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Chapter 5-Reinforced Concrete 

Section 5-4- Concrete Design Program (CONC) 
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Concrete Design Program 

Instructions for Users 


Introduction 

This p rogram is available as "CONC" on the Bridge Menu. This program will de!ilgn or check 
reinforced conoete (RC), or Fully Prestressed Concrete (FP), or Partially Prestresed Concrete (PP) 
sections using the "Bridge Design Sped6cations" of the California Deportment ofTransportation, 
hereafter referred to as the Code. The cross section may have a rectangular or flanged shape. Up to 
eight layersof reinforcingst~l lMY be i.nputand willbe ineither tension orcompresslondepending 
on the applied loads. The bars may be input as single bars or bundled two vertically or two 
horizontaUy. The program determines the area of tension steel required to resist applied dead load 
and live load moments. 

The program uses the STRE.'IGTH DESIGN METHOD (Load Factor Design) based on the 
assumptions given in article8.16 of thecode,and on the satisfaction of theapplkableconditionsof 
equilibrium of internal stresses and compatibility of strains. At the factored level the program 
considers the standard HS-20 (H-FAC) and CAL TRANS Permit (P·FAC} truck loadings as de­
scribed in article 3.22 of the code. 

The program has an option to consider loads at the service level to satisfy the serviceability 
requirements (Code 8.16.8) for fatigue (F·SER) and crack control (C·SER). For investigation of 
stresse~atthe service level, the straight-line theory of stress and strain isused with theassumptions 
as outlined in article 8.15.3 of the Code. 

Input parameters include ger..eral control data, material properties, structure dimensions, rebar 
l<lyoutand load data. The program usespanelinput (4 panels) an<!, where p ractical, parametersare 
defaulted to commonly US<>d values. The program also hasanXEDIT m ode which allows the user 
to by-pass the panels and directly edit the input data file. 

The program calculates the area ofsteel required lor fatigue, crack control, factored moment (Mu), 
1.2 timesthecracking moi:nent,.75 times the balancedsteelrotioand prints the controlling lo.1d type. 
To facilitate bar cutoff calculations. the program prints tile moment capacity (design moment 
s-trength) based on 100%, 80%, 60%, 40%, 20% and 0% of the area of main steel required fo.r the 
controlling load type. 

Atable offinal resultscontaining the area ofsteel required for different barsizes isalso printed. TI~e 
table indicc1tes lhe: controlling load type, maximum servke .stress, allowable servi.ce stre-ss, fatigue 
stress ra.t'lge, allowable fatigue stres.q range. effective depth, area oJ stee'l, and tebat spacing. The 
program checks the ba r spacing based on the code (8.21.1) and CAL TRANS preferred bar spacing. 
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General Description 

r 
 Etred ive width 

Tension - compcessfon 
 Top ether bars 

~L_:_--====+-- • 
Top mmnbars 

1--- Woll ~1<11h 

Bonom main bars 

• 

~I • • • • • • • •' o, 

~I I. Boa1om Other 
8 Tension- compre$$ion bars 

Effeelive width 

Input Panel Instructions 

GenersJ Oats Panel 

Title 

Enter a maximum of 40 alphanumeric charac-ters'to identify your problem. 

Type Of Structure 

Reinforced Coocrete (RC) 

Strenglh design method and serviceability crite.ri.:1as outlined i.n th.e code. 

Fully Prestressed (FP) 

Cwrent Cal trans design specifications require zero tension in the concrete under full 

dead load, but allow some tension (6 x ,ff;)Mdcr fuU service load. The section is still 
considered u.ncrackcd and is designed using gross sect-ion p roperties and traditional 
equations of mec.hanks. 

Pagb 5·4.4 Conetete O&s.ign Progr~m 
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Partially Prestressed (PP) 

The !rend in current design pradic:e is to pan!ally prewess structures by combining 
(uUy stressed tendons with mHd steeJ reinforcement, allow 4 x ..[f; tension in the 
ooncrete Ulldcr full dead load, and allow the section to crack Ullder full serv;a, load and 
sotisfy ultiJNte strength and sotvleeability oiteria. Partially pmtrHsed memb<!rs are 
dKigned using the same crack width and mild steel fatigue limitations as reinforced 
concrete. Maximum semeestress in the prestress steel, alter !osseo, is limited to 80% of 
yield stross. For low lax and normal, 7-strnnd prestressing strand, the yield stress is 
equal to 90% and 83% of the ultimate stress, "'spectivcly. 

The allowable range between maximum and minimum tensile stress in the prestress 
steel caused by livc lood plus impact at semee load, after losses, shall not exceed 22 ksl. 

For mo"' detailed Wormation on the dKip> of partial pncstressed structwu, see • A 
O.Sign Procedure for Partial Prestressing of Concrote Box-Gilder Bridges; by Steve 
McBride (SASA- 227·8268). 

Type Of Anatyels 

Enter the typeofanai)'Sis. DESIGNor CHECK. The default is DESIGN.Inboth the DESIGNand 
OIECKmode, the program computes the numb<!rofMAII\: temionb.1rs requln!d.ln CHECK 
mode, the designorenleJo thenumb<!r of MAIN tension bats, theprogr.un makes aoomparison 
to the number of MAIN leNion~computedatld prints an appllcablt 'OK' or 'NG'. 

The program prints a table of final,..sults containing a stress analysis lor cracl< control and 
fatigue requirements. In the DESIGN mode the otress analysis is based on the area ofsteel 
required for different bat slus. In Ow CHECK mode the stress ""-'It'Sis Is based on the area 
of steel and bar siz.e input. 

Consider Fatigue? (Code 8.16.8.3) (Yes/No) 

EnterYEStoC'OI\Sider CaUgue or NO to neglectitTheprogr.un will calculate thestmsraJ'.ge 
between maximum tensions:tre.ssand minjmum stressin thes·teel barsclosest to lhrexrreme 
tension fib<!r caused by live load plus impact at the servlt' level Ar. area of steel·is 
determined sotlult thestreM range isequal to theallowabl ..tress range.The default isYES. 

Note that fatigue is ched:tdat point of load application. Tiw d~igncr is ~ponsibk for 
:Jssuring: fatigue compllltrtce at other S-f'rCtions tlvou_ghout the span. Ger'leraUy this is at 
locations where bars a re terminated (cui off). 

Consider Crack Control? (Code 8.16.8.4) (Yes/No) 

Enter YES to con.sJder crock control or NO to neg~t it. At setvice level. an atea or steel is 
determined so that theapplied .tess cqu.1l; the aUowab!estrru.. The aDow:lblestress~.ds 
on the r.umhcr, size and spildng o! the baro. the eov<r from the extreme ~ion fibor of tho 
concrete tO the ce'lte-r of the bar located dO'eSt to the cxtrem~ tti'\Sion fiber, the area ofconcrete 
in tensionha,,nr, the same centroid as tho barbeingcon-;idered (ortheCG. nf• group olb.m), 
and the accepfJible cracl< h'tdth (environmental Z foetor~ Toe default is YES. 

CotlcretB DJJMign ProgrJm "•o• s·•.s 
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Ultimate Concrete Compressive Stress 

Enter the ultimate concrete compressive S1Tength (ksi). The default is value 3.25 ksi. 

Ultimate Concrete Compressive Strain 


Enter the ultimate concrete compressive strain (in/ in). The default value is .003 in/in. 


Young's Modulus for Steel Rebars 


' Enter Young's modulus for the steel rebars (l<.<i). The def.!ult value is 29000 ksi. 


Yield Stress of Steel Re bar 


Enter the yield stress (t<Si) of the steel rebar. The default is 60 ksi. 


Ultimate Stress for Prestress Steel 

Enter the ultimate stress for prestress steel The default is 270 ksi 

Low Lax Prestre:ss Steel 

Enteryesor no. The yield stress (1'1 ) for low ·lax str.md iscalculated as .90 times theultimate 
stress (I',). Fornormal strnndthe}ieldstress(1'7) iscalcuJated as .85t imes theultimatestress 
(f',). 

Environmental Factor (Code 8.16.8.4) (Z) 

Entertheenvironmental factOr Z (k/in). This is the Z factor used in the craclc controlched<. 
The default is 170 k/in. 

Structure Data Panel 

Total Depth 


Enter the total member depth (fl). 


Top Flange EHective Width (Comp) 


Enter the effective width of the Jlange when the top goes into compression. (Code 8.10) 


Top Flange Effective Width (Ten) 


Ent<r the eflective width of the flange when the top goes into tension. (Code 8.17.2) 


Top Flange Thickness 

Enter thickness of top !lange (in). 

P~gc 5·4.6 Concrcttt Doslgn Pmgram 
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t1llt1rrnl 

Width of Web 


Enter width of web (ft .) 


Bottom Flenge EHecllve Width (Comp) 


Enter the effective width of the flange when bollom goe$ into comp,..sslon. (Code 8.10) 


Bottom Flange EHeclive Width (Ten) 


Enter the effective width of the flange when the bottom goes Into lension. (Code 8.\?.2) 


Bottom Flange Thickness 


Enter the thicl:ness ofboll om flange (in). 


Notes: 


Since the,miiXilnum and minimum appUed moments. for the fatiguecheck, may be oppD<Site 

In$lgn, the effective compression and t<N!on flange width for both the top and the bottom 

of the section is n!quired. 


By providing theeffective COD1pn1SSionand tension !lAnge width for both thetop and bottom of 

the section. the user can design the section for positive moment on one I'W\ then de'Jign the 

!ltdionf'or negatn·e rnament on the l'I!'Xt run. without having to <hange the stnocture data. 


For rectnngular beams enter the total d epth and width ofweb only. 


For 'T-beams' enter total depth. width of web and top or bortom !Iango data only. 


For flanged beams the tension flange width defaults to the comp<e$.sion flange width. 


ReiJar Data Panel 

Rebar Location 

EnlulOGltionofthe re!>ar,TOPorBOT. TOPindgtes thatthetebllrawer lsme.asut<d fromthe 
top of thesection. BOTindicates that the rcbnrcovvismeasured from thebottom of the section. 

Rebar Layer 

En"'r the type of rebar layer, MAll\01 oniER. The designer must enter at least one MAIN 
tcnsionrebar layer. MAIN tndlcates the rcbor laye< that is to be d""iJll>ed orchecl<ed. Onlyone 
MAIN reb.v layer is allowed at the top and bottom of the section If the applied moments aro 
positi•Y the...,., of $1tcl for the bottom MAll' rebar la)er w\11 be determined. U the appUed 
mom.,.,L< are negative the area of steel for the top MAIN rebar Ioyer will be detcnnined. 

OTHER rebar U.y•rs ""considered in thi design. but their •rea of steel is held CO!'I$tl.~l 
These bt·us may be in eit.i,er comprC$Slon or tenston, depe-nding on their lOCAtion and the 
applied mornent. Up to 6 OTHER rebar layers are allowed. 

~~•~nP~mm ----------------------------------- ­
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Total Bars 

Enter total number of bnri in the layer. Since the progrrun computes the numbor of MAIN 
tension rebars re<Juired, Ull!numberofrebars ln the MAIN tension layer should be leftblank 
inDESIGN mode.lfthe number of MAINbars isent<red and theygoInto compre55ion they 
will be considered as compression stet.l. 

In the CHECK mode the designer must enter the number of rcbars ,In the MAIN tension 
layer. Always enter the tot• I number of bars in OTHER layers. , 

Bar Size 


Enter the Bar siu. 


Cover 


Enter the dlst.>Me from the TOr or BOT of the section to the v.ttrul~ of the rebar (In). 


Bundle Pattern 

Enter a '1' for single bars. Enter '2V' for two barsbundled in a vertical pattcm Enter '2H' 
for two bars bundled in a horizD:Ual pattern. 

Skew Angie 

MAINbarsmay not beskewed. Only OTHER ban; (transvc~SC declc ,..inforcemcnt)areallowed 
tobeskewed. Theprogram c:omputesanolfective steel area bymulliplylng the actual area ofthe 
barsby thecosineoftheskewangle.Noteby prQ'.'idingboththeTOPand BOTMAIN otee~the 
usercan~ thesection lorpositi\'emomenton one run. thendesisn the sectionlornegt~tive 
moment on the next nm, without having to chMge the rcb.u data. 

Total Area Of Prestressing Steel 


Enter the.,.. of prestressing steel (sq In). 


Distance From Bot1om Of Section To C. G. Of Prestress Steel 


Enlltr the distance from the bottom of"-'<''ien to center ofgravity ofthe P""tres.ing s«cl (In). 


Service LoadOats Panel 

Load Title 


Enter a maximum of 40 alphanumeric dwacters to dtJCribe ti'.e load. 


Dead Load Moment (DL) 


Enter the rnoment due to dc.,d lo•d (k·lt). 


Por;<~S-<.8 Conctele Design Proqfflm 
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!+Load Moment (Ll+l) 


En<rlhemaldmumarominimum~due tostlnlbrclHS-2lltruck. impact loadlng (k-It~ 


P·Load Moment (LL+I) 


Enter the miiXimum moment dw> to CALTRANS Pennil truck + impact loading (k·fl). 


ForP·Loads on clOS<!l)' spaced girders (PC) used only for superstructures (i.e. box girders), 
input the P· Load for the number of lanes loaded. 

.For widely spaced girders (PW) and subslTuctures (i.e. b<nt cap), input the P-Load as 1.15 
limes orte lane of'I" load (1.15P) or input 1.1Slimes one lane of 'P" load plus one laneof 'H' 
load (I.ISP + H), which ever controls. 

Other Moment 


Enter any other mome:\t you want to consider. (k·ft) 


Secondary Moment 


Enttr prestrti$ing secondary momenL (k.ft) 


Axial Loads 

Enter the corresponding axial loads for DEAD LOAD, H·LOAO, P·LOAD, and OTHER 
LOAO. (k) 

Load Factors 

Enter the appropriate load factors for DEAD LOAD, H-LOAD, P-LOAO, and OTHER 
LOAD. TI•e default values are 1.30, 2.17, 1.30, nnd 1.30 respectively. 

Strength Reduction Factor 

Enterstrength reduction factor for b<nding. Default Is .90 for reinforced concrete (RC), and 
.95 for fully preswssed (FP) and partiaUy prestressed (PP) memb<rs. 

Flnal Prestress Force After All Losses 


Enter the final prestress force after all losses inkipt. 


Notes 

Nl'!;arive (·)moment causes wnslon In the top, therefore there must be a ~t"lN rebarla)•er 
at the top oi the section. 

Posmv~ (+) mom~nt cau.ses tension in the bonom. therefore there must be a MAL"'\! rebar 
Jaytr (It the bottom of the section. 

Minimwn moment is used for the fatigue an._'\lysls. 

Pags 5·4.9 Cooetft• Design Program -----------------­
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Example Problem 1 

Box Girder Design 

Octtn:nine the amount of tension reinforetmentrequired in abox girder formaximum positive 
moment considering fatigue and crac.k control criteria. 

Service Load Data 
Owl Load H ·Load p . Load 

(DL) (l.L-1) (l.L+I) 

Max moment 4270 2447 4693 
Min moment -326 

112 - Typical Section 

• symmet 
~ Borrier llOC ol"""' ~, 

"-•· nne:s -z_ I 

-, a· ~ 
/ 

.l10" - I '-"- "' 
~I I.., 

I I
3'·1· 2"-3. T-8" ' '·lr 

17'•9" 
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Example Problem 2 

Bent Csp Design 

Determine the amount of tension reinforcement r~ed Jn a ~t cap for maximum negative 
momml considering f.otigue and crack control crllorlo. 

Service Load Dolo 
DoadLoad H • L<>ad P ·Load 

(OL) (Ll.+l) (LL+I) 

Mu: moment -2 146 -706 ·2155 
Min moment 0 

~ ~6'. .. 
~18...;- _:::1~ 

I• . • • • • • • • • • t 
'-.1- 7 i'6 O!i>or bar$ 

(tronsvorso deck sleel) . 
1- ~1 1 Main Bars 

I 
11' I 

Cap-Section 
s.;..a.; , •• 2 
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