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CALI:ORNIA DrviSION OF HIGHWAYS 

BRIDGE DEPAR~~T COMPUTER SERVICE 


TUNNEL ARCll AAALYS IS 

INSTRUCTIONS FOR USERS 

This service will calculate stresses in a symmetrical, 
reinforced concrete arch section aubjocted to a series of pressure
loadings. Supports =ay be either fully fixed or fully pinned. 
Analyois follows the pre cedure outlined in the "Portland cement 
AssociAtion Publication ST53 . " 

DATA PREPARATION (on For= H-BD D 74 , 75 An4 76) 

Identification: Dist rict , Group, Batch and accountinq data are 
standard. See General Instructions for U1ers, Memo to Designers 
20-1. A Problem number may be added if useful. Identification 
must be identical on all sheets for a given problem. 

LOadillqs : 

C. G. RE.f. TOnx 	 AJICM., EOGE CONt. (.Ill ill)UIIIT 
Pill 	 IT. lmA 

• 
I 1<7 I 

s:c till 

l. 	 FIX or PI N - Support Fixity. Write in 
appropriate word . 

2. 	 ARCH UNIT WT. - Unit woi9ht of arch mat.erial 
(lb/cu. ft.). It . will be neqlected if left 
blank . 

3. 	 C. G. REINF. TO EDGE CONC. - Distance froo 
!ace (intrados or e.xuadoa) to c. c. of 
reinforceoent for that face (in . ). 

(Formerly Memo to Designers 
20 - 26) 
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LMOINGPI!ESSli!ES (.01 K/1c. Fl)lo:< 
I 

1 2 3 	 1>1 5. L6.d21 

I 	
L. " 

.I 

. ,2 

3 

4 

4. 	 LOAD NOS. must be consecutive starting with one . 
Input sheets are prenumbered for convenience. A 
maximum of 15 loadings may be submitted with any 
one problem. 

5. 	 LOADIIIG PRESSURES, numbered 
l through 6, correspond to 
t ,he Loading Pressure ~ey. 2 3 4 s 
All pressures are assumed to 
act toward the arch section. 
A loading of all zero pressures 1 
(entered as zeros, not left 
blank) yields an analysis of 
dead l oads. Pressures are in LOADING PRESSURE KEY 
kips/sq.ft. 

<;oordinates : 

ii X y 

IE 


{.OIIll (.OI Il) n .~ II " 	 5 
I P.O,C • 00.0 

+Y6z "' 3 

1. 	 POINT NOS. must be consecutive st.artinq with 
one at the crown . Input sheets arc pre­
numbered for conveni~nce. A maximum of 51 
points m4y be submitted . The points described 
form segmental limits for the left half-section . 

-2­

http:kips/sq.ft


3-4 BRIDGE Co.'·IPUTER MANUAL 	 March 1972 

2. 	 X coordinates are in feet . Point one must 
be zero. Describe only ehe left half of 
section . All coordinates must be positive 
from the crown. 

3. 	 Y coordinates are in feet . Point one must 
be zero. Des~ribe only the left hal! of 
section. All coordinates must be positive 
downward from the crown. 

Arch Description: 

stCIIEKT ~EIWF. {.01 "'· io.Jit. 
SEC< 	 TltICX!IfSS 
110. {.Oln.) !J'll!AOOI~~t '~' 

l ' z 

3 
 . ' • ' 
4 	 . 

• I • . ' 

l. 	 SEC. NOS. must be consecutive from the crown, 
starting with seqment one. Input sheets are 
pre-numbered for .convenience. A maximum of 
SO segment.s may be submitted. 

2. 	 SEGMENT THICKNESS is in feet, . measured nor,mal 
to the axis at C. G. of each segment. 

3. 	 REINF., given separatel y for each seqment, is 
in sq. i n . /ft. at each fact (intiadOs and 
extrados) . 

RESULTS 

Results consist of four types of printed pages as 
follows: 

1. 	 ARCH DIMENSIONS include coordinates, thicknesse.s 
and reinforcement describing the ar ch section. 
Coordinates are referenced to the computed neutral 
point: 
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L\ ARCH PROPERTIES includes for each segment the followin9 
valu.e.s: 


N ~ seg~ent number 


A = Segment lonqth/(seqment thickness}J 


A¥ = (A) (distance from neutral poine to aeqmcnt center) 

The followin9 tot,als are also provided: 

SUMAY2 • l\Y2 


suw.x2 • AX2 


SUMA • A 


YBAR 	 (Yn) • distance from= Ynp • 

A 	
oriqinal axis to 

••vment center in 

y direction 
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2. 	 ARCH FORCES AND STRESSES are shown on one paqe
for each load described. Contents are the forces 
and stresses in each segment. End condition is 
also given ~n this sheet. 

Concrete secti ons are considered cracked when­
ever P/A - MC/I of transformed areas is negative. 

Maximum reinforcement stresses are either: 

(a) 10 times the straight line concrete 
stress at the level of the tensile 
reinforcement; or, 

(b) 	 19 times concrete stress at the level 
of the compression reinforcement . 

The signs of all stresses a.re: 	 Minus = compression 
Plus c tension 

Minus thrust indicates compression' and minus 
moment indicates the extrados is in tension. 
A tensile or positive thrust will yield ze~o 
concrete stress and reinforcement stress of 

999999.9. 


Input loadings 1 through 6 are shown to permit a 
check on input used. 

2A 	 OPTIONAL RESUL'I'S · includes "for eacn segment the 
following value~: 

Cantilever Moments (left & right) 

Horizontal and Vertical Forces (left & r i ght) 

The 	following totals are also printed: 

l-10 • Neutral Point Moment 
. . 

HO = Neutral Point Horizontal Forces 

VO = Neutral Point Vertical Forces 

S!1A 	= (Cantilever segment moment) (A) 

SHAY 	= (Cantilever segment moment) (A) (Y) 
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r!ISC&LLANEOUS CO!-IM.&NTS AND HINTS 

The coordinate descri ption of point s along a·line eSeablishcs 
the ends of the segments used for analysis . 

Greater accuracy is obtained by use of a large number of 
segments. 

Geometric limitations prohibit the use of more than 2 successive 
po~nt$ wi th i4entic~l ¥ coordinAtes . This case can be approxi­
mated , however, by varying the Y c oordinate by .01 ft. from 
point to point. 

The designer should make a careful c heck of output coordi nates 
to be assu,r ed the program has analyzed the desired section. 

SAMPLE PROBLEM 

On the fol lowing pages i s an example problem showing data and 
results . 
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EX.V!PLE PROBLEM - COMPOSITE OF 3 PJIGE INPUT 


TUNNEL ARCH 

ANALYSIS 


LOADINGS 

NAME _ _.:.Jc~o:.::;e:......:Jc=o:.;.n;:::;~s::..__ PHONE 3333 

LOADINGS PAGE 

C. C. REIIIF. TOnx AA04 EOGHOIC. (Alii)UIUT•
I'll n . lfT1tA 

fo: T I 5.C ~ " .~ c~ 

~ ... 
SICISII "' 


UWliiiG PltElSIIIES (AI~ fl.) 
~~ 

1 I& 2 bt 3 lx -4 "' 
5 ~.a 6 ..,. 

I .W~ .I 0 1.0.0 ol 0 0 100 .3.0.0 
~ 

AXIS COORDINATES PAGE~ ARCH DESCRIPTION PAGE-;> 

i X y stGIIUT ~ElMF. (.1!1 ... otJilm; TIUCMESSI< 110. lAIII.)tolll.) t Glll.) • ~IITRAOOS~ .. " 
 000 I .2.0~ 061J ,o 6PI P.O.C ,.z 2/.1. /,z '!S~M I I 3 ...... ~3 .6.£-~ ,Z,;;,5 3 
.Z.6o0 I4 9 51 .5.3~ "~ .z.B,t ) ,5 I I ~' ss' 

(. ;z ,9 .56 I 24 I I I 7:3 
3 ,,,7 1300 I 4-9 6 7 • 

6 .~ I .~ '2 0 I .B 0.11 
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EXAMP~E Pf!OBLEM 

~----liNITIAL 
(0,0) 

• 

•
lTHICKNESSES 

I 2.05 
2 2.16 
3 2.37 
4 2.60

lt2 I 
~ 

5 2.81 

6 2 .95 

1 3.21I 

REINFORCEMENT~ 0 . 60 14· fn./ttJtoc.
I

113.00, 14.96) LOADING 

I 4Pi>IY, 10 Osl VOtt;eol 

71 3 ksf Horitontcl 

<p 
J 

( 13.20 16.081 ,, 
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S\J<~~Ul • 1\0. liOl 
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... ...1 TI#IIIIE!,, ..,. &ll.\lTsu I(IE-ooe . JUL•· ... lUI ""' .a•cts uo snuus ' 4U ' 
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!. "' 

t5 11. )1 -u.n ..., ,' -ln.' ...,.. ,_.. · liS·' •404f... ,' 

"· 18 ·l'·'' )I,U ) . )1 ·l~4.S "01l-• · .t~e.s ~ll-6
)t,U • U,II J," ...,,, • 	 •• 	 ~...,.. .., r.o.. ....., :•.,.. -u.o~ -:rn.o • 411<1•• 7lU - O •4'1"·'• 	 - s.so _,,_,, •11- H -s.so -•lf···. ·· fl •II · Jl •• • IJ ol •IIU.S -n. :r · li)II.S ••• _,_,. •l').U .,.... _,,_.. • M. U -n.u •Hiol u ..... - )Jt. l '".., ( ' 	 ' ' 

"' osot f\ll'l"'h. .illCH &!lfll1'SIS 11-Cl· O<IIo 	 "" •Burs U (l'"'· ... tns '"'(" .. 
CAlU ilfV( It ..t J'(fllfS ll(lt llC,\Ul i HC W'! 'UI( II.~ Jl)lt(fS ,.. ·~~.." ,..,.., 

• 
I ~~.11'\ 

v • $1'U /t.(fl,l, • ~ ~.I ~ IlHf Jtli;ot f• 	 v, '"' "' 	 $ fi le ••• 'Il l 

I - t.,O) ·4.0) a. I \ - J.U !l.U •). ! : 	 '·' 
' u.u •f. O) ~'I. Ill - r.(! 


- II), I) _,,,,, Jl.,.. • t t .l. 11.,.. •II.~· 

•?11 -~t •ls .ot 

'• • 	 - 148,,. ...,...~~ u.•t .,,,,, _H o't l -t~. , • 
-u.. .11 . ,,,,lJ t.•t - u.u I ·" I •tl..... 
_.,,,, n ·~1,,1$ - f .)) .,. ...o•' 	 _,,,,. .,.. __, 

• 11-·~-,,,·(•)1... )II •II· tli' -s•~ol• 	
,~ 

IU(I<IIIIE c. ~to $fC$ "'~Ollt , Uf I'II(JjiH( O' illc:l • J ...o 
&•ttl< (>UIIGf I,IIIIU·• '"UOJ.!IIIll " "''" 

- 9­


