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COLUMN ANALYSIS 

UNDER 

AXIAL LOAD & 2-WAY BENDING 

H. L. Schmitz, Jr. 
IBM Corporation 
273 State Street 
Springfield 3, Mass. 

Modifications or revisions to this program, as they occur, 
will be announced in the appropriate Catalog of Programs 
for IBM Data Processing Systems. When such an announce­
ment occurs, users should order a complete new program 
from the Program Information Department. 
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This program performs the analysis of a reinforced 
concrete column under axial loading and moment in 
two directions (two-way moment). The program 
will also handle the analysis of a column under axial 
load and bending in one direction (one-way moment). 

The program goes through four general phases. The 
first is the location of the XX and YY axis (see fig.1). 
The second is the computation of moments of inertia 
about the XX and YY axis. The third is the calculation 
of stresses for the four corners of the column and for 
the steel bar under maximum tensile stress. Phase 
four is the calculation of the neutral axis location 
based upon the stres ses computed in phase three. 
The initial assumption for the neutral axis may differ 
greatly from the location computed in phase four • 
The user therefore has the option of a new analysis 
us ing the neutral axis location just computed as the 
as sumed neutral axis location. This may be continued 
as often as necessary until close agreement is secured 
between the as sumed neutral axis location and the 
computed neutral axis location. 

Input data for the analysis of a column is contained 
in three cards (see Page one ). 
Card one contains the following information: 

1 • X and Y dimensions of the column (see fig. 1) col. may 

2. 

be square or rectangular. . 

Data covering location of steel reinforcing bars. 
Cover distance and bar spacing in X and Y direct­
ions are given here. Bar spacing is assumed to 
be the same along AB and DC edges (see fig .1). 
Bar spacing is assumed to be the same along AD 
and BC edges. One row of reinforcing is assumed 
along all four column faces (see fig .l). 

3. The assumed location of the XX and YY axis. 

Card two contains the following data: 

1. Dimensions defining the points where the assumed 
neutral axis crosses the column edges (see fig.l). 

2 • The area of the reinforcing used. This is the 
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area of one bar. All reinforcing is assumed 
to be uniform in size. 

3 •. The axial load and the bending moments 
about the locations assumed for the XX and 
YY axis. 

4. The number of reinforcing bars in the X 
direction along column edges DC and AS 
and the number of reinforcing bars in Y 
direction along column edges AD and BC. 
Corner· bars are included in both counts. In 
figure I the column shown has 12 bars in 
both the X and Y directions. 

Card three contains the following: 

1. The ratio of flexural modulus of elasticity 
for reinforcing steel to flexural modulus of 
elasticity for concrete and the fore-mentioned 
ratio minus one. 

The effect of steel reinforcing bars upon the 
transformed section varies according to whether 
the bar in question is in tension or compression. 
In the first case the ratio used is N, in the second 
case N-l is used. To facilitate this determinatim , 
the dimensions RPXl ,RPYI , RPX2 , and RPY2 are com­
puted (see fig. 2). RPX2 and RPY2 specify the 
location of point P2. P2 is the point where the 
assumed neutral axis crosses the center line of the 
steel reinforcing near point B. RPXl and RPYI specify 
the location of point Pl. PI is the point where the 
assumed neutral axis crosses the center line of the 
steel reinforcing near point D. 

The program next performs the computation for find­
ing the sum of the transformed area due to all rein­
forcing bars and the area moments about AD and DC. 
This is an iterative type procedure, beginning with 
the bar at corner D. Each bar is handled separately. 

Row one reinforCing is considered first. The number 
of reinforcing bars iri row one is NI. This number is 
data supplied by the user. 

• 
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The minimum number of bars in row one or the last 
row is two. The program itself sets no limitation 
upon the maximum number of bars which may be in 
the row. This limitation is a practical one set by 
feasability of good and uniform construction. There 
is no program check as to whether the bar spacing 
supplied by the user is below the minimum allowed. 
There is also no program check as to whether the 
number of bars specified by the user may be included 
within the dimension DX with a cover distance of CV 
and bar spacing of CBX. The user must make this 
check himself. 

For reinforcing bars in row one RY is constant and 

o 

equal to CV. RY is the distance to the bar i1 question 
from DC. The key as to a bar being in tension or com­
pression lies in its relationship to RPXI. If RX (the 
distance from AD to the bar in question - see fig. I & 2) 
is less than RPXl the bar is in tension. If RX is greater 
than RPXl the bar is in compression. 

Reinforcing for rows 2- (NJ-I) are considered next. NJ 
is the number of rows of reinforcing steel and is speci­
fied by the user. For rows 2-{NJ-I) only two bars of 
steel exist, one in column one and one in column NI. 

If the bar under consideration is in column one, the 
value of RX is CV. The critical dimension is RPYI. 
If RY is greater than RPYI the bar is in tension. If RY 
is less than RPYI, the bar is in compression. 

If the bar under consideration is in column NI, the 
value of RX is constant for all bars in the column. The 
critical dimension is RPY2. If RY is less than RPY2, 
the bar is in compression. If RY exceeds RPY2, the bar 
is in tens ion. 

In row NJ the value of RY is constant for all reinforcing 
bars in the row. The key dimension is RPX2. If RX 
is less than RPX2, the bar is in tension. If RX exceeds 
RPX2 the bar is in compression. 

If a bar is in tension it's area is multiplied by the ratio 
AN in computing its contribution to the transformed 
section. AN is the ratio n or ratio of flectural modulus 
of ela~ticity for reinforcing steel to flectural modulus of 

." 
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elasticity for concrete. For concrete having a 
compressive strength of 3000psc @ 28 days n is 
10. If a bar is in compression, its" area is multi­
plied by (n-1) to compute its contribution to the 
transformed area. For each bar the following com­
putations are. done in phase one. First, its trans­
formed area is added to the sum of the transformed 
areas (SUMA). Next, the moment of its transformed 
area about AD is added to the sum of transformed area 
moments about AD (SUMAX). Finally, the moment of 
its transformed area about DC is added to the sum of 
transformed area moments about DC (SUMAY). 

Mter all steel reinforcing has been processed, the 
concrete area in compression is considered. In 
addition to its affect upon SUMA, SUMAX, and SUMAY 
the moment of inertia about X and Y axis through the 
centroid of concrete areas in compression is computed 
at this time. A glance at figure 3 of appendix shows 
three possible concrete areas. The program tests for 
the presence of each type and calculates its contri-: 
bution. Each of the areas present has its own centroid. 
It is about the X and Y axis of these centroids that we 
compute Moments of Inertia at this time. 

XBAR (the location of YY axis referred to AD) is com­
puted by dividing SUMAX by SUMA. YBAR (the location 
of XX axis referred to . be)· is co~puted by dividing 
SUMAY by SUMA. The revised moments about the XX 
and YY axis are now computed. Thes€ will differ from 
the original moments if XBAR and YBAR differ from DXE 
and DYE (assumed dimensions from AD and DC to point 
of action of axial load) • 

Mter locating the XX and YY axis for the column, the 
program is now able to compute the contribution of the 
steel reinforcing to the moments of inertia about the 
XX and YY axis. Once again a determination· is made 
as to whether a bar is in tension or compression. 

The concrete areas in compression contribute further 
to the moments of inertia because of the eccentricity 

. or distance of their centroids from the centroid of the 
transformed section. This contribution equals the area 

times the distance squared. 

e. () 
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Phase three of the program covers the actual 
computation of stresses I now that the character­
istics of the transformed section have been cal­
culated. The stress due to aXial load (P/A) and 
the stresses due to moments (MC/I) are now com­
puted. MC/! is determined for all four column 
edges. The stress at any corner is the sum of 
P/A, MyCy/Iy, and MxCx/Ix. The stress for the 
bar in corner A (see fig. 1) is computed. This is 
the bar having maximum steel stress. Part of the 
input supplied to the program by the user were four 
dimensions describing the location of the neutral 
axis assumed for purposes of analysis. The location 
of the neutral axis is computed in phase four based 
upon the stresses computed in phase three. If the 
computed location agrees closely with the assumed 

location, the section characteristics and stresses 
computed are close. approximations of the actual 
values. If there is a large discrepancy, the section 
characteristics and stresses differ widely from the 
actual. The two examples shown in appendix 
bear this out. 

The computer will stop calculations after phase four. 
The printed output obtained at all phases is shown 
in the description of typed output records on pages B' 
to q • The last line given shows the computed neutral 
axis location. Should this differ widely from the 
assumed and should the user wish to perform another 
analYSiS, he need only push start. The computed 
neutral axis location will be used as the assumed 
neutral axis location in a new analysis. This pro­
cedure may be continued as often as required. 
Example 2 shows that the number of iterations re­
quired is not large even when a bad guess is made 
as to neutral axis location for our initial assumption. 

(:J ., 
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Tv~ed Out~ut Records 
(see appendix for symbol explanations) 

Record 1 SUMA 
SUMA}{ 
SUMAY 

Record 2 AC (3) this record typed out only if concrete area 
SUMAY 3 present ( see fig. 3) 
SUMAX 
SMRIY 
SMRlX 

Record 3 AC (2) this record typed out only if concrete area 
SUMAY. 2 present ( see fig. 3) 
SUMAX 
SMRIY 
SMRlX 

Record 4 AC(l' 
SUMAY 
SUMAX 
SMRIY 
SMRlX 

I 

I Record 5 XBAR 
! 

YBAR 

Record 6 SUMA 
~YR 
~MXR 

Record 7 SMRIY 
SMRlX 

Record 8 ARKY for concrete area L 
ARlO{ 

SMRIY 
SMRIX 

Record 9 ARKY for concrete area 3 if present 
ARlO{ 

SMRIY 
SMRlX 

Record 10 ARKY for concrete area 2 if present 
ARlO{ 

SMRIY 
SMRIX 

~ 

Record 11 

Record 12 

Record 13 

rJ 

~MIY 
~MIX 
TSADY 
TSBCY 

. TSDCX 
TSABX 

SA 
SB 
SC 
SD 
SST 

DDY! 
DDXI 
DBY! 
DBXI 
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typed at end of each iteration 
computed neutral axis location 
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PROGRAM DES C RlPT ION -- USTING PROGRAM 

PURPOSE: 

INPUT: 

OUTPUT: 

Nt 

To save time the detail information concerning· 
steel reinforcing, its effect upon the location 
of XBAR and YBAR, and its contribution to moment 
of inertia about X & Y axis is punched into cards. 
This program is to list this detail data if desired. 

Output card types 1, 2 and 3 from the column 
analysis program. 

RPXl, RPYl, RPX2, RPY2 on line 1. 1, I, M, 
Factor, X & Y location of each bar. This is 
output from the computation of XBAR and YBAR. 
1, I, M, Factor, X & Y dis'\:ances of each bar 
from the X and Y neutral axis. 

CON TR OL C.A 1\.0 

NJ 

, aIiL(. 6 

~ 

/ .. ( 

~ 
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Programming Notes: 

1. 

2. 

3. 

Origin of the object program is 8000. 
Addres s at end statement is 17442 (see Appendix C) • 
Address at symbol table end is 18319 (see Appendix C). 
There is therefore little room for additions to the program. If 
changes are made, it is imperative that the compiler be altered 
to begin origin at 8000. Technical Bulletin No. 84 for the 1620 
covers the required changes. 

Compilation and running assumes the availability of the automatic 
divide feature. Compilation for use on a machine Without auto­
matic divide requires origin at 8300 and will result in overlap con­
dition in the present form of the source program. 

The object program does not have the subroutines compiled. These 
must be loaded at.running time after the object program is loaded. 

4. Comer A must be in tension. 
Comer C must be in compression. 

Running the Program ( Main Program) 

1 • Clear Memory 

2. 

Reset 
Insert 
26 00008 00009 
Release 
Start 
After 2 seconds, instant stop 
Reset 

Place obj ect program in reader hopper. 
Press Load Key of card reader. 

3. The reader will stop with the last two cards unread. 
Hit reader start to permit loading of the last two cards. 

4. After the object deck has been loaded I the message "Enter 
Subroutines, Push Start II will be typed. 

5. Place Subroutines Deck with Automatic Divide in reader hopper. 
Pres s reader start and console start. See (3). This also applies 
here. The message "1620 Fortran Sub. Auto. Div. 9/30/61" 
will be typed. 

·0 

.. 
~ 
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7. 

8. 
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After the subroutine deck has been processed and the required 
subroutines have been loaded, the message "Load Data" will be 
typed. 

Place data cards in the reader hopper. 
Pres s Punch Start. 
Press reader start and console start. 

See (3). This also applies here. To avoid this condition two 
blank cards may be inserted after the three data cards. When the 
reader stops all data will have been read and processed. Then 
hit non';"process run out to clear read feed. 

9. The computer will perform the analysis of the column using the 
assumed neutral axis location read from the input data cards. A 
neutral axis location will be computed based upon the concrete 
stresses computed for the four comers A, B, C, and D. The com­
puter will halt at the end of the first iteration. 

10. Should another iteration be des irable, pres s cons ole start. Another 
analysis of the column will be performed using the neutral axis com­
puted on the previous iteration as the assumed neutral axis. 

11. Step 10 may be repeated as often as deSired. 

12. After the last iteration has been completed, lift remaining blank 
cards from punch feed and hit non-process run.out. Remove output 
cards from stack and hold. The last two cards are blanks. 

13. To process another column" two options are available. 

14. If data cards are placed in reader feed for one column at a time, 
place data cards for new column in reader hopper. Press punch 
start. Press reader start and console start. Steps 8 - 12 are 
applicable here. 

15. If data cards are placed in reader feed for more than one column at 
a time, step 8 applies only to the last column to be analyzed. To 
start analysis of next column press punch start and console start. 
Steps 9 - 12 are applicable here. 

Running List Program 

* 
1 • The output cards removed in step 12 of operation of the main program 

contain detail data on the contribution of the steel reinforcing during 

phases I and III. This program will list these cards if it is so desired. 

*Control card must be inserted before data cards (see pg. 12) 

o 

2. 

3. 

4'. 

5. 

o 
-15 -

Steps 1 - 8 of the operation procedures for the main program 
apply here also. 

The computer will halt after listing the output cards from the 
first iteration. To list the cards from the succeeding iteration I 
pres 5 start. 

Step 3 should be repeated until output cards from last iteration 
have been listed. 

To list output cards from the analysis of another column, place 
cards in reader hopper I hit reader start and console start. 
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Appt:foJj)'-' C 

260000800009 

DIMENSION AC(3) 
»OOf'oaMAT ( Vi ) 
1001 FORMAT (F6~2,F6.2,F6.2,F6.2,F5~2,F12.2,F12.2,F12.2,13,13) 
~~ FORMAT (F9.),2H ,F9.3,2H ,F9.3,2H ,F9.3,2H ,fl0.3,2H ,Fl0.3) 
I~~FORMAT H3,2H ,13,2H ,13,2H ,F6.2,2H ,F7.2,2H ,F7.2) 

~T (FtO.o~ ,FtO.O,2H ,FlO.O,2H ,F10.0.2H ,FIO.O) 
C READ IN COLUMN DATA . 

-- ~...JOO.I-.-,O¥:r:-OX, CV, cax, CBY, OXE, DYE 
READ 1001, uDY1, DOX1, OBY1, DBX1, AS, P, OMX, OMY, NI, NJ 

.. --UAl) 1.00 t .. AN, ANM1 
3KK - 1 
··ICR----t. ---.. 

SOMA .. 0.0 
'UMAX _ 0 0 

SUMAY - 0.0 
-c .cALCULAI.£COOIUUNAJES OF Pl AND P2 

YDIF - DY - DBYI - DDYI 
XOlj:·---DX·"".os.xt - Duxt 
IF( DDY1) 12.14,12 

taRPXI .- GV--~ 
!GY/0-tgOY1 + CV*YOIF/XDIF 

"-' illRpYl'~-'-'" . 
_ J~~n_!!_JHtXL t .. Cv*xp I F IYO IF 
. 161F (DeYl) 18,20,18 

____ .18Rrx2 - DX- t.Y.___ .. __ 
RPY2.DY "';\OBYI -CV*YOIF/XOIF 

JiP 10_22._ .'" . 
20RPX2 • OX -DBXl - CV*XDIF/YDIF 
.. .RP~Y .. ~_£.v . 

22 PUNCH 1005, RPXl RPYI. RPX2, RPY2 
-,CALCULATE ARfA . ...m: .SfEEL AND MOMENT OF STEEL AREA CAY,AX) 

DO 697 J - I,NJ 
. __ elf.. {J.~t} 26:.1.&.26 
261F (J-NJ) 30,32,30 

.... ...3OH._!L3 
1-1 

4902262 

GO TO 35 
32M -'" 2 

GO TO 34 
28M - 1 
3"00 612 1- I ,NI 
35 I&IIP - 4 
36V -. I , 

RX - CV + (V-l.O)*CBX 
'V - J 

RY - CV + (V-l.O)*CBY 
C TEST IF BAR IS IN COMPRESSION OR TENSION AND SET fACTOR 

GO TO (1tS,68,58.38),M . 
381F (RY - RPY2) 40,42,42 
lJOFACTR - ANMI -

o 

'0010 
0020 
0030 
0040 
0050 
0060 
0070 
0080 
0090 
0100 
0110 
0120 
0130 
0140 
0150 
0160 
0170 
0180 
0190 
0200 
0210 
0220 
0230 
0240 
0250 
0260 
0270 
0280-
0290 
0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 

0380 
0390 
0400 
0410 
0420 
0430 
0440 
0450 
0460 
0470 
0480 
0490 
0500 
0510 

GO TO So - 33 -
42Ft.CTR = 'Ml 

GO TO SO 
48tF (RX - RPX1) 50,52,52 
5(lFACTR = AN 

GO TO So 
52FACTR - AN~l1 

GO TO So 
581F (RY - RPY1) 60,62,62 
60FACTR • ANMl 

GO TO SO 
62FACTR • AN 

GO TO 80 
6SIF (RX - RPX2) 70,]2,]2 
70FACTR = AN 

GO TO 80 
72FACTR = ANMI 
80 GO TO 00'),214,214,81) ,K~JI P 
81 PUNCH 1007. J, f, M, FACTR, RX, RY 

ACC = AS*FACTR 
SUMA = SllMA + ACC 
SUMAX = SUMAX + ACC*RX, 
SUMAY = SUMAY + ACC*RY 
GO TO (612,612,90,697),M 

90M = 4 
I - ·NI . 

GO TO 35 

e~*8WNA'lf . 
C CALCULATE AREA AND MOMENTS OF AREA FOR CONCRETE 

PRI Nt 1008, SUMA, SUMAX, SUMAY . ' 
SMRIY = 0.1 
SMRIX - 0.' 
IF (OOyo 102,104,102 

t02Ar(3) - DX*OOYl 
SUMA - SUMA + AC(3) 
SUMAX = SUMAX + AC(3)*DX/2.1 
SUMAY - SUMAY + AC(3)*DOYI/2.0 

SMR I Y ."AC (3 )*DX**2/12" () + SMR I Y 
SMRIX - AC(3)*OOY1**2/12.0 + SMRIX 

KK - 2 
PRINT 100S, AC(3), SUMAY, SUMAX, SMRIY, SMRIX 

1041F (OBX1) 108 110, lOS 
108AC(2) • OBXt*[OY - OOY1) 

SUMA = SUMA + AC(2) 
SUMAY =SUMAY + Ar.(2)*(oY + OOYO/2.0 
SU~1AX = SUMAx + AC(2)*(oX - OBXl/2.'.l) 

SMRIY - SMRIY + AC(2)*(OBX1**2}/12.() 
SMRIX - SMRIX + AC(2)*{DY-DoY1)**2/12.:' 

KR - 2 
PRINT 1008, AC(2), SUMAY, SUMAX, SMRIY, SHRIX 

110SX - OX - ooXl - OBXl 
SY - oY - oDYl .~ DRYl 
AC{l) = SX*S¥/2.~ 
SUMA - SUMA + Ar(l) 

c 

SUMAX - SUMAX + AC(l)*(OoXl + 2.~)*SX/3.0) 
SUMAY - SUMAY + AC(1)*(DDYI + SY/3.n) 

SMRIY - SMRIY + ACO )*SX**2/1S-. n 
SMRIX = SMRIX + AC(t)*SY**2/18.0 

PRINT 100S. AC(I), SUMAY, SUMAX, SMRIY, SMRIX 
XBAR = SUMAX/SlJMA 
YBAR = SUMAY/SUMA 
OMYR • OMY - P*(XBAR - DXE) 
OMXR = OMX - P*(OYE - YBAR) 

PRINT 1005, XBAR, YBAR 
PRINT 1008, SUMA, OMYR, OMXR 

o 

0520 
- 0530 

0540 
0550 
0560 
0570 
0580 
0590 
0600 
0610 
0620 
0630 
061.0 
0650 
0660 
0670 
0680 
0690 
O]{)O 
0]10 
G720 
0730 
0740 
0750 
0760 
0770 
0780 

8~ 
0810 
0820 
0830 
08lJO 
0850 
0860 
0870 
0880 
0890 
0900 
0910 
0920 

g~ 
0950 
0960 
0970 
0980 
0990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070. 
1080 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 

~.~'J 



• 
C CALtUlATE DISTANCE TO THE NEUTRAL AXIS OF STEEL - 34 -
C AND OBTAIN THE FACTOR 

DO 967 J - l,NJ 
IF (J-t) 202 206 202 

202IF(J-NJ) 20A,20(,208 
20lIDNAY ~ DY - YBAR - CV' 

".,. 2 
GO TO 210 

206DNAY - YBAR -< V 
, K-t 
21000912 I - l,NI _.v .1,. ,. 

,RX - CY + (V-l.0)*CBX 
DNAX, ,!oo RX - XBAR 

KWIP - 1 
,', GO ',TO 36 
212ONAX- DX - XBAR - CV 

nEIP .'2 
GO, TO 36 

'208M .3 
:DNAX - XBAR - CV 

,,'.: OOP • 3-
'GO TO 36 

,..tlk • ..L~_,-, " 
-RY .' CV + (V-l.0)*CBY 
, DHAY. RY - YBAR 

3(10 PUNCH 1007, J, I, M, FACTR, Dt/AX, DNAY 
C.,:.tAUUUJ£ MOMENT OF I NERT I A FOR STEEL ABOUT X AND Y AX I S 

ARKY _AS*(FACTR*(DNAX*DNAX» 
____ ~:_...AS~(F.ACTR*(DNAY*DNAY) ) 

SK{IY. SHRIY + ARKY 
~_SJ«IX - SK{IX + ARKX 

_ GO TO (912,912,302,967),M 
J02H. ,. ",. - - -- . 

GO TO 212 
$J12CONTUWE 
961CONTINUE 

__ PRtHl .1008, S~ I Y. SMR I X 
C CALCULATE AD SQD FOR CONCRETE 

,-AItKY_AC(t)*(DDXl + 2.0*sx/3. 0 - XBAR)**2 
SHRIY .,. SMRIY + ARKY 

_' _,_.Mn,_AC{tl~(DDYl + SYI3.o - YBAR)**2 
st«IX - SHRIX + ARKX ,Paun tooa.. ARKY. ARKX. SMR IY, SfoR I X 
GO TO (322,320),KK ' 

,J2OAaKY •. AC(3)*(DX/2.0 - XBAR)**2 
SHR,IY - st«IY + ARKY 

. an _ AC(3l*(YBAR-DDVt/2.0 )**2 

SHR IX • Sf« I X + ARKX 
PRINT 1008,ARKV, ARKX, SMRIV, SMRIX 

322GO TO (332 330), KR 
3JOARKY - At{~}*(OX - XBAR - DBX1/2.0)**2 

SHRIY - SHRIY + ARKV 
. ARKX • AC(2)*(DV - YBAR - {DY-DDYl )/2. 1 )**2 

SHRIX • SMRIX + ARKX 
PRINT 1008! ARKV, ARKX! SHRIY

f 
SMRIX 

C CALCULATE CoNCRETE AND ~TEEL S RESS 
~32POA - {-P/SUHA} 

OHIY - OHYRISMRIY 
OMIX • OMXR/SMRIX 
TSADY - OMIY*XBAR 
TSBCY - (-oMIV*{OX - XBAR» 
TSDCX - (-oMIX*VBAR) 
TSABX - OMIX*{DY - YBAR) 

PRINT 100~! OMIY,_~MJX, TSADY, TSBCY, TSDCX, TSA8X 

o 

neo 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
1620 
1630 
1640 
1650 

1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 

o 

'::lJ~ = ~UA + '.JilI Y + I ::'At:X - 35 _ 
S8 = POA + TSr,cv + TSABX 
SC = POA + Tsncv + TSDrx 
SO = POA + TSAOV + TSDCX 
SST = «DtllV*(XBAf:-<:V»*AS + POA + AS*(OMIX*(DV-V8AR-CV»)*10.') 

PRINT 1005, SA, S8, SC, SO, SST 
IF (SB) 501,503,503 

5010ElYl =0.0 
DOUBT = OX*SB/(SA-SA) 
L = 1 
GO TO 2000 

3001 UElXl = DOUBT 
GO TO 505 

503£l8Xl = 0.: 
DoHBT = Dv*sn/(S8-SC) 
L = 2 
GO TO 2000 

3002 DElVl = DOUBT 
5051F (SO) 507,50~1.5(l~ 
507DDX 1 = o. r) 

DOUBT = DY*SO/(SA-SD) 
L = 3 
GO TO 2000 

3003 DOYl = DOUBT 
GO TO 511 

509UDYl = o. 
DOUBT = DY*Sn/ (SD-Sc) 
L = 4 
GO TO 2000 

3004 DDXl = DOUBT 
511 PRINT 1005, DDY1, DDX1, DBV1, DEX1 

PAUSE 
PRINT 3300 
GO TO 3 

2000 IF (DOUBT) 2001,2002,2002 
2001 DOUBT = DOUBT*(-l~ ,) 
2002 GO TO (3001,3002,3003,3004),L 

END 

lti30 
1840 
1850 
1860 
1870 
1880 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
2070 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
2160 
2170 
2180 
2190 
2200 



- 36 -

- . 

260000800009 
OITER SOURCE PROGRAM .. PUSH START 
T73582002 GO TO (3001,3002,3003,3004),L 
T7442 ENO 

~SWl otw~ SYHIUll TABU, PUSH START 
T9999 SIN 
1.9-98-9 SlNF 
19979 cos 
I9~c.osF 
T9959 ATAN 
19949 ATANF 
T9939 EXP 

J991-9.UPF 
9919 LOG 

1990-9 .lOGf 
T9899 SQRT 
.1S889. SQR TF. 

. T9819 AC 19859 
t98"9~3no. TC'Q 39 300 . 

.-1. 19- t ... -
T9819 TOOl 
,~~ ,gg~ .. 
19189·1007 . 

.. Im~ Igg~. 
19759 1008. 

. -1~1AJ9 DY 
19739 ox 
-19129 .01-
19719 CBX 

.. 19109£BY 
, 19699 OXE 
---19£89. ~¥£ 

19679 OOY1 
-19669tlDXt 
19659 DBYI 
19649 DBX1 
T9639 AS 
T9629 .p 
19619 OMX 
19609 {)MY 
T9599 tIl 
T9589 NJ 
T' '19 AN 

'19:,69 ANHI 
T9559 ~003 
19549 to< 
19539 nooT 
19529 J(R 
19519 SUMA 
lq~q ~nnonnnn~q 

~ tJ 

t9ii9~; sur",i\A 
T9489 SW-iAY 
T9L~79 Y01 F 
T946S; coo 
T9459 XDIF 
194L.9 nOl2 
1~}439 0014 
T~'~9 F:PXl 
I::. /9 P.PYI 
19409 0016 
19399 0018 
T9389 {)020 
T9379 RPX2 
19369 RPY2 
19359 001 
19349 G022 
19339 0697 
T9329 J 
19319 0026 
19309 0028 
T9299 CD30 
19289 0032 
19279 H 
19269 0003 
19259 I 
19249 0032 
19239 0002 
T9229 0034 
19219 0612 
19209 KW1P 
19199 oooZi 
T9189 0036 
1~·"'9 V 
15. .. 19 RX 
19159 1()OOOOOOOl 
19149 RY 
19139 0048 
19129 0068 
19119 0058 
19109 0038 
19099 0040 
19089 {)042 
19079 FACTR 
19069 0080 
T9<'59 0050 
19049 0052 
T9039 0060 
19029 0062 
T9(119 0070 
19{10900]2 
18999 0300 
T8989 0214 
T8979 0081 
T8969 ACC 
T8~}59 0090 
18949 SNRIY 
T8939 St1R I X 
T8929 0102 
If 9 01c4 
18~19 2000000(101 
18899 lzoQOOOr02 

18889 (;108 
TI1Q-.c :". 1'. 

- 37 - 7 

.. , 

a 



• 
4VV/.' ,J. I\.I 

18869 SX 
18859 SY 

18849 lOCOOOOO~l 
8839 1800000002 

"''\829 XBAR 
0.)819 YBAR 
18809' ot-!YR 
18799 OHXR 
18789 ti967 

18719 0202 
8769 0206 

18759 0208 

18~9 1J204 
8739 DNAY 

18729,U210 
18719 n912 
18709 DNAX 
18699 n212 
18689 ARKY 
18679 002 

-- ~--AfW(-

1,8659 0302 
861J9 ti322 

18639 n320 

186~ G332 
8619 n330 

1866! lm3 
18599 POA 

-18569 OMIV 
-9579 OHIX 

t8569 TSADY 
8559 TSBCY 
854" fSOCX 

18539 TSABX 
f8529 ~ 
18519 SB 
18509 SC 
18499 SI) 
'~'SST 
18419 006 
f8JJ6" 16OO()(){)OO2 
18459 0501 
-'f84t., ~503 
18439 DOUBT 
'84~ l 
18419 2000 

840, Joel 
18399 ~505 
18389 1002 
18379 lJ507 

18369tJso9 
8359 !003 

183"9 lJ511 
18339 104 
18129 01 
18319 002 

- 38 -

S~I 1 OFF TO IGNORE SlJr.ROUTItJES, PUSH START 

PROCESS It~G COMPLETE 

o 
- 39 -

sounCE PROGRAM, rUSK STA~T 
READ 1003, NI,NJ 

BITER 
08000 
08036 
08096 
08156 
n8180 
082C4 
n8228 
08324 
n8336 
08420 
08540 
li8s64 
08588 
08612 
n8624 
08708 
n8828 
08840 
08848 1001 
08876 1002 
Y ) 

READ 100S, RPX1, RPY1, RPX2, RPY2 
PRINT 1005, RPX1, RPY1, RPX2, RPY2 
PRINT 1001 
PR IUT 1002 
PRINT 1001 
KlJK = 2*N I + 2*( tlJ-2) 
DO 77 U .. 1,KUK 
READ 1003, J, I, M, FAcTn, RX, RY 

77 PRIUT 1003, J, I, M, FACTR, RX, RY 
PR tNT 1001 
PRINT 1004 
PRINT 1001 
DO 88 N .. 1,KUK 
READ 1003, J, I, M, FACTR, DNAX, ONAY 

88 PRINT 1003, J, I, M, FACTR, DtlAX, DNAY 
PAUSE 
GO TO 1 
FORMAT (2H ) 
FORMAT (SH J ,SH I ,5H M ,8HFACTOR 

0' 

ApP(;t.lD ,,. J:) 

,9H RX ,7H R 

09014 1003 
09116 1004 
UAY ) 
09254 1005 
09340 

FOm-tAT (I3,~H 
FORtlA T (S~j J 

,I3,2H 
,5H I 

,13,2H 
,SH M 

,F6.2,2H .F7.2,2H ,F7.2) 
,8HFACTOR ,9H DNAX ,7H 0 

FORMAT (F9.3,2H ,F9.3,2H ,F9.3,2H 
END 

PHOG S\: 1 aUf OR SYMBOL TABLE, PUSH STJ\RT 
19999 SIN 
19989 SINF 
19979 COS 
19969 COSF 
19959 ATAtJ 

, 19949 ATA1JF 
19939 EXP 
19929 EXPF 
19919 LOG 
19909 LOG!'" 
19899 SO[;T 
19889 SQRTF 
19379 1C03 
19869 1oC3 
19859 tll 
19849 t!J 
19839 0001 
lG82'1 TOOl) 

,F9.3,2H ,F9.3) 

// 

~-



19819 1005 
19809 RPXl 

j:::9 RPYI 9189 RPX2 
9719 RPY2 

. - 9 1001 
9759 1001 

.19749 1002 
197391002 
19729 KlJK 
19719 noo~ 
19109-1100 
19699 002 
19689. non 
JW9 N 9 ,J 
19659 I 

.... lS.6Il9 .M 
19639 FACTR 
I9629.RX 
19619 RY 
l9609 1004 
19599 1004 
19589 nOAA 

, 19579 DNAX 
19569. DNAY 

- 40 -

SWI OFFIO IGNORE SUBROUTINES. PUSH START 

_~SlHG._,COMPl.£IE 

(') c 

- 41 -

7200 7200 350 600 600 

1020 000 1000 000 156 

1000 900 

--------

ApPEND 1)< E lEST #1 I! 

3600 3600 

113200000 4536000000 30]0800000 12 12 

C) 
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- 42 -

(~;)( - 0../ . 
T.-e .. .l f~O I 

D.<!<:..- ~ J (, i 

'-UlTER SURROUTmES, PUSH START 
1620 FORTRAN SUBR. AUTO DIV 9/30/61 
LOAD DATA !:'W.AM p~~ I 

.aT l'TERAT'." 
" '+oSO~' +23280~ +24394. 

+734. +28139. +49719. 
+1864. +79359.· +139229. 

-142.843-' +24.420 '. 
'+32ft9~ '+21961136. +.32252003. 

+317260. 
+854323. 

+t!f61J. +8n102• $IF.....'., + 30 J ~ + 140 2261. +869406 • 

+6367. 
+284350 • 

. ' + 391J. +27 138. +1436596. +1143544. 
+f~J8J·'+2.8.'203 +684·.7'68 -466.008 -688.744 +1341.910 

+1678~"' +527~S64 -1503·.Ogo -352>.313 +25720.226 
+lZ;r.9l . > +.000 +18 •. 705 +.000 

2JIID +653~'+2Ym~ +24564~ 
+899~. +3~182.· +55876. 

-.-- ---:t:Y~" +68'~+126383. 

""'10.82'1 +2h~~' -

+388545. 
+811586. 

+11695. 
+147556. 

.- ~1~-'+2'ij fl. +30271212. 
+1i!W~ . +149tA~· -.-- +. ~''''-''+f7 ."+1359180. +766816~ . 

, + • +242636. +1389664. +1009453. 
"-"'+17~lSS-' +"2'9~987· +715 .. 820 -523.744 -679.842 

'. _,~l~~~5Dl ,.-~~;,U~, -157,98'.3180 -328.61'05 +28068.623 
+IU.~ +.\KK' +. 72 +.00 

+1479.274 

:"j"D--.----~- +23491;;' +24564. 
+7$8. +28881. +51901. 

·+l50lf;· +66161. +123905. 
. -t42i l£i- +22.483-

+340847. 
+772874. 

+7895. 
+152598 • 

--, + ~ +23796303. +30058965. 
+'266JI4~ +158265. 
-~ +52 16.· .. +B"3lf9':- +1318831. +766655. 

+290\1.3. +228128. +1348245. +994783. 
+~-~649 +30~216 +743.159 -527.628 -679.364 

"'1, ._.~71 t, .+.5fJl.923 -1591.670 -320.882 +28474.175 
+.119 +.000 +19.324 +.000 

+1496.228 

o o 
- 43 -

T[; "'"j; 2. 

7200 nrn 350 600 600 3600 3600 

OW) 1000 (100 1000 156 113200000 4536000000 3070800000 12 12 

1000 900 

'/ 

~ 
: . 



- 44 - - 45 -CoR # G...,. T.,-r..l 
Tt:5 -r 110 ~ 

n..c.. f J til I E HT Sr'. sutmOUT WE S. PUSH S1 AR T 
162C FORTRAtI smm. AUTO DfV 9130/61 
l.O"~ nATA 

--- 4!J01ooo .' +12.521 +3.500 +59.~72 +08.500 
C; __ A WI I:» L C- t-

NT lft~--· . J tt F"CTor~ RX RY 
. +652. +23()98~ +21t212. 

+720. +50132. +11338~ +6000. +311040. +1 +1 +1 +IC.OO +3.50 +3.50 
.. tIm. +95Q60.· +1~951t. +287216. +850176. +1 +2 +1 +l().OO +9.50 +3.50 ~$~ ITERAT ,.""' 
"'1.765-. +29.302· +1 +3 +1 +9.,m +15.5V +3.50 

.- - . ---~-- -t:lll.89.533 •. +3n7881S. +1 +4 +1 +9. r1O +21.SC +3.50 
..asSl91~ +135D632~ +1 +5 +1 +9.00 +27.50 +3.50 
.• JZ9l5;,. +S2Qo. +873167. +1~3213. +1 +6 +1 +9.~n +33.5C +3.50 
+2663n. +'2293. -F1139Sft1t. +1"355". +1 +7 +1 +9.·i O +39.50 +3.~ 

- ___ .+IS.Hl
u __ +26J16 +128.903 -369.821 -171.11t2 +1123.631 +1 +8 +1 +9.0') +"'5.50 +3.50 

+ISDJ~m ~.867 -11f89-.901 . -391;.182 +231'-0.053 +1 +9 +1 +!J.OO +51.SC +3.SO 
~ _n ___ -.:t...QOO ... .:t:1S..3.14 +.000 +1 +10 +1 +9.'10 +57.50 +3.SO 

+1 +11 +1 +9.00 +63.50 +3.50 
-. -----~ .... 23313. +2"60. +1 +12 +1 +9.00 +69.50 +3.50 
~ +'OJ8~ +32"1"~ +61912. ~231t9. +1'1G6. +2 +1 +3 +to.oo +3.50 ".50 

+11)' ~. +13Jt057. +895220. +165259. +2 +12 +Jt +9.00 +69.5{\ +9.50 
.... 1. . +u~Jtn- - +3 +1 +3 +10.00 +3.50 +15.50 -- .''lte +2"8]001-' ___ :t.lJf8OQ10. +3 +12 +4 +9.0) +69.50 +15.50 
+IJ'~;. +7510 ~ +4 +1 +3 +10.00 +3.50 +21.50 

____ ~- .-t!t23~.l"_ ~J"lli'~ +19J.1t13. +'. +12 +~ +9.JO +69.50 +21.5(1 
+'3. +275397. +1476739. +loWlo. +5 +1 + +10.00 +3.50 +21.50 

. _ ~. __ ~22:;..l12. +686 .. 7~.1 -502.296 -681t.783 +lltlS.64It +5 +12 !l +9.'10 +69.50 +27.50 
+1751.227 +S62~209 -1538.218 -~9.200 +2'791.033 +6 +1 +3 +10.00 +3.50 +33.50 
+'I~m _ .... _±a..Q.QQ.._. __ ~1'.z2J +.000 +6 +12 +It +9.00 +69.50 +33.s() 

+7 +1 +3 +10.')0 +3.sn +39.50 
~ ___ ~_ +~9L +Z"~~ +7 +12 +It +9.,10 +69 .. 50 +39.5(1 
~ +29722. +91524. +372319. +10290~ +8 +1 +3 "'10.00 +3.50 +45.50 

_____ +1"'... .~I... +U4953. +79'tS,S. +1"5706. +8 +12 ~ +9.ao +69.50 +'.5.50 -tit.. +eilih- . +9 +1 +3 +10.00 +3.50 +51.50 
~ •. _~ &._._.+..3.0119178. +9 +12 +4 +9.00 +69.50 +51.50 

+12 • +750 • - +10 +1 +3 +lo.no +3.50 +51.50 
~___ ±l311O. +U41729. =26. +to +12 +4 +9.,)0 +69.50 +57.50 

--- +29917. +236100 •. +131161t1. 26. +11 +1 +3 +ltl.OO +3.50 +63.50 
_ . ____ .±UASZS _._ .. _+3QJ2IJ +734.16.5 -527;.69J -.678.89~ +1490.062 +11 +12 +4 +9.00 +69.50 +63.50 
+181M.lI5 +582.895 -1586.061-324.21l1 +28301.151 +12 +1 +2 +10-.0;1 +3.50 +69.50 

_ ... _____ +10.:aZ63.. +.Q()O:.. _ .+J9.349 . +.000 +12 +2 +2 +10.,10 +9.50 +59.50 
+12 +3 +2 +10.(n +15.50 +69.50 

AfT,. +653.· +23497. +24564. +12 ~ +2 +10.0 +21.50 +69.50 
. +774. +28735. +51396. +33~785. +7481. +12 +5 +2 +1(1.00 +27.50 +69.50 

+1507. +6~'i. +123776. +769069.. +154~64. +12 +6 +2 +10.-10 +33.50 +~9.50 
+42.150- +22.lJ82 - +12 +7 +2 +10.(10 +39.50 +b9.50 

_ +2936:. ._i"2.37JtSlt6.5. +3.0057879. +12 +8 +2 +10.'.)0 +45.50 +69.50 
+1263286. +760150. +12 +9 +2 +10. 10 +51.50 +~9.50 

+51ru' . _ +1589'. +131~879;' +76Z7~. +12 +10 +2 +10.00 +57.50 +b9.50 
-+2931i- +226621. +1341t197. +99 362. +12 +11 +2 +9.:10 +63.50 +69.50 

+17.665· +30.228 +744.598 -527.293 -679.599 +1496.837 +t2 +12 +2 +9.;10 +69.50 +69.50 
1855:.947 +584~056 -1592:.380 -320.489 +28~96.534 
+10.602 +.000 +19.321 +.000 J 1·1 fACTOR DNAX DUAY 

+1 +1 +1 +10.')0 -44.26 +25.8C 
+1 -:-2 +1 +10.'10 -38.26 +25.80 
+1 +3 +1 +9. flO -32.26 +25.80 
+1 +4 +1 +9.:)") -26.26 +25~80 
+1 +~ +1 +0,,~Q -7.0.26 +2S.80 

" ·r 

~ CJ 0 '\ 



• 
+1 +6 +1 +9.')0 -14.26 
+1 +7 +1 +9.00 -8.26 
+1 +8 +1 +9.():) -2.26 
+1 +9 +1 +9.00 +3.73 
+1 +10 +1 +9.:10 +9.73 
+1 +11 +1 +9.00 +15.73 
+1 +12 +1 +9.00 +21.73 
+2 +13 +3 +10.00 +44.26 
+2 +13 +4 +9.00 +20.73 
+3 +13 +3 +10.00 +44.26 
+3 +13 +4 +9.00 +20.73 

"'* +13 +3 +10.00 +44.26 
+4 +13 +4 +9.00 +20.73 
+5 +13 +3 +10.00 +44.26 
+5 +13 +4 +9.0rl +20.73 
+6 +13 +3 +10.00 +44.26 
+6 +13 +4 +9.00 +20.73 
+7 +13 +3 +10.00 +44.26 

!~ +13 +4 +9.00 +20.73 
+13 +3 . +10.01 +44.26 

+8 +13 +4 +9.00 +20.73 
+9 +13 +3 +10.00 +44.26 
+9 +13 +4 +9.00 +20.73 

+10 +13 +3 +tO~Ol +44.26 
+10 +13 +4 +9·.00 +20.73 
+11 +13 +3 +10.00 +44.26 
+11 +13 +4 +9.00 +20.73 
+12 +1 +2 +10.00 -44.26 
+12 +2 +2 +10.00 -38~26 
+12 +3 +2 +10.00 -32.26 
+12 +4 +2 +10.00 -26.26 
+12 +5 +2 +10.00 -20~26 
+12 +6 +2 +10.00 -14.26 
+12 +7 +2 +10.00 -8.26 
+12 +8 +2 +10.00 -2.26 
+12 .+9 +2 +10 •. 00 +3.73 
+12 +10 +2 +10.00 +9.73 
+12 +11 +2 +9.00 +15~73 
+12 +12 +2 +9.00 +21.73 

o 
+25.80 - 46 -
+25.80 
+25.80 
+25.80 
+25.80 
+25.80 
+25.80 
-19.80 
-lS.80 
-13.80 
-13.80 
-7.80 
-7.80 
-1.80 
-1.80 
+4.19 
+4.19 

.10.19 
+10.19 
+16.19 
+16.19 
+22.19 
+22.19 
+28.19 
+28.19-
+34.19 
+34.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 
+39.19 

o 
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Symbol Table List 

AC 
DY 
OX 
CV 
CBX 
CBY 
OXE 
OYE 
DOYI 
DOXI 
DBYI 
OBXI 
AS 
NI 
NJ 
AN 

ANMI 
P 
0MX 
0MY 
KK 
KR 
SUMA 
SUMAX 
SUMAY 
YOIr 

XDIr 

RPXl 

RPYI 

RPX2 
RPY2 
J 
M 

V 
RX 

Concrete areas (see fig .3) 
Column dimension in Y Direction (see fig .1) 
Column dimension in X Direction (see fig .1) 
Distance to ~ of reinforcing steel from the column edge. 
Bar spacing in X direction 
Bar spacing in Y direction 
Assumed distance to YY axis from column edge AD 
Assumed distance to XX axis from column edge DC 
As sumed distance from D along AD to neutral axis (see fig. 1) 
Assumed distance from D along DC to neutral axis 
As sumed distance from B along BC to neutral axis (see fig .1) 
Assumed distance from B along AB to neutral axis 
Area of steel reinforcing bar 
Number of reinforcing bars in X direction 
Number of reinforcing bars in Y direction 
Ratio of flexural modulus of elasticity for reinforcing steel to 
flexural modulus of elasticity for concrete 
AN - 1.0 
Axial Load 
Moment about axis XX 
Moment about axis YY 
SWitch (2 if area 3 1S present - see fig. 3) 
SWitch (2 if area 2 is present - see fig. 3) 
Sum of transfornied areas 
Sum of transformed area moments about AD 
Sum of transformed area momeQts about DC 
Distance in Y direction between paints where neutral axis is 
assumed to cross the column edges 
Distance in X direction between pOints where neutral axis is 
assumed to cross the column edges 
Distance from AD in X direction to where neutral axis is assumed 
to cross steel row at point PI (see fig. 2) 
Distance from DC in Y direction to where neutral axis is assumed 
to cross steel row at point PI (see fig. 2) 
Same as RPXI for point P2 
Same as RPYI for point P2 
Counter for number of rows 
Switch 1 for row 1 

2 for row NJ 
3 for column 1 I rows 2 - (NJ-I) 
4 for column NI, rows 2- (NJ-I) 

Temporary work area 
Distance in X direction from AD to bar (J I I) 

.~ 

Co '. 



RY 
FACTR 
ACC 
I 
SMRIY 
SMRIX 
SX 
SY 
XBAR 
YBAR 
¢MYR 
¢MYR 
DNAY 

DNAX 

ARKY 
ARKX 
PlJA 
OMIY 
OMIX 
TSADY 
TSBCY 
TSABX 
TSDCX 
SA 
SB 
SC 
SD 
SST 

KWIP 
DOUBT 
L 
KUK 
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Distance in Y direction from DC to bar (J, I) 
Factor relating steel area to transformed steel area 
Transformed steel area 
Counter for number of columns 
Moment of inertia about XX axj.s for the transformed section 
Moment of inertia about YY axis for the transformed section 
X dimension of triangle area 1 
Y dimens ion of triangle area 1 
Distance to axis YY from AD 
Distance to axis XX from DC . 
Revis ed moment about YY 
Revis ed moment about XX 
Distance in Y direction between axis XX and centroid of steel 
reinforcing bar. 
Distance in X direction between axis YY and centroid of steel 
reinforcing bar. 
Work area for A (Dx)2 for concrete areas 
Work area for A (Dy)2 for concrete areas 
Concrete stres s due to axial load 
Y Moment/Y Moment of Inertia 
X Moment/X Moment of Inertia 
Stress along AD due to Y Moment 
Stres s along BC due to Y Moment 
Stress Along AB due to X Moment 
Stress along DC due to X Moment 
Combined concrete stress at A (see fig .1) 
Combined concrete stres s at B ( 
Combined concrete stres s at C 
Combined concrete stress at D 
Steel stress for bar under maximum tensile stress ( in corner 
D - see fig.l) 
Switch - us ed to control return to phas e III 
Work area used in computing neutral axis location 
Switch - used to control return from subroutine in phase rv 
Counter used in listing program 

o 

o 
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