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INTRCOZUCTICH

The importence of bridges is unauestionable vhen one reads the
history of the world. Important battlss hrve been foucht at bridge
sites, weary miles of travel have been saved by the spanning of tur-
bulent rivers and impassable canyons.

The very lives of many people have been altered by bringing
within easy reach routes to heretofore inaccessible places of market
and travel.

From tiie ancient draw bridses over castle moats to the magnifi-
cent engineering structures spanning the San Francisco Bay and the
Golden Gate, briises have been essential to civilization.

In the beginning, if a bridge was structurally sound enousgh to
support tlie traffic upon it, it served its purpose.

With the development of civilization, however, and the building
of arch bridges, the requirements for a bridge grew. lio longer was
structural soundness sufficient. The structure must also present a
pleasing appearance. And some of the ancient ardh bridges which have
stood through the years with their graceful, pleasing, spans surpass
many of the modern attempts at artistic design.

With the advent of reinforced concrete as a building material,

. a new type of structural beauty has come into existence. The modern
builder with his modern materials and greatly accelerated construction
methods, must now vie with the ancient day builders for that illusive

gracefulness and artistic orginality in bridge design.
It is with these thoughts in mind that the suthor presents this

fdlowing arch design. TFirst the bridge must be structurally sound



and then it must present a pleasinz aprearance in harmony with the
setting.

The ground profile used in the design, while only assumed, ap-
proaches very nearly the conditions to be met with the building of a
new bridge at Berrien Springs, Michizan, to span the St. Joseph river.
The greatest difference in the design site and the ectual site is that
three or more spans would be needed to cross the St. Joseph river. It
is the author's opinion that the following arch design could be used

as one of the spans for this bridze.



Desizn of floor slab, floor beanm
and spandrel colum.
For references see "The Design of Reinforced Concrete Structures!
by Dean Peabody, Jr. The pages will be noted below.

llotations and Equations.

b = width of section.

h e total depth of section.

d = distance from extreme fiber in cormression to the center of
gravity of the steel in tension.

Jd = moment arm of internal couple.

zd = distance from extreme fiber in compression to neutral axis.

Ec = modulus of elasticity of concrete.

Es = modulus o f elasticity of steel.

n =‘ratio. of moduli, or Es
EN

fc = maximum intensity of fiber stress in concrete.

fs = average intensity of fiber stress in steel.
M = external moment at the section.
Mp‘- positive moment of resistance exressed in concrete terms
M, = negative moment of resistance expressed in concrete terms
A; = area of steel
Ap = area of positive tension steel
A = area of negative steel
v = unit shear

R = least radius of gyration

I = axial colurn load

Mg = E% jkbvad page 24



Min, ¢=/ ¥ page 24
Kb
h=lh page 2l
fg Jd
v ‘Z page 35
v Jja

T=fexA( 1+ (n-1) p ) nage 224

Ay =n A page 22

Design of Floor Sladb
(pages 22-25)
Span between center of supports is 13'-LN,

Designing slab as sirply supported for positive moment and using

2
%%_ for negative roment 1s on the safe side.

Assume 7" slabd

Live load = 200 1lbs. per sq. ft.

Dead " = gg M " " "
Total 288 " m n .

Using 2500 1b. concrete
fc = 1200
fs = 18000 1bs. per sq. in.
n =12
k=Y

i=1- lc = 867

2 3. p) _
M, = wl° = 228 x (13.33) " = 76,800 in 1bs.
T8 g .

K, =f

P jkva?d = 76,800 in 1lbs.

molo



a% = 75,800 x 2 = 5.21
120C x .8507 x .4 x 12

Minimim 4 = 2.29
Assuming 7/8" steel, 1-1/2" covering, 1/2" wearing surface on top
from lichigan State Hiway Specifications.
h = 4 + clearsnces
=2.29 +1/2 + 1-1/2 + 1/2 = L.79
Hence 7" slab satisfactory
Comzercial d = 7 - 2.5 = 6.5

Positive steel

= l‘ = 76,800 = . 6 . i )
Ap f£n3 4 18,000 x .867 x 6.5 756 &q. in

Use 2 - 3/4" round bars 6" on center

Plot 5, pnge 136 gives point of inflection for positive bending
moment at 1Cp of clear spnen or 144 x .1 = 1L¥,

Point of Inflection for negative beﬁding moment is at 21.5% of clear
snan or 31". Hence steel is bent up between these points.

Desizn of Floor 3ean
(pages 55-60)

A beam with two equal overrangs, supporting a unifornm distributed
1lo2d., T-e most favorabvle condition is when the bending moment at the
center equals thes bending moment at the supports. If the distance between
the supnorts = d and the length of the beam = L, equal bending mouents
are obtained ﬁt the center and supports when'd = .5x6 L. In this de-
sirn L = U5 giving 4 = 58025 = 25,41,

d is talzen as 27"the distaﬁce between the centers of the arch rivs.

Ascme o 16" x 32" Leam.

Live load = 200 1lbs. per wqg. ft.



oN

Dead load = 838 1lbs. per sq. ft.

Total floor load = 288 x 13.3 = 3830 lhs, per lin. ft.

Wt. of beam=15xg2x150 = s W mmoon
.1 .
Total uniform knd = 754 1bs. per lin. ft.

43647, <45’ 126,300"

IRIRREENEERRRERANEEN
9 1 27" 9
| 98,630 986307
59,350~ -
SHEAR
T
| --lsq,zso N
226,000'"
BENDING l |
MOME NT ,
. R »
- 176,800 -176,800

2500 1b. concrete

fe =1000

fy = 18000

X 8'185 plot page L34

linirun d = /7 M = /226,000 x 12 = 30,3"
‘ Kb , 185 x 16 A

Assumz one row of 1-1/L4 " bars.

Min. clearance to stirrup 2.0C
Stirrup diameter .50
Distance to center of bars .63

Total 3.13



Eence use 16"x34" beam.

= M = 226,000 x 12 = 5.74 sq. in.
% -f;EETE 17,000 x .867 x 30.3 '
s

Use 4 1-1/4" souare bars.

Ay = Mp = 176,800 x 12 = 2,21 sq. in.
fq J d 18,000 x .%07 x 3C.3

Use Y4 one inch square bars.
Shear

Vv = 53,350

v = Vv = 52.5;0 = 134 lbs. per sq. in.
. bjd lox.807x32 .

Allowable v using web reinforcement without ordering anchorraze of
longitudinal steel = 150 lbs. per sq. in.

Hence beanm is éatisfactory.

Design of Spandrel Column

(pages 223-228)

The longest unsupported column will be 18!'.

Assuke column 16"z18" x 18' long.

R=/ I = [1g3x(16)° =453
A 12 x 18 x 16

Limiting length = h = 4O R = 185",
Actual length = 18x12 = 216" giving a long column with radius of

gyration of 4.63.

Column loed = 98,650 1bs.
Wt. of col. = 5,100 Col. 18x16 x 150x18

jpnn
Total = N = 104,050 1bs.



By article 305, page WOl for colurm with lateral ties, f, = 503.

By erticle 1108 b

fo A= 1.33-h_
120 R
f, 4
f, =563 (1.33 - 18x12 ) = 503.
, 120 x 4.63 .

T=f, x A(l x (n-1)p) =f, xA(1x1lp)
104,050 = 530 x 18 x 16 (1+11p)

p = .029
A =P A= ,029x288 = 8.35 sq. in.

Use 12-1" round bers and 3/8" ties 12" on center.



Desizn of the Arch Rib

For references and derivations of formlse used see
"Bridge Ingineering" Vol. I by J. A. L. Waddell, pages 783~
877. The diesgrams noted are to be found within these pages.
Yiotations

The Calculation of Stresses in Arch Ribs with Fixed Znds.

L = length of span of arch,

T = rise of arch,

X, ¥ = co-ordinates of any point with reference to the
crown C és an origin, y belno vositive when measured down-
ward, and x being positive in each half vhen measured from
the crovmn toward the springing,

s = angle of inclination of the axis at any point, Figz. 37t

B = angle of inclination of the axis at the springing,

L = length of rid, measured along the axis ( = 2  ds),

b = yidth of rib at any point,

b. = width of ridb at crown,

0
bs = width of rib at springing,
h G'thickness of rib at any point, measured normelly to axis,
ho’- thickness of rib at crown, measured normally to axis,
hs = thickeness of rib at snringing, measured normally to
axis,
A = grea of rib at crowvn, or area of concrete plus n times
area of steel,
Ao = area of rib at crown, or area of concrete plus n times

area of steel,



10

I = moment of inertia or rib at any point, or mozent of
inertia of concrete plus n times moment of inertia of steel,
I° = monent of inertia of rib at crown, or moment of
inertia of concrete plus n tises moment of inertia of steel,
Fig. 37t
IS = porment of inertia of rib at springing, or moment of
inertid of concrete plus n times moment of inertia of steel,
rs= coefficignt of elasticity of the concrete, to be
taken'as 2,000,000 when dimensions are in inclies, and as
288,000,0C0 vwhen they =sre in feet,
w = coefficient of linesr expansion of concrete ( = 0.000005),
t = change of temperature in degrees Fahrenheit, pdsitive
when the temperature rises, negetive when it falls,
Pl’ P2. P3. etc., = any loads on the arch, acting in eany direc-
tion,
Po = equivalent uniform load at crown,
Ps = equivalent uniform load 2t springing,

u = Ds,
Do

oA

p = equivalent uniform load at any point,

Vo, Mb = thrugst, shesr, snd moment at crownm,

ty

By,

E

Tos = thrust and moment at crown from arch shortening,

Ht’ Mt s thrust and moment at crown from temmerature
change,

Ct = coefficient of temperature thurst, Fig. 37ff

¥o ™ vertical distance from crown to plane of contraflexure
for arch shortening and temperature change, Fig. 37ff

Tl = normal thrust at any section in left half of rib,

vositive when compressive,
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T. = similar quantity for right half of ribd,

r

T = Yornal thrust in gereral,

Ts = normal thrust at the springing,

M = Actual beniing moment in general,

MS a actual bending moment a2t springing,

Cm = moment coefficient Fig. 3Tee

Tmiations

B= /1 (lLr)c
sec J Ig)

h=hy +2x (kg - h)) sec a

L sec. g
u-Ps
. Do

Thrust due to loading

Hy = o ¥ (u+5)
. Lgr

T = Ho sec a

Ts's H, sec B

Thrust due to arch shortening

I 2
Ha f -(1 +0.3 T He hg

0 r- sec 3
Moment at or near a spandrel col. due to loading

¥ =+ p1°
15C0

Yoments at other pointe dve to loading

M=+ DOL‘?
3000

Positive and negative live load moments (exclusive of
the effect of narch shortening) at the crovm, springing

and various intermediate points.
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M = ¢ pl?
Moments due to arch shortening
M= B, (y-yo)
Mg = Ha (r-y,)
Moments due to temperature changes
Uy = -H; v,
Ho= B (r-y,)
Mg = By (r-v,)
The foilowing procedure is used to calculate the arch rib.
1. Assume values of h,, hg and calculate p,, pg, and u,

for dead load plus oue half live load.

I
2. Compute I I SBandr
I, L

3. Figure the dead and live load stresses at the crown and
springing ani at one point in the haurnch. Use Fig. 37ee

Y, Compute the stresses for arch shortening at the same
sections. Use Fig. 37ff.

5. Compute the stresses from temmerature changes at the
same section. Use Figs. 37 ff ard 37 gg.

6. Test the various sections for the calvulated stresses.

Calculations of Arch Rib
r = rige = K0!

L= span = 120!

_r 50 = .6
L 120
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sec B =y 4 ()2 =1.90
L
Ascume each rid 3'-0" thicik x W-L" wide at crown
lag® ¥ Xl M enrinsing

h=h  + 2 (hg=h,) sec a

sec

B
=35 + 24 (Z2—ﬁ6) sec 2 = 35 + ,309 x sec a
120 1.9 .

Po and g for dead load + 1/2 live load

po for one ribd

D. L. floor - paving, spandrel cols, etc.

6,100#/1in ft.

Arch rid 3'-0" x Lt x 150 1bs. 1,950 *
Live Load ~ 60' span -200%/sq £t includinz impact
2’250 " "
1/2 (L. L.) 200 x 22.5 x 1/2
Total 10,300#/1in ft.

pg for one rib

D. L. Floor - paving spandrel cols, etc. 7,275#/1in. ft.

Arch rib 6'-0" x L4'-uP x 150 1bs. X 1.94 7,540

1/2 (L. L.) as for p, 2,250

17,065#/1in.

. u=Ps =17,005 =1.65
. Do . 10,3C0

Assume reinforcement as 0.5% in each face throughout located

at a distance of B from the surface.
10

S, I = bh3 - From tables 4 = .106

106 x 1,33 x 3 x 3 x 3 =12,

—
L]

.106 x 4.33 x 6 x 6 x 6 = 99.25

—. =99.,2h =8
Io 12. 4

ft.
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Stesses from dead load + 1/2 live load

Crowvn
B, = p,l? :
® Po u+5) = 10,300 x 120
 Tor (w5) o (661 = v u08, 000
b 4
i, = p 12 = 10,300 x T30
My = Py , 300 x = 98,000
1506~ 1500 .
Havnch--say at a spandrel col. located st a distance of
_L from the crown
10
#
T = say + L0g, 000
: 14
M= + 98,000
Springing
#
Ts = 408,000 x 1.94 = + 792,000
. ’ 1.
Mg =Dy X 12 = 10,300 x 14,400 = + l5,0CC #
3000 30¢0
Live load Yoments
Crown
¥, =+ Cmpl2 - Om from tables at crown haunsh
‘ springing
ik J
M, =% .COL3 x U500 x T20° = + 278,500
Haunch
1
- 1
, =+ .007T x U500 x T2O = + h5h, 000
Springing
2 ‘4
M =+ .023 x U500 x 120 = $ 1,l90,000
Stresses from Arch Shortening
Crovn
H = -(1+ .3 Ig) Hh 2 >
a = %o = -1+(.2x8) 3°H,
I rdsec B p—
o : 5o-x 1.94
¥

= -.CCll5 H, = - 1820
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Yo = .225 when=~£§_ = 8 from tables
r . I
)
Vo = 225 xr = .225 x 50 = 11.25
' . |#
Hg ® -E, y, = 1820 x 11.25 = + 20,450
Haunch ’ '
*
T = gay - 1,80C
1
¥ = H, (y-y,) = -1820 (6-11.25) = + 10,470
S$rringing . ‘ 4
T = Ey x coo =H, + suB =-1820 4 1.94 = - glio
'+
Ye = H, (r-y) =-1820 (50-11.23) = - 70,5C0
Stresseé for Temperature Changes
Crown 50° Fall 30° Rise
B = Cy X’_"'__F:&; C. from tables
: re
4
= -20x.000006 x 50 x 282,000 x 12.b = -12,85C#  + 7,70C
| > | T T
My = -H y, = 12,850 x 11.25 =+1L4,500 - 85,500
Haunch ' '
A #
T = say - 12,85C + 7,5CC
. 13 LE 2
1 = 12,550 x 5.25 + 67,500 + 40,B0C
Springing
L =EH 6 * o#
= I
g coo == 12,850 x 1 = - 0,620 3,97
- . 1.04 ' ¥
Mg = B (r-y,) = = 12,850 (50-11.25) = -437,50C  -298,000



The Three Sections are now Tested as Follows:

Section at Crovm

Termerature not Temperature

Thrust Considered Considered
Dead + 1/2 live + 408, 0C0 + 40g,0c0
Arch Shortening - 1,820 - 1,820
Termerature - 50° Fall ~  ——---- - _12,870
Total + 406,180 + 393,330

ioment

Dead + 1/2 live + 38,00 + 98,000
Live Load - Positive + 278,FCO + 278,500
Arch Short + 20,450 + 20,450
Temp. 50° Fall! = _—=---- + 1l 500

1% 1%
Total + 335,950 + 541,450

“flf' ll#
Cr 4,750, C00 £,500,000
e = lom 4 Thrust = 11.72" 16.51"

Dimensions h x b = 36"xSo" = 1272 sq. in.

he36 = 3.6 = 2.18
e 1ll.72
R/fc = 4,760,000 = .118 00,000 <
52 x 358 x 600 52£%§§x780 2236
' = 3.6 = .1 .1
S 2
p per face Fig. 37s.
This is satisfactory.
Section in Haunch
Thrust
# #
Dead + 1/2 Live + 408,000 + L0g, 000
¥ 4
Arch Srort - 1,800 - 1,800
Temp. 5C° F2ll = o e-=e-o — - 12,890

405, 20c* 393.350#
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Temperature not Temperature
Considered Congidered
loment
3 14
Dezd + 1/2 Live + 9g,000 + 98,000
Live Lozd Positive + 454,000 + L5k, oco
Arch Short + 10,470 + 10,470
Temperature 50° Fall = —-ee-- + 67,500
v "
+ 562,470 + 7,560,000
"# "
or 6,750,000 7,560,000
e = lon = 15.6" 19.25"
Whrust
Thickness Heunch Section = h =h  + .3209 x sec &
—_— :
sec = /1-«(%:;)? = 1.3
hei+.39L x1.32=736+52 v
. 10 .
Dimensions 11 x 52, = 2132 sq. in.
h o= ) = 2,147 51 = 2.13
e . 10.6 13.25
p per face .55 x a& = LLg3s U8
1
R/fe Fig. 37s
fec = 3R = §,750,0¢C
L , __17‘4,.-_ = 604 2,560,000
- th® x 128 52 = = x 128 5§~;fgig*z 129
=671
Section at Springing
Thrust
Dead + 1/2 Live + 732,000 + 792,000
Temp. 50° Fall = =—---- - 6,620
Total + 791,000 + 78,440
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Temperature not Temperature
Congidered Considered
Noment
Dead + 1/2 Live - lg,co0 - lug,co0
Live Load - Fezative -1,4%90,000 -1,430,000
Arch Short - 70,500 - 70,500
Temp. 50° Fa2o.  __ m===- -_ 298,000
'# !
-1,6039,500 -1,907,500 ¢
Il# ]
or 19, 30,000 22,860,000
e = lMom = ol un 29, 2!

. Thrust

Dimensions hxb = 72x52 = 37Ul sq. in.

h = | > = 2.95 p)
e . %E.h , %5.2

= 2,155

Rffe = 1906000 = .1193  22800.000 . ’
. 5oxT2x600 | 55;758;7§5 ' .1086

a = 36 = .05
h 72 .

p per face Fig. 37g .37
Steel for the arch rib
Crown
Dimensions hxb = 36" x 52" = 1872 sq. in.
» per face = L 55% '
Use 12 - 1“'sq. bars in each face

nmaking p = 1221 = .6U%
. 1872

Eaunch
Dimensions hxb = 1" x 52" = 2132 sq. in.

p per face = L3375

&

.215
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Use 12 - 1" gq. bars in ecch face making

Soringing
Dizmensions hxb = 72! x 52" = 374l sq. in.
» ner face = .3% .
Use 12 - 1"'Sq. bars in each face melking

p =12x1 = .32%

. 3TH
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