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Design of the Logan Street Viaduct

This viaduct which is to be built in the near future
consists of an arch section and a beam and girder section
three circular arches being used to oross the Grand River
and the Visduct portion making a pgrade separation over the
Grand Trunk and Michigan Central Railroads. The total length
will be 1,120 feet and the cost will range from 450,000 to
a half million dollars making it one of the greatest projects
in this section of the country at the present time.

It 18 to be built of reinforced cnncrete or steel
encased in concrese.

Because of the nature of this thesis the matérial
consists mainly of computations and a complete set of
computations of the stresses in the North Arch arc eiven and
results from the other two arches while in the beam and girder
sections sample comnutations are given and results are shown.
I; the desipgn of abutments and piers the maximum stresses
producing maximum thrusts were used and the base was assumed
and a graphical solution wes uscd.In the piers because of the number
of times the comoutations were repeated the final results are
given, |

In order that the reader be more familiar with the
project and the prosﬁectivc design an architect's sketch is
shown drawn by R.F.Rey, City Structural Engineer of Lansing.

There will be a 39 foot roadway and a walk on the west
gide of 7'9" and a curb on the east of 3'3", It being necessary
to construct in this maﬁner becau;e of property lines and

clearances. 1603932



The Oldsmobile Cowpany on the lsst will have an under
paes snd entrance onto the visduct portion just below Isaac
Street.

The Grand Trunk Kailroad Company will lover its siding
to the Olds. 4' in ordér to facilitate clearance while the
Oldes have complied by agreeing to lower their platforms.

The weuring surfsce of the rozdvay will be 3" btrick or
a 4 inch sand cushion.

The abutments are of a semi-gravity type but reinforceé
for expansion cracks. The niers are of elastic type reinforced
as shown,

"Carnegie I teams will be us=d in the Steel Spans of
which there sre 3 at about 42 feet.

In designing the Arches the method of Unit Loading or
Influence 1ine method was used and the outline followed w:cs
that given in Ecol's Volume I1I of Reinforced Concrete
Construction. This being suitable for opem spandrel construction.

Reference books used are Lool's Reinforced Conocrete
Construotion-All three volumes, O Roukes Concrete Practice,
Ketchum's Hendbock Steel Construction, Spoffard‘'s Theory of
Structures, and Boyd's Strength of Yaterials.

An attempt was made to maintain all specification set
forth by the Joint Committee at their last meeting although
650f concrete w:s assumed which is below and only 16,000%
steel stresses assgumed.

For other specifications those issued by the Michigan
State Highway Department were used.



The Arch Section is composed of three arches. First
the South arch with a span of 61', the Central arch with a
span of 76', and the Forth arch with a span of 90°'.

The grade over the arches is 5°., In fact this is the
maximum grade on the qtructuze.

The arches are circular sermental and reinforoing
steel 18 used in tov and bottom with extra steel bein> used
at the branch and soringing. |

. This viaauct is in a portion of the city where a bridze

of shapely contour 1s necessary being tounded on the South by
the beautiful Yoores Park and Shady River Crive, and on the
North by a commercial district composed of the Oldsmobile
fsctories. So as an arch gives this desired effect it was
thought advisable to use 1t merging into the beem and girder

gsection where it crosses the railroad traoks.



The following sheets contain the
actual final computations in the design of
the

Logan Street Viaduct
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Loading

Loadings on the Structure consist of a 20 ton truck pulling
one 15 ton trailsr ssauming the wheels at 12 feet apart and
distributing the 1oad over ¢ the road way, that is, assuming 4
trucks side by side on the road way. At points, this load for
convenience was transformed into a uniform live load of 212 1bs.
per lineal foot.

The sidewalk was designed with a front and rear wheel load
of the truck resting on the sidewalk.

Impact was taken as 25% of the total load which is in

acoordance with specification for a structure of this length.



Computation of Stresses in the

NORTH ARCH
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Loadings
Dead Loads - Arch Ring shown on Plate
Wt. of slab and beams(Computed) = 1080# /
1st Col. -(wt. Of)

(base) 1
1.25 x 11 x 150 = 2060#

Wt. of 6.33' of slab and beam = 68404

Total 8,900¢4
Distributed over 3.5 arch ring = 2,5404 per ft.
2nd Col.
1.2 x 7 x 150 = %310#
| 1 3.5 = 2,3304
3rd Col.
1.2 b2 150 = 300#
¥ hB5x 10 = Cho
7680 * 3.5 = 2,180
4¢h Col.
1.2 2 150 =« 4
X B X 10 2l
6887 +3.5= 1,975

5th (no Col.)

6.72' beam and girder - 7250 &+ 3.5 =_2,070¢
6th (No Col.)

7.23"' beam end girder - 7,810 + 3.5 = 2,2304

7th
3.25 x 125 x 150 - 610#

5810 .
- 3.5 = 2.400#

&th éol.

1.25 x ;,go x 150 4 7810 = 25004
9th Col.

1,25x 9 x 150 # 7810 - 2,510#
10th Col.

1,25 x14.0 x 150 # 7810 = 2980+#
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South Arch
Loadings
Arch Ring Considsring the webght concentrated at the
Column points
Col.l

2.55' x 8.6 x 150 equals 3,290 #
Col.2

1.97 x5.85 x150 » 1,730 *
Col.3

1.65 x 5.55 x 150 " 1,370 #
0010"’

1.37 x 5.55 x 150 v 1,140 #
Col.5

1.27 x 5.55 x 150 * 1,050 ¢#

Total Dead Loads

Col.l 5,160 #
Col.2 3,550 #
Col.3 3,090 #
Col.b 2,725 #
Col.5 2,730 #

Dead # Live Loads

Col.l 8,420 #
Col.2 7,030 #
Col.3 6,570 #
Col.lk 6,2u5 #

Col.5 6,280 #



South Arch
Losdings Left Half
Dead Loads
Wt. of beam, girder, and slab = 1N&07 /1in., foot
1st. Col.(wt.of)
1.36 x 5.5 x 150 = 1,120/

wt. of 5' of B, and G.= ZROO
52

Total
Distributed over 3.5' of Arch ring= 1,%70"concen-
trated at
1st Col.

end Col.
1.36 x 2.9 x 150 = §90¢

B, of 5.35° s.ve.czzgo

T 3,5= 1820/

)

COL..2
3rd Col,

1.36 x 1.20 x31§o iczu5 o
R B.&G.
295 ‘6?%%5 L 2,5 = 1720f 2 Col.3

L¢nh Col.
(Fo Col.)
5.35' B.% G.= §770 + 3.5 = 1625/ T Col.b4
5th Col.
(No Col.)
5.45' B.& G. = 5290 * 3,5 = 16204 ® Col.5
Live Loeds 2280% /1in.foot

(1) 5 x 2280 . 3.5 = 3260F
(2) 5.35x2280 ° 3.5 = 34E0#
(3) 5.35x222%0 + 3.5 = 3480¢
(%) 5.35x22%0 + 3.5 = 34804

(5) 5.85x2280 + 3.5 = 3550# ;
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Maximum Stresses

Cue to Loading

Point No.1l Loading Y¥o0.2 Loadins
Upper Lower Upper Lower
cr. 1314 2154 -103 £09
Spe. 286 -29 -336 124
1 218 76 -225 508
2 219 -1 19 285
3 313 -56 -58 415
4 493 =150 -78 431
5 459 -143 =110 474
6 472 -65 =159 Lzl
7 h23 =52 -159 496
8 L L -60 =154 453
9 230 9k -76 476
10 140 190 -28 has



Central Arch Of Viaduos
The stresses in thie arch may de considered porportional to
the North Arch and to the South Arch using vzlues for the
thickness of the ring in porportion to the other two.
To show that this is feansible the arch relations wili be
given
Span Lencths
South Arch 61 feed
Central Aroh 76 feet
Korth Arch 90 feet

Diff. 15 feet
" 14 feet

Thiockness of Arch Rings
South Arch Cr, 15 4n. Spg. 2.5 18,
Central Arch Cr. 17.5" Spg. 3.095 %,
Korth Arch Cr. 20 in. Spg. 3.71 f¢t.
Ratio of Crown to Springing
South Arch 2.0
Central Arch 2,25
Norsh Aroh 2.5
All are the came type with porporsional column spacing and due
. to these fﬁotn it was assuméd that the stresses would not exceed

the valuee in the other arches.



Arch Axis Spans

Large Arch
92.7'
Central Arch
78.15°*
Small Arch
62.6"

Maximum Thrusts
Large North Arch
57,9784
Central Arch
51,6924
South Arch
b5, boht

Crown Thick
20"

174

15"

3.35°"

2.73"

2.1

65~

Thickness % Spg.
3.1

3.11°

2.5

L with vertical

40 degrees

43 degrees

- 46 degrees



Design of South Pler
Division for Constant S
I

Div. L to make % constant

o
30

3.4
3.9
L.y
5.1
6.3
8.0

Q| ~N O F W+

604



Summation Xy
.
£ XRYR
- %2
" YE

Summation X;
[ ] YL

" XLYL

. 2

2

n YL

Summation Yp
2
" YP

Design of South Piler

= 974.6
s 301.1
= 11738
= B6229
z 170

s 724.6
= 209.1
= 6165

3270325
= 2216

- 111.9
2373

Summation "ﬁ
*  MRXR

" ou Yp

Summation ¥
" MKy

" }”‘LYL

3,146,130

1,3%61,8&70,000

264,580,000

1,087,539
366,360,000
67,211,000

Cp =9.18 ¥, =10
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Cesign of South Pier

Values of Unknowns by lleans of Least Squares

5,550 4 ¥, = 6b,400!
3,900 Hy = 21,500/
12404 Vo, = 20,370

o

64,400= 3.15°
2

:;_g_%: 4.5 Xo = :



Design of South Pler

P= ggiooo (1 £ z,ux6) = 5,100(1 £ 1.13)

P = 11,000# per sq.ft. compression on Left
P'= 660# Tension on Right

Steel in Stem ¥eall
M= 17,400 x 31 x12 = 6,352,800 in.lbs.
d = 7' - 84n - 3% for covering = 81" to steel

p = .0077

va2 = 6,352,800 = 59,000

1242 =59,000 42 = 4,920
a = 70

Ag =pbd

L0077 x 12 x 70 = 6.4 8q.in. steel



Design of North Pier
Division for Constant %

Div. L to make S constant
1 b T
2 l
3 h
L y
5 h
6 b
7 Y
Sl - .123
I 22.6



Summation XR

. Y,
o XRYg
. xﬁ
" yg

L YL

" XYL

L] XE

L] 112‘
Summition Yp
2

" YP

Design of Korth Pler

1057
396
18173
57048

7152

974.6
301.1
11,738
45,229
4,170

98
1821

Sumration Mg

¥ Xg
TN

Summation My,

R SR S%

" MgYR

= 14,350,800 Cg =3.7
2,014,593,000
= 559,946,000

=680,935,000
=132,290,000

Cp -.123

(A

¥ =11

n -

ML =11

MP =7
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Design of North Pier

Values of Unknowns

My = -12,500'# M, 2 72,8004
31 = 1614 Hy = 4, 8004
vi = 11,2004 Vo = 33,2004
X{ =1,1 f¢t. x2 - 2.19 f¢t.
to left to left






735

North Pier
C.G. of Section
28 x 7 x 150 = 29,400/
12 x % x 150 = 1,800¢#
19 x 5 x 150 = 14,2504
29,400 x 12 ¢ 1300 x 7,8 $14,2 -1

P ® 100,450 x757%
13 (1 té_fgisl)

= 3120(1 4 1.76)
= 8,600# per sq. ft.
Py = -2,3504
At Base of Stem "all
6 x 4,8)

p - b8,200(1 ¢ 6 x &,

P, = 153 per sq. in. compression

vV =_72000 x ; = 56f
x12x12x12.
Ag =square root of 32200 {a?is x 12 .0077 x 12 = 1.25 sq.in.
Use %‘ $ ? 12" and %‘¢ between for
A‘ moment varies as cube of dist. below top

@ 14* the reinforcement necessary = % that at

the base. So carry for 14' wup.






Viaduct Section

This viaduct section coneists of beams and girders of reinforced
concrete with the exception of 3 steel spans over the Crand Trunk
Railway.

The lengths of these epans and the angle of the bents
with the roadway are shown on the layout dlagram.

Sample computations are given and the other beams have
been worked out in a similar manner, so it is unnecessary to
show all of the computations.

These computations have been checked twice so they are
assumed to be the correct results. 4

The depth of the @iirders are limited because of clearance

over the Grand Trunk tracks as eshown,



Slab Tesign
d. = &} in.

d_ = 7 in.

Use 1" gq.bars U" c.

This desipn governs all parts as all other spans
are shorter, and in order to keep a uniform sled

8% inches will be used.



Span 37'=0" (for inte

D.L. slab = 7 x 150 = 1050¢
beam =2.21x2x157z 663
- lx%} 150 1
T

"

rmediate spnens)

L.L. :3% of 4 Trucks = .737 Of "ne Truck
737 x 28,070 x& = 25,000
737 x 20,000 x&,: 18,000
¥ Truck = (30,500x5.5412,%00x12).2 = 278,000#%
yD.L. = w2z 1702 x 37° =
Shear
P,L. = 22,000% bs 6§
v = 74,1304 _Use dg = 29"
U = 724,130 2 121% ---Use stirrups
28xf/x

- [+
- ol

h| 92

s = 21%!000 X 15 = 15,550"
® X 92‘2

f, = 1?!6;0-3 !Eé - 526f

K
b 4

s 21%5000 X ]g
t) » -re )

Use 12-1ésq.b:= 15.18 s8q.in.

= 15.5 8q.in.

H

P = .00622
t = .293
d



Investiration at Support

g.': %5: 138 p'=p :E&Mx ?i = 0218

v = Jb428 J = .855

| fg = g;*Eooo é %5 = 16,250
} 1 ° Xeo 2 X

12 bars in Top at Support

12 bars in Bottom at Sunport

|






Span 37'=0"

Stirrups
Use h% " 5w ,392

Conorate will stand Vg = vbjd = LOx24x875x29 = 24,407
Sp. at supnort 3;ﬁnfgj§
! ‘ v

|
hugigguign = 5o
/ ’ - ’

¥ax stirrup spscing s .45d = 13.1"

S 3 7. - ' 6 00 - 90“”
’ X -

S ® 10" 000 = 12.1"

// u’, x »

Max bent up bar spacing

hg 1 Eé = 25.4!

Spa % 7" f?r§3'
9" for:3*
13" to penter






37' Span Outside

be = 10% 37"  bhe
dg = yée
D.L. slab = 4,75 x .75 x 150 = 5354
rs % x i, x 150 = 19
beam = 2 x 3.833 x 150 =1150
1 x2.12 x150 = 318
slab = 1.25 x 1.25 x 150= 234
rail s b

Ry = 21,250¢
M Truok = (

2
¥ DLe s w é = 2805

Kull, = é.z.lgg.x.!!?
walk 100%/f¢t.

Ry = 29,200

D.L. = 2206 x 17 = 47,700
D,L, = 76,9004

21,250 x 6 L 48,750 x 12).8 = 195,000 ft,1bs.

384,000 ft.1bs,

82,000 f$.1bs
§7§.535 !;.IB!.
5.5&3,000"??

Ry= 17500f1zsoox§§f12500
x i%: 29,2004






T-beam - Outside 37* - Span
Investigation at the Center

Ag = ] - 6,%&8!000 = 12.90 eq.in,
!etae-g) ’ 2-6)

Use 12 = 1" = 12 sq.in.
i.: %; .285 P = ;s - 15,00 = 0065

] | 6
agran K2 .360

Kd = .36 x U2 = 15,1

f = ¥ g g,guﬁ!ggg = 15,500#
® Ag)d 12 x &9 x 42 20
fo = %TE s 1§§?02 X ’}ﬁ s 5804

Conorete takes V, = whjd = 40 x 24 x.88 x 42 2 35,500
Stirrups |

8 @ support = Agfoid = h;,;zﬁgxé6000158$;hg = 11.2* or 12"
v
8 » ’

Max. estirrup spaocing= .lU5d = .45 x 42 = 18,9

Kax. bent up bar spacing = ,U = 4s bl = 350 gay 3A"
© 2 iy - A

y 6000 g2 x 42 = 20"
- 8 X

3¢ from support, Spa 7 18"




T-beam Outside
Investigation at Supports

Bendinz up Six Ears

'-hg.o 'apz=Ag = = .011%0
s i Plzes i b
Diagrem 8 K= .365 J = .836

fs = ? = 6.2u8gQ00 = 15,550
8 s - T - - 5.05

f - K - 6 0 6 6001?
© nli-?) isil—f;g%) =

6 bars may be bent up from each side
Lap bars 7 intermediate supports ero as to
provide 12 sq.in. Top
12 8q.in. Bottom
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T-beam Outside
37' - Span Regative Moment at the end

M- w 12 for dead load on fully restrained section.

M truck = (21,250 x 6% # 8750 x 12).5 = 121,500 ft.lbe.

2 2
M = w1 =_2806 x 37° = 240,000 ft.1bs.
‘D.L. 4,348,000 17 53 8q.1 551,503 Fe-1bs.
- - ° 8 ° n,
s = retdotiecty | —315, 000v#
Bend up &1" - s8q.br. - 8 sq.in.
d' = u - 009 ' = 8 = A - s - .00 9
$ =g e v il T 793
Diagram 8
er K= .391 j = &80

fe =g_4.%§r<2.232_ = 1b,6504
x x 42

fo = _14,650 x .391 - 625#
"i5(1173§T§L"

£3 = 14,650(.391-.095) = 7,100#



T-beam
Span 37' - O" Negative M & End Supports

MNeaew 2 for dead load

L.L. -3%_ of 4 Trucks = .737 of 1 Truck
.737 x 28000 x 3,: 25,000#
737 x 20000 x E_: 18,000#

Mpruok ® (30,500 x 6% #12500 x 12).5 = 174,000 ft.1bs.
2
| w % - 1101 x I - 1&;,000 f{,lbs.
D.L. * - 1 ] O L] bB.
000x12 = 9.668q.in. necessary
* rtry - R

Bending up 8 bars = 10.12 sq.in.
. if 12 bars are used in
Investigation over the support bottom.

‘. 4 - .138 p' = %o,*a P'e= %0.12 = 0145
o ) 1358 0218
Ps = .
24x
From diagrams

K= 461 J = .848

e = 000x12 = 15,300#/8q.in.
15. %%x 343x25

300xth61 = 870# -——=--Is allowed because of extra
P

concrete in knee.
13 '= ;5.1oog§h6;-,1}sl - 6,340¢
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Tabulation of Beams accordinc to Span Lenoths
Reinforced Concrete T-Beams
Icside - The interior beams

2.4 Span - Over Arch
by = 25° d_ = 1€l

Use 4 1" ¢ bers -

dg = 16"

Stirrups - Sp. 6" uniformly

20! Span
b = 5' - 0 dg = 20" 4, = 24
Use 10 1"sg.bars

Stirrups - £

22" Span
bf s 5' = 0"

Use 10

1"eq.

prozressing to 11"

dg = 21" d. = 25"

bars

Stirrups - 6" - 11" at center

29' Span
by = 6'-0" dg = 23" 4, = 27*
Use 12 1%2q.bars
Stirrups - 6" - 10"

31* Span . .

" L}

by = 6'-0 dg = 24" 4, =z 28
Uses 12 1 %“ sq.bars
Stirrups - 4" = 10%

34¢ Span
by = 6'-0" ds - 27" de = 31"
Use 12 sg.bars

1 %’

Stirrups = 7" = 13" at center

37" Span - See Sample Computations



Outside Coans - Side~alk Side

8.4 Span
do = 32" d_ = 29"
Use & %‘ round bars in Top and Bottom
Stirrup - 13"

20' Span
dg = 37" d_ = 33"

Use 6 1"2q.tars
Stirruvp - 145" uniforrly

22' Span
dg » 38" dg = 34

Use 6 1%"eqg.bara
Stirrup - 15" uniformly

29' Span
8 = 0% d, = 36"

Use 10 1"sq.bars
Stirrup - 13.9" to 16" at Center

31' Span
d, = A1° d, = 37"

Use 12 1%"sq.bars
Stirrup = 12" - 16"

34¢ Span
dg = B5" 4, = M1"

Use 12 1"sq.bars
Stirrup - 12" - 18*

37°' Span - See Sarple Computagions






Curb Spans T-Beam

20' Span
by = 24 dg = 37° dg = 341*

Use 4 1" eq.bars
Stirruos Yax. Sp. 15.5"

22' Spen
.bg = 25"  dg = 32" dg =z 35.5"
Use 6 1" round bars
Stirrup ¥ax. 16"

29" Span

4, = uon d, = 37.5"
Use 7 1" sq.bars
Stirrups 164* sp.

31’ Soan
dO = dg = 38.6"

Use 10 1" round bars
Stirrup Sp. 17.3*
37' Span - See Sample Computations
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4o* Steel Span Outside

D.L. slabas 4.75 x .75 x 150 = 534§
be;m = 2x 3.92 x 150 = 1175
I-b:am - '

rail = = 3;0

M ‘ = w = 2438 x LD - 422,000 ft.1lbs
D.L. - » [ .
—EL —%——

Mull. 600 x I0° = 120,000 ft.lbs.
4o

M = P - 1zﬂ500 x - Z;' 00 ft.lbs.

L.L. u » to b‘o

Use Carnegie C.B. 272 -y A 1604 Beam

M= 675,150 ft.1bs.
Max Shear at end section = 208,570#
Allow. Uni. Load Fixed Free
135,000  95,000#
(2438 4 600)40 = 121,000 ===Fix ends
Top Flange stayed laterally at intervals of
about 15! or 17, if at all.



’!f ,

»ﬂmﬁg;ﬁﬁmi

3 IIEF/\LG o~




4o' Steel Span Outside

D.L. s8lab = 600#
beam(r )al4g2Y
I beam = 120

12127

L.L. = 90% of wheel loading

2 2
M =w 15- 1218x00°- 244,000'f
DCL. ——g—-- ?

¥ =19,125x847875x12=-247500" ¢
prek ’ ¥ total 35%?3657}

Section Modulus
S = hQI!SOOxIZ = 328
1300

Use Carnegie C.B. 244 ol 1304 s Z 334
M = 500,400'$
Shear End R = 159,180%#

Allow Uni. 1= Fixed Free
100,0004# 70,000#

Shear
Ry =15750411250x2 11250:%8

L 8220 = E?Z%oo#
D.L. =121&x2 =2l 760
v E J »

Suggest 24* C.B. @ 1204 Providing ¥01.9
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Steel

Span Cutside

Lee Carnegie C.

Coan Inside

C,RB., 24l zhn»

Span Outside
c.B., 272 27"

Span Inside
C.B, 244 24w

Span Outside
c.B. 272 271"

Span Inside
C.B, 2uu 2hn

Soans

B, 272

130

1754

130/

g 1204

# 1404

7”

16

A~

L
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