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STATEMBI OF PROB “M

The object of this paper was to d sign

a highway bridge. The bridge was to be a three

lane structure. It was to be constructed of

reinforced concrete and is of the open spendrel

hingless arch type. The span was to be two

hundred and fifty feet and the location is

imaginary. The abutements are on rock to

eliminate settlement.



PROCEDURE

The preposed structure is shown on DS-l with a cross section of the

bridge shown on DS-2 which shows the location of the different sections that

make up the structure. V.A. Cochrane's formulae, which can be found in

the Concrete Engineers Handbook by H001 and Johnson, for Open spandrel

arches were used. These formulae are shown on DS-2O and the arch axis was

plotted from these formulae and the tenative height of the spandrels shown

on 38-3. The roadway was raised five feet above the height of the arch axis.

The loading used was the H-20-516-44 according to the A.A.S.H.O.

Specifications. This loading provides for a uniform load of 640fi/linear

foot of load lane plus a concentrated load of 18,000# for moment and 26,000#

for shear. It also specifies that another concentrated load of 18,000}

shall be placed in one other span in the series in such a position as to

produce maximum negative moment. The lane loading as indicated in the spec-

ifications was for a load lane of 10 feet. In this bridge the load lane

was 8 feet therefore the lane loading would be .8 of the specified loading

or would be SIZfi/linear foot of load lane. The roadway is to be 32 feet in

width with 2 four foot walks on either side plus a railing, the effect of

which was not taken into consideration in this design. The srtingers are

to be spaced 8 feet center to center with a span of 25 feet. Therefore the

spacing of the floor beams was 25 feet center to center. Three thousand

pound concrete was used throught out the design.

The slab of the bridge was designed according to the A.A.S.H.O. Spec-



ifications in section 3-3-2. A depth of the slab was assumed and then

Checked according to the above stated articles. This is shown on DS-4.

The first trial of the design of the stringers, DS-S, was begun by

assuming the moment at the supports to be about half Way between the fixed

end moment and the simply supported moment due to the partially fixed end

conditions. With this assumed moment, a beam was designed. With this beam

and the loads from the roadway, a column was designed assuming that it was

a short column and not fixed at the ends. This design is shown on DS-V.

With these assumed sections spandrel "A“ was checked by moment distribution

assuming that the spandrel columns were fixed at the rib of the arch. In

finding the stiffness ratio, it must be remembered that the mass moment of

inertia resists rotation more effectively than the transformed moment of

inertia and therefore the stiffness ratio is the mass moment of inertia

divided by the length. The floor beam and spandrel column was then checked

and found to be allowable at this point in the design. These computations

are shown on 03-8.

The next step was to check by the maximum loading condition shown on

US-9 which was arrived at by trial and error with loading as was specified,

the moments on the stringers and columns parallel to the roadway. This was

done to check the assumed moment in the case of the stringers. The moment

that was produced in the columns due to this loading is in addition to the

moment produced at right angles to it by the floor beams. This analysis

was done by the method of moment distribution, shown on DS-lO. The stringers

and columns were kept the same size throughout the structure for uniformity.



The stringer was then checked for this new moment and was found to be within

the allowable. The column was then checked for the two moments acting on

it and the section varied to meet the allowable stresses. This was done

by the A.C.I. specifications.

With this new column section, the spandrel was redesigned. These comp-

putations are shown on DS-lZ. The floor beams and spandrel columns were to

he of the same size throughout the structure so the column struts were so

placed as to keep the relative stiffness the same. By placing the top

column strut 5 feet below the floor beam, this was accomplished. The other

struts were spaced at 25 foot intervals so as not to increase the stresses

in the column to too great a degree. The relative stiffness of the struts

to the column was so very small that they were assumed simply supported

and could therefore take no moment induced from the column. The struts

were kept at a minimum size as controled by the maximum case. The remaining

spandrels were then designed by moment distribution as shown on DS-lB to 13.

Some of the struts were tension struts and some were compression struts and

they were designed accordingly.

The dead load of the superstructure that came down to the arch rib

by the spandrels is shown on DS-l9.

The first assumed section of the arch was determined by the study of

arches already designed. This assumption was then checked by V.A. Cochrane’s

preliminary analysis formulae which can be found in Design of Concrete

Structures by Urquhart and O'Rourke. The notations for these formulae are

shown on DS-ZO. The formulas and notations are quite clearly defined



and need no further explanation but the use of the average stresses to find

the arch shortning stresses is a little difficult. By way of explanation

for each combination of loading, the arch shortning thrusts and moments

bear the same ratio to the thrusts and moments due to a fall of t degrees

in temperature, as does the total average stress to the stress tctdE. The

anplication of these formulae along with the summaries found are shown on

D8-21 to DS-25. The stresses that were computed were based on the assumption

that the sections at the crown and springing acted as compression members

with axial and bending stresses. The first assumed section was found to be

too small so that the crown and springing sections were enlarged as was

indicated. A second set of stresses were computed with these new sections

in the same manner as was the first and the results seemed to indicate that

a further analysis by an exact method was indicated.

based upon a number of complete designs and investigations of a number

of designs found in technical literature by Mr. Cochrane in order to determine

what the thickness of the arch should be at various points in the haunch to

give the same fiber stresses as at the crown and springing. These results

can be found in the Concrete Engineers Handboog by H001 and Johnson. For

this case the thickness at various points in the arch is shown on DS-28.

The half arch shown on DS-29 was divided into ten dividions and the cross

section data was tabulated and is shown on DS-BO and DS-31.

This analysis was done by the least work method and the derivations

of the formulae shown on DS-28 can be found in Reinforced Concrete Structures

by Peabody. From these above mentioned formulae, influence lines were



plotted from the tables computed. These influence lines were plotted in

order to determine the affect the live loads will have with a variation

in position. The position of the live load to give maximum forces at any

given section can best be found by influence lines. The influence lines

were also used in order to determine the stresses caused by the dead load

of the superstructure which stresses are the values on DS-l9 multiplied

by the influence ordinate. In this particular arch the influence line

shows how much of the span should be loaded with the designated live load

in order to give either the maximum positive moment or the maximum negative

moment.

An equlibrium polygon was construced by the dead load of the arch

in order to find the resultant of this dead load. The dead load of each

division was tabulated along with the amp of the moments about the center of

each division and these values so computed used to find the stresses in the

crown and springing sections according to the method set forth in section 402

in Reinforced Concrete Structures by Peabody. These computations are shown

on DS-4l and DS-42.

The arch shortning and temperature stresses were computed on DS-42. The

section at the crown was computed for a temperature fall‘of 40 degrees and

the section at the springing was computed for a rise of 30 degrees in order

to give maximum stresses at these sections. The thrust and moment due to the

arch shortning are always present and should be included in all summaries.

All the stresses were then summed up in the tables shown on DS-42

and DS-43. This process is self-explaitary and need no further explanation.



The actual stresses were then computed assuming that the arch acts as a

column with an axial load and bending moment. The allowable stresses of

dead and live loads will vary with the eccentricity. The allowable stress

may be increased 25 percent when the temperature stresses are included along

with the dead load, live load, and arch shortning stresses.

The rib struts were then designed assuming that the arch rib took one

half of the maximum moment found on DS-16 and the other half was taken by

the strut. The rib strut were located at the base of each spandrel and were

kept the same size for uniformity.
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CONCLUSION

The design of the arch is not complete as the stresses

at the crown were found to be a little larger than the allow-

able. This can be remedied by the use of a larger per cent

of steel or by increasing the section at the crown. In the  
preliminary analysis it seemed that the section at the spring-

ing was going to be the trouble spot but in this instance

the crown was the critical section and this did not show up

in the preliminary analysis.

The temperature and arch shortning stresses were rel-

atively small due to the large rise in this design.

This bridge was not a problem in economic desirn but

rather it was a problem in design procedure.
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