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ABSTRACT

The problem of the obstruction of bridge piers to the
flow of water is gquite important because of the drag

encountered and the back-up of waters in the upstream of

piers. . Hence it becomes imperative to determine what shape

of piers offer least obstruction to the flow of water and

least back-up.
In this field 1little research and studies have been

performed to formulate drag coefficient in terms of relevant

variables that govern the flow.
The ultimate purpose of this thesis is to study the drag

coefficient behavior with the relevant variables and energy

losses .

Five pier shapes were placed in a horizontal flume, 300

flume runs were made to investigate the objectives of this

research.

+
4

The pier shapes used are

1) Rectangular nose and tail pier.

2) Rectangular nose and triangular tail pier, with angle

900.
3} Triangular nose and tail pler.
4) Circular nose and tail pier.

5} Circular nose and triangular tail pier.

ge was between 0.2 and 0.8,Reynolds’

number range was between 3.55*103

Froude’s number ran
and 1.84*1046nd the

contraction ratio between 67.0 and 93.4
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ii

The regression, theoretical and dimensional analysis were

used to determine the important hydraulic and geometric

variables, that have effect on the drag and on energy loss.

s

In this research, the drag coefficient was found to be

independent of Re and Fr, for the range used. The drag

coefficient was found to be a function of contraction ratio.

In conclusion, functional relationships between drag
fficient and contraction ratios were developed for the five

coe

pier shapes. Also functional relationships between energy loss

and downstream Froude number and contraction ratic were

developed for the pier shapes.
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CHAPTER 1
INTRODUCTION

1.1 THE PROBLEM

The problem of the obstruction of bridge piers to the
flow of water is quite important because of the drag force
acting on the piers, many shapes of piers are used for
bridges, and consequently different drag coefficients result.

The "back water" effect of the piers on the flow or the
increase in the upstream depth is an important problem and is
also worth to be studied, because it brings in many cases

legal disputes between farmers and the state as a result of

construction of bridges.

1.2 OBIECTIVES

The objectives of this work are:
1) The determination of the drag force on differeﬁt shapes of
piers for different flow discharge at different contraction
ratios
2) The study of the behavior of the drag coefficients for
each pier shape with respect to the important dimensionless
variablesI(Reynold number , Froude number , Contraction ratio
, etc.).
3) The determination of the energy losses due to bridge
pier(s) placed on open channels as a function of downstream

Froude number and contraction ratio for different shapes of
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piers.
1.3 APPARATUS

a) A horizontal flume of 60.6 cms in width with a point gauge
mounted on its rails was used. The flume was provided with a
tail gate at the downstream end to regulate the flow depth.

b} An orifice meter was calibrated and then installed along
with a differential manometer on a pumped line to measure the
flow

c) Scales were provided to measure the drag force on the pier
at each discharge

d) Piers of five shapes were prepared:

1) Rectangular nose and tail pier.

2) Rectangular nose and triangular tail pier.

3) Triangular nose and tail pier.

4) circular nose and tail pier.

5} Circular nose ahd triangular tail pier.

Triangular nose OX tail are with angle 90°%, piers
dimensions were 4, 2 cms width and constant length 16 cms with
enough numbers to have eight contraction ratios with egual
spacing for each shape.

The piers were guided by groove engraved in the perspex plate
which was placed on the channel bed. Each pier was mounted

over almost frictionless rollers projecting about 2 mm from

the bottom of the pier.

1.4 PROCEDURE

1) The experiment was started with one pier of a certain
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shape in the middle of the flume with halves of piers on both

sides of the flume to eliminate the side effect . The pump
was operated at low discharge . Discharge was measured by the
orifice calibration curve , water profile was recorded

upstream and downstream of the pliers .

For the same discharge the drag was measured for

different contraction ratios of the same shape .

The whole procedure was repeated for several discharges

to get enough points for analysis

2) The same procedure was repeated, until all shapes were

investigated.

The details of apparatus and experimental procedure are

shown in detail in chapter 3.
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CHAPTER 2

REVIEW OF LITERATURE

2.1 INTRCDUCTION

when an object is placed within a moving fluid, a force
may be inclined to the flow direction, is exerted on the
object. This force owes its existence to viscosity of the
fluid and the pressure distribution on the body surface. An

example of bodies immersed in water i; bridge piers and in air
is buildings.
2.2 FLOW PAST A SUBMERGED BODY-LIFT AND DRAG

When a body is placed completely submerged in the flowing
fluid with velocity V, there is a force exerted by the fluid
on the body (F),(fig. 2.1.).In general,the force (F) may be
inclined to the direction of motion. The force may be resolved
into two components, one in the direction of motion known as

drag force FD and another perpendicular to the direction of

motion known as 1ift force, FL.

i

i

T

|

FIG. 2.1. General Forces Acting on a Body by a Moving Fluid
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The same force will be exerted when the fluid is at rest
and the body moves within it with uniform velocity. In-case of
symmetrical bodies such as a sphere and a cylinder, when
placed in the fluid symmetrically, lift force FL will be equal
to zero. and thus total force exerted on the body will be
equal to the drag force, FD.

Again, when a symmetrical body is placed in an ideal
fluid and is moving with uniform velocity, hydrodynamically it
will be balanced i.e. the net resultant force acting on the
body will be equal to zero. But when the body is moving
through real fluids it experiences some resistance to its
motion. The resistance provided by the real fluids 1is on
account of their viscosity i.e. viscesity of the fluids is the
factor for the drag on the immersed bodies.

Let there be a body kept stationary in a stream of real
fluid,and V he theluniform velocity of the fluid as shown in
fig. 2.2. The resultant force F acting on the immersed body is
the vector sum of two components, the preséure force and the
shear force. In order to find the total force acting on the

body, c¢onsider an elementary area ab of the body.

FIG. 2.2. Analysis of Forces Acting on a Body
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The two forces acting on the elementary area are :
(i) Pressure force =p.ds, acting along the normal
direction to the area.
(ii) Shear force = T.da acting along the tangential

direction to the area.

Where

p = Pressure intensity

t = Shear stress.

da = Area of the elementary surface ab.
Let

a = The angle between the tangential
to the elementary surface and direction
of the motion of the fluid.

Then, the component of the pressure force acting on the
elementary surface'in the direction of motion of the fluid is
equal to E.dn sin o. Therefore the total preésure force acting
on the whole body'in the direction of motion of the
fluid is given by.

Dp=j§.dn. SIN O v eenennnnns e e

Similarly, the component of the shear force acting on the
elementary surface in the direction of motion of the fluid is

equal to T da cos a. Hence the total shear force acting on the

whole body in the direction of motion of the fluid is given by

Dr = fr . GA COS O +veessmraesssasessss

The total drag force FD acting on the body will naturally be

equal to the sum of Dp and Dr.i.e.
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FD = Dp + Dr.
or FD = Jﬁ.dasina+[t .dACOS Q. ... cereeeea(2.3)
Where JE . das sin a is known as pressure drag or form drag and
Jt . ds cos « is called the friction drag or viscous drag.

The shape and the position of the immersed body
determines the relative magnitudes of the two components of
the total drag force. Let the body be in the form of a thin
plate and when it is placed immersed in the moving fluid, such
that, fig. 2.3.:

(1) « = 0 i.e. the plate is held in the fluid parallel to

the direction of flow, then the component

Jﬁ . dia sin o = pressure drag = 0

And the total drag on the plate is given by

Dr = Jr . dr cos «. = friction drag.
(2) When a = 90° i.e. the plate is held immersed in the fluid

in a direction perpendicular to the flow direction, then the

component

J t . das cos a = friction drag = 0

And the total drag on the plate is given by

De= JE _da sin « = pressure drag.
In between the two extreme  positions, there can be any

value of a and any shape of the body to determine the relative
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magnitudes of pressure drag and the friction drag.
By the same process the total 1lift on the immersed body
on account of pressure force and the shear force can be

obtained in the form of the following expression. .

FL = Jp . dx cos o + Ir . dasina ....(2.4)
T
,52225::——
% .
i = o
e ————— . ——:-- V
g e sai
eipiui i S -H‘:\“MQ:‘
B
T
ta} Thin plate placed parallel to (b)thin flat plate placed
o
the directlon of flow {=0) perpendlcular Lo the

dlrection of Clow{((X=90"

FIG. 2.3. Thin Plate Immersed in a Moving Fluid with Angles
0,90 to the Direction of TFlow

2.3 Classification of Drag
The drag may be classified into the following types

(i) skin Friction Drag: This is the tangential force exerted
on the immersed body due to the tangential shear caused by the
large velocity gradient within the bouﬁdary layer at the
surface of the body.

(ii) Deformation Drag: The viscosity effect of a flowing
fluid past a surface causes the deformation of fluid

particles. The deformation occurs when the viscous forces are
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more significant than the inertial forces, Reynold’s number
being less than 0.1. The forces responsible for the
deformation of fluid particles have two fold effect, one is
the horizontal component of these forces, produces an
additional resistance to the motion and becomes part of the
cskin friction drag, second is the lateral component, produces
a variation in lateral direction, causes the development of
pressure drag. The sum of the two components, the component in
+he direction of fluid motion known as surface drag and the
component in the lateral direction called pressure drag,
constitutes the ‘deformation drag’. The relative magnitude of
the surface drag and the pressure drag depends upon the
Reynold’s number. When the Reynold’s number is very large, the
pressur%;{draq becomes negligible and surface drag only
constitutes the deformation drag.

(iii) Pressure Drag 'or Form Drag: When the ‘surface of the
immersed body is such that it deviates away from the flow then
with the increase of Reynold’s number the flowing fluid tends
to leave the boundary. The phenomenon is termed ’separation of
flow’.This separation of boundary layer affects the flow
pattern to a large extent. This causes the change in pressure
~distribution. In the zone of the separation on the down-streanm
side, the pressure will be low and egqual tolthe.pressure at
the point of separation where the velocity 1is generally
highest. This region of low-pressure is known as ‘wake’. The
pressure difference thus created across the body causes a drag

on the body and is known as préessure drag or form drag.

399364
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(iv) Total Drag or Profile Drag. The sum of the deformation
drag and the form drag constitutes the total d;ag which is

also known as profile drag. At higher values of Reynold’s
number where the deformation drag is essentially a surface
drag only, phe total drag is the sum of surface drag and the
form drag. The relative magnitudes of the surface drag and the
form drag constituting the total drag on an immersed body is
the function of, (a) Shape and p@sition éf the immersed

body, (b) the flow pattern, and (c) the fluid characteristics.

2.4 UNSTREAMLINED (BLUFF} AND STREAMLINED BODIES

We have seen that the magnitude of form drag depends upon
the size of separation zone or wake. The separation zone
itself is the function of the shape and position of the
immersed body. Thé zone of separation can ‘be determined by
establishing the points of separation.

Fig. 2.4. shows three immersed bodies of different
shapes. Fig. 2.4-a. shows an aerofoil which 1is }a perfectly
streamlined body and the points of separation lie at the rear
end. The zone of separation in such cases is therefore very
small which results in smaller value of form drag than that of

" unstreamlined bodies, but on account of more surface area in
contact with the flow. The surface drag of streamlined bodies
will be higher than that of bluff bodies.

Fig. 2.4~b. shows a bluff body in the shape of a flat
plate held normal to the direction of flow. Here the points of

separation lie at the sharp corners, pbecause it is impossible
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to create the suction of infinite magnitude at the sharp
corners of zero curvature to compel the streamlines to adhere
to the geometry of the body. A large zone of separation is
developed on the downstream side of the plate.

The prevailing pressure in the wake is very small as compared
to the stagnation pressure on the upstrean side of the plate.
The large difference of pressure constitutes a drag on the
plate which is wholly a form drag. The total drag is due to
form drag as the surface drag is insignificant.

Fig. 2.4-c. shows the third case in which a flow takes place
around a smooth cyiinder with its axis perpendicular to the
flow. A surface of cylinder or sphere may be treated as a case
in

(a) Streamllined Body

{b) Blufi Body I(Flat Plate}

(C) Smooth Cyllinder

FIG. 2.4. Three Immersed Bodies of Different Shapes
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between the flat plate (bluff body) and the aerofoil
(perfectly streamlined body). Here the position of points of
separation depends upon the Reynold’s number. The zone of
separation is smaller than that of a flat élate. Hence the
pressure drag is smaller than that of a plate, but the surface
drag is not negligible because the viscous forces will have
components parallel to the direction of flow. The surface
drag, of course being very small as compared to the pressure
drag, for calculating the total drag of such bodies, the

surface drag may be neglected.

2.5 BACKWATER OCCURRENCE

The erection of one or more bridge piers in a stream
forces the river to flow through a reduced cross section and
hence in passing .through this section, the water must acquire
a velocity greéter than that existing in the unobstructed
channel. The increase in velocity can be produced only by
elevating the water. surface in the reach upstream from the
piers which produce the contraction in area, thus, as the
stream enters the contracted area, a drop in the water surface
is noted accompanying- the increase in velocity. However,
when the stream expénds again into the unobstructed channel
downstream from the pier, the water surface fails to rise
again to the level of the water surface upstream from the
pier. This permanent drop in water level is indicative of
energy losses which may originate from three sources, (1)

friction of the water on the pier walls, (2) contraction of
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flow caused by the pier nose, and (3) expansion of the stream

as it passes out from between the piers.

The changes in cross section and velocity in the passing
bridge piers cause much disturbance in the flow, especially
when the pier does not conform in shape to the direction of
the contracting filaments of water. The curvature of the
stream. lines around the upstream nose of a pier induces high
and erosive velocities at that point. Eddies may be formed
along the sides and below the tail of the pier. These high
velocities and resultant eddies often scour out the beds of
streams next to the piers to such an extent that the

foundations may be endangered and even undermined.

2.6 EARLIER BRIDGE PIER STUDIES

As early as 1862, the obstruction of brigde piers was

studied by Weisbach. Weisbach describes two experiments which

he performed on small round pier, 0.020 m in diameter in a

channel 0.0280 m wide. He considered that discharge through
the pier section is equivalent to that through an orifice of a
section AB, and undér head H,where H 1is equal to the
difference in elevation between gauges NO.1 and NO. 2, as
shown in fig. 2.5., and over a weir the length of which is the

net stream width at A. The sum of these two discharges should

give the discharge past the pier.
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(Onnga {inuge
Ho. l Nulz

Bl 68 Flums

Fig. 2.5. Sketch of Pier Located in Open Channel

o=Ch V29 (—3—-H3’2+ dzu“z) ........ . (2.5)
Where :
H : Head under the orifice & welir.

bi : Width of channel between the piers.
d2 :Equal to the depth of water downstream.
C . perived coefficients 0.98 and 0.97 in the two

runs which he made.

Merriman (1914), adopted Weisbach’s theory with some
modifications. He discussed formula considering discharge as
consisting of two parts, first passing over a weir of width B
under a head H, a second that passing through the submerged

orifice of width b and height d, under the head H

9 v 2. .
_ 1oL 1,172 .
Q =C Vv 29 [_”3 B (Ht—g )%+ b a, (Hb—g ]..(2.6)

LA vVelocity of stream.

B : Egual to the width of approach channel.

b : Width of channel at the pier section,
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Nagler (1918), conducted 256 experiments in a flume of
Argo Dam, Ann Arbor Mich., during October - December 1914, The
experiments were made on 34 different models of bridge piers .
The purpose of these experiments was to determine the relative
obstruction which different designs of bridge piers offer the
flow of water. This involved the derivation of an adequate
formula, with reliable coefficients, which would give the
amount of back-water caused by the insertion of a pier in the

cross-section of the experimental flume.

— v f v? |

Q =Cv B 29[“"6‘3 ] H+ 28 L (2.7)
29 29 _

Where :

c, : Nagler bridge pier coefficient.

v, + Up stream velocity.

v, o Down stream velocity.

B . Width of the stream exclusive of the bridge
piers.
H : Difference in elevation between upstream & down

stream gauges.

The bridge piers coefficient (Cw) was for different

shapes.

Yarnell (1934), presented the results of about 2,600

experiments on the obstructive effect of bridge piers to the

flow of water. The investigation was undertaken for the

purpose of determining :

1- The effect of pier shape on the height of Dback
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water caused by the pier.

5- The effect of length of pier upon the height of back

water.

3- The effect of magnitude of channel contraction upon the

height of back water.

The following are extracted from the results of the
investigation on bridge piers of various shapes.
1- The height of the backwater due to bridge piers varies
directly with the depth of the unobstructed channel.
2- From his experimental data, Yarnell derived the
coefficients for Nagler formula and d’Aubuisson formula.

d’aubuission formula is :

— 1 2
Q = C,B dz\/Zg d, + V] eeeeeiianen ... (2.8)
c : a’ Aubuission bridge pier coefficient.
B : Width of stream exclusive of the bridge piers

d2 : Downstream depth .
Vl : Upstream velocity at section (1),as shown 1in
fig. 2.5.
3- For flow of low velocity and least turbulence, the most
efficient shapes are lens-shaped nose and tail, lens-shaped
nose and semicircular tail, semicircular nose and lens-shaped
tail, convex nose and tail, and semicircular nose and tail.

However, the data are not sufficient to differentiate among

these shapes for high degree of contraction.
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4- Twin-cylinder piers either with or without connecting
diaphragms, piers with 90° triangular noses and tails, and
piers with recessed webs are less efficient hydraulically than
those just mentioned, and piers with square noses and tails
are least efficient.

5- Application of batter to the ends of piers slightly
increases their hydraulic efficiency, that is raises the C and
CA values.

6- Increasing the length of a pier from 4 times the width to
13 times the width has comparatively little effect on its
hydraulic efficiency. In some cases the efficiency is thus
increased and in other cases decreased. The optimum
length-width ratio probably varies with "velocity and is
generally between 4 and 7. On the average, the values of Cnand
CAwill increase about 3 to 5% for the incfease ofthe ratio
from 4 to 13.

7- Placing the piers at an angle with the current has an
insignificant effect on the amount of backwater if the angle
is less than 10°. Placing the piers at 20° or more materially
increases the amount of backwater; the increase -depends upon
the quantity of flow, the depth, and the degree of channel
contraction. In general, the values of CNand <, will decrease

about 7% at 20°.

Leliavsky (1955), studied hydraulic calculations for
regulators. The most important problem of the hydraulic

analysis of regulators is the case when the regulators is
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fully open.
He presented the theoretical discharge on the assumption

that €. = 1 (C. in practice never eqgual 1)

2
3

CL LeV 2g[(n+ha)m— ha3’2]+ C LeH vV 2g(H+ha). (2.9)

o
|

CL : Leliavsky discharge coefficient.

Le: Effective width of regulator = N¥*bi.

N : Number of openings.

H : Difference between upstream and downstream level.
2

ha: Vi ,Upstream velocity head. "

2g
Vi: upstream velocity.

b1: The span of each opening

there are experimental values for C.
He also presented Gauthey formula for heading up with

empirical coefficients.

2

A1
H= V;[( )2 1]
2g b kA

H : Difference between upstream and downstream depths
LA Upstream velocity.

Ar : d * B( Area of upstream section ).

kA : Effective area.

Kk : Reduction coefficient.

Wwhere values of k were assumed to be dependent on the

shape of the pier and the slope of the channel.
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Chow (1959), classified the flow through an obstruction
to subcritical or supercritical. The energy equation for the
reach between the contracted section 0 and section 2 below the

contraction fig. 2.6. is
B e L L e (s

I

AT TTAIIIIIIIIIERTIIIN
FIG. 2.6.Definition Sketch Showing Flow and Obstruction

vz vz
e (d + ) m At — e . (2.11)
0 2
29 29
or
£d (2 + Fro) = 4 (2 + Fr) (2.12)
o rn -—-2 N AR .

Where FT5= Vh/ v gd Fr2= V2/ v gd and £ represents

o' 2!
the percentage of energy recovery, since energy loss will

occur between the sections. By the continuity of flow:

vbad =VBd ...... e (2.13)
or Fricia’= Fredd  ......e... cen . (2.14)
o o 2 2
Where ¢ = b/B eliminating do and d2 from equation (2.12) and
(2.13)
caFrz {2 + Fri)3
o’ = : Sy e (2.15)
Fr (2 + Frl)
o 2
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Where the flow at section 0 is critical, Fr = 1.

I
T ) e
P R R ;./.’il/ . ,..‘I-_ —
PN, [N Y PR g R e e R
el _‘,_.;,/,4_- -
& o et J{ S [ Y I
i ‘JA/ '..;Jl-‘;ltl.lllr'.EI--l b
bt ‘-":‘I/" R R !I'-lr-'l e "“lll"
0 _1
Sl
4]

o 7‘4---—--‘- B [
gt — b - ..i,_.-\
o LR .

rrsz

FIG. 2.7. Criterion for Subcritical and Supercritical Flows

Through an Obstruction

The value of Fr2 that satisfies this condition is called
the limiting value and is designated by Fr . Thus, for Fr =

1, the above equation becomes :

3 2
52 27 & PE e (2.16)
2 .3
(2+Frm)
For a given ¢, therefore, the flow through the

obstruction is critical if Fr = FraﬁExamination of Eqg. (2.14)
indicates that the flow through the obstruction is subcritical

if Fr_ < Frmgnd supercritical if Fr > Fr, Equation (2.15) is

plotted as shown in fig. 2.7: for £ = 1 (no energy loss}), €

0.95 (5% energy loss), and ¢ = 0.9 (10% energy 1loss}.

Accordingly, the flow is subcritical if the value of Fr falls
on the left side of the plotted curve of an assumed energy

loss and supercritical if Fr, falls on the right side of the

curve.
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apelt and Saccs (1968), measured the forces experienced
by models of three different types of bridge piers for angles
of inclination between the stream flow and the pier axis in
the range 0° to 50°, and the results were presented in the
form of drag coefficients and lift coefficients. The types of
pier tested were a plate pier, dumb-bell piers, and twin
cylinder piers. The values obtained for the lift coefficient
for the first two types were large. Their magnitudes were
generally falling between one and two for angles of
inclination in excess of 10°, where those obtained for the
third type were relatively emall. The forces measured for all
pier types possessed fluctuating components the
characteristics of which were described. The fluctuating
components experienced by the dumb-bell and twin cylinder
piers were generally quite large and complex. The relevance of
the model results to prototype conditions was discussed and it
was concluded £hat the force coefficients obtained could be

used for preliminary design calculations.

Ball (1974), estimated the drag force on piers by
building hydraulic fixed bed model.
In order to specify the hydrodynamic drag required on the

model, the drag characteristics of full size structure were

needed.

There are two new methods for the simulation of complex
structures in hydraulic models. The drag equation wmay be

restated as.
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Method (1) )

FD = p Cbp = e s e (2.17)

2
(CD As/ASD)m A.m ATA

n, = So (2.18)
(C As/A_)»  BAgr v,
(C As/A_)m
n, = a SL ni U .. (2-19)
(C, AS/ASZP

For the drag on the model structure to be correct

there fore (CIJ AS/ASo)m must equal (Cn AS/ASO)p

Method (2) )
(C AV )m
p s

b (CD As Vz)p

As Vzm/V§‘=nh,'and we know that nnshould equal to ni‘nl

(CD As )m n?n
(CD As )P ~h 1 (2.21)

------------------

if A 1s larger than the scaled value As by a factor, K,

so that A__=K n nA_,then the drag requlred would be
sm h i SP

achieved if (CD)_ =(CD)_/K. Summing up these two approaches
m P

to the representation of structures on hydraulic models :

1) Scales model A_=Zn.n A ,with condition CDm= CDp.

2) Simulation by method (1) Asﬁ nhnlAaw, with condition

(CD A_/A ) =(CD Bo/Bg) e
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3) Simulation by method (2) a_ . > nhnlASOP,with condition
(CD As)m=nhn1(CD As)P plus extra care.
Where As: Projected area of structure.

At Area of envelope containing projected area.

Ball and Cox (1978), studied the hydrodynamic drag on a
rectangular group of 50 flat plates, with steady incident flow
normal to the front of the group, and showed it to be a
function of five factors :

1) The acceleration of flow between the plates of a row ;
2) The shielding of plates in line with the incident flow;

3} The diversion of flow around the front of group;

4) The rejection of flow through the sides of the group;

5) The formation within the group of an oscillating wake for
the whole group.

The drag force on each element of the group was measured
for 1longitudinal and lateral spacing covering the range

occurring in existing pier head pile group that the flat

plates simulated.

Ball and Hall (1980), studied the hydrodynamic drag on
square arrays of model cylindrical piles in the Reynolds
number range of 250 to 750 and showed it to be a function of
the angle of yaw of the incident flow and is also related to a
parameter termed the normalized projected area. The drag
coefficient of a pile group increases as the number of piles

is reduced and as the pile spacing is increased and may be
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greater than the measured single-pile value . The data suggest
that the replacement of a structure consisting of a large
number of small-diameter piles by and equivalent group of

fewer larger diameter piles will reduce disturbance of the

flow field.

AL- Nassri and McBean (1983}, wmwade regression analysis
for based models. and derived from experimental analysis energy
losses due to bridge piers placed in open flow. The models
characterize the energy loss as a function of downstream
Froude number, contraction ratio, and pier shape. Comparison
with existing practice for some results show that existing
formula represent conservative values. The five different pier

shapes considered are shown in fig. 2.8.

PSHAE SK‘W don U /// RECTANGULAR
4 4

F*DCm"4

|-——17pm-—ﬂ—**|
r+0.5cm relcm
ROUND POINTED T T PEAR SHAPE
8 TAIL Scm Sem

NOSE 8 T - il

le— 17 cm —] P#Hcm-a4

CIRCULAR
—={ 5 cmle—

FIG. 2.8. Shapes of Piers Considered

The regression formula is
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Table 2.1. :Values of Constants nmi, nz2 for pifferent

Pier Shapes

Pier Shape ni nz Correlation
coefficient R

Rectangular 25.83 2.50 0.85

Diamond 8.84 1.67 0.90

Round pointed nose and tail| 7.79 1.17 0.87

Pear shape 9.51 1.82 0.86

Circular 11.3 1.84 0.85

The regression coefficient nz is not justified, because
it is not necessarily that Froude number downstream and
contraction ratio have the same regression coefficient.
Regression was done by the writerfor rectangular nose and tail
pier considering two different powers for Fr and o. The
following equation was obtained with correlation coefficient

(R= 0.93), which is higher than 0.85 which was obtained by the

aforesaid writer.
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CHAPTER 3

APPARATUS AND EXPERIMENTAL PROCEDURE

3.1 INTRCDUCTION

Laboratory equipment used for this study consists of a
3.7 m long, fiberglass sided flume, a glass bed, pier shapes
models, a point gauge on a mobile carriage moﬁnted on the side
rails of the flume, a scales balance , an orifice meter and a
manometer.

They are located in the Hydraulics and Fluid Mechanics
laboratory in the Civil Engineering Department, at the

University of Jordan.

A general view of the apparatus is shown in fig. 3.1.

3.2 DESCRIPTION OF APPARATUS

3.2.1 The Flume

The experiments were conducted in a flume 60.6 cm wide,
15 cm deep, 370 cm long, of rectangular cross section,and
with fiberglass wall sides, water is recirculated by a pump
shown in fig. 3.2.

The bed is horizontal, made from glass 1.0 cm thick, and
covered by perspex plate 50 cms long in the middle of the
flume, The perspex plate was engraved at specified locations

to serve as a guide to the piers movement.

In the downstream end of the flume a tail gate was

already installed for the purpose of attaining the required
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depth as shown in fig. 3.3.

3.2.2 Point Gauge and Measuring Carrige

Water surface levels were read by a point gauge mounted
on a sliding carriage as shown in fig. 3.4.

The point gauge could be read to the nearest 0.1 mm, the
carriage can be moved along the flume length. The carriage has

a jockey which can move in the transverse direction.

3.2.3 The Balance

The balance used for measuring the drag force, reads to
the nearest 0.01 grams, it is located perpendicular to the
direction of flow, plastic pulley was used to transfer the

horizontal force into perpendicular direction as shown in

fig. 3.5.

1.2.4 The Orifice Meter

The orifice meter is designed to measure the discharge
through the pipes. It consists of a circular hele in a thin
flat brass plate of 3 mm thickness, the internal diameter of
the orifice is 5 cm, and the lip thickness is 8 mm, the brass
plate is inserted into a cirecular groove between the two
flanges as shown in fig. 3.6., at a joint in the pipeline,
pressure tapings of 2 mm diameterwere connected to the
differential mercury manometer through two flexible tubeslof 5
mm diameter, located at one pipe diameter upstream, and at

half pipe diameter downstrean of the plate.
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The discharge was measured by using a measuring tank, the
details of the orifice calibration shown in Appendix A, the

relationship between the differential head and discharge is

shown in fig. 3.7.

3.2.% The Manometer

The orifice meter is connected through two flexible tubes
5 mm diameter to the differential U-tube manometer. The
internal diameter of the tubes are 8 mwm, which are large
enough to eliminate the capillary effect, and they are
partially filled with mercury. Readings were taken to the

nearest 1.0 mm on the vertical position of the manometer as

shown in fig. 3.8.

3.2.6 PREPARATIONIOF THE BED AND THE MODELS
3.2.6.1 The Bed |

After the perspe# plate, which is 5 mm thick, was cut to
60 cm width to easy fixing in the flume, grooves were
engraved in the perspex plate to- guide ‘the pier models
movement. To overcome the uplifting and moving of the perspex

plate, holes were made and sharp wedges were used.

3.2.6.2 The Models

Five pier shapes were investigated in this research, using

perspex material to form them , shapes are shown in fig. 3.9.

They are:

1} Rectangular nose and tail pier.
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2) Rectangular nose and triangular tail with angle 90 pier.
3) Triangular nose and tail with angle 90 pier.
4) cCircular nose and tail pier.
5) Circular nose and triangular tail with angle 90 pier.

Piers dimensions were 4, 2 Cm width and constant length
16 cm. The height of each pier was approximately 10 cms to
ensure that the top of the pier will never be submerged in
water, the piers were set parallel to the flow direction, each
pier was installed over almost frictionless rollers projecting
about 2 mm from the pier bottom . The location of piers was in

the middle third of the flume, to eliminate the effect of

entry or exit flow effect.

3.3 PROCEDURE OF MEASUREMENTS

1) The experiment was started with one pier of a certain shape
in the middle of the flume with halves of piers on both sides

to eliminate Bide effect.

2) The pump was operated at a certain discharge. Discharge was
found by using the calibration curve. Depth of flow is then

selected by adjusting.the tail gate.

3} Fig. 3.10. shows  the way the scales measure the drag, the

thread was connected at a point higher than the center of

pressure. The couple formed was counter balanced by adding

some sand at the pier tail. The uplift pressure force was
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almost eliminated by making the pier just floating.

pie
AL
—F l\r/ F2

r /] |
TU

FIG. 3.10. General Forces Acting on the Pler

4) Water profile was recorded upstream and downstream the
piers at regular intervals. The readings at each interval
were taken in a way such that the point gauge makes number of
contacts with the surface equal to the number of departures
per second. This was done to avoid the effect of water surface

fluctuations.

5) For the same discharge and depth, the drag force was

measured for different contraction ratios of the same shape.

6) The whole procedure was repeated for several discharges to

get enough points for analysis.
7) The temperature was measured in each run.

8) The procedure was repeated for another shape and so, until

all shapes are covered.
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CHAPTER 4

ANALYSIS OF THE EXPERIMENTAL RESULTS AND DISCUSSION

4.1 DRAG COEFFICIENT
4.1.1 Introduction

A river flowing past a bridge pier will exert a
hydrodynamic force on the pier, the component of which in the
direction of flow is known as drag and the component normal to
the flow as 1ift. In a fully turbulent flow, drag force is
generated from a combination of the shear stress against the
pier face and the pressure differential c%used by flow

separation at the pier tail.

4.1.2 Dimensional Analysis

The force FD exerted on the piler(of certain length L,
width We, rougpﬁess e, shape factor K) by moving fluid depends
upon
a) Geometric variables : characteristic length L, contraction
ratio ¢
b) Kinematic variables : flow velocity V
¢) Dynamic variables.: fluid density p, fluid viscosity u and
fluid specific weight 7 -

The above mentioned variables can be written in the form

FD = f{o, L, V, p, H, ¥) «reeener- eeeea(4.1)

choosing L, V and p as repeating yariables we get the
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following m terms : Re, Fr, o, FD/szA

or
FD= 1/2 p V' A ¢ (0, Fr, Re) ........ . e.(4.2)

in which A is the submerged frontal area of plers

perpendicular to the direction of flow. Fr and Re are Froude’s

and Reynolds numbers respectively, the quantity ¢ (¢, Fr, Re}

is called the drag coefficient CD. Equation (4.2) could be

written for certain shape of certain roughness, length and

width of a pier

2
FD = E%E— P D e (4.3)
or
cD = ¢ (o, Fr>, Re) ...... e c..(4.4)

These three parameters correspond to the effect of the

contraction, gravity forces and viscous forces.

4.1.3 Computation Of The Drag Coefficient

The equation of the force acting by a moving fluid is
the sum of hydrostatic and dynamic forces.

In general

F = pghAh + p(Q%/A)..voeents .

For rectangular cCross section channels the force equation

2

2
pr= B3 4 BL L et (4.6)
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Where

F : Force acting by the moving fluid on the pier

F': Force acting by the moving fluid on the pier per

unit width.
p : Mass density,
g : Acceleration of gravity.
; : The vertical distance between the  water
surface and center of gravity of the flow section.
A : Projected area of section (perpendicular to
direction of the flow).
Q : Flow rate.
g : Flow rate per unit width.

d : Depth of water.

The drag force acting on the pier located in a moving
fluid 1is the difference between upstreanm and downstream
forces. Neglecting the very emall bed shear force we can

write:
vi A
FD = F1 -Fz=CDP—2-—" e (4.7)

Where Fi1 and Fz2 are the forces upstream and downstream of
the pier. To determine these forces, the downstream brofile
was recorded at equal intervals of 1 cm, and at a certain

distance downstream of the piers, the depth:was found to be

constant.

The upstream section at which FD is to be computed was

determined by finding the best polynomial regression curve for

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



43

the upstream profile. FD was computed by trial and error at
different sections upstream of the pier and then compared each

time with the measured one, until they become egqual or almost

equal.

FD
Then CDh = > ceiveresesees(4.8)
1/2 p Vi hp

Where Ap :Projected area of pier immersed in the moving fluid
in the upstream section.
Vi : Upstream velocity at which measured drag is equal
to the computed drag force
The figures below show the relation between the computed
drag force and 1/2 p Virp , they have a linear relationship,
the slope of which is CD. This relationship is shown in fig.
4.1. through 4.10.
For both piers of width 4 and 2 ém, the distance
downstream of the piers, at which the depth of flow was
considered constant, was taken equal to 4 cm to avoid

completely the effect of pier tail shape.
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4.1.4 The Effect Of Reynolds Number On Drag Coefficient
The range of Reynolds number using the pier width as the
characteristic length is
3.55%10° = Re = 1.84%10"
In this range of Re, the drag coefficient did not vary
with Re, and thus Re is dropped out from the functional

relationship of CD and Re, or CD is independent of Re.

Fig. 4.11. and 4.12., show the relationship bgtween drag
coefficient and Reynolds number for rectangular nose and tail
pier, relationships for the other shapes are shown in Appendix

E. Those figures demonstrate that CD is independent of Re.
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4.1.5 The Effect Of Froude’s Number On Drag coefficient

Most of the measured values of the Froude nunber

downstream lie in the range of

.21 < Frz = .78
Froude’s number of this range showed no effect on the

drag coefficient as manifested by fig. 4.13. and 4.14., for

rectangular nose and tail.

other shapes relationships are shown in Appendix E.
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4.1.6 The Effect Of The Contraction Ratio On Drag Coefficient
‘Tests of eight different contraction ratios were carried

out for each of the pier shapes. The contraction ratio (o) is

defined as the unobstructed area over the total area at any

section as shown in fig. 4.15.

n

| «

J
B We [ b=2b1

<> |

b : oc=b/B

N

N [ i

FIG. 4.15. Definition Diagram

The tests of the contraction ratio were ‘conducted for all

shapes as per the following dimensions shown in table 4.1.

Table 4.1.: Tests of Contraction Ratios.

Test | Width of pier|Number of| Tolal obstructed|o=b/B
Wp (cm) piers width (cm)
1 4 . 1 8 0.868
2 4 2 12 0.802
3 4 3 16 0.736
4 4 4 20 0.670
5 2 1 4 0.934
6 2 2 6 0.901
7 2 3 8 0.868
8 2 q 10 0.835
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The contraction ratio range is between
67.0% = g = 93.4%

The drag coefficient was drawn against ¢ for each shape
as shown in fig. 4.16.

From those figures it is clear that tﬁere is a strong
relationship between CD and o.

Regression equation was developed for each shape, .and
shown in the conclusions.

For the five shapes considered, the drag coefficient
decreases respectively as the contraction ratio increases.
The highest drag\coefficient at the same contraction ratio is
for rectangular nose and tail pier, followed Dby rectangular
nose and triangular tail pier, triangular nose and tail pier,

circular nose and tail pier, and circular nose and triangular

tail pier.

- Center of Thesis Deposit
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4.2 THE ENERGY LOSS
4.2.1 Introduction

Tt is well known that the cross-sectional area of a
stream of water cannot be either diminished or increased
without causing energy loss, and hence loss in head, in the
stream itself.

Therefore, when a bridge pier is constructed in a given
stream section, such loss of head will be observed. For, at
the nose of the pier, the .stream is contracted in width, and,
at the tail of pier, it is suddenly enlarged to its original
width.

static head must first be available to accomplish
necessary increase in velocity demanded by theé decrease in the
stream section at the nose of the pier. Hence, there 1is
observed the common phenomenon of 'pback-water’, or the
increase in elevation of the water surfacé'af the nose pier.

The loss, for . convenience of these tests, are classified
as follows:

1) Loss which wmway be attributed to the change in section,
these are made up of both surface and submerged loss, which
are revealed by the turbulence and eddies at the nose and tail
pier.

2) Loss due to the friction of the water as it passes the
wetted pier surface, these are relatively small when compared
with those due to the change in section; they are so small, iﬁ

fact, in most computations, they are neglected.
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4.2.2 Mathematical Model

The specific energy is defined as the vertical distance
petween the channel bottom and energy line , using the channel

bottom as a datum.

The generalized equation of specific energy is

e — 1 Q 2
Es = 4 + 39 * ( A } T e e e e (4.9)

Where A is the area as function of d, and depends on the
geometry of the section.

The above equation can be written for a rectangular Cross

section at upstream and downstream sections respectively as

Est = di + Sg ettt (4.10)
2
vz

Esz = dz2 + 3G~ ettt Ceea s (4.11)

The energy lost due to the presence of the piers, AE is

written as

AE = E1 - E2 cuvenrnn e e (4.12)

Or rewriting

AE El
2 - Ez 3 (4

Substituting the values of Ei and E2 in eguation (4.13)

AE vi + 2gds
T~ - S U (4.14)
2 vz + 2gda2

Tt is desirable to have downstream section as the

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



65

independent variable, since the downstream profile is uniform

and is closed to the mean depth in the channel, S0

substituting for Vi by using the continuity equation, we get

AE  _ (V3/gda) (dz/di)’+ 2(di1/dz) 4,15
s = > ce. (4.15)
( Vz/gdz) + 2

or AE _ Fraz’ { dz/d1)2 + 2(d1/dz) 1 4.16
2 = 5 — .. (4.16)
, Frz2= + 2
AL '
B2 = f ( Frz, di1/d2} = ..ecenaaeens (4.17)

For submerged flow

di= f (Frz,dz2}  «.... W h e e ... (4.18)
Oor di
dz = [ (Fra) = cceorssnrnarccncss .-.(4.19)
S0
AE _
B2 = f { Frz ) cocecenvennnosans (4.20)

This equation demonstrates that the percentage of energy
loss is a function of the Froude number downstream the pilers.
For different contraction ratios o the general form is:

EE— = f ( Frz, o) i esaa(4.21)

Ez

Fig. 4.17. through 4.26. show the relationship between

the percentage energy loss and downstream Froude number.

- Center of Thesis Deposit
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4.2.3 Energy Loss

Fig. 4.17. through 4.26. show the variation of energy
loss as a function of downstream Froude number and contraction
ratio for different pier shapes.

For the five pier shapes with width 4 and 2 cm, all of
the curves indicate that the energy loss increases in
nonlinear fashion with the downstream Froude number and is
proportional inversely to the contraction ratio.

From the previous analysis, the following relationship

could be deduced

AE

2 = f ( Frz/o ) e e s et e e e s {(4.22)

The above general relationship does not.reflect the shape
effect, it can bhe introduced by assuming.the functional form

of the relationship to be

Fra
AE o
- = ___i— .......... . .(4.23)
T

Using regression with dependent variables .Frz and o, it

was found that (i,j) were almost equal for all shapes, SO

equation (4.23) becomes

AE
Ez 6.0

Where o' depends on the pier shape, values of o’ are

shown in the following table below :

it
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Table 4.2. : Values of «of

Shape o’ Correlation
coefficient R

Rectangular nose and

tail pier 2.12 0.98
Rectangular nose and

triangular tail pier 2.03 0.90
Triangular nose and

tail pier 1.89 0.94
Circular nose and

tail pier ' 1.67 0.98
Circular nose and

triangular tail pier 1.49 0.92

Table 4.2. shows that the values of the correlation
coefficient is very high.
From fig. 4.27. through 4.31. upstream specific energy

(Es1) can be found, and then by substituting in the general

formula :

1l Q 2
= *
Esi= di+t 29 { AT ) e ..{4.25)

for Ai= B*di. equation (4.25) becomes :

3 2 2

di - Es1 da +—£L——2 = 0 cevineneen.(4.286)

2gB
Solving for di, we get di at which the drag could be

calculated.
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CHAPTER 5
CONCLUSIONS

Analysis of the experimental data leads to the following

conclusions

1) The drag coefficient was found to be independent of Re and
Fr, for their range used in this research.

The drag coefficient is dependent solely on the
contraction ratio for the range of Re and -Fr used in this
research. Five funcfional relationships were developed
relating CD with o. Those relationships are :

a) For rectangular nose and tail pier

CD= 1.25%((0-60)/40)%-2.54%((0~60)/40)+2.41
b) For rectangular nese and triangular taii pier

CD= 1.08%((g-60)/40)%-2.34%((0-60)/40)+2.32
c) For triangular nose and tail pier

CD= 1.21%((0—60)/40)2-2.62%((c-60)/40)+2.26
d) For circular nose and tail pier |

CD= 0.90% ((0-60)/40)2-2.22%((0~60)/40)+2.03
e) For circular nose and triangular tail pier

CD= 0.39%((0=60)/40)%-1.40%((6-60)/40)+1.61

For the five shapes considered, the drag coefficient
decreases respectively as the contraction ratio increases.

The highest drag coefficient at the same contraction

ratio is for rectangular nose and tail pier, followed by

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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rectangular nose and triangular tail pier, triangular nose and
tail pier, circular nose and tail pier, and circular nose and

triangular tail pier.

2) The energy lost due to the presence of piers in open
channel flow is dependent on the downstream Froude number and
the contraction ratio for éach pier shape. The relationship

petween the above parameters is given by

Where o'’ is a shape factor and is eqﬁal to (2.12) for
rectangular nose and tail pier, (2.03) for rectangular nose
and triangular tail pier, and (1.89) for triangular nose and
tail pier, (1.67) for circular nose and tail pier , and (1.49)

for circular nose and triangular tail pier.

among the five_shapes of piers considered, it was found
that the maximu@lenergy'loss occurs for rectangular nose and
tail pier, followed by rectangular nose and triangular tail
pier,triangular nose and tail pier, circular ﬁose and tail
pier, and circular nose and triangular tail pier..

The regression formulas derived above afe useful to find
the total specific energy upstream.
3) The upstream and downstream depths }for estimating the drag
force’, can be determined by the following procedure:
a) Pind the uniform downstream depth after installing the

pier(s), from any open channel flow formula 1like Chezy Or

Manning.
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b) Compute downstream Froude’s number.
c) Use the relevant figures for 4.27. to 4.31., to find Es1
or use the formula of AE/Ez
d) Using the general spegific energy equation
Esl=d1+—:2L—g——(—%-—-)z
Which could be put in the following form for rectangular

channels.
3 2 Q 2
di’- Eel1 d1 + —2('3'—B"2 =0

Where di is the positive root of the above equation. Thus

the depth at which the drag force is computed could be found

easily.
e) Using the following eqﬁation, the drag force can be found
FD = F1 - Fz
or
FD= [ Q p‘V1+ 1/2 pg di’ ]- [ QpV2+ 1/2 pg df]
f) Usipng the following equation, drag coefficient could be

found

FD

€D = =72 p Vi‘hp

Where Ap is the projected area at di and Vi is the

velocity at di.

4) The results are only applicable to the nose and tail shapes

used in this research.

5} Further studies are needed to check the effect of roughness

on the drag force.
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2 2,75 2.7 h,82 3.73 6.04
L 2,711 3,78 h, o6 5.78° 6,85
6 2.0z J3.8) hooh 5.01 [ 1:)
a 2,87 J.08 .89 5,87 6,593
10 2,93 3.98 h,92 5.83 G.95
BT 2.99 i,05 h.98 5.00 6,99
12 3.65 h.11 5.06 5.92 7.01
T 13 .14 h,22 5.1h 5.96 - 7-05”
1; 3.26“ I ,02 .17 6,07 T.11
15 3.3l B 5.27 6.09 T.18
L6 3.3 h,ha 5.32 6,16 7.28
L7 3.h0 4,56 5.00 6.26 7.08
B 3.51 h,o1 5,51 G.hL T.51
T 2,51 7.5% b, 62 5.5 6.61
35 2.56 2,58 h,o7 5.37 6,600
16 2,061 3,00 i, 69 5,02 6,72
9% 2,60 370 - .12 5.7k 6.1k
39 2.7h 3.15 vdj..Tg 5.16 6,04
79 2,72 3.7h b1 5.79 _b.uu
o 2.7 3.77 h.nj‘ 5.02 6.0s
h1 2.76 3.78 h, o4 5.0 6,846
T h2 2.72 3.76 i h. 07 5,183 [ Y]
ha 2.75 3.74 h,p) 5.01 6.07
4h 2.76 3.00 4,85 584 4,85
g 2,74 2.7 T 5,89 6.86

97

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



y Noslnngular noan and tnll pler

Shnpn
Humbng of plor{a} 1 ona HudLh of plaoy 1 20m
brapnlg) .56 6.3 J.70 LS .57
GStatbon| mana|pvari o]l maan lprofiley monn F:;Flln wonn pprellle fmean Jprolline
{om) doptin] (em} laapti| Com) [deping (e} Jdoptb [ (ew)  ddeplh {am)
{em) (cm) {em) {am) {cm) )
o 2.58| 2.56 |3.60 | 3.58 | 8.63 [h,or | 5,08 5,50 |6.90 | 4,96
2 2,56 2,98 |3.58 [ 2.62 | 4,65 |h.6] 5,50 | 5.53 [6,99 | 6.99
_-;- 2,59 2.61 | J3.60 | 2.0h h,6h | b, 62 5.56.1 5.52  7.01 | 6.98
G 7.60| 2.03 ]7.62 | 3.69 [ H.67 |u.ce | 352 05,54 10,99 ) 6.01
Fat] |
n 2,58 2,62 7,04 7.61 b, G0 thjfﬁgtgzgh 5.52 7.00 | 7.00
10 261l 2.65 L2.62 | se6n |uedi |n.67 | 5,33 | 5051 (7.0 6,97
1L 2.5 | 2.67 la.o0 | 3,63 | h.65 [h.0R 5,52 | 5,50 |tL.99 | 7.00
12 2.56 ) 2,06 7,459 .65 | U.br th.T2 5.55 | 5.51 7.03 | 7.0L
s |2.572.00 [2.00 | 3.67 (.06 tngy V5.0 5.5z 702 1 6,99
14 2,50 | 2,71 [3.62 1 o.70 fhoeh faegs 1309 05,50 7.01 | 7.03
15 2,55 | 2.7 |3.63 | 3.95 [w.63 [a.mw |s5.55 | 3.36 p.o3 | 7.06
16 a.56 | 2,78 |a2.62 | 2.77 [4.65 [h.7B 5.52 [5.57 .00 | 7.08
17 2.8 | 2,00 |2.64 | 2,86 |A.63 |h.83  |5.50 [5.60 0 W.02 7.4
.18 2,60 | 2.06 |3.62 |n.99 lh.as |9k 5.56 | 5,60 f.oo | 7.9
A 2.00 1 2.56 Jotsd ) J.b) .03 1h, 63 5.5% | 5.40 6.,99] .48
75 2.60 250 [2.62 ]3.00 |h.66 (h.03 5,53 | G.5L 7.00| 6.96
26 2.59 12,57 360 1,58 h,6h 4,01 .57 | 5.32 6,98 6,99
17 2.50 [ 2,50 13.50 [@9.62 [h.65 Ih.GD 5.h9 | 500 T.00) 6.97
38 2.97 | 2,60 1,61 7,00 h,61 (.62 5.50 | 5.02 7.01 qZQ?
39 2,59 | 2,02 1,02 7.58 6l i, Gh 5.52 |5.51 7,021 7.01
ho 2,60 | 2,58 -3.60 J.62 W65 .63 5.50 ;lﬁj T.02) 7.00
41 2,50 12,061 3,459 J1.G0 4,67 P.GO 5.52 |5.4590 7.02]| 7.02
‘—'_f,g 2,57 | 2.59 3,00 4.50  [h,oh pi,65 5.51 |5.5h 7,01 7.00
b3 2.58 (2,61 (.61 |3.60 |h,66 fi.Gh 5.30 [5.51 .99 6.98
ish 2.60 |2.60 |3.62 [ a.59 | b,05 [h.66 3.491 5.5 | 7,00 7.01
s 2.61 ‘,:59 7,60 3_59_7,"53 h, 6% 5.52 G5.5h 7,00l 7.00
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Humber of ploraln) Two

Sl

| Rea tangulnr noso and tnll Pler

Wil ol pler 2om

nragie) 4.79 6,60 h,09 1,08 h,&2
Gintiom pralile profllo proiiie e i prellla
(o) (o) em) () (o) (e}
—__; 2,61 1,61 h.ﬁb_“_ 5.52 G.99
2 2,067 1,460 i, Gh ) 5. 51 6.97
] 2.60 1.59 h,67 5,50 6,98
[ 2.62 3,62 h.65 5,55 7.01
8 2,03 3.6) h.66 5.5 6.99
10 2,04 3,05 h,o0 5.53 7.02
o 11 2.06 3.66 h, g8 .52 T.03
o1z u,064 5.6 h, 70 5.5 7.01
T 2,72 3.67 TR PR MR
1h 2.75_-F_ J.70 .75 5.50 7.05
15 2.70 2.78 hovi 5.97 7.06
16 2,00 .85 79 5.50 7.09
17 2,8y 3.97 L, 06 5,62 7.3
18 2.9h b1y h,96 5.6M T.18
3 2,38 3.59 W62 5.351 - 6.97
35 2,061 a.62 h,65 550 7.00
16 2.60 3.63 h, G2 5,53 7.0L
97 2,02 1.61 4,63 H.5h 6,98
38 2,59 3.62 h,Gh 5. 52 7.01
29 2,61 J.64 h,6) 5.53 7.02
ho 2,62 7.60 LG 5,50 7.00
by 2.63 2,03 b, 06 .51 7.0)
ha 2,01 3.6h i, Gh 5.53 7.04
b3 2,62 3,61 W, 63 5.50 7.00
Tih 2.59 7,60 k.2 5.51 7.0L
hs 2,61 J3.62 h,65 3,54 7.04
H

39
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100

Bl 1 Itoelapgulay nean pnid tall pler Lo
Numbor ol |,|I.nl'r|tn)| Thrao { mitilo ) wlaeh ol plors 2 cn
oinple) 5.01 . G.70 h.23 L.70 5,10
.'.H,ntHom penllle pralilo TTpvei e ) prulflie profile o
fom lcln} {cm] (mn] (nm:l lt:m}
o 2,466 7.62 L, Gh WL 7.01 * A
2 2.061 7.63 h,65 5.51 6.99 n
h - 2,58 3,61 0,66 5.53 7.02 8
e
6 2,62 B, 0h 4,67 5,50 6.97 —
) 2,62 3.65 LG5 5.52 6,99 S
HH) 2.65 1.66 L,60 5.5% 7.02 a-)
—— f—d
i1 2,66 7,64 h.71 5.53 7.0] 8
12 2.65 3,65 h.70 5.35 7.0h @)
—- [ [P FPPUI .
13 2.67 3.68 W73 5.56 7.02 %
1h 2,70 3,7h 4,76 5,54 - 7.06 'E
15 2,75 1.6 L,o2 5. 5T . 7.08 ! .%
16 2.03 7.85 h,48 5.59 7.l "5
17 2,90 3.96 b9 5.63 T.17 o
1B 2,99 b6 5.08 5.7 .24 %
3 2.56 2.61 b.65 5.49 6.99 >
. C
3% 2.0 - 7.02 h.63 .52 T.01 D
a6 2,53 3.59 h.oh 5.5]- 7.00 HC_)
T 2.60 7,63 ) 5,51 7.02 =
10 2,50 3.6h W, 65 5.50 7.01 E
19 2.56 3.03 4,66 . 5.52 7.00 9
- — - —
ho 2,54 7.66 h,63 5.54 7.02 I
i1 2.56 3.65 H.62 5,53 6.99 3
ha 2,54 3.6T b, Gh 5.52 7.02 -
h3 2,53 3,66 h.65 5.51 7.03 %
hi 2,56 3.65 - W.66 PRT 7.02 %:)
43 2,38 3.67 RS 5.3 7.00 <
(@)
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Shape 1 ileclongulnr neao and tnll pinr
Husdsons ol pim‘n(n)l Thweo (wight ) Wlakh of ployr 2 o

penele) .o 6,07 1o 1.70 5.03
Sint o . preflle wenll e il Te pral e NTLEL

(cmS {em) (en) {ow) {rm) {om

[ 2,48 7,60 h.G3 5,51 6,50

2 2.60 .62 W.66 | 5.53 6.99

i 2,62 3.6) W, Gh 5,52 G.97

[ 2.63 3.61 J:GG ) 5.54 7.00

g 2,01 3.04 h.66 5,50 7.02

- 10 2,0) 1,65 4,068 5.52 1,02

T 2,6h .66 h,70 5,54 7.04

12 2,66 3,68 b, 72 5.53 6.99

_‘_‘13 2,68 3.70 hoarh 5.56 T:QL

14 2,72 3.7h h,73 5457 7.03

15 2.76 3.77 h.7B 5.57 7.09

16 2,05 3,86 5,85 5,58 7.16

17 2.92 9.95 .92 5.00 7.19

18 2,98 h.1o 5.006 } 5,90 7.27

74 2,57 1,67 h,Gh 5,51 7.00

25 2.56' 3.03 h.G5 5.453 6,49

16 2,59 3,62 4,67 5,52 6,98

7 2,57 3.64 b,62 5.53 6,99

b} 2,056 2.65 i h.a6d 5.5% T.00

39 2,353 3,66 R R 7.01

ho 2,58 7.67 4,65 5.52 7.0

b 2,56 3. Gh h, 66 5450 0,99

hz2 2,54 7,63 . G5 Fa51 6,98

3, 2,56 3.6% NE - 5,32 7.01

Ih 2,54 9,67 L.62 5.54 7.02

- L5 2.53 3.066 L, G0 5.53 6.90
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Shnpn 1 Ractanpgular noso and Lall pler

* Nuambne af pleva{n)i pour { Mdadio) WIdih af plary 2om
penele) .11 7.00 h.n2 1.,8Y 5.39
SLnllom profllo peafiln prablla prorita pralfiln
CNS {co) (ew} {cw) {em) {em)
o z.40 1.6) 4,62 5.53 6.99
2 2.58 1,01 4,05 5.52 7.01
h 2,57 3.65 h.66 5.5h 7.02
6 2,061 3,03 b, 6h 5.53 7.01
8 2,62 I3.62 W65 5,55 7.0L
10 2,6h 7.64 h,66 5,56 7.02
T 2,61 2.66 W72 5. 54 7.0
12 2.63 3.67 H.7L 5.55 7.03
o 13 2,65 J.mn 4,73 o .57 T.0h
1h 2,69 3.73 h.7s 5,58 7.0
15 2.75 1.79 h. g2 5,01 7.06
Y 2,748 3.09 hons 5066 7.18
17 2,89 3.98 oo 5.82 7.28
18 1.03 h, 28 5.33 5.98 7.39
Ik 2.56 3.5% h.63 5.52 6.99
35 2.58. 3463, n.65 5,50 | 7.01
a6 2.57 3,60 5,064 5.5) T.02
37 2,59 3.62 1,09 5,52 .00
a0 2,50 3.01 i h,Gh 5.53 T.01
an 2,5% 3,62 h.G6 5.52 7.0
Ho 2,50 3.62 h,oy 5.55 7.00
iy 2,57 3.62 h.ca 5.56 7.02
ha 2.60 3.06h .66 5.54 7 .00
B 2,58 .61 s Gh .53 7.03
iy by 2.56 1.60 h.Gs m_q‘S.SS 7.02
hy 2,57 3.62 b, 67 5,56 17.0h
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Noglplgular noso nnd Ledl pler

Shnpn
Hiuwber of plorale}tpour {right ) Width of pler)  2cm

vrngle) 5.65 7.13 W, 35 1.83 5.43
ELnlﬂuw prallie praiilo pralfliln praflla prafile

) (cm) (cn) (om) {em)

o 2,58 h 3.60 h,62 5,54 o 7.0L

2 2,56 3.62 4,65 5,53 T.00

I 2,57 3.60 h, 64 5.54 7.02

6 2,359 3.62 ho63 5:55 6,99

a 2,62 3,60 h,65 5.50 7.01

1c ?.61 3.605 66 5.55 7,02

- 11 2,04 .67 L.71 5.57 7.0

iz 2,65 3.69 ho?d 5457 7.03

13 2,65 '3.72 .75 5.58 7.00

1h 2,71 3.76 h.7o 5,60 7.06

T 15 2.73 5.78 b, 07 5,62 719

16 2.7 2.92 - .96 5.65 T.26

17 2.06 3.99 5.00 5.80 7.26

10 .01 26 h.14 5.96 T.hz

4 P J.60 4,61 5,50 7.00

a5 2.95 .62 W, Gh 5,51 T.01

96 2.57 3.01 h,6) 5.52 7.02

7 2,58 3,63 h,o5 5.3 ¥.00

38 2.57 .62 L, 66 5.52 7.01

19 2,58 1.64 h, G0 5.52 T.02

ho. 2,56 3.65 hoo7 5.54 7.9

h 2,59 2.6z h.G3 5.51 ?.hh

h2 Z2.57 3,61 i, 6h 5,50 7.032

W3 2,55 3,60 .66 5.53 7.04

I 2.56 3.65 h.ag 5.50 7.00

L5 2,458 |‘ 3,67 h.Go 5,52 T.02
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Shnpa

lhoebnnppaloe nese mud trianpgular Ltoil ploer

104

Humbey of plnl'(n} 1 Ong Widilh ef pler i cm .H
: 2
vrag fg) 9,91 12,01 h.15 G.06 .42
Stallon| waan|profllajmann Jpeaflie] moan lperof)lalmenn jpeoflhe foean jpeaf§ln
(nm] fnplh (r:m) daplh | {cm) oplh (mu) daplh (cm) Adepllh ! ) ™ D
{cm) cm) {om) {cm) {em) 7y
0 2,50 2.59 { 3.73 | 2.7h | h.73 | B.TH | 5.61 | 5.6h 7.00| 7,02 8
o i
2 z.59 | 2.60 | s.r2 | a.0vs | ha7h } W76 5,59 | 5.66 7.01| 7.04
(S
L 2,61 2.60 3.71 0 2.73 S h.7% 5,58 1 5.07 7.02 T.05 O
6. 2.63| 2.67 § 3.69 | 3.75 |b.75 | h.7T [5.61]35.08 7.03] 7.00 _@
8 2,65 | 2.65 | a.yajo.rr |76 | wve }5.63 ] 5.67 7,04 T 7.05 8
10 2,66 2,64 7.72 1 1,81 | H.v6 | ho78 | 3.62 5.6% 7.030 7.006 O
1
11 z.658 | 2.72 | #.73| 5.85 | G.77 | N7 [5.63 ) 5.68 7.02| T.08 %
12 |2.63] 278 | 2w 3.80 ha7s [ ho79 | 5.64 1572 17,00 7.09 . O
.
v3 | 2.02 | 2.85 | 9.76 | 2.89 [h.76 |82 [s.60 [s.7h |7.00] 7.07 ,%
1h 2,611 2.80 | 7.75 [2.9h [a.7h | h.83 |5.62 |5.78 702 7.09 qa
15 2.59 | z.9n | 3.73|3.99 |h.ovs [ H.BS |5.63 |5.82 7.02| 7.1b
)
16 2,61 ) 2,90 1 a.71 [h,09 [h.72 | h.BY |s.02 |5.87 7.00| 7.7 ‘D
17 2.62 0 2.00 | a.69 | w.an |Hore baon 5,62 S.92  |1.02| 7.26 g
1D 2.63 | 2.1% | 6.68 j4.ah W73 ] h,o7 15.64 |6.06 T.011 7.33 - 5
o lz.64 | 2,39 | 3.72 {3.69 u.76 Luir2 15.63 |35.62 7.0z 6.99 -
15 2.62 ) 2.61 | 2,74 Ja.ro Aoy Vhga [5.62 [5.64 7.02( 6.98 g
76 2.60 | 2.62 | 2.1 {aure fnaTr |75 (5,60 (5,60 7.03| 7.00 E
S
37 2.65 | 2,60 | a.ra [o.0vn Twars | wah |3.62 15,63 7.00( 7.02 2
3B a.61 | =2.63 | 3.72 |3.70 b6 P hoyh |5.04 5. 64 7.020 7,00 -l
1
39 2.63 | 2.62 | 3.69 |3.73 [h.7h k.75 [5.61 |5.065 7.03| T7.02 8
ho 2,60 | 2,00 | 3.70 |o.72 |5 4,73 |5.63 |5.6h 7.03| 7,01 >
4 2.65 | 2.6n | 2.69 [3.71 |73 | 4.th [5.62 [5.6D 7.02( 7,00 g
ne  |2.63 | 2.65 | 2.73 [3.09 (h76 | h.76 (5.64 ]5.62  {7.0% 0 7.0 n'd
k3 2,62 | 2.6 |[2.72 {2.70 a5 [n7h |5.62 |5.6h 7.00 [ 7,02 i2
W 2,64 2,061 .70 3.7 [nLe | bR |5.63 |5.66 7.02 | 6,99 ‘C__D
s lzoos | 2.60 |2.73 [se70 Jwar |wos |56 j5es (7,03 7.00 x



Shape 1 loctongular 10S0 and trisnguiac tnil pler
Humbar, of piarsle)t Pue widin of plera I oem
henele) 10.30 13,45 ) 4,90 7,05 10,15
Htnt{om prolfile prollle prnbllo profile prrallla
(cmw {cm) {om) {em) (om} (om)
o 2.6 3.07 h, 77 5.64 7404
2 2,66 3.7h h,706 5.62 7.00
h 2.65 -3.7% 4,75 5,05 7.05
6 2.0 7.79 h.18 5,Gh 7.05
8 2,068 J.81 %.70 5,00 T.06
10 2.72 3.82 W77 5,68 7.0k
T 2.7h J.8h h.79 5.72 7,05
12 2,78 7.89 W ho 5.7h 7.08
T 1) 2.05 3.94h h.p2 5.77 7.10
1h z.ﬁh 3.99 b, 0n 5.78 T.12
T 15 2,06 h,oh . Bo 5.01 i Tall
16 3006 il h,oz 5.040 .19
17 2,10 h,18 h,90 5.98 7.3%
18 2.23 h.7 5,00 6.15 7.h2
M 2,01 B 3.0 b 7h 5,60 6.99
35 2,0) 2.71 h.73 5,62 7.0L
96 E 3.7h h.76 5,61 7.00
37 2,05 3.7 b5 5.0 7.02
138 2,60 J.T2 h,7é 5.62 T .00
39 2,05 3.73 hTh 5,03 - q.01
ho 2,01 3.71 75 5,0 7,00
hi 2,00 J.70 b7 5.05 7.02
r.; 2,66 J.72 k.18 5,072 6.60
49 2,04 L) h,76 5.61 _?-':J_l
fih 2,62 1.713 - h.75 5.62 T .00
) hs —_2165 1,72 TR 5. 0N F.02

105

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Humbue af plorais

Shapa 1ltactaugnlar noao and tnil pler

Yo Throo ( #iddain} Widih of plov: A cuw
beagle) 11.51 1h.85% 5.7 7.92 11,36
Slablom pralitla prollla prallle prafile penl )b
cmS Lem) {em) (em) (em) [em}
o 2,04 3.15 b,th 5.65 7.02
2 2,06 37T h.76 5.03 7.00
4 2.67 2.70 h.78 5.606 7.03
6. 2,060 J.70 b6 .65 7.0
u 2.72 3.B2 h,u3 5.67 T.00
——“-_Ib 2.4 3.8h h.sﬁ_hn‘ 5.70 704
T 2.79 7,05 b, o 5.1 7.05
12 2,60 1.91 4,806 5.73 ‘7.00
o 12 2.92 3.56 h, 08 5.76 o %ti;"
Lh 2,96 I, 00 4,91 ) 5.79 Talh
i5. 3.08 h,09 h,92 5.05 7.18
16 3.13 h,16 5.0L 5.93 7.28
© AT J.21 h.2h 5,06 6,02 7.38
18 3.39 0,0 5.18 G.25 7.5)
3 2,00 J.71 4,72 5.59 7.00
35 2,64 3.72 h.q2 5.0 7.0l
76 2,01 .71 h.15 5.62 7.02
It 2.6] 2,73 Lo Th 5.61 7.00
a8 2,02 3, 7h .15 5,02 .02
29 2.463 3.75 .7 5.61 7.01
4o 2.62 h,7h h.75 5.60 7.02
hi 2,00 3.72 h.76 5.0 7.0]
h2 2.64 3.76 VNS 5,59 7.02
i7 2,63 3.7Th I, 76 .01 7.03
L 2.61 2.72 h.t5 5,62 .02
TTThy 2.0) 373 TR 560 O
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Shape 1 lnetongular noss and Lrinanpgulaer toll plor
Humber of plova{n) fheoo {rright) WidLh of plovt Kk oy
nrang) 11,52 14,09 5.9 7,86 1i.3h
Giniiomm proflle potlle prorilae Irariln peaflia
C"h {em) {om) {cw) (ow) [om)
o 2,66 2.7 h.16 5,63 7.0U
2 2,05, 1.76 h.5 5.0h 7.01
4 2,66 3.79 hartr 5.65 7.00
[ 2,68 1.78 h.70 5,64 7,00
] 270 .04 h, 02 5.66 7.02
1o 2,73 3.85 h.a6 5,66 7.03
T 2.77 3.89 W86} 5.67 7.01
12 2.01 3.95 4,80 5.72 7.0h
—_FEJ‘ 2,069 W02 h.91 ‘-;.76 7.35"-
1h 2.93 Y.05 h.oh 5.81 7.12
T s 3,08 .12 5.02 5,88 7.15
16 7.15 h,1t 5.09 5.96 7.2h
17 J.24 izl 5,10 6.02 T+33
10 3.0 o 5,21 6.21 7,51
2 2,00 .70 .73 5.58 7.00
35 2,62 3,73 hoT5 5.60 7.01
36 2,604 1.72 h,th ﬂm;.ﬁl T.00
37 2.6) 2.72 h.75 5.62 7.00
10 2.63 3.732 Wo7h 5,63 7.01
‘_‘;;_ 2,62 7,74 h.76 5.62 T q.02
ho 2,61 2.73 b5 5.01 7,03
31 2,60 2.72 h.78 563 7.02
2 2.03 3.7 hort 5., Gh 7.01
ha 2,60 3.79 k.76 5.62 7.09
uh 2,62 3.73 h.75 5,060 7.02
hs 2,60 3.7 n7T 5,62 7.0
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Shapn

I Dectanpulnr neao il

trionguler tofl plor

Mibae of plora{n}t pour (Hiddlo} Vidih of pleri b oen
brap{e) 313.02 17.38 6.6, 9.l 13.40
T e | e | e | e |

[ 2,66 3.70 et 5166 7.01

2 2,05 3,02 .76 5,60 T.,00

i 2,07 .04 h,76 5,09 T.0L

[ 2,69 1,87 4,082 5.69 7.0L

8 2.7h J.92 L, 84 5.72 7.02

10 2.73 3.56 h.DBs 5,74 7.01
Y 2.9 W06 W86 577 7.02

12 2.05 h.12 h,an 5,00 7.04
-__13 2,96 - h.25 h.9) 5. 8h 713
_ 1h T —-:1-.:)"!; N h, o2 .56 %.80 T.22
___15 1,10 h,h2 5,08 5.94 7,28

16 7.28 h,52 5,00 6.01 7.33

17 7.6 b, 58 5.49 6,16 7.508

18 7.h0 .69 5429 6.37 7.0
“F';h 2,62 3.7L h.72 5,61 6.99

35 2,61 3.72 h vk 5.62 7.00

26 2.63 3.73 k.75 3.6h 7.01

37 2,62 J.72 L,7h 5.63 7.02

78 2.6) 3.73 W75 5, 6h 7.03

19 2,6Gh 272 h,76 567 7.02

ho 2,65 .75 h.1s 5.Gh ?.03

hy 2.06 1.76 h.T7 5,65 7.04

2 2.65 1.7h h.78 5.62 T.00

43 2.6) 2.75 h.Ts 5. 04 T'OH.

hh 2,62 3,70 h,7h 5.66 7.03

45 2,64 3.73 i 5,05 7.03
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Shape 4 ltocbangular noso rxl Lrinngular toll pilor
Humbor of plava{er}e  Feur ( right ) WlLiLth of plovi 4 am
Bracle) 13.00 17.24 6.66 | 9.9 T
Glntlom Iill‘l.'ll"lo prellie prarflio prallln prefllle
(om (o) (cm} (em) {em) {em)
o 2,66 3.79 h.79 5. 0h 7.02
2 2.68 3.01 h,70 5.66 7.01
h 2,67 3.02 by 5,69 7.0]
6. 2.69 8.86 H.7Y 5.68 7.02
[ 2.72 5,69 L6l 5.74 7.0
o 2.76 3.9h h.06 5.76 T.03
T 2.01 W, ol Y 5.79 7.06
12 2,87 W10 h,o1 5,82 7.1k
IR 2.99 h.25 h,95 5.05'—_d_ 7;;3_
14 .._5...]_2 L T .97 5.89 T.29
15 3.0 o,k 5.00 2,87 7.36
16 3.26 .52 5.15 6.03% 7.h2
17 3.20 h.61 5.22 6.15 7.58
18 3.6 Tl 5.J0 6,32 7,64
o 2;60 3.72 .71 5,061 7.01
35 2.61 1,72 i, 72 5,63 7.01
Jo 2.62 2.73 .73 5.62 7.02
a7 2,01 3.7 horz 5.60 7.00
38 2,62 3.73 b, 7h 5. 60 7.01
29 2,61 J.70 oo 5.6 7.01
ho 2.65 3.75 hors 364 7.03
L3 2,6 3.70 h,76 5.61 -7.02
h2 2,63 3.77 b.7h 5,68 7.02
B 20 3.76 v ] 5.6 7.03
Ly z:nl 3.1 h.15 5,04 7.0L
) ny 2.01 T y.qh WL 5,64 7.02
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110

Shapa t yeelnngulnr naao ond Lrinngular ioll pter

Humbee of plov(a} 1 one Whith of pinr 1 2 e =
e e o)
Drag ‘x}  H.08 5,87 1,90 2,05 W52 ®]
Hintlon]| mann|pralilolmana  |prolfile wenn problla[maon |prefila puean |yeolilo N
{am) dapth [t:ln] dapth {an} depbh (nm) dnptici [cm} dapth (nnl) - D

(cnl} (mn) (l’:lll) (l:l") (cln}

: n

o 2.70 | 2.76. |2.68 | 3.66 |%.69 ] h,70 [5.64 |5.60 6.00| 6.91 EE
e

2 2,72 | 2,75 [3.66 | 3.08 |h.70 | W.TL 5.65 | 5.70 6.0 6,92 —
—_— —

b 2.7h |z.78  |o.6r |21 [Be72 | haTR 5.66 15,71 6,92 | 6,90 (@)
b z.13 |z.12 [p.oB 1.6 thoyn 47D 5.66 |5.69 6,91 | 6.9% ED
)

B 2.7% |2.80 53,69 172 WhL7d | 72 .05 15.72 6,90 | G.92 53
1o lz.mh |2.81 pa7o [o.7d laagz | worh [5.66 |5.0700 16,49 .94 O
1

11 2.73 |z.82 [3.60 [3.75 |h.6m | .15 5.67 [5.7D 6,07 .“'95

12 2,71 |2.83 3,68 ' .77 ' 70 .75 5,68 |5,76 0.8 | 6.97

13 2.70 | 284 1.70 3.84 |h,r2 | h.76 5.66 [5.77 6,90 | 7.00

o 2.7z |z.86 ~ h.6s [2.86 |u.7y [h.7e (3.65 [5.8L .[6.89]7.07

15 2.73 2,92 1,07 3.89 69 h.ux 5,60 |5.05 6,06 | 7.1

16G 2.75 |2.97 3.66  [2.92  [h.ro jh.n3 [5.066 [5i09 6,90 | 7.10

17 2.7 (3.0 .68 |7.90 4.7z fh,86 [5.67 |5.94 .89 L7.2h

18 z.72 .12 1.69 oo W.ga [h,9h 5.68 16,006 G.80 |7.20

3h 2,70 jz2.72 GG |2.GH M09 h,68 3,66 |3,65 16.89 | 6.BT

75 2.75 |z.70 10.67 |2.66 [h.70 | h.70 |5.65 [5.66 6,90 ) 6,BG

a6 2.72 |2.73 .00 3.07 h,73 | h.09 .07 15.64 .00 | 6,08

37 2.70 |2.9m  h.67 3.63 .11 w72 )5.68 5.06  l6,90 | 6.87

34 2.1 |2.15 p.es lo.or [haT2 (hTL 5,66 15,67 6,09 | 6.88

50 lz.7 {2.75 b.ro [3.60 [n.7z |40 [5.65 [5.66 - Je.oL .00

ho 2.75 12.70 h.6e |a.67 oo 4.7y [5.07 |5.63 6.90 | 6.689

Wy 2,72 |2.753 N, 0o 3.69 L 51 h,72 5,60 |5,66 6.90 | 6,90

L2 2,73 |2.77 3.0 |3.66  [h.73 [H.70 |5.66 5,68 6,91 | 6.91

[y} 2,75 l2.76 1,69 3,08 h.72 h.71 5.65 [3.60 6.09 | 0,80

hihy 2,70 |2.15 .70 |n.70 |h.6e [harR |5.0T 5, 0h 6,90 | 0,87

s 2,73 12,76 .67 Ja.ev ove |0.70 puo6 [5.063 .08t 6,09
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Shapa 1 Healongaline nese ond telangular tall pler
Mumbar of placa(a)t  Tue. Widln of 1l o 2 om

neng(e) W1 5,95 2.12 J.11 .60
GLnllow proilla profiin protile prartie peariio

(cw) {em) (ew) {em) {em) {cm)

0 .75 J.72 4,068 5,70 6,90

2 2.76 3.7h .69 5.69 6.91

h 2,74 375 h,yo 5.71 6.52

¢ 2,77 2.73 h.TL 5.70 6.90

8 2,74 5 .2 3.72 6.92

10 2.70 3.77 hois 5.70 6.93

T 2.80 3,81 .75 5.72 6.95

12 2,80 2.84 ot 5.77 6.96
T 13 z2.bo 3.87 h,76 5.19 7.06_'

- 14 T _"2_.71-9 1.0 hoo 3.85 T.10

T 15 2.96 7.57 4, Bh 5.08 T.14

14 7.02 k.05 T k.86 5.95 7.16

17 3.08 h.1 .92 6,07 7.2h

g 321 4. zh .09 6.19 7.h2

3h 2,12 360 4,68 5,60 G.87

35 2.73 .68 1,09 5.66 6,80

bl 2.72 3. 68 LA ] 5. GY [k

97 F L 1,67 LY 5. 6h 6,49

b1 2.73 2.64 h.ro 5.68 6.97

2% 2.7h 3.70 b.71 5.67 t,69

o 2,73 3.72 i, 70 5.65 6,90

bl . 2,75 3.7h h, 69 5.60 6.91

h2 2,73 .71 h,on 5.67 6.09

b2 2,74 3.72 b.70 5.69 6.87

bh 2.75 J.70 h.,72 .68 G.80

hs 2.73 3.7 e.71 5.67 6.89
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Shapa 1 Raclosyjular noso nnd trinagular tnil plaer
Humber of plore{n}s

Threo [widille } Widin al piort 2 em
heas(e) k.36 6.17 2.8 3425 5.15
Shntlom rroilie pratilo protite protile prafils
tomS tem) s (cm) {em) {om)
o 2,76 3.70° h,69 5,60 6.92
2 2,75 3.7 4,70 5.07 6,91
h "z,78 2.75% h,y2 5.69 6.93
6 2.79 J.7h L. 5.71 G.92
8 7,01 3.73 horh 5.74 6.92
10 2,02 3.76 hoth 5.75 6.5
Y 2,84 3,82 .73 5,17 6.96
12 2,08 7.87 h,70 5.02 6.99
o 13 2.91 3.9 h.vo 5.835 7.0?“
1h 2.52 3.98 4,02 5,89 T7.16
15 2.99 06 by %.96 7.22
16 1.07 h.15 ih,91 6.09 7,29
17 1,17 W27 UL 6,17 7.38
IR} 3.37 h o6 5,08 6,29 T.54
R 2,70 3,08 .69 5.66 6,88
3% 2,12 3.69 h,71 5,67 G.87
36 2.7 .70 h.7a 5. 67 G, B9
a7 2.73 3.71 h,70 5.6B 6,91
uti} 2,74 3.70 h.71 5.69 6.50
39 2,75 3.71 I.72 5.70 T
ho 2,7h “3.72 LI 5,00 6.92
1 2,76 3.73 h,72 5.67 6,50
h2 2,77 3.71 .72 5.66 6.89
) 2.75 3,70 h,71 5.67 6.88
th 2.7 3.69 h,72 5.69 6,94
s 2.75 372 E! 5169 §758
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' ahnps 1 Reclaspular nene ond trianpgwinr toil plor
Numbar of plavain)s)  arsa( tight ) Whith of plrer 2 g
neagfe) L 40 6,23 2,19 3.26 5,11
Statiom profile puntl ba praltlle profllo mnllha
am {cm) {ew) (em) (am) Lem}
o 2.78 371 h.j2 5.66 6,90
2 2,706 2.72 h. 70 5,60 6,92
b 2.79 3. TH by 5.69 6.91
6 2.70 3.76 b 5.60 6.93
] 2.62 2.77 4,73 5.72 6.92
10 2,04 3.79 h,Th 5.73 6.93
T 2.05 3.03 hTT 5.75 6.95
12 2,87 3.08 b6 5,81 6,97
T 2,92 3.95 M.79 R Tl
14 :;;ﬁl h,olL .81 - 5.50 7.15
15 3,02 .08 hons 5-55 T.2h
16 .09 h, 1k k.02 G.oh 7.20
17 J.16 bh.2h h.97 6.13 T35
18 3.2 b.hs 5.07 u__h.zﬁ 7.hg
3 2,70 3.67 .70 5.05 6,07
15 2.72 .60 W7z 560 G.80
a6 2.71 3,70 h,71 5.67 6.88
37 2.71 3.72 h.1o 5.067 6.90
J0 2,7h .71 h,71 5.60 6.9l
39 2.75 3,68 .72 5.69 .90
ho 2.7) 3.70 hoTh 5.060 6,88
h z.72 3,77 "5 5.60 6,89
2 2,73 3.7h b7 5.6% 6,90
b3 2,71 1.73 ho7h 5,606 t,92
Tl 2.7h 3,71 T 5,67 .91
b 2.75 3.069 L.75 5.68 [Ri]
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Shape 1 Hectangular nesa and trlangulor toll pinr

Mumbiny aof plorain)

Four [ Hlddio ) Whdth of plart 2 ew
brag(e} 4,60 6.70 a,hi 3.6 5.hL
HSlnlimu prallie prafliln peallle pynllia prolilna

G Lem) {rm) (em) (cw) {em)
0 2,76 .72 h,7h 5.70 6,94
2 2,70 J3.Th h,75 5.71 6,95
b 2.79 J.75 U s 5,69 6.9]
6 2,82 3.7 hos 5.72 6,95
& 2,04 2,76 .73 5.71 6.07
10 2,86 1.70 .75 5.7 6.98

BT 2,07 3.8 4,70 5.70 6,99
1z 2.95 .2.89, h, 8o 5.71 7.0)
T 13 2,99 3.97 h.82 5.8) 7.04__
14 3.02 h,ub h.85 5.94 7.18
L5 3.10 15 R 5,99 7.29
16 1,17 h,23 h,96 6.11 .36
17 7.26 H,na 5,04 6,20 7 A
18 2.48 h,59 5.12 6.7 7.56
gl 2,71 7.66 W7o 5.66 q.ﬁa
a5 2,72 3.07 i, 69 5,60 6.90
36 2.7] 3.66 hL,T7L 5,09 G.91
27 2,72 3,68 h,72 5.70 6.92
38 2.71 3,69 h.73 5469 6.90
39 2,7h 3.70 L.72 %.60 - 6,92
ho 2.76 3.72 h.73 5.69 6.5h
h1 2.7 3.73 a5 5.70 6:93
h2 2.76 J.78 horis 5.7 6.9h
L2 2.75 3.71 1o h.6o G.92
hh 2,77 13,72 T 5.67 6,91
hs 2.76 .10 (2 5,08 G.00
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Shapn | ltnctanguloar namo nind Lrinugular tnid plor

Huwbor of ploraf a)a

Fonr ( righl )

vl af plers 2 cm

bragle) h,63 6.066 2.h6 3.h9 .39
ThHiation peallle ;rnrlln pratlie orilo pverlia

{em} {cm) [em) (cm) () (e}

a 2,7h 2.Th .72 5,69 6,92

2 2:76 3.77 h.73 5.72 6,90

Y 2.78 3,76 ho75 5.70 6.95

b 2,80 .77 . th 5,71 6, ok

8 2.02 2.78 h.T5 5.73 6.96-

10 z.85 3.79 h, 77 5.75 6.99

T 2,08 7.8% h, 79 5.76G 6.08

12 2,9) 3.88 h,8) 5.70 7.02
T i3 2,97 3,95 . 4. oh 5.85 T»OE_"

14 3.0: ho0% .86 5.92 7.6

15 J.12 .33 W, 18 5,97 7.27

16 J.10 b, 22 4,95 6.07 7.35

17 3.28 .06 5.02 618 71

18 346 4.55 5.1h Gk 7.55

3 2,71 3.68 .69 5.60 G.87

35 2,70 3.66 .71 5,00 ﬁ.8§

a6 R.TE 1,68 ot 3.07 6,90

a7 2,73 307 h,72 3.60 6.91

.18 2.7h 3.69 h.72 5,07 6,92

a9 2,73 3.0 h,Th 5,00 6.93

ho 2.7h 2.71 Yo .09 GJlgl

Lk 2.73 370 —".T“ 5.70 6.93

ha 2.76 3.72 ho72 5.064 6,94

h3 2.7h 3.71 h.71 5.07 6.92

Wh 2,72 ENT h.72 5.60 6,94

hs 2.7 J.70 hoth 5.068 6,390
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Shnpe ¢ Trlianpulor nowe ancd tall plor

Numhiag of ploe(n) 1+ gne

WLt ol ploe 0 h en '

brap (£)  7.09 10,57 9.72 7.1 342
Slalkon] mann|prorilolweny |prodlinl maan JpenC)la|moan |profdlo jmonn prolile
{om} dgapth| {em) [dapti] (em) Joeptn| {em) [sopin] (ew)  |deptn {cm)
cm (em} (em) (cm} (em)
0 2,67 ] 2.65 7.62 7 3,60 |W.6h [ n, Gy bs.81]5.83 P 6,72
2 2.65 | 2.67 | 2.6013.62 jh.65 [ 4.69 |5.8315.86 g g9l 6.4
i .60} 2,66 3.60 | 9.6 yh.62 | b.70 5.00 ) 5.85 6,7h| G6.72
P 2.64 | 2.69 3.58 | 3.69 [#n.60 | h.68 [5.05]5.086 6,757 6.75
8 2,65 | 2.72 4.56 | 3.65 [W.6x | hayr | 5,83 | 5.02 6,7h| 6.76
1q 2,66 | 2.73 3.55% | 2,66 [n.63 1 .7h 5.062 15.93 6.76| 6.8k
11 2.606 | 2,75 3,38 1 3.71% [ hL65 | M7 .00 | 5.97 6,75| G.02
12 z.69 | 2.78 2,57 L g.7% - Uhoez | h.BD |5.82 [ 06 [6.76) 6.86
13 2.68 | 279 | 2,95 | 276 |u.on | a.sp |3.83 [Gaz | 675 6.92
it 2.65 | 2,82 3.58 | .83 [ n.61 | h.ool a5.Bh 6.21 . | 6.76] 6.96
15 2.66 | 2.85 | 2,00 | .07 J4.63 | hu99 | 5.85 16,29 | 6.T3) 7.99
16 2,6h | 2,68 9.62 87,96 [h.62 5,00 5.0 | 6.3D 6.7 T.12
11 2,66 | 2,90 4,59 th,05 4,60 | 5.1h [5.80 [6.h2 | 6.75) 7.19
18 2,68 | .02 3,57 | 4,16 [ h.6h | 502 |5.82 6.53 6.75 “r.aT
30 2.65 12,60 |3.56 .50 (h.o5 | her ju.B 5.79 6,73 &.70
35 a.0h | 2,02 3.50 12,55 |h.02 [ 4,60 5.82 )5.80 6.75] L.72
s la.66 2,68 | 3.8 )3.56 [n.o | w6k 13.03 300 0.Th| 6.7D
77 2.65 | 2,63 | 3.56 ]2.56 jh,6a Fh.G2 |53.80 |5.B2 6.75| 6.7h
BT a.h |2.62 | 2,60 | 3,57 |u.eh [wie3 |5.81 15.82 0.7 10,76
9 2,60 | 2.63 2.57° | 3.58 [h.6L | H.Oh 5,84 | 5.82 6.73]| 6.75
ho 2,67 | 2.6h 3.38 | 3.56 [h.62 | w.65 |5.03 5.01 6.74] 6.76
1 .08 | 2,65 | 0,61 |2.55 |0 | b.et [5.82 45.8% g g5] 670
42 2.65 | 2.60 | 3.60 [3.5h [h.ez | .63 |5.83 (5,82 | 6:TI g 75
L z.6h | 2.62 1,58 [ 2.56 0,63 lr,6s ].5.84]| 5.80 .7 6.73
gy .06 [2.65 | 3.96 | 3.57 |#.6h [n.63 |5.82 |5.8) 6,75 6,75
I z.G65] 2.62 3.50] .55 | w.62 | h.eh ] 5 oLl 5.02 6.7] 0.77
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Shape JIriengulnr nose and tail plar

Humbar af plavala)e o o Widlp of plact ) om

beaple} 640 12,70 1107 8.76 .29

BEnilam P T elile peailiie YR e Te

(°E3 {eo) cm} {em) {em) {em)

o 2.00 3.62 4,65 5,85 G.h
2 2.70 2.6k o7 5,87 T 612
i 2,72 3.6) .69 K56 6.73
o 2,73 ) W,6B 5.68 6,7h
B 2.75 3.66 .71 5.93 6.7%
10 2,7h 2.67 .75 4.95 6,78

T 2.76 3.7 IR?) 5.99 6.05
12 2.0 2.75 i, nh 6,05 .80

T 13 2,00 3.19 h, 58 0,15 ‘M-Ej;;"'-
1h ».87 3.06. h,96 .22 6.95
15 2.92 1.89 5.02 6.]1 7.00
16 2.95 32.99 5.12 6.39 7.13
17 2.99 h,12 5.2% G.hy 7.26
18 3.09 h. 28 .02 6,01 7.4
ah 2,060 7.54 h.59 5.78 6,70
15 2. 62 1.56 h. 6o 5.0 6,71
26 2,01 3.57 .01 5,82 0.72
a7 2,064 1.55 h,62 5.00 L,
38 2.65 3.56 463 5.82 -—-6.73
19 2,66 3.47 h.6h 5,03 6.7h
Lo 2.0% 4. 56 h, 65 5.00 G.75
by 2,04 .60 W, 63 5.05 6,76
ha 2.63 3,59 4,62 5.86 6.7h
h3 2.65 .57 h.61 5, 64 G.72
by 2,67 .50 h.6] 5,05 6.75

) _h;"w____ 2.66 5.57 fh,Gh 5,00 [ 1

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Shape o Priangulor neas ood tnli pler
Humbnr of plara{=):

Thiaa (lui(llll [} }

Wil ol plar: 4

1)1

venple) 5.71 13.01 113,51 10.65 770
Stnliom prelile profiie praiile praTiie profiin
{om Lem) {em) (em) (em} [em)
0 2.70 .04 b, 6 5.86 6.75
3 2,00 7.06 h,Gh 5.5 G,7h
5 2,71 .67 h,66 5.80 6.72
-G R.72 3,67 h,G5 5,91 6,76
) a,h 1.69 i, Th 5.90 6.78
10 2.75 2.72 h, 70 .97 6.80
T 2,02 1.76 4,05 6.07 6. 87
12 2,860 2.01 4,06 G,11 6.92
Y 2,92 3.87 W, 49 6.10 T et
14 _;T;n 3.93 h.o9 6,25 7.053
::r; 15 3.0) 2.00 .07 G071 T.18
i6 3,07 h .06 5.19 6. hh T.24
17 1,34 h,16 5,20 6,56 " 7.32
18 J.zi h. a8 5.50 6.7h 7451
b1 2. 62 .55 h, 50 5.00 6,72
25 2,Gh 357 .60 5.8 671
26 2,63 .56 h,G2 5.03 6,70
i\ 2,95 3.56G 1,61 5.02 6.7=
38 2.66 3.57 h,6] L 6,74
39 ‘2,60 3.58 h,Gh 5.823 6.75
Lo 4.69 5.59 h,66 5.0 6. Th
by 2.07 3.58 i, 65 5.86 6.706
L2 2,70 2.57 L.GD 5.087 6,77
] r G0 1.58 462 5.6% 6.75
bk 2.67 "oJ.58 .6k 5. 480 6.73
hy 2.60 3.59 .63 5.06 T
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Shape « Triasgular nona and Lokl plox

I om

Humhar of plovalo)r  pupae (right) Width of placs
pragie) 9.69 ) 14,93 17.41 .72 7.60
S e "lom) e Mo P o)
0 F00 7,65 i, Gh 5.85 6,76
2 2.70 3.67 h.66 5.07 (.78
& 2.72 2.6% 4,65 5.86 6.76
6 2.7h 1,70 LGy 5,00 6.77
B 2,77 3,68 h,72 5.95 6,00
10 2,79 3.7h h,76 5.99 6,02
- 1l 2.83 3.77 4,00 6,03 6.06
12 2.89 3.82 .80 6,11 6.95
- 1] 2094 1.06 h.92 6,20 6,98
14 2,97 3.95 hgt G.27 7.08
L5 3.0% 3.99 5,905 . 6.35 7.16
16 3.12 h.o7 5,18 6.4z 1.25
17 J.17 .18 5,26 6,52 T.33
18 3.25 hlho 5.51 6.72 T40
h 2.62 1. 56 .59 5.01 G.70
2 2,6h .58 L, 60 5.82 6.7
a6 ) 2,63 ) 1.57 G 5.83 f.7h
a7 2,65 3.59 h, 58 5.04 .73
1A 2,66 3.60 L. 00 5.85 6.7k
T 2.60 .62 h,G62 5.06 T 618
ko 2,70 _'3.53 h.6) 5.07 A
LY 2,72 3.62 h, Gl 5.85 G.76
iz 2.7h 3.60 b GG 5,80 617
42 2,73 3.6 h,Gh 5.8 6.708
bk 2,72 3.59 h,63 5.85 6,76
TR 2,71 3.62 h,63 TBI8G .75
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Shape 0 Prelapgulore nesa and Enld plers
wumbrar of plarveala) conr (mivdla) Widli of plare  jeon
heaele) 11,20 17.15 16,19 12,98 8.90
Slnllom prollle prarilne pratile penflie praflln
"”5 Lem) (em) (em} {en) {am)
0 2.90 IJ.GJ h,66 5.08 6,78
2 2,74 3.68 'ifh.ﬁﬁ 5.07 f.6a
h 2.12 1.70 (v} 5.89 6.81
6 275 373 h.69 3.92 6,82
i} 2.719 3.73 Loth 5.97 6.79
10 2. 64 1,78 [ & 6,01 6.03
o 11 2.972 3.63 L.n6 .08 6,07
12 2,96 3.87 4,953 6.17 6.92
13 2,07 3.9h 5.03 G.2h T.0L
h 3.11 hoos5 5.1h G.35 T.1h
15 3,19 .12 5,79 6.6 7.22
16 3,20 i, 21 5.1 6,55 T.01
17 7.72 h,36 5.0k 6,67 7,49
iB 7.4 h, 55 501 6,01 f.su
. Jh 2,62 P h, 6o 5.79 2,72
3% 2,62 3.56 4,62 5,80 2,7
16 2,65 3.57 h.G) 5.82 2.72
a7 2,07 %3.50 ey 5.0) 2.7h
38 2.69 3.39 h.Gh 5.682 2,75
19 2.68 7.62 h,6] 5.401 2.76
ho 2.70 3.60 h,65 5.02 2.77
hl 2.71 3.61 h, 66 5.83 2,78
bz 2,72 3.65 h,67 5.8Y 2,76
43 2.7 9, 6h B 4.65 5.02 2.75
W 2,740 3.03 h, 6D 5, 80 2,7h
hs 2,72 3.61 L, 64 5.02 2,76
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Sheps 1 Trlanpular none nned el pler

Humbar of glava{n)y  pour ( right ) Midly of plev: K om
teneie) 11474 L1707 16,09 17,03 9.13
StltISnn' prellle prefile melriia mollla Froliln
{cm) [om) {rm) {em) {em)
"] 2.7h .50 L6l '5.36-. 6,00 .
2 2.72 3,64 I qd 5.08 ‘ 6.7T
h 2,70 7,68 b7 5.90 6.79
6 2.7h 3.7L 72 5.91 6,80
8 2,77 3.74 b, 75 5,95 .81
19 2,82 3.79 U 5499 6.8h
o 11 2.90 3.07 W, 05 f,00 o 6,87
12 2.95 1,08 f,93 (.15 6.91
“__h 17 5.05 7.96 5,02 6,21 T
1h 3.15 hooh 5,12 6,232 707
o 15 J.21 11 R,20 46,05 .19
16 .25 .19 5.32 6.53 T.28
17 3.J2 b LA 6.62 7.h1
10 3.0 h, 31 5,59 677 755
a4 .04 3,50 h.61 5,80 2.71
35 I 2,05 3459 h, 62 .0 . 2.73
36 2,00 3.57 W63 5.83 2.7h
37 2,07 7,450 o Gh 5,84 z.72
- pLi 2,69 3,508 4,60 5.05 2,7h
19 2.71 3.60 i 65 . 5,86 z,76
40 2.73 3,01 L,66 5,84 2.78
hy - 2,7h 3.62 h,6h 5.83 2.77
b2 2.74 3,60 h.63 5.82 2.75
%] 2,73 IJ.GZ 62 5,04 2.
tih 2.72 A, 6h o, Gh 3.8 2.76
45 2.73 3.61 3.65 5.83 2.75
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Slhopn Tyloangular nono oad inll Hnr
Humbor of plov{n} 1 Oue | MAdLh of plev 12 g
vesgola) 3,12 .07 4,37 7,20 2,27
titntlon| mannlprerilal mann |prefiley monn prefdlefmann [pralila fmann proflla
{om) dopth| (em} [asptic] (em) | depth (am} Janpen| (en)  |dapin] (ew)
{om) {cm) {om) {am) (cm) N
0 2.0 2.9% | a2.60 1 3,00 lh,62 ";T:;—_ 5.7 5;7h I O & 2 I
2 n0t21 2.75 2.70 3,60 |h,63 | 0,062 5.0 ] 5.7 6.78 | G.77
[ 2.Th| 2.76 3.71 ] J.70 [h.62 |Ah.B5 [u.76 .76 |G.18 | 6,75
6 2,73 2.7% |3.69 | 371 [u.6s Ye.66 575 | 5.75 [6.79| 6,76
B 2700 2,77 |2.66 3.2 pwLeh |Aor2 bs.vs ) 5.76 16.77 | 6.8
10 2.08% 2,79 .68 | 3.7 jh, 08 [T .t | 5.B1 0 [G.78 | 6,79
11 2.7 | 2.8 [2.67 {377 ey |vr9 B.7y [5.82 le.7B | 6,78
12 2,71 | 2.86 0,70 .1 3.8 6L L85 5.72 5,85 h.70 | 6,82
12 2.69 [ 2,85 |5.09 [0.89 |naces [&ion |s5.73 [5.93 .79 | 6.85
14 2.70 | 2,91 . §3.67 |2.93 |4.6h | h.96 |5.76 [5.98 .77 | 6.90
15 2.92 j2.9n l3.65 |3.99 |#.62 | 5.03 [s.74 |6.03 |6.78| 6.96
16 2,78 12,99 3.67 h 02 h.G5 | 5.06 5.75 [6.0B 6.79 | 7.02
17 2,73 | 3,03 li.69 |0 |u,63 |s.09 |5.76 [6.12 6.77 7:08
18 z.72 [7.06 Born ba,ie lniea [san ls.9m lea6 6. 77| 112
b 2,70 lz.60  |3.65 §i.62 |4.60 (h.56 5,71 |3.72 6,77 | 6.73
35 2,68 |2.65 .67 {3.63 [h.62 fu.ne o 5.7 |5.73 46.76 | 6.77
510 2,70 [r.70 7.69 [1.64  [6.6n a.s9 |5.75 | 5.7h 6,791 6.76
37 2,73 | 2,13 1 3.68 (0.6 jh.6D h,6o | 5.76 ) 5.7h  |6.TN 16,77
a4, Zoth] 2472 7.66 1,05 5,62 .61 5.0 1 5.75 6.79 h.75
19 2,731 2.73 12,60 [3.66  [i.Gh h,62 5,75 15,76 |6,78 |6.77
ho 2,721 2,7h |2.67 [3.68  [.6u [h.Go 5.73 | 5.77  [6.70 |6.76
h1 2,70 | 2,75 |[2.49 .65 PGy WLEL 5.7 | 5.78 .79 |G.70
ha 2.4 | 2,73 {y.10 P66 h.G6s  |h,62 5.5 15075 berr l6.vs
ha a.;z 2,72 la.68 p.6y  b.63 | .61 |5.76 {5.76 .70 |.6.77
Ly 2,75 | =.TH 3.66 .65 h,62 | 4,60 .73 15.7h 6.7l 6,76

us 2.73 | 2,73 | 3.73 | 3.6 {n.6r | w62 |5.70] 5.75 6.8l 6.7
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Shnpe

Priangulnre noss el tail pler

Humhar of plara(n)r 40 WilIh ofF plers 2 cm
Dvap{n) 3,24 .50 4,51 3.29 2.6
Gtaliom rotile prafllo el Tan pretile pralila

o) Lem) (cm) {em} (em) {am)
0 2,73 2,67 .65 5.73 6.75

2 2.72 3.66 h.66 5.75 6.76

h 2.75 d: . Gh 5.7h 6.77

6 2.7h 1.72 h, 65 5.67 6.75

B 2,70 3.75 h,70 5.78 6,78

10 2.79 3.80 h,r5 53.8) fi, 80

- 11 .02 3.0%5 b, HL 5.0h0 6,81
12 .85 2.86 Y 5,09 6.86

17 01 2.9t h.90 5.93 6,91

Lh 2.9 .07 hoon 6.01 G.95

L5 2.96 L,05 5.05 6.09 6. 99

16 2,00 11 5.13 6,12 7.05

17 J.06 9.15 5,17 6,14 7.13

18 J.5h .18 5.19 4,20 7,10

24 F 3.6Gh 4,58 5,72 6,76

335 2.68 J.66 h. 59 5.7 6.75

26 2,466 3,67 h. o 5.75 6.77

37 2,69 3,65 h. 62 5.6 6,70

a0 2,70 3,67 b6 5.7 f.00

37 .71 360 h.6) 5.70 G.79

ho 2,70 ‘j.Gﬂ h Gl H.TF 6,01

hy 2,69 2,69 h.65 5.7 6,78

ha 2,60 NS oot h.T6 i, 00

h3 2,70 3.68 h.63g 5.75 6,52

_ Wl 2,72 1.69 J3.64 5.78 6,10
151 2,71 .06 h.63 G.76 .01
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Shaps Iopganeular pogo wid tnil piors

Humboy of plava{a)e Thrae [wirddla) Wlhath al plevye 2 gm
gl 1,50 h,90 5,.0h 1.73 ' .77 "5
Sl.nl,l)nnn prat’liae prallin proflle pni’lia prefiln (@)
cim {em) {cm) {cm) [cm) {rm) 8_
5
o 2.7 3.60 .6y 5,753 677 O
(7p]
2 2.75 3.70 h,oh 5.77 6.75 %
t 276 3.7 h,66 §5.16 6.76 <
|_
6 2,77 3.6% h, 67 5.78 6,17 Y
L (@)
i} 2,76 2.7 ] 5.79 f.78 aj
10 2,0 1,77 h,7h 5, 6h 6,82 45
11 z.8% 3,02 .79 5,07 6,02 (.)
12 2,89 2,19 L .85 5.90 6.05 1
] 2,90 2,96 hooh 5,96 6,9h T%S
M p—
1h 2.97 iy, 02 5.02 6,02 6,498 g
15 .00 L,09 5.07 6,08 7,03 ' Y—
6 ) [T, 16 G Lh 7.0 ~
1 3,04 L 5,16 1. .

2
1t 1,10 o, 520 G.10 7.7 Nvp)
10 7,01 h.29 , 5.1 L 7.35 a>3
2 2,66 7.65 460 5.71 6.77 =
15 2,68 1,66 T 5.7 6,76

(V-
36 2,70 3.68 b6 5.7h 6.77 g
7 2.7 3.70 6o 3.5 6,78 B

y - —

30 Y 3 3.68 h, 62 5.7J 6,17 o)
49 2.7h ' 1,69 .6 5,74 G.78 —l
. 1

ho 2.73 3,70 i, 60 5.5 6.79 '8
" 2.79 2,71 .63 5.76 6.768 S
h2 2.7 2,12 i, 66 .77 6.78 %
ha 2,72 3.70 W hh 5.5 6,79 o

(2]
th 2.7 3.00 h. 63 5,76 6.77 —

- <
W 2.72 1.70 n.65 5.75. G.10 9’



Shaps 1 Frlangular neso nud ball plor
Humbor ol ||I.nl'n{n}l

Thisa {vight ) WLkl uf plove 2 e
bensle) 205 07T W01 .81 2.66
T e | e | e | e |

[¢] 2,76 1.70 4,66 5,76 6,76
2 2.3 3,71 - W67 5,79 6.75
b 2,74 3,69 .68 5,71 6.75
6 nLT6 .72 - h.7o 5,70 6,76
8 2,748 a3.7h .69 .01 677
10 2,02 7.76 " hLT5 5.85 6.79
o 1 2,86 .80 h.81 5,089 6,82
h¥3 .91 .08 i 06 5.UR 6,06
o 13 2,95 3.05 h.92 5.97 £.93
1t 2.99 hooh h.99 .00 6,99
15 3.0 hotl 5.0% 6.09 7.05
16 3.07 b6 5.16 6.17 7.13
17 3.12 h.21 .72 6.21 T.20
n 7,22 .21 9.0 6,12 T.21
ah 2.68 1,6h h, G2 5.70 (o L}
25 2.6 1,65 h, oo 5.72 6.75
6 2,609 1.606 h.EA 5,72 fi,76
37 2,70 3.69 W, 6o 5.7h 6.75
an 2,71 7.70 h,6%) 5075 6.76
19 2.72 3.69 b i 5.73 6.75
ho 2,70 2,71 h.63 5,7h _ 6.77
h1 2,72 2,72 h, 60 3. Th 6.77
hz 2.1 7.72 W67 575 G.76
) p.;h 3.71;-_- “.ﬁa_“ ""_EFBT"_"' nf?;'_
hh 2,72 J.7% R 5.7 676
_ 45 2,72 3.73 b, 67 5,70 617
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. Shape ¢ Triengulere node ond tnll pler
Huatior of pdaen{a)y oo {michilLo) Whiki of plort 2 gm

reag(e) 3.72 - 5.22 5.92° 2.99 2.08
Bhnllon prullilo prefilo T RN praliin
6”5 {ow) (cm} {em) {rm) (em)

0 2,77 .72 L6535 5,.7h 6,76

2 2.7h 3.70 h. 66 5,75 6.77

4 .76 3.71 h, 6y 5.76 6,78

6 ?;?7 2.73 4.60 5.76 G.71

& 2.79 3.72 W, 66 577 6,76

10 2,81 7. 7h .70 5,87 6,78
! 2.85 3.79 P 5.90 6.6
12 2,93 1,86 .85 5.95 (.85
o 1) 2.96 3.96 h.95 .07 - 6.;;-
1h o 3,01 4,00 5,02 G.1] 7,006

15 3.06 h,a5% 5.00 6.19 7.07

14 3.14 h,a1 5.10 6.26 7.16

17 J.18 b, 29 5.206 6.35 7.25

in 3.4 6. 5.h2 6.hg 7,22

4 2,79 3.65 I, 00 5.72 6.7

A5 .71 J.60 I, 62 5.7k 6,76

36 n.72 3.60 IO 5.75 G.15

7 2.7) J.70 h,63 5.77 6.77

30 2,74 3.69 h,6h 5.76 6,70

9 2,75 "3.70 065 5.77 | 4.0

ho 2.72 1.7+ 4,66 5.78 ?.81

h1 .73 7.72 L. 65 5.79 6.79

h2 2,76 3.7h L,h6 5.00 6.62

3 27T 3.72 . 6h 5.78 i, 0o

W 2.75 1.15 i G6 5.76 G,RO

ys 2,76 1,727 h,03 5.77 6,01
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Hhape o Triangeler nono el Lnil plor

Humbor of plavaln)s

Wkl af plar

rone { right) 2 cm

neag(e) 7,60 5,28 5,45 1o 2,98
Statiom profile puollila penlila proflla prollin
c"h {om) {em) {em) (em) (em}

) 2,7h 3.70 i, Gh 5.73 .78

2 2.76 7.68 L,65 .76 G.TT

h 2,77 Jl?l hoGh 5.75 6.79

6 2.75 3.7R h, 67 5.7h 6.78

8 2.70 3.7h 4,60 5.76 6.77

10 2,82 .76 h,71 5,42 f.79
T 2.85 J.78 b6 5.89 6.8,
e 2,91 a4, My ., oa 5,96 6,.0h

o 1] 2.5 3.95 9L 6.05 - “-itgi
Y 2,00 .05 .90 .11, 7.02
15 .09 .13 5.06 .18 T7.09

16 3.16 22, 5,15 6.25 T.15

17 q.20 h, a6 .20 6,33 G.27

10 1,06 hiha 5.9 G.h6 7.36

ah 2.7 .60 .62 5,7h 60,76

35 2.72 13,68 h, 6L 5.75 6,77

16 2,71 3,69 I, 60 ) 5,76 6,70

7 273 3.0 h,62 5017 6.79

J0 2.7h 3,71 h, 62 5,78 6.00

19 2,75 3.09 thLhs 5T 6.79

T e 2.7) J.70 h,o6 5.79 .80
hi 2.75 J.72 b, G5 5,060 6,81

ha 2.7h 3.71 4,09 5.70 6,00

43 2.75 3,60 h.67 5.76 6.00

ULl 2.7h 3.71 .66 5.70 6.79

) g 2.0 .70 hoos 5.79 6,01
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Nunbor of plei(na)

Shapa s $lrculnr neane mdd Lall phor

Wil ol plar 0 b em

' One
beng (i) 6,71 16,062 8,354 6.33 W22
Stalion| wann|preClin]menn |peeriial moan [prollia jmoan |pratlla jmean Jpraflln
{om) daplh| (ewm) ibnpth | {om) tapth | {ew) dapih | {em) depth]| {am)
{om) {ew) (en) (em) {cm)
B 2,67 z.70 1a.60 | 3,64 | 8,63 | h,65 | 5.75] 5,76 6.79| 6,80
2 2,70 [ 2,72 ]3.62 | 3.65 | h.65 | .67 [ 5.7D ] 5,77 6.80 §.79
h 2,66 | 2,09 |a.61 { a.62 fh.Gh | .66 | 5,79 | 5.78 g.nz 6,00
G 2,69 2.71 3.63 | 2.60 | h,66 | h.6D 5760 | 5.79 6.81| 6,80
] 2,70 | 2,72 |3.64 7.G65 4,65 | 4,69 |5.79 15.60 6.8)| 6.81
10 2,60 | 2,75 71,62 3,66 [ h.63 | A,T2 5,70 | 5.78 G.81| 6.8z
1 2.7L | 2,78 1,61 J.72 N, G2 HoTh 5,70 15,02 6.82 IG.ﬂh
12 2.69 ;2,00 [0.63 2.9 | N.6h P b7 [ 5.77 ) 5.04 6.83| 6.86
11 2.66 | a9 3,60 |2.86 |h.66 | h,B2 [5.75 [5.89 G6.B1| G.92
T | 2.68 |2.95 [2.62 {3.93 | n.G2 | .90 |5.ym 5,95 | 6.8315.95
15 2,69 35,09 3. 6h h, 00 fi, Ght h,a6 5,76 [ 6.02 G,02) 7.02
16 z,70 | 5.0R 3,62 h.o7 h.0] .00 5.77 | 6.10 6,06] 7.00
17 2,67 | 3,10 |2.62 | A.is jh,6s | 5011 (15079 (6.Lh 6.79| 7.1h
18 2,68 [ 2.9 a.60 [h.oz0 |[h.oh | 5,22 [5.79 |6.192 6.82 7.24
ah 2,63 .60 L.58 .72 6,70
a5 2,64 .61 h,59 3.7) 6.79
6 2,65 3,62 4,60 .70 6,60
37 2,60 7.62 h,62 5.76 ‘6.81
38 2,65 3.6) h, 61 5.7h '6.80
39 2.66 3.62 4,59 5.75 6.79
Lo 2;67 3,061 h, 60 5.746 G, 00
hi1 2.66 .63 4, G2 5.73 G,0L
ha 2,68 3,64 5,67 5.76 G.Bo
Uk} 2,66 3.65% .62 5.7h '6.00
T 2,64 1,63 h, 535 5,74 - 6.B1
hs 2.65 3.64 4.61 5.75 | 6.0
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Shape 1 Clroular naso angd Lall nloxr

* Hombor of ptora{n)s Tue Wikl of plery W ocm
hracle) 8.10 13.20 10,44 7.92 5.9
Statlon rallle pratiie proCiin pinlilo ol b ln

(e (o) (o) {om) (o) (om)

Q 2.72 g.ﬁj LN 5.78 6,78
2 2.71 3.05 h.66 5.79 6.81
] 2.T0 5, Gh N, 6D 5.76 6.80
G 2,71 1,66 h, 710 5.70 6,02
o 2.73 3.67 h.73 5.79 6.81
10 2,7h 370 h.75 5.080 6.02
T 2,79 3.73 . "9 5.8 6.82
1z 2.0h 3,78 i 05 5.86 6.05
T z.92 5.59 4,91 5.1 | 6.9
W | 3.96 .96 5.98 6.98
15 3.07 h.o) 5.00 6,05 7.06
16 J.12 h, 1k 303 6.14 7.15
17 3,18 h.n 5,18 fi,21 .23
10 3.29 hoa7 5.0 6.2 7.0
9 2.65 " 3,61 h, 6o 5,7h 6.78
)5 2,Gh 3.62 .59 5.75 6.79
36 2.061 3.62 h.sg 5.76 6.80
37 2.65 7.6k I, Go 5.75 6.01
30 2,66 4,62 h.onz2 5,760 .82
19 2,68 .63 4,63 5.77 6.8
ho KN ] g, 64 h, Gk 5.70 G.02
Ly 2:67 ] h,66 5.79 6, 81
ha 2,69 1.65 L, 65 5.080 G,82
Iy 2,70 764 W, 606 5.78 6. 0o
hin 2.71 1,66 i, Gh 5.79 6,81
hs 2,72 3.65 h,Gh 5.80 .62
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Shapa (Clrcular noae and Lonil pdor

Mumbar of piaceln)t 00 (miaate ) Wldti of plory 4 om
brag{g) 9,20 15.72 11,89 v.66 6,61
sntf5nu; mrefiln prollin T preri e RTEAE prollin

: Lem) (cm) (cm) (em) {em)

o] 2.7 3,65 L,60 5.80 G6.02
2 2.72 3.64 TTh 6 5.78 6,B1
4 2,73 3.66 i 5.01 6.82
4 2,7h 3.65% N, 60 5.82 6.80
8 2.75 3.68 h,71 5,04 6,87
.1 2.77 J.72 4,76 5.87 d.az
h 11 2,82 1.75 h, bz 5.86 .83
12 2,87 3.00 b,a7 3.91 6,87
13 2,9 3.67 h.96 3.95 |02
1h 2.938 1.95 5.05 6,06 6,97
15 7,00 h,08 3,12 6.15 {12
16 .16 b, 16 5.17 6,21 Talh
17 3.25 b,z 5.26 6,29 7.28
18 2.08 L.hg 5.42 6.5 7451

ah 2,66 3.62 h.61 5.75 G.80

35 2,67 3,60 h.62 5.76 G.0L

16 2.09 3.63 4,02 5.7h G.82

a7 2,70 2,02 Iy, G2 5.75 6,02

30 .70 3.63 h, 63 5.76 G.B)

39 2,60 3.62 b, 6h 5.77 6,84

ho 2,69 3., 6h NS 5.70 %]

h1 2.71 3.65 h,65 5.79 6,04

b2 2,72 3.6h h,66 5,80 6.8

%] 2,70 .67 h,G3 5.02 6.83
Wi 2,69 5165 W,y 5,81 {7 §.87
hy 2,08 7.6h hoh Wi T Bk
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Shapn | Clrouler nese and Lall pler
Nimbine of plovaf{r)s Threo {riglt)

Whith of ploerichd em

neagie) 9,00 15,43 11,97 9.5% 6.66
Htaliom prafile pvnlClia proflle prolllo prollla

{om Lcm} [em) {em) (rm) {om}

o 2,71 3.62 N.66 5,00 6.93

2 2,72 I3.65 h.6B 5. 80 6,82

I 2.7h 3.6k W 67 9,81 G.B)

6 2.75 3.66 h. 6y 5,02 6,83

U 2,74 2.67 K68 - 5.82 a.84

10 2,76 3.71 hph 5,05 6,82
T 2.03 RN h,77 5.87 6,85
12 2,09 3.78 h.ps 5.92 6,08
T 2.95 7,85 h.93 5.97 e
14 3,00 3.93 ‘h,99 g.oh 6.99
Y J.15 h,o5 5.09 6.13 7.09

16 3.19 5,17 5,15 6.22 7.18

17 .27 h.26 5.23 Goh 7.26

10 9.4h0 4,51 500 6.48 7.55

o0 2,67, 3.60 h. 6o 5.7h 6.80

15 2,65 1.59 h.61 5.75 6.79

36 2.60 3.58 h,62 5,70 6,81

37 2.47 3.60 k.63 5.75 6.0

30 2,66 3.61 . Gh 576 G.Ro

19 2.70 2.59 .63 5.75 a.79

o 2,69 1.62 h, 65 .76 G.BO

iy 2.68 3,60 WL GG 5.77 G.01

h2 .69 7.62 L .Gh 5.76 6.m

h3 2,70 J2.65 L 5.76 6,82

h 2,69 2.63 h.6) 5.75 6.8

) 5 2,60 3.62 ] 5.7% 6.01
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' 132
Shaps 1 Clrcular noaa ol tr\lil plor
Humbor of plova{n)s poyyr  { MIDDLE ) Wlith of plerth cm
pro;{g) 10.77 18,05 b, 0 11,20 0.06
Hlatlaw prefile prallla prallle mraflle prallla
{em) { o) {cm) {cm) {om)
a 2.0 a3.70 I, 60 5,62 6.h5 *
2 PR 2.68 .70 5,8h 6.86
W 2,76 1,69 .72 5.6 6,05
6 2.75 371 ! 5.85 6.85
] 2,71 3.72 b.r2 5.067 6.87
19 2,76 3.73 hoys 5.B6 6.86
T 2,8l 3L31 A2 5,80 ;.80
12 2,88 2.87 L.89 5.90 6,91
_“__13 2.96 3.92 h gh 5,90 6.95
1h 3.07. 0,03 5.01 5,90 6,08
15 2,37 b,z 5,14 6.1 7,12
16 3.2h b, 24 5.25 G.2n T.22
17 3.32 b.3s 5.7 6.ho 7.2
18 b Sh L, 62 5.51 6.61 7.67
h 1.70 7,01 h,6n 5.78 &, B0
a5 2,71 J.62 b, th 5,17 6,01
16 2,09 Y. 673 4,05 5,76 L,.B2
kY 2,73 4,64 i, b5 5.79 6,82
ap 2.8 2,05 N0k 5,80 6.8
39 2.73 3,0l h,65 5.78 7.82
Lo 2.74 3.05 4,65 5,80 6,07
ny 2.79 3,66 h 6y 5.79 6, B4
h2 2.7h 7.3 4,66 5,81 6.6
iy 2,76 L] B {2 5.82 .04
[ 2,75 .67 o5 - %.00 0.08)
" 4y 2,7h 3,65 h,6s 2,00 6.83
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Shupe ¢ gipcular noso and bnil pler
Hitmbor af pln]‘n(n] | four ( }‘lght) Wilth of plars lam

vreasie) 10,66 17.97 14,39 11,26 7.9%
SLnLlom prollle proflla prol llo prefils preibln

( C"'S {cm) [em) {em) {em) {om)
0 2.72 7.69 Iy GO 5,00 6,84
2’ 2.7 J.70 .00 5.8) 6.85

4 2,79 3.71 b7z 5.4 6.87

) [ 2,706 J.72 1,70 5,B0 6,086
B 2,76 3.73 h.T1 4.87 6,87
10 “z,80 177 i, 7h 5,88 6,88

B 11 2.Bj5 2.83 h.81 5.90 6,90
12 2,90 3.49 hooy 5.92 b.92
13 2,458 3.0 hoya 5,94 6,90
1h 1.08 h,o5 5.3 6,00 £.99
15 3.15 0,13 5.11 6.13 ¢ T.19
16 3.20 Iy, 28 5.27 b, 20 T.25
M 3,35 K96 5.29 6,38 7.34
18 .51 TN 509 6,58 7.6]
;h 2,70 2.02 i, 61 5 T7 6.8z
35 2.71 3,67 LN ¥ 5.70 6.63

36 2,72 J.02 h.eh 5.70 6.uz

a7 2.70 S0 h.65 5.70 6.04
I 2,069 7.65 4,65 5,77 t.,0h

39 2.68 3,67 05 5.78 6, uh
he 2,70 3,04 4,67 5.79 " 6.85
H 2,71 1.0)] 6o 5 .80 6,04
L2 2.72 3.65 y,67 5.79 6.03
ha 2,70 7.66 N, 65 5.81 6.05
Wh 2.71 3,68 h,66 5.79 G.ah
hs z.72 3.653 66 B, 00 o ah
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Shapa 1 Clreular nono ond Lndl pier
Fumiery of plov{n) 1 tUna Wldil af ploz « 2 e
< bengalal 3,07 ;9% .52 7.01 T 1.95
Gintlon]| mean|prorlin|maan |proFilel mann |peaClidafmaan [procCiie fmean fprofile
{am) aopthi (em} |depti] (ew} [anptn| [an)  [depin] (en)  jlepld {em)
{em) ] (em) {ew) (em) (em)

o7 2.61| 2.60 Y2,73 | 3.72 |h.70 .69 5.72 5,70 u:ah 6,83
2 263 2.62 V.72 | 3.tk [v.68 | owato | s3] s 6.65 | 6.8%
4 2.65| 2,61 ]3.70 | 3.76 |*.00 a.71 | .72 5.7 |64 | 6,84
o z.02| 2,02 3,71 | 3,73 |h.09 horz | s.74| s.72 |6.85 | 6.83
8 2.60| 2,63 12,72 | 3.75 |h.07 hoh [ 5.0r3) 5.73 |6.B3 | G.B5
10 2,591 2.065 | 13.09 3,77 |h.69 I I I P 1 .70 16,00 | 0,85
w1 V2.6l 2.07 |7.72 Lasre ea | w79 [ sa73| 5.7 G.8h | 6.y
12 2.6h| z.60 3.70 ' 3,81 [h.70 h,8% 5,76 5.78 |6,BG 6,689
1] 2,63 f.;l 3.69 2.85 |h.69 h. 8z 5,.7h 5.79 [6.83 .91
1h 2,037 2.3 13.72 3,0 .68 4,85 5.76 1 5.81 [6.06 | 6.92
15 a.60l 2,75 |[2.12 Y a.92 lh.oo a0 | 5.7h 5.83 16,85 | 6.95
16 2.61| 2,76 |3.72 ) 2,97 | h.69 I, ol 5.72 5,86 [6.8h 0,96
17 2,30 z.78 |3.72 .02 [ 666 | w99 | 5.73) 5091 16.05 6.99
15 2 62| 2.81 13.73 | .07 | .08 | s.oh |5.70| 5.99 [6.03 } 7.03
ah 2,548 J.60 L, 66 5.60 6.0z
25 2,59 .69 .67 5.70 6.83
76 2,61 3,60 h, 68 5.71 6.04
T 2.60 3.70 W By 5.70 ¢85

B 2,61 1.71 h, 66 5. 70 6.8 i
39 2,59 3.72 b, 67 5,69 6.83
ho 2,60 3.69 h,68 5.71 ”6.85
51 z.6G2 3.71 h.69 5.70 6,0)
L2 2,60 2,70 h.70 5.70 6,04
h3 2,58 2,72 h,T1 5.7 - 6.8h
nh 2,61 3.73 W72 5.09 6.8h
by 2.60 L .70 5,70 "L ek

134

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



Shapa 1 Clrcular nose el inil pier
. Humbar of plora{e}y g.q Wikl of plary 2 om
wroale) 5.19 5,17 1,69 3.07 2,07
Statlom ol tle profiloe pinilla pvnfilo protile
{CNS (cm) (cm) {cm) {em) {em)
0 2,62 5.72 4,69 5,72 6.0
2 2,64 3.73 h.jo 3.7 6.85
4 2,62 3.75 h,71 5.72 6.84
6. 2,069 2.7k h.y2 5.7 G.82
8 2,65 3.76 Hoth 5.7h 5.85
B H ) 2,67 .77 4.73 5.75 G.85
T 2,69 3.98 .75 5.75 6.08
12 2.72 3.01 L, t9 5.76 6.90
T 13 2.7 2.85 4.83 5.78 6:;5__
1h 2.79- 3,80 4, BE 5.02 6,94 B
15 2.8 3.9h h .90 5,05 6.96
16 2,83 7.906 h. 96 %. 87 7.02
1% 2,06 k.06 5.02 5.90 7.08
18 2,91 k.12 5.11 6,05 7.12
I 2.59 3.69 b, 65 5.70 6,03
T Ths z.60 3,60 .66 5,71 .83
36 T RL6L 3,09 .67 5,09 G.05
aT 2,58 3.70 h,68 3.70 6.4
28 2.59% 3.71 66 5,71 6,84
a9 2,00 12.72 o7 5.70 G, 84
Lo 2.02 3.70 L 60 5,72 6,65
1 2.61 2.71 L.on 5.72 6,83
hz 2,63 5,65 W66 5.7h 6.05
h) 2,0h 2.7Th h.65 5.72 6,84
hh 2,63 3.72 thL G 5.72 6.85
s 2.65 .72 W Gh 5,73 Toun
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Shapa Clreulnr nose and Lnil pler
Humbar of plora{ns)¢Threa{ niddle ) Widin of plars 2 oW

_-I—'
proale) 7,43 5,69 h.o9 3.4 2.18 g
HStaliom pratile ' prolile prallle menlLle prollla
o (clll] (l:lll) [cm} {ﬂml [em
_ N )]
o 2.63 274 h.70 5.73 6.85 w
2 2.63 2.75 h.T1 5.7h 6.85 8
<
h 2.65 3.72 h.72 5.73 6.06 —
(Vi
6 2,65 3.75 bt 5.74 6.84 ®)
a 2,04 2,77 .72 5.75 6.85 33
'}
Loy 2,06 3.79 h,7h 5,760 6,00 8
T 2.68 5.03 h.76 5,77 6.07 ('I)
12 2.73 3.85 h,1n 5.70 6.89 %
13 2,76 7,90 h.nz2 5.84 6.92 E
1h 2,81 1.92 I ,BY 5, Rh .95 '%
—_— e
15 2,87 7.96 .92 5.89 6.90 o
16 2.06 h.oh h.99 5.93 7.06 =
17 2,90 i,09 %.00 5.8 T.11 %
10 2,96 .16 ' 5419 6.13 7.19 é
h 2,50 3.68 h .66 a7l .04 D)
35 2.59 3.69 h, 67 5.72 6.03 ke
26 2.60 3.7 h,65 5.72 6.05 %\
37 2,60 J2.70 h,67 5.73 [\ o
O
a0 2,61 F.7L ,68 BeTh .06 j
29 2,62 1,70 .66 " 573 6,85 !
o 2,62 7.72 h. 67 3.70 G.84 8
: >
h1 2,62 3.73 b, 69 5.75 6,86
hz 2,64 J.7h h.70 5,76 6.7
x
43 2.65 1.72 4,70 5,75 6,06 n
Jd
Il 2,63 7.77 W, 69 5. G.06 S@
N by 2.6h0 J.72 h.o8 G.72 6,85 0—:
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Shoapn 1 Clycular noon ol Lnil plor

Humbor of plova{n}i Threel right ) W)dliy of plors 2 cm
englc) 3.78 5,52 1,10 3.48 2,22 "5;
Eintlom Frerile prefiis wenlTLa M praliln )
{am lem) {em) (em) (cm) {om}

K o
0 2.64 3.7 h, 72 5.70 6,05 wn
2 2,63 3,74 .70 5.75 G.oh 8
h 2.6) 1,73 h.71 5.73 6,85 E

6 2.6h 3.7h L.72 5.7h 6.85 ro!

8 2,65 3.76 hoth 5.73 6.85 o)

10 2,67 3.79 75 5.77 6.07 ‘8’
Y 2,68 7.04 b,77 .79 6.86 (_)
1z 2.72 3.87 3,050 5,78 6,09 !
T 13 2.75 7.9¢ L, Bh i 5.80 r,.g_am I é
14 2.0 | 3.9 h, 08 5.0 | 695 <
Y 2.68h 2.97 b9 5.87 6.98 "5
id 2.08 'h.oz .98 5,92 7.05 =

17 2,91 ChLoB 5.08 539 7.09 %

18 2.98 .15 5,70 0.1z 7.18 >

I 2.59 . 3.67 h, oYy 5.72 6.03 ) 5

15 2,58 " 3.00 h, o7 5.73 6,05 .45

16 2,60 7.6% h .66 .71 6,80 >

7 2.01 3.70 67 5.7h 6.85 E

b1 2,02 3.7 .66 5.71 6,05 g

39 2,6) J.0% 4,67 5.72 6,86 —II

o 2,62 3.70 h.65 5.7 6.08 8

i 2.6h 3,60 L,66 .71 6,487 S

ha2 2.65 3.74 h,G8 5,7h 6,86 g

3 I 2,066 J.72 h,0h 5.75 6.8h %:)

o 2,60 2.70 W05 5,72 0.85 c

) s 2,607 3.049 iy 6h S.7h (L g

<
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Shapn 1 Cirenlar nose o Lnil plor

Himbior ol |!.iuro[n)| Four { Hiadle ) Width of piacy 2 €m
hraule) J.77 fi.21 hhs o 3.09 2,h5 "U_;
SLnLSmn prolilo prolflia proflle prefile profiln o
o {en) {om) {em) {cm)} (em)
) ),
0 2,67 3.7 L,70 5.75 6484 ' 9)
2 ‘2 .64 1,76 h.71 5.6 G6.86 8
4 2,65 3.75 k.72 5.7h 6.85. E
o 2,66 3.75 4,72 5.76 6,86 *-5
8 #.07 3.7 W15 5.706 6.86
g
10 2,69 3.70 W76 5.78 G.97 8
T 2,70 ) 3,00 - h.7o i 5.01 6,80 O
12 2,72 13,05 h, 82 5.2 4,92 1 |
_— —— S T |
13 2,75 .93 h.86 5,84 6,94 él
§— —— - . h
1h 2.01 3.97 4,92 5.7 6.95 <
15 2.05 h,a7 h.o7 5.90 0,959 "5
16 z.89 k o6 5,05 5.00 7.08
2
17 2,94 4,13 5.14 6,02 T.13 [7p]
10 7.02 4,22 5.206 6,17 .25 g
; - =
4 2.58 3,04 b, 06 5,7h 6,82
_ >
a5 2.5% 2.09 ) 5.73 6,84 -|5
34 2,60 J.76 h.70 5,75 o.84 >
37 2,062 2,72 4,69 5.7h 6.0 E
p—
38 2,063 3.71 4,68 5,75 6.0k o)
79 2,64 3,72 h.69 5.76 6.05 —
- 1
ho 2,60 3.71 L.70 5. 71 6,84 8
h1 2,65 369 h,71 5.77 6,083 >
hz 2.06h .70 h,09 5.77 G.B85 %
03 2.62 2.7h h.72 R 6.06 xx
- (9]
by 2.03 3.73 h.73 5.75 6,84 +—J
. <
h3 2,02 J.72 HLh K70 [ LX) O
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Shnapa:Giroulog N0ao wul Lail plor .
Numlior of plnl'n(n)l vouw | rir;ht} Wiladtlh af pleae 2 cm

.-I—'
Draple) 7.05 6,13 4,52 5,085 2,50 %
Sintlomw prefile prafile prefiln m‘nl'li;: prelkln
0"'5 Lem) {cm) {em) {em) {cm) g-
0 2,65 3,73 4,69 5,76 6,85 o
2 2,63 7,75 h,72 5.70 6,04 %
z
0 2,66 2.6 W71 5,75 6.85 —
. “—
& 2,65 3.4 .73 5.76 6.85 @)
8 2,08 .75 W T 5.71 6.87 o)}
]
10 2,72 3.78 W7 5.79 6.08 o
T 2.7h 3,01 h.79 5.02 6,90 ('I)
12 2,75 3.03 h, B4 5.8 6.93 %
- - yo)
1) 2,71 1.08 h,87 .05 6.95 —
14 2,02 +3.91 .92 5.8% 6,97 '%
—_— —— — [ V-
15 2,87 .00 h,99 5,92 7,08 (@)
16 2,90 h.us 5.07 5.97 T.12 Z’
h
17 2,95 h,15 5.15 6.0) 7.1B aj
10 .04 Iy, 2 5,20 [T 7.27 é
30 R.59. 3.70 h,68 5.73 6.0 D)
[T
35 2,60 .60 ¢ h,69 5.72 6.0 @)
36 2,61 3.69 .70 5.7) 6,85 %’
37 z.sfz 3.70 h.69 5.73 G.83 5
J8 2,63 .71 L[] 5. 71h 6,00 j
29 2.65 2.73 h,71 5.7 6,85 I
Lo 2.Gh 3.72 b.73 5,75 6.86 -§
i1 2,606 J.Th h.rz2 5.Th 6,uh %
bz 2,65 3.73 hoTh 5,76 6.06
— Y
ha 2,67 375 4.7 5,75 6.B8 ..@
W 2,63 .73 4,72 5.77 6.07 %1
hy 2,66 3.7h .72 5.F5 6,06 Q_:



S5hnjin |Ulrculnr.npau and triangulor Loil plor

Humbng of pior{s) 1 Cne FLh of phov 1 b em

venn (g} 5,76 9,16 6.11 4,90 hlzj

Stallen| moon|pearlin] wonn Jpeofliel wonn lprollle luson Jprollle jmean | proldla

{on) dagth| (em) |depith| {em) | dopth | {em dopth| (em)  |ieptn] {em)

{ew) (cm) {ew) {eu) (cn)

o 2.7L| 2,73 §1.65 | 3.66 | 4.80 |h.02 5.76 | 5.60 6,91} 6.92
2 2,731 2.72 | 3.60 [ 2,60 } 4,81 [N, B0 53.79 | 5.81 6.92] 6,93
/] 2,70 | 2.7h 7,53 1.65 h,pz |h,o5 5.00 | 5.78 6,92 6.94
6 2.69{ 2,75 }2.66 | a.67 |h.7e h.es  {s5.78 [5.82 | G.91] 6.94
8 2,72 [ 2,76 * [2.65 |} 3.69 [h.80 |u,80 5.97 | 5.04 6,93| 6.953
10 2,68 | 2,76 [7.06h 3.70 [b.81 |h.90 5.76 15,86 6.927 6.94
1 fe.o 10,78 |3.60 [3.72 |h.62 [ho9r  [5.78 [5.89  [6.92] 6.97

12 2,73 2.0 3,60 Ja.76 |h.te bahloz |5.79 5. 93 |6.92 6.96
1) 2,72 [2.85 |[3.66 |23.03 [4.80 P95 597 |5.97 6.93| 7.02
14 2,70 [2.69 l3.64 |2.87 [4.8L [i.00 5.78 16.0) 6.91 | 7.05
15 |2.71 |2.9%  [.63 |2.95 |h.82 k.oz [s.80 6,07  t6.92 | 7.08
16 (2,73 [3.00 p.65 |h.or [B.B0 Jill) 5.81 6,13 6,93 |7.12
17 2070|3005 pus3 lner fhi7e plie |s.8o |6.a8 |6.91 | 7.1
18 2,69 3.1z 1.Gh h,18 |h.B2 |i.22 .77 |6.25 G.g92 §7.20
24 ' 2.68 3.63 k. o 5.77 6,973
a5 2,49 3.6z . B1 5.78 6,92
M 2,70 3,67 U.Ba 5,78 6,93
a7 oL.7L 7.6 h.nh 5.00 6.93
11! 2,72 3.3 L) 5. o 'G.Oh
a5 2,71 3.65 h.nha 5.8 6.9
ho 2,72 7.66 k.82 5,10 _6.9&
41 2,7h 3.6h LI (%] .78 §.973
ha 2.71 J.67 bug 5.79 6G.95
4 ) 2.72 1.468 3.86 5,01 G.94
Ihh 2.75 9,69 i, 00 5.02 ) 7.95
45 a,7h 3.67 3 3.00 "E?;T“—"
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fhinpn

Husmbiar ol lli(ll‘ﬂ[ﬂ)l Tuo

Circular nagso and trdmgular tnil plar

Wildth of ploey & oy

rante) 6.76 10.85 7.36 5.21 5.31
Slnt&nu- prolflle proflle profllo prelfila ] prefilo
o (em) {am) {cm) (em} {cm)
0 2.7 3,04 h, 84 5.78 6,9h
2 z.7h 1.66 i, 86 5,8 6,55
h 2.73 3.67 .85 5.82 6.93
¢ 2,75 3.65 .06 5.83 P
8 2,77 3.68 h.87 5,82 6,94
io 2,76 T h,89 5.0k 6.95
o 11 2,00 4.73 h,5a3 5,80 4,95
12 2,8) 3.75 h.95 5.93 6.97
o 13 2,06 .01 5.42 6,00 "__?]5;”
1h ‘_;tﬁa ] 3.85 5.006 6.05 7.10
15 2,93 3.93 5.11 6.11 7.13
16 2.07 LT 5.16 6.17 7.18
u—__f} 3,10 h.15 5.22 6.23% T.23
18 3.18 I, 22 5.29 6.37 G
I 2,70 3,060 L.oz 5.78 6,00
15 2.69 7,66 4, o 5.79 6,92
3G 2,70 1.65 i, 83 5,80 G.91
a7 2.7L 2.67 h.BL 5.01 6,90
30 2.72 1,68 U F 5.80 6.91
29 2.71 72,06 h.ﬂju 5.01 6.92
ho 2,75 3.67 4.85 5.80 6.92
hy 2,74 3.08 “h, Bk 5.82 6.91
42 s 2T 2.69 h.B) 5.03 G.93
ha 2,75 3.70 L.0L 5,00 6.93
L4 2.h 7. 08 h,un 5.82 6,92
h5 2.73 3.70 h.p2 5.8 701
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Shapn 0izcular noso ed trlaogular Lail pior’
Humbne of plovaln)

Threa {(Middlo} Width of place {1 cm
vraglel 7,40 12,21 8,04 5,70 .90
SLntloe pralllo profila proCile prolile prallla
o) (om) {em) Flem) (em) (om)
0 2.72 3.065 B2 5.02 6,93
2 2.7 2.67 4,82 5.8 6.95
b 2,73 2,67 i, 6k 5.83 4,94
6 2.Th 3,08 h.85 5.04 G.93
8 2.7% 7,60 .66 5.0) 6.93
10 2.70 3.68 i, 81 5,85 5,90
o 11 2.1 J.7L b9l 5.07 6.96
12 2.5 3.75 h.ﬁg 5.90 6.90
T, 2,88 .83 .99 5.98 | 7.06
Lh 2.92 180 LAY .09 7.12
! L3 T R.95 3.95 5.14: 6,16 T.13
14 4.06 .1z 5.18 6.23 T.22
17 2.1] ho17 5.28 G.32 .35
10 1.27 4,70 5.35 G, M3 7.h6
3 2.7 3.6 h. 81 5.76 t.92
15 2.72 J.6h h, 142 5,80 6.93
16 2,70 3.65 i, 82 5.81 46,91
37 2,73 2,646 h,o 5.79 6,92
18 2,75 1,06 hi B2 5.681 6.93
19 2.7) 1.65 I, 80 5.80 - 6,94
ha 2,76 3. 60 h, 04 5.79 6,92
by nLTh .66 h, 006G, 5.82 6.5k
hz 2.75 1.67 h.ns 5,01 6,90
W3 2,76 3.66 b fih 5.83 6,95
hh 2,75 1.68 i, B6 5,8k 6,04
b5 2.73 3.07 h.oy 5.81 6i.95
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Shaps 1 Clreular neas and Lelnngulor Ltnil plar
Humbar of ploraie)s Thrae (1"1{'111.} Witk of piarih gm

bragle) 7.45 12,12 B.09 5.75 6,09 —
Fintiom prefiie Trariio pratiin penilin preTiln D
(om (em) (om) (em) Tem) {cm) §_
0 z2,7h 3.66 h,85 5.01 6.9) ()
2 - 2,70 1,64 4. ah 5.8) G6.93 _U)
4 2,72 3,65 i, 86 5,82 G, 90 g
4 2,75 0,67 h, 85 5.8h G.95 ql:
a .2,76 3.67 h.ot 5.85 6,94 o
10 2.77 3.6% b, 89 5,00 6.96 g
- 11 2.BL J.72 4,93 5. 048 6.57 8
12 2,06 3.76 4,96 5.92 6.99 ('.)
T 2,08 3.85 5.01 5.6 7.05 %
1h 2.94 3.50 5.09 6,06 7.1h E
“15 2,96 3.96 5,15 6,15 1.7 5
16 3.0h n,h 5,20 6,22 7.22 (@)
17 7.15 4,18 5.4 6. T.31 "?;
10 1.23 .15 5429 G.L2 T.h0 E
<o 2.70 3.60 .89y 5.0 6.91 é
13 2.7 1,65 h,u2 - 5. 6.92 -
36- 2.73 3.63 h,81 5.7% 5.93 HC_)
37 2.72 .60 W03 5.70 0.92 %’
an 2.72 1,65 L. nh 5.79 6,93 ke
39 2,72 3.66 g 5.0 6.92 7
ho 2,7h .60 h,.nz2 5.02 6.92 :
hi 2,73 J.47 h,0) 5,81 6.9 -§
nz 2.75 3.69 u.05 5.83 .92 %
(%] 2.76 3.70 5. b6 5.84 6.91 D:
Wi 2.7h 1,71 I, uh 5,83 6.08 ﬂ
hs5 2,75 1,68 L. 15 5.05 6:.93 %]
o
<
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Shapa 1 Girgular wese and triangular tall pler
Humbor of plora{n}t rFousr { Middla ] NEdLn of plar M ocw

N AT
wagle) % 50 14,00 9.50 6,70 G.89
S{ntlom pralile pl'nl'll.u_—_h proflle pralfilo praile
cm {cm}) {am) {em}) [em) {em
a 2.70 .64 LI 5.83 6.95
2 2.75 7.G6 i,06 5,00 6.93
i 2,7h 3.07 I, Bh 5.01 6,95 R
|_
G 2.76 3.65 J.86 5.85 6.5h “—
B 2,75 9.6G8 L.,87 5,87 6.9
10 2.78 3,71 h,91 5.6 6.93 g
1l 2.00 2.73 h.96 5.90 6.98 g
12 2,08 3.77 5.02 5.9h 7.02 '
13 2.92 3.05 5.05 5.90 .07 %
- - ; ©
1h 2.97 3.93 5.1 6210 6.16 '§
15 3.0) 2.99 5,16 G.18 7.2h —
It 3,11 ho16 5.0 G.25 6,35 O
17 3,19 h,n2 5.32 6,09 743 45
18 3,33 h.hB 5.h2 6.55 7.53 Fob)
>
ey 2.72 7.67 h.Bo 5.77 6.91 c
3% z.71 3.65 h.pa 5,70 6.92 -
(V-
16 2.7h 4. 60 L 5.80 G.93 (@)
27 2.72 3.65 ) 5.83 6.93 -
18 z.7h 1.66 h,82 5,62 6,94 5'
19 2.76 .67 h.o3 5,81 G.o4 j
ho 277 3.66 k.8h 5.82 §,92 !
Wi 2.5 .60 .05 5.00 6,94 -8
>
ha 2,70 3.66 W .gh 5., 6.95 %
"Tha 2. 7T 3.60 h_né 5.02 6.95 Y
Wi 2.76 a,67 i .85 5.00 6,94 ﬂ
. 2.77 3.67 n.u3 5083 693 S



Shapns 1 Clrecular noso and triengulnr

tall plov

Mumbar of plora{n}c pour {right} Widin of phary hem
brapia) B.5N 14 .08 9,50 6.65 6.95
StnlSon- prolile peallla praiilo Piocile proilln
{cw) (en) {em) (om) (o)
[¢] 2.72 1.67 h.A5 5.80 6,94
T 2.76 .68 h.06 5,81 6,94
L 2.15 3.606 ."'“" 5. 0Bz 6.95
6 2.78 3.45 h.e) 5.683 6,94
[} RJTT 3,67 h485 5,04 G.95
10 2,70 3.70 h, 80 5,03 6.91
o 11 2.85 2.75 iy, 9h 5.85 6.56
12 2,80 .81 5,00 “-5.92 7.00
R 13 2.94 3.06 5,06 _m—5.96 ) 1.06w
14 2.93 J2.92 5,12 6.06 7.4
15 3.065 h,ol 5.19 6,16 T.22
16 3.2 b, 3 .24 G.2) .34
17 3.22 4,20 5.70 G.35 7O
10 3.h2 h g 5.9 6.52 7.55
24 2,73 1,64 b B2 5.78 a.92
35 2,74 3;65 h.8) 5.80 $.93
a5 2.72 566 L] 5.082 .92
a7 2.73 , 367 .82 5,81 G.92
30 2.74 3.68 4,00 5.03 6.93
2% 2.75 . 3.69 h.B85 5,80 6.94
ha 2.72 - 3.70 h, 83 5.85 G.on
h1 2,76 3.7 4,86 5.04 6,98
L2 2,77 3.772 k.85 5,82 6,95
i a3.7% 5,60 .ot 5.5 =, Ol
iy 2.7h 1.069 b, 85 5.8k 6.9
b5 2.76 3,68 L.uh 5.0 G,oh
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Shnpa © Cireular nese nud trinngular ladl pior

Numbng of pler(n) One ' KLl o plor 1 2 cwm
braga{s) 2,35 h.i1 2.66 L.85 5094
ﬁl.nLlon mana | praCi ol monn |profiiel wonn ppeac)lo Josnn JpreClin bwean fprefiin
{am) daplh {cm] daplu | (ew) vapth | {6w) dapth | {em) Adopth| (an) '
[em} {em) {em) [rm) {cm) . '
0 2.70 [ 2,71 |D2.73 | 3.72 [h.82 1 h.Bh |3.70 |5.70 6,941 6.93
. 2072 | 2.7h 0 [3.73 b o.Th phueh | a5y 15T u.9h ) 6.92
h 2,72 2.2 (376 | 2.75 | h.83 | h.Pp3 15,77 |5.76 6,97 4,90
6 2,75 (2.73  [3.73 [3.73 [h.83 [Ah.85 [5.76 [5.70 6.9 b.ob
B 2270 (2.5 laare | ao70 81 L hUBG O )5.75 |5.75 G.9h | 6.96

10 2,72 |2.7h 3.7h 1,70 | 4hL.n2 h,8n 5.7 | 5.77 6.9) 6,95

13 2,71 1 2.797 1.75 1.82 h.o) h,87 5.76 |5.708 6.95 6.97

12 2,71 |=2.76 3.76 J.85 b5 h,01 5.78 15.76 6.93 .99

13 2,72 2,79 Pthe [a.sh [honz [N, as.16 5,79 6,94 ¢ T,02

L4 2,71 |2.80  |'2,72 [4.87 4,83 [h.32 (5,75 [5.80- lglea| 7,06

1% 2,75 | 2.82 | 2.3 3.90 | h.82 1,95 .79 {5.84 f92 1 7.05
36 2.7z | 2.85 | 3,72 [1.96 bRl | hoo7 [5.78 |5.46G 6. | 7.0
17 2,71 | 2,91 | 2.h M0z g 1 5.05  [5.75 15.9% 6.9h | 7.12

18 2.73 1 2.%6 | 2,71, ]h.00 85 45,020 Is.77 15,960 (6,90 | T.ab

LAk 2,70 3.7h h.ofz 5.7 6.9
15 2.7 2.712 houy 5.76 6.92
36 2,72 .12 h,05 5,75 'b.9ﬁ
7 2.7h 3.7 h.n6 5.70 6,93
44 a.72 375 W nh 5:76 rb.')ﬁ
9 2.7h 3.7k h.as5 B 5.75 6.93
ho 2,72 3.76 h,a3 5.78 ﬁfﬁﬁ
h1 2.75 ) 0.78 .86 T G.TT 6.95
hz 2.76 0.7 H.B5 5.75 6.94
ha 2,7h 1.77 houg 5.7 6.5
N 2,75 DTS 4, 6h 5.76 ' 4,95
he .73 TR R P T |57 6755
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Shapa 1 Ulroudar naan nnd Lrlangular tall plor
Humine of pleva{n)r . o Widtho of plare 2 cm
e () ahn 29 2,068 2.05 2,11
Shallom pmroflle prollle prollln proflle profllina
(bw) {cm) {om) cm) (om) {em)
0 2.73 J,7h 4,82 5,75 6,95
2 2.}1 3.76 h B4 5.97 6.95
4 2.73 3.77 h,u5 5,70 6,96
6 2,75 3.75 h.oa 5.78 6,95
o 2.72 3.76 4,806 5.80 6.,9h
10 2,74 7. 74 Iy .85 597 .96
B 11 2.77 3.02 h By 5.79 6,98
12 2.70 a.85 h.on 5.78 6.97
o 13 2.ul 3.07 ooy 5,87 7.01
1h ‘z,B2 7.68 h.95 5.89 7.0h
15 2,04 J.93 h,97 5.00 7.07
16 2,07 3.07 5.00 5.87% 7.13
L7 2.93 h ol 5.07 5.94 715
18 2.99 . L,1z 5.16 5.98 T.18
ah 2.70 - 3.0 h, ok 5.76 6,04
35 2,72 1.72 .89 5.7h .96
- 26 2.71 2.753 h.85 5.75 6,95
27 2.73 3.7 I u6 5.78 .92
30 2,70 J.75 4.8y 5.75 6.95
29 2.71 3.76 h.87 - 5.16 6,07
ho 2,73 3.77 .80 3.7h 4.99
hy 2.7h 2.78 4,08 3.75 6.56
2 2.73 3.76 L.89 L 6.97
ha 2,7h 3.79 h,87 5.78 6.97
hiy 2.7 .3.78 T 5.75 6.99
s 2.7h 3,77 T wG 5.7G €00

147

- Center of ThesisD

All Rights Reserved - Library of University of Jordan



148

Shepe 1 Qdreular noso aml Lelongolar fall pler
Humbor ol plnl'n(n}l Thrna (Mitllllu ) Wil ol piovs 2 oom

-

" o
hreanfeg) 2,60 4,70 1,04 2,&5 2,02 D
Hiak|ew prallile prolfllo pralile jentllie prarlln o

cruﬁ lem) {cm) [em) { nm) [am) 8—

0 2,7h 375 h.os 5.78 6.95 n
2 2.75 7.77 .83 5.77 6,94 8
i
] 2,76 .18 h, 06 .76 6,93
i 3.7 - 5 l_
G 2,7h 3.76 oy 5.75 6.95 Y
(@)
# 2,91 2.75 h, 8 5.TT 6.96 aj
10 2.75 1.75 h. 06 5.78 6,95 *g‘
T 2,77 3.7 .88 5. 80 495 O
12 2,76 3,04 .9l 5,681 6,97 1
13 2,79 .80 h.92 5,79 7.03 %
j=
1h 2,84 3.91 b, 94 5.8 7.05 8
15 2,86 3.95 b, 96 5. 86 6,07 qa
16 2,90 2.9% ,99 5.05 7.12
_ 2
17 Z.9h h.us 5,07 5,92 6,10 ‘B
18 .08 h, 16 5,18 6,00 7.17 a>3
24 2.72 2.72 N, 5.75 6,95 c
o
5 2.Th 3.7h .83 5.76 6.54 —
(@)
36 2.7 J.73 h.os 5.7h 6.9] >
17 2.75 .7h h.oz 5.75 6.96 23
38 2,74 3.76 h_oh 5.7 6.96 5
29 2,72 1.75 L.83 5,76 6.95 —
1
ho Z2.75 37T 4,85 5.78 6.97 -8
) 1 2,76 9,76 h,ns5 5.80 G.56 >
hz 2-‘“' jo?u II.BG 5.7 6096 %
3 2.77 3.76 4,87 5.79 6.97 o
hh 2,75 1.75 h.85 5,80 6.96 ﬂ
<
N5 2,76 1,7h .8k 5.70 G.97 [@)
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Shapae 1 Clreulnr noae Aand Lrlevpuler tndl plor
Humbnre of |L|ﬂl‘ﬂtn)l

“hean {right ) Wil of plarig om
vrapf{g) 2.72 h. 67 1.00 2.9 2.27
Sk1L5nm pralilo prell e prolile peolllo peallla
" (em) {am) (em) {em) {em)
0 2,76 2.72 h,ah 5,76 G6.9h s,
2 2,75 370 h.B6 5477 0.95
h 2iTh 3.7) h,83 5.78 6,95
6 2.76 .75 h,n5 5.79 G.9h
B R.TH 3.76 h,B7 517 6.95
10 2.7h 1. 7h h,ne 5.02 6,94
- 11 2.76 .77 U] 5.8h 6,96
12 2.78 1.460 4,93 5.00 6.98
T 13 z,61 3,04 .92 5.03 ‘_n-;jad_'"
ah z.82 J.00 h.o5 5.85 7. .00
15 2.85 3,92 w91 | 5.B7 7.G%
16 2.00 3.97 5,00 5,680 7.11
17 2.95 4 ,0x 5.07 5.94 7.4
18 J.06 hoik 5,37 6,03 7.16
I 2.7h ‘J.IJ h,n2 5.75 6.9
35 2.72 3.72 h.83 5.7h 6.95
16 2.72 3.7H L, Bh 5.75 G.9h
3 2,7 3.75 h.85 5.70 6.9
J0 2,76 3.7 h, 6 5.75 G.45
29 2,74 2.75 L. 83 5.76 6,54
ho 2,75 3.7 i &h 5,7k 6.95
hy, 2.7 3.76 h.83 5.75 6.56
b2 2.Th 3.77 0,33 5.78 6.95
b3 z.}z 3.75 h.B2 5.77 6.95
bl 2.75 3.76 o 5.76 G.94
- hs 2,76 3.7h h.gs 5.74 6.96
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Shape 1 Clreular nosa and trlangular inl) pier
Homlpnr ol ||lul'ﬂ(n)l

Four {mldidla )

Wldin ol pheve pem

neanin)

1.11 n.20 3,41 2.57 2,54
SLnllow I prellin ol ila prafila prallin
“”3 {ew) (am) {em) {am} {em)
0 2.71 2.75 h.85 .18 6.96
2 2.76 .77 L.87 3.76 6,95
] 2,78 1,70 W, 06 5.80 600
6 2.17 2.75 L.B5 5.79 6.95
B 2,76 3.70 h 04 5.8 6,97
10 2,79 3,70 h a7 5.78 6,06
- 11 2,81 7.80 I,vy 5.77 6.95
1z 2.82 3.78 h.o3 5.79 6.97
L 2,02 s L wes | s.er | 699
ﬁ_”__:;_-_“—“'“_;igh 3.87 e 5.82 7.01
15 207 3;95 5,02 5,08 &,09
16 2.92 3,99 5.006 - 5.05 T.15
i I 3;97 h.os 5,09 5,496 7.18
1h 3.13 h;Lyh 5.2k 6.11 7.23
o ;;‘“‘ .73 3.75 o) 5.7h G.23
15 —z.?-;t 3.2 TITURE B 5 6.9%
36 2.75 3.72 h.u3 5.76 6.95
a7 277 d.TH h.itg 5.77 6.9h
a0 2,70 3,76 h.Bj 5,78 0,96
79 2.75 9,78 L, 8h 5,00 6.97
ho 1.70 .77 .85 577 é.DS
by 2.77 3.79 h.B5 5,79 6,96
hz 2,75 2.7 W, 86 5.80 6,96
ha 2.7h C3TT h.os 5.78 6.97
Wi 2.6 .75 W Ry 5.76 6.96
" hs 2,75 3.76 4,85 CYE T 5.90
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Hhinpn

Hinwbar of plarcnfn}s

151

tiveulnr napn aned trisngulae ndd plae

Four { vlght ) Wil of piney 2 ow
hran(e) 3,14 5.3 3.4 2.5 757
LLaliom nrerite pieflin IR RN Jrariie
B {em) ) {rm) (rwm) (o)
0 2.71 2.7 .6 5.80 696 .
2 2.75 .70 btk ‘"-“_-5.79 6.95
h 2.76 3.76 4,07 5.78 6,95
6 2.7 1.7 h.ag 5.0 6,95
n 2,75 175 b7 5.77 6,07
10 2.70 7.78 h o 5,70 (1
R 2,76 3.6z Y R
12 2,79 7.1 h,09 S.E;-F"_n__ -ET;E_HM
T 13 2,81 1,85 h ”.—TI._'._D_-;“"‘ - _'j“.—!;:z_— o _---';:c-n‘.:_'
1;| N —z_ns 3,50 hoh 3.0 T.02
o 1.5 2,00 .09 5,01 5.07 7.,u8
16 2.9h 3.96 ____;.“5 5.686 7.1h
17 2.98 h,0n L.10 5.95 T.16
n 3.15 on 5,18 6,10 7.2
ah 2.75 3,70 h,ob 3. 75 6.9h
33 2,77 375 hoes 577 .93
) I 2.7h 213 h 10 .76 6.0h
17 ».76 3.76 N Bh 5.75 | 6.95
38 275 3.7h h.85 5076 6,96
29 2.76 3.75 by 577 T
ho 2,77 3.76 L Bh 5.78 6.95
ha 2.78 3.70 h, AG N i 6.96
o 2,76 .70 h.8s .77 .05
W3 2,79 2,17 h, a7 - 5.78 6ol
I 2,77 1.76 h.A5 5.76 6.5
L3 2,70 l 1.75 h.oné 578 .95
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A.hog _2:};2 4,0, WLyt 7,902 G, 99 g, 6h h, 30 | 2

8.9h1 -5.70 h.87 5,00 n.AoL f.6G3] h.h 5.32 C

8.762 | 0.79 5.98 | 6.63 8,603 11.22 | 5.79 6.31 E

7.023 7.05 i, nh 7.hn0 7.947 £.53 G.79 7.35 @)

5, 964 2,06 3,22 3.hG 5, RBY 5.16 2,94 3.32 %‘

8,409 | 2.52 hoiy o hesh | 7.992 A.0g | 3.80 L) S

8.9M 5.722 5,00 5.59 a.uoL 7.2h h.77 .0 3

B.762 | B,29 6.0z | 6.00 n.663 p.2y | 5. 6.7 |

::1 7.829 7.02 fi, N8 7.57 7047 f. 62 6.04 7.37 8
& 5. 560 2,58 3.2] 3.hz 5. 000 5,41 2,949 1,979 >
8.hoo 2.h2 h.16 L.y 7,092 6,02 .| 2.87 h.hl %

e Boonr | 5018 4.99 | 5.57 A.001 .85 | 4.70 5,18 X
ll'? w762 | q.m7 6.oh | 6.76 8,663 p.hy | 3.m2 6.0h g
T.n29 | 7.00 6.60 7.56 7.9M7 6.6 6,84 7.7 [=

o

<
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Shnpel Triangular nese nod tnkl plor

Wldih of plar 1 M ow® Widih of plor & 2 om
q X il ool a R il oL
mifn en cn cm .
5.964 h, 56 2.0o 2.01 5,189 7,77 2.R0 2.08
< 6.0 [ 6.0 .72 | M6 7.992 9.h7 | 3.72 i .05
% 8,91 9,02 h.723 5.29 &.891 c1z2,971 | h.6g 5,14
3 8762 11,12 5.87 6.52 f,667 8.67 .10 6.16
T.029 10,32 6.75 T.27 TONT T.96 G.78 7,13
5. 964 2.37 2,79 7,00 5.889 7.59 281 3,19
L B.log 1 3.h2 A5 | vt 7.292 noon | oa.77 i, 19
;. T 5.0k 7.19 hors | 5. .u91 065 | hoyo 5,18
¢ 8,762 9.29 5.92 .60 h.46) 8,67 | 5.0 6,19
- H_v.szg 8.ha 6.79-| 7.99 7907 7.20 6.1 7.18
5. 40l 2.39 J.”g- J.21 5,889 5.07 218 3.19
2| w00 2.9 | 2.9 | h.a5 7,992 6,96 | 2.8 N, 2%
ﬁ n.yh 5,56 N8R 5,51 k.51 .50 h19 5.29
n.762 By 5.9 6.7 H.66) 10,57 | 5.79 6,72
7.029 7.608 6.R) 7.4% 7 O0T B3 6,81 7.32
5.964 1 2,57 1,08 | 3.25 5.039 6.00 | 2,07 | 3.2
A hog 2,02 L, 01 h.a T.992 6.99 3. 84 M, 30 3,
8,91 5.70 (TN % 4 .00 n,no1 .61 h,Th 5.32
n.76z2 n.79 5.98 6,63 n,603 11..22 | 5.79 6.0
7.025 7.05 6.0 7.0 T.9NT A.53 G.79 7.35
5.56h o, 66 3.22 .40 5.885 5,16 2.9h 7,92
8.4hog | 2,52 Wy | owsh 7.992 6,09 | 3.89 R
800 | 5 2 5.00 | 5,59 8,891 7.2 | N7 5 .40
g.762 8.29 .00 6.81 0,669 f.29 5. 1h 607
: 7.829 | 7,02 6.808 | 1.57 7947 4,62 | 6.8 7.33
# 5,064 2,58 3.23 2.4z 5,509 G001 2.9 2.32
U, hon 2,h2 4,16 ] T.002 fn.a2 .| a.ng oy
£ p.gh1 § 5.18 k.99 5.57 A, Aul 6.85 [ h.78 5.8
W] n.76R 7.h7 Y 6,76 HIN A B.HY 5.82 6. 4h
7022 7,00 6,48 7.56 7.l 6,69 6.8 7.7
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Shapar Friangublar noas nml inil plor
Widih of piar 1 ' oW Wldih of plav i 2 om
o X d1 nol q i a1 dol.
ml1/a cin cm cm

5,964 4,506 2. 80 7.01 5,869 T.77 2,00 1.08

A A.huo G.h3 .72 h,14 7.992 0hT 7.72 h.09
8. a, gl 9,02 h,71 5.29 1, Ag1 12,97 h. 65 5,10
§ B,162 11.12 5.07 6.52 f.662 B.6T 5,78 6.16
7.829 10,72 6.75 T.27 7.9h% T.96 6.70 T.13

5. 96h 257 2.93 3.08 5.1885 7.59 2.4 2.13

. n.hog | a8z 1.85 | a7 7.992 #.92 | 2.77 .19
;‘_ T g.om 7.10 h.h 5.01 .89, 9.65 1 h.ro 5.18
9 n,76z2 9,29 5.92 t.60 8.643 a.67 b osmo 6.9
: -—T.ﬂ29 8. hK 6,70 7.39 7,947 7.70 [WT] 7.8
5,004 2.79 :1.«16—— 7.21 3.0U9 5,97 2418 7.19

o | s.aweo | 2.3 2.9 | h.35 7.992 6.96 | 3.83 h,27

ﬁ nLohL 5,56 u,uR 5,51 .91 .51 W73 5.29

' p.762 | 843 s.of | 6.73 H.663 16,57 | 5.79 6.32

? 7.629 | 7.6B 6.87 | 7.h9 7907 B.15 | 6.8 7.3
Iu' 7.964 2,87 3.08 3.25 5.8739 6.0 2.07 7,20
ﬁ 8.hoy 2,82 ool h, T 7.992 6.99 2.8h i, 30
y 21 a.om 5.70 h L 87 5,48 R.891 a6y | n.h 5.32
E? 0.762 n.79 5.98 6,63 8.663 11,22 | 5.79 6,01
7.829 .85 6. 0h 7.0 Tob7 R,5) 6,79 T35

5.96h 2.06 7.2 3.0 5,889 5.16 2,94 3,32

8,409 2.52 Mot b, 5h _T1.992 .09 3.09 hoLo

4] b.ooin 5,92 5.00 | 5.59 n.19j 7.20 | .7t 5.0

ﬁ% 8,762 | m.z29 .02 | 6.Mm R,603 A.23 | 5,84 6,47
A I N N IR B R 6.62 | 6.0h | 7.0
@ 5. 9Gh 2,58 1,23 3.h2 5,800 5.01 2.9 4.03
fc! u,heo z.h2 h,16 h, k9 7.992 fh,02 a,.87 4, by
" " n.ght 5.18 .u 5.57 n,nal 6,05 4,78 5.8
'I:'? .62 7.7 6;0.-,, 6.76 R,6673 6.k 5.02 Gk
7.829 T.00 [N 1)) T.560 T.90 6,63 6,80 7.7
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Shapes Clroular nann and tail pier
- . 2
wldth of plor + H cu . I"”““‘I' of plov & o
2 x d1 aol qQ x a1 dol
i n cm cin cm
i
f,13% 4,1 2,02 3.18 6,108 5.73 2,79 ‘2,80
b 5.06]) 5.75 3,00 h,27 9,106 7.0 3.78 h,o7
Rl
i n.nao 9,01 t .69 G.28 A,552 12,361 h.72 5.0k
o Cs
a B, 621 RS 5.70 .20 n,711 vl hR | 5,72 5,98
T.729 B.29 6.nz 7.2h F.6h3 9.79 | 6.85 T.03
f.139 hoLn 2,06 4.208 G100 h,at 2.75 z.00
9.083 03 7.94 o 6 9,1h6 oo 2485 hoz
L
- 8,026 77 hoTy 5.0 H.552 th.63 .7 5,11
! .
e N, 621 0,25 5. 86 fi, 32 n.71L T .66 5:3? 6.0k
é |- - -
7.729 6.76 G.84 7.8 764D R.2) il 7.11
= n
£.130 2.5 1.00 ] fi.10R 3.76 2.Ro 2,9h
| 0. N.91 | .m0 h.16
. 9.087 2.71 |08 1 AR 0,146 9 )
3
b B.626 | .80 4,86 300 8.542 7.56 | .75 3.18
il
n,G21 6.2} 5.91 6.0k 1.711 6.R% 5.0 i, 1l
(1]
it 7.729 5.0 6,90 7.49 7.600 G.5% 6,80 7.19
A .74 \ :
T
© G.a3m | 3.42 4 .07 3.39 .00 3,50 | 2000 | _2.97
f 0. GRI 2,66 "1 hoof hohg 9.1h6 .70 | .87 4ok
i i D
by n_hz6 §.09 WP 5,78 n.nsz 10,76 h.73 5.20
] I ——
S| omaper |o7oa1 s.08 | 6,07 H.741 7.5 1 5.71 6,11
7.729 | 6.L1 fi,08 7.52 7.64) 6.75 6, BN 7,18
6,139 | 2.0 1,23 | 3.51 108 2.0 | 2,07 9,02
a9.0083 1,93 hus W, 60 9.1h6 h.15 7.9%5 R
" ‘_h ks -_h‘ﬁ? h.97 G.51 n, 552 6,32 bR/ 5,260
4 ; f T .02 6.15
i 0.621 hoh 5.90 B, 12 8,711 5
n ] 8 I
L " <.729 .15 6.9 7.061 T.643 .60 [Ny 7.2h
# $,139 2,02 J.0 Y. 50 6, 100 a.uhf 2.H0 4.0
!l — ), !
i 2.11 h.zh 5,58 9,106 3.40 1.96 .2k
9.083
H #, 826 h.52 h.ot 5.49 8,542 6.29 honz 5,24
ia
Wl s.e2r | 4ong q.97 6.50 8.7201 7.409 5.1 6.1%
LGh 1537 1) 7.2B
7.729 5. ab f:, 00 7.03 7.643 '
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Shapot Clrenlar nonn and toil pier

width of plor 1l &m } Iui.uu. of plov 3 2 ow '55,
nljc}ﬂ mJl(l 0;1‘1 ::?:1 Q * au 401 %
f.13% 6.4 2.82 3.18 108 5.73 2.5}9 2,80 )
E a,ony | 5.75 e | h27 YT B DT I 5,11 h.o7 w
:- H.836 9.38 W49 5.22 f.552 12,261 hoqz2 5004 8
8 0,625 e 5,79 t.20 n.711 1z he| 5,72 5,56 lE
7.729 5.9 6.h2 T.2h 7.643 9.79 6.85 7.03 =
.19 hon z2.,96 .20 6,100 h.ot 2.75 2,04 ©
9,003 03 1,94 T4 9,146 L, B6 785 h.l2 E
T B.826 | 7.97 way | 5.0 H.352 weg | wem 511 8
0,621 t.25 5,86 6.2 ATl 7.66 5.7 fi,0h ('I)
7.729 6.96 6, RA 7.2% 7.642 4,21 6, AG 7.1 %
6.139 2,05 3.08 3.8 fi.108 2.76 2.R0 2.93 E
0.087 z2.71 hoos i 9,146 L1 N h,ib g
f.026 .03 h.no 5. hy 6.5%52 7.56 oo 5.18 Y—
n,621 6.2 5.01 6l n.711 6.25 5,70 6,14 g
F.725 | 5.4% 6.96 | 7.9 7,643 6.51 | 6.88 7.19 "55'
6.139 | 3.4z 9.07 | 9.29 f.108 nosh 2Ry 2,91 )
o.ony | 266 hoo6 | hiho 0.1h6 5.70 3.07 4,10 - >
n.nzé .00, | 4,85 5,38 HIRT 10,76 | k.73 5.20 :C)
8.621 7.11 5, B8 607 f.711 T.h5 5.77% 6,11 HC_)
7.729 | 6.11 6.60 | 7.52 7601 6.75 | 6,88 7418 >
6.139 2.16 4.23 3.5 6,100 2.0 | 2,87 1,02 §
§.00) 1,9 .25 4,60 9.1h4 h,13 1.95 WP Q
a.826 | M6 n.97 5.51 B.552 6.2 Y 5.26 -
0. 621 LhG 5,48 6.02 8.711 [T 5,42 6.15 !
E 7.729 .5 6.0] 7.03 7.647 .60 6L 0T 7.2h -8
& 6,139 D LIy b 50 4,100 2.h 2.0 .03 -
:% 9,083 [ 2.1 h 24 h.5h 9,146 3.4 3.46 i, 2h %
R, A26G 4,52 N, a7 5,09 8.552 .29 h, 02 5,24 D:
4,621 NG 5,07 fi.5% Rl 7.09 LPRiY (.15 é
7.720 | 5.9n 6.0l 7.61 7.6h3 7ot 6.80 7.0 =
o
<
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Shapes Cliroulnyr nonn nnd tnil pier

H Laowv 3 2 em
width of plor o f cw . I“JIILI ol plo .

qQ X di a0l qQ x dax 01
al/n om c am
L
fa139 6,7l 2.42 3.8 6,108 370 2.79 2. 0o
b 9,007 5.75 3. foe hoat Goake T 7.0 3.n h.07
Rsl
o f.A26 9.8 h.6G9 G.20 8,542 12,36 h.y2 §,04
- -
a TRET 1400 5,74 .20 n.71 wrha ) 5,72 5.58
T.729 B, 19 .02 7.2h 7.603 9.79 6.85 7,493
#1730 n.16 2,96 L) 6.108 h.o7 2.753 2.06
0,082 IS 7.94 h.ah o.1h6 houG - DuBS h2
i
.:‘: n,026 7.37 l|,'?‘) b f,552 1,69 . 5.1l
Ta
g n.Gay | ©.25 5,86 | 6.32 R.THL T.66 1 5.5 6.04
(2 - - —
7.729 G.36 [ 7.0 F.Gh3 .21 86 T.11
— 1 . [
6.199 2.85 7,00 3,10 fi.100 2.76 Z.R0 2.9h
h,00 WA . 1hG .91 3.0 h.16
::;u G.0B7 2.71 1 il 1
o 8,026 6,03 .06 500 B, 5452 7.56 W75 5.18
I
8,621 6.21 5.51 6, hh 3,711 6.25 5.78 6,11
" .
b . e 3/ G.51 6,88 7.19
N N 0. 90 7.h9 T.0h) Y5
A 7,729 [ 545 2 -
T
o 6,199 | 7.n2 no7 | 3.99 f.iod 2.3h | 2.8 2.1 .
it o.uRy | 266 Lo | h.hg 9.140 5070t 3. ot
i Gl : :
4,; f,A26 5,10 h 85 5.0 n,Wns2 10,760 Wt 5.20
X1 . -
bl oadar | 7.2 5.0 ) 6.7 B.711 Ths | 5,77 6,14
7.729 | 6.1 6,on L 7,5 7.643 6,75 | 6,68 | 7.18
6,130 | 2,16 3.2 | 3.5 6.108 2,h0 |.2.87 1.02
9.087 1,93 h.zs - | h.to 9,116 W,y 3:23 h.ou
o ‘-_n Rag -_Jl.lrl? LI 5.51 4,552 6.1z b G.26
4 : 5oh8 5.2 6.19
i 8.621 i b 5.90 (.02 B.711 5 i
n i .
B 7.729 | 545 6.93 7.63 7.602 n.6y 6.07 7.2h
£ PRV REYEY aonn | 9.50 4,100 aut | z.ous 7.0
, .
i! 9.08) 2.11 iy, ah h,5n i},100 3.49 3.96 h,2h
1 M
20 noae | w52 h.97 | 3.49 B.552 .29 3 h.42 5:21
10
g 8,621 hL G 5,07 G.59 8.7 ¥.09 5o b5
.6 .57 6,00 7.20
7.729 5004 f,0h 7.0, 7003 ’
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TABLE D5

The results of compuler program for circular nose and

triangular tali pier
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Shapni Glrenlnre nase ol Ledangalay Loil pler

Wlelkh ol plov @

Wil ol plov, 1 W e 2 om
a X 41 ucl Q x a1 g0l
xuj/n aln anm cm
s.0hs h b6 2,05 3,12 5.7hy 1.57 2.79 2,96
u 8.7L7 5.5 3,80 h,17 BN G.27 7.2 L08R
2 =
@ 7.970 nan h.no 5.22 7.952 0.1k L, 07 T.41
o
© i 9,60 5.87 f . 2h T.haL .81 5:71 5,96
#,ng2 7.3L 6,96 .27 R,217 .19 6,94 a1l
5,719
5,943 291 2,95 3,19 h,71 200 | 2,99
i -
5 R.713 3.51 Lol ol B.BIh h o6 4. B b1l
A 7.952
T T.970 7.0 | bz | 5.20 <A 5.00 h.oo Balh
é Tt | 7o 57| 600 7.421 10,65 | .00, [ 34208
n,052 T D 0. 06 Ty R, (R 6,08 7.19
5. ihy 2.12 9.0k 4.26 S.7ho 2.95 2,86 .07
& 8,711 7.0z 1490 h.u GLnih h,m .00 hoth
L) b _
51 7.970 5.h2 h, o8 5.6 7,953 5,30 h,90 3.7
it
7,245 %A 5,48 [ 7021 b 61 5.8 5.99
L. .
i
: sz | s 1ogeo fozae J MRT deess }oens |78
—T7 - ’—_., — ; ?“9 ' ) -
a 5,03 1 2,08 2.03 | 3.25 ' 9,00 | 2,85 § 3.03
A
* H.7L a.7h hookh | h.33 a.th 1,76 | _3.88 W1l
& X
2 1970 5.07 h.97 5.79 7,952 7.00 | 4 89 5,10
in R e ] e
" 7.250 &.0A 5,1y (ORI T.h2l 12,0k 5. T $,02
f,052 .07 G.on .G .27 6,50 | 6.97 7.7
5.905 1.0 .15 2.6 LT ?.,00 2.91 .10
8.71) 1,86 it hohs 8.0 2,60 3.95 h,iB
bt 7.970 5,73 5.0 5001 T.052. 5.02 h oz 5.19
“ :
sl reanh 6.75 5.92 6.55 7421 1.1 LT £.09
L .
W R,052 AT 7.0% 7.0 a.,237 5,00 6.u0 7.2h
1cd - -
= 5.905 1,95 3.4 7.40 5,749 2,00 200 3,13
Il i
;g 0,713 1,83 ST # .81k ::.nﬂﬂ 3.94 h.16
1
gl | s.e 3,00 | s | 7.952 5,15 | 0.92 5.18
0 —
ﬂ 7.75h 5. 50 5,9k G.51 FLED a6 5.0 .07
8,052 559 7.03 7,55 BL217 6.6 6,90 7.22
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Shnpet Clreuine ponag ol trdangnlar Lnll pier

width of plar_s B cm WLaLh of plav i 2 em e
Q X 43 do1 q x al a0l o]
m3fa ain cm cm .
3.9h5 hoht 2.85 3.1z 5.7h0 7.57 2.74 2,96 Q
b 8.712 5.35 3.10 WLy .k Tlo6.27 2.62 WL, 0R [
o
‘: 7.970 non h. B9 5.22 7052 g.ih | hoby G.11 g
[+
e 7.2%h 9,60 5.0 6,ah 7.h21 6,01 5.71 5,96 —
R.n5z 7.7 690 +.27 f.2l7 4,19 6,95 y LI HC_)
5.7ha
S.905 2.91 2,93 3.9 WL | =.bo 2,99 aj
J -
" R.71D | 5,51 1,00 | h.zn d.0ah 5,06 | .56 M,1L -
a 7.952 . w 51 o
o T.970 7.7 b, 02 n.PR 5.6G9 (R4 Seld O
; 7.5 1 e 5.87 [ 6,06 7.h21 10,65 | 5200|520 '
I —_ -
A.us2 7.4h3 .90 .M A.217 f.oha2 [T 7.0 %
5,005 2,031 .00 7.26 5. the 2.99 2,86 1,00 S5
- N -
2.82 L L% | I R.HTH by a.8G ii.1h
5 n,7132 7,91 _ 1 = s -%
by T.070 5.h2 hoal 5,30 .05 5.4 oo 5.17 “'5
i B
T A0 Db 5. 08 6. b T2 h,68 |-5.M 5.99
[ A .
L] . .
8052 | 5oy | 7.00 [ 7.46 RS NP2 M 57 J0 S 2 L. =
- : )
o h.ois | oaln 3.603 | 2.25 3.749 3,01 | 2,83 .93

IVvers

I
i H.713 a7 h.ol N5 R.BLA .76 1,80 H,1)

[
FRl " -
| rre | osey noow | sooo | _7e932 4 q.us g h.Bo | 5.3k S
W 7eesh b oa.en | 5080 | 6.3 7 ha 1z,0n | 3,79 (.02 ©
8,052 .07 .98 746G H.217 | 6,58 6,97 | .17
5.945 1.4 3,15 .26 5.7h0 2.0 2.91 7.0 B
t " ht
8,713 | 2.86 noan |l ouons B.ALA 260 | 2,95 [ M8 kel
@ T.970 P! 5,00 soh 7,952 _5.hz h.uz 5.19 1
=l
ol og.ash ) 6.5 5,02 | 6.53 7.4 1.1 3,47 .09 !
a i .
. n.os2 0,00 7.00 7.5h .7 5.60 G,u0 7.24 -§
o .
R S.905 1 Lag 2, bk 3.0 5, 7hy 2.0 | 2,92 3,13
. ' : ; )
't! 8,737 1.3 H.16 Wi B0 2.3 7,90 Wb
M * :
Y| 7.970 5.0% 5,00 5.5 o] 7.052 5.15 h,on 5.18 x
& e 0
A I B 5.5h 5,94 6.1 7oh h.sh 5.0 6.07 s
i osa 5459 703 | 7.55 n,217 6.6 6,98 7.22
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Shapoes Glrocular noae mnd drfangnlar Ltnidl pler

wWiidth of plar b oam HIdLLE of plev & 9 en
a X di 401 q B T a0
Wi/ e cn om e
5,005 Wit 2.05 J.12 5.7h7 1.57 2.79 2.96
¢ B.743 5.35 3,10 Wt noah L 6,27 7.82 N8
-+
:I T.970 BB L] 5.22 7.257 9.1k L 0T 5,11
g 7.28h0 9,60 582 (91| 7.h24 O, 8, 5.71 5,96
k52 7.0 i, yh -y R,217 9,19 f.95 7 10
3945 2.9 2.0% 1 2.19 7T h.7L 2,0 _ ] _2,99
B.713 1.5 4,91 W, ah B.n1h .06 3.86 b1
,;.9?0— 7. ooz | 5.2s 7.052 5,09 N.a0 5
s | g | oaar ) 6 ARGAN IWUITTN S L 251
__.p,,njz 7.4 B 0,90 1.4 n.217 _ﬁﬁ fr,on 7.19
-';_“—’I.;“ I"_:JJ J.Im'ad“ 3.26'- 5.7ha 2,95 2,86 1,07
= n.r1d 2.112_-- 300 "—*:Jl R.01h _ h.al _'1.'“9 h.1k
?‘. .97 G2 h.an 5.6 7958 5.04 hon 5.17
u T.254 9. 1h 5.08 6.0 7.0z W68 5.8 5.99
0052 | 507 | geoe | g | PBT | eom | geon 7.28
5005 | 2.7 3.03 | _3.28 39 qoa | o2.85 .03 .
L #.713 2.h h,o1, h.35 fa.61h 5. 76 5.8 %13
Dy e o H.yn | 5.9 7.952 1 gian i 4,09 5,14
-3 7.254 6.BR 5.09 6.h37 T has 12.0h 5,19 002
S gugn | y.ne 1 BT | a5y | 6.97 7.17
5,945 1.4 '.‘—1-5-“ uJ_:'EG 5.7h0 2.30 2.91 7,10
8.712 1,664 Wb - 4.hs | ik [ TR e P TS
7970 5,1 L _ q.h1 7.95% | 5.n2 h,u2 5.10
7 6.75 5.92 6,55 7.0 44 5B .09
0,652 6,00 7.00 7.5h n.o7 s.60 | 6.a9 7,24
3.9N5 L3 3,14 3.h0 5.7 2,06 | 2.92 3.1)
P3| aaen | had | wa B, M 209§ g | nac
"
£1.791° L5 5.0 sy | 7.95% 5,15 1 h.on 3,10
E? T.254 5,50 .o G.51 e 0,56 5.1 6.07
H.os2 5459 7.03 |- 7.55 8,717 6,06 | 0,98 7.22

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1S00 SS9y JO BIUs)D - Ueplor Jo AlsiBAIUN JO AkeiqiT - PaARSSY SIUDIY |1V

187

spyouXasy pue juardIyiscd bexd ussmlsd drysuotlelsd
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