damage

DDt ittt ittt ettt et te et seaeeeeroeanenesenenasascaeronnnsesos 11-FL-4

L 11FLEES
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TEST MWP-4

Barrier Installation: The barrier evaluated in the test was a

standard GU(1W) incorporating Michigan Jack Pine posts and blockouts in the
test area (Posts 5 through 14). Total barrier length was 100 ft (30 m).
Figure B.18 presents system details and moisture content of test posts.

Test Vehicle: The vehicle used in the test was a 1978 Dodge sedan.

Gross test weight, including instrumentation, was 4325 1b (1961 kg).
Figure B.19 contains photographs of the barrier and the test vehicle.
Performance: Impact conditions were 58.7 mph (94.4 km/h) and a

25, 1-degree impact angle. As shown in Figure B.20, the vehicle impacted the

~barrier 0.7 ft (0.2 m) upstream of Post 6. The vehicle remained in contact

with the barrier for 19.4 ft (5.9 m) while laterally deflecting the W-beam
34.5 in. (87.6 em) before smooth redirection at a -14.6-degree angle. Final
rest position of the vehicle was 115 ft (35 m) downstream of impact and 25 ft
(8 m) out from the barrier plane. |

Mazimum 50-msec average accelerations measured by film analysis were
-4.8 g (longitudinal) and -5.1 g (lateral). Transducer data indicated 50-msec
averages of ~5.0 g (longitudinal) and -7.3 g (lateral). Figure B.21 presents
a summary of test results. Table B.9 presents permanent barrier deflections.
The vehicle kinetics obtained from film and onboard transducers are presented
in Table B.10. Table B.11 contains occupant risk data. Figure B,22 contains
photographs of vehicle and barrier damage. Plots of transducer data are
presented in Figure B.23.

Barrier Damage: Damage to the barrier consisted of deformation of

three sections of W-beam. Although deflected laterally in the so0il at the

impact area, all posts remained intact.

B.61




Vehicle Damage: Damage to the vehicle consisted of sheet metal

deformation of the left from fender, side, and the headlight/grille area. The
front bumper was also deformed. The left front tire was blown out during
impact. All windows remained intact. It should be noted that the vehicle
right side tires struck a guide pylon which caused the tires to blow ocut just
prior te impact. The blowouts did not significantly alter the results of the

test.
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tlo * 0.484kg [ T
SYSTEM 4{14) '
Blocred-Qut *¥* seas (wood Post) |
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CFFSET BRACKETS T x8"x14" wood
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FIGURE B.19

BARRIER AND VEHICLE
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DETAILS, TEST MWP-4
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SEQUENTIAL PHOTOGRAPHS, TEST MWP-4
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19'-5" —— .
819 10 11

5 : = 7

TESE MOt v s a e te e se s aeemnnaeanesnaseaeessanassannsnsaiassnaeneanetsnessamnssn MWp-4
T 2= 02/11/87
Installation Lengbh = £ (M) ... oiiiirmninraesanciancrarsaarnranenns 100 {30)
Beam : o )
Member.....iieaus e rttesenresa et A P 12 ga W-beam

Length — £ (M) iviiveenrvanearnennannnans A 12.5 (3.8)

Posts (5 thru 1) - -
Material.........:%
Pescription ] P )
Embedment . ..o vive e anenanisiiinan PR R R
Spacing. .......... i e areteran s d e ettt Rt

Maximum Deflections - in..(cm) - : o
DYNEMEC . s e v eaeeane s s remneeonasserinesiosnsnasannssinsiranseoarss 34.5 (87.6)
Y 3 2 P P bt e 20 {51}
S011 £YPe And COMALEION. . uve et e s et e e ea e e aaae S1 (dry)

LY N = U 1378 Dodge sedan

Mass - 1b {kg)

Gross Test Tnerbim. oy e et iaennarcianracnassnsaensanans 4325 (1961)
Speed -~ mph (KM M) .o ieis it ainie i nennas et abe ety 58.7 (94.4)
Impact ANELe - deg. .. icuuiieeiiioaaacrranrennereancersbeonaennroniaraeas 25.1

‘Oceupant Impact Veloeity - fps (m/s)
Forward (film/accel)....oiivininnnansn wereannanaea..-18.G (5.8)/17.8 (5.3}
Lateral {film/aceel)..,....... e eaarraatraas e 16.9 (5.2}/18.4 (5.6)
. Ocoupant Ridédown Aceelerations - -g's R :
' Forward {aceel}il..... R ieeraiaraeaen 1.9

Lateral (BOOBL) i ve e eaneraneniiaseeeeensoenrasetasacaansseanissrns -16.1
Maximum SO—msec'AVg'Acceierations - g's

Longitudinal (film/accel) .. ..vuvrievnrnerrrnrainsnions P -U.8/-.5.0

Lateral (Film/aceel) . ..cueviinreiiransacancarnimesnsnaans [P -5.1/-7.3
Damage -

TAD. ... .uun e T T 11-FL-4

73 T e 11FLEES
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FIGURE B.21

SUMMARY OF RESULTS, TEST MWP-4 (Continued).




TABLE B.9

PERMANENT BARRIER DEFLECTIONS, TEST MWP-4

Post/Location _ Deflections (in.)
- RN 0.3
5 P . 2.
“_%{ ?.-; . 175
Midway Between T L 8 S 2000
:  .; 8_ '_?  i*i. | . 55
(o ;_.  _- | .
0 0.8

11 _ 0

B.68



L

MICHLGAN wUDOU POST TEST HwP—4

TABLE B.10

VEHICLE KINETICS DATA, TEST MWP -4

£=11=-87

YEALICLE KINETILS SUMMARY——FROM FILM ARKALYSIS

T1lMe VEH. ACCEL.IG*S) HEADING YEHe VEL+{FPS}
1o LONG . LAT. ANGLE (DEG) LONG. LAT .
Ueuul ~1l.494 ~1l450C 25.08 86.09 a4
« 10 -2439 -l.83 24292 85,39 - 9%
« 020 -2ebZ —~Le ik 244,66 84458 -1l.20
« 030 =3.2% ~l e 4> 24e29 83.59 =139
2080 “3.6¢ —Ze {5 £3.80 82.50 ~le52
« 350 ~3497 =3.05 23.19 8i.49 =145%
s U0l -4427 =3.33 22447 79.98 =1.59
« 070 -4 451" ~3s61 Z2l.63 78,59 =1.55
V80 '4(70 “3.67 20.68 77.13 -1.47
0¥ 0 - a 82 —4%ald 19,64 ?5062 ~-1l.36
« 100 -4ed9 -4235 - 18,50 74.08 . ~le24
«110 —44 90 —44586 17023 12453 -l.1l2
120 —4480 —4e T4 16,00 70.98 =-1.00
« 130 —44 15 -4, 09 _lﬁbﬂb 6946 -1
PRV e T R3] -5s 00 13.27 67.97 -85
s L30 442 ~5.086 Lle86 66454 - o8
o dll —44 20 -5, 12 10.44 65.17 =+83
«L70 =3+ 95 -5.12 .02 63.88 =o88
« 180 -3. 869 —52.U8 7T+62 62407 ~+98
e L90 =3.43 =5400 6425 6l.55 =lell
« 200 -3¢ l6 -44 88 491 60492 =1428
« 210 ~Z2.89 -4e 12 3¢63 59.58 ~Lla48
224 —Ze b4 —HeD4% ekl 58.72 =-l.71
« £30 -Ze %0 e T T4 Led5 574495 ~1.96
PL ] ~2sl8 -4408 o17 57.&5 =2e23
« 254 =la99Y —3a82 —e83 564062 ~2451
<1 ~lsB2 =355 =-1l.79 56.05 -2 o 60
0470 —~las68 =327 -2+ 58 55.53 -3.08
« £BU =1.57 -2 499 —3433 55.45 ~-3.,30
s Xt ‘lc*? -Z.?O é#-OO 54.60 ~3 .04
« 300 ~Le4l ~2e42 ~4e59 S54.18 =3.9¢
. 310 =le30 ~Zal4 ~5e1l 53477 =4.15
e 320 ~Le3d4 ~l.88 -5.57 53.36 -t o337
«330 ~l.33 =l.02 =596 52.97 —4457
« 340 =le34 ~-1.38 - b e 30 52.56 -4o 74
« 350 ~1la.3> =lel5 =64 b0 52416 =4 487
+ 3060 -1s37 - 94 =bhe8b 51le74 -4 .97
e 370 “le40 ~al4 =7410 5l.32 =5.02
s 38U ~l.43 ~e 26 =732 50.88 =503
. 3904 -las4Y =« 40 =Te54 50444 =5 400
« 400 ~Lle47 =25 =775 49.948 -4.91
e410 =le4d ~ell -7497 49.53 ~4 478
P TAY ~le4a7 -+ 00 =842 1 49,407 ~f .60
« 430 =140 +10 -8+40 48.62 -y o3
a4l ~Llas%3 «1l9 -8a73 48.18 =409
« 450 -1, 348 e -9.03 47 7% “3.??

B.69

. YEH. DISP.{(F)

X Y
~1+55 -5.40
-edd -5.04%
«0r =«4,70
78 =4,36
1154 —4.C3
230 ~3472
3.05 =342
3.79 =3.14
4452 =—2.87
5.24 —~2a62
5«95 =239
beb5 =2.18 :
735 =1.58
.02 =—1la.80
5.ﬁ9 =]l.65
F+35 =1l.51
10400 =1.39
1064 =~1.29
ll.88 - 1el4
lda49 =1.09
13.09 =1.06
i3.68 =1l.05
15427 =1.05
14.84 ~le06
15441 =-1.0%
15.97 “~1lel3
lbs53 =1l.18
1708 =1l.24
l7.62 =~1,31
l8.16 ~1o39
L1Be70 =147
18.23 =1.57
19.75 =l.&6
2Ue27 =1.77
200?9 ”1.&7
21le30 -1l.98
2l.80 =2.,1¢
22430 =2.21
22.80 _2032
23429 =Zu4%
23.78 -2456
24%e26 —2a87
24473 ~2479
25421 =2.%0
¢5.67 =3.01



TABLE B.10 {(Continued)

VEHICLE KINETICS DATA, TEST MWP-4

2460 ~le3g e 32 =5e35 4733 LEFL T Zbel 4 =3213
PRTAY -1lsd5 o3 =970 46+ 93 =3.01 Cheb(Q =3,.74
a%by =lelb Y4 -10.07 464506 ~-2.58 27«05 =3.34
490 =1.06 2% ~1Q.4& 46e22 ~2412 27451 =3.45
.300\ - 34 P ] ~10.86 454,91 ~1leb4 27495 =3.,5%
« 510 =abZ -1V =11l.28 43.0% = =lalé 26e40 =3,£5
- Yav; N AL abd =1labY 45440 “-as66 cdalS ~3.75
«530 me5H8 ¥ =12.10 45,419 —el7 29«29 =3,85
« 540 bl e 2+ 252 =12450 45403 « 31 29.73 =3.95
« 550 -2 3t 51 ~1ee 87 444,89 e 717 3017 -4 o 04
1.4 —s 27 Y- =13.22 44479 1.20 30.061 -4 413
«570 - 20 %D =13+5% 44,70 lasé 3le05 =4,2¢
« S8l -e lb Y -13.82 44004 l.%5 Jie48 =—4,4,31
» 5%0 —~sdb 2 J4 =14.05 4“-&8 Zalb 31.92 —4 o 4(
2000 -+ i8 s b w]ldal 4 44452 2450 32.386 e Xl
+ 810 —e2h +lb ~14.39 G4 4 4% Zs608 3£.8¢C *4.5?
abLl . - db s U5 =14,50 4443% Z2e80 33.23 =4abb
=+ 03U =45 -2 U8 - —l4e57 44021 Zeld 3d.07 =t o T4
« 040 ' wafay e Ll =14.62 49.0¢ 2l 4 I4410C -4 4 B2
Py +3: 1) lx-74 . —adb =~14e64% 43.79 2!77 34454 e TR1Y
sHOU =1l.Cl ~s 50 =1l4.67 43 .49 2ebd 34496 =4,5%
YT 4V =-la4¥ ~abd =14.70Q 43414 2ett9 35.39 =5.C7
YT 1Y) " -la2d - % 14,76 4274 2+31 35481 -5.186
o OY0 ~1la3i =sdd =14.85 42,32 2413 3bed3 “5.25
o dUU ~lecl e X7 4 =15.00 41 .90 1,97 d6.0% ~5e33
e 710 —a %3 =a 74 =15.21 41054 l.87 3705 =5 ek
-7du —a 39 —sD2 ’15047 “4la31 1035 37045 —5052
e fav o4 Y ~sd O ~15,80 41l.31 le9& 37+86 -5a&1l

HIGHEST 50-MS AVG. ACCEL.

TIME (SEC)
G'S START END
LONG. -4.,81 - .0850 .1350

LAT, -5.14 . 1450 .1950




TABLE B. 11

OCCUPANT RISK DATA, TEST MWP-4

TEST I0 ----<-- MdP-4

TEST DATE ~---- 0B-11-87
VEMICLE CLASS - STANDARD
IMPACT SPEED --  86.09 FPS

VEHICLE KINETICS SUMMARY
NOTE: VALUES ARE INSTANTANEOUS AT TIME

TIME ACCEL . (B'8) HEAD . ANS . VELOCITY(FPS), DISP. (F3
5. LONE, LAT. DEB LONG. LAT. X Y
LO00 -, 48 -. 16 25,08 85.09 -.564 -1.88 -5, 40
L0160 .93 B.75 25.06 8. 44 18 -.77 -5, 04
.020 -5.84 -2.43 24,97 85.53 .62 - ,0L -4,.67
.030 3,37 L.57 24.84 BE.&7 1.39 .78 -4.30
040 -3.46 .42 24,71 85.00 2.16 i.88 -3.93
LOB0 ~1.67 .85 24.57 85,20 2.16 2.32 -3.55
L0560 ©OBLT7O 2.70 24,45 B4, 70 2.89 3.07 -3, 18 .
070 -1.67 Z.80 - 24,41 84,07 1.73 a.83 -2.81
.0BO 1.89 ~-2.04 24,06 83.29 1.04 4,89 -2.458
. 080 -1.82 -32.62 23.67 82,28 V&2 £.385 -2, 11
100 -4.20 -1.14 23,20 82,19 -.27 6.4l -1,78
L 110 -9, 26 -5.,40 22.59 80.98 .32 &.86 -1.46
. 1zo -2.86 -&£.14 22.00 73,64 -, 01 7.60 -1.18
130 3.07 -5.87 z2i.39 7B.36& -, 16 8.33 -.Bs
L 140 -9.85 -2.21 20.75 76 .83 -.02 9,06 -,58 i
.150 - . 48 17 19.87 75,79 -.97 9,78 -.32 .
. 180 - 19 -5.24 18.885 74,58 -l.ee 10,49 -.08 -
170 -5.84 -6.39 17.75 73.31 -1.29 1i.20 .14
. 180 -8.51 -2.94 16,43 71.55 . -.99 11.89 .34
L 190 -6.80 -g3,99 15.03 70.00 -1.12 12.58 B2
200 -4.20 -5,07 13.43 &B8.37 -1.45 13.26 =t
L2410 -5,84 ~7.70 11.74 67. 12 -, 48 13.91 .82
.820 -4, 20 -5,.89 9,82 &6, 39 -.32 14.87 .94
L2230 -1 -5.65 7.73 64,45 0B is.21 1.04
. 280 -1.23 -4,83 5.60 63.54 1.6 15.85 1,42
. 250 -4, 08 -6,47 3, 48 62.56 2.35 16.48 1.18
L BED 5.64 -11.63 1.38 651.00 2,83 i7.09 1.24
270 -2,79 -&, 55 -.53 5B.78 - .58 17.69 1.825
B8O -5.0%9 1.65 -2,06 57,13 - 40 18.26 l.23
. 290 ~5.24 -2.60 -3.41 56.92 .74 18.83 l.24
. 300 -2.71 -5.8%9 4,75 855.06 L.06 15.3%9 1,47
V310 ¥ -6.55 -5,99 55, 42 l.08 18.94 1.13
. 320 -5, 84 -3,60 =710 B4.41 .27 20,49 1.08
. 330 .85 -2.94 ~7.,99 £3.665 -, 40 21.03 1.00
. 340 -2.,12 -7.63 -8.76 53,41 - .53 21.56 .92
. 350 -3.76 -6, 14 -9.38 52,54 . -, 44 22,08 .83
L2360 -1.23 1.08 -9,51 52,26 -,01 22 .89 !
.370 -2,27 1,49 -10.45 51.74 09 23.41 .65
. 380 -7.03 -&.B8 13,03 50.86 16 23.64 .5&
L350 2.48 £.14 -11.58 51,03 1.18 24,41 .47
L 400 -1.30 -.65 -11.98 45, 45 -5 24,61 .37
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410 -1.B2
G20 =.11
. 330 -2.287
440 1.00
450 -.19
AED =1l
L A7 -1.08
480 -.15
450 -1.67
500 -, 14

HIGHEST B0

LONG.

LAT

TABLE B.11 (Continued)

OCCUPANT RISK DATA, TEST MWP-4

z2.80 ~1l2.5%8 49,07
-.98 -13. .10 4B8.86
17 -13.54 48.55
91 -13.91 48.33
.83 ~14,33 48.08
.93 -14.71 47.68
-, 40 -15. 14 47,32
-2.45 ~1iE.47 47,11
.08 -15.88 46,73
1.4%9 ~l6.26 46, 45
LO0-ME AVE. ACCEL.
O TIME (SEC)
R~ START END
-4,99 i64 214
-7.30 219 269

B.72

.83
l.31
1.54
2.03
2.5%9
2,71
2.85
3.4
2.62
4.14

z25.09
25.57
26.05
26.82
26.99
a7 .46
27.93
28. 3%
28,86
29.31

27
1B
e,
.02

~.2l
- 24
~ .40
~. 50
-.B9




i TABLE B.11 (Continued)

e OCCUPANT RISK DATA, TEST MWP-4

MICHIGAN WOUU PUST TeST MwbP-4 2-11-87

UCCUPANT RISK SUMRAKY =~ FRUM FILM ANALYSIS

NUTc? AVGs ACLEL. FOR PRIUR Q.0Ll0 SEL. CALCULATED
FRUM ¥EHICLE VELUOCITY CHANGE

RELATIVE VALUES—(UCCUPANT weRols YEHICLE)

(me——mwe YEHILLE ~meww m——) e UCCUPANT =wmmccc—e—wn)
- Ting ACCEL. (LS} ANG. YEL YEL. (FP3} ISP« (F)
; {3} LONG. LAT . (RALGAS) LUNG, LAT. LONG. LAT .
Ve UQU =l.94 =1a20 L] Qa.0u 0.00 C.0C G.0C0
«JLi0 —Z e 39 =-lec3 43 X 32 e G0 + 00
-040 -2.&2 -Zth 043 llﬂ? l73 001 le
U330 ~3edh T ) P T4 Lefd le23 o2 « 02
+ 040 -3eb62 —Zel? Y Zaol L.84% «05 «03
« 0350 -3.9? _J!UD et 3454 dn57 «0E « 05
tUbO '“40£? —dedd 039 4055 3.42 012 .09
+UT0 -4 el =3abl + 30 502 4940 «lo + 13
L Udo -4, 70 =34 87 " e3b6 bo?9 5.51 e lé «18 -
iy 090 4484 “hell -1 790 677 29 23
v o LUY —4,8Y -4435 o3l Yeida gel7 037 «33
o LLO -4 05U ~4s20 «30 10.34 Yo 70 46 42
w120 ~4e D 4% « 28 Lie4d 1le37 7.} 5%
+ 130 “4.?5 -g,d¥y 2 2b Léden3 13.17 'b? Ny
rlﬁo "4050 _3000 023 13.55 Li-OB* 7 l?e -84*
«l50 —4e42 “5uU& el 14450 17.08 250 LeQ2
«in@ . P4 mDell¥F el8 15,35 LY.16 1.02 Lel2
Wab70 =3, 495 bl T ¥4 «16 1610 ¢La30 1e14 Le 45
.ldU -jlbg -5.03 -13 16-70 13047 1.2? lo?l
«i¥0 ~3 .4 =5. 00 +11 l?.id 29¢65 l-ag le98
.400 =318 - o8B0 «09 17.79 cTa81 1052 £aldB
[ 210 ~debY —heic PRT 18.143 29495 le65 2etil
%% «220 —-Zsb4 ey «U4 18.49 32403 1477 296
i « 230 -2 40 ~4a 32 «02 18474+ 3404 l.89+ 3.32
w40 —Zelb¥ -4.08 « U0 18.95 35496 £e02 3.71
0 : « 250 =1la%9 ~3.82 =401 ly.l1 37«77 2el4 4411
P « 260 ~letbe ~3.55 -.03 194206 39448 2elb 4¢54
o 2270  =le.08B -3.27 ~s 05 19.39 41.07 2438 4s 97
+ 280 ~ie57 =2 e 99 =406 19.52 424353 2451 5.42
s £90 -1.43 ‘20?0 _uO? 19-65 43057 -2 5.d08
« 300 =Latl =Lakl ~a08 19.82 45-07 2.77 b.306
«3i0 =ledb -Zal% - .09 19.99 4GelH Z+91 be 84
o320 —le34 =ledidd -.lO £0.19 47010 .00 Te33
«330 —-La33 =ls02 -« 10 20.41 47 493 3,21 7.83
+ 340 =1lsd4 -1l.38 =ell 20.05 4804 3.37 b5s33
add0 =1as35 “islh ~slZ 2091 49 2% 3.E13 . TR-T
+ 300 -], dd —a 94 -akd Zl.1l48 49474 3470 F435
« 370 Y1) -e i 4 'y ¥ cle4b 20415 3.87 Y. 80
300 =le43 —abo -sl’ 21le75 047 4209 lu.33
« 390 ~1le#5 e 1Y =al3 22403 SUefl 4423 1049C
. » 400U -le4? —ed D —eli% da30 50.89 4e9l lle43




TABLE B.11 {Continued)

OCCUPANT RISK DATA, TEST MWP-L

e 410 =1l.44d =s12 ~sl% 2&-55 5La02 4059 11.95
« 420 TR 1) -« 00 —a l4 22478 94.10 4.70 1d.48
2+ 430 "1‘4(3 +10 =215 £4e98 2lel4 4494 13.02
o 440 —Leds o kY -o15 23415 Dlelb 5.10 13.55
e %50 =1la38 Pa - =slb 23«48 51.16 Selb 14.09
w400 -1ls3¢ e 32 ~slb 23437 5Llal4 Sedsd L4463
«470 =lséb » 38 ~ald 23442 51.13 5456 “i5.18
+ % 80 =lsio P Y4 -s18 23+43 51.11 5.69 15.72
490 bl TR 1 + 40 -2 l8 23439 5l010 5.82 1.0.2?
« 500 - G4 . 48 =419 23.33 21,09 5494 lbed3
OCCUP, RISK FACTORS TIME VELOCITY
(s) (FPS)
<LONG. VEL. AFTER 2.0 FT. DISP. -- .239 18.92
<LAT. VEL. AFTER 1.0 FT. DISP. -- .149 16.88
MAX. ACCEL. AFTER OCCUPANT IMPACT TIME (S) ACC. (G'S)
{LONG. ACCELERATION -~ 240 -2.,18
<LAT. ACCELERATION --  .160 -5.12

B.74




TABLE B.1%1 (Continued)

OCCUPANT RISK DATA, TEST MWP-4

TEST IO -~----- MWP - 4
TEST DATE ~---- 02-11-87

VEHICLE CLASS - STANDARD . .
IMPACT SPEED --  B6,09 FPS

QCCUPANT . RISK SUMMARY
NOTE: INSTANTANEDUS LO-MS AVERAGE ACCELERATIONS

(-====-- VEHICLE -------- P DCCUPANT - == --mmmmw- )
TIME ACCEL., (B’S)  ANG. VEL VEL. (FPS) DISP. (F)
(S) LONG. LAT. (RAD/S)  LONG. LAT. LONG. LAT.
000 -, 48 -.16 -.03 .00 .00 .00 00
010 © -L.71 72 -. 12 -.48 -.89 .00 00
JOBO -3.19 2,62 -.26 .28 -1.38 .00 -, 02
, 030 1.68 1.56 -, 16 .26 -1.82 .00 -.03
040  -L1,73 31 -.30 .76 -2.58 .00 -.05 :
LOBO -2.48 1,42 - 19 .70 -2.,22 .01 -.08B L
. 060 -, 30 -1.97 -.04 1.37 -2.39 .03 -, 10
.070 -L.30 -4.10 -.51 1.44 -1.98 .04 . -. 12 :
08B0  -L.67 -2.18 -. 45 2.27 -7 .06 -, 13 ;
.0S0 .27 -2.50 -.83 L.81 -.12 .08 -. 14
100  -5.8B -4.39 -1.12 2.82 1.21 .10 -, 13
i L1180 -4.31 -1.86 -.99 3.87 1.6l .14 - L1
i .20 -3.78 -3.328 -1.07 E.06 2.72 .18 -, 09
130 -2.38 -2.74 -1.07 6.30 3.78 .24 -.06
L1406 -6.44 -6.08  -1.34 7.43 4.27 31 -, 02
P B0 -3.07 “4,29 -1.85 8.11 &.28 .39 .04
tiad 160 -3.82  -5.27 -1.74 8.34 7.80 47 Ji2
170 -4.37 -5, 14 -2.18 9.47 8.97 BB B4
180 -B.92 -3,17 -2.286  10.87 10.55 65 .32
.190 -8.08 -8,4% -2.69 11.56 L2.23 V76 45
200 -3.6L -4.,40 -2.99  12.37 14,55 .86 -5
L2110 -5.46 -3.46 -3.86 12.76 15.74 .97 .79
I 220  -3.0% ~7.54 -3.28 L12.7% 18, 33% 1.07 .99%
L .230  -3.1ii -5.39 -3.7L  13.30 20.43 1.16 1.23
s L840  -3.09 -3.71 -3.78 13.14 22.31 1.24 1,49
.B80  -4.65 -4,23 -3.74 13.04 24.26 1.31 1.77
.260 -6.80 -12.73% ~3.43 13.81 27.34 1,37 2.07
270 -4.21 -8, 10 -3.26 15.08 33.23 L. 45 2.42
.2B0 -4.01 -2.41 -2.76 16.34 3G.78 1.54 2.8L
8230  -L.,75 -3.89 -2.414  16.39 37.17 i.64 3.2l
300 -2.4i2 -1.78 2,17 17.24 38.57 1,72 3.63
.310 ~ .70 -4,63 -2.30 1B,80 40,08 1.80 4,06
,320  -4.0% ~5.91 -1.43  17.03 43,33 1.88 4,51
330 -1.31 -3.38 -1.31  17.21+- 45.256 1,98+ 4,99
. 340 -.37 -1.66 -1.3% 16.74 45 .28 2.08 5.47
350  -3.46 -1.,36 -.81 17.68 47.85 2.19 5.96
360 -.36 -.44 -.85 17.89 47,87 2,38 6.46
370  -2.57 ~1.46 -.90 17.58 48.37 2.42 6.96
380 -.69 W13 -.80 i8.08 49.13 2.82 7.47
(390 -2.70+ -.28% -.88 17.33 48.67 2.62 7.98

400 -2.91 -3.52 -1.39 17.s82 49.30 2.75 8.50
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TABLE B.1% (Continued)

OCCUPANT RISK DATA, TEST MWP-4

410 =1.16 . 44 -L.77 17.26

« 420 -.23 . 18 .78 18.24

430 -1.54 =07 ~.68 i8.27

» B0 -. 20 . 48 ~.64 i8.19

» 250 ~.80 B R .68 ig.00

460 -~1.03 -, 70 ~ 70 18.02

AT ~1.05 L a2 -.65 18.06

480 -. 96 =02 -.72 17.82

430 ~1.23 B2 -. 65 17.90

.B0O0O - . &0 28 -75 7 17.68

DCCUP. RISK FACTORS TIME

(8)

>LONB. VEL. AFTER 2.0 FT. DISP. -- . 338

YLAT, VEL., AFTER 1.0 FT, DISP, -- 220

MAX. ACCEL. AFTER DOCCUPANT IMPACT TIME(S)

- LONG. ACCELERATION -- » 356
PLAT. ACCELERATION - . 263

B.76

49,15 2.83
50,49 2.93
50,90 3,04
50,91 3,16
50.80 3.26
51,09 2.38
5L,47 2.46
5L.54 3.56
E1.59 3.64
BL.35 3.74
VELOCTITY
(FPS)
17.35
18,43
ACC. (B5)
~4,90
-16.0&

9!03

9.55
10.08
10.64
i1.14
1i.68
12.21
12.75
13.29
13.83
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FIGURE B.22

BARRIER AND VEHICLE DAMAGE, TEST MWP-4
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MNP ~4 .
8 _VEHICLE ACCELERAT IONS

15.00

(G'S)

1] B8 My
1 1$1m;

~-15,60

R-ACCELERATION
=
== —

~30. 00

+.06 20,00 40. 909 50.00

TIME (MS)  x 10O

36.00

15.00

(G'S)

0.00

S-ACCELERATION

~15. 06

~—30.00

.60 20.00 40.006 68.00

TIME (MS)  x 10

FIGURE B.23 VEHICLE ACCELERATIONS, TEST MWP-4
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WITH HEX NUT

"3 r.3r 17:1/2"
. 63 '3 12t
G_POST BOLT SLOT
t 1 O
= LAP IN DIRECTION
" OF TRAFEIC
: c
% 8" X 8" ROUGH X §'-4"
o] D.F. POST
METAL BEAM GUARD RAILING
8" +1/4 _
FLAT PLATE WASHER I
CUT STEE -
L WASHER | _ _{T-. GROUND LINE
_ = > X SHOULDER SURFACING
5/8" CARRIAGE BOLT 2 R T oF RS

UNDER RAILING.

3-1/4"

12-1/4"

TERMINAL
SECTION

———) 12 GAGE

U.5. STANDARD

{STEEL)
SECTION THRU

RAIL ELEMENT

12-1/2"

8" X 8" X 12" D.F.
BLOCK (§45 OPTIONAL}

8" X 8" AQUGH X 54" )
D.F.POST [

TYPICAL POST SPACING 6'-3" C. TO C.

c
o

GENERAL NOTES

1. Except where noted, cut washers are required at-all boit
installations where nut would bear on wood.

2. See Sheet 2 for Anchorage Details.
3. Sce Sheets 3 and 4 for Flare Details,

4. See Sheet 5 for Connection Details.

5. “ Do not use 54S and rough blocks in the same installation.

| W W
1- R
P ALIRAL
Q_P(15 BOLT SLOT

3/4" X 2-4/2" SLOT

29/32" X 1-1/8" SLOTS

RAIL SPLICE

/8" X 1-1/4" BUTTON HEAD OVAL SHOULDER BOLTS
WITH 1-1/4” RECESSED HEX NUTS, TOTAL 8 FPER
SPLICE AND 4 PER TERMINAL SECTION.

GUARDRAIL
SYSTEM G4 W
BLOCKED OUT W'’ BEAM
TIMBER POST
DATE JUNE 68 REV 1971
DEVELCPED BY CALIFORNIA




Table 1IX-B-1 Continued

[ i
=
P E ;
: - :)
Meiric’ Conversions — 2 27"
1 ft. » 0.308m “NOh . u ; 6'-0"
i'in. * 25.4 mm l | 83 5'-4" 'l
1 mph = 1.61 kmst P P fawsy AN AN o it
I b, = C.484k%g 124" )
H L, L
T 1 |
GA{2W) GA(15)
SYSTEM Baxﬁgeam a1 peked-Out ‘H"[‘,aslel:‘m) {Hagd_Post} 8locked-0ut “H" Beam (Wood Post) Blocked-Out "W* Beam {Stee} Post)
BARRIER DESCRIPTION roan
POST SPACING 6' 44 &' 3" §' 3" . 5" 3
POST TYPE SInE.7 steel BUx8" Douglas Fir 6" x 8" Dauglas Fir WexB.5 steel past
BEAM TYPE 6"x6"%0,180" steel tube Steel "W section, 12 GA. Steel "W section, 12 GA Steel “W" section, 12 GA 4
OFFSET BRACKETS L5"x30" x5* steed angle, 4%" long 8"x8"x14" Deuglas Fir Block 6" x 8" x 14" Douglas Fir Block wﬁXE.SK 14" long steel block
MOUNTINGS 3/8" dia. steel bolt{beam to anglef 58" diamerer carriage tolts 5/8" dismeter carriage tolts 5/8" diameter boit
FDOTINGS K'xB x24" steel plate welded to Hone None Hone
post .
. . IMPACT MPAGT - IMPACT IMEACT IMPACT ° IMPACT a IMPACT IWACT‘g5°
IMPACT PERFORMANCE ANGLE #15° ANGLE #26° ANGLE *15° ANGLE = 22.2° ANGLE = 15 ANGLE® 24 ANGLE * 15 ANGLE 123.4%)
EMPACT CONDITIONS
Spead {mph) "G TEST 57.7 NO TEST 60.3 N0 TEST [3: 0] KO TEST 66.0 (56.8)
Vehicle Weight (1b.) 4031 4123 4960 4960 (3613)
BARRIER 1
Dynamic Daflection {ft.) 4,80 2,80 2.33 2.6 (4.08)
i
VEHICLE ACCLERATIONS (G's)
Lataral 5.80 6.10 7.0 6.85 {6.50}
Longitudinal 2.8C 3.00 5.8 3.78 (1.9G}
Tatal UNAY UNAY UNAY UNAY (UNAV}
VEHICLE TRAJECTORY
Exit Angle {deq.) 0.00 15 14 15 (8
Ratl Angle (deq.] UNAY UNAY =15 a [URAY)
Pitch Angle (deg. } LAY UNAY UNAY 1} (LAY}
25" of "W 25 of "W
BARKIER DAMAGE UNAY URRY sestion and section and
4 posts 3 posts
REFERENCES \ 18 Y 8 19 19, {18)
2 3
FIELD PERFORMANCE DATA' ¥ES ¥ES ” YES
Excellent redirection, vehicle Smooth regirection. Southern System is similar to GA(1W} except See text for axplanation of dif-

REMARKS

came to rest parallel to the
rail,

yellow pine i5 acceptable ail-
ternate to ouglas Fir, See
G4(ZW} system for smaller post
size.

for smaller pasts and block-out
size. System performed well.

feregces in data shown for 25° and
28.47 tests. Smooth redirection.

UNAY ~ unavail able

'S0mil1isecond average unless otherwise noted
I{ oval lable, se# summary in Appendix A

JData for &-inch block-out.

4Through studies (137} subsequent to the tests reported here, the State of New York has concluded that the
bex beam performs better 3t a height of 30 inches,

AASHTO, "Guide for Selecting, Locating, and Designing Traffic Barriers,” 1977.

c.3




*For 30" top of "W’ BHeam and
10'* center or rub rall mounting
8" helghts. Lower hotes only

"_“I : reguired where rub rail Is used.

T

Equal spacas 6" X 8" X 1%-2"

"

.
! LI F—
T
1 '-2 LLE 7u
1720
“-i-.i‘
1
Ll
.
i

70
&non

—:)WT BLOCK
3/4" holes for

5/8" boits
Naote: Where soil condltions requlra,
alternate lengths In increments
of €' may be specified.

POST

SPECIFICATIONS

Posts and blocks shall be made of timber with a stress grade of 1200psi
or more. Testing shall be in accordance with West Coast Lumber Inspection
Bureau, Southern Pine Inspection Bureau or other appropriate timber asso-
ciation. Timber for posts and blocks shall be either rough sawn (unplaned)
or 84S with nominal dimensions indicated. The size tolerance of rough
sawn blocks in the direction of the bolt holes shall be not more than
% 1/4 inch. Only one combination of post and block finish shall be used
for any one continuous length of guardrail.

All timber shall receive a preservation treatment in accordance with
AASHTO Designation M-133.

Dimensional tolerances not shown or implied are intended to be those
consistent with the proper functioning of the part, including its appearance,
and accepted manufacturing practices.

INTENDED USE

This post and block are used in the standard “W” Beam Guardrail
and “W" Beam Median Barrier systems G4 and MB4.

Note: Some barrier stiffness transition designs call for strengthening posts by
the addition of soil bearing plates with areas of about 1-1/3 to 2 sq. ft.
No details for this are proposed herein.

G4 AND M4
6 X 8 TIMBER POST AND BLOCK

HM-TF-13 _
P-11-m9
STANDARD

AASHTO-AGC-ARTBA Joint Cooperative Committee, A Guide to Standardized Highway Barrier Rail Hardware, ARTBA

Technical Bulletin No. 268-B, AGC Standard Form No. 131, June 1979.






