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INTRODUCTION

The design of an economical fizxed arch bridge by the usual
method 1s a long and troublesome job., The method used in this thesis
1s a good and short practical one that utilizes some tables that are
nothing but the evaluation of the usual summationsy but in order not
to loose the practice § in designing arches by the exact summations,
I have used the tables for the preliminary calculations then checked

the final design by the summation method.

Te . J. Jdelhebl.
Beirut, June, 1950,
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NOTATION (Cont.)

the vertical movement of the arch at the crown.
The horizontal movement of the arch at the crown.
The angular movement of the arch at the crown.
The length of an iInfinitesimal portion of the arch curve.
The cross - sectional area of the arch rib at any point.
The width of the arch rib.

The length of the arch span measured from the centre line
at the springing.

The rise of the arch measured fromthe centre line at the

springing to the centre lineat the crown.

The total dead load plus half the distributed liwe load at

The total dead load plus half the distributed lide load at the

apringing.

The uniformly distributed liwe load.

The total dead load plus half the distributed livie load at any

point.



CHAPTER I

CONCRETE AND REINFORCED CONCRETE ARGH BRIDGES

The development of conecrete and reinforced concrete increased

considerably by the use of arches for bridges. An arch bridge is

gt

subject mostly to/comp. 28ses for which concrete is particularly

)

adapted., With steel reinforcement to take care of any possible tension
& concrete arch bridge becomes superior to stone or brick arch where
tension must be avoided. Arch bridges may have as long a span as §58
ft. or more.
Advantages of Arch Construction. -

1. Permanency. The arch galns in strength with time.

2. Aesthetic appearance.

3. Small cost of upkeep.

4. Less vibration and noise for arches have large masses.

5

« Clearance for navigation.

Compgrative Costs., —
The cost of a bridge depends upon several factors and local

conditions such as the ground. When hard foundation 1s not far from the

surface of the ground, it is evident that an srch oridge is the most
economical. B ut, in bad ground, the advantages of arch bridges are
reduced due to the extra cost of foundation that should be designed to
provide for horizontal thrust besides the vertical pressure.
Classification of Arch Bridges.-

According to their method of design the arch bridges n
be diwvided into three-hinged, two-higned, one-hinged, and fixed or
hingeless erches.

According to their method of construction they may be

divided into filled spandrel and open spandrel arches.



Filled Spandrel Arches.- 1In this type of construction, the space
bétween the extrados and the rosadway 1s filled with earth that is pro-
perly rolled and tamped in order to support thé roadway., Spandrel walls
are used on both slides of the roadway.
Open 8pandrel Arches.- In this type of arches the f111 above the areh
ribs is omitted and the constructlion consists of(a} arch ribs (b) a
8ystem of "vertical supports above the arch ribs, or (c) a horizontal
floor construction carrying the roadway und supported by the vertiecsal
supports.

The economical advantages of this type omer the Filled Spancrel

Type are:
1. The dead load 1s reduced by ommiting the fi1ll so that the

arches and the foundation may be made lighter.

Ei The arches do not need to be made the full width of the
bridge. Two or more independent narrow ribs may be¢ used.

3. The indapendent ribs may be made deep enough to reduce the
tengile stresses qulte a lot.

‘4, The ribs may be made of rich conecrete properly reinforced
with conseguent reduction in cost. Apart from economical advantages
the ppen spandrel arch bridge has 2 nicer look than the filled type.
Arch Ribs.- The arch rib may be a barrel rib extending the full width

of the bridge ssme as in filled spandrel arches. ( see fig.1l )

&'more economical construction is fulfilled by using two sepercte
ribs whose combined width 1s smaller than thet that wovld have been

required for full barrel arches ( fig. 2 )



' In verv wide bridges three separate ribs may be used, a wide one in
the penter and two narrow ones at the sides. In case.{ as in the shove )
the width of the rib 1s large as compdred to its depth, no lateral
bracing l1s required.

Vertical Bupports.- The load from the floor is transmitted to the
arch ribs by means of vertisal supports that should be so designed as
tol tteansmit properly and uniformly the load to the arch ribs. The type
of such supports depends on the type of arcituused. ¥or barrel or wide
ribbed types, cross walls are being used (fig.l) while columns are used
in the ribbed type of arches and arc belng erected at the center of the
rib,

‘@ To distibute the load over the arch rib, reinforcement should be
used on the top and bottom” so as to take any tensible stress in case
of cross begdihc of the lvribs,. Also stifenning crods ribs are often
used over the rib between the columns. As the columns and walls are
poured seperately from the arch, dowels should be provided in the arches
of same number and size as used for column or wall relnforcement. A
proper J%t also should be provided in the arch rib with a horigontal
bed to receive the column og wall."

Hloo® Construction.-' The floor may rest on vertical supports all
over thelrlb (fig.2) or the roadway in the central part of the span
‘may ‘pest. directly 'on the rib (fig, 1)

In!cagse'crogs wdlls are used as the vertiecal supports, the floor con-
psists of: |

1. Arches spanning between cross walls.

2. Slebs spanning between cross walls.

¢”‘Wheh type two is used, the spacing of the walls should be made small
eénough to permit ‘t¥e use of & slab thickness not larger than 8 inches.
TiHe nain® Conefete-Plain and Reinforced" by Taylor, Thompson Smalskis
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The main
¥elnforcement consists of bars running longltudinalls with the bridge,

when the vertical support consists of independent columns, the floor

construction may consist of (1) cross heams running between columns

[

and sleb spanned between them, (2) stringers runn ng longltudlnally,

1

supported by cross bears, and a slab running between Bbringers, ,the
cross beams often being cantilevered out to support the sidewalk, and(3)
flat slab construction where beams and girdef are omitted and, instead

a massive sleb is supjorted on columns with enlarged heads."

QT RETN DVIIATEAT N CTONCRITTE ARCTIMG
U&SAIL: OP ;LL'.IJ‘“ O].u__rr.‘,l‘aT I;. uUlAC.‘._h p ] "\ .J.C‘;;;dn

Concrete, plain or reinforcement may be used in arches. Plain con-

ct

crete should be used only where the resultant stresses are compressive.
Thls happens in long massive arches. Yet some do not recommend the use
of plainconcrete becau§e in most eases reinforced concrete arches may
bel’bullt’ eheaper and:;%re able to resist unexpected stresses due to any
disarrangement. of. foundation or any tensile stresses due to any cause.
Another advantage of reinforced arches is that the nllowable unit com-
pressive stresses in reinforced concreté 1is larger than for plain con-
crete. When narrow ribs are used, they should befully reinforced in

the same manner as recommendedlfor columns.

Reinforcement consists of usual bars placed symmetr;cally at the
intrados and extrados, with tie bars between. Sometimes it is used near
the lower face at the crown and then bent up near the top face at the
springing. But this is not recommended by some authers. The amount of

the longitudinal reinforcement usually ranges from % - 1% of the cross

section of the arch with some extra steel at points of maximum moments.

& o



Spirel Reinforcement of Arches.- Sometimes 1t is desirable in arches
conslisting of seperaie ribs to Increase the compression strength to
reduse the ribh section, This 1s fulfilled by the use of spiral reinfo-
rcement which increases considerably the allowable unlt compressive
stress in concrete. To get the laryest venefit Irom spiral reinforcement
it 18 used in the highly compresced sections snd the cross section of
the rib is made 1 shaped 1n some places to increase the moment of iner-
tia of the section.

ALLOWABLE UNIT STRESSES IN AN ARCH®
Allowable Compression Stresses.- The allowgble unit stresses in an

arch should not exceed the wvalues given in the table below,

Describtion Conerete or Thrust and Bendirg Moment
Nearly Con- e<l/6 h. e 7./6 h.
centric Load

*

Plain Concrete 0F185f 0,211/

Reinforged con- -

crete, mik.p= 0.cl o.zzsq; o.265§; 0451657

As far as compressive stresses are concerned, ti.e stress conditlions

gre the asme 8= in columns,

*

Q fé =z Ultimate compe. strengtl: of concrete at 23 days tested in
cylinders. :

"Concrete- Plain and Reinforced" by Taylor, Thompson, and Smulskie.
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CHAPTER II

THEQRY OF ARCHES-DERIVATION OF THE FORMULAE FOR FIXED ARCHES,

Arch Action And Advantages.- Arch actlion 1s governed by the same
rules of mgchanlcs as ordinary beam actlon. An arch 1is nothing but
a curved beam. A beam 1s subjected at all sectlons to shear and
bending moment.

A hinged arch 1s a curved beam hinged at 1ts two ends., When
loaded vertically, shear and bendling moment exlst as well as horlzontal
thrusts that compress the arch inward thus decreasing the bending
moment. This reduction in bending moment 1s one of the two advantages
of a hinged arch. The yeconpd is that the whole asection 1s sub jected
to compression stresses due to the thrust which reduces the tenslle
stresses produced 1n the section by the bending moment. A curved beam
built into solid supports that prevent the ends from spreading or

rotating 1s a fixed arch. The beneflts derived from thls are the same

as those of the ginged arch. In addition, the resulting bending moments

are smaller,
#beflection of Arch under Differentaof Loading.- There 1s a

TrPes
considerable difference between the manner of deflection of an arch
under vertical loading and that of a beam.

A beam subjected to vertlcal 1oading.a1ways defle€ts downward,
After deflection, all points on the axis of the beam(except the supports)
are below the original position of the axls of the unloaded beam.

An arch subjected to vertical loading deflects downward throughout
only for loads extending over the whole span. For partial loading part
of the axls deflects downward and the balance deflects upwards. Ilg.3
shows 1n exaggerated form the shape assumed by the arch for different

types of partial loadlng.

#" concrete~ Plain and Reinforced " by Taylor, Thaompson and Smulski.



The most unfavorable loadings for an arch are-sided loadlings shown in

fig.3. The loaded part of the arch moves downward while the unloaded
part moves upe The points of maximum tension, 1.e., where cracks may
be expected, are marked by T,

The partial loadling shown in 'ig. 3, producing maximum tension at
the crown pushes the crown downward and the haunches outward. The
exaggerated deflection is shown in the figure.

The loading producing maximum negative bending moment at crown shown
in Flge. 3 has the opposite effect to that in the previous case., The arch
1s pushed downward at the haunches and forced up at the rrown.

Arch Analysis.- A hingeless arch is indeterminate to the third degree
In order to avalyze the stresses, the relation between the elastic deforme
ations of the arch and the internal and external stresses should be con=
sidered. All different methods used are really different ways of arrang-
ing the same fundgmental equations. These equations may be derived elthea
by the method of least work or by the equations expressing the deflections
of a curved beam. The labor of an exact analyses of the dimensions 1s so
great that 1% 1s desirable to have available some simple method of arrivir
at a trial section that will require little of any change upon closem
studys Mrs VeS. Cochrane has developed a simple and speedy method of
applying the elastic theory to sypmmetrical hingeless arches which is
somewhat approximate but sufficlently accurate for the final design of
structures of moderate span where great refinement is not attempted.

Mr. WMhitney has prepared a similar adaptation ol the elastic theory.

Proportions.~ The axis ( center line of the ring} should conform
very closely to the dead load line of resistance, thus eliminating as far
as possible bending under the permament and ma jor part of the load and

reducling stresses to the least possible,
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A parabola satlsfies these conditions in case the load is uniformly
distributed. Actually the curve lies above & paresbola and in prelimine
ary computstions for welght of moderate span arches, the curve at the
erown and springings may be assumed to be segments of a circle., With

the dead weight of the structure Xnown with resonable accuracy, a satisfe
actory curve for the axls may be obtained by passing an equilibrium
polygon through the crownland springing points of the axis. Thls asumes
no bending moment at these two sections.

As an estimate for the crown thickness, Weld's formula may be used.

e oL + w% WS
C \[— m -+ + !-
where de- crown thickness in incles,

clear span in ft,

L

Tl,
Wi

1

LesLs in #/ft 2

We = DeL. at crown in #/ft 2

The thickness at the springing is usually sbout twice or more that
at the crown, with a range from about 1.5 to 3+ loadse~ The T.L. Bor
arches are the same as those for any other highway or railway bridge.
ImPact varies from 15-~30% for open spandrel arches, and a smaller value

for filled spandrel,



_X.
[or moge that at the crown, with g range from about I.5 to 3.

Loads.~ The L.,L. for arches are the same as those for any
other highway or raeilway bridge. Impact varies from I5-30 per
eent for oven spandred arches, and a smaller value for filled
spandred.]

ANALYSIS OF THE ARCH BY THE ELASTIC THEORY

An arch with fixed ends is statically in determinate to the
third degree, To get the three equations needed me have to resent
to the following assumptions, considering the areh as cut at the
erown, the horizontal, vertical, and angular displacement should
be zero i,e,
4x =0 A4y =0 a4 =0
Our plan will be to cut the arch at the crown and determine
the above mentioned displacements.

Let fig. 4 represent a curved beam whose esurvature is small in
Propogtion to its depth so that the length of all fighers may be
eonsidered equal. Assuming that ab is fixed and that de rotates

through an angle @, The deformation that takes rlace at a distance

ed
e from the neutral axis equals e -A@ . Unit deformation is g = S
4 f.As 4s
ealling f, the unit stress, we get E = =
Me MAs 3 e.AD
But £ = ¢« S0 EB= Whieh gives
o
.17 = NBe e We could have reached this result directly from

E I
the fact that the angle change in axis of a loaded beam at
any point P from the tangent at any other point A ig equal to the
area of the moment diagram between P and A divided by EI.

98, ;
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A Am M -AS
B i Sibideas .
- X MAS
again AY = xAf-
EI
since AY 1s negative.
- YMAS
SimilarlyAx -
El

With the origin of coordinates at the erown e, the horizontal
movement of C due to bending bears the same relation to each
canté’lever. Then Bfrom the theory developed above,
o Yoyt Hog - > A% (1)
C C
The changes in A Y are equal and in the same direction, so
A B
2 AY = 2 AY (2)
[ c
also the changes in direction of the tangent to the axis at ¢ are
equal but opposite in direéztion. hence
A P
2 Ag = - Z AQ (3)
C c

ubstituting the values for each of AX, AY, andA @ we get:
MY AS

_ o~ Myas
c.EI EI (4)
“"Mx A S ‘é Mx .A S
Z 2 g (5)
EURE e v
A I < e
e B 1 c EI

A B
Demoting ECM as i ML}. and ZCM as fMR, deviding the

arch ring imto divisions such thatss§ is a constant, and eliminaing

the constant,E, we get

RE 2 ¥
>m k= Sw + L
2% 2 e = 55
S WNey ok |

. | (9)

<

HJ ¥
1
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Considéring the left half of th2 arch as = free body, Mec
is +ve ( It produces tension in the bottom fiber )e Similarly
for Vo, Ho produces compression.
Hence for any section
My = Mg +Hg-Y +Va-X—mp
Where m is the bending moment at the section due to thie external
load,
Similarly for the right half
Mh==N@~+pr - V¢ x -« mR.
Substituting in equations (7}, (8), & (9), and oombining the terms:

2Hc§ +2ﬂ(42 - mL__f -gmn_i__: 0 (10)
2Vq§? ~;§;ﬁ;_§;+§;mﬁ -

2He > Y + 2Ma S 1 -2@;_ -2213
Sl I 1 1

considering the application of load on the left half of the arch

H
o

(II)

1y
o

(I2)

only, the terms containing mR Alsappear. Vonmbining equations
(I0) & (12) ,

SEZT oy

Ho — (I3)

2 2
2 Y I - ¥ )
[gT ] i'f ]
m

Me - (14)

equation (II) gives

Vo - f? , (15)
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We may shift our cocordinate axis to the Zlastic center so that

2% = 0.

This simplifies the above expressions but more work has to be done
in computing the coordinates of this Elastic center.

Comment on the above equations.- <he above equations have been
derived on the basis that ASis constant. Some prefer to divide

the arch asis in such a way that AS 1is constants This is done by
plotting I against AS +then constrgting isosceles similar

triangles by making their sides respectively parallel as showndsn F7§-
We cen still simplify our fundamental eguations by dividing the arch

axis in such a way that AS.Y 1s constant. This is done thus:

ASY _ AS
i 1
: 4

This 1s done by plotting Im against A S Ihen construoting similar
isosceles triangles hy nazing their sides respectively parallel as
ghown.js 'F"ﬁ- &

If AS 1is constant,

He - nfg -Zm =y

z[ (sy 2= niyj
Vo_fmx
BGE r 1

Mc_Sm+2 He 2Y

2n
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In this case all Y 8 are measured dowaward from the
aXis through the crown and are consgidered gs =~ Ve, n equals

the number of divislons in one half of the arch.

If A — 18 constant, we get:
I-L-LXI ;

I
HC: e T s SN
Bl NnSysA8 « neo
[ 2 yzA g
m_x
Ve_ o SRS
2 g2
If g%ﬁ» -2 Hen
Me = e

2 3ag
T
A comrarison of the above eqeg. showsm that the second , and

the third methods are stnpler than the firgt. Yet it will be

usged here for its simple r graphics. T ire Bire S Fa
TemPeyratvve Stress es.— Foy -
temperature stresses, Ax is equal to the change in lengtu of the

half spn ecuals ¢ t Y2vwhere a=the coefficient of linea® expansion

5 3 : : 4
t the number of degrees of temperature cb.-a.nge} and 1 the span. then

from eq, (I)

A My yas8 atl
EAK = .._._Ag,-:.[.‘_------_-- = ~-
c ET 2 (Is)
also,'Ag = o
é ML =0 (17)
I

There being no externsl loads, m=0, and from symmetry
Ve =0, hence, M=Mec +Hey .

Subgtituting the value of M in the above egs.,



/4

2
M,SY +H ST 4], E (18)
621+ eil 2 A8
McslaHeg Y = 0 (19)
1 1
These give
HeT = (20)

AT

MoT =gt 2 ESX
N, ot (21)
sere denor. as (20)

M -;_-Mc + HGY
Shrinkage.~ It hesthe sare effect uron the arch as the fall of
temp. It is often taken care of by adding lgiF to the assumed
Tall of temp., It sgheculd be noticed that when the srches are Tmilt in
trensverse strirs, the arch is not closed until most of the strips
have get and thereby undergene the largest rart of the shrinksge.
The arch as a whole is then effected only by the additicnal shri nkag
of

the cured concrete.
Rib ghortenimg .- A thruet throvghout the arch rroducing @mn averasge
stress on the concrete equal to Ca P.s i . would shorten the areh
sran an amount egual to %3 € 1e. 8@ 1f the arch and the abutrents
were ndt fixed. Since they are fixed, aud the arch cannot shorten,

there 18 a tensilPle stresgs developed.

# _far rise in temp.
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action is similar to that of fall in temp. The rea: lting He

may be found by substituting Q%Z fortP of egs. (20) , & (2I).

+Calss I _
Hes— Z Ik (22)
Demor . of (20)
Mcs - Cag<Y
e
(23)

Denom.af (20)
Ca:ﬂ
A
N=Hgcos. £ +R sin. #

In case the line of pressure for D. L.4+ 1 L.L.
<

Coinecldes with the center line of the arch,

N-H sec. g or R cosccf
8o, Qa.;:li_is@,c:.-...ﬂi-

ARCH CURVE*/

The most econorical shape of arch is thet whose center line
Colncides with the line of pressure for D,L.4+1 Pist. L.L.- An
approxXimation to this ideal curve is derived gelow. 8ece fig (6)

The normal thrust is the resultsnt of the shear and the
horizontal thrus t , and for the pressure curve to follow the

center line of the arch,

R =tan. f - dy :
Sk e = * - b'.a4
. (24)
Differentiating R with respect to x ( H constant) we gbtan
H
afy

Lo R B & dR
- e R -
dx < H ax

%% = rate of change of shear =W

* € BAace Desigon W@fw‘ fud * By Patibura
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-,
BT e W =2 0 : {25
T g

Assuming that the load varies from the crown to the
springing in proportion to the length of the ordinate of the
arch center line,

W=aWe +Y ( Ws=-We)

T
Let Ws =mWe, then W=Wc(I_ _m-I Y ) (26)
T
Substituting the value of W in (25) we obtain
2 :
dy ~ We m-T Y _ We (27)
dx® . H r P

Solving this diff. eq. we find

Hx ~Ux
g =lf.a 4. Co@ -r (28)
m-T
i
Where u = ( We m-I) 2
H 7
Y=® When x=0, mmég_:o when x =0
X
g -t-Cﬂ, - r &CI -Ca = 0
1 Z =T
5
; C = C e
I 2 >(5=T)
el
B O T RN
T m-1I
S Tikes r i
Elen = aleT [;osh. ux = I ( (28) a
When x_ 8 , Y -mr, and solving for H, we obtain
2 2
Homér . We'l (29}
L TP T

Where P-;loge( m- [MF- I )
g -n 2P
Substituting the value of u in (29) we obtain

Y ep 4 (“eoph. 2P T =1 ) (308
T Tm-0 [/
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Putting the value of Y in (26) we have

W =We cosh 2P x el
Z

Integrating W between X =0 and x we find the shear R at Xy

B Mel .. slinh, 2P x £324

Y 5

Shear at springing Rs. Wecl | 2T (32a)
‘ T

Wil LB Pe B, slnh. 2P x (387

N. L' el )

& LT

tan, =2 p .

A P — (33a)
£
cose B = g (33b)

Calculations based upon the arch curve derived from
formula (30) are found to possess a high degree of accuracy
and very many examples have been worked out to téut its
practical use. When the arch design has been completed, it
is desirable in the case of large spans that a final arch
center line he obta.ned from the results to insure that the
line of normal thrust for dead load plus half lige load will
coincide wihth the arch curve, and will produce no moments apart
from those due to arch shortening. It will rarely be necessary
to recalculate the arch stresses using the final arch shape as
& basis, as the calculations derived from the tables using the
appropriate m value will have been based on a shape of arch
sufficiently near to the final shape to obvliate so much additional

labor.
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40

In the previous a%fticle we expressed y in terms of x thus

rendering possible the integration of ther summations of eqds (I13)
! 9
{Tir)s & (I5),
A new term, n, is introduced and squalasiile

Is.cos 2 s
Fairhurst periormed those intergrations and expressed everything

éas functions of m, n, & a, position of the loads. Then he prepared

all the necessary tables for the design thus greatly simplifying

&

the engineer's work,
The necessary portions of the mentioned tables are found on page
( ).
Point Load P at any Position.-

s FE o fim,r,e)

r
Me=Pl. F(m,n,a)
Re=P. @£ ( n,ea)

Temp, Effects.-
2

H+t =«tE( m~I) Lo L gyt )

Mel = -~ &xtE (m-I)1.. fo ( m,n)
T A ()

Functions 1"3 3 1;_ s s are numbers only i.e. dimensionless

Arch Shortening.-

2 2 =+
Hs = -H (m-I) s 3 #4 dn)
e & I2 b2 ) F s (m,n)
2 55
M Mes =zH (m-I) f I 3 T (BT
i I?bz) P 1’; m,n

Wlaereg :[I_'_(:S_é ({_)2 = I—n){% +%é (_Tr 2}]

Uniform Dist. L.L. ogfer' whole Span, -
HLz_ﬂgr' 1 . f' (m)n)

2
Mcl( W produces no moment) = We . 1 f,(m,n)
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Uniform Dist L.L. over Portion of Span to Produce Max. Mom.-

_ : 2
Mel (mems) = Whay 1. fg (m,n)

Corresponding HL = W. f. o (m,n)
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Arch Funections
[" Height of arch ordingtes and the angles
between the tangent to the arch Center Line

and the Horizontal-"]

9 s pbriioag e ———— ——r e ———
/ / i

/ / /
oL T e TR P T IR & 0 RN I P T - P
K, 0.99130.9651 | 0.,9209| 0.8580|0.7753|0.671%| 0.5441| 0.28917| 0.2114| 0.0000

K, 0.34790.7018| 10679 [1.4526|1.8625 2,30472.7870|3.3177|3.2009|4.56&1

K, 0.99220.9686 | 0.92724| 0,8705/0.7929 | 0.6933| 0.5686| 0,4147| 0.2272| 0.,C000

K, 0:31230.6344|0.9762|1.3485/1.7628| 242319 | 2.7706[3.3956| 4.1264| 4.9858

3 S e o

Arch centre line ld d ocut to coincide with line of pressupe for

P.L. plus 1 L.L.. Apart from Arch shortening and temp. Bffecteg,
E» ¥

there are no mements acting with this load.

Ht of a rch ordinate=K,r tan g=zk, . L
1

- N\
)




21

I5

Table No. 2

i e D S G e e S G e D e T (D i S Sy e U i W S e "o . G e R S S S - S = S . . S A S T S SR S = P — S s e S S — —— —— ——

ARCHFFUNCTIONS

[Horizontal Thruet and Reactions for D.L plus
L

- — T G S S T S ——— i — O —— T — —— O —— — —— — — ——

——— o —— — —— ————— = — = o —

¥ 5.5, ]
Z 3 mvw £
E-¥1 . f B . R . 3. F
Tor ' A B e ;
AR e
'm T 2
£
f;

o s e e o 7 S s e Sy e S O S - —— S S S

—-————__—-.—__——_—-—__—-—————————-————-———————————————-——————-—_————-——

TABLE No. 3

BEORIZODET &L THRUST
for load P at any ord.

H_Pl x Table coeff.
Ior

I.6091
0.20253
« I8 =
 2.635I| 2.
2.5686| 2.
2.8785 ! B.
2.0749 |~
I.
I.6959
E.
I1.2775
O
0.%6&6
0.
0.4960
0.
0.21I67
0.
0.0;02.

5652

2653

0693

6954 |
<B8I6
86986
5035
S22
0523
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TABLE

CROWN MOMENT

for load P at any ord.

Me . _Ilf_l (table coefficient)
00

Ro, 4

(8144434 | 2.250

|4.458 | 2,272

a2

e VU

!
7 !ﬂ

|0

-.568i~.275}.049

~a. 76| ~.

o0

T a
i

]

072



T ABLE No.

23

SPRINGING MOMENT for load P at any ord.

X . Fl
Ioo

\\ /

(]

(o)

%

(S LI = ¢ S I A

x

Table coeff.

.18
~4.401
~-7.336
-8.687
~8.496
~7.,083
-4.,767
-I.990
+ «921I
é.605

5.785
T 2267
7.952
7.844
7031
5.697
4.080
24463
I.1I20

« 267

«20
~4.574
~7e260
-8.553

~8 e 567



T ABLE
Quarter Point Moment for Load P at

M/ b — El— A

Y Ioo

(o)1 -~ [02] 0 |

w

wm » e

® =N O o & -

0

24

I8

No. 6

Table coefficient

0.133
0.616
1.550
%.000
2.,000

Ze560

" 0.665

-0,71I8
-I.6§7
-2.153
-2.3%4
-2.295
~I.990
-I.6I%
-I.Ivo
~0.782
~0.437
-0.186

-0.042

any ordinate

-;:.330
—-2.370

-2, 080

1
-~
*
o
-3
-3

-I.251
~0.,806
-0.446
~-0,187

-0.04%

0.836
~0,469
-0, 199

-0.045
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n , «0.18 0,20
i3 . ‘
? f 04L0 | oiu5
™ f » 155 458
2 £ . 033 T

MAX. Crown MOM. snd corresponding H- théusts for distributed

L.L.
mel(pos) _W1.1”° . f , eerresp. Hel . Wi1,l £
Ioo Ior
flas. (neg.) erown mom. for unig. dist. L.L. has the
gare nunmericegl value as maxX. (}os.) wou.
Corresponding H- Thrus t has &sc same num erical valuce
for max. (neg.) and (ros.) moments, “but with a difference
in sign.

TAPLE No. 8

Max. Crown mom and €orresp.
H~ Thrusts for Dist. L.L.

Seme =8 what was said for | Yn | 0.18 | 0.20 }
teble no. 7 excert that R i )
f, & f, were gubstituted for L ﬁ f; ‘ o L
& T | :
g | Eu -.313 | -.3I2|
n f »730 741
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Max. SPRINGING MOM, AND CORRESP, H-THRUSTS FOE PI8T. L.L.

Sare as table No. 7 with £ & f

TLrmra st avs momen+ aws ARCH SHORTEM

HT. (t=t.)« E (p-I) Ic

MCT‘ "'(.tl-t J )

r

20 |

2.387

O. :100

Ze4605

EgpI Iec £,

\* B

s

3I7

£
£

T AP LE ¥, o

e o s e o S e e e

e

| _+n

4|
|

n
™~
\v.

A
¥

Table
N
| .Te
el
m+__ S -
' I576
| £ 10294
ff ‘ 2987
Sy o LET8

subgtituted for £ & f
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USUAL PROCADURE  IN  ARCH DESIGH

I. The proper type of construction must be selected .
3, The arc axis is laid out according to some eguablon suci as

¥-8xl (30 I0 e'r ) where o_

——————— K
0'15: T
3. Dreliminary dimensions for crown and springings are determlned

as was mentioned on page ( |

1 B W R AT ;i & sy a et e Bhae A % gt T : L
4, The grch so determlined 18 aualiyasu Uy LIS © lastle tuagory Lor Hax.
*"“"‘p“l = | {4 +ha ~+aal = iad 1 - 1 3 (% ( amate id ' . 4 A % } 3
gstregdes 1ln the sveel &nd 1xn tae concerete, il MOgL arcaes
4! 1. B b’ o - 1 e MO =1 « D ™ 3 N J': o — i i1 - Cra ] L r'l - {- 1 = ] 4 71 . 3 N
Ci8 MAXe 30X 33683 0eCuUl GLULLOL 20 Lile Crowi ur WU Liie SpLll i5 .!.A..‘.g ] ha

L AT ey FS ; (. Mg ¥ o ¢ w5 g 5 i 4 3 5o
'.i.LU/.;\)q.i;;l Niiere ol .._',.,Lj, ) 0L Lelie g0 Dely 1S ,L;L.{.‘ga t11'3 108 X e

Jr aes8ua8lls reasuils

gtressaes mas be found in the haulch. &

e mena B S e e N vt T atadna Ll S R S ¥ o JEry .. j
thie &rcli rily [Musbu ._-,J,‘d.q.u._i. LLYy 416 reage 1l Thlokiiess LL( Ml CIrowii
o R St L y oA Sy y Bk A B 0 . .

Qg Spr L.Ll:-_;_L._—Jt guch & ring 1483 8 Tnlckriegs UG ,_Jj.'d‘itef than

Of the disERnC € between Crown and SPYI hGins.
required over the greater pard Eor this reasou an investigution of

216
ok - E T & Fis- g2 e 5 A Fo—e i At
ha or r ot ] x s aepi x -1 e “ | \
the Crow. and springlilly scCllulio Lo L8 el L LY L LL1ICLEIL LS
r‘*:)n £ 3 atpe 3 ATae JI" 37 t L,- )Y { lar.re Yar o y
Nhewn tne 4tregses are eluiel’ Ly Sllass r vl Lal’58y pL opo- 318l gc

in the dimensions of the arch gestion or the amount of rel-forcemeat

should be made,
Tfhe design of symmetrical fixed arch usiung the elastic theory

s

3 - e T Ay oo 3 vl e
is very long. Yairhurst!

g evaluabion of the @lastic theory integrals
s : . AT | e Ty A - R o
gimplified the work consideradbly. besilies Luab bhe found a guick mehod

asnnomical areh curve and forwm.

(= o
]

for the selection 01 an
I am going to desigh the arch first and compute the stresses a
acoording to Fairhurst method. The deslgn will then be crecked by tue

Tlagtic Theory which means that tke arcn will be aualyzed twice.
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Analyti ¢ Method of Determining the Line of Pressure.-—
Tnewing the megnitude and the rosftions of dead Toads st the
various divisg ens, the line of pressure may be determined anslytically
by cormputing the static beaing rovements of the loads for each

ivisicn peint, considering the arch ag a simply suprorted bearm, snd

o)

by dividing these beding mements byl he horizontal thrust. The
result gives at the rearective polnts the vertical diatence of the line
of tressure from a base line rassing through the springings. The
nortigntsl thrust is found bty dividing the static bending moment in the
center by the rise.

This rethod follows directly from the requirement that for fixed

loads there should be no bending roment gt any point in the arch.

To make this posbible the posgitive statlc bending moment due tc the /oods

mv s+ be bmlwnceol by 4+he ncgorh’ve_ ‘ te ‘¢ L 4y Crliiy
Shorizontal thrust. The horizontal thrust applied at the springing

and its bending morent equals Hy, that is the thruet ties the
vertical distance of the point at the arch axis fror the springing.

By equting the static bending to Hy the value of Y may be found.

2"

The amount of work may be reduced by finding the increarents
J &

1

of the stetic bending roments starting fror the crown. Thege @ivided

{

by the horizontel thrust give the cepth of the line of pressure
& I I

age. The loads and dirmenbons ngedin the table are taken from fig{ 7

L]

the values %, 8 28, 8¢ are distances cf the centers of gravity of loads
in esch divikon from theélr left end.aerd

# CONCRYTE TTAIN ANT RFINFORCFD BY TAYLOR; THOM?SN}X(SMULSKI

|
below the erown. The pro cedvre is shown In the table on the following



L/2

F/j 7



(22) 29

~

The hoads P to P are dead loads. The arch is shown as divided into
gix divisions. Usually a larger numper of divisions is advisable.

the srdinates ofthe €ime of rressurs relerrcd %o an axix passing

through the crown are given in column (b) in the table.
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LINE OF PRESSURE FOR SYMMETRICAL DEAD LOAD.

Distance [ength Rendlng T
Foints| Loads| of load. | Fnfm br Div. Pa+Po+.... WJVMZ - o Moments MHJH A
= [ M i H
. | M
m | | (4)+(6)+(7) | (8) % H.
I { 1
Ll |18 3y | (&) | (5) | (6) | [ 7)) (8) w (9)
| w m m | Mi=Paa L
1 [ P, | a, m Eiaa X3 m 0 0 7 | Yo = ?Hﬁm
| | 1 | | ! |
w | " “ | w
i I iy | i i = ; i
2 | Pe & Az “ npw»m Za | FaXa Mi| MF=Pgag + | Yz = Mo GH
M | m m | . | Pixe+Na
1 | | | | /
3 m Px ‘ ag | Huﬂ.m.ﬂ.w Xs | AHUP.Y HVNVHG u.MN” Mg =Fgaa+ | Ya = EGNH.H
_ d , V w A (Py +Padxs |
| i | { _ | | ¥ Me | /
Lo T ol % | Paga| x¢ | (P2 #Fz + Pa )xe | Me| Ma : | Yo = MaJH
| m m | !
| i f | _ e
S M B &5 | Ps8s| Xs | (R1 + P=2+ Fs + Pa )X w Ma | Mg | Y5 = Ms%H
| i g b
LB | P 86 | Peag| Xe | (P1 +P= +Fs +Pa +Ps)xe Ms | M, Y, = M %H

A is the Bpringing.

__11

The value of H in the last column equals bending moment at springing divided by the
= a

r
Vélues in Col. (8) are obtained by adding items of Col. $4), (6), and {7)4

rise or H

Vglues in Col. (7) are equal to the values in Col.(8) for the previous point.
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B A2 T EBR . Ik
fYPId a4l BEMARETPLE

Pesign a bridege theat isse prosed to rerlacc the P ashsa
Bridee on Beirut River.

According to the previous chapters, snd to preliminary spproximate
computationa ¢f costs, and to some other conslderations, I decided to
design a reinforced concrete open-spandrel arch bridge.

Clear span - IZI/ rigse - 30
L.L is H 20 Loading i.e. :
Digt. L.L. %70 ¥lés. /o’
Concent. L.L. = Zooco{lbles/ ft. of width.
Fs._ I6ooo fe = 2000  feo - 650
Side walkg - 5 Bailings - I
Totall width & 2(1l¢ w5+ 1I7) Zp
CHAPIMa DESIGNS8OF DECK
Degign of sdalbe.-

Let columrns be spaced gt 6" ¢ toc .

R~ Tooo , 6170 IzIo lotes. —ee ﬁ.( )
z
L.L. Mom.=I2( I2Jox3 - 7Q0x 3) 39780 in -{bs:
&
Emp.. 8o~ _ 20+3 percent _8,080_
I21 + I25 47,860

Assune an 8 sealel( most economical)

{8 xIxXI ) IBe = Ico {&bies / ft.
Ie
Wearing 30 il
D.L. Mom. -~ (I30x6) I2 = 5,880
go
LlL‘,f 1 WP MQL- .4_24-8@9-
53,740
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26
d .\[_B3740_ 6.43
V I2x1o08 p
use an 8 sealel!
St L Y e ! 0.6I 0 in./ft

T6000 » 0.874 X 6.3D
use 3- 5/8 ¢ / ft. As-0.91 (I1in.

I of steel is bent at 1-4" from beams. I i placec at 6 ‘trangverslly
z o

an tor of longitudinal tars.

Transverse 1- Beams.-

DQL-'T'I.On: Lf<$£a¢b =I 6 06 X Ibo -— 600

D.L. from yearing gurface = 116150 - I80

L.L. (unif.) I+6x88e 70 4Z0

L.L. (concent.) 2000

ascume W = 440 ¥ ¢ 440
_néé;;-%-;-m"_

R=V=3640x I3.5 _49,Too (bres. e f7.(1)

b'd . ¥ v- 0.06x2000 - I2o P.8 1.
i 1

btd . 49, Ioo/ I2ox0.87 = 471

Let b'= 14 d=33.6

52’7.6"(‘ 2-5? I'&'5 -~ 8 39'56 i.c 30;’

W_I4ix3o x 150 = 440 (bies / £t 6K,

I44 ,
M._ 3649 X 27-x12 3,180,000 in-‘bles.

Io
As - 3,180,00089 o e eem & 6.8 in".

I6,000x'.87x56.6 A S
vee 6-1 1 I Ag = 7:36 1n.
4

use 5-%" ¢ on top of Deanm.

Max. 1 of bars bere- 6.5 e

JIoo x IIg.6 p.s.l

1 ---_.‘-.._-——-_----——- ® O.K



#3

a7
Let all the shear be taken by the stirrups.

Av far 1 ; stirrups with 6 branches - I.I18 in .
E

T -

8 _ Avfyv_Jjd_ I1.18 x 20,000 (33-8 )
‘_v?—‘-l : : ¢ = 13.9 in. say I4 1in.

(Highest column) Load tranaritted from projecting part:

Ter L= 6
COREl + 8. 7o xT ) xTx 156 .~ 715 ibs/ 1
7I5 X6 = 4290 kbs. D.I1.
Ix6 X130~ _780__ sl L
5070 (b3 c.
4900

“54170 1bss.

Try I4 <18" eolunn.

P=0.1I8 fe Mg+ 0.8 s As =3I, o000 +3sz,000 - I3, 000 } b5:.
e 3 £5.7
I4

P- 125, 000(1.3-0.05 x 25.7) = 65,200 *|bs.

B. 5. of colex IS-%49 4 TIboX 30 = 6760 "1bs.
: 144
67ﬁ”(i\
As-I percent Ag =12xI8¢1 _2.I8 in?
: Too
use 6-3 ¢ As=2. 85 in

4170
0, 93

930 b5,

Oden

use 3/8"¢ ties (@ 5 spacing.
Max. s = I6 X O//8 = 6 L
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CHAP III(A]

aRlER T ¥oR ARCHBDESIGN BY TEE FIRST METHOD
ll""'ﬁ'éme "] Lecstien 4, = R T TR i T
| - S o A - - S S S S S C— - -— —— ——
ppen Spandrel Nahr Beirut Open-Srpandrel Asie [Clear | axis'|Clesmv
P Bridge ' with £ ribs 5.5 124,79 121 [29.58 | 30*

+ g O
] fféz\:ide gh 27 ft fi— £+. A P
"-----—---m--’-r -------------- ——-——---—---—--.—--- ——— e ——— - —
e - - - —— v s o e S S . S e . e S e | S
EThickness Concrete Prorerties Dist. L.L. Concent. L.L.
i
—- 17T N & SN T SO £ RRRERITRSS & o e O
Crown [Springing] Mis |LimB8 E & > IS
2«5 5* 12k, 4| 650p. 8. 1. 268x10| 6xla’y W=70 1bsg/ 000 1bg(
1 : 2 “’/’ffz /F /—/’7‘2 f£t.widh
s - e S e - i - - - ——

Dend Load plus half uniformly Dist ;>
|

‘(Momc,nts due to arch shortening only)

)* WC l_f5 =419, 006

(1) H- Thrust (H.+1
‘ =8 lo r
¥ /b5,

e

m:w ~ lo4%0 = 1.9
VX 5588

1
|
l
u?..—-__----___-_-_-_--_--.._._ﬁ

|

1 Is 5.5 "S_l i 57 .4
J 12
(2) KR,=Rp =WcB £,¥5588x124.75 0.6431
| =~ 449,000 Blbs. #
| 5 tan g, (table) = 1.12
PB= 1+l§(1) - (1-n) l+16 \r) .962
| 9 \1 9
‘ - - e S
|
, coe £, - 1 & 067
| ‘5 - e —
| Gy TR T
n = le _=o0. 19
f 8 'cos
L 3 s 08

——— T O S " T S G S

¥See next PIJS-
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CHART (continued)
Fina We.-
BB of Areh o 8.5%5.5RIxIS0
D.L. of scale I6¢v0.66xIxIbo
D.L. of Wearing I6xIx30

D.L. of beam I4:50.I150. 14
I44 12
L. L. (Biet.) IxI6xIX70
<
Railings 5.7 Bxlxlbe
We

Find Vs.-

D.L. of scale.b
Wearing
Beams

iJ'Lo (I:iSt.) 2560
Railings

D!I" Of AI‘C:EL §A5n51150

- - -

Agsume nom cos . - 0.68
Ten. ¢ - 4.5197% r/1 =1.I2

cos. s = 0.68 as assumed.



i- NOO
of arch.
d=Bie
1 Kmr/ﬁ
n e

| =
+banip )b - A

4 49

)
| &2
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CHART (Cotinued)

i fa g , ; / P
I, I 12,3 343 4,4 Dt l6,6 ol T 3,8

9o9' ‘IO,IO/

29.3,28.55 2783 25,35 22.88 (19,81 16.04 |11.52 6,22 |0.000
| |

+0835|.,1695 .366 .548 .446 |.50 .664 |.788
: i !

.0069| .0287 .065L .1281 |.199 |.304 |.441 621
Pacol| 1.ooBldil.e09] 1.080-1.031 1.045] 1.0628] 1.Q88F L.1lel}l L1355 |

P 2/y0]3 : : %] o s i -
(I-n}4x7¢t°=B| .991 | .986 | .971 | .951 | .935 | .890 | .B842 | .782

[ ¥ = A s O () =
-»’.—3 —:I)G\)‘AE et ~e U

o Pl

L801

1

1.

= DTS

ie

Aot

|

|
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CHART (Continued).

DADS . ECT e
C R OWN
¥ 2
5 e
ET C. . MAX. + ve MOM. . CORRESP) THRUST
Hp + /=L (as above)
. Lo # }= L.L. N 1l { +419,000
M. - Wel® x ¢ Fi o LMELTY o e
ISTe L)Le & ¢l T EE e e T +e
_ 15x70x124,75%x.452 - 15x70x124.75%x =.027
TG0 T0X 29.58.
= +73800 | il s
T = P.l - Po] - o
CONCENT. L)L + Yop T 57 XF | RS Foge=s
| _ 16x2000%124.76 . 4 406 | _15x2000x124,75x2.623
; —TI00 “I0x20 .58
| = i
| 166,000 EOARHEEN
| Fall of 30°F | Fall of 40° F.
TEMP o ' =—{( Ato(E m-1 | g =- At LE(m-1)% rd
| Met == I, *xfs | Hr . Ige 22
I 5 | fs
| = 40x6x288x%.9 . i _ 40x6x288%.9°x7.16x,730
i ; X7 .16 | N e
g E;g.LAExOOLIG ; 29.521 x '0216
g = +101,300 | =- 15450,
| Rqu g1l of £ °F.§ Tauiy ik 4 09F
SHETNKAGE IRRE v e BaBe fall of 20 | Equivalent tc _%11 gg 20,
Mol = * Hgg = Hp (esbove) x o
1
| 4 50650 % H R
. S = HV + 2L (m-1) H, = - ;"+ ﬁ-k;—l) (- ;
| M T R [ R R e
SHORTENING 4 e x £&
e )3 4 fE
e B F. -
1
r .2 —
0x.9 (9.16% ¥ _ 419,000x.9% (7.16% )3
- 41?100 % & L g ’ (T5rse)
.962%,1452 i x2262X,730
= 42900 R e
S U M. 4 434,650 1b%, 4 420,980 1bs.
Using 20- 1%/ %4 ¢ N.nPy = 0.19
s 434,650/420,980 = 1.033 ft. e/a = 1.033/2.5 = 0.413 Lét d =g’
d/a = 0.0%7 KV = 2.77 fo =420,980x2.77/2.5x5.5x144=589
FoSelh

V Tension over part of the section .fhhﬁhﬂdJ@'i.é?Z )
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Gmmlidonitbi P lopn b inued)

‘ | Ty~ R Pt i A o
0ADS ) = 8 B 6
»  MAX. + ve MOM. |,*CORRESP. THRUST MAX. - ve MOM. 1 CORRESP)THKUST)
i ! as Cob. 2 - o S as Col. 2
/2 LL‘ P | +419,000 1bs. 3 + 419,000 1bs.
: | ?
IST . PMQ:L —L%WX fio | Q %}- xfaa ;_001° 5 - Col. 4
olis ‘ (flO b Qo?M) ‘ (f';_]_ —.-On-.l.’_z)) '
;— +1§9,700 | = 17,600 | = =119,700 '+ 17,600
; 15 g 1 W Tt | il 1 OB Doah 1
ENTL Mgp =—= * - —— >3 T e i -
LIT% aP 100 | &P e . A @ |Hap SrgF.d
¢ é (Fgi = 4.987) | (fg = 1.2755) | (Fg = 2.330) :(fa_= 2.557)
5 = 4+ 189,700 | = + 16,310 | = - 88900 | = +32,700
o] Bpdl.of 402 B L Rall..of 40° F D el 2 e
Cidt a 1 { |
| Moo= ¥ . s
| Yay™ Moyt | 45 cor. 2 i
| (¥ =6.71) |
| = =2500 - 15450 | + 2500 + 15450
RINKA{ |
ARINKAGE pousvalent to | Col. 2 b bers & Ools 2
| fall of 20°F |
A g0 g
| =- 1250 - 7725 | - 1250 - 7725
ARCE | Mgs = M,g # Hsiy| Col, 2 ; Sode-B Golu 8
HRINK- | |
AGE Y b 5 =i+ 1Q00 - 6540 | - 1000 - 6540
U M. | 4304,6501b.f%. + 387,995 1lbs. - 208,350 lbeft. +470,485 1lbs.
; u X v R (A
Ing 10-1 ¥/ B NPy =,0.085 Let d=2 £=m5° 0-$§
= 204,650 x 0,9ll= o, = Q.Y 18 = 0.887 = 2,380
T & 788 e/a 16/2 ¢ Bo KV=m 2.7
= 587,995 X L.388 = 455 B, 3. T

Dol % Bs70 X Dev & 4494

« Tension over part of the sectlon . fytﬂ-?/é » &W/é
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CHART (Continued)
e Ao S PRINGINMNG
D RIE 7 ‘ 8 ) 9 L 10
[Cd "MAX + We WOM CORREST.THRUST ¢ MAX - \Ae MOM , CORKRESLs THRUST
3 NIL as Col. 2 NEL [ Col. 2
lyb AL +419,000 j .,  + 419,000
DIST.LLQ ~ P2 2 ! [
LML ws1 =VBfx ey Hsl =Wlf%54ﬂ%§ S ol v | Ly o
100 = ¢ 3
F2 = 2.396) 4 (Fj55=0.300) o b
= “+402, 000 s =+16960 § = -402,000 { =-16,960
! s '
CONCENT M = Pl ¢ Pl T ¢
e o i@ﬁ;?;%i' | BoP=pzx Fs [-Msp = PLx Fs | Hop —flx fs
i ﬁ (Ps= 2.3657) 4(Fs= 8.533) ! (Ps = 0.4976)
= +301,000 s 420,250 4 =-328,000 3 Ligzvs
4 o s !
| |
TEMP. Rige of 20°F |- 0Ool, 2 I« densin I Toek R
e ' {
=+356, 500 { =+ 15450 | = - 356,500 | = -15450
& )l . Vi
20 4 ' .
HRINKAGE, Mssh=-Msf®— | Col. 2 Y onll. P det. &
+ . \ ‘
=-178, 250 | = -7728 | = <178, 250 \ = =7725
i NVIERG SO NG Y ) e ) i e
' . 3
rech. Mss = DMcs + ¢ ol 2 £ Geol. v 4 Golls 2
HORTEN- Heg: » } { '
= -150,700 1 = ~8540 1 = «150,700 1 = -6540
o 2 Jeul SHARL IR
| . :
U M +730,550 Lb. | + 467,495 Lbs.| -1,415,450Lb.Ft] +278,700 Lbs.

1,4”¢ n.Pg=0.108

547 P.S.1.

sing 22 -
1,415,480 x 0.67 i
= = 2.51
I7
% 3787§0 % 3.04 4
0.67 x 5 X De.0 X 144

Let q""— 21'i
e/a=2.61/5 = 0.501 Sok uK- 3.84

dl/a = ?/6

!. Dension over part of the section. #ﬁﬂ)f/;

———

0.03.
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CHAP. O (c)

ANALYSIS OF THE ©DESIGNED ARCE BY THE ELASTIC THEORY

( SECOCND METHOD) .

The dimensions of the Arch that was designed by Falrhurst
method will be considered now as the prellminery dimenslons
for the second design,then the streses will be calcplated by
the aid ﬁf the Elastic Theory and a Ccmparson made btetween th e

two results.

I will first proceed to determine the arch axls analytically
and see whether it agrees with that of the arch already deslgned
or not.



+*f

7Peterminat10n of the Line of Pressure Anelytically L !
Pte i Load§¥ (Xn i Pn @n Length of «?}+P§+;.. Nn. ¢ TR s Eetus
+ Pn. . Division Pn)Xn { ¢ ¢ 8ally
(1) » (2) ey (4 (5) (6) (7) (8) + (9)
S - e
1 ;58,660#\/.c.921 2:1L,1,voo 6.24 , 151700 0.3440.29
2 %9 5280 »2.96 :116 500 6.24 t?dl 500 ‘EOQYOO t 1.16: 1.03
3 :39,690 :5.08 :122,200 ‘ 6.24 :487 500 %11%400§ 2.56, 2.35
4 :40,480 §0.12 ;lEG,?OO g .24 :7"4 €00 ;LQVQGOO; 4.54; 4,23
5 :41 420 ;3. 3124,300 z .24 ; 989,000 ;3092900: 7.10: 6.7 O
é P4b,500 i3.2 SISG,OOO ; 6.24 ;1246,000 f44'74 00.10 25 ; 9.77
i .44 800 ;3.1 :159,000 3 6.24 ;1511,000 5k1<4900 14 OO¢15 h4
8 547,200 ;5.1 :146,300 i 6.24 ;1791,000 ﬁ8062200’18 4U.18 10
o :51,260 ;5.2 :164,000 : 6.24 §2085000 hGuHSOO ?3.60420.L6
0 :58,500 :5.16 2185,000 : 6.24 :2405,000 3%901200-29.u8§29.58
. . . . ’ ! . .
poa A2g90L,200 = 436,000

H*-
¥. Those are the loads due to the dead load of the rib ?1u5' the Digt.LjLe

It 1is seen that the arch so gotten (analytically) 1s =
little bit less than that we got by Fairhurst equation. It means
that our negative moments are a little bit increased and so the
unit stresses area little bit more than those that we get uslng

Fairhurst method.
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: 1 :
k=£53 1} | | ;
12 g X_ 1
oint d .=.4584°, VI=Ic+14Is| Y { I T z
r .. * o ‘1 i
1’ i 1 1 1 1 4 i
EsORTF 7439 } 1.30 W 2.84 10,23 ¢+ 0.28 , 027 + 098 6,24
4 i. ] L * é + ‘
§:5¢ | m.es | 1.80 286 J1of41 | 1 Josl] .oe¢ 1 096 112.48
x r f 1 i ! 1 1 1
é 25859 L 8.00 ¢ 186 48 W50 " '9.50 4 243D § 247 ; «106 418.72
' . ) . . . 3
. z 2.68 8.85 ’ 1 .87 4 1.63 ¢10.48 ¢ 4,23 4 403 ¢ .095 424.96
‘ ' 1 1 ' 1
; 2.78 | 9.89 2 1.49 B0 377 111466 4 6703 «B7H,. 8 086 QSI.ZO
' . ¢ 4 ’ : ' 4 '
i 2935 kb 11.680 é 1.86 . 1 488 VS a5S LD uRY . JHE SN J074 }37.44
¢ io » ¢ . } * . ’
y 514 o 14.25 §} 1.96 f 2.34 1659 ,15.“4 P a0 B G080 ;45.68
i o b ' b } § ' b
{ 3.46 | 19.06 § 2.44 1! B.40 fo5ia5 - fis.06 ] .71 °] .oze |les.ee
T 585 L g@7.80 ; 3620 § B.38 136.18 183486 ¢ .66 1§ o088 FloE.16
) » . 1] » 'y » * .
¢ 4.95 ', Bb5.,60 ; 5.39 é 14.10 .69.70 $L0. 558 SE 42 SE L BB 162,37
] o & ) i | le.6715) o606 1]
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| L th | ga | Umtrato i \Q\.mxx =
Ft.p X B 4TI +1 3 I .m T fém $iT 4§ P I § W 4 WS Tty Q\NWN
i ” A ” .. L ._  E5C .
1} 6.24] o28 £ .098 { .028} 0.00 4 3.81 b 6.24} 0.61 { 3.8L ¢ 0.17% . . .
2 ,Hmokwmwm. 1.03 H .Omwm,” .Ow@m 0.10 “Hﬁ.mo .. M.m;mA ] .19 .. 14.8 .. H.m.\.. .. 9. .J,
5 }16.72] 2.35 | .1064 .247h 0.58 187.30 1e.72) 1.08 | 57.10 | 4.63) 6.24 .66 [ 12.30{ 1. 77
4 WM®.@m“ 4,23 “ .Oom” .m._wom..“ 1.70 Hmm.m “ 24 06y 2 .37 “. 59.30 “HO.HO”HN..&\@“ 1.18 ”mw.mom 5. 00
5 MWH.MOM 6.70 M .OmmM .mﬂmw 3«85 ”mwm.co .,” 31 204 2.68 “ 83.70 ”HQ.@O mu.m.qm.., TGl ”mO.MO “HOo 80
m.wﬂmqoﬁaw 9.7 ” .qum..w 72 ” 7.05 ”HOM_.OO” 37.44 2.76 MHOW.WO MMQ.OO”M#.@@“ 1.85 “mm.m “Hma 05 |
7 MwuommMHm.m{w m .Omon, .mmOWHH.OO “HOQ.MON_“ 437704 2.62 “HH.m.mo “G_@.@O“MH.MOM T8 ” 81.80 ,mmmoh|9
8 wﬁm.mm“u.m.om H .ON.OU .QHOWHm.mO “ ®Q.NOMH 42 204 1.95 ” 97.3 “,mw._mo‘.“uﬂ.mo” 1 Z£4 ” 72 .20 Wmmo 20
9 Wmm.umwmw.mm M .Omm“ .mmOWHm.wO ” mm.wOW 56.163 1.57 “ 88.3 ”um.moamﬁm.qow 1.22 “ 68.60 ”me. 50 |
10 Mmm.» ”mm 58 ! .OHm“ .ﬁMOMHm.U . L4 mOW G20k, =B ” 54.3 “mm.mo ”ﬁm..oo”, 0.70 “ 43,70 wwOo NQ
e e e €08 12,670 52. 08| ¢ Y. 40 000 | 0520 |
According to formulas (13),(14) and (18) . He = 1.07 1 He = .989
for Mc,Hc and Rc weget, s e e W W = e
|



P Fat 4 b P tat 6 ; Pre¢f. 8

4y

S wn -..,._L

m mx m { i T | |
— | IM | m X m 4 | m

H- S m T & T 4 m - w o —_— lH ° ] = mx &

| 1 ! & f Ik L e m 1 R

1 c [ ] L L) w h () A ° 9

1) ® l. . ﬂ . . L” . n»

» . n [} . [ ] ° L . o_

° L] n. . ) ] . o ] &.

o C h . * [ ] [ ] . o 4_

» . . . . o, [ . o ¢ 4

. * L) ° [ o L ] . . L 4 o

» ) . . . o » ° ¢ ° a.

o837 + 6.24 ¢+ 16,70 ¢ 3.5% ¢ ¢ t s . ¢ s s

[ ] ] ] . L3 c [] L] L] . .

.925 112.48 { 34.60 { 9.00 } . 1 : . : . s

.. 1 L » L ] . [ ] > [ ] L] L ]

.120 $18.72 ¢ 49.00 {§ 15.30 ¢+ 6.24% .375¢ 16.40 ¢ 5.12 } s . .

1] ] [ . s . . * (] ®

.975 124.96 + 48.70 ¢ 17.70 + 12.48; .487% 26.80 » 8.89 : . s
.QO o..rﬂvu'lmo 4 A.@omo h mo.m H Hmoqm. omm#. mmor—ﬂ 4 HM.NO -4 mwom.nwo .urqwm H @omm .\Woom
i1 o@mﬁu 'nﬁ\_‘NoAnO % mmo«wo b | HmoQo 4 m.mromwm. ommOQ mu.omwo 1 HOQ@O 4 Hm-kmm.vo ou-qm 'HHQOO om.mm_

’ ¢ . ° . . . . . ' '3 .
14,9566 ¢ +230.90 ¢ 81.59 » +1,736¢ 94.50 » 35,71 o t  +350 220.85 +19.32

[} T ' Y 2 ) ey S Y 2 - 'y

Ha =% 3976 . . . He =§.105 . s 5
Mc = °=-1.28 ° J * Mc =20.455
Re = .18 Rec 0.073 Re & ,016
|

=
Q
Hl
L]
°
iy
L4V]
(o))
L ]

o
i
| T
-]
L 3

]
-



B¢ *I8 HCG = 0°04AR BC « °0T@
. HWG = <T°2T . WG = .~I°S8 . . NG =~0°FPR - . -
eyl ot HO = 208 ° * HO =:°TOR .° t ;
”4.mmm “ Hmmo.mo 8T *®d ” ”H.pwm” o¥°R0 - 2W*AJ ” i *220 ”mo.mm ”w.mm
T0 ” *P5¢¥ ”m>.4o ” 25°M0 -« TR°A0 ” mm.mm” .wmo” 87°80 » JO°RO “ Hm.4m” *Joe “Hu.oo ”m.mm
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AX is lenth of each strip i.e. 1/10 (1/g) = 6.2

BX Bh_ 1A A= PEH 1L As J (Bx)” L
62l 13.85 2.38 16.23 38 .9 E
6.2l 13.95 2.38 16.33 38.9
6o2l tazcdabietinre. - | S 38.9 E
6.2l 1. 72 | TG, ¢ 38.9 }
6.2l 15.30 s Bl | 16.49 38.9 b
6.2l ¥6.12 1.19 : E7Y8E ; 38.9 }
6,84 “ 17.26 1:38 F OGNS 38.9 :
6.2l Mg el) b daky Lok s a0y 2T 38.9 b

B 2l 21,61 i 2 5 2k 23 i 38.9 ;
6.2l byboo 1 2083 "nfiuesengs { 38.9 ;
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MAX. CROWN MOMENT

Mc due to D, Lip % T.L., dist.-
Mom, due to % L.L. = 70x15x0,25x6.ah = -%’MOlb:
Pince net area of influence line = 0,25 [J s & 1 = 6.2 1b

Mom. due to Y. L. of deck:-

A="0/5 1 g B8 e Gph

Mc due to D, L, of deck .= 3153 x 0.5 x 6,2l = -9860
Mom due to Y, L, of prib¥ -3110.0

= e = 145560 1b!
Mc due to dist. L.L. o= From Influence lines for Mc we get,
pEsts o g deite 6.2, 1’

Me= 70x15x13,5x6.2l = + 88,500 lb:

Mc due to conwent. L.L. .- Max. Ord, = 6 1b.

Me = 2000 x 15x6 = -+ 180,000 Tl

- It is seen that max., 4ve Mc exists when the arch 1s loaded over the
middle quarter of the span l.a. on l/ﬂt%he span on each side of the crown.
Tenp, effect. - equation (20) gives Me§ = -+10L,600 lbi

-

/
Shrinkage effect .- 1t equals % the tenB. effect 1.e.4 52,300 1b.

Shortening effect =~ fn 2§ ﬁec. g/n

i 7
H.= }03,612 4 71,000+ 31,800 =566,412 1bs.

Ca = 506,412 x13 27,100 1b/rtP
De X
Mes = 27,400 x 124.8 x .67 - 5),,700 1b - ft., See eq. (23)
Oeole x §b.5 =

-

#* See the tadlle on the next page

#. See corpesp., Thrust at crown.
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Mc Due to D. of Rib.
Pt ord. W, Lba, Mor, i
.05 #/2 4 - 1.8 | 12460 59900 é
.15 2.0 13180 2@360 {
.25 0 13490 B ;
«35 -1,08 1%280 - 15620 4
A5 -1.5 15220 - 22830 i
55 -~ 16300 » 22810
.65 -1.06 : 18600 3 1?550
75 . 4 <55 { 21000 - 11540
.85 -0.3 25060 F a5
95 <0yl i 33300 - %?:o

= Ll s 3 e | N LD
/

/
Me 2 o= 3%960 by
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THRUST AT CROWN CORRESP. MAX.-=VE MOM.c
Thrust due to D, L.—F%'L.L. (Digk.) .- Find. the ?arts of Ws & We due to

D. L. only (without arch rib itself)

Ny s af eleb S 16007 1y /.28, of width,
“« L. of wearing 1480
D. L. of beams 513
D, Levef railing 560

3153 1b./ s width.
From influence lines A= 6l [ s ek 1025

Bg =153 x B x 1,25 = 213,000 " 1bs.

-—

He due to % L.L. = 35,500% 1bs,
b.t)

He due to rib Y, L.= 155,112:%
He Bk +2LL_L,=1155,,512 1bs.
He dne te disty L.L. «—- A =z Sh. g s 1~ % 1.86

bl % .25 = 71,000 lhs.
jo de tg concent. L.L, .8 Max, Ord, 5 5.3 [Ja# 1 o= 0,2
He, m 2000z 15'2 5.3 x 4,2 = 31,800 1bs.

B.Temp., effect .- See eq. (20)

0
~

Hef¥ . = 3Ox6x10'6 A 100 x 12,8 x ,696 . 15,560 1bs.
e e PR 606 A 1370

It 1s - ve for rise in temp.

ol

s+, See next i ge.
#£ . Tt ie Bhal?f the 71,000 1lbs. See Hc for det. L.L.
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By Ire vof RIBUEBRd Hel.

Due to it

AR e e R S A

R Ut S T

»15 il 1 M
.25 2.57 "6.3%
$35 2.6l 6,55
45 =1 i i
« 55 2188 8.9
by 4 408« " Talp
75 3430454757
.85 Py
.95 .l 8.8

Shrinkage effect .= 1t 18 half that due to

Shortening effect .- See eq. |

fog o 2L00 x Loh,0 % .006

6,20 % 1,6.56

Wy LBE. s Ord, 1 ) Mom,
12,60 1.,0l: 13,000
13180 1.02 13,400
13490 .92 12,400
1,280 80 ' f1,k00
15220 o 9,700
16300 e 1,180
18600 «30 5,490
21000 e ilp 2,870
25060 .06 1,500
9 )
1T, 590 e 777?%%9
155,112
temp. 1l.e.
22)
= 8220 1bs.
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DTAQrT gl
RESUME

FOFR
el , CROWN
9§ Max.4ve Mom. } Corresp. ThpustJ
| ' " |
Dist. LiL. } +88,500 | +71 ,000 |
I ;
Cocent. LiL.y +180,000 +31, 800 :
i {
Temp . | +104,600 | .15, 560 3
| |
Shrinkage 4 +52 ,300 - 7, 780 |
| |
Shortening 4 +54, 700 | - 8, 220 E
| 1 |
! Wb ’ — T
< | 434,540 | 474, 852 ,
[ <SS I ] - :
STRESSES IN CONCRETE AND STEEL AT THE CROWN
4
Usihg 20 = 1 %/, g LAE, = 0.19

e = 434,540/474,852 = 0,916 > 2.5/8 1.e. Tension occurs on part

of the section.

/ 1
e/a = 0916/2.5 = 0.366 Let d =2 ' d/a =0.07 ' E=£.80
f, = NK where K QJ—-—-—
ba K +2n‘fg‘— nPg
o) AU, BBE R BB . _ Lo,
Te SR AT T TS 600 PeS. 1. which 1s 1.8% greater than
that found by the first method on page ( *

From the above value ofK if we substitute for it 2.5 we get+

g =0.696
£g = nfg ( a Ul 15z 600 1 5 B¢ _ 1) = 3160 P.S.I.
(-Eg-~‘- ) (TT.5%.606 )
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@

2, Crd,. W 1bs. Mome
.05 - 2,2 12460 - R7430
w18 - 1.6 13130 - 19780
£ 25 - 5 13490 - 6765
« 35 + 1.4 14260 + 20000
e 45 + 8,8 15220 + 57500
«55 S | 16300 « 67000
« 65 +2,6 13600 + 48400
76 +1.2 21000 + 25200
<85 + o5 26060  + 12550
+ 95 1.5 32500 ¥ 4380
.05 -2,2 12460 - 27400
151 - 3,05 13180 ~ 40200
.251 . 2,6 13490 - 35100
o 35! - R.8 14260 - 35700
0451 - 2.0 152280 - 30440
<551 -1.45 16300 - 23680
65" - 29 13600 - 18720
751 - +45 21000 - 9470
.85 - «20 25060 - 5012
951 - .05 32300 - 1615

@ 1t refers to the ordinates of the influence lines for u%
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MAX. QUAKTER POINT + VE MOM.

L/,"‘_‘
My, due to D.I;) oM Tl IRERE. ) -
Mg« dnenboy el melielie o= 70 X o 18,35 19 2 .83.18 = +62,4001b.ft}

Since the net area ofthe influence lines 1s 19 squares.

Where sone sguare = 3,12 1lb. ft.
Mom. due to D.L. of deck. = 3153 x 14.5 x 3.12 -149500
Since A.~=.14.5 . ]  _8. |
Mom. due to D.L} of riby = -43,400
Total M 1/4 = =123,600 1bsft.

M 1/4 should have been zero. We shall consider it with the

- \$e moments for =safety.

M 1/4 due t0 diste. LeLs .- From influence lines for Ml/4 we get:

A =27.508s. A = =3.12 1b.ft}

M 1/4 = 70 x 15 x £7.6 x 5.18 = +90,300 1b.ft.
M 1/4 due to concent. L.L., .- 3

Max. Ord. = 10.6 [J 8. 1 2= molkba e

M.i&= 2000x15x10.6 x 0.5 = #159,000 1b.ft

It is seen that to get max. - Ye mom. on the left ; POINE, tge

arch should be loaded on 1ts right 0.65 of sjan i.e. at 1ts ;%th.

of span. To get max. + ¥Ye mom., the left ;th. of span should be loaded.
+ e mom. due to temp. effect.- Mgy = Mep 4+ Hep x X

= 104,600 - 15,560 x 6.71 = = 200 1lb.ft. 4+ re mom. due to shrlinkage

+VecMom. dve +o ShrinkKage e{f ect —
Mgy = Mar/2 =-200/2 =-100, shortening effect.~ ¥ = 1} + H

=

Showtenina BFF oottty Mesrllpy™ BRI00 = 5803 YL & - d00,

VvV See next page.
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MAX. QUARTER POINT - ve MOM.

M}édue to dist. L.L. .- From infleence lines for Mywe cet}
A =42 O s LoEl S =E e

MZ; = 70x15x42x3.12 = - 137,500 1lb. ft.

M Vi dut to concent. L.L. .-

Mex. Ord. = 61, O s Y o SR Y

M74 = 2000x15x641x0.5 = =91,500 1lb. ft.

Temp. effect .- Same as in the prevlious article with the slgn
changed 1.e. +200

. S8hrinkage effect. - Same as in the previous article i.e. =100
Shortening effect. - Same as 1, the previous article 1.e. -450
Temp. effect .- H%ﬁ =- H¢ 1l.e. + 15,560 1lbs.

'Shrinl:ag;e effect .- Same as that of crown l.e. .- 7780 1bs.

Shortening effect.Same as that of crown i.e. .- 8220 lbs.
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THRUST AT %ath. POINT CORRESP. MAXJ + we M%&
Thrust due to D.L. +-é~L.L. (Dist.) .- same as that of the crown
l.e. + 403,612 1bs.
Thrusts dueto dist. L.L. .- The influence lines . for Ni_and H,
show that the dist. L.L. should bte just on the 1efté.rd. of the arch.
=12 g s 1 0O =iL.£9
H#_= 70x15x12x1.26 = + 15,750 lbs.
Thrust due to coneent. L.L. .- The concent L.L. should he put on
the lef%;éfth. polat of {the arch.

ipdh, = 2.6 T @ 1l a =0.2

Hﬁf =2000 %16 x 2.6 x 0.2 = 4+ 15600 lb=s.
Temp. effect. - Same as that at i‘crown l.e. - 15,560 lbs.
Shrinkage effect.® Same as that at crown l.e. 7,780 lbs.

Shertening effect.-Same as that at crown i.e. 8,220 lbs.

THRUST AT 3th. POINT CORRESP. MAX. - ve Mg
} 'l T 1 B < D1 A \ " £ c - c + 1 -
Thrust due to D.L. + & L.L. (Dist.) .- Same as that of the crown
i.oo 1171703’&’12 L"‘JS.

Thrusts due to dist. L.L. - The right $7th. of span should be
: /8

loaded (See influence lines for Mi & Hc)

<
Az LOns 1 0O = 1.25
H: = 70x15x40x1.25 = 52,500 1bs.
Thrust due to concent. L.L. .=--Fhe coneent L.L. should be placed
at a point _L. the of the span to the right of the crown,
la
(‘Qh espe. O__Yh(ﬁ. v :(.1 D g -]_ n = O.:J
Hi 2000x15x5.1x0.2 = 30,600 1bs.
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e

i248,750

QUARTER POINT
| Max, +ve Mom, jCorresp. MeX. = ve Corresp. Thrust.
3 4 Hmw.diwz iy 5
Di L' ; O { as COl. -1’33’{700 CO‘LQ 2
§ ot | 403,612 403,612
. * g s o
st L. L 10,500 k5 TR { -137,500 ba /500
!
1 [ ]
Concent. 159,000 | 15,600 | - 91,500 30,600
.L. i |
| |
Temp. - 200= { Codl, | =Qod, 5 -Col, L
i -15,560 200 15,560
Shrinkage - 100 | "-7760 -100 ' 760
i
Shortening | - 450 ! Golk, o 5 WAL Gek. e
l -,220 50 - §,220

.

QOB, u02 t

CONCRETE AND STEEL STRESSES

Using 10- 13" ¥

Auac / “
- 352,850 x 0.911 - 4 ¢61( > 2.78/6 i.e. tension occus

® S a0, 2l

of the section. e/a = 0.661/2.76

. hBEETR s B2
.91 X 2.78 F 5.0 = AN
is 14% greater than that found by the first me thod on page

B = 2,20

Slnes K 2

S0 fs =

fc_

Z.20

15 z 530 {

AT THE 4 POINT

BP, 2 0.083
[+

k= 0.8l
2, 68

T Da0lL X 20

980 P.S.I.

= ')30, POS.

1
Lot a1vz S = o 38

I.

which

(



35

MAX. SPRINGING POINT - NE . MOM.

Mg due to D.L, + % L.L. (Dist.).-

Mgm. due to % L.L., A = =22.3 [J 8 1 0= 12.48

= 79.x 15 =8aic 5 1248 3. _ 292,009 1bs. y

Mom. due to D.L, of deck: A = 6,7 g s 10= 12.48

M, 5 23y 5 BuT 22248 = + 263,000 1b! |

Mom,., due to D.L, of rib ¥ - 96,000 1b! i
S Mg = - 125,000 1b! !

This will be considered with the negative Mg !

Ms due to dist. L.Le. .= A == 32 0 s. T gz 1208 AES.

Mg = 70215 (32xl2.48) = . 419,000 1b£. & occurs when loaded over right ,{

5/8+h°f s pan. ’
Mg due to ecncont L.l »— Mag, Ord. = 910 1hh, a

Mg - 2000x15x910 = 273,000 1b/. & occurs when P 1s at 1/10th. of s’pan.ig

#{ to the right of the crown., |
Temp., effect .= Mg = Ng+4+ He X T l

= - 104,600 415,560 x29.58 = 356,400 Thed ‘
Shrinkage efiect . - It i1s hall that of femp. eliect with the sign |
phanged i.e. =~ 173,200

¥
- 4 o] 4 AR Al /
Sortening effect .- Mg sheslggtHeg.T = 54,700 - 8220x29,.58= -188,6001b.

o

# See table on next page. .




lv[s D U 5 TO D.Lo Of RIB

ST Qrds Welbss 4 : Mo%,
05 1p 5.2 12,460 Fhadt
.15 2ye 13,180 29,000
il dunmt e TV 13,490 =16%200
e -1, 0 1l,280 -68,700
45 - 7.6 15,220 -118,600
.55 -10.0 16,300 -163,000
J69 -11. 18,600 -206,300
o -10.2 21,000 -212,100
.85 - Tl 25,060 -185,500
+95 - 3.0 32,300 - 96,900
.05 Tell 12,460 $52 ,400
e15 8.8 13,180 116,200
.25 Gis 7 13,490 131,200
$35 9.2 1,280 131,200
45 8.2 15,220 121,900
.55 6.8 16,300 110,900
.65 ol 18, 600 81,800
15 2.6 21,000 5lL,700
.85 1 L 25,060 27,600

.95 0.2 32,300 - . balibb

2 lls = - —-(;)6, OOO 1b'.

3# It refers to the Ordinate of the influence lines for Mg
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MAX. SPRINGLING POINT - VE MOM.

Mg due to dist. L.L. .- A = 27.5 O s 1 g = 12.48

Mg = 70x15x27.5x12.48 = =360,000 1b£ & occurs when load 1s on left

3/8th. of span.

M

g & due to concent. L.L. .- Max (Ord. 3 5.55 £ & Y o -

Mg - 2000x15x5.55x2 =-333,000 1b: & occurs wnen P 1s at 1/3 rd. of spen

to the left of the crown.

Temp., effect .- Same as in the provious article with the slgn changed

R 1 T TR N0

Phrinkage effect.. Same

g
| 45]

ohortening eflect.—~Same

3]
n

THRUSTS AT SPRINGING CORHESP. MAX. 4 VE MOM.

in the previous article i.e. - 178,200 1bt

. ; % . 4 aa £ /
in the previous article i.e. - 188,000 1b.

Hg due to Deliist B MLy om (SHEe. 88 that, ol ;the croWn 1.6, - hg3, 612108

Hg due to dist. L.L. .- From the influence lines for Mg & Hpe we get !

PR T S O B S g

B3 HS::qul.25x70x15 =l 52 600164,

Hg dug to concent I.L. .- A = 4.8 o s 1 B 3345008

He = Hg = 2000 % 35 x 4.8 x 0.2 = 26,800 Ybs.

Temp, eflfect .- same as that at crown with the sign changed 1.e.

Shrinkage effect . - Same as thet at crown i. e. = 7780

Shortening effect .- Same as that at crown 14 e.. TBR220

15,500

ey



H.s due to D

Hg diieibo  diste Lol

&=l YW E 1,
§: ©  Hg - TOxlSalhx.2c
HS due To concent L.L. i

Sale

g

6/

a8

= L2k
18,400 1bs.

l.lp EIl B

H. = Hg = 2000x15x%1.4x0.2 « 8lt,00 1bs.,

U R L e :
SPRINGINT: CORHESP. MAX

that at crown l.e.

o= TR e

403,

-~ From the influence lines for Mg &

Temp-effect- - Same as that at crown i.e. = 15,560

Shrinkage effect .-

Shortening effect . -

D alne

a8

Séame

that at crown i.e.

oa
(S8%)

/

RESUME
Tror
SPRINGINT

- 7780 1bs.

©€l2 lbs.,

Howe get:

that at crown i.8.=—6;, 220 lbsi.

POINT

Max. 4ve Mon,

Georrasp. Thrust:

tMax.~-ve NMom. jCorrepp. Thrust.

10

7 e y 3 9 -

DY, 0 ] Col, 2 : A% { Col. g

% b | 403,216 - 125,000| Lo03,612
| | ‘

DAnts Dl ool 139, 000 | 52,600 - 360,000 18,400
I i

Concent. | 273,000 g 28,800 b =3385000) 8,L00

L.L. | E |

Temp. E 356,400 ; 15,560 é - 356,400 -15,560

Shrinkage |-175,200 - 7,760 - 170,200f = 7,700
|

Shortening i—l&ﬁ,ﬁOO - 8,220 - 188,600f - 8,220

=

781,600 #

1,541,200 398,852 #
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CONCRETE AND STEEL STHESSES AT SPRINGING POINT

! d!
Using 22 - 13" g ,*Tpg 210,102 Let d' = 2"5’3 3 .03,
o Yeblrl 208 . Qd6TRy " ¢ .
€ - ’)43é6,§5§ Q467 - 2.5961 > than 5/6 i.e. tension occurs on
part of the sectlon.
e/a = 2.596/5 = 0.52 8o Ki= 3,99
P, =.398,85¢ = 34 99 - 600 P.S. I. which is 8.8% Trthan that
0« 67 x 5.8 18«5
found by the first method on page ( )

P

CHAP T Td)
DESIGN OF ABUTMLNTS.

The a butments at each end of the bridge will be designed for both
ribs together i.e. one single abutment is used for both ribs' ends.
They will be designed to carry the £f111l and the forces transmitted to
them from the deck slab and arch rib., The horizontal and vertial spring-
ing thrusts are those that eorrespond to the max,-ve springing moments.

The welght of the abutment itself as well as that of the fill 1s
of prime importance as will be noticed from the designe

F?om a study of the locality of the bridge and from a geologic
map, the abutments were seen to rest on a layer of sand and gravel
which can carry a pressure of L. = 5 tons/l‘t2 ap.roximately., It was
also decided to have the abutments made of plain concrete with a stoune
finish., The stone face is of the projecting type.

A retaining wall of the cantilever type is built monolithically

with the abutments to hold the back-rill of earth.
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SHEAR AT SPRINGING

Unit P.
at 1 Re 4 Rg %)
. :
101 0.000 0,000
g -0,016 | 0,016
61 ~0,073 | 0.073
i
I -0.180 0.180 ;
21 e N RN }
| B | ; |
0 |  0.505 |  0.580 :
3 | 04330 | 0.660 5
L 0,180 |  0.820
+ |
6 ' 0,073 ! 0.927
8 0,016 |- 0.98}
10 0.000 1.000

This table allows us to plot the influence lines far the shear

at the springint.

R = i@me to DL, . = 363,780 Lbs

De Lz f Fib = 395,000
758,780 1bs.
379,390 1bs.

®
n
1

Also, frem influence lines:

A= Aoy oo I S
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Rq due to Y.L. of Beck. = 3153 x 100 x 0.62 = 395,000/2
Rg due to L.L. .= Rg that corresponds max, = Ve
Mg occurs when A = 67 1O & 10 = 08625

R = 70x15x67x0.62L = Ll4t,100 1bs.

(=]
£
D
t‘l
-

This 1s the case for dist. L.L.» Whe is concent., max, Ord.

Z 095 @ s

Re = 2000x15x0.95 28,500 lbs.

Temp. effect .- Rg = H tems § ten. § = 1.070

-

= + 15,560 x 1.078 =+16,800 lbs.

Re

Shrinkage effect = 4 x t 16,800 =+8l,00 1bs.

Shortening effect = = 8220 x 1.070 = -8850. 1lbs.

Mg due to D.Le of Deke # = 263,000 Corresp. Hg = 213,000
Mg due to D.Le of rib .t 36 000 1 H = 155,200
167,000 1lbs! 368,112 1lbs.

Mg Corresp. Hg % Corresp. Rsi

D.L: 167,000 368,112 g 379,390 E
Dist. L.L.| =360,000 18,400 % Iy, 100 E
Gocent.L.L{ -333,000 | 08,L400 § 26,500 g
T mp. -356,400 é 15,500 % 16,800 %
Shrinkage -178,200 ! -7,760 % -8,4.00 %
Shortening| -188,600 | -8,220 | -8,850 §
l | i

| 1,249,200 239,72 | k51,540 |

%, See Max. Springint paint + Ve MNym.
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DESIGN OF RETAINING WALL.

P=%wh (h+2h') - sin

el 1
r 1 Sin [

Yo i S R

" 3(h+2n')
The fill is gravel and sand g = ljoo w = 110 1bs./ £
h! = 70/110 = 0.6l

Brom the above we get:- /4&41j%%-(7&)

1 1 - 6l il
P=3x110x32 (324+2x.64) x Equ—$% = 12,830 1bs.
« Ol

2 5
R SRk 1.
3(32 + 1.28) =

Max. Mom., = 12,830 x 10.9 = 110,000 1b!?

10.9¢

Gl E— 140,000 x12 - BBIgt
188 x 12 4

use 38, thickness
As -_140,000 x 12

16,000 £ 0, 87 x 3549
1e11/6s g = 0.994 in. sq.

= 3.36 in. square /ft.

3.36 / 0.994 = 3.38 bars / ft.
s 7 i s i -

use 1 ld" g @ 3241 C to e
AR

1230.87 x 35:9
Consider a Asection at 22' from the top:

v

ol A G AR T A PR B - 4

P-2x110 x 22 x 23.28 x 0, 22 =6200 1lbs.

2 /1
22 + 3x22x0.04 - 7 o

P T

M = 6200x 7.5 x 12 = 558,000 1lbt!
g =, 225,000 - 20.,7" use 23'' actual d is 28.7'' ~ 2 = 2§, 7!

"~ 12 x 108
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3 16?%86\);200. 87 x 28.7 = 1,50 in. sq., 1" Ag = 0,785
2:50 / 4785 = 1,91 12/1,93 % 6538
use 1" g 8- g
y 26200 = 122,30495 8. 1. 0.K.

o i o PR

Consider a section 10

' from the top:

P32’z 110 x 10(11.28) x 0,22 ='1366 1bs.
2 3 ,
T B (g 3 S ol F o TN U S
B ks CE —_

¥ 3 1366 x 3, 52 =, ,810 1b!
g 7 Ol E 2@ »J_ £ gl

b 100 T
AGtual d 1s219,3 - 2 = 13,31
R b2 R i LE AR PR

® 1= 15,00020.87 =173 = 0%+ 8. sq.

20 @ . Ag = 0,196 0.2L/0¢196 i3 1,22 -bans [t
LA/ I.28 2 G,.80
Use 2" # @ 93" C to C .

For temperature chang

ﬁ @ 12n

1366
125087 x 1743

C

uf
=1
= 1

v

es use

longitudinally
to C,.
P. S.

I.

0. K.

DESIGN
Several sections have
// &
2 x 1,249,200%

) was
=

£ % 39, U2 %

By % 2 = hga,cho

g =4 2010 x k56,6 x L

i 2
v = L6.5°+3 x 46,5z

R
w
-

OF ABUTMENT PROPER.
been assumedbefore

decided upon.

2,498,L400u1b?
786,94l 1bs.
903,080 lbs.
7.9 % 0.22 = 26,900 Ip/1
X 3 = 970,000 1bs.
2! LR T

R Y

See the table

B
aw

Tound on Page (

by )

the section shown in

, in.ssq.
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MOMENTS .

Bl i 5 2 36 W IS0 E

% | 8.5 x.10 x 5400

we NLE 2 S Bt % 5SRO0
W 3.5 x LS x 5100
we é ks5 = 2.5 = 5400
we é i T AR S T
w7 é T E Al 5.ox 3900
we | 2183 % 32,7 ® 5 23960
we | 2.83 x 16 x BL00
w1°§ 0.67.x32 x 5400
Wp)|
R *
e =
P
Mg

%, 36 % 150 = 5400
#. 36 x 110 = 3960

= . 186 0010

59,000

=3,580,000

#0,085,000
=0,060,800
20,202,000
=1,495,000
0,184,000
=0, 20,000
-0,115,600
:o,o%é,34\

=0,903,080

Iy, 372,820

=0, 976,000

s e e e w s

s T T S . o e

Lbt

Mot e

1,065,000
7,210,000
2,760,000
1,130,000
1,015,000
1,010,000
8,580,000
2,280,000
3,250,000

1,700,000

| 00,240,000

| 15,600,000

| 15,200,000

| 02,198,400
63,532,100 1b!,
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2231

IS3S35Rs

H j2e
= sawa
ea wai
T
=am
St Eeas
= i
THE
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Ooverturning Moments:-

768,94 x 12.25 = 9,685,000 1b!
63 523 00 509,0u2,ooo A AL

) ]

¢ = 12.4 - 10 = 2.4t to right of & &

3

#

F. S. against overturning:

63,738,400/ 6,685,000 2 6.6 0.Ke

There is fear of having the asbutments slide for the horizontal forces
are nearly equal while the vertical loads are great.

E 4 Eﬂé_g - 1,328,820 ﬁ.u,)Ug)odO bt 58 e < 0N 5.2
A X X B EEZe T Blell 5 20

n
1

6100 % L40o = 10,500 & 1700 1bs./ ft sq. i.e k.7 and 0.76 tons/ft2
which is 0.K.
c /A P-HE{e)
BILL OF QUANTITIES AND COST.

Approx. Vol. of excavation:

o, 3 .
= 8 x 20 x 36x2 < 11,500 ft3 = [j20 yds. Vol PALL W«
Area of section: - 44'Zé+ sl »h1,8 £ Wy ft.sq.
BalBid g 32 7 4 )3 ks B
= ‘L..T': 49/ o’
20 3 ' 5
491 x 36 x 2 x = 42,500 £t = 1575 yds

OfﬂﬁufrnC/v#S and'refﬂluinJ

walls Area of Section: +1Lh.5 el ;
i -—1Tit—~ % 11.5 1005 ft, sg.
= 100.4 e o
8 x 10 = 85.0
_—A?-—_i b4 « - 2/.
3¢ = Pl o TS o TN

V = 279.2 X 36 x 2 % 26,100 I_t3 =% B :[\,.SD:

The area of the stones that cover the abutments is 5,40 yds.sq.
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Deck - Amount of Concrete needed._
Area of Section (excluding columns, rlibs, and transverse be&ans.):
Slale = 30 x @iy ST 1 20

1

K; R')I o
Ly
Mo

06

™
=

Sidewalks = gl
S teRs 2 ANTSx L x 2 3 0%.7
10

Longlt. beans = 1.7 x I3 X ¢ = Ozl

a0 i i e
286 % X337 5, 5120, £t3
Transverse PBeans

co/lvmns-—
A= 18 x 14414

u
H
L]
.-Q
Ul
L
ct
L]

U
0
L]

]
o
O
P
A
K :
ol
[\®]
\un
S N
o
W
i
'_.J
C‘\
@
(&,
=4
~
[ ]
@
le

3
ht Y.rE

30

52.5

22.6 39.5
18 31.5
1l 2.5

e e LS A

lo.8 | 18.9
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volume of Arch Ribs.-
From page ( &/ ), W of ribs = 181,890 1lbs. 1l.e. V = 1210 fit.

=220 £t7

1210 8
Rlbs |= 220 ft.3
slab = S0 AN
Beans ™ LEBO W
Colums= esls V" "
IS R o ARG yuSi

The erch ribs, columns, and railings have all to obe plastered
which means an arca of 1028 yds. sq.

The sidewalks have to be paved with concrete tiles. Alea = 147 yds@
Kerbs are 26l yds long. They have to be of mood precast councrete,

The Road way has to be asphalted with Idealit Eg.jr



7/

SCHEDULE OF REINFORCLIMENT.
Member :'No.:BarL g;‘ Totalf : 5 od L
A ! each.p Mo« } Tlam, ' 1t Total ¢ Weights.
: y . : i}
| /
rch Rib s 2 hamokeoldy S BE8BL B BRY §02lsd 1892 ;
Bl yud2 oly 13 22,5 1.0
¢ 20 40 13 20,5 820
r : , |
@5 1182 ol 1% 17 1085 g
| : i
goiyakd | 89 1% 21.5 i
l ! £957 | 29,000 lbs.
i E
lab ¥ 1 ;l E
H |
ongitudinal { |
ars { 1480 | 5/8 ; 6 é 11880 g 12,100
i | | P A
rensversal ' | 528 | 5 16, | 850 ! 5,600
ars. { ! ” L
ransversal 23 lg 6 138 | 1% 2Lt b 2900 ] 02 4050
cams. . 4 ‘ pe i e | ol
v 23 by fag® 69 | o8 |ex | us0 | 1,510
i ; { X | i :
ongitundi- g Ll | kb | 176 | &8 8 } o8 | 1,460
al Beans { 1 | 5 | L |
Lly E £ o 38 i 5 E 6 | 520 f 353
i | { | | :
olumns L6 ; { | 34 | | 80 . 730
i | 5 § | {
ailing | E ﬁ boumy =7 T R 0
| PR (TR | i A DN i T i ) SRS T i
o g o
. o - —_—
ibs % 5/8 i ; 11,60 3 11,600
olumns i 38 : L 7,070 1 2,920
ransversal Ii 5 'f L 74350 ' L9, 30
Beans. § E . 283, 713
dd 3% arbitrarily | % f | | 2, 500
| 186, 213 ‘Eipe.
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BILL OF QUANTITIES AND COSTS.

: Amount - : Cost/Unit : Total “ost.

Excavat.ion 420 yds 18550 610
Fill 1575 gds3 1.90 3, 000
Abutments. 745 yas 30.00 22, 350
Stones 540 yds? 15.00 08, 100
Deck & Ribs 326 yds® 604,00 19, 560
Steel B6.2 Kips 110 .00 0y, 500
plasterias T w1028 yas P (@ 02, 056
Tiles 3147 yds® Jis 0 00, 588
Kerb - 26l yds TR 00, 26l
Asphalt 293 yas? 0o 00, 586

66, 814 1bs.
Contractor'!s lO! 000

Profit: 15 % 8-
76, 81 1vs.Ledanese

Herlzental arca of the bridge = 32 X 132 ft. sqg.
76y 81k /.32 x 132 = 18,2 1b / ft. sq. = 196 lbs. / m®

a2
which means twice as much as 1 m® of one good story building costs.
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CHRER X
A NEW METHOD OF SOLUTION OF INDETFRMINATE PROBLEMS.
HISTORY OF THF WVETHOD.- In the sumnmer of 1948 after completing
ry Junior Year in Engineerings , I have found a new method of solution
for indeterminate problams in Mechanics of Materials. 1In the
scholastic year 1948-1949 a copy of the solution was presented 1o
Prof. J. R. @sbarn, Head of the engineering Department and another to
Prof. R.W. 8loane, Head of the Physics Dep. They both have studied
the method earefully then gave their final answers saying that the method
wasg correct.

Prof. Sloan then sent a copy to the Institute of Ceévil Engin@ers
of London. They answered him sgying that Presentation of the method
was recorded and that a copy of 1t was put in the Library of the Inglitute.

I have presented them a copy to Dr. Relf Abu -Lameh, Minister
of Eduecation in Lebanon and another to Prosiuent Pensose whe sent me
a kind letter expressing his feelinge towards the Deed of that Method.

A Civil Engineer by the neme of Shukri Ghibreel Published the
newg in the Lebanese News Pgpers.

This was reported to the Outlook review that pubiighed it also.
Prof. Sloan ie sbout to publish it for me in seme American and

English Scientific Magazines.
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A METHOD OF SOLUTICN OF CONTINUOUS

BEAM PROBLEMS

NAZIH TALED

(Communicated by Robert W. Sloane, PheDa yho Mo ToE.Ed)

Summary of Procedure

All moments end reactlions at the supports are found in terms
of the slopes at the end of a span, and the values as found from
the spans on either side of a support are equated, Txe egmatxd. The
equations are solved for the slopes. The values thus found are sub-
stitued in t he expressionsfor the rcactlions and moments.

Notatioﬁ:

M = End moment.

R Reaction. At a support between two spans, each R refers to

the reaction due to one span.

=

W = Uniform load per unist of length.

P.= Concentrated load.

L = Length of span.

M = Slope of the elastic curve at the end of a span.

Modulus of elasticity of the material of which the span
is composed

=

X = Moment of inertia of the cross-section of the span with
respect to the neutral axis.

Formulae for the special cases shown in Figures 1 b

i Fig.1l2
. R T T S

M = . —

-

R]_:%WL"' SHEET

Ra= W L - Ra
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II.

III.

IV.

-78

i’ 2
3 w L 4m} EI +2ME I
Flilorg— * T
s = W L% _ 4 me BEI 4+ 2mBET
1z ¥ -
e 0 TS 1y
Rl_"é_ i—z-(mlEI +InBI;.L)
Re = WL -~ Ra
FigJ44
: Z L%
R}_Pb2(3a+2b) anBI
2L3 LZ
RQ= P - By
Fig.4$
2
My = pab 4 4'miE I +mg E I
) L
Mg = pa® b _ 4mp BT +m B T
S L
_ 'p b2(3a+b) 6myE I+ 6 mgEI
Rl_ o
) 9 ok
Re = P = R,



Mg

Use of Formulae

Example 1

If zero 1s substituted for the slopes my and mg 1In

formulee we get the standard formst-

the above

Form II M,= Ergl =Me , Ry = EEE
= B Db%* (s % 2b)
Sen TTT PPET aebLé %2a + 1), Ry B
i 8 (2 4
Form IV My= ;_v_%_a;_b_: R, = p b Lﬂ(‘:a 2b)
Example £
In the beam shown in figure, 5, to find the bending moment at B,
Fig./6
M 80z 84" B2 m B'E BOO'x 20 x 4 (2x20 + 4)
Ba 8 24 " 2 X 22
AND Mg 200 x 4 x6(B46) . BmBEL (by I and III)
& Fo 2 & 1ot 10
M M
By =nBa
e 5,760 - 0,126 m E I + 1528 = 672 4+ 0.3 m E I, retalning 4
gignificant
figures.
0.425 m E I = 6616
." & = 15,570
EI
,., MB= 672 + 0.3 x 15,570 = 5,340, correct to 3 slignificant

figures,
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Example 3

In the beam shown in figure 6, in which the cross-section

changes at A and B, to find the bending moment at B.

M,, = 8x 3,000 = 24,000 Fig./!
and MA - 2,000 x 8 x 172 + 4,000 x 14x11% 4 2 E x 500(2 mi+ mg)
2 & e
25% + 25
= 7,398 + 10,840 + 80 m;, E + 40 mgE, retalning 4 significant
figures.
N 80 my E + 40 mg E = 5,760, slnce M, =M, P A S
1 2
MB _ 2,000 x 64 x 17 + 4,000 x 14®* x 11 2 E x 500 (2mg + m,)
1 B T
252 25
SRa TR 8800 'x 18 3 12 (4B) 200 x 30® 3 m=zE x 900
B w 2 + 8 +
2 2 x 30 30

o o 3,482 + 13,770 - 80 meE = 40 m;E

= 17,280 + 22,500 + 90 my E Since M_ =

e ke 80 le E + 340 Mg E = o 451060 .....(2)

n oy - - 168.4
DOl =
(1) and (2) give ma = 2B8at Ma

o e MB = MPB = 17,280 + 22,500 = 90 x 169.4 = 24,500

correct to
S signifi-
cant fig-

ures.

This method seems to the author to be shorter and more direct

than the methods taught at present. He hopes 1t will be found to be of

usee.
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FROOF OF FORMULA IV
Let fig.l? represent a beam supuorted and loaded as shown and with
the bending moments at the ends belngs considered positive in the
directions shown.
"
Y1=E¥- = %1%‘ lé-%- From x =0 to X = a
A B x® Slg.x 3 g 4 2 U
Yl—w-l E"'Cl atX—O,yl—m,.. Cl—ml
oD o B y £ J
G e N e e Bl vt B A L
Similarly if we take the right end as the origin, we get#
/ ') 2 ”r
e de L B
EI
= 3 2
YE— RaX i3 Mz X & 2 X
6EL 2EI
Since Rz = P - R1 , we get#
2 2
Y/.._. E—X- — BJ——-——}[— — Mg X -— m2
5. BRI 2EI EI
Y2=.P_xf_ _Rxa_ J’I_?;___};B,mzy
SEL 6EF 21
-i-(Y’l ot X a0 e e b S ERE X = B
& (A et x=a) = +(7a at x = b)
< a2 M1 a 3 [ \Pp® " b
e SR S Y R ® g SR - LA
2EI EI ZBEI 2EI EI 1)
LR WL S e G REE L ;
58 . - b R - = 2
6°BL = 2Bl 6EI 6EI 2 EI 2] )
Substituting Me = FPb + M1 = Ry 1 we get+
 Bys® +Mam, = P3% _ Rab® _ Mg _ Eb® _ Mab 4 Ralb (1)
2EI BEI 2EI 2EL EI EI EI
2 s 3 =2 2 3 a o )
Rga® o WSt W T T Rab EpR MghT | Eplp Bt mges (2)
6EI 2EI 2EI 2 EI 2 EI 6EI 6 EI
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ba- =2 & 2 -b Y afd 2
Rl[ T 1J= o L‘%TP' +m-me - pET (1)
Ma [_ i A 3 8
e T e s TRE 2 4 (1)
I 2 2 2. 1 (a+b)®
m[b - 8 - 28b - 2b ] = m
& & ] Pb® (2)
e A e - 0 - - mzb - maa - .
Rl x[m - EET *EET o D L L BEI
Ml 2 2 3
a® - b Pb
[—T-E-I—]- BT - meb - maa (2)
Rl = "
Géf [a“ +P® - Zab® = C’)bsj = GETI (& + b })* (a - 2b)

R, of (1) =R,

M, (2a® - 4 b®
= Ma (3&2 -

M1 [a?#2ab+b®)

M,1%= P a b® +

of (2). Cross multliply we get#t

- 2ab) + Pb® (a = 2b) - 2 EI ( am] + 2mgb = 2mb - amg)

3 b2) - 2 Pb® + 6EI (- mzb =~ ma)

Pab®-2Pb®-2EIamp - 4EImgb+2EIame + 4EIm;b +2pb°+6EImgb
i + 6EIm,a

4 FEImsa+4EImb+2EImea +2ETmed

=Pab®+ 4mETI (a+b) + 2 mgE I (a+b)
Pab® 4 m,BI = 2mpEI
- —E—— 2
M, 1% + o + 7 Similarly M=z - 1192‘0 o 4m1§:j[ s gmlgEI
Pb#M, = Mg . Pb?(3a+b) 6m,EI + 6 mgEI
Rl o -

1

b 1%



Ja's

The only expression that 1s a function of a and b 1s that which
contains P.

This leads to the General Equationt

. =P , AmiBI 2meEI

Ha Gt ey, L

This corresponcs to Formula IV. Formula II may be obtained from
IV by intergrationt

1 i ]
1= v/p wdx (1-x)% . Formula III may be obtained by
o}

setting one moment equal to zero, thereby obtalning an equation to

eliminate one slope. Formula I may be obtained from III by inte-
gration. Other types of loading may be dealty with by integration

by & using formula IV.
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