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LIST OF DRAWIIGS
American Bridge Co. Order Nos. C9213 and C9216

Two 257'=-0" Riveted draw spans. One span over 0ld River
San Joaquin and Contra Costa Co. California. One span over

Middle River San Joaguin Co. California.

SHEET INDEX

Sheet Dl---Stresses Destorsions & Deflections & Mach. Stresses
--=24x36
D2--=Diagram of structural steel to be assemcled in sliop
with machinery---12x24
El---Magonry plans showing location of bearings---24x36
E2---Erection diagram for structural steel---24x36
E3---Brection diagram of center machinery-Plan---24x36
E4---Brection diagram of center mach. Longtd. & Trans.
sections 24x36

E5---Erection diagram End and Center Wedges & End Latch

---24x36

Eb---Erection diagram for shafting and operator's house

--=24x36

Sheet 1---Top chord section Ul-U3- - - - - 24x36
2---BEnd Posts EP1 - - - - - - 24x36
3---End Posts EP2 - - - - - - 24x36

4---Portals and Sway bracing SBl-2-3-4 - - 24x36

5-.--Posts and diagonals U2L2-U3L3-U4L4-L2U1-L2U3-L3U4-

L4U5 - - - - - - - - - 24x36
* - - 24x36

6---Top Chords U3-U5 - - - -
7---Stringers and Laterals (Top) TL1-2-3-4, S1-2-3-4-5-6-7-
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10-54-8-9 - - - - -

8--=-Floor beams-End and Intermediate FB1-2-3

9---Bottom chord sections L2-L4 -

10---Center Posts and Sway Bracing SB5-6-

Ué-1L6 - - - - - -

ll---Bottom chord sections LO-L2 -

-8-9-

12---Hangers, Stringers, & Bottom Laterals SL1-

L1-13 incl., UlLl, U5L5, Rl1-2-4 -
13---Machinery suprorts MS3-4-5-6-9

14---Mac.inery sunports MS1-2-7-5-12

15---Track ar-d Pinions Girders T1-G4-P3

16---Center cross Girder G5 - -
17---Hand Railing HR1-2-3-4-5-6 -

18---Hani Railing HR7-8-9 -

19---Center Gussets an+ Brackets CGl, BK1l-2

20---Str.ngers and Girders S11-20 incl. and Gl

21---Floor beams and Girders FB4-5, G2, MS10-11

22--=-Bottom cnord L4L6 - - -
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- 24x36

23---Balance Wieel Girder and Machirery supports G3,

4S13-19 inecl., P5=6 - - -

C9214-Cl---Collar M20 andc Plate washer M27

C9213-Cl---Pins & Recessed Nuts U5 & U6, PH29

C9213-C2---Eye Bars U5-U6 and Counters (none)

C9213-C3---Anchor bolts swedged and wedged 116

C9213-C4---Anchor bolts - - -
€9213-C5---Ring Fills RFl-2 - -

€9213-Cb---Field Rivets and bvolts

€9213-C7---Field Rivets and bolts

- 24x36

. 12x16
- 12x16
- 12x16
- 12x16
- 12x16

12x16
12x16

12x16
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Ml---Center and End wedsres Cl-C2-C3 - - - - 12x30
M2---End Latch ¥2 and Counter weirsht bars M3 - - 12x30
M3---Woras and worm wncels F1-F2-C6 - - - - 12x30

M4---0iltox C4 and center base C5 Eyeb.ults F5 - - 12x30
M5---Discs F3, T4, C7 nd uyper center casting Cl0- 12x30
M6---Worm wheel bearings C8, Cll and cap C9 - = 12x30
M7---Connecting Rods F6-F8 and Levers CB-Cl2 for end

and center Lift - - - - - - - 12x30
M8---BRearings for Center and REnd Wedge Muchinery
Bl-2-3-4- - - . - - - - -12x30
M9---Cornecting Rods F-7-9-10-11 - - - -12x30

M10---Details of Base & Girder Center Wefge base

Clé =nd g.ide Cl17 = - - - - - -12x30
Mll---Levers and Bearings Cl4-15-18-1Y &nd B5-8 -12x30
Ml2---Beurings and couplings C20-23 incl. - - -12x30
M13---End wedge and Latch shafting S1-5 inci. - -12x30

¥1l4---Center en? wedge & Latch, Pins and Rollers M3-
4-5-, S7-£-20 - - - - - - -12x30
M15---Pins an” Collars 16-7-5-10-11-12-22 - -12x30

M16---Couplings «nd Bearings for line shaft C42-43,

C24-25-26 - - - - - - -12x30
M17---Shafts §9-13 incl. - - - - -12x30
M1f---Rack and Pinion at Center €27-C28 - -12x30
M19---Union bearing B9 - - - - -12x30
M20---Bearings for Ce:.ter Kachinery B10-12-13 -12x30
M2l---Union bearings Bll - - - - -12x30
M22---Gears at center €29-30-31 - - -12x30
¥23---Gears at Center €32-33-34-36-39 - -12x30

M24---Shafts at center S14-15-16-17 - -12x30
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M25,--Balarce wheels and bearings €35-36-37 - - 12x30
M26---Sharts S18-19-21-22-23 - - - - 12x30
M27---Phosphor-tronze wanhers MB-1€ inch - - 12x30
ﬁ28---Shims - - - - - - - 12x30
M29-=--Shims - - - - - - - 12x30
M30-- Greeege cups and oil cups - - - 12x30
M31---Turned tolts - - - - - 12x30
M32---Cears and bearings C40-41, B14-15-16-8 - 12x30
133---Brake wheel & capstan C44-45, 114 - - 12x30
M34---Rcds and Levers - - - - - 12x%30
M35---Handles, Knuckles, &and Cotters - - 12x30
M36---Shaft couplings & levers (brakes) - - 12x30
M37---Snims - - - - - - - 12x30
M38- --Turned bolis - - - - - - 12x30

M10l---Name plates - - - - - - 12x30






OUTLINKE
ANALYSIS OF DRAWBRIDGE.

l. Estimate dead weight of all structural steel.

Estimete value of top and bottom dead panel concentrations.

n)

3. Diagram and tabulate dead load cantilever stresses.

4, Calculate left reaction for dead load continuous and cal-
culate and tabulate stresses due to the uplift of 1000# at each
end.

5. Combine stresses dead load cantilever and uplift of re-
action for dead load continuocus and tabulate as dead load contin-
uous.

6. Calculate values of left reaction for live panel lcad of
1000# at each panel of bridge and plot influence line for Ro.

7. Calculate ordinates for =ll chord stresses. Live load
continuous.

8. Calculate ordinates for all web stresses. Live load con-
tinuous.

9. Plot influence lines for all chord and web stresses. Live
load continuous.

10. Using live panel loads calculate and tabulate maximum pos-
itive and negative live load continuous chord stresses.

11. Using live panel loads calculate and tabulate maximum pos-
itive and negative live lcad continuous chord stresses.

12. Calculate and tabulate maximum, positive or negative chord
stresses, live load simple span.

13. Calculate and tatul:te maximun, positive and negative web
stresces, live load simple span.

14, Calculate maximum uplift on left reaction. Live load ccn-

tinuous.
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15. Calculate and tabulate the len;ths and areas of all main
members, and the unit streéres an? changes in length of all num-
bers under action of a 1l# load at center pier with pier removed.

16. Draw Williot diagram for above loading.

17. Compute true left reacticns for 1.00# panel loads at each
panel point of span and note corr:cticn to approximate continuous
beam method.

18. Correct dead an? live load co-tiruous s.resses for the
above correcticn ir left reaction,

19. Tabulate the maximum combired stresses in all rumbers not-
ing the case and panel points loaded with live lcad to produce
same. Include in this table the actual unit stresses produced by
above maximum stresses and the units allowed bty specificaticn to-
gether with ‘thie % by which the actual exceeds the allowed when such

case occurs,



,7.

INTRODUCTION

In July 1915 the American Bridge Co. built two highway
bridges, very similar in character, which were erected in Cali-
fornia. They were both draw-bridges of the center pin bearing
type and were built from the same set of plans. With the exceptign
of the two center panels, both were of the parallel chord type con-
taining nine panels each and were of 257'-0" span centsr to center
of end bearings.

The clear road way was 21'-0" and was paved with creosoted
wood blocks resting on a double plank flooring.

Both bridges were provided with end wedges and center wedges
to eliminate the pounding caused by the passage of trains and to
care for the variable deflections of the free ends of the truss
also end latchs to guide the structure to a proper alignment. The
bridges were arranged so that they could be operated either by
power or by hand and the design of the machinery and machinery sup-
ports was included in the plans.

To use the American Bridge Co.'s designation for these bridges
contract No. €9213 was built over 0ld River between San Joaquin and
Contra Costa counties, Claifornia, while No. C9216 was built over
Middle River in San Joaquin county, California.

8ince these bridges were different only in some of the det:iils
the analysis of one was sufficient to cover both. So No. €9213
was chosen to analyze.

From the plans which were obtainable it was impossivle to find
the specifications or loading used in the original design; so it
was decided to use standard specifications (Milo Ketchum's speci-

fications for highway bridges and his class B loading which are
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commo 1ly used vecause the floor system of this oridge is not
materially different from tuat of a4 simple span bridge, the floor

system was omitted and the main truss memoers only were reviewed.






DISCUSSION

The bridge was analyzed for four conditions of loading,

1. Dead Load Cantilever, 2. Dead Load Continuous, 3. Live Load
Continuous, and 4. Live Load Simple Span.

Plate 1 is a marker diagram of the truss, and from it an idea
may be had of the general form of the truss an2l.zed.

When the tridge is swinging from the center pier, or when the
end wedges are looss, or just touching without producing an uplift
the truss members get a stress from the cantilever effect. The
stresses s:re determined graphically by placing the true dead
wéight panel concentrations on the respective panel points and
solving for the stress in the members by a stress diagram as shown
on P2. These stresses were then scaled from the dingram and tab-
ulates !, on P2 also.

When as is usually the case the end wedges are driven tight
enough to bring the bridge to a bearing at three points the bridge
acts somewhat as a continuous beam, and dead load continuous
stress~s are produced. The end wedg<s however must be driven just
tir'ht enoug: to take out the deflection of the span when swinging.

Dead load continuous stress~s 1may be considered to be made
up of two parts, namely those produced by the weight of the bridge
supported at the center, and those produced by the wedge uplift
at the ends, and considered as anchored at the center pier. Since
the stresses due to the weight of the bridge supported at the
center, or dead load cantilev:r have already been considered, it
only remains to find those due to the uplift of the reactions and
canmbine with the cantilever to get the dead loud continuous

stresses. The stresses due to a 1000# uplift at the left r-action
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were found by a graphical sol.tion, P3, and the:e stresses were
multiplied by the summations of the reactions due to the separate
panel loads, found by the continuous beam theory. The final
stresses obtained by ti is m:thod were combined with the dead load
cantilever stresses to fcmm the dead load continuous stresses.

The live load contin.ous stresses were calculated by the
continuous beam theory first and correoted later by means of true
reactions found by means of a Williot Diagram in connection with
the theory of rigidity. The continuous beam theory consists of
calculating the reaction at the right and left supports, produced
by a IQOO# load at each panel point successively. The stress
produced in each member LY each separate reaction is then cale
culated and the positive and negative results surmmed up giving a
positive and negative force respectively in each member. As an
aid in checking the accuracy of this work typical influence lines
were drawn for tha members of the truss and are shown in P6 & P7.
The influence lines were not used in solving for stresses, the
work being entirely analytical.

The negative reactions or those produced at the left support
by panel loads on the right half of the span were calculated by
means of the formula R2 e -g (K-K3) in which Ry equals the neg-
ative reaction, P equals the panel load ef one pig (1000#) and
K is the ratio of the distance of the panel point in question to
the right support, to the length of the half span. In like man-
nexr the formular for positive renctiona}at the left support R, =
if: (4-5K plus K3) was used.

If the end and center wedges are driven just tight enough to

make a good fit without producing an uplift at the supports, and
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a train comes on the brid.e, the loaded half of tue brid.e cts as

a simple epan for live loal andlive loai simile s;an st resses are

produced. ©Te chord ~tresses were computed aialytically .y means

of the method of chorl incruments, with each panel point loai equal

to 49,000#. The webL members were calculated by the mettod of maxi-

mum shears. both positive and negative stresses were cum uted for

each emzer and tabul:ated for ench we.ber under live load simple

span. (Case 1V, T40). To these stresses impact was a.ded calcu-

lated from Spec. 39. Pe 141, S. H.e Be

When a brid e is built the weiglht of the bridoe it=elf and

the live load wiulech comner on 1t cnuses tue brid.e to say or deflect

from the horizontal. To provide for this defleoction when designing

the bridie the amount and direction of movement of eich member must

be known. This 18 ietermined by i.eans of the Williot Deformation

Diagram. To construct this diagram it is first necessary to know

the change in length of each member due to -the loéding for which

the defleoctions are wanted. This change in length is computed

from the formula I = 81 {n which

E
length, 8 equals the unit =atress,

I equals the chan_ e in

1 equals the length of the mem=

ver, and E equals the modulus of elasticity.
Knowing the change in length of all members the Willinrd

Jngram is constructed as explained in part 2--Roéfs and Brid.es,

.y Yerriman andi Jacoby. 1In order to find the deflection of the

ends of the truss so as to determine the amount of wedy e movement

to provide for, it is necessary to iraw a Williot Diagram for dead

load cantilever. The changes in length for this condition are

&ilven in Ta45,

Since the trusses are hop of a constant dejtu thrutout and

the section:il arras of tue members are variable, the moment of






deai load cantilever to form deal load continuous.

The true live load continuous stresses were found by means of
the Wiiliot Diagram an i the Theorem of Rigidity. The stresses in
the members perviously found, by placing a 1000# load at each
panel point in succession, or tune coninuous oeam theory, stresses
were multiplied by the ratio of the Theorem of Rigidity reaction
to its corresponding Continuous .Jeamm Theory recaction, giving the
true stresscs in the members. This was done simply to save the
time which would have to have veen spent in calcul.ting the
st resscs from the true reactions in tue usual manner. These
stresses were multiplied oy the 49 kip panel load to pro.duce the
total true live loai continuous stresses. The impact was obtaine-
ed by the formula I 351%9L8 300 - 187, (spec. 36 page 141 S. H.
B.) The impact was added to the live loal stresses to make the
total live load continuous stresses.

'hen a bridge is designed it must be made to stand the max-
imum possible stress that can ever occur in the members, due to
an acsumed liberal loading to provide for future increase. To
get this mavimum stress for a1 given member all the possible practe
icable combinations of stresses were m:.e and the lar_est positive
and largest negative stress produced. by ttiese combinations were
“abulated. The combinations ‘puossivle to make arc Case 1 dead load
cantilever, Case 1 and 1V dead load cantilever and live load sim-
prle B,an, Case 1 and 111 deai load cantilever and live load contin-
uous, Case 11 and 111 dead load continuo s and live load continuous

’Wuen the max positive and max negative stresses were taculated
the actual untt’etresaes were calculated. In the case of pure ten-
8ion and compression the total streses was divided by the cross

sectional area to get the ungt stress. In the case of alternating
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inertia of the whole section is not constant. Hence the Contin-
uous Beam Theory previously used in finding the live and dead
load end reactions w.s in error. To find the true value of the
reactions proceed as follows : By the Theorem of Rigidity the
center reaction for a load at any panel point is egqual to the load
times the ratio between the deflection at the given panel point
and the deflection at the center, due to the same load placed at
the center with the center peir removed. Sec Modern “ramed
Structures Vel. 11. Johnson, Bryan, and Turneaure. & Williot
Diagram was constructed to obtain the “eflections due to a 1#

load at the center with the center pier removed., The deflections
were scaled from this diagramn and the center reactions calculated
for a 10CO# load at each panel point. The left reacticrns were
then calculated by the formula Ry, = 500 (1 plus K) -Rj in which K
is the ratio of the distance of the panel point in qg;stion from
the center of the truss to the length of the half span, and R, is
the center reaction just ohtained. Since the sum of the three
reactiors :ust equal zero in each case, the right reactions R2 were
found by assigning to them such values that this result was obtain-
ed.

The next st2p in the analysis was to correct the live and
dead load continuous stresses for the true reactions found. This
was easily done in the case of the dead load continuous stresses
by multiplying the reaction produced ty the X Kip load as obtained
above by the actual dead panel load giving the total reactien in
each case. The algebraic summation of these guve the true left
reaction. The stresses obtained by a 1000# uplift were multiplied

by this reactiorn and the resulting stresses were combinerd witl






stresses, however, where the stress cnanges from tension to co..press»
ion, or vica vers: during the passi_e ¢f the live load th sjece
fications for desiign sany that the member must ve designte ! for the
larger max stress plus one half the cross sectional area required

for the max stress of opposite sign. To find thea actuail upit stress
in this case, the following formula were ievised by Professor

welick. When the ponitive max stress was tuec larger Sp®#T plur gr

A

When the ncgative stress was the larger So ¥ 8 C plus T. K. Where
A

St equals the unit tensile strrss, Sg equals the unit compressor

stress, T equiils the max total p.sitive stress, C equals the mux
total negative Btrcss, A equa 18 the cross sectional area of the
member, and K equals g% allowed vy the specifications. The allow-
ed unit stresses were computed for the compressive stresses by the
formula S = 16,000-0 1 where S equals the allowed unit stress, r
equals the least radf;s of gyration, and 1 equals the length of
the memouer. Wherever the actual unit stress ws larger than the
allowed, ti.e per cent of excess was tabulated.

It was found in the analysis that the chord memvers were
quite badly over-stressed, while the web members wre almost all
on the safe side. This might .e ex lained oy the fi~t th:.t the
loading and specifications uscd in the design were unknown. rve
idently they were not the specifications to use, or else there
was some bad blunder in the design, or the results would check
more closely with those which were obtained in the analysis, with

specifications in common use.
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