CHAPTER V

DISCUSSION AND CONCLUSION

1) Results of experiment

The results of the following were statistically
average which minimum pieces of specimens were tested as
required by each corresponding ASTM material testing
specification, The machanical and thermal properties may be

summarized as follow:
(1) Tensile Strenath

Prom tabled4=-1, for GRP, average lengthwise
tensile strength was 9.6 % higher than crosswise tensile
strength. Statistically the difference was no significance.
This phenomena can be explained by random distribution of
galss fibre in chopped strand mat yielding the same strain

in all direction.

For JRP, average Crosswise tensile strength was
35 % higher than lengthwise tensile strength since jute used
in thetest was braided and crosswise braided jute to lengthwise

braided jute was 2 to 1.
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Averaqe tensile strength of GRP was 3.6 times higher
than average tensile strenath of PP since ultimate tensile -
strength of GRP depends on ultimate tensile strength of qglass

fibre and ratio of alass fibre area to GRP.

Average tensile strength of jute crosswise reinforced
plastic was 7 % hicher than average tensile strength of PP and
average tensile strencth of jute lengthwise reinforced plastic
was 30 % lower than average tensile strength of PP. Jute
employed in this test was braided jute and ratio of crosswise
jute to lengthwise jute was 2 to 1 so it implied that tensile

strenath of JRV varied with the proportion of jute and plastic.

Averace tensile strencth of GRP was 4 times hicher
than tensile strength of JRP since tensile strenath of qlass

fibre is higher than jute.
(2) Younqg's Modulus

From table 4-1, for GRP, lencathwise Young's modulus
was 9.9 $ hicher than crosswise Younc's modulus which was
considered to be non-simnificance differenne.. The phenomenon
can also be explained by random distribution of glass fibre

in chopped strand mat yielding the same strain in all direction.

For JRP, crosswise Young's modulus was 6.6 % hicher

than lenathwise Youna's modulus since jute employed was braided



jute and in proportional limit, average Young's modulus in

boéh direction are almost the same.

Young's modulus of GRP was 2.7 times higher than
Young's modulus of PP since Young's modulus of glass fibre
was higher than Young's modulus of PP. Young's modulus of

GRP depends on the proportion of glass fibre to pure plastic.

Young's modulug of PP was 1.3 times higher than
Young's modulus of JRP since adhesion of plastic is much
stronger than cohesion between plastic and jute. The
higher proportion between jute and plastic, the lower Young's

modulus of JRP is.,

Young's modulus of GRP was 3.6 times higher than
Young's modulus of JRP since the cohesion between plastic
and glass fibre is higher than the cohesion between plastic

and jute.

Youna's modulus from table A-2 was higher than
Young's modulus from table A~6 since Young's modulus
obtained from one point testing on each test specimen but
Young's modulus obtained from several point testing on

each test specimen.



(3) Flexural Strength

For GRP, averace lencthwise flexural strength was
only 8.9 % hicher than crosswise flexural strenath due to

random distribution of alass fibre in chopped strand mat.

For JRP, average crosswise was 26 % higher than
lengthwise Flexural strength since jute used in the test

was braided jute.

Flexural strength of GRP was 2.8 times hicher than
flexural strenath of P2 since PP is hard and brittle but

JRP is hard and/ toudgh.

Flexural strenath of PP was 1.4 times hicher than
flexural strenath of JRP due to weak cohesion of plastic
and jute and slip amona plastic=jute composite layer.
Flexural strength of JRP depends on area of jute-plastic

cohesion.

Average flexural strength of GRP was 4 times higher
than flexural strenath of JRP due to hiaher ultimate strength
of olass fibre and stronger cohesion of glass fibre and

plastic.

(4) Flexural Modulus



For GRP, average lengthwise flexural modulus was
only 5.8 % higher than crosswise flexural modulus due to

non-homogeneous of GRP.

For JRP, average crosswise flexural mcdulus was
only 10,9 % higher than lengthwise flexural modulus due

to non-homogeneous of JRP and jute employed was braided jute.

Flexural modulds of GRP was 1.5 times higher flexural
modulus of PP due to hard and brittle quality of PP and
hard and tough guality of GRP. Flexural modulus varies
with slope of load deflection curve m (m= P/§ ) and the
reverse of deflection . Deflection of GRP was less than

that of PP under the same applied load.

Average flexural modulus of JRP was only 3 % higher
than flexural modulus of PP. Jute was changed to brittle
material by heat from polymerization in specimen forming

so JRP reacted as PP in terms of hard and brittle.

Average flexural modulus of GRP was 1.4 times higher
than that of JRP since hard and touch quality of GRP and hard

and brittle quality of JRP.
(5) Coefficient of Thermal Conductivity”

PP and GRP had equal coefficient of thermal concuctivity.

JRP had higher coefficient of thermal conductivity than the others.



(6) Poisson's Ratio

For GRP, averaqe lenathwise Poisson's ratio ('y12)
was 9.6 % higher than crosswise Poisson's ratio ( V21) since
average lengthwise Younqg's modulus (E]) was 9.9 % hicher
than averace crosswise Youna's modulus (Ez) GRP is orthotronic
materials. By use of the condition of symmetry of the
compliances (il_2= !g_l;yij = Poisson's ratic for transverse

o o s ; T .

strain in the j=dircétion when stressed in the i-direction)

For JRP, averace crosswise Poisson's ratio ('V21)
was 21.6 % higher than lengthwise Poisson'ratio ('V12) since
average crosswiseé Youna's modulus (Ez) was 6.6 % hicher than
lengthwise Young's modulus (El). JRP is orthotropic materials.
By use of the condition of symmetry of the compliances materials.
By use of the condition of symmetry of the compliances
( 712/E1= l/21/E2; ij = Poisson's ratio for transverse strain
in the j=direction when stressed in the i-dircetion) the difference
between'yl2 and ’y21 could be detected because, in Poisson's

ratio testing, the tess specimen was used, the more error was

introduced.

Average Poisson's ratio of GRP and JRP were less than
Poisson's ratio of PP, Due to cohesiocn of plastic and alass

fibre and cohesion of plastic and jute.



Average Poisson's ratio of PP was hicher than that
of GRP and JRP due to less loncitudinal strain if PP resulting
from the stroncer of adhesion between plastic and plastic than

cohesion between jute or aglass fibre and plastic ( Y =g§.£§g).
d&l/dP

Averace Poisson's ratic of GRP was higher than that of
JRP due to less longitudinal strain of GRP resulting from the
stronger of cohesion between olass fibre and plastic than cohesion

of jute and plasﬁic,
(7) Specific/Gravity

Average’ specific eravity of GRP was 15 % hicher than
specific oravity of PP since density of glass fibre is higher

than density of PP.

Average specific oravity of PP was 6.4 % higher than
specific gravity of JRP because density of PP is higher than

density of jute.

Average specific gravity of GRP was 20 % higher than
specific gravity of JRP since density of glass fibre is higher

than density of jute.
(8) Hoop Streas and Iongitudinal Stress

From Fio, A-1ll to A-14, increasing rate of hoop stress

and longitudinal stress on different point of GRP tank in



limit since stress varies directly with internal pressure and
radius of the tank and reversely with the thickness of the

tank and, for the tank of the same size under the same
pressure, the stress varies reversely with the thickness of the
tank (thickness of JRP tank/thickness of GRP tank = 1.2/0.75

= 1.6)

The cylindrical tanks with hemispherical ends were
pressurized until they broke down and it was found that GRP
tank could stand the internal nressure 3 times hicher than JRP

tank could.

It is worth to notice that stress at different point
on the cylindrical surface of the cylindrical tank with
hemispherical ‘ends were not the same due to unconsistencely
thickness of the tank. To smoothen internal surface by

completely eliminating air foam was very difficult,
(9) Indicated load and Elongation Curve

From Fig. A-18 PP broke down under applied tensile
load so yield point of PP employed in engineering design was
equal to 0.2 % of ultimate stress. Crack at outer surface of

PP was observed at breadking staaqe.

For GRP test specimen under applied tensile load obeyed
Hooke's law up to 30 % of ultimate tensile stress. Then the

curve bedgan fluctuated until breakage due to the continuation



of crack on plastie surface. In engineering desiom, yield point

of GRP was equal to 30 % of ultimate stress or cracking stage.

For JRP test specimen under applied tensile load
obeyed Hooke's law up to 50 % of .ultimate tensile stress.
Then the curve began fluctuated until breakage due to the
continuation of crack on plastic surface. Yield point of JRP
employed in engineerina design was ecual to 50 % of ultimate

stress or cracking stace.

(10) Indicated Load and Deflection Curve

From Fig. A-19, deflection at the middle of PP
specimen varied directly with applied load until breakage. It
was observed that erack started at the lower surface of the

specimen.

For GRP the test specimen under applied load obeyed
Hooke's law until 20 % of ultimate load was applied. Then
the curve started fluctuating due to the continuation of crack

at the lower surface.

For JRP the test specimen under applied load obeyed
Hooke's law until 50 % of ultimate load was applied. Then
the curve started fluctuating due to the continuation of

crack at the lower surface.



From the experiment it could be concluded that

(1) JRP has lower tensile strenath and flexural strenath
than PP and GRP since jute does not increase the tensile strength
of reinforced plastic. However for the work that need not high

strenath, JRP could be employed to reduce cost.

(IT1) Chanaina of weiqht per unit area and number of ply
of reinforcina material had not sianificance effect on changina

of mechanical provertizs of meterial reinforced plastic.

(ITII) For cylindrical tanks with hemispherical ends
made of GRP can stand the internal pressure 3 times hicher

than JRP tank.

2) Discussion and Conclusion

The results of the experiments showed that, in
general, tﬁe.gécﬁanical and tgermal properties of jute reinforced
'pléstics éall between the fibre—ciasé reinforced and pure plastics.
Hoﬁever, the Youna's moaulus-of JRP is the same as GRP in spite

of lower tensile strenath. This behavior showed that JRP

have higher modulus as tensile strencth approachina GRP.

The density of JRP is lower than GRP. This result
implied that JRP showed hicher viods in the fibrous reinforcement.
As a result, stiffness of the materials were increased which

affected the overall Youna's modulus of the composites.



Tensile Strenagth of JRP is slightly hicher in our
direction and lower in another. This effects are due to
unegual reinforcement in each direction where the ratio was
2 to 1. Therefore, an optimum amount of reinforcement should

be established for improvement of tensile strenath.

Mechanical proporties of composite materials having
different direction of ;einforced fibre were different from
each other. Specific direction of reinforced fibre created
superiority than the other direction. To reinforce plastic
mixing direction of reinforced fibre layer to the other is
recommended. SO the reinforced plastic could tolerate the
applied tensile load in any direction better than pure plastic.
Nevertheless degree of miming between pure’ plastic and reinforced
fibre must be considered. Homogeneously mixing was prefered
for the impr@vement of reinforced plastic in terms of desired
mechanical proporties. For qood mixing, the smaller the size

of reinforced fibre the better the dearee of mixinca.
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APPENDIX I

STRAIN GAGE TECHNIQUE NG %

The strain gage is based on the characteristic of
metal which changes the electric resistance- with the strain

caused.

A typical strain gage is shown in Fig. A-l.
Metallic resistance foil ¢f several microns thickness is fixed
on an electric insulation material called base using an
appropriate adhegive. Unnecessary portions of the foil
material is eliminated by the process of photo-etching,
according to the desired gage pattern. Then, this work is
followed by soldering gage leads to lead the resistance change

output externally.
hase lencgth

grid width _Gage length
; "y gage lead

=
= 'fo)
X

resistive foil

base wigtr

-
A

cgage load

Fig. A-1 GAGE CONSTRUCTION (TYPF KFC-1-Cl1l-11)



Strain measurement by strain gages usually covers
measurement of surface strain in the material. FExcept for
special cases, stress determination is made by surface
measurement on member materials since the stress due to
bending or torsion .in each of structure members is qreater
in the surface or uniform both in the surface and internal

with pure tension or compression.

The theory of operation of the metallic resistance
gage is relatively simple. Vhen a length of wire (or foil)
is mechanically stretched, a longer length of smaller
conductor ;esults and the electrical resistance is normally
jincreased. If the léngth of resistance element is intimately
attached to arstrained member in such a way that it will
alsc be strained, then the measured change in resistance can

be calibrated in terms of the strain, the followina equation

is obtained:
18R
T i
F R
where 3 = axial strain
r = gage factor
R = electrical resistance

value of F and R are supplied by the gage manufacturer, and
the user determines R corresponding the input situation he

is measuring. This is the fundamental procedure for using



resistance strain gages.

’

If the conductor is strained axially in tensicn
thereby causinag an increase in length, the lateral dimension

should reduce as a functicn of Poisson's ratio.

F = 1+21/ + 4é%?3

#

where Poisson's ratio

it

Specific resistance of the material

O

Continuots relaxation of the material insures that
resistivity should remain constant with strain, then

o me] 4 2V
the cage factor should be a function of Poisson's ratio alone.

In order to obtzin a good result of gage bondinc
it is essential to finish the surface of measuring spot in 2
state ready for bonding° Remove rust, paints and platings
from the ﬁest specimen by the use of grinder and sand-paner.
Remove oil and grease with clean absorbent cotton or gauze
by usina acetonc, trioule or other organic solvent. Do not
touch the treated surface directly with hand or finger. It

is necessary to bond a gage to it quickly without allowing



it to be exposed to the air for a long time. Check the

insulation

resistance of gage generally by means of a

vacium tube voltmeter.

pPreparation for measurement

1.

Installation of digital strain indicator and

automatic multipoint switch box.

2. Connection of cables

3. Grounding the housing

4. Setting/the unit Mo.

5. Gage connection

6. Switching on power
Measurement

1. Automatic initial value measurement

1.1

1.2

1.3

1.4

Set the "SCANNING" switch to "SEO"

Set the "FUNCTION" switch to "INIT"

get the measurement start point on the "FIRST CH"
digital switch and the measurement end point on
the "IAST CH" digital switch respectively.

For print-out recordina of the initial vélue,
press the "PRINT" switch to turn "on" the lamp

(lamp lights up)



1.5 Press the "START" switch of the SD to start
¥ measurement of the initial value.
1.6 When all ASB'S return to the N point stafe, the
i "RESET" switch lamp lights up.

1.7 Check the rrinted-out initizl values and make
sure that the gage, load cell, etc. Show ncormal
values

. 2. Dutomatic measurement

This is a mode for autcomatic mcasurement of strain

quantities.

2.1 Set /the “"SCANNING" switch to "SEO"

2.2 Set the “FUNCTION" switch to"MEAS"™

2.3 'Set the measurement start pcint and end noint
on the "FPIRST CH" and LAST CH" switches

A respectively.

2.4 Fer print-out, set the "PRINT" switch tc "ON"
nosition (lamp lights up)

2.5 After loading the test piecc properly, nress the
"STHRT" switch to start measurement.

2.6 To check the Zero point when the test niece is

under no-load condition, f£ollow the procedure
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described in pars. (2.1) to (2.5) mentioned above

before applying load to the test niece.

3. Manual measurement

3.1

3.2

3.3

3.4

3.9

3.6

3.7

Set the "SCANNING" switch to "SIN"

Set the "FUNCTION" awitch to either "INIT" (Initial
value is stored) or "MEAS" (true strain quantities
are measured) .

Sect the measurement start point and measurement
end point on the "FIRST CH" and "LAST CH" switches
raespectively.

Pressing the “START" switch cause rapid scanning
up to the measurcment start point

Fach time the "STEP" switch is nressed, the
mcgsuring »oint is changed over to the next point
noint by point

Fer print-out recording, press the "PRINT" switch
once, and print-cut is performed once.

Once measurement is done to the measurement

and point, pressing the “STEP" switch for a second
time causes the reset condition automatically,

and the ASB returns to the N point to light up the
"RESET" switch lamp. To finish the measurement in

the midway press the "RESET" switch.



APPENDIX II

STRESS ANALYSISS

In stress measurement on structures, when the
magnitude and direction of principal strain are to be
determined, a rosette in which strain gacges are arranged at

L] °
45 or 60 is used.

substituting the value of strain measured by each
gage in the following equation, the quantity and direction
of the principal strain and the maximum shear strain are

obtained.

e
When a 3-axial rosette with caces arranged at 45
as shown in Fig. 2=2 is used, the macnitude of principal

strain is given by the equations (A-1)

- s g 1lork L o2
€ =3 (ea+(c ﬁ./“(éa €,)-20€ Gc)}

oo.o‘A"l)

62 ad ‘12' [Ea *ec -—j2(€a -eb ?‘2(€b -E)Z]
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Fig. (A=2) /STRESS ANALYSIS BY ROSETTE GIGE

/(TYPE KFC ~ 2 -~ D17 - 11)

where &1, éb and EC are indicated strains by each of the

qages in Fig. A-2

The dir‘é’ct'mn, of prineipal strain (the same
direction ‘as the principal stress) can be calculated by
equation (A~2) . The value of B is positive for counter-

clockwise direction.

0 =

~le2€ -, -€ A-
tan [ Ebe fe c_] (A-2)

a C

LS 1R o

nd the maximum EC value of shear 'strain is sought from

equation (A-2)



YTmax = /Z(Ga—eb)z - (eb-éc)2 (A-3)

If the elasticity modulus of material tested and Poisson's
ratio are E and¥respectively, the stress can be directly

cbtained as follows:

E 2 2
— (1) 16 +€ ) + (1—"’)./ 206 ~€ )" + 2(6, ~€ )
1 2(1-1’2>{ = o }(DA 4)0 )

2
. 45K [y € se, = 1w [2e )7+ 26 -€ 7]
2 2(1-9))/

o
]

T aax = ) jZ(éa-éb)z + 2(6,h —&c)z

2(1-9) (A=5)

where €. € s Principal’ strains

1/ 2
6., 62 : Principal stresses
4
7 max : maximum shear strain
Tmax : maximum shear stress
® : angle made by ¢, and &,

Generally € 2 62

wWhen bonding a rosette, in what direction axis éa should be

placed is often a problem. However, it is a common practice



to bond the rosette in a direction similar to that of the

maximum strain “1 after the latter is assumed.

When a 3-axial rosette with equiangular gages'as
shown in Fig. 2A-3 is used, the magnitude of nrincipal strain

is given by the equations (2-6)

= - +C - .- 2 - 2 -l - 2
61 = 5{% Eb €c+f2(&a éb) +2(6b éc) ‘.(Gc ("a) l
(2-6)
€ sle€ e Jate €)% « 26 -6 ) %206 € )

o

120

Fig. z-3. ROSETTE GNGE (TYPE KFC - 2 - D4 = 11)



and 8 = % tan‘l [?('ec_ib) ]
zeé-gb-ec
E

. (1+V Y (& _+€& +E€ )
6, = 3a- 21[ g e

+(1-9) jz(ea-eb) 2,2 €, -€) 2+2(ec-€a> 2]

{A=7)
E

6, = sa® LV G

2 2 2
_(1.y)./2l6a-éb). +2(€b-éc) +2(€-c-€a) ]

2
Thox = 3-(-5—7—) j;ma-(b>2 + 206 -ac)z + 2(€_-€) (A-8)



APPENDIX 11T

SAMPLE OF CALCULATIONS

1) Tensile Strength

61 ® g s enssenensmsablesviny Ng)
For 3PClP 450 :
A = cross section area ¢f test specimen
% 02085 cm2
P = corrected load
=.105.84 kes
" /6] =7105.84
ol 0.2655
% 398.644 ksc
2) Young's Modulus
e =46
A. A€
=AP
A.AE (A-10)
For 3PC1lP 450 :
A = cross section area of test specimen

= 0.2655 cm2



. 62

AN < = increment strain from load-elongation curve

i

0.0655
AP = increment corrected load from load-elongation
curve

105.871 ka

105.871
5 L 0.2655% 0.0655

=
i

= 6,087,935 ksc

3) Flexural Strength

S = 3PL

(A-11)

For 3pC1lP 450 :

d = depth of beam tested

#

0.2108 cm
b = width of beam tested

= 2,4968° L
L = span

= 2.5 "
P = load at a given point on the load
deflection curve

= 10.691 ’ kg

* 8 = 3x10.691 x 2.5
2x2.4968(0v2108)2

361.3:17 ksc



4) ~Flexural Modulus

" _ 3
B =Lm (A-12)

For 3PClp 450 :

a = depth of beam tested

= 0.2108 cm
b . width of beam tested = 2.4968 *
L = span

= 2.5 ' "
M = slope of the tangent to the

jnitial straight line portion of
the load deflection curve
= 118.987 kg/cm

. r = (2.5} % 118.987
% % 2.4968(0.2108)°

= 19,873.025 ksc
5) Specific Gravity
RO B e (A-13)
a+w=2>
For 3PClpP450
a = apparent weiqht of specimens, without

wire, in air

1,550 ne



6)

Poisson's Ratio and

W

From equation (A-6)

€

= apparent weight of specimens
completely immersed and of the
wire partially immersed in liquid.
= 720 mg
= apparent weight of partially immersed
wire
= 440 "

= 1,550
1550+440~-720

=11.22

Young's Modulus
/

N A€ t/ap
de 1/d1> (r~14)

for pure plastic in Table A~6 at lecad 30 kg

1le e vt j 2(€a—€b)2 +2(€b-ecxz +z(£c-ea>2]
3

%

1 %[ 0 .0132-0.0006-0.0001

+\/2(o.0132+o.oooe)2+2(-o.oooe+o.ooon2
+2(-o.0001-o.o132)2]

=0.0132

TV 2 2 2
= §[€a+eb+eb—']2(€a~€b) +2(Eb-€c) +2(Ec~€é)

= %[ 0.0132-0.0006~0.0001

-h/2(0.0132+0.0006)2+2(—0.0006+0.0001)2

+2(-0.0001-0.0132) >
= -0.0049



From Fic. A-8 we have

dEl/dp

d€ t/dP

From Fig. A-9' we have

ab

0.0175-~0,0132

45 - 30

0.0002866

i

]

45 - 30

0.00012

0500012

e

0.0C0286€

0.42

= 52,941-35,294

¥7.647

=0.0043

= 17.647
0.0043

= 4,103,953

0.0067-0.0049

£.0175-0,0132

65

ksc



7) Lonaitudinal Stresses under Internal Pressure For

cvlindrical tank with hemispherical ends made of GRP,

internal pressure 0.3515 ksc at a strain gage that

point no. 3

]
1

1

0.00064 x 17,118.089

i

10,956 ksc

at strain cace that point no.4,5,¢

From ecuation (A=4) and Tabls 2A=7 we have

¢
1

= F/[(1+a) (6 +€ )+ (1-7)
a. ¢

LAY S

2132

. B T2
Bl s 20

= 17,118,089 [ (1+0.362) (0.00012+0.0029)

2(1-0.362°)

+(J-0.362),j2(0.00012—0.00003)2

h 2(0.00003-0.0029)2 3

e ksc

= E {(1.+'y)(':'a+€c‘—<l-“")
2(1*3)

. R 2 - o e 2 !

JE‘”a RIREICEER R

17,118.089
e (14+0.362) 90 .00012+0.00029)
2(1-0.3627) "

- (1-0.362) \/ 2(0.00012-0.00003)2
+ 2(0.00003-0,00029) 2]

= 3,68 Ksc

Er (n-15)



From equation (A-2)

s
0 =% tanlp 26 -€ -6 ]

z -Ec -

a

ik e [2(0.00003)—0.00012-0.00029
0.00012-0.00029

°
=32.047

From Mohr's circle

u

Fig. A-5 THE GENERAL CASE OF PLANE STRESS AND MOHR'S CIRCLE

6, =(6,+6,) + (6,-6,) cos 20 a-16)
2 2
6, =(61+62) - (61- 62) cos 20
2 2
v -G =0,
= (7.318+3.68)+(7.318-3.68) cos (2x32.04;,)
2 2

i

6:294 ksc



Y - 6

y = Y
-]
(7.318+3.68) - (7.318-3.68) cos (2x32.047)

2 2
4,704 ksc

8) Hoop Stresses under Internal Pressure
For cylindrical sphere tank made of JRP, i‘'ternal pressure
0.3515 ksc at a strain gage that point no.25
6h =€E
= £.0095 x %,773.837

# 45,351 ksc

p—
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TAPLE A-1 DATA AND RESULTS OF TENSILE."STRENGTH

|
3 § WéETH CROSS INDICATED CORRECTED TENSILE
TESTED ' NARROW I SECTICN
SPECIMENS o, T R LOAD LOBD STRENGTH
W N\
cm cm (cmz) ko kg (kt"/cmz)
3pC 1 P450 1.2903 0.2057 0.2655 95.256 105,840 358.644
3pC 2 P450 1.2725 0.2070 9.2634 113,400 126,000 478.360
3PC 3 P450 1.2972 0.2037 Qe 2644 108.864 120,960 457,489
3PC 4 P450 1.2954 0.2050 0.2655 108.864 120,960 455,593
3PC 5 P450 1.2294 0.1976 0.2429 97.070 107.860 444,051
3PC § P450 1.2598 0.1961 0.2470 80.741 89.710 363,198
3PL 1 P450 1.3513 0.1961 0.2650 93.442 103.820 391,774
3PL 2 P450 _ 1.2751 0.1976 0.2520 90.720 100,800 400,000
3PL 3 P450 1.2776 0.1986 0.2538 101.606 112.900 444.839
3PL 4 P450 1.2776 0.1971 0.2518 105.235 116,930 464,377
3PL 5 P450 1.3005 0.2045 0.2659 90.720 100.800 379.090
3PL 6 P450 1.2954 0.2151 0.2787 99.792 110.880 397.847

0L




TARLE A-1 (COMTINUED)

-y

ngz WégTH . CROSS INDICATED CORRECTED TENSILE

TESTED NARROW T SECTION LOAD LOAD STRENGTH
- SPECIMENS sggTIou AREA g

cm cm c:m:2 kg ke ; (kg[cmz)

3PC 1 P600 1.3030 0.2870 043740 151,502 168,340 450,107
3PC 2 P60Q 1.2649 0.2680 9.339C 111,586 123,980 365,723
3pC 3 P600 1.2395 0.2832 G,.3510 115.214 128,020 364,729
3PC 4 P600 1,2446 0.2875 43579 120.658 134,060 374,574
3pC 5 P60 1.2268 0.2781 043412 117,936 131.04C 384,056
3pC 6 P60O 1.2497 0.2830 0.3536 109.771 121,970 344,938
3PL 1 P600 1.2776 0.2753 0.3518 110,678 122,976 349,562
3PL 2 P600 1.2954 0.2786 0.3610 127.915 142,130 393,712
3PL 3 P600 1.3005 0.2788 0.3587 127,915 142,130 396.236
3PL 4 P600 1.2954 0.2718 0.3521 129,730 144,140 409,372
3PL 5 P600 1.2852 0.2769 0.3558 129,730 144,140 405,115
3PL 6 PG00 1.3005 0.2794 0.3634 127.915 142,130 391.112

4
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TABLE ~ A-1  (CONTINUED)
TYPE WIDTH CROSS =
= 08 ek B INDICATED | CORRECTED TENSILE
TESTED NARROW e 90/ |
SPECIMENS SECTION e ARER S Bpae ST
. em e’ K= e O fon”).
3PC 1 G450 1.2878 0.2106 0.2712 326,590 380.000 1,401.180
3PC 2 G4*J 1.2725 0.1991 0.2534 263,09 300.000 1,183.899
3PC 3 G450 1.2802 0.2413 0.3089 290,300 335.00 1,084,493
3PC 4 G450 1.2929 0.2482 0.3208 333,400 387.000 1,206,359
3pC 5 G450 1.3005 0.2395 0.3115 3440740 400.000 1,284.109
3PC 6 G450 1.2446 0.2184 0.2719 282,140 323.000 1,187,937
3PL 1 G450 1.4021 0.2273 0.3187 367,420 430,000 1,349,231
3PL 2 G450 1.2116 0.2677 0.3244 326,590 380.000 1,171,393
3PL 3 G450 1.2878 0.2413 0.3107 - - -
3PL 4 G450 1.3056 0.2210 0.2885 285,770 330.000 1,143.848
3PL 5 G450 1.2344 0.2413 0.2979 303,910 350.000 1,174.891
3PL 6 G450 1.2471 0.2451 0.3057 303.910 350.000 1,144,913
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TAE A-1  (CONTINUED)
ngE wggwn B INDICATED CORRECTED TENSILE
TESTED NARROW i 5 /AR NS LOAD LOAD STRENGTH
SPECIMENS SECTION T AREA

c‘x:z cm cm2 kg k-~ (kq/cmz)

-
3PC 1 G600 1.2675 0.2920 0.3789 390,100 360,000 1,214,041
3PC 2 G600 1.2700 0.2454 0.4387 473,560 575.000 1,310.691
3pC 3 G600 1.2370 0.3152 0.3896 %82 .670 560.000 1,437.372
3pC 4 G600 1.2471 0.285¢ 0.3564 411.870 490,000 1,374.860
3pC 5 GELY 1.2471 0.3124 0.3896 480,820 585. 000 1,501,540
3BC 6 G600 1.2650 0.3556 0.4498 371.950 446,000 978.213
3PL 1 G600 1,2573 0.2725 0.3427 523,510 642,000 1,873,359
3PL 2 G600 1.2979 0.2720 0.3531 483,080 585, 000 1,668,083
3PL 3 G600 1.3005 0.2845 0.3700 453,600 545,600 1,472,973
3PL 4 G600 1.2497 0.2585 0.3730 544,320 670.000 1,796.247
3PL 5 G6HGO 1.2344 0.3124 ¢.3857 498,960 609. 000 1,578,947
3PL 6 G6O% 1.2471 0.3885 0.4847 449,060 538,000 1,109,965
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TABLE (CONTINUED)

TYPE WIDTH TS

OF OF THICKXNESS INDICATED CORRECTED TENSILE
TESTED NARROW SECTION
SPECIMENS SECTION : A LOAD LOAD STRENGTH

c‘;l cm cm ko ke { kg/cmz) 1

3pC 1 J450C 1.2675 0.3358 0.4256 199.580 225.000 528,665
3pC 2 J450 1.2471 0.3272 0.4080 192.780 219.000 536,765
3pC 3 J450 1.2802 0.3531 0.4520 181.44% 206.000 455.752
3pC 4 J450 1. 3357 0.3454 0.4545 172.37C 195.00G 429.043
3pC 5 J450 W ) 0.3777 0.5037 199.580 . 225.000 446 .694
3PC 6 J450 1.2649 0.3386 0.4283 172.370 195.000 455.288
3PL 1 J450 1.2929 0.3269 0.4226 92.990 105.000 248.462
3PL 2 J450 1.2598 0.3531 0.4448 103.420 118.000 265,288
3PL, 3 J450 1.2776 0.3302 0.4219 104.330 119.000 282.057
3PL 4 J450 1.3056 0.3320 0.4334 63.920 94,000 216.890
3PL 5 J450 1.270C0 0.3647 0.4632 83.920 94 .000 202.936
3PL 6 J450 1:2725 0.3937 0.5010 104.330 119.000 237.535
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TAPLE A-1  (CONTINUED)
;g nggﬂ THICKNESS —_— INDICATED | CORRECTED TENSILE
TESTED NARROW . T
SPECIMENS SECTION ARER LOAD LOAD STRENGTH
Yo em NG kg g (k=/em”)
3PC 1 J600 1.2649 0.4008 0.5070 140.620 160,000 315.582
3pC 2 J6GO 1.2548 6.4252 0.5335 129.280 146.000 273.664
3PC 3 J600 1.2471 0.4059 0.5062 131.510 148.000 292,375
3PC 4 J600 1.2268 0.4089 0.5017 146.060 166.000 330.875
3pC 5 J600 1.2167 0.4247 0.5167 117.940 ‘133,000 257.403
3pC 6 J600 1.2649 0.4318 0.5462 140.620 160.000 292.933
3pL 1 J600 1.2903 ¢.4089 0.5277 115,670 132.000 256.142
3PL 2 J600 1.3106 0. 4001 0.5243 108.860 121.000 230,784
3PL 3 J600 1.2598 0.4044 0.5094 108.860 121.000 237.534
3PL 4 J600 1.2700 0.4153 0.5274 118.840 133.000 252,181
3PL 5 J600 1.2471 0.4348 0.5423 115.670 132.000 243.408
3PL 6 J600 1.2522 0.4280 0.5359 106.600 120.000 223.922
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TABLE ~ A-1  (CONTINUED)
o ‘?;FH — s/ i INDICATED CORRECTED TENSILE
TESTED
SPECIMENS fﬁﬁ??ﬁN T 77 LOAD LOAD STRENGTH
= AREA
W
cm cm cm i kg kg/cm

4PC 1 P450 1.2573 0.2786 0.3503 137.01C 144.0600 411.076
4PC 2 P450 1.2471 0.2794 0.3485 112.750 137.000 393.113
4pC 3 P450 1,3335 0.2946 0.3929 120.200 138.000 351.234
4PC 4 P450 1.2954 0.2845 0.3685 108.860 122.000 331.072
4PC 5 P450 ' 1.3005 0.2703 0.3515 1! - A

4PC 6 P450 1.3157 6.2837 0.3733 126.100 143.000 383.070
4PL 1 P450 1.2522 0.2642 0.3308 120.200 138.000 417.171
4PL 2 P450 1.2471 0.2845 0.3548 107.960 122,000 343.856
4PL 3 P450 1.2370 0.3023 0.3739 109.770 137.000 366.408
4PL 4 P450 1.2192 0.2794 0.3406 & 5 .

4PL 5 P450 1.2979 0.2845 0.3692 129,280 146.000 395.450
4PL 6 P450 1.2903 0.2845 0.3671 14 2.430 160.000 435,849

|
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TABLE A-1  (CONTINUED)
TYPE WIDTH =
OF OF THICKNESS INDICATED CORRECTED TENSILE
TESTED NARROW ‘
SPECIMENS SECTION T SECTION LOAD LOAD STRENGTH
= AREA 3
“ 2
cm cm . cm kg kg kz/cm i
4rC 1 P600 1.2878 0.4267 0.5495 149.690 169.000 307.552
4pC 2 P€E0O T 275% 0.4216 0.5376 151.960 172.000 3192.940
4pC 3 pP600C 1.2446 0.4318 0.5473 146.060 167.000 305.134
4pC 4 P600 1.2548 0,4242 0.5322 164.660 187.000 351372
4pC 5 P600 1.2700 0.4369 0.5548 190.510 216.000 389.329
4pPC 6 P600 Y2751 0.3937 0.5020 151.500 171.000 340.637
4PL 1 P600 1.2497 0.3785 0.4730 15 4.220 175.000 369.979
4PL, 2 P60O 1.2319 037712 0.4647 179.170 200.000 430.385
4PL 3 P600 1+3335 0.3874 0.5165 .147.870 167.000 323.330
4P1, 4 P600 1.2573 0.3581 0.4503 :163.300 186.000 413,058
4PL 5 P600 1.3970 0.4013 0.5606 .185.070 210.000 374.599
4PL, 6 P600 1.3919 0.3683 0.5126 195.050 222.000 433,086

}
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TABLE A-1 (CONTINUED)
TE;E ngTH THICKNESS CROSS INDICATED CORRECTED TENSILE
Sggii;gNS ggﬁiggN & SECTION LOAD LOAD STRENSTH
W
cm cm 1:;% ke ko ki /cm2
4pC 1 G450 1.2167 0.3251 0.3956 421.850 500,000 1,263.903
4pC 2 G450 1.2167 0.2921 0.3554 444.530 534 .000 1,502.532
4pCc 3 G450 1.1938 0.3752 0.4488 410.510 426 .000 1,082.888
4pC 4 G450 1.1963 0.3302 0.3950 353.810 412,000 1,043.038
4pC 5 G450 1 1862 ¢.3302 0.3917 442.260 530.000 1,353.076
4pC 6 G450 1.1811 0.3480 0.4110 1347.220 440.000 1,070.560
4pL 1 G450 1.3081 0.2985 0.3904 488.980 597 .000 1,529.201
4PL 2 G450 1.2573 0.3404 0.4279 439.990 526.000 1.229.259
4PL 3 G450 1.2497 0.3073 0.3841 454.510 547 .000 1,424.108
4PL 4 G450 1.2548 0.3327 0.4175 428.650 510.000 1,221,557
4PL 5 G450 1.2370 0.3454 0.4273 412.780 491.000 1,149.076
4PL 6 G450 1.2700 0.2858 0.3629 417.310 495.000 1,364.012
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TABLE _a-1 (CONTINUED)

TYDPE WIDTH
pad L THICKNESS INDICATED
TESTED NARROW SECTION
SPECIMENS SECTION LOAD
T AREA
= 2
cm cm cn ks ko ke /cm

4PC 1 G600 1.2700 0.3988 ©.5065 580,510 711.000 1,403,751
4PC 2 G600 1.2700 0.4369 0.5548 506 . 060 720.006 1,297.765
4PC 3 G600 1.2700 044877 0.6194 576,070 707.000 1,141,427
4PC 4 G600 1.2675 0.449¢ 0.5698 567,000 698.000 1,224.991
4PC 5 G600 1.2598 0,4318 0. 5440 555.660 655.000 1,259.191
4PC 6 G600 1.2903 0.4597 0.5932 576,900 708.000 1,193.527
4PL 1 G600 1.2802 0.4293 0.5495 712,150 262.000 1,562.699
4PL 2 G600 1.2497 0.4267 0.5333 635,040 779.000 1,460.716
4PL 3 G60C 1.2395 0.4039 0.5006 703.080 852,000 1.701,958
4pL 4 G600 1.2319 0.4216 0.5194 557,930 656.000 1,320.955
4PL 5 G600 1.2192 0,4470 0.5450 734,330 £890. OGS 1,633,022
4PL 6 G600 1.2090 0.4102 0.4960 580.G10 711.000 1,433,468

|
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TABLE  p-1 (CONTINUED)

TYPE WIDTH
TES;ZD NARRS& THICKNESS CROSS INDICATED CORRECTED TENSILE
SPECTMENS SECTION 2 R = R e

% AREA
cm cm c:m2 ko k3 k%/ cm2

4pC 1 J450 1.2497 0.4445 0.5555 265,400 330.000 594,059
4pC 2 3450 1.1963 0.4470 0.5348 244,540 280.000 523,560
4PC 3 J450 1.2014 0.5508 0.6714 215,510 247.000 367.6883
4PC 4 J450 1.1811 0.5156 0.6090 244,940 280.000 459,770
4pC 5 3450 1.1887 0.5105 0.6069 220,450 250.000 411,929
4PC 6 J450 1.1684 0.4301 0.5609 240,410 275.000 490,283
4PL 1 J450 1.2700 0.4750 0.6032 124,745 144,000 238,727
APL 2 J450 1.2573 0.4724 0.5940 122,476 140,000 235,690
4PL 3 J450 1.2446 0.4674 0.5817 127,010 146.000 250,968
4PL 4 J450 1.2497 0.4851 0.6063 145,156 166.000 273,792
4PL 5 3450 1.2751 0.4526 0.6154 117,940 132,000 216,120
4PL 6 J450 1.2954 0.4470 0.5791 137.390 155.000 267,857
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TABLE A-1 (CONTINUED)
TYPE WIDTH
OF OF THICKNESS CROSS INDICATED CORRECTED TENSILE
TESTED NARROW SECTION
SPECIMENS SECTION 7 LRFA LOAD LOAD STRENGTH
v /g z
cm cm cm kg kg kz/cm

4pC 1 J600 1.26%5 0.5283 0.6696 1975770 223,000 333,035
4pC 2 J600 1.26%5 G579 0.7340 205,030 235.000 320,363
4pCc 3 J600 1.2979 0.5613 0.7286 224,530 258,000 354,104
4pc 4 J600 1.325¢ 05639 0.7476 2232170 257.000 343,767
4pCc 5 J600 1:3081 05537 0.7243 1728870 196,000 270,606
4pC 6 J600 1.3081 0,5766 0.7542 1754090 198,000 262+530
4pL 1 J600 ¥o23%9 0.5512 0.6790 145,150 166.000 244,477
4PL 2 J600 1.2471 0.5563 0.6937 142,880 163,000 234,972
4PL 3 J600 1.2192 0.5283 0.6441 188,680 224,000 ro 74 O 7
4pL 4 J600 T 2110 0.5207 0.6653 181,440 206,000 309.635
4pL 5 J600 1.2370 0.5207 0.6441 171,460 195.000 302,748
4pPL 6 J600 1.2503 0.5080 0.6555 120,530 205.000 312,738
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TARLE A-l  (CONTINUED)

TYPE WIDTH

OF OF THICKNESS CROSS INDICATED CORRECTED TENSILE
TESTED NARROW
SPECIMENS SECTION P RN LOAD LOAD' STRENGTH

w AREL3 '2 '
cm cm en kg ke ko/cm

5pC 1 P450 1.2700 0.3810 0.4839 153,770 174,000 359,57¢
5pC 2 P450 1.2598 0.3835 0.4332 153.770 174.000 360,099
5pC 3 p450 1.2878 0.3988 0.5135 153,770 174.000 333.351
5PC 4 P450 1.2929 0.3635 0.4959 154,220 175.000 352.894
5pC 5 P450 1,3005 00,3937 0.5120 152,860 173.000 337.891
5PC 6 P450 1.2954 0.3861 0.5001 146,060 167.000 333,933
5PL 1 P450 1.2573 0.41490 0.5205 15C,600 170.000 326,609
SPL 2 P450 1.2649 0.3735 0.4787 168,740 190.000 396,908
5PL 3 P450 1.2954 0.3937 0.5100 154,220 175.000 343,137
5PL 4 P450 1.2852 0.3962 0.5G98 172,370 195.000 302.875
5pPL 5 P450C 1.2827 0.4115 0.5278 199,580 225.000 426,293
SPL 6 P450 1.2878 0.4115 0.5299 154,220 175,000 330,251
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TABLE A-1 (CONTINUED
TYFE WIDTH
OF OF CROSS
TESTED NARROW THICKNESS 7/ INDICATED CORRECTED TENSILE
— SPECIMENS SCETION T I LCAD LOAD STRENGTH
W AREA
2 P
cm cm cm kz kg kzl cmé
5PC 1 PGOQ 1.2929 0.4750 0.6141 156.760 179.000 2¢1.,483
5pC 2 P600 1.3005 0.4851 00,6309 345,150 166,000 2634116
5pC 3 pP600 1.3005 0.4750 056177 195,580 225,000 364,254
5pC 4 P600 1.3030 0.4750 0.€189 231.340 261.0060 421,716
5pC 5 p600 1.270C 0.4724 6.6000 199.530 225.000 375,000
5pC 6 2600 X:2675 0.,4851 0.6149 182.350 207.000 336,640
5pL 1 2600 1.2954 0.4750 0.,6153 - = =
S5PL 2 P600 1.2903 0.4775 0.6162 142,430 163,000 264,525
5pL 3 P600 1.3132 0.43851 0.6371 215,910 247.000 387.694
5PL 4 P600 1.2954 0.4750 0.6153 214,100 246,000 399.805
5PL 5 P600 13335 0.4724 0.6300 172,370 195.000 309.524
5PL 6 P600 13513 0.4801 0.6487 207.750 237.000 365,346
l
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TABLE  n-1 (CONTINUED)
— e e SRt INDICATED CORRECTED TENSILE
OF OF THICKNESS
TESTED NARROW SRR
SPECIMENS SECTION T AREA e ad LOAD STRENGTH
W ) 2
cm cm cii ke ke ko /em
5pC 1 G450 1.2649 0.3886 0,4916 689,470 840,000 1,7083.706
5pC 2 G450 1.2497 0.3785 0.4730 552,480 680,000 1,437.632
59C 3 G450 1.2522 0.4115 0.5153 551,120 679.000 1,317.679
5PC 4 G450 1.2421 0.4216 0.5237 489,090 600,000 1,145,694
5pC 5 G450 1.2573 0.3586 0.4886 616,90C 755, GO0 1,545.231
5pC 6 G450 1.2497 0.3962 0.4952 5094750 736.000 1,486.268
SPL 1 G450 1.2319 043962 0.4831 607.020 744,000 1,524.278
SPL 2 G450 1.2319 0.4597 0.5617 654,090 800.0C0 1,424.248
SPL 3 G450 1.2192 0.4420 0.5386 541,600 666,000 1,236,080
5PL 4 G450 1.2116 0.4039 0.4955 584,240 719.000 1,451,060
5pL 5 G450 1.2116 0.3912 0.4739 576,980 708.000 1,493,986
5PL 6 G450 1.2014 0.3937 0.4730 589,680 736.000 1,£56.025
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TABLE A-1 (CONTINUED)
TYPE WIDTH :
o o TS CROSS INDICATED CORRECTED TENSILE
TESTED HARROW
SPECIMENS SECTION T SEC?IQN LOAD LOAD STRENGTH
W ARERG: 5
cm cn cm k; k- ky/cm

5pC 1 G600 1.2700 0.5740 0,.7299 721,228 872.000 1,196.159
5pC 2 GEOO 1.2522 0.5232 06552 2644770 919,000 1,402.625
5pC 3 GGOO 1.2598 0.5132 0.6528 725,760 §77.000 1,343.444
5PC 4 GBOC 1.2598 044902 0.617€ 717.600 267.000C 1.403.821
5pC 5 G6UO 1.2624 0.5385 €.6798 680,400 825,000 1,213.59
5pC 6 G600 1.2624 0,5969 U.7535 652,720 862.000 1,064.366
5PL 1 G600 1.3411 0.5486 0.7358 863,190 1 ,020.000 1,386.246
5pPL 2 G600 1.3284 0.5283 0.7018 748,440 900,000 1,282.417
5PL 3 G600 1.3106 0.5283 0.6924 791.530 944 .000 1,363,374
5PL 4 G600 1.2929 0.5004 0.6469 920,310 ) ,067.000 1,649.405
5PL 5 G600 1.3081 0.4801 0.6280 851.860 ), 002,000 1,595.541
5PL 6 G600 1.2979 0.5715 0.7418 891.780 ,131.000 1,524.67C
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TABIE A-1  (CONTINUED)
TYPE WIDTH
nggao nagiow = cnoss- INDICATED CONRRECTED TENSILE
SPECIMENS SECTION b i LOBD LOAD STRENGTH
% EREA ;
cm cm & kg kg ks/cmz
5PC 1 J450 1.2446 0.5207 0.6401 285,770 330.000 500,181
5pC 2 J450 1.3970 0.5385 0.7523 340,200 396,000 526,396
5pC 3 3450 1.3970 0.5436 0.7594 301,190 349.000 459,573
5pC 4 3450 1.3894 0.5055 0.7023 369.230 434.000 617.970
5pC 5 J450 1.3792 0.5359 0.7392 362,830 424,000 573,593
5pC 6 J450 1.4021 0.5182 0.7265 399,170 472.000 649,690
S5PL 1 J450 1.2116 0.5613 0.6801 172.37C 193,000 263,782
5PL 2 J450 1.2217 C.6147 0.7510 155,580 176,000 234,354
5PL 3 J450 1.4046 0.5893 0.8456 179,170 202.000 238,564
5pL 4 J450 1.4072 0.5080 0.7148 191.420 218.000 304,980
SPL 5 J450 1.4199 0.5486 0.7790 190.510 217.000 278.562
5PL 6 J450 1.2700 0.5969 0.7581 145,150 165.000 217,648
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TABIE  Z~1 (CONTINUED)
TYCE WIDTH
: OF GRS INDICATED CORRECTED TENSILE
TESggD NARROW - i SECTI.ON
SPROENENS SECTION e Rden LOAD LOAD STRENGTH
W
cm cm clrn2 ke kg kg/com

5PC 1 J€20 1.2873 <6607 0.,8766 207,750 235,000 262,081
S5PC 2 J6CO 1.3284 0,6706 0. 6908 265,36C 300,000 336,776
5pC 3 J600 1.3259 0.6655 0.8823 303.450 355,000 402,357
5pC 4 J500 1.2700 0.6274 0,796 226,800 259.600 325.050
5pC 5 J600 1.2573 046553 0.8239 203,210 230.000 279.160
5PC 6 JGGO 1.,2725 0.7544 0.9600 263,090 300.000 312,500
5PL 1 J600 1.2979 0.7417 0.9627 190,51¢C 216,000 224,369
5PL 2 J6CO 1.3056 0.7290 0.9517 226,200 259.000 272,145
5PL 3 J600 1.3284 0.6045 0.8031 263,090 300.000 373.552
5PL 4 J600 1.3741 0.6172 0.8481 231,340 262,000 308,926
5PL 5 J600 1.2319 0.6172 0.7604 226,350 259,000 340.610
5PL 6 J60C 1.2598 0.6960 0.8768 181,440 206,000 234,945
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TLBLE A-2 DATA ANL RESULTS OF YOUNG'S MODULUS
TYPE CROSS INCREMENT INCREMENT YOUNG'S AVERAGE ESTIHATED
OF SECTION CORRECTED STRAIN MODULUS YOUNG'S STANDARD
TESTED AREA LOAD E MODULUS DEVIATIONN
SPECIMENS 2"12 (kg) (kg/ cmz) (ke/ cmz)

3%C 1 P 450 0.2655 105.571 0.0655 | 6,087.935
3PC 2 P 450 1.2634 126,031 00770 | 6,213.990
3PC 3 T 450 3. 2644 120.808 G.7677.. | 6,754.09¢

6,531.374 375.431
3PC 4 P 450 D.2€55 120,897 0.)¢e& | 6,726.112
32C 5 P 450 0.2425 107.230 £.0625 | 7,064,240
3PC 6 P 450 C.2470 89,757 n.0573 |  6,341.861
3PL 1 P 450 0.2€50 103.838 0.0516 | 7,597.517
3PL 2 P 450 0.2520 100.778 .0605 | €,610.150
3PL 3 P 450 0.2532 112.881 0.0501 | 7,525.605

7,342,673 455.209
3°L 4 P 450 0.2513 116,940 n.0613 | 7,576.061
! 35L 5 P 450 0.265% 100.583 0.0488 | 7,774.610
3PL 6 £-45C 0.€.2767 110.952 00571 | 6,972.060

.
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TARLE A- 2 (CONEINUED)
TYDE CROSS INCREMENT TNCREME YOUNG'S | AVERAGE 2STIMATED
OF SECTION CORPTCTED STRAIN MODULUS yoEe's STAMDARD
TESTED ARTA "LORD B MODULUS DEVIATIONM
o
SPECIMENS (cmz-) 3y (kgfem”) | (kg/em®)
3PC 1 P 609 N.3762 168,285 0.0802 4,3288.496
3PC 2 P 6060 1,33¢0 124,013 C.0450 8,129.33%
32C 3 P 600 n,3510 128 7090 0.0550 6,635.961
| €,457.134 1,057.065
3PC 4 P 600 J.357¢% 134,045 n.0623 6,011,747
3PC 5 P 600 0.3412 128,201 0.08625 5,143.524
3¢ 6 P 600 0.3536 123,034 n.0402 7,014,637
3p1, 1 P 600 0.3513 323.031 n,N553 $,267.365
3PL 2 P 600 0.3610 142.135 0.11125 5,430,808
L 3 P 600 0.3587 142.165 0. 0646 £,135.21¢C
8,153,577 LR .356
3PL 4 P 6020 0.3521 144,205 ¢.06°1 5,927,005
3PL 5 © &G0 G558 144,220 N.N634 $,323.359
3PL 6 P 600 £.3634 140,147 0.,0573 6,4526.518

\.
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TABLE A- 2 (CONTINUED)
TYPE CROSS INCREMENT INCREMENT YOUNG'S AVERAGE ESTIMATED
OF SECTION CORRECTED STRAIN MODULUS YOUNG'S STANDARD
TESTED AREA LOAD E MODULUS DEVIATICN
SPECIMENS (cmz) (kg) (kg/ mnz) (kg/cmz)
32C 1 G 450 0.2712 422.103 0.0711 21,890.637
3PC 2 G 450 0.2534 238.084 0.0610 15,402.573
32¢ 3 ¢ 450 0.3089 156.878 0.0406 12,508.855
17,292.941| 3,722.024
3PC 4 ¢ 450 0.3208 342,238 0.0508 21,000.554
3PC 5 ¢ 450 0.3115 115.673 0.0203 18,292.766
| 32C 6 G 450 0.2719 475044 0.1016 14,662.218
3rL 1 G 450 0.3187 392,722 0.0711 17,331.400)
3FL 2 G 450 0.3244 300,651 0.0813 14,812,146
3PL 3 ¢ 450 0.3107 - - -
0 :
3FL 4 G 450 0.2885 209.315 0.0406 1798700139 16,5‘2.245 1,492.938
3PL 5 G 450 0.2979 318.866 0,0610 17,547.188
3PL ¢ G 450 0.3057 417.728 0.0014 14,550.354

06
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TABLE A-2 (CONTINUED)
TYPE CROSS INCREMI NT INCREMENT YOUNG'S AVERAGE ESTIMATED
OF SECTION CORRECTID STRAIN " MODULUS YOUNG'S STANDARD
TESTED AREA LOAT E MODULUS DEVIATION
SPECIMENS (cm2) (kz) (kg/ cmz) (kg. cmz)
3PC 1 G 600 0.3789 117.557 0.0203 15,283.624
' 3PC 2 G 600 0.4387 66.35) 0.0102 14 .28.009
'3PC 3 G 600 0.3896 870.72¢ 0.0914 16,027.470
15,109.845 | 1,780.313
3PC 4 G €00 0.3564 615.412 - ©,1118 15,444.959
3PC 5 G 600 9.38%6 4N8 650 0.0610 17,195.360
3PC 6 G 600 2.4438 1,260.560 0.1727 164227.502
%PL 1 G 600 C.3427 783.290 0.1016 22,668.823
3pL 2 G 600 ¢.3531 752.421 0.1118 19,059.923
3rL 3 G 600 0.3700 ~7.543 0.0102 23,196.267
20,116.302 | 2,572.421
3PL 4 G 690 n,3730 703.187 0.0914 20,626.051
3PL 5 G 600 0.3857 £ 8.593 0.1118 18,751.608
3PL 6 G 600 0.4847 £35.C14 0.0711 16,395.194

TR
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TA3LE A - 2 (CONTINUED)
INCREHMI NT INCREMENT YOUNG'S AVERAGE ESTIMATED
ngE SEg%ggfi CORRECIED STRAIN 1MODULUS YOUNG' 3 STLNDARD
TESTED AREA LOAD E 1ODULUS DEVIATION
2 2
SPECIMENS () (kg) (kg/en®) (kg/em™)
3PC 1 J 450 2.4256 134,369 0,0813 5,617,351
3PC 2 J 450 0.4080 154.68¢ 0,061 6,215.350
3PC 2 J 450 2.4520 92.,76C 0.0305 6,728,880 6,606.927  833.688
3PC 4 J 459 J.4545 153.287 0.0406 7,223,187
38C 5 J 450 3.5037 42,107 0.0305 5,595,442
3°C 6 J 450 0.4283 17627 0.0305 7,861,583
3L 1 J 450 0.4226 245,778 0.0711 - 8,179.810
3PL 2 J 450 SN 212,332 0.0610 7,825,674
3PL 3 J 450 C.4219 331,240 0.1118 7,622,503 8,031.843| 591.512
3PL 4 J 450 0.4334 71.061 0.0203 8,076,960
3PL 5 J 450 0.4632 233,870 0.0610 8,277.073
3PL 6 J 450 0.5010 134,607 0.0305 8,809.039
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TARLE A-2 (CONTINUED)
TYPE CROSS INCREMENT INCREMENT YOUNG 'S AVERAGE ESTIMATED
OF SECTION COI RECTED STRAIN MODULUS YOUNG'S STANDARD
TESTED ‘AREA 1ORD E MODULUS DEVIATION
2 2
SPECIMENS (em?) k) (kg.cm) (kg.cm)

3pC 1 J 600 0.5070 112.619 0.0305 7,347.553
3pC 2 J 600 0.5335 173.997 0.406 8,033.086
3pC 3 J 600 0.5062 132.780 0.0305 8,600.233

: 8,393.168 303 599,293
3pC 4 J 600 0.5017 134.124 0.0305 8,765.188
3pc 5 J 600 " 0.5167 225.298 0.0508 8,964.298
3pC 6 J 600 0.5462 191.790 0.0406 8,648.653
3pL 1 J 600 0.5277 82.740 0.0203 7,723.827
3pL 2 J 600 0.5243 70.516 0.0203 6,625.393
3pL 3 J 600 " 0.5094 110.993 0.0305 7,143.900

6,899.042 586.209
3pL 4 J 600 0.5274 314.602 0.0914 6,526.412
3pL 5 J 600 0.5423 134.453 0.0406 6,106.655
3pL 6 J 600 0.5359 316.660 0.0813 7,268.059

£6
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TARLE A - 2 (CONTI™ED)
TYPE CROSS IICREVENT INCREVEMT YOUrG's AVERAGE ESTI''ATED
OF SECTIONM CONVIRECTED STRATN "ODTLIS YO'™G'S STAMDARD
TESTED ABF? LOAD B “"OD"LUS DEVLATION
SPECIVENS (cm™) (k~) AE (ke /cm™) {(ko/cm™)
4vC 1 p 450 0.2503 349,832 0.1118 8,932,583
4pC 2 » 450 0.3485 124422 0.040¢ 8,793,665
4rC 3 P 450 0.3929 260,448 0.0813 8,153,593
. 8,704,210 312,445
4pC 4 P 450 0.3585 132,041 0.0406 8,825,590
4PC 5 p 450 0.3515 - = -

4pC € P 450 0.3733 133,409 0.040¢ 8,815,¢17
4PL 1 P 450 0.3308 €2,43) 0.0203 9,726,871
4vL 2 p 450 0.3548 102519 0.0508 5,687,871
4pL 3 D 450 0.3739 135,958 0.0¢10 5,970,983

6,864,347 1,433,013

4PL 4 P 450 0.3406 - - -

4PL 5 P 450 0.3692 122,943 0.0508 £.555,073
4pL 6 P 450 0.3€671 152,966 0.0€10 6,820,941
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TBLE -2 {CONTI'™ED)
TYPE Ccross IMCRE' EMT IMCRVENT YOGS AVERAGE ESTI'ATED
“ OF SECTIO™ COTRECTED STRAIM "OD"LUS YOr™Gls STA""DARD
TESTED APER LOAD E “ODJLI'S DEVIATIOM
2 2
SPECTMENS (em’) (ke) AF (ke/cm?) (ka/cm®)
4rC 1 P 600 0.5495 266,223 0.0711 5,814,091
4pC 2 P 600 0.5376 102.751 0( 0305 €, 2654500
APC 3 T 600 0.5473 72.53€ 0,020 7,528,813
A 5,919,141 735,200
ADC 4 > 600 0.532° A1.75€ 0.0203 5,716,185
inC 5 1 600 0.5548 174.933 0.0710 5,170,155
4PC 6 P 60O 0.5020 102,295 0.040¢ 5,019,104
4oL 1 » 600 0.4730 1132237 0.0508 4,712,651
4PL 2 ™ GOO 0.4647 101,167 0.,040¢ 5y362,144
4PL 3 T 600 0.51¢ 82,018 5,206.44
ek ALES & ©.0305 ARE S 5,320,608 432,727
4PL 4 P 600 0.4503 103.228 0.040€ 5,¢4€.395
4PL 5 P 600 0.560¢ 144,116 0.0508 5,060,512
4PL € P 600 0,5126 31,034 0.0107 5,935,501

ot
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TARLE 2 - 2 (COVTINI'ED)

TYPE CPROSSE . INCREMENT IMCR: 'EMT YOI'G'S AVERAGE ESTI'ATED
OF SECTIONM COTRICTED STRAIY T'ODTILUS YOI™G'S STATDARD
TESTED PPER LOAD 5 TODITLIS DEVIATIOW

) 2 2

SPECLI'EMS (cm~) (k) AR (ko/cm™) (ke/cm”)

4rC 1 G 450 0.395¢€ 75.564% 0.010° 18,72¢,650

4rC 2 G 450 0.3554 350,629 0.0508 19,919,255

4 5 4 448 33,6 ¢ = ,89¢,907 -

IPC 3 G 450 0.,44838 653,672 0,101 1:,896.90 16,062,034 2,680,470
4vC 4 €& 450 "0.3950 538.763 0.101¢ 13,424.7€1

4PC 5 G 450 0.3917 €30.5€0 0.,1016 15,844,517

4PC 6 G 450 0.4110 ~07.,996 610X~ 14,560,125

4PL 1 G 450 0.2904° 626,713 0.101cC X7,3125968

4APL 2 G 450 ¢.4172 5724411 04016 15,46G¢,738

AP s 4 0.3 4 . 6 . y & 8(:. 3¢ %

I, 3 G 450 .3841 £5.76 0.0102 15,7 38 17,295,159 906,450

APL 4 G 450 0.4175 280,358 0.040¢ 15,539,813

4PL 5 G 450 0.4272 £5,001 00,0102 14,913,776

4pPY, £ G 450 0.362¢ 578.17¢ 0.1118 12,715,281
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TABLE A- 2 (CONTINUED)
TgE ; gﬁg; iQN  LiCKEMEST | IMCREMENT YOUG'S AVERACE ESTIHATED
B %] iy ¥ LA ald s -,‘-. A =
CORRECTEB STRRIN MCDULUS e STAIDARD
TESTED AREA LOAD B2 »iODULDS DEVIATION
SPECILENS 5 EVIATIOwN
2 (kz/cm ) 5
(cm ) (ka) (kg/cm)
4PC 1 G 600 0. 5065 644,496 2,0613 15,651,284
4PC 2 G 600 0.5548 802.108 7 AJoe1a 15,817,954
4oC 3 G 600 0.6194 25€, 246 00355 13,563.943
. /IR 15,254.395 265,129
4pC 4 G 600 0.5698 442,117 0. 0508 15,432,655
4pPC 5 G 600 0.5440 167,589 0.0203 15,175,750
4DC 6 G 600 U.5932 478.675 0508 15,884,596
4PL 1 G 6U0 0.5495 99,217 0.0102 17,701,783
4PL, 2 G 6B0 | 0.5333 | <67.756 0.0914 19,653.99%
|
I ' YA ) C 4 9 4 P ; e .
4PL 3 G 600 . 5006 ! 297.019 060305 19,453,280 1,5 144,760 1,806,028
4PL 4 G 600 0.5194 | 713.678 0.0711 19,325.503
4PL 5 G 600 Ue5450 747,548 00610 22,489,025 |
4PL 6 G 600 0. 4960 | 111.530 0,0102 22,044,982 |
§

I

L6
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TARLE NA-2 (CONTINUED)
TYPE - CROSS INCREMENT INCREMENT g YOUNG'S AVERAGE ESTIMATED
OF SECTION CORRECTED STRAIN i MODULUS YOUMNG'S STANDARD
: TESTED LREA LOAD E MODULUS DEVIATION
2 AE 2
SPECIMENS (cm ) (ko) (kg/cm ) (kg/cmz)
4PC 1 J 450 0.5555 196,462 0.0914 3,869.447
£PC 2 J 450 0.5348 114.150 0.0610 3,499,087
4PC 2 3 450 0.6714 186.855 0.0813 3,423,196
4EC & J 450 0.6090 352.683 0.1625 3,561.610 3,130,274 S3Esald
k2C 5 3 450 0.6090 206.381 0.0514 3,707.718
4BC 6 I 450 9.5605 197.215 0.0813 4,324,788
4L 13 450 0.6032 167,515 0.0711 3,905.924
4L 2 3450 0.5540 134.778 0.0711 3,191.270
4PL 3 J 450 0.5817 157,710 0.1016 3,176,105
4PL & J 450 0.6063 82.919 0.0406 3,368.526 s i 28520
4PL 5 3450 0.6154 214,914 0.1115 3,123.677
4PL 6 J 450 0.5791 234.507 0.1219 3,321,990

86
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TABLE A-2 (CONTINUED)
TYPE CROSS % INCREMENT INCREMENT YOUNG'S AVERAGE ESTIMATED
T i o A e - i pion?
SPECIMENS
(cm®) (kg/cm’) (kg/cm?) (kg/cn)

4PC 13600 | 0.6696 143,204 0.0508 4,209,930
4PC 2 J 600 | 0.7340 259,837 0.0914 3,873,097
4PC 3 J 600 | 0.7286 281.52 0.0813 4,752,655
4PC 4 J 600 | 0,7476 250,661 0.0711 4,715.716 452922533 3,b2:57%
4BC 5 J 600 | 0.7243 185.€03 0.0610 4,205,364
4Pr 6 1600 | 0-7542 122.£87 0.0406 £.0Y6.474
4P1 1 J 600 0.6790 93.376 0,0508 2,707.075
4PL 2 J 600 | 0.6937 196.553 0.0914 3,100,002
4PL 3 J 600 | 0.6441 143,153 0.0711 3,125.914
4L 4 J 600 | 0.6653 133,587 0.0610 3,301,530 3,193.912 258,558
4PL 5 J 600 | 0.6441 206,259 0.0914 3,503,583
4PL 6 J 600 | 0.6555 205,642 0.0914 3,437,366
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TABLE A-2 (CONTINUED)
TYPE CROSS | IWCEE.ENT THCREVE ! D AGE |[—
OF SECTION | e CREVENE Y83EuE AVERAGE EREEHARED
: ; CORRECTED STRAIN
TESTED ARFA ; LOAD E HODULUS DEVIATION
: A
‘; SPECI! ENS 5 (kp/em ) 2
i {cn’) (ka) (kgfcnm)
l |
' i
-
5pc 1 P 450} ¢ 4339 195,043 0.0508 7,934,363
5pC 2 P 450 | C.4832 256,564 0.0711 7,467,910
5pC 3 © 450 | (.5135 164,085 0.0406 7,870,523
7,685,180 445,087
5pc 4 P 450 | 0.4959 123.613 0.0305 8,172,777
5pC 5 P 450 | 0...20 143,599 0.0406 5,908,070
5pC 6 P 450 | 0.5001 197.078 0.0508 7,757.439 ‘
5pL, 1 P 450 | (.5205 194,571 0.0508 7,358,567 |
1
5pL, 2 P 450 | 0.4787 206,089 0.0813 7,351,003
- 450 | 0.5100 257.421 0.0813 6,208,456 \
2ot 5 . 6,953, 403 780,945
S5pL 4 P 450 | 0.5093 153.793 0.0406 7,437.671 |
|
S5pL 5 P 450 | 0.5278 122.809 0.0305 7,628,91C |
5PL G P 450 | 0.5:.39 61.705 0.0203 5,736,290 !
| | ;

Erifin




TARLE A-2(CONTINUED)

TYPE OF "CROSS FUCEEEIT  INCRIAE] T YOUWG'S E’AVEEAGE ! g7£STIMATLD
TESTED SECTION CORKECTED STRT HMODULUS | YOUNG'S % STANDARD
SPECIMENS AREA LOLD E MODULUS | DEVIATIGH
(@) Gy (Rg/Cu2) (Ra/cu)
5PpC 1 P €20 0.6141 184 061 A\ ~0.071) 4,215,545
59¢2 ¢ 600 0.630¢ 217,230 0.0813 4,248,800
5PpC 2 P €00 0.6177 398.75% i b22 4,539,739
4,340 464 343,422
SPC & P GO0 €.6189 265.9225 J.0214 4,702,259
5pC 5 P 600 0.69000 184 . 135 2.0813 3,774.880
5PC 6 P 600 0.614¢ 288,352 0.1016 4,615.561
SPL 1 P 600 0.6153 - - -
5PL 2 P 620 0.6152 3¢ .18% £.1118 4,371.960
SFL 3 P 600 0.6371 301.077 0.1412 4,226.962
4,149,912 249 .063
SPL 4 P 600 0.6153 218.950 0.7313 4,376 .%06
SPL 5 P 600 0.6300 123.156 0.)508 3,848.133
5rLé P 600 0.6487 155.340 0.)610 3,925.634
R

FonrT
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TASLE A - 2 (CO’L\?TI’LJUED:
TYPE OF E}"(f-“%?&?' INCREMENT . INCREMFY T YOURG/S AVRRAGE ESTIMATRED
TESTED SRR CORRECTED STRAID MODULUS YORG'S STANDAPD
ARE 2 1.0AD E - MODULUS NEVIATINN
1.4ESS

Ll e S o (kq) (kg/cm®) (k3/cm?)
5PC 1 G 450 | 0.4916 209.792 3.0202 21,022.385
5pC 2 G 450 | 0.4730 178,478 0.0203 18,587.782
5pC 3 G 450 | 0.5153 871.803 0.1016 16,651.924

- 18,468.096 | 1,758.673

5PC & G 450 | 0.5237 89,238 0.0102 16,705.769
5pC 5 G 450 | 0.4886 89.172 0.0102 17,892 .£67
50C 6 G 450 | 0.4952 100.758 0.010 19,9%8.053
SPL 1 G 450 | 0.4881 177.497 0.0203 17,913.707
SPL 2 G 450 | 0.5617 210.610 0.0203 18,470.473
SPL 3 G 450 | 0.5388 189.460 0.0203 17,321.811 |15 344 881 —
SPL 4 G 450 | 0.4955 189.609 4.0203 18,850.343
SPL 5 G 450 | 0.4739 256,204 0.0305 17,725.509
SPL 6 G 450 | 0.4730 152.392 (.0203 20,027 .447




TABLE A~2 (CONTINUED)

TYPE OF

CROSS

|

ESTIMATED

: i
INCREMENT INCREVENT 'g_ntmc's % AVERAGE !
TESTED SECTION | CORRECTED STRAIN MODULUS YOUNG 'S ’ STANDARD
ARE LOAD B 1. b)
SPEC IMENS a 5 Smoe | | RO
kq) (kg/em™) g o Boie |
(kg/cm) |
T
spc 1 G 600 0.7290 99,186 G.0102 13,323.156 e |
58C 2 G 600 0.6552 109.444 0.0102 16,376.351 E
5°C 3 G 600 0.6528 208.081 8.,02n3 15,772.050 |
15,130.692 | -1,203.743
55C 4 G 600 0.6176 208,048 =) 16,59 .317
52¢ 5 G 600  0.6798 99,389 “A.0102 14,333,569
56C 6 G 600 0.7535 111:.055 s 2ol 14,449,520 =1
SPL 1 G 600 1 0.7358 223.603 0.0:03 14,969.982 'f
5PL ‘2 G 600 0.7018 109.526 0.0102 15,299,546
52L 3 G 600 0.6924 119.432 0.01(2 16,917.906
. 16,661.719 1,317.500
SPL & G 600 0.6469 116.090 0.01(2 17,593.663
5PL 5 G 600 0.6280 117.842 0.01(2 18,396.656
SPL 6 G 600 0.7418 127.05% 0.01(2 16,792.568

g O I‘»:
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TABLE A-2 (CONTINUED)

TYPE OF CROSS VSECTIOM INCREMENT INCREMENT YOUNGYS AVERAGE ESTIMATED
TESTED AREA CORRECTED STRAIN MONDULUS YOUNG'S STANDARD

’ IOAD E MCDULUS DEVIATICN
SPECIMENS e 5l ety (ka/cm?)
SPC 1 J 450 | 0.6481 272.377/ 0.1016 4,136.516

| - d
5PC 2 J 450 | 0.7523 399.717 0.152¢4 3,407.899
52C 3 J 450 | 0.7594 231.163 0.0214 3,330.434
3,733.350 365.601
5pC 4 J 450 | 0.7023 127.960 0.0508 3,586.640
5°C 5 J 450 | 0.73922 561.79¢€ 0.2032 3,740.186
5°C 6 J 450 0.7265 273.784 0.0914 4,198.418
5PL 1 J 450 $.6801 101.577 0.0508 2,940,081
5L 2 J 450 | 0.7510 236.041 0.1016 3,093.522
50L 3 J 450 | 0.8456 153.51¢ 0.0610 2,976.237
3,074.868 146.052

SPL &4 J 450 | 0.7148 289,238 0.121° 3,319 463
SPL 5 J 450 | 0.7730 299.619 0.1219 3,155.206
5PL € J 450 | 0.7581 319.600 0.1422 2,964,698

Vot
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TARLE  Z~1 (CONTINUED)
TYLE i WIDTH
CROSS \ .
gy OF e e INDICATED CORRECTED TENSILE
TESTED NARROW C SECTION
SPECIMENS SECTILON T ‘o LOAD LOAD STRENGTH
W
Z %
cm cm cm k¢ ko kg/om

5PC 1 .J6C 1.2873 056807 G.,8766 207,750 235,000 262,081
5pC 2 J6C0 1.3284 0.6706 o, 8908 265,360 300,200 336.,77¢
5pC 3 J600 1.3259 00,6655 0.8823 303,450 355,000 402,357
5pPC 4 J500 1.2700 0.627% 0.7963 226,300 259,000 325,050
5pC 5 JGOO 1.2573 0.6553 0.8239 203,210 230,000 272,160
5PC 6 J6CO 12,2725 0.7544 0.9600 263,099 300.G00 312,500
5pL 1 J600 1.2979 0.7417 0.9627 190,510 216,000 224,369
5PL 2 J600 1.3056 0.7290 0.9517 226,800 259,000 272,145
5PL 3 J600 1.3284 0.6045 0.8031 263,090 300,G00 373,552
5PL 4 J600 1.3741 0.6172 0.8481 231,340 262,000 308,92¢
SPL 5 J60C 1.2319 0.6172 0.7604 226,350 259,000 340,610
5PL 6 J60C 1.2598 0.6960 0.8768 181,440 206,000 234,945

GO T



TABLE A - 3 DATA AND RESULTS OF FLEXURAL I 1OPERTIES

; i
TYPE DEPTH WIDTH ; e R
= ¥ s RAL RAL
TESTED BEAM BEAM - , P M STRENGTH MODULUS
SPECIMENS TESTED TESTED
a b
. 2
cm cm, cm kg kg cm kg c, kg cm

“3pC 1 P 450 0.2108 2.4968 72,50 % 10,621 118,937 361.347 19,873,025
3pC 2 P 450 0.2032 2,5400 2.50 15,806 105.317 565,161 19,304,283
3pC 3 D 450 0.2134 2.5070 2.50 17,435 118,443 572,677 18,990,301
3PC 4 P 450 0.2134 2.5019 2.50 28,362 116.343 $33,4389 18,771,956
3pCc 5 P 450 0.193C 2.4638 2.50 27,901 101,121 1,140.069 | 22,300,933
3pC 6 P 450 0.2083 0.5298 2.50 12,556 115,351 42€,961 19,707,312
3k 1 2 450 0,1981 2.5197 2.50 17.671 104,008 €7C.154 20,74C.753
3pL 2 P 450 042032 245451 2.50 27.301 108.243 595,632 19,800.853
3pL 3 P 450 0,1930 2.5070 2.50 28,362 98.726 1,135,936 21.397.612
3pL 4 P 450 0.1930 24,4714 2.50 13,350 83.480 568.261 19,453,161
3pL 5 P 450 0.2057 2.5375 2.50 18.829 91,525 657,633 16,187,912
3pL 6 P 450 0.2108 I 2.4994 2.50 23,708 103.078 200,478 17,198,019

307"
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TARLF 2 - 3 (CONTINUFD)
TYeE DEPTH WIDTH SPAN LOAD SLOPZ FLEXUPAL FLEXUDPAL
OF oF OF B P m STRENGTH MODULUIS
TRETED REAM REAM s B
B
CPRCTMENS TRSTED TESTED 2 3

A b (o) (kg.) (kg/cm) (ka/cm™) (ka/cm)

{om) ~_(cm) £
3PC 1 P 600 0,.2870 2.5146. 4,00 29,992 81.579 868,808 21,957,544
3PC 2 P 600 0.2794 2.5298 4,00 22,786 78,456 693,649 22,749,966
3PC 3 P 600 0.2896 2,5248 4,00 36.265 81,633 1,027.578 21,299,189
3PC 4 P 600 0.2870 2:5222 4,00 34,635 81,169 1,000.284 21,781.359
3PC 5 P 600 0.2794 2.5705 4,560 22,089 84,027 660,476 23,979,605
3PC 6 P 600 0.2794 2.5479 4,00 22.786 79,847 687.141 22,991,544
3PL 1 P 600 0.2743 2.5400 4,00 22,786 73:223 71545375 21,147,283
3PL 2 P 600 0.2819 235273 4,00 24,641 13,223 736,144 20,693,096
3PL 3 P 600 0.2921 2.5070 4,00 23,247 80,083 652.080 20,507,433
3PL 4 P 600 0.2946 2.5349 4,00 25.388 81.893 691,031 20,216,581
3PL 5 P 600 0.2819 2.5400 4,00 29,756 77336 884,508 21,745,606
3P1 6 P 600 0.279%4 2.5349 4,00 30,689 79,681 930,589 23,058,694

0L



» TABLE A - 3 (CONTINUED)
|
TYPE DEPTH WIDTH 5 -
OF OF OF ; -
g ; i SPAN LOAD SLOPE FLEXURAL | MODULUS
TESTED BEZM BEAM N | -
— - P ’ STRENGTH i - B)z
SPECIMENS T TESTE S kg/cm
(cm)
3Pc 1. G 450 0,2286€ 2,5019 2,50 67 .412 183,050 2,507,148 23,923,853
h
3pC 2 450 00,2032 2.,5222 2,50 63 . 4¢3 155.788 2,285,334 28,756.985
3PC 3 G 450| 0.2134 2.5476 2.50 27.64% 147,95¢ 2,396,087 21,379,272
32C 4 G 450( 0.2439 045527 2,50 115,090 146,441 2,800,237 14,532,765
3PC 5 G 450| 0,2642 25222 2450 102,982 191.018 2,193,550 16,041,921
3PC 6 G 450 0.2184 2.5349 2.5C 79.038 167,034 2,451,326 24,708,488
3PL 1 G 450| 0,2311 2.5273 2,50 83,456 146,441 2,318,634 18,338,596
3PL 2 G 450 0.2549 2,4155 2450 88.8(6 155,931 2,136,973 15,388,075
3PL 3 G 450 0.2159 2.5476 2,50 $C.200 145,248 2,846,402 | 22,129,980
i
3PL 4 G 450} 0,2413 2,5019 2350 101.824 172.689 2,621,180 | 19,179.233
3PL 5 G 450 | 0.2413 2,4943 2,50 88.335 152,541 2,280,871 17,003,015
3PL 6 G 450 | 0,2362 2,5019 2,50 64,626 169,242 1,436.236, | 20,052.040
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TA3LE A-3 (CONTINUED)
TYPE DEPTH WIDTH FLEXURAL FLEXURAL
OF OF OF SPAN LOAD SLOPE —— I
TESTED BEAM REAM
SPECIMENT TESTED a - E " ¥ ; -
a (cm) b (cm) (cm) (cm) (kq/cm) (kg/cm ) Kg/cm )
3PC 1 G 600} 0.2246 2.5629 4,00 71,135 151.897 1,918,834 37,088,502
3PC 2 G 600{ 0.3124 2.5629 4.00 85.321 171.621 2,046,697 35,141,935
3PC 3 G 600| 0.3200 2.5527 4,00 82,062 155,598 1,883621 29,762,834
3PC 4 G 600| 0.2921 2.5349 . 4,00 81.826 143.008 2,269,962 36,218.029
3PC 5 G 600 | 0.3505 2.5527 4.00 96.709 137.882 1,850.301 20,070.755
3PC 6 G 600 | 0.3607 2.5629 4,00 88.335 159,757 1,589,499 21,252.489
3PL 1 G 600 | 0.2743 2.5298 4,00 81.365 139.125 2,564,786 42,634,537
3PL 2 G 600 | 0.2870 2.5146 4,00 86.479 144,519 2,505,124 33,898.274
3PL 3 G 600 | 0.2845 25315 4,00 91.502 151.49%4 2,673,076 41,482,273
3PL 4 G 600 | 0.2946 2.5324 4,00 84,624 146,441 2,310,186 36,186.963
3PL 5 @ 600 | 0.3073 2.5171 4,00 98.195 142.590 2,478,649 31,233.517
3PL 6 G 600 | 0.3810 l 2.5476 4.00 120,653 132.207 1,957,529 ' 15,013,027

60F
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TABLE A- 3 (CONTINUED)
TYPE DEPTH WIDTH
OF OF
- SPAN LOAD SLOPF FLEXURAL FLEXURAL
D BEAM BEAM
T : S - STRENGTH MODULUS
SPECIMENS TESTED TESTED : s , E, 2
kg/cm) (kg/cm ) (kgdem )
(cm) (cm)
a (cm) plcm)
3pCc 1 J 450 00,3302 22,5476 4,00 39,524 128.134 853,742 22,352,284
32C 2 J £50 0.3531 20453 4,00 39.585 125.542 735,080 17,734,247
3pC 3 J 450 0.3404 265425 4400 36.500 129,979 743,368 20,736.4C6
3pC 4 J 450 043480 2.5603 4,00 38,028 109,830 735.877 16,285.923
3pC 5 J 450 0.3937 2.5375 4,00 46,494 120.067 709,269 12,406,273
3pC 6 J 450 0.3556 25248 4,00 38.591 121.274 725.248 17,091,314
3PL 1 J 450 043480 2,5603 4,00 26,035 110, 524 503,302 16,388,831
3PL 2 J 450 00,3505 2.,4765 4,00 253102 118,224 495,046 17,738,759
3PL 3 J 450 0.3226 2.,5298 4,99 21,392 1C7.6R0 487,515 20,285,034
3PL 4 J 450 0.3327 2.,5654 4,00 21,155 111.863 446,996 18,944,928
3L 5 J 450 0.388¢6 2.5197 4,00 264595 122,033 ° 419,36 13,205,050
3PL 6 J 450 0,.,3886 2.5222 4,00 26,502 136,6U5 £17,.439 14,767,217

0Tt



TAFRE A-3 (COMTINUED)
TYFE DEPTE VIDTH
OF CF OF SPAN LOAD SLOPE FLEYUIRAL FLEYURAL
TESTED TEA REAM
SPECILEHNS TESTED TESTED L P m STRENGTE “ODULUS
(c(xin) (tém (cm) tcm) (g/om) (kg ,Scmz, (k;’émz)
3pC 1 J 800 0.41¢6 2,5070 5.90 / 33,42°% 113,161 576.225 19,508,985
3pC 2 J ©00 0,4343 2:5730 5.00 32;081 120,.64¢ 495,781 17,887,466
3pC 2 J 600 C.4lrh 254652 5.00 20, 221 114,411 511,101 19,352,412
3PC 4 3 600 0.421¢ 25273 5.00 3F6r2 115,931 5¢2.009 19,128,944
3pC 5 J €00 0.4217% 2.5578 5090 33047¢€ 109.830 552,239 17,906.166
3pC 6 J 600 0.42%4 22273 500 39 ..000 122511 600,790 17,914,464
3PL 1 J 500 0.4080 2,5578 5.00 25.24¢€ 108,725 444,700 19,558,357
3FL z J €00 0.3912 2,5375 5,00 24,735 95.88¢ 477,716 19,724,347
3PL 3 J €00 0.41¢¢ g foy %, 5,00 28.5% 10¢,555 48¢,958 18,149,305
3FL 4 J 600 0.41€¢ 2.5224 5.00 27 .431 102,794 4€8,093 17,542,962
3PL 5 J 600 0.43¢4 2.5095 5.00 30,221 120,817 467,803 17,734,163
3PL € J 600 0.42¢3 2.4816 5.00 32,313 115.814 529.889 15,079,668

it
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TABLE A - (CONTINUED)
TYPE DEPTH WIDTH
of of of

TESTED BEAM BEAM SPAN LOLD SLOTE FLEXURAL FLEXURAL
SPECIMENS TESTED TRSTED L i m STRENGTH MODULUS

g (em) b (cm) (cm) (cm) (kg/cn) (kgjcmz) (kqizmz)
4pC 1 P 450 0.2845 2.5349 4,00/ 19.063 81.920 557,464 22,448,960
4pC 2 P 450 0.2845 2.5425 4400 24.177 83.57% 704,901 22,538,239
4PC 3 P 450 0.2946 2.5273 4,00 . 23.317 87.070 610,471 21,559,243
4PC 4 P 450 0,2921 2,4765 4,00 28,826 85.024 316,529 22,196,397
4PC 5 p 458 0.2743 2,5197 4.00 15.808 75.205 500,297 23,138,779
4PC. 6 P ¢30 042794 2.5171 4.00 28,361 74,003 866,003 21,566,994
4PL 1 P 450 0,2692 2:5315 4.00 25,107 73.659 819.200 23,807.543
4PL 2 P 450 0,2870 2,5451 4,00 19.063 81.169 545,599 21,585,377
4PL 3 P 450 042997 2,5603 4.00 23,015 80,263 600,479 18,633,064
4PL 4 P 450 0.,2743 2.5375 4,00 19,295 17557 606,371 23,698,009
4PL 5 P 458 0.2896 2.5273 4,00 19,620 75,279 555,383 19.,621_.91§
4PL 6 P 450 042896 2,5349 4,00 26,967 79.510 761,072 2Q.662.612

of¥
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TZBLE A - 3 (CONTINUED)
TY?E DEPTH WIDTH
of of of SPAN LOAD SIOPE FLEXURAL FLEXURAL
TESTED EERM - L p = STRENGTH MODULUS
SPECIMENS TESTED TESTED j E
(kg/cm) 2 =2
d {cm) b tem) (cm) (cm) tkg/cm”) (kg/cm”)
gpC 1 P 60C 0.4242 2,4765 5.00 494740 9¢,602 £37.271 16,465,228
4pC 2 P 600 0.4115 2.5248 5,00 44,634 104,948 762,998 18,641,793 ..
4pC 3 T 600 0.4140 2.5400 5.00 53.003 10: .205 913.153 17,720,967
4rC 4 P 600 $,4039 2,5095 5.00 45,450 161.730 741,046 19,263,859
4PC 5 P 600 U44267 245121 5.00 52.073 96,72 353,270 15,507.927
4PC 6 P 600 0 40464 2.,5222 5,00 39,520 93,397 711.527 17,240.201
4pL 1 P 600 0,3361 2,5552 5.00 344406 96,348 677.440 20,472,384
4PL 2 P 600 0.3G33 2,5222 5.00 38,125 56.8.4 835,773 21,539,725
4PL 3 P 609 $,3653 2,5400 5.00 32.54¢6 23,053 733.0835 23,390,463
4vL 4 P 600 043632 2.5654 5.00 39.935 B 4246 886,159 22,436,362
4PL 5 P 600 0,4039 2,5273 5.00 43,354 ©5,193 879.608 17,263,916
4rL 6 T 600 0,365¢8 2,5705 5.00 31.151 98,406 679.248 24,441,220

A
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TABLE A - 3 (CONTINUED)
TYPE DEPTH WIDTH ;
£ SPAN LOLD -LOPE FLEXURAL FLEXURAL
of of of
TESTED BEEM BERM i % SR -
SPECIMENS TESTED TESTED s S E
B
a b (kg/cm) 2 2
% (kg/cm ) kg/cm
(cm) (cm) - ) . gy
2gC 1 G 450 0¢3124 2.5527 4,C0 £0,202 162,710 1,931,589 33,450,404
4pC 2 G 450 0.2921 2,5578 4.00 84,613 154,269 2,326,427 38,720,132
4pC 3 G 450 G.3632 24,5502 4.00 106,936 177.418 1,507,257 23,233.032
4pC 4 G 450 0,3353 2.5451 £.00 104,147 163,050 2,183,866 30,527.005
spC 5 ¢ 950 0.3327 2,5603 4,00 106, 306 176.947 2,2444322 30,027,137
4PC 6 .G 450 0.3531 2,5552 4,00 93,220 170.847 1,755,658 24,300,162
4PL 1 G 450 0.2972 2,5832 4.00 94,150 166.778 2,475,802 39,350.866
PL 2 G 450 043251 245527 4.00 113,678 187.515 2,528,098 34,206,237
4PL 3 G 450 043200 2.5248 4,00 97.172 168,407 2,255,096 32,566,909
4PL 4 G 450 0.3327 2,5222 4,00 120,884 163,578 2,597,975 28,177.791
- 6
1oL, 5 G 450 0.3379 2.5248 4.00 101.,357 163.781 2,110,857 26,926.35
25379 4,00 77.645 139.026 2,228,922 37,082,095

4PL 6 G 450

0.2870
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TABLE 1. - 3 (CONTINUED)
TYEE DEP WIDTH
- % ot SPAN LOAD SICE™ FLEXURAL FLEXURAL
TESTED BEAM BEAM -
SPECIMENS TESTED TESTED L 3 n STRENGTH MODLUS
a b
(cm) (cm) (cm) (cm) (kg/cm) S Ep
2
(ky/en?) | (kg/emd)
4°C 1 G 600  0.4267 2.5679 5,00 121,814 172.286 1,954,047 26,986,960
4PC 2 G 600| 0,3988 2.5832 5.00 111.818 1€3.343 2,041,290 31,155,904
iPC 3 G 600| 044775 2.5883 5.00 130.881 143,050 1,663.323 20,299,484
4pC 4 G 500| 0.4521 2.5857 5.0 124.836 177,154 1,771.552 23,169.642
4PC 5 G 660 04470 2.5781 5.00 135.669 175,741 1,975.273 23,850.681
4PC 6 G ©00}  0,4674 2,5654 5400 132.973 172,082 1,779.476 20,624.269
jo1 1 G 600{  ©.4280 2.557¢° 5.00 127.39 161.661 2,039,1€3 25,191.695
apL 2 G 670|  0.4343 2.5603 5.00 134.833 161.561 2,094,050 24,087,678
4PL 3 G €00|  0.4115 2.5578 5,00 135.530 166.953 2,346,875 29,273,061
4pL 4 G 600|  0.4115 2.5603 5,00 120.884 162,713 2,091,219 23,501,774
4PL 5 G 600  0,4470 2.5806 5.00 i36. 227 {1 162,713 1,981,476 22,061,194
4L 6 G 500 044445 2.5573 5.00 134.833 161,802 2,001,001 '22,5c3.7aﬁ
{
|

StE
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TABLE & - 3 (CONTINUED)
TYPE DEPTH WIDTH FLEXURAL FLEXURAL
of of of SPAEN LOAD sueT™
TESTED L BEAM L B a STRENGTH M%PULUS
SPECIMENS TESTED TESTED S B
2 o) ! 2 P
8 (cm) (cm) o (em) (*3/om) (kg/cm”) (ka/en)

4pC 1 J 450 0.4623 2.5527 5.00 59,977 159,322 824,515 19,740,325
4pC @ J 450] 0,4470 245629 5,00 564955 14%.763 834.154 20,446,304
GpC 3 J 450 C.5537 2.5629 5.00 76.25C 166,870 750,448 12,136,806
4pC 4 J 450] C.4928 Z.5267 530 69.741 166,409 839.137 16,929.324
4pc 5 J 450 wv.5359 2, 4460 5400 56,509 161,514 607.601 13,407.644
4pc 6 J 450 C.4915 2.49%4 5,00 59,745 155,591 742.13C 16,384,310
4PT, 1 J 450] 0D.4712 2,5400 5,00 28,129 123,352 347.C86 14,506,789
4pL 2 J 450] 0.4750 2,5085 5,00 33,476 120,032 443,425 13,946,943
4PL 3 J 450] ©.4798 2.58.6 5400 36,265 122.035 459,748 13,463.073
"ApPL 4 J 450 U.4757 2.5832 5.00 37.195 116,079 478,631 13,102.821
APL 5 J 450 (4724 2.5756 500 33,476 119,382 436,814 13,808,.8€6
4PL 6 J 450] 04597 2.,5731 5,00 31,290 104, 300 430,743 13,051,440

911
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TYPE A-3 (CONTINUED)

TYPE OF DEPTH OF WIDTH OF |
" uSTE BEAM BEAM SPAN LOAD SLOPE FLIXURAL FLEXURAL
SPECIMENS | wocorer) e L ¥ - STRENGTE MODULUS

d b (kg/cm) P “p

(cm) (cm) (ch) X (ke/en’) | (xg/em’)
tp3 1 3600 | 0.5334 1.3729 2,00 12.553 29,933 385.642 18,389.176
41y 2 3600 | 0.5817 1.3230 $z00 219@457k 60 482 562.725 28,442 .450
4, 3 J600 | 0.5334 1.3618 gLo6 18.508 42.114 567 .670 29,978,579
4YC 4 J600 | 0.5486 1.3792 3.00 16.366 51.41¢ £73.135 28,202.735
4pC 5 JGOO | N.5690 1.3741 8.00 14,506 41 427 391.2789 20,947,795
4P€ 6 J600 | 0.5715 1.3792 .00 17,761 46,738 473,132 22,890,246
tpL 1 5600 | 0.5563 1.3665 3.00 12.321 25.199 342.623 13,705,723
4P 2 J600 | 0.5563 1.3665 8.00 12.646 43.476 353,345 23,654,333
/=1, 3 J600 | 0.5258 1.3564 8.00 14.413 45.277 461.2183 29,847,027
(pL 4 J600 | 0.5258 1.3665 8.0 13,403 35.957 24,226 22,542,411
£°L 5 J600 { 0.5144 1.3716 8.00 17.854 42.792 590,320 29,338.790
47L 6 J6OO | 0.5321 1.3716 8.00 18.365 45.409 567.450 28,128.376

T£rr



TABLE 7~-3 (CONTINUED)

o
TYPE OF DEPTH OF WIDTH OF
TESTED BEAM REAM SPAW LOAD S1aT T FTLEXURAL FLES“RAL
SPECIMENS TESTED TESTED g A P e STRTIRTE MODULUS
t) 2m) () %) - Ay (mmém% (kagen?)
5PC 1 7450 | 0.3912 2.5260 5.00 27.431 £3.652 532,196 12,739.937
SPC 2 P450 0.3708 2.5235 500 35.335 85.10¢ 763.607 20,672.248
5PC 3 P450 0,4242 2.5298 5.00 39/285 24,51 &53.766 15,305.78%
S5pC 4 T450 | 0.3708 2.4954 5,00 41380 86,206 ~r3.101 21,163.415
5pC 5 P450 | 0.3886 2.5121 5.00 37,660 03,715 764,559 19,717.765
SPC 6 D450 |0.3962 2.5083 5.00 29.75¢ 23,200 565,797 16,651,938
SPL 1 F450 |0.4064 2.5108 5.00 12.088 53,006 > 17,260.439
5oL 2 P45C |0.3670 2.5019 5.00 43.704 74.372 272.703 18,722,793
SPL 3 P450 |0.383S 2.4816 5.00 36.730 71.234 7564.779 16,038,073
SPL 4 P450  |0.4013 2.4613 5.00 41.845 69.272 791.775 13,626,944
5PL 5 P450  |0.4255 2,499 5.00 36,265 78.456 501.055 12,733.322
SPL 6 P450 30.4077 2.5273 5.00 37.195 7¢.272 664 060 13,916.699
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TABLE 2-32 (CONTIRUED)

TYPE OF DEPTH OF WIDTH OF SPAN LOAD SLOPE FLEXURAL FLEXURAL
TESTED BEAM REAM L P *m STRENCTH MODULUS
SPECIMENS TESTED TESTED S o EB

d(cm) b (cm) (cm) (cm) (kg/cm) Ykg/cm ) (ka/ cm2,
5PC 1 P600 0.4699 1.3513 5,00 14.646 30.150 582.230 27,525 21%
5PC 2 PGOC 0.4440 1.3170 3.00 24,874 33.068 1,149.675 36,718.355
5PC 3 P6CO 0.4737 1.3195 8,00 23.247 31.599 242,176 28.837.508
5PC 4 T600 C.4775 13272 3.00 20,457 32.034 311.223 23,376.880
5PC 5 P60D 0.4699 1.3673 8.00 17.947 31.412 713.082 28,330.406‘
5PC € re00 0.4877 1.30%4 3.70 24.177 33.692 231,549 28,322.655
5PL 1 P600 0.4750 1.3246 8.00 13.948 3G,742 560,043 27,718,933
S5PL 2 P600 0.4712 1.3233 8.00 14.878 29 .88% an7,.655 27,631.445
SPL 3 P6CO 0.4826 13519 8.00 18.558 29.143 2370418 25,297.729
SPL 4 P60C 0.4750 1.3272 8.00 17.90¢C J0 323 717.316 27,285.774
SPL 5 P60Q 0.4699 {1.33860C 8.00 24.177 29.477 533,482 27,237.361
5PL 6 P6CO 0,4750 I;3030'_ 8.00 13.948 25,472 566,327 27.,032:570
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ARLE 2A=3 (CONTINUED)
TYPE OF DEPTZ OF | WIDTH % SPAN LOAD SLOPE FLEXURAL FLESURAL
TESTED BEAM BEAM L P me S TRENGTY MODULUS
S E

SPECIMENS TESTED TESTED (ka/cm) - 2 B 5

4 (cm) p (cm) (cm) (cm) (kg/cm ) (kg/em”)
SPC 1 G 450 0.387% 2.5578 5.90 109,261 154.890 2,134,719 32,548.274
5PC 2 G450 0.3937 2. 5173 ! 5.00 116.83¢9 153.165 2,246,042 31,161.19%4
5PC 3 G450 0.4242 2. 5603 5.00 107 .866 157.463 1,755.956 25,178.25%
SPC 4 G450 0.4318 2.5943 5.00 125.069 158.750 2,0156.95% 24.703.323
5PC 5 G450 0.33%2 2.5679 5.00 116.142 154.285 2,231,341 31,675.4C6
50C 6 €450 0.2337 3.5d2% 5.90 115.398 148.054 2,178.698 $,563.703
52L 1 G459 0.4178 2.531¢ 5.00 135.762 162,483 2,25% 244 26,965.795
FL 2 G450 0.4547 2.5883 5.00 122.279 15A,009 1,713.755 20,035.%€2
5PL 3 G450 2.4559 2.5908 5.00 135,905 167.79% 2.142.182 21,355.141
5PL & G450 €.3958 2.5921 5.00 114,375 153.525 2,580,300 25,181.75C

k

B2 5 BG4S 0.3037 2.57¢5 5.00 117.862 146,005 2,218.63¢ 26,087.333
SPL 6 G450 0.57071 2.5730 5.00 117.397 150.362 2,137.674 28,512.954

oo~
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TABLE a-3 (CONTINUED)

TYEE DEPTH WIDTH

OF OF OF SPAN LOAD SLOPE FLFXUPAL FLEXURAL |

FERTO0 NPt e = P - STPENGTH Mo:sums..r;

SPECIMENS TESTED TESTED (kg/cm) s 2 j‘

< (cm) (zm) (cm) (cm) {kg/cm") txo ,cmz) |

5pC 1 GGOO n.5906 1.4021 8,00 68.439 63.480 | 1,679.264 | 39,209.903 §

5pC 2 G600 0.5207 1.3957 8.00 62.995 81.606 | 1,997.780 | 53,012.373 i

5pc 3 GEOO | . ©0.5:23 1.3856 8.00 53.463 81.360 | 1,574.556 | 47,126.394 |
5pC 4 G600 0.4923 1.3602 .00 52.538 72.438 | 1,908.501 | se,953.894
5pC 5 G600 0.5309 1.4148 £.00 59.047 75.715 | 1.776.802 | 41,210.400
5pC 6 G60C 0.6134 1.3526 £.00 59.977 89.767 1,414.154 36,006,623
shr 1 G60C 0.5486 1.3919 £.00 57.835 89.590 1,652,155 49,996,255
Bl & GHEN 0.5309 1.3843 £.00 64.627 85.653 | 1,987.645 | 52,927.837

SRR ©.5156 1.3640 €.00 57.133 75.988 | 1,892.544 | 52,023.77¢%
Toa & 0.5055 1.3780 .00 71.368 75.877 | 2,432.165 | 56,721.498
ekl 0.4871 1.3714 £.00 56.955 73.866 | 2,151.831 | 62,291.954
SPL B.BE00 2 . 0.5550 1.3526 3.00 64.627 75.125 | 1,061.201 | 41,598.533
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aBLE A~3  (CONTINUED)

TYDE DEPTH WIDTH

TEZTED BZim BE:Z coaN LOAD SLOPE FLEXURAL FLEXURAL
SPECIMENS TESTED TESTED L x = STafNGTH EMODULUS

(cm) ( ‘:‘) {em) (cm) 5 A (ka/ cm2) (kz/ CmZ)

spC 1 J450 0.5207 1.3195 8.68. 17.668 49,515 502.631| 34,023.158
5pC 2 J 450 0.5435 1.3487 800 22.410 53.510 674.755| 31,614.856
5pC 3 J450 0.5550 1.3437 8,00 21.387 €1.95° 620.073| 34,524.39€
5pC 4 J450 0.5182 1.3449 .00 26.178 52.301 670.463| 35,771.54¢
5pC 5 JA50 0.5334 1.3360 £.000 18,272 51.422 576.83S| 32,463,358
5pC 6 J450 0.5055 1.3360 8.00 26.690 51.635 727.2€5| 32,335.802
501 1 J450 0.5613 1.3589 4,0C 14.378 47.152 417.012| 25,115,247
spr 2 J450 0.6172 1.3640 8.00 18.877 51.632 435.961| 20,608.045]
5pL 3 J450 n.6782 1.3284 8,00 18.737 53.200 367.991| 16,645.320
521, 4 J450 0.5206 1.3513 .00 16.598 44,689 525.520| 25,498.034
5pL 5 J450 0.5664 1.3665 8.00 14.599 43.935 395.621| 22,648,593
SPL 6 J450 0.5956 1.3589 8.00 13.948 44,528 347.213| 19,851.420

(4!
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TABLE A-3 (CONTINUED)

TYPE DEDTH WIDTH

OF or ~e SPAN LOAD SLOPE FLEXURAL FLEXURAL

TESTED BEAM BEM" L P m STRENGTH ,PDILU 3

s E
B
SPECIMENS TESTED TESLEy falt (i /cm) %
g (em) b (cm) - (kg/cin’) (kg/cm”

' 5pC 1 J600 0.7252 1.4148 10,00 22,317 55.264 449,204 25,604,353
| SPC 2 J600 0.6731 1.4376 10.00 23.015 49.439 530.036 | 28,192.452
5p¢ 3 J600 _ 0.%604 1.4262 10.00 19.527 48.816 470.904 | 29,709.857
S5EC 4 J600 0.6357 ».308¢ 10.00 17.993 39.662 513.692 | 29.720.015
5pC 5 J60C 0.6823 *..4397 10.00 16.924 4.358 380.112 | 21,948,742
5PC 6 J6C0 0.7291 1.3792 10.00 23.386 44.417 465.601 | 19,941,249
5pL 1 J600 0.7290 1.3487 10.00 16.780 45.249 351.166 | 21,619,658
5PL 2 J60C ¢.7087 1.3462 10.00 16.738 46.434 371.330 | 24,220.643
spL 3 J600 0.6325 1.2591 10.00 18.133 44.829 496.598 | 32,350.597
SPL 4 J600 < .5944 1.3716 10.00 17435 39,049 539.670 34,585.460
5PL 5 J600 0.6198 1.3513 10.00 17.621 41.904 L 509.175 32,560,345
5PL 6 J600 0.7188 1.3437 10.00 17.575 45.762 379.724 22,925,482




TARTEH A~4 DATA AND RESULTS OF
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COEFFICIENT OF THERMAL CONDUCTIVITY

TYPE WIDTH LANGTH PHICKNESS |COEIFICIENT
e QUANITY or

TESTED (mam) (t5icz) (mm) CONDUCTIVITY
SPECLIENS (ke8 1/ Chr)
5P-p 4 115 140 4 0.1

5P G 450 4 115 140 4 0.1

5p .G 600 4 115 150 5 0.1
5p J 450 4 115 140 5 0.12
5P -J 600 4 105 140 6 0.13
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TABIE A-5  DATA AND RESULTS OF SPECIFIC GRAVITY
TYPE SPECIFIC
OF a b W GREVITY
TESTED a
SPECIHENS (mg) (mg) (mg) atw-b
3pC 1 P 450 1,550 720 440 1. 220
3pC 2 T 450 1,580 730 440 1.225
3pC 3 P 450 1,600 725 440 1.217
3pC 4 P 450 1,580 725 440 1,220
3pC 5 I' 450 1,500 720 440 1.230
3pPC 6 ¥ 450 1,570 725 240 1. 27
3pL 1 P 450 1,600 735 440 1, 26
3pL 2 P 450 1,630 720 440 1. 207
3PL 3 P 450 1,550 710 440 L. 21
IPL 4 P 450 1,575 715 440 1. 212
3PL 5 P 450 1,550 710 440 l. 211
3PL 6 P 450 1,605 720 440 1. 212
3pC 1 P 600 2,300 845 440 1 214
3pC 2 P 600 2,270 340 440 1 214
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TABLE A-5 (CONTINUED}
TYPE SPECIFIC
OF GRAVITY
a b w
TESTED : L
SPECIMENS (mg) (mq) () A
3PC 3 P 600 2,310 855 440 1,219
3PC 4 P 600 2,370 854 440 1.212
3PC 5 P 600 2,300 355 440 1.220
3PC 6 P 600 2,275 850 2440 14220
3PL 1 P 600 2,255 840 440 1.216
3PL 2 P 600 2,280 840 440 10213
3PL 3 P 600 2,290 835 440 1.208
3PL 4 P 600 2,320 840 440 1o 208
3PL 5 P 600 2,320 850 440 1. 215
3PL 6 P 600 2,290 845 440 1.215
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TAPLE A-5 (CONTINUED)
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TYPE SPECIFIC

OF 4 L 3 GRAVITY
TESTED (mq) () (me) a
SPECIMENS a+w-h
3pC 1 G 450 2,170 17065 460 1.387
3pC 2 G 450 1,960 1,050 460 1.431
3pC 3 G «50 2,140 1,090 460 1.417
3PC 4 G 450 2,495 ;160 460 1.390
3PC 5 G 450 25,475 1,150 460 1.387
3pC 6 G 450 2,270 1,070 460 1.367
3pL 1 G 450 2,305 1,080 460 1-368
3PL 2 G 450 2,580 35250 460 1365
3PL 3 G 450 2,440 L} B55 460 1. 398
3PL 4 G 450 2,320 1,030 460 1-326
3PL 5 G 450 2,333 1,065 460 1.350
3PL 6 G 450 24320 1,025 460 1.322




TARLE A-5 (CONTINUED)
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TYPE SPECIFIC
OF N L g GRAVITY
(mg) (mg) (o) a
SPECIMENS P
3pC 1 G 600 2,955 1,310 460 1+ 404
3pC 2 G 600 3,290 1,430 460 «1:418
32C 3 G .600 3,220 1,420 460 1.425
3PC 4 € 600 3,065 1,430 460 1.463
3pC 5 G 600 3,365 1,460 460 1.423
3pC 6 G 600 3,480 1,457 460 1.393
3pL 1 G 600 2,655 1,310 460 1,47
3pL 2 G 600 2,845 1,355 460 1.459
3PL 3 G 600 2,840 1,370 460 1,472
3PL 4 G 600 2,950 1,385 460 1. 457
3PL 5 G 600 3,025 1,355 460 1, 120
3PL 6 G 600 3,580 1,485 460 1, 401
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TRRLE A - 5 (CONTINUED)
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TYPE SPECI¥IC
OF a b w GRAVITY
TESTED N
SPECIMENS ‘aa (mg) (mg) ati-b
3pC 1 J 450 2,515 740 490 1.110
3pC 2 J 450 2,600 740 490 1.106
3pC 3 J 450 2,785 745 490 1.101
3PC 4 J 450 2,710 730 490 1,057
3pC 5 J 450 3,005 740 490 1.091
3pC 6 J 450 2,750 745 490 1.102
3pL 1 J 450 2,875 810 490 1125
3PL 2 J 450 2,585 740 490 1.107
3PL 3 J 450 2,535 730 490 1.105
3PL 4 J 450 2,625 800 490 1.134
3PL 5 J 450 2,950 865 490 1.146
3PL 6 J 450 3,000 795 490 1.113
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TABLE A - 5 (CONTINUED)
TYPE SPECIFIC
OF i B » SEAVITY
TESTED i
SPECIMENS (mg) (mg) (mg) ;:g-b
3pC 1 J 600 3,175 780 430 1,101
3PC 2 J 600 3,250 810 490 1.109
3PC 3 J 600 3,245 755 490 1.089
3PC 4 J 600 3,875 745 490 1,084
3PC 5 J 600 3,240 740 490 1,084
3PC 6 J 600 3,485 785 490 1.092
3PL 1 J 600 3,010 710 490 1.079
3PL 2 J 600 2,960 775 490 1.107
3PL 3 J 600 3,095 750 490 1,092
3PL 4 J 600 2,970 745 490 1,094
3PL 5 J 600 3.085 780 490 1,020
3PL 6 J 600 3,080 790 490 1.108




TABLE A-5 (CCMTINUED)

TYPE SPECIFIC
OF GRIVITY
TESTED . P L s
SPECIMENS (mg) (mg) (mg) IPPRN
4PC 1 P 450 2,275 835 465 1,194
4PC 2 P 450 2,250 845 465 1.203
4pC 3 P 450 2,390 850 465 1.192
4PC 4 P 450 2,495 845 465 1,180
4PC 5 P 450 2,260 820 465 1,186
4PC 6 P 450 2,285 830" 465 1+19¢%
4PL 1 P 450 2,075 830 465 1.213
4PL 2 P 450 2,985 865 46t 1,208
4PL 3 P 450 2,475 885 465 1,204
4PL 4 P 450 2,270 840 465 1,198
4PL 5 P 450 2,355 875 46: 1.211
4PL 6 P 450 2,310 870 465 1,212




TARLE A-5 (CONTIMUED)
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TYPB SPECIFIC
oF g " . GRAVITY
TESTED R
SPECIMENS (mg) (mg) (mg) asw-b
4pC 1 P 600 3,295 965 465 1.179
4pC 2 P 600 3,290 955 465 1.175
4pC 3 P 600 3,265 960 465 1.179
4PC 4 P 600 3,35 905 465 1.159
4pC 5 P 600 3,450 965 465 1.169
4PC 6 P 600 3,405 960 465 1.170
4PL 1 P 600 3,255 950 465 1,175
4PL 2 P 600 2,995 915 465 1.177
4PL 3 P 600 3,025 930 465 1.182
4PL 4 P 600 2,995 920 465 1.179
4PL 5 P 600 3,270 940 465 1.170
4PL 6 P 600 3,010 925 465 1,180
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TABLE A-5 (CONTINUED)
TYPE SPECIFIC
oF GRAVITY
. a b w
TESTED
SPECIMENS a
(may) (mg) (mg) amw-b
4PC 1 G 450 3,545 1,485 475 1,398
4PC 2 G 450 3,040 1.415 475 1.448
4PC 3 C 450 3,675 1,555 475 1.416
LPC 4 G 450 3,350 1,420 475 1,393
4PC 5 G 450 3,565 1,500 475 1,404
LPC 6 G 450 3,470 1,425 475 1,377
4PL 1 G 450 3,060 1,475 475 1.485
4PL 2 G 450 3,400 1,490 475 1,426
4PL 3 G 450 3,035 1,410 475 1,445
4PL 4 G 450 3,090 1,410 475 1,434
4PL 5 G 450 3,560 1,510 475 1,410
4PL 6 G 450 | 3,465 1,520 475 1.432

ke
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TABLE -5 (CONTINUED)

»
TYPE SPECIFIC
ol GRAVITY
a b W
TESTED a
SPECIMENS tag) (i) (mg)
a=sw-b
4PC 1 G 600 4,510 1,735 475 1.388
4PC 2 G 600 4,250 1,710 475 1.410
’ 4PC 3 G 600 4,910 1,755 475 1,353
4PC 4 G 600 4,460 1,750 475 1,400
4PC 5 G 600 4,280 1,680 475 1.392
4PC 6 G 600 4,585 1,780 475 1.398
4PL 1 G 600 4,270 1.775 475 1,438
4PL 2 G 600 4,25 1:770 475 1.438
~ 4PL 3 G 600 4,080 1,735 475 1,447
’ 4PL 4 G 600 4,070 14550 475 1.395
4PL 5 G 600 4,350 1,680 475 1.383
4PL 6 G 600 4,295 14670 475 1.385




TARLE (CONTINUED)
TYPE SPECIFIC
OF GRAVITY
TESTED a b \ 5

SPECTMENS (mg) (mg) (mg) asw-b
4PC 1 J 450 3,719 9435 475 1.145
4PC 2 J 450 3,590 210 475 1.138
4PC 3 J 450 4,120 220 L75 1.11¢9
47C 4 J 450 4,060 260 475 1,136
4vC 5 J 460 3,980 225 475 1,127
4PC 6 J 450 3,235 220 475 1,128
471, 1 J 450 3§55 936 475 1.132
471, 2 J 45¢ 3,715 520 475 1.136
47L 3 J 450 3YINE 25 475 1.135
4PL 4 J 450 9,780 %15 475 1,132
4PL 5 J 450 3,790 °10 475 | 1,130
47L 6 J 450 3,705 92h 47% 1.137
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TARLE (CONTINUED)
ke SPECIFIC
o4 GRAVITY
TESTED a b v ’
CPROIMENS o] . (o a+W_b
4Pc 1 3 600 4,085 nas 475 1,112
47C 2 3 600 4,480 025 475 1.112
47C 3 J 600 4,480 035 475 1,114
4oC & T 600 4,475 1,005 075 1.134
LPc 5 3 600 4,250 ann 475 1.111
4v¢ € J 600 4,475 noe 475 1,1
471 1 3 600 4,075 275 475 1.109
4T1, 2 J 600 4,065 ees 475 1,112
41, 3 3 600 4,015 075 475 1.126
4PL 4 J 600 3,625 r25 475 1,120
4PL 5 J 600 3,275 045 475 1,133
71, 6 J 600 3,900 40 475 1.132
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TABLE (CONTIMUED)
- SPECIFIC
iy GRAVITY
TESTED a b w a
SPECIMENS (i) () ) atw-b
5%C 1 p 450 3,075 260 420 1.135
5PC 2 P 450 2,965 915 420 1,172
5P¢ 3 P 450 3,295 075 420 1.177
5PC &4 P 450 2,920 925 480 1.176
SPC 5 T 450 3,205 085 480 1.187
5PC 6 P 450 3,150 265 480 1.182
SPL 1 P 450 3,175 965 480 1.130
SFL 2 T 450 2,870 ons5 480 1,174
5PL 3 P 450 3,000 910 480 1.167
SPL 4 P 450 3,000 040 4RO 1,175
5°L 5 P 450 3,185 050 480 1.173
5PL 6 P 450 3,165 %5 420 1.172
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TABLE (CONTINUED)

TYTE SPECIFIC

or GRAVITY

TESTED a b w P
SPECTMENS ol Grg) o5 -
5PC 1 P 600 3,705 1,045 480 1,130
5PC 2 P 600 3,955 1.060 480 1,172
5PC 3 P 600 3,745 1,040 480 1.17€
SPC 4 P 600 3,800 1,060 - 480 1.130
5PC 5 P €00 3,790 1,035 480 1,172
5PC € P €00 3,965 1.070 480 1,175
5PL 1 P €00 3,785 1.040 480 1,174
5PL 2 P 600 | 3,755 1.050 480 1.179
5PL 3 P 600 3,950 1,005 480 1.174
SPL 4 P 600 | 2,780 995 480 1,158
5PL 5 P 600 3,710 1,015 480 1.179
5PL 6 P 600 3,800 1,010 480 1,102




139

TABLE A-5 (CONTIMIED)
TYPE SPECIFIC
OF GRAVITY
TESTED a b W 4

. concpitad L) (mg) (mq) e
5PC 1 G 450 3,955 1,755 480 1.476
5PC 2 G 450 3,900 1,715 480 1,448
SPC 3 G 450 4,100 1,695 480 1.421
5PC 4 G 450 4,085 1,595 480 1.375
5PC 5 G 450 2,990 1,590 480 1.385
5PC 4 G 450 2,970 =15 480 1.381
5FL 1 G 450 4,065 5510 480 .385
5PL 2 G 450 4,300 1.610 480 1,356
5PL 3 G 450 4,510 1.685 430 1.365
5PL 4 G 450 4,060 1.450 480 1,405
5PL 5 G 450 4,005 1,640 480 1.408
5PL 6 G 450 4,090 1,595 480 1.375
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TARLE (CONTINUED)
TYFE . SPECIFIC
OF GRAVITY
TESTED a b w "
SPECIMENS {mg) ¥mg) (mg) a-w-b .
5PC 1 G 600 5,960 2,205 480 1.407
SPC 2 G 600 5,890 2,205 430 1,414
SPC 3 G 600 5,810 2,075 480 1,278
5°C 4 G 600 5,420 2.075 80 1,417
5PC 5 G 600 5,770 2,075 480 1.382
5PC 6 6 A00 £,375 92,130 480 1.349
5FL 1 G 600 5,900 2,100 480 1.379
SPL 2 G 0N 5,505 2,020 480 1,388
SPL 3 G 600 5,725 2,000 480 1,201
SPL & G £00 5,35 2,090 480 1,426
5PL 5 G 600 5,260 2,065 480 1.431
5PL & G 600 6,090 2,065 480 1,376
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TA‘SLE (CONTIUED)

TYDPE SPECIFIC

OF GRAVITY
TESTED a k w a

SPECIMENS (mg) (ma) (mg) Tateb
5PC 1 J 450 4,050 895 465 1.119
5PC 2 J 450 4,275 980 4€5 1,107
5PC 3 J 450 4,290 925 4€5 1.120
SPC 4 J 450 3,805 895 465 127
5PC 5 J 450 4,010 890 4€s 1,119
SPC 6 J 450 4,170 930 465 1,141
SPL 1 J 450 4,400 970 465 1,130
SPL 2 J 450 4,795 975 465 1,119
SPL 3 J 450 5,055 1,055 465 [.132
SPL 4 J 450 4,275 910 465 1,122
5PL 5 J 450 4,485 930 465 1.116
5PL 6 J 450 4,445 875 465 1,102




(CONTIMUED)

"1542§;

{ 245

TAPLE
TYPE SPECIFIC
OF GRAVITY
TESTED a b w a
SPECTVENS (mg) (mg) (mg) atrh
5PC 1 I 600 5,555 985 465 1.103
5PC 2 J 600 5,495 1,015 4E5 1,111
5PC 3 J 600 5,595 1,035 455 1.113
5PC 4 J €00 5,065 o15 4€5 1.098
58C 5 J 600 5,490 1040 465 1.095
5PC 6 J 600 5,985 1,085 4€5 1.116
5PL 1 J 600 5,495 020 465 1.090
5PL 2 J €00 5,570 995 465 1,105
SPL 3 7 600 5,010 1,005 465 1.121
5PL 4°J 600 5,005 060 465 1.110
SPL 5 J 600 5,200 1,000 4€5 1,115
5PL 6 J 600 5,585 465 1,094
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TAPLE A-6 DATA AND RESULTS OF PCT"7OM'3 RATIO (PURE TLASTIC)

LOAD |TENSILE

P STRESS €a £ €c €, €
(kg) | (ke/em®)

30 35,294 | 0.,0132 |=0.00c7 | -0.0001 | 0.0137 |-0.0049
40 | 47.059 | 0.01557}-0.0003 | -0.0002 | 0.015¢ |- 0.0059
45 52,941 | 0.0175/|=0.001" | =0.0003 | 0.0175 |-0.0067
60 | 70.588 | 0.0178 }-0,00 / | ~0.0003 | 0.0172 |-0.0071
75 | 88.235 | 0.01¢7 {=0.001" | =0.0005 | 0.0157 |-0,0078
80 | 94,118 | 0/o0188 {-0.00>" | -0.0008 | 0,012 |- 06,0083
100 [117.647 | 0.0180 {-0,007" | -0.0012 | 0.0151 |- 0.0088
110 [129.412 | 0.0172 }-0.003= | -0.0017 | 0.0172 |- 0.0092
120 [141.176 | 00071 §=0.002= | =0.0021 | 0.017° |- 0.0099
130 [152.941 |10,0174 |=0,0042 |=0.0025 | 0.0175 |- 0.0108
150 [176.471 | 0.0175 |-0,00:" | -0.0029 | 0.017% |-0.0118
160 |188.235 | 0.0172 |-0.007" | -0.0034 | 0,0177 |-0.0129
175 [205.880 | 0,0155 |-0.0055 | -0.0024 | 0.0157 |-©.0105
oy G&/AP 0 42

AT T

£= 96 _ . 4,103.453 ksc

dEl
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TARLE 2«6 DATA AND RESULTS OF PNISSON'S RATIO (5 PC 1 G450)

LOAD | TENSILE
P STRESS €, €y €, € 1 € t
(ke) (kg/cmz)

80 117.647 | 0,0352 0 -0.0006 | 0,0352 |- 0.0121
320 470.588 | 0,0392 | 0,0003 | -C,0007 { 0,0397 |- 0.0135
360 529.412 | 0./0425 | 0,0004 | -0,0008 | 0,0425 |- 0.0144
390 573.529 | 0,045¢ | 0.0005 | -8,0010 | 0.0456 |- 0,0155
420 €17.647 | 0,0472 - 0,0003 | -0,0011 | 0.0472 |- 0,0163
450 676.471 | 0.0485 | 0,0001 {=0.0014 | 0,0485 |- 0,0170
490 720,538 | 0.0482 1=0.0002 }=0,0017 | 0,0482 |-0,0173
530 779.413 | 0.0462 | =0.0004 |-0.0022 | 0.0468 |- 0.0173
560 823.529 | 0.0456 |-0.000¢ | -0.0026 | 0.0459 |- 0,0176
£00 882,353 | 0.0448 |-0.0013 |-0,0031 | 0,0448 |- 0,0179
640 041,176 | 0,043% |-0,0017 |-0.0037 | 0.0440 |- 0,0183
€70 985,294 | 0.0432 {-0,0020 [-0,0041 | 0.0432 |- 0,0185
710 1,044,118 | 0.0424 |-0,0024 |-0,004¢ | 0.0424 |- 0.0188
730 |1,073.52% | 0,0411 |-0,0029 |-0.0050 | 0,0412 |-0,0190
765 1,125,000 | 0,0397 !-0,0034 |-0.0055 | 0.0397 |-0.0192
7 = 0.362

19,691.885 ksc
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TARLE A-6 DATA AND RESULTS OF POISSON'S RATIO (5PC 7 G 450)

L)

10,334,961 ksc

LOAD TENSTLE

b4 STRE®S ea Eb Ec 61 6t:
(ke) (kg/cm?)

20 132.353 | 0.0101 | 0,0001 0.000¢ 0.0101 {-0,0039
130 264,706 ) 90,0175 | 0.0003 0 0,0175 }-0,0056
240 352.941 | 0.0254 | 0,000¢ {-0.0004 0.0754 |-0,0083
310 455,882 | 0.0367 | 0,0007 |-0.0010 0.0777 |-0,0124
370 544,118} 0,0423 | 0.000& +-0,0017 0.0433 |- 0,0152
430 632.353 | 0.,0482 | 0,0004 |-0.0027 0,0489 |~0,0178
510 750,000 | 0,0527 | 0.0007 |{-0,0035 0,0528 |-0,0195
570 838,235 | 0.,040% | 0.,0005 |=0,0053 0.0501 |-0,0201
640 941,176 {0.0470 | 0,0002 |=-0.0058 0.0471 |-0,012%
710 | 044,118 | 0,0420 0,0n04  |-0,0052 n,0421 |-0,0184

CL% = 0.373



TABRLE A=§ DATA AND RESULTS

OF POISSOM'S RATIO (5PL 1 G 450)

-

LOAD | TEWSILE

P stress | €a 1 €, €, €,
(kg) | (kg/en?)

50 88.235 | 0,0057| -0.0002 | 0.0002 | 0.0057 |- 0.0020
140 205,382 | 0.0121| =0.0008 | 0.0003 | 0.0121 |- 0.0044
200 294,118 | 0.0191| 20,0012 | 0.0003 | 0.0191 |-0.0070
300 441.176 | 0,0301| -0.0017 | 0,0006 | 0.0302 |-0,0110
400 588,235 | 0,039¢€ | -0.0025 | 0.0003 | 0.0397 |-0.0147
500 735,204 6,0416| ~0.0038 | 0.0005 | 0.0416 |-0.01€8
610 307,059 0.04231 =0.0058 | 0.0017 | 0.0423 |- 0.0191
710 | 1,044.113| 0,0392| 0.0075 |0.0029 | 0.0393 |-0.0202
780 | 1,147.059} 0.0371| 0.0081 |0.0035 | 0.0372 |- 0.0202
S = 0.374

15,395.768 ksc
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TATLE A-g DATA AMD RESULTS OF POISSON'S RATIO (5PC 1 G 700)
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T ]
LOAD | TENSILE !

P STRESS €, 1 €. "1 € t
(k2) | (kntem )

90 105.882 | 0.01U5 | -0.€002| 0.0002 | 0,0105 - 0,0031
190 223.52¢ | 6.0131 | -0,0004| 0,0012 | 0,0182 {-0.0056
270 317.647 | 6.6241 { <9,0012| 0.001¢ | 06,0242 |-0,0078
370 435,204 | 0,0295 | -0.0024| 0.,0014 | 0,0295 {-0.010¢
460 541.176 | 052071 =0,0047 | 0,0001 | 0,0311 |-0,0133
5¢0 658.824 1 0.6330.'] =0,0045 | =0,0010 | 0,0332 {-0,0162
660 776.471 | 0,038 | =0.007%4 | -0,0024 | 0,0351 |-0.0198
730 858.824 | 0,02¢5 | ~0,011¢ | -0,0029 | 0,0373. |-0,0224
840 988.235 | 0,0312 { -0,0151 {~0,0045 | 0,0319 |-0,0241
040 1105,582 {-0,6062 4 =0,0175-1-0,0049 | 0,0259 {-0.0254

1040 1223,52¢ 1) 0,0202{ =0.,0180 | ~0.0081 | 0.0210 |-0.0248
4
"V 0.347
[ = 15,490.428




UGS &

TAYLE A= DATA AND RESULTE OF POISSOM'S RATIO (5PC 2 G €CD)

PRET

P | STRESS €a €y €e €1 €
(o) | Ckg/em)

140 | 1¢4.706 | 0,0001 0 0 0.00£0 |- 0,002°
280 | 229.412 | n.00¢0 | ~c.00c1| 0.7002 | 0.0120 |- 0,0049
570 | 435.204 | 5.01z¢ | <0.0011 | 0.0002 | 0.0107 |-0,0043
460 | S41.17¢ | 2.0104 | ~0.0041 |-0.0005 | 0,008 |-0.,007C
550 | 647.050 | 0,0067) | =0.0062 [-0.0011 | 0,0092 |-0,0094
a20 | 729.412 | 0,0087/{=0,0074 |-0.0016 | 0.00% |-0,0102
700 | 823.529 | #,0037 | -0.0082 {-0.0018 | 0.0067 |-0,0102
750 | 882,353 | 0.0087 {-0.0080 |-0,0019 | 0,0078 {-0.0101
790 | 920.412 | 0.0052 | =0.008¢ |-0.0019 | 0,0074 |-0,0200
850 |1000.000" | 0,0045 | -0,0083 {=0.0020 | 0.0055 |-0.0094
900 {2056.824 ('] 0.0036 | =-0,0085 {-0.0019 | 0.0047 |-0.0093
960 (1129.412 | 0,0023 |=0,0084 |-0.0017 | 0.003¢ }-0.0088

.

/ = 0,353

P
E = 23,341.065 ksc
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A66 DATA AND RESULTS OF POISSON'S RATIO (5PL 1 G 600)

LOAD | TENSILE
P STRESS €a €p €e € € t
(kg) (kg/cmg
80 94.118| 0,0030 0 0 0.0030 {- 0.0010
180 211.765| 0.0061 |-0.0007 |- 0.0005 | 0,0061 |- 0.0028
240 282,353 | 0,0038 |+0,0021 |- 0,0022 | 0,0038 |- 0,0041
320 376.471| €,0041 |- 0.0033 | =0,0040 | 0,0415 |- 0.00€2
380 447,059 0.0047" -0.0045 | ~0.0055 | 0,0140 |~ 0.0082
450 529.412° 00,0053 {-0,0055 | ~0.0067 | 0,0054 |- 0.0099
580 682.353{ -0.0059 {~0.0070 | -0,0083| 0,0059 |- 0.,0122
650 764.706| 0,0058 {=0,0070 | - 0.0085| 0.,0059 |- 0.0123
770 905.882f ©,0057 -o..'ooe9 ~0.0093( 0,0058 { - 0.0127
880 | 1035.294| 0,0059 [-0.0062 [ ~0,0101| 0.0061 | - 0,0131
980 1152.941 0.0054 |-0,0056 | ~ 0.0094| ©,0057 | - 0.0121
1010 |1188.235| 0.0042 {~0.0065 | -- 0.0087| 0,0043 | - 0.,0117
.Y = 0.456

il

38,813.302 ksc
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TABLE. A-6 DATA AND RESULTS OF POISSON'S RATIO (SPL 2 G 600)

LOAD TENSILE
P STRESS é—a e b € c é 1 € t
(kg) | (kg/cm?)
150 176.471 0.0089 (-0,0001 |- 0,0001 0,0089 |- 0,0031
190 223,529 0,Q118 |-0.,0002 |~-0.0001 0.0117 |- 0,0041
210 247,059 0.0136 |-0,0003 | - C.0001 0,0136 |- 0,0048
260 3.5.882 040177 1-0.,0004 |- 00,0002 0.0176 |- 0,0063
340 400.000‘ 0.0249 }-040010 |- 00,0003 0e0249 | ~ 0.,0092
430 505,882 C.0325 |~0,0017 -0,0005 06,0325~ 0,0123
540 | 635,294 0,0402 |~0,0027 | - 0,0009 060402 - 0,0158
635 040,059 00456 | ~0,0042 | - 04,0014 040456} - 0,0189
730 858,~23 0+0390 |- 0,0055 | = 0.0019 0,0391| - #.0130
820 964,706] 00,0289 0.0003 0,0024 060290] - 0,0679
920 1082.353 040297 0.0012 00,0031 0,0297|~ 0,0071
.0 1164.706 0,0295 0,0007 0.0033 0.0295| - 0,0072

.Y o =0.362

E

= 14,988,427 ksc
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TABLE A-6 DATA AND RESULTS OF POISSON'S RATIO (5PC 1 J 450)

LOAD TENSILE
P STRESS €. e1o ec € 1 ét
(kg) | (kg/cmd)
120 141.176 | 0,0326 | 0.0007 0.0018 | 0,00326 |- 0.0093
150 176.471 | 040400}, 0.0008 0.0021 | 0.,0340 |- 0,0114
190 223,529 0.0396 | 0,0002 0.0020 | 0,0396 |-0,0118
220 258.824 | 0,0305 [-0.0028 0.,0009 | 0,0306 |-0,0116
240 282.353 | 00,0243 |-0.0052 |~-0,0005 | 0,0245 |-0,0121
270 317.647 | ©.0217 {-0.0057  |#0.0016 | 0,0218 |-0,0123
VooV o= .30
£ = 4,781.289 ksc



TABIE . _1.\__-6_ DATA AND RESULTS OF POISSON'SRATIO (5pC 2 J 450)

LOAD | TENSILE

P STRES 6a é’b ec el €t
(kg) | (kg/cii)

30 35.294 | 0.0028 0,000 |- 0,0001 0,0028 | - 0,0009
60 70.588 | 040053 0,0003 | - 0.0002 0.0053 [ - 0.0017
90 105,882 | 040100 0.0004 | ~0.0003 0,0100 | = 0.0032
130 152,941 0,0164 0.0004 { - 0.0003 0,0164 | -~ 0,0054
165 194,118 | 0.0203 0.0020{ 0.0003 0.0203 | - 0.0053
190 223,529 | 0,0153 0.0034 | 0.0019 0,0153 | - 0,0017
235 276.471 | 0,0176 1,0038 } 10,0024 0,0176 | = 0.0017
280 329.412 | 0,0219 0.0044 | 0.0028 0.0219 | ~ 0.0026
320 376.471 | 0.0114 0.00157 0.0017 0,0114|~0.0017 |
330 388,235, 0,0079 0.0009 ;| 0.0015 o.oo79!~0.001o

.
L
o= 0.334

E = 9,843,948 ksc




TABLE, A6’ DATA AND RESULTS OF POISOON'S RATIO (5PL 1 J 450)

T
LOAD TENSILE
P STRESS ("a 6b é’c é1 ét
(kg) (kg/cm@y
60 70.588 | 0.0135 7| 0.0024 0.0024 | 0.0135 |- 0.0013
90 | 105.882 | 0.,0234 | 0.0051 0.0044 | 0.0234 |- 0.0015
105 | 123.529 4 06,0260 {,'0.0073 0.0060 | ©.0230 |- 0.0004
120 141.176”} 0,0338 | 0,0055 0.0080 | 0.,0339 |- 0.0023
135 158.824 | ©£,0427 1 0.0020 0.0097 | 0.0431 |- 0.0068
Jo ¥ o= 0.228

m

3,668.942 ksc
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TABLE. A—ﬁ' DAYZA AND RESULTS OF POISSON'RATIO (5PL 2 J 450)
LOAD TENSILE
P STRESS ea. é b éc e 1 é'1:
(kg) (kg/cm?i
60 70,588 D /0152 0.0019 0.0003 0.,0152 |- 0,0036
130 152.941 0,3307 0,0036 0,0012 0.,0308 |-0,0071
160 1838.235 0.0385 04,0042 0.0016 0.,0386 |- 0.0091
LA 7} =0.232

= 5,031.692 ksc
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TABLE A-6 DATA AND RESULTS OF POISSON'S RATIO (8PC 1 J 600)

LOAD TENSILE
P STRESS € a € b 6c € 1 € t
(kq) (kg/cm,z'),
75 73.529 0,0059 0,0001 } 00,0007 0.0059 |- 0,0014
95 93,137 0.0090 0,0002 0,0011 0.0090 |- 0,0022
110 107.843 0.,0125 0.,0002 0.0015 0.,0125 |- 0,0031
135 332.353 0.,01501 = 0.000) 0.0017 0.,0151 |- 0,0C40
160 156,863 0.01201=0,0015 0,0012 0.,0121 {- 0.,0043
200 196,078 0. 01174+=0,0046 0,0005 0.,0122 |- 0,0071
215 210,784 0.,0109 1= 0,0056 |- 0.,0001 0.0114 |-0,0080
230 225,490 0,0099 |~ 0,0063 |-0.0015 0.,0103 |-0,0089
250 245,098 0.0101] - 0.0065 |-0.0026 0,0104 |-0,0097
Ceo VY o= o0.284

£

= 6,308.068 ksc
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TABLE, A-6 DATA AND RESULTS OF POISSON'RATIO (5PC 2 J 600)

LOAD TENSILE
P STRESS € a é-b Ec 6 1 é’t
(kg) (kg/cm?
25 24,510 0.,0072 0,0002 0.0004 0,0072 |- 0,0021
4Q 39.216 0. 0095 0.0002 0.0009 00,0099 |-0.0026
60 58.824 0.0160 0.0002 0,0011 0,016C |- 0.0044
70 68,627 0.0192 0.0003 0.0014 0.0192 |-0,0053
g0 78.431 0.0227. 0,0003 0,0017 0.0227 |=0,0063
110 107.843 0.,0285 | 0,0004 0.0020 0.0285 |-0.0079
170 166.667 6.0465 0,0012 0.0040 Cc.C466 |-0,0121
220 215.686 0.0616 0.0020 0,0056 00,0463 -0,0310
260 254,902 040692 0.0030 0,0048 00,0672 -0.0199
S o= 0.275

2,922.231 ksc
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TABLE, A- 6 DATA AND RESULTS OF POISSON'S RATIO (5PL 1 J 600)

LOAD | TENSILE
P STRESS € a € b € c € 1 é t
teg)_| (kg/em®)
40 39.216 | 0.03139 | 0.,0004{ 0.0008 | 0,0139 |-0.0039
80 78.430 040229 { .0.0007 | 0,0014 | 0,0229 |~ 0.0062
115 112,745 0.0307 { ©.0010} 0,0020 | 0,0307 |- 0.0082
150 147.059 |/ 0.,0410 | 0,0013| 0.0028 | 0,0410 |-0.0109
200 196.078 | 0.0525 } 0.0016| 0.0042 | 0.,0525 |-0.,0116
240 235.294 | 0,0594 | 0.0012 |~ 0.0044 | 0,0595 |~0.0161
.Y = 0.2

1

4,355,417 ksc
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TABLE. A-6 DATA AND RESULTS OF POISSON'S RATIO (5PL 2 J 600)

LOAD |TENSILE

P STRESS é a 2 b é c € 1 e -
(kg) | (kg/cm’)

20 19.6¢08 | ©0.0051 /| ©.0003 |0,0003 | 0.0051 |-0,0013
35 34,314 | ©.0102 } 0.0008 |0.0006 | 0.0102 |-0,0025
70 68,627 | 0.0186 | 0,0019 |0,0011 | 0.,0186 |-0,0043
110 107.843 | 0.,0322 | 0.0036 }|0.0022 | 0.0322 |-0,0069
180 176.471 |  0.0501 | 0.0057 }0.0035 | 0,0501L [-0.0105
220 215.686 | 0,0607 | 0.0112 10,0041 | 0.,0609 |-0.0103
235 230.392 | 10,0554 | 0.0092 |0.0050 | 0.0554 [-0.0091

s Y = o0.,208

™
"

3,259.476 ksc




TABLE A-7 LONGITUDINAL STRESSES UNDER INTERNAL PRESSURE (For cylindrical tank with hemispherical

ends nade of GRP)

S
LN ST HON

‘\ 1 POINT | INTERNAL PTTSSURE INTERNAL PRESSURE INTERNAL PRESSURE j INTERNAL PRESSURE INTERNAL PRESSURE
NUMBER P = 0 ksc P=0.3515 ksc P = 0,703 ksc P = 1.0545 ksc P = 1,406 ksc
srgim € 6 ¢ 6 £ 6, € b, € 6,

GAGE , . : | L
] AROUND (isc) (ksc) (ksc) (ksc) (ksc)
TANK
1 -0.00001 =0,171 0.00075 | 12.839 /| 000234 40,057 /| 0.00426 72.923 | 0,00591] 101,168
2 0.00008 1.370 { 0.00134 | 22,938/ {0.00343 | 58.715 | 0.00584 | 99.970 { 0.00801} 137.11¢€
3 0.00004 C.685 | 0.00064 | 10,956/ 10.00102 17.460 | 0.00114 19.515 | 0.00123} 21.055
4« | o.00001 "l coo2|  /ifomools | |o.oose|  |o.oo0ss|
5 -0.00002 0.324 | 0.00003 (\6.294 [ 0.00009 [N\1I#522 | 0.00019 19.474 | 0.00029]°22.981
6 0.00001 €.00029 1\0.00066 0.000892 0.00102
7 hag.OOOOI C.171 | 2.00178 }:30.470 0.00;16u 75?iéﬁ~ﬁ~6;66g5;jL—i&gjés;m»éiéégg;ﬁ.I;gtlzgm
3 5.00017 2,910 | 0.00276 | 47.246:10.00692 |118.457 | 0.01168 | 199.939| 0.01583| 270.980
) C.00003 0.513 | €.00101 }17.289 0.00308 52.724 | 0.00542 | 93.780 | 0.00802| 137.287
10 | o | |owomse|  lo.o0ssz | |o.ooers|  [o.oossi|
11 0 0 0.00046 {28.914 |0.00113 | 74.23C }0.00195 | 128.235| ©0.0026%9| 176.530
12 0 0.00023 0.06058 0.00097 0.00133

GG

= LR



TABLE A-7. (CONTINUEL)
, ] |
FOLNT INTET™2AL PRESSURE INTERAL PRESSURE)|INTER AL PRESS RE 'IVTERAL PRESSTRE {1 TERVAL PRESSQRE
NUMBER ; : : , o
OF D =0 ksc ~_ p = 0,3515 ksc p = 0,703 ksc p = 1.0545 ksc p = 1.405 ksc
STRAIN
GAGE ¢ 61 ¢ 64 = 61 € €1 € %
r A
ARTUND TAMNE (sies) (ksc) (ksc) : (ksc) (ksc)
13 -0.00004 0.00025 0.00080 - 0.,0013¢ 0.00178
14 0 -0.283 |0.00004 | 8,857 0400012 24,505 [0.00023 43,553 0.00033 60,709
15 0 ‘ 0.00035 0.00098 00174 0.00248
15 0.00003 0.00010 : 0.00018 0.00011 +0.00001
17 0.00002 0535 0.00015 78 C.00027 18,251 pP.00C2S 27.322 |0,00009 30,104
18 0 0.00035 0.00093 D.00kL7 0.001ce
NSNS (O T . m— e oo . R BN S B SO
19 0.00001 0.00C83 0.001%£3 D,00223 0.002G2
20 C. 00005 0.654 0.00055 17.900 0.00120 45.282 ,00169 49,357 0.001°21 L4 4446
21 0.00C03 D.00028 0.00071 D ,0009¢ 0,00092
B e ——————— e SR DU, — - B
22 D. 00004 0.685 D.00117 20,028 0,00239 40,912 9,00334 57,174 C.0041¢ 7,8
23 P.OOOOI 0:17) D, 00035 14,550 0.00239 40,912 9,00412 70,526 0,00572 97,91
24 D,.00003 65513 ). 00072 325,325 0.00201 33,973 %.00347 89,400 0.00480 82,157

091

NOTE : No. 1,2,3,7,8,9,22,23 and 24 are strair cage type KFC-1-Cl-ll

No. .
S (?'ﬁof{,(10,11,12),(13,14,15),(16,17,18) and (19,20,21) are strain case type KFC=2-Dl7-11




TARLE A-8 LONGITUDINAL STRESSES UNDER INTERNAL PRESSURE (For cylindrical tank with

- hemispherical gpds,pade ofc JRP). -

Qe

= o

.

DOINT INTERNAL PRESSTRE INTEPMZY, PRESSURE INTETNAL DRESSUTE
NUMBER p = © ksc | p = 0.3515 ksc 1 p = 0.5624 ksc
ST2§IN € 6, € 6, € 6,
GAGE (ks¢) (ksc) 7 e (ksc) ")
2ROUND
TANK
5 -0.00001 -0.048 &.00360 17.186 0.00481 22.962
2 -0.00002 -01,096 0.00633 30.218 0.00851 40,625
3 0.00001 0.n48 0.00522 24,920 0.00673 32,128
4 —.‘." 0o ol 0.00353 ------ . 46;
5 ¢.00005 0.260 0.00675 §0.03 0.008%F 77 .54
6 0.00004 0.01124 0.01457
7 -0.00001 -0,04R 0.00400 12.085 Ll o.oa;vé.vw—_ 22:;53,,,
8 0 0 0.00546 30.83¢ 0.0C851 £0.€25
9 -0.00001 -0.042 0.00110 5.251 0.00136 6.493
10 0.00002 0.00121 } 0-00465 - -]
11 0.00001 0.130 0.00109 7.786 j 0.09136 11,322
12 0.00002 0.00117 0.001€0

19t



v . 14 -~
TABLE A-8 (CONTINUED)
{POIN‘I‘ ’! {
NUMBER INTERNAL PRESSURE ; INTERNAL PRESSURE INTERNAL PRESSURE
L P=_0ksc B = 0.3515 ksc P = 0.5624 ksc
GAGE '
AROUND
TANK (ksc) (ksc) {(ksc)
13 0.00003 0.00125 0.00175
14 0.00002 0.181 0.00044 6.333 0.00066 8.887
15 0.00002 0.00003 0.00007
16 -0.00007 0.00089 0.00091
17 0.00002 -0.068 0.00018 4.557 0.00005 4.695
18 0.00002 0.00001 0.00002
19 0.00002 ~0.00046 -0.00056
20 -0.00005 0.114 0.00007 1,030 0.00027 1.577
21 0.00001 0.00031 0.00046
22 -0.00003 -0.143 -0.00272 12.985 -0.00324 ~15.467
23 0 0 0.00301 14.369 0.00399 19.048
24 -0.00002 -0,025 0.00261 12.460 0.00348 16.613
- +

e91

s -,'!



TABLE A~9 HOOP STRESSES UNDER INTERNAL PRESSURE (For cylindrical tank with hemisphemical

endg made of“GR?)

.\‘ ' g
POINT LINTERNA% RRESSURE | INTERNAL PRESSJRE { INTERNAL PRESSURE( INTERNAL PERESSURE FﬁTERﬁBL PRESSURE
NUMBER OF. 2= 0 ksc n = 0,3515 ksc p= 0.703 ksc p = 1.,0545 ksc » = 1.406 ksc
STRATN ; <
. GAGE. € “, € e = g 6, € 6y, € 6y,
ARQUND
TANK (ksc) {ksc) (ksc) (:zsc) {ksc)
4 0.00001 0.00012 0.C0001°2 0.00029 ¢, 00055
5 -0 . 00002 0.324 0.00003 4.704% 0.00009 | ©.283 0.CCiLo |14,.865 0.,0002¢ | 18.153
5 C.00001 0.00029 C.00C66 0.00089 0.00162
13 C.C0001 0.0C083 0L001563 €.0CGC223 C.00202
20 0.00005 0.41¢ 0.00055 11 7845 OelD12C | 17.497 0.00169 2€.227 ¢. 00191 34.700
21 0.00003 0.00028 €. 00071 c.0009%6 0.00082
25 -0,00001 |-0.171 0.00154Ml4- 26362 8008574l 146.702 |0.01788 |30€.C071 0.02641 | 452,082
26 - - - - - - - - - -
27 0.00001 | 0.171 0.00568 07.231 1'0.01400-1241.194 |0.C2155  |362.895 0.n266l1 [455.512
28 -0.,00003 | -0.513 0.00608 104.078 | 0.01591 | 272.345 |0.02704 |862.873 0.03714 |€35.766
W
29 ~0.00007 | -1.198 0.0037C 63.337 | 0.01162 {198.912 {0.02208 {(377.967 0.03138 }537.166
30 o] i 0 0.00705 120.683 | 0.01590 | 272.178 |0.0:2502 }428.295 0.03214 | 550.175
3 i . .

NOTE: No. 25,26,27,23,29 and 30 are strain gage tyne XFC-1~Cl-11

¥o. (4,5,6) and (19,20,21) are strain gage tyne KFC-2-Bl17-11

A

£91



TARLE. 2-10 HOOP STRESSES UNDER INTERNAL PRESSURE (For cylindrical tank with hemisphorical ends made of JRpfy

POINT INTERNAL PRESSURE INTERNAL PRESSURE INTERNAL PRESSURE
NUMBEF. OF P = 0 ksc P = 0.3515 ksc P = 0.5624 ksc
GAGE = 3 %
il‘«ROUND TAWK L (h_sc) h tksc)
4 0.00004 0.00373 1 0.00463
5 0.00005 0.260 0.,00676 37,047 0.008%6 47 293
7 0.00004 0.01134 0.01457
12 0.00002 1 -0.00046 -0.00056
-~ 20 -0.00005 0.080 0.00007 1.941 0.00027 -2.,226
21 0.00001 0.00021 0.00046
25 -0,00003 -0.143 0.,00950 45,351 0,01375 65,640
26 0.00002 0.096 0,01071 514128 0.01475 70.414
27 0 ol 0.00329 15,706 0.00676 32,271
28 0.00005 0.239 0.01865 89,032 0.02309 110,228
29 0.00003 0.143 0.00449 21,434 0.00565 26,972
30 0.00003 0.143 0.00233 1.2 0.00358 17.090
[~
: 9 | i

Lo aeedie SN T
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INTERNAL RRESSURE, P-ksc

Fig. A=11 ¥OOP STRESSES UWDER INTERNAIL PRESSURE

(For cvlindrical tank witk hemispherical ends made of JRP)
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Pig. A - 22 TEST SPECIMENS

Fig. A - 23 STRAIN GAGE BRIDGE MODEL SD - 520 A



Fig. A

-24/AUTOMATIC SCANNING BOX

Fig. A - 25 DUMMY GAGE

TYPE ASB-55E
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A-30 TEST~SPECIM§N FOR JRP AFTER TENSILE TEST

A-31 TEST SPECIMEN FOR PP AFTER FLEXURAL TEST
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A-33 TEST SPECIMEN FOR JRP AFTER FLEXURAL TEST
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