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INFOBUATION OH EXISTING BRIDGJ<: 

The Linda Vista Bridge spans the Arro;,ro :~eco about a 

quarter of a mile above the Colorado Street Bridge, but 

serves an entirely different territory; as there is no road 

between ther.1 on the west bank. I,os .dngeles, .Hollywood. and 

several of the beaoh cities can be reached by the way o~ 

the Colorado Street Bridre . The Linda Vista Bridge carries 

the traffic to the northwest of Pasadena . that is, 1!1 lint-

rid .,.e 1 J inda Viste.. Hontrose, Sunland. After leaving the 

bridge, the road follows the west bank of the Arroyo al-

most to the mouth of the canyon; then to the west along the 

foot of the mountains and into the San Fernando Valley. 

The Linda Vista Bridge was constructed in 1910 by 

the County of Los Angeles.. The traff'ic it carries is of 

an interurban character and only moderate at the present 

time; but will undoubtedly increase in volume as the pop­

ulation increases on the west bank of the Arroyo . Passen­

ger cars and an o c~asional truck constitute the traffic 

over the bridge. The possibility of eli minating the bridRe 

at this site was considered. This could be done by contin­

uing the road along the west bank until it connects with 

the 'Jolorado Street Bridge. However 7 the value of the 

land and certain topographical features would make this 

procedure costly. 



The Ltnda Vista Bridge is of reinforced concrete 

team and gird.er construction. There ar0 six main s11ans 

of 51' 91! Five trestles support these main spans. They 

consist of two bents , spaced 17' 3" center to center. 

Each pair of bents is rigidly connected by reinforced 

concrete struts. The roadway is twenty feet wide, and 

has a two- inch sspbal t surface laid on a four and one- half.­

inch slab. The girders are about nineteen feet apart , 

and a ~our foot sidewalk is cantilevered out on each side 

of the bridge from the girders. There are two stringers 

spaced six feet center to center. The floor beams are 

l '7' 3" apart. There are two expansion joints each of which 

is located at the junction of one of the main spans and a 

trestle column. At these points the girder is not joined 

to the oolumn, but rests en a le4ge formed by increasing 

the size of the column. Iron ~lates provide the sliding 

surfaces. The maxi mum height of the roadway above the 

stream bed is about s eventy feet. The trestle columns 

have been plastered over, so the quality of concrete in 

them oould not be determjned. However , the under side of 

the slab , floorbeama and stringers are exposed; and judging 

from these exposed surfac8S the concrete was well mixed , 

and properly placed . P~aotioally no honeyoomb was visible. 



IUVESTIGATION OF EXI:3TIUG BRIDGE 

In checl::ing the stresses in the membel's the Califo:rnia 

State Highway Commission loadings were used. These are; 

20 ton motor truck(6 tons on front axle, 14 tons on rear) 

or 125 lbs. per sq. ft. of ~oad surface. This probably is 

aonewhat larger than the bridge was designed for, but i~ 

the bridge is to continue in use. it should be able to stand 

the traffic new bridges are designea for. The commonly ac­

cepted stresses of: 650 lbs. per sq. in. for concrete in 

compression; 16000 lbs. per sq_. in. for steel in tension 

and compression, and 40 lbs. :per sq. in. for concrete in 

shear, were used. Bond stress was not considered, as in 

most cases sufficient information on the length of the 

steel was not available; so the assumption was made that 

the reinforcement was embedded far enoueh to develop the 

full strength of the steel. 

The computations show that in all of the membel"s ei­

ther the concrete or steel is stressed over the allouable. 

and in some oases, both are. Ilowever, in practically all 

of the members the per cent the member is overstressed is 

quite sma11; snd there is no oause for alarm. The weakest 

part of the structure is the road slab , whioh is fa~ too 

light for the present truck traffic. Instead of a 4~nslab 
~ ., 

it should be at least 8". That no f'ailure has been noted 



is probably due to the factor of safety used in the steel 

and. concrete; and no truck of the kind used in the compu­

tations has probably ever crossed the bridge . 

When even a mediur:: weight passenger automobtle crosses 

the brid3e at a moderate rate of speed, the vibration is 

excessive. This is especially so on the spans where the 

expansion joints are located . So the vibration is probably 

due partly to the presence of the expansion joints, and 

partly to the relatively light construction of the trestles 

in comparison with their height. Altho they are strong e­

nough to carry the loads, they have not enough weight to 

prevent vibration at t he top. 

In the original design. the expansion joint was support­

ed by means of a corbel on the trestle colU.I!!n. The section­

al area of' this corbel at the bas e was abou.t 200 sq . in. 

The end reaction of the girder is about 80,000 lbs •• giv-

ing a shearing stress of 200 lbs. per sq. in. This weakness 

in the design was evidently noticed after the bridge was 

completed, as each of the columns which carry an expansion 

joint have been increased i.n size about six inches at the 

base, and up to about 18 feet from the top. :Jrom this point 

on u~ to the top it gradually increases still further in 

size until at the top it includes the corbel which protru­

ded about 15 inches from the oolumn. This makes a very 
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patchy looking job, but undoubtedly is an improvement as 

far as strength is concerned. One of the men in the engi­

neering department of the City of Pasadena inspected the 

bridge, and reported that the end of one of the girders 

forming the expansion joint had cracked, thus reduci.ng the 

bearing area oonsider~bly. The writer could not investigate 

this failure because of the extreme difficulty in getting to 

that ~articular point on the bridge. 

The road surface of the existin~ briclge is on a grade 

o:f approximately 3~~' and there is a steep grade to the east 

and in a direct line with the bridge. This causes the traf­

fic to go over the bridge at a higher rate of speed tr.an 

would ordinarily be the case. I:ri approach1.ng the bridge 

from the east motorists coast down the hill, and a~e usu­

ally goine about 30 miles per hour by the time they reach 

the bridge. In crossing the bridee fro~ tte west trey 

speed up in order to make the hill on the other side in 

high gear . This makes a very dangerous junction at the 

east end of' the bridge~ where a road branches off to Brook­

side Park in the Arroyo Seoo. This road also is on a fair­

ly steep grade. 

Summing up the resu1ts of the investigation , we reach 

the following conclusions. All of the membe~s of the bridce 

are overstressed to some extent, but not enoush to warrant 



condemnation. But in considering the floor slab we find 

cause for alarm. As noted before , i t is far too light to 

wi thstand the traffic of today. The vibration is excessive 

and this causes a very serious condition. It puts an addi­

tional strain on the members, and one which cannot be ac­

curately computed. Finally, the reduc t ion of the e:ffecti ve 

bearing sur~ace at the expansion joint is still another weak 

spot which should be eliminated . It is certainly advisable 

to limit the speed on the bridge to ten miles per hour , as 

is being done; and to build a modern structure at this point 

as soon as possible. 
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As the main trouble with the present bridge seemed to 

be exoessive vibration, a brief study was made to see if 

so~e means of rebuilding the bridge could be devised to 

eliminate this. Ve will ~ea if it would be praotiaal and 

economical to use the old bridge aa a skeleton for a new 

one. With this in vie~, the earth-filled arch was first 

considered. It was intended that the two trestles con-

taining the expansion joints should be eliminated, leav-

ing two main spans of approximately 120 feet and a short 

span of 52 feet adjoining eaoh abutment . The rematning 

three trestles could be made into piers of suffic ient sec­

tion to sustain the thrust of the arches. One of tho plates 

attached to this report illustrates how the proposed arch 

bridge would a~pear when substituted for the present bridge. 

The present slab would be taken out, and the arch filled 

with earth to the present grade , and a new road surface put 

on. 

In this way , the present site could be utilized, and 

three of the trestles would serve as skeletons for the piers. 

Some oeans could probably be devised to support, at least 

partially, the forms for the arch. 

These few advantages are more than offset by the fol­

lowing disadvantages. By this method we are building a new 

bridBe, and yet forcing clumsy-looking piers by trying to 



cover up the old bridge trestles. Some difficulty would 

be experienced in pouring the arch i~ the present b~idge 

continued in use during com.:itruction. On the other hancl. 

if the roadway is torn out to facilitate construction, we 

might as well tear it aown completely and design a neN 

bridge without having the fixed location of the piers. 

The volume of the trestle is small in comparison with the 

size of . the pier which would be necessary. The sidewal k 

should be replaced by a wider and stronger one: and a more 

artj_stic railing substituted. In tak:i.ng even these fa·vv 

points into consideration. it can be seen that i n attempt­

ing to incorporate the present bridge in with a new earth 

fill arch very little would be gained. The yardage of 

concrete savei would be small in comparison with the to­

tal required for the arch. It would also be rather diffi ­

cult to make the design of t his bridge harrno!1ize W:i. th the 

artistic Colorado Street Briaee , only a short distance fro~ 

it. 
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CANTI LEVERS 

The possibi1ity of constructing cantilevers to support 

the present bridge was next oonsiderad . The oantilevars would 

extend out from pie~s as shown in t he accompanying sketch. 

Thes·e pi ers would be the same as for the earth-filled arch 

previously considered . The bridge would have very much the 

same appearance whether rebuilt ss an arch or as a cantilever . 

The results of the computations show that it would be impossi­

ble to pa.t the amount of 9t eel required in a beam of reasonable 

dimensions . The present girder would have to be e~bedded in 

the u~per part of the cantilever greatly reducing the space for 

steol . 

Even if it were feasible and economical to elimi nate the 

present expansion joints and substitute cantilevers for the 

girders , we would still have the probleo o~ strengthening the 

floor slab which ic the ueakest purt of the struoture . This 

c ~uld not be done v; i tbout putting in :1ew beams , girders ·?.nd 

slabs . If all this is done praetiaally a whole new br i dge 

has been built a Such being the case , the present bridge might 

as well be torn down and a new one designed to roplace it . 
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PROPOSED SP.ANDREL ARCH TO REPLACE EXISTIUG BRIDG~ 

It has been shown that it would not be feaciblo to attempt 

to reenforee the p:resent bridge , so we will cor.:.sid.er i n a gener­

al way the :features of' a new bridge to span tho Ar:~oyo Seco at 

this point. 

A spandrel arch was chosen as it oou1d be modeled along 

linos similar to the Colorado Street Bridge which is on~ of 

the mo~t artistic bridges in the United States . Also for the 

length of span which was ohosen a spandrel arch would be the 

most economical . By changing the location slightly, it was 

found that the span of the now bridge could be made about six­

ty-five feet less than the present one. AS shown on the 

sketch, the west end o~ both the proposed and existing bridges 

coincide , but the center line of the new one has been swung to 

the north with reference to the eonter line of the existine 

bridge .. A pro:filo taken along the center line of the arch 

shows that an arch of very pleasing proportions can be designed 

to span the Arroyo at this point . A drawing sho~s this profile 

and the proposed arch. .At each of the points where the abutment 

is to come there is an outcropping of solid rock so there is as­

suranoe that no trouble will be encountered in obtaining a suit­

able foundation for the arch . 

The grade on the arch will be about 2.5%, whereas , on the 

present bri dge it is a little over three per cent . The danger -
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oua, steep, straight-away approach to the east end will be elim~ 

inated, 

It is planned to have a tTionty-five-foot roadway and a six­

foot sidewalk on each aide. Columns are spaced twenty-three 

feet, center to center, and f~oor beams 11'6n center to center. 

Stringers at tbe third points of the roadway. The clear span 

of the arch is 224 feet and. a 42-foot rise. Tho thickness at 

the orown was taken as five feet, and at the springing l i ne 

6' 2", the increase to be uniform from the crown to the spring­

ing line. There are to be two arch rings spaced approximate­

ly tt-;onty-five feet apart. 

The sidewalks will be supported by cantilevers :f:rom the 

girders. The arch could be constructed Tiithout discontinuing 

the traffic over the existing bridge except when converting the 

roadway to the west bank. When this was being dono the most 

westerly span of the existing bridge could be torn dOVlll and a 

temporary wooden structure substituted which would carry the 

traffic around the west abutment. Thie would very easily solve 

the problem of taking oare of the traffic to Linda Vista while 

the new bridge was being constructed 

The method used for the preliminary solution of the arch 

ring was taken from the Engineering News Record of Mar ch 6 , 1919 . 

E~oh half of the arch was t r eated as a cantilever and the thrust, 

moment. and sheer obtained at the end of the cantilever or crown 

of the arch. The moment at any other point can tbPn be obtained 

b~ adQing to the moment at the crown the moment of all the 



intermediate loads about the :point . :No attempt has been made 

to design the arch but a table bas been compiled for the arch 

ring chosen ; which gives the coefficients for moment . thrust 

and shear at the crown caused by a load of unity at twenty 

points on tho arch ring . A~ter obtaining these coefficients. 

the bridge can be loaded in any manner desired and H, M, and V 

at tre crown easily computed. 

It has been the intention in this report to first investi­

gate the existing bridge and determine its points of weakness .. 

Then to suggest any changes in the present bridge or se1ect 

the general ob.araoteristios of a bridge to replace it ~ 
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CO~PUl~TIONS 

All computations based on the following assumptions;-

1.'.'-e i ght of asphalt ....................... 80 lbs . per cu. ft. 

~eicht of concrete .. . .... ......... . ...• 150 lbs . per cu . ft . 

Allowable stress in steel{tens . &comp) 16000 lbs. per sq. in. 

II I! concrete ( cmnpre;';sion) 

ll It II (shear) 

Live 103.d ( Cali.fornia Highv1ay Commission) 
Unifor:ra load •.••. 125 lbs. 'per sq. ft. 

650 It 

40 !! 

20 ton motor truck-14 T rear axle 6 T front axle 
ll!heelbase--12 ft. Gage--6ft. Tread--18in. 

DEAD L OAD OJ'!. STRINGERS ( BEAM7.fl) 

Asphalt 2 in. thick-

n II 

Ii fl II 

7 4 x 2 x 12 )( 80 
1728 

••••.••••••••. 82 lbs. per lin. ft. 

Slab 4. 5 in. ti.Lick. 

74 x 4 . 5 x 12 x 150 
- i?28 

..... ., ... " . ~46. . ., 

Beam Sec . area 120 sq. in. 

120 )( 12 x 150 .•.•.••••••.•..•• 125 
1?28 

11 

II If 

II !I 

Total 553 lbs. per lin. ft. 

LIVE LOAD(BE.AA:#l) 

Uniform L.L . 125 x 6 . ...... • • '750 lbs. :per lin. ft . 

~oment for a 1? 1 3" span 

M: = l/8 wl2 _ 750 Xl?.252 x 12 - ·a- -- 335 , 000 in. lbs . 
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' 1 
L------- ---1. 

7000 i·bs . 

?OOOx l'l.25 = 60.400 ft . lbs . 
2 

= ?24,000 in.lbs. 

Incre _sine: 30% for im1iact 

?24 1 000 " 1 .. 3 = 940,000 in . lbs . 

Si nce truck load gives lf4crgest moment on this beam, this mo-

ment wi11 be used in the investigation of this beam. 

U(dead 102,d) 553 x l? . 25 2 
8-- 20.550 ft . lbs . 

247 , 000 in . lbs . 

Because of the fact that the bean;s ha,ve a trapezoidal section 

it was thought better to use the method of stati.cal moments about 

the neutral axis rather th.an use cumbersome formulae derived for 

this type of beam. 

T bear.1 conditions were assumed where the slab thickness Y:as not 

lees than one-third the depth of the beam. The overhangine s l ab 

\"T i dth was taken au approximately six times the slab 
i i --s'-o" i j . 

o" 8" -L Assume k =- • 375 
---~.. . - ·- , --,~ ·-=i=---·--· 

.. L . 0 cr 1-!>-" 4-1 in. sq . ba.ra 

thickness . 

Q 0 _ __j_ 

i 7 '' ·~ 

I c ~ ( 60 x 6 3 x ~ ) 

= 4320 - 58. 4 = 4 262 
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nT = 15 X 4 x 10..., - s 
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6000 

-~--

1.0Q6r· • 4 r., ~ in. 

1.:(dea.d + live) = 940,000 + 24'7,000 = 1.187,000 in. lbs. 

.(.' 

.I. c Mc = 6 >< 1.,187,000 = 690 lbs. per sq.in • 
I l.0262 

r
6 

= rule = ·15 ~ l,187,000 x 11. 
I 10262 

19,000 lbs . per sq. i n . 

Concrete overstressed about six per cent 

Steel overstressed about nineteen per cent. 

Max. shear occurs with wheel at end of beam. 

R =- l 4 OOO + 5 . 25 x 6000 
t 17.25 

s = 158~Q. = 105 lbs. :per sq. in. 
s 7.5* 20 

This is excessive so we will in~estigate the vertical stirrups. 
J. 

S=_!L, a. s f ,s jd = 3 X .05 X16000 .\"· .875 X ]._6 ~ 4 
2 ~ v 2 15.825 

4.25 in. 

The plans did not show the spacing of the bars but even if it 
was in excess of the above the bent up bars would probably 
bring the shearing stress within safe limits. 
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FLOOF..BEAM (Be run -;+:2) 

Maximum condition of loading shown below . 

Stringer reaction due to dead load. 

553 X l7 . 25 = 9500 

Stringer reaction due to front wheels. 

r ... eft or right ( 6000 )( 4 • 5 ) ..§. 
6 l.? 

= 1320 

10,820 

RL = (14000X4.5)+ (10820 X6.5)+ (14000 Xll) + (l0820 Xl2.5) + (280Xl9X9 . 5) 
19 

= 24,600 lbs. 
2 

~(center) ~ {24600X9.5) - (14000xl.5) -(10820 ~ 3) - ( 280~l9 ) 

= 233500 - 21000 - 32460 - 12600 

:::. 167400 ft. lbs . 

~ 2,008,800 in.lbs . 

Increasing the total moment 15% for impact which is about 
the equivalent of increaeing the live moment 30/~ gives 

ll(ma.x) = 

~ .. _ ; /e,'' ¢ hqr.s 

~ '/> s T-t-<r"f""' 
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I 0 = (64 x 83x ~) - (51 X 3 . 53x ~ ~ 
= 109;~0 - ?28 

= 10192 

n! = s 

I = 10192 + 20650 

20,650 

- 30842 i n. 4 

8 " 2310000 = 600lbs. per sq. in. 
-36842-

15Xl5X2310QQQ 
30842 

16,900 lbs. per sq.in. 

Steel overstressed about 5.5 per cent. 

Shear: 

R 

= 

s = s 

Maximum occurs with one wheel one foot from end. 

14000(12 Xl8) 
19 

280 x 9 .. 5 

R(live -+- dead) = 

24?60 
2?0 

91 . 5 lbs. 

22.lOOlbs. 

2,660 

24,?60 lbs . 

per sq. in. 

This is excessive so we will investigate the vertical stirrups. 

1/4 rd. stirrups bent thus: 

S 
= ~,.?-s f'.s ,jd _ ~ 4 x .05 X 16000 X . 8?5 X 21.5 

2 V - 2 x 24?60 = 5 • 5 in. 

No spac i ng shown on plans but it problabl~ was about 6in. and 
if any bars were bent up, the shearing stress was within safe 
liI!lits. 
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= .6123 

k = iJ2pn + (pn )2 - pn 

= -V2 >c. 0123Xl5+ ( 0123 )(15 r-• 0123" 15 

G-1"¢ bar-.s 
f1I ~ sftrrvr-5. 

:::0 1.6500 - 572 

= 15928 
') 

. n!
5 

= l5X6 Xl3..:;, = 24210 

= . 45 

I = 15928 -t- 24210 = 40138 i n . 4 

He i ght of beam per foot =- 405 x150 
144 

420 lbs. per foot. 

Live load same as for Floorbeam #2 
') 

420 X19"" 1I(center) = {25930.x 9.5) - {14000xl .5) - (10820x3) - ---
8 

= 246000-21000-32460-18900 

= 173640 ft. lbs. 

= 2.080,000 i~ . lbs. 

Increas i ng 15% f or impact . 

M(max ) = 2080000 Xl.15 = 2,395,000 in~ l bs . 

f = 14X2395QOO = 830 lb • c 4013R s . per sq . in. 

f 13 ·= 15:~i3~ i< 2395ooo 1 5?00 lbs . per sq. in. 

Concrete overstressed about 2?% 
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0 0 Assume k . 30 
':..\" 

. ~ - - -.I ~ 

Jl
~ 

ODDO 

3 ~ 
I =- (20 X 16.§.) -t- (4 ><' lfi.5 ) :. 2ggoo 

c 3 4 
2 

I
80

= 15 x 2 x 14.5 = 6300 

I = 15 x 4 x 392 = 91500 s 

I 127700 iri. 4 

6 • I 'a b c11--.::, 

LoB,d on beam 

v:eight of beam 1070 lbs/lin.ft. 

Dead load(slab) - 243 n 

Live loe.d - 475 II 

Totai - 1788 ll 

1 .. : = 
2 2 

1/10 Y!l = l/10Xl'788x l?.2:i x 12 = 637,000 in . lbs. 

f := L..£ = 637000 )( 16. 5 
c I 127?00 

82.5 lba~/sq. in. 

f - 15 X 637000 X 39.5 
s - 127700 2950 lbs/sq. in. 
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GIRDER (Beam #5} 

Loading used 125 lbs. per sq. ft. of road surface and 5Q lbs. 
per sq. ft. of sidewalk. 20 ft. roadway; 4 ft. sidewalk. 

Stringer reaction 

Weight of stringers - 125 x 16.5 = 2060 lbs. 

ti II slab 

Live load 

- 4. 5 x 12 x 7 2 x 17.25 :x 150 
1728 

5820 lbs. 

- 125 X. 6 Xl 7. 25 12,900 lbs. 

The effect on the third point of the floorbeam would be the 
sum of the three quantities or 20,780 lbs. 

PL (d., f?,1 " 337 /bs f'el' :fl' 
LL = 7.;,-0 " " " 

J 
D , 

17 2s' 
0 20780 :ff 

-------;.i' 'I "° - 2-c: /() .f 90 

Floorbeam reaction 

We i ght of floorbeam = 28Q >< 19 = 5300 lbs. 

R (floorbeam) = 20780 -+ 5300 ' 2 say 23 1 500 lbs . 

\~'eight carried direct to gir.,ler by road slab. 

Weight of slab 

Live load 

4 . 5 x12x36 150 = 168 lbs. per lin. ft. 
1?28 

125 x 3 = 375 Tl II " II 

Sidewalk cantilever reaction - 7000 lbs. (See page 15 

We ight of sidewalk slab carried by girder direct = ?5 lbs. lin. ft. 

Live load " II " " ll -= 100 !! 
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BEAJ~ #5 (con. ) 
tu J'l'O +103'?0 ==- 2078 0-ir 

I 
-------

# 
l -;10780 

'¥ . 
i 

., 
)5:--- ·· I "fo -faf ~~-:_.~~~-.: ____________ l 
~ 6,5 ---.:+<--- ·- ~I •• -·+ - --- (,, 0' -·-~ 

Flo orbearn /oadrn9 

* .23JOo +7voa = 3 <>5.iv 3os~<>tr 

OL , ;:?'/3 /b.s/ Ith.ft. 

L L=~7S ,. " 

-, -----·····-----·~-...,-=_1_0_7_0_//,-.,-/-11 -,,,-ft-. .&.---------~ 

17~ .3" --- ;.~1.,,~­

Gtrd'c>r lu«../thg. 

= 1,980,000- 263,000 - 598,000 

= 1,119,000 ft. lbe. 

= 13,420,000 in. lbs. 

• • 0 • • • • • w • • ~ • • • • • • ~ ~ $ • • • • • • • • • • 

I II 4 
1 1 - .3 -~ 

l=r = 2-; .soo # 

An approximate value for k will now 
be determi ned by using the rectangu­
lar beam formulae. 

bd - 16 X52+ 8 .x 48 - 2 

p '- 3 ><1.48 
- 1024 

p = 9 xL., 89 
1024 

.077 

1024 sq. in. 

. 00433 

.0166 
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B.EAl! #5(con.} 

k :v2n(p + p 
1

) +- n 2 (p+p')
2 

- n(pt p') 

·-------

=-'V 2 x.15 ( . 0166 -t- . 00433 x . 077) T-152 ( . 0166 -t. 00433) <::- 15 ( 0166-T-. 0433) 

= . 463 

.463 x52 = 24in. 

I =:- (20x24
3

) r (4x 24
3

) - 92160 + 13824 
c 3 4 

I
6

c = 15x 3~1.49x 202 

n! = 15K9 Xl . 89X282 
a 

I of section 

= 

f c _ Ji: c _ 13420000x 24 r- 332784 
970 lbs. per sq . in . 

fsc = 
fa = 

Shear 

l5Xl3420QQQX20 
332784 

15Xl3420000 X30 
332784 

(Beam #5) 

Maximum at 

s c=. 76765 
1024 

end 

12100 lbs . per aq. 

- 18100 lbs. per sq. 

reaction. 

?5 lbs. per sq. in. 

3/8 rd. stirrups bent thus: IU] 

in . 

in ... 

105984 

26800 

200000 

332,?84 

S = ~)(a .:sX :f;; X jd ::::.. 3 " 4 X.11.x l60QQ_x_. 85X 02 = 6 l • 
2 V 2 " 76765 • in. 
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ROAD SLAB 

Surface consists of 2 in. of asphalt. 1:a:x:imum moment occurs 
wi th seven ton wheel load at the center of the 6 ft. span. 
3ut this need not be taken as a concentrated load . The dia­
grar.1 below shows the distribution . 

......._ / T----cr-....... / 

....... / 
/ x _,,,-...;; 

l_ -j :,.. 0 

~ 
_, 
'1l 

/ / ...... 
_L l / ....... 

...... 

e . 6 s +l.7 = 5 . 3 ft~ 

As this very nearlY. approximates the span, we will assume the 
truck load as being uniformly distributed . 

k--
r<---

t:J /... : 13 ,s l bs/fr, 
1-L ~ 3100 II •• 

------~--"--s_,._1"_~/_r_-r_. _____ ___ ·=I 
d 

~~o ~ 

Weight of asphalt = 2 x12x1~~ x 80 
1728 

= 13.5 lbs .. per sq. 

!1 1f sl&b = 4.5 x12 x12xl50 = 56 If !I II 

1?28 

:ft. 

I! 

Live load = 14~00 xl.3:5(impact ) = 3100 lbs . per lin. f't. 

Total load = 3180 lbs. per lin. ft . 

Rei nforcement 
\ 

" 
3/8 ,p ,·: 9 c • c • 1 g . ft ._ - • sq. l n. per • 

p =~ - .0045 3 . 5 Xl2 
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ROAD SLAB (con.) 

Jt = pf jbd2 -s . s 

f 5 = 151.000 in. lbs . 
\ ( 
-'\ 

Thi a indicates a very critic~l condition. That there has 
been no failure thus far is problablY. due to several causes . 
The twenty ton truck used in the computations is larger than those 
i~ actual use and in the slab as constructed the steel might 
have been spaced closer than the plans show. 

SIDEWALK SLAB 

3 in . slab with t bars C 9in. c.c. 4 ft. span. 

'Je will investigate for a uniform load of ?5. lbs. per sq. ft. 

The weight of the slab is 37.5 lbs. per sq. ft. 

M = 1/10 w1 2 

p - .067 
2 . 25xl2 

= 2,160 in. lbe. 

.0025 

f = lI 
. s :pjbd2 

2160 = - ._,.0_..0_2_5_x.;.;:. ;.::8:..;;?.-5-x-l-2_l(_2-. -2-542- 16,300 lbs. :per in. 2 



= 290 ir: .. 4 

I.,. 15 x. 5 x5 . n2 
..;; 

= 236 in. 4 
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SIDEWALK BEAM 

" 
17.25 ft. span 2-t J:/J bars 

Assume k - . 3?5 

:Lo.ads 

I " -.;e l.ght of rail 4 x3 - 6 = 175 

!I If beam 

50 

Weight of slab 

3 xl2 xl2>< 150 x2 
1728 

Live load 

= 75 

.= 1 50 

Total 450 

I =-- 290 +-236 = 526 i n . 4 

lba/lin . 

II 

II 

" 

M = 1/1 0 w1
2 = l/1ox 450 >< 17 . 252

-'< 12 -= 165 , 000 in . lbs . 

f = Mc 
c I 

_ l65000x 3 . 4 
- 526 - 1060 lbs/i n .. 2 

f s = II = l65000 )( 6 X-l5 28 , 000 lbs/in. 2 -
526 

Shear = 45Q X8 . 625 lbs/in. 
2 

• 8 '{ t)X 4 Xll 100 

ft . 
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CAUTILEVER SID:I!."'WALK BEA!~ 

,- ­
' 

--~I 

--------==-- -- --
~!.&'' 

. w J 535#'-

---------
tan B = ~ 156 48 = . 

cos B = .988 

P -= p ' = :56 X2 007 
155 - • 

- - ---- ---.. -~ -

1'8 = bd2f 8 L 

- ~v2 )(15(.0Q7 -t .QQ? 1~ 05 ) + 152 (.014) !::; - 15 X 0 014 

- . 318 

K -
, k2 

p{l- d} - . 
d 2n(l- k) 

(k_,!!) 
3 d 

L 

- . 00? (1 -

= .00622 

k k I d
1
) d

1 

- (1 - -) + !ill.(k- - ( l - d) 
2 3 k d 

.318 2 ---- -) 3 16.5 

~ 
' 
I o L !L D i!." 

r-- a" --j T 

l~.5) (1- ----2=---16.5 

= .199 
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CANTILEVER SIDEWALK B~}A} r (con) 

L I= 1 - k k) '(k d
1 

p " -k . ( 1- - -t p - ·-) -£. 3 3 d 
d 

= . 007 1 - . 318 (1-~J+ .00?("318 _ 2 ) 
. 318 - 2 3 3 16.5 

16.5" 

= . 022 

\!eight of beam 

a - 1/2 "? . 5 ( 8 -t 9) 4- 2? 

b = 1/2 x 15 (8 +9) -t- 27 

= 91 

= 155 

246 2 

w =- 123 x: 50 x 
1?28 150 = 535 lbs. 

123 aq. in. 

Load from sidewalk bea.m{live t- dead} = 45o x1? .25 = 7750 lbs. 

lf. = [( 7750X4) + (535x i.a)] 12 - 383.000 in~ lbs. 

f =-- - 383 000 
S 8 Xl8 x . 00622 

f = 383,000 
c 8~18f X.. 199 

2 23,700 lbs/in., 

?40 lbs/in. 2 

6,700 lbs/in. 2 

Shear at end of cantilever. 

s = 7?50 
.875X8 X9 

125 lba/in .. 
2 
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TRESTLE COLUl·N"S 

r-- 1a " ~ Total load per colunm 1- , 0 0 0 
Beam ·f3 25930 lbs . 

oO 0 0 ...... {4 15400 

J 0 0 0 #5 76765 

8-1}.f " <j> bqrs 

Ties /,:;· "c. c . Total 118095 lbs. 

,, 
Allowing 11/2 for f i reproofi ng 

A = 15 " 15 = 225 in. 2 

A6 = 8 x 1.25 9 . 84 in. 2 

p = 9 . 84/225 - . 0437 

Assume fc == 450 lbs/in. 2 n = 15 

p ::: 450.k 225 101.000 lbs . 

~I: 1 'f' (n - l )p : l + (15 - 1) )r . 043? ::. 1 . 61 

P = 101000 x 1 . 61 = 1 63,000 lbs. 
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'.!:he following computations were nade to determine if it was feas-

ible so far as the design wa.s concerned to construct cantilevers 

umler the main srians 1 e,nd thus make a substantial bridge of the 

present structure. The intention was to make r.1assi ve piers o:f 

sor.i:.e of the trestles by filling them with concrete ; the otheri;; were 

to be eliminated as shown on the drawing . Those eliminated con-

tained the expansion joint V!hich Tieakened them considerably . The 

preE>ent g irders v:ere to remain and becoI"le an integral :pa.rt of tbe 

cantilever . The cantilever on each side of the road to take the 

entire load . The top of the cantilever was to conforr1 to the pres-

ent level of the top of the girders , the lower edge to be tl~ cir-

curi",ference of a circle 150 ft. n. Ea.:!h ca,ntilever to ·be three feet 

in thickness, and the depth at the center was chosen so as to be 

about l' 6 11 below the present girder in order to facilitate con-

struction. 

Length of cantilever 58 ft. 
'' n " 

Depth at center 18 1/2+54 +4 1/2 === 6'5" or say 6 1 4 11 

This cantilever was then leid out to scale and areas obtained 

from which the total weight of the beam was computed . 

Total weight 254,000 lbs. 

Computation of Bending Moment at pier. 

Live load 

125 lbs/ft2 on lOft. of roadway 

?5 II on 4 ft. of sidewalk 

D~a.d L "'la.d 

S l ab 
2 

56 lbs/ft 

Road surface 13 lbs/ft2 

Stringers 

Total 

1250 lbs/lin. ft. 

300 
1550 

fl 

II 

560 lbs/lin. ft. 

130 ll 

ti 
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Ca.ntilever (con) 

Girder 1070 lbs/lin. ft. 
Total 1885 II 

Total uni:forn load 1550 1885 3435 or say 3500 lbs/lin.ft . 

11na.x = 3500 x: 59
2+ 254000 )( 59 

2 3 
133,000 000 in. lbs. 

a - l~ 133,;000,000 
'S - f 

6
jd - 16000 ) • 875 fd 1°93 

49 . 2 sq . in. 

Y:e need go no further vJi th this solution as it would not be 

desirable to place 49 sq. in. of steel in a beari. 3 ft. wi<le . 

We could increase the size of the beam, but this would greatly 

increase the cost as well as make the construction more diffi-

cult . 
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SPANDREI:-. ARCH 

Cl ear s:pan 224 f t . 

Span of parbola on center line of major axis 

::tis e of arch (1/2 minor a.xis ) 

230 ft. 

42 ft . 

There are to be two spandrel arch r i ngs aupport i ne a 25 ft. 

roadway and a 6 ft. sidewalk on each side. 

Computation of coordinates for pl otting. 

2 x = ay 
2 a = 115 = 314 . 88 

42 
x 2 = 314 . 88 y 

At crown d = 5 ft . 

when x = 115; Y. = 42 

At springing line d = 6 . 16 ft. 

At intermediate points d -= 5 2S. 
1 

1.16 

x = O 11.5 23 .. 0 34 .. 5 46. ('. 57 . 5 69 . 0 80 . 5 92. 0 103 . 5 115 

y = O 4. r"· • - t::. 1 . 68 3 . ?o 6.72 10. 5 15. 1 20.6 26 . 9 34.0 42 . 

d= 5 . 0 5 ~ 12 5 . 23 5.35 5.46 5.58 5 . ?0 5 . 81 5. 9;) 6 . 04 6 .. 16 

The arch ring was then laid out to scale and the po i nts of the 

c olumn load located. The moment of inertia at these points and at 

poj_nts midway '})etween were then computed . This moment of i nertia 

is of a section of the arch ring taken at right Engles to a tangent 

to the curve passing thru the mid- po i nts of the arch ring. The 

occtions were taken 11. 5 ft. apart hori zontally. "s" represents 

the di stance between sections measured along the ct,nterline of' the 

arch ring . The width of the arch ring "b" was taken as 3.?5 ft . 

for the first tria l. Columns to be 32" 32" 
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SPAl'DREL ARCH (con) 

All distanceG in the following table are in feet . 

1 2 ~ 4 5 6 7 8 9 :o 
d -:::. [. , (': 5 . 98 5 . 87 5 .76 3.()4 5. 5~?. 5 .. 40 5.29 5.13 ~-u . r-

I _, ?0.93 6\3 . 83 63 .21- G9 . 7 ~~ 5G.06 5'."2.56 49.21 46 . 26 43. ~~3 -i:O . ·5 

S :: 14 . 0 13.5 13.16 12.'7 5 12.5 12 . 16 11. g;~ 11.67 lL. 53 i_:_. :S1 

A::: ~ 
.197 • 202 . 208 . 213 • 22'3 . 231 . 242 . 252 .2n? <; r.."l r· I - . "- . 

The followin~~ table was co1nputed accordi !'lg to the method shown 

in the lfogineering News Record, 1 .. arch 6th , 1919 . 
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l 2 ';: 
v •1 5 6 7 e 9 10 11 12 13 

-----·~ ·------------·---·--·----·------ ----- ----

x y ~ z: .6 [Ll] Y4 2~ YLl [Yd] x .£} L" XLl . o - [><.d] X.iLl YLl 

- --- ---------
l 109.25 37.9 .197 .197 0 7.47 7.47 0 21.5 2 1.5 0 2351-3 283.0 

2 97.75 30.3 .202 . 399 .197 6.12 13.59 7.47 19.7 41 . 2 21.5 1930.l 185 .5 

3 86.25 23-6 -208 • 607 -596 4.91 18-50 21.06 17-9 59.1 62.7 1547-3 115. 8 

4 74.75 17.7 · 213 .s20 1°203 3.77 22.27 39.56 15.9 75. 0 121.8 1190.2 66.7 

5 63-25 9.5 .223 1-043 2.023 2-12 24-39 61.83 14. l 89 .1 196.S 892.1 20 .1 

6 51.75 8.5 .231 1-274 3.066 1.96 26.35 86.22 12.0 10 l· l 285.9 618.6 16-7 

7 40.25 5 .1 .242 1 ·516 4,340 1.23 27-58 112 .57 9,7 llO . 8 387.o 392-l 6.3 

8 28.75 2.6 .252 1-768 5.856 .66 28.24 140 .15 7.2 118.0 497 . 8 208 . 3 1-7 

9 17-25 .94 .267 2.035 7.624 • 25 28.,19 168.39 4 . 6 122.6 615 .8 79.5 .2 

10 5. 75 . ll .285 2- 32{:f 9 .659 .03 28-52 196.88 l . 6 124-2 738.4 9.4 0 

c 10.819 211 . 14 800.5 

J:. 2·32 28.52 124 .2 9218.9 696.0 
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14 15 16 17 18 19 20 21 22 

---· 

q Hu R Mu Vu 

[Y<l].Z: 4 -= 3 9-_ 0 [4] 
R C!(A:l 

[AJEY L1 :: /4-tS K 2H11 XYLJ -= /8-1 ? -= i?Eb <:: EZX.,_£1 

1 

2 17.3 5.6 11·7 .028 2.3 1.6 .7 .015 .0134 

3 48.8 17.o 31.8 .075 6.8 4.3 2.5 .54 .0391 

4 91.8 34.3 57.5 . • 136 13.8 7.8 6.0 i.29 .076 

5 143.4 57.7 85.7 .203 23.3 ll.6 11.7 2.52 .123 

6 200.0 $7.4 ll2. 6 .267 35.3 15.2 20.1 4.33 .178 

7 261.2 · 123.8 137-4 .326 49.9 18.6 31.3 6.74 .241 

8 325.1 167.0 158 . 1 .375 67.3 21.4 Ll,5 o9 9.89 .311 

9 390.7 217.4 173.3 .411 87.7 23.4 64.3 13.85 . • 384 

10 456.8 275.5 181·3 .430 lll. l 24-5 86.6 86.6 .461 

c 489.8 308.6 18 l.2 . 429 124.4 24.4 100.0 21.55 .500 

2 EK,_ Ll = 2 :X: 9219 ::: 18.L138 

K = 2 [ (696x2.32} -t 2e.522 J= 4856 

· s 11.5 S/K ,,. • .'00237 



:,OADS ON ONE ARCH hIUG 

Liire load 

125 lbs/ft . 2 on 1 2 . 5 feet of roadway 

100 !I I! 6 " s i dewalk 

Dead load 

8 11 slab - 12.5 ft . wide C:: 150 lbs/cu.ft. 

" Inside stri nger 8 x 18 section 
.. 

Outside " 24x.30 :1 

5" cide11al.k slab 

B<'.1.lustrade 

Copin~ j lamp-posts, etc. 

Total(dead & li~e) 

Loads at each column 

1,loorbeam (wei~ht of 1/2 span) 

Si dewalk cantilever beam 

Side\mlk beam (100 lbs/Tin.ft . ) 

Total log,d on a colur:m 

Total 

( Gl50 )( 23 ) + 6600 = 125, 250lbs . 

1562 l.ba/lin. :t't " 

600 

1250 lbs/Iin. ft. 

150 !I 

750 " 

375 :1 

47 

40:5 ~ r 

51~? !! 

5150 fl 

3500 lbs. 

1000 

2300 11 

6800 I! 

In orde:c tha.t the longest column sh:--.11 not be longer than 

15 diar.1eters , the section shall be 32 :: 32 :i 
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LOADS Ol~ ARGH RIUGS AT COLUI.NS 

''.::Ol. ;'JO Col. ~'·2 0ol . #·4 Gol. 7f6 Col. ·f8 

I., i ve 1nd Dead load 125250 125250 125250 1~5250 1~5250 

. .'eic;ht of col. 16300 30350 17600 o~2GO 3200 

-,'ft. of arch ring 4514..l_ 40850 362Q.Q_ 34S6Q 

Total 2004?0 163430 169970 163410 

LOADS ON &~CH RIWG MID-WAY BET, ~En cm .. m,:us 

tfl 

'\!t . o:i:' arch rinc; ,17672 

t,3 

42890 

115 

3?885 

;'/? 

35775 

;,·g 

3372:2 

001. :/,'.:i.o 

l852f1 0 

1100 

329C:}, 

159310 


