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Sammarz

This work is an investigation, both theoretically and
experimentally, of the behaviour of r.¢. arches at the
ultimate load.

A brief review of past contributions in this field is
followed by the theoretical investigaticns. These opea with
the derivation of an expression for the simple collapse load

Wsc}et an arch.

Wga causes arch collapse with (n + 1) hinges considering
bending only neglecting the effects of axial force and deforme
ation. To determine Wsc it is necessary to kno# the hinge
positions, methods of doing this graphically and by partial
differention are shown.

The effect of axial tarcg on‘wsc is next considered. It
is shown that the application of a certainm amount of axial
force to a typical r.c. section can increase the ultimate
M.0,R. of the section., A graphical moment distributicn
prosess 1s demonastrated using the elastic‘structural
relationship between moment and thrust at each hinge section
and the physical ultimate M,0.R."~axial force hinge section
curve, This operation produces W, ., a simple collapse lcad

modified for axial force.

AC

~ In deriving Wo. and ¥, . the arch is assused undeformed.
The effects of bending deformation on ﬁAG is next considered.
To achieve this the deflected shave of the gomplete arch is
determined in one analysis. This is done by a graphieal

. method for use in the elastic and in-elastic ranges.

Thrge methods are given to determine the effacts of
deformation oa WAC' Acpgcdified for the
effacts of axial force and deformation ia thus obtained.

The effacts of axial forces on deformations are then coansidered.

A collspse load W



The effects of pre-stressing and abutment spreading
on the collapse lcad are next discussed.

~ Three methods to determine W are next presanted.

ACD

The fourth criteria for r.c. collapse design, l.e.
that the strain at the hinge points must be within g
defined limit is then examined. The rcotation required
ACD is found by the SIK method., The

rotations available in r.c. members are discussed and

for collapse under W

approximate rules proposed to determine the rotation
available. Use of stirrups to inorease ths available
rotation is considered. '

A discussion of the material and section properties
assumed in the previous ‘'structural' sections ends the
theoretical work. '

The practical investigations follow. These are &plit
into thres parts (a) the large Arch Tests « a report on the
six parabolic fixed-ended archez tested, (b) Small Arch
Teets - a report on the small model arches testgs, (¢)
Analysis of arches tecsted by Jain.

The thesis concludes with generél conclusions and
recommendations for design practice.
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I.  REVIEY OF PREVIOUS WORK

i friffmlgstie»nenaviour -

A great deal ef werk, both experimentally and theoretically,
"~ - has been done on the elastic behaviour of arches.

Struceural‘design methods_have'been evelved and utilised
which ensble banding moments, axial and shear forces, and
deflections to be calculated. These have been shown to be
suffi@iently accaratc for design purposes whilst the areh
stresses are everyuhere within elastic raage.

» These methods have been adequately described elaeahere and
it is not proQOSed te do s0 hare.

I 2.7 Ineelsstic Behaviour

The stesl éfﬁh has beeh thekcentre'cf~attentien'as far as
 _a¢rk in the inwelastic range is concerned, the r.c.arch receiving
o 1little or no attention. Thls is to be expected as the Simple
‘.Piastic ‘Theory mathods utilising the congcept of plastic hlnges
was tirst established and smecepted in the field of steel '
structures. Befora procesding further with the arch Giacussian I
 the plastie hinges theories in steel and r.e. will be brieflx
discussed.

Simple Plesstic Theory

The principles behind the application of the Si&pls Plastic
Theory to steel structures has been described elsewhere. For the
‘correct collapse mechanism and load capacity te be found Horne'
has shown that the bendiag moment distribution at eollapse which
kanlfilﬁ the following three coﬂditions is unique. ' |

. 1. Mechanlem, Plastiq hinges must form at a sufficient
nunber of points to produce a mechanism, "

2. Equilibrivm. The bending moment distribution must be
in equilibrium with the applied loads. '

S+ Ileld. The bending moment must nowhare excead the
allowable plastic moment.



. These three ¢riteria are sufficient for gcilépae &éaign
in steel. The assuaption is made that the steel is ductile
enough to allow rotaticns to develope at the hinge points
whilst carrying ‘the full plaatic moment during mechanism

- formation. This aesumgtian has been shown experimentally te
be correct.

Two rel&tionéhipé’are generally usad in the steel Plaséié ;x
thaery‘betgéen the moment at a hinge point and the rotation
) occnrriag there. ?hesé are shdﬁn'iﬂ Figs 2:1 and l:2. Fig ,
111 shous the ideal slastic-plastic behaviour which a§proximates
clcsaly to the actual behaviour illustrated in Fig 2:}. Fig 2:2 ‘
shous the rigid plastic behaviour a more approximate assumgtioa.bi,-

- " Due to the low Qrumbling strain of a TeGe sectienja tourth -
griterion is éddsd_to the three used fér steel collapse design.

A ?hisﬁia that at collapse the strain in the hinge sections must
fgot exceed a limited defined amount. : '

, The falling strain of a bound concrate’mambe:,méy be batween ;
1% and 3% whilst a plece of mild steel will undergo a 20% strain

o bafore rupture. TFor the r.c. sectiod the zssumed ﬁﬂjﬁ relation-

‘ships ccmparahle to Figa 111 and 1: 2 are shown in Figs 2:4 and 1.5. ,

Several metboda have been evolved f@r the analysia ot ateel v
atructnre& using the plastic hinge theory to find the collapso  _il~
load, ' They all inv°lve using two of the three criteria for o
collapse and modifying the first two to satisfy the third. Neal
and Symonds' virtual work ‘method is usually the most conveniaat.» ,
 Meny tests have shown that the plastie theery methods of estimating
the eollapse laad are reasenablg accurate.,

The plastie hinga theory for the design and analysis of Y- PO
structures prepescd by Professor A.L. Baker takes regarﬁ of the
- lzited strain capacity of the concrete and modifies the steol
 plastic hinge theory in the following wayste '

Collapse ia deemed to occur when the nth hinge, in
~ ah nbh redundant structure, forms or when the dazined
~upper strain limit of the r.c. ia reached at a hings
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1f this occurs before the a*® ninge forms . Thiéff‘
comparaa with (n 4 1) hingesef the mechanism’
formed when a stael strnctura collapses and the
'infinite’ strain capacity assumad at a stesl '

hinge section.

r

Tha EzfaQt of Axigl Fbreéé

: Tha simple plastic theory ‘methods in steel and concreta
*: touehed on abeve neglect tha effect ef axial ferce.: Fer &
steel seetion it has been Bhown that the maximum momant -
whieh can be developad at a sectioa 13 reéueed when an a#ial
force aets with ap applied moment. - E&g 236 taken frnm , 
'Stevenagshows this variaticn.4- Here a stresa/straia curve
k a£ Fig 217 is asanmed. ,' The area between the axgs and the
lizcurve perimeter is termed tke admissable area. Go&binatioﬁa
“af M and B whith are inside this area are statically admissable
’statea of stress, . Any peints outsxﬁe the area are inadmissahla,‘ 
'fwhilst a plastic h;nge eccurs. on the perimeter. ?he Hf\fﬁ
relationships are influencsd by the effect of axial forca.
' Fig 8 taﬁan Irom Stevensaahowa the affsct of axial fcrce on

& rectan«ular steel section. Anether ef:ect of axial force

is. to eanso a eantraetion at & hinge point'”

If a rotation 6 occurs at a hinge eub;;ected ta an axial
:orca, then thera will be associated with this rotation &n
_axisl deformation & . This 18 clear freg 515 219 whgre‘it‘
'!is seen that rotati@n at the hihge takes plaeeiabeus\thé
neutral axis, whieh has been displaced by the amnunt (d - y)

" from the ¢entre lina.
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'i Onat ghﬁ‘Pfager4havé derived the fellowing‘expression&iﬂ;]"
for thé'enargy’dissipated in deformation at 2 plastis hinge.

U= PE+ MO —————— 212
= P §'+-me 9 m— 213

BY using the principle of Maximum Plsﬁtic Wprk. the relatien- e
ﬁ“iP between S and o is shown to be : SEE .

8*- “"9' (;3 e — b

SR . gm L
s;aas i ;g,wf/ P§$‘ *; Mpe & » ;;Zzﬁ‘kv

: For & r.c. Section the relatianah&p between ﬂv 'VK is not
80 atraightfcrward as 1n the case of steel. Fig 2:10 shows the
' gﬁLT " relaticnship for a typical r.c. section. It sheas that -
over a 1arge part of the adnissable area the additios of an ‘
axial load increases the mement-carrying aapaeitx of the sactien
gbove that due to pura bending. Also shown on Fig 2110 18 a
' curva of ¥~g. The decrease in the availabla aa¢tien retation
is meec marke& tar high values et H._ B '

?ha Efts@t af Defleetioas

v Ths relatienship between curvature and deflection in the
in‘elastic range 13 given by the apprexzmatioa :
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It the atrass/atrain curve of the member paterial and ‘the ]
distribution of strain acrosa the member are known then by

. finding expressions relating M and ¢ the deflections can .

be cbtains& by using them in cquation 216 and integrating.

~ Fer a ateel memher Reasrie has shown bow this ictegration

» ¢on be. yerfarmea analyt&eally‘ The analytieal methed is
te&ieua when the material streés/&train curve i3 not simples
Newmark® has diﬁcussed grithmetic methed& for use in the
1atter ease; : ' |

Tor r.c. members Prefessor a.L. Bakar has shown that
provided deflsctions ere small relatiVe to the length et :
~ the member slopes and deflections may be ebtsined by -

' 1ntagrating €¢ alang the member.» Dne to araaﬁing aad the .

,4 natura of the material values of EO and I vary aleng an
. TeG. member which make the determination of deflsction

B ' 71835 straightfarward than is the case wi&h the steel

member., Preiesser A L Baker has prapasaé reasonable

- waluas for sex‘ depeadent on M, Cu, 8, and ald, ranging

rrem the elastiz unaraekea te the plastie cracaad candition.

- The otreeﬁ af aaflections on the simple plastie theary
methods for the analysis of steel strustures is usually
ignared. Gﬁly ak collapse are the deflections assumed to
;bgesma 'laxge’ _ 'Thggeffect of deflection on the simple
’91&3%1@ thaory fer r.e. srches is aiscussed in Chapter I
sacti&a 7. : ’ o e L S

Areh gnalysis bg Plaatia Thegrx Hethe@a

_ ﬁsing npper aad lcwer bannd selutiona Onat and Frager
: have applied the priaciplea ai the ‘simple piastic theory to .
' the analysis of pineended arches with beth concentrated and
. distributed loads. An upper bound to the eallagae loagd is
* found by satisfying the mechanism and squilibriua ecnditians. L
By Batisfying the equilibrium and yield cenditiaas only a ‘
- lower bound selatian ¢an be cbeained by statiaa. Ey using



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































