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Analyze Example 

lnpul Oar a - Oorpuc Pagts 1 co 4 

1bese pagts contain theinpuld:ua a.• described above under DESIGN. excepl forlhe 
group load data. 1becolumo is analyzed and rhe yield nominal (yield) strength ofthe 
column s«tion is detemtiocd. 

Nominal Stn:natb Values- Output Pages 5 & 6 

1be :mtleofthe resultant oominal momen1 varies from 90desrees (T=sverse) to 0 
degroesO..Ongirudioal) in IS degroeineremenrs.lbenominalaxial load Pvaries [r<)m 

O.&Po TO .0.!Po in iocremeniS ofO.IPo (Po= Nominal AXial load Strengdl). 

Thelast page in !his s<:<:tion is a plot ofthe nominal moments. 
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Input Data Format (XEDIT) 

General Data 

Header- (A40.14X.II) 

Column.< Entry 
I - 40 Project Title 

$5 Version (enter I) 

Column T-ype - (110) 

Column.• Entry 
I - I 0 Column Type (1.2.3.4.6.8.9) 

Column Data - (2110) 

This tine required for m3Du.tl input (type= I) only. 

Columns Entry · 
I - 10 Number of Concrete Boundruy Loop• 

I I • 20 Tott~ Nu111bcr of Concrele Coord inates 

Rebar 1)•pe - (110) 

Column.< Entry 
I • 10 Reb:.r Type (1.2.3.•.5) 

Rebar Dara -(2l/0) 

Columns Entry 
I - 10 Number of Steel Loops or Rows 

I I - 20 Total Numbco· of Steel Rebars 

Plot Type- (flO) 

Columns Entry 
1-10 Phl1Type{Oto4) 

Variab le 

HEAD 

IVERS 


Variable 
ICON 

Variable 

NSLOOP 

NNODE 

Variable 
IREBAR 

Variable 
NSLOOP 
N13AR 

Variable 
IPLOT 

http:Header-(A40.14X.II
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Problem Type, Steel Limits, Spiral /l.einforr:emem (IJ0,2FIO.O.I10,3F10.0) 


Columns 
I • 10 

II • 20 
21 • 30 
J I • 40 
41 ·SO 
51 • 60 

61 • 70 

Entry 
Problem Type 
Minimum Percent Lonsitudinal Steel 
Ma.•imum Percent Longitudinal Sttel 
Number of Columns in l.lent 
Out to Out Diameter of Spir:il 
Disl>nce fronl Top Pla.~tie Hinge to 
Center of Grnvity of SupcrsU'Uctun: 
Center to CenterSpacin& ofColumns 

Material Properties- (4FIO.O) 


Columns 
I - 10 

• 11 • 20 
2 1 - 30 
31 • 40 

Entry 
ULT Concn:te CompnossiveStress 
Young's Modulus for Steel Reban; 
ULT Concreto Compressive Strain 
Yielding Stress for Steel Rcbars 

Variable Units 
ll'ROB 
R.\1fN % 

KMAX % 

NC 

DSO In 


CGS Ft 
CSP Ft 

Variable Units 
FC Psi 
ES Psi 
EO lnlln 
FS Psi 

Column Dimensions 


Concrete Coordinates- Manual lnplll (type= I) (2FIO.O,l/0) 

1'1o1e: Repeat this series of lines for each sep:u-nte concrete boundary loop. 

l>t li"" (2F10.0.il 0) 

Columns Entry 
I • 10 X-Coordinate 


I I • 20 Y·Coordinate 

21 • 30 Num!>.,r of Coordinates this Loop 


I= I to LNODE(NLOOP) 

One line for each remaining coordinate (2F1 0.0). 

Do not repeal the number or coordimne.s in the: loop. 

Variable Units 
X(l) In 
Y{J) In 
LNODE(NLOOl') 
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Column Dimensions (Types 2,3,4,6,8,9} - (4Fl0.0} 

Columns Entry Variable Volts 
I - 10 X-Widoh BX: ln 

11 - 20 Y-Thick HY In 
21 - 30 X -Fillet FX Ln 
31 -40 Y-Fillet FY 1n 

Rebar Layout~ 

Steel Coordinares-Manual[toptll (Type = 1} (2FJO.V,?OX,FJO.O,I/0) 

Note: Repent this series of lines for each separate soeel loop. 

1st Line (2F!0.0.20X.FIO.O,ll0) 

Columns Entry Variable Units 
I - 10 X-Coordioaoe XS(I) In 

I I - 20 Y -Coordinate YS(I) In 
41 - 50 Area of Steel AS(I) Sq ln 
SI - 60 Number of Coordin:ues this Loop LSNODE(NSLOOP) 

I = I 10 LSNODE(NSLOOP) 

One line for each remaining rebar coordinate (2FI0.0) 

Do not repeal lhe ~umbc.rof coordinates in the loop. 

Rebar lAyout 

Intersecting Loops (Type 2)- (2FI 0.0.20X, I P!O.O) 
Semicircular Ends (Type 3) • (2F10.0.20X.IFIO.O) 
Concenric Loops (Type 4) - (I FI0.0.30X, I F IO.O,liO) 

Note: For concentric loops (type 4) the numheroflines in this section is equal to the 
''Total Number of Loops". 

I = l oo NSLOOP 

Column.• Entry 
1 - 10 Loop Radius 

11 - 20 Loop Spacing 
21 - 30 Nea ofE:lch Bar 
31 - 40 Number of Bars in this Loop 

Variable 
RS(I) 
SPACE 
AS(I) 
LSNODE(I) 

Uni ts 
Jn 
Jn 
Sq In 
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t1l/tJ'QttS 

Rebar Layows - Rows (Type 5) · (5FJO.O,ll0) 

Note: 10c number of line$ in thi~ section is equal to the "Total Number of Rows". 
I " I to NSLOOP . 

Colwnns Entry Vari3ble Unils 

l • 10 X-Coordinnte Stan Row XI (!) In 


I) • 20 Y -Cootdinate Stan Row Yl (l) In 

21 • 30 X-Coordinale End Row X2(1) In 

31. 40 Y ·Coordinalc End Row Y2(1) In 
41 . 50 Arcn of Each Bar AS(I) In 
51 • 60 Number of Bars in thi'i Row LSNODE(I) 

Load Data- Units Kips & Feet - (11 Lines) 

Note: You may rcpeallhis scc<ion (lllines) for up to IO differenl loadings. 

Header - (3A8.A6.7X,A3,4X,A6) 

Columns Entry Variable Nome 

I • 30 Load Name LOADNO(l) 


38 .40 Creole oFonting File? (Yes/No) PRNT 
45 · SO f'Ooting Type (SPREAD/Pll.E) FTYPE 

Data- (21"5.0, IOX,2F/0.0,215,F 10.0) 

Colum ns Entry Vadablc (lnlts 

I • 5 Effe<:tive Length Factor Transvcn;e Ky 
6 • 10 Effective Length Faclor Longirudinol Kx 

21 • 30 Percent Live Load Impact PERl % 
31 • 40 Column Length ZLEN Ft 
41 • 45 Tie " L. Spiral" 0 (Confinement) ITIE 
46 . 50 Top " l, Bouom =0 (Load Connection) ITOP 
51 • 60 Seismic Ductitity and Risk Factor z 
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Coltmm End Condilions (61X,411) 

Columns Erury 

62 Top Transverse 

63 Top Longitudina.l 

64 Bottom Tr.tnsversc 
65 Bottom Longitudinal 

Service i-(}{Jds - 3( F7.0.F8.0,4F7.0.4F6.0) 

I st Line My Transverse Moment 
2 nd Line Mx Longitudina1 Momem 
3 rd line N Axial Load 

Columns Entry 

I - 7 Dead Load 


8- 15 PS (Pre Stre.<s) 
16- 22 Live Load + Impact (M y Max) 
23-29 Live Load + lulpact (Mx Max) 
30-36 Live Load + Impact (N MllX) 
37-43 W (W'md) 
44-49 WL (Wind on l-ive Load) 
50-55 LF (Longitudinal Force) 
56-61 CF (Centrifugal Force) 
62 - 67 T (Temperature) 

P-Leads- 3( 15X,3F7.0,19X,F6.0) 

I st Line PMy Transvers Moment 
2nd line PMJ< Longitudinal Moment 
3 rd Line PN Axial Load 

Columns Entry 
16 - 22 l ive Load+ IJilpaCl (J>My Max) 
24 - 29 Live Load+ lulpact (PMx \1ax) 
30 - 36 Live Load+ Impact (PN Max) 
56 . 61 CF(Ccntrifugal Force) 

Variable 
Topy 
Topx 
Bory 
Borx 

Varioble !\arne 
Lloe N wnber 

3 
DLN 
PSN 
HTN 
HLN 
HAN 
WN 
WLN 
LFN 
HCFN 
TN 

3 
PTN 
PlN 
PAN 
PCFN 

1 
DLT 
PST 
HTT 
HLT 
HAT 
WT 
WLT 
LFT 
HCFT 
IT 

1 
PTT 
PLT 
PAl" 
PCFT 

2 
DLL 
PSl 
HTL 
HLL 
HAL 
WL 
'!I'LL 
LFl 
HCFL 
Tl 

2 
PTl 
Pll 
I'AL 
PCFL 
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lbiUtiiiS 


Unreduced Sei.wric &Arbitrary Loads - 3(6F10.0) 

Js t Line My Tmusverse Moment 

2nd Line Mx Longitudinal :.lament 

3rd Line N Axial Lo:>d 


Columns iinlry 
I • 10 Unreduced Seismic Cose I M3,X Tr.uu 

II • 20 Unreduced Seismic usc 2 Ma.' Long 
21 - 30 Atbttr.uy Service AL-l 
3 1 • 40 Arbitrury Service AL-2 
41 - SO Arbilrnry Factored AL· I 
51 - 60 Arbittory Fae1on:d AL-2 

. 

Variable Name 
Unel\umber 
I 2 
EQTT EQTL 
EQLT EQLL 
MYS I MXS J 
MYS2 MXS2 
MYFI MXFI 
MYF'2 MXF2 

3 
EQTN 
EQLN 
PSI 
PS2 
PPI 
PF'2 

http:Atbttr.uy
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Appendix A- Slenderness Effects 

The YIELD program calcula•es lhecrirical buckling load lind momen1 magrufication 
factor b"""d on 1he unbraced AASHTO design procedure. as described in article 
8.16.5 of the CALTRANS Bridge Design l'raczice Manual. 

Moment Magniticalion 

Tlu.: method is based on the momem magnifer concept in which the momems 
computed by an ordinary frame analysis arc multiplied by amoment magnifier. This 
magnifier,(&). is a fullCiion orthe tac1ored a.ualload, (Pu), and tiK' critical buckling 
load. (Pc). for the column: 

Mc-& .M2 	 (8-40) 

&= Cm > I.O (8-4 1) 
1-Pu/Pc 

Where: 	Cm = 1.0 for an unbraced frame. 

Me = Design moment 

M2 = Larger end moment 


• 

Critical Jluckling Load - Pc 

The effective Jenglh factor (1:), the unbraced column lenglh (Lu) und the column 
s1iffness par-an..,er (El), are used 10 caluclatc the cri1ieal buckling load (Pc): 

(8-42) 

The program detennines the effective length factor (k) by using equations (C)and (D) 
from the AC! commen13ry ( I) : 

forGo< 2: 

k: 20 -	 Ga ../I+Ga (Eq. C)
20 
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lb/t/'tl/1$ 

forGa> 2: 

k:::: .9 X .J1 + Ga (Eq. D) 

where (Ga) is the average ofthe (G) values at the two ends ofthe column and (G) is: 

Sum EI!Lc Column 

G:::: Sum EIIL Members in plane at one end of column 

The (G) values are determined by using the moment distribution factors atthe top and 
bottom of the column. 

For members hinged at one end and fixed at the other the effective length factor (k) 
is taken as 2.1. 

Stiffness Parameter- EI 

The AASHTO procedure approximates stiffness variations due to cracking, creep, 
and the nonlinearity of the concrete stress-strain curve. Creep due to sustained loads 
tends to reduce the effective value of EI. This is taken into account by dividing EI 
by (1 + Bd) where Bd is the ratio of dead load moment to total load moment. 

EI::::: (Ec Ig I 5 + Es Is) I (1 + Bd) (8-43) 

Based on information from the ACI Commentary (1), the YIELD program makes a 
further modification to the stiffness parameter, (EI), depending on the percent steel 
and the axial load load ratio, (P/Po) (see Figure 1). Most CAL TRANS bridge 
columns have an axial load ratio, (P/Po ), less than 0.6. Forsteel ratios of1 to 8 percent 
with axial load ratios, (P/Po ), less than 0.6, the theoretical (EI) varies from 1. 9 to 1.1 
times greater than that calculated by the AASHTOequation (8-44 ). For 1 to 8 percent 
steel with (P/Po) equal to 0.9 the theoretical and calculated (El) are about the same . . 
Straight line interpolation is used for steel ratios and axial load ratios that fall between 
these boundaries, as shown in Figure 1. The net effect is to increase the column 
stiffness, EI, and thus reduce the amount of moment magnification. 

The effects ofslenderness are neglected by the program, when the slenderness ratio, 
(kL/r), is less than 22 (8.16.5.2.5). When (kllr) is greater than 100, the YIELD 
program warns the user to either redesign the column with a larger cross section or 
perform a special second order analysis (8.16.5.2.6). 

PAGE 5-3.72 COLUMN D ESIGN BY Y IELD SURFACE • Y IELD 



BAIOOE CO..IPUTEA MANUAl. 5-3 • NOVEII-BER 1995 

The progr:Jm neglects rnomcm n:aagn.i{icarion for Group VII ~eismic loads. By 
definition the plo.s1ic moment is tl1e capacity of the column and the moul(:ot cannot 
lx: magniJied. 

El• ~10 
+EJ, 

2 .. w~ 
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. 
;; 
!! $ 
j ~ 
t- w 
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...__.... 8% A.t 
p,• "" 
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Po 

Equation of Flexural Stiffness vs. Theoretical Values 

Figure 1 
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Uz/trans 

Notations 

8d = Ratio of maximum dead load moment co maximum total loadmomcnt, always 
positive (8.16.5.2.7) 

Ec = MO<Iulus ofelasticity ofconcrete (8.7. I) 

El = Aexural stiffness of compression member ($.16.5.2.7) 
Es = Modulus of elasticity of rcinioreement (8.7.2) 
Jg ::: Moment of inenia of gross concrere sc~tion about centroidnl axis. neglecting 

reinforcement 

Is = Moment of inertia of reinforcement about cemroidal axis of member cross 
section 

k e Effective length factor for compression members (8.16.5.2.3) 
Lu = Unsupported length ofcompression member (8. 16.5.2.1) 

Me = Moment for design ofcompression member (8. I6.5.2.7) 

M2= Larger end moment on compression member (8.16.5.2.4) 
Pc = Critical load (&. I 6.5.2.7) 

Po = Nominal axial load strength of a section at zero ec~ntricity (8.16.4.2.1) 


Pu = Factored axial load at give-n eccentricity 

& e Moment magnifier(8.16.5.2.9) 


&b = Moment magniftr for members braced against sidesway 

&s ::: Momenr magnifer for members no« braced ag.airLSt sidesway 
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