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SUMMARY

The main causes of ship hull girder deflection are identified
and examined. An approximate iterative method is giveu for
calculating the deflection curve resulting from ship loading. The
method takes into account the variation in buoyancy distribution
along the +hip length resulting from the deflectud thape of the
hull girder. * The effcct of variation of bending stiffress and
shear rigidity 'albng the ship length on ship deflection are stu-
died. 'Tlle hul] girdec is idealized by a variable section box
girde.r and the deflection curve is computed firstly with refer-
ence to a line joining the two ends of the hull girder and

secondly with reference to the still waler surface

o Naval Architecture Depariment, Faculty of Iingineering.

Alexandria Ouivereity, Tgypt.
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_ _The effects of hull girder defleetion on the magnitude and
distribution of the shear force and bending moment, dlong the
ship length, are examined.  The percentage changes in dra-
ughts forward and aft as‘ well as amidships, due to hull defl.
ection, are calculated. -Two numerical examples are cousidered
for this purposc; a box-shaped vessel and an oil tanker. The
loss in deadweight resulting from a sagging deflection is stre-
ssed and the uecessary measures to obviale this loss are .Bugge.

sted. -

It is concluded that using high strength steels, structural
optimisalion procedures, increasing ship leugth/depth ratio, red-
uotion in corrosion aliowance and designing to higher working
stresses may have an adverse effect on hull flexibility. Escessive
hull girder defections may create additional structural, (economic

‘and operatioma]l unfavourable problems.
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“The building of the lhrcc dmlenSlonal comple\ struclure of d‘
shxp over a slip- way or in a bulldmg docL may causc the hull
glrdcr to exhibit a deflected form and algo may deform ‘the bottom
structures between bulkheads, This built-in deflection, Whlqh

restltsbasically from welding- operations, lack of fit of fabri-

‘cated ‘units, settlement of building dogk or ground diring build-

ing or-due to the' flesibility” of the hull girder, cantiot ‘be éagiiy
controlled or even predicted. However. it -conld be assimed that

forilarge ' ships (abo¥c 100,000 tons deé’dxﬁ-‘éféht), the " bdiltin

~-deflection over thé-ghip+length is of the order of 100 mm, and

normally, it is a sagging deflection.

Oun top of this built-in deflection. a shxp also ekhibiit’éz-‘én
additional deflection due ‘to "floadi'ﬁg.' The hull girdér could
be'idealizd by a floating free-free beam of variabla “cross-section
loaded by the various weights of stéel hull, outfittings, mach-
inery, cargo ... etc,, and ‘sup'porte’d by buoyancy forces. .Under
this* coudition; the hull’ girdér’ deflects “in the 1'ongitiiqiﬁél
vertical plaue, either'.in a ‘sagging or & hogging po'siﬁor’l. The
bottom “structure also deflécts ‘inwards or ~outwards 'depé'r'l':dirig
ou the local net loading. The megunitude of the hull girder
deflection or of the local deflectlon depends ‘on tbe distribution

of welghts and pressures as well as an the varxatxon of shcat

.and bending stiffnesses along the ship length and also -along

and across the bottom' structure. The accuracy of the calculated
deflection depends, among  other factors, on ‘how " the “structure

is idealized for ‘computation.
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Purther Jocal dnd geﬁerai. hul] 'giréer deflestion festl
from temperature variations along the ship lengih and across
her breadth and depth, Under certain conditions. this type of
"deﬂcotlon inay becore rather significant “and therefore lshonld
‘ot be wno:ed when culculatmg the totdl deflection curve of a_'

'Shlp .

| In the preliminary design stages, it is ~uot uedessary to
mclude the effect of the deformed shape of the hull girder into
the subsequent design calcuatious, whether for hydrostatic, hyd--
J}'(_)dynnmio, structural or operatfonal?urposes. However, the im-
portance of calculating the correct deflection curve: is realised
in the operational problems for ships having wide hatch openi-
'ngs,. for larce ships working in shallow water zones or passing
through shallow water canals, and for long chips having large
length/depth ratio. For thess types of ships, the structural a'nd"
operé{ional problems, which may result from excessi_‘{e/ hull
girder deflection, shbuld be taken ivto comsideration. The cal-
culation.of the true deflection curve of a ship is also very use-
ful when designing the Block arrangement for docking. Here,
the. problem is very complicated as the true deflection surface
depends not only ou the Joad distribution and the flexibility
of the hull girder, but also on the flexibility of the building
dock or floating dock as well as the docking blooks (1). The
basic solution of a beam on an elastic foundalion is given in

detail in reference (2).

This paper gives an approximate methcd for calculating;_
the deflection curve of a ship, using the distribution of weights

and huoyancy ag .well as the variation. of shear and heudirg
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siiffne'ssi:é along t_he ship lcngth. The ghear deflection is taken
into oégount and the total deflection curve is oomputed w_vi_fh_
ré‘fcrer.}ce to a line joining the 'two ends of the bull girder a';s;
well as to the still water surface. In this analysie, it is ass:
uired that the deflection of the bottom structq"re between bylk-
heads, d@lthough may reach values higher than 80 mm (3)), is
relatively small in comparison with ‘the longitudinal vertical
deflection of the hull girder which may reach 400 mm for
latge ships. The effect of hull girder deflection on the distr-
jbution of shea_r,fhorcc and bending moment, along ;the ship
length, is exemined. Two unumerical examples are considered
for -this purpuse: a boz.shaped versel and an- oilf tanker. For
the tanker, the distribution of shear force and bending moment
along the ship length, for one loading condition, is given before

and after Leing corrected for ship deflection.

‘Apart from the structural strength considera’t'i/on, the de- -

flection curve of a ship may also have a significart effect on
the load carrying capacity of large ships (4). The load-line
marks for a ship in a sagging condition {ouches the still water
surface ooly.at the midship region and not at the ends. The
lost buoyancy is in fart equivalent to the reduction in the load
' carryiﬁé capacity of the ship. :This reduction in deadweight may

reach, in some eases, over 1000 tous.

No attempt is made kere to investigaté the effect of hull
deflection on the calculation of hydrostatic, hydrodynamic chara-
cteristics or on ship performance and ship operation. Problems
regarding shaft alignment and deflection of engine room double

bottom (5) is of local nature anl is outside the scope of th's



paper. The effect of hull flexibilily on the djnaicic rdsponsé of
ships, .wi{_h, particular reference to slamniing has been studied in
detail elsewhere (6). Whipping stresses résulting from hnll
flexibility has been examiued in reference (7): The cffect on
transverse strenghh  of eoil tankers of lorgitudinal vertical
.deflections of side shell and longitudinal.bulkheads has been

studied in reference (B).

Deflection Curve of a Free-Free Beam

Thq geueral deflection theory of beams is gn(n in_ detail

in se\eral lg?t books(Q) Omv a h-zef summary of this theory,

ai apphed to me case of a flosting free-free. beam oi’ ‘variable

cross sectlon is mcn here

The total dcflectxon curye. of a floatmg frce-free Leam, of
SURUEE IR et T 20

\an}ble Cross- seollou, unr‘er tbe action of any anb'ran loading

'stem is compo;cd of tv~o parts, bendmo deflechon ;and shear

dyeey

dcflecnon
ren? o

The bending deflection is cal,(j:}l._latcd__, from_the following

general. differential equation :

Toer &y =g W

dx? % dxd X,

The shc_ar defiection is calculated from the fo llowmg
. - . QTN 1. . - oy ot
equatlon
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whete q_ = [(x)-P(x) see fig.. (L)
{(x) = downward forces

p(x) = upwargd supporting forges

A = a counstant depending oun the ‘geomelry of the

cross-section land is given by :

1' | A

,/’

The curvature of the elastic line due (o shear action is

determined -from equation (2) as follows :

dW2 da
—_— — R — ' , 3) .
\ dx2 )s = I dx + N N | (3)

where : a = AAG

For ship type struotures, although the hull girder is of
varialle cross-section, the variation in A and A may not be very

significant:and therelore equation (3) .reduces to:

d’ ®

(dx’:._ )s U ..(4)
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The total curvaturé of the elastic line at any positiont ¥

hloné the ship length is therefore given by :

d2w

dZwv d2+
= ()t (o )s ©)

((-1;2— t dx?

- , dhw, L drw ) ,
where (—Y';‘ ) b and (dx2 )‘_S are obtained from equations (1)

dad (4) regpectively. Substituting for their values in equation (5)

we get:
Bi’ .
d2w X o

- = + Fx +M \
(&) = B 0 0 (©)

X -

where * M‘)1 — beﬁding moment corrected for shear effect

(7

e Mx +-cx EI\ ?x

(o)

nx‘ X. i
— 2 8
M= f q, ds ()
o ! ' K

F ‘and Mo are arbitrary constants and could be détermined

from the end conditions.

s
i

For ship type structures, the end couditions are :



B & =06 dnd 5 = L,

d? w d3w
dx3 )t

Hesce, the curviture of the elastié line is giten B¢

d? w ) - M’x
ax? 7t Elx

( (9)

[From equation (9), the equation to the elastic line is

given by :

M

X /,X X . .
(w), = f | e fx w0
0 [¢]

) o
. |

whece 6, and w, are arbitrary constants depeadent oun the che

osen reference line and the end coundilions; see Ifig. (2).

Fo: a reference line parsing through the two _ends of the

huil girder)f-».at the still water surface, the two counstanis 6, and

w, are delermined {rom the follo\\'ing, counditions :

(wt‘)‘o :(wt)b-':o

R A
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"‘:Buoyancy Curve
q = f(x) - p(x)

FIG.(1) LOAD DIAGRAM

The equation to the elastic line is therefore "g’i/x--'en.by .

L

. ] A1)
(w) ,:,—1—[ fkfxfi dx? — X f fL ‘\_‘_dez (1)
V= gL, ] L J ] J
o 1) x 0 o x

On the other hand, if the still water surface is" assamed
to be the reference plaue, see Fig. (2), the two constants 4, and

w, are determined from the following eqﬁilibrium conditious :

L. . :
i) f (A dx = o (a)

0

L _
ii) f (A ;f.x.dx =" 0 (b)

0]
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where  £&q = change in load duc to hull girder deflection
T
i y, w0
Y == Dbreadth of the ship -al the waler-line aund is

assumecd to be constant over the ship deflection

range

Substituting (wt ) Yfrom equation (10) into (&) and .(b),

L x  x M

X ] Y
_ds - 00-.x + “o]d.\

I

i ”‘\.Hf / > o (12)

C o o} X

L x M’

X .
1 ' X e N
f VFX[E / [ I—dNZ + ‘90 X + \\O].x.dx = 0 (13?
O 0 B o s -\’.

Solving equations (1 2) and (13) for 64 and w, and then
substituting in equation (10)} the deflegtion curve of the elastic

line of the hull girder could be determined with reference to

the still wa'er surface. —

Jt ‘should be realised that for ship type struotures, these
calculstions cat Le casily carried out numerically, once the

distribution of loading and stiffness along the ship length are
known.



Reference line between end points

R § .
.Aft End Point Fore End Point

b/ N

\\.‘\“ o Waterline —‘/

g, T ’ — =

PDeflection Curve

FIG (2) SHAPE OF DEFLECTION CURVE

Effect of flexibility of ship hull girder on the magnitude and

distribution of shear force and bending moment along the ship

Jength .

r——

The complicated structural configuration of a ship could
Le approximately jdealized by a box girdtr of variable cross-

section. Full scale tests (10) have shown that the observed
hull deflections cbeck reastmably well with the "theoretical
values. The calevlation of the “true’’ deflection curve of the
idealized bull girder and the subsequent calculation of the

shear force and bending moment distribution along the ship length

could be determined by an iterative precess. The first f{rial is
based on an assumed distribution of weight and buoyancy along
the |ship Jength. The s,ubéequent iterations n:odify the cale-
ulated distribution of th= shear for<'3.é ard bending n:omeant along
the ship leugth as well "as the sil'tpe of the defleclion curve

Theze calculations are iterated a few times until the change
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in_the maguitude ol the bighest value of Dbenling moment
or deflection ia within acceptable pre-determined, limits. The

mathenatical procedure is carried -out as follows :
1. Chédnge in lcad,
¢ = yy_ (W
A I1 y’\x. ( ' t)x

(14)

2. Chinge In shear forces
. X
s F— [ naps (15)
o

(]

3. Change in bending moment,

X N o : .
A_ Mo / / Aq dx2 (16)
0 0 }

4. Cbange iu deflect oq,

. N. .1<.
JAN (wt)xi‘ = f f
o 0

AM ._ o
-2 : ,
EJ dx2 + 00i X Voi (17)
X

where: i==1, 2, 3, ... n,and un is the number of ifterations

and X ideatifies the position along the ship length.

The iwo coustauts 6 . and w . are also determined
oi - ol :

using the two eyuilibeiud conditious given by the pre-mentioned

expressions (a) and (h).



" Theé +correct ”’ distributian of load, shear fSrce aund

.hgi'iding"'fn'()'rﬁcnl a:l'dr':g'the'éhip' Iénéth, as w'éll'as't'he “odr}cc{”
shape of the deflection curve are given by : |
) 5 8
(9), =9, + 3 b o (18)
1 =1
(F) _F 4+ & A Fy : {a
x T x T2 B . (1%
] =
n
(M) =M_ 4 5 A M 20)
1 = ] 1
. v n 4
(“)X = (Y + . );l A (“t)xi (2%)

where (q)x , (F)\; .(M)‘ and (w )‘ are the corrected
Joad, shear force, bending moment and deflection at any position

x along the ship length,

and T F o f g 0% (22)

0

My = f f agdtx @3)
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This rethod of calculation has beex programmed in

Fortran 11 for the University of Alexandria computer and a
flow diagram is shown in Fig. (3).
The following twe. cases have been considered :

1) A box—sheped vessel, see Fig. (4).

IT) An oil tavker bhiaving the following particuldrs:

1LOA == 1'9-—1.0 m

LBP = 184.5 m

B P 25.6 m
m

D = 1¢0m
m

. However, if the shape of the deflection ocurve could

be approximately represented by a second degree parabola
of the form :

(V) = @ x2 4+ bx + ¢ . o (24)

_the shear force and bending mpmént components resu;-
Iting. from hull gicder deflection are given in detail
in Appendix (1). For a uniform pox girder f{loating in
still  water, the chear force and  bending  moment
compouents at any position x along the  girder leugth

are approximately given by .

. 4 x 3 9x 2 \) ’
F =B oAl - =+ 25
A R L. ER
x 2x3 x2
= B A I 26
My =7 P8 050r ~ 30 7 3 (26)



The rmaximum value of the beuding moment component
e

amidships' is given by :

LRY 2
M= dal (21
max 4800 -1, )

where L aod DB are the length and breadih of the
box girder, in nelers. '

and, A\ is the maximum deflection amidships relative to aline

joining the two ends of the idealized hull girder, in cm

It is evident from this analysis that the conventional
term of the still water bending moment (SWBX) should be cor-
rected {o take into account the effect of hull deflection, i.e.

VBA ) — SWDBM + (SWBN |
( SWBA )C L (SWBM )p

= (1 4+ 1) . SWBM

where (SWBM)C= still water bending moment corrected for

hull deflection

SWBM = still water bendiug moment for a rigid body

i.e. uncorrected for Kull deflecﬁbn

( SWBM )F = the additional bending mement component -

resulting from hull {lexihility
n = a factor depending ou hull floxibiklity.

The effect of variation of buoysncy distribution along the
ship length ‘dueto bull deflection has also been emphasiscd in
reference (11). The difference between the calculated and !me-
asured stillwater stress, given in reference (11), may be partly

due to 7.
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Loss of Deadweight due to Ship Deflection

The deflection shape of a ship ina sagging condition allows
the load-live marks to touch the atill wat.r surface only in the
midship region, sce Fig. (5). As a result, the ship will not
carry its full load. The reduction in deadweight ig in fact eq-

uivalent to the loss of Luoyancy. which is shown in Fig. (5)

For the oil tanker under cousideration, this lsss of buoyancy -

is of the order of 700 tons aud for larger ships it could easily
exceed 10(0 toms. [n order to avoid this loss dj deadweight
the ship could be built originally with a hogging deflection
such that when loaded, the sagging deflection will approx-
imétely strajghten the ship out. Alternatively. a correction
should be given to the load-line marks amidships such
that due account is taken of ship deflection. ';I.‘-he former
solution may impose sowme difficulties during ship cons-
truction and may iuncrease the building cost, but Tan add.
itional 1000 tous of cargo is worth coasidering.. This
is particularly important for ships . wormally running full
l‘dad'éd. On the other hand, _the second solution requ-
ire  an Inlernational agreemeunt on the scope and limi-
tations of the free-board correction. This requires a

separale investigation and is beyond the scope of this p2per-

Results and Anslysis of Calculations

Various conditices of loading and several distributions

zloug ship length, of shear area and sectioral moment

of ‘intertia, for bolh cases of the box-shaped vessel &nd

the oil tanker, are studied. It is assumed; in these ‘calculations,



éig’@

/.
/.
A

135534 | a3gvHS T x0g (7)) "ol

wwooe ‘0 ‘oL = j. P
ui s Qg = DIISUL JO JUSWOW UO01309G
2RO g00s = mero s

BB

___,::—:5 g
- - RN
BN o R

LWL,
A

RN

Mias

SA_stavs

EIERF AR

o

N AT
S
H—-\;""'v-\

mabiant

i

]

FiC.'(S)‘ LOSY BUOYANCY DUE TO SHIP DEFLECTION.



590

that A = 1.2, The résults of one particular 1oading condition fof

the oil tanker are given in Tables 1, 2.

- The miin conclusiotis drawn up from the results of these

calcdlatiors are as follows :

1. The deflection curve is calculated with reference to a line
joining the {wo ends of the idealized hull girder and a=ed

also with reference to the still wa‘er surface, see Fig (2).

2. The ratio of shear deflection/bending deflection depends
upon the raito of shear drea [ sectional moment of inertia
and the length/depth ratio.  For certain cases, the shear
deflection may exceed 15% of the total deflection amidships.
This result is in good agreement with the resulls given in

reference (6).

3. Changing the length/écpth ratio has a remarkable influence
on the maguitude of maximum deflection. Long shallow
ships may experience escessive deflections. Clasziﬁc_ation
Societies control hull girder flexibility by setting an upper
limit to the L/D ratio, (L/D = 16). .

4. The factor K = 0.09 suggesied in reference (6), to be used

in the approximate deflection formula :

W= KMLYEI (98)

is in good agreement with both results of the box girder

‘and the oil {anker.



 foi

5. A small change in the shear area or the sectional ,nament
~of inertia does not have any significant effect on the magni:

tude of the maximum deflection.

6. For both the box 'shapeci vessel and oil tauker,' it i shown
that the maxzimum shear force, maxinum bending momerit
and maximum deflection, corrected {or ship hull deflection
may he less {hau the corresponding uncorrected values

by akout 3 9.

7. Hull girder deflection may chenge the fore and aft draughts

by mere than 29, aud the midship dréﬁght by more;th'a'n 1%

8. Deflection curves for the box-shaped vessel are shown in
Fig. (6) for two loading cases and two difierent values of
sectionai moment of inertia. Fig. (7) [shows the deflection
curve for the oil tanker for two different values of the

sectional moment of iaertia.

9. An approximate estimate of the effect of hull deflection on
the magnitude and distribution of the shear force and bending
momeunt along a f{loating box-shaped vessel could be
achieved by assumin\g the deflection ‘curve to be a simple-

polynomial.

Concluding Remarks

The wain counclusions drawn up from this investigation are

summarised as follows :

1.. Beocause of the increased kuowledgs on local, dynamic and

. wave induced loading on ships, Classification Sosieties may
f
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Afke thefvallowdble #tredsés With a subseqaent Feduetioh it
8Kip Béctional modulid ahd niomedtof inertia., Also, When
effective measares against corroaion dre considered, Cladsilicas
tion Societies may allow a reduction in corrosion allowance with
a’culisequent reduction in ship sectional mopient of inertia.
THis fnéreased hull fiexibility may be furiher increased by using
high L/D ratios Also, increasing strength/weight ratio by‘u
Uging high st'i*eng"th steels of'reducing"wefght/slrength ratio
by using structnral optimization procedures may ciuse ad
appreciable reduction in the sli“ffncss of bull cirder. Effective
'mgasureS' should 'therefore be taken to coniro] all these

factors so as not to impair hull girder stifiness.

The deflection of a hull girder changés th2 assumed distri-
bution of load, shear force, bending moment 23 well as {he
mode of deformation. Excessive static déflection affects
still water :shear force and hending moment as well as
ship response to sea waves, pirticularly slamming (6) and

whipping (7).

Ship deflection may reduce the maximum valués “of still
water 'shear force, bending moment znd hull défléclion by

more than 3-0%.

In order to satisfy the deadweight requircments, the current

load-line marks should be immersed By about 30% of the
_total: deflection.

A built-in "hogging deflection ¢ould obviats the loss in the
~+load -carrying -capacity’ due'to hull girder deflection: Altérnas

. tively; thre draughts and loadline matks of a‘skip should be



Eoffocied 1o take tnto account the deflect’on curve experienced

in its tormal loading coundition:

8. Increased ghip hull girdet deflections may impose limitations
on tli€ use of high strength stéels as well as on the degree

of optimization of the steel weight in ship structures. -

7. Excessive hull girder dellections nay increaso thé opera=
ti>nal problems resulting f{rem {he sinkage and trim

associaled with ships passicg through shaliow water zounes.

From the above concluding remarks, it should be realiecd
that using high slrenglh. steels, structural optimisation limi-
tations on ship dimensions, reduclion in corrosion allowance ...
etc., should wnot he on the cxpence nf excessive hull girder

flexibility.
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List of Notation

= Shear area

= breadth at waterline .
= modulus of elasticity

= conustant depending on the refreace line
= shear force at a distance x

= modulus of rigidity

= segond moment of area of the longitudinal material
for a fleating free -~free beam, or ship section, at

a distince x g
= ship length
= Dbending moment at a distance x

== Dbending moment corrected for shear dction

= counstant depending on the reference line

= load at any position x along the ship length (or a

{loating free-free beam)

= (weight )\: ~( buoyancy )X

= distance along the ship length f om the aft end

== Dreadth of the ship at the water - line anl "at a

distance x from the origin

= gshedar deflection
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berding deflection

a constant of integration

total deflection (wt — W ¥y )

a faclor associated with shear stiffness, (a = A/A)

computed difference for either delfection or bending

moment during the i‘eration process

density of water

~ a constant of infegration

a constant depending on the geometry "of the cross—

section

shear stress

a pre - determined value representing the acceptable

margin to be used in the iteration process -

maximum deflection amidships relative fo a line

joining ‘the two -.ends of .the idealized hull girder.



Table 1.

Shear Force and Bencing Moment Distritution

Shear Force (tovs)

—pr T

' Bending Moment (t.m)

STN , — .
correcled uncorrected corrected uncorrected

1 0.00 0 00 0.00 0 00
9 —82.75 1786 § - 24043 ~2343.6
3 920400 1 —327.64 | - 3448.3 —5170.6
4 ~1307.55 | —1358.63 | - 1392.0 2055.9
5 916354 b —9926.69 |  14850.8 1C047.2
6 _9691.390 | —2750.84 | 847149 267 04.4
7 ~9864.92 |+ —2929.88 57800.8 |  €0210.4
8 _os2900 | —2877.10 | s1511.3 | 84464.9
9 _ 043133 | —2520.49 { 1034483 | -10€826.8
10 185625 1 —1815.70 | 1200342 | 1245046
11 101837 | . —1011.62 | .181653.2 1 183398.4
12 ~33 67 _10.81 | 1339699 | 137605.4
13 863,92 906.30 | 1276318 | 180970.8
14 1595.46 1654.00 | . 118783.6 | 116662.2
15 . 2050.85 9130.81 | 049804 |  46577.4
16 221167 931319 |  71800.9. |  73457.4
17 2353.08 9402.8% |  48185.2 492292.7
18 - 1741.68 1790.63 §  26880.1 27403.3
19 1089.29 1067.01 11569.9 £1750.6
20 197.60 50609 ;  8385.9 3411.8
o1 0.00 0.00 § 00 | 0.0

i :

-+

ve downward shear force and hogging momeni
ve upward shear force and sagging moment
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Table
Deflectica: Curve
_ Deflection Curve (rm)
STN, | with re‘erence to W.L. |with refecence.to cad points
Corrected- § Uncorrected | Corrected Uncorr{:cted
— d

1 —181.6 ~161.3 0.0 0.0

2 —146.0 —127.1 38,97 40.3

3 - 110.1 -92.6 78.0 80.8

4 —174.0 —57.9 117.4 - 121.5

5 —38.3- 1  -93.6 156.5 161.9

6 -3.8 " 9,3 194 2 . - 200.8

7 271 39.1 229.0 - 2367

8 54.5 64.0 .59.1 2676

9 74.7 82.0 282.6 - 291.6

10 86-4 91.3 297.6 307.0
11 88.5 20.6 302.9 . 312.3

12 85.0 84.3 302.8 312.0

13 76.0 72.1 297.0 £06.0

14 56.6 49.4 | 2810 289.3
15 28.1 173 ¢ CosRT 263.2

16 - 8.1 —22.7 222.8 229.8

17 50.2 —68.6 184.0 189.4

18 —96.3 —118.8 141.1 145.3

19 - 145.2 — 1717 95.6 98.4
- 20, -195.8 . —226:4¢ 48.3 49.7
21 —-247.4 —282.2 0.0 0.0

(— ve) above water surface

(4 ve) below water surface



- APPENDIX I

Calculation of the shear force and beuding moment distri-

" bution for an assumed shape of the deflection curve

Assuming that the deflection curve is< a second degree

parabola given by :

(w,), =ax2+bx + ¢ ' (A1)

The constants a, b and ¢ are determined from the following

cenditions, see Fig. (8).

atx =0 - w =3 ' (i)

L’ ’ .

at x = 3 W == (A—29) (ii)
w"t = 0 - (iii)
where 6 — end ordinate of the deflection cnrve relative fo the

still ‘water surface

A = maximum ordinate ( agsumed axhids’hips ) relative to

the chord A B.

-

Substituting conditions (i), (ii) and (iii) into equation (A1),

we gef :

N 12

fumany - _ c = 3§

2o b=—

Hence, the equalion to the deflection curve, see Fig. (8), is
given by : | |

(v0x =40 [() = (D] e 42

-
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The load ititénsity per unit length is given by

l

qx Y . (w)

Wwhere: ¥ = water deusity

Yx= width of waterpia'ue,at a distance % fiom the
origin.

( wt -)x - = deflection ‘.ordinatc at a distance x.

The shear force and bending moment at any distance x
are given by :

-

: X
Fx _ f q dx
o)
X x ’. x
W) :
X X '- X
Mx = f Fx dx = f f q dx?
' o ) o o

wy [T feal@) -

L] + B é\ldx 4+

G, x 4+ C, (AD)

CcararET
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The constants Cl an(i‘(j.z.,'zire.udeterihine&'rfafrumi izhe end

ponditions :
at temb Fo=M =
X X
Foé 4 tinform Nox girder floating in stiil \\atérJY becd

mes invariable and equals the breadth B.. Heuce,. cquatxons (A4)

and (AB) becomeé , after substituting conditions (iv) :

F B X 2 6" A6
- _— — —— X 4
x 7 ‘244\[3” QL}+ g (A6)
-4 x3 x2
M = B 22t s =0 (AT
2 T vt R I
P

The relationship between & and A\ is obtained by satisfying
the' condition : '
. 2 : N
Hence 5 = ?—)- A

Equations (A6) and (A7) are reduced to:

4 x3 2x?  2x

P Foo= ~— —& A8

Fo=yp AT = T 09
x¢ 2 x8 x2

fuansd B — -~ T AQ

M r B A { SLZ 3 L 3 g (49)



~length of a fleiting uniform box girder are given by equations_

b3k

Theréfore, given the makimum deflection amidships i.é.

A

the distribution of shear force and bending moment along the

(A8) dnd (A9).

The mzximum bending moment occurs at x = —:
o : ‘ ; BL2 .
Hetibe,- I\i — y-—-———..A. {.m.
mz< 4800
where B, L arein meters and A is i cix,

For the byx girder under consideration i,e. L =15
B=20m »=1.0





