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Bricges are numvered among the most ancient and honored evicdences of the
progress of civilization. Their backsround and tradition extend into the
past almost as far as men's history. Structures built by man reflect his
increased knowledge and progress; each era or age showing a definite style
of design.

Bridges reflect this tendency more than any other type of structure and more
than any other typify progress and have given man the oprortunity to create
with his hands an almost living monument of hinmself, his visions, and his
imagination. A study of the history of bridges shows the graduel chanse in
style thiroughout the ages, each reflecting the predominating ideas of the
era. Bridges of the early 20th. century show decided efficiency but tend to
be plain and inartistic, comparable to a2 machine performing its tasic in the
most efficient manner. It should not be inferred that a bricge should not
be efficient but the esthetic factor must also be taken into account. The
more recent conception of bridge design involves economical and efficient
desizn combined with more graceful and artistic lines, harmonizinz with the
immediate landscape ard other location characteristics.

While bridges differ in style and design every structure follows and perfornms
the duties and recuisites as stated by Palladio in the 16th. century: "The
convenience of bridges was first thousht upon because many rivers are not
fordable, upon vhich account it may be said that bridges are a principal
part of tre way and are nothing else but a street or way continued over
water. Eridges therefore ought to have the self same gualifications that
are judged reaquisite in all other fabriks, which are; they shall ve con-
venient, beautiful, and durable." These are the cardinal principles of

good bridge desizn and are followed to the letter in the desisn of the

most modern structures.

It is not the purpose of tiris peper to develop the history of bridges



or of bridge desizn but rather to develop the procedure followed in the
design of a bridge and the variety of problens encountered; using an actual

a

exaaple as a graphic illustration. The bridge to be specifically used is

a concrete slab, rolled beam, deck girder highway bridge. This type of
structure is somevhat more involved than a railroad bridse due to the
extrene freedom of the load placement.

In this and folleowing pages, the terms, goou practice, jood design, and
standard design will be encountered many timese The first two are terms
applied to problens solved on the basis of experience. With years of
experience and increasing familiarity with structures, valuable information
is gradually acquired; sonetimes by the tragic results of faulty desizn,
the bridge engineer and designer acquires a mass of invaluable data for
future reference. ,

Standard design is a term anplied to design features computed from in-
formation and data compiled over a period of time. This type of design is
constantly changing as the theories involved can be followed further with
additional data. The Siate Highway Departments and the Federal Bureau of
Roads are the agencies most directly concerned with this type of designe.
These organizations design the standard sections from the formla developed
from the results of their construction and is intended to create a certain
amount of uniformity of design in all structures under their supervision
and authority. The economic factor also enters into standard cesign. The
design features which the Devartiient considers to te the best are gathered,
compiled, zna put into the form of Stancard Specificutions. These specifi-
cations are usuelly taken as the basis of design for all structures on state

highways, and are corrected, chanced, and acded to as additionzl mowledge

from their experience and that of others becomes available.



In the desigzn and construction of a hishway bridge, there is a definite
procedure to be foilowed. First a vetition to remlace the existing struc-
ture: This reauires action by the County Road Comnission, ti:e State High-
way Department, and the Federal Bureau of Roads, if Federal Ald is expected.
Second a coumlete survey is made of the site. This survey includes traific
surveys, boring lozs, cross-sections, cormlete stream data, and a revort of
the type and condition of the existing structure. IT the petition is ap-
oroved, oreli.inary plans of the structure are drawn up and sent to the
State Highway Department and the Federal Bureau of Roads for approval. The
necessary changes and corrections are made on tiie preliminary plans and
after finzl ap.rovel, the plons are detailed and copleted along with the
engineer'!s estimate of cost. The job is then bid on and contracted for
construction. Thisg is a brief resume of what actually tales plzce.

To illustrate the actual procedure, a definite example has been selected.
The design of this bridce will be followed through to give a more graphic
picture of the actual proceedings. In a sense this waper will also con~
stitute a check design of the main features, proving the efficiency and worth
of the bridge.

The bridsge in cuestion is located in Kalanazoo County, crossing the Xalamazoco
River at Comstock, Michiman. The previous structure consisted of 2 throug
steel Pratt truss of six spans with the following dimensions: clear roadway
17'-6", center to center of vine 150.12', floor of planks covered with
bituminous material. The structure was erected in 1904. A great deal of
commercial traffic was carried over the truss and it wos felt that the
bridge was entirely inadecuate under the increasing flow of traffice.

as this paper will be chiefly concerned with the desisn features of the

bridge, it will suffice to say that it was decided to replace the existing
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tridege unier a Secondary Federal Aid Allocations The first step was the
plotting end thorough study of the survey of the site. Reference to The
Generzl Plan of Site will show tle problems to bpe considered and the in-
formation required of such a survey. The borin: logs and contours are shown
as is the proposed re-alignment designed to eliminate a skew croscsing. DNote
should also be teken of the extent of the stream data reguired. The next
step is the selection of the type of bridge to be used. It is at this point
that experience plays an irportant role. A great many factors enter into
this chcice, many of which are covered in Sections A, B, and C of the Stand-
ard Specifications. Some of the principal vcints are!: a minimum vertical
clearance of one foot shall be rrovided between maxirmm high water and thre
suverstructure, the channel opening shall not be impaired, and the footings
for piers and abutments shall be so placed that there shall be no danser of
failure by erosion. Other considerations are the factor of econony, good
practice, allowances for expected future increases in traffic flow, and the
esthetic factor.

The first step was to specify a LU' clear roadway with one 5'-0" and one
2'-&" walk due to the close proximity of the Village of Comstock. The type
of structure was then debated. With the provosed width of roadway a through
truss or girder was out of the question due to economy. It has been found
that such structures are uneconomical for widths greater than 30!, except
under svecial conditions. A deck truss or girder would also be a futile
consideration due to the lack of headroom. The next consideration was that
of multiple spans structures. It was finally decided that a three span,
reinforced concrete slab, deck girdsr bridge would be the most economical
and intelligent choice for the exicsting conditions. This type of bridge

can be economically designed in the width desired, the necessary vertical
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clearance could be obtained, and thie channel openings would be adequate.
Accordingly this choice was adopted.

The next problem was the choice of piers and abutments. The boring logs
indicate that the soil was of such composition as to have a bearing power

of vetween 3 and 5 tons per scuars foot. The control factors were that the
top be of sufficient width to care for the bearing plates and there be pro-
tection against erosion. In the final analysis it was decided to use 18!
cantilever type abutments of reinforced concrete; the footing elevation
being set at 750.0'e Two pilers of standard section were used and of the
gravity tyne were selected; the footing elevations “eing set at 750.0'.
These tentative selections fulfilled all of the necesszry conditions and
requirements and was the most economical choice for the concitions pecul-
iar to this vroject.

The deck and floor slab are ti.e first problem. Articles 17, 18, 13, 20, 21,
22, 24, 25, and 26 of The Standard Specifications of The Michigen State High-
way Departaent, as of 1930, cover the recuirements of this portion of the
structure. Paveument slabs are usually of a specified standard crocs—section.
There are so many varied theories and disagreements on pavement slabs, that
The Federal Bureau of Roads specifies a standard section based on the latest
available knowledge. The strength of such a slab is more than adeouate
beyond eny cdoubte. The steel reinforceument is also prescribed for the same
reasons. The rules listed in The Standard Snecifications are for use in
detalling the sections. A pavement slab 7.5 inches thick was used widsl
stendiard steel placement. An additional 13/1o" vas added to the thickmess
of the slab to allow it to fit over the flanges of the girder. In com-
puting the dead lozds, a 1/2" allowance was niade for future wearing surface.
A parabolic crown providing roadwny drainage was computed in the following

manner:



C m .00187 R here C = crovn in inches
R - width of roadway in feet

C = (00187) (:h)@

C = 3 5/8& inches
The curb and sidewalk with their steel are also a matter of standard section,
beinz between & and 10 inches in height. 1In this case a heisht of 10 inches
was used at the curb and 10 1/2 inches at the outside edge, the 1/2 inch oro-
viding for drainase.
The railinss and regulreaents are covered in articles 25 and 35 of The
Standard Specifications. Like the mejority of the deci:, the railings are
standard, consisting of reinforced cencrete posts with steel grillwork
between. The svacing of ti:e nosts is usuclly between 8' ond 10!, the latter

figure being the maximim. The svacing is v»roportioned so as to presesrve
symnetry, the grill being designed to fit tle soacinge. On bridgzes having no
curb, these railirgs are designed to withstond the shock of a collicding
veuicle.

The lost step in the design of the deck is camber. Camber hzs absolutely
no structural value but is purely a psychological factore. Under the action
of tiie de:xd loads, the beams will deflect a certain anount causing the fascia
and sthadow lines to show a decided sag. This action causes soune anxiety in
the nint. of the aversge motorist who Coes not understand that it is a nat-
ural rezction. To overcoze this appearance of fzilure, concrete is adided

to the top of the slab along the curve of a »parabola parallel to the gird-
ers. Tahus, unier dead load deflection, ti:e shadow lines and the fascia
appear as strai ht lines. It amounts to fillin; in tre dead load saz with
concrete. Camber concrete is placed along a true parzbolic section, the

offeet at the center being computed as follows:
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2
Decl. (lex.) = EWLl- W = Total Derd Lonés
38LEL
The offsets for various other points are then found by use of the parabolic
Tormila Y2~= aX. The camber diagram for this structure is shown below and

allovonce st be nade for this when placing the slab forzse.

j&rf.é/)/e Aor8’ BF Line /on.?z_{ Lot L 1me e
|
" Y Qﬁ x N . Y ‘s
\ N
N R\ Q‘\\ N N
fO@F 0" «F0-O” S@S5-0" 250"

Canvsce [LIIAGEAN
This comletes the deck of the Lridge and the next portion oI the bridse
to Ue considered are the girderse.
Accoriine: to the specilications (77) the girders fer the Tridge are to be

V.Fs Tolled sections. Tne first step in the design of the lesmns is to

i

determine thie swnacing to ve used. Good vroctice dictates that the svacing

v

used with concrete floor slabs shall te between L!'=G" and 5'-£" ond the
outside cf the flange of thie outer beam must be at lecst Un from trne fascia.
The problen is to deternire the most economical svacing of tlie beans, i.e.,

whether it 1s chenver to use a szoll spacing with a small secticn or to use

n

a larger sectiorn and a greater spacinge Two control factors aiZecting the

1

spacing in tuic varticular case are tratv traffic tust be allowed over one

half of the bridgze wiile the other is beinss constructed, and construction

Jjoints mst lie over a ¢irder. With these facts in mind the spacing was

set at 12 spaces at L'-3 3/4M, Tie svacin; having been deternmined, the

beams mcy now be desi:mned and « section seleciteds (See Articles 77 and
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79 of The Standerd Svecifications.)
Using a depth ratio of 1/20, the tentative depth of the bean was set at 30".
Referring to a table of standard sections a 30 x 10 1/2, 116 1b. W.F. beam
is assumed. The beam is now checked for dead end live loading plus impact.
The dezd load is made un of the weight of the deck and the weight of the
beam. Tne live load is the standard [I-20 loading plus impact.
Dead Load Moment:  (See Article 30)

The weight of deck supported by one beanm is equal to 1/2 of the

snan on either sice of tlie beam in question.

V:a’ 2’/ 4& 77 7,7 //Z//‘ PR
‘ [Sstion, Sppertsd by dovr)
217" 2t/26"
2 s

sleu = (11 7/ 4 3 5/8 4 3/4) (4'-3 3/4) (150) - €39 lbs./ft.
80

Future weoring surface - 20 lis./s¢.ft. - &0
Leams - 120
Diaphragns (kst. 5 los./ft.) -_5
w = 8—[1'0 lﬁDSo/fto
D. L. :om. = _wle
g

= ShE x (48.92)°

254 kip feet

It should be noted tiiat the span was not talen as 50! but some 13" less.
This is due to the fact that the beams are designed from the center to
center of bearing. The center of bearing being considered at tlie point
w:ere the beans fit over the anchor bolts.

Live Load Moment: (See Articles 31, 32 and L3.)

The live lo2d moment assumes the loadirg to be so wlaced as to obtoin the

naximum possible moment. This may be accomulished by so placing the lords
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that the equivalent of one completie axle load comes upon tire beanm.

£

£.
¥ /£.0' s
23./° L# /2.6’ /.9
!
#8.92' K

L= ZEX 2.,}?'9{ ;26“' 2! = 212 kijps L= F0-2/2=/78Lops

*

The distribution factor is found by application of Article 43, and in this
case is found to be .U31l, assuming a traffic lene of 10! in width. The

total live load moment is then found to be
L LN =)7.8x 23/ x. &3/

=/952¥T]édp ya4
The impact allowance of the live load is found by epvlicetion of the

formila given in Article 37,
7 - L£220 _s0r20
CLA2O (@)(50)+(20)
=.2/9

L= Span 4{¢1?”44

Iipeact Moment:

L LMyl =/775x2/9
-8k 1

Total *oment:

Tota/ L. ED.N =38+/775 + 254

The section modulus, Z, is equul to the total rmoment éivided by the allow-

able stress in the steel. (Section F of Standard Specificaticrs.)

Section Modulus?
/8000

= F/Zr - Bef g
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Referring agein %o the table of standard sections it is found that the beam
assumed provides a section modulus of 327.9 in.3 The next smallsr size hes
e modulus of oxnly 298 in.3 so that the assumed beam is tiie necessary size
for the bending requirements.
In bea:zs of this lensth bending moment ratiier than shear is the controlling
factor. The shear, hovever, is cliecked as a precautionary measrre. The
naxirmia shear is fournd to occur at an infinitesimal distance from the
sunporte
Dead Load Shear:
The dead loals are tie same as for the tending moment.
/ - wt _ 82 xF8.92
z2 * 2
= 20.74,ps

Live Lozda Shear:

For live s¢hear», the loads are nlaced on tie beam in tie position

shown below. lok 0" 72
Afox.
Sheaor
F8.92°
£ -S>y £
L =/8.864L.
Impact:

The sene irpact allowance is made for clear as fcr bendinge

L= .2/9x /8.86 = £/7L..

The meximun shear occurs at the section indicated avove and is ecual

nunerically to the reacti.n.

V =20.7+/8 86+4% /3
= LR 7L p5

The area recuired for siiear is:
- V. &7xoo
A S /2000

= & Gsn%
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The girdsr in cuestion gives a cross-section:1l area 34.13 sc¢.in., which

is more ti:an adenmmate for the shearing demandse.

It will be noted that this choice of beam and suacing is somevhat unec-
onomical. As mentioned before, however, the reguirements of the deck exert
a controlling influence on the beam selection. These ideas are now con-
sidered obsolete, construction joints havin: no control of the beam spacing.
Under the existing conditions the assumed beam will be eccepted.

To provide against lateral buckling and bending, diazphragms are specified
at the third points of the girders (Article 124). The disphrasms are con-
nected to the beams by the use of hitch ansles, 3/U4 in. rivets being used
throughout. The intermediate diaphragms consist of the largest size plate
wihich can be fitted between the flanges of tlre girders. The sections at the
ends of tie beams consist of fairly small channels, connected to the girders
in the same manner as the intermediate type. These latter members serve a
slightly different purpose than the intermedinte sections. The exvansion
distance between the girders plus tilie necessary steel coverage in the con-
crete deck slab leaves some little distance of the slab without any rein-
forcement. To avoid the danger of failure at these vpoints, the slab is

cast to the top flange of these diaphragms, thereby giving a supporting
e’ect to the slab.

The bearing; plates in this case are specified by The Federal Eureau of Roads
ard consist of structural plates 10" x 3 1/2" x 1'-0" corntinuously welded to
the lower flange of the beams. There are two reasons for svecifyinz a plate
of these dimenslonse In the first case it tends to raise the girder off of
the abutnent bridge seat and gives free access to all parts of the beams

for tne purpose of protective painting. The second reason is that a plate

of tiiis size insures the proper cistribution of the load over the piers
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ané abutments and avoics the introduction of a large concentrated loading
with the Cefornmation of ths bearing plate. In ordinary design the bearing
plate would be designed for the actual loads and would not be of this size.
The next point to De considered is thet of expansion. Articles 110 and 111
of The Standard Svecifications state that provisior shall be made for ex-
pansion and contraction to the extent of 1/3" per 10' of span. For spans 7C!
or less, the expansion may be cared for by metal plates sliding uvon one

other. In t:is case 1/2" steel sole plates were used; the bearins vlate

5

riding upon them ana forming an exvansion bearing. The sole vlates hiave no
novenent, beirg firmly anchored to the abutnment and piers. The movement of
the beans is taken up by nmeans of slotted holes ir tiie erpansion ends of the
beans flanges and bearing plates.

The last point in the design of the superstructure are the anchor bolts as
specified in Article 117. The bolts used were 1" in diameter, 1'-c" in
length, .and provided with hex heads. The pier anchors were threaded for a
length of 3 1/2% and provided with nuts and washers for securely fastening
tl:e bean to the substructure. The abutment anchors are left unthreaded and
the flanges of the beazs are not drilled at this point due to the possidility
of becouing fouled with concrete wien the backwall is cast. To insure firm
cnchorece the bolis are so designed that at least 10" of the bolt moy be im-
becded in tie ccncretee.

The superstructure having been designed, attention is now focused on tie sub-
structure. The Stancard Specifications state that such structures, to resist
the pressure exerted by fill material, shall be designed in accordance with
Rankine's Tieory of pressure distrivution and that there shall be no structure
designed for an ecuivalent pressure of less than 30 1b./sa.ft. To provide
for live load, an eculvalent surcharge of four feet shall be oivlied over all

surfaces subject to highwey loading.



The prectical design in tiiis case utilized the ecguivalent nressure of 30
lb./sq.ft. an€ assumed as a starting; point, dinensions similar to other
structures havin:; like characteristics. The assumed crucs-sections are then
checred to obtain the most efficient size. Care must be taken, however, to
insure stavility of ti:e structure and to keen tlie vressure within e vear-
ing power of the soil.
Plate I si:ows tlhe size znda shape of tl:e section selected and tlie pressure
distribution triangle. Avutments are usually ciecked for three cases. First,
vackfill only; second, superstructure loads and live load surcharge; and
thiré, superstructure live and dead loads with no live load surcharge. All
cases are cilecxed but the third care is usually takren as the criteria due to
the fact tiat there rmst be no failure of the wall under bacxfill and truck
pressure before the deck is placed.
Cacse 1 - Bocxfill only.

Moments are considered avout thie toe oi the footing.

Oversurmsm -7/ A orrr @t

/-?x/4..25' ~$/0x 7 /2 = /1, L350
TXO A3, 12,25 -I0IHETS ~ /S E2O
25870 A /5.

Lesrs -//ﬂ'f A orrr ea/ - /2696 /8 =
feda//o,r/ Mome”/

L= ZE2L2= 5/ Hf
Mo e Thiied - 85 - 2895

 295/0
T 25870 T(5F

635780/ /6.
39, 3/0F/. /6.

Under tuese conditions the wall is safe ageinst overturning and the resultant
pressure falls wituin the middle thirdc. The wall also hes a sefety factor

of 1.53 acainst sliding.
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Case IT - Supersiricture L.L. and D.L. plus L.L. Surchzrae.

(o, ver/arﬂ/'lzf M Orrren? - FBOSOL /.
Y e-f/':%/':yj V174 orrrent - ) 7.306./6 - 83 980 A4

L= E22 - 2.cetf

= 8398590
5.4 Sgoso =2.2/

NMiddle Thiro- &= 2.854/

The structure is also safe under the conditions of the second case loading.

Case ITI - Superstricture L.L. and D.L. No L.L. Surcherge.

Over #&///7//_77 NMorrrant -25870 A /4,
Ees/s 71”_7} Momeﬂ/- /BEL6/8. - 30320 L~ /5.
Elesa /oS Aformrar’ - EAETOLL NS,

_ GFETO _
Vol = FAEZH

N e Thyre/ - 2.83 47

- 0320
A 25870

2SS

The abutment is also safe under the third condition of loadins;e The resist-
ing moment is sufficient against overturning, the resultant folls within
the miadle third, and the wall is safe against sliding.

The results of tl2 last computation indicate that to some extent the wall
might be more econonically designed by the use of a2 more exact apuvlication
of Rankine's Theory using a pressure coefficient for the t:ne of soil in-
volveld. The saving in 21l provatility would be of less value than the time
-

consuued in rechecidng the designe. The abutment as it stands is adequate

for the lozdings.



The strength of the wall rmst now be developed Ly the introduction oI re-
inforcing steel. Tne stem steel will be computed first.
Stem Steel:
Overturning om. at top of Footing
V= #8055 - A= 2860 /8

A . 2EIEOX2
ﬂ L Jo/ JE000X.EZ5x7 75 = /. OS5 T2l

/B@ 97 ). 05 7

Y FEOS :
ZO},_(J‘J T /50X .875r /75 T 2.09 02

/BB G = Z/G, .

Overturning leom. 3! avove ton of footing

N - 12270 AKX /8.
Z - _ 12279x/2
S T Ljd  /8000x. . 8TSX/7.5
= .S535 22

lse 1°F & /87

As the height above tle top of footing increases, the moment decreasges
rapidly. Therefore, the wall steel is spaced at 9" and every other bar is
cut off Y4'-0" atove the to» of the footing.

The steel necessary in the footing is the next sten. The footing pressure

at heel and toe are found as follows: Tie weights used are the sane as
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PPl 57
Y e iz ezl

=3520 /[b.[FF? of Foe
920 1./ ot heel

. E5X/50 =375

Q ¢/_3” /,__9” ‘al_é.r
A\ a
alQ 2 ]
b|® 2
N\ )
0 SR NE
7o

These values are well within the bearing vower of the soil, which, cs stated
before, runs between 3 and 5 tons per scuare foot.

Tos Steelt

EM =0
B30 r2.5 = T950X /57 = FI2S50
Zesves .  os7rx2o = /9/30
< V=6907 JOEITEO 102. /5.
As =7
L f083850
/8000y .75y 27
=, 255 ,7°

:%;”¢Q47/Z?”" .3/ 12.%

£o =57

- 6907
/S5O0X. B75X27

=/, 97,7
PP 1L = /. b0,




lieel Steel:

V=35/95 M= /05500 7. /4

41__ /’/ = /OS5 SO0
-'7éh/us’ /EO0O00X. B75Xx27

= CFE 7%
B @/27=. W 7 2

\7' o TR
< ST TSOX- X xNET - 908417

,1?”@1&57[23-’75134A4ﬂ

This constitutes the noin steel but in addition reinforcing must be pro-

vided for snrinkage, teuverature, and tean exansion stresses. Article co

of The Stancdard Specifications states thiat such steel shall be ploced normsl
to the mzin reinforcing and shall provide not less than 1/8 sa.in. of re-
inforcexzent per foot of width of surfece, and shall ve »nlaced &t 211 exposed
surfaces.

Two weyr steel was placed in tie top and bottom of tlie footing and in both
faces of the wall in accordance with this speciiication. Reference to steel
tables indicated that 5/38" @ and 1/2" ¢ steel suitebly placed gave the best
results.

The selection of the elevation of the abutment footings are of snecial in-
terest in this case. Reference to the genercl »lan of structure will siow
thet this point is some 7' auove the bed of stream. The usuzl practice is

to place the footing at least two feet Ttelow this point, preventinz under-
nining of the footing and possibility of failure, and as a protcction against
heaving resulting from frost.

To follow thal practice in this case would involve a much larger wall section

and greatly increase the cost. Again referring to the plans, it will e seen

$2e

that interlocxin; steel sheet piling was driven to the waters edze in front

of the abutment ond left in place. In this manuer the cost was substantizlly

recauced and a scTe abutrert provided.
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fme gravity type piers of reinforced concrete measured 24!'-0" from crown of
roadway to bottom of footinz. A stantard pier section was utilized, dimen-
sicns being selected to fit the individual conditions. he plan and eleva-
tion of tne section are shown on Plate II. A secticn is also shown on the
General Plans of Structure. It will be noted thet the rounded noses of the
piers offer a ninimum amount of water resistence, theredy reducing erosion,
and at ti:e same tinme ofer a pleasing apnwvearance. The control factors in

the desizn of such a pier are tazt the tor of tiie wall be of sufficieunt

width to hold tie tearing plates and that the stapility of tilie wall is
maintained.

The results of previous éesigns are often utilized as a starting noint for
new designs. The superstructure loads anda the weight of the pier are computed
and divided by the area of the base giving the unit bearing at the base. The-
oretically the design is charged until the most economical dimensions within
the btearing power of the soil is obtained. Care is exercised to see that the
wall 1s xept within stavle limits.

Bearing of Pier:

Weight of Footing - 153,156.25
Wei-ht of Wall - 540,487.50
Superstrmecture - _370,2C0

L.L. & D.L. 1,098,844, 1lbs.

1,028,844 [ L22 = 2510 1b./ft.
The bearing of the pier is 2010 1lb./sq.ft. which is well within the bearing
power oI the soil.
This is the theoretical proccdiure in the desisgn of tlhe pier anl is Followed
as closely as conditions will pernit. In this case the vier is of more
rassive construction than is atsolutely necessary. One reason for this is
tiiat tie necessary width for the bearinz plates rust be provided along with

the necessary area for bearing. Tie other reason ic that it looks safe and

is more pleasing to te eye.






- 19 -

At times it Decones necessary to sacrifice economy for vsychological and
esthetic factors.

The reinforcing steel in the picr section is mostly for shrinkagce, tempera-
ture, and the stresses set up by the exprnsion of the beams. There is also
assumed to be a slight bending introduced at the topn of the pavement slab
by tire traction of the moving loads. These stresses are cared for by the
use of slightly heavier steel than would be used ordinarily. Dowels of

/LM ¢ steel were used to bind the well to the footing. These extended wp
from the bottom of the footing into the wall a distance of 2'-c". To take
any bending introcuced in the wall 3/“" @ bars were placed vertically up
both faces of the wall. The remzinder of the wall steel was placed in a
horizontal position along the face of the wall, 3/4" @ bars being used in
the center section and 1/2" ¢ bars in the rounded noses.

The actual desipn of the structure is complete at tiiis point. The wing walls
are merely continuations of the abutment sections and the back wall is cast
monolithically with floor slab to the bridge seat, and is intended to leep
the vacifill from spilling out from betwecen the girders.

The detniled drawings are not talten into consideration in this vaver, as they
have no bearing on the design features. The detailed cdrawings are very cou~
vlete plans of the structure intended for the use of the construction men.
They show the placement of the steel, water stoo, extent of pours, and so
forth.

In addition to actuzlly designing the structure, the engineer is also re-
guired to calculate tne azounts of wet and dry excavation, quantities of
concrete, reinforcing steel, stricturcl stesl, railing, field painting,

and in fact the quantities of 2ll materisls entering into the structure.

~

He is also reguired to urepare a set of specifications supolemental to

the StenCard Spvecifications, specially zpplying %o tiie bridge in onestion.
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Mo engineer must also incluce with the nlens an enswneer's estimate of cost.

A seb of tlie Supoleuental Specifications, cuantities, and the enjsireer's

estinate of cost sctuslly used in the bidding and construction of this bridre

.

is inclucded in tuis peoper. It should be noted at this voint that the

authority for all desi¢n Teatures is "Specif'icatlions for the Design of Hish-

wey Bridges as adopted by the Michigen State Highway Devartment Janvary 1S36n.

This structure was placed under construction and completed cduring thie latter

portion of 1%35S. DBelow are shown several views of the tridge as seen July

-
1S42., The roadwsy views show the roadway lookin: in each direction. lote

/

the expansiveness of the deck and the nenner in which the roadway continuity
has been preserved acrcss the strues: e traffic capacity of tiis

structure is apparent. e elevation of the bricge is shown from tlhie upstrean

e

side. The stricture presents a pleasing appenrcnce and tais particular nic-

ine indication of the individual features of the structure
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o
-
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It 2lso indicates the imdortance of the camber as seen by the horizontel
shadow lines at the fascia. The next two pictures show the roilings and the
teams and dienhragsms. In the background of the latiter noy De seen thie lorge
bearin:; slabs elevating the beams from the viers. The last picture shows one
of the bridge pletes reouired on 2ll Federal Ald Projects. Sinilar nlates are
usually placed on &1l State projects.

The structure has given satisfactory service since its construction and it is
felt that tire cost of reclacing the o0ld bridége has been more than justified by

the increased capacity and improved apnearcnce of the new structure.

4 resume oi the material presented in this paper will chow that the resnonsi-
Lility of the bridge engineer and designer is no small matter. As has been
rensotedly vointed out throughout this vaver the orovlem of the bridse en-

gineer is thot of providing a safe structure that is the most economicel unier
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tiie conditions peculier to a narticular structure. Tniie engineer must be
able to exercise his ingermiity, keepn the cost to a minimum, anc at
time remzin on the safe side. A good illustration oi this is shown in the
placin: of tie abutment footings at a hizh level znd protecting tiiem by the
use of steel sheet piling. he ancient bridge builders dic not have this
vroolem to contend withe Ccst was of no importance to them and tiey built
the structure as they pleased. If it failed, tiey merely reouilt it on a
larger, stronger scale. The modern econonic structure would not wermit this
type of constriction. Any individual of normel intelligence cculd construct
a safe bridge by using enowgh materizl to insure tiie strength; the duty of
the bridgze enginczer is to scientifically design the same structure on an

econonic bvasis.



Locction: On County Road in the village of Comstock tetween stations 5
20Cc V102 JUNLy 245

plus 92.5 and 15 plus 47.0, in Section 13, Totm 2 North, Ronze 10 Vest,
Constock Townshin, Kalamazoo County, crossing Kalamazoo River.

Deccrintion: The proposed work consists o the construction of a bridge
structire and t:e grading :nd surfacing oI thre approacnes togeti:er with
incicental work and tue removel of tlie existing structure.

The new bricge substructure consists of two rei:nforced concrete canti-
lever tyoe acutuents 18!-C" high, measured from crown of roadwey to bottom
of Tootings and 2 reinforced concrete niers CU'-(M" in hei ht, neasure from
crovm of roadway to bottom of footing.

e new Ddridge suverstricture consists of three KO'-0OW rolled vean:
soans of the deckt wirder type, with LU'-0W clear roadwsy with two sidewsllks,
one 5'-G" in width and the other 2'-6" in widih. Tie struciure is on a 0
degree ansle of crossing and 0.00% srade.

171240 BID

UTIT

TS 0 WCRK CUANTITY ULiIT PRICE TOTAL

STRECIULE
Lump

Renoval of Existing Structure Sun
Dry zxcavation 415 Cu.Yds.
Wet Excavation 780 Cu.Yde.
St:el Sueet Piling Lc¢ft in Plece 177k.5 Sa.%t.
Concrete Grace A Sudstructure 732.0 Su.Yds.
Concrete Grade A Supersiructure 337.6 Co.7ds.
Cement 1010.3 Ebls.
Steel Rzinforcement 70240 Los.
Structural Sveel Faorication and

Erection 255042 Lbs.
Railing 350.3 Lin.7t.
rield Pointing Structurel Steel Lup

and Roiling Swin
Rubbed Suricce Finish Lo Sa.Ft .
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UNIT
IT=M OF WORX QUANTITY UNIT PRICE TOT2AL
STRUCTURE - (Cont'd)
Copper Water Stop IS Lbs.
1/2" Joint Filler, Soft

Asphaltic Felt 36 Sq.Ft.
1" Joint Filler, Soft

Asphaltic Felt olt Sq.Ft.
Porous Backfill gl Cu.Yds.
Sodding Slopes 325 Sq.Yds.
APPROACH GRADING
Earth Excavation 3000 Cu.Yds.
Gravel Base Course - 5" Com- ;

pacted 2000 Sq.Yds.
Gravel Surface Course - 3" ;

Compacted 2000 Sq.¥¢s.
4" Concrete Sidewalk 377 Sq.Ft.
7" Concrete Sidewalk 55 Sa.Ft.
Concrete Curdb 80 Lin.Ft.
10" Vitrified Tile in Place 106 Lin.Ft.
Grade A Concrete 0.1l Cu.Yds.
Inlet 2-Cover D 2 Each
Removal of Existing C.M.P. and Lump

Head Walls Sum
Driveway Gravel 10 Cu.Yds.
Removal of Old Walks 418 Sq.Ft.
Class A Seeding 0.20 iiles
Yaintaining Traffic Lump

Sun

TOTAL OF BID $
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SUPPLEMENTAL SPEC IFICATIONS

Maintaining Traffic

Traffic shall be maintained at all times during construction operations. The
contractor shall maintain traffic over the existing bridge and roadway until
he has completed the west half of the structure and epproach grading and
surfacing sufficient to maintain 2-way traffic thereon, after which the old
bridge shall be dismantled and the structure and apsroaches completed. The
contractor shall then remove the exigting bridge and substructure and com-
plete the east half of the structure and approach grading and maintain traf-
fic over the west half of the bridge and roadway. The lump sum item for
maintaining traffic shall include the construction of a temporary guard rail
on the structure and avproaches, complying with the requirements of section
5.03.04 in so far as applicable.

Cofferdams

All cofferdams for the structure shall meet the requirements of Section 5.05
of the Standard Specifications except as follows: No payment will be made
to the Contractor for "Cofferdams" as such, but the cost thereof shall be
included in the prices submitted by him for the various items of work under
this contracte.

Removal of Exisgting Structure

A lump sum bid for the removal of existing structure shall include removal

of trusses and floor system, and the substructure to %' below existing ground
line or finished slopes as called for on the plans and any portion thereof
that comes within the limits of the construction of the new substructure.
Broken concrete shall be disposed of as riprap as directed by the Kalamazoo
County Road Commission. The existing trusses and floor system shall become
the property of the Contractor and shall be completely removed from the site
at the completion of the job.

Forms

In the event that wood liners are used for face forms, backing may be of
lumber not leses than 3/4" actual thickness, laid without openings and with
true and uniform surface on the side to which liners are applied. Studs
shall be spaced not more than sixteen times the actual thickness of backing.

Floated Surface Finish

After striking, bridge seats shall be finished with a wooden float to a
smooth even surface without any unevenness of more than 1/8 inch showing
undar a ten foot straight edce or more than 1/16 inch under any bearing
plate.

The surface of the floor slab which will be subject to highway traffic shall
be finished as specified for Surface Courses and Pavenment, Article 4.01.03
(p and g) of the Standard Specifications in so far as applicable. The Con-
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tractor shall furnish a 10 foot straizht edge for the purpose of testing
surfaces thus finished. Tops of walks shall be finished as specified under
Article 7.07.03 (h) of the Standard Specifications in so far as applicable.

Structural Steel

The requirements for Mill inspection is hereby waived. Shop inspection will
be regquired and will be paid for by the Kalamazoo County Road Commissione.
The Conitractor will be notified of inspection arrangements immediately upon
receipt of information from him as to source of materials.

Railing

The suverstructure railing will be measured in lineal feet and will be paid
for at the contract unit price per lineal foot, exclusive of cement and steel
reinforcement, but inclusive of structural steel, concrete and surface
finish.

Rubbed Surface Finish

Rubbed Surface Finish shall be in accordance with Article 5.10.03 (h) of
the Standard Specifications except as follows: In lines 12 and 14 of the
first paragraph, change 1 foot to 2 feet.

Shop Paintinz of Structural Steel

The first and second paragraphs of Article 5.13.03 (g) 5 of the Standard
Specifications shall be superseded by the following: All paint for shop
coat shall be Michigan State Highway Department Painting Mixture No. 1.

When fabrication is complete and the work has been accepted, all steel shall
be given one complete coat of painte.

Field Paintingz of Structural Steel and Railing

The fourth paragraph of Article 5.13.03 (g) 6 of the Standard Specifications
shall read as follows: Surfaces to be riveted in contact shall not be vaint-
ede Surfaces which will be inaccessible after erection, except surfaces to
be in contact with concrete, shall be painted with such field coats as are
called for on the plans or authorized.

After the completion of all concrete work which is supported by steel work,
all exposed surfaces shall be thoroughly cleaned and the Contractor shall
epply one complete coat of Painting Mixtures No. 2 and H5A to the steel of
the new structure, including the railing. A4All paint is to be furnished by
the Contractore.

The lump sum bid for "Field Painting-Structural Stcel® shall be payment in
full for all items of cost necessary to complete the work as specified.
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Handpicking of Coarse Aggregates

Coarse Ac.grezates for railing posts shall be handpicked of objectionable
particles to the satisfaction of the Engineer. No additional payment
will be made for this work and cost of same shall be included in contract
unit price bid for Railing.

Earth Excavation

This work consists of all excavation, other than foundation excavation
necessary to complete the approaches as called for on the plans, or as
otherwise directed by the Engineer. All work shall be done in accordance
with the provisions of the Division 2 of the Standard Specifications except
as follows: The Contractor shall secure his own borrow pit, or borrow pits
and right of way for obtaining same, and no allowance will be made for
overhaul in connection with this classification of work. Borrow pits can
be secured approximately one~half mile from the Job site.

Roundings Sloves

Where trees or other restrictions do not interfere, the top of backslopes
and the bottom of fill slopes shall be rounded on a vertical curve varying
from four foot in length in case of cuts or fills less than four foot to
an approximate maximum of ten feet in length in case of cuts or fills
greater than sixteen feet. All transitions in length of vertical curves
shall be gradusl and so executed as to present a uniform and attractive
appearance.

Guard Rail
The placing and furnishing of cable guard rail is not a part of this con-
tract. All cable guard rail as called for on the plans will be furnished

and placed by the Kalamazoo County Road Commission on the completion of
this contract.

Public Utilities

All public utilities interfering with the work will be moved by others.

Removal of Existinz Guard Rail

The cable guard rail at the ends of existing bridge shall be removed by the
Contractor and stored at the job site for salvage by the Kalamazoo County
Road Commission, and the costs thereof shall be included in the lump sum
bid for removal of existing structure.

Removal of Rubbish

The Contractor shall remove all rubbish at the south end of the proposed
structure prior to making the approach grade and shall be considered as
incidental to the items of work as specified in the itemized bid.
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Right of Way

The right of way required for this project has been secured as shown on
the planse.

Steel Sheeting Left in Place

Sheet piling left in place as specified on the plans may be used sheeting
in good condition. It shall be of the interlocking type and of a section
weighing not less than 22.0 1lbse. per square foot. It shall be driven to
the depths below bottom of footing as shown on the plans and with tops
driven to or cut off at the elevation specified.

Removal of Wood Piling in River

The Contractor shall cut off at bed of stream and pull all old wood piling
under exlsting bridge and in abandoned railroad trestle immediately west
of the existing structure, and the cost of cutting off or removing the
piling shall be considered as incidental to the items of "Removal of
Existing Structure™ as specified in the "Itemized Bid".

Progress Schedule

The progress schedule shall provide for the completion of the following
units:

Substructure, West half, July 15, 1939.

Superstructure, West half, August 1, 1939, including traffic provision.
Substructure complete, September 15, 133%.

Job complete including approach grading and surfacing, November 1, 193G.

Shrubbery

Shrubbery interfering with or in the way of approach fill slopes at the
Northeast quadrant shall be removed and reset in a satisfactory manner and
any losses shall be replaced with good live stock of the same variety.
Such work shall be considered as included in the price bid for "Earth
Excavation®.
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ENGINEERS ESTIMATE OF COST

Bridge File No. Bl of 39=-5=21 Date

February 23, 1239

Location In the Village of Comstock Kalama~oo County

Overall Length  150'-0" Roadway _ Ult-Qn® ~ Spans % @ 50!'-0"
Overall Width 531-11" §alks_1 @ 2'-6" & 1 €5'-0"Grade__ 0.0%

Angle of Crossing_ GO° Type of Superstructure Steel Girder

Typre of Abutments Cantilever Height 18t=-0H

Type of Pieors Concrete Height 2u1-0n

STRUCTURE

Removal of Existing Structure - Lump Sum $ 1,000.00
Dry Excavation - 415 Cu.Yds. @ .50 207.50
et Excavation = 780 Cu.Yds. @ 3.00 2,340.00
Steel Sheet Piling Left in Place - 1774.5 Sq.Ft. @ .80 1,410,860
Concrete Grade A Substructure - 732.6 Cu.Yds. @ 16.00

includes cofferdam and pumping 11,721.60
Concrete Grade A Superstructure = 337.6 Cu.Yds. & 12.00 4,051.20
Cement - 10616.3 Bbls. @ 2.00 3,232.60
Steel Reinforcement - 70,240 Lbs. @ .O4 2,809.60
Structurzl Steel - Fabrication and Erection -

256,042 Lbs. @ .0L5 11,621.89
Railing = 382.3 Lin.Ft. 8 5.00 1,911.50
Field Painting Structural Steel and Railing - Lump Sum 600.00
Rubbed Surface Finish - U452 Sq.Ft. 8 .10 ul45.20
Copper Water Stop = 4U5 Lbs. @ .40 178.40
1/22 Joint Filler - Soft Asphaltic Felt -

30 Sq.Ft- e 050 18.&
1" Joint Filler - Soft Asphaltic Felt - 64 Sq.Ft. @ .70 Ll .80
Porous Backfill - 94 Cu.Yds. @ 1.00 c4,00
Sodding Slopes = 325 Sq.Yds. @ .25 gl.2

Structure = $U1,777.14

(Estinate Continued)
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APPROATH GUADING

Zarth Zocavation — 3,000 fu.Yis. @ .40

Gravel Bose Course-5" Comp. = 2,000 So.Yds. @ .50
Gravel Surface Course-3" Comp. = 2,500 Sq.Yds. @ .35
L Goncrete Sicewelkx - 377 Su.Ft. @ .20

7" Concrete Sidewalk - 55 Sq.Ft. @ .30

10" Vitrified Tile in Place - 100 Lin.¥t. @ 1.00

Concrete Grade A - 0.1 Cu.Yds. & 20.00

O

Inlets = 2 eacl: @ c5.C0

Rerovel Existirng C.M.P. and Headwalls - Lwm Sum
Drivewsy Gravel - 10 Cu.Yds. ® 2.C0

Rexoval 0ld Velks - 418 So.¥t. @ .10

Class A Seeding - 0.20 Miles & 100.00
Meintoining Traffic - Luuo Suan

Concrete Curb - 80 Lin.Ft. ® .80

Aporoach Grading

Total Estizated Contract

Engineering and Contingencies 10%

Total Estimated Cost

$ 1,200.CC
1,3%00.00
830,00
75440
15.50
106.00
2.00
130.C0
25.00
20.00
41.30
20.00
©00.00

$ 4,550.70

$ 4o,307.84

$ 50,938.62
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Roadway Looking North Roadway Looking South
Toward U. S. 12 Toward Comstock

Elevation Looking Downstream




Railings Girders and Piers Showing
Intermediate Diaphragms

Bridge Plate
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