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ABSTRACT

1
4

This research provwdes a methodo]qu for the analys1s " ’

4

of prestressed concrete segmental br1dges " To Max1m1ze ” : S
.f - v

the, design efficiency, the ‘analysis ‘of the brﬂdge is . - P
. ’ h” . . -
uncoupled 1nto two parts; the first part cons1ders the ... 7

t1me dependent analysis of a segmenta1 br1dge under o
construction while the second part dea]s w1th the -
approx1mate three- d1mens1ona1 analysis of a completed ‘ﬁijf
segmental bridge. The time-gdependent ana1y51s g1ve$ the

.

1ong1tud1na1 flexural requ1rements at each stage of,

\ N
, . P . N sy

3

cohstruct1on, while the three- d1mens1ona1 ana\ys1s g1Ves o
the requ1rements for transverse f]exure as we]] as - ,*“"j’aA
]ong1tud1na1 shear and torsion in the comp}eted structure |
The computer programs TIMEDEP and BDXGIRD have been
deve loped to handle the time-dependent and three-

dimensional analyses respectively.

TIMEDEP gives the time-dependent etfects of creep and.

" shrinkage in the concrete as wel] as relaxat1on of the

'prestress1ng The 1oad1ngs con51dered are self we1ght

"

prestress, construct1on loads, and temperature The
program is based on the direct stiffness method, The
effects of creep and shrinkage are based on the |

recommendations of ACI Committee 209 while relaxation is -

given by the expression of Magura, Sozen, and Siess. N

D1r1ch1et ser1es are used in con3unct1dﬁ with the method

iv - - ] . e



'of'superpositiOnfto hand1e;time-dependent effects.

V

) BOXGIRD gives a three d1mens1ona1 analys1s of a box: g1rder%

-br1dge The ﬂoad1ngs considered-are se]f we1ght

'(super1mposed dead load, truck- loads, lane Joads,

temperature, and prestress1ng The program utilizes

'_folded plate theory and is based on the d1rect st1ffness

‘method. Element st1ffnesses are evaluated by the equations /

‘ﬁof‘Go1dberg-Leve while the loads are given by.an

appropriate number of Fourier series terms.

P
4

“ This research a1SO'provides a methodology for the

analysis of partially prestressed concrete sections.

Since partiaT prestressing can be defined'as the general

. case whose extremes are convent1ona1 re1nforced concrete

and fully prestressed concrete, the development of s1mp1e

"ana1y51s procedures has a w1de range of app11cat1on These

include . (but are not 11m1ted to) the long1tud1nal and
'transverse analySJs of segmenta1 br1dges hav1ng prestressed
and/or conyent1ona1,re1nforc1ng New comQEtat1ona1
techniques are deve1oped for the (1) uncracked section
analysis, (Q)tcracked section ahalysis, and (3) ultimate
strength analysis. The serviceabi]ity'criteria of

cracking \?atﬂg e, and deformation.are’examined. The
computer program PREBEAM has been developed for the

analysis of partially prestressed concrete sections.
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1. INIRODUCTION

-

1.1 General remarks

Prestressed concrete segmental bridge construction is
undoubtedly the most importan¥}breakthr6ugh in bridge
engineering during the 1ast twenty years- . It‘has

extended the competitive span range of éoncrete structures
whife being adaptable to almost any conceivable site
condition.:vThe only.limitation to this‘extremely
versatile method of construction is the imagination of

the des1gner With the emergencé of this construction
techno]ogy, has ‘come a whole new set of challenging
design problems. The purpose of this research is to

address some of these problems.
1.2 Objectives'and'scope

The main o’jective of this research is to provide a
methodo]b y for the anaiysis of prestressed concrete”
segmenta] bridges which is suitab1ehfor use in an
-engineering deégbn office."To maximize design efficiency,
~ the thre -dimensional time-dependent analysistof a-
lprestne sed concrete segmental bridge is uncoupled

into t/o distinct“parts.

.The f%rst part dealsiwith the time-dependent analysis

-

1



of a segmental bridge under construction. A two-
dimensional (plane frame) model is used. Loadings
considered are self weight, prestress, construction
loads, and temperature. Time-dependent effects inciude
reep and shrinkage of the concrete as well as Qelaxation
of the presf}essing.' |
«
~ The second part deals with the approximate three-
dimensional analysis of a comp1eted segmental bridge.
Time-dependent effects are neglected. Loading conditions
1nc1ude'se1f wéight, super imposed dead\load, truck }oads;

lane loads, temperature, and prestressing.

The time-dependeht analysis gives the longitudinal
flexural requirements for each stage of construction,
while the three-dimensional analysis gives the
requirements for'traqsverse flexure as well as
fongitudinai shear and torsion in the éompleted
‘structure.‘nlﬁ‘addition, the three-dimensféna].analysis
gives an indication as to the severity of shear lag

_effects.

A secondary objective of this research is fo provide a
methodology for the anaWyS{s of partially prestressed
concrete sections. Since’partial prestressing can be
defined as the genera] case whose extremes are

conventional reinforced concrete and fully prestressed



”concrete, the development of simple analysis’procedUres
would have a wide range of appliCation. This includes the
1ongitud1na1 and- transverse anaf&sjs of segmental bridges

having{prestressed and/or conventional reinforcing.

This study is restr1cted to straight bridges without

skew. Stresses ere 11m1ted to the working stress range.

1.3 Organization of report

- N : ) 1
Chapter 2 is included to serve as a guide for design of
segmentai bridges, since some Kind of design must exist

before an analysis can be made. ‘The chapter discusses

the various technigues used in segmental construction

and defines the terminology used in this study - :rr%7’cl:.

- Since the qes1gn process for a segmental br1dge is a3
highly complex and interactive one, a sequence of des1gh

is proposed in this chapter.

Chapter 3 cons1ders the time- dependent analysis of two-
d1mens1ona1 prestressed concrete structures in general

and segmental bridges ‘in part1cular. After an extens1ve
review of existing matertal and ana]yt1ca] models for

the prediction of time?dependent behaviour, a procedure

'is outlined for the efficient and accurate enalysis of ’ ;
these effects. The computer’ program ‘TIMEDEP is presented

for the time- dependent analys1s of segmental br1dges



Numerical examples show the versatility and accuracy of
‘w
the method.

Chapter 4 considers the three-dimensional analysis

wi thout time-dependent effects of box girder bridges in
gene?al and segmental bridges in particular. A%ter an
extens%vei;éview of the types of structural action which
occur and sdﬁtable methods of analysis, the folded pla{e
methoa is recommended as being both‘reagonably accurate
and computationally efficient. The computerwprogram
BOXGIRD is presented for the transverse analysis of box

girdef bridges. The versatility.and accuracy of the

me thod is”i]luétrated by a number of numerical examples.

Chapter 5 discusses'tke application of partial prestressing
to the design of segmental br}dgés and offers some new “
_ computational techniques for the analysis of partially
prestressed concrete sections. Behaviouf in both the
working stress (uncracked or cracked section) and ultimate
strength ranges is considered. Some serviceability
aspecfé of-partfai prestressing (including cracking,
fatigue, and-deformation) are studied. The computer
progrém PREBEAM is presented for the analysis of partiél]y
\ prestressed concrete beams, éubjected to axial force as
we11 as bending.moment. Numerical examples show the

versatility ahd accuracy of the method.



The final chapter lists the conclusions reached in this

study and makes some recommendations for further study.



\ .

2. DEB%GN CONSIDERATIONS

%

2.1 Introduction \

In order to conduct an analgsis of a segmgnta] bridge,
some kind of design Tust fihst be made. Consequently,
this chapter Qs included to serve as a guide for the
design of segmental bridges. If@is divided into two
parts. The first part discusses Various techniques of
segmental construction and defineé%the\termino]ogy
used in this study, while the seéQH@ part proposés a

design seqguence to be followed in éytypical design.
2.2 Methods of construction . ’ <

Constructioﬁ js common 1y categprized by one of the fo]]owing
four methods: (1) balanced cantilever construction,

(2) progressive placing, (3) span-by-span construction, and
(4) incremental launching. Balanced canti]gver éonstrﬁction
has Been‘the most common form of cohstructi&n and
‘consequently will be discussed in,some detail while, the
other three methods will be summarized in general térﬁsf

. ’
2.2.1 Balanced cantilever construction

In the balanced cantilever method of constbuction,

segments are simply cantilevered from each side of a pier

6



\
in a ba}anced sequence until midspan is reached
(Figure 2.1). Then a cast-in-place closure is made with
the half-span cantilever from the previous pier ’
(Figure 2.2). The procedure is repeated until the
structufe is completed. In essence, balanced cantilever
construction consists of two distinct operations:

(1) erection of cantilevers and (2) establishment of

continuity.

During cantilever erection of precast structures

(Figuﬁe 2.1), epoxy is abplied to the joint surfaces of the
segments to be attached. ‘The segments are slowly brought
together ensuring that the hofizonta] and vertical
alighment‘is correct. Then.temporary prestréssing bars

are stregsed to squeeze out the excess epoXxy and hold the
segments in place {Figure 2.1(a)). An/unbalanced moment
equél to the segmeﬁt weight multiplied by its eccentricity
from the centerline ot the pier must be transmitted through
the cantilever to the pier and foundations. This procedure
is repeated on the other side of the cgntilever

(Figure 2.1(b)) whereby the unbalanced moment is remov:d.
Top cantilever cables are stressed and the temporary
prestressing is removed (Figure 2.1(c)). This procedure is

repeated until midspan is reached.

With regard to the establishment of continuity, the

operations required for the'construction’of a three span



temporary prestressing

(b)
w1 J—:m
top cantilever cables
/ ] |
(c)
e =R

Figure 2.1 Balanced cantilever construction
(erection of cantilevers]

8
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brldge are shown in Figure 2.2. Segments are'erected
v%g?% . in- canttlever 1n stage 1 wh1le ‘additional end- span
e segments are assembled on falseworK in stage 2 Stage 3
M1nvolves the pour1ng of. a cast in- place closure segment,
‘the stress1ng of the bottom continuity cables, and the
mod1f1cat1on of the support cond1tlons Segments are
gatn erected :n cant1lever in stage 4 wh1le another

closure‘segment is cast.in stage 5 (as per stage 3)

Segments are again’assembled on falsework in stage 6 and:

the'flnal closure segment is cast’in stage 7 (as per g
stage 3).‘ ' - | ‘ | ) , | B

, i"/‘

1n precast. construct1on, the p1er w1ll normally be out of
balance by one segment This. unbalance must be carrted by
e1ther moment reswstant piers or temporary supports

F1gure 2.3(a) shows how vertical prestress1ng can be used
to create a moment res1stant pier for a situation where the
superstructure and pler are not monol1th1c In the case
where ‘the unbalanced moment exceeds the capac1ty of the
cantilever p1er, and/or foundat1on, temporary supports,

as shown in F1gure 2.3(b), must be used Note that the
temporary support is located on the s1de of the unbalance,
and that it is attached to the superstructure with a small
amoun? of vert1cal prestre551ng For cast-in- place
construct1on moveable formworK is supported from the

prev1ously cast segment on each s1de of the cantilever.

Consequently, only a small unbalance due to construct1on

\'

10
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loads occurs.
r

'Erécfion may be carriéd out by cranes‘on-land or barges,'~'
winches on ﬁhe comﬁ]eted poftion of the structure, or by

a launching truss. Figure 2.4 shows a typical launching
~truss which bropells itself across the structure by virtue
of three moveable legs. Segments are delivered by a flat-
bed,trai]er to the launching tﬁuss, where a trolley picks
up and transfers them to the end of the truss. A special
',meChanism allows the segments to be rotated and attached
to the end of fhe cantilever. In general, the reactions of
the launching truss are transm{ttéd to théNSEchture‘as
unbalanced moments, although Self—equiTibratinéxdaunChing
trusses have been-built which transfer no unbalance to the

LY

cantilevers. -

Longitudinal post—tensionihg‘tendons are commonly
grouped,as'eithér cantilever tendons (top) to be stressed

- during cantilever construcfion oﬁ;continuity tendons
(bottom) which are stressed after éoﬁtinuity‘is‘aChieved.

~ Traditioha]]y; straﬁded cables (Figure 2.5) have been

used for precast consfrué;ion while hfgh-a]ioy bar§ v
(Figure 2.6) have been used for ca§t-infp1ace chstructionp

One except{on‘to this is the Kishwaukee River bridge in

I11inois which was precast and stressed with Dywidag bars.

In the strand system, anchorages for the cantilever cables
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may be located in the web at the face of the segment
(Figure 2.5) or in special web stiffeners cast {n the
segment . Web stiffeners allow stressing to be independent
of erection but add a degreé of complexity to the casting.
Continuity cables may be anchored in block-outs in the top
slab (Figure 2.5) oﬁ in the web stiffeners. Another
possibility is to anchor the continuity cables in build-
outs in the bottom Siab. ﬁéwever, these build-outs are
complicated and expensi&e to form. It is not uncommonf}o '
add a little extra compression at the top by virtue of top
continuity cables. The cables run the entire length of the
span and are anchored in the diaphragms at the piers or
abutnenté.

‘ .
In the bar systém (Figure 2.6), the cantilever and
continuity cables arenanchoﬁed in recesses in the top
and bottom slabs respectively. One advantage to this
system 15 that the permanent post-tensidning provides
the temporary compression required to squeeze out the
excess epoxy during erection. A possible disadvantage
is that a large number of bars and couplers are required,
and the stressing and restressing operations become - -
quite complex. .Another advantage is that since there 1is
no curvature in the tendons, the ffiction losses are low.
However, since there is no curvature in the tendons,
there is also no vertical component of prestressing to

help carry the ‘shear.



Transverse pbst-tenéioning is recommended in the top
slab to improve the refponse of fhe deck to cracking and
fatigue. A transyeréngKEPestre$sed slab will not crack
due to the app]icatiohﬁof horma] loads, and any cracks
which may occur due to the appliCation of severe loads
will be‘tightly closéd upon removal of the loads.
Fatigue is pot a.prbblem in prestressed decks since thel
sthéss change is very small compared to the strength of
the tendons. The increased cht of transverse post-
tensiqning is offsét by the reducéd vo lume of»concreté
and conventional reinforcing. - Furthermore, the economy'
of the structure is improved by the wetght reduction.
In multiple box section§,'transverse‘prestgessing
provides continuity between the boxes.
Vertical post-tensioning éan be used to resist high
shear stresses near the piers.” In this way, a minimum
web thickness can be usethhroughout, allowing a
substantial saving in weight. Figures 2.5 and 2.6 show
how transverse and vertical phestreséing can be used with
the strand system and bar system respectively. Diaphfagm
post-tensioning ¢an Eé used to trénsfer the shear from
the webs through the diaphragm to offset béariﬁgs.‘thereby
replacing large amounts of conventionaT reinforcing,_

‘

Precast segments are match-cast (each segment is cast

against the segment which will be agjacent‘to"it in the

A

17
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completéd structure) by théwlong-line or short-line methods.

Match-casting is critical for balanced cantilever
construction since small discrepancies in the geometry of
a joint near the pier are magnified by‘the lever arm of the

“cantilever to,produce large variations at midspan.

. In the long-line method, (Figure 2.7), segments are cast on
a long-line bed having the profile of the bottom soffit of
the bridgé,band a length slightly greater than one-half of
the longeét spaﬁ. Each segment is cast in interior and
exterior forms agaihgt a bulkhead on one side and the
prev1ous1y cast segment on the other One poss1b111ty with
this system 1s that if there are several sets of forms,
portions of several cantilevers can be cast concurrently.

- Although this'séheme is simple tq set up and require; a
minimum of geomefficléontro1, it has been used almost
exclusively for bridges haviné,parabo]icvsoffits, since

it requibes a large amant of spacgl

For the short-line method (Figure 258), segments are cast
againSf:the previousiy cast segment in stationary forms.
After curing, the‘previously‘cast segment is removed to
storage, the segmént just cast is puf in its place, and a

new segment is cast. Hbrizontal and vertical curves.ahe

obtained by adJust1ng the relative poswt1ons of the segments

in the forms. Unfortunately, geometr1c contro] becomes

quite compWicated for this system; elevation and alignment

18
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Figure 2.7 Long line method



bulkhead ® ®

Figure 2.8 Short 1ine method (horizontal‘casting)

"Figure 2.9 Short line method (vertical casting)
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readings must be taken with surveying equipment before and
after each cast and corrections must be made for each

subsequent cast.

The previous discussion pertains to casting a segment in

the horizontal position. For very shallow structures, it

.is desirable, from the viewpoint of placing and vibrating

concrete, to cast in the vertical position using the

‘short-line method (Figure 2.9). After the first segment is

cast, the forms are moved upward so that each succeeding
segment can be cast above the previous one. This scheme
requires special eqguipment to rotate the segment from the

vertical to the horizontal position.\‘

These three methods-of casting have all been used
successfully on various projécts in Ontario. A long-1line
castingvbed having a parabolic soffit was set up at the
site of the Credit River and Mullet Creek bridges. Two
horizontal short-line forms were set up in the precasting
plant to handle the linear variation in depth of the
Islingtbn Avenue Extension. A vertical short-line set up
was constructed at the precasting plant to cast the 4'-6"

deep segments of the Elora Gorge bridge.

21



2.2.2 Progressive placing

Progressive placing is a derivativé of the balanced
cantilever concept. Precast segments are placea
continuously from one end of the structure to the other in-
successive cantilevers on the same side of the pier rather
than by balanced cantilever on both sides of the p%er
(Figure 2.10). Since the lengths of the cantilevers become
exce§sive, a temporary moveable tower and cable-stay
arrangement must be employed to keep the stresses within
reasonable limits. Segments are typically rolled to the end
of the completed portion of the structure where a swivel
crane picks up and rotates them Ko their final position.
The method was pioneered by Jean Muller of Campenon Bernard

and Figg & Muller.

Although this technique has been used on numerous structures
in France, its only application in North America.has been on
the Linn Cove Viaduct in North Carolina. This
environmentally sensitive area in the Blue Ridge mountains

does not allow access to the piers; consequently, the piers

22

were constructed from the tip of the cantilever, with men and

equipment being lowered down to construct the foundations and

piers. Since the alignment of this structure is an "s-shape
with extreme curvature, temp?rary towers and stays were
impractical. Instead temporary bents were erected at midspan

in the same manner -as the permanent piers.
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k"2.2.3 Span-byispan construction

In the span-by-span method of construction, work progresses
in span 1ncrements from one end of the structure to the
other. The German firm of Dyckerhoff and Widmann p1oneered
a system whereby,a long span”éest—in-olace struoture could
be ereoted by,means,of‘atmOVeable form carrier (Figure 2.11).
«The movequevform carrier is comprised’ot a se]f—prope11ed'

J launchfng truss at the dech level and three sets;of forms
correspond1ng to the three stages of casting. ' The bottom
slab and webs are cast in the ftrst stage wh11e the top s]ab
spann1ng between the webs is cast)1n the second stage The
cantilevers' are completed jn'the third stage.: These three
’stages can proceed cohcurrently. ‘Once the concrete reaches
the specified strength; the truss can be laonched to the
_next\span.suTheibenny Creek bridge in Washington has been

built by this procedure. ~' \ -

‘Another type of span—by¥§pan conStruction has been devetoded
by F1gg and Muller for short span viaduct - type structures )
bu11t with precast segments (F1gure 2.12). This system
requires that a steel assembly truss be fastened between two
&p1ers.‘ The segments are then nolled a]ong the ‘truss to the1r
final pos1t1ony A s1x 1nch c]osure JOlnt is poured at the
‘beginning of eaoh span before the\tendons are stressed and

*the truss is moved to the next span. .The Long Key and

Seven M11e br1dges in Florida have been built in this way.

»
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2.2.4 Incremental 1aUnching

Incremental Taunching or "Taktschiebeverfahren", as it 1s‘
known in its native Germany, .was pioneered by the firm of
Leonhardt and Andra (Figure 2.13). The superstructure is
cast in stationary forms at an on-site factory behind‘the '
abutment; in Tengths of 30 to 100 ft (10 to 30 m). After the
segment reaéhes sufficient strength, it is prestressed to the
_previous segmént and the entire superstructure is pushed

out 1on§itudina11y to permit casting 6f the next segment.
Normally casting and 1aun¢hing a segment is based on a one
week cyc]é.' Segments can be cast in stages (as ber span-by-
span construction). “ |

Obviously, only constar /pth sections can be used. In
addition, . {he bridge‘al "ment for this scheme must either be
straight orvéﬁéjrcu1ar curve. Aqdramatic example of this
type of construction is the Val Ristel bridge in Italy

which was launched with a radius of 500 ft (150 m) .

To cbunteract the varying bending moménts that occur during
the.launching operation, the superstructure is coneentrically
prestressed._.To*reduce the large.negativé bénding moments -
that occur just before thé superstrhcture.touches a new’
pier,-a steel launching nose. is instal]éd. Long sééns may

be subdivided by providing temporary piers or stayed towers.



The concentrically prestressed superstrUcture is jacked
vertically and then pushed horiéonta]ly in successive
increments by means of hydraulic jacks. To allow the
superstructure to move longitudinally, special low friction
teflon and stainless steeleearings are provided at the
piefs. When the opposite abutment has been reached,
additional prestressing is installed to accommodate service

load moments in the final structure.

This technique has been used for spans of up to 200 ft
(60 m) without temporary supports and 330 ft (100 m) with
temporary supports. The Wabash River bridge in Indiana was

built by this procedure.
2.3 Design sequencé

A segmenta] bridge must be designed for the loads acting
on the completed structure as well as the loads acting
on the partia]ly erected structure during any stage of
construction. Consequently, the design process is a
highly complex and interactive one. It can, howe?er, be
simplified by diViding'the sequence of design into the

following stages:
(1) conceptual design - select type and method of
L
construction ‘ ’

(2) preliminary design - select span lengths and cross

29



sectional dimensions

(3) detailed design - propoftion.prestressing and
reinforcing in the']ongitudinallahd transverée
directions

(4) design verification - check construction stresses and
deformations by virtuelgf a detailed analysis

{5) design changes - evalUéfe alternate designs, field

changes, etc.

Each of these will be conéidered in some detail.
2.3.1 Concethél design

A number of major conceptual decisions must be made at a
stage when relatively little hard information is Known.
For instance, the designeb must decide whether to use
precast or cast-in-place conérete. This décision is a
function of many variables but the location and c]imafe
of thke site are important fabtors.

The type of construction ahd method of ;onstructfon must
also be chosen. Podolny and Mulier (16) have determined
the range of application of various types of construction.
These are given in Table 2.1. It should be noted that theke

is enough overlap in this tab]e_thaf two or more bridge
types may be suitable for a particular span length. = A

recent study conducted by T Y Lin Inﬁernationa] (6) for

30
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.Tab]e 2.1 - Range of app11cat1on of brldge type by span A
Tength
Span (ft) Bridge type
0- 150 l1-type pretensioned g1rder
100- 300 Cast-in-place post-tensioned box g1rder
100- 300 Precast balanced cantilever (constant depth)
250- 600 Precast balanced cantilever (variable depth)
200-1000 Cast-in-place balanced cantilever
800-1500 Cable- stay with balanced cantilever
|
Table 2 2 - Average br1dge 1engths for various construction
methods :
Consfructionzmethod Average bridge 1éngth
: : for a 40 ft roadway (ft)
Incremental launching ‘ . 1087
Progressive placing 1165 -
Balanced cantilever (cast-in- p]ace) 2818
Balanced cantilever (precast) : 3133

Span-by-span construction ‘ ' 5347



32
the Federal Highway Administration has found the average

length of bridge}for various methods of construction.
Table 2.2 gives these requirements. Incremental launching
requires the lowest overall length of structure, because
it requires the least amount ef specialized equipment

i.e. casting cells, launching tnussesw etc. It should be
mentioned that although span-by-span construction requires
hthe 1ongest'm1nimum length of superstrueture, it also |
happens to be the cheapest method of construc&ion for this
Tength.. | |

The designer must decide whether to have a constant or
variable depth‘section and also whether to increase the
bottom slab thickness near the supports.(see Figure 2.14).
This dectsien will depend a great deal on the span/depth
ratios discussed in the neXt section. Finally, he must
determine whetherrto use é eingle box, muttip]e box, or
‘mu]ticell‘box (see Figure 2.15). This decision is based on
‘the overall roadway width as well as size and weight
restrictions fof transporting the segments (in the case of

precast construction]).

A1l the decisions mentioned in this section are inter-
dependent; they must all be considered tegetneh. For
| eXamp]e, you cannot have a variable depth‘incrementally

launched structure.



L -

constant depth
consfant bottom siab thickness

constant depth

vorioble bottom siab thickness

\

variable depth

variable bottom slab thickness

Figure 2.14 Various types of sections

o<

_/
7 UJ

Figure 2.15 Various types of boxes

]
single box

multiple box -

multicell box

33



34
2.3.2°Preliminary design

The following basic parameters must be determined before

a detailed design can be performed. ' The span ratio (ratio.
of the exterior span to the interior span) must be chosen.
The conventional span ratio of O.BO'for cast-in-place
structures is too high %of bﬁ]anced cantilever éonstruction
since it requires extensive falsework in the end span.
Also, the ideal span ratio of 0.50 for balanced cantilever
construction is too low since it would have uplift at the
abutments and reguire specia1‘detailing. A span ratio of
0.65 appears to be a reasonable comprémise. Once the span

ratio has been chosen, the span lengths can be found, given

the overall length and number of spans.

According to Podolny and Muller (16), the span/depth ratio
~should be in the range of 15 to 30 for constant depth
sections with an optimum value of 18 to 20. Variable depth
(parabolic) sections should have a span/depth rat{; in the
range of 30 to 50 at midspan and 16 to 20 at the pier.

The optimum value would again be 18. Knowing theagpan/depth
ratios and span lengths, the depth of the section can be

found. ' " s

I8

i

i et

.

‘Mathivat (15) has determined that, based on European ~ -
experience, a single box is suitable up to a width of

13 m (43 ft) while a two cell multicell box is reasonable



for widths of 13m to 18 m (43 :ft to 59 ft). A multiple box
can be used for widths of 18 m to 25 m (59 ft to 82 ft).

Cross section dimensions may now be determined; for the
most part, they are a function of detailing procedures and
not stress levels. The web thickness is, in general, a
function of the shear stress due to shear and torsion,
placing of concrete around the longitudinal tendons, and
bursting stresses due to concentrated reactions at the
anchorages. The minimum web thickness is 10" for' the

bar system and 14" for the strand system with cables
ancho;ed in the web. Personal experience has indicated
that 18" is not an‘unreasonable minimum from the viewpoint
of pVécing concrete in a strand system. The absolute
minimum web thickness for a section having no prestressing
ducts in the webs is 8".° ,
A minimum top slab thickness of 6" is required to prevent
punching shear due to concentrated wheel loads. For top
slabs having transverse prestresging, 7" will span up to
10 ft, 8" will span from 10 to 15 ft, 10" will span from
15 to 25 ft, and stiffening ribs are required for spans
greater than 25 ft. The minimum bottom slab thickness at
midspan should be in the vicinity of 8 to 10° while the
thickness at the pier should be bésed on the compressive
force to be developed in the concrete. Fillets must be

provided at all slab/web junctions to permit transverse
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moments to be transmitted around corners and also to
accommodate all longitudinal tendons. If non-vertical

webs are desired, the ~'ope of the webs should be from :

4:1 to 5:1.

Permanent hinges and intermediate!expansion joints
complicate the construction of segmental bridges‘immense]y.
It is therefore recommended that hinges be avoided and
expansion joints be restricted to the extreme ends of the
structure. It should be noted that bridges have been
built up to lengths of 2000 ft without intermediate
expansion joints. The bearings must obviously be capable

of handling substantial longitudinal movements.

Since the torsional,rigidity of a box girder is high,
intermediate diaphragms (as are usually provided for in
I-girder bridges) are not necessary.} 0f course, diaphragms
must be provided at the abutments and piers to transmit

the bearing reactions.
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2.3.3 Detailed design

The detailed design of a segmental bridge includes the

following:

10.
11.
12.

determine section préperties

design for longitudinal flexure during cantilever
construction (determine configuration and number of
cantilever cables qu each stage)

design %or longitudinal flexure during establishment
of continuity (determine configuration and number of
continuity cables for each stage)

design for longitudinal flexure after completion of

“7gare (determine configuration and number of any,
:f al cables)

‘or transverse flexure (proportion transyerse
reinforcing) |

design for shear and torsion (proportioh 1ongitudina1‘k
stirrups)

check service stresses °

check ultimate strength

design piers (for maximum unbalanced moment as well as
vertical and lateral load)

design abutments

design foundations

design bearings (for movements due to creep and

shrinkage as well as temperature)
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13.,design expansion joints (same as above)

14.'des1gn railing and barrier curb
15. determine cast1ng and erection schedule (necessary

for deta11ed analys1s w1th computer program TIMEDEP) ;
16. compute guantities

"17. estimate cost

2.3.4 Desidn‘verification ’ .

\, : o
Once the detailed design has been completed, it is
necessary to take a'comprehensive look at the stresses
andrdeformations that occur at each stage of construction.
The deformations must be predtcted very‘accurate1y, soO
‘that the camber d1agram can be determined, and the
structure w1]1 fit together when cont1nu1ty is estab11shed
It 1s therefore necessary to accurately account for the
t1me dependent effects due to creep and shr1nkage of tﬁe
'concrete and re]axat1on of the prestress1ng To fa8111tate
this end the computer program TIMEDEP has been deve]oped

L]

This program accounts for the tlme-dependent behaV1our as

~ we]l as the effects of se1f weight, ?restress, construction
loads, and temperature Due to large expense as5001ated
with runn1ng the program it fs only undertaKen after the

“deta11ed des1gn has been complgted
t §$§
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2.3.5 Design changes
Changes are often made to the ‘design for a number of
reaSOns A contractor may propose an alternate design
dur1ng the tender'process. After award of the tender,
the contractor may wish to mod1fy the construction
sequence New 1nformat1on on the site may necess1tate
“some a]terat1ons to the design. A1 these changes must
be evaluated and a new verification analys1s must be

made if they d1ffer s1gn1f1cant1y from the or1g1na1 design.
2.4 -Conclusions N E o

This chapter has descr1bed the var1ous techn1ques for: E
.segmenta1 construct1on and has- suggested an appropr1ate
‘sequence of design. Once a reasonable design has been
‘.made, the procedures d1scussed in the fo110w1ng chapters -

can be used to evaluate the design..

|
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3. TIME-DEPENDENT ANALYSIS
3.1 Introduction

This phapter:disbusses the time-dependent analysis of

_fwo-dimenSiona] prestressed concrete structures in generé]

and segmehtal bridges in pérficu]ar. T ime-dependent
effecté %nclude creep and,shrinkage of the concrete as
well aé’Félaxation,Qf the prestressing. Loadings
considened are self weight, prestress; construction joads,

“and températureAat each stage of construction,

The exigt{ng material aﬁd analytical models for the
predictfﬁn of time-dependent behéviour are summarized,
after which, a humber of existing ébmputer programs are 'é,
reviewed. .Aftér careful examinatfon of all this B
information, the methodolggy for a tiﬁefdepehdent
analysis is formulated for this study. -A new efficient
'cdﬁputer program is developed. The accuraéy of any new
,fgﬁtu3e54as well as the Versgtility of the. program are
i¥iu$t;atedfby a sefies‘of numeriCai examples.

“
[

40




/

LAV I

41

3.2 Basic definitions

Three distinct but inter-related time-dependent effects
must be considered in .the analysis of segmental bridgeSi
These are creep and shrinkage of the cohcgeie and"

relaxation of fhe_prestressing:

;"?%ﬁ@fﬁfﬁep is thechange in strainqyith time due to constant
~
stress.

(2) Shrinkage is the change in s$train with time not due to
stress.
(3) Relaxation is the change in étress with time due to

constant strain. Pt

*

Concréte under cdnstant axial compréssive stress‘(Figure 3.1)
undergoés a gradual increase of strain with time'due to creep
deformation. The final creep strain may be g&&graj times as
large as the 1nifia1 elastic strain. The rafé‘of'creep :
decreases with time. When the lbad ié\removéd, a portion

-of the elastic stréin is recovered imﬁediaté]y while a
portion 6fhthe.creep stéain is reéovered with time. The

final portion of the strain is never recovered,and results

in a permanent deformation. N,
¢ B

Although creep has little effect on the ultimate strength
of the structuré, it does cause a redistribution of stress

at service load levels. Furthermore, creep causes an
'y f
<.
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Figure 3.1 Typical creep curve for concrete
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increase in service load deflections. As one can imagine,
the accurate pfediction of defiections ijs critical for
cantilever construction. It is normal to use a linear
relationship between creep strain and épp]ied streés for
service load stfesses in-the}range of 0.4 fc' and O.5»fc'.

N
Shrinkage is tHe shortening of concréte due to the loss of
moisture by evaporation. ShﬁihKage stéain rates decrease

with-time, in a manher,simi]ar to that of creep.

Creep and shrinkage are functions of the relative humidi;y,
the'dimehsions of the element, the composition of the o
_concrete; énd:the ambient temperature. Creép is also a
function of the rate of‘hardening (age at 1oading) of the
concrete. Figure 3.2'show$‘the total elastic and creep
étrain (normalized with respect to the 28 day ejastic strain)

as a function of the age at']oadihg and duration of loading.
3.3 Material models
3.3.1 Introduction

Creep and shrinkage are commonly predicted_by one of the
following material models: (1) ACI 209 (70,71). (2) CEB
1970 (73), (3) CEB 1978 (74), and (4) Bazant-Panula (78).

Relaxation of prestressing is normally given by the

expression of Magura, Sozen, Siess (77).
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3.3.2 ACI Committee 209
(a) Strength and elasticity properties

The compressive strength of the concrete fc(t) in psirat
time t in days is a function of,the age, Curing condftions,

/

and cement type as shown below

felt) = _t fc(28)  for moist cured (3.1a)
' 4.00 + 0.85 t type I cement '
fc(t) = __ t fc(28) for moist cured (3.1b)
“2.30 + 0.92 t : type 111 cement
folt) = t fc(28) for .steam cured (3.1c)
: 1.00 + 0.95 t ‘type 1 cement
Cfelt) = t fc(28) for Steam cured (3.1d)

0.70 + 0.98 t - type 111 cement
The modulus of elasticity Ec(t) in psi at time t in days
is determined‘as follows |

1.5

Ec(t) 33 w fo(t) ‘ o (3.2a)

Ec(t) = 57,000 \Fo(t) for w = 145 pof -~ (3.2b)




(b)) Creep

The creep coefficient Ct for standard conditions may be
written as |
0.60
Ct = t Cu \ (3.3)

0.60
10 + ¢t

where t is the time after loading in days and Cu is the
ultimate creep coefficient. This coefficient ranges

from 1.30 to 4.15 with’an éverage value of 2.35: -Sténdard
conditions are defined as loading at 7 days for moist cured
‘concrete and 1 - 3 days for steam cured concrete, ambient
relative humidity of 40% or less, minimum memberwthickness

of 6 in or less, and slump of 4 in or less.

For nonstandard conditions, the creep coefficient must be

multiplied by the following cbrréct{on factors:

(1) Loading age | a
(CFILA

o -0.118 :

1.25 tLA - for moist cured concrete
- -0.095 B :
1.13 tLA for steam cured concrete

(CF)LA
where tLA ig the loading age in days

(2) Humidity
(CF)H = 1.27 - 0.0067 H for H > 40 %

where H is the relative humidity in percent.

46



(3).

(4)

‘ 47
Minimum thickness of member

(CF)T
(CFIT

1.14 - 0.023 T for < one year loading
1.10 - 0.017 T for ultimate value

where T is the minimum thickness in inches

|

Stump
(CF)S = 0.82 + 0.067 S

where S is the slump in inches

Cement content

(CF)B = 1.00

Percent.fines

(CF)F = 0.88 + 0.0024 F

where F is the percent of fine aggregate by weight
Air content

(CF)A

(CF)A

1.00 for A < B %
0.46 + 0.090 A for A > B %

where A is the air content in percent

[¢)
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(c) Shrinkage

The shrinkage strain (esh)t for standard conditions

may be written as

(esh)t =

+{t

(esh)u (3.4)

where t is the time after curing in days and (esh)u is

the ultimate shrinkage strain. This coefficieﬁt ranges
from 0.000415 to 0.00107 with average values of 0.00080

for méist cured concrete and 0.00073 for steam Eired
concrete. The coefficient "a" has a value of 35 for

moist cured concrete after 7 days and 55 ‘for steam cured
concrete after 1 - 3 days. Standard cqnditions are defined
és ambient relative humidity of 40% or less, minimum

member thickness of 6 ih or less, and slump of 4 in or

less.

For nonstandard conditions, the shrinkage strain must be

multiplied by the following correction factors:

(1) Loading age

Shrinkage is not a function of loading

(2) Humidity
(CF)H = 1.40 - 0.010 H for 40 % <.H < B0 %
(CFIH = 3.00 - 0.030 H for 80 % < H < 100 %

where H is the relative humidity in percent



(4)

(6)

49
Minimum thickness of member x

1]

(CF)T 1.23 - 0.038 T for < one year drying

(CF)T

1.17 - 0.028 T for ultimate value
where T is the minimum thickness 'in inches

STump , .
(CF)S = 0.89 + 0.041 S
where S is the slump in inches
Cement content

(CF)B = 0.75 + 0.034 B
where B is the number 94 1b sacks of cement per
cubic yard of concrete

Percent fines

(CF)F
(CFIF

n

0.30 + 0.0140 F for F < 50 %

0.90 + 0.0020 F for F > 50 %

where F is the percent t fine aggregate by weight

- Air content | _ X, 4
(CFIA & 0.95 + 0.0080 A . >€§§&”

1]

;\%ﬂ‘

where A is the air. content in percent
A )
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3.3.3 CEB 1970

(a) Creep
N
The creep strain ef at tim%(t is given by
ef = fo ot o (3.5)
Ec(28) '
&)
The creep coefficient 0t is expressed as the product of
f{ve coefficients
| ‘
#t = Kc Kd Kb Ke Kt - (3.6)
where
Kc - depends on the environmental conditions
ie relative hum1d1ty of a1r (FLgure 3.3(a))
Kd - depends on the age of the@ oncrgte at the gﬁmeigf
I K ‘:’.l’ilf ¥
Kb - e
Ke -

(Figure 3. 3(f))

Yy ?'ﬂ
Kt - covers the devel mé_i

W1th time - depends’pn fhéﬁthedreticalgthickness

(F1gure 3.3(e))

i
+
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(b) Shrinkage

The shrinkage strain er at time t is expressed as the

product oﬂﬂfive coefficients
er = ec Kb Ke Kp Kt (3.7)
where

ec - depends on the environmental conditions
je relative humidity of air (Figure 3.3(b))

Kb - depends on the composition of the concrete in terms
‘of water/cement ratio and cement content
(Figure 3.3(d))

Ke - depends on the theoretical thickness of the member
(Fiéure 3.3(g))

Kp‘— depends on the geometric percentage (p) of g

longitudinal reinforcement area (Ast) with T*&%pect

. ‘4
té”thg:cross-sectiona1 area of the member (Ac)

o0

Kp = ___100 __
: 100 + np

note that p = 100 Ast and n = 20 for creep
R ,
Kt - covers the development of shrinkage with time - .

depends on the theoretical thickness (Figure 3.3(e))

1)

£
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Some notes:

(1)

(2)

The theoret &8

" ,Q 
hickness em is defined as the area of

tﬁé cross-set®on divided by one-half of the perimeter in

.contact with the atmospheré.

If the concrete hardens at a temperature other than

20°C,‘the age at loading is replaced by the corresponding

L]
k4

degree of hardening D

.4

D = 3 At (T + 10) ,_ o - ’ (3.8)4

where At repreéénts the numbér of days during which

hardening has taken place at T °C.

2 H
S
e !
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3.3. 4 'CEB 1978
4 .

"~ (a) Creep

The total strain e at time t. for a specimen loaded

- at time to is comprised of an elastic component and a e

. ]
component due to creep.;

elt,to) = fo [__1
| - |EeTter TEct28

» ,’)
The eﬁeep coefficient ¥ is given by

i

Z(t,to) = Ba(to) + @d Bd(t-to) + @f [Bf(t) - Bf(t )]
_ - , (3.10)
The first term is due to the 1rrevers1ble 1n1t1a1
'vdeformat1on the second term is due to recoverable de]ayed

deformat i@t sometimes ca]]ed delayed elast1c1ty,*and the i

'ﬁo 1rrevers1b1e delayed deformat1on

@

alsd known as plastic fiow.

o

: Y . o : :
The various terms in this expression are defined as follows

0.8 [1 - fclto) / fc(oo)] o s

Ba =
#d - de]ayed elast1c1ty coeff1c1ent (usua]]y taKen as 0.4)
Bd - funct1on correspond1ng to the development with time

of deTayed elasticity (Figure 3.4(b))

+ glt.to ] ‘ . - (3.9),

54
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‘ 55
gf - plastic fldw coefficient
Bf = @f1 x #f2
#f1 - depends on ambient environment (Table 3.1)

depends on notional (theoretical) thickness v ‘ Aﬁ

(FigureAS 4(a))

)@(2

Bf - funct1on corresponding to the development with time
of p]ast1c flow - depends on not1ona] th1cKness

(Figure 3. 4(c))
(b) Shrinkage .

The shr1nkage stra1n es at time t for which shr1nkage is

cons1dered from t1me to is

'J

- eslt,to) = eso [Bs(t)‘s Bs(to)] ' o (3.14)

[y

The various terms in this expression are defined as follows

r

‘eso - shrinkage coefficient

a

Ves1 X es2

"

eso

es1 *depends on amb1ent env1ronment (Table 3'1) .
es2 - . depends on npt1ona1 (theoret1ca1) th1cKness

¢

“y (F1gure 3.4(d))

Bs *@Eunpt1on correspond1ng to change of shr1nkage w1th

% time - depends on notional th1cKness (F1gure 3. 4(e))

.- bl
. , 'ﬁ@@,
oo R
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Table 3.1 - Creep and shrinkage coefficents according to

CEB 1978
. B
Ambient Relative :
environment humidi ty gf1 . esl
Water D 0.8 +0.00010 .
Very damp  90% 1.0 -0.00013
atmosphere ' , ‘ '
Outside B 70% 2.0 - -0.00032
in general ‘ _
Very dry 40% 3.0 -0.00052

Atmosphere

N\
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Some notes:
(1) The notional thickness mentioned in the previous .
sections is given by the following expression
ho = X 2 Ac - (3.12) .
u ) s
where i

X - coefficient depending on ambient environment

" (Table 3.1)
) o2
Ac .- area of concrete section {(mm )

u - perimeter of concrete section in contact with the
A . . . .
atmosphere (mm)

(2) A carrected age must be used for cements other. than

type I and temperatures other than 20°C'askfollows:_

St = o« 3 [[T(tm) + 10]Atm] | , L (3.13)
) & & LT e B e e
" .
where

x - 1 for slow and normal hardening cements (Type I)
. [} ) ’
2 for rapid-hardening cements (Type I11)

3 for‘rapid—hardenﬁngahigh-strength cements

.T - mean daily temperature of concrete (°C)’

- B - .. 8 - LR T e L
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(3) The values given for Zf1 and es! in Table 3.1 relate

to Cd'!kete of plastic consistence; they should be
reduced 25% for concretes of stiff consistence and |
increased 25% for concretes of semi-fluid
consistence. A.pTastic concrete has a‘slump.of 1.
to 2 inches, while a stiff concrete has a slump of
1/2 to-3/4 inches. A semi-fluid concrete has a

- slump of 3 to 6 inches (without a super-pasticizer).
3.3.5 Bazant-Panula:

e~Bazant and Panula (76) have recently developed a mode
.wh1ch they c1a1m gives a more accurate pred1ct1on of
creep and shr1nkage when applwed to available test
data, than e1ther the ACI or CEB approaches.

This modeldis‘foupd to be quite comp]icated, since a
large number of factors have been cpnsidered in its

A developmeht and because it has a wide range of |
app11cab111ty It is also found to be very empirical,
since its development consisted of extens1ve curve
fitting to available test data. For.th1s reason, some
physical significancevisllost when the method is
applied. However, the accuracy of the method cannot
be denied and it is prpbably a suitable basis for the
devefopment of a eode; although it is too cumbersome to'\\
,usﬁ,in itsfpresenf‘state. | K i L e

g



3.3.6 Relaxation of prestressing

Intrinsic relaxation is defined as the reduction in
ctress with time of a prestressing tendon which is
stretched between two points, or simply the change in
stress at constant strain. | This is not to be contused
with reduced relaxation which pertains to a prestressing
tendon embedded in a cont1nua1ly shortening concrete
‘member. The reduced relaxation 1s ‘normally computed

while the intrinsic relaxat1on-must be defined.

In the absence of manufacturers’ daté. the expressioh
developed by Magura, Sozen, end Siess (77) can be used

to determine the intrinsic relaxation:

fs(t2) = fsi [fsi - 0.55] (log 24 t2 - log 24 t1)
where S - : N .
'fs(t2) = intrinsic relaxation‘at 1me t2 for a tendon

4340 3
stressed at time t1 (in daysﬁ

fsi - initial stress (usually 0.7 fsu)
fsy = yield stress (usually 0.85 fsu)
k - = 10 for stres%§re11eved strands

;ed (Tow relaxat1on) strands

36 for Dyw1ﬁ%g bars
e

(3.14)
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[t is obvious from the factor K that stabilized strands

will have about one quarter of the relaxation of stress
. ‘ / i
relieved strands. Note that fsi/fsy must be greater

than 0,55: relaxation is negligible below this value.

3.3.7 Discussion

4

The basic philosophical differences between the different

material models should be noted.

The ACI 209 model and CEB 1970 model represent the creep
function as a‘product of age at loading and duration under

P

lQad funcfions.

H
1

#it,to) = 1 [t +C flto) glt-to)] - (3.15)
‘ E(to

s
The CEB 1978 model represents the creep function as the sum
of delayed elastic and piastic flow components. The delayed

elastic component is assumed to be independent of the age at

loading..

\Tﬂ{.to), = 'E"('L') [1 + C1 flt-to) + C2 [gl(t)-glto)]]
{to oo .
' (3.186)

The Bézant-Panula mode1 separates creep into basic creep

and drying creep.



3.4 Analytical models
3.4.1 Introduction

The analytical models for. the prediction of creep that
will be discussed here are the (1) effective rfédulus
method, (2) rate of creep method, and (3) linear

superposition method.
3.4.9 Effective modulus method '

This simple and widely used method replaces the

conventional modulus of elasticity Ec(t) by an effective
modulus of elasticity Eeff(t) which includes the effects
of both elastic and creep strains as a function of time.

L)

Eeff(t) = S (8.17)

The method does not take the stress history and the
aging of the concrete into accoqht. Moreover, the
method incorrectly predicts that all creep is fully

recoverable.
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An age-adjusted effective modulus, originated by Trost
and further#developed by Bazant,‘is a modification of
the effective modulus method to include an aging

coefficient X(t). ' o

Eeff(t) = __ Eclt (3.18)

&
The aging coefficient depends on the age at first
loading and duration under load as well as the

magnitude of the creep coefficient.
3.4.3 Rate of creep method

The rate of creep method is based on the assumption
that the creep rate is completely independent of the
‘age at loading of the concrete (and hence the previous

stress history).

A single creep curve, based'bn the age at first loading,
is used to predict the creep strain over the entire range
of loading. Hence the previous stress histoﬁy is ignored.
Computationa]iy, the method is attractive since only the
current values of stress have to be stored. However,
since only a sjngle creep curve is defined, creep-reéovery
is not possible. The widely useerischinger equatidn is
based on this method. | |

oo
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N ot \v, “ P pys
L IR g, ' ‘
. The linear superpos1t1on me thod is based Qn tbe assumpt1on
that the total strain due to two or more. st essd& can bebw”éwﬁﬁﬁ

obtained by ca]culat1ng the stra1n from each é&gess

‘}.

separately and superimposing them.

/

Although the results from this method are superior to tHose
given by the previous methods, the computational effort and
storage requirements are significantly increased. This is -
_because the entire previous stress history must be.stored and
used for each subsequent calculation. As well, a new creep

curve must be defined for each stress change.
3.4.5 Discussion

let us evaluate each of the three methods outlined with
reference to a particular example. A conCrete specimen
(Figure 3.5) is subjected to a unit stress at t¥he to; this
stress is removed at time ti1. Whereas the effectivebmodulus
prediéts that all creep is fully recoverable, the rate of
creep method predicts no creep recovery. These two me thods
seem to bound the real situation, which is approximated by
the linear superposition method. It should be obvious that
all three methods give identical results up to the point -

where the stress is removed.
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Each of these three me hpds has its own range of appfication.
The effective modulus method gives good results when the
?goncrete stress doesvnot vary appreciably and aging effects
;?é minimal. Ihis method is used extensively for the
pred1ct1on of deflect1ons in beams and creep effects in
columns. The rate of creep method g1ves good results under
similar conditions. The 1inear~superposition method’js the
only procedure which can accurafél; predict the' creep effects

due to the complex stress history of a Segmental bridge.

A
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3.5 Review of existing computer programs

«3

" -t - R

Sdrpristngiy few COmputer programs have been devetoped
‘for the ana]ys1s of segmental br1dges A11 programs |

can be class1f1ed as either 1nst1tut1onal or commerc1a1
Institutional, programs are normally written at
kun1vers1t1es as part of gesearﬁﬁ nroJects Source code f

is ava1lable to the generﬁ] puaﬁmo &t the cost»of

o

2 dup11catmon and use oﬂﬁthe programs is unrestr1cted :
. N ‘o
o Programs of th1s type have been developed by the '

fo]]ow1ng un1vers1t1es _

(1) Un1vers1ty ‘of Texas at Austin,

14

o v(2) Un1vers1ty of I]]lno1s at Urbana- Champa1gn,

(3) Un1vers1ty of Calgary. o h : ™~
L {,'qu\(4 5Un1wers1ty ot Ca]1ﬁorn1a at Berke]ey
»{".?‘1. » % o #
T @ Biime c1a1 prograﬁs are deve]oped by pr1vate compah)es.
.Source code is not ava11ab]e however , obJect code can'
\‘be accessed at var1ous serv1ce bureaus where a roya]ty
. ,;g)
. fee is pa1d for the usage of the program‘ The fOIIOW1ng
i t‘organ1zat1ons have developed programs of. th1s type:
, i ) '
L (5) Europe Etudes, -
(6) BVN/STS - . .
B B o "‘,5 < Lo . a’ .
~ 7,‘ (7) “Dyckerhoff cigle W1dmann N R,
TR 3 :

~ and (8) Eng1neer1ng Computer Corporat1on,. ,
_ ‘15Ea’oh. of the above programs w\‘j 1a be&f#eﬁy @dlscussed.'

, ,/~".3_ s S : : ;ﬂk ﬁgd'

& o . ;': 8 B e

KA

, .

N g e
Y - 'u‘ A
R
N * " . q. ) .
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(1) University of Texas at Austin

SRR : 7 , ' ‘
Brown, Burns, and Breen (20,24) developed program SIMPLA2:

for the three-dimensional analysis of segmental bridges
(w1thout time- dependent effects. At the time this »
program was deve]oped, the significance of

t ime-dependent effects was not fully appreciated, and
the effects of shear lag and cross sectional distontton4
and werping»were deemed to be more important.“This
program was pért of an extensive research program
congucted jointly by the University of Tean’at Austin
and the Texas H1ghway Department (17- 24) NThis research‘
_ cu1m1nated ?i the construct1on of the f1rst segmenta]

’

bmdge 1n the Un1ted States a{tz‘Y Corpus Christi, Texas.
The program is based on the'ftnite‘segment!method of
Scordelis and Lo‘(26§38); In this method, segments are
first connected in the transverse d1rect1on to form

the full cross-sect1on and then in the’ lo tud1na]
d1rect1oh segment -by- segment In this way, stage

construct1on, 1nc]ud1ng the effects of setf we1ght

- and pnestress1ng, can eas11y be handled.

3
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(2) University of Iltjncﬁs at Urbana?Champeign'

P
v ~—

Danon and Gamble (66) developed a program. for the

time- dependent ana1y51s of cant11evers erected

'>segmenta1]y.‘ The program was written spec1f1ca11y so

CEB 1870 recommendat1ons, ‘and the result

that paremetr1c stud1es could be conducted on the"

effects of creep,. shrinkage, and - relaxation. ~ The \

program is based on s1mp1e beam theory Both the

The rate of creep method and the: method of superpos1t1on

-

LACI 209 and CEB 1870 recommendatlons are cons1dered

are both used The analys151$tops at the po1nt where

“a “Bont inuous structure.

y“o cant11eyers are Jo1ned by a closure segment “to. form

[

all and Gamble (67) used the force method to extend |

above program to cons1der the: effects of |

k

"ity. Th1s program was. spec1f1ca11y q§veloped

}for the ana]ys1s of the K1shwaukee River br1dge in

.1111no1s Ana]yses werehconducted using both

exper1menta1ly determ1ned mater1a1 prope§;1es and the

were comparedvf

‘against deformations‘measured'duringvthe-constructlon of

the briige. The rate of creep method ‘and the method. of

superpos1t1on have b combined by Mqrsha]l and Gamble toj.

f

are the only ones qot ‘based on the d1rect st1ffness‘me£hod;

the—reV1sedrrate of creep method It is 1mportant to

ofm
) nog;‘that of al] the programs currently ava1lab1e these

69
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(3) University of Calgary

Tadros, Ghali, and Dilger (59,61) developed the program

SEGCON for the two-dimensional t1me~dependent analysis

of segmenta] br1dges. The CEB 1970 recommenda11ons are

A

dsed‘andithefprogtam is based on the method of superposttion
(without Dirichlet series). -Relaxation is based on the
'expresstpn of Maguha; Sozen, and‘Siess. Nonprestressed
'reinfohpinglcqﬁ’pe~included in_thevanalysis.‘ |

o

’ Kha111 Dilger and Ghali (53,63,64) developed a program for

f

v-structure can vary along the length and the p]ate N

ke

&

. . S .
- - v "
. B} ) . ] . s S .
- . - . P - ' B
' . . R iy e
¢ . .

‘the time- dependent analysis of p@gcast concrete cable stayed

\mﬁ1dges.r The CEB_1978 recommendat10ns arevexpressed as a

a D1r1chlet ser1é§ and used with the method of superpos1t10n
s

The modeJ uﬁcludes both gater1a1 and geometr1c noﬁ]1ﬂeaﬁ1t1es
' : : e . N
) T e

- 8K ‘ "‘.r“\?\;., .
(4) University of California at Berkeley L ,

:'a'

nd Scorde11s (46 48) have developed pl!ﬁram SEGAN

rved'segmental br1dges ' The cross-section is 11muted

’

to s1ndﬁe box sect1ons w1th cant11ever flanges*and /

/

vertical or 1nc11ned webs The w1d§h and depth of {he

L .
th1cknesses can vary from element. to elemenf Each
’curved element in p]an or elevat1on 1s approx1mated

‘by a stra1ght skew-ended element wh1ch possesses f



eignt degrees otwfreedom per node. A transverse

distortional and a longitudinal warping degree of

freedom are included in addition tdPthe standard degrees .

of.freedom for a space frame (tnree translations and

three rotations). ,
. ' X

. The ACI 209 recommendations are‘used for-the predictionv

Europe Etudes Gecti of Paris, France has deve]oped the

program BC (Br1dge Construct1on) 1me dependent
.effects ar*ed on the recomnendat1ons of CEB. WB

- The analytieal techm:que is based ‘on theﬁhod of

vsupegpos1tlon A substant1a1 amount of effort has been

spent to s1mp11fy the 1nput/output for h1s program

: A user or1ented 1anguage allows 1nput to be read’ d1rect1y

From the tender draw1ngs wh11e a post processor al]ows

' the resylts to be plotted. o T

o
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. (6) BVN/STS

AR
L L
‘\fy» . . '

-

BVN/STS of Ind1anapo1ws, Ind1ana has developed the
program BRUCO (Br1dge ‘Under ﬁonstruct1on) This

program operates 1n _much the same way as the Europe

Etudes program. ":‘M “ﬁﬂ". IR
, P e a0, <
: - ' ‘ S o
’ o IR N U
(7) Dyckerhoff and Widmann - T gt
E ' e Ca ’?;,‘ ' « ‘..'" T Ssb I

Dyckerhoff and W1dmann of New Yor?i
. program su1ta‘KeLfor the ana]ys1s of structures
constructed w1;h Dyw1dag bars Mater1a1 properties are
1based on the CEH@récommendatlons and the ana1yt1ca]

model is’ based on the D1schunger equation.

(8) Engine’&ering‘ Compwte'r gpa?y
The Engineering Computer Company of Sacramento.
'Cahforma (62) have deve]om a program which eth%a& w
STDS (Segmenta] Time Dependent System) Cgeep and

‘shr1nkaée are pred1cted using the CEB 1870 model while B
relaxat1on is based on the worK of Magura, Sozen, and@gﬂﬁ
Siess, The analyt1ca1 method is that g1ven by Tadrohﬁﬁ;

Gha11, and Dilger (59, 61) % Th1s program can 1nc1ude

’nonprestressed re1nforc1ng in the ana]ys1s

-

[
e
P
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Discussion:
T Let us see which’of‘the institutional programs -can
suitably be used\tor tp1s study . The Untversity of . Texas

’ T

program can 1mmed1ate1y be e11m1nated from 00n51derat1on

-y .

”,n's1nce it does not include time- dependent effects.

f S1mt1ar\y, the Un1ver$1ty of Ca11forn1a program can be
;»e11m1nated since 1t goes aga1nst the ph11osophy of this

' study, wh1ch 1s‘to uncouple the three d1mens1ona1 behav1our

» -
. and time- dependent effects Also, the Un1vers1ty of 1111no1s

_progr@ms can be e11m1nated §1ncexthey were wrttten for one iflﬁﬁmﬁ
tspec1f1c an;t;eﬁs Th1s 1eaves the Un1vers1ty Ofid;;gary .
progﬁ.hs) The program of Tadros, Gha11 and Dilger |
Idoes not use D1r1chlet series and consequentky s not as
eff1c1ent as it could be. The program of Khalil, Dilger,

~and Ghali is quite general. and some 1mprovements can
be made to the nugsrtcal efficiency by mak1ng\1t more
specific. | | | B

\ -
Hence, the dec151on is made/tS*EEbelop a new program
incorporating the desirable features~of a11 the programs g ;
while trying to keep thevnumertoaL;éff1c1ency at a high )
level. 1t should be noted that these programs will be |

used “as a source of comparison for the program to be

deve loped. e

&,



any practical significance.

?It is therefgig'conven1ent to divide the 1nput\1nto two

3.6 Proposed method of analysis

4 Yo .
3.6.1 Intréduction
This section proposes a method for the analysis @‘
segmental bridges. The basic requirements of a Ségmental

analysis are reviewed, and a .new model for creep and

shrinkage is presented, The general requirementS"of a'u‘

prestressing analysis are cons1dered and some s1mp11fyﬁng

L)

~assumptions are made . Temperature is an 1mportant load1ng

which has long been ignored, and consequently somg@;tf

discussion is devoted to it. Finally, the direct stiffness

-_,method. as it pertains to segmental analysis, is described.

"

,nr3.6,2 Segmental analysis -

A computer program for segmental analysis requires a .

treme dous amount of 1nput data. This is because the final

- stru ture is the end result of an evolut1onary process in

which a different structure is subjected to different loads
at each stage of construct1on Careful organization of the

1nput d&ta s critical if the computer program is to have
N,

~

parts. The first part defines the overal] geometry of the

completed structure.‘ It consists of mater1a1 1nformat1on,J
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section properties, node’boordinétes. element'data, and
prestressing tendon data. The second part describes the
events that occur at each stage of construction. This’
consists of segments assemblec,‘tendons stressed, support

conditions, construction loads, and temperature'effects.

L d

3

Two things can be done to reduce the amount of input for

'the construct1on stagesheven further First of all, the

stage at which each segment 1s assembled and tendon is
stressed can be def1ned_1p"the e]ement‘data and

prestressing tendon data respectively. Secondly,&once-fhe

support conditions, construction loads, and temperafure Ea

effects are defined, they remain in effect uhtil;they are

redefined or removed.

-4

rwln'summary, the structure must ‘be analysed at each stage of

iy

]

construction for the effects of self. we1ght prestressing,

construct1on loads, temperature,iand time-dependent effects.

In addition, the completed structure must be analysed for

o | >
the effects of self weight, prestressing, superimposed dead

-

75

load (overlay,‘curbs,}railing, etc.), live‘loqd (truck and

1ahe»1cad);'andftémperature. ' ;

"

L N
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3.6.3 Aneiysie for creep and shrinkage

The analysis foe creep and shggnkage requires the
selection of EBtH an analytical'and a 6aterial mode 1.

The linear superpos1tion method with Dirichlet series is
chosen as the analyt1ca1 model while the recommendab1ons
of ACI Commlttee 209 are used as the material model.
Dirichlet series allow the entire stress history to be
stored in a set of hidden state variasﬁes. Since only the
running total of the stresses need to be stored and used
in the computations,‘a s{gnificaﬁt reduction in |
computatibna] efforgeand storage requirements over other

methods can be realized. The °ACI Committee 209

recommendat1ons have bgen chosen since agwng effects can
be incorporated dir , .

A _ _ @

Let us express the recommendat1ons oﬁ.ACI mem1ttee 209
(equations 3:3 and 3.4) in a form more su1tab1e for th1s
analysis., The creep coefficient E(t"’) may be written as
0.60 - ’ -
git, ) = __(t - t') CFlatt’) Cu .- - {3.19)

0.60
»1&“+(t‘- t') T~

where t is the current age in days, t'\is the age‘a£\\
o

1oad1ng 1n days, CFla(t’) is the correction factor for the

age at 1oad1ng. and Cu is the ‘ultimate creep coefficient.

The shranage strain esh(t tO) may be written as



‘ ’ i '

esh(t,t0) = (t - tO) ‘eshu (3.20)% o
a+ (t - t0) - . “

where t is the current age in days.:tO is the age at the .

completion of curing in days, and esﬁu is the ultimate
shrinkage strain, "a" has a value of 35 or 55 depend1ng
on whether moist-cured or steam-cured eongrete is used
Note that the ultimate creep and ehr;nkagencoeff1c1ents‘

must be modified for nonstandard conditioﬁééas before.

The creep compliance or specific creep C(t,t’ ). is defined
as the creep function #(t,t’) divided by the modulus of

elasticity Ec(t’) and can be expressed as a Dirichlet

S

series as follows
4}- ‘ . ’ gt o
. m -Ni(t-t7) L 2
JC(t'rt) =2 ai(t') [1 -e ] . : (3.21) O
' i=1 ‘ - B ATS
where ai and N\i_are coefficients determined!by least-
squares curve-fitting. .
@ . .
The determination of the coefficients ai and b have been
discussed in great detail by Kabir (44), Kaﬁg (45,48)
Van Zyl (46,48), and Khalil (53), and it is not néCessary
to repeat this d1scus$1on here. The coeff1c1ents u'ig in f,-(

the computer program of Van Zyl have been found to

TP
L S el
e ~.,¥'
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Van Zy1 determined the following: |

«

m=3 , AN =01 , =001 , =000

ai(td) = ailtk) tk) CFl -
£ ?’t—d; § F:-l-al'i tdk'; EQSL‘S R |
where . . L \ -

e
- q N r"

t0 = 28 days
.
3.834 x 10 psi

-7
1.88313 x 10

-7
1.76834 x 10

Ec(tk)

i

al(tk)

"

a2(tﬁ)

-7

a3(tk) 1.28512 x 10

During the time interval atJ, the increments in free axial
~strain and -qurvature due to creep and shrinkage are giVen by
the following equations. (Appendix K shows how the creeb

part of these equations can be derived from equation 3.21).

3 N -Niaty ¢ | '
ae- =43 Ai,J [t -e ;] * aesh (3.22a)
: R ER . ’ . :

, M -NAtd _
CAF = T AW [r-e ] - (3.22b)
' oy =1 :
n .
’ N- -xiAatJd-1 J
Ai,J-1 e + AN ailtd) (3.23a)
Ai,J-1 e + AM ail(ty) (3.23b)
Ul Te o |
.
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A€sh = esH(td+1,tO) r'ésh(tg.tO) (3.24)

Note that atd = tu+1 ="ty is the length of the present
U oo

time interval while atJd+1 = tJ - tJd-1 is the length of the

- J . J

previous ﬁime interval. AN and AM are the increments

in axial force and bending moment due to imitial strains in

‘the present time interval atJ. Of course, Ac and Ic are v

3

the area and moment of inertia of the concrete section.

» 4

The increments in axial force and bending moment due to
LGy
: - Mo
creep and shrinkage on a restrained section are found as

N

AN = Ae Ac Ecef(ty) - - .~ (3.25a)
AM = Af lc Ecef(ty) ’ .(3.25b)

where the effective modu lus bf e\astiqity‘Ecef(td) is given

as ..

O (3.26)

Epef(td) = Ec(td)
1 + F(td+1,td)




these jtems individually.

CNL ) ) N .- . . ~

¥3,6.4 PrestreSstng_anaJystS'

[ . : : T

'Prestress1ng 1s a d1ff1cu1t feature to 1ncorporate 1nto

.a. computer program for the t1me dependent analys1s of

segmental br nges Th1s 1Qs because there ar‘ a large

umber of tendons.‘each of thch has a d1fferent pyof11e,

7

and is stressed at a d1fferent t1me : Each tendon prof11e

- must be def1ned w1th a- m1n1mum amount of- “input, and th1s‘

-:1hformat1on must be converted 1nto equ1va1ent 1oads for'

~each segment that the tendon crosses The equ1va1ent 1oadSi

)

are 1nf1uenced by the 1nstantaneous 1osses due to- fr1ct1on,,t .

anchor set and elast1c shorten1ng Keep1ng tracK of

hether the tendon 1s stressed from one end or both ends

'comp11cates the 1ssue even more. The t1me dependent 1osses B

I

‘ v N ,
_ due to creep, shrlnkage and relaxat]on are inter- dependent’

»

and vary wﬂth each stage of construct1on ) Grout1ng an.

funbonded tendon to create a bonded tendon adds another

'degree of comp]ex1ty Consequently, there 1s a s1gn1f1cantpl,

1demand on the. COmputer with respect to both number éf

opgratrons‘and storage requ1red. Let us 1ook at each of
. . P R k .

In/order ‘to g1ve the computer program any pract1ca1
éﬁ;ortance, the tendon prof11es should be def1ned with a
m1n1mum ‘amount of 1nput Th1s 1mp11es that two po1nts
'should be used to descr1be 8 stra19ht tendon, wht]e three
]po1nts shoqu be used to-defwne a parabo]1c.tenqpn



»

Alternatively, a paraboltc tendon shou]d have ithe opt1on o
“_;of being def ined by two po1nts aqd’a tangent at one of - the
: po1nts More comp]ex prof11es should be: spec1f1ed as a

*'coﬁbtnat1on of stra1ght and parabol1c segments

) _—
e

/ ‘ s - " - : . ’ . G;

Once a minimim amount of inputﬁhas~been used to define the

tendon,-a substant1a1 amount -of in ormat1on must be ‘

. generated U1t1mate1y, the equ1va1 t 1oads must be

: _déterm1ned for each segment that the tendon crosses

F1gure 3.6 shows that the determ1nat1on of’ equ1va1ent 1oads
for. a/segment can become qu1te comp]ex “

r

In’ add1t1on to tbe t1me dependent \osses due to creep,

"’shr1nkage, and relaxat1on, prestressing tendons are also
jsubJected to. instantanecus losses due to fr1ct1on anchor

. set, and elastic shorten1ng ‘ Fr1ct1on 1osses are due to

both’1n4entﬂona1 and un1ntent1ona] curvature The tendon_

profile compr1ses the 1ntent1ona1 curvature wh1le |

5 dev1attons from the theoretical profile const1tutes the.

un1ntent1ona1 curvature Anchor set losses are assoc1ated

~with the S]tp that occurs at the jacking end of the tendon o

. when the tendon is 1ocked into position. Although anchor

/,-set losses w111 s1gn1f1cantly reduce the overal]

‘prestress1ng force for short tendons, they are usuatly
..small for 1ong tendons S1nce concrete‘shortens as’
prestress1ng forces are app11ed to it, tendons’préViously
_stressed also shorten, and consequently lose part of the1n

v

'
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Figure 3.7 Friction and anchor set losses in prestressing
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stress Th1s\1s Known as. elastic shorten1ng Note'that
elastic shorten1ng (and elastid recovery losses) are
automat1ca11y taken into -account when transformed section
properties are used in ‘the analysis (67).

A’," ' .
Friction and anchor set 1os§es,are shown in Figure 3.7 for
tendons stressed fron.one-end and'both-ends. The stress
~in a tendon varies With»the distance fron the jacking end

as given by the following equation:

- fux + kx)

 fpilx) = fpj e - | ) | . (3.27)
'Where
fpi = ,steel stress at a distance x from the jacking end
fpj = steeT stress at the jacking end
u = .corvature friction coefficient
(per un1t angle change)
& = total angular change from- the jacking end
; to the po1nt under cons1derat1on )
K = _wobble friction coefficient (per unit 1ength)
x = total distance from the jacking end
K*\; -, to the point under consideration ‘ H

-

Prestressing tendons can be‘grouted only after all the \
tendons in a particular region have been stressed. This is
to prevent grout migration into the ducts of“tendons.Which

have not yet been stresSed.?,Before the tendons have been

5
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grouted, they are considered to be-unbonded. Thts»implies ¥
~ that the d1sp1acements 1n the/tendon are 1ndependent of
those in the surroundyng concre&e except at the anchors,
and*the stra1ns in bhe tendon are un1form1y d1str1buted
After the tendons have been grduted, they are cons1dered
to be bonded to the concrete, and the d1splacements of

the tendon and concrete coincide. Most of the existing
computer programs ignore unbonded'tendons and treat.

N\

strict]y bonded tendoné.'

Since this entire projectﬁis qutte an ambitious-one,'zhere
‘is.notwenough time available to nge preetressing the type
' ofvconsideration that it deserves. Consequently, some.
*stmbtifications are made to»the present method of anatysis
(and compoter program). First of all, only straight /
~tendons are coneidered{ parabo1icvtendon5*are not possible
at this time. Secondly, the instantaneous orestreSS‘Iosses
are not determined, but rather, the inittal'stressAin each
tendon is assumed to be 0.7 of the ultimate tensile :
strength. Thirdly, only bonded tenﬂons are considered.

By making these s1mp11f1cat1ons, the number ofﬁoperatlons,~
and storage requ1red by the computer is greatly reduced e

S1nce the- program is coded in a modular form, these .

additional features could easily be added at a later date.



s
e,

3.6.5 Thermal Analysis - .

Temoerature is an imoortant Toading. which has aTT but
{

been 1gnored in the past Consequent]y, it deserves some

| spec1aT attent1on The anaTys1s for thermal effects

requires two parameters - the thermal gradwent and .
temperature d1fferent1a1 Th1s 1nformat1on can be

determ1ned by a deta11ed heat fTow anaTys1s or g1ven as

’code requ1rements.

i The recommendat1ons of the PCI PTI (10T'and New Zealand

rspec1f1cat1on (135), as shown in F1gure 3. 8 “are common 1y

used.  The PCI-PTI'suggests a constant gradient over:the |

top sTab w1th a temperature d1fferent1a] of 18°F (10°C).

.Meanwhlle, the New Zealand spec1f1cat1on cons1ders a fifth
‘order.parabola over a.depth of 1200 mm (47.2 in) with a
temperature d1fferent1a1 of 32°C (57 6 F) An additional

linear port1on is spec1f1ed in- the bottom sTab while

‘} mod1f1cat1ons are made to 1ncTude the effects of blacktop.

Hoffman, McCTure, and West (121) have conducted a thermal

study on an exper1menta1 br1dge in Pennsy]van1a

(F1gure 3.9).. They have found that the stresses pred1cted

by the New Zealand spec1f1cat1on compare Favourably w1th

‘the exdér1mentalvresults They have also found that the
,stress at the bottem of  the sect1on pred1cted by the ~

- PCI-PTI recommendat1on can be made to agree with the

?‘!

RN
i .
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Figuré 3.9  Thermal study of an experimental bridge
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experimental results if a temperature differential of

36°F (20°C) is used instead .of the specified 18°F
(10°C). -Although the stress at the bottom can be made to
agree with the experimental data, the distribution will‘

N B —”

still be wrong. '
'w’
Since‘calculations using the'fifth-order parabola of the
New Zealand specification becOme quite cumbersome, and
the stress distribution given by the PCI-PTl recommendation
is somewhat unrealistic, let us prepose a2 linear gradient
over the top slab with a temperature diffential of 72;F
(40°C). The linear gradient predicts the stress
distribution much more accurately than the constant
gradient, while requiring essentially the same amount of
computational effort. The 72°F (40°C) temperature
differential correlates favourably with'experimental data.:
Thermal stresses are induced by restraint to eXpansioﬁ
“and rotation, and not by tempeiatufe changes directly.
Restraint can be provided by the cress-section itself or
by the support conditions. If the structure is statically
determinate, oh]y'the cross-sectign provides restraint;
whereas if the structure is statically indeterminate,
restraint is provided by both the cross-section and support

conditions.

It is convenient to separate the thermal response of a



statically indeterminate structure into priﬁary and
,secondary components The primary cdmpqnent is due tb the
temperature d1str1but1on acting on the cross- section wh1le
the secondary component is due to the rqd1str1butaon of
‘stress due to the support conditions. In the direct
.stiffness methbd, the primary calculations involve the
determination of the fixed énd reStraining forces for the
element while the secondary ca]éu]ations involve the |
analysis of the structure for the fixed end forces.

Figure 5 12(a) shows how the thermal stress distribution
acting.on a section can be broken down intoAits component

form.

Consider the general cross-section shown in Figure 3.10
which is subjected to an arbitrary vertical temperature
distribution. Based on tée equations of equilibrium,
assuming thatprane sections remain plane, Priestley (132)
derived exprgssions for the average strain and curvature

in the unrestrained section (note: &= thermal coeff1c1enz)

o™
"

/A (T1-T2) Jf t(y) bly) dy s (3.28)

=
i

x/1 (T1-T2) Jf tly) bly) (y-yb) dy (3.29)

as well as an expression for the stress

“0“!"5.

fly) =="E e+ @y -« tlyl] (3.30)

89
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Since € = N/EA and # = M/EI, the axial force and bending

moment can easily be found for the restrained section,

N = Ex (T1-T2) [ tl(y) bly) dy s (3.31)
¢ — "

M = Ewx (T1-T2) [ tly) bly) (y-yb) dy (3.32)

It is convenient to rewrite the expréssions in the -

following form

N Ex (T1-T2) S1 . ‘ - (3.33)

Moo= Ex (T1-T2) S2 | (3.34)
where o

st = [ tiy) bly) dy ) 13.35)

s2 = [ tly) bly) (y-yb) dy | ~ 13.36]

The integrals S1 and $2 can be considered as section
properties for a particular temperature profile.. They
‘can be input into a computer program in the same way as
the area and moment of inertia are usually input. For a
rectangular section, the evaluation of the integrals is
very simple, even for complex temperature profiles. For

more complex shapes, the evaluation becbmes somewhat more
T~
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demanding. : .

The previous discussion assumes that the reference
temperature is T2. If the reference temperature is TR, an ..

additional.term must be added to the axial restraining

force.
N = E & (T1-T2) ST + E k (T2-TR) A (3.37)
M = E& (T1-T2) s2 (3.38)

Consider the special case of a linear gradient on a

rectangular section with TR = 0. Since S1 = A/2 = bd/2 "

. 2 . L 4
and S2 = 1/d = bd /12, the restraining forces can be

expressed as follows ‘ ®
N=E& (T1 + T2) bd/2 (3.39)
M=E& (T1 - T2) b?/h? : ' (3.40)

These equationé are used in Chapter 4 (see Figure 4.7).



e

'3.6.6 Dtrectfstiffness4%nalysis.1”"

]

2]

;336.6.1fﬁntroduction ,,\
! . AN n

' The development of the direct stiffness method of analysis
\\has been we]l documented in the past Consequently, i} ]

' w111 on]y be br1ef1y summar1zed as it pertains to -

' segmenta] br1dges | |

A

3.6.6.2 Coordinate systems .

~As with any d1rect stiffness assemb]age procedure two °

r1ght handed ‘Cartesian coord1nate systems are deftned Cs
‘(F1gure 3 11) ' |
' (1) Globa] system (X Y, Z) - An arb1trary po1nt is chosen

"as the or1gtn such that the structure lies in the
fX Y p]ane ’ Noda] d1sp1acements and support react1ons
\are expressed in the’ globa] system
t2) Loca] system (x, y;zZ) - tach e]ement has ‘a local
coord1nate system whose X. ax1s is d1rected along the:
centro1dal axis of the element from ‘node 1 to node J.
*The g]oba] 7 axis and 1oca1 z axis have the: samevb
:djrectwont_ The local X and z directions define the
,vdtrection‘of the_]oca] Y ax1s.:_E1ement_forces are

‘expressed in the local system.



‘() independent degrees of ‘freedom |
“in the local. coordinate system’ \ o

(b) complefe degrees of/free‘dom
in the local coordinofe system

L

RerTey

A in’rxi .

(0 complete: degrées of freedom
~in the global coordinate system

Fi?ure 3.11 Element forces and -displacements



3.6.6.3 Direct stiffness method

The d1rect st1ffness method ¢onsists of the fo110w1ng

‘f (1)

~

sequnnce of matr\g operat1ons

95

Form element stiffness matrix in local coordinate

system

(2)

(5)

(6

Is] = K]

‘(transforms 1ndependent dof to- complete dof)

vl

Form ‘element trans]at1on matr1x

Form e]ement rotat1on matr1x

Form element transformatxon matrix

[v] m v
.&[s']‘ - [1
M os IR M
18] - IR] [s7
v mTM
(8] = [R]

[s1

-,[1 [Rl 2

-
-

][ s)

(3.41)

(3.42a)
(3.42b)

(3.43a)
(3.48b)- -

(3. 44a)

(3‘.",445_) -

Form e]ément stiffness matrif in'glpba]-COOPdinatg

system
[s] = rlk]T[aJ«M

[a] [K] [a] [%)

R (91

151
[3)

o 4

X«
(RIS

s .

' 3.452)

(3.45b)
(3.45¢)

Add e]ement st1ffness matr1x and e]ement load vector

to structure st1ffness matr1xbkeep1ng‘nn
banded equation solver is being used.

K] ]

IR -

mipd that a

J(3.48)

o



+

(7) Solve for node d1sp1acements

Pos K| e

.(B) Find element forces . |
o Is) = [k ] [a] [¥] where [¥] = Ir] | (3.48a)
[s] = ITJ (K] [a] (V] ' | © " (3.48b)

3.6.6.4 Element stiffness matrices

- The element stiffness matrix [K] in the local coordinate

, o
system is given as follows

P 1 [Kit 0 0 A

mi| = | 0 K22 K23.f | #i
Lwgl Lo we2 ka3 | les) (3.49)

The stiffness coefficients are

K11 = EA K22 = K33 = 4El K23 ='K32 = 2E1  (3.50)
11 Rl = .

L

1f shear deformations are included, the coefficients

are modified as follows

41 T1 + B 21 - | © (3.51a)
C LT*I‘ﬁé‘Z - - "

' K22 = K33 =

K23 = K32 = gg; w-.s81 . (3.51b)
| T [ ,

, where B. _1 . (R is the shear area) = (3.51c)

GKL

| rF¥
bl

P



The element transliation matrix [T] is given as follows

A -1 0 0 1 0 0 I rxi'wf
gi =] 0 1L 10 -t/L 0 || ryin
gi] Lo L o 0 -1/t 1 ]| rei
| V | . ) r*j‘
] ryj’
| rej’]  (3.52)

The element rotation matrix [R] s given as follows

T rxit] c s o o o0 0] rxi ]
ryi’ s ¢ 0. ioa_ 0 0 | | ryi
rei’ o o 1 0 0 0 | rei
rxj’ ) 0 ‘ o 0 j c s 0 rxj
Py o 0 .0 -5 C 0 vl
| rej' ] o o o o o 1 ][|re; | (3.53)

where C=cos(a) and S=sin(a)

The element transforhation'matrix»[a] is determined as

A < -s 0 ¢ s 0 ][rxi]

gi | = |-s/L c/L s/L -C/L O ryi
2ij -s/L ¢/L 0 "s/L-C/L 1 | rei
- | rxj
ryi |
| rej | (3.54)




i and/or j ends of the element'

\ .
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This matr1x can eas1ly be mod1f1ed for hfﬁbgs at- the

e

The use of untransformedhsection properties is recommended
for the tlme-dependent.analysis of segmental bridges.

Althodgh\many of the existing programs consider the

Co

- contribution of both prestressedvand nonprestressed steel

to the transformed section properties, the fact of the

matter is that creep can only be accurately pred1cted to
'-plus or minus, 2OA while the d1fference between
‘untransformed and transformed sect1on properties for real

bstructures is generally within 5%.

The advantage of using untrans formed sect1on properties

‘1s that the element stiffness matrices. can be found once

for the: enttre structure and stored. If the transformed
sectibn properttes are used the element st1ffness matr1ces‘
must be reformulated at each stage of constructlon to

accommodate the add1t10n of prestress1ng~tendons

¢
&

Calculat1ng the element tlffness matr1ces onte r%p?esents Z;Qﬁ,
v N S

a significant reduct1on in computat1onal effort. of counse.iw

O

the effect1ve modulus o elast1c1ty var1es from stage to'

stage as the concrete ets older, but«th1s can be

~accounted ‘for when the element st1ffness matr1ces are

assembled 1nto the st ucture stiffness matr1x
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3.6.6.5 Element load vectors ' -

- Four d1fferent element load vectors are cons1dered in
this study.f They are self we1ght prestress1ng.-

temperature, and t1me-dependent effects (Figure 3.12).

The ana]ysis‘procedure ts:the same as that traditionally
KUSed. The fixed end forces_are found in'theilocal
coordinate_sYstem and transformed into the'global
' coohdinate system; after which they are added to the 1
.structure load vector When the d1splacements have been
found, the f1xed end forces are subtracted from the forces

calculated to guve,the.%ctual_forces.
_3;6.6,6 Solution of equations’

'Most programs for segmenta] anaTys1s are 1neff1c1ent1y
vorgan1zed because they are wr1tten to accommodate ex1st1ng
eqUa¢1on so]vers Bg\mak1ng a s11ght mod1f1cat1on to the
equatlon solver the analys1s can be substant1a11y

~

simplified.
Considertthe stroctore‘shown in Figurel§J13 - 1f we were'toh
s1mp1y check for nodes connected to assembled e]ements we
would f1nd ‘that node 2 is the f1rst equat1on and node 12 1s
the 1ast equat1on ‘to be solved In rea11ty, equat?ons
correspond1ng to nodes 2 to 6 should be so]ved 1ndependent1y

of equat1ons correspond1ng to nodes 7 to 12.
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(a) self weight

g R

w.'/!‘
N =Pcos 6
V=Psin 8
M=Pe
\
~ (b) prestressing
T
t(y) "
. - . # ’\3' ‘. JG
) 1 g i oo o £ RS
e 2 IR
N ] N | |
e o
S Wy o .M B
" {c) temperature :
VL. W
NS "
(d) time-dependent
effects '

' F-fg'ure 3.12 Elzemen’t_ load vectors -
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Let us propose the following method to find the first and

last equation in a series of analyses. _Define I for
e\emgnt i as being 0 if element i has not been assembled

and.1 if it has been ass led at a particular stage of

construction. {Simi]ar]y.xdefinq J for element i as being 0

if element i+1 has not bifn assembled and 1 if it has been
assembled at the same s:j,j of constrbction. Let K=J-I

! node i+1 is the first
“node N1 to be sokyedy, 7>1wf1 'if K is equal to -1, node

i+1 is the last;:é Figure 3.13 shows

that equat:ons correspond1ng'fo nodes 2 to 6 should be
solved, followed by equations corresponding toé nodes 7

to 12. Note thatAthis me t hod 6n1y works for a continuous
beam type of structure; a different scheme must be used

for .a plane frame gypé of structure.
3.7 Computer program

Although a number of cbmpufer programs are currently
available for the time-dependent analysis of segménta]
br1dges. the déc§sion was'made to devélop a new program
rather than to modify an ex1st1ng program. . This'new

) general purpose program wou]d be coded in modular form
so that additional features and future enhancements can

LY

easily be ihcorporated by others.

Before any programming-could be undertaken, the
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philosophy of the program had to be developed. The

purpose of the program was to simplify the task of the

design engineer and provide him with &  #ss to more

precise information. The program had to be able to

perform a time-dependent analysis at each stage of
construction for a segménta] bridge.‘ The analysis had

to include self weight, prestress, coﬁstruction loads,

and temperature. Temperature is an important

consideration, which was all but ignored in the past.

On this basis, the program TIMEDEP was developed.\ This
program was written ih the FORTRAN IV 1anguag? for the
Amdahl 5860 computer ?f the University of Alberta.
Genera]]y’accepted programming proceduﬁes have been used
so that the progrém can easily be converted to operaté oh
other systéms. Dynamié ;torage allocation is not.inc1uded
in the present version of the prbgram but could easily be
implemented. The program is based on the theory

previously outlined.

The program is quite versatile and cén be appiied to a
wide range of‘segmenta1 structures. The program can |
handle precast and/or cast-in;place bridges built by
balanced cantilever construction, progressive placing, -
and span-by-span constru;tion fprecast). Note that,thé B
present version of the‘éroghéh cannot handle span;byfspan

construction (cast-in-place) or incremental 1aunchjngw
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since they require the incorporation of layered elements.

104

In addition, the program can handle any prestressed
concrete frame subjected to timé-dependent effects.
The input data and outéut infofmation are discuséed’in
detail in Appendix A. vBriefly; the input data is
divided inté two parts. The first part défines the
structure; it consists of maferia] information, section
properties, node coordinates, element incidences. and
prestressing tgndon data. The second pért describes the
loading and‘supportﬂconditions at. each stage of
construction. The loading information can include self
weight, prestress, construction loads, and témperaturej
Any consfStent set of units may be used.fbr the jnput.
Output information provided by the programlincludes an
echo of the ﬁhput data, as well as the node displaqements,
element f0rce$f‘e1eMent stresses, and support reactions
at each stage of constructionf Appendix B gives a sourée
listing for theiprogrém.‘ Sample input data is given in
Appendix C while some selected output is included in
" Appendix D.

'
The program cénsists of the fol]owing set of subroutines.

A flow chart is given in Figure 3.14.

1. Program MAIN - calls other subroutines
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11.

12.

13.

Subrouting
Subroutine
Subroutfne
Spbroutine
Subroutine
Subroutiﬁe
Subroutine
Subrout ine

Subroutine

.Subroutiné

Subroutine

Subroutine

READ

STAG

SELF

PRES

TEMP
TYME
STIF
ELMK
IéAN
FORC
RITE

SOoLv

105

reads input data for overall
structure

reads input data for each stage

adds self weight to structure
Joad vector

adds prestressing to structure
load vector

adds temperafure to structure
load vector

adds time dependent effects to
structure load vector

adds element stiffness matrix to
gtructufe stiffneﬁf matrix

forms element stiffness matrix

forms element transformation
matrix

finds node disp]acemgnts '

'and element forces

writes hode displiacements
and element forces

banded equation solver
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CALL READ
9

CALL ELWMK

DO 20 NST= |, NSTAGE

CALL STAG
Y
CALL SELF
'
CALL PRES

T

CALL TEMP ¢

CALL TYME

4
CALL STIF

\
CALL SOLV

1

CALL FORC
1

CALL RITE

\

20 CONTINUE

@ )

Figure 3.14 Flow chart for the computer program TIMEDEP



3,8 Numerical examples

A

G.Bst Exambﬂe 1 ‘;Creepltest“."'~' N “ o

T
w

o
S

xThts‘example cOmpares-the results given by'the cOmputer

' program w1th those of exper1mental creep tests conducted
‘ by Ross (81)  The two creep tests cons1dered are shown
in F1gures 3 15 and 3 16 In thevf1rst creep test a
-dcompresstve stress of Q 180 Ks1 1s appl)ed to a concrete
3,cy]1nder at 14 days and removed at 60 days whereas nnuthe
second creep test, a compressive stress of 2. 180 K§1'is

3

app11ed to L concrete cyl1nder at 28 days and one- qUarter

/

, }s remoﬁed at 60, 91, 120 and 154 days respect1ve1y The.“

107

compress1ve strength of the concrete cy11nders is 9600 ps1r'

\
b

/wh11e the‘modu]us of e]ast1c1ty is 5585 Ks1 Note that a
Jtrap1d harden1ng portlahd cement is used and that the

cyl1nders are stored at 93% re]at1ve hum1d1ty

' ,ﬁesults from bothithe’experiments-and computer program |
.,are p]otted in F1gure 3 15 and 3.16. The computer program
used the. ACI 209 mode]. Steam cured type 111 cement was

" assumed and;the'standard creep coeff1c1ent of 2.35 was
‘muTtiptted by 0.647 corresponding to the 93% re]atiye
humidity. | R | }

From these creep tests, it appears that the ACI 209 model

overest1mates both the amount of creep deformat1on and -

ZL_ ¢ - - B
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) L )
“gtress | 2.180 ksi
o ?3
i ;
1}
R ?.4;. I
el . — program .
] ~--- experiment
5-.
@ A3
total .
strain
2..' ___________________
14 -
20 - 40 60 80 100 120 140 }

oge:. (days)

‘Figure 3.15. Creep test no. 1
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T
stress | - 2.180:-ksi
o __1635ksit |
1.090ksi
0.545ksi . |
_ .
.6» " : e | — progrom-
o ' --- experiment -
2..‘
A ] / -
20 40 60 80 100 ‘120 140 160 180
\ V age (days)

Figure 3.16 - Creep test no. 2



e

creep recovery.‘ Out of interest, the CEB 1378 model wee

also checked (but not plotted). This model underestimates

both the‘ahcﬁnt of creep deformation and creep recovery.
LIt should be noted tﬁaf bofh models were found tc.be
“extremely sensitive to the determination of fhe creep'
factors. | |

! 5

The method of superposition without Dirichlet series was

also used and compared to the method of superposition with

Dirichlet series. The results were found to!fall well
within 5%. Sub-dividing the time-step for both methods

had gﬁneg]1b]e effect on the strains.

3.8.2 Examp1e 2- - Precast segmenta1,brid9e

>

The purcose of this example is to show how the computer
program TIMEDEP can be app11ed to the analysis of a

: precast concrete segmental br1@ge and to compare the
results from the program with awprev1ous-ana1ys1s

~ conducted by Tadros, Ghali, and.Dilger (59,61).

The'thregégpan brfdge is ciscretized ae shown in Figure
3.17. There are 24 nodes, 23 elements, 3'sectjcn§,

17 prestressing tendons, and 29"constructicn stages.
Cross section properties'arevgiven in Table 3.2 while
prestressing tendon data is given in Table 3.3. The

construction stages are defined in Table 3.4. Note that
) ‘ ' :
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"Section Area
- C(m*x2)
1 - 10.035
2 11.055
3

12.075

Inerti
(m»x4
10.05
12.02
14.94

? : Céh
8 .

7

2‘

thoid
. (m)
0.974

- 1.093

1.340

Table 3.2 - Cross section properties

Tendon Elmt-1 Elmt-J

9
6
5
4
16
15
14
13

w

b b —eh meh dh —A —d —a

8 .

feY=l=I=1=1=1=1=1=1==YoloYoYo o =]

.Area'
(m**2)

.007980
.012600

.011870

.005379
.008150

.008150
007335
.005379
.007335

.012600
.011870 -
011870

.011870 -
.007980

.007335
.005379"

003912

Depth

{m)
2.80

2.80 "
2.80

Eccentricity

NONNMNMNMMNMNOOOODOODOOO

Table 3.3 }'Prestressing-tendon-data

(m)

.20

.20
.20

.20 -

.20
.20
.20
.20
.20
.65
.65
.65
.65

65

.65

.65 .
.65 -
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- Stage Phase Date . ° Segments Tendons Suppor t
- : Assemblied . Stressed Nodes
1 1 2 7,8 158
"2 1 5 . : o L ,
'3 2 5. 5 , 9. 2
4. 2 8 _ : o , ,
-5 3 8 5,10 ° ‘ 3 oY
6 3 11 : , o o
7 4 11 4 11 - 4 - _
8 .4 15 o ‘ S ‘
'8 5 15 1,2,3 ;. 9,10, 11 . 1,8
10 5 18 N C , S
11 6 19 16,17 5. S 17
12 6 22 S
13 7 22 15,18 . . - B.
14 7 25 - S
15 8 25 14,19 AR
16 8 28 o ‘ ’
17 9 28 13,20 . 8 -
18 9 32 o - . - '
19 10 32 .21,22,23 ,12,13,14 17,24
20 10 35 ' S o o
21 11 35 - 12 . 15,16,17 17
22 11 45 - o o B
23 11 45 super imposed dead load = 45 KN/m
24 11 80 o ) | S
25 11 100 . R *
26 11 200 . : .
27 11 500
28 - 11~ 1000
29 11

' 2000

Table 3.4 - Construction stages
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straight tendons are used in this analysis whereas in the

actual structure the tendons have a slight curvature in

the 1mmed1ate v1d1n1ty of ‘the anchorages.

The concrete has a modulus of - e]ast1c1ty at 28 days of

35 GPa and a self weight force of 20.0 KN/mB; The segments
h are. cured for 3 days and erected at 28 days. ‘The creep
coefficient is 2 0 while the shrinkage coeff1c1ent is
-0.0003. The computer program TIMEDEP uses the
"recommendat1ons of ACI Committee 208 while Tadros, Ghali,
and Dilger used the CEB 1970 recommendations. |

The prestress1ng steel has a modu1us of e1ast1c1ty of

~.190 GPa and an ultimate tensile strength of 1.80 GPa.
bThe‘tendons are stressed to 0.8 fpu and anchored_at 0.7 fput
- The relaxation coefficient‘is 45.0 while the yield stress;\
is 501GPa The nonprestressed steet has a modulus'of |
e]ast1c1ty of 200 GPa with an area of 0. 022200 m2 and an

eccentr1c1ty of 1.0 m.

- The geometry of the structure was selected to correspond
to the example prob1em g1ven by Tadros, Gha11,‘and D11ger
sO. that the results could be compared d1rect1y However ,
: d1screpanc1es be tween the results us1ng TIMEDEP and the
reported results were found - Subsequent. correspondence
w1th the authors revealed that the results presented in

the paper did not conform ent?re]y with the probliem
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described. For this reason, a direct comparison of the

results is not meaningful.

Stresses at the pier (element 7 node 8) and at midspan
'(élement 12 node 12) are plotted in Figures 3.18 and 3.19
respectively as a function of time. Furthérmore,
deflections at midspan (node‘12),ére plottéd in Figure 3.20
“as a function of time. Note that both the results with
and without t ime-dependent éffects have been plotted. The
results by the method of superposition without Dirichlgt
series have been found. to agree quite closely with the
results by the method of superposition with Dirichlet.

.
series. BV

3.9 Conclusions

This chapter has developed the computgr pfogram TIMEDEP
for the time-dependent analysis of segmentallbridges.
This program simplifiés the task of the'design engiheer
and provides him with access to more precise information.
Numefical examples have 111ustratéd the versatility and‘.

accuracy of the prbgram.



4., THREE-DIMENSIONAL ANALYSIS
4.1 Introduction

This chapter discusses the three-dimensional analysis
without time-dependenf effects of box girdef bridgeb in
general and segménta] bridges in particular. A three-
dimensional analysis is necessary in order thatbreinforcing
be proportioned for Eransverse flexure and stirrups be
proportioned for longitudinal shear and torsion. In
addition, an analysis of this type gives an idea as to the
importance of shear lag effects. The loads considered must

include self weight. superimposed dead load, truck loads, .

lane loads, temperature, and transverse prestressing.

The types of structural action occurring in a box girder

- bridge are reviewed, afber‘which, a number of methods of
analysis afe summarized. Careful examinatgon of the
advantages and disadvantages of all the methods resulted in
the folded plate method being chosen for this study. Since
the method has been well documented in the past, only a
summary as it pertains to the present work ‘is included.

A new efficient qomputer program is deve]oped. The
accuracy of any new fgétures'as well as the versatility

of the program are illustrated by a series of numerical

examp]es!
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4.2 Types of structural action (\//

Lo

.

4.2.1 Introduction

‘

The types of structural action considered here are
¥ LY
(1) longitudinal bending, (2) St Venant torsion,

(3) warping torsion, (4) shear lag, and (5) local effects.
4.2.2 Longitudinal bending

Simple beam theory (where plane sections remain plane)
gives the following well known expressions for the

longitudinal normal stress (f) and shear stress (v).

F o= X (4.1), v = V X (4.2)
Mﬁx x t

s

Here Mx is the bending moment, Vy is the shear force, Ix
is the moment of inertia, Qx is the statical moment, Yy is
the distaﬁce from the neutral axis to the point under
consideration, and t is the wall thickness.

~
.

4.2.3 St Venant torsion

The theory of St Venant torsion assumes that warping is
‘unrestralned. Consequently, the 1ong1tud1n4"normal '“**‘umé
stress will be zero and only St Venant torsion shear

stresses (vt) will exist. The following expression is

given for thin-walled closed sections.



- (4.3)

Mt
2 At

W

vt

Here Mt ts_the'torStona1 moment‘due to‘5t~Venant torsion,
A is the area enclosed by the de 1A ne. of t wa]l of the
closed portion of the cross- sect1on. and t is the waI]

L 4

‘thickness.

4.2.4 Warping torsion -
4 Sections will, in general, be subJected to both st. Venant
torsion and warping torston. Warping . torstdn is that which .
is restra1ned by symmetry at midspan or the boundary

cond1t1ons Warping tors1on creates long1tud1na] normal

stresses and‘shear stresses.
4.2.5 Shear Tag

The oompress1on and tension forces are 1nJected 1nto the
top and bottom flanges of a g1rder by long1tud1na1 shear
forces. Under the action of axial compression or tens1on
and edge shear flows,\the flanges d1stort in shear, “and do
not compress or extend the amount assumed by simple beam
-theory (i.e. plane sect1ons remain p]ane) " The amOUnt of
d1stort1on depends on both the span/W1dth ratio and on the
d1str1but1on of the sheanﬁflow along the edge Narrow
f1anges d1stort very 11tt1e and their behaV1our

approx1mates that assumed by s1mp1e beam theory Wider



v - , | | . . 122
flanges d1stort cons1derably and much of the flange
'becomes 1neffect1ve The effect1ve whdth concept has been
dev1sed to a11ow s1mp1e beam theory tolbe used fOr a]] |
:analyses. a |
The effects of shear lag have. been found to be the greatest
at a support but drop off qu1te rap1d1y away ,from the
suppor t (10) Fortunately, the shear glag effects of
prestressmg oppose those due to dea&nd live load to '
:m1n1m1ze tHE prob1em (10) Shear lag: has not been found to E

be 3 ser ious prob]em for the span/w1dth rat1os of segmenta]

br1dges current]y be1ng constructed (10)
4,2.6 Local effects - ‘ "'., .

Loca] effects due to concentrated loads -may be evaluated : ;
by the 1nf1uence surfaces of Pucher (109) and Homberg (107

ﬂ08) 1ndependent of the overall ana1y51s Stat1ca11y _' .
.equ1va1ent forces and moments can then be applied at the"
webs to determ1ne the effect of concentrated loads on the

glo : behav1our.

4.2.7 Summary
An eccentric load on a box girder,may be,broken down'into.
symmetr1c and ant1 symmetric components causing: bend1ng and

torston respect1ve1y (Figure 4. 1(a))t- Under the bend1ng
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load, the section deflects rigidly (long1tud1na1 bend1ng)
“and deforms (bend1ng distortion) (Figure 4.1(b)). Under
the torsional 1dad; the sectidn rotates rigidly (mixed

torsion) and deforms (torsional distortion)‘(Figure 4.1(c)).

Longitudinal bending occurs when the box girder is
subjected to transverse loads whose resultant acts through
the shear centre (Figure 4.2(a)). Assuming that'pLane
sections remain plane'dndernbending. bending_normal etresses
arise in the sectidn_(Figure 4.2(b)). From the equilibrium
of a portion df the box girder, the bending.shear stresses
}can be computed (Figure 4.2(c)). If the effects’of shear
lag are included, the bending norné] stresées are asdshOWn.
"in Figure 4.2(d) rather than Figure 4.2(b). Bending -
‘d1stort1on occure due to the deformation of the cross
sect1on“under ben Ul]oads (Figure 4.1(b)) and createsA

transve%ee bending stresses.
B

Consider the simply eupported box girder loaded
eccentr1ca11y at m1dspan (F1gure 4.3(a) and 4. 3(b))'

Under uniform tors1on (when warping and distortion are not
restra1ned) on]y St- Venant shear stresses are present
With warp1ng prevented warp1ng tors1on normal and shear
stresses are introduced. In this examp]e, symmetry at
“midspan prevents the jcross section-fron?warping" whereas
warping is unrestrained at the edpports; Therefore, the

behaviour is«predominantly that Of'St Venant torsion at the
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" (d) bending normal stress distribution
including shear lag effc;cts

FigUre 4.2 Stresses in a box girder due to bending -
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supports and warping torsion at midspan with a combination

of the two in between (Figure 4, 3(0))‘ The shear and
'.normal stresses apt1ng at the support and midspan for the
cant11ever, web, and interior plate are shown in Figure

4, 3(d) and 4.3(e). |

Let us'take.a brief look at warping torsion. Under a
torsional load, the box girder,(without~the cantileversf
has a tendency to warp 1In order to maintain compatibi]ity
| w1th the warped box, the cant11evers tend to undergo a
rigid body translat1on | The normal stresses shown on the
box are necessary to br1ng the warped sect1on bacK 1nto the
undeformed postt1on if warp1ng 1s restra1ned The norma1
stresses shown on the cant11ever are those. requ1red to
"rotate the restra1ned end back into the undeformed
_conf1gurat1ont " The shear stresses shown are a d1rect
result of the normal stresses | Add1t1ona1 information or
~warping tors1on of box gwrder br1dges can be obta1ned from

~ from Reference- 196.

”Tors1onal distortion occurs due to the deformat1on of the
cross section under tors1ona1 1oads TFLgure 4.1(c)). Th1s

d1stort1on results in transverse bendlng stresses

S
N
N
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4.3 Review of analysis methods ‘ o

4.3.1 Introduction

Many methods have been developed for the analysis ofrbox

- girder bridges. Cusens and pama (95) and Hambly (96) discuss
a number of these. Some of the more common ones will be |

mentioned here.

' 4.3.2‘Hand me thods

-

h,MaiSel and Ro11 (90) have summarized and discussed at great B
length a number of me thods wh1ch are su1tab]e - | |
'for hand ca1cu1at1on Most of these methods, which are

based on thin- wall beam theory,.are 1abour intensive and
strictly 11m3ted to s1ngle—ce11ed.sect1ons,_oftentw1th_
VertiCaJ'webs.'lconseQUently, they'will’not bevconsidered

in detatt.

The beam on elast1c foundat1on‘analogy is, ~however, worthy

of mentlon Wr1ght Abde] Samad and Robinson (93‘ and

Tung (94) have 1nvestlgated this procedure wh1ch cons1ders o
the effects of transverse bend1ng and d1stort1onal warping
while. 1gnor1ng tors1ona1 warp1ng and shear 1ag The
procedure is based on the analogy between the d1stort1ona]

behavwour of a. rectangu]ar s1ngle cel] box g1rder br1dge and

o a beam on elastlc~foundat1on. Phys1ca11y, the bas1s of . the
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analogy is the fact that the transverse bending stiffnesses

of the top and bottom slabs of the box ‘girder provide a
continuous elastic support for the webs, which therefore

behave as beams ,on elastic foundation.

More recently, Ma1se1 has prOposed a method which he states
is suitable for small capacity computers. He c1a1ms that
this procedure can consider torsionaT and d1stort1onal
effects as wel] as shear Tag in mult1-celled cont1nous

' structures Few details are ava11ab1e at this time (91,92).
4,3.3 Fintte di fference method

 The br1dge deck is divided into a grtd of arb1trary ‘mesh
size and the deflect1ons of the grid po1nts or nodes: are
_treated as the pr1mary unKnowns - The governing |
vd1fferent1a1 equat1on and boundary cond1t1ons are wr1tten
in terms of - the unknown nodaT d1sp1acements, resuTt1ng in.
a Targe set of s1mu1taneous equat1ons Once the nodal
dispTacements have been found, the bending moments and

" shear forces can be found.

The accuracy of the soTut1on is dependant on the f1neness

of the mesh. The method is generaTTy qu1te versat1le and\\‘\‘

- has been app11ed to skewed and curved decks. The ma jor
»probTem w1th th1s techn1que is the application of the

boundary cond1ttons wh1ch can become qu1te cumbersome
¥’ ‘ '
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'
Westergaard (105) used this ‘method, before the advent of

more sophisticated techniques, to determine the stress
distribution in bridge slabs subjected to concentrated
loads.

/

4.3.4 Plane grid and space frame methods

The plane grid and spacekframe methods are based on the
direct stiffness assembly procedure. The plane grid
method is a two-dimensionat discretization in the
horizontal plane while the space frame method is a three-
dimensional discretizetion, In the plane grid method or.
grillage method,‘the bridge deck is approximated by a
‘gridwork of beam type elements connected to nodes
possess1ng three degrees of freedom (a'verttcal disptace-
‘ment and two rotations). These elements are- ass1gned
axial, f]exura], and tors1onal st1ffnesses to approximate
the two-way.plate behaviour. In the space frame method,
the bridge deck is approx1mated in much thé same way, but‘
here the,nodes possess siX degrees of.freedqm. Both of
‘these methods require the solution of a large.set'of S
simu1taneeus equations. |

’ . .
The accﬁracy of the so]Utioh is dependant on the fineness »
of the mesh. The method is. comp1etely general and has been |
applied to a variety of sKewed and curved decks w1th

-

arbwtrary boundary conditions. The ma jor d1sadvanbage with
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this scheme is the difficulty in assigning flexural and

torsional properties to individual elements,

From this discussion, it might appear that the finite .
difference and plane grid methods ane similar; they are not.
The finite difference method is based on evaluating the
governing dinerential'equation and boundary equations at
a‘seriés of nodes and SOlving for the nodal diép]acements.
The finite element.method (of which the plane grid me thod

is a subset) is based on‘assembling element stiffnesses

‘and load vectors into a global stiffness matrix and load

vector and-so]ving for the-noda]ldisp1acemenfs.
~ 4.3.5 Folded plate method

The folded p]até method is essentially the direct stiffness
method coupled with a Foufier series harmonic analysis.
The;method allows two-dimensional foldedrplate type
structures to be analysed with oné-diménsiona1 e]eménts.
The‘qne-dimensionai elements possess both pla%p bending

and membrane Stiffness and are conneCted to nodes having
four degrees of freedom. per ‘node (three trans]at1ons and

a rotation). The method is based on’ the e]ast1&1ty
equat1ons derived by Goldberg and Leve (101) and\J;J

' 1mp1emented in a direct st1ffness so]utlon by DeFr1es-

VSKene and Scordelis (37).
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This is the most accurate of all methods presently
avai]éble. It is often used as a basis of comparison
for other less rigorous techniques, being denofedaas the
"exact" solution. Since one-dimensional elements are used
to solve a two-dimensional problem, substantial savings
in computational effort and computer storage are realized.
As with‘any direct stiffness 'solution, the method results
in a set of simultaneous equations. Although the equatiohs
must be solved fér each Fourier series harmonic, the totatl
effort is still much less than for a two-dimensional
u;na1ysis. The method is limited to structures being
simply supported at the extreme ends. Furthermore. it
/ is limited to straight prismatic structures having
isotropic plate propertjes. The fqlded plate method has
been combined with-fhé force method, ai]owing cont inuous
structures, having interhediate diaphragms and supports,

to4be considered.

Scordeljs has developed a series of programs for the
analysis of box girder bridges using the foldedkplate
method. MULTPL (25) considers single épan structures
while MUPDI (25) considers structures simply suppdrted
at the extreme ends, but having intermediate diaﬁhragms.
and supports. MUPDI3 (34) is-esséntial]y the same
program extended further to consider a larger number of

'diaphragms and supports.
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4.3.6 Finite element method

The finite element method is based on the direct stiffness
assemblage of two-dimensional triangular or quadri]atera{,
elements connected at nodes possessing six degrees of
freedom. It results in a large set of simultaneous equations
" which requires a large amount of computer time and storage

to eolve. Stresses found by the finite element method do

not automatically satisfy equilibrium; however, it is
approached as the mesh size is'refined. The finite element
method is usually reserved for those probiems which/cannot

be handied by other methods.

This is the most versatile of all the methods presently
available. If can handle sections having variable depth
and width as well as‘p]atés having variable thickness in
both the tranSvérse andvlongitudinal directions. Material
properties, boundary éonditions, and loading are completely
general. Skewed, curved, and bifurcated decks can easily

I

be handled.

Scordelis has developed a series of programs for the finite
element analysis of box girder bridges. IFINPLA (26)
analyses struptugfs of constant depth and fjght planform
while CELL (31)‘égnsiders structures of constant depth

~ and afbitrary planform. FINPLA2 (33) is furtHer.eX&ended
to handle nonprismat%c'box girders having variable depth -

and width.
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4.3.7 Finite strip method "

This hybrid method.combines the harmonic analysis of the
folded plate method in the longitudinal direction with the
shape functions of the finite element method in the
transverﬁe direction. The net result is a method which is
more versatile than the folded plate method and much cheaper
to use than the finite elemept method. The method was

o

originally proposed by Cheung (39). .

Boxl girder bridges having orthotropic plate properties

@B uding stiffening elements) can be handled. ’Structures

¢ have a circular curve in plan can also be coﬁ%idered.
A'Q’cedu%e has been applied to stability and dynamics
problems. The method still has some of the lihitations of
the folded p]afé method; only prismatic sections bei* simply
supported at the extreme ends can be considered. In ﬁ
addition, the method is still appréximate in the context of

the finite element method.

Scordelis has again deve loped é series of programs for the
analysis of box girder bridges using the finite strip method.
MULSTR (28) analyses prismatic structures having

orthotrdpic matérial%properties. CURSTR (30) considers
structures curved in plan while CURDI (36) is essentially
the same program extended further to consider a greater

number of diaphragms and supports. A similar set of
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}‘programs have been develsped by Loo and Cusens. Cheung (87)
and Loo and Cusens (98) have written téxts on the finite

strip method.
4:3t8hConc1usions

After careful exaoination of the advantages and
k‘d1sadvantages of a]] the procedures discussed, the Fo]ded_
'plate method has been chosen for the nema1nder of

this study. The dec1s1on is based on the comb1ned
msthplicity and accuracy of the method. The fo]ded _

plate method is chosen over the finite strip method .
since it is more accurate for coarse d1scret1zat1ons

/
In addition, the folded plate method is chosen .over

vthe f1n1te element method s /}nce the preparatlon of

o 1nput and 1nterpretat1on of output is great]y reduced SN

In fact us1ng a fo]ded p]ate program is no more

d1ff1cu1t than runn1ng a plane frame program. The%e

' only negat1ve feature in us1ng the fo]ded p]ate method
is that sect1ons hav1ng var1ab1e depth and variable

h,bottom s]ab th1ckne§s can only be hand]ed in an

. approximate way. Th1s w111 be dgscussed in deta11

later.
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gives an "exact" solution.

4.4 Folded plate method ‘

4.4.1 Introduction
The folded plate method is essentially the coupling of

the d1rect stlffness method w1th a Four1er Ser1es

harmon1c so]ut1on 1n a manner such that two- d1mensaona1

folded plate type structures may be analysed w1th ‘

one d1mens1ona1_e1ements. The use of one- d1mens1onal
e]ements,based on the theory of’e]ast1c1ty represents

a significant saving in computer'timeiand storage and

The method is 11m1ted to stra1ght pr1smat1c structures R

wh1ch are s1mp1y supported at the extreme ends and ﬁ

-.have 1sotrop1c mater1a1 propert1es | The end d1aphragms

L)

are assumed: to be 1nf1n1te]y rigid: para]lel to their

own p]ane but perfect]y flex1b1e perpend1cu1ar to

ctthe1r plane. . C]ass1ca1 thin p]ate theory is used to

.«determ1ne the stresses and d1sp1acements due to normal

‘*Joads_while‘the elast1c1ty equat1ons defining the p]ane'

stress problem areLUSed:for the_injplane_1oadsl*“

Goldberg and Leve (101) derived the elasticity. edUatiOns |

which were 1mplemented by’ DeFr1es Skene and Scorde11s (37)
".1nto a d1rect stiffness solut1on for folded plate rdofs

Chu and Pinjarkar (103) extended the procedure to con51der
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ce]lu]ér'strUCtures while Lo (102) ‘used the force method S

to cons1der both 1ntermed1ate d1aphragms and supports

Chu and Dudn1k (104) developed f1xed end moments due to

- uniform and concentrated loads. 'Since the development
of the method has been well documented, it will only be

'br1ef1y summartzed in the follow1ng sections. - e

~.

44L4.2]Coordinate'systems

v

-

As w1th any.. d1rect st1ffness assemblage procedure, tw0«

r1ght handed Cartes1an coord1nate systems are def1ned

. 3
% | - | |
(1) Globa] system (X Y,Z) -'An arbitrary point is chosen - )

as the or1g1n so that the structure spans in the X
: dtrection'and its‘cross-sect1on lies 1n the Y-Z pla
Nodal 1oads (Rx Ry Rz).and d1sp1acements {rx, ry ﬁl
are expressed in the g]oba1 system (see F1gure 4‘4
(2)_Loca1 system (x, y z) - Each etement has “a - 1oca1 |
:»"coord1nate system whose y ax1s is’ d1rected a]ong the
J"centro1da1 ax1s of the e]ement from node T to node J.
: vThe g]oba] X ax1s and local x ax1s have the same .
' ;éd1rect1on;' The 1oca1 X and Yy d1rect1ons def1ne the
jdirectivon»-of the~1oca1 z_ax1s.. ‘Element forces (M Q P, T)
- and‘detormatjons (e.w,v,u),areieXpressed in the local

-

system (See:Figure}§L4(c)).



. F-'orces '

Displocemems

(a) positive node forces and d:splocements in the globol
coordmm‘e system :

Forces

(b) positive element forces and dlsplocemenfs in 1he globol
coordmate system :

Forces

Displacements. .

(c) positive element forces ond dnsplocements in me )locol
coordinate system ' '

)
4

Figure 4.4

‘<

Node and element forces and displgcements
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(a)

He)

(d)

e

e1éﬁkht‘fonces and deformations are defined as follows:

fransyerse bendihg moment M per unit length and

#

rotation e

transverse normal sheat force Q pér unit length and

.displacemeht w

'fransvérse”mémbrahe force P ber'unjt‘length and
displaéeﬁeht_v " ‘ .

membrane shear force T per unit length and

"displacemeht u

“‘Note that for the remainder of this discussion, H is the

E horizontal projection of the p}afe, V is the vertical

projection of ghe plate, D is the width of the plate, B

is the thickness of the plate, %nd L is:the,length of the

~plate (see Figure 4.4(c)).

4.4.3 Direct stiffness method

The direct stiffness method'cbnsists,of the following

sequence of matrix operations:

(1) Form element stiffness matrix in local coordinate

system
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(2)

(3)

a)

(5]

(6)

'system'

[K [v] | o O (4.4)

Form element transformat1on matr1x o -
M- [e] 2R |  (4.52)
[8] = [al (sl R  (4!BD)

Form element stiffness matrix -in global coordinate

[s]
[5]
[5]

Add element st1ffness matr1x to structure st1ffness,'

: matr1x keeping 1n mind that a banded equat1on solver

is be1ng used. Form load vector us1ng Four1er series.

_‘[k;T[a] [v] = [o] 19] N ",-(4:.6a.)}v |
la] [kl'[_al;lvl o e
S S (4.8c)
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[R] = IK] [r] s

Solve for node d1splacements

N (SR S R  aw

Fimd element forces

sl = 6] [¥) where vl o= [r] | . (4.9)
4.4.4 Element stiffness matrix

The element st1ffness matrix in the local coord1nate

system has the follow1ng fOPm

-



Mi ] T K11 K12 K13 K14 "o' 0o 0 07 [ei]
Mi | | K21 K22 K23 K24 0 0 0 0 | [ e
Qi | | ks K32 K33 K34 0 0 0 0 wi
Qj | = | k41 K42 k43 K44 0 0 O 0 | | wj
Py 0° 0 0 0 K55 K56 K57 K58 | | vi
P 0 0 0 Kes K86 K67 Kes | | vi
Ti 0 0. 0 0 KI5 k76 k77 K78 | | Ui

| 75] L o 0 0o 0 KB5S KB K87 kes | | uj ]

| (4.10)

"Expressions for‘the-nohzero'coeffyiﬁéntswi]l be given in
the next section.—=-The p1éte behding'pnObTem‘is uncoup ied

from the in-plane or:membrane.prﬂglem as istillustrated
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by t%e large block of. zero coeffiéiénts on the off-diagongl.i'

e
‘Thé'e1ement,dfsp1acehent transformaiion matrix is given

as foTJows i

Feil T 0 0 -t 0o 0 o 0 o0][wi]
ei| | o o 0o 0 0 0 1 0|z
wi W/D-H/D 0 O O 0 0 0 Ve
wil=] o o0 0 0 +v/D+HD O Q| | 9xi

vib | -wmpswDp 0 0 0 0 0 0] | 9]
vy | o0 0o +H/D -V/D 0 0 vzj
ui o o 0 =1 0 0o 0 0f e

| uj 0 o 0o 0 0 0 0 -+ | lwxs )

| | (el

‘The,element,stiffness matrix 4n the g]oba] codrdinate
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system is obtained by mu1t1ply1ng [a] [K][a] as discussed

prev1ousTy

©4.4.5 Stiffness'infTuence coefficients

Two sets of st1ffness influence. coeff1c1ents are given, in

this sect1on The f1rst set (F1gure 4.5) are the fo‘éed

pTate coeff1c1ents based on the theory of eTast1c1ty

T as given by Gonberg and Leve (101).. The second set.
“(F1gure ‘4.8) are for a pTane frame hav1ng the cross sect1on
“of the structure and a un1t Tength It shoqu be noted
that the folded plate coeff1c1ents mus t be redeterm1ned
' for each Four1er series harmon1c in the anaTys1s, sihce
~they are a funct1on of the harmon1c number n. The plane a
dframe coeff1c1ents are 1ncluded so that the resuTts of the

a[fPoned plate anaTys1s can be: compared to those g1ven by the

| plane frame analys1s Note that the plane. frame anaTysts _

“requires the spec1f1cat1on of some add1t10na1 boundary

'_conditions.
' 4.4.6 Element load vectors

Six d1fferent element. Toad vectors are cons1dered in th1s
study They are self we1ght surcharge, truck load, Tane
load, temperaturej.*nd prestress1ng The trahsverse

distribution of each of these Toads is shown in F1gure 4.7.

A1l loads- are d1str1buted un1form]y in the Tong1tud1naT
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Plate‘sfiffness coefficients:

K11 = K22

= +.D1 w __cosh a - sinh a -
a sech a *+ swnhb a a csch a - cosh a
K12 oz 4+ Dl w cosh a_+ sinh a
’ a sech a + sinh a a csch a - cosh a
' . 2 : .
K13 = -K24 = - Dt w . cosh a - sinh a - (1-v)
' ~|acsch a + cosha a secha - sinh a ' }
: , 2 . ~
K14 = -K23'= + DI w cosh a + sinh a
' a csch a + cosh a- a sech a - sinh a] .
3. B -
K33 = K44 = + Dt.w sinh a - cosh a
. :lacsch a + cosha a sech a - sinh a
. , v 3 ' ‘
K34 - o= - Dl w . ___sinh a + cosh _a_
+ |a csch a + cosh a a sech a - sinh a

" Membrane stiffness coefficients:

K55 = KB6 = + D2 w sinh a - ‘cosh a .
‘ ' a csch a +.b cosh a asecha-b sinh a
: i ‘ ‘ _ .
K56 - = - D2 w . sinha -+ cosh a
o . |3 csch a + b cosh a 2 sech a - b sinh a
K57 = -K68 = - D2 w sinh a . cosha - (1]
' : |a sech a + b sinh a ‘acscha-b ¢cosh a :
K58 = -KB7 = - D2 w sinh a. o cosh a
: {a sech a + b sinh & a csch a - bcosha
K77 = K88 = + D2 w ___cosh a - sinh a ,
. a sech-a + b sinh a a csch a - b cosh a
K78 = +. 02w cosh a + “sinh a '
- |3 sech a + b sinh a a csch a - b cosh a
o 3
where D1 = £ B , D2 = _EB
o2 P
1201-v ) (1+v)
and w = n_n a=wD . b= 3-v
L .2 :

?igure 4.5‘-‘Stiffne55 influence coefficients using folded plate theory
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Plate stiffness coefficients:

K1l = K22 = + 4 E ]
D
K12 = - 2 E]
. Il
K13 = -K28 = - 6 E |
' -2
D N
K14 = -K23 = - 6 E_1
| =3
D,
K33 = K44 = + 12 E 1
| —3
0
K34 = =+ 12 E 1 ,
| =
0

Membrane stiffness coefficients:

o

K55 = K66

=+ E A
D .
K56 =+ EA
' T
K57 = -K68 = 0
-

K58 = -KB7 = 0
K77 = KBB = 0
K78 =0

Figure 4.6 - Stiffness influenée coefficients using plane frame theory
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(f) prestressing

Figure 4.7

Element load vectors

W}
W
\ B ‘ 1 ¥ y : 1 112
e D o
a (a) self weight
, [ w
) vy VY VY Y VY
§*, a b <‘ci§
-l ) D o
(b) surcharge
5 P4 P P
 t R 1 I S
o . b F Lo trs] Lz ]
) D
' (c) truck load P
W, P * : W
gﬁ * ‘ <§ v ¥ Yy v vy !
. a ~l< b > e L/2 > L/2 .
0 ” -
(d) lane load
| |
| bh
N o 7 N'—'Eu(T|+T2)"§‘
h = | + N >
Z . M=zEa(T -T,)20
— = - MRS 22
T2 FMT) ST T
(e) temperature ‘ .
. |  N-Pws©
=Pc
€ \
ILI = I vePsin©
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direC%ion with the excepfion of truck loads and lane ioads
which are distributed as shown. The analysis procedure

is to represent the loading as fixed end forbes in the
transverse direction and as Fourier seriesnin'the
Jongitudinal direction. The truck load is an exception to
this and will be considered sepaﬁ§;e1y.

The fixed end forces are found in the local coordinate
system and transformed into the global coordinate system,
after which they-are added to the structure load vector.
When the‘diSplacements have been found, the fixed. end
forces are subtracted from the forces calculated to give
the actual forces. The standard fixed end forces for a

“'«w # P
beam are used rather *han those for a plate. Experience

has shown that for a uniformly distribytd load, the

solution is more sensitive to variatioRg in Poisson’s
ratio than to whether beam }heory‘or plate theory is used

to find the fixed end moments.

The fixed end forces are expressed as a Fourier series in
the longitudinal direction. The structure is analysed-for
ihe loading components of each harmonic separately and
combined through the principle Qf‘superposition,

S :
The Fourier series expressions for some common loading:

distributions in the 1ongitudiha1 direction are
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(1) uniform load of intensity po

p(x) = 2 4 po sin pmx
n=1,3,5,... nm L

W
(2) concentrated loadﬁbo at midspan

p(x) = 2 2 po (-1) sin
&) n=1,3,9, L
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A

(4.14)

nrx (4.15)

Although an. infinite number of terms are theoretically

required for convergence, experience has shown that 8 terms

are sufficient for uniform loads while 99

redUired for concentrated loads. It shou

terms are

1d be pointed ouf

that the 99 terms required for concentrated loads are

required near the point ofiapplication of

the load, and

that some distance.away from the load only a few terms

are-necessary. Node d1sp1acements will,

converge much fa§ter than" %iememt forces.

in the vicinity of gh EconcenLrated load

number of harmon1cs s the OSC111at1on

i

W
%

o

d1scont1nu1ty, but:; d5252not ellminate 1t
,3:fﬂ

it is recommended . { ’t?results be 1gnored
I ',;n

the h1ghest harmon1c

three wavelengths’

o

in general,

- @‘:; "‘;‘,&)
B
A -

Increas1ng the

c]oser to the
~Con5equent1y,

w1th1n two or
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As mentioned earlier, the truck load is an exception to the

above discdssion. For this case, the equations of Chu and
Dudnik (104) shown in Figure 4.8 are used. . The derivation

of these equations is given by Newmark (106).

4.4.7 Element forces.

The element forces are evaluated by multiplying [K][a] [v]
as discussed previously. However, an additional term must

be included since the Kirchhoff boundary shear force Vy must

-be evaluated along the plate edges rather than Qy and Myx.

Vy = Qy + dMyx (4.12)
- |

Also, the relationship exx = 1/E (oxx - ., can be used

‘per unit

to find the longitudinal membrane force (Nxx
. . R "
1%59&&.
Nxx = E B du + wP (4.13)

ax

The longitudinal membrane force gives an indication as to

the severity of shear lag effects.

<

)
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Ut

U2

dos .

Mi = + 2 P (yl sinh a sinh y2°- a y2 sinh y1) sinh xf

3

=
-
"
+

o
<

r

'5% il-'2 P (U1 sinh'a\-,dJUZI.sinh'Xj

TR
Qj = + 2P (U2 sinh a = a U1) sinh xi
LA e

t'=nn Y1 J J
y2 =.n M _(D-Y1)
, Lo -
x1 = n‘n‘X1
L.'
2 2

A = sinha--a

TR

sinh y2 + y1'co$h’y2

sinh y1 + y2 cosh yt1

h

-~ Figure 4.8 - Fixed end‘forceé‘for,concentrafed loads -

A‘Sihhia sinh y1 - a y1 sinh y2). sinh X1
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4.5 Computer program "_‘ . o , v

'HAlthough‘a.v “'”'of folded p]ate computer programs are

}currently ad8ib1e (MULTPL, MUPDI, MUPDI3), the de01s1on

was made to. develop a new program rather than to mod1fy |

an ethting'program The>bas1s of th1s dec1s1on was that’
,substantial reorgan1zat10n of an ex1st1ng program wou]d be _
requiredlto render 1t suttable for - the type of analyses

PR

’enviStoned. e kN
eBefore any programming could be undertaken,_the phitosophy'
./of the program had to be deve]oped iThe purpose of the.
_program was to Slmp]tfy the tasK of the ‘design engineer.
'and'prov1de h1m w1th access to moie precise information:
’ The program had to be able to/penform a transverse |
‘analys1s for flexure as’ wel] as a long1tud1na1 analys1s
for shear and torsion. The analys1s had to 1nc1ude se]f
_we1ght super1mposed dead load truck.loads, 1ane loads
temperature, and transverse prestresstng | Two of these
1oad1ng cases in part1cu1ar were qu1te t1me consuming by}
uhand " The standard procedure for ca]culat1ng the effects
rof truck loads was to plot the loads on the 1nf1uence
surfaces of Pucher (108) or Homberg (107, 108) " This was a
lslow operation at best - The norma] method of consxdqr1ng
‘}prestress1ngewas to ca]culate the equ1v§Tént loads or
(%1nd th; seCOndary moment us1ng the moment area: theorem. B

Aga1n,<th1s was a s]ow procedure Temperature is an

b
g -
ey
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1hportant cons1derat1on wh1ch was a11 but 1gnored in the

past %1nce ﬂ?ane frame theory was common]y used for the
‘transverse f]exura] ana]ys1s, it would be 1nterest1ng to
include a plane frame analys1s as a bas1s of compar1son

for the more prec1se fo]ded plate analys1s It was also

' deswrable to comb1ne these 1oad cases and summar1ze them

in such a;mannerthat the enveloping des1gn_va1ues could
 easily be determined. . . - - 6

¢

On this bas1s, the program BDXGIRD was deve]oped ' This j%@§, ;
‘“program was wr1tten in the FORTRAN IV language for the ‘LfV"E
d‘Amdahl 5860 computer at the Un1vers1ty of Alberta.
»Generally accepted programm1ng procedures have been used

- so that the program can eaS11y be converted to operate on .
other systems Dynam1c storage allocat1on is not 1ncluded

1n the present vers1on of the program but could easily be

1mp1emented. The program is based on the theory

. > * : 3 D%
previously outlined. s : ¥

" ‘ *
hd N R

The program\is'QUite yersatite“and can be applied to ag-
widecrange of structures. Figure 4.9 shows some of the
app11cat1ons The program can, of course,'be psedtfor
fs1ng1e box g]rders, mu1t1p1e box girders, and mu1t1ce11 .
box g1rders,\as long as they are simply supported In
add1t10n, single or mu1t1pLe fo lded plate and cy11hdr1ca1

she]] roofs ¢an be cons1dered as well as various types of

storagetbunkersr F1na11y, the program can be used to



- () single box girder

"(b) multiple box girder

'(c') multicell box girder

B L ' w0 : |
ﬁ‘g ,0 —— * 'v _ |
T wce tiange ange channel "

) (g) steel sections. ‘ LT
u/‘{w.g‘

gFigU'r‘.'e\A‘.Q ASome app]icationﬁs for the fo\ided‘pla_telmet.hbd
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analyse sténdard and built-up stée1 séctions sub jected

to érbitréry f]exural'and torsional {oads} Krﬁsfeki(ggf ’
has even ouf]jned‘a pr§¢edure whereby the foided plate |
method can be used to ahalySe the shear walls in,

multi-stdry bui]dings;

. Although the program is 1imited to.simbly.shpported spans,..

it'Can'haﬁdle continuoﬁs.Sfructures in an approximéte wa}.

With respect to FTexure, ihegdistance-betweentthé‘déad 

load inflection poihts of fhé‘cpﬁtinUOQs structurevcan.be

taken as the span Iength}for the simply éuppbnted»étructure.

With'régardvto“sﬁear and torsion, the actua] span length of -,ffs

the}intérior épan in the_cohtinuous‘étructure can be used N
" for the simply supported structure. Significant savings in.

 computational effort (1;50 to 1000 t‘imés)v' can be realized by
'limitingithe program.to simply suppontéd.structuréé with

only a 5% tQ‘1O% reduction in accuracy. This is discussed

LS

further in Exdmple 4.
The input data and output infofmation,are discusSed;in
Adetaj1win Appendix E. Briefly, the“inpUt‘data'requiredJ
i is the node éoobdﬁnates, element incidénces, o

and loaaing informatignf‘ The Ioading'informatioh can
‘includé‘éelf weight, surcharge,‘truck 1oads;.1§ne loads,

j temperatpre, andlprestress.“Any'consisfentjset of units
may be used for the input. DutpUt'fﬁ?Ormation provided -

by the program includes an echo of the input da$a, as
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we11 as the node displacements and e1ement forcés.
Appendix F gives a source 1tstihg"for thé program Input
data for example 5 is given in Append1x G wh11e some

'setected output is 1nc1uded in Append1x H.

" The program cons1sts of the fo]low1ng set of subrout1jr

- A flow chart is g1ven in ngure 4 10

1. Program MAIN'A v .; 'callgiother subroutipes
2t‘SubroutinepE¥AD - reads input data
3. Subrouttne,CA§E - . fregds toao data
‘4P’Suproutipe STIF - 'setétup stiffnegs matrtx for

“each harmonic

5. Subroutine LOAD - - sets up load vectbr for each
| ' harmonic |
6. Subroutine SOLV -  banded equation-solver

7. Subroutine FORC - updates node displacements
| | and element forces
8. Subroutine RITE - 'wr1tes node d1splacements

and element forces

o ‘{54
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CALL READ

| -
[ Do 30 NC=1,NLC
| —
CALL ' CASE

v

v

KODE = 2

NH = | DO 20 NH

=1, MAX, INC

| CALL STIF

CALL LOAD |

1 -
CALL SOLV

. , ]
| CALL FORC

CALL RITE

=

Y

CALL

STIF

Y

- CALL

\

LOAD

SOLV |

[caLL

\

|

CALL

FORC

1

B

20 CONTINUE |

\

|

(%]

“CALL
2

NTINUE |

KODE = | plane frome -
. KODE=2 folded plate

30 CO

v R

pr

o'c;;r,am.f?BOXJG-I'RD -
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4 .,‘umr ical examples

4.6.1 Introduction

There_are‘tuofreaSOns for 1nc1udihg numericaljexampTes im
this study One is to-illustrate the versatiltty»of the
. method and the other is to show the accuracy of any new
;}features or approx1mat1ons to the method. S1nce the
method has been~dtSCuSSed in great detai] 1n‘the past, -

it s hot;hecessarylto proVe that the method works.

Example 1 shows how the program can be app11ed to the
~analysis of’a-s1ngle box g1rder. S1nce the 1mp1ementat1on
of concehtrated loads in the program 1s a new-feature,

‘ Examp]e 2 compares the results from the program with the

.1nf1uence surfaces of Pucher (109) .. Examp]e 3 cons1ders the

'approx1mate treatment of transverse prestre551ng in the
programr Since the program replaces a cont1nuous structure ,"

with an equ1valent simply supported span, Example 4 compares
the results from the program with an exact ana]ys1s us1ng
the program MUPDI (25) for the Corpus Christi ‘bridge.

EXample 5'ihcludes a-complete ana]ys1s for the Isl1ngton
Avenue extension.  This example cons1ders the effect of |
var1ous loads on the transverse bendlng and ]ong1tud1na1
shear and tors1on. ‘The effects of shear ]agaare dtscussed,

-

Noté that the variOUS actions and their sign conventions
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are defined in detail in Appendix E. Briefly, we are
concerned with the longitudinal membrane force (Nxx), the

transverse;membrane.force (Nyy), the transverse bending

o

moment (Myy), and the membrane shear force (Nxy). The sign
”‘COnvention is tension positive for the membrane'foroes and
the bend1ng moments are plotted on the tens1on side. Units

are K/ft for the membrane forces and ft- K/ft for the bend1ng

moments.
4.6.2 Example 1 - Box girder bridge

The box gtrder shown in Figure 4, 11 has a span 1ength of

40 m and is subJected to a ltne Joad of 10 t/m. Ident1ca1
‘results are found»for‘the coarse and fine djscrettzat1ons.
Thjslis_an-important'generalization:,the‘program is not o
' sensitiﬁe to theydiscretization.f_Othously,'if a‘plate»Av
}naving Vartablevthjckness were approximated by a number of'
pIateS‘haQinghoonstant'thickness,_a ftne,mesh-would-yield.'
better results than a coarse,mesh; | |

T S o éﬁwf ;

)

An'approximate hand solution to this problem. is given

in the "Precast Segmenta] Box G1rder Bridge Manual® (10).

-

Figure 4.12 shows that the transverse bend1ng moments and

:omputer program and hand calculattons
are comparab]e w1thmtae results from the program be1ng more
raccurate It shou]d?be evident that runn1ng ‘the program is

substant1a11y eabter than do1ng the hand calcu]at1ons

"
B
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10t/m

115 | | all dimensions given in metres
' 03typ B ol
: / 2.00:
- 6.00
(a) cross section
@ 4

(b) coarse mesh

®

0.0,8,0,0,

-

®'® @“0'3@'5@

c) flne mesh

,Figure 4.11 BoX girder brﬁdge-
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Figure 4.12 ~Bending moments and axial forces
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4.6.3 Example 2 - Concentratéa loads

This example éompares the moments due to concéntrated
loads as given by the‘folded plate method aﬁd fhe
influence surfaces of Pucher (109). Influence surfaces
(Figures 4.13 tg, 4.16) are simply influence lines in two
directions and physiéal]y resemblie contour lines. -Loaded
areas are plotted on the influence surface and the volumes
are calculated by Simpsoh’s rule to give. the resulting |
'moment; For all intents and purposes, influence surfaces

can be considered to be exact.

A11 influence surfaces discussed here are {nfinitely long-
"and subjected to a variety of boundary condﬁtions along
their width. The influence surfaces shown in Figure 4.13
to 4.15 give the transverse and longitudinal moments at

' midspan for concentrated loads applied at various
locations. Figure 4.13 is simply supporfed on both sides
while Figure 4.14 is simply éupported on one side and fixed
on the other. Figure 4.15 is fixed'oh bbth sidesm. The

inf luence surfaces shown in Figure 4.16 give the transvérse
momehts at the support for the fixed-fixed case and

fixed-free case.

The results given by the folded plate method at the grid
points are %D?W”:T One can easiiy observe that the results

given by the folded plate method are satisfactory. It
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Figure 4.13 Mx and My at midSpan for pinned-pinned case
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Tolel 6. m, Einfiflfeid for dic Foldmitie cints Platienatreifens mit cinem tingurponnion wnd sinem fres awfliogenden Hond (8 n-fach)
Chart 8. m,-Influence surface for the comser of a plate-strip with o inad and o supported adge (8 n-timas)

I

point under
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Tafel 6 m_-Einfuffeld fur die Feidmitte eines Plallenstreifens mil cinem eingeapannien wnd cimem frei anjlwquﬁg Rand (8 x-fach)

Chart 6. m,-Influence surfoce Jor the center of a plate-strij with a restraimed and o supported edge (§ n-limes) .

-

T'M,( - transverse moment
{' My - longitudinal moment

-

Figure 4.14 Mx and My at midspan for pinned-fixed case
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: 'should be noted’ that plott1ng concentrated wheel loads on
wﬂfluence surfaces 1s a very t1me consumtng exerc1seuand

hav1ng a program whtch will automat1ca]1y give. these ,

L

results is a:very we]come alternattve.

4.6.4 Example 3»7 Prestressingfanaiysis

aTh1s example compares ‘the accuracy of approx1mat1ng a".

curved prestress1ng tendon as a series of stra1ght ltne

f t‘segments 'Plane frame theory 1s used to ana]yse the

two'span’cont1nuous beam shown in Figure 4.17(a)vand.

dtscrettzed in Figure 4, 17(b) The results of‘the‘

stra1ght§H1ne treatment of prestress1ng are compared to

those for an exact ana]ysg; us1ng equ1va1ent loads as

~ shown in thure 4. 17( I

The- results for thts ana]ys1s are gaven in Tab]e 4 1. The

' bend1ng mdments are essenttally the same wh11e the shear

forces ca]cu]ated by the two methods vary/somewhat The
only footeworthy d1 fference in. béhdmg moments occurs near

the support where the stra1ght Tine est1matton has trouble

approxxmat1ng the 1arge curvature The dtscrepancy in theﬁ
shear forces is due to the fact that the stra1ght line

'approx1matlon averages the sHears/at the two ends of the \

>

element One can thus concﬁdde that prestres51ng can be

&

treated as a ‘series of stratght 11ne segments fon’the

,transverse analys1s of box gtrder bgtdges where the

. D @ :
2 g R
; & .
- .
' "%3,7
e,

165
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Table 4.1 - Equivalent loads vs direct treatment of
prestressing - . Lo :
- ‘Shear forces (k) .- Bending moments (ft-K)
"Elmt Node EL PS - EL PS Ratio
1 1 -64.24  -56.97 0c.o 0.0 .
1 2 -49.15  '-56.97 - -850.4 -85%., 3 1.00
2, 2 -49.16 -41.71 -850. 4 -854.3
2 ' 3. -34,06 . ~-41.71 = -1475.0 . .-1480.0  1.00
3 3. -34,06 -27.09 -1475.0 ' -1480.0 .
> -3 4  -18.96 - “27.09 -1872.0  -1886.0  1.0f
4 4 -18.97 -11.11 +-1872.0 - -1886.0 .
4 5  -3,87  -11.t1 = -2043.0  -2053.0 1.00
5. 5 -3.87 . 2.88 -2043.0 = -2053.0
© 5 6 11,22 2.88 -1988.0  -2010.0 1.01
B8 "6 11.22 . 26.21 -1988.0 ~ -2010.0
6 7 ‘E[f.42;35 . 26.21 -1587.0  -1616.0 1.02
7 7@ 42.35 = 58.16 -1587.0. ~-1616.0 -
7 8 73.49 - 58.16 - -717.8¢  -743.9 . 1.04
8 8 73.48  87.98 - -717.8 -743.9
. 8 9 104.80 ' 87.98 618.0 575.9  0.93 .
e 9 L9 104,60 119.60 -~ 618.0 575.8
M 8 10 - -135.70  119.60, 2 21¢o © 2369.0 0.98
S ¥, 100 10 13580 72.7 1&? 1.0 . .2369.0 |
© wd% 10 - 11 B4.25 . 72.77. @ 2957.0 - 3461.0  1.17°
v eqt 11, -B9.47 -, r67t38 - 2857.0 13461.0. -
| 11 12 £%125.70 = -67.38 2421.0_, 1 2369.0  0.98
0 2 ;§-~ -125.70 -110.80 . 2421.0°  2369.0 . -
12 . #3° . -96.87 g-110.8 618.1 524.9 * 0.93
13 13~ -96.87 ﬁ%;81.4gi S B#8.1 §§74'7 | :
13 14 -68.04  ,-81.4 —717:6,@ e84 1,04
14 14 -pB.04  -53.85 . -717.7 - -745.4° =
14 15 -39,21 . '-53.85 - -1586.0 - -1618,0 ~1.02™
15 15 . -39,22  -24.27 .-1586.0, -1618.0 |
15 16 - -10.39 ~ -24.27 -1988.0~, -2011.0  1.01
. B~ 16 -~ -10.39 . -2.66, -1988.0 ‘33911.0 .
T ///'6 DERVE 3.59  -2.66 -2043:0  @054.0  1.00 -
VA VA Y A 3.59 10.30 © 22043.0 ® -2054.0%
o 17 ] 18 17.56 . 10.30 -1872.0 - -1887.0)- 1.01
S/ .18/ .18 . 17.56  25.09 -1872.0 = -1887.0 . .
- 18/ ‘19 " 31.83 25.094 -1475.0  -1481:0 1.0,
AN 19 31753 . 38.64 -1474.0 -1481/0 S
| 19 20 . 45.51 38.64 -850.4 ~ °-854/8., 1.00 .
200 20  45.51 - 52,76 . -850.4 -854/8 R
20 21 59.48  52.76 = 0.0 0.0 g
~EL - equivdlent loads _ - o - LA
PS --prestressing’ © z ; - B
5 7 Ratio = PS/EL 7 N
R SRR ‘ i AR R
4 } ' - A



168
;curvatures 3Q§ generally-quite small and shear is not of
primary importance. |

3 ’ . .

.4.6.5 Example 4 - Corpus Christi bridge’

~The purpose of th1s example is to compare the results

-“g1ven by BOXGIRD w1th the more exact analys1s of MUPDI (25)
e based on the folded p]ate" ,"‘f'

B -rces for the sUpports and d1aphragms Redundants
1

'correspond1ng to each degree of freedom for each d1aphragm

e - “___’,ﬁlt

- are def1ned The structure 1s a?alysed for each redundant ‘d&“

'separate*!s well as for the externa] 1oad1ng. Since the
1nterac&*§h forces are d1str1buted oVer‘very~sma11 w1dths,
thﬁy are essent1a11y concentrated 1oads, and requ1re a f [n
large number of Fourier series terms}#or convergence
The c0mb1nat1on of a large number of separate analyses
correspond1ng to each redundant and a large number of

. Four1br series terms for convergence renders MUPDI 100
~to 1000 t1mes as expens1ve to’ use as BOXGIRD . |
H~D "Consequently,.the use of BOXGIRD can be Just1f1ed (T

-the resu]ts fa11 w1th1n reasonable 11m1ts. say 5% to 4@% ‘}

vq'/
[ 0



. «

'hThe Corpus Chr1st1 br1dge in Texas (F1gure 4 18) is’ used
as the basis of compar1son for BOXGIRD and MUPDI Th]S,
*structure has span lengths of 100’ 200’-100’ d :

Q@

18 compr1sed of two boxes wh1ch are Jo1ned after
cantw]ever enect1on by a cast in*Place str1p The depth’
of the 26 -8" w1de box rema1ns constant at 8 OF?While‘?,

th bottom slab th1cKness varres from 6“?

6'

10"'at the support Two . load1ng cases. aﬁo cons1@@$33
" ﬂ

‘,A 11ne load is app]1ed at mjfspan of the top slab as one

t m1dspan to 3

¥y

case wh11e\a 11ne load is app11ed at the tip of the ;@ §

cant1leveﬂ¥£§ the other case.

s S

Th1s structure is chosen because a span rat1o of 0. 5

on a three span br1dge takes 1? an extreme example If

the resu]ts for this- le are sat1sfactory. the results

8

for a multispan structure%ﬁav1ng a span rat1o of 0 65

& -

to 0.80xshou1djalso be acceptable.

Tables 4.2 to 4.5 Hlustﬁte that the results %& m

BOXGIRD and MUPDI conpare favourably. ' The membrané **
shgér force (d1agona1 ten510n) Nxy at 10 ft 1n51de 7
,'of the 1nter1or SUpport appears to be w1th1n 7% fg? the
-+ non- eccentr1c load and 12% for ‘the eccentr1c 1oa Jt

~'shou1d be.po1nted out that the resugts are: compared at
- a d1stance of 10 £t (0 05L) because of the problem of
gettgng accurateﬁﬁgsults hear a support with MUPDI

Reca]] that Fourqer series will not. converge w1th1n

S
N

| 1‘6é '

_fqﬁ;. ??e’
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Table 4.2 - ny (K/ft) at 10 ft 1ns1de of .interior support

Elmt

‘Eimt

OON~"NOOUUIDBWWNIN — —
\rdawwxrmwwoomm.b»mw—‘a\‘

Node '

NOWNNUITUTWOFPO O B BN -
L ] . R
O - N .

e BOXG

[ |
wo

BOXG

- =10

.’~Lf

-18

=10,
-10.
-10.

© =10,
- -10.
-10.
-10.

15.
15.
15.
15.
-18,
30.

30.

"~ Table 4.3 - Nxx. (k/ft)

IRD

60
62
36
36

60
.35
48
22
22

.29
83

35

62 .

48 -
27
89.

Load case 1

MUPDI Ratio
0.0 . -
-2.648  1.01
2.921  1.07
0.0
0.0 -
-2.921  1.07
2.648 1.01
0.0. -
-3.685 1.04
0.0 . -
0.0 ;
37685 ..1.04
-5.570 ™ 1.04
-3.680 . 1.04
-5.570 1.04
-3 1 04

. 680

- MUPDI
-10.41
-10.65
-10.68
-10.43
-10.43
-10.68
-10.65
-10.41-

15.57

15.32

15.32

15.57
-18.37

. 31.08

-18.37
31.08

‘at midspan. of

Load case 1
"Ratio

.99
.00
.99
.99
.99
.99
.00
.99

.99
.99
.99
.99

000000000 -0000=O

.99

.99 -
.99 -
.99

Load case 2

BOXGIRD
- 0.0

.653
. 966

~6.0 Ll
=6.01U
-9.20

723
0
231,
.973
.973
.884
.3133
.231
.92

1t
[ S "
s W= NOOWUIUINDON

BOXGIRD -
-10.70
.30
.30

]
-t
o

. 34
.87
.02
.10

I R TR TR S |

.22
.22
.83
.68
.24

NOVIO—-~0000

1 ]
— () = -t
OO,

W
b

.89

- =3,

-8.905
- 2.520 |

.34 .

120

MUPDI

0.0
-2.719
008
-5.389"
-5.389
305

0

550

550

‘,9 62,82

: 2 232"
J.ﬁ11 42
.884 44 :+9.626

interior span

Load case 2

MUPDI
~10.67
-10.28
.28
.34
.34
.88
.03

-10.16
12

15.15
15.22
157,22

0. :
2.232.
5.
93

171

"J e

Ratio
0.98"
0.99
143
1,42

1.03

1,08

1.00
1.08
1.08
1.03
1.08’
1.00
1.04"
1.03

Ratio
1.00

. 1.00

1.00

~1.00

1.00
1.00

1.00
0.99

1.00

1.00
. 1.00
- 1.00

1.00

~1.00
1.00..
1.00 .
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Table 4.4 - |

b
&7

Nyy (K/ft) at midspan of interior span
, . Load case 1 ‘ Load case 2
Elmt Node  BOXGIRD MUPDI Ratio BOXGIRD =~ MUPDI Ratio
1 1 0.0 0.0 - - 0.0 ., 0.0 -
1 2 0.09482 0.08144 1.04 0.09421 0.09301 ~ 1.01
2 2 -0.06219 -0.06105 1.02 0.08319 0.08271 1.01°
2 4 -0.1874 -0.1844 1.02 0.4469 0.4413 1.01
3 4 -0.1874 '-0.1844  1.02 . 0.4469 0.4413 1.01
3 6 -0.06219 -0.06105 1.02. 1.071 1.046 1.02
4 6 ~ 0.09482 0.09144 1.04 0.08413 0.08996 0.%4
4 8 0.0 0.0 . - 0.0 0.0 -
5 -3 0.2353 -0.2297 1.03 0.1128 0.09814 . 1.15
5 -5 ﬂ0.3640 0.3561 1.02 -0.2721 -0.2696 1.01
6 - 5 0.3640 0.3561 1.02 -0.2721 -0.2695 1.01
6 7 0.2359 0.2297 1.03 -0.8168 -0.8018 1.02
7 2 -0.4940 -0.4692 - 1.05, '0.05203 0.05158 , 1.01
7 .3 0.03639 -0.03494 1.04 0.05453 0.05309  1.03
8 6 -0.4940 -0.4692 1.05 -1.242 . 1ﬁ183 .-1.05
8 7 0.03639 0.03494 1.04 -0.1798 -0. 1767 - 1.02
¢ |
-
-
Table 4.5 - Myy (ft k/ft) at mldSpan of 1ﬁ¥%r19r span
‘ Load case 1 : : ‘ Load case 2
EImt Node BOXGIRD MUPDI Ratio BOXGIRD MUPDI - Ratio
1 1 0.0 0.0 - 0.0 0.0 -
1 2 ° 0.0 0.0. - 0.0 0.0 4 = -
2 2 -1.730 1.673 1.03 0.1664 0.1671 1.00
-2 4 1.985 1.906 1.04 -0.2019 -0.2009 1.00
3 4 1,985 = 1.908 1.04 -0.2019 -0.2008 1.00
3 6  -1.730y -1.673 1.08 -0.5847. -0.5670 - 1.03
4 6 . 0.0 0.0 - . -6.300 -6.156. 1.02
4 8 0.0 0.0 0.0 0.0 A\ -
5 3 -0.04124 -0.03986 + 1“63, -0.2444 -0.2404 " 1.02
5 5 -0.04059 -0.04030 ~1.0 0.07012 _ 0.06980 1.00
6 5 .-0.04058 -0.04030 1.01  0.07012  6.06980 1.00
6 7 -0.04124 -0.03986 1.03 0.3885 0.3808 1.02".
7 .2 1.725 1.673- - 1.03: -0.1728 -0.1739 0.99 ,
7 '3 -0.04124 -0.03986 1.03 -0.2444 -0.2404 . 1.02
8 6. -1.725 |, -1.673 ~ 1.03 5.715 5.589 1.02
8 7 0.04124 0.03986 1.03 -0.3885 -0.3809

1.02



> 173
two or threeiwavelengths of the highest harmonic near
a concentrated load. 9
The results are combéred at midspan for~the interior span.
The longitudinal membrane force Nxx is within 1% for both
1bad céses. The transverse membrané force Nyy and
transverse bending homent Myyvare within 5% for both
load cases (with one small exéep&‘oﬁ). The maximum
results have alsq been tabulated (but not ihcludedJ for
the end span. The loﬁgitudinal membrane force Nxx is
Awithiﬁ 8% for the non-eccentric. load ;nd 14% for the |
eccentric 'load. | o |

s
In summary, thesv Jts_are,epcouraging enough ‘to
jus%ﬁfy tﬁépﬁse 6? BdXGIRD,foE éoﬁ@inqgui4;traéfures.'
e

Ry TwsgEe T Ry g

4.6.6 Example 5 - Islington Avenue extension .

L

)
The purpose of this example is to show how the. computer
‘ brog?am BOXGIRD can be used iq a‘typical désign; In
general, thé‘design of a"§égm§?fél.bridge rquires
“tHat prestreségd_and/or non—prégfr s;éd reinforcé‘eht
be proapctioﬁed for (1) long%tudin:}\i]eXUre,.f ~
(2) transverse flexure; (3) longitudinal shear and
' torsjonp-andl(4) 1oca1jeffect$ (ie shear Keys,

| prestressing anchorages, etc.). The longitudinal

flexural requirements can be obtained at various stages
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: .
of erection and for the completed structure from the L
program TIMEDEP The tnansverse flexural and ”if

. longitudinal shear and torsional:requirements can be
obtained for the éompleted structdré\from the program
BOXGIRD. Since the program is 1fmif§g to simply -
supported spans, it cannbf analyse the'strﬁcture |
during balanced cantilever constructions This seldom

governs the design anyway.

The structure considered here is the Isfington Avenue
extension in Toronto (Figure 4.19). This seven span bridge
'is comprised of two 45" -0" Qide boxes'sephfated by a-1". - 3
3gap; The spans are 16#*-200’-272’-272’-?72‘*272’—161’. |

.. The boxes vary in depth from 7' -6" at mldspan to 11’ -0" ¥

at the piers. The bottom slab th1cKness ranges from 9"
at midspan to 27" at the piers while all other

dimensions remain constant.

The program BOXGIRD has been written for constant depth
sectionsuhq9ing'00nstant bottom slab thicknesses.
Consequently, it can only be applied to this bbidge in

an approx1mate way Two ideaTized constant dépt

structures hav1ng constant bottom slab th1cknesses are

Vha‘ the max1mum sect1on

f,tranéverse flexure as well

7

.:ut9rs1oﬁ%‘ This gives a total of four approx1maté«.a« E

-

Aa Co ht - g A
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- ;anﬁwgses: |
. : ‘%’ E
(1) Tr"sverse frexure of the minimum' section
N ‘k s !
The span length is assumed to be’ the distance

between the dead load inflection points or 158L-0“i‘.;

3

for a 272’-0“ span. The minimum section is takeh

and the results are considered at midspan (79’ - 0")
(2) Transverse flexure of the maxjmum section

A suggestion is to use the above reccmnendstions but
replace the minimum section @ the maximum section.

, -
(3) Longitudinal shear and torsion of the minimum section

4
Phe span length is assumed to be the distance between
piers. This is reasonable with respect to shear if
one considers an interior span of a multispan .

structure and the loads are more or less uniformly

distributed. This is also reasonable with respect

»

to torsion since the pier diaphragms are very rigid
.in their plane. The minimuﬁ'sectibn is used and the
k“@. results are found at the point where the depth starts

’ &‘,”
: Qq increase (46'-9 1/4").

§Y..
-

(4) Lbngitudinaﬂ shear’ and torsion of the maximum section

i
»ﬁ‘ +

The span length is again assumed to be the distance
between piers but th1s t1me the maximum section is

" used and the results are found at the pier (0'.0").

jf

v
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~Toad, and 1. 30 is the iToact factor. The two’ therma

S
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‘The ahalysis for transverse flexure (minimum section) |

1 .

o is considered first. "The structure is subjected to

, ntne”oifferent loading cases (Figure 4.207. o
'i'They‘ﬁncluoe'éelt!@eight;fSuperimposed dead load,

‘sidena1k live'ﬁoad"three‘varfationS'of truok load, two

- »var1at1ons of temperature and transverse prestress

‘The super1hposed dead 1lqQad includes’ the asphalt overlay
(0.038'Ksﬁ)[ the sidewalk and curb (0.125 st),.and‘the
railing (0.875 K1f). 'The three'variafione.of AASHT.O '

HS25 tnuck\load reIate to locations causing_ negative |
cantilever moment, negative_interior moment, and positive
interior moment. Note that'16 K is thelnheeltload for.an

HS20 truck load,; 1.25}conVerte‘an‘H$20'load to an‘HSZS.

| loads correspond to the heat1ng of the deck durlng the day

and the’ cool1ng of "the box at night. Transverse
prestress1ng is empioyed as shown to- reduce the amount of
conventional re1nforcement. Both folded plate and planeﬂ
frame theory are useq, Input data}is given in Appendix G_?
while some'seleoted output is included'in.Apoendix H;' -

»

The longitudinal'membrane streSses for self weight are

~given in. F1gure 4.21 as Nxx/t where t: 1s the thickness.

: Note that tens1on 1s pos1t1ve and that the un1ts are ksf.

~.

The values along.the top and bottom flanges are reasonably“

"uniform;'indicating»that'the effects'of shear lag are

minimal. ;



(D : Self weight -

@ _Suberimpoéed dead load

6.75 ksf o ’

J=-0.l  0.087 ksf

0.087 ksf

" 6.0 I 45 / 85 [0
@ Sidewalk live load
, 0085ksf | - -
v |80 J 45|
@ Truck load | (nego‘hve cantilever [momom) -
P=16x125x130 = 26X -/ L aek. ae

"~ ® Truck load 2 (negative intérior momérﬂ)

I.5J .60 |

k
sz T4
a0l 60 Jaof 6.0 J‘40J
@ ‘Truck load 3 (posmve mtenor momen@)
26% 26k 26% 26
T 114
B9. 60 .40 60 | 60

i

“Figure 4.20 fLOading cases for transverse flexure
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@ Temperature | ( top ;u,rche 40°F above datum)

a0° o g
0 o B

- ® Temp'eratu're. 2 (interior surface 20°F above datum)

-

_o° o Lo
- 20° T p» » |
‘\\ ’ 0°]20° | R R 200100
20°
OO
Transverse prestress
distance of’pres?réss from fop = = o ~ ,
- o .-.‘m - © = Fe o) \mA o I
T ¢ Km w‘; o 'Dw (N < <
|| R R IR B |
\ - - e

P =07x60x 3= =17.34 " (4 cables distributed over 9'-81/4")

~

- Figure 4.20 Loading cases for transverse flexure qu?t
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Figures'4'22 to 4. 30 show the transverse bendtng moment -
‘diagram (Myy) and the transverse membrane force (axial
force) d1agram (Nyy) for each load1ng case. ‘Note that
-tens1on is positive for. the membrane forces and that the
bending moments #re plotted on the tenslon s1de Untts are
"k/ft for the membrane forces and ft k/ft for ‘the bending
‘moments.‘ In .general, both the folded plate and plane frane '
resultS'are plotted’ Of course only the folded plate
!results are plotted for the truck load cases, s1nce the’

plane frame results are unnecessar1ly conservat1ve
. p‘ " -
.

;W1th regard to axial force, the folded plate and plane

frame results have 51gn1f1cant differences for all load

7

cases For example, the ax1al force at mtdspan of the

bottom’ slab under self we1ght 1s given as 0‘903 klf

7

'”by plane frq@e theory and 5. 223 KIf by - folded plate | ,1j5‘
vtheory This is a dramattc dtfference , Furthermore,

plane frame theory gﬁVes zero ax1al force 1n the cant1levers
while folded plate theory pred1cts s1gn1f1cant ax1al force
in thefcant1leyer§ for all loadtng cases Append1x L shows
that the s1g:éi1cant d1fferences between the folded plate h.,\
and plane frage results -are due to .the fact that plane frame“

theory. neglects the lnteract1on of - the membrane forces

With respect to bending moment the results for folded plate:,
land plane frame theory are>extremely close for self we1ght ,

,temperature and prestress1ng, whlle there are s1gn1f1cant

'.»‘

-
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and prestress1ng, the loads are d1str1buted across the deck
while they are predom1nant1y on the cantilevers for

super imposed dead load and sidewalk live load.

Through /the studyvof Figure 4.23, an interesting phenomena
has been discovered. Note that the left interior moment
‘given by folded plate theory is. 1ess than the right 1nter1or
moment (2.179 vs 2.772) desp1te the fact that the left
cantilever has a greater 1oad than the r1ght cant11ever and
the structure is symmetr1ca1, In order to understand this,
the shperimooeed dead 1oed;was separated into three
 components. Component 1-ooFresponded't0-a uni form load on -
the entire top surface. .Component 2 consisted of the
‘sidewalk and railing on the left cantilever while component
3 consisted of the curb on the right cantileyeb.‘ It was

]
in the wels was greater than that in the cant1lever In

found that for the load on the left cantilever, the moment;{

fact, the sum of the moments in the cantilever and top slab
equa]]ed the moment in the web. This contradicts our/
jntujtion'whichAte11s us that‘the moment in the canttlever
shou]d‘equal the sum of the moments in the ‘top stﬁh'énd web

for a load applied on the cantilever. I A

To ﬁnderstand~this'phenomena,,the model of Figure 4.19 was

simplified and an investigation was oanrieé out. ATl
/

-/



it emus mer e L uLLU WY UL UBUS. T UISDUTT D
ratio was set to zero. ﬁFodr loading cases were considered.

" Loading 1 consisted of a uniform load at’ndde 1 (tip of the

| cantilever) while loading 2 consisted of a uniformfioadiat
node 2 (interior portion of the cant11ever) Loadings 3
and 4 cons1sted of concentrated m1dspan loads at nodes 1
and 2 respectively. The,tant11eVer moment was found to be
gqeaten than the web momentdforhall loading cases except

“ loading 2 For this case, the web momen t was found to be
greater‘than'the cantilever moment . As an 1ndependent
Check 'pnogram MUPD1 (25) was_ .also run and the results were
' found . to be jdentical to those g1ven by program BOXGIRD. No
explanat1on has been fQund for this anomaly of hav1ng the

web moment greater than the cantilever moment for a un]form

* load applied on the interioy por tion on,the cantilever.

The ana]ys1s for long1tud1na1 shear and tors1on

(m1n1mum:sect1on) is now considered. S1x d1fferent

v

loading cases are applied to the stnucture (F1gure 4, 31)

" These include self weight, supertmpoeedddead load

' s1dewa1k 11&3 load. and three var1at1ons ?f lane load

The variations of AASHTO HS25 lane load:correspond to
gﬁp ‘no eccentricity, left eccentr1c1ty, and r1ght eccentr1c1ty:
Note that 26 k and 0.64 KIf are ‘the concentrated load for
| shear and uniform 1oad respect1ve1y for an HSQO load 1 2

converts an HS20 load to an HS25 load, 1. 126 is the 1mpact

&

Iy
Ay g ¢
a .
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@ Superimposed deod Iood

6.75 ksf - | y
o}-0l ‘0087ksf 0.087 ksf
| 0.038 ksf | | :-
60 .45 | S l._85 [0
@ sidewalk live lood
0.085 ksf
60 | 45 B -

@ Lane load | (no eccemncny) P= 26x1.25x1126x 09 = 32 94k

W= 064x125x||26x09 OBIkIf

pezzod. | pemea¥ pizzoak
‘ Q BIKIf | W=0.81KIf | W=0.8I ki
g 00 |, 100 ;1:29,- |

‘QQ . . :
® Lane load 2 ( left eccenmcny) P= 26x125 x 1126 = 36.60F

| W=0.64x1.25x 1126 = 0.90 kif
P=36.60k  p=36.60
* W=0.90 kif ‘ W=0.90 kIf
o . 100 |

fe—1.5

® Lane load 3 (right eccentricity) |
N | =36.60%  p=36.60
g t W= 090klf ‘ W = 0.90 kif

S 55 _ 10.0 7.0

Figure_4.31( Loading cases for longitudinal shear and
: torsion



factor for 3 lanes.

;
F1gures 4,32 to 4, 37 show the membrane shear force
d1agram (Nxy) for each loading case. Note again that
tension is positive and the units are k/ft. It should be
observed that all diagrams héVe‘the‘same geheral éhgpe,
but‘the results shift towards one web or the other
depending on the eccentricity. It should also be
noted that the scale for self weight is one third the
scale for the Sther five diagrams. This;indicates that
most of the diagonal tension in the web ;s due‘to self
weight. One may notice that the longitudinal prestress,
which counteracts the effects of self weight; has not
been included in this analysis. This is because the
compnessive stress and vertiéal compbnent of the
pﬁestressing are included in the ACIl design equations.
These values would be i!&ained from the program TIMEDEP.

.

4.7 Conclusions

Lhis chapter has developed the co&puter program BOXGIRD,

based on the folded plate method, for thé three-dimensional
~analysis of box gifder bridges. This program simplifies
 the task of the desigh engineer and provides him with more

precise information. Numerical éxamb]es have illustrated

thé'versatility‘ahd accuracy of the program.
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5. PARTIAL PRESTRESSING

5.1 Introduction. . ‘4

’:*Bis chapter discusses the application of paftia]
prestressing to the design of segmental bridges and offers
some new éombutational techniques for the analysis of
partially prestressed concrete éections. Although the
concept of partial prestressing was introduced by Abeles
as early as 1945, it is only in recent years that it has
become a widely‘discussed topié. Consequently, the
'motivation.behind the use of partial prestressing will
be reviewed. Then the load-deflection response of

 partially prestressed concrete beams will be discussed.
From this discussién, it will be apparent that three

types of analysis are required to completely describe
*

the behaviour of a part” 11y prestressed concrete beam:
k1) uncracked segiigﬂzg::1ysis. (2) cracked section
analysis, and (37;u111mate strength analysis. Each
ofgthese types of analysis will pbe considered in detail.
Some serviceability aspects of partial prestressing
will then be studied. These inblude crackihg, fatigue,
Hand deformation. Finally, numéricalvéxamples will show
’how the,énalysis procedures.can be applied.

Y

b ]

198
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5.2 Why partial prestressing?

By virtue of their historical developments, reinforced
concrete and prestressed concrete have been treated
differently. On one hand, reinforced concrete members

have been analysed on the basis of the cracked section,

and pseudo tensile stresses in the order of 2000 to 3000 psi
would be obtained if one div1des the moment by the section
modulus. On the other hand, prestressed concrete members
have been analysed ort the basis of the unctacked section.

Tensile stresses have been limited to zerolor a small value.

trete. In the
G

v ¢ w%wed by having
prestressing tendons stressed to lower levels, or by
combining ?Ul]y presf%eséed tendons with nonprestressed
reinforcement (either nonstressed prestressing or

conventional bars).

Partial prestressing can be used to impfove the economy

and serviceability of the design while maintaining the same
ultjmate strength. It possesses some advantages of each of
its limiting cases. When compared to néinforcéd concrete,
partially prestressed concrete offers better cracking'and

deflection control (short and long term). When compared



? 200
to fully prestressed concrete, partially prestressed
Y
'c!%crete offers better camber control (short and long term)
as well"aélhigher ductility and energy absorption. to

failure.

It should be noted that tensile stresses in preStressed
concrete are not necessarily objectionable by themselver
Rather, it is their effect on cracking, fatigue, and

deformation that is of concern:

(1) cracking - the maximum crack width under full service
load must be limited to a specified value to prevent
corrosion of the reinforcement and to ensure water-

tightness of bridge decks and reservoirs.

(%) fatigue - the maximum stress range in the reinforcing
and prestressing due to the application of live load
mus t be‘less than a specified value in order tq
guarantee the required fatigue life.

(3) deformation - the short and long-term deflections

under service load must be within specified limits.
5.3 Load deflection response

The behaviour of partially prestressed concrete can best

be understood by first considering the load-deflection



201
response of a simply supported fully prestressed concrete

beam sub jected to a monotonically increasing load (Figure
5.1). Note that the curve shown is for an under-reinforced
beam having bonded tendons. A number of pé‘nts on this

" curve should be'mentioned. Poiets 1 and 2 correspond to
the camber of a theoretically weightless beam under initial
and effective prestress respectivel?. The stress diagram
of the section under combined self wéight and prestressihg
is given at point 3. Point 4 represents the balanced state
(prestressing exactly balances the load) while point 5 ‘
shows decompression at the bottom fiber. Point 6
corresponds to cracking (at first loading) as thé,modu]us
of rupture is reached. Upon subsequent loading, points 5
and 6 coincide. Point 7 rebresents the level at which
e{ther the steel or concrete becomes inelastic while

point 8 corresponds to the onset o; yieldiﬁg in the steel.
Finally, point 9 corresponds'to the maximum or ultimate

load.

To fully predict the load-deflection response of a
prestressed concrete beam, three distinct types of analysis

Y

must be performed:

(1) uncracked section analysis - an elastic analysis using
the uncracked section must be carried out at load levels
below that of cracking (for first loading) and

decompréssion (for subsequent loading).
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{2) cracked section analysis - after cracking has occurred
but before the steel or concrete has reached the
inelastic range, an elastic analysfs using the cracked

section must be conducted.

(3) inelastic analysis - an inelastic analysis using the
cracked section (such as a strain compatibility
analysis) must be performed after the onset of

E]

inelastic behaviour. -

The first two analyses give the response of the section to
service loads while the last analysis gives the ultimate
strength of the section. Each of these types of analysis
will be discuss?d in detail in sqpsequent sections.

It is interesting to observe how the load-deflection
response of a“‘partially prestressed concrete beam differs
from that of a fully prestressed concrete beam or a
reinforced concrete beam (Figure 5.2). The diagram shows
the magnitude of the dead load, live load, and ultimate
(factored) load as well as the cracking load for each type
of beam. A reinforced concrete beam is cracked under the
effect of dead load while a fully prestressed concrete beam
is uncracked under the effect of service load (dead load
and live load). A partially prestressed beam falls

. anywhere between these two limits.
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~ strength.

5.4.1 Introduction

\ “ .

A segmenta] bridge must be proportioned such that the

combination of prestressed and/or nonprestressed

reinforceﬁéﬁf“be,adequate for both longitudinal and’

.transVerse‘fléere'(Figure 5.3);' The longitudinal flexural

requirements can.be obtained at varioué'stages of erection
and for fhe comp]eted structure with the computg? program
TIMEDE? Meanwhi]e, the transverse flexural requ1rements
can be obta1ned for the comp]eted structure with the
computer program BOXGIRD .. Once the flexural requirements
haye‘been determined, Ehe?sfegkg¢%n be proportiohed by some
metﬁod,’and the design baﬁ:be évaluated by the procedures

outlined in the following sections. The service load

. response is given by either ‘an uncracked or cracked section

“ana1ysisbwhile,én inelastic analysis gives the ultimate

~ The tQpes of sections‘cémmonly considered in a segmental .

: bridgei(Figure 5.3) can conveniently be transformed into
the case ‘of a general I-girder (F1gure 5.4) havxng both

%,
compressive and tensile convent1ona1 re1nforc1ng in

addition to prestressing. This section is subjected to
both a normal force N’ and a bending moment M' at the

centroid of the uncracked section. The effective force -

-
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(q)elevotion

i
!
|
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- . s A
K . - p
/ As
section A~A - ! section B B\
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C g D

(b) cross section
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OAg ' . OAg | oA
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. OAp o |

Cos .sectionC-C =~ "secﬁon'v [\)-D‘ section E-E

Figure 53 Segmental bridge analysis
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Let b be the stem width, b1 be the width of the tdp flange,
and b2 b® the width of the bottom flange. Also, let d be
the section depth, di be the thickness of the top flange,
and d2 be the thickness of the bottom flange. FJ;thermong,
let As’,,As, and Ap be the areas of the compressivé u
Eeinforéing, feﬁéiie refnforcing, and prestressing
respectively having modular ratios ns’; ns, and np and
distances from the top of the section of ds’, ds, and dp.

v

5.4.2 Uncracked section analysis

Considgr the case of an uncracked I-girder having both
compbessive and tensile conventional reinforcing in
'addifion to prestressing (Figure 5.5). Pertinent

‘dimensions and actions have been defined previously.

a

]

The section propert1es of the uncracked section can

| conveniently be ca]cu]ated by using a set of factors

Auc, Quc, and luc’. These factors are respective]y the areé,
. q . ’ ’
first moment of area, and second moment of area about. the

top of ‘the section. Note the similarity between these

factors and the factors o, ,5 and J which are used in

N,

»con3unct1on with the cracked sect1on analysis.

§
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uncracked untransformed section properties:

Auc =

Quc =

bd+ (b1-b)d1 + (b;jg)d2
o (5. ta)

2. 2 2 -
1/2 b d + 1/2(b1-bld1 - 1/2(b2-b)d2 + (b2-b)d2 d

(5.1b)

3 3 3
Iuc'= 1/3 b d + 1/3(b1- b)d1 + 1/3(b2- b)d2 + (b2-b)d2 d(d-d2)

r
"

(5.1c)

The second term is omitted for sections which do nat have

a top flang¢, while the third and fourth terms are neglected

for sections which do not have a bottom flange. In other

words,

a rectangular beam requires only the first term,

a T beam requires the first two derms, and an I beam

requires all the terms.

4

The following additional terms must be added to those

given previously to determine the uncracked transformed

section properties:

Auc

Quc

-~
L1}

luc

Auc + (ns’-1) As’
Quc + (ns’'-1) As’

Iuc‘+'(ns’-1f As’

+ (ns-1) As + (np-1) Ap

(5.2a)

ds’ + (ns-1) As ds + (np 1) Ap dp
: (5.2b)

2 ' 2 2

ds’ + (ns-1) As ds + (np 1) Ap dp
‘ (5. 2c)

Again these are general equatlons and only the necessary

terms

.are required.

\ v

}



foTlows: : \

yt = Quc/Auc ‘ . (5.3)
yb = d - yt | o | (5.4)
. 2 : , .
luc = luc’- Auc yt o (5.5)
St = Iuc/yt S (5.6)
Sb = luc/yb | e (5.7)

Here yt and yb are the distances ffom the centroid to
the top and bottom of the section, while St and Sb are
the section moduli at the top and bottom. Of coufse,

Auc and Iuc are the area and moment of inertia*ébout the

centroid.

The cracking moment can be determined (assuming that
the modulus of rupture is;equal to zero) with the

following equation:
Mer = F (Sb/Auc + dp - yt) - N’ (Sb/Auc) | (5.8)

If the service moment M’ exceeds the cﬁacking moment Mcr,
a cracked section analysis is required. The section
properties calculated here are necessary for the cracked

section ané]ysis and thus have not been calculated 'in vain.

*
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t

the top and bottom of the section can be found.

ft.= - F + F (dp - yt) + N - N (5.9)
Auc St Auc
cfb= - F - F (dp - yt) + N+ M (5.10)

. Ruc b Auc b
Once the‘stresses at the top and bottom of the section
have been found, the location of the neutral axis can be

determined;with the equation

y = ft

. d ; | o C(5.11)
ft - b :

The steel stresses in the tompressive reinforcement,
tensile reinforcement, and prestressing are respectively

found by prbportionf

fs' = -ns’ ds’ -y ft (5.12a)

Ay .
fs = -ns ds - y ft (5.12b)
LTy - |
‘fp = np dp -y ft (5.12c)
v B '

3

The sign convention for the stresses is such that tension

.1s positive and compression is negative.



5.4.3 Cracked section analysis

Consider the case of a cracked I-girder having both
compressive and tensile conventional reinforcing in
addition to prestressing (Figure 5.6). Pertinent

dimensions and actions have been defined previously.

Nilson (152,183) has prdposed that the effective prestressing
force F be replaced by a fictitious external force R

which causes decompression. In this way, the ahalysis

can be simplified to that of a conventionally reinforced
concrete section under the combined effects of axial

force and bending moment.

\ . ,
R=F 1+ EpA 1+ (dp - yt) (5.13)
{ c Tuc/7Auc }} :

It is convenient to relate.-all forces and dimensions to the
top of the@section;~'Consequentlyz the resultant forces N

and M at the top of the section are given by the equations

R~ N : (5.14)
2

W+ Nyt -Rdp (5.15)

pd
"

=
n

The location of the neutral axis y of the cracked transformed

section is given by the following cubic equation.



214

stsAjeue UOL}03S pPayoed) g°'g aJ4nbB 4

4

$3S5048 9}840U0d (q) ud|§o8s $6040
. POW J0jSUDI} PBYHIDII (D)

%u _/

| , : Svsu

dy .

q dydy

) "7 77 sixp |pajneu peyoDJd Ik
Y

——

PIOIJU3D 948J0U0D PaYIDID




‘ 215
3 2

1/6bNy + 1/2bMy + (SN+ KM y - (YN+ 8M =0
(5.16)
where
= (b1-b) di + (ns’-1) As’ + ns As + np Ap
) . ) (5.17a)
= 1/2 (b1-b) di + (ns’-1) As’ ds’ + ns As ds + np Ap -dp
: (5.17b)
3 2 2 2
= 1/3 (b1-b) d1 + (ns'-1) As’ ds’ + ns As ds + np Ap dp
v (5.17¢)

One advantage of the method is that the form of the cubic
equatién always remains the same. By inqluding various
terms in the factors X, B, and J a wide range of

" problems may be solved. For insténce, only the third term
wqu]d be required for a singly reinforced beam while the
second and third terms would be included for a doubly
reinforced beam. A T beam would have the first and third
terms. The fourth ferm woujd be included for prestreséing

steel and so on.

The Newton-Raphson‘method'(with a starting value of y=0) is
suggested for solving the cubic equation. It has been found
by experience that 3 to 4 iterations are usual]y sufficient

to achieve an accuracy of 0.1%.

Once the neutral axis has been found the concrefe stress

can be determined with.the equation
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fc = My . (5.18)

J
1/6by+ By -

The steel stresses im the compressive reinforcement, tensile
reinforcement, and prestressing are respectively found by

probortion.

fs' = -ns’ ds' -y fc (5.19a)
Yy
fs = -ns ds -y fc | (5.19b)
——" ,
fp = -np dp -y fc + R_ (5.19¢)
Ty . Ap

| f

The sign convention for the stresses is such that tension

is positive and compression is negati{e.

A second advantage of the method is that the stresses can
be determined direétly without the intermediate calculation
of the section properties. Should the section properties
be required (ie for the calculation of def]ections), they

can be found with the following equations.

Acr = by + K | (5.20)
) . .

Qcr = 1/2by + B Ji (5.21)
3

ler'=1/3by + ) (5.22)
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ch/AcQ (5.23)

2
Icr' - Acr yer . (5.24)

ycr

lcr

Here ycr is the distance from thé centroid of the cracked
transformed section to the top of the section while Acr,
Qcr, and lcr are the area, first moment of area, and

second moment of area (ie moment of inertia) of the cracked

transformed section respectively.

Derivation of the preceding equations are discussed by
Shushkewich (180). Simplified equations (requiring the
solution of a quadratic instead of a cubic) are also given

for 'the special case of no axial force or prestressing.

It is intereé%ing to note the similarities and differences
in the analysis of the uncracked and cracked sections
‘YTable 5.1). The analysis of the uncracked section
requires the calculation of the section properties,
concrete stresses, and neutral axis whereas thevanalysis
of the cracked section requires the calculation of the
neutral axis, concrete stress, and section properties
(which are optional). In dthér'words, the order of the
operations are exactly the;opposite for the two analyses.
The stée] stresses are detérmined by the same equations
for both analyses. As well, there is a similarity
between the factors Auc, Quc, and luc’ of the uncrécked
section analys1s and the factors b( /5 and 3’ of the

cracked section ana]ys1s



¢

uncracked section . . cracked section
analysis - analysis
1. factors 1. factors
2.“sectipp>properties 2. neutral axis
3. concrete stresses 3. concrete stress
4. neutral axis 4. section properties
5. steel streséés 5. steel stresses
: ¥
Table'5.1,- Order of operations. for the ana1y51s of

uncracked and cracked - sect1ons
o

A
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ana]ysis The equations in the code are approx1mate. and
a conservative estimate is made for the 1eve1 of stress in.

tﬁe pﬁestre551ng Various equations must be.used depending

\

‘on whether the section is rectangular or -flanged, and also
on whether the'reinforcemeht index is less than or gre%ter

‘than a certain value. Consequentiy,’the,strain-

compatibility approach is'an attractive alterhative. This

-iterative technique invokes the compatibiiity of strains

'across the section as we]] as the equations of equ1iibrium

Aithough oniy a few iterations are Fsuaiiy'necessary, the

‘use of a programmabie calcuiator or micro computer is a

'still recommended

. The primary requirementqfor a strain- compatibiiity

ana1y51s is a mathematical reiationship for the stress-
strain;curve of the prestreSSing. Although many
investigators have proposed expressions ior this corve,
the‘equation_ovaattocK (157), as given below,” is both

concise and accurate.
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Figure 5.8. Before this expression can be used for a
particular type of steel} the constants K, Q, and R must
' be evaluated. The value of K is determined by ‘
extrapolating the two linear parts of the éurve sé tHat
they meet at a stress of K fpy. Since fpy is known, K.
can be determined., The coefficiént Q is evaluated by using

- the following equation:

Q= _fpu - K fpy | 15.26)
- .Ep epu - K fpy -

Fiha]]y. the value of R is found by solVing‘the nonlinear

Mattock equation for the case fp=fpy when ep=0.010.

The coefficients héve Been determihed,by Mattock for the

following two cases: |

(1) seven wire strand (fpu=274.0 ksi fpy=239.2 ksi)
K=1.08  Q=0.0105  R=7.447

(2) alloy steel bar  (fpus156.6 ksi fpy=148.0 Ksi)
' . B ’
K=1.02  Q=0.0043  R=4.190



Figure 5.8

pu

" steel

Typical str

ess-strain curve for prestressing



neutral axis to the top of thevsection is caléulatéd.

Since the distribution of strains across the sectiéb is
linear and the ultimate strain in the concrete is KﬁoWn,
strains in the compressive reinforcing, tensile reinfopcing.
and prestressing can bg determined. It is ihportant t&
note that the strain in the'presfressing must be added¥o'
the strain due to/the effective prestress force as well\as
the strain causing decompression’ (see Niisbn (189)). Oﬁpe
the strains ;ave been found, the stresses can be |
_calculated. A bilinear stress-strain curve is used to
determine the sfress iK’the reinforcing, whereas the
stress in'the prestressing is based on'the equation'
previously outlined. Forces in the steel and concrete can
be found, and the equations Of‘equilibrium are used to
find a new value for- the depth of the stress block. A
slight complication results in detefmining whefher the
depth of the stress block falls within the flange or

web of a T beam. ‘The procedure is repéatea until the
difference between the old Va]ue and new value becomgs
sufficiently small. The ultimate moment capacity is ‘

determined by téking moments about the top of the section.

.-
1



es =

c2 =
(6) Find

if a

if a

Es es

V"'lﬂvlri
strains

0.003
0.003 ds o~ ¢
0.003

stresses , |
Es'es’ -fy < fs’' < fy

-fy < fs <‘fy

o

. see Mattock equation

forcés (C1 and C2 are-nof yet complete forces)
As' fs' | | |

As fs

Ap fp

-0.85 fc' b

-0.85 fc' (b1 - b)

/

a

+

<di @ = -(T1 + 72+ 73 - Nu)/(Cl + C2)
dl = al
>dl a’ = -(T1 + T2 + 73 + C2 d1 - Nu)/C1

d

di

N

(7) Check tolerance

if 'a’~ al > 0{001 set a
: a

a’ and go to (2)



5.5 Serviceability considerations

When tensile stresses are allowed in concrete structéres,
the serviceability criteria of cracking, fatigue, and
deférmation must be respected. This requires that one be
able to predict crack widths, fatigué stress ranges, and
deflections and compare these values to maximum permissable
1imits.‘

Several formulas exist for the prediction of cEacK widths

at the tension face of concrete members. The expression

of Gergely and Lutz has been adopted by the ACI (195) and is
uded extensively in the design of reinforced concrete
memﬁers in North America. It should be noted that this
“formula is not directly abp]icableAto partially prestressed
‘concrete elements. In Europe, the formulas of CEB/FIP

1870 (73) and CEB/FIP 1978 (74) have commonly been used.:
Néwy and Huang (156) aﬁd Nawy and Chiang (161) bave
recommenaed expressions for the crack width ahd‘mean
stabilized cFaCK spacing of pretensioned and pést-fensioned

beams. These expressions will be used here.



Wmax = Z Ri A% (Afs) © 0 (5.27)
z ‘
where
. -6
Z = 5.85°.x 10 for pretensioned beams
2 6.51 x 10 . for post-tensioned beams
Ri = ratio of the distances to the neutral axis from the
extreme tension fiber and from the centroid of the
reinforcement
. 2
At = area of the concrete tensile zone (in )
20 = sum of the brestressed aﬁd nonprestressed
reinforcement perimeters (in) ' ®
Afs = net stress change in the prestressed reinforcement

after decompression or tensile stress in the non-

prestressed reinforcement (Ksi)

The fatigue stress range in the concrete, nonprestressed
steel, and prestressed steel can be found by us1ng the
prev1ous methods for the analys1s of uncracked and cracked

sections.
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4

concrete members. Recall that the effective moment of

inertia le is given by the expression

3 3 ‘
le = (Mcry Ig + [1 - (Mcr Ier < Ig (5.28)
(%) [M () ]
where
Ig = moment of inertia of the gross (uncracked
transformed) section
[
Icr = moment of inertia of the cracked transformed section
Mcr = moment at first cracking
Ma = moment at the stage at which the deflection is being'

computed
The previous methods for the ahalysis of uncracked and
cracked sections may be used to compute lg, lcr, and Mér.:
Note that Icr changes as Ma changes for the.  general case

of combined axial force and bending moment.

Figure 8 shows the similarities and differences in the
. application of the -effective method to reinforced

‘concrete members and partially prestressed concrete members.

14
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concrete member normally cracks only after a portion of the
live load has been app]ied. Consequently, the live load
deflection of a reinforced concrete membeh is the difference
between the total load deflection and the dead"load
deflection. Effectivé moments of inertia are used|for both
calculations. On the other hand, the live load deflection
of a partially prestressed concrete member is equal to the

deflection due to live load 2 only. Again, the effective

moment of inertia is used.

Table 5.2 gives important serviceability limit states for
segmental bridges. and their specified values.. The maximum
crack widths aré based.on the recommendations of ACI
Committee 224. Thgqvalue of 0.007 in (0.18 mm) applies

to the top sufface of the bridge deck when deicing chemicals
are used. This vdlue can be increased to 0.013 in (0.33 mm)
for other surfaceé. The fatigue stress ranges for concrete,
nonprestressed steel, and prestressed:'steel are taken from
the recommendations of ACI Committee 215. Note that fmin

is the stress in the concrete due to dead load and
prestressing only. The live load deflection has been taken.

from AASHTO.



Description Symbo] Limitation
Maximum crack width Wma x 0.007 in
(bridge qgck)

Maximum crack width Wma x 0.013 in
(other)

Concrete fatigue fer 0.4 fc - fmin/2
Stress range -

Nonprestressed steel fsr 20.0 Ksi
fatigue stress range

Prestressed steel fpr 0.1 fpu
fatigue stress range '
Live load deflection AL L/800
Table 5.2 - Serviceability limit states

(Note: 1 in = 25.4 mm: 1 Ksi = 6.9 MPa)



The computer program PREBEAM has been developed for the
analysis of partially prestressed concrete beams. ThiQ‘
program is based on the theory described in this chapter.
A FORTRAN 1listing of the program is given in Appendix 1
while the output information for the numerical example

" considered in the following Section is included in

Appendix J.

Note that the program could easily be modified to run in
a conversational mode. Also, the calculations could well
fit into the memory of a programmable calculator or small

micro-computer.

A partially prestressed T beam (Figure 5.10) is subjected to
a service moment of 3744 infk and has an effective
prestressing force of 123 kips. The stresses in the
concrete, reinforcing, and prestressing are to be determined.
,Ihqaddition, the Qltimate moment capacity is to be found.
This example is given on pp. 100-104 of Nilson (189). Note
that discrepancies between this solution and that given by

Nilson are due to the approximate calculation of R by Nilson.



oy _ . I _ I } . _ _ o
30" 4 : unicracked concrete. centroid
: o 17"
3 Yy
Ki9%l — . s IR 5
8"-1 o9 Ap= 0.863in
1. S'rzi| ® @ [Ag= 1.57in2
y . y y 3 :
, ‘eu"
4 0
(o“), uncracked cross section
. 4 ’ 7 .
» A - [ . : " A . Y
S o _15 ) Y¢,=772" |
4" __..._.._..- c—— e |y=
cracked - concrete centroid
‘ TR R TR f _ ) B
: 27‘ 25 S ' Cracked 'nemrol axis. .
y . | ‘
: > Np Ap=6. 46in : fn/n
p Ap* . —1'p
S - ng Ag=12.61in° [ fsln:
. (b) cracked transformed . ~ (c) concrete stresses

cross section: S

- Figure 5.10 i Par iallyhpbqstnéssed T‘beam



~ Auc

Es

M = 3744 in-K
b = 4 in bt = 16 in b2 = '8 in
d =30 in d1 = 5 in d2 = 8 4p
) 'f
Es’ = 0'Ksi As’ = 0 sq in \'dsf = 0.in

= 29000 ksi ~ As = 1.57 sq in ds = 27:in
Ep = 27000 Ksi Ap = 0.863 sqin  dp = 25 in
Ec .= 36471 ksi

& :

fe! = 4ksi  fy' = 60 ksi fpu = 274 Ksi
__________________________ w

Determine modular ratios:

ns = Es

; P

= 29000 = 8.03
Ec = 3641
= £p = 27000 = 7.48
~Ec ' 3641

Determine factors (gross section):

bd+ (bi-b) d1 + (bJ-b) d2

Auc =
=4 x30+12x5+4x8

Auc = 212 in
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3
Quc = 2782 in F
3 , 3 . & 3
Iuc'= 1/3 b d + 1/3 (b1-b) d1 + 1/3 (b2-b) d2
+ (b2- b) d2 d' (d-d2) / |
'3 3 3.
luc'= 1/3 x 4 x 30 + 1/3 x 12 x 5+ 1/3 x 4 x 8
| + 4 x8x 30X 22
' 4 ,
Iuc’ = 58303 in

- Determine section properties:

yt = Quc = 2782 = 13.12 in
%UE 7212 -

d - yt'= 30 - 13.12 = 16.88 in

) 2
Auc@; 212 in

2 . -2 4

luc = luc’- Auc yt = 58303 - 212 x 13.12 = 21795 in
St = luc = 21795 = 1661 in
yt 13.12 :
.3 '
Sb = = 1291 in .

luc = 21795
wyb  16.88
Determine‘craéking'moment:'
’ 1
(Sb/Auc + dp .- yt) + N‘(Sb/Auc)

123 (1291/212 + 25 - 13.12) + 0 = 2210 in- K < 3744 in-k

Mcr

Mer

The sectvon has cracked since - the serv1ce %Bment exceeds the-
cracking moment :
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e

> s W WwW R K.

1 ’ : .
%@etermine fictitious external force:

: 2 s
] e )
R =.;23 {1 + 270?8 : 0. 863 [ + gz?-13.;%%2]} =131.95K
Determiﬁé.resultaﬁt férées: |
N =N +F=0+131.9 = 131.9 k.
M= M - N yt - Fdp=23744 - 0 - 131.9 x 25 = 446.9 in-k

Determine neutral axis of cracked section:

(b’ -b)- d’ + (ns -1) As’ + ns As + np Ap
= 12 x.5 + 0 + 12 61 + 6.46 = 79.06

1/2 (b’?b) dzﬁizﬁnégjd) As’ ‘ds’  + ns As ds + np -Ap dp
. 2 : '

= 1/2 x 12 x 5 + 0 + 12.61 x 27 + 6.46 x 25 = 651.8

= 1/3 (b’-b) d' + (ns’'-1) As’ ds’ + ns As dg + np Ap dp.

. 3 2
= 1/3 x 12 x § + 0.+ 12.61 x 27 + 6.46 x 25 = 13730

3

\ . o 9 : ‘ o | ;wﬁ”lﬂ
1/6b Ny + 1/2bMy + (BN + kM) y - (¥N +,8M)%'.

e B
1/6 x 4 x 131.8 x y + 1/2 x 4 x 446. 9 Xy

"+ (651.8 x 131 9 + 79.06 x 446 9) y
- (13730 x 131.9 + 651.8 x 446.9) = 0



-y = 13.93 in (Four cycles of Newton-Raphson iteration yield’
, a value of y which is accurate to 0.1%)

Determine stresses:

fc = ‘My
) 3 o
1/6by+ By - ) ,
fc = 436.9\x 13,83 = -2.192 Ksi

1/6 x 4 x 13.93 + 651.8 x .13.93 - 13730

fs = -ns ds - y fc = -8.03 x 27 - 13.93 x -2.192 = 16.510 ksi
y 13.93 o

fp = -np dp - 2 fc + R
. Yy .

o = |

Fp = -7.48 x 25 - 13.93 x -2.192 + 131.0

| B N 0.863

fp = 13.000 + 152.800 = 165.800 ksi \

- e e e e e e e e e e e e e

(1) Assume a = d/10"= 30/10 = 3.0 in =
after 8 iterations &= 7.53? in
(2) Find location of meutral axis

¢ = a/f= 7.522/0.85 = 8.850 in

(3) Find strains ¢ o
. es z 0.003 ds - ¢ S "
. O o | N S
es = 0.003 .27 - 8.850 = 0.0062
T 8.850 :



(7)

‘Determine ultimate moment capacity

0.003 25 - 8.850 + 131.9

ep =
‘ 8.850 27000 0.863
ep = 0.0054 + 0.0057 = 0.0111

Find stresses

fs = Es es = 29000 x 0.0062 = 179.8 > 60.0 Ksi

fp = 245.8 Ksi (from Mattock equation)

Find forces

T2 = As fs = 1.57 x 60.0 = 94.2 K
T3 = Ap fp = 0.863 x 245.8 = 212.2 K
Cl. = -0.85 fc’ b =0.85x 4 x4 = -13.6 K/in.

€2 = -0.85 fc' (b1 -b) = 0.85 x 4 x 12 = -40.8 k/in

Find a’
since‘a > di
-(T1 + 72 + T3 + C2 x di1)/Ct

!

a

!

a
d =dl =5 in
Check tolerance

' a'- a ' '7 £26 - 7.522| = 0,0005 < 0.001
a’ "7.526 B R

a = 7.526 in

2 2

Mu = # (T1 ds'+ T2 ds + T3 dp + C1 a/2 + C2 d'/2)

Mu = 0.9 (0 + 94.2 x 27+ 212.2 % 25
- 13.6 x 7. 525/2 - 40. 8 X 5/2) = 8257 in-k

-(0 + 94.2 + 212.2 - 20.4 x 5)/-13.6 = 7.526 in



The purpose of this example is to show how the procedures
discussed in this chapter can be applied to a typical
design. The structure considered here is the Islington
Avenue extension in Toronto (Figure 4.19). 'It is necessary
to check the completed structure in the longitudinal
direction for the combined effects of self weight,

super imposed dead'load,'live.load, témperéture. and
prestress. ‘NormaTIy, one would con;fder‘the ®ritical
sections at the support and at hidspan. Since the structure
is built by the method of balanced cantilever, the loads
occurring at the supports (piers) during construction are
much more severe than those acting>onvthe completed |
strucfure. Therefore, only. the section at mfﬁspan has to

be considered. ' | ‘
" o o 4& -
For the purpoée of ana1ysis,“the%box girder cén.be

transformed into a general I-girder as shown in Figuref®. 11,

4

The‘fb]]owing\pertihent dimensions can be defined:

95.50 ft
0.823 ft

45.00 ft b2
0.973 ft  d2

3.0 ft b1

o)
"

[oR
"

7.5 ft  di

" The prestressing consists of 18 - 12/.6 tendons having
_ 2. . .
an area of 0.345 ft and a distance from the top of 6.951 ft.
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Ine material properties are as follows:

fc' = 6 ksi = 864 Ksf
fpu = 270 ksi = 38880 ksf
Ec = 4696 ksi = 676200 ksf

= 28000 ksi = 4032000 ksf

Ep -

The TOedings considered are self weight, super imposed
dead load, live load, temperature, and prestress. The
effects of self weight prestress; and temperature come
from the computer program TIMEDEP while the effects of
the super1mposed dead load and llve load can be obta1ned

from any one of a number of existing programs

The temperatdre load corresponds to a linear gradient over
the top slab with a temperature d;fferent1a1 of 72 F.
Figure 5 12(a) shows how the thermal stress d1str1but1on
acting on the section can be broken down 1nto 1ts

component form..

A compliete enalysis of this section reguires the
consideration of both the working stresses (énd their
effect on serviceability) and the u1t1mate strength With~
respect to working stresses, two 1oad comb1nat1ons must be
considered, depending on whether or not temperature is
included. With regard to ultimate strength “temperature is
usua]]y un1mportant (137), and only one 1oad combination ?

must be cons1dered. The loading 1nformat1on is summarized
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as follows:

e e o e e o = o e e

(1) AASHTO load case I (D + L @ 100%)
Self weight 27060
Superimposed dead load 7961
Live load 16496

M = 51517 ft-K

(2) AASHTO load case 1V (D + L+ T @ 125%)
Self weight 27060
Super imposed dead load 7961
Live load 16496 °
Temperature 2504

M = 54021 ft-k
- Temperature N = ‘4382‘K
B

Lo

(1) AASHTO load case I 1.3 (D + 1.67 L)

Self weight 27060 x 1.30 = 35178
Super imposed dead load 7961 x 1.30 = 10349
Live load 16496 x 2.17 = 35796

‘ Mu = 81324 ft-K

Let us expla{n how .the bending moment and axial force

due to temperature have been determined. The bending

moment (2504 ft-k) is the sum of the primary and secondqry
bending moments. The axial force (4382 K) is that acfing

at the centroid of the section and which is counteracted

by an equal and Sﬁbosite force in the top slab. This equal
and opposite force produces a triangujar stress distribution

which is added in by hand to the stresses acting on the
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section (Figure 5.12).

Note that the secondary moment of prestressing is normally
multiplied by a load factor of 1.0 and included bhere.
However, the secdndary moment of prestressing is not

available for this case and consequently cannot be included.

- With respect to the working stresses, the section is
~uncracked under AASHTO load case 1 (Figure 5.12(b)) and i"
cracked under AASHTO load cage 1V (Figure 5.12(d)). The
1compressivé stress in the'concrete'is within the accepg§ple

range for 1oad case [. However. the compressive stress

of 436.5 ksf for load caée IV is slightly over the

allowable 1imit of 864 x 0.4 x 1.25 = 432.0 ksf., As a

matter of ihterest; Figure 5.12(c) is included to show

the incorrect stress distribution that is obtained when

the uncracked section is used for load case IV. Note how

much the neutral axis moves up when the se: {inn cracks!

With regard to the ultimate strength, a moment capacity of ;ﬁ;&;,
79600 ft-k is calculated while the moment required is 81324 ‘“ﬁhx
ft-K. Since this is a little 1ow; some bonded auxiliary |
reinforcement'(unstressed tendons) could be added to make

up the difference.

The cracking, fatigue, and deformation should also be

checked to complete this example. A crack width of
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0.011 in is calculated, while the acceptable value is

1 0.013 in. Fatigue is not a problem since the section is
uncracked under live load. Only in the uncommon case of
maximum live load and temperature acting together is
theré cracking. Sincevthe cracking occurs over a very
limited length, the effect on the deformation of thé

overall structure is minimal.
5.8 Conclusions

This chapter has deve]oped the computer program PREBEAM
for the analysis of- partlal7§ prestressed concrete beams,
subgected to axial force as well as bending moment. Both
service load and ultimate strength behaviour have been
considered. Numerical examples have il]ustrated\the

versati]ity and accuracyvof'the program.-



6. CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

This research has provided a methodology for the analysis
- of prestressed concrete seémental bridges. To maximize
the design efficiency, the analysis of the br1dge is
uncoupled into two parts; the first part considers the
time-dependent analysis of a segmental Bridge under
.construction while the second part deals with the
approximate three-dimensional analysis of‘a completed
'segmental bridge. The time-dependenf ahalysis gives the
longitudinal flexural requirements at each stage of
construction, while the three-dimensional analysis gives
the requirements for transverse flexure as well as
longitudinal shear and torsion in the completed Structure.
The computer/6rograms TIMEDEP and BOXGIRD have been
developed to handle the time-dependent and three-

dimensional analyses respectively.

TIMEDEP gives the time- dePendent effeats of creep and g
shrinkage in the concrete aé well as relaxation of the i
prestressing. The loadings considered are self weight,
prestress, construction loads, and temperature. The
program is based on the direct stiffness method. The

method of éuperposition is used to determine time-

dependent effects. In the present version of the program,
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creep and:shrinkage are based on: the recommendation of

ACI Comm1ttee 209 while relaxation is glven by the

express1on of Magura, Sozen, and S1ess ‘ The program can .

\

, eas1ly be mod1f1ed to handle other mater1al and analyt1cal

‘models

PO

The program is eas1er to use: and computatlonally more
eff101ent than other s1m1lar programs The amduht of. 1nput
requ1red for an analys1s has been greatly reduced and

s1mpl1f1ed By us1ng untransformed sect1on propertles in

the analys1s, the number of Operatwons requ1red has been

substant1ally reduced The computatlonal eff1c1ency has m

also been vastly 1ncreased by us1ng D1r1chlet ser1es for

: the e&t1matlon of the effects of creep The analy51s for
";thermal effects is. greatly s1mpl1f1ed by 1ntrodu01ng the -

1ntegrals 51 and S2 as sect1on propert1es . The number of

J

, operatlons is ‘also reduced subs%ant1ally by mod1fy1ng

: the ex1st1ng\iquat1on solver rather than by mod1fy1ng the

.analys1s to suit the ex1st1ng equat1on solver

BOXGIRD gives-a three- d1men510nal .analysis. of a box g1rder

‘ebr1dge The load1ngs cons1dered are self we1ght

‘super1mposed dead load truckeloads, lane loads |
‘::temperaturev andvprestresslng The program ut1l1zes

folded plate theory and is based on the d1rect stwffness
'tmethod | Element st1ffnesses are evaluated by the equat1onsi

’of Goldberg Leve wh1le the loads are g1ven by an

.

.. .

=y



,fpprqprtate‘number'of‘FOUrier series‘terms For comparison
Purposes, a unit length of structure is also analysed with

plane Frame theory

!
'

Although simply supported structures can be handled exactly,
it 1s computatlonally eff1c1ent to treat cont1nuous - ‘h"
structures in an approx1mate manner W1th respect to
transverse flexure, the d1stance between ‘the dead load
glmflectton po1nts of - the cont1nuous structure ‘can be taken
-as the span length for the: s1mply supported structure and

the results can be found at m1dspan WW1th regard to

long1tud1nal shear and tors1on, trf" ;'ual Span length of

r

the cont1nuous structure can be taEM as the span length

. for the s1mply supported structure and the resulte can be
found at the po1nt under cons1derat;on S1gn1f1cant u
sav1ngs 1n-computat1onal effort (100 ‘to 1000 ttmesk can

be real1zed with only a 5% to 10% loss in accuracy by
‘ 11m1t1ng the. program to simply supported structures
.. This research has,also prOVided a methodology f,ornthe~
analysis of‘partially prestréssed concrete'sections |

S1nce part1al prestress1ng can be def1ned as the general
case whose extremes are convent1onal re1nforced concrete
}‘and fully prestressed concrete, the development of symple
analys1s procedures has a wide range of appl1cat1on These
1nclude (butvare not ljm1ted_to),the longitudinal and |

‘transverse analysis of segmental bridges having prestressed



- and/or conventional reinforcing.

~New ‘computational techniques have been developed for the

(1) uncracked sect1on analy '”’h32) cracked section

:analy51s, ‘and (3) ult1mat5‘ ‘hﬁoth analy31s The
_serv1ceab1l1ty criteria of crack1ng, fatigue, and

‘-deformat1on have been examined. The ‘computer program

- PREBEAM has’ been develoaﬁd for the analys1s of part1ally

prestressed concrete sections. %W~

EY‘ a -

A\ | o ﬁx: ,r{.

6.2 Recommendations for further study

The following tobiCS related.to t ime-dependent behaviour

are worthy of some additional consideratlon:

tll It 1s)necessary\to correlate eXper1m@ntal and
analytical results. for creep, ShPanage and
relaxat1on of. real’ structures '

(B 1t may be deslrablelto 1mplement different material

‘and/or analyt1callmodels in the computer PrOQram.

(3) It is necessary to reflne’theltreatmentfof o
'prestressing ln the computer program as discussed in
Section 3. 6 4, v | | | o

‘(4) Span by span construct1on for cast-in- place structures

-, and 1n¢remental launch1ng could be considered: by

'1nclud1ng concrete layers in. the computer program.
However , 1f concrete layers arevgncluded the overall

numer1cal,eff1c1ency of the program w1ll be reduced

L30
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The cdmpUter program TIMEDEP has beehﬂspecifically written

.

in mgdular form so -that enhancements and modifications can

£§W19 be made
‘ !9 zl "W : o
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% 'IDENTIFICATION

%
™,
I

ot TIMEDEP: Time Dependent Analysis 6f Segmental Bridges
‘ Programmed by K W Shushkewich, Jan 1984.

- PURPOSE

The program computes the node displacements, element forces,
element stresses, and support reactions for two-dimensional
segmentally erected structures of arbitrary shape subjected
- to the time dependent effects of creep, shrinkage, and
relaxation. The loads considered at each stage of erection
are self weight, prestressihg, construction loads, and
thermal effects. '

RESTRICTIONS
‘Dimension statements 1imit the program to structures with no
more than 200 nodes, 200 elements, 20 cross sections, and
300 pregtressing tendons. In addition, the storage occupied
‘ by the structure stiffness matrix may not exceed 4000 '
. Qél.ocatfons. THe capacity can easily be expanded.

DESCRIPTION _ iy
. The program is based on the direct st'iffness method.
* Dinichlet series are used with the method of superposition
to.determine time dependent effects. Creep and shrinkage g
are based on the recommendations of ACI Conmittee 208 while *
- relaxation is given by the expression of Magura, Sozen, and
Siess. The program can easily be modified-to handle other
creep and shrinkage models. . P

" STRUCTURAL IDEALIZATION

Ao

- . The structure is®defined by a series of nodes (joints) .
,: connected by one-dimensional elements (members) posﬁsssing,
- ybpth flexural and-axial stiffness. The nodes must be -
“humbered, and this numbering should be chosen-to minimize -
‘- the.largest: node number difference within the elements.
% The eleménts'must also be numbered, but in any convénient
‘ manner. % : v '
Two right-handed orthogonal Cartesian coordinate systems are S
rused: . , _ . '

(@) Global system (X,.Y,Z) - An arbttrary point is chosen as

© the origin such that the structure lies in the X-Y plane.
Node displacements and support reactions are expressed
in the global system. : ‘

v ~
-
/ Y
. v . . Co. i
R . ¢ -~

/ . | - ' '\S
/ ’ . : : ) Ry : t".’
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Local system (x,y,z) - Each element has a loca]
coordinate system whose x axis is directed along the
centroidal axis of the element from node I to node J.
The global Z and local z axes have the same direction.
The local x and z axes define the direction of the local
y axis. Element forces are expressed in the local system.

UT DATA

%ollowing seauence of datéﬂnumerically defines the

problem. Consistent units must be used.

A.

B.

C.

“é.a
RS

PROBLEM TITLE (20A4) - One card © A o
Columns 1-80: Problem title to be printed with output

, a

CONTROL INFORMATION (915) - One card

Columns 1- 5: Number of nodes (max. 200)

' 6-10: Number of elements (max. 200)
11-15: Number of sections (max. 20)
16-20: Number of ‘prestressing tendons (max. 300)
21-25:  Number of construction stages (no limit)
26-307" IFLAG 0=echo check 1=production run
31-35: JFLAG Beelastic analysis 1=time dependent
36-40: KFLAG O=continuous beam 1=plane frame .
41-45: LPLAG O=ignore stresses 1=print stresiaf

CONCRETE PROPERTIES (8E10.0) - One card
Columns 1-10: Compressive strength (at 28 days)
" 11-20: ‘Modulus of elasticity tat 28 days ).
-21-30: @Poisson’s ratio
. 31-40: “Mass density:
"41-50: Thermal coefficient
51-60: Creep coefficient
61-70: Shrinkage coefficient
71-80: Curing period i(days)

PRESTRESSED STEEL PROPERTIES (7E10.0) ard :
Golumns 1-30:  Modulus of elasticity | S - ; .
11-20: Guaranteed,ultimade tensjle strength .

21-30:  Yield stress (at 1% extension) @

31-40: Friction coefficent ' 8 \
41-50: Wobble coefficient e e
51-60: Anchor set : .
61-70: Relaxation coefficient .%‘

. NONPRESTRESSED STEEL PROPERTIES (3E10.0) - One card

Columns 1-10: Modulus of elasticity’
11-20: Area . ‘ | ‘
21-30: " Eccentricity , ~ - e

(//{ o N B
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F. SECTION DATA (15,5X,8E10.0) - One card for each section
Columns 1- 5: Section number ' ‘ ‘
11-20: Section area ©e : T
21-30: Moment of inertia '

31-40: Distance to centroid from top ‘ﬁﬁ‘ ﬂ
41-50: Section depth ‘ L
51-60: " Section width s o
61-70: Statical moment I
71-80: Thermal integral St " o .
81-90: Thermal integral S2 ’ T

continuous beam KFLAG=0 use section G

plane frame KFLAG=1 use section H and I,/

—------——~-_—--------.—--—--~_—-..—----~—s-—-—_---——--—~--

G. NODE & ELEMENT DATA (315,5X,2E10.0) - One for each node ' -

Columns 1- 5: Nede number .
- 6-10: Section number (default=1) o
11-15: Stage number
21-30: Segment length
31-40: Casting date

H. NODE DATA (15,5X,2E10.0) - One card for each node
Columns 1- 5: Node number , :

11-20: X coordinate

21-30: Y coordinate

I..ELEMENT DATA (615,10X,E10.0) - ‘One card for each ‘element
Columns 1- 5: Element number : .
6-10: Node 1 '
11-15: Node , - :
16-20: Section number at node I (default=1)
21-25: Section number at node J ,
(blank, taken as section no. dt node 1)
26-30: Stage. number Lo
41-50: Castimg date

J. PRESTRESSING TENDON DATA (415,10X,2E10.0)
One card for each prestressing tendon
Columris 1- 5: Prestressing tendon number

' 6-10: Element I ‘
'11-15: Element J

+

Y- 16-20: Stage number
31-40: Area :
41-50: Eccentricity @

I

K. STAGE DATA - One set of cards for eachlﬁtage

. (a) 'CONTROL INFORMATION (15,5X,310.0) - One card
Columns 1- 5: Stage number . : o : ,
11-20: Erection date . ' ) /
~ 21-30: Temperature at top ]
31-40: Temperature at bottom

-y m.
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(b) SUPPORT CONDITIONS (415) Lo
As many cards as necessary - use blank card to terminate -
Columns 1- 5: Node number
6-10: Support code in X direction 0zno support
11-15: Support code in Y direction 1=support. -
16-20: Support code in R direction o

(c) CONSTRUCTION LOADS (15,5X,3E10.0) ' t
As many cards as necessary - use blank card to term1nate
Columns 1- 5: Node number

" 11-20: X load |
21-30: Y load
31-40: Moment

L ”NEXT PROBLEM

Any number of problems may be entered and the data 1s
term1nated by two blank cards. ~

OUTPUT INFORMATION

The™ follow1ng information is printed at each stage by g%g?

»' of the input data
B. "Node displacsments

C. Element forces

'D. Elemeht stresses (opt1onal)

E. Suppqrt Reactions

}



(@) node diﬁcemenfs -
'y .

Q

A

0%
W

| \ \
M : JV\__ "

'*A/C\I/TM
"
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(_b)'element forces . Q
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Moment b X —~ Force

(c) suppor! reactions
i
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Figure A.1' Sign conver‘mons for node. displacemems
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.
10
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20

10

20

VFIBBIA!’TIMIDIP (INPUT  OUTPUT , TAPES2INPUT , TAPES=OUTPUT)

S ING ISP EE SRR I RSN RIS EA NS ERNOSEERNCUSNREENIREARANTUSEOERSINES
1

. t N .
s TIMEDEP: TIME DEPENDENT ANALYSIS OF SEGMENTAL BRIDGES .
* PROGRAMMED BY K W SHUSHKEWICH, JAN 1984. . L]
» b .

llll’l"ll‘.‘. Illllllllil.l.'l"..ll'lt'l.lr

COMMON /CNL/ DAT, TJH MED(20) ,T1,72 ,NESTAGE NST, IFL,JFL KFL,LFL
COMMDN /CON/ FC23,EC28,PR,ROD,TC, CIP SHR , TCUI NS, ANS Vll
COMMON /STL/ !Fl4FPU,?’V,F'J.FPl,FF!,FI!C,WBIL,I ,ILK

‘COMMON /SEC/ SA(20),51(20),8Y(20),8D(20),88(20),80(20),

17 s1(20), l!(!o),ll .
CDNHDN /MQD/  X(200),Y(200), KSUP(200,3), IH1(200),1HJI(200) ,NN
COMMON /EMT/ unnl(zoox.uona(zoo» ll!Cl(:OO),NI!CJl:O ) ,ECEF (200},

1 EA(200) ,E1(200),EY(2P0),XL(200),CO08A(20¢),81NA(200),

2 NSTG{200) ,8EGL (200} ,CDAT{200) ,EDAT(80) , HETL(200),NE
COMMDYE /PRE/ I!LI(SOO),HILJ(lool METC(300),APE(300),YPE(300) NPT
COMMDN /TYM/ DNR(200),DMR(200), Au(zoo 1., AM(!OO 3
COMMON /STF/ AKA(?OO,!,G),IKA(ZOO [ QP(IOO §),LM{(200,6),SHP
cCOMMON /FRC/ DPN{(200,3) ,FE(200,.8), 00),NIO,HIQND,NllL

COMMON 5K (4000 )

MaXLs4000 N !

CALL TIME(10,0,DAT}

CALL TIME( 4,0,TIM)

CALL READ

CALL ELMK . E .

DO 20 NST=t,NSTAGE ~

CALL STAC .

IF (1FL.BQ.O) GD YO 20 b

CALL SELF :

CALL PRES

CALL TEMP

CALL tfymE

CALL STIF(SK,NEQ MBAND)

CALL SDLV(SK,R,NEQ, MBAND, 1) )

CALL SOLY(SK R, NEQ, MBAND,2) . /

CALL FORC R .

CALL RITE

CONTINUVE

Gdo TO 10

END

SESBENESRRERS RN I ER ARSI ERBAREESERYSEERRIANSNAD TREEREINRTERY

SUBROUTINE READ

r gt

COMMON /CNL/ DAT,TIM, HED(20) 71,72 NSTACE NST, IFL, JPL KFL, LFL

COMMON /CON/ FC28,EC28,PR, RO, TC, CRP,SHR, TCUR, ENS, ANS, YNS

COMMON /STL/ EPS FPU, FPY FPJ FPI FPE FRIC WOBL,SEY RLX

COMMON /SEC/ s;(:o»,s)(:o).:vtzov.sn(zo».sl(zor.:o(zo>,

R $1(20),$2(20),%8

COMMON /NOD/ X(206),Y(200),KSUP(2Q0.3),IHI(200),1KJ(200),

COMMODN /EMT/ uﬁh‘(zou).uoou(:oo) NsEC1(200), us!cu(zoo).l:lr(zoo)
t EA(200),.E1(200),EY(200),XL (200} ,COSA(260) . SINA(200),
2 KSTG(200) ,SEGL (200) ,CDAT(200), €DAT(80) KSTC(200) , ME

COMMON /PRS/ MNEL]I(300) ,NELJ(300) MSTC(300) APS(J00) ¥YPE(300) NPT

COMMOMN-/TYM/ DNR(200),DMR(200),AN{200,3),AM(200,3)

CDMMON /STF/ AKA(200.8,8),EKN(2Q0,6,8),RP{200,6),LM(200,

COMMON /FRC/ DN(200,3).PE(200,8} . R(800), NEQ. MBAND MAXL

READ 4 WRITE CONTROL INFORMATION

READ ~ (5,10} HED NN, NE NS NPT, WSTAGE,1FL.JFL KFL, LFL

“FORMAT(20A4/818! )

IF (NN.EQ.O) CALL EXIT <
WRITE (6,20) DAY, TIM, HED, NN, nz NS , NPT, NS TAGE )

FORMAT(4SH1TIME OEPENDENT Aunuvsxs OF SEGMENTAL BRIDGES/ ¥ 5
1 1H ,SHDATE: A8, AX,GHTIME: ,AS///1H ,20a4/// 5
2 31H NO. OF WODES Yy :

3 314 NO. DF ELEMENTS =, 14/
4 31K ND. OF SECTIONS 2,14/
s 31K ND. OF PRESTRESSING TENDONS =, 14/
0 31H NO. OF CONSTRUCTION STAGES »,18//)

30

40

50

[ 3]

READ & WRITE ﬂATIIXAL ‘RG'!ITIIS

RIAD (8,30) Frc2s, EC23,PR, R0, TC,CRP, SHR, TCUR,

© EPS.FPU.FPY,FRIC,WOBL,.BET,RLX,ENS  ANS, s
Fﬂlﬂl?ll!\O o/1E10. o/:!|o o)
FPUSO . 4sFPU
FPIuo . TeFPU
FPERO . SsFPU
WRITE (8,40) FC28",EC28,PR, RO, TC,CRP, BHR, TCUR
FORMAT(21H CONCRETE PROPERTIES://

’

) 4%H COMPRESSIVE STRENGTH (AT 28 DAYS) =, E12.4/

2 ASH MODULUS OF ELASTICITY (AT 28 DAYS) . 212.4/

3 44 PRISSON'S RATYID PN =, E12 &/

4 45H MASS DENSITY . . O ., E12.4/

5 asH TH!IHAL COBFFICIENT . . . . o« « . . .. %, E12.8/

s asH EEP COEFFICIENT Lo . =, E12.4/

7 ASH l RINKAGE COEFFICIENT =, E12.8/ 4

[ 4%H CURING PERIOD (DAYS) . . . . . . . . . . . =,E12.4/)
WRITE (8,8p) EPS,FPU FPY, FPJ FPI FPE,FRIC WOBL SET, RLX
FORMAT(3OH PRESTRESSED STEEL PROPERTIES:// .

1 A%H MODULUS OF ELASTICITY . ... =, E12. 4/

2 45N CUARANTEED ULTIMATE TENSILE STRENGTH . . . s, E12.4/

3 4SH YIELD STRESS (AT 1% EXTENSION) L. . =, E12.4/

4 48H JACKING STRESS (O.8sFPU) LE12.4/

s CA%H INITIAL STRESS (O.7sFPU) LE12.4/

€ / 88H EFFECTIVE STRESS T JE12.8/

7 ? 4SH FRICTION COBFFICIENT . . . . . . . LEV2.8/

[ " 48K WOBBLE COEFFICIENT . LE12.4/

[ 4%H ANCHOR SET . B LJE12.8&/

1 4BH RELAXATION CDEFFICIINT LE12.4/)

WRITE (8L, 80) ENS,ANS,YNS
FORMAT (33K nonrl!svnzss;n STEEL PROPERTIES:// .

1 AEH MODULUS OF .ELASTICITY . . L. . =L E12.4)

2 45H AREA OF REINFORCEMENT . E12.4/

3 4%H ECCENTRICITY OF REINFORCEMENT LE12.4)




b e .

114
118
118

4oty
118

BRI}
120
121
122
123
124
128
128
129
128
‘129
130
131

132

167

189

204
- 205
208
207
203
209
230

212
213
214
218
216
217
218
219
220
221

222

223

22%
. 228

nnN-

nno

fnn

ann

nno

1
‘10

1
1

1

2

3

80

100

‘120 HSECJY(

130
140

"READ (8,

1
180
180
170

1

‘2

180 PDINAY(//]JH ELEMENT DATA/82X, THCASTING/
IN !LMT 3K,BHNOD-1,3X , EHNOD-J, 33X SHSEC-],
X, TH LINGTN ’x, 7N W!IGHT $X,7H

1
2

READ & WRITE SECTION DATA
READ (%8,70)

{m, IA(M) s1(M),
FORMAT(18,8X, 8E10.0)
WRITE 1lu.o)

(N, BAIN) BI(N),
FORMAT(//13K SECTION DATA//
SH SECT, 14X, 2HAC,

145, 2H8C,
(16,8E16.4})
DD 8% Nx NS
1IF (SB(N).KQ.0.0)
cCoNTINUE’®

14X ,2M0C,

READ § WRITE MODE AND. ELEMENT DATA .

IF (KFL.E®.1) GO TO 130
READ (5,80) (M NSECI(M)
FORMAT(3IS,8X,2E10.0)
X{1)e0.0

DO 100 N=i,NE -
K(Ne1)aX (N} SEEGLIN)

DO 110 N=1,

Y(N e-SY(NSECI(N))

00 120 Nx1,NE

NOD1I(N)I=EN

NODJ(N)ImN+T

NERCT (N+1)

GO TO 18O
READ (8,140}
FORMAT(I§,8X,2810.0)
180)

(M, N0D1 (M)
FORMAT(S18,10X,210.0)
WRITE (6,170) (N, X(N)
FORMAT(//10KH NODE DATA//

SH NODE, 11X, BHX-ORD,

(15,2E186.4))

WRIYE (6,180}

Do 200 Wx1,NE

?

IF (NSECI(N).
IF (NBECJ(N)
R1=NODI(N)
NJ=NODJ (N ) v

NS IsMSECI(N)

NEJUSNSECJUINS .
IA(N)I(IA(NSIIOIA(NSJ))/Z ]
EX(N)=(ST(MNS])eg)(NSU)) /2. 0"
EY(N)B(SY(NE]1)*SY(NSJ)) /2.0

€¢.0)
.2Q.0)}

i
SY(N),SD(N)

SY(M) ,SD(M),BB(M) , S50(M), l‘(N).l!(N)

3 %
JEB(N),S0(N) ,S1(N) B2(N)

SB(N) w1 EetS

’

SMETG (M} ,BEGL (M)

,NODJ (MY, NSECI (M) ,NSECJ (M)

JYAN)  Me

NSECIIN)x
NBECJ{N)=NSECI (N}

14X ,2HIC, 14X, 2HYC, Ill 2MDC,
14X,2HS1,

14X, 2K827/

s

(™, I(N),V(M),Nl1 NN)

JNSTG (M)

LR

11X ,BHY ~DRD/ . .

oATE)
‘

III.II)_

Jwey Nz

JCOAT (M), N=1 NN)

B

LEDAT (M), We1 NE) «
/ :

AX,BHSEC-J,3X,SHETAGE,

DX®X{NJ)=XINI)
DY®Y(NJ}I=YI(NI)
SEGL(N)SSORY(DXsx2+DY
"SEGWSROSEA(N)=SECL(N)
WRITE (8, 180) N
190" FORMAT(I5,818,2816 .4,
200 CONTINUE

READ & WRITE PRESTRES

IK (NPT . EQ.'O} GO YO 2

READ (8,210) (M NELI
210 FORMAT (415 ,10X,2

WRITE (8,220) (N, NEL)
220 FORMAT(//28H PRESTRES
BH TEND, 3IX,SHEMY-1,
12X, AHAREA,AX,
{(1%,318,2B18.8))
230 CONTIMNUE

4
un -

FIND LOCATION MATRIX

0D 240 N#1 ,NE
LM(N,1)=3IsNODI (K)-2
LM(IN,2)uM(N, 1)+
LM(N,J)sLM(N,2)+1
LMK, 4)=3=NODJI(N)-2
. LM(N S)SLM(N, &)1
2840 LM(N,B)=LMIN, B+t ~
DETERMINE BANDWIDTH

NEQ=I=NN
MBAND=O
DO 280 N=) NE
MM= TABS (NODI(N)-NODJ(
1F (MBAND.LT.MM)

280 CONTINUE
 MBANDEI® (MBAND+1)
WRITE (8,2

280 FORMAT(//13H NO.

LuNEQ®MBAND
IF {(L.LE MAXL)
WRITE (8,270)

G0 TO

270
caLL EXIT
280 CONTlNUE

DO 290 1m1,N
DO 290 Jwi1,3
KSUP(],J120.0
ON(],J)=0.0
DO 300 1=t NE
ECEF(1)=gC28
0o 300 Jxi,§
300 FE(],J4)up.0

2%0

NOND LN,

INITIALIZE NODE DISPLACEMENTS

=22)
NS ,KSEJ NSTG(N)
F12.1)

SING TENDON DATA

3o
(M) , NELJ(M) METGCiM),

10.0)

(M), NELI(N) MESTCUN),

SING TENDON DATA//

3%, SHEMT-J,3X,BHSTACE,
“

!IKICCIIT!ICITV/

LY}

MBAND = MM

) NEQ,MBAND
OF EQUATIONS '»
1 19H BANDWIDTH

ll/
14

280

FDIMAT(///ZTH STIFFHESS MATR!X TOO LARGE) '

JBEGL(N),

APS (M)

APS (N)

‘ELEMENT FORCES,

SEGW, CDAT(N)

LYPSEM)  NHEL NPT

YRS (M), NEY , NPT

& SUPPORY CONDITIONS

N

i



281

2%

271
272

282

XN

328
326
327
323
29
3o
aa
332
333
334
338
336
337
338
339

nnn

RETURN o ' L Cc

e - - - '
...’. L8 1]

SUBROUTINE STAC

COMMON /CNL/- DAT TIim, HID(IO).TI T2, ,M8TAGE, Il? 1rL, JFL KFL,LPL
,PR/RO, TC, ;I' SHR ,TCUR, lll !Nl VIS
NO/STL/  Ers FPU, V’V‘FPJ PPI.FP! FRIC,WOBL, l!T lL11
/sEC/ SA(’O) $1(20),8Yi{20), 80(20).!'(20) 80(20),
S

col
. Come
4 . 51(20).52(201.N8

CD&N Jean/ PC}O u:

COMMON /MODY X{200),Y(200),KSUP(200,3),IHI.(200),1HJ(200) NN

ssesnebksnnssesnas

. COMMON /EMY/ 'NOD1(200),MODYJ(20Q),NBEC](300) ,N8ECJI(200),
1 : AA(200) ,81(200),EY(200),XL(200), COBA(200),
2 - WSTG{200),88GL(200),CDAT(,200) ,BDAT(8Q)

COMMON /PRE/ RELI(300) , MELJ(3O0) METG(J00) , APS(300)
COMMON /TYM/ DWR(200),DMR(200% ,AN(200,3),AM(200,3)

COMMON /STF/ AKA(200,8,8),EKA(200,8,8),RP(200,8),LM(200,8) 8NP
COMMON /PFRC/ DBN(200,3),Z€(200,8),R(800),NEQ MFAND MAXL

‘ COMMON /ABC/, 1JKSTG(R00) -
INITIALIZE STRUCTURE LDAD VECTOR

PO 10 I=1,NEQ i ‘
10 RiT)=6.0 .

INITIALIZE ELEMENT LOAD VECTOR

< DO 20 Is=1,NE .
P0 20 Jm,8 .
20 RP(I,J)m0.0 - L

WRITE HEADING -~

READ . (¥,30) MST, EOAT(MST+1), 71,72

30 PORMAT(1E,8X,3E10.0) N :
EDAT(1)sEDAT(Z} Lo
IF (M3T.EQ.MST) Eo TO SO - :
WRITE (6,40} N

N

40 PDRNAT(“N‘BATA ouT DoF 8!00.':! - IXICUTIDﬁ TERMINATED )

CALL EXIT . -
B0 WRITE (l.lo)’DAY.T}M.N!D.lST,lDAY(N!T‘!),Y|.72 '

60 FORMAT(ASKITIME DEPENDENTY ANALYSIS OFf SEGMENTAL BRIDGES/

1 1K ,GHDATE: ,AS,4X , CGNTIME: _A8///1H ,L2084//
2 8H STAGE =,13,12X, 1SHERECTION DATE = ,F7.1///
3 24H TEMPERAYURE AT YOP . =, rs.1/
LI 24H TEMPERATURE AT IO;}’N «,F5.1)

READ 8 WRITE SEGMENTS 'ASSEMBLED
)

WRITE (8,70) ° R .

70 FORMAT(//19R SEGMENTS ASSEMBLED/ 28X, THCASTING /
1 SH ELMT, 3K, SANDD-1,3X,BRNDD-J, 8X, TN DATE)
DO 90 W= ,NE T
IF (NSTG(N).NE.NST) GO TO 80 . .
WRITE (6,80) N, NODI(N) . NODJ(N), COATIN)

80 FORMAT(18,218,F12.1) : -

20 CONTINUE - ‘ ) .

READ 8 ﬁllTl TENDONS STRESSED

"L LIF npT.€0.0) GD YO 130

WRITE (8,100} - ! 4

100 FDINAT(//!?N TENDONS STRESSED//

SH TeMD, 3K, SNENT -1, Ix, FNINT J)
BD 120 M1, NPT . -

1F lNSTG(N) NE.NST) CD YO 120 - . Lot

WRITE (8,110) N, MELI (N}, NELJIN) . ’ .
110 FORMAT(IS, 218) . .
120 CONTINUE

READ & WRITE SUPPORT CONDITIONS - -

130 READ - (§,140) N,1,4,K
140 FORMAT(418) s .
T IF (N.EQ.0) CD TO 1O . . .
<KSUP(K, T)=] 7 .
COKSUP(N,2)8d .
KSUP (N, 38K .
GO0 YO 130 . . . .
180 CONTINUE . »
WRITE (8,180)
180 FORMAT(//19H SUPRORT CONDITIONS//
1 :n WODE, 3X; BHK-SUP,3X, SHY-SUP 3X, SHR-SUP)
DO 180 Nui,
l-KSUD(N,\) :
JEKSUP (N, 2} i
KaKSUP(N,3)
IF (1.EQ.0.AND.J.EO.O.AND, i to o) G0 TO 180
WRITE (8,170) W.1.4.K

170 FORMAT(18;318) N ..

180 CONTINUE o

READ & wRiTE coul?nucrxnu LoADE
WRITE (8,180) y
190 PDINAY(//!IM CONSTRUCTION LOADS//

SH NODE, 10X, 6HX-LOAD 10X BHY-LOAD, 10K, SHMOMENT )

200 nle ($,210) N, RX,RY RM
210 PORMAT(IS,8X,3£10.0)
IF (N.EQ.O0) GO TO 230 ‘ '
WRITE (8,220) N,RX,RY RM
220 FORMAT(IS . 3E1S.4)
K=3e(N-1) .
RIK$1)IER (K1) +RX -
RIKS2)8R(Ke2)@RY
R(K+3I=R (K43 ) +RM
Go To 200
230 CONTINUE

PORM KESTGIN) * - ’ v

IF (IFL . E0.0) RETURN
DO 240 k=t NN

sesssmay
T

ECEF (200},
S$1INAI200),

,KSTE(200) , NE
,YPS(300),

1



240 KETG(N) 00

380 . L . . . K
381 po 280 wet, mn . T , "
342 17 (NBTGC(M).GY.NST) GO TO 280 . ; - . d
343 KSETG(MODI (M) e} . \ ‘. . .
48 KSTC(NODJ(N)})Im1 - . . : ’ . . N i
34 280 CONTINUE ~ 4 ) N - - .

E1]] < - - : : - . : ow '

247 c FORM - TUKBTGIN) ' T 3

348 c . B p . . .
349 DO’ 280 Wi, NE . . : L s ' .

Laso 1= ' . - . . ) . L . ) =
s Jut * . . : . ' '
gz - 1IF (NETGIN ) .GT.NST) Imo- ’ . "
Iss S IF (MSTG(N+1).GT NST) Jso-
isa ! IF (N.BO.NE) 4O N v '
ass 280 1JKSTYG(N)eJ-] - N ' N ‘
Iss [ , . T : . . . ' s

. 387 RETURN .

388 ¢ END
38y [ 4 --n---------u-----------------.-

380 SUBROUTINE SELF . . Y ' ‘

as ¢ ¢ ’ ®

382 COMMON /CNL/ DAT,TIM,MED(2®), 11,72, upvlnl NST, LFL, JPL KPL, LPL . »

383 COMMON /CON/ FC28,EC28,PR RO, T: CRP,SHR TCUR, E

354 COMMON /STL/ RPS,PPU,FPY FPJ FPI PPE,FRIC, wORL, SET,RLX

368 COMMON /SEC/ 5A(20),51(20),8Y(20).80(20),88(20).,80(20), - o !

388 1 $1(20),82(20), NS AN )

387 COMMDN /NDDY ~X(200).Y(200).KEUP(200.3). 1M1 (%00, 1us(200) 00 | R

388 COMMON /EMY/ MDD (200} ,N0DJ(200) ,NSECI (200} ,NSECU(2004, KCRF (200), \ . ' N

389 1. lA1:oov.llt:ooa;;V(:oo).xn(:oo» COSA{200),5INA(200) . :
370 2 . NETG(200) ,8RGL (200) ,COAT(200) ,UDAT(80) ,KSTG(200), M8 -

37 COMMON /PRS/ NELI(300),NELJ(300) .M8TG(300), Ars(:OO).vﬂl(:oO).urv : ! .

372 COMMON /TYM/  DMR(200),DMR(200),AN(200,3}, Au(:eov '

373 COMMON /8TF/ AKA(200,8,.8),8KA(200,8.8),RP (200,87, Ln(:ob i, aup L

:1‘ COMMON /rutlﬁ‘nu(zoc.:).rl(:oo,|).u noo) nNEQ, nlAno Max( co ¢ - )
Ts c . . o : ‘ “

378 € ADD SELF WEIGHT TD STRUCTURE LOAD vlqron R K : .

377 c “ : : - : . S

37s DD 10 W=1,ME . . >

37e IF (NSTG(N) NE.NST) GO TO 10 B : ' :

3s0 WIsRO*SA(NSECS (M) ) . P . e P

I8 WZERROTSAINSECJ(N)) - . ! -

382 WRiz- {7 Oewiel. o-wz)-xL(n)/zo ° R e ’

383 WRZa-(3.08W1e7 OeW2)eXL(N)/20.0 E N , . .

3sa WMIz- (5. OSWI+E OSW2)2XL (K)SX2/120 OsCOSAIN) : .

Iss | WM2e4+ (4 OUWIE OSW2)eXL(N)®®2/120 O0¢COBAIN) , . ) oo :

88 RP(N ST )ueWRI1eSINA(N} 3 - N

387 RP(N,2)ueWwRISCOSAIN) e Y . ' . o~
388 " RP(N,3)mewMmi : ) ; o0 ;

388 RP(N, &) woswR2eSINA(N) . . . ' : T ,

‘390 RP(N,B)weWR22COBA (N} . B - . :

3e RE(N,8)wowm2 . . . . . ”

382 Ka3e(NOBI(NI-1) -, - b ' s

383 R(K*2)BR(KSZ)eWR T S . "

384 ROKOT)uR (Ko ) owm ) : . AR e : A
395 Kx3s (NODJI(N)}-1) - N . " . o .
ass RI(K+2ZImR{K+2)oWR2 | o < , N ‘ B
397 R(K*ZIRR(K®I)oWMZ o . - )

398 10 CONTINUE L S . . C ) o
399 c : \ _ - . . g
400 RETURN _ - . o o

ac1 €N - . ' ) . B g L ’ )

a02 ¢ . sSssxssesensRN e SErsrEasTasBBEISENIEIRSBINASES : he .

ao3 SUBROUTINE PRES . - L

404 c B - L !

a0s - COMMON /CML/  DAT,TIM MED(20),T1, T2, MSTAGE NST,IFL, JFL KEL, LFL S, '

408 COMMON /CON/ FC28, EC28,PR, RO, rc CRP,SHR, TCUR, ENS , ANS, YRS L -

407 COMMDN /STL/ zds FPULPRY, FPU. PP FPE. FRIC. WORL, SET, RLX .

so08 CoMMON /SEC/ S$4(201,81(20),%Y(20),8D(20).58(26) ;30(20).

a0 N ' (20).82(20) . N8 ;

410 COMMON /%OD/ X(200),Y(200) .KSUP(200,3),IM1(200),]1NHJ(200), uN" . : i
ar COMMON /EMT/ WODI(200),N0DJ(200) ,NSECI(200).NSECJ(200), RCEF (200), Lo o . :
412 R s 2A(200),E1(200),EY(200),XL(700),COSA(200).81NA{200), : i

a3 2 METG(200) ,SEGL1200) ,CDAT(200) ,EDAT (80} ,KETG(200) NI . .

ara COMMON /PRS/ NELI(300) NELJ(300) ,MSTG(300), Arsr:oo).vrs(:oo) NPT e . L
a1s COMMON /TYM/ DNR(200),DMR(200),AN(200,3),AM(200,3) - ’ R -
are COMMDN /STP/ AKAY200,8.8),EKA(200,8,8),RP(200,8),LM(200, l),lnP : . ;
a7 CoMMan /PRC/ DN(200,3).FE(200,5) ,R($00),NEO,MBAND, MAXL - “ . , .
ars ¢ S22 . i '

ars € ADD PRESTRESS TO STRUCTURE. LOAD VECTOR . : . s

420 t - : . . . R

621 IF (NRT.EQ.0) RETURN )

az2 DO 20 M=1, NPT ; ’

az3 IF (MSYG(M) . NE.NST) GO TO 20 i

424 NISNELT M) s . i

a2s N2aNELJ (M) . i : 4 .

azs PaFPIsAPS (M) I C s
az7 0D 10 NeN1, N2 .o R - -

‘ azs K=3s (NODI(N)-1) . :

29 R(K+1)RR{KST)eP . Lot : o

430 l(KO:idR(KOI)O'l(VPS(M)-SV(NS!t!(N))) . L

a31. Ke3s (NODJ (M) 1) ; .o - . : -

432 R(K+TIaR(K+1)-P E » .

433 10 n(xo:)-n¢x¢:»-r-(vrs4u»-svvn;:c41uy)) - : , .

434 20 CONTINUE ~ : - - !

a3 c . . RS

43¢ RETURN N . -

437 EXD . ' : - v

438 [4 BERIEERIEEN SR P ENEWEE NSRS O RS EBEN N S RE ST RRIRUENNENANENRRER N o--* . .

a3y SUBROUTINE TEMP ’ .

as0 4 . . . ‘ !
aa COMMON /CNL/ DAT,TIM, HED(20),T1,T2, NSTAGE , NST I1FL, UFL KFL, LrL .
asz COMMON /CON/ FC24, EC28,PR: RO, T: CRP,SHR, TCUR, ENS, ANS , YNS .
as COMMON /STL/ EPS, FPU,XSY FPJ.FP1, PPE, FRIC,WORL,SET,RLX .

ae COMMON /SEC/ SA(20),51(20),8Y(20),50(20),88(20),80(20), ;

aas 1 . £1(20),82(20), NS L ’ . . -

aas COMMON /NOD/ X(200),Y{200) ,KSUP(200,3),1H1(200),iHJ(200) NN : . R .

a8 COMMON /EMT/ NODI(200) ,NODJ(200) NSEC!(200),NSECUI200), ECEF(200), : :

aas o ‘ EA(200) , E1(200),EY(2004,XL{200),CO8A(2007,51NA(200), O .

aas 2 NSTG(200) ,SEGL (2007 ,CPAT(200} ,EDAT(BO) ,KSTG(200), NE . - R
aso _COMMON /PRS/ NEL1(300) ,NELJ(I0Q} MSTG(300),APE(300),YPS(300), NPT s s
ag COMMON /TYM/ DNR(200),DMR(200),AN(200,3),AM(200,13)

as2 COMMON /STF/ AKA(200,8,8),EKA(200,8,8) RP(200,8),LM(200,8),8MP



B

’

. n a0 nan

n

nnn

.
CoMMoN /rlc/
_ &AnD TIHPIIATUII T0 STRUCTURE LOAD YECYON

ir (1| §0.0.0.AND . T2 .80.0. Ol l!?u.l
-D0 10 Wwi, NE .

IF (MESTG(N).CT .NST) GO TO 'fO : .
NSI1uNSRCYE(N)

NS JaNSRCU(N)

HlltillTCl(T|-72)'(l|(’I!)OI\(IIJ)’/I Q+EC2B=TCoTZSRAIN)

TMeRCR "tt(Y!-TI)'(lZ(HIl)Ol!(uld))lz °
RP (N, VISRP (N, V)TN
RP(N,JINRP (N, J)¢TM
RPN, 8)SRP(N.8) TN ‘
RE (N, B)aRmP(N,B)-TH
Ku3In (HODI(N)-1) .
C ORAKST)ARIKS 1)~ THOCOBA(N) .
T CRAR4Z)ER(K*2) ~TNSSINA (N}
R(R+I)INR{K*I)+TM oL
KeJe (NODJIN)-1) -
R(K$1)BR(KS1)4THLCOBA(NY
ARIKGT IR (K+2)1+THSsBINA(N)
RIK4Z)INR(K+3)-TH
10 CONTINUE s

RETURN S
‘END v -

B

DN (200, %) ,FR(200,8),R(000), M09, MBAND , MAXL

SUBROUTINE TYME .

COMMDN /CNL/
COMMON /CON/
* COMMON /STL/
commMon /SEC/ SA(209,81(20), l'(!bl.lb(zo).ll(lol
3 $1(20),82(20), :
COMMON, /NOD/ X(200),Y(20Q), xsur(zoo,:),lux(:oo>
COMMON /EMT/

: COMMON /PRS/
COMMON /TYM/
COMMON /STF/
commo /rg;/

AKA(200,8,.8),EKA(200,8,8) RP(200,8)

uxuln;xou Al3),2(3)
'DATA A /0.721892,0.877882,0.4
PATA T /0.1 - Qé \ .00

EC(T)=BORT(T/ (4 00eo ai-t)y-!czc
EC(T)=SQRT(T/(2.30+0.92e7))sRC28
EC(TImBORT(T/ (1. 00+0.88v7T) )eRL2S
EC(T)mBORT(T/(0.70+0.08s7))eRC28
CU(T)mi 282 (Tan (-0, [N
CUCT)I®=1.138(Tes(-0.008"))

/
/

+ CREEP(Y TO)=((T-TO)sn0.8)/(10 00((? TO)es0 . E))I*CUITO)SCRP

SHRNK(T TOI=(T-T0)/ (35 .0¢(T-TO))sENHR

SnlukiT,TO)I(T-YOII(IS;OO(T-TO))'INI '
RELAX(Y ;YO ,FS]1 1uFS) /RLXS(FS]1/FPY-0 . 88%)
1 s (ALOG10(24 . 0T)-ALDC10(24 .0270))

“

- . . .
ADD CREEP & SHRINKAGE !'FICT; TO ETRUCTURE -LDAD VECTOR

IF (JFL.EQ.0) RETURN

DO JO Nwi , NE .

1P (NSTG(N).CT:N$T) GO Yo 30

TJ =EDAT(MST ) -COAT(N) .
TJPImEDAT(NST*1)-COAT(N)

1F (TJ° .LE.0.01) Yy =t.0 .
IF (TUPT.LE.0.01) YJPini.O

ECEF (N)=EC(TJ)/ (1. O+CREEP(TUP1,TU)}

1F (NST.H0.1) GO YO 30 -

DMCRECEF (N )sBA(N}® (SHREK (TJPY1 , TCUR) ~SHRNK (TJ, TCUR) )

DMC=0.0
AGE=1.0/8C(TJ)I=CU(TJI)/CU(28.0)sCRP/2.38 -
po 206 1m=9.,3 :
TANRDNR (NISA(])oAGE '
TAMSDMR (N)esA{1)sACE «
IF (NST.80.2) GO YO 10
DTJMICEDAT (MST)-EDAT(NST-1)
FACTREXP (-2(1)%DTJM1}
TANSTAN+SAN(N,T)sPACT’
TAM=TAM+AM (N, T )oFACT
10 AN(N,1)sTAN" . -
AM(N, 1) sTAM
OTJmEDAT(NST+1)-EDAT(MNET)
FACTR(1 . O-EXP(-2(1)sDTJ))
_ ONC®DNC+ECEF (N)sAN(N, 1 }eFACT
20 DMCuDMC+ECEF (NIsAM(N, 1 )sFACT
RP(N,1)ERP (N, 1T-ONC "
RE(N,3)sRP(N,3)-DMC
RP(N,&)SRP (N, 4)+DNC
RP(N,S)uAP (N, §)+DMC
Ke3e {NODI(N)-1) .
R(K+1)aR(Ke1)~DNCSCOSA (M)
Ri(K$2)OR(K+2)-DNCESINA(N)
R(K+3)uR(K*3)-DMC
Ke3n (NODJ (N} =1) ' .
R(K+1)aR{K+1)+DNCOCOSAIN)
R{(K+2)aR{K+2)+DNC*SINA(N)
R(K+3)sR(K+3}+DMC §
30 CONTINUE

ADD RELAXATION EFFECTS TO STRUCTURE LDAD VECTOR

IF (NPT . EQ.O0) RETURN . ! >
DO 50 Mx1,NPT i

1P (MSTGAM) . GT.NST) GO YO BoO .
NISNELI (M)

N2ZRNELU(M)

DO 40 NmN1, N2

TJ SEDAT(NST }-CDAT(N)
TUPI1EEDAT(NSET+1)-CDAT(N)
FF (TJ :LE.0.01) T4 =1

.o

DAY, TIM MED(20),T1,T2, NETAGE , NST, IFL JPL ,XPL,LFL
FC28,EC28, PR, RO, TC,ERP ,SHR , TCUR , ENS , ANS ,YNS
EPS,PPU PFPY FPJU PP FPE, FRIC WOBL ,SET ALX
.80(20),

LIHJ(200) , NN
WDD1 (2001, NDDJI(200) , NSEC] (200), NERCJ(200)
X1{(200),EY(200),XL(200),COBA(200)
.BEGL(200),CDAT(200) ,EDAT(80)
NELL(I9O ), NELJU(I00) . METC(300) ,APS (300},
DNR (200 DMR(200) ,AN(200,3) ,AM(260 3)
,LM(200,8),
DN (200,3),FE(200,8) R(600), NED MBAND, MAKL

SHP

,ECEF (200),
,S1NA(200),
KETG(200), NE
NPT

@



47
sas
84
[ 3 3]
6851
652
683
(32
(231
[ 23]
[ &}
ss:
. 884

s8¢0

86
682
(1 F]
ssa
(X1}
(Y]]
$67
sss
(X1
€70
€7
(R}
873
€74
578
‘678
€77
s7s

LYK,

ann

nan

1F (YJP1.LE.O.01) TyPiwr O
rFsjare1 /PP
1P (F8).LT.0. 88} GO TO B8O v

' DWPORELAN(TJIPI, TJ,PPl)saArB (M)

40
8o

20
o

40

OMPEDNPS (YPB(M)-EY(N)) . - .

Ke3s (MODLI{N)-1) v

RiKe1)mR (K1) -DNPOCOSA (N} y
MIK4Z)RR(K42)-DNPESINA(N) -
R(K¢IInR(Ke3) -DMP

Kede (NODJS(N)-1)

RIK®1IRR(K+1)+DNPSCOBA(N)

RI(K4Z)IWRIK42)+DNPSSINAIN)

R(K4I)aR(K+3)eDMP N - ‘
CONTINUE .
- !

RETURN '

[T

XY AR NN AR NS R A S R AR NYR NN RSN ERR R SR RN RN RN ENEYE RS AN NRNNJ
SUBROUTINE STIF(SK, MNN, MMM )

COMMON /CNL/ DAT.TIM . HED(20),Y1,T2 NSTAGE NST,IFL, JFL KFL, LPL
COMMON /CON/ PC28,8C28,PR, RO, TC,CRP SHR, TCUR, ENS, ANS YNS

COMMON /STL/ EPS , FPU, PPY FP) PP FPE, FRIC WOBL, SET ALK

COMMON /SEC/ SA(20),81(20),8Y(20),80(20),88(20),80(20},

1 : $1(20),82(20) N8

COMMON /NDD/ X(200),Y(200) ,KSUP(200,3),IHI(200),1HJ(200) NN
COMMON '/EMT/ .NOD1(200) ,NODJ(200),NSEC](200) NSRCJU(200),KCRF (200),
[ EA(200) ,E1(200),8Y(200),XL(200),COBA(200),81NA(200),
2 MSYG(200),8EGL(200),CDAT(200) ,HDAT(80) ,KETG(200) ,NE
COMMDN /PRS/ NEL1(300) NELJU(300),MSTG(300),APS(300),YPS(300) NPT
COMMON /TYM/ DMR(200) ,DMR(200),AN{200,3),AM(200,13)

COMMON /STP/ AKA(200,8,6),EKA(200,8,6) RP(200,8),LM(200,8),8HP
COMMON /FRC/ DN(200,3),FR(200,8),R(800), NEO, MBAND, MAXL

N .

OIMENS ION BK(NMN, MM )

INITIALIZE STRUCTURE STIFFNESS MATRIX

po 10 1=1,nEC

DD 10 J=1,MBAND

8K(1,J)m0.0

ADD ELEMENT STIFFNESS TO STRUCTURE ETIFPNESS MATRIX

oo 30 '

IF (NSTC . €0 TO 230 IS .

oo 20

T1sLM(N

Do 20 um1

JURLM(N, J) 111

IF (JU.LE.O) GO TO 30

SK(IT, 01 m8K(1]1,JJ)+ECEP(N)RAKA(N, T ,J)

CONTINUE

cCONTINUE

<

ADD SUPPORY BTIFFNESS TO STRUCTURE STIFFNESS MATRIX .

DO 40 NE1, NR

K3 (N-1) N

DO 40 1=1,13

IF (KSUPIN,L) . BO. 1) SK(K®L 1)sSKiKe| 1)t E+1E

CONTINUE

RETURN

END

SUBRDUTINE ELMK

. v -

COMMON /CNL/ DAT,TIM HED(20),71,T2 NSTAGE NST, IPFL JUFL KFL, LFL

COMMON /CON/ FC28,EC28,PR RO, TC,CRP, SHR, YCUR,ENS ANS K YNS

COMMON /STL/ EPS ., FPU FPY, FPJ, FPL, FPE,FRIC WOBL 58T RLX

COMMON /SEC/ SA(20),81(20),8Y(20).,.8D(20),.88(20),3Q@(20),
1 $1(20),82(20) ,uS

COMMON /NDD/ X(200),Y(200) KSUP(200,3),INH]1(200),1HI(200), NN

COMMON /RMT/ NODI(200) ,N0DJ(200),HEEC]1(200), NEECIH(200), ECEF (200},
1 CA(200) ,21(200),EY{200),XL{200),CO8A(200) ,81INA(200),

2 NSTG(200) ,SEGL(200),CDAT{200) ,EDAT (80} KSTG(200) NE

- COMMON /FRC/ DN{(200,3),FE(200,8),.R(800},

¥

COMMON. /PRS/ NELI(300) MELJU(300) ,METG(J00) APS(300} ,YPE(300) NPT
COMMON /TYM/ DMR(200) ,DMR (200} ,AN(200,3),6AM(200,3)

COMMON /STF/ AKA(200, 8) ,EKA(200,8,8) RP(200,68),LM(200,8), 8NP
Q,MBAND, MAXL

DIMENSION EK(3,3) ,A(3,68),EXAA(S &)
FORM: ELEMENT STIFFNESS MATRIX IN {0CAL CODRDIMATES

IF (1FL.EQ.0) RETURN

DO 80 Ns 1, NE :
NIsNODI (M) o
KJsNODJIN)

DX=X(NJ)-X(NT) -
DYEY(NJ)-Y(NI)
XL(N)SSORT(DXsx24DYse2) -
COSA(N)SDX/XL(N) T i
SINA(N)I=DY /XL (N) T
getv. O . T
‘Ge1.0/(2.08(1.0¢PR)}"

SHPaG. 0 . -
EALRESEA(N) /XL(N) . .
EIL=EsET(N)/XL(N) B 4
GALEGSEA(N)SXLIN) TSNP
SHESO. 0

IF (GAL.NE.C.O) SHEsE . OsEIL/GAL

EX(), 1) mEAL- .
EK(1,2)m0.0

Ex(1,3)=0.0 -
EK(2,2)%84 OFEIL® {1 . 0+SHF/2.0)

3
oo 10 1=}y v
bo 10 Juw1,3 :

/(1. 042 DREHF ) ——
EX(2,3)22 OsEIL®(1.0-SHF 1/(1.0%2 OsgHF) [
" EK{(3,3)=EK(2,2) |

(>4
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700
701
702
703
704
708
708
707
708
108
V0
T
"2
713
T4
718
718
kAN
T8
T
720
T2
722
723
T24
728
728
127
728
729
730
73
732
733
T
736
736
737
738
738
740
T4
742
743
TAM
748
748
T4
vas
T4®
780
781
752
783
T84
788
788
7
788
759
780
781
182

763 .

764
768
768
787

L7088
769
770
1711
772
713
774
178
778
777
778
119
780
781
182
183
784
788
788
787
788
LT
700
91

nnn

aonn

n

noonn n

ann non

non

ann

(1 X}

20
ao

40
[ 1]

e0

80

40
80

so

10
20

LI
«
. £
. .
UK (J, T)eBR(T,d)
PORM RLEMENT STIPPNESS MATAIX IN GLOSAL toosDimavEs
CALL TRAM(A,0,0 COSA(N) SINAIN) ALIN))
PO 20 1et,3
PO 30 Jsi, 0
TamMP=o0.0
0o 20 K=1,3
TEMPu TEMP S EK (1 , K)SA(K , J)
AKAAC] ,J) e TEMP
g .
PO 80 1t .
DC 80 Jm1,8
TAMPeO . © ‘
DO 40 K»1,1 .
TEMP e TEMPeA(K, I o AKAA (K, J) :
AKA(N, ] JinTEMP
FORM RLEMENT STRESS MATRIX
CALL TRAN(A.0,0,1.0,0. 0,XL(N)} >
pe 70 1w
DO 1O Jsi, 8
TEMPEO . O
DO 80 Ket, 3 . .
TEMPETEMP ALK, T ISEKAALIK, J) .
EKA(N, 1, J)n¥amp
contiINuE
a
RETURN
anp .
SO RBESRPETASNAINEREERENES IS X AR RN RN REEREINNES NS NRERANRREN NN N ) ;‘v
SUBROUTINE TRAM(A,IMI, INJ COSA SINA, KL) .
e
- s LS
DIMENSION A(3,8) : e
FORM TRANSPORMATION MATRIX A
NOD HINGES .
Ati, 1)e-COSA
A(1,2)e-SINA
A41,3)1m0.0
Al1,8)eeCOSA
A(Y1;S)meSINA :
at1,8180.0
AC2,1)m-SINA/XNL
A(2,2)emCO8A/XL
A(2,3)a1.0 ‘
A(2,8)adBINA/NL .
A(2,8)0-COSA/NL .
A(2,.8)u0.0
A3, 1)n-SINA/XL
A(3,2)2+CO8A/XL
A(3,31=0.0
A(Y AlwdSINA/KL
A{3,8)=-COSA/XL
A(3,8)=1.0
IF (1K1 .EQ.O.AND INJ.EQ.0) GO TD 80
I* (IM].NE.O. ANpP.1HJ.EQ.©) CO TO 20
IF (INW)] . E0 .0 AND.INJ.NE.O) GD TO 40O
MINGES AT 1 AND J ENDS
DO 10 1x2,3 “
00 10 Jel, ¢
A(l,J)u0.0
Go, TO 8o
MINGE AT I END OMLY . .
0O 30 Jri, 8§ -
A(2,J)1e-A(3,0)72.
co TO so
HINBE AT J END ONLY
-
00 80 ust.$
A(Y, J)ew-8(2,J)/2. -
RETURN
END
sxsxsascnse asssnsaswes amssasasmessassencnsncasn
SUBROUTINE FORC .
e .
COMMON /CNL/ OAT,TIM HED(20) 71,72 WNSTAGE, NST,IFL, JPL KPL LFL
COMMDN /CON/ FC28,EC28,PR, RO, TC,CRP,SHR,TCUR, ENS, ANS K YNS
COMMONK /STL/ EPS,FPU PPY PFPJ FPI FPE, FRIC,WOBL SET RLX
COMMON /SEC/ SA{20),81/(20),8Y(20),80(20),80(20),80(20},
1 $1(20),82(20) M8
COMMON /NDOD/ X (200),Y(200),KSUP(200.3),1H14200),1HJ(200) NN
COMMON /EMTY/ NODI(200),M0BJ(200),NSEC]T (200} NSECJ(200),RCEF(200),

J . EA(200) ,E1(200) , EY{200),XL(200),CO08A(200),8INA(200),

2 0 NSTG(200) ,SEGL(200) ,COAT#ROO) ,EDAT(80) ,KSTG(200) ,NE
COMMON /PRS/ NELI{(300), NELJ(3JOO) MSTG(300), APS(300), YPS(200) NPT -
COMMON /TYM/ DNR(200) ,DMR(200) ,AN(200,3), AM(200,3)

COMMON /STF/ AKA(200.,8 ,EKA(200,6,8) , RP(200,.8),LM(200,6),8M4P
CoMMON /FRC/ DN{200,3) FE(200,6) R{(800) NEQ, MBAND, MAXL

v
DIMENSION DFE

FIND MNODE DISPLACEMENTS

DD 20 Ns1, NN

IF (KSTCIN).EQ.O) GO TD 20

KE3s (N-1) T i

0O 10 M=1,3 o

DN (N, M)SDN(N M) +R(K4M) ~
CONT INUE

FIND ELEMENTY FORCES

281




| 282

c . *
0O, B0 W yE .
IF (NSTG(W) GT.NSY) GO YO SO
00 A0 1m0

v

TEMPUG. O
26 30 Jw1,8
JUBLMIN, J)
30 TEMPaTEMPRCRP (M) oRKAINK, 1, J)0N(dJ) A
OFE(T)sTEMP-RP (N, 1)
40 PR(N IImPR(N, 1)00PR(1)
ONR (W)s (DPEI&)-DFE(1))/2.© .
DMR (N)» (DPE(8)-DPE(3)) /2.0
S0 CoMYINUE ~
t
RETURN : s
[ 144
C IR R RN NS R N N R N RN PR NS NN N LR LR RN ]
SUSROUTINE RITE
c
COMMON /CNL/ DAT, TIM MED(20),T1!, 72, WSTAGE, NST, IFL, JFL KPL,LPL
COMMON /COM/ PC28,EC28,PR MO, TC.CAP SHR, TCUR, ENS  ANS, YNS
COMMON /BTL/ EPS FPU, FPY FPJ FPPL, FPE FRIC,WOBL,SET, ALK
. COMMON /SEC/ $A(20),81(20),8Y(20),8D(20),88(20),%0(30),
1 . $10(20),82(20), N8
COMMON /HOD/ X(200),Y(200) KSUP(200,3), 14102001, IKJ(200), NN
COMMON /8MJ/ MOD1(200),M0DJ(300) ,NSEC} (200),HSECI(200),ECRF(200)
o RA(200),E1(200),EY{200),XL (200} COSA(200}, 8INAIZO0) .
2 NETC(200),8RGL (200),COAT(200), HDAT (80}, KSTG(200) ., NE
COMMON /PRS/ NELI(300) WELJ(300) METG(300), APS(300), YPE{300). NPT
COMMON /TYM/ DNR(200),DMR(200),AN(200,3), AM(200,3)
COMMON /STF/ AKA(200,8,8) EKA(200,8,8),8P(200,8),LM(200,8), SHP
COMMON /PRC/ DM(200,3),FR(200,8) ©0), NEO , MBAND  MAXL <
c
DIMENSION SE(B),AS(3) :
€ .
c WRITE MEADING
c .
WRITE (8,10) DAT,TIM, HED,NST.EDAT(NST+1) N . i
10 FORMAY (4SHITIME DEPENDENT ANALYSIS OF SEGMENTAL BRJDGES/ >
' TH ,SHDATE: A8 AX,BHTIME: ,A8///1H ,20A4//
2 SH STAGE =, 13, 12X 1TSHERECTION DATE =.F7 1)
IF (JFL.HQ.0) WRITE (6,18} .
15 PORMAT(//17H ELASTIC ANALYSIS)
c
c WRITE NODE DISPLACEMENTS '
c 1
WRITE (8,20 . ;
20 PORMAT(//10M NODE DISPLACEMENTS//
1 SH NODE, 18X, 8HX-DISP, 10K, BMY-OISP, 11X, BHROT ‘W)
DO 40 WEt, NN
IF (KSTG(N).NQG.O) GO YO 4¢
WRITE (8,30) K, (DN(N,M),M=1,3)
30 FORMAT(IE, BX, 3016 .48)
40 CONTINUE .
c
c WRITE ELEMENT FDRCES
c .
WRITE (8,80
50 FORMAT(//18H ELEMENT FORCES/
' tim LV1X, BHAXIAL, 11X, BHSHEAR, SX, THREND I NG/ 3
2 T1W ELMT NODE.11X,BMFORCE. 11X, SHFORCE,BX.7H MOMENT)
DO S0 N1 NE
. IF (NSTC(N}.GT.NST) GO TO 80 R
DD 8o Ma1,3
SE(M  Ie-FE(N,M )
5O SE(MeT)ImaPE(N, MeI}
WRITE (8,701 N,MODI(N), (SE(M) ,Me1,3) N, NODJ(N), (SE(M), Med &)
70 FORMAT(IS, 16 ,3E18.4) “~
80 CONTINUE .
c
c WRITE ELEMENT STRESSES @
c
IF (LPL.R0G.O) GO YO 120 N
. WRITE (8,00) » i
90 FORMAT(//17K ELEMENT STRESSES/ )
1 11K L1OX, BHSTRESE, 10X, SHETRESS , 10X, 8K SHEAR/
2 11H ELMT XODE,1OX,BMAT TOP, 10X,BHAT BDT . 1OX.SHSTRESS)
D0 110 Me{, NE .
IF (NSTG(N).GT.NST) GO TO 110 . : :
NS T«NSECI(N)
NEJENSECJ(N)
SE(1)n-FR(N,1)/SA(NST)+FE(N,3)¢SY(NST)/S1(NST)
SE(A)SeFE(N, &) /SAINSI)-FE(N,B)oSY(NSJ)/S1(NSJ)
SE(2)=-PE(N, 1)/SA(NSI)-FEIN,3)=(SDINSI)-SY(NSI))/B1(NS])
SE(S)aeFE(N.&)/SAINSJI+FE(N,E)Iz(SD(NSJ)-SY(NSJ))/S1(NSJ}
SE(3)»-PE(N,2)sS0(NS1)/(SI(NSI)oEBINST))
SE(E)nsFE(N,S)=SO0INSII/(S1(NSIISSB(NS )
WRITE (6,100) N,NODI (W), (SE(M) Mx1,3) N, NODI(N), (SE(M) Mnd §!
100 FORMAT(IE 18 ,3E16 &) ~
110 CONTINUE . ’ .
120 CONTIKUE
c
c WRITE SUPPORT REACTIONS
[ \
WRITE (8,130)
130 FORMAT(//18H SUPPDORT REACTIONS//
K BH MODE, 18X, THX-FORCE,SX, THY-FORCE, 10X, EHMOMENT )
DO 180 M1, NN
* T=KSUP(N, 1)
JEKSUP (N, 2) . )
KeKSUP(N,3)
IF (1.E0.0.AND.J.EQ.C.AND.X_E0.0) GO TO 180
DO 140 M=1,3
180 RS (Min-KSUP(N M)SDN(N MI®1 E+18 .
WRITE (6,180) K,.(RS(M) M=1 3)
150 PORMATI(IS, 6X, 3E16.4)
180 CONTINUE
c
RETURN ’
END
c srmEsssmsIERNETERRENLS S AP RE I IR RS RPN SAEN AT NI GES S N
SUBROUTINE SOLY(A,B,NEQ, MM, KKK
c .




008
s08
*0Y

(1]

[ LA
"
(13
sso
(L 3]
g#ng of

v

tile

20
30

40

L 14

.0

ac

100
t10

120

130

DIMENSION A(NES M) BiNRe)
COMMDN /ABC/ 1uKs TR (3200}

DETERMINE FIALT AMD LASY EQUATION YO 88 SOLVED

LA N}

NEONEO/3- ) )
0O 140 ke, Ni

1P (1JRBYG(L)) 20,180, 10
LAEE LS B

80 YO t40

Miu3elL+]

GO TO0 (30.90). KKK

REDUCE STIFFNESE MATRIX

00 50 NuM1, WM

IF (AimN,4) .8T.0. 001) GO TO 8O

WRITE (8,60) W

PORMAT (//7301 2RO ON DIAGONAL FOR ROQUATION, 14
CaLL EXIT

DD 70 mMa2 . MM

FACTRA(N, M) /AIN 1)

lanem- 1

1P (1.GY.MN)} GO TO 7o

Juo

00 8O KaM, MM &
JEget

A(l,Jd)mA(],9)-FACTSA(N K)
A(N M)sFACT

CONTINUE

G0 TO 140

REDUCE LOAD VECTOR

DD 110 MWy, NN

DO 100.Me2, MM

TeNeM-

IF (1.GY.NN) GO TO 110
B(I)IBB(T)I-~A(N,M)eP (N}
BANISBINI/A(N. 1)

BACK SUBSTITUTE

NeNN

[ L1 AR

1P (Ne) . EQ.N1) GO YO 140

DO 130 ME2, MM

Tunem- 1

IF (1.67.8M) GO TO 130

B(NIAB(N)-A(N .M)sD (1)

couTinue

co TO 120 I
CONTINUE

RETURN
Eno
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e IS LYN -

SHAL )
e
[ 2]

’

)
3
b
1
2
3
4
[ 3
L]
7
1]
[
10
(R
12
L |
¥
1A
AR ]
"7
e
re

NNNNN
suw .o

Semun®EwN -

[P
BRI IRV I

L4

OCO®ROCI0OOMOCOMOOAOOLOONDO I-00000®-—WBOO®OOIOOMROOMROOREOOHOONOO® -

N N
[-X-I-2F NN )

SxamrLe

22

22

2%

28 .

28

28 .

32

12

- -
P P R RTINSV RN Y

ewe anu

10
1t
17
18
"
20

kA
22

13
14
18

LR R VISR Y V)

oo

oo

?
k]
’
7
l
.
.
.
i
b
7
2
Ll
L
>
.
s
ki
k4
k
h
kK
b

-0
1
-28
-18
-28
-28
-2e

~
-
00000000CCO00000000000C0LS

012800
o1t870
011970
oo7980
o12800

ot1eTe
ortev0
007880
oos37e

.008180
007318
oos37s
[TYRI Y14
ao7338
oos37e
007338
003812

0000000000000 0000

TR

NNNNNNNNRDOOOOB00D

L R RY]

L X1

L X% J
o0®

-® 2803
s o

2857



14
"
"
1y
18

AR 1}
19
122
133
124
128

-
LR N RV N AR N RN N T N )

48 °

as o

1e0 ©

200 ©

$00 ©

1000 ©

200¢ ©

i~
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Listing of output information for: TIMEDEP’

1
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I .o
- Ny
®
e
N
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10

.-4.-.8»-;'

1TIME D

DATE: 03-28-

ENDENT ANALYSIS
[ 1] TIME:

" GHALL EXAMPLE

OF MNODES

-OF ‘ELEME
.0F SECT]

NTS
oxs .

oF 8
22 :‘o

OF PRESTRESSING TENDONS
OF CONSTRUCTION STAGES

COMCREYE PROPERTIES :

" MARS ODEMEITY
I THERMAL COEFFICIEN
CREEP CORFFICIENT

. SHRINKAGE COEFFICIE

CURING PERIOD (DAYS)

,COMPRESSIVE STRENGTHM (AT 28 DAYS)
‘MODULUS OF ELASTICITY

(AT 28 DAYS)
‘POISSON’S RATIO S e e

EGMENTAL BRIDGES
J: 14

17
29

“’RISTIISIID STREL PROPERTIES :

“MODULUS OF ELASTICITY

GUARANTEED ULTIMATE TENSILE
YIELD STRESS

RELAXATION COf

1T

(AT 1% EXTENSION)
JACKING STRESS (O

reu)

1AL STREBS (0.7=PPU)
EFFECTIVE STRESS . .
FRICTION COEFFICIENT
WOBBLE COEFFPICIENT

ANCHOR SET

FFICIENT

NONPRESTRESSED STEEL PROPERTIES:

MDDULUS DF

ECCENTRIC]

\

SECTION DATA

EL

cY AC
L ©.1003E+02
2 ©.1)108E+02
3 ©.1207E+02
DE DATA ‘
13 X-ORD
(3] ‘0.0
2 ©.7070E+01
E] . ©.1480E+02
4 T ©0.2238Ee02
| 34 ©.2091E+02
[ ©.3744E+02
7 ©.4487E+02
s ©.8350E+02
] o
10, °.
1 C0.TTOPE+D2
12 ©.3462E+02
13 ©0.87388+02
14 o.sa81E+02
15 ©.10288+03
18 ©.1100E+03
7 0.1185E+03
18 ©.1270E+03
18 ©.1348E+03
20 ©.1421E+03
21 ©.14960+0)
22 . ©.1874E+02
23 ©.1848E+03
24 ©.1720E+03
ELEMENT DATA
MT NOD-1 HOD -
1 1 2
2 2 3
3 3 .
4 ’ 4 s
3 5 €
s s ?
k] 7 [}
[ 3 ]
. ] 10
10 10 1
1 11 12
12 12 13
13 1 14
14 |3 ts
15~ 1 18
16 1" 17
17 17 c1a
18 18 19
EX) 19 20
.6 20 21
2.y 21 22
A2 22 23
23 23 24

TEND

PRESTRESS ING

EMT -1

.
ELASTICITY
AREA OF n:ﬁuruncln:uv s

Y OF REINFORCEMEN

'sEC-

‘ooo

-0:
“0.
0.
0.
0.
-0.
-0.
0.
0.
teQ.
*0.
0.
-0.
-0
-0
-0.
Bl IR
-0
-0
0.
0.
-0
~0.
-0.

TENDON DATA

EMT - J

STAGE

5  0.BAOOE+O4
= 0.38008+07
= o¢.0
= ©0.20008401
= 0.0 '
& 0.20008¢01
= -0,3000E-83..
=  0.3000E+01}
A
N = ©0.1800£+08
STREMGTH " 0.1800E+0$
‘ « ©,1860E+08 N
. [
= 0.1t
« 0.1 ,
=" 0.0
. = 0.0
. = 0.0 '
= 0.4800E+02 .
s & 0.2000E+08
.. . . ... . = ©.2220E-01
T . ... . . . = ©0.1000E¢01
1c . ¥e 14
. 1008 E+02 ©.9740E+00 ©.2800R4+01 0.0
. 3203E4+02 © T 0. 1O083E+D1 ©.2800E+01 o.0
. 1484E+02 0. 13408401 ©.2800E¢01 0.0
A
¥ -0RD
87408400
9740 +00
9740E+00
$740E+00
9740£400 -
$740E400
1093E+01
1340E+01 -
1083E+01 . .
s740E+00 .
$740E+00;
#740E+00
$740E+00
87480E4+00
9780E+00 i
1083E*01 .
13408401
1083EOY
.3740K*00
97408 +00
$780E+00 -
27408 +90
97408 +00 -
$740E00 o .
v
1 SEC-U STAGE LENGTH WEIGHT
1 IR N ©.7070E+01 L 0.1419E+03 /
1 1 ] 0. 7830E+01 0. 1811E+03
1 1 ] ©0.7780E+01 ©.1881E+03
1 1 7 ©.78308+01 0.1811E+03
1 1 13 ©.7830E+01- ©. 151 1E+03
1 2 3 0.7831E+01 ©.1588E+03
2 3 1 ©.8834E+01 ‘0. 1974E0D
3 2. 1 0.8834E4+01 0.1974E+03
2 . 1 -3 ©.7831E«01 ' 0.1388%+03
1 1 s 0.7830K+01 ©.1811E+03 "
1 1 7 ©.7530E¢0O1 ‘©0.1811E+03
1 1 21 0.2780E+01 ©.$839E+02
1 1 17 ©.7830E+01 ‘©.18511E+03
1 1 15 ©.7830E+01 ©.1811E+023
1. 2 13 ©.7831E+01 ©.1888E+03
2 3 1 ©.8834F¢01 . 0.1974k+01
3 2 1" O.8834E+01 J0.187T4R403
2 - 1 13 ©.7831E+01 ©.1888E40
1 1 s ©.78302401 ©.1811E+03
1 1 17 ©.7830E+0) ©.1811K+03
1 1 ¥ 0. 77808«01 o.15g1E+03
t 1 19 ©.7830E+01 ©, 151 18+03
1 1 19 ' o.7070€+01 ©. 14a1pEe03
X . 1
AREA - .. ECCENTRICITY ~

288
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/ DATE
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L060000000000000000060000




\ " : 289 . ‘

.1280K-01 ©.2000R+00 s

L1197 -0 ©0.2000K+00

.1187E-01 ©.20008+00 . ' e
TRBOE-02 .  ©.2000L+00

1280E-01 T U /20008400

1187E-01 ©.20008400 .

1197E-01 ©.20008+00 ~
7980E-02 0.2000E+00

.B3TNE-42 ©.2880FE+01

1508 -02
TIISE-02
.SITIE-02
.8180E-02
.TIIVE-02
.B37%E-02
L7338 -02
.3912E-02

»
-
0000000000000 0O0O0

S80R+01, Te

133 ND. OF EQUATIONS = 72
134 BANDWIDTH ] [
138 . .
136 . ! ° - \
137 NP SRR SR N AN A SIS S RN RS IN S UAG SIS S SRS RN SR EREUEUNEI N R DUNSERE SR - "
138 '
139 .
140 1TIME DEPENDENT ANALYS]S OF SEGMENTAL SRIGGES. . . ‘

! 147 " DATE: ©03-25-84 TIME: 22:03:14 )

142

143 : : y .

144 EnaLl zxameLe . : . .

148, .

148 STAGE = 1 RRECTION DATE = 2.0

147 - ‘

148 TEMPERATURE AT TOP . 0.0 "
180 TEMPERATURE AT SOTTOM = 0.0 . ) . R -
181 . W
152 ’ R
153 SEGMENTS ASSEMSLED . B
1%a ! : CASTING, ’
188 ELMT NOD-1 . NOD-J DATE
156 7 7 3 -28.0 . s
187 - I [ ] -28.0 N L
158 ' §
189 N
180, TENDONS STRESSED I .
151 . PR
182 TEND EMY -1 [ £} N o Lo S : . G ——
163 1 ? s . R :
184 S : .
188 . . : !
186 SUPPORT COMNDITIONS :
187 - -
188 NODE X-gup Y-sUP R-SUP
s 1 1 1

170

171 - )
172 . CONSTRUCTION LOADS . . L
t73 [

1:[‘ NODE . “X-LOAD Y- LOAD MOMENT

-178 n

178
. ~ 1y sassssemarnass
. 1 '

180 " - 1TIME DEPENDENT ANALYSIS OF SEGMENTAL BRIDGES
1.1 DATE: ©3-28-24 TIME: 22:03:14
182 -
Y T . .
‘ 154 JGHALT EXAMPLE ’ . - -
1 '
188 ETACE = 1 ERECTION DATE = 2.0
187

Sl - .

LS 13

188 . X
189 ELASTIC ANALYSIS N
190 : ) . . ~
191 - . ' - .
‘ 192 NODE DISPLACEMENTS . ‘
193 . -
. isa NODE X-D1SP Y-DISP ROT'N
(111 7 ©.3633£-03 ©.9873€-03 -0.2422£-03
19€ .8 - 0.1917E-27 -o. aE-12 -0.4039E-27
187 ] +0.3833£-03 0.9873E-03 ©.2422E-03 v
198 : . .

200 ELEMENY PDRCES .
201 .o ' AX1AL SHEAR SENDING
202 ELMY . NODE FORCE FORCE MOMENT
203 1 7 0. 1SBTE+04 -0 . 4B88EO2 L1418E404
» 204 7 ] -0.1883E+Ca 0.1813E+03 4E+03
208 [ s -0.1893E+04 -0.18513E403 OAE+03
206 s . S0 . 1BBTE+OM ©.4508E402 J1418E404
207 . )
208 . .
209 ELEMENT STRESSES . .
210 . - STRESS STRESS . SMEAR
211 evht  Nooe AT YOP AY ®OT ’ STRESS
212 A | 7 “0.2724E+03 . 0.5787E+02 -0.
213 7 s -0.2198E+03 -0.3610E+02 o
214 . 8 -0.2188E+03 -0.3510E+02 -0,
248 [ ’ <0.2724E+03 ©.5767E402 °.
218 . . . A s
f .21 X . - . ot
: 218 SUPPORT. REACTIONS ‘ . ' .
219 ) . . .
220 NODE X-FORCE .. Y-FORCE MOMENT )
221 s 0. 1917E-12 ©.1948E+03 0.4039E-12 : . ,
222 : . :
223

224 llll'lll-.'lt'It‘l"llllll‘llltl.lltll"ll'!l"!tl-l'..lll.ll.ll'll

0000

- N-N-N.]

126
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ANALYSIS OF SECMENTAL BMRAIDOERS
DATE: ©03-28-84 TIME: 22:03:14 :

GHAL) EXAMPLE
STAGE = 3 M ERECTION DAT! L $.0
. .

TEMPERATURE AT TYOP -
TEMPERATURE AT BOYTOM =

o0

i
SEGMENTS ASSEME

[}
CASTING . .

' ELMT _ MODD-1 .\ MBDZy DATE r

YENDONS STRESSED - N .
! .

TEND, EMT-1 T

SUPPORT COKDITIONS

NODE X-sur
L] 1

CONSTRUCTION LOADS

nNopE x-Loast . Y-L0AD MOMENT

RSN R SRS I NSRRI RN SRS USRI S RGO NN S SN ENOEEEITRRURE

1TIME DEPENDENT ANALYSIS OF SEGMENTAL BRIDGES
DATE: ©03-28-84 TIME: 22:03:14 .

GHALI EXA%{L!

STAGE = 2 . ERECTION DATE = 5.0

ELAETIC ANALYSIS

@

NODE DISPLACEMENTS

277 .
278 NODE ' X-DISP Y-DISP . ROT'N
279 7 ©.3633E-03 ©0.9873E-03 . ~0.242282-03
230 s ©.1B17E-27 -0.3948E-12 -0.8039E:27
. ‘ -0.3833£-03 0.8873E-03 ©.2422£-03
. I
o B
ELEMENT FORCES . !
AXTAL SHEAR BENDING ;
ELMT NODE FORCE FORCE ! MOMENT
7’ 7 -0.1887E+04 -0.4888E+02 0.1418E¢04 B
7 3 0. 1893E+04 ©0.1813g+03 ©.2804E+0)
[ s ~0.1883E+04 0. 18138403 ©.9804B¢03
s ® 0. 1587E+04 0.4898E+02 0.1418E404
ELEMENT STRESSES . i
STRESS STRESS SHEAR
ELMT NODE AT ToOP AT sOY STRESS s
7 7 ~0.2724E+03 0.57678402 0.0 .
7 [} -0.219a2+0) -0.3810£+02 o.0
3 .8 © -0.2198E+0) -0.3610E+02 -0.0
s ] -0.2724£+03 ©.8787E+02 0.0
SUPPORT REACTIONS
NODE : X-FORCE v-FORCE MOMENT
s

¥ r *0 1817E-12 ©.3843E+02 ©.4039E-12
/

310 :

R R ITIME DEPENDENT ANALYSIS OF SEGMENTAL BRIDGES

312 DATE: ©03-25-84 TIME: 22:03:14

313 : .
314 .

318 GHAL] EXAMPLE

3.

317 STAGE = 21 EAECTION DATE =  3%.0

318

318

320 TEMPERATURE AT TOP = o©0.0

321 TEMPERATURE AT BOTTOM s«  ©0.0 .

322, < .

3123 . : .

324 SECMENTS ASSEMBLED

328 ¢ CASTING T~

328 ELMT NOD - ! NOD - J DATE

127 12 12 [RE -28.0

328 . . £ -
329

330 TENDONS STRESSED

331 [

332 TEND  EMT-1 EMT-J - .
333 15 1" 13

334 % 10 14

a3s co17 ’ 18

338

337

13s SUPPORT CONDITIONS

339



Jao

437
438
439
aao0
(YS!
442
aa3

443
A48
4aa?
aad
448
4850
A%

T AB2

(1.1.11 x-sup Y -sUp R-SUP
v, ° 1 o

s 1 ° .

17 ° v 1 °

24 ° 1 °
! 1
COMSTRUCTION LDADS . 3
NODE X-LOAD Y-LO0AD MOMENT

1TIME DEPENDENT AMALYS!IS DF SEGMENTAL PRIDGES
DATE: 03-28-34 TIME: 22:03:14 °

GHALT EXAMPLE

STAGE = 21 ERECTION DATE = as.o
ELASTIC ANALYSIS

NODE DISPLACEMENTS

NODE X-DISP Y-pisp
\ ©.2480E-02 ~0.3718E-12 °
2 0.2204E-02 ©.2023E-02 o
3 0. 1848E-02 ©.s470E-02 ©.3092£-03
4 0. 1382E-01 0. 1114E-01 . 0.75332-03
3 ) ©.2114E-02 -0.8027E-02 " ©0.8087E-03
3 ©.1303€£-02 -0.2938€-02 ©.2018E-03
7 ©.1188E-02 «0.1408£-04 -0.2201E-04
[ c0.40878-28 -0.1422E- 11 +0.10832-03
[ ©0.1131E-02 -0.1902E-02 -0.2247¢-03
10 0. 1832E-02 c0.8870E-02 -0.4314E-03
"oy 0. 1342E-01 ~0.7838E-03
12 N <0.1872€-01 0. 1110E-02
13 -0.1872£-01 ©.1110E-02
14 0. 1342E-01 ©.7838E-03
1] . -0.8878E-02 ©.4314E-03
18 . -0 1902E-02 ©.2247£-03
17 -0.2288E-02 0. 1422E-11 ©.1043E-03
18 ’ -0.3448E302 0. 1400E-04 ©.2201E-04
" -0.4082E-02 -0.2938E-02 -0.2018K-03
20 -0.4373E-02 -0.8027E-02 -0.5087E-03 N
21 . -0.4241€-02 -0.1114€-01 -0.76033E-03
22 -0.4108E-02 ©.5470FE-02 -0.3082E-03
23 ©0.4823E-02 ©.2923E-02 -0.4088E-03
24 -0.4708E-02 c0.37T19E-12 7 -0.4894E:03
~
ELEMENT FORCES
AXTAL SHEAR BENDING
ELMT  NQDE roRce FORCE MOMENT
1 1 -0.9242E+03 -0.3718E+0) -C.1849E+04
' z -0.9242E+03 ~0.2300E+03 o.s¥9tEeO]
2 2 0. 188 1E+04 - -0.2300E+03 0. 1142k+08
2 3 -0. 198 1E+0A -0.7892E402 ©.2127E+02
3 3 -0.2828€404 -0.7882E+02 0. 1115E+04
El 4 -0.2529E+04 ©.7722E+02 -0.1108E+04
. a -0.3034E+04 ©.7722£+02 -0.3283k+03
. 3 -0.3834E+04 ©.2283E2+03 -0 1480404
| 3 . -0. SE+04 ©.2283E+03 ©.8230K¢03
5 3 ~0.4488E08 ©.3788E+01 -0. 14882404
s . -0.a382E+04 ©.2013E+0) ©.1423E+04
. 7 -0. 8984404 ©.4801E+03 -0. 14342404
7 7 -0.8823E+04 ©.3787E+0Y ©.1422K404
7 s -0.BE28E+04 ©.8730E+03 -0.26130404
s [ -0.8827E¢04 “0.5238E+0Y ©0.2813E¢04
s ’ “0.BE21E+04 ©0.3262F+0) ©.10008+04
. ] -0.88228+04 ~0.4174E403 ~0.1188E¢04
. 10 -0.4518E+04 -0.2838E+01 ©.13802404 .
10 10 .3931E+08 -0.3300£+03 -0.13808+04
10 1 .3831E+08 0. 1788E+03 . TEs03
1" 1 .3100E+08 0. 1788E+03 0.1 Es04
1 12 .3t100E404 -0.2770E+02 -0.976818¢03
12 12 .2098E+04 -0.2770E+02 -0.17842404
12 13 7 -0.2098E%04 ©.27702402 -0.1784R404
13 13 -0.3100E+04 ©.2770E+02 -0.8761£+03
13 14 -0.3100E+04 o0.1788£+03 0. 1784404
14 14 -0.3831E+04 0. 1788E+01 ©.8497E+02
.o1e 15 <0.3831E+04 ©.3300£+03 -0 . 1386E+04
15 18 -0.4510E+04 ©.2588E+03 0. 1380E+04
18 16 -0.4522E+04 0.4174E+03 -0 1138£+04
1 1. -0.8821E+04 ©.3282E+03 ©.1000E+04
18 17 -0.8827E%04 ©.5238E+03 -0.2613E%04
17 17 ~0.B5828E+04 -0.5730E+02) -0.28138+04
17 18 -0.8823E+04 -0.3787€+03 . ©.1422Ee04
18 18 -0.49B4E+O4 -0.4801£+03 “0.1434E404
1 1. 4-0.4982E04 -0.3013£+03 ©.1423E+04
1. 19 -0.4AEBEO8 -0.37¢8E+03 0. 1485404
1) 20 -0.4488E+04 +0.2283E+03 ©.s2302+03
20 20 ~0.3634€+04 -0.2283E+03 -0, oR+04
20 21 -0.3634%+04 -0.,7722€+02 -0.3298E+03
21 21 . -0.2829E%08 -0.77228+02 -0.1108E+04
21 22 -0.2620E+04 ©.7892E402 “0.1118E+04
22 22 0. 188 1E+04 ©.7892E4+02 ©.21278402
22 23 S0, 198 1E+04 ©.2300E+03 0. 11428404
23 23 ©0.9242E+03 ©.2300E+03 ° ©.85791E¢03
23 24 -0.8242E+03 0.3718E+03 S0 1S80E+04
ELEMENT STRESSES
STRESS STRESS SHEAR
ELMT  NODE AT TOP AT BOT STRESS
) 1 0.8790E+02 -0.3733E+03 -0.0
1 2 -0, 1482E+03 0. 1303E+02 0.0
2 2 -0. 83888402 ©0.4018E+03 «0.0




’

2 3 -0.10882¢%03 -0.1008R+03 0.0
3 3 -0.1840E%03 -0.48430203 ~0.0
] [} “0.1847H40) -~0.40312+03 c.0
) . ~0.3302E+0) -0.42208+03 0.0
) [ ~0.2188E403 c.0
[} [ “0.52482+0) ~0.0
3 ] -0.30308+03 ~0.7110K+03 0.0
% A ~0.83t2E+03 -0.2381E+03 0.0
s 7 -0.31788+03 ~0.88172+403 0.0 R
7 7 -0.8378E%03 -0.30872+03 0.0
7 [ ~0.23180+03 -0.7218E+03 ©.0
[ [ .2317€+03 -0.72138+02 . -0.0
] [ 3 “0.38882+0) 0.0
] ] -0.87738+03 -0.0
] 10 +0.2082E+401 .0
10 10 -0.8387¢+03 0.0
10 1 0,29 108403 0.0
11 11 .1301E+03 -0.8273E+03 -0.0
14 12 L2148E+03 -0.48828+03 °.0 R
12 12 .3887E+02 ‘-0.8272E+03 0.0
12 13 .3887E+02 =0.8272r403 .o e
13 13 .21448+03 ~0.4882E¢0) 0.0 “~\\‘ .
13 14 .1391E+03 -0.82738+03 .o
14 14 L 88ADE+O3 -0.2918E%03 ~0.0
14 18 2%04E+03 78402 o.0
18 1% .8811E+03 -0.20828+03 -0.0
1% 18 -0.3013E+03 -0.8773E+03 0.0
18 1. -0.8884E4+03 -0.0
1. 17 -0.2317€+03 o.0
17 17 -0.23188+03 -0.7218K403 -0.0
17 18 -0.8379E+03 +0.30878403 0.0 .
1 ts -0.3178E+02 ~0.081702+03 ~0.0
18 1 “0.83128+0) ~0.23812+01 °.0
19 1. -0.3030E+03 -~0.711020) 0.0
1" 20 -0.8248E40) ' 0.0
20 20 0.21888%03 0.0 "
A 20 21 -0.3302£4+03 ~0.42208403 0.0
as0 21 21 0. 1847€+03 -0.48312+03 -0.0
a9 21 22 -0.1840E+02 43E+013 ©.0
482 L] 22 22 -C.1888E+0] -0.1808E+013 0.0
a3 22 23 -0. 45+02 -0.4018E+03 0.0 M
asa 23 23 “0.1482E+02 ©.1303E+02 0.0
ars 23 24 0.87908+02 -0.3713E+03 0.0,
.
a
[ SUPPDRT REACTIONS
1N
soo NODE X-FORCE Y-rorce MOMENT PR
801 1 -c.0 v 0.3718E+03  -0.0
so2 . , 0.40B7E-11 ©.18422E+04 0.0
s03 17 ~0.0 ©.1422E+04 0.0
©.3713E+403 1 -0.0

sos 24 ~0.0
End of file '
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- IDENTIFICATION

BOXGIRD: Transverse Analysis of Box Girder Bridges
, Programmed by K W Shushkewich, Jan 1984.

‘¢

PURPOSE ‘
The program ¢omputes the node displacements and element
forces for open or cellular folded plate structures having
simple spans and being subjected to self weight, surcharge,
truck loads, lane loads, temperature, and prestressing.

: A
'RESTRICTIONS

Dimension statements 1imit the program to structures with
no more than 25 nodes, 30 elements, and 10 load cases. In
addition, the storagé occupied by the structure stiffness
matrix may not exceed 4000 locations. The capacity can
easily be expanded. ‘

DESCRIPTION

The program utilizes folded plate theory and is based on the
direct stiffness method. The element stiffnesses are
evaluated using the Goldberg-Leve equations, and a harmonic
analysis with an appropriate number of Fourier series terms
is used for the loads. For comparison purposes, a unit
length of structure is analysed usihg plane frame theory.

STRUCTURAL IDEALIZATION

The structure is defined by a series of nodes (joints)
connected by one-dimensional elements (members) possessing
both membrane and plate bending stiffness. The nodes must
be numbered, and this numbering should be chosen to minimize
“the largest node number difference within the elements. The
elements must also be numbered, but in any coqvenient manner .

Two right-handéd orthogonal Cartesian coordinate systems are
used: - ‘

(a) Global system (X,Y,Z) - An arbitrary poiht is chosen as
the origin such that the structure lies in the Y-Z plane.
Node displacements are expressed in the global system.

(b) Local system (x,y,z) - Each element has a local
coordinate -system whose y axis is directed along the
centroidal axis of the element from node I .to node J.

The global X and local x axes have the same direction.
The local x and y axes define the direction of the local
z axis. Element forces are expressed in the local system.

]
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ey

INPUT DATA

The following sequence of data numerically def1nes the
probliem. Consistent units must be used.

A. PROBLEM TITLE (20A4) - One card

Columns 1-80:

Columns 1- 5:
6-10:
11-15:
16-20:

Problem title to be printed with output

B. CONTROL INFORMATION (415) - One card

Number of nodes (max. 25):

NumBer of elements (max. 30)

Number of load cases (max. 10).

Plane frame code 0O=analysis included
1=analysis not- included

C. GENERAL DATA (6E10.0) - One card

Columns 1-10:
11-20:

21-30:

31-40:

¢ 41-50:
51-60:

Span length

Modulus of elasticity
Poisson’s ratio

Mass density

Thermal coefficient
X-ordinate

D. NODE DATA (I5,5X,2E10.0,2I5) - One card for each node

Columns 1- 5:
11-20:
21-30:
31-35:
36-40:

Node number

Y coordinate

Z coordinate ,

Support code in Y dirnection 0=no support
Support code in Z direction 1=support
(supports are for frame analysis only!)

E. ELEMENT DATA (315,5X,2E10.0) - One card for each element

Columns 1- 5:;
6-10:
11-15:
21-30:
31-40:

F. LOAD DATA - One

E lement number

Node 1

Node J

Thickness at node I

Thickness at node J

(blank taken as thickness at 1)

set of cards for each load case

(a) CONTROL INFORMATION (A4,8X,13,5X,.15A4) - One card

Columns 1- 4:

13-15:
21-80:

(b) ELEMENT LOADS.

Load type . ,
(SELF, SURC TRUC LANE, TEMP, PRES)
Number of e]ement loads

Load case title printed with output

- One card for each element load

(1) SELF WEIGHT (no cards required)

C:
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(2) SURCHARGE (15,5X,3E10.0)
Columns 1- 5: Element number
11-20: Uniform load W :
21-30: Distance Y1 from I end

31-40: Distance Y2 from I end
(blank taken as length of element)

) \ 4
(3) TRUCK LOAD (15,5X,3E10.0) 3
Columns 1- 5: Element number
' 11-20: Concentrated load P
21-30: Distance Yt from I end

31-40: Distance X0

(4) LANE LOAD (15,5X,3E10.0)
Columns 1- 5: Element number
11-20: Uniform load W
21-30: Concentrated load P
31-40: Distance Y1 from I enpgd-

(5)" TEMPERATURE (15,5X,2E10.0)
Columns 1= 5: Element number:+
11-20: Temperature T1
21-30: Temperature T2

(6) PRESTRESS (15,5X,3E10.0)
Columns 1- 5: Element number
11-20: Prestressing force P
21-30: Distance Z1
31-40: Distance 22

. G. NEXT PROBLEM : e

Any number of probliems may be entered and the data is

(terminated by two blank cards.
\ B

&

-

QUTPUT INFORMATION ’
The following information is printed by the program.
A. Echo of the input data

B. Node disp]aceménts

-

C. Element forces (all forces per -unit length)

Nxx - lingitudinal membrane force
Nxy -“membrane shear force

Nyy - transverse membrane force
Qyy. - transverse normal shear force
Myy - transverse bending moment
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- Y2 ~—
Yl |
: N e W Y
— Yy ¥ \ A y e ,
*I J
Z (o) surcharge |
1 : .‘_,59___,‘._2(_9__,{ 1 X
— } >
P IP
‘P/4 l Yi
L/2 - L/2 |
2% . > >y
Y/J . N J . .
Y4 ,
(b) truck lood
P - 1 X
-W Yi .
Y Y Y Y Y Y R _ -
L/2 4 L/2
Y'/d ‘ J
z (c) lane load
o ,
TI Y
[ — -
*I Tz J ,
z (d) temperature
¥
ZIT'W _——g«I?z Y,
1 \
2‘¢ '
(e) prestress

-

Figure E.I - Sign conventions for element loads -
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' X
______________________ L —
Ve ~
XP y _/
Rot'n
(-\ ~ Y - Disp
X-Disp .
Z-Disp
’ : (a) node displacements
My x
Nyx M Mxy
—> 1/ Nxy yyret— |V Qxx
NW/ Nyx | Myx/ *ny
membrane forces plate bending forces

(b) element forces in generc

N,y - tension positive Myy |

%

(c) element forces in particular .

Figure E.2 - Sign conventions for node displacements.
and element forces
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1 [4 PROGAAM RBNGIND (INPUY BUTPUY TAPESSINPUT,  TAPEReQUTPUT) 3()0
2 [4
-} E 4 IR I TR YR RN RS N R R R AR N YA R R A R R R S Y Y R R Y Y PN NN YN
. [4 . .
. 4 * SENGIAD: TRANSVERSH ANALYSIS OF BOX S1ADEA SRiDAES o
(] 4 . PROSRAMMED BY K W SHUSHKEWICN, JAN 1884 .
7 [4 . .
» [ [ E X EE RN N RN NN NRNFERNEE NN EN R EE AN AR RN NN R RSN NN RN RSN R RENRRRR R NN X
[ ] (4

10 COMMDN /CNL/ DAY, TIM HEDI(2O) XL &, U RO, TC . XF PI NWH KODE KPP

Al COMMON /NOD/ Y(28) 2(28), NSUP(2S, 2), nN

12 (X111 MOD1(30) . MODJU(30) ,T1(30) ,YU(30), ut

13 COMMO X 2(30),D(30) ®Hi30), ¥(D0O)

14 ' Common CAB(18) NL{3O) Wii30. . 3) MLC, NC, HTYP NLE

18 COMMON EK(8,8) A(S,.8) BRA{D0,8,8) AP(30,6) LM (30 8}

1. COMMON DM{28.4,101,P0(30,10,10) :

17 CommMoN N(100) NEQ, MBAND MAXL

. 4

1] COMMON 8K {48000

10 MAXLs 4000

24 4 .

22 PIeARCOS (-1 .0} 4

12 CALL TIME(10,0,DAT)

24 CALL TIME! 4,0 TIM) " o
as 10 CALL READ

28 Dp 30 NCe) MLC .

21 CALL Case

2 IF (KPF EQ 1) GO TOD 18

29 XopEe 1

30 NHe

3 CALL STIF{BK, NEQ MBAND)

32 - CALL SOLYI(BK, R NEQ,MOAND, 1)

ER ] CALL LDAD

34 CALL SOLY(SK,R,NE0 MBAND, 2)

n CALL PORC

3 CALL nIYE

37 18 XODEw2

as MAXS® -

b1} INCe2

a0 IP (NTYP . 20.1) MAX=®S

a1 IF (NTYP N©.3) INCe}

.2 DO 20 MHe 1 ,MAX INWC

a3 CALL STIF(BK,NEOC MBAND)

aa CALL BOLY(SK R NEO MSAND, 1)

as CALL Loap ‘ ——

' CALL "SOLY(SK R NEQ MBAND, 2 }

a7 catl romt

as 20 CONTINUE

an CALL RITE .

so0 30 CONTINUE »

[ 3} 6o vO 10

82 c

3 END .

RY) 4 . XY “nse PBesrEsessrnas BB REIRNS etscansnccsensunn

s SUBROUTINE READ

(1] c

[ & . COMMON /CNL/ DAT TIM HED(20) XL . E.U RO YC XP P1 NH KODE.KPF

ss COMMDN /NOD/ Y(28),2(28) NSUP(28,2), NN ¢

1] COMMON /EMT/ NOD)(30),NODJ(30) ,T1(30),74(30),NE

s0 COMMON /SEC/ B(30),0i(X0) H{(30),v(30)

[} COMMON /CAS/ CAS(18) ,NLI3O) WL(3O.3) NLE NC, NTYP NLE

52 COMMON /STF/ EK(8,8),A(8,8) EKA(30.8,8) RP(30,8),LM(30. 8"

[¥] COMMON /FRC/ DN(28.8,10) FE(30,10,10)

sa COMMCN /SO0L/ R{100),NEQ MBAND MAXL

(1) [

ss [4 READ & WRITE CONTAOL INFDRMATION , A

&7 4

(1] READ (5,10) MED, %N NE NLC . KPF XL.E U, RD,TC,XP .

(1] 10 FORMAT (20A4/818/8E10.0)

10 5F (NMN.BQ.O) CALL EXIT .

T WRITE (8,20) DAT, TIM MED, NN NE NLC. XL E U RD. TC, XP

T2 20 FPORMAT(S82HITRANSYERSE ANALYSIS OF BOX GIRDER BRIDGES/

73 1 1N ,BHDAYE: AR, 84X SMTINME LAB/ /W L 20A4//

T8 2 244 NOD. .. 14/ .

78 3 24H MO, OF ELEMENTS =, 18/

. . 24N NO. OF LOAD CASES «.18//

77 s 24H SPAN LENGTN «. %12 4/ -

78 ] 24H MODULUS OF ELASTICITY = E12.4/

T 7 24H POISSON‘S RATIO .-, ¥12.6/ “

a0 3 24N MASS DENSITY =, 212.4/

X ] 24H THERMAL CORPFICIENT ., 212.4/

82 x 24H X-ORDINATE «, E12.4)

83 c

(1] 4 READ 4 WRITE NODE DATA )

(13 c

ss READ (5,30) (M, Y(M),Z(M), (NSUP(M LI Lt 2) Nu1 NN k\( .
(% 30 PORMAT(IS SX,2E10.0,218) -

[ WRITE (6,80) (N, Y(N), Z(N),(NSUP(N L), Loy 2) No1 NN) N\\
(1) 40 FORMAT(//V1OH WMODE DATA//

10 ' SH MODE, 11X ,SHY-ORD 11X SHMI-ORD, 33X, SHY-SUP 3IX, EHZ-SUP/

[ R ‘2 (18 ,2E18.8,218))

02 4

[ L] c READ 4 WRITE ELEMENT DATA

" 4

(1] READ (5,80) (M, MODI{M) NODJ(M) TI(M}) TJ(M) Nei NE)

" 50 PORMAT (318, 8X,2810 0)

[} DO 80 W=1 NE

[ 80 IF (TJ(N) . HQ.0.0) TJI(N}eTI(N)

(1] WRITE (86,70) (M, %ODI (M), MODJ(N) TI(N} TU(N), He1 NE)

100 70 FORMAT(//130 ELEMENY DATA//

101 ' SM ELMT ,3X, SHNOD-1 33X SHNOD-J, 11X, SHTHK -1, 11X, SHTHK -J/

102 2 (18,218,2016 4))

103 c

104 4 FIND B. H. VvV, & D

108 t

io¢ DD 30 Na 1 NE

107 NI=NODI(N)

108 NJENDDU (N} : -

109 BUN)=(TI(N)®TIIN)}/2

110 W(NIEY(NJII-YINT)

11 VINIST (NI -2(NRJS)

12 DIN)SSORT(H(N) w24V (N)*a2)

13 MiIR)SH(N)/D(N)



114
118
18
1"y
18

BET)
120
121
122
123
124
128
126
127
128
129

130 -

13
132
133
134
138
138
137
134
138
140
141

142
143

188
148
148
187
188
148
150
151
152
153
154
158
156
187

188 -

180
180
1851
182
183
184
168
168

187

168
189

170

-208

208
208
207
208
209
210
211
212
213
214
21%

216"

217
218
219
220
221

222
223
224
228
226

naon

MY ‘COMMON /S0L/ R{100),NEQ,MEAND MAXL
c

nnn

non

annn

ann

| 50 FORMAT (M ELMT.1SX,

120 FORMAT (BHELMT, 18X, 1HP, 14X, 202,

80 V(N)=Y(N)/D(N)
~  FIMD LOCATION MATRIX ' d . .

DD 90 W=1,NE oo
Wisds (NODI(M)-1) 4 ™ L "
v NJEA®(MODJ(N)-1) i '
PO 90 K=1,4 ¢ . a N
PAMON, K I ENT#K . . :
LM (N, K+8,) mNI+K . '

.

TERMINE BANDWIDTH
NEOmA» NN
MBANDEO ‘_,
DD 100 N1, NE
MM TABS (NDDI (W) =NDDJ (M) \
. IF (MBAND.LT.MM) MBAND=MM
100 CONTINUE ° . L
unluo-a-tulauno\)
WRITE. (8,110} NERTMBAND
ylo FORMAT(//18H NO. DF EQU Tlous -,1:/ -
19K BANDWIDTH * R
L-q:o-ulAnn ; -
IF (L.LE.MAXL) RETURN . . .
S WRITE (86,1200 .
120 PORMAT(/7/27H° 'STIFFMESS MATRIX TGO LARGE)
cALL EXIT

!
e |
|

RETURN
END
--.---s'----.----------n-n.t‘--.-o----uto----.-n-cx-n‘-u-:--n--.-n
SUSRDUTINE CASE

COMMON /CNL/, DAT,TIM.N!O(ZO),XL.!,U,RD,T;,X',PI.UN.KODI:KPF .
c ON /MOD/ Y(28),2(28B) NSUP(28,2), M
'+ COMMON /EMT/ NODI(30) ,NODJ(30),Y1{30),TJ(30),NE
COMMDN /SEC/ 8(30),D(30),H{(30},V(30)
COMMON /CAS/ CAS(!S',“L(I@),WL(:O,:),NLC,NC,NTVP,“L!
COMMON /STYF/ EK{(8,8 (8,9) ,EKA(30,8,8) RP(30,8),LM(30,8)
*. ,COMMON /FRC/  DN(26,4,10}) FE(30,10,10) '

[ 3] ENS 1.ON "TYPE(S)
paTaA TVP! /AHSELF , 4HSURCT, OHTIUC lNLAll lNTINP ‘anrnes/

READ & WRITE LDAD DATA : "

READ (5,10) TYP WLE,CAS
10 FORMAT (A4, 8X,13,8X, 15A4)
DO 20 MTYPE1,6 ~
1F (TYP.EQ.TYPE(NTYP)) cq Tu b '
20 CONTINUE
WRITE (8,30) TYP . .
30 FPORMAT(11HILOAD TYPE ,A4,18H NOT RECOGNIZED)
CALL EXIT . S : .
40 IF (WTYP £0.1) GO TO Y140 )
READ (5,80} (NL(N),(WL(N,M) Me1,3) Ns1, NLE) . ’
$O FORMAT(18,8X,3E10.0) :
WRITE (6,80) DAT,TIM, HED, CAS
so rouunr4nznt1unusv:us: ANALYE1S OF BOX CIRDER BRIGSES/.
1 1M L BHDATE: A8 &X.SHTIME: ,A8///1k <20R4//1K L 1BAS)
WRITE (8,70} |
70 FORMAT (//10H LOAD DATA/) . T
1F (NTYP.EQ.2) WRITE (8, 80) ’ o
1P (NTYP . EQ.3) WRITE (s. s0) . : .o
IF (NTYP.EQ.4) WRITE (§,100)
IF (NTYP.EQ.S) WRITE (6,110}
1F (NTYP.EQ.8) WRITE (8,120}
80 FORMAT (BH ELMT, 16X, THW, 14X, 2HY 1, 14X, 2HY2)
WP, 14X, ZHY 1, 14X, ZHXO)
100 FORMAT (BH ELMT. 1SX, 1HW, 14X, 20 P 14X, 2HYT)
110 FPORMAT (SH ELMT, 14X, 2HTY, 14X, 2HT2) " >
18X, 2H22) e ,
WRITE (8,130) (RLIN), (WLINIM),Mu1,3), Nt , NLE)
130 FORMAT (18,3E18.4) .
140 CONTINUE

RETURN
END
e NN SRS NN R I NSNS NSNS RSN ANRENIIIREIEN RSN

lUIIﬂUTll! STIF(SK, NNN, NNM)

COMMON - /CNL / DAT,T]M,N!D(2°)4XL,!,U,RO,TC.XP,il,IH,KOD!,KPF
COMMON . /NOD/ ~ Y (281, 2(28),NSUP(25,2) NN e
COMMON /EMT/  NDDI1(30),W00J(30),T1(30),TJ(30), NE *°f
COMMON /SEC/ B(30),0(30},H(30), V(30) -
COMMON /CAS/ CAS(18) /NML(30) ,WL(30,3),NLC, NC,NTYP NLE

_ COMMON /STF/ 'EK(S,3),A(R,8) EKA(30,8,8).RP(30, l},LN()O 8)

© COMMDN /PRT/ DNK(28.4,10),FE(30,10,10)
COMMON_ /SOL/ R{100),NEQ MBAND, MAXL

DIMENS ION SK{NNK, MMM}
INITIALIZE STRUCTURE s?lrru!ss:s
BO t0 1=1,NEQ

. PO 10 J=1,MBAND

10 SK(I,J)m0.0

DO 100 N=i1  NE
INITIALIZE ELEMENT STIFFNESSES
0O 20 1=1.,8 . . . L
0O 20 J=1,¥
EX(1,J)20.0

20 &{1,0)=0.0 *
1F (KODE.EQ.2) GO TO .24

FORM. ELEMENT FRAME STIFFNEXS MATRIX EK

. tind




. 227
228
229
230
231
232
233
23
238
238
237
238
230
240
241
242
243
244

¥, 248
246
247
248
249
2%0
281
282
283
284
288
288

288
283
280
261
262
263
264
285
2688
267
268
269
270
271
272
273
274
278
278
277
278
279
280
281
282
283
284

288
287
2838

290
291
292
283
284
298
208
287
298
298
300
301
3d2
303
304
J08
308
307
3038

309

310
31
312
313
314
38
318
317
3ts
31
320
321
322
123
324
328
326
327
328

129

330
331
. .a32
333
334
338
3¢
337
13s
338

non

nno

onn non

ann

noa N

2

»

(M)®e3/12.0
(N

PLED(N) )

ER(1,1)a¢a 0sE1/PL
EK(1,2)=-2.08E]1/PL
EK(1,3)e-8 OsE1/PLos2
EK(1,4)%-8 OsEL/PLu*2
EX(2,2)m¢BK(Y,1)
EK(2,3)=-UK(1,4)
BK(2,4)0 ~WK(3,3)
BX(3,3)me12 . 08E]/PLus]
EK(J,4)m+12,.05E]/PLur]
EX (4 8)meEK(3,3)

EK(S,

T4EA/PL

EK (S, ,8)uesmA/PL
EK(8,0}u+EK(S 8)
GO To 28

f
FORM ELEMENT PLATE STIFFNESS MATRIX EK

DimEeR(NI®e3/(12,08(1.0-Use2))
D2sEs

{INY/U(1 04U ) mn2)

WisNMRP T /XL

W2lswine2

Wiswieed

GawisD(N) /2.0
CCRCOSHIG)

SSwSINN(G)

CS=CCsss

ccsceece 1
SSxggess

GisGeCs

C2sG-CS
GasCSs (3.0 UV /(1.0%U)
[+ 112311 V4
CAmG-C4

CEK(1,1)=4D14WIs(CC/C1-S$/C2)
EX(1,2)2+D1sW1iz(CC/G1+8$8/C2)

28

30

40
80

80
70

~.ADD ELEMENT STIFFNESS TO STRUCTURE STIFFNESS MATRIX SK

. 90

100

EK(1,3)=-DIsW2= (CS/C1-CS/C2-1.04U}

EK(1, 4}2eD1sW2s(CS/C1¢CS/G2)
EK(2,2)neEK(1,1)
EK(2,3)a-BK(1,64)

TEK(2,A)e-BK(1,T)
EK(],3)aeD1oW3s({$8/C1-CC/52)
EX(3,4)8-D1sW3e (E8/C1+CC/G2)
EX (4, 4)n+BK(3,3) -
EK(K,8)n+D2sW1s (88 /63-CC/GA)
EK(S,8)=-D2eWis (58 /GI+CL/GA)

EK(S,7)m-D2ew1s (LS /C3-C8/G4-1.0-V)

EK (S ,8)2-D2sW1s (LS /CI+CE/CA)
EK (8,0 )a¢EK(S &)
EK(E,7)s~EK({E ,8)
EK(§,8)5-EK({S 7} N
EK(7,7)=+D2sW12(CC/CI-S5/C4)
EK(7,8)24¢D2sW12(CC/C3+5S/C4a)
EK (8, 8)x+EK(T,7)

BC 3¢ Ix1,8
bCc 30 Jsx1,8
EK(J, 1)eEK(1,d)

FORM TRANSFORMATION MATRIX A

MDEH(N)
VDV (N)

A(1,3)8-1.0
A(2,7)¢1.0

A(3,1)s-¥D

A(3,2)=-ND

A(4,B)sevD

A(s,8)ueND

A(E,1)s-HD

A(S,2)8evD

ACS, B)ImeHD |

A(S,8)1m-¥D | .
A(7,8)5-1.0

A(S,8)41 .0

FORM EXsA

DO S0 1x1.,8 -

DG 80 Jx1 .8

TEMP=0.0

DO &40 K=1,8
TEMPSTEMP+EK (I K)®A (K, J)}
EKAIN,I,J)STEMP

FORM AT2EK2A

oo 70 Is1,8 '

Do 70 Jui,8

TEMP=O. 0

DD 80 K=1,8

TEMPETEMP A (K, T)SEKA(N,K,J)
EX(1,J)=TEMP i

DD %0 =18
11=LMIN, T )
D0 %0 Jr)

JUELMIN, J)-1Te1

IF (JJ,LE.0) GO TO %0 )
SK(I1,dJ)®8KI11,Jd)+EK(T,J)
CONTINUE
CONTINUE

ADD SUPPORT STIFFNESS TO STRUCTURE STIFFNESS MATRIX S$K

~
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340
e
342
342
344
345
348
3a7
3as
Jag
380
Is
381
353
154
358
IEE
as7
3ss
3%
zo
38
382
383

384 .

388
3ss
87
ass
ass
370
I
v
373
374
378
37e
371
373
379
aso
LTS
382
3s3
LYY
388
3ss
387
388
s
390
ET R
382
3e3
ETYY
39S
396
397
398
399
400
401
402
403
404
a0s
aoe
407
so08
a0
410
a1
412
413
(3T
418

416

417
413
419
420
a2
422
423
424
428
428
427
428
8429
430
431
432
433
434
438
43¢
‘537
‘438
438
440
441
A82
IvE
A84
445

a8

447

LYY

448

asq -

as1
452

1F UKODE.EQ.2) GO YD 110
DO 110 Wmi, NN

Knan(N-1)

If (NSUP(N,1).BOQ.1)
IF (NSUP(N,2).B0Q. 1)
4,1)

SK(K+4,1)0BK(K+4, 1041 415 4
110 CONTINUE -
c
RETURN
Enp .
£ AEFFORRSESERARESUENENBER LE R A NN}
SUBROUTINE LOAD
I .
COMMON /CNL/ ©OAT,TIM,HED(20) ,XL,E, U,RO,TC,XP,PI,NH, KODE, KPF
COMMON /NOD/ Y(28),2Z(28) NSUP(28,2),NN
COMMON /RMT/ NOD1{30) NMODJ(30),T1(30),TJ(30),NE
COMMON /SEC/ B(30),D(30),H(30),V{30)
COMMON /CAS/ CAS(15),NL(30) ,WL(30,3) NLC, NC, NTYP NLE
‘COMMON /STF/ EK{8,8) ,A(8,8) EXKA(30,8,8) RP(30,8),LM(30,3)
COMMON /PRC/ DN(25.,4,10) ,FE(30,10,10)
COMMON /SO0L/. R{100) ,NEQ,MBAND, MAXL
t
(4 INITIALIZE STRUCTURE LOADS '
c .
DO 10 1x1,NEQ
10 R{l)=0.0
c
c INITIALIZE ELEMENT LOADS
c . ~
DO 20 l1s1, NE
00 20 J=1,8
20 RP(1,J)m0.0
4 “
3 FORM ELEMENT LOAD YECTOR RP (IN LOCAL COORDINATES)
[4
FACT=4 . C/(NHeP1)
IF (KODE.EQ.1) FACTR1 .0
GO TO (30,80,70,90,110,130) NTYP
c : %
C-----SELF WEIGHT
c
30 DO 40 Nx1, NE
WISFACT®RO*TI(N) LR
W2sFAGTORO*TU(N)
Rie(6.0OSWI+4 O2W2)2D(N}*22/120.0%H(N)
R72(8.0SWI+6 . OSW2)SsD(N)=*2/120.05H(N)
R3I=(7.08W143 . 0sW2)sD(N)/20.0
R4 (3. 00W1¢7 OsW2|eD(N)}/20.0
HOSN (N}
vD=v (M)
RPN, 1)meR)
RPN, 2)meR2
RP(N,I)=-HDARS 2 )
RP(N,8)usHDERA *
RP(N,S)u+VDaR] :
40 RP(N,S)lu-VDan4
GO TO 180
4

C--+-SURCHARGE
c

LLE FUR Y B I

BR{K®1, 1)eBK(K+1,1)¢1 E+18
EKI(K*2, 1 )mBK(K*2,1)41 K216
1

S0 DD 80 M= NLE -

W oaWL (M, 1)*FACT

YinwLiM, 2)
Y2mWL (M, 3)

IF (Y2 .EQ.©0.0) Y2mH(N)*sD(N}

YLEH(NIED (N}
YARY Y
YesyL-Y2
YCEYL-YA-YS
YALSYA/YL
YBLSYB/YL

SCuwsYLs32/12.
SLEWeYAs22/12 (6 -3 sYAL+3 . oVYAL®"2)
SREWSYR®92/12 % 4 . oYBL-3.9YBL®»2)

Ri=SC-3L -8R

SLawWsYA®n2/12 2 4 . *YAL I .*YALR*2)
BREWEYBE®®2/12 . 5(5 . -8 . sYRL43 sYBLew2)

R2=gC-SL-BR

R3I=2(R1-R24WsYC= (YB4YC/2.))/VL

HDEH(N)
YDeV (M)

RP(N, t)=RP (N, 1)+R

RAm(R2-RY+WaYCe (YASYC/2.)})/YL

RP(N,2)8RP(N,2)+R2 .
RP(N,3)SRP(N,3)~HD2R3
RP(N,4)mRP(N,&)*HD2R4
RP{N,S)SRP(N, B)+VD2R]

$0 RP(N,EIBRP(N, 6)-YDoRA

GO To 18O
c
C--<-+~TRUCK LOAD
4

NeNL (M]

P oawWL (M, 1)
YieWL(M,2)
XOmWL (M, 3) '

70 DO BO M=, NLE

°
1IF (xObE.EC.2) GO YD 7%

YLER(N)*D(N)}
YARY 1
YB=yYL-Y1

RisPsYArYB=22/YLns2 :
R22PeYBeYAS*2/YL*22 L ) I

RI=(R1-R2¢P2YB) /YL

RAX(RZ-R14PIYA) /Y B . i

HOSH (N} |
“V¥DEVIN)

RP (N, 1IRRP (N, T)eRY -~ .
RP(N,2)8RP(N,2)+R2 :
RP(N,3312RP(N,3)-HD2R]

RP (N, A aRP (R, 4)+HDRS

RP (N, B)I=RP{N,EF+VDaRD]

’

303
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RPN
GO T .
T WImNHSPI/XL
‘RIWISH(N)®DI(N)

SRP(N,B)-VYDERA \
° N

487 Eluwisy] :
E2=B1-E1 : .
ass SRINSINH(NY)
, 480 SE1®SINH(ET)
as BEZ=SINHI(EZ}
482 ' "CEV=COBH{ET) - .
483 CE2%COSM(E2) , .. .
asa AtzSBine2-Bres2
ass UIsSE2+E1sCE2 o . w
ase UZ=SEISRE20CET . .
a7 X1uXL/2.0 i . .
X2=X14X0
XI=X1-X0
470 SXINSIN(WIZX1)+SIN(WISX2)+SEN(WTaX3)s0 .28
471 RP (N, 1)=RP(N,1)+2.05P/(NHePInA1 )2 ({E19SBINESE2-D12E22SE) )nEX]
472 . R 2ImRPIN,2)42.08P/(NHsPIoA1 ) e (E2eSBI*SE1-BI*E1eSER)*EX
473 CERP(N,3})-2.08P/(XLoAL )= (UI*SRY sy2)sSX)
‘ava SRP (W, 4)*2 O%P/(XLoAY)&(U2eSBT1-BI=UT)eSX) . .
476 1 14 SE T -
478 1850 0
a7 c . M
47: C---~-LANE LDAD '
a7y s € ¢ s
L4880 | 80 DO 100 M=1,NLE . . :
LY SIS NENL (M) N
482 W omwWL(M, 1)epACT
483 P oaWL(M, 2)n(-1.0)em( (NH*2)/2)22.0/XL N
asa., YieWL(M,3) .
ass © WP eW+P _
aas YLaH({N)=D(N)
as7 YARY?
YREYL-Y1

RiawpsYARYB222/Y(L*e2
R2ZuWPeYBsYASE2/YLo02 ' -
R3Im(R1-R24WPeYB) /YL ) .
RAs (R2-R1eWPEYA ) /YL . -
HD=H(N) .
. VYDmV.(N) h . e
. AP (N, 1IRPIN, T)+RY el
RP(N,2)8RP (N, 2)4R2
RPEN,3)=RP(N,3)-HD=2RD
RP (N, AYERP (N, 4)+NDORA 3 ' S . -
; RP(N,B)SRP(N 5)+VDeR3 ¢
. 100 RP(N,E)SRP(N,8)-VDeRA : Qf)
GD YO 180 .

C-----TEMPERATURE e

110 DD 120 Me1, NLE
NEML (M)
TYasWL(M, 1) =FACT
T2eWL (M, 2)*FACT
TH®EeTCa (T14T2)*B(N) /2
TMEEsTCe (T1-T2)eB(N}I=®2/12. - . A *
RP(N,1)12-TH
RP(N,2)=-TM .
RP (N, S meTH : . -
120 RPAN,S)ImeTN
¢0 TD 1m0

C-++--PRESTRESS ! v

130 DD 140 Ms1,NLE . . L o
NENL (M) . .
P sWLIM, 1)eFACT ' . .
21mwWi (M, 2) s .
228WL (M, 3} . - v : .
E1=TI(N)/2.-21 . ) e
EJeTJUIN) /2. -22 : )
EvsD(N) . . ) R . (\
EXmEJS-RD ,
ELSSORT(EYS024EZs22) .
cCugyY/EL - .
SSWE2/EL :
. RP (N, 1)m-PeE] - ’ , : 4
RP(K,2)e-PsEy ) ,
RP (N, 3)mepess X . .
RP (N, 4)s¢pegs :
RP (N, )usP2CC .
140 RP(N,$)x+PaCC -
. . &

ADD ELEMENT LOAD VECTOR TO STRUCTURE LOAD YECTOR R

neoa

150 DD 180 NE1,NE ,
HD=H(N) : .
vYDRY(N) s -
K=&s (NODI(N}-1)
RIK+1)WR(K*1)-VDERP(N,3)-HDeRP (N
. R(K+42)BR(K+2)-HDORP (N, 3 )+VDORP (N
R{(KeI)BSR(K+I}-RP{(N, 1)
Knds (NODDJINI-1) ; s
REK+1)SR(K+1)+VDSRP (N, &) +HDeRP (
R(K+Z)8R(K+2)+HDSRP (N, &) -VDeRP(
180 REKeTIBRIK+IV+RPIN, 2}

s
.8

¢ 1F (NTYP.NE.S) GO TOD 180 . .
DO 170 Is1 , NE . :
Do 170 Jxt, 8,
170 RP(1,J1%0.0
180 CONTINUE ~ -

[T .c
ss2 RETURN

(1Y) END

. 880 . C sxmERE xsasy
55 ' SUSROUTINE. FORC

$62 c - :

883 ‘COMMON /CNL/ DAT,TIM, HED(20),XL,E, U RO, TC XP PI, NH KODE KPF
(XY COMMON /NOD/ Y (28),Z(26) NSUP(2§,2) NN

(11 COMMON /EMT/ NODI(30),NODJ{(30),T1(30}),TJ(30), NE

E s EERSERSERSNNINENREERISSTED

skzssssesm - -




nnn

nan

nnn

nno

nnn

nnn

f E -
COMMON /BEC/ B(30),D(30),H(20),Y(20) .

COMMON /CAS/ CAS(18) ,ML(JO) WL{30,3}),NLC,NC,NTYP NLE
COMMDN /STF/ EK(8,8),A(8,8),EKA(J0,8,8),RP(30,8),LM(30,8)
COMMON /FRC/ DWN(28,.4,10),PE(30,10,10) Co
COMMON /30L/ R{100)}, MRQ ,MBAND , MAXL

‘' DIMENSION RS (8)

INITIALIZE NODE DISPLACEMENTS

IF (NH.NE.1) GO TO'3Jo :
DO 10 I1m1,NN
DO 10 Jm1,4 .

10 DN(1,J,NC)®0.0 .

IKITIALIZE ELEMENT FORCES

D0 20 1=, NE
00 20 J=1,1%0
20 FE(1,J,NCIm0 .0

ADD SINGLE HARMONIC NODE DISPLACEMENTS TO TOTAL NODE DISPLACEMENTS

JO GaNHepPlaXP/XL
CC=CODS(C) .
ES=SIN(C) -
DO &40 M=, NN
OM(N, 1 , NCIwDN{N, 1 NC)*R(BeN-3 )85
ON(N,2, NC)I®DN(N,2,NC)+R(8aN-2)s88
ON{N,3,NCISDN(N,3,NC)sR(SN-1)385
40 DN(N, 4, NCISDN(N MC)*R(4an yegC
CALL TANC(DN,NN, 28, 4,NC)

FIND SIMGLE HARMONIC ELEMENT PORCES

DO B8O Nm1, KE
Do B0 Im1,8
RS(1)s0.p
DO 80 J=),8
JJRLM(N, J) ‘
50 RE(IIaRS(II*EKAIN, 1, JIsR(UJ)

ADD SINGLE HARMDNIC ELEMENT FORCES 10 TOTAL ELEMENT FORCES

DIXEsB(N}=e33/(12.0¢(1.0-Uss2))

‘WIRNHePL /XL :

PRaU

1¥ (XODE.EQ.1) Wim0.0O

IF (KODE.ZQ.1) PR=OC.O

(M)eWIBSR (LM(N, &) )+PR2 (RE(E)-RP (N 8))
(N)SWISR (LM(N,8))*PR=(RE(B)-RP(N, 8))
FIxDIsWIe22 () . C-U)SR(LMIN,3))
FasDiaWies2s (1 O-U)sR(LMIN, 7))

FE(N, 1 NCI=SFE(N, 1,NC)+FI1s8S

FEI(N, 2 ,NC)SFEI(N; 2, NCI+(RS(T)-RP(N,7))sCC
FE(M, I NCISFE(N, 3, NCI+(RE{(B)-RP(N B))*58
FE(N, 4 NCISFE(N, 4 MCI+(RS{(2)-RP(N,3))sS5+FI=sSS
FEI(N, B NCISFE(N, § NC!+(RS{1)-RP(N,1))sSS
FEI(N, 8§, NCI®FE(N, 6 . NC)IeF2s3S

FE(N, 7 ,NCISFE(N, 7, MCI+(RS(8)-RP(N B))eCC

FE(N, NCIsFE(N, B, NMCI*(RS{8)-RP(N,B))e5S

FE(N, nc»-r!(d_ S . NCI*(RS(4)-RP{N,&))sSSePFargsS
6O FE(N 10, NC)=FE(N, 10, MCI*(RS(2)-RP(N,2))s8S

CALL TRNC(FE NE, 30,10, ,NC)

RETURN

END . .
ARSI AN NI AN SRR SIS BN SN PRSI E IS AR ENIINEC RIS SR VNSRRI RB NN
SUBROUTINE RITE ’

COMMON /CNL/ DAT,TIM HED(20),XL,E U ,RO,TC,XP,P1 NH KODE XPF
COMMON /NOD/ Y (28),2(28) NSUP(28,2), NN

COMMON /EMT/ NODI(30),NODJ(30),7T1(30),TJ(30),NE

COMMON /SEC/ B(30),D(30) ,H(30),¥(30)

COMMON /CAS/ CAS(15),NL(J0) ,WL(30,3),MLE, NC NTYP NLE

COMMON /STF/ EK{8,8) ,A(8,8) EXA{(30,8,8) ,RP(20,8),LM(30,8)
COMMON /FRC/ DN(2§,8,10),FE(30,10,10)

COMMON /S0L/ R{100), NEQ ,MBAND MAXL

WRITE MEADING

WRITE (8,10) DAY, TIM, HED, CAS
10 FORMAT(42HITRANSYERSE ANALYSIS OF BOX GIRDER BRIDGES/
1 1H ,SHDATE: ,A3,&X,BHTIME: . AB///VH ,20A4//1H ,L15A4)
IF (KODE.EQ. 1) WRITE(S, )
IF. (KODE.£0.2) WRITE(S, 16) XP
t4 FORMAT(//18H PLANE FRAME THEORY)
18 FORMAT(//20H FOLDED PLATE THEORY, 19X, 12HX-ORDINAYE = E12.4)

WRITE NODE DISPLACEMENTS

., WRITE (8,200 (N, (DM(N,M,NC) Met &) W1, NN)

20 FORMAY(//19H NODE DISPLACEMENTS//
1 SH NODE,18X,6HY-DISP ,6X,8HI-DISP,7X, SHROT ‘N, EX, SHX-DISP/
2 (15,10X,4E12.4))

~
WRITE ELEMENT FORCES

WRITE (8,30) (N, NODI(N), (FE(N, M, NC) Me1, B), .
1 N,NODJIN], (FE(N,M,NC) MxE,10) ,N=1 NE)
30 FORMAT(//18H ELEMENT FORCES//
1 19H ELMT  NODE, 13X, JHNXX, 89X, PHNXY, X, IHNYY, 89X, JHOYY , 89X, IHMYY/
2 (15,18,84X,BE12.4))
RETURN
END i
csssmusnsasrsasaxs

SUBROUTINE SOLV(A,

ssfmansnsarnesnannnsns

ssseszzsemase
MR, MM KK )

DIMENSION A(NN MM} B(NN)

160 TO (106,701, KK

305



306

c REDUCE STIPFNESS MATRIX

10 DO 80 us1, NN
IF (A(NW,1}.,67.0.001}) GO TO 30O
WRITE (8,20) N
20 FORMAT(///30H IERO . OX DIAGOUNAL FOR BQUATION,14)
CALL EXIT
30 DO SO Ma2 MM
PACTEA(N M) /AN, 1)
TaNeM-
IF (1.GT.NN) GO YD SO ;
e o
« DD 80 KuM, MM
ueJe
40 A(]l , JimAll J)-FACTSA(N, K)
80 A(N,MIsFACT
80 CONTINUE

GO TD 120
4
c REDUCE LOAD VECTOR .
C
70 DO 90 Ns1, NN
DD 80 ME2, MM
ImN+M- >
1F (1.GT.MN) GO TO #O o
80 B(1)mB(1)-A(N,MI®BIN) ) v
80 BIM)NB(N)/A(N, )
[
c SACK SUBSTITUTE
3
L2121}
100 NaN-1
IF (N.50.0) GO YO 120
DO 110 Mu2,MM
JTuNeM- .
IT (1.GT.MN) GO TO 110 — .
BINIRB(N)-A(N ,MI®B(]) .
110 CONTINUE
G0 TO 100
c .
120 RETURNK
E£ND
c x SrszermsrzEascacEeEO RSN R
SUBROUTINE TRNC(A,N,L,M,K)
723 c
724 . DIMENSION A(L M, 1)
128 c
728 DD 20 Jsi,M
& 127 ©o AMAX®=O 0 : -
. 728 Do 1q 1=t M
729 AMSABS (AL], 4, K} )’
730 1P, TAMAX . LT.AA) AMAX®A .
731 16 CONTINUE :
732 AMAXZAMAX® 1. E-03 . .
733 Do 20 Ix1,N
734 AASABS (A(],J . K))
138 . IF (AA.LY . AMAX) A(],J,K)e0.0 .
736 20 CONTINUE
737 4
738 . RETUKN
739 €ND

end of file
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1
2
3
4
L]
7
]
[ ]
10
T
12
12
14
18
16

Engc of

tile

IBLINGTON AVENUE EXTENSIOW
[}

148 14
188.0
i

AURAUOS IALN =

w
o

14 RR
SELF WEIGH
SURCHARGE

1

~“EBNaBIERAAUN

SURCHARGE
1

2
TRUCK LOAD

TEMPERATUR

LR R R N U

TEMPERATUR

3

.

| 3

[

L]

10

1"

12

12

14
PRESTRESS

1

LR N W TN

.2

T

"000000000C0CC0C

(- %]

28 .

40,
40,
40 .
40.
40 .
40 .
40,
80,

OCONNNNDOOO

S 0000
00 - - -Wéoo

-t e
[URV RN RERVEN N Y |

2.80

. 180

. 088
. 088

2

o0
-

-N-N-X.1

-

0000

-~ 00000000
-

-]

o000

R R R R N ]
T TYIII T

-0———000.—0OO‘OOOO'UOO‘OO’HOOé

0.18 ©.180 ©.000008 78.0
.00

00-000~-0

SELF WEIGHT
SUPRRIMPOSED DEAD LOAD

1IDEWALK LIYE LOAD

HU—=OWWW
oom-000

RUCK  LDAD ' (NEGATIVE CANTILEVER MOMENT)
14,

. 14.0 .
RUCK LOAD 2 (MEGATIVE INTERIOR MOMENT)
s 140
. 14.0
L2 .
RUCK LOAD 3 (POSITIVE INTERIOR MOMENT)
1 3 14. 0
14.0

EMPERATURE ; {TOF SURFPACE 40 F ABOVE DATUM)

OCOO0OOOOOOANONNA—-NBIIAI--400NO-DO
00000000200 NOCNONOCRIECOODODOO

TEMPERAYURE 2 (INTERIDR SURFACE> 20 F ABOVYE DATUM)

20.0

20.0

20.0

©.0

.0

0.0

©.0

20.0

20.0

TRANSVERSE PRESTRESS
333 ©.333

©.333 c.198 .

o0.188 0.882

©.582 ©.882

o. ©.882

[ 0.198

0. ©.333

o. 0.333
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Listing of output information for BOXGIRD
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TTRANSVERSE ANALYS1S OF BOX GIRDER BRIDGES : 310
DAYE: ©3-28-24 TIME: 22:08:36 . .

ISLINGTON AVENUE EXTENSION

.

MO  OF NODES = T4
ND. DF ELEMENTS L LI I
ND. OF LOAD CASES . ]

SPAN LENGTM

MODULUS OF ELASTICITY
POISSON'S RATIO

MASS DENSITY

THERMAL COEPFICIENT
X-ORDINATE

.1800E+00
.1800E+00
©OOOE - 0%
.7800R+02

errUN_CesummewN -
aamana
000000

17 .
18 NODE DATA

~
'
Ld
<
.

20 NODE Y-ORD 2-0%0 Y-sur
21 1 -0.2280R+02 °
0. 18B0E+02
-0.1200E402
-0.12008402
-0. 12008402
.8TSOE+01
o

.0

.8TBOE+O
.1200E+02
.12008+02
.12008+02
19808402
.22B0E+02

oo0oo0

.3378E+01
.8780R+0"
.0

°

730E+01

.0

.0
3378E+0
.87
]
°

»
-

R I RER X NV
©

+01

u

ooco : 0000
©0090000000000
-] 90 [-N-N-X.1 007‘00 -
00 -000000-~0000

w
w
un

37 ELEMENT DATA

THK -1 THK-J
S710E+00 .8870E+00
8870E+00 .1800E+0!
. 1800E+01 .8130E+00
.8330E+00 . 8330800
.83308+00 .8330E+00
.8330E+00 . 1800E4+01
s702+00
.88TOE+00
.7800E 00
.7800R+00 : .
. 1800E+01
. 1ROOE+O1
.1800E+01
.1500E+01

A ELMT NOD - NOD -
1

N-RANS RO IR UNC

-
el
C XN N P RN

. 7800E+00
.7800R+00
.1800E+0O1
1600E+0?
18002¢+01
.1800%+0)

a4 to’

L 3] 12
82 13
83 14

600000060000000
coooco000000000O

111 ND. OF EQUATIONS = §8
87 BANODWIDTH = 20

$0 zesesszsExs 2SS SR PN ARSI R A NG N IS PN UNSEFUSEIRTEIAGIINIRANDES

[ 3] 1TRANSVERSE ANALYS]S OF BOX GIRDER BRIDGES
4 DATE 03-28-34 TIMEZ: 22:085:38

§7 ISLINGTON AVENUE zxrgns}uu

(3] SELF WEIGHY -
72 RLLANE FRAME TYHEORY :

78 NODE DISPLACEMENTS L

77 NODE Y-p1lseP 1-p1sr X-DISP
.3821E-04 28637£-02
.38218-04 .1848E-02
3821 -04 2690KE-04
S82E-04 L14T1E-08

°
©
©c.18842-08
©.3388E-08
.0 0.8323E-04
.BEB1E-0) ©.2073E-0)
.1730E-02 0.0
-]
°
°
°
©

+

.o

.3220E-04
2137E-04
.2137E-04
1088E-04
AE37E-08
.4J07E-04
.427BE-04
.8837E-0F
.4%372-0%

.4488E-02 .0

.6981E-03 .2073E-03
.2890E-04 -0 .1834L-04
1471E-04 -0 .338SE-OF
.0 .8323E-04
.1848E-02 -0.3098E-0)
.2637E-02 -0 .3388E-03

-
w
eI AREUN

37 10 .
[ Y 1

0000000000000

20 1]
L Bl 14

00000000000000
©0000000000000
0000000000000 O

.4 ELEMENT FORCES

NXX NXY NYY oYy MY Y
.0 0.0

.3001£+00 -0.4802E+00
.3002E+00 -0.4802K+00
.1818E+0Y -0, TED
L1782E+01 -0.TBOTE+O
.B434E+00 -O.
.8434E+00 -0,
.e o.
N °.
.B43AE+00 -O.
.B434AE+00 -0O.
L1782E401 -0
L1819E+01 -0
.3002E+00 -O
.3001E+00 -0.4B028400

z
o
=
~

*E “ELmMT
1

o

0000
s
o0

.
-]

S030E+OO
O30E+00
.9030E+00
.8030E+00
$030E+ QO
.902302+00
030E+00
.9030E+00
.0

.0

.0

OB IINRUURON -
.
0000000000000

0C0DODOO0OO0OQOO0OO00O00ODO0O0O0O0
0D000DOO0O0000OQ0000O0
0000000000000 0O00O0
R
0000000000000 00O00

-] .0
1380E+01 -0 .B27BE+0

o

L]
CHOIIRORANDRUWON
00000000000 0000O00

[
13 .8030E+00
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114 ] s 0.0 0.0 ©0.80308400 0.0 0.2828R4+01
118 to [ °.0 0.0 ©.80308+00 0.0 0.28388401
tie 10 12 o0 o.0 © $030E+00 -0.1JBOE+01 -0.827

11T " 3 0.0 ©.0 0. 32818401 -0.9030E+00 ©0.8208E+00
t1s 1 4 0.0 0.0 -0 4040R+0! -0.9030H+00 -0.22278+01
1e 12 4 oo 0.0 -0 4040E+0) -0.80J0R+00

120 12 s ©.0, ‘0.0 -0 AROCOE+01 -©.9030K+00

121 MR | 10 0.0 o.0 ~0.3281E+01 ©.90308+00

122 13 " 0.0 0.0 -0 40A0E+01 ©.90308¢00 ©.22278+01
123 14 1 .0 L) -0. 40402401 ©.20300+00 ©0.2227F+01
124 Ve 12 o0 0.0 -0 _AS00E+0! © . 9030K+00 ©.81788¢01
128

128 N

127 sanesesny wsasBwOELERS BeMNBNOSED N
128 °

129

130 1TRANSYERSE ANALYSIS OF ROX GIRDER BRIDCES

131 DATE. ©3-28-84 TIME: 22:08:218

132

132 .
134 ISLINGTON AVENUE EXTENSION

138

138 SELF WEIGHT : EN
137

138 -

139 FOLDED PLATE THEORY X-ORDINATE = O .7900R+02

140

141 N . .

142 NODE DISPLACEMENTS

143

144 NODE v-pisp 2-Dis?P ROT N X-D1sP

148 1 -0 $324E-03 ©.2303E+00 © BSNOE-01 -0 . 18318K-17

148 2 -0.S431E-03 O©.2288F+00 O $340K-01 -0 ts41R-%7

147 E] -0.3283£-03 ©.2287E+0C OC.1518E-03 -0 1708E-17

148 4 © 1827E-03 ©.2287§+00 ©.18028-03 ©.7780%-18

149 ] 0.$802E-03 0.2288F+00 ©. Y448E-04 O

180 ] -0.17412-03 ©.2288E+00 -0.1340e-01 -0. ,
181 1 0.0 0.2280E400 ©.0° -0 1812E-17

1852 1 °.0 ©.2292E+00 0.0 o Jt01E-17

153 [} 0.1741E-03 ©.2288E+00 ©.1340E-03 -C 1888E-17

184 1o ©0.3253E-03 ©.2287€400 +~0.15180-0Y -0 :708E-17

188 1 S0.1827E-03 ©.2287E+00 -0.1402F-031 ©.7-80E-18

158 12 -0.$802E-C3 ©.22B8E+00 -0 7448E-C4 O 3I138E-17

187 13 0.B4B1E-03 ©.2288E+00 -0 .E340F-0Y -0 'S41€-17

1.8 14 0.8324E-03 0©0.2303E+00 -0 .E98BE-CI o $X9k-17

189 t

180

16t ELEMENT PFODRCES

1862 .
163 ELMT NDDE LR} NXY NYY ovy MYY
184 1 ' .8388E+02 0.0 0.0 & 4308E-02 ©.0

158 1 2 34B0E+02 -0.7138E-18 O 1241E400 -0 _J10TE+00 -0 8488E+00
166 2 2 4S0E+02 -0 .T1I38E-18 ©O.12841E+00 -O.2881E+400 -0 4489E+00
167 2 3 1970E+03 -0.8013E-14 ©.2083E+01 -0 15818401 -0 87342401
168 3 3 1872E+03 O.4B78E-14 O 11)14E+01 ©.18378+01 -0 .7817£+01
168 3 [} 1O68E+03 ©.2000E-14 -0.8108E+00 O .8820E+00 -0.8408E¢00
170 4 [ _1OSBE+0) ©.2008E-14 -0.8108E400C ©.870BE+0C -0.8408E+00
171 [ 7 .1082E+03 ©.0 -0 0.0 ©.2083E+0
172 5 7 10828403 ©.0 -0 0.0 ©.2089E+01
173 5 [ _1OBEE+0] -0.2008E-14 -0.2108E+00 -0 .3708E+400 -0.8408E+00
174 ] * _1O88E+03 -0.2000E-14 -0.2100E400 -0 .88620E+00 -0.54088+00
178 s 10 1872E+03 -0.487EE-14 ,0.1114F+01 -0 1837E+01 <0.7817E+01
176 k) 10 1970E+63 ©.4013E-14# 0" aEIE+01 © 18818401 -0 8734E+0!
177 b 137 .8480E+02 ©. ©.1241E+0¢ ©.29812400 -0. E+00 o
178 & 13 8480E+02 © © 1281E+400 ©.310TE+400 -0.

178 i 14 .8396E+02 O [ -0.4309E-02 O©. .
180 ’ s . 1890E+03 -©. 0.980T7E+00 ©.1408E¢DY -0,

181 ' [ ©.18038+03 ©. ©.5223E%01 ©.0 0.

182 10 [ 0 1803E+03 o©. ©.8223E+01 ©.0 0.

183 16 12 0. 1890E+03 ©. C.8407F+PO -0 . 1408401 -0O.

184 1 3 -0 1978E+03 -0. -0.3418E+01 -0 .3308E+00 ©.

186 (R 4 ©.8972B+02 -0 ©0.8278E+00 -0 .1307E+0C -0.222ER«0!
186 12 4 ©. 89728402 -0 -0 827SE+00 -0.9307E+00 22288401
187 12 [ ©.378084+03 -0 0. 1408E+O1 -0 .9428E400 ‘
188 13 10 -0 1378€+03 -O. -0.3418E401 ©.8308E+00 -O.

189 13 1 ©.8872E402 -0O. -0.8278E+00 ©_0307E400 O.

180 R 11 0.8972E+02 -©. -0.827KE+00 ©.93JO0TE+00 ©.2228E+01
131 1 12 ©.3780E+03 -O. ©.1406FE+01 ©.9428E+00 ©.8388E+01
192 -

193

194 ssszsmasEws axsmssmnns S REESAGERN Y RSN RAUSSENNRRARSERSEERESRS
198

196

197 TTRANSVERSE ANALYSIS OF BOX GIRDER BRIDGES

198 DATE. ©3-25-84 TIME- 22:05:38 -

ey

200

201 ISLINGTON AVENUE EXTENS fON

202 .

203 SUPERIMPOSED DEAD LOAD

204 .

208

206 LOAD DATA

207

208 ELMT w Y1 Y2

208 1 ©.3800E-01 o.0 0.0

210 2 ©0.3800£-01 0.0 0.0

211 3 ©.3800E-01 0.0 o.0

212 [} ©.3800F-01 0.0 0.0

213 1 ©.3800E-01 .0 0.0

214 1 ©.3800E-01 0.0 0.0

218 7 ©.3800E-01 0.0 .0 -
216 3 ©.3800E-01 0.0 .0

217 1 0.8700E-01 0.0 ©.3000E+0) T

218 2 ©.8700E-01 o.0 ©.3000E+01

218 3 ©.8700E-01 ©.1000E+01 - ©0.3000E+01 .
220 1 ©0.8TSOE+O 0.0 ©.1000E+00

221

222

223 EEREE T USRSV IR SRS N SIS RS IR AN AT SR NS ERRSNAARS S EEIEEREEEREEREIRENTARSERTD
224

228

228 ITRANSYERSE® ANALYSIS OF BOX GIRDER SRIDCES
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127 DATE: 0)-28-84 TIME: 22:08:38
228

230 N AYENUE EXTENSION
231 (g .
232 SED DEAD LDAD
213
2234
238 PLA AME THEORY
236
237
238 NODE DISPLACEMENTS
219
240 NODE Y-D1sP 1-pISP ROT ‘N X-p1se
244 1 -0 1347E-02 ©.0482K-02 ©.12828-02 ©.0
242 2 -0.13472-02 o©. s2-02 ©.10732-02 O.0
243 TR -0.13478-02 0.1 -04 0. 0.0
244 [ -0.88352-03 0.0 0. .0
248 N 0.0 0.0 °. ©.0
[} 0. 1341E-02 +0.70012-03 O©. 0.0
7 -0.1330E-02 0.0 -0.18428-03 ©.0
s -0.2118E-04 ©0.1743E-03 -0, ©.0
] -0 1320£-02 ©.8079E-03 O, 0.0
10 0. 1314K-02 ©.0 ° .o
Xl -0.73%8E-03 o©.0 ©.18738-03 ©.0
12 -0.4219E-04 0.0 - ©.2043K-03 ©.0
13 0. 1314E-02 -0.3808£-04 -0 .6832E-04 ©.0
14 ©-0.1314R-02 ©.2383E-03 -0.1011E-03 0.0 i
; .
ELEMENT FORCES .
ELMT  NODE Nxx XY ' NYY Qevy
1 1 c.0 0.0 .0 ©.0
[ 2 0.0 0.0 0.0 -0.1080E¢01
2 2 0.0 0.0 0.0 -0.10B0K+01
2 3 0.0 0.0 0.0 0. 1S8BEO1 N
3 3 0.0 .0 0.88542+400 ©.78TIE+00 .
1 € o.0 0.0 0.5854E+00 ©.8878E+00
4 [} .0 0.0 ©.8984E+00 ©.8878R+00
’ ’ ? 0.0 0.0 0.8084E+00 ©0.3011E+00
5 7 0.0 .0 ©.8984E+00 ©.30138+00
3 s v.o 0.0 O.F9BA4R+00 ©.4479E-01
1] ] c.0 0.0 0.8984R¢00 ©.44T7092-01 .
] 10 0.0 0.0 0.8884K+00 -0 1547E+00 O.1198E+0"
7 10 0.0 0.0 0.0 ° JOE+00 -0.3T488+01
' 7 13 o0 0.0 c.0 ©.2880E400 -0.51000+00
[] 13 0.0 0.0 o.o0 ©.2880E+00 -0.5190£+00
s 14 °.0 0.0 0.0 ©. .0
9 5 0.0 0.0 -0.8984E%00 © 8472+00
’ 2 0.0 0.0 -0.8884E+00 O .STERE O
10 3 0.0 c.0 -0.8884R+00 O .5789E-01
10 12 ‘0.0 0.0 -0.8884E8¢00 © .1100E+0}
1" 3 0.0 0.0 -0.2Y832+01 © .7028E+01
11 4 c.0 o.0 -0.23838+01 © .4007E+0
12 L) 0.0 o.© “0.23%3E+0Y .0 .40072%01 '
12 [ o o o0 -0.2383E+0t © .9847E+00
13 10 o.0 0.0 -0.72178+00 -0 LA944EvO!
13 1 0.0 0.0 +0.7277E+00 °-O L1922E+0!
14 1 0.0 0.0 ~0.7277E+00 “O.8UB4E+00 O 1822E+01
14 12 0.0 0.0 ~0.7277E+00 -0 .80GAE+00 -0 11002+01

ITRANS VERSE ANALYSIS OF BOX GCIRDER BRIDGES
DATE: 01-2%5-84 TIME: 22:08:28

ISLINGTON AVENUE EXTENSION

SUPER IMPOSED DEAD LOAD
FOLDED PLATE THEORY X-ORDINATE ¢ ©. 7000E+02
. :

NODE DISPLACEMENTS

NODE Y-oise z-018P ROT N X-plsp
1 c0.882EE-01 O©O.88ZJIE-01 O.12008-02 -0 .4080E-)
2 c0.§713E-01 O.S4ESE-O1 O .1088E-02 -O . 4134E-18
3 -0.8147E-03 O .S88SE-01 O0.2870E-03 -O.4383IE-138
4 0 1233E-03 O.8388E-01 & . 1272E-03 ©O.2000E-}
s O 4STRE-O3 O.BSASE-O! ©.B800E-0O4 O.8IFSE-13
5 “0.ASSEE-03 O.S774E-01 O.1834E-0) -0 AZ44E-18
7 -0.4044E-03 O©.SSE6E-O1 ©. 1%08E-03 -O.4103E-18
. ] ©.2793E-03 ©.5670E-O1 ©0.2228£-03 O©.7802E-18
’ -0.360BE-03 ©.B828E-O1 O 160SE-03 E-18
317 10 -0.3100£-03 O.S&8SE-O0) ©.48903F-04 E-18
318 11 -0 1162£-03 0.B4RBE-01 ©O.8B01E-0O4 ©O.1807E-18
319 12 0.1234E-03 O .SA4E3E-01 ©.7614K-04 O.801BE-18
320 13 -0.2847E-03 O.SS3SE-01 -0 1788E~03 -0.4120E-18
321 14 v -0.2334E-03 O.SBSTE-01 -0.22108-03 -0 .4130E-18
322
323
324 ELEMENT FORCES
a2s
3z2s ELMT  NODE . NXX wxy NYY MYY
327 1 1 -0.20908E%02 ©.0 ' 0.0 0.0
328 1 2 -0.2128E+02 -0.18E7E-18 ©.2801E-01 -0.2828E+01
1) 2 2 -0.2128E+02 -C.1857E-18 ©, 2901E£-01 -0.2629E+01
330 2 3 -0.BOSBE+02 -O.9884E-18 O 4338E+00 “0.1323E+02
as 3 3 -0.5042E+402 O.1788E-14 ©.2213E+01 . -0.2179E+01
332 3 3 -0.2710E+02 ©O.1093E-14 O 137SE+01  0.23778+400 -0.3842E+00
332 4 3 -0 . 271028402 ©.1033E-14 O, 1376E+01 ©.237§£+400 -0.3842E+00
334 [} 7 -0.26288+02 ©.K7ICE-18 O 7277E+400 -©.2898FE-01 ©0.3871F+00 ,
338 5 7 -0.2828E+C2 O.STIOE-15 ©0.727T7E+00 -O.288BE-01 ©.3471E8+00
336 5 ] . SE+02 O.8228E-16 O 4783E+00 -0, 2881E+00 -0.T242E+0Q°
337 s [} -0.2628E402 ©.8228E-16 O 47SIE+00 -O.2001E+00 ~0.7242E+08
EET] s 10 8382402 -0.8823E-18 © BOCSEE+00 -O .5041E+400 -0.2772E¢0¢
338 7 10 -D.4838E+02 O.3T4O0E-18E O.S18EE+00 O .SPRIE¢00 -0.3838E+01



k : 313

Jao v 13 -0.21208¢02 O 1783F-15 © J1408:-0) ©.2000E+00 -0 .8348R+00
I 1] 12 -0.21208+02 ©.1783R-18 ©.314808-01 0.320305+00 -0 8348R+00
342 \I 14 ~0.,21280%02 ©0.0 ©o.0 ©.0 0.0

342 1] L] ©.48370+402 -0 22338~ 0.17188+01 -0.82272-0t 0. 0810K+00
348 ] ] 0.4519%402 -O ©.177384+00 -0.48810K-01 oc.s3182-0)
Jas 10 L] o. 4810402 -© .17720400 -0 &881R-0 0.83188-~01
3a 1o 12 0.A828K%02 O .92788-01 -0.47381-01 -0.80078+00
347 " 3 ~0.81070+02 -0 L21148+01 ©. 1737801 -~0.11080*02
LY ) " 4 ©.23010¢+02 -0 . 104004%01 0.17230+0t -0.817704+01
3 12 4 ©.2301k*02 -0, 10408401 0. 1T13E+01 -0, 8177801
380 12 s ©0.87248+02 -0 .82938-01 0.17208+01 0.88100+00
FL R 13 io ~0.48812%021 -0 1104E+01 -0 172 -0 0.1088R%0" : ’
Is2 13 11 0.210900402 -0 . 1880E-14 -0 433BE+00 -0 8818K-0} 0.78130+00
383 14 " 0.21990402 -O 0. 3 +00 -0.8818K-01 0.7813K+00
384 4 12 0.9278E402 -0.10342-14 O 4737R-0) -O. s4g-01 ©0.800784+00

Endg of file
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183

198
196
197

200

201

202

203

204 )

208% -

208

207

203

209

210

211

212,

212

214

218

2t6

217

218

219 ¢
End of ¢ilte

c

nan

[

\
ALPHAR BIBeD *NSPMICASP +HBRAS *HPsAP
. BETA ®)./2 9B 1BsDI1922¢NEPMICAEPaDSP *NSPAS*DS - *NPRAPSDP
CAMMAE Y . /3 . 5B 102D 1es3+oNSPMISASPEDEPse2+NEsARSDSe2+NPeAPIDPrR2

VI(BOBYllLPNl-'?’Z.‘I'.!TA)-ALPNA)/.

IF (N.§Q.0.0) GO TO t80O
AQU - {BAMMASNSDETA oM}
A1ae (BETA sHEALPHASM)
ARwe1 /2. =0
ASan1./0. =
CALL ROOT(AC,A1,A2,A3,Y),

180 FC sM2Y/(1./6 . 980 YasdeBETASY -GAMMA) .
FEPu -NSPs (DESP-Y)/YsPL
FS s-N§ =(DS -~Y)/Vare
FP =-NP (0P -Y)/YaPC+R/AP
ACR= pey *ALPHA
OCR=1./2. sBaYse24NETA
ICRE1./3. spsYsa3eCAMMA
YCR=QCR/ACR
ICR= ICR-ACR®YCR="2
WRITE (8,130} R,N,M,Y, YCR, ACR, ICR, PC PP, PFS, FSP
190 PORMAT(7H R =, F10.3/7H N =, F10.3,7H W
TH  YWA =, F10.3,7H =,r10.3/
TH . ACR =, F10.3,7H =,r10.3/
IH. PE =, F10.3/7H =,F10.2,
TH PE s,F10.3,7H ", F10.3)

=,r10.3/
YER
ICcR
re

rs-

FT R U

ULTIMATE STRENGTH

WRITE (8,210)

FORMAT(19H ULTIMATE STRENGTH:)

1F (KDDE2.EQ.1) WRITE (6,214)

IF (XKODE2.EQ.2) WRITE (8,218)
FORMAT(18H (270 K5) STRANDS))
FORMAT(18H (180 XS] BARS)) .

200
210

214
218

LsKODE2

FPUSCURY (1, L)

FPYsCURY(2,L)

KK =CURY (3, L) +
Q0 =CURY{a4 L)

RR sCURV(E . L)

1=0

Asp/to.
SETA1s0.88

IF (PCP.GT.4.0)
Casa/BETAY
Z5Pu0.003e(DSP-C)/C

Zs =0.003a (DS -C)/C

IP =0.003%(DP -C)/Cen/(EPsAP)
FSPaPESPs2SP

1F (ABS(FSP) . GT.FSPY)
FSwESeIS

IF (ABS(FS) .CT.FSY) FSePSYSFE/ABS (FS)
FACTE(1.0¢((EPSANS(ZP))/(KKEFPY} )nasRRIS2 {1 . O/RR)
FPuEP=2Ps {00+ (1.0-00)/FACT)

TinASPerFgP

T2aAS *FS

TInAP =FP

Cin-0.88sFCPeD

C22-0.88+PCP= (D1 -8) )

ANEWS - (T14T2+T3-NU/PNI)/(C14C2)

IF (A.GT.D1) ANEW=-(T1eT24TI4C29D1-NU/PNI)}/C1

XeANEW : :

IF (A.GT.D1) Xs=D1 . .

TESTa (ANEW-4) /ANEW : . .
1n1e1 . :
AnAREW .

WRITE (8,230) I,A,FP
FORMAT(17,2F10.3)

1IF (1.GT.10) GO TO 240
IF (ABS(TEST) . G7.0.001)

. BETAI®0.88-0.08* (FCP-4.0)
220

FEP=FESPYSsFEP/ARS (PSP

.

66 To 220

MUSPHI®(T1¢T24T3+C12A4C2eX) f

MUEPHIS(TISDSPoT2¢DS4TI2DP¢C12ASS2/2.04C20X822/2.0)-NUsYT

WRITE (8,280} A,C,FP,FS FSP NU,MU, PHI

FORMAT(TH A «,F10.3,74 C

: TH PP =, F10.3,7N PS
IH MU =,F10.3,7H MU

6o To 10 .

280
¥

=,F10.3/
«,F10.3 7H
=, P10

rs -’
PHI

=,F10.3/
=,710.3)

END ' .
BEIEBESERRIETE IR LA R3] .-li"!llt.ll‘lll
SUBROUTINE RDOT(AO,A1,A2,A3,Y)

B Ie®
Yno.0
10 FYRAO+YS (A14Y® (A2+YSAZ))
FYPEAI4Y2 {2 =A2+Y*] 2AX)
YNEW=Y-FY/FYP
TEST= (YNEW-Y )} /VYNEW
I®14
TRYNEW
WRITE (8,20) I,V
FORMAT (17 ,F10.3)
IF (1.G7.10}) RETURN
IF (ABS(TEST) .GT.0.001) GO TO 10

RETURN

END 7 -

A
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HN-OBBIBRSUN -

14

End of file

DATE: 03-28-84 TIME: 22:06:87
NILSON « P. 10D - PARTIALLY PRESTRESSED
INPUT DATA: |
rec’ = 8.0 PPU = 270.0 PsY
L 3810.0 EF » 27000.0 ES
[ = 4.000 D . "30.000
[ 16.000 D1 = s.000
#2 e 8.000 02 = 3.000
AF w 0.88) P = 2% .000
A = 1.870 08 s 27.000
ag: s 0.0 os° = 0.0 )
Nt o= o.0 M’ = 3744.000 F.
NU = ©.0 MU = 0.0 PHI
"UMCRACKED SECTION:
(GROSS SECTION PROPEMTINS)
YT = 13.123 vo = 15.877
Auc = 212.000 JUC o 21785.478
MCR = 2210.173 .
rT = -1.98% rE® & 1.188 .
LA 4.988 PS5 » 7.011 r§’
CRACKED SECTION:
1 17.327
2 18,192
3 13.938
a 13.938
L] . 13 .83
N - 131.883 M " ass . 911
YNA = 13.838 YCR = 7.117
ACR = 124.306 ICR = §303.921
rec = -2.182
Fr a 185.8417 FS = ' 18.B13 Frs’
ULTIMATE STRENGTH: :
(270 KS! STRANDS)
1 5.318 " 287.828
2 7.982 282.704
3 7.384 243.128
4 . 7.388 248 .788
' s 7.803 248.472
€ 7.833 246 .944
7 7.822 248,773
[ T.528 245.838
& = 7.828 € = s.880 .
re . 248 836 FS = 80,000 fs°
NU ©.000 MU = rHI

A

80.0
29000.0

123.000
©.800

~0.0

«0.0

F3Y'»

80.0
20000.0
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Appendix K - Derivation of equations 3.22 and 3,23

The principle of superposigion allows the total creep strain
at any time t, to be obtained as the’ sum of independent»
‘creep strains produced by stress changes at different ages

for different durafions of time,

Bo(t;) Clt;,ta)" \"%:-.ﬁsf

LI oo e

5 N
e(tn) =
j=1
e(t,) = A0, C(t,, ta)
+ L '
""AO,._'. C(tn-j,tn)

Substituting‘for'creep compliance expressed as a Dirichlet

. ‘ k4
series

‘ m '_kl(tn_t1)
e(t,) = Ao, Z a;(t,) [1 - e
i=1 .
m ) ) ’ki(th-tz)

+ Ao, T a;(ty) . [1 - e

i=1
+ * s e

‘w IQ Ho'
. m o ) _'X{(tn-tn-1)
+ Don,.y Z ai(te-y) [1 - e ' .
i=1
‘Rearraranging (note that At, = ti.q - t,)
- m —xiAt1”kgAtz'...‘k|At"_1
E(th) = AU1 z ai(t1) [1 - e C
i=1 ‘
m - “X|Atz_...'k|Atn-1

+ AUz z a;(tz) [1 - e

i=1
+ e o o

! m v —kgAtn_1
+ Aan-1 Z ai(tn-1) [1 - e

i=1



Sim%lérly
e(tn.y) =
+
+.
+
Subtracting
e =
+
+
+
+
Simplifying
e .
where
Avn - =

In terms of

Ae -o=

A01 z a|(t1) [1 - e I
1=1 v

—X|At2_c-c—k|Atn
]

m
AOz z a|(tz) [1 - e
i=1

L ) !n‘

_R|Atn

m
AonZa.(tn) [1-9
=1
e(tn41) - e(t'n)
m ->\;At1_-.."k|Atn-1 _X|Atn
Aoy, Z a;(ty) e [1 - e ]
i=1 '
m ")\;Atz‘—f..-'k|Atn-1 —>\iAtn
Ao, I a;(t,;) e [1-e ]
i=1 ‘
m "’X[Atn-] _kiAtn
Ao, - a;(t,-4) e [1 - e
i=1
m N v -XIAtn
Do, I a;(t,) [1-"¢

")\;Atn

—X|Atn-1 . . '
Ai,n-1 € + Ao, a;(t,)

axial strain and curvature

m N -)\iAtn
ZA|n [1 - e

i=1

321



mM v _>\|Atn
A¢ - = I A|n [1 - e
\ i=1

where

N N —)\IAtn-‘l

Ann = Alln-‘l e + _A_H_al(tn)
Ac

M M "xlAtn~1

Aln = Alrn-l e + ﬁan(tn)
Ic

These equations are-similar to those given in equations 3.22

and 30%%;( _ | R
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Appendix L
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Membrane forces acting on a box girdér bridge'
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Appendix L - Meémbrane forces acting on a box girder bridge

The membrane .forces acting on a box .girder bridge can be
determinéd by simple strength of material relationships.
Consider the simply supported box girder shown in Figure
L.1(a). A uniform load of 1/2 w is applied at each web.
The span lengfh is L and the distance between the webs is
B. 'The cantilever has a thickness of t1 while the top and
‘bottom slabs have thicknesses of t2 and t3 respectively.
Note that St and Sb aré defined as the section moduli at
the top and bottom of the section respectively.

7

Let us firsf consider the cantilever.  In order to reference
points on the cantilever, the x and y coordinate system i;
defined. ' An incremental element is Iocaied so that its
right side is adjacent to the f:ee edge of the canti%ever."
By treating the box girder as a beam, the longitudinal

bending moment can be found .as

M=1/2wx (L - x) , : (L.1)

If the effects of shear'lag are neglected, the compressive
streés at the top fibre is given by ’
L 4 .
okxx = M / St . (L.2)

The longitudinal membrane force in the cantilever is

NxX = o%kx  t1 | | (L.3)
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ny »

Figure L.1 - Membrane forces acting on a box girder bridge
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The membrane shear force can be found by referriﬁg to the
free body diagram shown in Figure L.1{b). Considering

equilibrium in the x direction, we get

Nxy = dNxx y ‘ (L.4)

The transverse membrane force can be found by referring to
the free body diagram shown in Figure L.1(c). Considering

equilibrium in the y direction, we get r

N

Algebraic manipulatior of the previous\cq}étionships éives
three equations which can be used to determine the membrane

forces at any point (x,y) on the .cantilever.
.

Nxx = 1/2 w x (L - x) t1 / St ' (L.8)

Nxy = 1/2 w (L - 2 x) y t1 / St | (L.7)
2 ’ .

Nyy = 1/2 wy t1 / St o (L.8)

Let us now consider the top é]ab. An x ana y coordinate
system is defined at the corner of the top slab. An
incremental element is located so that its right side is
adjacent to the centerline of symmetry. Hence Nxy is zero
at the right side of the e]ement'jUst as it was for ;hs-
cantilever. Derivation of the equations are similar tb
those for the cantilever except that now the incremenfa]

element is located at y = B/2 rather than y = 0. The
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fo]]owiﬁé three equations can be used to determine the

membrane forces at any point (x,y) on the top slab.

Nxx = 1/2 w x (L - x) t2 / St (L.9) q
Nxy = 1/4 w.(L - 2 x) (B - 2y) t2 / St (L. 1)
‘ Nyy = 1/2wy (B - y) t2 / St | (L.11)

Let us now consider the bottom slab. If t2 is replaced by
t3 and St is replaced by Sb in the preceding equations. the
. 2

membrane forces at any point (x,y) on the bottom slab can
#

/ be found.
Nxx = 1/2 w x (L - x) t3 / Sb | (L.12)
Nxy = 1/4w (L= 2x) (B-2 yﬁ t3 / Sb (L.13)
Nyy = 1/2‘w y (Bv- y) té / Sb (L.14)

-

These three sets of equations é%e a general funcfion of x

and y. Nxx has a quadratic distribution in the longitudinal
direction and a constant value in the transverse direction. .
ConverseTy. Nyy has a constant value in the longitudinal
direction and a quadratic distribution in the transverse
direction. Nxy Kas a linear distribution in both
‘directid%s. . | ’

Let us now refer to the transverse membrane forée (axial

force) diagram (Nyy) for self weight (Figure 4.22). The

-

\
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significant difference; between the folded plate and plane -
frame results are due to the fact that plane frame‘theo;y

‘neg1ects the interaction of the membrane forces (Nxx, Nxy,
Nyy)., Figure L.2 shows that if the results given by the
previous eduations are added to the plane frame results,

the folded plate results can be found.
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