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DZSIGN OF CONCTETE ARCH FOR CHILDSUALFE ROAD
ROCKFORD, MICHIGAN

Tnis particular problem was choosen for a thesis because
of the variety of design probloms which must be dealt with, Tne
#ooden bridge which is being used at present is very unsafe for
ncdern, or any traffic, as part of the timbers have started tc
decay. The bridge is only 16 feet wide betwzen railings, thus
making it a one way bridge. The floor has been patched in numerous
places, The wooden railing ia in very poor condition and gone
entirely in some nlaces, The floor 2lants msking it very dangerous
when slippery. The bridge is 160 f=et long, and slopes slightly
upvard from the north end to a point just pest the center where it
Gips shargly to the south end., A cer coming on the bridge from
either direction cannot see the road ahead until reacning the
center of the bridge, It can be seen from this description that
the bridge should be replaced before some accident takes place,
The bridge passes over a Penna, Railroad track which is the main
line between Grand Rapids and Mackinaw City. The angle of
intersection formed by the road and the track is 273 degrees,
This means that the road runs nearly parallel to the railroad.
The touograyhy of the location makes a natural grade sesaration,
The bridge is located 1 mile west and i mile south of Rockford
on a township gravel road,

The bridge which was choosen to replace the present
one is a seguental circular arch, This was choos~n because of the
beauty of its design und of its saaptapiiity to this particular

tcpography., The arch has a 14 foot rise and a €6 foot span., The



approaches are nearly 60 feet long. These dimensions were arrived
at after various designs hed been tried in shich the stresses
developed were to high. The strength of the concrete to be develojed
in 23 days is 25350 1lbs, per sq. in. This gives a working stresa of
1000 1bs, per sqe. in. The working stress of the steel is 20,000 lbus,
per 8q. in, The n for 25C0 1lb. concrete is 12, There is 4 feet of
earth between the crown of the arch and the pavement, The puvement
is of the same strength concrete and 1 foot thick, The live load
used was 200 1lbs, psr sq. ft. In the stress analyais s tempereture
rise of 20 degrees and a fall of 60 degrees were allowed for. Tne:
nighest stresees developed in the bridge under the worst possible
conditions w#ere S6% lbs, per 3q. in. for the concrete and iG,4¢2
ivs, per sj. in. for the steel., These stresses are aitnin tihe
allowuble, |

The retuining 22ils for tuhe e..rocches are cf two kindis;
cantiiever, ana counterfort, :t thne end of the a_prcaches zing wr.lls
run oul ;ar.ilel to the track., The wings sre cantilever re*sining
wills, The railing is of metal with concrete ;osts and pilastsrs,
There are two drains on e.ch side of the bridge, one o,;wsgite e.ch
rliuster adjacent to the arch Jroger, The clear roadwiy is 18 feet,
The sidewelks :re 2, feet wide. The soil is sandy, the angle of
internal friction 41 degrees and the bearing capascity 5 tons ger
8q. ft.

The calculations for this project a,pesr in the following
pages in blue-line prints. The drawings are in the folder in the

back;



COMPUTATIONS OF CONCRETE ARCH
FOR CHILOSDALE ROAD

ROCKFORD — MICHI6AN
BY: A 6. D.



TRIAL ARCH

SPAN-66FT. CROWN SECTION ~I5FT
RISE-I4FT. SPRINGING SECTION -3 FT.
INTRADOS: . L2 . 2
R=X Y «BAHLH . 45 90FT
EXTRAODOS: . 2
p-losie e lis gl 52 83F7
ARCH AXIS: . 2
R=03#08/+ (1270 - 49.24FT
REOUCED LOAD CONTOUR:
£(8)+/= £2° 8.20(8)+1=756'
#/4(8)+/=4.3/' 70./7(8)+/= 9.14'
4.62(-8)+/=470’ 12.62(8) #/=1l10°
S£7(.8)+/= 538" /5.60(.8)+ /=/3.48'
6.63(8)*/=6.30’
WEIGHTS:

571+ 5:0%.4/26/50=3576 *
584463/ «g /250150 ~ 3762 *
£3/[% 710 xgqp25%/50 ~ 4/52%
2/0+ 822 . g1264/50=4740"
8:22+979 ,4,75/50-5575%

2

219+ 1175 g/25/50 666%™

// 75;/42/ E/253/50 =803/ o

#
.LQL;_LE_L £./25¢/50=9776






£'=2500%7 »
£ =s000%/°" - +—£,—% T AREA=dx+./7/9
| ! 3 2
7e/2 ” I I«ds+.0£30(ds-25)
% =20000*/° ghanh @
P= I .
' -/ #-3 "BARS

TOTAL AREA=225""

REDUCED LOAD CONTOUR:

#(8)s1=%220" S56/(8)+/=549  1123(8)+/= 9.98'
20/(8)¢+1-42/' 6.66(8)+1=633  13/9(8)+ /=155
£29(8)¢1=¢44° 7.95(8)+1=736" /5348)+/=/327"
48/(.8)+/-485' 9.50(.6)+/=8.60
WE/GHTS : SEE ORAWING
R (ARCH AXIS)=49.24" ©=43°53'

Length of avch axis=37. 72°

Length of parts =3.77°
SECT| Z, | o | dfiz  |o#3(d-25)"| T Zo/ T /L
/ |13.¢6| 151 | 2669 | .06827 | .355/18| 38.458 |2.8155
2 |/13.38|154 | 3044 | .07/56 37592 35502 |2 660/
3 (/280|160 | 34/3 |.07837 | .4/970| 30.497 |2.3826
4 |1/.9¢|1 69| . 4022 | .0689/7 | .49/40| 24.297 |2.03%50
5 [10.80]182 | .502¢ | . 70599 | .60837| /7752 | 16437
6 | 9.39/197|.637/ | .12721 | .76433| /12.285 |/3083
7 | 772|214 | .8167 | ./15360 .97029| 7.956 | /0306
8 | s80l25711.1093 | .19326 |/.30260| #4535 | .7677
9 | 363|260/ 9647 23747 1 702/4] 2./133 | 5875
/0 | 123|2871.9700 | .295171 |226516| .5¢43 | .44/5

/73.966 /56725
£2

- L2296% . /0’

/5. 673




SECT| X | yez-¢ xYr r¥r //A

/| 1.89| 2.56 | 10.057 /8. 45/ 5945

2 | s5e¢4| 2.286 | 84.6/7 /73.828 584/

3 | 937 1.70 |209./89 6.886 5643

4 [/3.0¢ 84 (346.034 /.436 5370

5 |r6.6¢| -.30 (45%5. /733 .148 5020

6 lco./3|-1.7/ |8530.150 3.826 . 4668

7 12351 |-3.38 |569.640 /1.774 4£325

8 |26.75 | -5.30 |549.334 2/.565 .3933 .

9 |2984|-747 |523./2/ 32.783 .3607

/10 132.75]-987 |473.50¢ 43.007 .3286
DEAD STRESSES 3750.779 /53.70¢ #.7638

SECT | wmvwn | 22fa | (muzma)y M,=3—§%§E = //8.499 %"
/ 1489 8384 21463 X.
2 | /3667 72712 j65783| ™ " 376930 = #1509/

3 | 38470| /83322 311647 | M, =/18.499 ~#580/260+~ 58¢*™
¢4 | 762/4| 310192 26056/ sagv/z " ,
5 |/27666| 419698 | -/25909| ©” 45807'::'/30”':',‘0,37
6 /192952 504892 | -863365

7 (272884 562480 |-190//82 | M;<-659.867-45.80//3.69

8 (367399 56£/02 |-2 989 74/ =-3085/% %

9 (476349 559706 |4 181004 | I; = £5.80(<cos #3°53+5/ 268 5infI53’
/0 |598327| 528286|-52/4/83| = 68.549%

TEMPERATURE STRESSES:

‘I

FOR 60° FALL

3713 77414515930 e= 3205/812 o 5 40" below axis

68549

H = 60 fe0%1025/0% 124  _ _ 6/76‘

/56.€68
M8/78:2.60:2/263""
T, 8/78:.72075=-5894"
M;=8/78x )110= -90776 '
FOR 20°RISE

Divide by (-3)



UNIT LOADATA,

SECT |m fmrmy)dmzmy) (my+mr) 4 (m-mp) (m.+mp) &

2 3.44 9.15 516/ 20.86

3 | 7/7 | 1708 | 160.04 __29.04

4 10.84 22.06 287 66 /8.53

5 /14.44 23.74 395.03 -7/12

6 | 17.93 23.46 472.25 -40./2

7 | 2131 | 21.96 | 5/6.28 7422 |

8 | 24.55 /8.85 504.24 -99.9/

9 | 27.6# /6.24 484.60 -121.3/

/0 | 30.55 /3.49 44/.80 -/133./5
ot waoare, €93 33/3.5/ -407.40

3 2.77 6.60 6/.84 [1.22

4 6 .44 /3.11 /70.95 1.0/

5 /0.04 /6.50 274 .56 -4.95

6 /3.53 /7.70 356.30 -30.27

7 /16.91/ 17.43 | 409.78 1 -58.91 B

8 20.15 /1547 | #/3.82 -8/.99

9 23.24 /3.65 407.32 -/01-97 ]
| /0 | 2645 | 155 _J378.26 _"/i4.00 ]
UNIT C0AD AT C, /12.01 2472.83 -369.86

4 2.04 4./5 T 5447 3.49
3'_~:—3’_.6'3__: _jng | /5425  -2.78
| 6 | 943 | 196 | 240.35 -2042
7 | sz /1289 | 30304 | -43.57

8 15.75 | 1z.09 323.¢/ -64.08

9 /6.84 11.07 330.33 -82.69

/0 2/.75 9.60 3/4.40 -94.75
UNIT LOAD AT 0, 7/.07 /719.95 -304.80

5 /.24 2.0¢ 33.95 -.6/

; 4.73 6.79 /24.60 ~10.58

7 8./1 8.36 / 96.54 -28.26
8 | 1135 8.7/ 23299 |  -46./6
| 9 | /4w 8.48 253.04 -63.35
| /0 | /735 766 | 25087 _75.60 ]

L. 4248 /1089 /. 99 -22%.f6



UNIT LOAD AT €

6 .33 43 8.66 -4
7 3.71 3.82 | 898/ -12.91
8 6.95 534 | 142.85 -28.30
9 | 100¢ | 590 | /7606  -44.01 |
/0 | 12.95 | 572 . 187.33 | -56.46 |
UNIT L0AD AT £, 21.21 6047/ -142.48
8 2.55 1.96 52.43 -10.39 ]
9 5.64 3.3/ 98.77 -24.73
/0 8.55 3.77 123.47 -37.2/
UNIT LOAD AT 6, 9.04 274.67 -72.33
9 —"/.'éé”"h——.'ié"_“Tnmé .78 | -5.45
o | e | e " 59.93 | -is.oe |
INFLUENCE TABLE <7°° o7l "23-51
Unit Loadat A 8. Ce o £, Fo 6.
M 5.298| 3.574| 2.265| 1.322| .€77| .288| 081
2 /.285| [/.167| .962| .708| .450| .228 074
-V 442 .329| .229| ./%6| .08/ | .037| .o/l
v 558 .67/ | .77/ .85¢| .919| .963| .989
2604, -JL 3.341| 3.034| 2.500| .84/ | /-/70 | .593| /92|
"M, /.957| 540 -.235| -.5/9 | -.493| -.305| -.1/1
1.10H, | 14. 264 12.95¢4 | 10.678| 7859 | #.995| 2.53/ | .82/
34.08Y, | /15063 |/71.212| 7.80¢| #4976 | 2.760| /.261 375
34.625|27.740 | 20.747 | /4./57 | 8.432| #.080| 1.277
A. 3/.88 |27.48 |23.08 | 18.68 | /4.28 | 9.88 | 548 |
Mlleft) | 2.745| .260|-2.333|-4.523| -5.848| -5:800 | -4.203
‘My(Right)| +.499| 5.3/6| 5./39 | 4205 2.9/12| 1.558| .527
HoCos@| .926| .84/ | .693| .5/0| .324| -1e4 | .053
Wsing | .367| .465| .53¢| .592| .637| .668| .686
Lirere)| 1.3/3| 1.306| 1227 1.102| .96/ | .832| .739
HoCos@ | .926| .84/| .693| .570| .324| ./64| .053
VR Sin@ 306 | .228| ./159| .101| .0%56| .o026 008
TLRigpt)| 7.232 | /1.069| .852| .ei1 | -380| ./90| .oe/
M= M,-2.60H, Ms(Left)= Mo+ /.10 Hy + 3408 \ - K.,
GVSin@tHCos P Ms(Right)s Myr11./0 Ho ~34.08 V,



LIVE PANEL LOAD=200~440-880%

MAXIMUM LIVE THRUST & MOMENT
UNIT LOAD |LIVE LOAD
LOADING VALUES STRESSES
MOMENT + | A, 8., A, B« 4.994 4395
AT CROWN - [COE FG(REL)  3.326 2927
Ho WITH + M #.904 £3/6
Ho WITH -M, £.844 4263
MOMENT  + A, B., 4.5 Co b LS| 27 161 23902
AT SPRINGING - |C., 0. ,E..F..6. € €| 22.707 19982
THRUST  +M; 7.0/4 6/72
THRUST -Ms 4686/ 4278
STRESS SUMMARY & UNIT STRESSES
CROWN _ [THRUSTHIMOMENTM| e | e/h | L | £ | %
OEAD | +4580/| -584
LIVE | +43/6| +4395
"t’zc +50//17| 3811 | .91°[.05/ 255
TEMP -8178 | +2/1 263
(FALL) | +41939 | +25074 |7.177|.398| ./32| 586
OEAD |+4580/1| -s64
LIVE | +4263| -2927
"_';x *50064| -35/1 | 847.047 250
< |Temp| +2726| -7088
(RISE) | *52790| -10599 |2.41"| .134 362
A=0/04
SPRINGING  |THRUST-TWOMENTM] e | op | L £l 6 |
OEAD (+68549 | -3085/
LIVE | +6172| +23902
MAY +74721| -6949|1127].03/ /90
M, |TEMP| +/965| +30259
(RISE) | +70686 | *+233/0|3.65".101 26/
DEAD |+68549 | -3085/
MAX LIVE | +4278 | -19982 |
) +72827 | -50833|8.377.232| ./7/0 | 356
M Temp | -5894| 90776
(FALL) [+67933]-141609]25007.695].17125 | 968 8480

P=! 0052




EQUATIONS :

i § metmg _'i(ﬂ%ﬁb
Tt s et
" ?h}faL f- DK
2 I bt
Oy frnffd 1)
WEIGHTS: ' ABUTMENT
zo.as;:az.33,‘/8_/‘20= ce573"
22505281 . /50=4742"
2250118 /50 = /2//6*
2028%660_ /50 «/0039”
(2502190 /50 =2494%
EARTH PRESSURE
R-C4f- Co=2/ ~@=21° (Rankin's)
P,:(.VE"_"'L"'L Cew= .2/1x/20=25

=25 0439220337 L 5566™

- At 3hh . (4434422033 _ o 40’
X thizny = T3(id+zx2033)~ ¢ %0
SO/L. STRESSES
Bcaw'ﬂj C'a'pacz'éy = 5 tons/sg- ft. ,

« P s Mc
5.45%0_‘2:3900#/”’
5= /45700 + [457004-40%x8.5
/7 4/0

- 9768%/°~7352*/"



ARCH FRETAINING  WALL

200%*] [92"/5’1 Ce =2] Cw=25
so ] T p= 2512033, 5/50%
25x .92 “
Lavth . =52 192 - 426
/2(’), /8.41' a4 £ Z Sios *
J' 51045 43— Mot about ()
I Yo L L 51504/3.55246+1.28+5/04 y
Y= /3.7
o= ,51316«2&@ = /44" say=15" D=/8"

Ae=00942:15=1.70°" L' ®bars #7C-C A-180°

o”

v=b-;-d =/g./807!4;/5 = 33‘/0 oK 50 70 alfowab/e

4 5104 _a7*/ .
""20-3’%’&25-.875'15 =47 / Use Io/a:n rods

Ancéovayc =40d=35"

7201/0 S tee/

003x/8+/2=.54" s

2% in froné=. 36°" f‘éar.s 6”“c-C
AT in back =-/¢9*“'~ £% pars /2" c-C

e WING WALLS

T‘ bos¢=.65~/£5=/0./lsay sot

/ Joe = ~/05 357

3000% /"5 P = 25~ /5.5 3000*

\I‘-_,—F‘ - _______

':.)IEb-’ - ’1_&_ 4/ We of ¢arf/7 /ES5x /20 = /0¢¢0

¥ ? Y Wt of stem =/x/#$53/50= 2/75
L—“/GSI——‘J Wt of base =/1/0.5%x/50 = /573

/4/88%*

PE. of a/o/o/fcat/on
/E€/B8 x = fOLLOxT7. 5+ 2/75x4 + /573 25.25

= 0. 74’
S/fxaoog - 6. 74-/10=564&
488 /70’ 74-//0=56
€=525-564=-39' (to left of center)
«.39)] /650 heel
p= /_/{o/g_e (1t @ 3r/~ /052 toc

/4188 x.F _
fir e = 19



-/ STEM
pe L5t zezo"'
ool | #5 A 0-£83 - 58" 504 9" 012"
283 A5 0094249 = 1.02°" 3P bars 5C-C A-106""

A4

2620 % /0"
v E b 201 ok

2620 - 0” )
Az 2362187579 60 / Use //mﬂ rod's

ﬂnc/rova.gc - £0d/= 30" /n base

Temp. Stee/
8% in fromé -"" ﬂéars 6“c-C
/T im back- f"‘o.vs s2"c-c
57 TOE
/50", F¢. T = = -
. Py . BM = /50:23.5 1’_/4»'.5'2211.3.5 , Joos3.5 = 5938

_\[s938 . “ e Q"
1052 d= |27 .0 O=Y9

- — — — — —

/7252 8500 » /0% /2" o/ 0"
r=m 56/ USOD/Z/d-g
- 3500 _ »*
VT 2a.g75¢9 =37 /
As =.0094x/2¢9= [.02° 3"V bars 57C-C A=/06
3500 =79%/%9 Use /o/aon rod's

L5736+ /% ’5{- xB875x9 -
Temp. Steel -4 ®bars /2°C-C Top & Bottom

Y HEEL »
/890 /i . B =58016+3- 340344 26350°

(U —
= 6350 = ~ " - ~

d \/———/64 6.2" saqy 7" 0=/0

---------- /3/0 V=4/0x6=2460%
#ﬂ

) wv 2200 = 3377 ok
Use 0= /Z o=9” ¢te make same as tof
As*= 0094~/219=/oz"“} *®bars SC-C A=t06°"

. _2460 ” /o
2-361%:..87.{19 = S5 / Use /’/ﬂtn rod's

7emp. Steel/ - £“® bavs /2°C-C Top & Bottorm




AFPPROACH WALLS
CANTILEVER WALL

1.92' ¢.5;| base=.65h=65<20=/3.00 ’ ,
T Toe = fbasci 12 = 43 say 45
,  p=2229E o ¢poo*
" /6 P = 25%x 192 _ 46*®
o 2 5%
T—'iﬁf—,—" } 5954
o BT A L Wt of base=r3xisxss0= 2920”
¥ _%rf_L We of stem=/B5U50/50=£/ 60"
~——/3'—> We of garth =2042 x7</20($3 00",
Mort. about (a) 2/380
6000 «/#.6/= £6*/28+5954 Y
y = 14.70’
Pt. of application
2920x6.5+4/6015.25+/4300%9.5 =2/380 %«
_ zaamsose *1,9%% ’
X= W=Z.0/ 8.25-2.0/= .24
ez 650-6.2%4=.26' #/a,
- 213080 (/1 e28) « QLW Niel
fs--i/_g%.’%'i =5 OK
. STEM
s p= 2522042 - 5500 i
Ch 5T5e*
- /6.5 Mom. about @)
6.72' L P6:L28¢* 5'/54y= 5200/'/3.6/
-+ 7777 y=/3' 70
o Y1875 - 445/ say 5" 0D=18" .
Ag+00941/54/2%170°" F Pbars #°C-C A=180°
" : [ 4
| "’7’%”‘7%773 =33/ ok - az{'/fg;:-/s ’Utzyi,., vods
Ancbo?d,d‘ g0d= 35" in basa r
Rmp. Steal

2% in front =-36°" $Pbars 6"C-C
AT in back=./8" FPbars 127C-C



TOE

225 ta bt

e—— 45—

1 £
BM=/48/<£5:225 08 «F53=/59/8

d~ V2 =985 say 10" 0</3"
/706 LR‘"’“ V=/48/45+6845-6566"

/842
” " ~ * /2"
Tl 71%‘%96';’3?75 = 66#/‘, but using D=/8 d=/5 vF 44/’(9/(

~

Ay 20094 /2:151.70% X %bars 4'C-C A:/80°

= _Mé = E-J 7 .
“ B25%.875/5 64 / Use /o/o rods

Em/a. Steal é“dbar.s 12°¢c-c top & bottem

HEEL . .
- roex 7" /
2675 lin. £t EM=/227< 735~ "5 28370
e—— 7' . a= 3—9%272- :/3./”503/4” o=s7"
V=/227%7-706+7=7847 "
M98 —==""" " e
/66 O
PR {1 X A

x/a’” ‘ " . i /0"
=/Zl.875./4=53 / but UJ/nj 0./8 a/:/_f o 50/ OK
As=.0094/2:/5=170°" £ ® bars #°C-C  A=160"

M aéf’;fms- =73%" Use pleinn vods

7'QM/D. Stee/ fuﬁbav.s 72 C-¢C fo/o & bottorrr




COUNTER-FORT WALL

ile - /"-— Thickness of [.f.-zz‘g‘/l= 2—23-4— v
o T Say 157
S/aacu-r9 vof C. F
2050 SZ 2 4L +.2/64 246221624764
/0054 o | A e Say 8-o
9T32' © 4 ,_J'_l 4 Breadth of base
x IR R A L
/2" T
p. 25128425 _ 10,007 1 Mo abedt (a)
2 70/00 */8.95=46+/.28 +/005¢ ¢y
,;ng.fl/-gz. - 46# y= 79./°

We. of wall per lin. £¢.

/0054*

2957:/252450 _ s0070%

/2%2.5x/50+24 /507 8
WEt. of carth
7:25.92:/20*= 2/800%

Pt. of app/licatiorn
3/870  =+£553600* 6%x£500+/970+7.33+2/800x8.50

e-6-469=/33
Mi:/.z% Use /(ccr

e

¢=7.63'“

—_ X /00

X = 9"?/3/70 =2.9¢ 763-29¢4:469’

p= 3/570 // + a./ 33/ 435(;/{”{27

700354
STEM

me25325.42: 635 lim. /t

EM:
o=

As=00949+/2=/10/°

VE

A=

wl™. 837564 + 4060""

£060_ 2 $98"say 5" Use o/=9) 0/2"mimmum

;’—',"bars sc-c A=sr06°

X E
wl . e3T8_ . 540

2
540 R L
/Z<.875%9 27 / oK
‘ ”
2540 = 57/0 Usa detorvrmrad bars

Z 36(%‘;—:87519

"



70£
¥/,
375%tin. £¢ BM=2873 42+ i.@.%iii_ ~292/5""

1 | 2/ ” - ”
a= \/é—/é%_;}'—’-‘/}j‘! say /47 D=/7

3248 < — — —— — —
\//72.
4420

As=.0094x/4512-158°" 1" % bars 7'C-C At 7/ °
V2873 «4+586x4 =/3836~

S+ 32 oy 957" } 2 xs4= 27" p=30"
R PR WY ~/¢=/64#/ﬂd /LZQJT-‘/‘ 9"
As '-0094'/2‘27'3-04'”/[31 bars S°C-C A4=3.04
detormed bars
3210 %/ 1in. £¢. HEEL «
375% ge| BM=42922* - 6500™
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