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Spreadsheet programs are some of the most versatile and

popular programs for the personal computer. The inter-

active features of spreadsheets make them an extremely

valuabl-e tool for engineering appli_cations. The main

purpose of this pâper is to demonstrate an expedient

method of designing a segmentar bridge on the rBM personal

Computer using a spreadsheet protram and utilizing other

small computer pro€trams. Spreadsheet model_s f or section
properties, erection of cantilevers and establ- j-shment of

contínuity are incl-uded for the design example presented

in the paper.
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INTRODUCTTON

Although spreadsheet programs have been available for many

years on mainframe computers their use was mainly limited

to financial analysis by large corporations. htith the

advent of the personal- computer, spreadsheets have become

the most popular computer program for professionals with
different backgrounds incl-uding engineers. Electronic

spreadsheet pro8rams are probably becoming some of the most

usefur toofs for engineers because of their interactive

features. Another major advantage of spreadsheets is that
one does not have to be a protrammer to use them.

rn contrast to a conventional steel girder or prestressed

concrete r-girder bridge, the design of a concrete segmental

bridge is a very time consuming process to be done by hand

usíng regular calcul-ators and design aids. A segrnental

bridge must be designed for the loads acting on the part-

ial1y erected structure during any stage of construction
as well as on the completed structure. consequentty the

desitn is hiehly complex and interactive [ 1 , Z] . It is
natural to assume that one would have to resort to highly
sophisticated mainframe cornputer protrams to carry out the

design. However, this paper wilr show that the interactive
features of a spreadsheet program are extremely r¡ell



suited for carrying out the complex calcul-ations required

for segmental bridge design. Only the verification

analvsis wouLd have to be done on the mainframe computer

using a special purpose segmental bridge program.

To show the complete desi-gn of a segmentar bridge would be

quite extensive so this paper will only consider the longi-

tudinal design. The paper will present an aLternate design

in segmental concrete for the main spans of an actual- bridge

under construction with conventional steel superstructure-

The report is presented in this manner - First a descript-

ion of the spreadsheet program and other programs utilized

in the design and analysis is presented. The prelimj_nary

design involves discussion rel_ative to selecting type,

method of construction, span lengths, cross-sectional_

dimensions and manufacture of segments. The chapter on

detai-Ied design gives the design criteria and procedure

for developing the spreadsheet models. The appendices

include a complete príntout of the spreadsheet models

prepared f or the longitudinal, desi.gn.

This paper is mainly addressed to the practísing brÍdge

engineer. ft provides informati.on which can be readily

adapted for the design of concrete segmental bridges.

2



2. SPREADSHEET PROGRAH

2-I Genera].

The calculation of secti-on properties and design of

longitudinal prestressing for the segmental bridge

presented in this report r^ras done on the IBM persona1

Computer using the spreadsheet progiram Lotus l-2-3*. The

computer programs TIMEDEP t3l and BEAMANLxx were utilized

to provide the design forces used in the spreadsheet but

the reader can use any other programs for this purpose-

TIMEDEP is a prane frame proEiram for the analysis of time-

dependent behaviour of segmental bridges at each stage of

construction. rt was used to carry out the self weight and

thermal analysis. The superimposed dead load and live load

p.l-us impact analyses was carried out using BEAMANL. It is

a commercially avavilable mai-nframe computer program for

the analysis of continuous beams. The proEtram can analyse

bridge girders directly for standard AASHTO truck and lane

loadings.

xlotus 1-2-3
Development

XXBEAMANL is
Corporatíon,

is a registered trademark of Lotus
Corporation, Cambridge, Massachusetts.

a registered trade mark of Control Data
Minneapolis, Minnesota.
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2-2 LOTUS L-2-3

Lotus 1-2-3 j-s primarily an electronÍc spreadsheet

composed of rows and columns. Each row is assigned a

number and each col-umn a letter. The intersections of the

rows and columns are called "ce.L.l_s". Cell_s are identified

by their row-column coordinates. For example, the cel_l

l-ocated at the intersection of column B and row 10 is

called B1O. These cells can be fi]led with three kinds of

information: numbers, mathematical formulas, incJ_uding

speciaÌ spreadsheet functions and text (or Ìabels). A

cursor, typÍcall-y one row high and one column wide, allo¡¡s
you to write information into the cel_1s much as a pencil

lets you write on a piece of paper.

Electronic spreadsheets allow mathematÍcal relationships

to be created between cell-s. For example if a ceÌl named

D5 contains the formula

D5=BZxC2

then D5 will display the product of the contents of ce1l

82 and C2. The cel-L references serve as variables in the

equatì-on. No matter what numbers are entered in BZ and C2

cell D5 will- always return their product. For example, Íf

cel] 82 contained the number 7 and cell C2 contained the

number 3, the formula i-n cefl D5 would return the value



21. If the number Ín cell C2 were changed to 4, DS would

also change to 2A. Of course, spreadsheet formulas can be

much nore complex than thís simpl-e exampJ-e_ A ceLl- can be

added to, subtracted from, multiplÍed by, or divíded by

any other cel-1 . In addition, buil-t- j_n spreadsheet

functions such as mathematical functions. fi_nanciat

functions and logical functions may be applied to celLs.

The act of building a moder on a spreadsheet defi.nes atl-

of the mathematicaL relationships in the modeI. until one

decides to change relationships, every sum. product,

di-vision, and subtraction etc. will remain the same. Each

time one enters data into the model, computations will be

calcul-ated at the user's command without any effort.

Even more important, spreadsheets al_low one to play

"what-if" with the model. After a set of mathematical

relationships has been buil_t into the worksheet, the
worksheet can be reca]cu]ated wÍth amazing speed, using

different sets of assumptions. This important Ínteractive

feature of spreadsheets is particularly wel-l suited for
engi-neering applications .

5



3. PRELTHTNARY DESIGN

3-1 General

As a senior structural Engineer with M. M. Dillon Limited,

consul-ting Engineers, the author was recently involved in

the design of the Red RÍver Bridge North of Selkírk for

the Manitoba Department of Highways and Transportation.

The river crossing of this new bridge consists of steel r-
girders with a concrete deck [FiS.3.1] -

The example problem presented in this paper involves an

alternate design of the maj-n spans for the above bridge in
precast prestressed concrete segmental construction.

Therefore. the design exampl-e took into consíderation the

actual site conditions, the clearance requirements and the

length of the river crossing etc. as well as meeting the

deck configuration and líve l_oad requirements of the

seLkirk Bridge. The design presented here is by no means

construed to represent the most economical solution for a

precast segrnental- alternate f or the above bridge.

The Selkirk Bridge (located just north of the town of
selkirk, about 50 km north of [,Jinnipet) is currently under

construction with completion anticipated by fall 79A7.

6
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ft is a two lane brÍdge designed in accordance with the

AASHTO Code l4l for HS 30 live loading. The span arranEle-

ment for the four-span river crossing of this bridge is

69-A7-A7-69 m for a total length of 372 m. The super-

structure consists of four haunched steel f-girders spaced

at 3.50 m with a 225 mm composite concrete deck. The

haunch is 18.9 m long with the depth of web varyj.ng from

2.4O m to 4.4O m. The top slab is 72.9 m wide cantil-ever-

ring 1.2O m from the exterior gírders. The deck is covered

with a waterproofing membrane and 50 mm asphalt overl-av

I Fig 3. 1l

3-2 Method of Construction

The balanced cantilever method of construction was

selected for constructing the proposed segmental brÍdge.

This method has been the forerunner of segmental bridge

construction technology. ft was developed to el-iminate

falsework which is an expensive part of the overal_l

construction cost. Most of the segmental_ bridges built in

Canada and the U.S.A. have been constructed by this method.

The other reason for sel-ecting the bal_anced cantilever

method was the availability of the computer program

TTMEDEP which is written for this type of construction.

o



The balanced cantilever method of construction invol-ves

two separate operatj-ons: ( 1 ) erectÍon of cantilevers and

(2) establishment of continuity. The segments are simply

cantilevered from each sj_de of a pier in a balanced

sequence until- midspan is reached IFigs .3.2 and 3.3]. Then

continuity is established with the half-span from the

previous pier by pouring a cast-in-pIace closure segment

IFig.3.4]. Thj-s procedure is repeated until_ the structure

is completed tf, 31.

The operations required for balanced cantilever

construction for precast segments are shown ín Fig- 3.2.

A precast deck segment is brought in from the plant and

attached to one side of the bal_anced cantilever employing

temporary prestressing. This produces an unbalanced moment

equal to the segment weight multiplied by its eccentricity

from the centrel-ine of the pier. This moment must be

transmitted through the cantil_ever to the pier and

foundations - Another segment is attached to the other

side of the balanced cantil-ever cancelling the unbalanced

moment. Cantilever tendons are stressed at the top of the

segments and the temporary prestressing is removed. This

procedure is repeated until midspan is reached. The

procedure for cast-in-place segmental construction is

shown in Fig- 3.3. It involves supporting the moveable

9
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formwork from the previously cast segment on each side of

the cantilever. The unbalanced moment produced by this

method is relatively sma11.

The operations required in respect of the estabLishment of

continuity for the constructÍon of a three-span bridge are

shown in Fig. 3-4. Stage 1 involves erection of segments by

balanced cantilever construction on the fírst pier and

stage 2 has end span segments assembl-ed on falsework.

Placement of a cast-in-place closure segment, stressing

of bottom continuity tendons and modification of support

conditions takes place durÍng stage 3. Stage 4 involves

erection of segments by balanced cantil-ever method on the

sec'ond pier while another closure segment Ís poured in

stage 5. Durint stage 6 segments are assembled on false-

work and the bridge is completed with the casting of the

f inal cl-osure segment in stage 7 .

L2
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3-3 $electíon of Span Arraneement

According to the Precast Segmental Box Girder Bridge

Manual tSl the end span ís usualry selected as 65 to 70

percent of the interior span. This means that the srnall

section of the superstructure adjacent to the abutment or

exterior piers will require the use of fal-sework or some

other erection procedure IFíg 3.4J.

A l-iterature review of some of the segmental- concrete

bridges designed in Canada showed that the Matapedia

Bridge (Milnikek, Quebec) and Madawaska Bridge (Arnprior,

Ontario - steel alternate was actually buil_t) have main

spans of r22 m. Both are three-span bridges with the end

spans as 50 percent of the interior span. Matapedia was a

cast-in-place concrete bridge whereas Madawaska was a

precast concrete structure.

A review of the selkirk Bridge site conditions showed that
the river crossing spans at the west end are above l_and

and over water at the east end. As the locatÍon of the

exteri-or pi-ers was considered to be fixed it would require
construction of falser^rork in the water at the east end for
erecting the precast segmental units. t^lithout taking the

construction costs into consideration, i-t was intuitively

L4



decided to construct the entire se8mental structure
without using any falsework -

Based on these considerations the span arran8ement serected
for the proposed segmental bridge was sz-ro4-7o4-s2 m for
a total- length of 3rz m as shown in Fig. 3.5(a). The end

span to i-nteri.or span ratio of o . s would enable the entire
structure to be constructed without any farsework but

woul-d result in tension or uplift at the exterior piers.
This uplift coul-d be prevented by post-tensioning the
exterior piers with rock anchors into bedrock. Another

method of preventing uplift coul-d be to fill some of the
box girders in end spans with ballast. Detailed design of
counteri-ng this uplift at the exteri-or piers is not

incl-uded Ín this report.

3-4 Dimensions of SeEments

Accordint to the segmental Box Girder Bridge Manual a

single cell box section can be used for segment widths up

to about 12 m. The recommended span,/depth ratios for
variabl-e depth structures are 1g to zo at the support and

40 to 50 at midspan.

For the proposed segmental brídge

15
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the segment section would be a singte ce1l box section

with a depth of 2.7O m at midspan and S.ZO m at the piers-

The transition from one depth to the other was achieved by

means of a straight haunch section. From preJ-imÍnary design

considerations the haunch length was establ-ished as about

23 m with the haunch point located at a joint between

segments Isee Fie.3.5(c) ].

The other detail dimensions of the segments - such as

thickness of top s1ab, bottom sl-ab, webs and fÍllets - are

generally determined by structural_ considerations and

numerous practical factors rel-ated to production of the

segments as wel_l as by past experience. For the proposed

segmental bridge the chief poínt taken into consideration

was that all di.mensions must be able to accomodate the

post-tensionint ducts, anchorages and mild steel reinforce-

ment as wel-I as placement of concrete to extreme]-y close

tolerances. After reviewint several cross sections of

existing segmental bridges, the remaining concrete

dimensions establ-ished are shown in Fie. 3.S(b). The

thickness of the bottom sl-ab varies in the haunch section

increasing linearly from 250 mm at the constant depth

sectj-on to 8OO mm at the interior piers.

17



3.5 Manufacture of Sesnents

The precast units for segmental bridges are always match

cast. Each segment is cast against the segment which will-

be adjacent to it in the completed structure. The method

of match casting j-s critical for bal-anced cantilever

construction since smal1 discrepancies Ín the geometry of

a joint near the pier are matnified by the lever arm of

the cantil-ever to produce large variations at midspan -

There are essentialJ-y two methods of match casting the

segments - the "long-line" or the "short-fine" method i1l.
The decision of choosing the method of castÍng the

segmental units normally lies with the contractor.

The long-line method utilizes a fixed soffit form having

the same profile as the underside of the bridge. There

are movable side forms that travel along it. Each segment

is cast against a steel bulkhead on one end and the
previous]]¡ cast segment on the other. This casting scheme

requires minimum of geometric control but needs substantial
amount of space and is therefore usual-l-y set up near the

site. The minimum length is normally slightly more than

harf the length of the longest span of the structure. rt
must be constructed on a firm foundation which r¿i11 not

settl-e or deflect under the weight of the segments.

1A



The short-line method uses a single stationary form in
which each segment is cast individual_ly against the
previously cast segment. This casting system is set up in
a precast concrete plant but unfortunateì_y geometric

control becomes quite compl-icated.

The criteria normalJ-y used for establishing the length to
which the segments are manufactured is "constant rength"
and "constant weight" -

A constant length unit is most suitable for casting by the

short-Iine method as it has formwork advantages. However,

constant length units of varying depth would obviousry

vary considerabl-y in weight. A constant weight segmental

unit becomes more suitabl-e when hoisting equipment is
taken into consideration. A precast segmental bridge

built by the balanced cantilever method generalJ-y uses

some kind of a J-aunching truss or a crane. consequently,

it r¿ou1d be more economical to lift many loads of
approximately equal magnitude instead of sizing the

equipment to lift a few heavy loads and having it under-

util-ized for most of the time. on the other hand constant

weÍght units of varying depth would vary in length and

increase forming costs -

!9



After a literature revj-ew of the design of precast

segmental br5-dges buil-t in North AmerÍca and in particular

the design-construction features of the Tslington Avenue

Bridge (Toronto) 16l the segment units were designed for

constant length for this segmental bridge. To avoid

problems with transportation restricti.ons it ü¡as decided

that the segment weight would be limited to about 55

tonnes.

20



4- DETATLED DESTGN

4-1 Genera]-

The detailed design of a segmental bridge ínvolves the

foll-owing steps:

1. Determine section properties.

2. Design for longitudinal fl-exure during cantilever

construction (determine configuratj_on and number

of cantilever tendons for each state).

3. Design for longitudinal flexure during the

establishment of continuity (determine configu-

ration and number of continuity tendons for each

stage).

4 Design for longitudinal flexure after completÍon

of structure with appfication of superimposed

dead loads and live loads (determine configu-

ration and number of any additional_ tendons ) .

Design for transverse flexure (proportion

transverse reinforcing and prestressing) .

Desi-gn for shear and torsíon (proportion

longitudinal stj_rrups ) .

Check servi-ce stresses.

Check ultimate strength.

5.

6

I

2T



9 Design piers (for maximum unbalanced moment as

well as vertical and lateral loads).

Design abutments.

Design foundations.

Design bearings (for movements due to creep and

shrinkage as well as temperature) -

10.

11.

12.

13. Design expansion joints (for movements due to
creep and shrinkage as well as temperature).

!4. Design railings and barrier curbs.

15. Determine casting and erection schedule.

16. Compute quantities.

17 . Estinate construction costs.

To show al-l aspects of the detailed desi-gn i-s beyond the

scope of this study. This paper will only cover the

longitudi-naL design in detaÍl as ít is the most diffÍcul_t
and special problem in segmental bridges -

22



4-2 Design Data

Design Code

Design References

Design Live

Materi-als:

Concrete

Tendons

AASHTO-1983 l4l

Loading

PCI/PTI Precast Segmental

Box Girder Bridge Manual- i5l

Design of Modern Concrete

f'c = 4I.4 MPa (6000 psi)

t2/76 (72/O.6") Strands (l-ow relaxation)

f=- = 1862 MPa (27O ksi )

UTS = 3128. O kN,/tendon (7O3.2 k/tendon)

6 UTS = 1878.6 kN,/tendon (final force used)

Highway Bridges L7l

-HS30

The following loading cases were considered in the design:

o

(a) Self weight.

(b) Time-dependent effects (creep and shrinkage)

(c) Prestressing (primary effects) .

(d) Prestressing (secondary effects) .

(e) Temperature.

(e) Superimposed dead 1oads.

( f ) Li-ve l-oad plus j.mpact .

¿) ")



The design üras carried out by el-astic methods to meet the

following criteria:

(a) Concrete bending stresses with a11or,¡able Iimits

specifíed in AASHTO for concrete strength of 4I.4

MPa. That is, 0.55 f'c at transfer and O.4 f'c

under ful] servi-ce load -

(b)

(c)

No tension allowed for all combinations of loadings

Cracking safety under 110 percent of dead l-oad

and 125 percent of live load.
(d) Ul-timate l-oad capaci_ty of t7S percent of dead

load and 225 percent of live load.
(Note: assumptions (b), (c) and (d) above are

generally somewhat more conservative than

required by AASHTO and pCI recommendatÍons ) .

(e) fnitial tendon forces are 70 percent of ultimate
( f ) FinaL tendon forces are 60 percent of ultirnate.

(Note: A final_ force of 0.6 UTS was assumed for
all- prestressing cal-culations. The exact

analysis for prestressing losses would be

normally taken into account in the verification

analysis ) -
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4-3 Design Procedure

The longitudinal desi.gn was carried out Ín accordance with

the folLowing steps IFiEt . 4.3 and 4-61 .

Step 1

-ctep 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step I

Step I

Step 10

: Erection of cantilevers plus cantil-ever

Group 1 tendons. Stress check at all_

stages of cantil-ever erection.

Establ-ishment of span 1 continuity plus

Group 2 tendons. Stress check.

Establishment of span 2 continuity plus

Group 3 tendons. Stress check.

Establishment of span 3 conti-nuity plus

Group 4 tendons. Stress check -

Establishment of span 4 continuity plus

Group 5 tendons. Stress check.

Application of thermal loading. Stress

check.

Addition of superimposed dead l_oads.

Stress check.

Application of Iive 1oads. Stress check.

fnfluence of tÍme at 360 days. Dead Load

moment redistribution due to creep and

shrinkage. Stress check.

Final Stress check at 3600 days (10 years).
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4.4 Section Properties

The section propertíes for the segments were entirely

cal-cul-ated using Lotus 1-2-3. The section properties of

any general cross secti_on are given by t

d

A = [ b-dy
Jo

Iv = .Jo 
b- y dy/ A

iI= = I tr-y=dy
JO

f = l=- At=

where y = depth of section at any point from orlgin
b- = wídth of section at depth y

d = total depth of section

A = âr€â of section

t = depth of neutral axls

T.z = moment of inertia of section about origin
I - moment of Ínertia about neutral_ axis

(4 .1)

(4 .2)

(¿+.-{)

(4 .4)
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A numerÍcal- method has been developed from the above

integrals to cal-culate the section properties of a general

section t8l - ft uses a system of numbering nodes in whích

cl-ockwíse is considered a posítive area and the counter-

clockwise direction is a negative area. The node numbering

system used in the numerical analysis for a general bridge

section is shown in Fie. 4.1- The method then utilizes

the coordinates of the nodes in the folfowing relation-

ships to determine the section properties:

n
= 7/2 E (x,. 1rr*r - Xr.*r y¡.)

k=1

v-
n

t/6 E [ (x'.
k=1

(yt

r= = L/Iz
n

s-
k=1

!r.*r - X¡.*r Yx)

+ Yr.or ) I /A

where

fz-Ay=

[(xr. V¡.*r xl.*r Vl.)

({yt + yr.*r}2 yx yr.*r

k

n

= node number

(4_s)

= number of nodes ( 15

(4.6)

)l

o1

in Fie. 4.L)

(4.7)

(4.8)
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Equations (4.5), (4.6), (4.7) and (4.e) were incorporated

into a Lotus I-2-3 spreadsheet model Isee Appendix AJ

described bel-ow for the calculation of section properties.

The node numbers for the box section of the proposed

segmental bridge are given in Fig . 4.2. Due to symmetry

only one-half of the section had to be numbered.

rnitiall-y the spreadsheet model was established with the

coordinates of the nodes rel-ative to the maximum section

in the haunch. The coordinates of all nodes remai.ned

constant throughout the haunch except the y-coordinates of

nodes 6, 7 , B, I and 10. For these five nodes relationships

I^rere devel-oped so that only the ordinates of nodes 7 and g

LJere unknown. The coordinates of nodes 7 and g are based

on the depth of section and the thickness of the bottom

slab at a particular joint. rn additÍon to the equations

for area, location of neutral axis and moment of Ínerti-a

of the section, formulas were entered to find the segment

volume (based on the average end area method) and the

segment weights. once the basic spreadsheet model had been

deveì-oped it was simply a matter of changíng the ordinates
of nodes 7 and I to determine the section properties at
any point in the haunch. The strength of L-Z-3 as an

interactive tool was clearly evident durÍng the establish-

ment of the segment lengths and weights in â simple and
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efficient manner using this basic

The efficj-ency of calculating the

further enhanced by util-izing the

capabilities of t-2-3.

The macro facility alfows one to store sequences of

keystrokes for future use. It is in fact possible to

devel-op the keystrokes into a proÊîram in the I-2-3 macro

command language. A looping macro was created to expedite

the f inal cal-cul-at j-on of the segment section propertÍes.

The windows feature in L-2-3 al-lows one to split the

screen into two parts - either horizontal-Iy or vertical-ly.

This feature facil-itates in keeping track of the effect of

changes in different areas of large worksheets -

spreadsheet model-.

section properties was

"macro" and "windows"

The final segment length established for the haunch was

1.650 m with the weight of the units varying from 37 to 56

tonnes (based on concrete unit weight of 24OO kglm=). In

the constant depth section the segments were 2-5OO m long

and r^¡eighed about 51 tonnes. The pier segment was 1 .5OO m

long with a weight of about 52 tonnes. There were 25

elements in one cantilever of the bridge plus a cast-in-

place closure segment of 2.9OO m [Fig. 3.5(b)].
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4-5 Erection of Cantilevers

The analysis of the proposed segmental bridge for
construction by the bal-anced cantirever method was carried
out usÌ-ng the computer program TfMEDEP.

The discretized structure for preparing the input for this
protram is shown in Fí9.4.3(b). Only one-half of the

structure was modell-ed, as it was symmetri-cal , and it was

assumed to be fixed at the centrel-ine of the pier. The

model comprised 26 nodes, 25 elements , 14 sections and 24

construction stages. Each erement was equivalent to an

actual- physical setment and the 14 sets of secti_on

properties represented the variatíon in the height in the
haunch. Each construction stage indicated the erection of
an additional segment. rt was only necessary to carry out
an elastic analysis for this phase of the design as there
is no time-dependent redistribution of forces for
statically determinate structures.

TTMEDEP tave the bending moment at each node for each

stage. These bending moment values were incorporated into
the Lotus L-2-3 spreadsheet model to proporti-on the
cantilever prestressing tFig.4.3(d)l at each stage and

check stresses. The L-z-3 model for desi-gn of cantÍlever

32



C.I. P SEGMENT E PIER

50 5so

W" AçTUAL STRUÇTUffiffi

$YMM ETRICAL
ABOUT E PIER

ELEMENT

SECTION o
ro

@
st

d. ËLËVAT'åOru $HOWßNG üANT8IffiWffiffi THruM.&NS
SYMM ETRICAL
ABOUT .¿

GROUP I

TENDONSb. EISCRETSU gD STRIJCT'URS LEVEL I

LEVE L

LEVEL

I

?
3

4
5

NfrMffiry t5 t7 t9 2t 23 25 27 26 24 22 20 t8 t6
@@@@@@@@@@@@@

5 7 9 il.13 14 t2 tO I 6@@@6@@6@@@
34
@@
t2
@6

CONTINUE ERECTING ONE SEGMENT FOR
EACH STAGE UNTIL FINAL STAGE 24

TENDON $üUMBERS

8$OT E
ALL TENDONS ARE
lz / 16 ( 12.,o.6") srRANDs.

9ee999e 9e999qeq99
rîTrrïrT

TENDONS

6

2l
22
?3
24

c" cÕNsTR!.icTß$N sTAG,gS
ERECTIOru OF

q c.r.P. SEGMENT

t450

@. $ANT'ELËVËR TffiNMON LAVÐWT

CAST-IN-PLACE
SEGMENT

CANTI LEVERS
FrG. 4 .3



tendons is given Ín Appendix B. The main points in the

devel-opment of this spreadsheet model are described berow

First these section properties were entered at each joÍnt

height (h), thickness of bottom sl-ab (t) entered for
information on1y, area (A), distance to neutral axis
from top (YT), distance to neutraL axis from bottom (yB),

moment of inertia about the neutral axis ( I ) , sectlon
modulus at top (ST), and section modul-us at bottom (SB).

The values were obtained from the previous spreadsheet

model for cal-culation of section properties IAppendix A].

ft should be noted that it is not necessary to
individuafly enter the complete set of section properties

at each joint as some values can be calcurated wÍthin the
worksheet. Therefore onLy h, A, yr and r were Ínitiall-y
entered and YB, ST and SB subsequently calculated.

At this point it is worth mentioning about the copy

command of 7-2-3. The copy command ís used to make repli-
cas of values, fabels or formulas in other cell-s. This

replication al1ows the user to develop quickfy a modet by

building a few quick rel-ati-onships, then replicating them

over the entire workspace. This feature of spreadsheets

can sâve one a great deal- in time and keystrokes. But more

important this is the key to one of I-Z-3,s greatest
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strengths: the ability to project and extrapolate. The

copy command can handle "absolute" and "rel_ative" celf

addresses. An absolute cell address is exactly the same in

the copied formuLa as in the originaì- f ormuLa. A relati-ve

cell- address is different Ín the copied formula from the

original formul-a. The copy command features of t-z-3 were

used extensiveì-y for all the spreadsheet models presented

in this report. Tn fact the avail-abitity of this feature

was instrumental in the author's decision of designing the

segmental bridge usi-ng a spreadsheet program.

The design of cantilever tendons in the spreadsheet model

was handl-ed by establishing four levels for locating the

tendons in each r^reb, with each level at 150 mm interval_

starting from the top of the box section tFiEt. 4.3(e)1.
t^¡ith the tendon location fixed it was then simply a

matter of calcul_ating the centre of gravity of steel
(cgs) at each joint for the required number of tendons.

Formu.l-as r{ere incorporated for the cal-culation of the

eccentricity (e), effective force in the tendons (p) based

on 0.6 UTS, and moment due to prestressing (Mp = p x e).

The prestress stresses were converted to equival-ent

moments for purposes of analysis by establ-ishins the

following relationship :
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P/A

(P/A

where (P/A x S)

resistance was

top and bottom

+ Mp,/s

S) + Mp

= moment of

computed for

fibers:

prestress stress

prestress stress x (S)

Mt

Mb

The top and bottom fiber moments were combined for
prestress, that is, the Mp values were combined with p/A x s

to Eive the total prestress effect. This was done for the

top fiber (Mp+Mt) and the bottom fiber (Mp+Mb).

P/e

P/A

resistance. The

the compressive

X

x

ST (moment of resÍstance at top) (a

SB (moment of resistance at bottom)

Next the dead load moments, Md, (fron TIMEDEP) were added

to the total prestress moments for the top and bottom

fibers - columns Mp+Mt+Md and Mp+Mb+Md in the worksheet.

(4.e)

(4.1-0)

moment of

stress on the

Finally the stresses

stress at top

stress at bottom

11)

(4.

SI units were used throughout

were computed:

72)

(Mp+Mt+Md) /ST

( Mp+Mb+Md) /SB

the design except that
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stresses were calculated in imperial units of "psi" ín the

spreadsheet models. This r^¡as purely a personar choice.

Al-1 the above items Lrere progressivel-y built into the

worksheet by using the copy comrnand of the spreadsheet.

once all the formuras for each joint had been entered the

only variab]e was the number of tendons at each tevel -

The cantilever tendons r^Jere designed for all 24 stages

using the above spreadsheet model. onJ-y the worksheet for
the final stage is included in Appendix B of this report.

The design was very si-mple with the spreadsheet moder. rt
invol-ved changint the value of the number of tendons and

checking that the al-lor¡abl-e stresses were not exceeded.

Atl- calculations r^Iere done instantaneously by L-z-3 for a

new trial for the number of tendons. The design was truty
interactive since sptitti-ng the screen vertically al]owed

stresses to be checked immediately for each trial. Design

by a conventional computer program wourd involve preparing

the input (conforning to some format), executing the
program and then reviewing the output for each tria1.

The final- cantilever post-tensioning consisted of 27

tendons in each web (named Group 1) tFig. 4.3(d), (e)l
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4-6 Establishment of Continuity

The time-dependent analysÍs for the establ_ishment of

continuity uras carried out usi-ng the computer program

TIMEDEP.

ft is customory in bridge desi-gn to check stresses at

every tenth-point in each span. In modell1ng the structure

for TIMEDEP the aim therefore r"ras to have the nodes at the

tenth-points. Fortunately it was more by accident than

design that the tenth-points occured approximately at the

segment joints and it was possible mereJ.y to l-ump together

two or three segments to form the el-ements for input into

TIMEDEP. It should be noted that a separate element is

required for the cast-in-place closure segment to analyse

the effect of continuity.

The discretized structure for the establishment of

continuity for the proposed segmental bridge is shown in

FiS. 4.4 while FiS. 4.5 shows the construction sta8es.

The model comprised 73 nodes , 72 elements, 6 sections and

9 construction stages for the time-dependent analysis. It

was assumed that the cast-in-p1ace closure segments are

cast 3 days before they are erected while the precast

segments are match cast at the rate of one segment per

J(f



day. The erectlon dates were based on the assumption that

it takes 3 days to assembl-e the pier segment followed by

the erection of 4 segments per day to reach mÍdspan (or

exterior pi-er for end spans). Load transfer (erection) of
the cast-in-place segment woul_d be 3 days af ter casti-ng.

Lastly, it was assumed that service loads are applÍed at
360 days (stage 9) and that aÌf time-dependent

redistribution is complete by 36Oo days (stage 10).

The program TIMEDEP uses the ACf 2Og rnodel_ for creep

and shrinkage and assumes that the segments are moist

cured. Therefore, the creep and shrinkage coefficients

used in the input were Z.3S and -O.OOO8O respectively,

whil-e the curing period used was 7 days. The concrete has

a compressive strength (at 28 days) of 4L 4OO kpa, a

moduLus of eì-asticity (at 28 days) of 32 378 BO0 kpa and

a unit weight of 23.6 kN/ms. Note that consistent units,
m and kN (or ft. and kips), must be used in the program.

TTMEDEP gave the bending moments at each node for each

stage of construction. These moments were again

incorporated into another Lotus r-z-3 spreadsheet model to
proportion the prestressing for each stage of developing

continuity in the structure. The continuity tendons are

named Group 2, Group 3, Group 4 and Group 5 for
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establishing continuity Ín Span 1, Span Z, Span 3 and

Span 4 respectively as illustrated Ín Fi-g.4.6.

The 7-2-3 model- for design of continuity tendons Isee

Appendix Cl was developed along the same lines as the

spreadsheet model for designing cantilever tendons. The

first column contaíns the contínuity joÍnt numbers at the

tenth-points as we]f as the coinciding cantÍlever joint

numbers for reference purposes - This was forlowed by the

data for section propertÍes. Next the data for cantírever
(Group 1 ) tendons was entered for the final stage (24) of
the balanced cantilever erection. This w.as taken from the

spreadsheet i-n Appendix B. Next four levels in the bottom

slab were established to ]ocate Group 2, Group 3, Group 4

and Group 5 tendons as shown in Fie. 4.6(b). As before

formul-as were then incorporated for the cal-cul_ation of the
centre of gravity of steel (cgs), eccentricity (e),

effective force in the tendons (p) based on 0.6 UTS,

moment due to prestressing force (Mp = p x e) and the

total equivalent moments for the prestressint effect
(Mp + Mt and Mp + Mb). After this additional Ínformation
was entered into the I-Z-3 model, âs expì-ained in
subsequent sections, to check stresses as continuity was

establ-ished in each span of the structure.
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4 -7 #condarv Monents

The design and details of continuous prestressed concrete

structures differ from simple beam design in that

secondary moments are introduced by the primary moments

(due to post-tensioning) and slope discontinuity over the

interior supports. AASHTO requires the calculation of the

secondary moment to equalize the slope of adjacent spans

across interior supports.

Calculation of secondary moments was handled in the

spreadsheet model using the cl_assÍcal area-moment method

of determining sì-opes and deflections in beams.

The following procedure for application of area-moment

method to calcul-ate secondary moments, outlined in the

CPCI Handbook [9], was adapted for the spreadsheet model

Consj-der the three-span post-tensioned beam shown in Fig.
¿-7(a). For analysis the beam is cut at interior supports

and each span is considered as a simple beam with primary

moments, Mp, (Mp = P x e). From Fig. 4-7(b) the slope of
the end span at the first interior support B due to Mp Ís
given by:
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o=

Next apply a secondary fixed end moment (M'=^) on the end

span at B to rotate the beam back to zero slope. For a two

span symmetrical structure, this fíxed end moment (FEM)

would be the secondary moment due to the primary moment

and no further cal-culations are required. For structures

with three or more spans as wel-l as unsymmetrical

structures, the fixed end moment for each span has to be

distributed to obtain the final- secondary moments.

Application of M'=.., at B produces a triangular moment

diagram over the end span as shown in Fig . a -7 (c) .

Rotation at support B due this moment diagram is:

E (Mp LL/EÏ- ) (X,/L, )

@t=

Equati-ng Eq. (4.15) and Eq. (4.76) we Eet,

(4.ls)

( M '-o LL ) /'3EI

( M'=* Lt ) /3EI

Simplifying Eq

M t-^

(4.77 ) we get,

E (Mp A

3/(L:-)z E(Mp AL X)

L/EI) (X/L,I

(4.16)
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SPAN 2
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C. SPAN I SECONDARY FEM
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F EM = FIXED ENO MOMENT

AREA. MOMEruT fuîETI.IOÐ
GE8{E'RAL CASE
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Eq. (4.78) gives secondary fixed end moment in terms of the
primary post-tensioning moment, Mp. Sj_milary, the

secondary fixed end moments, M'se and M,ce. for the
interior span oan also be calculated. The final secondary

moments at the supports can be obtained by the moment

distribution technique.

using linear interpolation between the secondary moments

at the supports, secondary moments at other points on the

span can be readily calculated. The final moments due to
post-tensioning are cal-culated as the al-gebraic sum of the
primary and secondary moments.

The above procedure was utilized to find secondary fixed
end moments using the spreadsheet program. The method

involves I{/EI diagrams but since E was assumed to be

constant, only values of yI/T r^¡ere required.

No secondary moments were introduced during the establish-
ment of continuity in span 1 as the structure was still
statically determinate .

The model for the typical calculation

by the area-moment method is described

establishment of continuity in span 3

47
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FfG" 4.8

Typicol continuity

'4A

element ( k )



First values of the primary moment (Mp = p x e) and f{p/T

were calculated at each element joint tFig. 4.7(a)1. Note

that "J'was already avaifable at each joint since it was

entered in the section property portion of the worksheet-

Then by using straight lines between each varue of l4p/r,

areas and moments of areas (about support D) were

calculated by using semigraphical integration. This

calculation was simplified to sone extent since the

structure was already subdivided into elements for the
establ-ishment of continuity. The calculation for a typica]
element using an average value of l4p/l was:

Area, A* = A L [ (l,tp71¡, + (Mp,/] ). *tf /2
Moment of area, M* = Ar. e*

where Ar, = l-ength of el_ement ( already calcul_ated under

section properties in spreadsheet rnodel )

moment arm about support D from c.g. of element

260.O - (X"o, + Xt) /2
continuity joint number

element number

Qk=

i--

k=

From the area-moment theorem the srope at support c due

to the pri-mary moment was given by,

(a

(+

1 A'l

20)
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o- = E (tap/T) ALô / L

Next a secondary fixed end moment (Mf) was applied at the

same support (C) to rotate the beam back to zero slope.

Again l4f /I was calcul-ated at each joÍnt fol]owed by the

moments of areas. The rotation at C due to Mf was,

o'- = sl (Mf /T) aL A /L

Equating Eq (4.27) and Eq (4.22,), the value of Mf was

found in terms of the primary moment (Mp).

This value of Mf was distributed across the spans under

considerati-on, using moment distribution method, to find
the secondary moments (M-, Mc and Mo) at the supports.
A separate model- for moment distributÍon was created for
establishment of continuity in spans 2, 3 and 4 -

(4 .2r)

once the support moments LIere known the actual secondary

moments (Ms) at each joi-nt were calcurated using straight
l-Íne interpolation. This involved entering formulas in the

spreadsheet model for locating the inflection points and

cal-culatint the secondary moments at each joint Isee FiS.

4.el

(4.22)
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M8

b. SPAN 2 CONTINUIT'V

O. SPAN LAYOUT

t'--J-l
''t = (nH 

". ) 'oo 
o -J

3r2.O

c. SPAnü 3 CONTtNUtTy

SPANT: Ms¡ =

SPANZ: M5¡ :

i = Continuity joint no.
¡Yisi = Secondory moments in spon
MB,Mc,MD = Secondory moments ot

supports from moment' distribution.

Xi Mo
52.O

156.O - X¡
--lõ4-o MB

Ms

SPA N

SPAN

d, SPAru 4

SPAN I:

SPAN 2

, SPAN 3

SPAN 4

CONTIruLJIT'V

t:

L.

Msi 
=

Msi =

Msi =SPAN 3:

*"t
e?Ëb*,
?fff¡Å*.

*"' = ,# *,
r,r.i = !4fi!¡.i- ,,
pr.¡ = ts6.o 

Ëf3 
- xi ¡¡.

m.¡-- 3!3€:& 
¡,¿o

5t

SECONDARY MOMËNTS
LIzuEAR I A{TERPOLATIOru

FtG.4.9



The spreadsheet model for moment distrÍbuti-on is given in

Appendix c. rt is based on the standard Hardy cross method

of moment distribution known to all engineers. For this

model the section was assumed to have variable moment of

inertía. The stiffness and carry-over factors were

obtained from the PCA Handbook tlol.

The above appears to be a rather tedious task. However, it
was easil-v reduced to manageable proportions by the use of
Lotus !-2-3. rt should be noted that the spreadsheet model

for secondary moments and moment distribution had to be

created only once. The vari-able quantities in both models

are related to the number of tendons. once the model was

created everythint LIas j-nstantaneously recalculated as the
quantity and location of tendons r^Ias varied to keep within
allowable stresses at each joint.

The rest of the spreadsheet moder involved cal-cul-ation of
the combined equivalent moment at the top and bottom fíber

due to both cantilever and continuity post-tensioning

tendons. This was done sinilar to erection of cantilevers.

A complete printout of the spreadsheet model_ for

establishment of continuity as well as secondary moments

and moment distribution is given in Appendix C.
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4-B Thermal Analysis

Temperature is an important loading for segmental bridges

The spreadsheet model- for therma] analysis is gi_ven irr

Appendix C. The primary moments were calculated by the

spreadsheet at each joint and combined with the secondary

moments (obtai.ned from TIMEDEP) to get the total stresses

f or thermal- ]oadirre -

The thermal analysis is governed by two parameters the

temperature differential and the thermal- distribution.

This information is obtained from the code requirements or

experimental- results .

For this study the modified Pcr-prr temperature distri-
bution was used. This is a uniform temperature gradient

in the top slab of L9.9-C (3S.9-F) as shown in Fig.
4.10(b). This val-ue is approxÍmately twice the pCf -pTt t5l
recommended value of 1O-C (19-F) but Ít j-s more

consistent with experimental- results trrl. The coefficient
of thernal expansÌ-on used was O. OOOO1O /-C and the modulus

of elasticity was 32 37A B0O kpa.

Stresses are produced by restraint to expansj-on and

rotation during temperature changes. The restraint ís
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b. MODIFIED PC.I . PT.I
TEMPERATURE
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( FROM REF. II )
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provided by the cross section and the

in statically indeterminate structures

bridge.

Priestley lI2l derived the following

average strain and curvature in the

using the equations of equilibrium,

sections remain plane:

d

support conditions

such as a segmental

o./A Ar

Ø

and an expression

J,-

relationships for the

unrestrained section,

assuming that plane

o./r Ar

(y) b(y) dy

d

| .,u,
Io

f (y)

where

for the stress

b(y) (y - yu) dy

t(y

b(y

v

E[e+Øy-ot(yi]

)

)

temperature dístríbution

width of sectiorr

distance from bottom of section to poínt

under consideration

distance to neutral axis from bottom

depth of section

Vr-

d

(.4.23)

(4.24)

\q.¿,J)
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The axial

restrained

as follows

force and

section.

N

bending moment

knowing that €

Eo ^Ar

M

d

J,

Shushkewich t3l has

the following form

are found for the

= N/EA and Ø = M/ET,

Eo Ar

t(y) b(y) dy

d

J,
t(y) b(y) (y ys) dy

N

M

adapted the above expressions into

for use in TIMEDEP:

Ecr Ar Sa

Ecr A T *c=

where

I
LJ

ISa = I

Jo

(4.26)

Sa and Sz âr€ considered as section
particular temperature dÍstributlon
the PCI-PTI temperature distribution

(4.27)

Ð=

d

_t- 
Jo

t(y) b(y) dy

t(y) b(y) (y-yo) dy

(4.28)

( ¿r ,9\

(4.30)

properties for a

by the program. Since

t5l is confined to
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the depth

sectional

moment of

of the top slab

area of the top

the area atrout

The total stresses produced

At top f*o-

, St is simply the cross

At bottom foo.

slab and S= becomes the first

the centroid of the section.

wher e fe

fè. - Np/e - Mp,/Sf + MslST (4.32)

by the thermal loading are:

Np

stress due to temperature differential

E a A'r

Np/e -Mp,/Se +Ms/SB

Mp

axial tensile load due to primary effects
(E o AT) Sr

moment due to

(E cr 
^T) 

s=

moment due to

TTMEDEP.

Ms

The sign convention used in Eq

+M

-M

primary effects

produces compression at

produces tension at top

(4.33)

secondary effects, given by

(4.32) and (4.33 ) was:

top, tension

, compression
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Hence, the equivalent

Meo=

Moo*

For the box section

thi-ckness of 360 mm

[see Fie.a-9]. Then

f- xST Np/AxST Mp+Ms

moments were:

Np,/A x SB Mp + Ms (4-35)

cua

of this paper an equivalent constant

was calculated first for the top slab

Sr and S:a wêr€ cal-culated as follows:

CLr2

L2.9 x 0.360

4.644 mz

5r, Sa and E o AT was the only additional data required
in the spreadsheet model- to carry out the thermar analysis.
All other section properties were already available from

previous columns -

Saxe

ù1 t I I

S1 (YT

(4 .34J

constant for all sections

(4.36)

calcul-ated for
a .360 /2)

O. 18O ) mG

The equivalent moments

the other loadings to

structure -

6 secti-ons

for thermal loading were added to

obtain the fi.naI stresses for the

(4 .37 \
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4-9 SuperÍmposed Dead Load and LÍve Load Analysís

The superimposed dead load (SDL) and live load plus

impact (LL+I) anal-ysis r^ras carried out by using BEAMANL.

This program uses imperial units. *Çince the self weÍght

analysis had already been carried out using TIMEDEP, the

unÍt weight of concrete was omitted from the input so that

the effect of SDL could be obtained directly. The

discretized model for the establ-ishment of continuity

[Fig- 4.4] was used to prepare the input for BEAMANL.

The output moments for sDL and LL+r were i-ncorporated into

the spreadsheet model given in AppendÍx C. The imperiat

val-ues were simply entered in one col_umn and converted

to SI by using the appropriate conversion factor. This was

accomplished by a few keystrokes using the copy command.

After preparing the above spreadsheet model, the fína1

design of continuity tendons was again an ínteractive

procedure relative to the arlowable stresses - stresses

were checked at each continuity joint for al] ten steps of
the longitudinal design. Although the spreadsheet model

for the establishment of continuity was 16 pages wide, the

interactj-ve process was carried out very effectively by

utilizing the "windows" feature of I-Z-3.
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5. CONCLUSTONS

The interactive design of a precast prestressed concrete

segmental bridge using a spreadsheet program has been

presented. The design example in the paper considered a

precast segmental alternate for the main spans of an

actual bridge under construction with conventional steel
superstructure. ft highlighted some of the background

information that is unique to segmental bridge construct-

ion and showed how a numerical method for calculating

section properties was adapted for the spreadsheet. The

spreadsheet mode]s for the establ-Íshment of continuity

made use of the area-moment method and noment distri-butÍon
techniques to handl_e secondary moments.

Most engineering organi-zati-ons with personal computers

generally have some form of spreadsheet program- The use

of these protrams should not be limi-ted to accounting,

cost estimates and protress payments. The potential_ of an

intergrated software like Lotus r-z-3 is phenomenal and

only limited by the imagination and innovation of the

user. This study has provided a starting point to explore
the full potential of spreadsheet programs for engineering

applications.
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SPREADSHEET MODEL FOR SECTTON PROPERTTES

Table A - Numerical Method of Finding Section

Properties A1

APPENDTX A

Table B - Section Properties in Haunch A1

Fie. 4.1 Section Properties Az

Page



1 0.000

2 6.450
3 6.450
4 4.600
5 3.700

6 3.700t7 0.000¡8 0.000

9 2.650

10 3.2s0
11 3.250

L2 1.650

13 0.000

t4 0.000

X (n) Y (n)

ÏA B t E A - I{UI{ERICAT }IETHODOi'T'I¡TDINGSECTIOI{PROPERTIES

0.000 0.000 0.000 0.000
0.000 1.451 0.327 0.073
0.225 1.222 0.703 0.308
0.350 1.465 1.392 1.015
0.600 11.020 98.716 519.450
5.200 19.240 200.096 1560.749
5.200 0.000 0.000 0.000
4.400 -11.660 -102.608 -6n.213
4.400 -3.833 -32.001 -200.603
3.950 -10.888 -49.538 -199.595
0.600 -0.178 -0.151 -0.102
0.250 0.413 0.206 0.077
0.250 0.000 0.000 0.000
0.000 0.000 0.000 0.000

col D c0[ E col t

h (n) t (u) A (n^2) Yr (n) TB (n) i (n^4) I 15.

I

s.200 0.800 14.254 2.739 2.461 60.394 i

i;
llt¡tll¡¡ll¡t¡t¡¡ltttlr¡¡attttrltls¡ltt¡lrt¡ttr¡l¡lsrt¡t¡lltt¡tt¡¡lrl¡¡¡ttt¡tltf¡rtttlt¡stt¡s¡s¡sst¡¡¡t¡¡lt¡t¡t¡tltlrl¡trt¡¡:l

T A B L E B - SICTIOI{ PROPERTIES iN HAU}ICH

NOTES: i

1. HALF SECTTON USED FOR IiUTIBERiNG NODES (SEE FiG. A.1) i

2. COL D = SUI{(Xi Yi+1 - Xi+l Yi)
3. COl E = SUH(Xi Yi+l - Xi+l Yi)(Yi + Yi+l)
4. COL F = SUt'l[(Xi Yi+1 - Xi+l Yi)(tYi + Yi+1]^2 - yi yi+l)l

JOÏI\T SEG IGTH h OR

N0. DL(u) DISr(n) Y7 (n) Ys (n) t (n) A (n^2) HÁsS(t) YI (n) YB (n) I (n^4) r{T {kN) ST (n^3) SB (n^3)

1 0.750 0.000 5.200 4.400 0.800 14.254 25.657 2.739 2.461 60.394 252.291 22.046 24.5452 1.650 0.750 5.200 4.400 0.800 14.254 55.591 2.739 2.461 60.394 546.649 22.046 24.5453 1.650 2.400 5.015 4.256 0.759 13.823 53.885 2.610 2.405 54.731 52g.866 20.s73 22.7584 1.650 4.050 4.830 4.trl 0.719 13.392 52.178 2.48t 2.349 49.403 513.088 19.914 21.02g5 1.650 s.i00 4.64s 3.967 0.678 t2.96r 50.472 2.352 2.293 44.383 496.310 18.869 19.3576 1.6s0 7.350 4.460 3.823 A.æ7 12.530 48.765 2.224 2.236 39.672 47g.527 17.836 11.7437 1.650 9.000 4.275 3.679 0.s97 12.099 47.059 2.097 2.178 35.262 462.743 16.817 16.188I 1.6s0 10-650 4.090 3.534 0.556 11.668 45.351 1.970 z.no 31.14g 445.956 15.811 14.6939 1.650 12-300 3.905 3.390 0.515 tt.23t 43.644 r.844 2.06t 27.324 42g.t68 14.817 13.25810 1.650 13.950 3.720 3.246 0.474 10.806 4t.937 1.719 2.001 23.783 412.385 13.834 11.88sLL 1.650 15.600 3.535 3.101 0.434 10.375 40.231 1.595 1.940 20.517 395.602 12.863 10.575t2 1.650 lt -250 3.350 2.957 0.393 9.944 38.524 1.472 1.878 17.520 378.819 t1.g02 9.32813 1.650 18-900 3.165 2.813 0.352 9.513 36.8r7 1.350 1.815 14.186 362.036 10.es0 8.r47r4 2.500 20.550 2.980 2.669 0.312 9.082 52.532 1.230 1.750 12.308 s16.561 10.007 7.03215 2.500 23.050 2.700 2.450 0.250 8.429 50.573 1.051 1.649 9.024 4s7.296 8.587 5.47216 2s.550 2.700 2.450 0.250 8.429 1.051 1.649 9.024 8.587 s.472

sttfltttttEStt¡81t8t¡rrtlrls¡t¡8tt88S8888¡888S¡S8¡8tr8888t1t¡r8Et¡8¡t¡r8¡88818t8rt!E¡¡t¡tt8¡s!rE¡r¡tltrtttSt¡!t1¡!rs8!tt¡tt¡¡t8

NOÎES:

1. ELEIIENT NO. 1 iS ONE-HAM PIER SEGIIEI{T.

2. EIEMNT ilOS. 2 TO 14 ARE VARIABTE DEPTH SECI'ÍEI{TS iI{ THE iH THE HAUNCH.

3. ELIT'ÍEHT ì{0. 15 IS THE TTPICAT Cü{SrAflT DEPÎH SEGI,IEI{T.

4. ilASS = (Ai + l.i+tl/Z x DL x 2.400 tonne (t)
5. ffi = HASS (t) x 9.81 kN.

A =1/2 (C0tD) x2
YT = 1/6 (clL F,IIA x 2

I = U72(C0L F)x2 - A x n^2
YB=h-YT

h = DEPTH 0F SECTION

t = THICKNESS 0F 801T0{ SIAB

A = AREA 0F SECTIOI{

YT & YB = DIST. T0 tl.A. FRG'I TOP & B0TT&í

I = È{BIENT 0F INERTIA ABOUT N.A.
IY-COORDINATE Oi'¡IODES 7 A¡{D 8 (r AI{D Y8)

VARiES II.R.T. THTCKNESS OF BOTTOI{ SIAB.

CALCUTATE Y7 AI{D Y8 Ifi TABLE B AI{D INTER IN
TABLE A TO FIND Á, N, I AND YB.

A1

16. USE TABLE B TO FIND IIEIGÍT OF SEGI'ÍEI{TS.
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SPREADSHEET MODEL FOR ERECTIOT{ OF CA¡{TILEVERS

Section Propertj-es

Cantilever Tendons (Group 1 )

Step 1 (Erection of Cantilevers) Stress Check

APPENDTX B

PaEe

B1

B2

B3



cAt{ï

JOINÏ

N0.

DIST ETEIIEJ{T

X(n) TENGTH

DL(n)

1 0.000 0.7s0
2 0 .750 1.650
3 2.400 1.650
4 4.050 1.650

5 5.700 1.650

6 7.350 1.650
7 9.000 1.650

I 10.650 1.650
9 12.300 1.650

10 13.950 1.650
11 15.600 1.650

12 r7.250 1.650
13 18.900 1.650
14 20.550 2.500
15 23.050 2.500
16 25.550 2.500
17 28.050 2.500
18 30.550 2.500
19 33.050 2.500
20 35.550 2.500
2L 38.050 2.500
22 40.s50 2.500
23 43.0s0 2.500
24 45.550 2.500
25 48.050 2.500
26 50.5s0

SECTiON PROPERTIES
h {n) t (n) A (n^2) YT (E) yB (n) I (n^4) ST(n^3) SB(n^3)

5.200

5.200

5.015

4 .830

4.645
4.460
4.275

4. 090

3. 905

3.720
3.535

3.350

3. 165

2.980
2.700
2.700
2.700
2.700
2.700
2.700
2.700
2.700
2.700
2.700
2.700
2.100

0 . 800 L4 .254 2.739
0.800 t4.254 2.739
0.759 13.823 2.610
0.719 13.392 2.481
0.678 12.961 2.352
0.637 12.530 2.224
0.597 12.099 2.097
0.556 11.668 r.970
0.515 11.237 1..844

0 .474 10 .806 1 .719
0.434 10.375 1.595
0.393 9.944 1.472
0.3s2 9.513 1.350
0.312 9.082 1.230
0.250 8.429 1.051

0.250 8.429 1.051
0.2s0 8.429 1.051
0.250 8.429 1.051
0.250 8.429 1.051

0.250 L429 1.0si
0.2s0 8.429 1.051
0.2s0 8.429 1.051

0.250 8.429 1.051
0.250 8.429 1.051
0.250 8.429 1.051
0.250 8.429 1.051

2.46t 60.394 22.046 24.545
2.461 60.394 22.046 24.545
2.405 54.737 20.973 22.758
2.349 49.403 19.914 21.029
2.293 44.383 18.869 19.357
2.236 39.672 L7 .836 t] .743
2.178 35.262 16.817 16.188
2.120 31.149 15.811 14.693
2.061 27.324 14.817 13.258
2.001 23.783 13.834 11.885
1.940 20.517 12.863 10.575
1.878 17.520 t1.902 9.328
1.815 14.786 10.950 8.147
1.750 12.308 10.007 7.032
r.649 9.024 8.587 5.472
1.649 9.024 8.587 5.472
1.649 9.024 8.587 s.412
1.649 9.024 8.587 5.472
r.649 9.024 8.587 5.472
1.649 9.024 8.587 5.472
1.649 9.024 8.587 5.472
r.649 9.024 8.587 5.472
1.649 9.024 8.587 5.472
t.649 9.024 8.587 5.472
1.649 9.024 8.587 5.472
r.649 9.024 8.587 5.472

t¡l¡tl¡¡¡¡llt¡¡t¡¡lltllt¡tt¡1lt¡t¡!¡t¡trrl¡t¡ttr¡tlttrltlttt¡tlst¡rtrl¡ttrtttrt¡r¡ttlrr¡ttlt¡r¡tt¡¡rrr!8

B1

NOÎES:

1. CANï J0IHT l{0. = CAI{TILEVER J0It{1 l{0.
2. X = DIST. FR0ll 0RiGiN (AT J0INT 1)

3. DL = LEI{GîH OF ETEUENÎ

4. h = DEPIH 0F EtEl'fENT

5. t = THICKIIESS 0F BOTT0tl SLAB

6. ONE CÁÌìTIIEVER OF BRTME CONTAINS

26 JOINTS A¡ID 25 ELIT''EI{TS.

7. A = AREA 0F SECTI0N

8. YT = DIST. f0 ll.A. FROl't TOP

9. YB = DIST. T0 H.A. FRCÈ| B0TTü{

10. i = lfOlENT 0F II{ERTIA AB0UT N.A.
11. ST = SECTIOÌ{ HOültUS AI TOP

12. SB = SECTION I,ÍODULUS AT B0TT0¡í



CAI{T CAflÏII,EI/ER TEI{DONS (GROUP 1) EACH I{EB - FII{AL SÎACE

JOiNl TOTAI TENDON [OCAfi0N Ycgs(n] e (n] p (kil) Hp(kN.n)
l{0. l{ Ll L2 t3 L4

1271310
2271310
3251310
4231310
521138
620137
719136
818135
917134
1016133
1115132
1214131
1313130
14t2120
1511110
1610100
17990
18880
19770
20660
21 550
22440
23330
24220
25 110
26000

2 2 0.261 2.478 101347 251170

2 2 0.26t 2.478 101347 251170

2 0 0.234 2.376 93840 222951

0 0 0.215 2.266 86333 195592

0 0 0.207 2.145 78826 16908s

0 0 0.203 2.022 75072 15t772
0 0 0.197 1.899 71318 135464

0 0 0.192 r.778 61565 120159

0 0 0.185 1.659 63811 105855

0 0 0.178 1.541 60058 92547

0 0 0.170 1.425 56304 80234

0 0 0.161 1.311 52550 68910

0 0 0.150 1.200 48797 58569

0 0 0.150 1.080 45043 48645

0 0 0.150 0,901 4t290 37196

0 0 0.150 0.901 37536 33815

0 0 0.150 0.901 33782 30433

0 0 0.150 0.901 30029 27052

0 0 0.150 0.901 26275 23670

0 0 0.150 0.901 22522 20289

0 0 0.150 0.901 18768 16901

0 0 0.150 0.901 15014 13526

0 0 0.150 0.901 t1261 10144

0 0 0.150 0.901 7507 6763

0 0 0.150 0.901 3754 3381

000000

156753 -t74517 407923 i6653

156753 -174517 407923 76653

142384 -154502 365335 68449

128381 -135568 323973 60025

t14756 -1t7726 283842 513s9

106867 -106307 258639 45465

99133 -95422 234591 40041

91556 -85081 2It7L5 35078

84141 -1s289 189996 30s66

76890 -66055 1694æ 26492

69808 -5i389 150042 2284s

62900 -49297 131809 19613

56171 -41189 lt474t 16780

49630 -34875 98274 13769

42066 -26805 79262 10391

38242 -24368 72057 9446

34418 -21932 64851 8502

30594 -19495 57645 7ss7

26169 -17058 50440 6612

22945 -14621 43234 5668

19121 -12184 36028 4723

15297 -9t41 28823 3t78
11473 -7311 2161t 2834

7648 -4874 144fl 1889

3824 -2437 7206 945

0000

t{b

t¡lttt¡¡¡¡tt¡ttl¡¡¡¡¡tlttl¡¡t¡tt¡r¡t¡¡ltst¡¡t¡¡t¡t¡sttll¡¡¡¡¡lttttl¡¡¡tltttrtr¡¡rtr¡ltrr¡lt¡¡rlrrltrrrrrr

82

Hp+l{t

NOÏES:

1. I{ = TOTA], HO. OF CANTiID/ER TINDONS II{ EACH IIEB

2. L7 = tEVEt 1 AT 0.150 n FROl't TOP t¡iTH l{1 TENDONS

3. L2 = LEVEL 2 AT 0.300 n FROtl TOP tliTH H2 fEflDONS

4. L3 = LEIEL 3 AT 0.450 E FROl'l TOP l,lITH N3 TENDOIiS

5. [4 = LEVET 4 AT 0.600 n FROI{ TOP IITIH N4 T[l{D0t{S

6. Ycgs = [N1.[1 + N2.LZ + N3.[3 + N4.14]/N
7.e=YT-Ycgs
L P = l{ x 0.6 UTS = l{ x 1876.8 kN

llp+l{b

9. SIGN C0[yiNTIü{ FOR }ffi'fEl{TS:

AT TOP: +l| = Cü'IPRESSION

-H = IENSiOt'l

AT B0T: +tl = îENSI0N

-tf = COIíPRESSI0H

10. l{p + l{t = P.e + P/A x ST

11. tlp + l{b = P.e - P/A x SB



CANT

JOINT

N0.

SÏEP 1:

r{d

SÏAGE 24

1
,)

3

4

5

6

I
9

10

11

12

13

14

15

16

17

1B

19

20

2t
22

23

24

25

26

ERECTÏOII OF CAI{TILEVERS

-261000

-258300

-239800

-222300

-205600

-189700

-fl4600
-160400

-t46900
-134100

-122000

-110500

-99720

-89550

-75230

-62170

-50360

-39800

-30470

-22380
-15540

-9946

-5592
-2484

-621

0

I'lp+Ht+lld Hp+l'lb+ttd

140923 -190347 i

t49623 -181647 i

12s53s -1713s1 i

101673 -162275 i

78242 -154241 i

68939 -144235 i

59997 -134559 i

s1315 -12s322 i

43096 -116334 i

35338 -107608 i

28042 -99155 i

21309 -90887 i

15021 -82940 i

8724 -1s781 i

4032 -64839 i

9887 -s2724 i

1449r -41858 i

17845 -32243 I

19970 -23858 i

2A854 -16712 i

20488 -10817 i

18877 -6168 i

16025 -27s8 i

fi927 -59s I

6585 324 i

0 0i
¡
I

+ GRffIP 1 TE'ND0HS

i STRESS (psi)

I TOP BOT

927 -1124 i

984 -1073 I

868 -1092 i

140 -1119 i

601 -1155 i

s60 -1719 I

517 -1205 i

47t -r23t i

422 -1272 i

370 -i313 i

316 -1360 I

260 -1413 i

199 -1416 i

126 -1s63 i

68 -1718 i

167 -1397 i

245 -1109 i

301 -854 i

337 -632 i

3s2 -443 i

346 -287 i

319 -163 i

27r -13 i

201 -16 I

111 ei
0 0i

I
I

I
I

I
I
I
I

ALIOIJABLE IIOI{EI'ITS

HITH 0.55f'c
Ha(top) lla(bot)

501991 -558879

501991 -558879

417561 -518209

453445 -478830

429639 -440756

406136 -404007

382930 -368598

360013 -334550

331377 -301883

31s008 -2t0620
292893 -240784

27t012 -212401

249341 -185500

221850 -160111

195533 -124596

195533 -124596

195533 -124596

195533 -124596

195s33 -124596

195533 -124596

195533 -124596

195533 -124596
195533 -124596

195533 -124596

195533 -124596
195533 -124596

t¡¡tt¡¡t¡¡lt¡¡l¡ttlttllttlrtttttttl¡¡rttt¡l¡r¡ltll¡E1¡¡ttlltrttsl¡lt¡ttlr¡trlrrrrrt

B3

I{OTES:

1. Hd OBTAII{ED FRO{ TII{EDEP

2. Att H0ÈIENIS GIVEN IN kll.n

3.

4.

SÏRESS AT TOP = [Hpr]lt+]Jdj/ST x 145 psi
srREss AT g¿1 = [þ+Hb+Hd]/SS x 145 psi

5. ALL0f,lABtE STRESS = 0.55 f 'c = 3300 psÍ

6. SIGN COIITNTIOI{ FOR STRESS:

TOP: + = Col'lPRESSioi

- = TENSI0H

B0T: + = TENSIgH

- = COI{PRESSI0N



SPREADSHEET MODEL FOR ESTABLTSHMENT QF CONTTNUTTY

AND FTNAL STRESS CHECK

Section Properties C1

Cantilever Tendons (Group 1 ) C2

Continui.ty Tendons (Group 2, 3, 4 and 5) C3

Step 2: Span 1 Continuity + croup 2 Tendons C4

Step 3: Span 2 Continuity + Group 3 Tendons C5

Step 4: Span 3 Continuity + croup 4 Tendons C6

Step 5: Span 4 Continulty + Group 5 Tendons C7

Thermal Analysis ...... Cg

Applied Moments Summary C9

Total Tendon Moments ..C10

Step 6: Self + Thermal ... ..C10

Step 7: Self + Thermal + SDL ....C10

Step 8: Self + Thermal + SDL + LL+I ... ....C11

Step 9: Self (360 days) + Thermal + SDL + LL+I ......C11

Step 1O: Self (3600 days) + Thermal + SDL + LL+t ....C!z

Allowable Moments with 0.55f'c . . C13

Allowable Moments wi.th O.4f 'c . -.CI3
Secondary Moments (Span 2 Continuity) ... ..CL4

APPENDTX C

Page



SPREADSHEET MODEL FOR ESTABTISHHENT OF CONTINUTTY

AND FINAL STRESS CHECK (Continued)

Secondary Moments (Span 3

Moment Distribution (Span

Secondary Moments (Span 4

Moment Distributíon (Span

APPE¡{DTX C

Continuity )

3 Continuity)

Continui-ty )

4 Continuity)

Page

c15

c15

c76

CL6



cAt{1---c0NT

JT--PT---JT

------------;-----------l-
27r(1.0) I i 0.000 6.450 2.100 0.250 8.429 1.0s1 r.649 9.024 8.587 5.472 i

24 (r.r) 3 i 6.4s0 s.000 2.700 0.2s0 8.429 1.051 r.649 9.024 8.587 s.412 i

22 (1.21 4 i 11.4s0 5.000 2.700 0.250 8.429 1.051 r.649 9.024 8.s87 5.472 i

20 (1.3) 5 I 16.450 5.000 2.700 0.2s0 8.429 1.051 r.649 9.024 8.s87 5.412 i

18 (1.4) 6 I 21.450 5.000 2.100 0.2s0 8.429 1.051 t.649 9.024 8.587 5.412 i

16 (1.s) 7 I 26.450 5.000 2.700 0.2s0 8.429 1.051 r.649 9.024 8.587 5.412 i

14 (1.6) I i 31.4s0 4.9s0 2.980 0.312 9.082 r.230 1.750 12.308 10.007 7.033 I

11 (1.7) 9 i 36.400 4.9s0 3.535 0.434 10.375 1.sgs 1.940 20.511 12,863 10.s76 I

8 (1.8)10 i 4i.350 4.9s0 4.090 0.556 11.668 1.910 2.120 3i.149 ls.812 t4.6s3 i

s (1.9)11 i 46.300 5.700 4.64s 0.678 12.961 2.352 2.293 44.383 18.870 19.3s6 i

1¡(2.0)13 i s2.000 10.6s0 5.200 0.800 14.254 2.139 2.461 60.394 22.050 24.540 i

8 (2.1)16 i 62.650 9.900 4.090 0.556 11.668 1.970 2.120 31.149 15.812 14.693 i

L4 (2.2118 i 72.s50 10.000 2.980 0.312 9.082 r.230 1.7s0 12.308 10.007 7.033 I

r8 (2.3120 i 82.550 10.000 2.700 0.2s0 8.429 1.0s1 1.649 9.024 8.587 5.412 i

22 (2.4122 i 92.550 11.4s0 2.700 0.2s0 8.429 1.051 r.649 9.024 8.s87 5.472 I

2t (2.512s i 104.000 11.450 2.700 0.250 8.429 1.051 t.649 9.024 8.s87 s.412 i

22 (2.6128 I i1s.450 10.000 2.700 0.2s0 8.429 1.051 r.649 9.024 8.587 5.472 i

18 (2.7)30 i 12s.4s0 10.000 2.100 0.250 8.429 1.051 1.649 9.024 8.587 s.4t2 i

14 (2.8132 | 135.4s0 9.900 2.98A 0.312 9.082 1.230 1.7s0 12.308 10.007 7.033 i

B (2.9)34 i 14s.350 10.6s0 4.090 0.ss6 11.668 1.970 2.120 31.149 1s.812 14.6s3 i

1r(3.0)37 i156.000 10.650 5.200 0.800 14.254 2.739 2.461 60.394 22.050 24.540 i

8 (3.1)40 i 166.6s0 9.900 4.090 0.556 li.668 1.970 2.r20 31.149 15.812 14.6s3 i

14 (3.2142 I 176.550 10.000 2.980 0.312 9.082 r.230 1.7s0 12.308 10.007 7.033 i

18 (3.3)44 i 186.550 10.000 2.700 0.250 8.429 1.051 1.649 9.024 8.587 s.412 i

22 (s.4)46 i 196.550 11.450 2.100 0.250 8.429 1.0s1 r.649 9.024 8.587 5.412 I

21 (3.5149 I 208.000 11.4s0 2.100 0.250 8.429 1.051 t.649 s.024 8.587 5.412 i

22 (3.61s2 i 219.4s0 10.000 2.700 0.250 8.429 1.051 r.649 9.024 8.s87 5.412 i

18 (3.7)s4 i 229.450 10.000 2.700 0.250 8.429 1.051 r.649 9.024 8.587 5.412 i

14 (3.8)56 i 239.450 9.900 2.980 0.3r2 9.082 1.230 1.750 12.308 10.007 7.033 i

8 (3.9)s8 i 249.3s0 10.650 4.090 0.ss6 11.668 1.970 2.120 3t.t49 15.812 14.693 i

1'(4.0)61 i260.000 s.700 5.200 0.800 14.254 2.739 2.461 60.3s4 22.050 24.540 I

5 (4.1)63 i 26s.700 4.950 4.64s 0.678 12.961 2.352 2.293 44.383 18.870 19.356 i

8 (4.2164 i 270.650 4.9s0 4.090 0.556 11.668 1.970 2.120 31.149 15.812 r4.6s3 i

11 (4.3)6s i 21s.600 4.950 3.53s 0.434 10.375 1.59s 1.940 20.5û 12.863 10.s76 i

14 (4.4)66 i 280.550 5.000 2.980 0.312 9.082 1.230 1.750 12.308 10.007 1.033 i

16 (4.5)67 i 285.ss0 s.000 2.700 0.250 8.429 1.051 1.649 9.024 8.587 5.472 |

1B (4.6)68 i 290.550 s.000 2.700 0.2s0 8.429 1.051 11649 9.024 8.s87 5.472 i

20 14.t)69 I 295.ss0 s.000 2.700 0.250 8.429 1.0s1 t.649 9.024 8.587 5.472 i

22 (4.8170 i 300.5s0 5.000 2.700 0.250 8.429 1.051 1.649 9.024 8.s87 5.472 i

24 (4.9\11 i 305.550 6.450 2.700 0.2s0 8.429 1.051 1.649 9.024 8.587 5.4t2 i

27t(5.0173; 312.000 2.700 0.2s0 8.429 1.051 r.649 9.024 8.587 5.412 i

l¡
ttrtlrt¡tl¡¡¡¡¡llllttttltltltlt¡t¡lrtl¡tt¡lltrrrtttttttrttttttttt¡rstt¡stttslltstt¡tslt¡ttttrrlrt¡lsrt¡1

NOTES:

DIST ELEIIENT

X(n) LENGTH

DL (¡u )

SECTION PROPERTIES i

h (n) t (n) A (n^2) YT (n) YB (n) I (n^4) ST(n^3) SB(n^3) i

i

C1

1. CAI{T JT = Ctrt{TiL[VER JOINT N0.

2. PI = POiNT 0N SPAN

3. Cotü Jr = coNTiNUITy Joitil t{0. (1)

4. X = DiST. FROH ORIGIN (AT JOINT 1)

5. DL = LENCTH OF ETEHE}{T (K)

6. h = DEPIH 0F SECTI0N

7. t = THICKNESS O[ BOTTOH SIAS

8. A = AREA 0F SECTION

9. YT = DIST. T0 N.A. FROl'l TOP

10. YB = DIST. T0 N.A. FROl,l B0TT0l,l

11. I = }ÍO{ENT OF INERTiA A¡OUT N.A.
12. ST = SECTION l'l0DUtUS AT TOP

13. SB = SECTION UODULUS AT B01T0H



CANI---CONT i CANTiTEVER TENDONS (GROUP I) EACH I.IEB

JT--PT---JT i T0TÁL TENDON L0CATiON [EVE[ Ycgs(n) e (m) P(kN) Hp(kN.n)

ittLlL2t3L4
------------t--------i-
27t(1.0)1 I 0 0 0 0 0 0 0 0 0 0 0 I

24(1.1)3 I 2 2 0 0 0 0.150 0.901 1501 6763 1441t 1889 I

22(1.214 i 4 4 0 0 0 0.150 0.901 15014 t3526 28823 3178 i

20(1.3)s i 6 6 0 0 0 0.150 0.901 22s22 20289 43234 5668 |

1B(1.4)6 i I I 0 0 0 0.150 0.901 30029 27052 57645 1557 i

16 (1.5) 7 i 10 10 0 0 0 0.150 0.901 37536 33815 12051 9446 I

14 (1.6) I i L2 12 0 0 0 0.1s0 1.080 45043 49641 98215 r376s i

11 (1.7) 9 I 15 13 2 0 0 0.170 1.425 56304 80233 150041 22840 i

8 (i.8)10 i rs 13 5 0 0 0.192 r.178 67565 120153 211712 3s072 i

5 (1.9)11 | Zt 13 I 0 0 0.207 2.14s 18826 169070 283834 s1352 i

1t(2.0)13 i 21 13 10 2 2 0.261 2.418 r0r347 2sr127 407902 16642 i

8 (2.1)16 I rA 13 5 0 0 0.192 1.178 67565 120153 2r11r2 3s072 I

14 (2.2118 i 12 L2 0 0 0 0.1s0 1.080 45043 48641 98215 1376s i

L8 (2.3)20 i I I 0 0 0 0.150 0.901 30029 270s2 s7645 t55t I

22 (2.4122 i 4 4 0 0 0 0.1s0 0.901 15014 13526 28823 3778 I

2t(2.s)2s i 0 0 0 0 0 0 0 0 0 0 0 i

22 (2.6)28 i 4 4 0 0 0 0.1s0 0.901 1s0r4 r3s26 28823 3178 i

i8 (2.7)30 i I I 0 0 0 0.150 0.901 30029 270s2 s764s tsst :

14 (2.8132 i 12 L2 0 0 0 0.1s0 1.080 4s043 48641 9821s r376s i

8 (2.9134 i 18 13 s 0 0 0.192 1.718 67565 120i53 zrflrz 3s072 i

1t(3.0)37 i 21 13 10 2 2 0.261 2.478 101341 25rI2t 401902 16642 I

8 (3.1)40 I 18 13 5 0 0 0.192 1.118 67565 120153 21fir2 3s012 I

L4 (3.2)42 i tZ 12 0 0 0 0.150 1.080 4s043 48647 9821s 13765 i

18 (3.3)44 i I I 0 0 0 0.150 0.901 30029 210s2 s164s 1557 i

22 (3.4146 i e B 0 0 0 0.1s0 0.901 30029 21052 5764s 15s7 i

21 (3.5)49 i 0 0 0 0 0 0 0 0 0 0 0 |

22 (3.6)52 i 4 4 0 0 0 0.150 0.901 1s014 t3526 28823 3178 I

18 (3.7)54 i S B 0 0 0 0.1s0 0.901 30029 27052 5164s 1551 |

14 (3.8)56 i tZ 12 0 0 0 0.1s0 1.080 45043 48641 98215 r3t6s I

8 (3.9)s8 i re 13 s 0 0 0.192 1.178 67565 1201s3 2r|1r2 35072 i

1t(4.0)61 i Zl 13 10 2 2 0.261 2.418 101341 25rr27 401902 16642 i

s (4.1)63 i 21 13 I 0 0 0.201 2.145 18826 169070 283834 51352 i

8 (4.2164 i 18 13 5 0 0 0.192 1.1t8 67565 120153 2rr7t2 35072 i

11 (4.3)6s i 15 13 2 0 0 0.170 1.425 56304 80233 150041 22840 i

t4 (4.4166 i 12 12 0 0 0 0.i50 1.080 45043 48641 98275 r316s i

16 (4.5167 I 10 10 0 0 0 0.150 0.901 37s36 33815 720s7 9446 i

18 (4.6)68 i B I 0 0 0 0.150 0.901 30029 21052 s1645 1557 i

20 (4.1169 i 6 6 0 0 0 0.150 0.901 22522 20289 43234 s668 I

22 (4.8'10 i 4 4 0 0 0 0.1srr 0.901 15014 r3s26 28823 3118 i

24 14.9)11 i 2 2 0 0 0 0.1s0 0.901 7501 6163 14411 1889 i

2t'(5.0)73 i 0 0 0 0 0 0 0 0 0 0 0l
ll
ll

tl¡ttttlttlrrlt¡tltr¡rlt!tt¡t!tf¡rltir¡tttrtrlt¡¡¡lt¡lttt¡rrlr¡¡¡tt¡¡rlltrttl¡¡rr1¡¡¡¡¡ttrrrrrrttrtrt

NOTES:

Hp+l.lt itp+l'lb

c2

1. l{ = T0TA[ N0. 0F CAfiTILEVER TEI{D0NS IN EACH WEB

2. Ll = IEVEL 1 AT 0.150 n FROH TOP IIITH N1 TENDONS

3. L2 = LEVEL 2 AT 0.300 m FR0H TOP HITI{ N2 TENDONS

4. L3 = LEVEL 3 Ar 0.450 n FR0tl TOP I,¡ITH H3 TEND0NS

5. L4 = LEVEL 4 AT 0.600 n FR0l{ TOP HITH N4 TENDONS

6. Ycgs = [N1.11 + N2.L2 + N3.13 + N4.14]/N
7.e=YT-Ycts
8. P = N x 0.6 UTS = N x 1876.8 kN

9. S]GN COilVENÏION ¡'OR HOI{ENTS

AT TOP: +H = C0IIPRESSï0N

-ll = TENSION

AT B0T: +l,f = TENSION

-l4 = CO¡,ÍPRESSION

10. Hp + l{t = P.e + P/A x ST

11. I'fp + Hb = F.e - P/A x 58



CÂTT---CONT I CONTINUITY TENDONS (CROUP 2,3,4 &

JT--PT---JT i T0T TENDON L0C. LEVEL Ycgs(n)

i NtlLsL6L7 t8

27t(1.0) 1

24 (r.11 3

22 (1.21 4

20 (1.3) s
18 (1.4) 6

16 (1.s) 7

i4 (1.6) I
11 (1.7) I
I (1.8)10

s (1.9)11

1¡(2.0)13
I (2.1)16

14 (2.2118

18 (2.3)20

22 (2.4122

27 (2.5)2s

u (2.6)28

r8 (2.1)30

14 (2.8)32

I (2.9134

1t(3.0)37
I (3,1)40

14 (3.2)42

18 (3.3)44

22 (3.4146

2t (3.s)49

22 (3.6152

18 (3.7)54

14 (3.8)s6

B (3.9)sB

1t(4.0)61
s (4.1)63

B (4.2)64

1i (4.3)6s

L4 (4.4)66

t6 (4.s)61

18 (4.6)68

20 (4.7)69

22 (4.8110

24 (4.9)71

2tt (5.0\73

3

4

4

5

5

5

5

4

1

1

0

1

6

10

L4

15

t4
10

6

1

0

1

6

10

00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01
01
00
00
00
01
01
01
01
01
01
01
00
00
00
00
00
00
00
00
00
00
00
00

0 2 0.751 0.300

t 2 1.913 -0.862
r 2 1.913 -0.862
1 3 2.040 -0.989

t 3 2.040 -0.989

1 3 2.040 -0.989
1 3 2.264 -1.034
t 2 2.539 -0.944
0 0 0.150 1.820

0 0 0.1s0 2.202

0 0 0.000 2.739
0 0 0.150 1.820

1 3 2.308 -1.078
2 6 2.254 -1.199
5 7 2.304 -r.253
5 8 2.320 -1.269
s 7 2.304 -1.2s3
2 6 2.250 -1.199
1 3 2.308 -r.078
0 0 0.150 1.820
0 0 0.000 2.739
0 0 0.150 1.820

1 3 2.308 -1.078
2 6 2.250 -1.199
5 7 2.304 -1.253
5 8 2.320 -1.269
5 7 2.304 -1.253
2 6 2.250 -1.199
1 3 2.308 -1.078
ú 0 0.i50 1.820

0 0 0.000 2.739
0 0 0.150 2.202
0 0 0.150 1.820

r 2 2.539 -0.944
1 3 2.264 -1.034
i 3 2.040 -0.989
1 3 2.040 -0.989
1 3 2.040 -0.989
t 2 1.913 -0.862
| 2 1.913 -0.862
0 2 0.751 0.300

5 } EACH I¡EB

e(n) P(kN) lrp{kN.n)

11261 3381

15014 -12931

15014 -12931

18768 -18564

18768 -18564

18768 -18564

i8768 -t9406
15014 -14110

3754 6832

3754 8265

00
3754 6832

22522 -24286

31536 -450i1
52550 -65831

56304 -71458

52550 -65831

37536 -45011

22522 -24286

3154 6832

00
3754 6832

22522 -24286

37536 -45011

52550 -65831

56304 -11458

52550 -65831

37536 -450i1
22522 -24286

3754 6832

00
3754 8265

3154 6832

15014 -14170

18768 -19406

18768 -18564

18768 -18564

18768 -18564

15014 -12937

15014 -12931

t126r 3381

I

I

Ifp+l.lt Hp+llb i

I
I

I

148s4 -3929 i 315

2360 -22684 I -1434

2360 -22684 i -1434

ss7 -30748 i -20s7

5s7 -30148 i -2051

557 -30748 i -2051

1272 -33940 i -tSn
4446 -29415 i -691

i1918 2105 i 2r9
13i30 2660 i 186

0 0i o

11918 210s i 2t9
528 -41127 i -1913

-6769 -69319 i -4988

-12292 -99946 i -7295

-14095 -108010 i -19t9
-12292 -99946 i -729s

-6169 -69319 i -4988

528 -41121 i -tSZ:
11918 2105 

" 
279

0 0i 0

119i8 2105 i 219

528 -41727 i -1913

-6769 -69379 I -4988
-12292 -99946 i -7295

-14095 -108010 i -7919

-12292 -99946 i -729s

-6169 -69319 i -4988

528 -4t121 i -1913

11918 210s i 219

0 0l 0

13730 2660 i 186

11918 2105 i 219

4446 -29475 i -691

1272 -33940 i -tST
557 -30748 

" 
-205J

s57 -30748 i -Z\St
557 -30148 i -2051

2360 -22684 i -t434
2360 -22684 i -1434

14854 -3929 i 375
I
I

c3

i14
I tc
rlJ

(Hpi i )

t4 1

10 1

61
11
00
11
11
41
51
51
¡I
51
4t
4t
31

t¡tlltltltltttl¡tltltlltttttl¡tt¡tlttl¡tlllttttltttttttltttttlrltllttittttttttttttttt¡tttttttttrtttt!ttll

I{OTES:

1. N = T0TAL N0. 0F C0NTINUiTY TEHNNS IN EACH I¡EB

2. LI = Lg[Et 1 AT 0.150 n FR0.l TOP IJITH Nl TEND0NS

3. L5 = LEVET 5 AT (h-t4) n FROll TOP IIITH N5 TEND0NS

4. L6 = LEVEL 6 AT (h-t3) n FRCII TOP HiTH N6 TEND0I{S

5. [7 = [EvEt 7 AT (h-12) n FR0'l TOP I{ITH N7 TEND0NS

6. [8 = tEVEt I AT (h-tl) n FRü{ IOP HITH N8 TENDONS

7. Ycts = [{1.11 + l,f5.L5 + l{6.16 + M.L7 + N8.LB]/N

8.e=YT-Ycts

9.

10.

P = N x 0.6UTS = l{x1876.8 kll
SIGN COIWENT]ON FOR I,'OI,ÍEIITS

AT T0P: +H = CCÈ1PRISSI0N

-H = ïENSION

Aï B0T: +ll = TENSI0I{

-t'f = CüIPRESSION

tlp+l,lt=P.e+P/AxST
Hp+l4b=P.e-P/AxSB

11.

12.



CAI{T---COÌ{T i SÏEP 2: SPAI{ I CONTINUITY + GROUP 2 TENDONS I

JT--PT---JT i ¡ls }rd STEP 1+2 STRESS (psÍ) i

I (kN.n) (TI}IEDEP) }ltt+Þfd Hbr+l{d AT TOP AT B0T I

------------i------------i
27r(1.0) i i 0 0 i4854 -3929 251 -104 i

24 (LÐ 3 i 0 -2303 14468 -23098 244 -612 I

22 (r.2\ 4 i 0 -9781 21401 -28687 361 -160 i

20 (1,3) 5 | 0 -22230 21s61 -4t311 364 -t2s4 I

18 (1.4) 6 i 0 -39660 18542 -62851 313 -166s I

16 (1.5) 7 i 0 -62060 10ss3 -83362 178 -2209 i

14 (1.6) I i 0 -89490 100s7 -10966s 146 -226t :

11 (i.7) 9 i 0 -122000 32487 -128635 366 -1164 :

8 (1.8)10 i o -160500 63130 -123323 579 -r2r1 i

s (1.9)11 i 0 -205800 9Û6s -1s1788 705 -1137 I

1¡(2.0)13 I 0 -267300 140602 -190658 925 -rt27 i

8 (2.1)16 i 0 -160600 63030 -123423 s78 -1218 i

t4 (2.2)18 I 0 -89580 9223 -111542 134 -2423 I

18 (2.3)20 i 0 -39780 1i096 -101602 187 -2692 i

22 (2.4)22 I O -994s 6sB6 -106113 111 -28t2 i

21 (2.sl2s i 0 0 --- !

;22 (2.6128 I --- ,

18 (2.7)30 | --- '

L4 (2.8132

I (2.9)34

1,(3.0)37
I (3.1)40

L4 (3.2142

18 (3.3)44

22 {3.4)46
2t (3.s)49

22 (3.6)s2

.rö (J. i )54

14 (3.8)56

I| ---
t ---
ll

C4

I (3.9)s8 i

1¡(4.0)61 i

s (4.1)63 i

I (4.2164 I

11 (4.3)6s i

14 (4.4)66 i

16 (4.s)61 
i

18 (4.6)68 I

20 |.4.7)69 i

22 (4.8)70 i

24 (4.917r i

21t (5.0113 i
I

I

I

I

I

NOTES:

1. NO SECOI{DARY HOI.lTs. OCCUR DURING SPAN 1 COI{TINUITY

2. Htt = ÎOTAL P/S H0tlT AT TOP (DUt T0 CANTILEIIER + CONTINUITY TENDONS)

3. Htt = (l{p+l'lt)cantilever + (l'tp+Ht)continuity
4. I'fbr = TOTAL P/S I'l0l'lT AT B0T (DUE T0 CAI{TiIEVER + C0NTINUITY TENDONS)

5. Hbr = (Mp+Hb)cantilever + (Hp+l,lb)continuity

6. STRESS AT TOP = (}'ltr+Hd)/ST x 145 psi
7. STRISS AT B0T = (Hb¡+Hd]/SB x 145 psi
8. ALLOI,IABIE STRESS: fc = 0.55 f 'c = 3300 psÍ

¡

I

I

t

I

t

I

I

I

t

I

I

I
I

I

I

I
I

I
I

I

I
I
t

I

I



CAflT---C0liT i STEP 3: SPAN

JT--PT---JT i Arn 037

i o(n)
ll
lf

27r(1.0) 1 i

24 (1.1) 3 i

22 (r.2) 4 i

20 (1.3) s ;

18 (1.4) 6 i

16 (1.s) 7 i

14 (1.6) I i

11 (1.7) 9 i

I (1.8)10 i

s (1.e)11 i

1r (2.0) 13 i

I (2.1)16 i

14 (2.2tt8 
i

LB (2.3l|20 I

22 (2.4)22 i

21 (2.5125 i

22 (2.6128 i

18 (2.7)30 i

L4 (2.8)32 i

8 (2.9134 
I

1r(3.0)37 i

2 COI{TINUIÎY + GROUP 3 TINDONS

l4p/l Hf /I H|/I
x DL.O x DL.O

,8.;;; n5;;;
88.400 -167451

78.450 -2130tß9

68.450 -4203850

51.125 -5021756

46.275 -4030419

35.550 -2183300

25.550 -889280

15.600 -135433

5.325 6219

-5.325 -6219

Hs l'ld (TEND0N+SELF) STRESS

(TiHEDEP) Ht¡+l{d t{br+l{d AT TOP

0 0 14854 -3929 251

6164 -3172 19163 -17803 334

12001 -12390 30800 -19289 520

t1251 -25980 35061 -33810 592

22494 -44550 36146 -45248 610

21131 -68080 3221r -6164s 545

3298t -96660 35868 -838ss 520

38171 -130300 62358 -98164 703

43362 -170000 96992 -89461 889

48553 -216400 129718 -113835 991

54531 -279200 183233 -148027 1205

48946 -168100 104477 -81911 958

43156 -93160 49399 -17366 716

38512 -39340 50048 -62650 845

33269 -5411 44323 -68316 148

27265 8866 22036 -1t879 3t2
21262 -2870 34922 -17116 590

16018 -34450 32445 -80254 548

10775 -86000 23518 -103187 342

5584 -158700 10514 -115939 647

0 -267400 140502 -190758 924

0 -160600 63030 -123423 578

0 -89590 9213 -111552 134

0 -39790 11086 -101612 IBl
0 -9941 35406 -102336 598

0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---
0 ---

I (3.1)40

L4 (3.2)42

18 (3.3)44

22 (3.4146
21 l3.s)49
22 (3.61s2

18 (3.7)54

14 (3.8)s6

B (3.9)s8

i'(4.0)61
s (4.1)63

TOTAI }{OI'IT

t.;;; ;;
0.029 4r

0.065 56

0.078 s0

0.068 4r

0.055 26

0.043 13

0.033 6

0.016 1

0.003 0

0.000

c5

I
I

(psÍ) i

AT BOT i

B (4.2164 i

11 (4.3)6s i

-104 i

-412 i

-s11 i

-896 i

-119e I

-1634 i

-112e I

-13s4 i

-883 i

-8s3 I

-87s I

-809 i

-1s95 i

-1660 i

-1812 i

-190s i

-2061 i

-2121 |

-2121 i

-1144 i

-rt21 i

-1218 i

-2424 i

-2693

-27t2 i
¡

I

I

I

I

I

I

Í
I

¡

I

I
I

I
I

I

I

I

t

I

{

I

I

t
t

I
t

I

I

I

L4 (4.4)66

t6 (4.5\67

18 (4.6)68

20 (4.tJ69

22 (4.8110

24 (4.9)t1

21r (5.0)73

I| ---
I| ---
I

t---
I

t ---
I| ---
I| ---
I| ---

tt¡l¡tttttltr¡¡ttlltttltlt¡rll¡lrltrtll¡ft¡ttllltrl¡rrl¡t¡tttl¡¡¡t¡rrttlrrlst¡ttlrt¡tttr¡tlrttttrrrrr¡rr
i SUI'' = -19852198

NOTES:

1. I'OR CATCUTATION OF SECONDARY Hü'IENT AT SUPPORT B, SEE PAGE C14.

2. ARl,t AB0UT JOiNT 37: 0k = 156.0 - (Xi + Xi+Lll2... where k = elenent no.,
Í = joint no. ; Xi = distance fron joÍnt 1

3. AVG. Hp/I = [(Hp/i)i + l[p¡1¡irtr,, ...usd to find nonent of area about joint
4. (Hf)i = (156.0 - Xillt}4 x Mf ... r¡ith secondary FEH (Þ1f) applied at joint 13

5. AVG. HflT. = [(HflI)Í + (Hfll)i+l]/2 ...used to find sonent of area about joint
6. SPN 1: {Hs)i =Xi/52.0 x l'18 ... where l'lB = secondary nont at support B (see p.
7. SPAN 2: (l'ls)i = (156.0 - Xi)/104.0 x ¡1B

259 t[f

JI

141



cAt{I---coNT

JT--PT---JT

27t(1.0) 1

24 (t.t) 3

22 (r.21 4

20 (1.3) s

18 (1.4) 6

16 (1.s) 7

14 (1.6) I
11 (1.7) 9

I (1.8)10

s (1.e)11

1r(2.0)13
I (2.1)16

L4 {2.2)t8
18 (2.3)20

22 (2.4122

21 (2.s)2s

22 (2.6128

18 (2.7)30

14 (2.8132

I (2.9)34

it(3.0)37
I (3.1)40

t4 (3.2142

18 (3.3)44

22 (3.4)46

2t (3.s)49

22 (3.6ls2
18 (3.7)54

14 (3.8)s6

I (3.e)s8

1t(4.0)61
s (4.1)63

I (4.2\64

11 (4.3)6s

L4 (4.4)66

16 (4.5161

iB (4.6)68

20 (4.7)6e

22 (4.8110

24 (4.917r

21'(5.0113

SïEP 4: SPAI{

Arn 061

0(n) x

3 C0NTINUITY + GR0UP 4 TENDONS

t'lp/l Ìlf /I tlf /I Hs

DL.0 x DL.Q

0 0 14854 -3929 251 -104

-2411 -2406 18658 -18908 31s -s01
-4387 -9964 28839 -21250 487 -s63

-6302 -22500 32239 -36633 s44 -971
-8218 -40000 32478 -48916 548 -1296

-i0134 -62480 21t37 -66179 468 -1154

-12049 -90000 30418 -89244 442 -1840

-13946 -122600 56112 -105010 633 -1440

-15842 -161200 89950 -96504 825 -952

-11739 -206600 121119 -121774 936 -9r2
-19923 -268200 174310 -156950 tt46 -921

-13331 -1s8700 100546 -8s908 922 -848
-7203 -85250 50106 -166s9 t26 -1580

-1014 -32940 5543s -51264 936 -1517

5176 -s8s9 49116 -63582 829 -168s

12262 12030 37463 -s6453 633 -1496

19349 -1432 5571û -56989 94r -1510

25539 -34520 57913 -54t85 918 -r4s2
31128 -81s70 53737 -73028 179 -1506

37856 -161800 105210 -81183 965 -801

0.017 24 44448 -272000 180350 -1s0910 1186 -892
0.029 41 39896 -164100 99426 -8t021 912 -859
0.065 56 35665 -92080 42388 -84371 614 -1740
0.078 50 31391 -39510 42151 -69941 122 -1853
0.068 41 27111 -6338 66133 -116t0 LILT -1898

0.055 26 22224 7208 15337 -78578 259 -2082
0.043 13 17330 -5311 28550 -84149 482 -2230
0.033 6 13057 -37580 26353 -86346 44s -2288
0.016 I 8783 -89260 18326 -108439 266 -2236
0.003 0 4552 -160400 67182 -118672 622 -i171
0.000 0 0 -267400 140502 -1907s8 924 -1121

0 -205900 91665 -151888 t04 -1138

0 -160600 63030 -t23423 578 -1218
0 -122100 32387 -128135 36s -t16s
0 -89580 9961 -109755 144 -2263

0 -62160 10453 -83462 171 -22t2
0 -39780 18422 -62971 311 -1669

0 -22380 2141r -41461 362 -1258

0 -9941 21235 -28853 359 -165

0 -2481 14284 -23282 241 -6tl
0 ---

2s9 Hf

ToïAL üOt'tÏ

l{d (TEND0N+SELF) STRESS (psÍ)
Mtt+lld I'lbt+lld AT TOP AT B0T

'B¿;¿ 
ns;;;

88.400 -767451

78.4s0 -2730489

68.4s0 -4203850

57.125 -5027156

46.275 -4030419

35.550 -2183300

2s.ssO -BB92B0

15.600 -13s433

5.325 6219

t::: 
:

c6

r¡rt¡t¡rr¡¡11til;;:ttttttttt¡¡ttl¡rt¡rt¡r¡trrrrrtrrsr¡rrrrlrrrrr¡r¡¡rrr¡trr¡¡¡¡rrl¡rrrrrr¡sr¡trrllttrrr¡

1. ARÌl AB0UT J0INT 61: 0k = 260.0 - (Xi + Xi+t'l/2...where k = elenent no.,
i = joint no. ; Xi = dist. frou joint 1

2. AVG. l{pii = [([Jp/I)i + (Up71¡i*t,r, ...used to find nonent of area about joint 61

3. (Hf)i = (260.0 - Xi)/104.0 x llf ... with secondary FEH (üf) applied at joint 37

4. AvG. y¡¡1 = fffiflf)i + (Hf/Tlí+t]/z ...used to find nonent of area about joint 61

5. SPAN 1: (Hsli =Xi/52.0 x HB ... shere HB = secondary nont at support B (see p. 15)

6. SPAN 2: (l1s)í = (52.0 + L'2 - Xi)/L'2 x t4B

7. SPAN 3: (l{s)i = (260.0 - Xi)/104.0 x }|C ... v¡here l'lC = secondary nont at support C.

SUH = -19846579



cAfi1---CoNT

JT--PT---JT

2lrÍ.01 r
24 (1.1) 3

22 (r.21 4

20 (1.3) s

18 (1.4) 6

16 (1.s) 7

14 (1.6) B

11 (1.7) e

I (1.8)10

s (1.e)11

1r(2.0)13
I (2.1)16

14 (2.2)tB

18 (2.3)20

22 (2.4122

27 (2.s)2s

22 12.6)28
t8 12.1)30
L4 (2.8132

I (2.9)34

1t (3.0)37

I (3.1)40

t4 (3.2)42

18 (3.3)44

22 (3.4)46

27 (3.s\49

22 (3.6)s2

18 (3.7)s4

14 (3.8)s6

B (3.9)s8

1¡(4.0)61
s (4.1)63

I (4.2)64

11 (4.3)6s

L4 (4.4)66

16 (4.sl6l
18 (4.6)68

20 (4.7)6e

22 (4.8170

24 (4.9)tt
21r (5.0]'73

SïEP 5: SPAI{ 4 CONÏINUITY + GROUP 5 TENDONS

Arn 073 l,fpll l.lfli ltf. lI |ls T0TAL

A (n) x DL.O x DL.O I'ls

000
158 4450 -2260

280 7900 -9106
402 11350 -22130

s24 14800 -39520

646 18250 -61880

769 2t700 -89290

890 25115 -121800

1011 28530 -160300

1131 31946 -205500

r21t 35879 -261000

831 36452 -157800

433 36985 -84600

26 31524 -32s50

-382 38063 -450

-848 38679 11870

-1315 39296 -1884

-1123 39835 -35230

-2130 40313 -88530

-2534 40906 -163000

-2968 41480 -213500

-1834 38062 -163800

-780 34885 -89990

28s 31616 -36890

1349 28461 -3s82

2568 24192 10120

3787 21117 -2238

4852 17908 -34370

5916 14699 -86300

6910 11522 -1s8900
8104 8104 -267400

7216 t2t6 -205900

6444 6444 -160600

5673 5613 -122000

4901 4901 -89530

4122 4122 -62090

3343 3343 -39680

2564 2564 -22250

1784 1784 -9795

1005 i005 -23rr
000

TOTAT HOI'IT

},fd (T[ND0N+SELF) STRESS (psi
Þlt¡+l'ld Hbt+}ld AT TOP AT B0T

14854 -3929

18961 -1860s

2931t -20712

33011 -35861

33482 -41912

28983 -64932

31957 -81765

51802 -103320

91860 -94593

1240t0 -119542

176781 -154419

102282 -84171

51189 -7s516

55850 -56848

54143 -58555

36455 -57461

53943 -58756

ss481 -57218

50647 -16118

i0i537 -84911

115882 -155371

97892 -88561

43698 -83067

45662 -61037

10238 -67505

208Û -73098

35410 -1t2BB

34414 -78284

21242 -99563

16252 -110202

148606 -t82654
98880 -144613
69414 -116919

38159 -122962

r49r9 -104804

14645 -79270

21865 -59529

24104 -44761

23112 -26916

15465 -22101

14854 -3929

4e;;; ,6;;; o;'; ;
43.825 43989 0.020 5

38.87s -45348 0.026 6

33.925 -190376 0.034 7

28.950 -263004 0.049 I
23.950 -246350 0.056 6

18.950 -194920 0.046 4

13.950 -121743 0.03s 2

8.950 -64155 0.024 1

3.225 -11013 0.014 0

0. 000

sult = -1066836 43 l,ff

c7

251 -104

320 -493

496 -549

557 -950

565 -1210

489 -1121

463 -1809

652 -1411

842 -934

953 -896

1163 -913

938 -831

742 -1558

943 -1506

914 -1552

616 -1523

911 -1557

931 -i516
734 -1569

931 -838

1151 -918

898 -874

633 -1113
ur -r/tb

i186 -U89
352 -1937

598 -2048

581 -2014

394 -2053

699 -1088

911 -1079

760 -1084

637 -1154

430 -1686

216 -2161

241 -2r0r
369 -1571

401 -1186

391 -113

261 -586
251 -104

¡¡rtrr¡rrrr!¡trtt¡r¡rf¡tttr¡rtttl¡rt¡tltltf¡¡t¡¡trttltltttt
NOTES:

1. ARll ABüfi J0iHT 73: Qk = 312.0 - (Xi + Xi+11/2
2. AVG. l'lp/I = [(Hp/I)i + (t'tp¡1¡i*t,r, ...used to find nonent of area about joint 73

3. (t'lf)i = (312.0 - Xi)/52.0 x tJf ... with secondary FEH (tff) applied at joint 61

4. AVG. Hf./I = lft1f/I)i + 1t't¡71¡i*t,r, ...used to find nonent of area about joint 73

5. SPAN 1: (Hs)i = Xi152.0 x l,lB ... where I'fB = secondary Eont at support B (see p. 16)
6. SPAI'I 2: (Hs)i = (52.0 + L'2 - Xi)/L'2 x MB

7. SPAN 3: (Us)i = (156.0 + l'3 - Nil/L'3 x HC ... where HC = secondary nont at support C

8. SPAI{ 4: (Hs)i = (312.0 - Xi)/52.0 x I'fD ... shere ljD = secondary nont at support D



CANT---CCII{T i T H E R I{ A I A NA L Y S i S

JT--PT---JT I 51 (n^2)= 4.644 Ec(AT =

i 52 (n^3) NP/AxST NP/AxSB llP

27¡(1.0) 1 i 4.045 -30486 19426 -26063 0 -1218 -6631
24 0.1) 3 i 4.045 -30486 19426 -26063 5450 4232 -1187
n ft.z) 4 i 4.045 -30486 t9426 -26063 9675 8451 3038

20 (1.3) 5 i 4.045 -30486 19426 -26063 13900 12682 7263
18 (1.4) 6 i 4.04s -30486 19426 -26063 t9r20 16902 11483

16 (1.5) 7 i 4.04s -30486 19426 -26063 22350 21132 15713

14 (1.6) I i 4.876 -32969 23173 -31418 26570 26659 1832s
11 (1.7) 9 i 6.571 -37100 30502 -42339 30760 34204 18923

B (1.8)10 I 8.313 -40550 37681 -53564 34940 42707 19057

5 (1.9)11 i 10.087 -43566 44687 -64994 39120 52148 18813

1¡(2.0)13 i 11.884 -46288 51517 -76573 43940 63153 18884

8 (2.1)16 i 8.313 -40550 37681 -53564 41630 49397 25741
t4 (2.2118 i 4.876 -32969 23t13 -31418 39480 39569 31235
r8 (2.3)20 i 4.045 -30486 19426 -26063 37320 36102 30683
22 (2.4122 i 4.045 -30486 19426 -26063 35150 33932 28513
27 (2.5)25 i 4.045 -30486 19426 -26063 32660 31442 26023
22 (2.6128 i 4.045 -30486 19426 -26063 30180 28962 23543
18 (2.7)30 i 4.045 -30486 19426 -26063 28000 26782 21363
14 (2.8132 i 4.876 -32969 23173 -31418 25830 25919 1758s
8 (2.9',)34 i 8.313 -40s50 37681 -53564 23680 31447 7191
1r(3.0)37 i 11.884 -46288 s1517 -76513 21370 40583 -3686
8 (3.1)40 i 8.313 -40550 3768t -53564 23680 31447 7197

14 (3.2)42 i 4.876 -32969 23113 -31418 25830 25919 17s85
18 (3.3)44 i 4.045 -30486 t9426 -26063 28010 26792 21373
22 (3.4146 i 4.04s -30486 19426 -26063 30180 28962 23543
2t (3.5l.49 i ¿.0¿S -30486 19426 -26063 32660 31442 26023
22 (3.6152 i 4.045 -30486 19426 -26063 35140 33922 28503
18 (3.7)s4 i 4.045 -30486 19426 -26063 37310 36092 30673
14 (3.8)56 i 4.876 -32969 23t73 -31418 39480 39569 31235
8 (3.9)58 i 8.313 -40550 37681 -53564 41360 49121 25411

1¡(4.0)61 i 11.884 -46288 51517 -76513 439s0 63163 18894

5 (4.1)63 i 10.087 -43566 44687 -64994 39130 52158 18823

B (4.2],64 i 8.313 -40550 37681 -53564 34950 427fl 19067
11 (4.3)65 i 6.s71 -37100 30502 -42339 30760 34204 18923
t4 (4.4166 i 4.876 -32969 23173 -31418 26580 26669 18335
16 (4.s)67 i 4.04s -30486 19426 -26063 22350 21132 15713

18 (4.6)68 i 4.04s -30486 19426 -26063 18130 16912 11493
2t (4.7169 i 4.045 -30486 19426 -26063 13900 12682 1263
22 (4.8170 i 4.045 -30486 19426 -26063 9677 8459 3040
24 (4.9)7t i 4.045 -30486 19426 -26063 s452 4234 -1185
27"(5.0173 i 4.045 -30486 19426 -26063 0 -1218 -6637

I
I

6443 THERT'|AL MoüT

l,ls TOP B0T

THENflAl STRESSES i

TOP BOl i

(psi) i

c8

-21
71

r43
214

285

357

386

386

392

401

415

453

573

610

573

531

489

452

376

2BB

267

288

316

452

489

531

573

609

513

451

4r5
401

392

386

386

357

286

214

143

71

-21

-176 i

-31 i

80i
t92 i

304 i

416 i

378 í

2s9 i

188 i

r41 i

1t2 i

2s4 i

644 i

813 i

7s6 i

690 í

624 i

s66 i

363 i
'11 |

_tD I

1-1 ¡

363 i

s66 i

624 i

690 i

7ss i

813 I

644 i

2s1 I

1r2 i

t41 i

188 i

?qq I

378 i

416 i

305 i

r92 i

81 i

-31 i

-176 i
I
I

¡¡tttrtS¡tlrtt¡¡¡t¡¡!t¡8t1¡!¡tt¡8¡¡8!ttt8t¡¡t8st¡¡¡t¡¡r¡tlts¡ttl¡r¡t¡¡tttt¡

NOTES:

1. 51 = 12.9x0.360 = 4.644 n^2 ... constant 7. SIGN CoI{I/EMI0I{ FoR t{ffiNTS
2. 52 = 51 x e = S1(Yr-0.360/2) = S1(YT-0.180) n^3 AT 10p: +H = cû,tpRESSIoN
3. Ec{ aT = 32 378 800 x 0.000010 x 19.9 = 6443 -I', = TEI{SI0H
4. l{p = (Ea¡T) 51 ... constant AT B0T: +t{ = TENSION

t 5.ffip = (EdAf) 52 ... varies Hith 52 -H = C0ilpRESSION

6. EOUIVALEIiT ruil{Al IS}IEMS:
Htop = 196çAT) x ST - tip/A x ST + ffp a lls
Hbot=Np/AxSB-t{p+Hs



APPLIED I'IOHEN
DEAD LOAD I'IO¡IENTS

FIt{Ar STG 360d 3600d

22 (r.21 4 i -9106 -6441 -5415 8451 3038 1261 Itfl 1286 7B4B I

20 (1.3) 5 I -22130 -17440 -16050 12682 7263 78s 1065 1701 10382 I

18 (1.4) 6 i -39520 -33400 -31s90 16902 11483 -439 -596 t970 t2020 I

16 (1.s) 7 I -61880 -54340 -s2110 21132 1s713 -2401 -3264 -2287 -13958 i

14 (1.6) 8 i -89290 -80320 -77660 266s9 1832s -s118 -6939 -274s -16749 i

11 (1.7) 9 i -121800 -111400 -108300 34204 18923 -8s71 -11623 -3202 -19540 
"

8 (1.8)10 i -160300 -148500 -145000 42107 19057 -t2768 -Lt3r4 -366t -22331 i

s (1.9)11 i -20ss00 -192300 -188400 52t48 18813 -17108 -24012 -430s -26266 :

1t(2.0)13 i -267000 -252200 -247800 63153 18884 -2339r -31719 -5282 -32232 i

B (2.1)16 i -157800 -144500 -i40300 49397 25141 -11170 -15146 -3018 -t8417 i

14 (2.2)rB i -84600 -127s0 -68680 39s69 3123s -r92r -2604 -1373 -8376 i

rB (2.3)20 i -32550 -22140 -18230 36102 30683 4356 5907 1280 7808 i

22 (2.4122 i -450 8509 t2270 33932 28sr3 7661 10388 1910 r202r i

27 (2.5)25 i 11870 19170 22160 31442 26023 7993 10838 2383 14542 I

22 (2.6128 i -1884 376s ttTB 28962 23543 5352 12sB 2328 14206 i

t8 (2.1)30 i -3s230 -31020 -27160 26182 21363 -260 -3s3 1809 11040 |

t4 (2.8)32 i -88s30 -85110 -82660 2s919 17s85 -8846 -1199s -2417 -14141 I

8 (2.9)34 i -163000 -161700 -1s8700 31447 1191 -20403 -21667 -3882 -2368s I

1r (3.0)37 i -273500 -273100 -210900 40583 -3686 -34933 -47370 -6090 -37158 I

8 (3.1)40 i -163800 -160600 -158400 31447 7791 -20403 -21667 -3882 -23689 I

14 (3.2142 I -89990 -83620 -81950 2s919 1758s -8846 -11995 -24t1 -14147 i

18 (3.3)44 i -36890 -213t0 -26200 26192 21.373 -260 -353 1809 11040 I

22 (3.4146 i -3582 9198 9157 28962 23543 s352 7258 2328 14206 i

rS SU¡l l'IARY(kN.n)
THIR|,IAL ],r0]rTS SDL ( f t-k )

TOP BOT (BEA¡IANL)

LL+I(ft-k) LL+I I

SDL HS20,DF=1.0 HS30 i

(BEAr'rAlrt) DF=3.0 i
I

21 (3.5)49 i

22 (3.61s2 i -2238 17900 fl2t0 33922 28503 1661 10388 rs70 r202r I

18 (3.7)s4 i -34370 -i1000 -12230 36092 30673 4356 5907 1280 7808 i

14 (3.8)s6 i -86300 -s9710 -61480 39569 3123s -r92r -2604 -1373 -8316 I

B (3.9)s8 i -158900 -129100 -131400 49121 25471 -11170 -15146 -3018 -t84fl i

1r(4.0)61 i -267400 -234200 -237100 63163 18894 -2339r -31719 -5282 -32232 i

5 (4.1)63 i -205900 -t16300 -178900 52158 18823 -17708 -24012 -4305 -26266 ;

8 (4.2164 i -160600 -134200 -136500 42117 r906t -12168 -t7314 -3661 -22331 i
11 (4.3)6s i -122000 -98790 -100800 34204 18923 -857i -rt623 -3202 -19540 I

14 (4.4)66 i -89530 -69440 -71180 26669 18335 -s118 -6939 -2145 -r6t4s i

16 (4.5)67 i -62090 -45190 -46660 27132 15713 -2401 -3264 -2281 -139s8 i

18 (4.6)68 i -:S0AO -2s980 -21110 t6912 11493 -43s -596 rg70 12020 i

20 (4.7)69 i -222s0 -117s0 -12660 t2682 1263 78s 1065 170i 10382 i

22 (4.8110 i -9795 -248r -3116 8459 3040 1267 L1L7 1286 7848 I

24 (4.91t1 i -23rr 1810 1451 4234 -i18s 1005 1363 720 4391 i

c9

i 10120 26s10 26500 31442 26023 7993 10838 2383 t4542 I

21t(5.0173 i
I

I

tl¡¡tl¡ttlttlllt¡lttllrt¡t1¡trtt¡tt¡lllts¡tt1¡trrt¡ttttttf¡tltltttttrl¡tt¡¡tttttrt¡trltrlttlrrttt¡tr

NOTXS:

1. I{OMTS FOR FINAT SIAGE, AT 360 DAYS AND AT 3600 DAYS OBTAINËD FROI,Í TIHEDEP

2. THERHAL IIOIEI{TS FRO}{ PAGE C8

3. SDL (SUPERiI.IPOSED DEÂD IOAD) Hü'IENTS OBÎAINED FROII BEAIIANI

IN FÏ-KIPS AND CONVERTED T0 kN.n ( 1 I'T-K = 1.356 kN.p)
4. LL+T HCÈIÏS OBTATNED FROH BEAI'IANL ]N FT-KIP T'OR HS2O AASHTO TRUCK I,IITH DISTRIBUTIOI{

FACTOR (Dt') 0¡' 1.0. FR0ll AASHT0, DF = H/7 llHEEtS PER IANE (H = l,lIDTH 0F GIRDER IN
FT. ). HITH rÅ = t2.9 n = 42.32r tr'T., Di' = (42.32r/tl/2 = 3.0 AXLES plR LAI{E.

HENCE DESIGN LL+I H (for HS30) = H (ft-k fron BEAiltrl{L) x 1.356 x 1.50 x 3.0 kl'l.s

0 -1218 -6631

I

0i
I

I



CANÏ---CONT

JT--PT---JT

27r(1.0) 1 i 14854

24(LLl 3 
" 

2122r

22(1.2r4 i 3e083

20(1.3)s i ss141

18(1.4)6 i 73002

16(1.s)7 i e0863

14(1.6)8 I r2r247

11(1.7)9 i 119602

8 (1.8)10 i 2s2160

5 (1.9)11 i 329s10

1r (2.0) 13 i 44378r

B (2.1)16 i 260082

t4 (2.2)18 I 13s789

L8 (2.3)20 i 88400

22 (2.4122 i 54593

27 (2.s)2s I 24s8s

22 (2.6128 i 5s821

i8 (2.7)30 I 90711

14 (2.8132 i t39r11
8 (2.9134 

" 
264531

1t(3.0)37 i 449382

8 (3.1)40 i 261692

t4 (3.2)42 i 133688

18 (3.3)44 
" 

82552

22 (3.4146 i 73820

27 13.5)49 I 10697

22 (3.61s2 i 31648

1B (3.7)s4 i 68784

t4 (3.8)s6 i 113502

8 (3.e)s8 i 23sts2
1¡(4.0)61 i 416006

5 (4.1)63 i 304780

8 (4.2164 i 230074

11 (4.3)65 i 1601s9

14 (4.4)66 i 104449

16 (4.s)67 i 1613s

18 (4.6)68 i 61s4s

20 (4.1169 i 463s4

22 (4.8170 i 32e61

24 (4.9)71 i 17116

21r(5.0)t3 i 14854
I

I

ÎOTAL TENMN Hü.ITS

ToP(}ltr) B0T(Hbr)

STEP 6: SELF + THERI,IAL

tlOHTS (TEND+APPL) STRESS (psi)
}ltr+llapp Hbr+Mapp AT TOP AT B0T

-3929 i 13636 -10566 230 -280 i

-16345 i 23193 -t9792 392 -524 i

-11006 | 37833 -17674 639 -468 i

-13731 i 45693 -28598 112 -758 i

-8392 i s0384 -36429 851 -965 i

-30s2 i s0115 -49220 846 -1304 i

152s I s8616 -69441 849 -t432 i

18480 I 92006 -84391 1037 -1157 i

65107 i 134568 -75536 t234 -145 i

85958 i 176159 -100730 1354 -755 i

1r2s2t i 239934 -135595 1s78 -801 i

13629 i 151619 -58424 1391 -sJJ 
"9024 | 90758 -44342 1315 -914 i

-24298 i 91952 -26166 1ss3 -693 i

-s8105 i 88075 -30043 1481 -796 |

-69331 | 67896 -31438 1746 -833 i

-s68t2 I 82905 -35213 1400 -933 i

-21988 i 82263 -35855 1389 -950 I

12412 I 76565 -s8s34 1109 -1201 i

78083 i 132984 -77120 1220 -J6t 
"118123 i 216465 -159064 1423 -940 I

15239 i 129339 -80164 1186 -tgt i

6923 i 69611 -65482 1009 -1350 i

-30r4t i 72454 -45664 1223 -1210 i

-63923 i 99200 -43962 167s -116s I

-83218 i s22s9 -41076 882 -1241 i

-75050 
" 

69332 -48186 1171 -1293 i

-43914 i 70s06 -41612 1191 -1262 i

-13263 i 66711 -68328 968 -1409 i

48698 i 125379 -84125 1150 -836 i

84146 i 211769 -163760 1393 -968 i

61227 i 151039 -125850 1161 -943 

"
43621 i 112r9r -91912 1029 -966 i

-962 i 72363 -104040 816 -1426 i

-15274 i 41587 -86469 603 -1183 |

-17180 
" 

35717 -63558 604 -1684 i

-19849 i 38717 -48036 655 -1273 i

-22517 i 36786 -37505 621 -994 i

-t7L2r | 31631 -23817 534 -633 I

-19190 i 1S0SS -23286 333 -611 i

-3929 i 13636 -10566 230 -280 i

lt
ll

SÏEP 7: SELF+THERHAL+SDL

HO},ITS (TEND+APPI) STRESS (psi)
Mtt+l'lapp llbr+Happ AT TOP AT B0T

13636 -10566 230 -280 i

245s6 -18430 415 -488 i

39551 -15957 668 -423 i

46157 -21533 790 -130 i

49788 -31025 841 -981 i

468s1 -s2484 t9r -1391 i

5t676 -76380 149 -1575 i

80383 -96020 906 -1316 I

1fl2s4 -928s0 1075 -916 i

152146 -t24742 1169 -934 I

208215 -161314 1369 -989 i

136s33 -73511 1252 -726 i

88153 -46946 1277 -968 I

97859 -20259 1652 -537 i

98463 -i9655 1663 -527 I

18734 -20600 1329 -546 i

90162 -27956 1522 -741 i

81909 -36208 1383 -959 
"64511 -10529 936 -1,4s4 i

1053i7 -104781 966 -1034 i

16909s -206433 r1r2 -1220 I

101672 -108431 932 -1070 i

57622 -71417 835 -1597 i

72101 -46011 1211 -t219 i

106458 -36104 1798 -913 i

63097 -36238 106s -960 i

79120 -38398 1346 -1018 i

76413 -41705 1290 -1105 I

64167 -10932 930 -1462 i

i10233 -99871 1011 -986 i

180050 -t95478 1184 -115s i

121026 -149863 976 -1123 I

94878 -t1s226 870 -1131 i

60141 -i1s663 685 -1586 i

34648 -93409 502 -1926 I

32s13 -66821 549 -1711 |

38181 -48632 64s -1289 i

37851 -36440 639 -966 
"33348 -22160 563 -587 i

21062 -21924 356 -581 i

13636 -10566 230 -280 i

I

cl0

¡¡t¡¡lr¡¡lrt¡¡tt!rlrtll¡lr¡ltt¡tll¡ttttrllltlrl¡¡¡tlll¡t¡r¡rlrlrlr!ttltrrtrrrt¡rrrrrtr¡rrrtt¡rl¡l¡ttr¡tt

NOTES:

1. t{tt = (l{p+tlt)cantilever + (Hp+Mt)continuity ... total tendon nont at top
2. llb¡ = (Hp+Hb)cantilever + (Hp+Hb)contÍnuity . .. total tendon nont at botton
3. Mapp = ï0TAL APPLIED H0HINTS FOR EACH STEP FR0l'l HO¡lEl'¡T SUHHARY

4. STRESS AT TOP = (Htt + Ilapp)/ST x 145 psÍ
5. STRXSS AT B0T = (Hb¡ + Happ)/SB x 145 psi



CNI---C0NT i STEP 8: SEL['+IIERI!AL+SDL+(LL+I) i STEP 9: SEIF(360d)+THERIIAL+SDL+(L[+I i

JT--PT---JT I HOHTS (TEND+APPL) STRESS (psi) i tlOHTS (TEND+APPL) STRXSS (psi) i

i Htr+Happ Hb¡+tlapp AT TOP AT B0T I Htr+Happ Mbt+Happ AT TOP AT B0T i

ttl
| ----------_- | ------------ ------------- |

27'(1.0) 1 i 13636

24(1.1)3 i 28941

220.21 4 i 4t3e8

20(1.3)s i s7140

18(1.4)6 I 61808

16(1.5)7 i 32594

14(1.6)8 i 34s21

11(1.7)9 i 60842

8 (1.8)10 
" 

94916

s (1.e)11 I 12s880

1¡(2.0)13 i 175983

I (2.1)16 i 1181i7

14 (2.2lr9 i 1e171

t8 (2.3\20 i 10s667

22 (2.4)22 i 110484

21 (2.5125 

" 
93276

22 12.6128 i 104369

18 (2.7)30 
" 

92949

14 (2.8)32 i 49823

8 (2.9134 ',, 81621

1'(3.0)37 i 131931

8 (3.i)40 i 11983

14 (3.2)42 i 4287s

18 (3.3)44 i 83140

22 (3.4)46 i 120664

21 (3.s)49 i 11639

22 (3.61s2 i 91741

18 (3.7)s4 i 8422r

14 (3.8)s6 i ss791

B (3.9)s8 i 91816

1t (4.0)61 i r478r8
s (4.1)63 i 100760

B (4.2164 

" 
12540

1i (4.3)6s i 41200

L4 (4.4166 I 17899

16 (4.5)67 i 18s56

18 (4.6)68 I s0201

20 14.7)69 i 48233

22 (4.8)70 i 41196

24 14.9)11 i 2s4s3

21t(s.0113 i 1363f
I

-10566

-14038

-8109

-17151

-2500s

-6644r
-93t29

-115561

-115188

-151009

-199545

-91981

-55322

-t245r
-7634

-6059

-137/49

-25169

-85276

-r284ll
-243591

-t32r2r
-92224

-34918

-22498
-21696

-26317

-33896

-79309
-118288

-227710

-\76129
-137564

-13s203

-110158

-80779

-36612

-26051

-14372

-17532

-10566

230

489

800

965

r044
555

506

686

870

961

1 157

1 083

1156

r184
1866

1575

Lt62

1569
71'.)

t4v
868

lß
621

1404

2037

131 1

1549

1422

808

842

972

714

665

464

259

313

B4B

814

696

4JU

230

-280

-372
-2t5
-454

-663

-r761
-1920

-1584

-1i37
-1131

-TI]9
-908

-1141

-330

-202

-16 i
-364

-661

-1758

-1268

-1439
-1304

-1901

-921

-596
-575

-699

-B9B

-1635

-1161

-1345

-1319

-1358

-1854

-221r
-2141

-970

-690

-379

-465

-280

I 13636 -10566

i 30786 -12199

i s0663 -4844

i 61830 -1246r

i 67928 -1BBB5

i 40434 -58901

i 43891 -841s9

| 71242 -10s161

i 106716 -103388

i 139080 -137809

i 190783 -184745

i 13141t -78687

i 91627 -43472

i rr607t -2041

i rr9443 r32s

i 100s76 t24r
i 110018 -8100

i 97159 -209s9

I 52583 -82516

" 
82921 -121177

i 13fl31 -243191

i 81183 -r2892r
i 49245 -85854

i 92120 -25398

i 133444 -9718

i 94089 -s246

i 111879 -6239

i 10759i -10526

i 82381 -52tt9
i t216r6 -88488

i 181018 -194510

i 130360 -146529

i 98940 -111164

i 64410 -111993

i 37989 -90068

i 3s4s6 -638t9

i 63901 -22912

i 58733 -1s5s7

i 48510 -6998

i 29514 -13411

i 13636 -10566
I

230

520

855

r044

IT47

683

636

803

919

1069

t255
1205

1328

1960

20u
1698

i858
T64I

162

160

866

744

114

1566

2253

1589

1889

i817

tr94
11 15

1190

1 002

901

126

550

599

1079

992

819

499

230

cll

-280 i

-323 i

-r28 i

-??0 I

-s00 i

-1s61 i

-173s i

- L.l4¿ r

-1020 i

-1032 i

-10e2 i

-111 i

-896 I

_s4 
i

,c t

JJr
4l E I

CEE I-JJJ t

-1701 I

-1255 i

-t440 i

_1 1'71 |

-1110 I

e11 |

-2s8 i

-1',to ¡

-16s i

-?f0 '

-1087 i

-Bt3 i

-1149 I

-1098 |

-1097 I

-1s3s i

-18s7 i

-1693 i

-601 i

-.+f¿ |

-18s i

'EE 
I

-JJJ I

-280 i
I

¡r¡l¡¡¡tlrttt¡ttrt!t1l¡¡¡tlttltltrllrtl¡lltrrl1¡t¡tttr¡tr¡lrt¡l¡ttr¡rt¡t¡rtrt¡lll¡flr¡lltltt

NOTES:

1. ALL SERViCE TOADS APPIIED AT 360 DAYS

2. ALLü,IABIX STRESS AT SERVICE I0ADS = 0.4 f'c = 2400 psi
3. SÏCI{ COHVENTION FOR }IO}IENTS:

AT T0P: +H = COIIPRESSION

-H = IENSIü{

AT B0ï: +t,l = TENSI0N

-t4 = COHPRESSION



CAfif---CONT i STEP 10: SELF'(3600d)+IHERIIAL+SDI+(LL+I) i

JT--PT---JT I ll0l'lTs {TEND+APPL) STRESS (psi) i

i Htl+Mapp I'lb¡+Happ AT TOP AT B0T i
tt------------ t

27r(1.0) I I

24 (1.1) 3 i

22 (1.2) 4 i

20 (1.3) s i

18 (1.4) 6 I

16 (1.s) 7 I

14 (1.6) 8 i

11 (1.7) 9 i

I (1.8)10 I

s (i.e)11 I

1r (2.0 ) 13 I

I (2.i)16 i

14 (2.2lr9 i

18 (2.3)20 i

22 (2.4)22 I

2t (2.s)25 I

22 (2.6128 i

18 (2.7)30 I

t4 (2.8132 i

I (2.9)34 i

1t(3.0)37 i

B (3.1)40 |

14 (3.2142 i

18 (3.3)44 i

22 (3.4146 i

2t (3.5)49 
i

22 (3.61s2 i

18 (3.7)s4 i

14 (3.8)s6 
i

B (3.9)s8 i

1t(4.0)61 i

s (4.1)63 I

I (4.2164 i

11 (4.3)6s i

14 (4.4166 |

16 (4.sl'61 I

18 (4.6)68 I

20 14.7)69 I

22 (4.8170 
I

24 (4.9)71 i

21r(5.0113 |

I

I

13636 -10566

31330 -11655

s1629 -3878

63220 -11071

69738 -t1075
42664 -56671

46557 -81499

14342 -102061

rl02t6 -99888

142980 -133909

19s183 -180345

135617 -74487

95697 -39402

119987 1869

123204 5086

104166 4831

113431 -4681

i00419 -Ð699
55693 -79406

85927 -124111

134537 -240991

83383 -L26l2t
50915 -84184

93830 -24288

134003 -9159

94019 -s3i6
111189 -6929

106361 -11156

80611 -54489

119316 -90788

178118 -197410

127760 -149129

96640 -t13464
62400 -114003

36249 -91808

33986 -65349

6271r -24102

51823 -t6461
41875 -1633

29215 -t3110
13636 -10566

230

529

872

1067

LLTB

720

615

838

101 1

1099

t284
1244

L3B1

2026

2080

1759

1915

1696

807

788

885

165

738

i584

2263

1588

1811

1796

1168

r094

1L7T

982

886

703

525

514

1059

9t6
808

493

230

-280 i

-309 i

-103 i

-293 I

-452 I

-1s02 i

-1680 |

-1399 i

-986 i

-1003 I

-1066 I

-73s i

-8r2 i

s0i
13s I

r28 i

-r24 I

-469 i

-1631 i

-122s i

- L4 ¿¿+

-12s1 i

-1136 I

-644 i

-¿.1J r

-141 i

-184 i

-312 
"-rr23 i

-896 I

-1166 I

-1717 i

-rr20 I

-1s63 i

-1893 i

-1732 i

-639 i

-436 i

-202 i

-36s I

-280 i

¡

crz

¡¡¡¡t¡tttttlltttttttttt¡llltttt¡tttttrtrltttltttt¡¡ttltr¡

I'IOTES:

1. ALL TiHE-DEPENDENT REDISTRIBIIIiON OF HOIlENTS

15 COI,ÍPLETE BY 3600 DAYS (10 YEARS).

2. ÁtLOllABL[ STRXSS = 0.4 f'c = 2400 psi
3. SIGN COIWENTION FOR I'IOHIINTS:

Aï ï0P: +H = COI{PRESSI0N

-t'l = TENSI0N

AT B0T: +t,f = TENSi0N

-H = C0HPRESSION



CANT---CONÏ i ATLO!¡ABLE [|O}1M{TS

JT--PT---JT I I¡ITH 0.55f'c
i Ha(top) I'la(bot)

27¡(1.0) 1

24 (r.r) 3

22 (1.21 4

20 (1.3) s

18 (1.4) 6

16 (1.s) 7

14 (1.6) B

11 (1.7) 9

I (1.8)10

s (1.9)11

1t(2.0)13
8 (2.1)16

L4 (2.2JLB

18 (2.3)20

22 (2.4122

2t (2.5)2s

22 (2.6128

lB (2.7)30

14 (2.8132

B \2.e134
1'(3.0)37
B (3.1)40

t4 (3.2i42
18 (3.3)44

22 (3.4146

2t (3.s149

22 (3.6)s2

18 (3.7)s4

14 (3.8)s6

I (3.9)s8

1t(4.0)61
s (4.1)63

I (4.2164

11 (4.3)6s

L4 (4.4166

t6 (4.5)61

18 (4.6)68

20 (4.116e

22 (4.8170

24 (4.e)t1

ztr (5.0)13

19ss33 -124596

195533 -124596

195s33 -124596

195533 -124596

195533 -124596

195533 -124596

227848 -16014s

292898 -240810

360032 -334558

429671 -440733

502071 -558786

360032 -334558

221848 -160145

195533 -12t1596

195533 -124596

195533 -124596

195533 -124596

195533 -124596

227848 -160145

360032 -334558

502071 -558786

360032 -334558

221848 -i60145
195533 -124596

195533 -124596

195533 -124596

195533 -124596

195533 -t24596
221848 -160145

360032 -334558

502071 -558786

429611 -440133

360032 -3345s8

292898 -240810

227848 -160145

195533 -124596

195533 -124596

195533 -124596

195533 -124596

195533 -124596

195533 -124596

ALLOIIABLE HOI{ENTS

t,liTH 0.4f'c
l{a(top) lfa(bot)

142206 -90615

142206 -90615

142206 -90615

142206 -9061s

1422A6 -90615

142206 -90615

165708 -116469

2r30u -175135

26184r -243315

3t2493 -320533

365142 -406390

26184t -243315

165708 -fl6469
142206 -90615

142206 -9061s

142206 -90615

142206 -90615

142206 -90615

165708 -116469

261841 -24'3315

365142 -406390

261841 -24331.5

165708 -116469

142206 -90615

142206 -90615

142206 -9061s

142206 -9061s

142206 -90615

16s708 -116469

26184r -243315
365142 -406390

3t2493 -320533

261841 -243315

2r30t7 -17s135

165708 -116469

142206 -90615

t42206 -90615

142206 -90615

142206 -9061s

t42206 -90615

142206 -90615

(11.)

tttttttttttttttt¡tltttt¡l¡¡¡¡tttttlttttttlttttf ltttttttt¡tt

I{OTES:

1. Att I'íO¡'ENTS GIVEN IN KN.N

2. Ha(toP) = fc(allog) x ST

3. Ha(bot) = fc(allou) x SB

4. f'c = 41.4 HPa = 6000 psi



SECO¡IDARY HO}IITTS (SPAN 2 CONTiNUITY)

Secondary FElf (Hf) to elininate rotation of support B:

259 llf = -( -19852798 )

I'Jf = -165B8 
kN.n

Monent distribution of secondary FEH uÍth variable i:
I'lB = 0.112xHf.

i.e. l4B = 54531 kN.m

ct4



SECONDARY HOI'IENTS (SPAfi 3 CONTINUITY)

Secondary FEH (},lf) to elininate rotation of support C:

259 Mf=-(-19846579 ) i.e. t'ff = 76564 kN.n.

Secondary l{onents at supports: l'lB = -19923 kN.n l,fc =

inflection poì.nt in span 2: ['2 = i}|Bi/(i},fBi+iHCi) x 104.0 =

HOHENT D]STRIBUTION (SPAN 3 CONTINUiTY)

----- A B -----------
cOF i 0.768

k i 4.640
I
¡

SPAI{ I 52.000 n
I
I

k/L i 0.089

ttt

I DF i 1.000

0.450 I 0.619

7.930 i 6.410
I

I

| 104.000 n
I
I

0.153 
" 

0.062
I

7594

-7594

3743

-3743

1481

-1487

556

-556

204

-204

... to nont. distb. table belou

44448 kN.n

32.188 n fron support B

0.7r2 i 0.288

0.619

I

c ----------------------- D

6.410

16876

0.619

========= ========= 
t
I

6.410 6.410 i
t
I

-5832

8317

-2814

3303

c15

-23691

6B2T

0.062

104.000 m

0.062

0.500

0.619 i

-5846

3362

0

-38282

-T142

1236

¡

-1764

1335

I
I

¡

I

0.062 i

I
--------- t

1.000 I

I

0.500

| -ÌLCC|.,lttlt I

r /vJva \ |

4222

-9445

,1

-27

i -38282
I

I| --___----
2081 i 3619

-28s0 i -zeso
I

t ---------

826 i 1092

-959 I -SSS
I

-427

453

-594

500

i 14668 --------- I

ISUUi

i -944s

l------------ _________ I
t----------------------====::===============================:====:==a__________________ t

NOTIS:

1. SICONDARY FEI,I (Hf) OBTAI}¡ED FRO}I AflEA-I,!OI'IENT I{ETHOD.

2. CARRY OVER FACTORS (COT') AND STIFFNESS FACTORS (K) OBTAJNED FROI4 PCA HANDBOOK OF FRAI,IE

CONSTANÏS IIITH STRAIGHT HAUNCH.

3. I{O},IEIfIS AT SUPPORTS (MB AI{D IÆ) USED TO DETEA}ITI{E TIIÍ'LECTTON POINTS FOR CALCULATION OF

SECONDARY HOI'tEI{TS IN SPÁN BY tiNEAR INTERPOLATION.

-157

165

-209

183

-23691 i

23691 |

-57

60

-75
61

0 19923

-s846 i

5U4b i
I--------- |

-1764 I

1164 i

I
--------- t

-s94 i

qq¿ 
I

t
--------- I

-209 
"209 i

I

1El
I

tsI
I--------- |

^1 I-¿l r

21 
"

I--------- |

_10 i

10 i

309

-338

| ---------
113 I 130

-122 
" 

-722
I

t ---------

4ri qt

-44 i -q4
I

-21
,,)

I

i 368

i -338
I

oa

24

-10

e --------- i ---------

-19923

15

-16 I -16

-44448 i 44448

17

0l



SECONDARY }IO.IEilTS (SPAN 4 CONTINUITY)

Secondary FXtl (t{f) to elininate rotation of support D:

43 Hf=-(-1066836 ) i.e. Hf = 24554 kN.n ... to noment distribution table below
Secondary llonts at supports: llB = 1271 kN.n
lnflectÍon points in span 2 and 3: L'2 = ll,lBi/( lt,fBi+llJCi)x104.0 = 31.182 n fron support B

L'3 = llJCi/(i},fCi+iHDi)x104.0 = 21.811 m fron support C

0.619 0.619

= == =::= =:
6.410

104.000 n

0.062

l'lC = -2968 kN.n tlD = 8104 kN.n

0. 153

-434 -964

434

333

-255 -566

255

196

0.112

6.410

0.288

-113

1lJ

6.410

104.000 n

0.062

i354
-390

462

-229

158

-102

t.c

0.062

cl6

0 .500

6.4i0 i 7.930
I

I

i 52.000 n
¡

I

0.062 i 0.i53

0.500

2r8l

-r t3
147

-103

255

-4315

3si re
-38 I -rS

I

0.288 i 0.112

It
| --------- r

suui 0

NOTES:

-1318 -2129 i -5268

t4t i ---------

o i 24554 <ttttt
-7061 i -17487 -1869

1. SECOI{DARY FET,I (}'f) OBTAINED FROII AXXA-HOI'ÍENT },IETHOD.

2. CARRY OVER FACTORS (COi') AND STIFFNESS FACTORS (K) OBTAINED I'ROI,I PCA HANDBOOK OF FN¡fiE
CONSTANTS I{ITH STRAIGHT HAIJNCH.

3. HO{ENTS AT SUPPORTS (HB, I'IC AND I{D) USED TO DETERHINE II{FIECTiON POÌNTS FOR CALCULATION OF

SECONDARY HüIENTS iN SPAN BY LINEAR INTERPOTATIOI{.

4.640

-46
87

-401

1354 I 6043

-18 i

30i
t ---------

-7 i -t:
10i 10

I| ---------
-3 ', -4

0.089

462 i r82r
-6s1 i -1626

-1271 i r27r

1.000

-41

158 
" 

562

54i fi7
-66 i -164

-2311

2311

-1i -1
1 i 1 ---------l--------- 3

18

-22

2968 i -2968

;
-1

-732
132

isl
I -s4
I

t ---------

i19
| -18
I| ---------
i6
i-6

-231

231

'}
q

-14

74

-8104 i 8104 0

-24

24

-8
ö

-J


