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PREFACE

The results of impact tests on gypsum wallboards on wood

studs are presented in this report. The wallboards used in

the tests were those products readily available commercially,

and included products of several manufacturers

.

This report is the first of two reports that deal with the

impact energy absorption capacity of gypsum wallboards.

The present report covers the results of tests of solid

wallboards; and the second report, which will be issued when

the test program is completed, will cover the results of

tests of wallboards having a taped horizontal joint, as well

as the results reported in this report.

All tests reported herein were carried out at the Structures

Laboratory of the Building Research Division of the National

Bureau of Standards,
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SI Conversion Units

In view of present accepted practice in this country in this

technological area, common U.S. units of measurements have

been used throughout this report. In recognition of the

position of the USA as a signatory to the General Conference

on Weights and Measures, which gave official status to the

metric SI system of units in 1960 , the author assists

readers interested in making use of the coherent system of

SI units, by giving conversion factors applicable to U.S.

units used in this paper.

Length 1 in =0.0254* meter
1 ft =0.3048* meter

Area 1 in^ =6.4516* x 10 ^ meter^
1 ft^ =0.09290 meter^

Force 1 Ib(lbf) = 4.448 newton
1 kip = 4448 newton

*Exact ly

IV
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1. INTRODUCTION

1 . 1 General

Gypsum wallboards used as an interior sheathing material in

conventional wood-frame houses has virtually replaced lath

and plaster on wood studs in recent years. However, while

gypsum wallboards are widely used, sufficient engineering

data are not available on impact strength of these wallboards.

Thus, on the basis of the presentent state-of-the-art, the

present Guide Criteria for the Design and Evaluation of

Operation BREAKTHROUGH Housing Systems were developed.

The criteria covering the impact strength of interior space

dividers (Criterion B . 1 . 3 . 1 . e) [ 1
]

^ is given as follows:

Walls should resist the following loads with a

maximum residual deflection not exceeding 10 per-
cent of total maximum net deflection or £/4000,
whichever is greater, measured 24 hours after
removal of the superimposed load, and with no dam-
age to surfaces, finishes, supports or subsystems:

An impact energy of 60 ft- lb, applied
horizontally at any location five con-
secutive times, except in the case where
the wall consists of stiffening elements
supporting a surface cover. In the
latter case, the wall should resist the
60 ft-lb impact energy delivered five

^Numerals in bracket refer to corresponding items in
Reference

.

1
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consecutive times to the surface cover
coincident with the axis of the stiffen-
ing element and a 30 ft-lb impact energy
delivered five consecutive times to the
surface cover at any other location.

In specific cases, where local repairs of surface
covers may be readily accomplished without leaving
objectionable traces, using available materials
and methods that do not require specialized skills,
the 30 ft-lb impact energy may be reduced to 7.5
ft-lb.

The last stipulation reducing the impact energy from 30 ft-lb

to 7.5 ft-lb was made to reflect the estimated performance of

1/2 in thick gypsum wallboards on studs spaced at 24 in

center- to-center . It should be noted that this stipulation

relates to the requirement on failure rather than to the

requirement on residual deflection.

Accordingly, the purposes of this investigation were to

develop engineering data on the impact energy absorption

capacity of gypsum wallboards and to compare the performance

of wallboard systems with the above stated criterion.

1 . 2 Gypsum Wallboard

Most gypsum wallboards available

tured in compliance with ASTM C-

Federal Specification is F.S. SS

commercially are manufac-
\

36-68[2]. The counterpart

-L - 30c

.

2
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Two types of gypsum wallboards are available for use in fire

rated assemblies. These are identified by the ASTM Standard

Specification as either Regular or Type X. The Regular-type

wallboards have regular cores and the Type-X wallboards have

fire-retardant cores. Within the Type-X category, some

manufacturers produce two or more grades of wallboards

improving the fire rating by varying the fiber content in

the gypsum. However, this gradation within the Type-X cate-

gory is not recognized by the ASTM Standard Specification.

3
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2. DESCRIPTION OF TESTS

2 . 1 Test Program

Tests were conducted to establish a minimum level of perfor-

mance of gypsum wallboards subjected to impact, using the

evaluation method described in the ASTM E-72 Impact Load

Test. The following three criteria were used to establish

the level of performance.

CRITERION I: The level of impact energy

which will not cause any observ-

able damage on both faces of wall-

board in five consecutive applica-

tions of a constant impact on one

location

.

CRITERION II: The level of impact energy

which will cause damage on the

unexposed face of wallboard but

will not cause any observable

damage on the exposed face in

five consecutive applications of

a constant impact on one location.

4
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CRITERION III: The level of impact energy which

will cause damage on both the

exposed face and the unexposed

face in one application of impact.

All tests were designed to establish these criteria for each

group of specimens characterized by the same variables .

2 . 2 Test Variables

Three variables were used in designing the test program.

They were the type of wallboard, either Regular (or

2
Ordinary) or Type X; the thickness of wallboard; and the

spacing of studs. As mentioned previously, some manufac-

turers produce two or more grades of Type X wallboards ; how-

ever, in this test program, all Type-X wallboards were

considered as one grade.

Although a wide range of partition assemblies can be made

by combining the above variables in different ways , only

those partition assemblies found in conventional house con-

struction were selected for testing. Reference was made to

the FHA Minimum Property Standards for one and two living

2
^

^ ^ ^

In this report, Ordinary- type refers to Regular-type
specified in ASTM C-36-68.

5
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of wallboards and theunits [3] in determining the thickness

spacing of studs. The matrix format of table 1 illustrates

the various combinations of variables used for the tests

reported herein.

2 . 3 Test Specimen

The test specimens were fabricated using a single full-sized

sheet of wallboard (4x8 ft) nailed on 2x4 in (nominal dimen-

sions) wood-stud frames. The layout of the frame is shown

in figure 1. To simulate walls or partitions having wall-

boards on both side, 4x1/8 in plywood strips were nailed on

the opposite side of the frame. This scheme facilitated

visual inspection of the backside of the wallboard during

the test.

The wallboard was nailed to the frame by 1 3/8 in long

threaded wallboard nails. The nails were spaced at 6 in

o.c. along the top and bottom plates, and at 8 in o.c. on

the vertical studs. All nails along the edges of the panel

had a minimum edge distance of 3/8 in.

Based on the variables used the test panels were designated

as follows

:

3/8 - ORD - 16
1/2 - ORD - 24

6
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1/2 - ORD - 16

1/2 - X - 24

1/2 - X - 16

5/8 - ORD - 24
5/8 - X - 24.

The Tract ion of an inch indi cates the thickness of the

wallboard ORD and X denote the type of the wallboard.

Ordinary (Regular type) and Type X, respectively. The last

two numbers represent the spacing of the studs.

2 . 4 Test Setup

The test setup, which is similar to the one suggested in

ASTM E-72 Test, is illustrated in figure 2. It consisted of

a test frame, a 60 lb sandbag and a bag-release device

mounted on a hand-operated forklift. The test specimen was

placed in a vertical position to simulate service conditions

Impact was delivered to the specimen by the sandbag as a

pendulum released from a predetermined height. The specifi-

cation of the bag conformed to the description given in

ASTM E-72 sect. 12.2.2.1, with the exception that it was

made of a heavy canvas instead of Indian- tanned lace leather

For each drop the bag was released by suddenly opening the

hinged doors of the bag holding device, thus eliminating

wobbling of the bag. A photograph showing the actual test

setup is shown in figure 3.

7
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The impact was delivered between two studs at each test

section. The magnitude of impact was varied by adjusting

the height of drop of the bag. The height was measured from

the point of impact of the center of gravity of the bag where

it strikes the test section to this same point when the bag

was in the raised position (fig. 2)

.

By halving the test panel vertically, the impact was

delivered to two locations, each measured 24 in from the

upper and the lower edge of the panel, respectively (posi-

tions A and B in fig. 2). Thus, it was possible to conduct

four tests at 2x2 grid points on panels which had studs

spaced at 24 in o.c. and six tests at 3x2 grid points on

panels which had studs spaced at 16 in o.c.

2 .

5

Test Procedure

To establish Criterion I and II, as defined in sect. 2.1,

five impacts of a constant magnitude were delivered to one

point. For Criterion III a single impact was delivered.

Only one test was made at each test section, eventhough a

tested section appeared without any damage.

In evaluating each criterion, the initial magnitude of the

impact for a test section was selected arbitrarily for each

8
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group of identical specimens. In subsequent tests the

magnitude of impact was determined by the preceding one.

In order to minimize the number of tests
,
the staircase (or

’’up-and-down") method of testing[4] was followed. This

method of testing allowed a faster convergence to the criti-

cal impact strength for each criterion.
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f

3. TEST RESULTS AND DISCUSSIONS

3 . 1 Test Data

A total of 317 tests was made in the present test series.

The frequency distribution of tests according to heights of

drop of the sandbag are shown for each type of test panel

in figures 4 through 10. The number of tests made to estab-

lish the three criteria for each type ranged from 32 tests

for test panels 1/2-ORD-24 to 70 tests for test panels

1/2-ORD-16. For the latter, which was the first group

tested, a large number of tests were needed as no precedent

test data were available for guidance. With the exception

of tests on panels 1/2-ORD-16, an average of about 41 tests

was required to evaluate the criteria.

The number of tests made to establish each criterion for

each type of test panel is indicated in figures 4 through

10. The heights and the corresponding magnitudes of impact

energy are listed in table 2. It is seen in the table that

the critical impact strengths for Criterion II and

Criterion III are about two and four times that for

Criterion I. These relationships as expressed by the ratio

of impact strength for one criterion to that for the other

two are shown in figures 11 and 12. The mean of the ratios

of the impact strength for Criterion I to Criterion III

10
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and the same for Criterion II to III are 0.264 and 0.505,

respectively. Thus, the test results indicate that, if the

impact strength for any one criterion is established, the

other two criteria can be derived by using the ratios of the

impact strengths

.

3 . 2 Effect of Type of Wallb'>ard on Impact Strength

Since the fiber content is greater in Type X wallboards than

in Regular wallboards, it is expected that the impact

strength of Type X wallboards would be greater than that of

Regular wallboards. The variation in strength can be seen

in table 3, in which the ratios of the impact strength of

Type X wallboards to that of Regular wallboards are listed.

It is apparent that, in all cases, the strength of the

Type X wallboards exceeded the strength of the Regular

wallboards. The increase in the strength ranged from 17

percent to as much as 133 percent. When the averages of

increase in the strength are compared among the three ratios

listed in table 3, the amount of the increase in the

strength is inversely proportional to the stiffness (El/il)

of the panel, where E is the modulus of elasticity, I is

the moment of inertia of the cross section of the wallboard

and l is the span between two supports (or the spacing of

studs)

.
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3 . 3 Effect of Thickness of Wallboard and Spacing of Studs
on Impact Strength

Both the thickness of wallboard and the spacing of studs

simultaneously influence the impact strength of the wall-

board through the stiffness. Thus, the effects of these

two variables on the impact strength are considered together.

In flexural members the deflection is governed by the stiff-

ness of the member. As a result, under external forces a

flexible member would deflect more than a stiff member.

Consequently, the work done during deflection by the external

forces or the energy stored in the member is greater in the

flexible member than the stiff member.

For members of the same material, the stiffness can be

expressed as the ratio of the moment of inertia, I, to the

span, Z, since the modulus of elasticity, E, is constant.

Since the energy absorption capacity is inversely propor-

tional to the stiffness, and considering a unit width of

the wallboard, the energy absorption capacity can be

3
expressed as a function of z/t

,
where t is the thickness

of the wallboard.

In figure 13 the impact strength for each criterion of the

wallboards tested are plotted as a function of the ratio of

12
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3
£/t . The results of wallboards of the Regular type are

connected by solid lines; and those of Type X are connected

by broken lines. It is seen in the figure that, as the

3
ratio of ijX, becomes smaller, the impact strength increases

3
rapidly. On the other hand, beyond the ratio of £/t equal

to 200, any further increase in this ratio does not result

in appreciable decrease in t.ie impact strength. This figure

also shows that for identical assemblies of test panels,

Type X wallboards have greater impact strength than Regular

wallboards

.

For the case where only the thickness of wallboards is con-

sidered, table 4 lists the ratios of the impact strengths

of two different thicknesses of wallboards. It is apparent

that a substantial increase in the strength results from an

increase in thickness. On the average, an increase in the

thickness of wallboard by 1/8 in will yield an increase in

the impact strength of about 90 percent.

The impact strength as affected only by the spacing of studs

is shown in table 5. Listed in the table are the ratios of

two impact strengths of wallboards, one having studs spaced

at 16 in o.c. and the other having studs spaced at 24 in

o.c. It is seen that the increase in the strength by

decreasing the stud spacing was not as great as was the

13
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increase in the strength by increasing the thickness. On

the average, reducing the spacing of studs from 24 in o.c.

to 16 in o.c. increased the impact strength by 22 percent.

These results (tables 4 and 5) suggest that increasing the

thickness of wallboards is more effective in increasing the

impact strength than is reducing the spacing of studs.

14
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4. DESIGN CONSIDERATION AND TECHNIQUES
OF EVALUATING IMPACT STRENGTH

4 . 1 Design Consideration

Three criteria were used to establish the level of perfor-

mance of wallboards against impact (refer to sect. 2.1).

Among the three. Criterion II is the one specified in the

present design and evaluation criteria for Operation

BREAKTHROUGH Housing Systems. From the user’s point of view,

this criterion is reasonable in that five consecutive appli-

cations of constant impact would cause damage only to the

unexposed face of the wallboard. As long as no damage

appears on the exposed face, the function of the wallboard

is not impaired. Furthermore, in real situations it is

highly improbable that one location would be subjected to

impact for five times. Thus, requiring the wallboards to

perform at a level more severe than Criterion II would be

unrealistic. However, the choice between Criterion I and

Criterion II must be left to the user and the designer.

On the other hand, if the magnitude of impact is so high

that it causes damage on both surfaces of the wallboard,

Criterion III provides the information.

The intent of the BREAKTHROUGH Guide Criterion B . 1 . 3 . 1
.
(e) [ 1

]

(also refer to sect. 1.1) is to provide a minimum resistance

15
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against human impact on partitions. At present, the magni-

tude of impact exerted on partitions by a person being

pushed against it has not been defined. The purpose of

7.5 ft-lb impact specified in the BREAKTHROUGH Guide

criterion is to include partition assemblies which are being

used in conventionally built houses. This value is indicated

on figure 14 with Griterion II of Regular wallboards as a

limiting value. In this figure the shaded area (acceptable

region) includes most partition assemblies found in current

practice. The one assembly which would not be included in

the shaded area is 3/8 in wallboards on studs space at 16 in

o.c. The usefulness of figure 14 is that it enables one to

estimate an expected level of wallboard partition systems

performance which does not conform to present practice, i.e.,

spacing the studs at 16 or 24 in o.c. for ratios of £/t^

between 100 and 200

.

4 .

2

Techniques of Evaluating Impact Strength

The impact strengths of different assemblies of gypsum-

wallboard panels were presented and discussed in sect. 3.1.

It was shown that the impact strength for one criterion

could be used to express the strength of the same panel for

the other two criteria. Thus, if the strength for one

criterion is evaluated, the others can be obtained by multi-

plying appropriate factors..
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It was found in the present series of tests that, of the

three criteria, Criterion III was the most convenient one

to establish within a minimal time frame for the sake of

expediency. Thus, the impact strength for Criterion III

may be evaluated. Upon establishing the strength for

Criterion III and by taking 25 percent and 50 percent of the

impact strength for Criterion III, conservative estimates of

the strength for Criterion I and II can be made.
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5. CONCLUSIONS

An investigation was conducted to evaluate the impact

strength of gypsum wallboards nailed on wood studs. A total

of 317 tests was made on various partition assemblies.

Three levels of performance of gypsum wallboards against

impact were evaluated. The following conclusions are based

on the results of this investigation:

1) For the criterion that five consecutive
applications of impact at one location
would limit damages only to the unex-
posed face and leave no trace of damage
on the exposed face (Criterion II), the
impact strength of most partition
assemblies used in conventionally-built
houses would exceed the 7.5 ft- lb limit-
ing value specified in the criteria for
the design and evaluation of Operation
BREAKTHROUGH Housing Systems. The
assembly which would not meet the 7.5
ft-lb criterion is that comprised of
3/8 in wallboard nailed on studs spaced
at 16 in o.c.

2) Type X wallboard has greater impact strength
than Regular wallboard. The increase in
the strength of Type X wallboards over that
of Regular wallboards is inversely propor-
tional to the stiffness of the wallboard on
the framing members.

3) The impact strength can be increased more
effectively by increasing the thickness of
wallboard, rather than by decreasing the
spacing of studs.

4) The amount of impact energy which will
cause damage to both faces of the wall-
board with one application is twice the
amount which will cause damage to only the

18
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Test Variables

Test\^^^ (1)

VariablesV^

(2) and (3)

Thickness of Wall boards
(in)

3

8

1

2

5

8

Type

of

Wallboard

ORDINARY^ + f +

TYPE - X

Not Used

in Practice + +

Spacing

of

Studs

16 in c/c
-+

Not Used
in Practice

24 in c/c

Not Used

in Practice
+ +

* Ordinary referes to regular type of walll)oards as de-

fined in ASIM C-36-68.

TABLE 1 TEST PROGRAfi





SPECIMEN

CRITERION CRITERION

I II III I II III

Height of Drop (in) Energy Delivered (Ib-ft)

1
- ORD - 16

3

4
1 2 3. 75 5.00 10.00

j - ORD - 24
3

4 ' i 3.75 7.50 13.75

j
- ORD - 16 1 2 4 5.00 10.00 20.00

J
- X - 24 8.75 13o75 28. 75

j
- X - 16 3 8.75 15.00 33,75

I
- ORD “ 24 1 i

2
4 7 7.50 20.00 35,00

I- ^ -2^ 1 1
4

5 10 8o75 25o00 50,00

TABLE
O

TEST RESULTS





STRENGTH
RATIO

.^TERIA
Cri I Cri II Cri III AVERAGE

1/2 - X - 24
2.33 1.83 2.09 2o08

1/2 - ORD - 24

1/2 - X - 16
1.75 1.50 1.69 1.65

1/2 - ORD - 16

5/8 - X - 24 1.17 1.25 1.43 1.28

5/8 - ORD - 24

TABLE 3 EFFECT OF TYPE OF HALLBOARD

ON IMPACT STRENGTH

STRENGTH
RATIOS

CRITERIA

Cri I Cri II Cri III AVERAGE

1/2 -

3/8 -

ORD - 16

ORD - 16
lo33 2.00 2.00 1.78

5/8 -

1/2 -

ORD - 24

ORD - 24
2.00 2.67 2.55 2.41

5/8 -

1/2 -

X - 24

X - 24
1.00 1.82 1.74 1.52

TABLE A EFFECT OF THICKNESS OF WALL30A.RD

ON IMPACT STRENGTH
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CRITERIA

STRENGTH
RATIOS

Cri I Cri II Cri III AVERAGE

1/2 - ORD - 16

1/2 - ORD - 24
1.33 lo33 1.45 1.37

1/2 - X - 16

1/2 - X - 24
1.00 1.09 1.17 1.07

TffiLE 5 EFFECT OF SPACIilG OF STUDS

OM IfIPACT STREliGTIi





s^o;;

^

8-0

NAILS

SPACED

AT

s"

c.c.

NAILS

SPACED

AT

8"c.c. SPECIMENS

16"
,

.
16"

.1 I6'V

Q.

3/8-0RD-I6

I/2-0RD-I6

1/2- X-16

SPECIMENS

I/2-0RD-24

1/2- X- 24

5/8-0RD-24

5/8- X- 24

FIGURE 1 TEST PANELS
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FIGURE 2 TEST SETUP
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FIGURE 3 PHOTOGRAPH OF TEST SETUP
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NO.

OF

TEST

NO.

OF

TEST

15

e
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FIGURE 6 DISTRIBUTION OF TESTS OF

TEST PANELS 1/2 - ORD - 16





NO.

OF

TEST

NO.

OF

TEST

151-

HEIGHT OF DROP (in)

FIGURE 7 DISTRIBUTIO.'I OF TESTS OF

TEST PAllELS 1/2 - X - 2^

I5h

48 TESTS

HEIGHT OF DROP (in)

FIGURE distributiq:i of tests of

TEST PAllELS 1/2 - X - IG
V
A





NO.

OF

TEST

NO.

OF

TEST

151-

HEIGHT OF DROP (in)

FIGURE 9 DISTRIBUTIOll OF TESTS OF

TEST PANELS 5/8 - ORD - 2R

FIGURE 10 DISTRIBUTION OF TESTS OF

TEST PANELS 5/8 - X - 2A



i \

O

8T33"

1.

II O! 3

HJ w
j___ji^

T 3 e E

(m) 30fK3 30 TH0I3H
"

'

10 mij \) iioiTUH'iHTeia \e 2?Ch
'i - (iHo -s .SM? ^J3t!A3 im

>’ .^'''
lit.

'.<'’

* u

« >

01

i V-> .

i

>
j

l' . ra'
*

*<

3t> jil 35ia3p
J^Sr‘ K

' **

'

-:
' f.

T€Sj



Cril

Crin

1

Q
CC

OJ
1

Q
cr
o

CD

Q 24

OJ
1Q
cr

CM
10

1

a:
O 1X

1

X 0
1

X
1

00 1

CVJ
1

C\J

1

CVJ

1

CVJ
00\

00\
ro in ID

FIGURE 11 RATIOS OF IflPACT STREUGTII FOR CRITERIO'!

TO IflPACT STREIIGTII FOP, CRITERIO.T III





MEAN = 0.505

Cri n

Criin

0 .6 -

(£
1

OJ
CD CM

1

Q
cr
0

1

1o
or
o

1Q
cro

CM
1X

CD

1X

Ch
cr
0

1

CM
1

X
1

se
1

OJ
1

CM
1

CM CM
CD CD

ro lO lO

FIGURE 12 RATIOS OF IMPACT STREfiGTII FOR CRITERIOi; II

TO IflPACT STRENGTH FOR CRITERION III



H’

.‘I -^iairdTirO HTMTE T3ATO 10 20ifAfl -.SI ^0311

m ror/iaTifiO -flOi inoiiiiTaTJAiru ot



-TYPE

X

(qi-U) AllOVdVO Noildaosav lOVdl^l





o
o
rO

OO
CVJ

8

cK

c.^
_1D

C'J
i jj

I.L.

c:d

r
_

c~
f >

oo

GO
U.J

oo
I--!

C

L.-J

I

—

n
K— *1

(qi-4) AllOVdVO N0llda0S9V lOVdlMI





8. REFERENCES

1. Building Research Division, ’’Guide Criteria for tlie

Design and Evaluation of Operation BREAKTHROUGH Housing

Systems,” National Bureau of Standards, Report No.

10200, 1 March 1970.

2 American Society for Testing and Materials, ”1970

Annual Book of ASTM Standards - Part 9, Cement; Lime;

Gypsum,” November, 1970.

3. Federal Housing Administration, ’’Minimum Property

Standards for One and Two Living Units,” FHA No. 300,

November, 1966.

4. American Society for Testing and Materials, ”A Guide

for Fatigue Testing and the Statistical Analysis of

Fatigue Data,” ASTM Special Technical Publication

No. 91-A (Second Edition), 1963.

37



V

fff ’ , V.'^ri \f
•

-‘-^^r. •' '^Vt#

-
,.¥

V’ TS' ,8 :i3M3-aai: 3fl. .8

ffl

.•

-j; ^ drij lol Kx7»Jii3 si>loD":i'Jnoieivia dox£0,zoa ^8flfWiMa_ .1

• «••• ••

:r ^
" ’ /t

a'n/auoH H^UOKHTOAHHa npx^|'r&qO io no ijr^ufuv3 bm ng/aau /

•. 6H''J7oqsa , &bl£.bns )2 ue>xua tatPoiJj^ ",?tr!9»^X3 y

I »

f
».r ?4

iOVGl rtoxfiM t .OOloX
^T.

,><

,(i\6X" ,2'lBiT9JBM fafiBi gniJ esTc'ioi '(JorDoS <is3i;'ia®A
^

/ -'Vx r"'-

"

- ’’'
:

't
,

' X,
; att.iJ' i Jnamia^ , 6 Jtb 3 -' BbT.6|)nBJ2 XCT^A <^0 Xst/nM

;^: 4
:a -ii

'! ' '

.O^ei ,t0(lffl.9VoU ';,jmja<ixO
•I’. 1

XJT0<jot 3 ..npi^Bx^ainimM, sniaooH
.

" '*

S .:

,00? ,oM AHH r, e/iiili gnixi§*^wj .

..
.

d' >

/)•
'*'

,."
' "5

'-'i-St ’V

3X>iu0 A" , flXBix»JfiM bns •'§ffifp».T' ydaisoE ^^DixsfliA 4
'

'
,

'

' f
}o siexiBnA leai^eXJBja arij b-ns ^nxiaaT atfaxJfiH xor' vf

4 ,' '

^
' IS \

nGXieDxXdu'! XE3ifiri39T iBiaoqS l-HfEA ’‘,.8Xeaa.3«3x3B3
*






