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M E H 0 R A N D U H 

To: Bridge Coaputtr Manual Holders 

Da te : January 24, 19 '12 

File: 895 . 

From t DEPARTHEHT OF TRANSPORTATION 
Divi s i on of Struetur•s 
Office of E•rthauake Enoineering 

Subject: Ch~ngt in VlELD (5•3) orogra• ln Dut data 

The load data Panel for the YIELD provr•• now r eauires the user 
to inPu t Ef f ective Length K·Fae tors i ns tead of •oMtnt 
distribution f actors. These K-Factors art used to c alculat e 
c ritical buck ling load• a nd moment magn ification fac tors. The 
lonoitud i nel K-Fnctor (KX) m•y be obtained fr o~ the 80S orogr8• 
and t he t ransverse K-Fac tor ( Ky) may be obt31 ned rro• the &E~T 
orovr• • · DDS and Ben t computer orogr~ms calculate •ore 
"accurate" K-Factors a s OPPOsed to the " approxi•ate" K-Factors 
that YIELD oreviousl~ c alculated using •o•ent distr i bution 
factors. 

These K-Factors •ay a lso b e calculated usin g the noaograo h <Table 
C-2) and procedures oulJned in Appendix C of the CALTRAHS Brtdpe 
Des i gn Specifications. 

Additional!~ the load oanel now requires t he colu•n end 
c onditions <TOPV,TOPX,BOTV,BOTX). Input a '0' for a pinned e nd 
c ondition or:. '1' for a fixed e nd condition. The load panel 
defaults to both ends fixed ('l' l. 

8~ not using the panels (XEOt Tl , the user Na~ still run the YIELD 
proora• the old way . The prooraa will use t ht •o•ent 
distribution f actors to ca lculate ftapp roxJmatt" K- Factors. 
However, a not e wil l b e orJnttd in the output reco••end i ng the 
user u pdate the YIELD inout file with the K-Fa ctors fro• the BDS 
and IEHT oroora•s. 

Stovon B. McBride 

Senior Br i dge Engineer 

Of f ice of Earthquake Engineerino <4- 2666 ) 
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Column Design by Yield Surface (YIELD) 
Instructions for Users 

Introduction 

This program will analyw. checkordesign concretecolurMs forbiaxial bendingand 
llXial lood by the ultimate strength theory. Computotion ofultimate sueogth is based 
on the sotisfru:tion of the applicable conditions of equilibrium and compatibility of 
slnlins. The program u.o;es the Bridgt Dtsign Sptcificawns of the Califomi:l 
O.parunentofTransponalion. hereofterrefenredtoasthe Code. The basic 'YIELD' 
pn>gmm is theresult of"Anill}tieallnvesti&orions ofthe Seismic Response ofLong. 
MultipleSpon Highway Bridge$." byW.S. TsenaandJ. Penzien(EERC73-12) U.C. 
Bed:<ley 1973. 

General Description 

y 

Conerotoboundary loop 

I 

• 

~ FX;-FYe.9" 
_ _J Cllamler (tfP.) 

' FX 1 
Nore: 

Orient larg9$t d"tmension alollg X ax's 

Column Section 
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Input Panel Instructions 

General Data Panel - 1 

Tttle 

En1er up to 40 characters to name your problem. 

Column Type 

Enter the I.D. number for the Column type desired. Use numbers 1·9 as shown. 
Columns with voids must be enterod as ColunUJ Type I (Manual). Colwrut TYpes 6 
& 8 are regular geome1tic shapes only (BX=H'Y). 

1 = 1\1anual 

A colunu1 described by user defined x and y boundary coordina1es. 

ly 

-t:-(~::=;=;~X
1 I 

2 = Rectangle 

A rectangular or square shaped column. 

ly 

+----• X 

3 =Reetooglt!Fillots 


A rectangular or square shaped column with m1e1s. 


,v 
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4 =Semi-CirculAr t:nds 

A rectangular shaped colullUI with semi-circular endt:, 

y 

6 = Htx~gon, 8 =Octagon, 9 = Round 


A column that has • regular hexagon. s;egular octagon or round shape. 


y y 


-+-J-:X -Q -· 
I 

Rebar Type 

Enter the J.D. number of the rebat pattrm required. l),.., numbers 1-5 as shown. I! 
rebat paucms 2 or 3 o.te used, the rebats will be generJt<d with their long dimension 
aJong the X -nxis 10 nunch the genenned concrete 6\:cdon. 

I =Manual 


Enter the x and y coordinates of each bar. 


2 = lotersecti"' Loops 

l!ll1'S are equ:llly Sp<l<-.:d lii"OW!d the uxal exterior perimeter ~Aith bars always located 
at the inkrsections. 

P.a£ !>-.3.8 
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3 =Semi-Circu lar F.nds 


l'lars ace equlllly spaced around loop. 


y 

4 =Connecting Loops 


Bars arc equally spaced oround each lonp. 


5= Ro><s 

Bat'S arc equally spaced between end bars. 

• . y 

+f--- + - --+-1-x 
1 
I 

Plot Type 

Enter!he 1.0. number of tho type of plot desired in the outpu!C lise numbers 0-4 as 
shown. (No plotS will be gcncra~cd for design typo= I) 

0 =No Plot 

I = Pn Vs Mn • Axial Load Vs Resuhant Moment 

2= Pn Vs Mnx • Axial Load Vs Longitudinal Moment 

3 = Pn Vs Mny • Axial Load Vs TI1Ul.sverse Monlenl 

4 =~·loy Vs Mn>. . TrausvCJ'$C Moment Vs Longitudinal Moment 
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The 3ngle of the resuhruu mon1ent varies b·om 90 degrees to 0 degrees in 15 degree 
inc:rcmcnts. 

@ 0 degrees: Mn:< = Max.irnwu (Longitudinal Moment) 

Mny=O (Transverse Moment) 


@ 90 degrees: Mnx = 0 (Longitudinal Moment) 

Mny = Maximum {Transverse Momem) 

Tho nominal axial load Pvaries from O.SPo TO~.IPo in increments ofO.IPo (Po 
=Nominal Axial load Strength). 

Design Type 

Enter lhe J.D. number of the analysis roode lhe program is w·use. u,., numbers 0.2 
a1\ shown. 

0 = A.naly:r.e Mode 

The pro~'ramde«:nnines the nominal strensth oftheeolumn (i.e.. no design). A table 
of nominal strength values; MNX, MNY. MN and PN is produced. 

Plru of the moment interaclion diagrams arc 3Yailable with this option. 

1 =Design Mode 

Group loads are entered at the service level and the loads are fac1orcd in accordance 
with section 3.22 of the Code. Wh::n required, moments are m!lgnified for slender
ness in accordance with section 8.16.5 of lhc code (see appendix A). Applied a'ial 
lo-ads are checked a.gaiMtthe critical buckling Joad. Seismic group VII loads are ool 
magoj lied for slenderness effects. The progmm irerates ro determine lhe controlling 
group loading and the corresponding required area of steel. The column shape and 
rebar panem are maintained while the area of steel is \':tried. No plot~ are available 
with this option. 

The value for PH I varies linearly from .70 for tied or .7S for spiral colunms to .90, 
wbenthedesign axial load suength, Pn,decret~ses from . I Of' c Agto zero. For seismic 
group VI! loads PHI varies [rom .90 fortie.' or 1.()() for spiral columns 10 1.2 when 
the design axial load strengti1, Pu, decreases from .I 0 f' e Ag to zero. The designer 
should check to make sure .10 f'c Ag is less than Phi x Pb (Code 8.16.12). 
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Z = Cbe.:k Modt 

Group loads on: input and the column is cbcckcd (no design). Again moments arc 
magnified for slcndcmes< and axial loads checked aguinst the c.ritical bueliling load 
{see appendix A). The program de<ennine.s the momc:nt tap;tcity iJ'bi x Mn) of the 
column for the apptied oxialload. Tbc applied rcsult311t moment is checked agulnst 
the moment capacity of U.. column to de<ermine if the section is adcqoa!e. 

In the "CHECK'" mode the program provides an aption to create a·roor · input data 
file tbat contains the service loads, factored loads, UJ!f<duced ARS seismic ond 
probable plastic loads for the footing design. 

Plots or the moment interJ.<.'tion diagram.< are available with this option. 

KeyDtJign 

In the "CHECK'" modt. the proprun calculatCs the required key orea and reinforce· 
ment for the pinned bouom condition in accordance -.ith section 8.16.4.5 and 
8.16.6.4 of the code. The loads must be described at the top of the co!nmn. H U.. 
unreduced ARS+dead load shearislessthan theprobableplasticsbe:lrthekeyck$ign 
is based on sroup loads I tO Vll The unreduoed ARS +dead load shear is used for 
group Vll. When the unreduced ARS foroes contrOl. the ARS axial load for case I 
{max tt1lllsverse) is assumed to be negative in sign and a minimum axial load (uplift) 
is calculated. 

Ifthe column is input a< pinned in one direction and fixed in the other direction the 
key design is based on the loads in the direction ofthe pin only. n.e designer must 
eh::cl: the key design for U.. loads in the fixed direction. 
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General Data Panel - 2 

Steel Limits 

Minimum Percent Longitudinal Steel 

Enter the lower limit of main longirudinal steel rebars as a pcrcem of the gross area 
of the column. The default is I% steel .. 

Maximum Percent Longitudinal Steel 

Enter the upper limit ofmain lopgirudinal steel reb:m; as a percent ofthe gross :uea 
of the column. The default is 6% steel. 

...No.te_ 

These steel limits are only used in the "DESJON"' mode (Design Type = 1). The 
computational effort of the program can be minimized by keeping these limits as 
close together as possible. 

Material Properties 

ULT Contttte Compressive Stress (}' C) -

Enter the ultimate concrete compressive stress (psi). The default is 32)0 ps i. 

Young's Modulus for Steel Rebars (ES) 

Enter young's modulus of e lasticity for the steel rebars (psi). The default is 
29.000,000 psi. 

tiLT Concrete Compressive Strain (EO) 

Enter the ultimate concrete compressive suain (in{ln). The default is .003 iofm. 

Yielding Stress for S teel Rebars (FY) 

Enter the yielding mess for the steel rebars (psi). The default is 60.000 psi. 
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Bent Data 

Number of Coluntns in the Bent 

Enterthetotal numberofcolumns in the bent. To suppress tlte pla.•tic hinginganalysis 
enter a 1..eco or leave blank. The maximum number ofcolumns in a bent is 15. 

Out to Out Diameter ofSpi.ral 

Enter the out to out (outside) diameter (in) of tho spiral reinfor«:ment. For 
intersecting loops (Rebar Type ; 2). usc the outside diornetcr of one loop. For 
concentric loops (Rebar Type; 4), use the outside diameter of the outermost Loop. 

015Wtte from Top Plastic llioit to Center of Gnu1ty ofSuperstructure 

&ter thedistance (li)irom the plastic fWI&cat the top ofthe coiW!!!! to thecenu:r of 
8"";ry of the supcnuucwre. 

Center to Center Spacing of Colwnns 

Enter the distance (ft) between the center Unes ofthe columns. For a single column 
bent enter a zero or leave blank. 

Desig11 Assumptions 

1. AU columns ate the same i.e., prismatic. equnJ length. equal spacing. 

2. Plastic hinges fom> at the top and bon om of the columns. 

3. The distance between the plastic hinaes is taken as the column length. 

4. The overturning force acts through tho ccntcr of gr:tvity of the supemrJcrure. 

S. Tbecolumnsarcoumbcred froruld\ to ~t andthe displacement xu totheright. 

6. A plastic hinge aoalysis is only performed for Rebar Types 2 or 4. -..ilh spio!J 
reinforcemen1. 
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Concrete Panels 

Column Dimensions (Type 1 -Manual Input) · 

This option may be used to describe a column with an unusual or non-symmetric 
cross-section. 

Total No. of Concrete Boundary Loops 

Enter the total number of concrete boundary loops used to describe the concrete 
section. The column cross-section may be bounded by one or more boundary loops 
which is described by a series of coordinates. Coordinates are entered sequentially 
in a counterclockwisesense for the outermost boundary loop andin a clockwise sense 
for cutouts or voids. The maximum number of concrete boundary loops is five (5). 

·- · ·· · ··- ·-· -- TotalNo~ ofConcrete Coordinates -- ··--··- ·- · ·· -- ··- ·- · -··--····- · -

Enter the totai number of concrete coordinates used to describe the section. This 
would be the sum of the number of coordinates in all the concrete loops used to 
describe the section. The maximum number of concrete coordinates is 150. 

This Loop Number 

The program generates the number of the current concrete boundary loop being 
described. You cannot write over this number, it is for your information only. 

Number of Coordinates in this Loop 

Enter the number of concrete coordinates in this loop. If there is only one concrete 
boundary loop the program will default to the value of "TOTAL NO. OF CON
CRETE COORDINATES" entered above. The input panel allows up to 60 concrete 
coordinates per loop. 

X (IN) & y (IN) 

Enter the x and y coordinates (inches), for each point described on a boundary loop. 
The reference axes of the section are taken as the principle axes of the section. All 
coordinates ofthe cross-section are referenced with the origin (0,0) at the centroid of 
the cross-section so the lower left-hand corner will have negative x andy coordinates. 
Do not repeat the beginning coordinates to close the loop. 
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