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I. INTRODUCTION

This report describes a ninety-degre€ rollover test of a heavy-duty
vehicle that was performed at the Advanced Technology Center of Calspan
Corporation on 13January 1981. The purpose of this test was to obtain base-
line information relative to test procedures, instrumentation and variables
of interest that are appropriate for crashes of vehicles of this type. Of
special interest in this test were: (1) definition of the essential character-
istics of a facility to produce a one-quarter roll, (2) requirements on photo-
graphic operations to provide adequate coverage of a relatively long-time crash
event, and (3) information on vehicle damage and occupant motions in this type

of crash.

This test was part of the Heavy Truck Pilot Crash Test program
sponsored by the National Highway Traffic Safety Administration (NHTSA) under
Contract No. DTNH22-80-C-07537. It was the second of two tests, the first of

which was a frontal impact with a crushable barrier (Reference 1).

In addition to this test report, full photographic documentation of
the crash event as well as pre-test and post-test scenes have been provided in
a film containing all coverage from the several cameras used in the program.

Background information for the test is contained in Reference 2.



II. SUMMARY OF TEST

This test was intended to produce a ninety-degree rollover of the
tractor-trailer combination. This condition was chosen as an initial or base-
line test since it was reasoned to be representative of many rollover crashes
involving tractor/van semi-trailer combination unit vehicles. This configur-
ation is the most prevalent combination unit in use. In order to accomplish
the rollover a special excavation was prepared at Calspan's Vehicle Experimental
Test Facility (VERF) (see Figure 5 on page 15).

For this test, precautions were taken to avoid potentially complicat-
ing factors, since the purpose was to study cab structural response as well as

occupant responsés, to rollover impact loadings. These included:

(1) Addition of a trailer side curtain. A steel frame assembly,
to which were attached hardboard panels, was installed at the
forward left side of the trailer. This assembly was supported
by transverse diagonal spars welded to the trailer frame to
provide rigidity. The purpose of this unit was to simulate
the side of a van semi-trailer. See Figure A-1 for views of

the assembly.

(2) Addition of a steering constraint. The test facility geometry
was such that the vehicle had to traverse the length of the
face of the side slope in order to achieve rollover. To avoid
steering down the face of the side slope towards the bottom of
the pit, the wheels were locked into the straight-ahead position
by a clamping device. This device was a simple bar arrangement
mounted to the tractor frame that prevented counterclockwise
(left turn) displacement of the wheel. Figure A-3 is a photo-

graph of this installation.

’



(3) Articulation angle constraint. It was considered essential that
the combination not articulate during the test in order to
avoid an unintended jackknife type of crash. A cabling arrange-
ment linking tractor and trailer, which had been used in the
earlier frontal impact test, was therefore cinched tighter to
prevent any articulation. Figure A-4 on page A-5 illustrates

this arrangement.

(4) Shortened wheelbase. The trailer wheel assembly was moved to
its most forward position to assure that the unit's entire wheel-
base would be accommodated on the side slope. This resulted in
an overall unit wheelbase of 391 inches (as compared to the

value of 466 inches for the unit in frontal impact test.

The rolfover event was filmed by nine cameras, including one operat-
ing at real time from off-board and three high-speed units mounted on the
vehicle to cover occupant motions. It has been found in the earlier frontal
impact test that long-term crash events of this type require special consider-
ations for lighting. Therefore, in the rollover test, six high-intensity
quartz lamps were used for illuminating the cab interior. These lamps proved
to be quite effective, but care must be exercised in their use because of the
high heat they generate. In addition to the photographic coverage of the
event (see Section III, page 5 ) the test was also videotaped from a single

camera.



The specially-prepared site for this rollover test is shown dia-
gramatically in Figure 5 on page 15. Calculations based on estimates of the
height of the center-of-gravity of the complete rig, coupled with measurements
of the weight and planned weight distribution, indicated a static rollover
angle for the unit of less than 50 degrees. To assure that rollover would
occur, and recognizing that roll momentum would also contribute to the re-
sponse, a side slope angle of 55 degrees was selected. The depth and length -
of the excavation were determined by a requirement that the complete vehicle
could be accommodated on the slope, given the expected nose-down attitude it -
would have after path redirection and that the vehicle would slide some dis-
tance after touchdown. The depth was limited by a need to avoid reaching the
1/4 roll orientation much before contact with the base of the pit. The width
of the base was selected to be somewhat greater than cab height in order to

avoid unwanted contact of the cab with the far-side pit wall.

The vehicle was accelerated to approximately 35 mph along the guide
rail parallel to the excavation and was then redirected through six degrees
of counterclockwise heading change before reaching the pit area. At this
point, the vehicle was released from tow. This redirection produced a lateral
acceleration of about 1/4 g. This caused the occupants to rotate toward the
right prior to the start of the vehicle's rollover motion. The six degree
approach angle brought the vehicle onto the slope at a slightly nose-down
attitude. As the vehicle proceeded along this path, the cab rolled to the
left and, when the center-of-gravity of the complete unit passed over the edge
of the pit, the left side wheels of the tractor contacted the sloped pit face.
Continuing forward motion along the wall produced a roll angle exceeding that
at which the vehicle is statically stable and rollover proceeded to the 1/4
roll attitude. The tractor left front wheel contacted the base of the pit
during this transition and therefore absorbed most of kinetic energy of the
forward motion. The vehicle slid on its side for a distance of 25 ft.

LS

after the rollover was completed.



III.

ment, and

DESCRIPTIONS OF TEST CONDITIONS AND EQUIPMENT

This section contains information about the test conditions, equip-

facilities used for this test. It includes:

e vehicle measurements and specifications (Figures 1 and 2

and Tables 1-3).
e vehicle accelerometer locations (Figure 3 and Table 4).
e camera locations (Figure 4 and Table §5).
e test pit specifications (Figure 5).

e dummy location information and injury criteria values

(Figure 6 and Table 6).



TABLE 1
CRASH TEST SUMMARY

TEST NO. 2 PROJECT: Heavy Truck Pilot Rollover Test
DATE: January 13, 1981 TIME: 12:15 _ TEMP: _ 20°F.
VEHICLE GMC Astro 95 tandem axle Tractor/35 ft. Trailco flat
TEST WEIGHT (1bs) 35,000 bed trailer

IMPACT ANGLE (deg)* _Not applicable; 90 degree rollover

IMPACT VELOCITY (mph)** 35.0 (initial speed)

DUMMIES

TYPE - Part 572, 50th Percentile Part 572, 50th Percentile
LLOCATION LF (1) RF_(2)

RESTRAINT Unrestrained Lap Belt

I.0. NUMBER 110 97

CRASH FACILITY

TYPE - _Sloped sidewall pit
DIMENSIONS
Length (ft): 100 (25 ft, transition and 75 ft. full depth)
Width (ft): 16 (at base of pit)
Side Slope Angle (deg): 55 (nominal; measured from horizontal)
Slant Height of Side Slope (ft): 10 (Approx.)
SURFACE packed clay = (lightly snow covered)

NOTE: See Figure A-6 for photograph of this facility: dimensions are

shown in Figure 5 of this section.

NUMBER OF DATA CHANNELS 33
NUMBER OF HIGH SPEED CAMERAS 10 + 1 real time

*
With respect to two track Centerline

*k
Speed trap measuremens (+ .05% accuracy)



TEST

TABLE 2
TEST VEHICLE INFORMATION

VEHICLE INFORMATION - TRACTOR

TEST

Vehicle Manufacturer General Motors Corporation

Make/Model GMC COE Astro '95"

Body Style COE Model Year 1975

VIN TDCS25V580675

NHTSA No. E28-2-509 Color Ycllow

Engine Data 6 cylinders 764 in3/disp1acement
Transmission Data 10 speed (xx) Manual () Automatic

GVRW 44860 1bs GAWR: front 10860 1bs rear 34000 1bs

Tire Pressure (up to capacity) - Front 85 psi rear 85 psi
Recommended Tire Size _10.00-20 Load Range: _B _C _D «xxF

Vehicle Capacity: Types of Seats __ Bench xx Bucket ___ Split Bench

Number of Occupants (Designated Seating Capacity): 2 Front
_1_Rear (Slecper)
TOTAL

VEHICLE INFORMATION - TRAILER

Vehicle Manuafacturer Trailco 35 FS T7

Make/Model Mat-bed semi-trailer, Model Year 1974

Axle tandem-dual

LOADING CONDITIONS FOR TEST

See Figure 1
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TABLE 3
VEHICLE MEASUREMENTS

NO. Pre-Test
X1 Total Length of Vehicle at Centerline ' 228.6
X2 Rear Surface of Vehicle to Front of Engine 208.2
X3 Wheelbase : 140.0
X4 Rear Surface of Vehicle to Upper Leading Edge of Right Door 217.0
X5 Rear Surface of Vehicle to Upper Leading Edge of Left Door 217.1
X6 Rear Surface of Vehicle to Lower Leading Edge of Right Door 217.1
X7 Rear Surface of Vehicle to Lower Leading Edge of Left Door 217.0
X8 Rear Surface of Vehicle to Upper Trailing Edge of Right Door 182.8
X9 Rear Surface of Vehicle to Upper Trailing Edge of Left Door 182.8
X10 Rear Surface of Vehicle to Lower Trailing Edge of Righéﬁboor 182.8
X1 Rear Surface of Vehicle to Lower Trailing Edge of Left Door 183.0
X12 Rear Surface of Vehicle to Bottom of "A" Post of Right Side 212.4
X13 | Rear Surface of Vehicle to Bottom of "A" Post of Left Side 212.5
X14 Rear Surface of Vehicle to Front Wall - Right Side 226.6
X15 Rear Surface of Vehicle to Front “all - Left Side 226.5
X16 Rear Surface of Vehicle to Steering Column 209.0
X17 Center of Steering Column to "A" Post 15.2
{18 Center of Steering Column to Headliner 20.5
X19 Rear Surface of Vehicle to Right Side of Front Bumper 226.5
X20 Rear Surface of Vehicle to Left Side of Front Bumper 226.4

A1l Dimensions in inches

10




£

FUNDII WVHOVIA LNOAYT H313IWOHITIIIV 338,

anusey 7 °*ON UOTITSO4
3S3Y) 7 °ON UOTITSOod

PESH I °ON UOT3IISod
anudj [ - °ON UOTITSO4
3S9YyD) T °"ON UOTIFSOd

PEOH 1 "ON UOT3TSO4

a1ey 1T10Y

Jesy Jartex]
JUoXg Xa[TRI]
QUITJI3IU3) qQe)
Trey suexy ydry
11ey swexj 3397
autdug

'z *ON u0T1TSOd ddy
Z "ON uorirsod da

¢ 'ON U013Tsod d4d
1 "ON UOT3Isoq JdAtaQ
1 "ON UoTI1tsod 1aAtaqQ
1 "ON UOT1ISO4 J3ATI(Q

juswiredwo) qe) apisul
ped 1311eIl JO JB3Y
pag Ja[TEI] JO 3UOIY
jusuyaredwo)y qe) aprsuj
awelyq Joildel] 1yYy3ty
SWEI4 J03ded] 31397
autdug jo dog

4

o

fnwa g IydTy § 313917
7 ‘KX

.2 'A%

mia4 Y3ty § 31391

Z ‘A ‘X

Z ‘KA ‘X

NN N
- o =
D BB D= D >
- -~

-

> 2 2 ¢ K >

-

anws xa3usssey
© uoxy y3ry

1s3Yy) IaBuassey
juo1y Y3ty

peol xa8uassey
juoxj Y3y
Inme, JIALIQ
3ISaY) IaAatra(Q
pEAaH JIaA1IQ

Auung

0x£g o3ey 110d
Ieay JaJIey]
juoxy Iajteal
autl7 X91Ud) qe)
1TRYy suwmxj Y31y
[Ty auely 3391
sutsug

SI333W0II[3IDY J[ITIYSA

$101d vivd NO
Q31317 NOILJIHNIS3AA

FIIIHIA
NO
NOILYD01

a3HNSVIN ONI38
HILIWVHVI
40 NOI1J3HIa

‘s NOILVI01 H313W0HITIIIV

HO NOILJIYIS3O
H3IONASNYHL

¥ 378Vl

“oN 1531 NOILVINIWNHLSNI JINOY1D313

11



SNOILYI0T ¥3IL3W0Y3ITIIIV ITVIIHIA € JuN9I4
X o4y 810y |0y AHV
X X Jeay Ja|tedy 9
X X X JUO44 JdjLed) S
x | x| x 1/9 qe) v
X X LLey awesyd JybLy £
X X Liey owedy 3337 2
X X X auLbugy L
Z) AL X » HIBWNN
NOILVI0T YHALIWOUITIIIY | y3i Woy3I13I0Y
1174810 . .
H &~
w6l

E:

1|I wlbl

-© 0

=
o
T

1.4
!
174

=

e : 2002

wlet
:74}

Y S N

nG'90€

«081

!

«09

4

12




NOTE: Camera Information Shown on Table 5
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FIGURE 4 CAMERA POSITIONS FOR ROLLOVER TESTS
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Table 3
CAIIERA INFORMATION

CAMERA NO. LOCATION TYPE LENS {mm) | SPEED (fps)
1 Tower (south side of Aeroflex 8 24
facility)

Ground level Photosonic 13 900

(west end Photosonic 25 900

4 of facility) Photosonic 13 900

) Ground level Photosonic 13 500

6 (east end Photosonic 25 500

of facility)

7 Vehicle-Mounted Stalex 8 1400
(right side, Stalex 8 1400
9 left side) Stalex 8 1400

NUIE: CAMENAL AHE NUMUBEHED ACLCORDING TO SPLICING SEQUENCE OF Fitm.

(24 fps) REAL TIME MOVIE FILM COVERAGE OF PRE-CRASH, POST-CRASH
AND CRASH EVENT SPLICED AT START AND END OF FitMm.

14
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ORIVER PasSs
Hi 27 25
W 31 29.5
:E?ﬁ 31.5 29.5
S 18.5 -
E" 7.2 8.5
OR 5.7 8.7
NOTE: KDL and KDR indicate
left and right knee
clearances, respectively.
_;Z 9.5 9.5
9.5 9.5
w .
s 2.8 3.2
’ 3,0 2.0
NOTE All dimensions in inches.

Figuze 6 . CCCUPANT CLEARANCE OIMENSIONS
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Table 6

DUMMY INJURY CRITERIA VALUES

MAXIMUM ACCELERATION (“G~) *

HEAD CHEST
X Y ¥ 4 R X Y r4 R

DUMMY (1) +77 | +60| +59 {+79 ]|-18 | +30| -24 | +42
DUMMY (2) -5 +9 | +11 | +13 -4 +15 +7 1 +15

MAXIMUM FORCE-FEMUR LOAD (L8S)
RIGHT FEMUR LEFT FEMUR
DUMMY (1) =00 220
oumMMmY (2) 310 270
SEVERITY
HEAD INJURY CRITERIA®® INDEX
AVE. ACC. (g)

HIC ty (SEC) t, (SEC) 3 TOy HEAD
DUMMY (1) 369 .192 . 207 57.1 716
DUMMY (2) 60 .1287 .6081 6.9 91

*DEFINED AS EXCEEDING 0.003 SEC. DURATION
**AS DEFINED IN FMVSS NO. 208

Note: Values for maximum resultant accelerations (R) are determined

from continuous computations of instantaneous R values throughout
the event. See Figures B4, B8, Bl4, and BI1S.

17



1v. DISCUSSION OF RESULTS

Results of this test, as reflected in the measurements of occupant
accelerations and loads (see Appendix B), imply survivability of both occupants.
The cab structure maintained its integrity, with only minor external damage
(See Figure A-14), and both occupants remained in the cab during the whole of
the event. The lap belt restraint used with the dummy in the co-driver seat
was very effective in preventing contact with internal surfaces. Although the
unrestrained occupant at the driver position contacted both the windshield and
left header, HIC number computations show sub-critical values (see Tables B-2
and B-3).

These results must be considered in light of the manner in which the
vehicle's kinetic energy was dissipated in the event. The left side of the
tractor front axle absorbed much of this energy when it struck the bottom of
the pit and, as a consequence, was sheared from the frame. (This condition is
shown in Figures A-7 and A-8.) The significant cab structure (i.e., the front
left pillar) was therefore exposed to only the energy of the rollover in con-

tacting the ground. This caused the cab damage which is evident in Figure A-14.

The major shocks experienced by the driver position dummy occur in
the neighborhood of 0.2 seconds after the point at which data reduction is in-
itiated (i.e., the t = 0 point on the data traces of Appendix B; see Figure B4,
for example). That time corresponds to a point approximately 1.4 seconds into
the total event (which is referenced to the start of vehicle rollover. See
Figure B-38) and is consistent with the time of high cab accelerations although
integration of the rate gyro indicates that the vehicle has not yet reached
ninety degrees of roll. Examination of the pertinent vehicle motion data traces
in Appendix B shows that these secondary impacts follow closely in time after
the major decelerations measured by the engine and cab centerline sensors. Thus,
the occupant contacts can be associated with the point at which the tractor left

front wheel reached the base of the slope.

The results further suggest that new test protocols are needed for

18



full-scale rollover testing. Because of the rotation of the vehicle and the
large motions of unbelted occupants, integrations of the acceleration data do
not provide meaningful velocity and position (displacement) information. The
test of standard reference dimensions (Table 3), which has been successfully
employed in horizontal crash testing, needs to be reviewed so that it is more
useful for assessing crash damage. Methods for preventing unwanted articulation
and heading angle changes that can be ambiguously specified must be devised

in order to achieve high probabilities of test reproducibility.

Although the vehicle's rollover response followed predictions reason-
ably well in this test, the general use of a fixed-geometry facility of this
type for a range of heavy vehicle physical characteristics would not be recom-
mended. Each vehicle configuration, particularly those involving a trailer,
would have to be investigated in order to develop high confidence in the
definitions of approach angle, departure point, and speed needed for specify-
ing test operations. The configurational factors of most importance include
vehicle wheelbase, load distribution, and effective center-of-gravity location.
A given individual test would require careful and extensive preparation, which,
coupled with the expense of the test units, indicates high cost. The principal
use of such tests would therefore appear to be as validation for other kinds of
crashworthiness evaluation approaches: pendulum tests, static structural load-
ing, and mathematical modelling. These approaches do not directly treat the
question of occupant protection, except as implied by demonstration of cab in-
tegrity, and the potential of sled-testing for this purpose should be considered.
NHTSA, under separate contract (DTNH22-80-C-07547), is sponsoring investigations
of these approaches. A portion of this follow-on study is devoted to in-depth
analyses of accident data. Results from that investigation are expected to
provide a better understanding of real-life rollovers - structural damage,
occupant injury patterns, critical elements. From such results, the usefull-

ness of rollover crash testing can be better evaluated.

19
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APPENDIX A

PHOTOGRAPHS



This appendix contains still photographs of various facets of the

test. Both pre-test and post-test photographs are included. Attention is
called to the following -

e Figure A-1, showing the trailer side curtain and structure
used to simulate the side of a van trailer and thus to

limit roll angle to one-quarter turn.

e Figure A-3, ullustrating the clamping device used to

prevent front wheel rotation during the test event.
e Figure A-6, views of the rollover test facility.

) Figures A-9 and A-10, indicating the post-test rest

positions of the occupants.
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POST-TEST VIEWS OF CAB DAMAGE

FIGURE A-T1
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Figure A-14: POST-TEST VIEWS OF TRACTOR
(AFTER REMOVAL FROM PIT)




APPENDIX B

VEHICLE AND DUMMY RESPONSE DATA

B-1



This appendix contains processed time histories for each of the data
channels that were utilized in the test. All data have been filtered through
specified filters defined in the following list -

"Occupant head accelerometer data: 1000 Hz
Occupant chest accelerometer data: 180 Hz
Occupant femur load data: 600 Hz
Vehicle accelerartion data: 60 Hz

Each of the thirty-three data measurement channels used in the test
is idehtified in Table B-1. Tables B-2 and B-3 contain computed injury index
values for the driver seat occupant (Position 1) and the co-driver seat dummy
(Position 2), respectively. In addition to the individual sensor output time
histories, computed resultant accelerations at the heads and chests of the two
occupants are given in Figures B-4, B-8, B-14, and B-18, Figures B-37 and B-38
show the output of the roll rate gyro that was mounted in the tractor cab.

In the first of these, the time frame is consistent with that for all previous
figures of this section. This figure is actually a section of Figure B-39,
representing the 800 millisecond span from approximately 1,22 seconds to about
2.02 seconds in Figure B-39. Since the data processing equipment limited the
sampling time to this 800 millisecond value, the segment was selected to cover
the period of the significant vehicle and dummy responses; the longer period
of time during which the vehicle rotated in roll from the horizontal to the final
angle of ninety degrees required separate processing. Figure B-39 shows this
complete time history. An approximate integration of this trace indicates roll
angles of about 50 degrees after 1,2 seconds (when the tractor is fully on the
slope) and about 55 degrees at 1.5 seconds (when the complete unit is on the

slope), after which the vehicle rolls to touchdown.
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Channel

10
11
12
13
14
15
16
17
18

TABLE B-1

ACTIVE CHANNELS

Description

Position
Position
Position
Position
Position
Position
Position
Position
Position
Position
Position
Position
Position
Position
Position

Position

No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

(Not Used)

1, Head X

1, Head Y

1, Head Z

1, Chest X

1, Chest Y

1, Chest Z

2, Head X

2, Head Y

2, Head Z

2, Chest X

2, Chest Y

2, Chest Z

1, Right Femur 38
1, Left Femur 19
2, Right Femur 50
2, Left Femur 3

Ro11 Rate Gyro

B-3



TABLE B-1 (Cont'd)
ACTIVE CHANNELS

Channel Description
19 Engine X
20 Engine Y
21 Engine Z
22 Left Frame Rail X
23 Left Frame Rail Z
24 Right Frame Rail X
25 Right Frame Z
26 CabG X
27 CabQ_ Y
28 . Cab(i_ z
29 Trailer Front X
30 Trailer Front Y
31 Trailer Front Z
32 Trailer Rear X
33 Trailer Rear Y
34 Trailer Rear Z

B-4
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FIGURE B-28
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CHANNEL 25 CAB CENTERLINE X G'S
J
0. 150. 300 . 458. 600. 790. 900. 1050.
TINE MILLISEC




‘esat

086

JISITTIN
'06¢

3WIL
0089 ‘est ‘88t ‘0S1

$.9

oS-

Oﬁl W

o1

ot

. — llxl
A 3INITY3LIN3) 8083 92 INNY
=S3I43S 605 =NNd

6¢-8 3d9N914

0s




ot-

el-

ol

oL

J3SITIN Jull
'eS01  "@eee6 ‘8se ‘009 oSt ‘et "ast
|
$.J Z INIT¥3LIN3] d83 22 13NNUHI
A =631¥3S 665 =NNY

0€-8 3¥N9I4

0%




oS-

ee-

a1~

el

9g

r4

=831438 608 =NNY

L€-9 34914

) J3SITTIN NI
0581 ‘@06 ‘882 ‘809 ‘0sé ‘@eg ‘8st
IJI
-
L |
$.J X LNOJ34 ¥37IVd1 82 13NNOH)

oS




9581

‘086

23SITIM
‘862 )

INIL
@09 oSt ‘0oL

‘oSt

L LNOYd 4311931 62
=631335  66S =NNY

2€-9 3UN9I4

al-

at

ot

JHNY

0s




JISINTIN £ )

‘0501 006 ‘962 ' 009 ‘9Sp "¢ ‘g1 ‘0

0s-

L 0g-
- ol- % W
T a
91 W
L |
02 |
_ rqlﬂl__on
11 m.uw Z INO33 4311881 0F  J13NNoHD |

=53143 60S =NNy
£€-9 3¥N914



23s11IM INIL
"9S81 006 "852 ‘989 i1} "90E ‘961
S, 9 X du3d a311vdl it Lmzzhro
2  =531¥3S 600G =NNy

ve-9 3WN914

el-

ol

oL

0s

B-40




oL

23SIT1IN WL .
‘0501 006 "8G2 " 999 14 00E es1
1
$.9 A dv3y 3311031 2t 13HNYHD
2 =53143S 685 =NNJ

G€-9 3UN9IA

0s

B-41



05~

a1

ot

05

B-42

J3SITIN Wil

. | ‘geg

- 4
S,3 Z 493y 4371031 EE *wzero

Z =53[438 605 =NNY

9¢-9 3UN9I4




JISITINK JHIL
"0Set  "e06 0S¢ 863 ‘@St 88t as!t 9

1 002-

- ezt-

1 021

o -4 002
335,334 0dAD 3ibd Jﬁom It szzcﬁo
2 =G31¥3S €8S =NNY

££-9 3¥N914

B-43



T
IENGEEEEDAREOEINI
JROSOAESE0REDERS/
HHH
T HH
H1H ]
HO S HH
Bt o H
A H adgugen
HH a H HiH
a8 2 o H o -
is8 1 H H ] HiHHIrHn
1T H H HH
HH | H HH 14
01 H H H sagad
HH Hilk tdduguadas
2 4 } ¢
1 H B
HHH H H sigege
a
H H HHHHH
i HHHTH
#4 H .
18 f i : HHHHHT i SR
HHHTHTH H
H
4 Sysas
ypasgse .
1 apghy sss
H 58 H
L 1 11 1]
R H
sl liss ges gn
s i
H 31 15828 H H EHH
HHHH FHHS H H
H1 H HH H 1 s
H H
3 (1
T
ek I sadit
sdabd1ide HH
IU + b4 $ 414
Hin R H
nER mr

e
"
T

TIT
T

B-44




