
l t (: l. f ] 
J 

_ 
__

] 



MICRO COMPUTER AIDED ANALYSIS,DESIGN 

AND INDUSTRILI ZATION CF STRUCTURES 

BY 

DR. IBRAHIM !v1AHFOUZ MCliA.lvffiD IBRAHIIvl 

ASSOCIATE PROFESSOR, ZAGAZIG UNIVERSITY 

BANHA BRANCH, DEPT . OF CIVIL ENGINEERING 

SHOUBRAH, CAIRO, EGYPT 

In this work, a series of articles is presented Kith the 

objective of introducing and demonstrating the great potential of the 

use of computers in the analysis, and design of structures , as well as,in 
achieving automatic optimum minimum ~ight , or minimum cost design for 

the industrilized structural components fabricated in large quantities. 

The first group of articles is devoted to present the use of 

~'~ 
~J 

micro computers in enhancing and simplifying structural engineering work 

through the development of design aid tables for certain t)~es of struc­

tural elements commonly used by engineers . Sample prograw; are presented 

for the design and the development of design aid tables for reinforced 

concrete structural elements . The first group of articles is also concern­

ed with the introduction of the computer aided analysis of structures . In 

order that the important idea of the utilization matrix formulation in struc­
tural analysis may be set forth with a minimum of confusior_, the development 
of the matrix formulation and the corr.puter program for the analysis of beams 
by the equation of three movements are presented. 

The second group of articles is devoted to introeucing the computer 
oriented structural analysis techniques, namely, the finite elerent dis­

placement method of structural analysis. The first topic covers a brief 

history of the development of the finite element method, fcllowed by a 

second article for the presentation and derivation of the formulation 
of the finite element displacement analysis of structures such as, plane 

0 

n 

I"'"'\ 

0 

n 

D 
and space trusses and frames. In addition, computer programes are presented n 
and applied to the analysisQf ·these types of structures. · 

r-"1 



To end the second group articles, the criteria for the 

evaluation of commertial software are presented and ap?lied to evaluate 

a sample of commercially available programs in the various catEgories 

of structural analysis and designs . 

Finally, the third group of articles is d3voted to indus­
trilization of structures. In order to illustrate the structur~l syn­
thesis concept, or in other words the automated opt~ design of a 

structural system, a case study of the automated minimum cost cesign 
of prefabricated prestressed concrete beams is present~d. 
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FIG 1 FLO~ SHART. 

~ v 
INPUT JATA 

L. ..l> - • II t t...,..... "J 1 ..; G..; I 

D(I), I= 1,14 

wi.J . ~II ~I 

N;~R ---AAnoF;uL~2 -
------- - ---------

wi.J - ~n......:.S I 
OF DitU1ETER 

t L,-)'I ..; th..:i I ~ I 

BARS 5 8 10 -- - ::TC 

I= tl..,-1 .l...u..J J ~_) ~IA>.L- ~1 
. 9R . 

J ~..; t lc..:r-_,.bJI_,..:...o.JI ..;,..).) ~ 1 
I = c L,-1 .l...u..J 

YES 

tL,-)IIJI_,bl 71...~..>.) ..;,1..::_,1.)1 ..::.L>L-~I 
AS ( J) , J = 1, 14 

I = t l.,- I .l...u..J 

YES 

YES 

,..., 

n 
. ' 

..... 

n 

,-. . 

r-1 

n 

n 

,....., 

r"'!. 
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) 

:- • "'r •• _., o ,. .., "' .. _ .. oo-.- ·- o -~ 

l ~ [ .. [ 
LEVEL 1.2.0 I SEPT 

. ....... .. -- · - ... .. -· .... . .... _. --- - ... -·- -- ·----· · - ---- -------- - - -------...-- - ... ., ... "'lo:' 

r 
821 

[ L ; [ • C 
DOS/VSE FORTRAN 

( ( ( 
DA TE: APR 09 , 1984 c-; I ME:[ t d :Zl:(53 

OPTIONS I N EFFECT: NOLlST NOMAP NOX REF NOGOSTM T NOOECK SOURCE TER~· OBJECT FIXE D NOTEST 

I SN 1 
l SN 2 
I SN 3 
I ~N 4 
I SN 5 
I SN 6 
I SN 7 
T'\N a 
l~N '1 
I SN 10 
I SN ll 
I S 'I 12 
I SN 13 
I SN 14 
I SN 15 
I SN 16 
I SN l7 
I SN l tl 
ISN 19 
I SN 20 
I!;N 2 1 
lSN 22 
ISN 23 
I SN 24 
I SN 25 
I SN 26 
I SN 27 
ISN 28 
ISN 29 

OPTIHIZE!O l LANGLVLI771 NOFIP S FLAGIII NAMEIMAIN I LINECOUNTI601 

* .... k ••• t ••••••••• 2 •• • •••••• 3 ••••••••• 4 ••••• ~ ••• s ••••••••• 6 ••••••••• 7.* ••••••• e 

I NTEGER D 
Ott~HISI O,\J DC 141 tAS1141 
REA015tll IDIIItl = l tl4 1 
l=nfHIA f I I 4 I"\ I 
DO 8 t 1 = 1, 30 
;;~1TEI6tl01 

10 FORMA T llHll 
wRITE 16 tl00l 
wRITE .IC> t1 0Z l 
WQ I TEII>t2 1 

102 FOR!-IA T 1/1 
2 FOR MAT 12X,' NUM BER't47Xr' WEIGHT OF STEEL KG/ M ' t/1 

WRITE 16 , 20 1 
20 FOR!'-IAT ( 8X tl 24!1H- 11 

W~ ITE 16 , 3 1 
3 FORMAT 12X t' OF't54X t' OIAMETER MM't/ 
100 FORMAT llX,l3111H-I l 

WRITEI6t4 1 101 Iltl=ltl41 
4 FORMAl I LX ,• tlARS ',SX,l41I Zt7 Xl t/l 

WRITE16tl001 
00 7 I = 1, 50 
uu ';> J=td4 

5 ASIJ l = t*3.14159*DIJ I**2*0.780/400.0 
wRITEI6tbl ItiASIJJI,JJ = L, l4 1 

6 FORMAT ll X9 l 2 t 4Xtl4 1F7.3,2XI, 
7 CON TI NUE . 
8 CONTINUE 

STOP 
END 

*STATISTICS~ . SOURC E S T AT E~ENTS = 29 , PROGRAM ~lLE = 1146 BYTES, PROGRAM NA~C • H~IN PAGE: 

*STATISTICS"'" NO DIAGNOSTI CS GENERAT ED • 

****** END OF C0!-1PILATION 1 ****** 

c ( 
t'AGE: L l L_ 

1 . 



l [____:: ( -""'1. 
--" CJ·. c:=J ( •; c=J ~ [___~ __ } (_ ; (=:J . c:::::::J- - -r:::::::==- -- c:::J -.. .r J. - . r__:__::. --- L.J -- ( 

_/ )) 

!)) 
N• WE IGHT OF STE~l KG/H . , ')) _,,. 
OF DIAMETER MM 

\) flAil <; h fl 10 17 "' ' 4 tn I fl 19 20 '?? i''l Zfl ~0 !)) 

----
'iJ 1 v. 221 0.392 0.613 O. tl82 1.035 1. 201 t. 56 '3 1.985 2.212 2.450 2.965 3.829 4 o 803 5 .5 13 I)) 

2 0 .44 1 0 . 764 1.225 1.764 2.011 2 o401 3.1 31 3 . 970 4.423 4o901 5.930 7 . 658 9 . 606 11. 02 7 
3 0 't6 2 1·176 1· 838 2.646 3.106 3.602 4 . 705 5 . 955 6 . 635 7.351 8 . 895 11- 4!36 14.409 16.540 

'\J 4 0 d 2 1. 56tl 2 .450 3.529 4ol41 4o 803 6 . 273 7. 939 6 . 846 9 . 802 u. 860 15 . 3 15 19 . 2 11 22 . 054 )J 
5 1 0 3 1 . 960 3 . 063 4 . 41 1 5 . 177 6.004 7 . 84 1 9.924 11 . 058 12 . 252 14.825 19.144 24 . 014 27 . 567 
b ' ~ .) £ o.>:J£ l oOib ~ - l'1.) o . lil T .lO<t h41 0 11• .,0, t:lol:u'J H• TO:l 1ToT'JO rr:.H!l 1:0.0 17 :13•001 

"\J 7 l. . 4 2.744 4.288 6 . 175 7.247 8.405 10.97 13 13 . 694 15.481 17.1 53 20 .755 26.802 33.620 38.594 I)J 
e 1. 7 3 . 131 4 . 901 7.05 7 s.2a2 9 . 60b 12 . 546 15.879 17. 692 19 . 604 23.720 30.630 38 .423 44.108 
9 1. <; 3 . 529 5 . 513 7. 9 3 9 9. 318 10 . 806 14 . 115 17 . 864 19.904 22 . 054 26.685 34-459 43 . 226 49.621 

~ ... 1., z._.., 3.?21 6 .126 a . 822 10 . J::i3 1Z.007 1::i.C.OJ 1? . 04? ~~ . 115 ~4 . 50C,. ~? . C.50 30 . ~00 c.o . o~? 55.135 ')) 
11 2 . 42 ::. 4 o Jl 3 6 . 739 9.704 11 . 388 13.208 17 . 251 21.633 ~4 . 327 26.955 32.615 42.ll7 52 . 83 1 60.646 
1 2 2 . 646 4o705 7.351 10 . 566 12.424 14 - 409 16.1119 23.618 26 . 538 29.405 35.580 45.946 57 . 634 66. ·162 

·\"l 1) 2.8o7 !> . ~97 7 . 9o4 11 . 468 13.459 15 .609 20 . 389 25 . 803 28.750 31.85b 36.545 49.775 62.437 7lo675 
3. ::>d8 5 - 489 8 . 517 12 . 350 14.494 16. 8 10 21 . 956 27 . 768 30.96 1 34 . 306 41.510 53 - 603 67 . 240 77. 189 
3.306 5 . d6 1 9 . 1 (jQ 13.232 15 . 530 19.0 ll 23.524 29 . 773 33.173 36.757 44 . 475 57.432 72 . 043 82 . 702 

1\.) 1 l.'i :>9 ,.._,7, 9.~n:> 14. I 1 'i 1n . snc; 19. 7 1 I . 25 . 092 11 . 758 35 . 384 39 . 207 47.441 61.261 76.846 88 - 216 )) 
17 3 .74 Ooo65 10.4lft 14.997 17.600 20.412 26.661 33.743 37 . 596 41 .657 50.406 65 . 1)90 81.649 93.729 
ld l o 'I { { • .J57 Ll . 0.17 1~- 879 1e . 636 21 . 6 1.) l>s . Zl'l $'>oi l. I $'1 . H0f 44 o1 Utl :.oJ • . H 1 6tl o '11'1 !1<. .4 :-l '1'1ol<lt) ·,2 19 • l '11J ( . .. 4'1 11 . 6 4 0 1t>.7bl 1 q . 6 71 22 - tll<t 29 . 797 37.71 2 42 . 019 46.558 56.336 72.747 91.254 104.7::iC. ~) 

· .. J 2tl 41l / . dl,l u.~~l 1/.64j ~U .rUI> L4 . !llit jt.Jbb J '1 . b'll 44 . -l J U <t'I . UU'f j'f. jU l lb., lb '1o . u'' l1UoL IU 
21 6 3 1 8 . 233 12 . 8b5 11! . 525 21.7 42 25 . 215 32 . 934 41.682 46 . 442 51.459 , 62 . 266 80.405 100 . 660 11 5 .783 

)l . 22 52 ll oo26 1 3. 477 19 -407 22 . 777 26.416 34. 502 43.667 48.653 53.9!0 65.231 84.234 105 .663 12 1.297 J) 
23 17 2 9 . ~18 14 . 090 20.290 23.812 27.616 36 . 070 45 . 652 50 . 965 56 . 360 66 . 196 88 . 063 110.466 126 . 8 10 
24 2 93 9 .4 10 14 . 703 21 . 172 24 . 847 28.817 37 . 6)9 4 7. 63 7 53 . 077 58.811 71.~61 91 . 891 ll 5 .2 69 13.2 . 324 

~ 25 <1 3 ·; .dOl 15 . 31 5 22.054 25.883 30 . 018 )Q . 207 49.621 55 . 268 61. 26 1 74.126 95.720 120 . 072 137.837 ri) 
2b 4 10. 194 15 . 926 22.936 26.91'3 31.219 40 . 775 51 . 606 57 . 500 63.711 77.091 99.549 124.874 143 .351 
27 10 . 586 16 . 540 23.d Ul 27.95 3 32.419 42 . 344 53.591 59 . 711 66 .162 80.056 103.378 129 . 67 7 148 . 864 

~I 21l 6. ! 11l. ~ 7 d 17.153 24.700 28.989 33 . 620 43.912 5 5 . 576 61 . 923 68.612 83.021 107. 207 134.480 154.378 >:l,) 

2'1 6. 3r. 11 .J 70 17 . 766 25. 58 3 30 . 02 4 34.82 1 45.480 57 . 561 64.134 71.063 85 . 986 111.036 139 .283 159. 89 1 
30 6. 6 16 llo 762 16.378 26.465 31.059 36 . 021 47. 0 4 9 59.546 b6 . 346 73 . 513 88.951 114. 864 144 .086 165 . 405 

~j 31 6.637 1l. 1 54 1 9 . ?9 1 27.34 7 32.095 37.222 46 . 6 17 61.53 1 68 . 557 75.964 91.916 116.693 148. 889 170.918 iV 
32 7.057 12 . :) 46 19 . 604 28.229 33.130 38 . 423 5o. l B 5 63 . 5 15 70.769 78.414 94.881 122.522 153,.692 176 . 432 
33 7.27 8 12 . 9 38 20.216 29 • 1 ll 34 . 165 39. o 24 5 1.753 65 . 500 72.9 60 110.865 97 . 846 126. 351 158.494 18 1 .945 

':\ ) 34 7 . 498 13 • .130 20.8 .?9 29 . 993 35.20 1 40.824 53. 32 2 67.485 75. 192 63.315 100.811 130-180 163.297 187 .459 w 
35 7. 71 9 13 . 72i 21 .441 30.876 36 . 236 42 . 025 54.890 69.470 77.403 65 .765 103.776 134-008 168.100 192.972 
36 7.939 14.115 22.054 .31.7~8 37.271 43.2 26 56 .4 511 71.455 79 . 6 15 86.2 16 106.741 137.837 112.903 198.485 

Il l 37 8. 160 14 . 507 22 . 66 7 32 . 640 38.306 44 . 426 58.026 7 3 . 440 81 . 626 90.666 109 . 706 141.666 117 . 706 203.999 t) 

31:3 8 . 360 14. d99 23 . 279 33 . 522 39.342 45.627 59.595 75 . 425 84 . 038 93 .117 112.671 145.495 182 . 509 209.512 
39 8 . 60 1 15 . 291 23.892 34 . 404 40 . 377 46 . 828 61.163 17.409 86 . 249 95 . 567 115 . 636 149 .324 187.312 21 5 . 026 

\V 4 0 8 . 822 15.663 24 . 504 35 . 286 41 . 412 . 48.029 6 2 .731 79.394 68.461 98.018 1 18.60 1 153 . 152 192 . ll4 22 0 . 539 
41 9 . 042 1c..075 25 . 117 36 . 168 42 . 448 49 . 229 64 .300 '81.379 '10 . 6{1. l UU . 46H tt.t. S66 1S6 o'ltll l'l6o 'H 7 226 . 0 '!13 
'•2 9.21>3 l b - ·· 67 2 '!1. 730 37,051 4 }, 48) 50.4 30 f,';,AftA A1. '\(,4 Q7 . AA4 107.?10 174 .";11 11.0 . 0 10 701 .770 231 .566 

~ 43 9 . 483 1o.859 26 . 342 37 . 93 3 44.51!1 51.o31 67 . 436 85.349 95. 0 95 10 5.369 127.496 164 . 639 206 . 523 237 . 080 
44 9 . 704 17 . 25 1 26.955 36 . 8 15 45 . 5 54 52.831 69. 004 87 . 334 97.~07 10 7.819 130. 461 166.468 21 1.326 242. 59 ~ 

- ~ 
45 9 . 9!.'• 11. o43 27.5o7 39 . 697 46. '.>89 54 . 032 70 . 571 89.)19 99.'5 18 11 0 .270 133.426 l7 2. 296 216 .1 29 248 . 
46 10 . 145 1 d . 03 5 2 8 . 1b0 4 0 . 5 79 47 . 624 ss.2D 72.141 'H. 303 10 1. 730 11 2 . 720 136.391 176 .125 220 . 932 2'i .l) 
47 10 . 365 11.) . <,27 26 . 7'13 41.46 1 46 . 6c.O 5bo43't 73.709 93.288 l'()J . Q42 115 .111 139.356 179.954 225 . 134 2' 
48 10 . 5d6 113 . 8 19 29 . 405 42 . 344 49.695 57 . 634 75 . 278 95.213 106 .1 53 ll7 .621 142.321 183.783 230. 5 37 :> 

J) 't9 10 . 806 19 . 2 11 30 . 0 l"l 43 - 226 50 .7 3!) 5 6 . 815 76. 8 4b 97 . 258 106 . 365 120 . 072 145 .287 167 . 612 235. 340 6 1 
50 11.027 19 . !>04 30 . 630 4<,.108 51 . 7o6 60 . 0 36 78 .414 9 9 . 243 110. 5'16 1:!2 . 522 14 1! .~~2 1Y1 . 44U t.4U . l4 1 - -o1 4 

.JJ · J) 

·. ... . .. .. . - .... . ...... - . . . .. . .. . . . ~ .. - - - ....... -- . ---·-- -· •· .. - ·-. . . -- -- .. . -- · -· ·- ..... ... . -----·· . .... . .. .. - - -- .. . ... ...... -
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COMPUTER AIDED DEVELOPMENT OF 

DESIGN AID TtBLES FOR REINFORCED 

CONCRETE STRUCTURES 

BY 

DR. IBRAHIM MAHFOUZ M. IBRAHIM 

ASSOCIATE PROFESSORS, .~.AGAZIG U:U'f. 

BANHA BRANCH ~ CIVXL ENGINEERING DEPT. 
EGYPT 

The objective of this wort: is to present a for:ran c01rp~er pro-·. 

gram fo r the development of design aid tables for reinfo~ced concrete sec­

tions subjected to bending moments. The tables can be Js-=d to great ly simr ... 

plify t he design of a variety of re i nforced concrete strJctural el€ments 
such as, beams havfng rectan~u1ar, - or L sections , sl~b;, flat slabs, foo­

tings • •• etc • . • The computer progr•m is based on the 11 JLTIMATE " strength 

design method of the ACI 318-83 building code requirerrents for rei 1forced 

concrete. 

-r 

In the 11 ULTIMATE 11 stren;~th design method, th: depth of the rein­

forced concrete section, d can be eo<pressed in terms of .the '' ULTI~1ATE MOMENT " 

Mu and the width, b as fo 11 ows: · . 
I M I 

d= I " ( 1) 

where 

R = F [ f n y -
7... 

..f F I [ 1.7 y (2) F~] J 

and J is the percentage of steel =As/ bd (2b) 

Fy= Yield strength of the reinforcing steel 

F~ = Compressive strength of concrete cylinder after 28 daJS . 

ft· is pointed out that the design aid tables give tre values of Rn for 

various percentages of steel, J , for different values of Fe' and Fy. 

In the precediilng Equation, 1 , if>i s the strength reduct i cn facto~ and is 

equal to 0.9 for flexure. Note that the strength reduction factor accounts 
for uncertainties in design computations and relative i 11portance of various 

types of members, and provides for the possiblity that Emall adjress var.iations 

in materia 1 strengths, workmanship ,. and dimensions, while individLally wi.thin 

acceptable tolerances and limits, 11ay conbine to resu· t in unders:rength. 

0 
0 

0 

0 
0 
0 
n 

0 
0 
0 
0 
,..., 

0 
D 
n 

0 



The required moment strength, Mu or, the factored moment, is co~uted: as:~ 

Mu = LFDL Md + LFLL ML ( 3) 

where, Md and ML are the moments due to service dead anj live loads, 
respectively, and, LFDL and LFLL are the load factors f,)r dead l~~ads 
and live loads , which provide for excess load effects from such possible 
sources as overloads ,and simplified assumptions in structJral an ~lysis. 

Recommended load factors for the middle eastern region ca1 be ta<en equal 

to, LFD.L = 1.5 and LFLL= 1.8 

0 
0 

The flow chart of the computer program and the 1 i stin~ of the 
program are shown in figures 1 and 2, respectively. Sam~le outpt..t design 
aid tables are presented in the tables, for various comcinati ons of F~ · . 
and FY. It should be noted that the program is independen: of th£ qualities 
and units of both concrete and steel and can be used in the case; where [J 
the quality of concrete is represented by its cube strer.gth. 

0 
0 
0 

0 
0 
0 
0 
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WHI:Kt: 

TAOLI!j FOR rl l t Ot;1tGtJ or R~c. 
SEC TI ONS SUBJECTED TO BENDING 

MOl-lENT 

0 • ~QRT I NULT I Q RN 0 l 

ROW AS I I B D l 

IJ :: U.'t 

MULT = ULTIMATE MOMENT 

D DEPTH OF THE BEA~ 

B = WIDTH OF THE SEAM 

c:: c= r 
13 . 47 DATE D3/20/84 PAGE 2 
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' ~ AS ~ AREA OF STEEL 

• FY YIELD STRENGTH OF STEEL a 

• 
FCl = CO~PRESSIVE STRENGTH OF CONCRETE 

1} 

CYLINDER AFTER 28 DAYS , 
RN REFER TO TABLES ~ 
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lEVEl 1.2.0 (SEPT 821 OOS/VSE FORTRAN DATE: MAR 20, 1984 TIME: 09:48:10 

OPTIONS IN EFFECT : NOLIST NOMAP NOXREF NOGOSTMT NODECK SOURCE TERM OBJECT FIXED NOTEST 
OPTIMIZECOI LANGLVLI771 NOFIPS FLAGIII NAME(MAIN J LINECOUNTI60J 

ISN 
tS"' 
ISN 
1~N 
ISN 
ISN 
I SN 
ISN 
T~N 

ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
ISN 
I !:it~ 
tSN 
liN 
ISN 
ISN 
ISN 
ISN 
ISN 

ISN 
ISN 
ISN 

l 
~ 
3 
.lr 
5 
6 
1 
8 
Q 

10 
11 
lZ 
13 
14 
15 
16 
l7 
Ul 
19 
lO 
21 
22 
23 
24 
25 

26 
27 
28 

*STATISTICS* 

*STATISTICS* 

*····*···l ••••••••• z ••••••••• 3 ••••••••• 4 ••••••••• s ••••••••• 6 ••••••••• 7.* ••••••• a 

l 

2 

3 

9 
4 

5 

0 

7 

8 

DIMENSION ROW(500J,RN(5001 
R~AO(~,~~ f,L,fY 
FORMAT(3F 10.41 
I{LAUl~, e l N 
FORMA Tf LI 31 
ROWlll-=0.0000 
DO 3 I=ltN 
RNIII=ROWCIJ*FY*Il.O-ROW I II*FY/Ct.7*FC111 
J=I + l 
ROW t JI=ROWlli+O.OOOl 
WRITE I 6, 9 I 
FORMATI1Hlt35X,'******************************************'I 
FORMATC35Xt'******************************************'l 
WRITEC6,51 FCL,FY 
FORMATl40Xt4HFCl=Fl0.4,SX,3HFY-=F10.4J 
WRITEt6,41 
WRITE(6,6l 
FORMATI7X•6(JHROWt7X•lHRNe7X11 
DO 7 l=lt60 
II-I ... iO 
JJ= l[ +60 
KK=JJ+60 
IK=KK+60 
IJ=IK+60 
WRITEC6,81 ROWliJ,RNIIJ,ROWltii,RNliii,ROW(JJitRN(JJJ,ROWCKKI, 

X RNIKKI,ROWIIKJ,RNCIKJ,ROWIIJI,RNCIJJ 
FORMAT15X,6(F7.4t2X,F7.4t3X)I 
STOP 
END 

SOURCE STATEMENTS 28, PROGRAM SIZE = 5162 BYTES, PROGRAM NAME = MAIN 

NO DIAGNOSTICS GENERATED. 

PAGE: 

• ****** END OF COMPILATION l ****** 
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-_ ,· ... r . l r - L • r -~ £ :J c=J · c~ c-- ~ c ~ l J [ 
; 

[..::=J c:::J c::J r_ ************ * * • • * • • *********************** 
r 

FC 1= 200.0000 FY= 2300.0000 
****************************************** 

ROW RN ROW RN ROW RN ROW RN ROW RN ROW RN 
r 

o.oooo o.oooo o.oo&o 13.2398 o.o120 25.3592 0.0180 36.3584 0.0240 46.2375 0.0300 54.9963 

0.000 1 0.2298 0.00&1 13.4510 0 . 0 1 2 1 25 . 55 17 0 . 0181 36. 5323 0.0241 46.3926 0 . 0301 55.1328 r 
0 . 0002 0 . 4594 0 . 0062 13.6618 o.·o122 25.7439 0 . 0 182 36.7058 0 . 0242 46.5475 o.o3o2 55.2690 

0.0003 0.6886 0.00&3 13.8724 0.0123 25.9357 0 . 0 183 36.8790 0.0243 46.7020 0 . 0303 55.4048 
0.0004 0.9175 0 . 006't 14.0826 o.o124 26.1273 0.0 184 37.0519 0 . 0244 46.8562 0 . 0304 55.5404 

( 
0.0005 1.1461 0.0065 14.2925 0 . 0125 26.3186 0 . 0185 31.2245 0.0245 47.0101 0.0305 55.6756 
o.ooo6 1 .. 3744 n~nof>F- J4 , ~021 0.0136 ~~-- 1\0f'J'i 0.010(, 3 T.3 f6T U.U.t'tO 't l.lbJ( o.b306 5~.8 1 06 

0.0007 1.6024 0.0067 14.7114 0.0121 26.7001 0 . 0187 37.5<.07 0.0747 47."\170 u.uJ07 55.?'•5~ r 
o . oooo 1.8300 UeUUbtl l'te9204 0.0128 26. 8905 0 . 0188 37.7403 0.0248 47.4700 0.0308 56.0795 
0.0009 2.0574 0.0069 15 . 1291 0.0129 27.0805 0.0189 37 . 9 117 0 . 0249 47.6227 0 . 0309 56.2135 
0.00 10 2.2844 0.007 0 15.3375 o . o no 27.2702 0.0190 38.0827 0.0250 47.7751 0.0310 56.3472 ( 
0 . 001 1 2 .51 12 0.0071 15.5455 0.0131 27.4596 0.0191 38 . 2534 o.0251 47.9211 0.0311 56.4806 
o.oo1z 2.7376 0.0012 15.75 33 0,.0137 77,.ft41H 0-01Q2 38 · '•2)11 O.Oi!S~ 40~0700 o.o:nz ,o.oLH 

U. UO ll 2.9637 o.oo73 15.9607 0.0133 27.8314 0.0193 38.5939 o . o2s1 41\.7'\0'\ 0,0313 56.7'11•'• 
0.00 1 .. ).16,9 o.oul ot l b.lbl6 o . 0 134 28.0259 0 . 0 194 38.7637 0.0254 4 8 . 38 14 0 . 0314 56.8789 c 
0.0015 3.4150 0.0075 16.3746 0.0135 28.2140 0.0195 38.9332 0.0255 48.5322 0.0315 57. 0 110 

f • 
0 . 0016 3.6lt02 0.0076 16.5811 0.0136 28.4018 0.0196 39.1024 0 . 0256 48 . 682 7 0 . 03 16 57.1428 r 
0.0017 3 . 8650 0.007 7 16.7873 0.0137 28.5894 0 . 0197 39.2712 0 . 0257 48.8329 0.0317 57.2743 
0.00 18 4.0096 0.007 8 11> e'l'i~l OeO L38 28.7766 0.0198 39.4398 0.0258 48.9827 0 . 0318 57.4055 

'~ .. ~ I : r. 0 . 0019 4.3138 0.0079 11.1988 0.0139 28.9635 0.0199 39.6080 0.0259 49.1323 0.03 19 57.5364 
( 

'. 0.0020 4.5378 o.oo8o 17.4040 o . 0 140 29.1501 0.0200 39.7759 0.0260 49.2815 0.0320 57.6670 
,. 0.0021 4.7614 0.008 1 17 .6090 0.0141 29.3363 0.0201 39 . 9435 0.0261 49.4305 0.0321 57.7973 ,_ , . \ 

::? ..... 0.0022 4.9847 o.oo82 17.8136 0.0142 29.5223 0 . 0202 40.1108 o . o262 49 . 579 1 o . o322 57.9272 
' 

0 o.oo23 5.2077 0.0083 18.0179 0.0143 29.7080 0.0203 40.2778 0.0263 49.7274 n.0323 58 . 0569 I 

0 . 00.?4 5 .4JO't p.00114 18.zuo 0.0144 29.8933 0.0204 40.4445 0.0264 49.8754 0 .0324 58.1862 

··<t. 
o.0025 S . h'i77 o.ooa5 18. 11257 0 . 0145 )0.0783 o.o2o' 40.blUtl 0.026!> 50.0231 0.0325 58.3152 

' 0.0026 5 . 8748 0 . 0086 18 . 6290 0. 0 146 30.2631 0 . 0206 40.7769 0.0266 50.1705 0.0326 58.4439 
Jj~ tl 0 . 002 1 6.0966 0.0081 18.8321 0 . 0147 30.4475 0.0201 40.9426 0.0267 50.3176 0.0327 58.5723 

\ o . oo28 6 . 3180 0.0088 19.0349 0.0148 30.6316 o.070R 41 . 10RO o.OZ6B 50 . 116 113 o.ono ::;o.7oo~ .. • '(' 0 . 0029 C> . ~J91 0.0089 19.2374 0.0149 30 . 8154 0.0209 41.2731 0.026 9 50 . 6 108 0.0329 58.8282 
0.0030 6.7600 0.0090 19.4395 0.0150 30. 9988 0 . 02 10 41 . 4380 0 . 0270 50.7569 o . ono 58.9557 . 0 . 0031 6.9805 0.0091 19.6413 0.0151 31.1820 0.0211 41.6025 0 . 021 1 50.9027 0.0331 59.0828 

q.; 
(( ' w o.oo32 7.2007 0.0092 19.8428 o.o152 31.3649 0.0212 41.7666 0.0272 51.0482 o.0332 59.2097 . 0.0033 7 .4206 0.0093 20.0441 0.0153 3 1.5474 0.0213 41.9305 0 . 0213 5 1 . 1935 0 . 0333 59.3362 

I. o.o034 7.6401 0.0094 20.2450 o.0154 31.7296 0 . 02 14 42.0941 o.o214 5 1.3383 0.0334 59.4624 
I . ((I 0.0035 7.8594 0.0095 20.4456 o.o155 31.9115 0.02 15 42.2573 0.0275 51.4829 0.0335 59.5883 

r 0.0036 8.0783 0.0096 20.6458 0 . 0 1 56 32.0932 0.0216 42.4203 0.0276 51.6272 0.0336 59.7139 

I 
(.£# 

0.0037 8.2910 0.0097 20. 8458 0.0157 32 . 2744 0.02 17 42 . 5829 0.0211 51.7111 0.0337 59.8392 

' 0 . 0038 8 . 5153 0.0098 21.0455 o.o158 32.4554 o. 0218 42.7452 0.02 7 8 51 . 9148 0 . 0338 59.9642 
l :. 0 . 0039 8.73 33 0 . 0099 2 1.2446 0.0 159 32.t>~t> 1 o.n:>1Q 4i!.~072 O.OJ1'l 'i:>.oc;n , n, o:n? C.O.OII~ 

~ 
(ll 

u.uu~u o. ':110 UeUlUU ~1·4'dtl 0.0160 32.8165 0.0220 '• 3.0689 o.o2ao 52.2012 0.0340 60. 2132 

I 0 . 0041 9. 16R4 n.0 101 21.6 1126 0.0161 JZ.99C.::; 0.0221 43.2303 u.u~111 ~2.3439 0.0341 60.33 72 \. 

I O.OO't2 9.3855 0.0102 21. 8410 o.o162 33.1763 0.0222 43.3914 o.o282 52.4863 0.0342 60.4610 

lll 
0.0043 9.6023 0 . 0103 22.0391 0.0163 33.3557 o.o223 43.5521 0 . 0283 52 . 6284 0 . 0343 60.5844 
0.0044 9.8187 0.0104 22.2369 0.0 164 33.5348 0 . 0224 43.7126 0 . 0284 52.7701 0 . 0344 60 .7075 l 
0 . 0045 10.0349 0.0105 22 . 4344 0.0165 33 . 7136 0 . 0225 43.8727 o . o285 52 . 9116 0 . 0345 60.8303 

0.0046 10.2507 0 . 0 106 2Z . 6~ 1 'i 0·0166 33.8921 o.02:!b 4·4 . 0325 0 . 0286 53.0,28 o.OJ<to 60.9528 
~~~ 0.0047 10.4663 0 . 0107 22.8284 0 . 0 167 34.0703 0.0227 4.4. 1921 0 . 0281 53.1936 0 . 0347 6 1.0750 \ 

0 . 0048 10.6815 0 . 0 108 23 . 0249 0.0168 34.2482 o.o228 44-~'il~ 0 .. 0288 53.3342 0 . 03lt8 f-1. 1969 ,, 0.0049 10 . 8~C>'t 0.0 109 23.22 12 0.0169 3 4.4258 0 . 0229 44.5102 0.0289 5 3 .4744 0 . 03 49 61.3184 
o . 0050 11.1110 0 . 0110 23-4111 0.01 70 34.6030 0 . 0230 44.6687 0 . 0290 53.6143 0 . 0350 6 1.4397 ... 
0.005 1 11 .3253 0.0111 23.612 7 0.017 1 34.7199 0 . 0231 44.8270 0.0291 53 . 7539 0 . 0351 61.5606 

( t. 
o.oos2 11.5392 0.0 11 2 23. 8080 o.o 112 34.9566 o.o212 44.9850 0 . 0292 53 . 8932 o . o352 61.6812 
0 . 00 53 11. 75 29 0.0113 24.0030 0.0173 35. 1329 0 . 0233 45.1426 0.0293 54.0322 0 . 0353 61.801 5 I. 
o.oo54 ll.9662 0 . 01 14 24.1917 0. 0 174 35 . 3089 0.0234 45.3000 o.0291t 54.1708 0 . 0354 6 1 .9215 
0 . 0055 12.1193 0.0115 24.3920 _Q_.Q!J5_3~4846_ 0 . 0235 45.4570 0.0295 54.3092 0.0355 62 . 04 12 

\. ~ 0.0056 12.3920 0 . 0 11 6 24.5861 o.o116 35 . 6600 . 0.0236 45.6131 0 . 0296 54.447? n.n)~6 62 .1606 I 

0 . 0057 lZ • C.Oit't 0.01 17 l't.ti~U 0-01 77 35 . 8351 O. OZ37 lo5 . 7701 0.0297 5't . 511!>0 0.0357 bl. Z 196 
0 . 0058 12. 8 165 o . o u 8 24.9733 0.0178 36.0098 0.0238 45 . 9262 0.0298 54.7224 0.0358 62.3984 

~ 
u 0 . 0059 13.0283 0 . 0 11 9 25.1664. 0 . 0 179 36.1843 0.0239 46 . 0820 0.0299 54.8595 0 . 0359 62 . 5 168 ... 

.-~ 'c···.-: .-:. _. ... -: :·· :.· .. -.: . . --·-- .. ··-··· ·~· . -_-._::.----=----·-· L· • .:. ._~ ::-: :::.:-~.-· _.._ .... ______ :.. _ __ ~_ 
. - - -- .. ----- .... ... . ... J ,., ~., ... "'"" 
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·-
7
' L - l [ - ( _;****~--~****~*****J*'If'lfH**bh**b*** ( ::J CJ ~ r=J c=J c:J r=:J ., . . 

FC1= 180.0000 FY= 3600.0000 
*********k******************************** 

ROW RN ROW RN ROW RN ROW RN ROW RN ROW RN I 

o.oooo o.oooo 0.0060 20.0751 0.0120 37.1007 0.0180 51.0770 0.0240 62.0040 0.0300 69 .• 8817 .. 
0.0001 0.3596 0.0061 20.3839 0.0121 37.3586 o.o1a1 51.2841 0.0241 62. 1603 0.0301 69.9872 p 

o.ooo2 o. 7183 0.0062 20.6918 o-.0122 37.6157 0.0182 51o4904 0.0242 62.3158 0.0302 70.09 18 t q 
It 

0.0003 1.0762 0.0063 20.9988 0.0123 37.8720 0.0183 51o6958 0.0243 62.4703 o.0303 70.1956 I o.ooo4 1.4332 0.0064 21.3050 0.0124 38.1273 0.0184 51o9003 0.0244 62.6241 0.0304 70.2985 
o.ooo5 1.7894 0.0065 21.6104 0.0125 38.3819 0.0185 " 52.1041 0.0245 62.7770 0.0305 70.4006 

(-

0.0006 " :! ... l (. '•8 O. OOI\6. 2t-91't9 0.0126 38.~356 o. rq A f. ~Z - 'lOf.Q n.0?4f> f>?.9790 0 .. 0306 70.5018 i 
o.0no1 z , t. Qol 0 . 001',1 ?7 - ?1Rf. o.m n '\R.,RRR4 o~m11r ~?..5090 o.o2't1 63~0802 o.o307 70.6022 ,. 

0.0008 2.8529 o.oo68 22.~214 o.oil!l 39.1404 t>.tJlUU !-lollUl u.u~~til b.l • .!.lUb U.l.ut.Jb tu.Juu I 

o.ooo9 3.2057 0.0069 22.8234 0.0129 39.3916 0.0189 52.9105 0.0249 63.3801 0.0309 1'0.8004 l· 
f{j 

0.0010 3.5576 0.0070 23.1245 o.o130 39.6419 0.0190 53.1099 0.0250 63.5287 0.0310 70.8982 I! 
0.0011 3.9087 o.oon 23.4248 0.0131 39.8913 0.0191 - 53.3086 0.0251 63.6765 0.0311 70.9952 ( 

; .. 

0.0012 4.2590 Oo0072 23.1242 0.0132 40.1399 0.0192 53.5064 0.0252 ?3.8235 0.0312 1' lo 0914 

4rt) 0.0013 4.6084 0.0073 24.0228 0.0133 40.3877 0.0193 ' 53.7033 0.0253 63.9696 0.0313 71.1867 
o.ocn4 4.9510 0.0074 g.)205 d.tH34 4U.fd46 u.U1'14 ~~-li'/'14 u.u.:::)~t o'f. U'f'l UoU.!Ilot JL • .~: au f 

o.oo1s 5.3047 Oo0075 24.6174 0.0135 40.8807 0.0195" 54.0947 0.0255 64•2593 0.0315 1' 1. 374 7 

{'j 
Oo0016 5.6516 0.0076 24.9135 0.0136 41.1259' 0.0196" 54-2890 0.0256 64.4029 0.0316 71.4675 
0.0017. 5.9976 0.0071 25.2086 Oo0137 41.3703 0.0197 · 54.4826 0.0257 64.5456 0.0317 71.5594 \ 

o.o018 6.3428 0.0078 25.5030 o.013H 4lobljll UoU1'11l :>4.o7 B 0 . 0 2'8 64ol>8 T!J 0.0318 1l.690:l 

I(# 
0.0019 6.6871 0.0079 25.7965 0.0139 41.8565 0.0199 54.8672 0.0259 64.8286 0.0319 71.7407 
0.0020 7.0306 o.oo8o 26.0891 0.0140 42.0983 0.0200 55 . 0582 0.0260 64.9688 0.0320 71.8300 i 

0.0021 7.3732 0.0081 26.3810 0.0141 42.3393 0.0201 55.2463 0.0261 65.1081 0.0321 71.9185 

I~ 
0.0022 7.1150 o.0082 26.6719 Oo0142 42.5794 o.o2o2 · 55.4377 0.0262 65.2466 0.0322 72.0062 
0.0023 8.0559 0.0083 26.9620 0.0143 42.8187 0.0203 55.6261 0.0263 65.3842 0.0323 72.0931 ( 

0.0024 8.3960 0.0084 27.2513 0.0144 43.0572 0.0204 55.8137 0.0264 65.5210 0.0324 72. 1790 

I (I $ 0.0025 8.7353 0.0085 27.5397 0.0145 43.2948 0.0205 56.0005 0 . 0265 65.6570 0 . 0325 72.2642 
0.0026 9.0737 0.0086 27.8273 0.0146 43.5315 0 . 0206 56.1864 0.0266 65.7921 0.0326 72.3484 

Jf 
\ «t 0.0027 9.4llZ 0.0087 28.ll40 0.0147 43.7674 0.0207 56.3715 0.0267 65 . 9263 0.0327 72.4319 

I o.oo28 9.7479 o.oo88 28.3999 0.0148 44.0025 o.o2o8 56.5558 0.0268 66 . 0598 0.0328 72.5145 
II ' (I 

I I 0.0029 10.0838 0.0089 28.6849 0.0149 44.2367 0.0209 56.7392 0.0269 66.1923 0.0329 72.5962 ( 

0.0030 10.4168 0.0090 28.9691 0 . 0150 44.4700 0.0210 56.9217 0.0270 66.3241 0.0330 72.6771 

( j ~ 0.0031 10.7530 O.oo91-29.2524- 0 . 0151 44.7025 0.0211 57.1034 0.0211 66.4549 0.0331 72.7572 

( ~ 0.0032 11.0863 0 . 0092 29.5349 Oo0152 44.9342 0.0212 57.2842 0.0212 66.5849 0.0332 1'2.8364 ( 

0.0033 11.4188 0.0093 29.8166 0.0153 45.1650 0.0213 57.4642 0.0213 66.7141 0.0333 72.9147 
I o.oo34 u. 7504 0.0094 30.0974 0.0154 45.3950 0.0214 57.6434 0.0274 66.8425 0.0334 1'2.9922 c C· ~ 0.0035 12.0812 0.0095 30.3773 o.0155 45.6241 0.0215 57.8217 0.0275 66.9699 0.0335 73.0689 '· 

4< 0.0036 12.4111 0.0096 30.6564 0.0156 45.8524 0.0216 57.9991 0.0276 67.0966 0.0336 73.1447 

Q! .~ 0.0037 12.7402 0.0097 30.9347 0.0157 46.0798 o.o217 · 58.11'58 o.o211 67.2224 0.0337 73.2191 

l 47, \t; 0.0038 13.0684 0.0098 31.2121 o. 0158 46.3064 o.o218 - 58.3515 0.0278 67.3473 0.0338 73.2936 

48 b 0.0039 13.3958 0.0099 31.4886 0.0159 46.5322 0.0219 58.5264 0.0279 67.4714 0.0339 73.3611 

t\ • ~9 I Oo0040 1).7ZlJ 0.0100 :H.7l.43 0.0160 t,t..1511 O.OZZO' 56 . 7005 o.ozao 67 . ~947 0 . 0340 7'\.4'\0'i 

c. so . ~ 0.0041 14.0480 0.0101 32.0392 0.0161 46.9811 0.0221., 58.8737 0.0281 67.1111 0.0341 73.5l11 
s , I 0.0042 14.3729 0.0102 32.3132 0.0162 47.2043 o.oz22 · 59.0461 o . OZ8Z 67.8386 Oo0342 73.5818 

52 0.0043 14.6969 0.0103 32.5864 0.0163 47.4267 o.o223 · 59.2176 0.0263 67.9593 0.0343 73.6517 
~~ 5J i "' 0.0044 15.0200 0.0104 32.8587 0.0164 47.6482 0.0224 59.3883 0.0284 68.0792 0 . 0344 13.7207 
~ 0.0045 15.3423 0.0105 33.1302 0.0165 47.8688 0.0225. 59.5582 o.o285 68.1982 0.0345 73.7889 
ss . i Oo0046 15.6637 0.0106 33 . 4008 o.ot66 48.0886 0.0226 59.7211 0.0286 68.3164 0.0346 1'3.8563 

(. 5$ 
' 

~ 0.0041 15.9844 0.0107 33.6706 0.0167 48.3076 0.0227 59.8953 0.0287 66.4337 0.0347 73.9228 t 
57 I 0.0048 16.3041 0.0108 33.9395 0.0168 48.5257 0.0228 60.0626 0.0286 66.5501 0.0 3 48 73.9884 
sa I o.0049 16.6230 0.0109 34 . 2076 0.0169 48.7430 0.0229 60.2290 0.0289 68.6658 0.0349 74.0532 

.:.s ' ~ Oo0050 16.9411 o.ouo 34o4749 o.o110 48.9594 0.0230 60.3946 0.0290 68.7805 0.0350 74.1172 
.) 

J ~ 0.0051 11.2583 o.01ll 34.7413 0.0171 49.1750 0.0231 60.5594 0.0291 66.89lt5 0.0351 74.1803 

~ 
Oo0052 17.5747 0.0112 35.0068 Oo0172 49.3897 0.0232 60.7233 0.0292 69.0076 0.0352 74.2426 
Oo0053 17.8902 0.0113 35.2715 0.01 7 3 49.6036 o.o233 60.8863 0.0293 69.ll98 0.0353 74.3040 \_ 

o.oo54 18.2049 0 .0114 35.5354 Oo0114 49.8166 0.0234 61.0406 0.0294 6?.2312 0 . 035lo 7't•36'•5 
0.0055 18.5187 o.ou5 35 . 7984 0.0175 50 . 0288 0.0235 61 . 2099 Oo0295 69.3411 0.0355 1'4.4243 

~ O.OO% 10.0)17 o .. ou£. )£. .. 0605 0 .. 017(. !i0-~'; 01 o.OJJi b l.l70ft 0.0196 &0 · 4 5 14 n - n"'in 74-4A'l? 

o.oo57 19.1438 O.Oll7 36.3219 Oo0177 50.4506 0.0237 61.5301 0.0297 69.5603 0.0357 74-5412 

' 
o.oo58 19.4551 0.0118 36.5823 o.ot78 50.6603 0.0238 61.6889 0.0298 69.6683 0.0358 74.5984 
0.0059 19.7655 0.0119 36.8419 0.0179 50.8691 0.0239" 61.8469 o.0299 69.7754 0.0359 74.6547 

- ~~'" .. :: ~ .. .... ... ·. · .... ~ . . - .. .. . . ... . . . - - - - - .. - . ~- ··- · -- - . - . . - • 
" ~·02-95 ; ~ • ObQ4 :. - ...., .., .)j <.c -. l 
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s:· ( - c::J C i r ..-..:1c1c1c( A A A':***'rA'A'A .c1c*A A-::::-***J.---·***./ __ --·* L L_j c::J c._ CJ r=J 

ret• zoo.oooo FY= 3600.0000 
*********~******************************** 

ROW RN ROW RN ROW RN ROW RN ROW RN ROW RN " I 

o.oooo o.oooo 0.0060 20.2276 0.0120 37.7106 0.0180 52.4492 0.0240 64.4435 0.0300 73.6934 

0.0001 0.3596 0.0061 20.5415 0.0121 37 .9(87 0.0181 52.6716 0.0241 64.6201 0.0301 73.8243 
;~ . 

0.0002 0.1185 0.0062 20.8546 0.0122 38.2461 0.0182 52.8932 0.0242 64.7960 0.0302 73.9545 

0.0003 1.0766 0.0063 21.1669 0.0123 38.5127 o.0183 53.1141 0.0243 64.9711 0.0303 74.0838 
o.ooo4 1.4339 0.0064 21.4785 0.0124 38.7785 0.0184 53.3342 0 .0244 65.1455 0.0304 74.2125 

0.0005 1.7905 0.0185 53.5536 0.0245 65.3191 
I·. 

0.0065 21.7893 0.0125 39.0436 0.0305 74.3403 I 

o~ooo6 ~.1't63 o.oo66 22-0994 0.0126 39.3080 0.0186 53.7721 0.0246 65.4920 0.0306 74-4674 

I 0.0007 2.5013 0.0067 22.4087 0.0127 39.5715 o.ot87 ·53.9900 d.0247 6~.6640 tJ.U-301 t4.~'1H 

o.ooon z.o:J:iu o.ooc.o l!i:.Tlll o.<ltzo J?.OJ',J U.U1llli !I'•• ·HII'd o. u2•• e 11!' . 113'14 n,n,nll 7 4- l'lqlo, r , 
0.0009 3.2091 0.0069 23.0250 0.0129 40.0963 0.0189 54.4233 0.0249 66.0059 0.0309 74.8442 I ., 
0.0010 3.5619 0.0070 23.3320 o.ouo 40.3576 0.0190 54.6388 0.0250 66.1757 0.0310 74.9682 
O.OOll 3.9139 0.0071 23.6383 0.0131 40.6181 0.0191 54.8536 0.0251 66.3447 0.0311 75.0915 ( , 

0.0012 4.2651 0.0072 23.9438 0.0132 40.8779 0.0192 55.0676 o.o252 66.5130 0.0312 75.2141 

[, 
0.0013 '•-6156 0 .. 0073 24.2465 0.0133 41.1:368 n.nJ9'\ c;s.2R09 . 0.025} 66.6805 0.0313 75.3358 
0.0014 4.9C.:i) 0.0074 24.~5Z4 o.OlJ4 '•1-3?51 0.019'• 59 · '•9l:il . 0.0254 66.13473 n.n·:114 7'>.4"ihR ( , 

0.0015 5.3142 0.0075 24.8556 o.on5 41.6525 0.0195 55.7051 '0.0255 67.0132 0.0315 75.5771 

(, 
0 .0016 5.6624 0.0076 25.1581 0.0136 41.9092 0.0196 55-9160 o.o256 67.1785 0.0316 75.6965 

0.0017 6.0098 0.0077 25.4597 0.0137 42.1652 0.0197 56.1262 . 0.0257 67.3429 0.0317 75.8 152 ( I 

0.00 10 c..J~C.!:: 0.0070 :!5-7&07 0.0138 '• 2-'•203 0 .0 198 ~6.3~56 0-rl?'lR f,7,.."i0f..f. n.n'\1R 75,.9'H7 

(, 
0.0019 6.7024 0.0079 26.0608 0.0139 42.6747 0.0199 56.5443 0.0259 67.6695 0.0319 76.0504 

0.0020 7.0475 0.0080 26.3602 0.0140 42.9284 0.0200 56.7522 0.0260 67.8317 0.0320 76.1668 (, 

0.0021 7.3919 0.0081 26.6588 0.0141 43.1813 0.0201 56.9594 0.0261 67.9931 0.0321 76.2825 

(, 
0.0022 7.1355 0.0082 26.9567 0.0142 43.4334 0.0202 57.1658 0.0262 68.1538 0.0322 76.3974 
o.oo23 8.0783 0.0083 27.2536 0.0143 43.6848 0.0203 57.3114 0.0263 68.3136 0.0323 76.5115 (r 

. -;~;~ 
u . u0!4 1!.~!0~ OoOOO~ !h:l'J01 o .. 01-\.4 J, )w?J')I, 0 -..0JO'• n.nu 0.01ift ill .fr7 H n ""?'t '7A-n?l·q 

( . .s o.no;>c; R. 7n I A n.nnR'i 77.R457 o.01't5 44.1!!52 0.0205 57.7803 0.0265 68.6311 0.0325 76.1375 
... 1'2 0.0026 9.1023 0.0086 28.1405 0.0146 44.4343 0.0206 57.9637 0.0266 68.7887 0.0326 76.8494 ( I 

t~ (j) 4' 0 .0021 9.4421 0 .0087 28.4346 0.0147 4't.60l6 0 .. 0207 56.1862 0.0267 68.9455 0.0321 7 6. 960~ 

·'~ . .. ( . U.UULI:I lj.ll:lll U.UUI:l tl .:tl.(.:id u.ul>+& '+'+• 'HOl 0.0!00 :iO•JOOl o.o~oo (,7. 1016 O.OJJO 77 ~ 0700 

'.: 0.0029 10.ll 94 o.ouu~ Z~.OlU4 UoUL't'J 't5.l769 O.OZ09 '58.569 1 0.02 69 C.9.z:;c.9 o.oJi!? 77-100 4 ( I 

o.oo3o 10.4569 0.0090 29.3121 o.ot50 45.4229 o. 0210 58.7894 0.0270 69.4115 0.0330 71.2892 

(r 
0.0031 10.7937 0.0091 29.6031 0.0151 45.6662 0.0211 58.9889 0.0271 69.5653 0.0331 77.3972 
o.oo32 11.1297 0.0092 29.6934 0.0152 45.9127 0.0212 59.1877 0.0272• 69.1163 0.0332 71.5045 

, I 

t 
0.0033 11.4649 0.0093 30.1829 0.0153 46.1564 0.0213 59.3857 0.0273 69.8705 0.0333 77.6111 

0.0034 11.7993 0.0094 30.4716 0.0154 46.3994 0.0214 59.5829 0 . 0274 70.0220 0.0334 77.7168 

:' 
(_ , 0.0035 12.1330 0.0695 30.7595 0.0155 46.6416 0.0215 59.7194 0.0275 70 .1128 0.0335 77.8218 

. 'it 0.0036 12.4660 0.0096 -31.0467 0.0156 46.8831 0.0216 59.9751 0.0276 70.3228 0.0336 77.9260 

l l 0.0031 12.7981 0.0097 31.3331 0.0157 47.1<!3!1 0.0211 60. 1700 0.0217 70.4720 o.o J.:n 7(J.0295 
' ,, \_ I 0.0038 13.1296 0.0098 31.6188 0.0150 47.)637 0.0218 60.3642 0.0278 70.6204 0.0338 78.1322 
• I> .. o.oo39 13.~20Z 0.0099 31.9037 0.0159 47.6029 0.0219 60.5577 0.0279 70.7681 0.0339 78.2342 
'!t b 

• t 0.0040 13.7901 0.0100 32.1879 0.0160 47.6413 0.0220 60.7503 0.0280 70.9150 0.0340 78.3353 . ., - \..' 0.0041 14.1192 0.0101 32-4712 0.0161 48.0789 0.0221 60.9422 0.028 1 11.0612 0.0341 78.4358 
0.0042 14.4476 o.o102 32.7538 o.ot62 48.3158 0.0222 61ol334 0.0282 11.2066 0.0342 78.5354 

(_ , 
0.0043 14.7752 0.0103 33.0357 0.0163 48.5519 0.0223 61.3237 0.0283 71.3512 0.0343 78.6343 
o.0044 15.1020 0.0104 33.3168 0.0164 48.7872 0.0224 61.5134 0.0284 71.4951 0.0344 78.7325 ' 

I 0.0045 15.4281 0.0105 33.5911 0.0165 49.0218 0.0225 61.7022 0.0285 71.6382 0.0345 78.8298 

f I: 
( . o.o046 15.7534 0.0106 33.8767 0.0166 49.2557 0.0226 61.8903 0.0286 71 .7805 0.0346 78.9264 

0.0047 16.0779 0.0107 34.1555 0.0167 49.4887 0.0227 62.0776 0.0287 71.9221 0.0347 79.0223 
o.oo4s 16.4017 0.0108 34.4335 0.0166 49.7210 0.0228 62.2642 0.0288 72.0629 0.0348 79.1174 
0.0049 16 • . 1<!41 UoOlO~ 3tt.1LO!l 0.0169 49.9526 0.0229 62. 11500 0.0209 72.2030 0.034? 7?.2117 

: ! 1 \.. o.0050 17.0470 o.ouo 34.9873 0.0170 50.1834 0.0230 62.6350 0.0290 72.3423 0.0350 79.3053 '· I 

> I 
0.0051 17.3685 o.o111 35.2631 0.0171 50.4134 0.0231 62.8193 0.0291 72.4809 0.0351 79.3981 IIJi 

\..J 
0.0052 17.6892 0.0112 35.5381 o.o112 50.6426 0.0232 63.0026 0.0292 72.6186 0.0352 79.4901 
0.0053 1 8.0092 0.0113 35.8123 0.0173 50.8711 0.0233 63.1856 0.0293 72.7556 0.0353 79.5814 ·~ 

o.oo54 18.3284 0.0114 36.0858 0.0174 51.0988 0.0234 63.3676 0.0294 72.8919 0.0354 79.6719 

l.· 
0.0055 18.6468 0.0115 36.3585 o.ot75 51.3258 0.0235 63.5488 0.0295 13.0274 0.0355 79.7616 I 
0.0056 18.9645 Oo0ll6 36.6304 0.0176 51.5520 0.0236 63.7292 0.0296 73.1621 0.0356 19.8506 \...' ! 1: 0.0057 19.2814 0.0117 36.9016 0.0177 5 1.7775 0.0237 63.9090 0.0297 73.2961 0.0357 79.9386 

' o.oosa 19 .5976 0.0118 37.1720 0.0178 52.0022 o.o238 6'te0879 0.0290 73 .4293 0 . 0358 80-0263 
,1, 

! 1,_ 0.0059 19.9130 0.0119 37.4417 0.0179 52.2261 0.023? 64.2661 0.0299 73.5617 0.0359 80.1130 .. ! I•! 

" \ i .I 
-\,_- . --·- - ·--·-- -··-· __ ....... ·-· . -
~-~ .:.:..::~ ·- t:··· ·· - - . "' .. ... -.... _ ,; ·-..... ·.· ........... ~-.. :- • . . ----- ..... --·--... --... - .- """' .. ~.:--: · :- ~ :·--,.,;:..--

__ ...,.,,., 
uu•.,CIC. ~ _·_) 

... ·---·· ------... - --- ---·---.- -.. ... . .. 
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F ~ .-- 250! uuuu l ~T= 36bo.oooo ~ 
*******************************• lr10c1r1r1r1r1r1r1r 

ROW RN ROW RN ROW RN ROW RN ROW RN ROW RN 1!': 

o . oooo o . oooo 0.0060 20 . 5020 0.0120 38.6083 0.0180 54o9192 0.0240 68 . 634 5 0.0300 80.5543 ,1 ! 

0 . 0001 0 . 3597 0.006 1 20.625 1 o-:oiz1-39.0948 Oo0161 55.1691 Oo024 1 69.0476 0 . 0301 80 . 731 1 
~ 

.!! 
0.0002 0 . 1168 0 . 0062 21.1476 0.0122 39.3608 0.0162 55.4164 0.0242 69.2605 0 . 0302 80.9072 .; ., 
0.0003 1 . 0773 0 . 0063 2 1. 4695 Oo0123 39 . 6660 0.0163 55 . 6611 0 . 0243 69 . 4 726 0.0303 61 . 0827 !l 
0.0004 1.4351 0.0064 21.7908 0.0 124 39.9507 0 . 0 164 55.91 51 0.0244 69 . 6641 0 . 0304 61.2576 

0 . 0005 1.7924 0.0065 22o1ll4 Oo0125 40 . 2348 0 . 0165 56o 1626 0 . 0245 69.R9'i0 0 . 0305 81.4319 
;('f' 

UoUUUb lo1490 0 . 0066 22.4315 0.0126 40.5182 0 . 0186 56. 4095 0.0246 70.1053 0 . 0306 81.6056 

0.0007 2.505 1 0 . 0067 22.1:;09 0.0127 40.80 11 0.0187 5bob557 UoU24f 70.3149 0.0307 81.7786 
~ 

o . ooo8 2.6605 0.0068 23.0697 0 . 0126 41.0633 0.0188 56.9014 0.0248 70.5240 0.0308 81.951 1 

o . ooo9 3.2153 0 . 0069 23.3880 0.0129 4 1.3649 0.0169 57.1464 0.0249 70 . 7324 0 . 0309 82.1229 

0.0010 3 . 5695 0 . 0070 23.7056 0 . 0130 41.6460 0.0190 57.3908 0.0250 70 . 9402 0.03 10 82 . 2942 :'It :,"1 . 
0.001 1 3.9231 0 . 0071 4 1 .9263 0 . 0191 57 . 6347 . 0 . 0251 11 .1475 0.03 11 82.4648 ,, 24.0226 0.0131 
o . oo12 4.2761 0 . 0072 24.3369 0.0132 .c,2.2062 0.0192 57.8779 0.0252 11.3541 0.0312 82.6348 

li; 
0.0013 4.6285 o.oo73 24o 65't7 0 . 0133 42 . 4853 0.0193 . 58.1205 0.0253 11 ;.5601 0 . 03 13 82.8042 ,v,: 
O. OOl't 4.9802 0.007't 24.9699 0.0134 42.7639 o.o19't 58.3624 o.o254 71 .7655 0 . 031 4 82 . 973 1 

o.oo15 5 . 33l't o.oo1s .?'i • .?R44 0-0135 .C,3.0419 0.0195 58.6038 0.0255 11.970) 0.0315 83 . 141Z 

I~ 
0.0016 'i.681~ 0.0076 ;>c;. 'i'lR'• n- nt 1f. '1-lt<P n . nt or. r;p ll'o fi6 0.0]" 7.::! .. 17 '• '• 0 • U.H£. 0::1 .. )000 

o . oot7 6 . 0319 0 . 0017 25.9117 0 . 0137 .C, 3. 5960 0.0 197 59.0847 o.o2s1 7.?.1760 0.03 17 83.4758 ~ 

U. U018 6.3812 0.0078 26.2245 0.0138 43.6721 0.0198 59.3243 0.0258 72.5810 0.0318 Rl.h422 

'10 
O . OO l'il i. 1.J'I 'I 0 . 007? cc.. :Due. o.Ol.H <+4 .• 1<+lo UoUL'1'1 :>'fo:)bj~ u.uL~Y fl. fl333 0.0319 83.8079 

t1!. l!li 0.0020 1 . 0180 o.oo8o 26.84 61 0 . 0140 44 . 4226 0.0200 59.801 5 0.0260 72 . 9850 0.0320 63.973 1 

0.0021 7.4255 0.0081 27.1590 0.0141 44.6969 0.0201 60.0393 0.0261 73.1862 0.0321 84.1376 

I <i 1 I r_, o . oozz 7.7724 o.oo8Z 27.4693 o.Ol't2 .C,4.9706 0.0202 60.2764 0.0262 73.3867 0.0322 84.3015 
- ~ 

'···.-_ ..... 0.0023 8. 1187 o . ooa3 27.7790 o . OL43 45 . 2437 0.0203 60.5129 0.0263 73.5866 0.0323 84.4648 

~~ ··~ U.U024 8.4643 0 . 0084 28.0880 0 . 0144 .c,5.5161 0.0204 60.7487 0.0264 73.7859 0.0324 84.6275 ... . r . _~:~ : 0 . 0025 8 . 8094 o.oo85 28.3965 0.0145 45.7880 0.0205 60.9840 0.0265 73.9846 0 . 0325 84.7696 
iltt 

< • '(t 0.0026 9.1538 0.0066 28.7043 Oo0146 46.0592 0.0206 61 . 2187 0.0266 74.1826 0.0326 84 . 9511 
-: l 

.. ? ! o.oo21 9.4917 0.0087 29.0116 0.0147 46. 3299 0.0207 61 o4528 0 . 0267 74.3801 0.0327 85 . 1120 

0.0028 9.8409 o.oo88 29.3182 O.U148 46.5999 0.0208 61.6662 0.0268 7't•57?0 n.nvR R'i~nn 

.; I ((f O.OQH LUolO.), U.UUIIY lY.6L4'l 0.0149 46.8694 0.0209 61o9l90 0.0269 74 .. 77">7 n.n.,.?q R'i-~'ll Q 
t'l.l 

'I 
UoUU.lU LU.:.L~~ 0.0090 29.9296 0.0150 47.1362 0 . 0210 62.1513 0.0270 74.9666 0.0330 85.5909 

lilt 
o.oo31 10.8669 0.009 1 30.2344 0.0151 47.4064 0.0211 62.3829 0.0271 75.1639 0 . 0331 85 . 7494 ( {t 

! o . oo32 11.2071 0.0092 30.5386 0.0152 47.6740 0.0212 62.6139 0 . 0272 75.3583 0.0332 85.9072 
! 

0.0033 11 . 5479 0.0093 30.8422 o.0153 47.94 10 o . o2n 62.8443 0.0273 75.5521 0.0333 86.0644 
'j 

• I 0.0034 11.8815 0.0094 31.1452 0.0154 48 . 2074 0.0214 63.074 1 0.0274 75.7453 0.0334 86.2210 ( .. ~1 
' ~ o.oo35 12.2264 0.0095 31 . 4475 0.0155 48.4731 0.0215 63.3032 0.0275 75 . 9379 0 . 0335 86.3770 

0 . 0036 12.5648 0 . 0096 31.7493 0 . 0156 48.7383 0 . 0216 63.5318 0.0276 76.1299 0.0336 86.5324 I 
0.0037 12 . 9025 0 . 0097 32.0504 0 . 0157 49.0029 0.0217 63.7598 0.0277 76.3212 0.0337 86.6872 

1·'1 
!! ···,.j 0.0036 13 . 2396 0.0098 32 . 3510 0 . 0158 49.2668 0 . 02 16 63 . 9871 0.0278 76 . 5120 0.0338 86.8413 

' l 0.0039 13.5762 0.0099 32.6509 0.0159 49.5301 0.02 19 64.2139 0.027 9 76 . 702 1 0.0339 86.9949 
'' • I q 0.0040 l3.912l 0 . 0 100 32 . 9502 0 . 0160 49.7926 0 . 0220 64.4400 o.o280 76.8917 0.0340 87.1478 i! 

\t~ o . oo41 14.2474 0.0101 33.2489 0.0161 50.0549 0 . 0221 64 . 6655 0.0261 77.0806 0.0341 87. 3002 ; \1 ' I, 
o.0042 14.5620 0.0102 33.5470 0.0162 50.3164 0.0222 64.8904 o.o282 17.2669 0.0342 87.4519 I 
0.0043 1't o9 161 0.0103 33.8445 Oo0163 50.5713 0 . 0223 65.1147 0.0283 77.4566 0.0343 87.6030 I 

~~ 0.0044 15.2496 0.0104 34.1413 0.0164 50.8 376 0.0224 65 . 3384 0.0284 71.6437 0.0344 87.7535 . ~ i . .. o.0045 15.51!24 0.0105 34.4376 0.0165 51.0973 0.0225 65.5615 0.0285 17.8302 0.0345 87.9034 ' 0 . 0046 15.9147 0.0106 34.7332 0.0166 51.3564 0.0226 65.7640 0.0286 78.0161 0.0346 88.0527 
• ill .. •.t o.oo47 16.2463 0 . 0107 35.0283 0.0167 51 . 6148 0.0221 66.0058 Oo0287 78.2013 0.0347 88.2014 

! ! 0 . 0048 16.5713 0.0108 35.3227 0.0168 51.8726 o.o228 66 . 2271 0 . 0288 78.3660 0.0348 88.3494 
;: '1 .... o.0049 16. 9071 0 . 0109 35.6165 0 . 0 169 52.1299 o . o229 66 - 447 7 o . o289 78 . 5700 0.0349 88.4969 .. \ -.j 0.0050 11.2375 0.0110 35.9096 0.0170 52.3865 0.0230 66o6677 0.0290 78 . 7535 0 . 0350 88.6438 t·~ 1.,, 
~-1 

'! o . oo51 17 . 566 7 o.ou1 36.2024 0.0171 52.64l5 0 - 0 2">1 f- 6 .8811 o.ozn 78.9363 0 . 035 1 00.7900 

~ 
0.0052 17 . 6953 0.0112 36.4944 0.0172 52 . 8979 0.0232 67 .1060 0.0292 79 .1 185 0.0352 88.9356 

0.0053 18 . 2233 0.0113 36.7857 0 . 0 1 73 53 . 1527 0.0233 67.3242 o.o293 79.3001 0 . 0353 89.0806 ~ (J 

0. 0054 16 . 5507 0 . 0114 37.0765 0.0174 53 . 4069 0.0234 67 . 5417 0.0294 79 . 4611 0.0354 89.2250 

'~! 0 . 0055 18.671't 0.0115 37 . 3667 0 . 0175 'i1 ~ f>f.04 n.n,.,c; h1 · 1~il1 0-0'i?i 7? . 6£. 15 o .. oJ~~ 09o)C.00 

· ~ o.oo56 19.2036 0 . 01 16 37 . 6562 0 . 0 176 53 . 9134 0.0236 67.975 1 Oo0296 79.8413 0 . 0356 89.5120 \' \;1 
I' 

0.0057 19.529 1 0.0117 37.9452 0.01 77 54 . 1656 o . o237 68.1909 0 . 0297 80.0205 0 . 0357 89.6546 I 
o . oo58 19 . 8540 0 . 0118 38 . 2335 0 . 0178 54.4175 0.0236 68 . 4060 o.o298 80.1990 0.0356 89.7966 . .!,j 

.J 0.0059 20. 1783 0 . 0 11 9 38 . 5212 0 . 0 1 79 54.6686 0.0239 68.6206 o.o299 80 . 3770 0.0359 89 . 9379 11,1\1 

~-~~=~~~-=~~-~~--~-:~~·-~:·.~~ ~~~=~~=~:-==:-~,=~~~::·-~~.~--$··: : ·~~--
.. ------ ----~·- -- . ·-- . ·-··-- . - -_( 
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.})50 
51 

52 

j )Sl 

54 

H 
.))!6 

57 

~ 
61 

.})62 
53 
64 

~' 
:1) .• : .... 

·ROW 
o.oooo 
o . ooo1 
0 . 0002 
0.0003 
n . nnn4 
0.0005 
0.0006 
0.0007 
o.ooo8 
0.0009 
o . oo1o 
O. OOll 
o . ootz 
0.00 13 

. o.oo14 
o.oo15 
0.0016 
0.00 17 
0.0018 
0.00 19 
o . 0020 
0 . 002 1 
o . oon 
0.0023 
0.0024 
o.ool!! 
U.UULo 
0.0027 
o.oo2e 
0.0029 
0 . 0030 
0 . 003 1 
0.0032 
0.0033 
0 . 0034 
0.0035 
U. UU.H> 
0.0031 
0 . 0038 
o . ooJq 
0.0040 
0.0041 
0.0042 
0.0043 
0 . 0044 
0.0045 
0 . 0046 
o.0047 
n.nnt.A 
ll•liii,O.U 

0.0050 
o.on51 
0.0052 
0.0053 
o.o054 
Oo0055 
o.oo56 
o . oo57 
0 . 0058 

RN 
o . oooo 
o.22q8 
0 . 4592 
0.6882 
0.9169 
\. 1451 
1. 3730 
1 .6005 
1.8275 
2.0542 
2. 2805 
2.506 5 
2. UlU 
2 . 9'\71 
3.1819 
-3.4062 
3.630£ 
3.8538 
4.0770 
4.2998 
4 . 5222 
4.744 2 
4-91>'\9 
5.1871 
5.4080 
~ . blts4 
!>.IJ485 
6.0682 
6.2875 
6.5064 
6 . 7250 
6.9431 
1 . 1608 
7.378 2 
7 . 5952 
7. 8 1 17 
lS.UtrtJ 
8.2437 
8.4591 
8.6742 
8 . 8888 
9. 1031 
9.3l69 
9.5304 
9.7434 
9 . 9561 

o.oo5q i ) !65 L. ·~~~·-r_ ........ .,.. __ ..,...,...~---

10 .1684 
10.300) 
10 . 59 19 
111 . 11010 
u . ou7 
11.2241 
11. 4340 
ll-6436 
u. 852B 
12 . 06 16 
12.2700 
12 . 4780 
12.6857 
12. 8929 

ROW 
o.oo6o 
0.0061 
o . oo62 
0 . 0063 
o .ooc.~ 
0.0065 
0.0066 
0.0067 
0 . 0068 
0.0069 
o . oo1o 
0 . 007 1 
u . oo12 
o.oon 
0.0074 
0.0075 
u.UU16 
0 . 0077 
0.0078 
0.0079 
o.oo8o 
0.008 1 
0.0082 
o . oo83 
0 . 0084 
0 . 0085 
0.0086 
0.008 7 
o.oo88 
0.0089 
o.oo9o 
0 . 009 1 
0 . 0092 
0.0093 
0 . 0094 
0.0095 
0 .0096 
o . oo97 
0.0098 
0 . 0099 
o . o1oo 
o.o 101 
0 . 0102 
o.o1o3 
0.0104 
o.o 1o5 
0.0106 
o . o 107 
0 . 0100 
U . U1U'I 
0.0110 
o . ottt 
0 . 0 112 
o.ott3 
o.o114 
o.o1 15 
o . ot t6 
o.o1 11 
o . o118 
0 . 0119 

c l 

****************************************** 
FC1= 160.0000 FY= 2300.0000 

****************************************** 
RN 

1 3.0998 
13 . 3062 
13. 5123 
13.7180 
1 "1-9i'1 , 
14.1282 
14.3327 
\4. 5368 
14.7406 
14.9439 
15.1469 

' 1 5. 3495 
15.5516 'c;_ 7'\ "\ t. 
15.9548 
16.1559 
16 . 35b5 
16 . 5567 
16.7566 
16.9560 
17.1551 
\7. 3538 
17-5521 
t7.7 'i00 
l7 . 94 75 
18ol't't6 
16.3414 
18.5377 
18.1337 
18.9293 
19.1244 
19 . 3t92 
19.5136 
\ 9.7077 
19.9013 
20. 0945 
20.2874 
20 . 4798 
20.6719 
20.8636 
21 - 0549 
21.2458 
21 - 4)63 
2 1.6264 
21 . 8162 
22 . 0055 
22 - 1945 
22. )tlJ l 
Ci: . JT l l ,., .• ,.,,.n 
22 . 9464 
ZJ.l335 
23.3201 
23.5063 
2).6922 
23 . 8776 
24 . 0627 
24 . 24 74 
24 . 4)17 
24 .6156 

- ROW 
o . o 12o 
o.o121 
o .o122 
0.0123 

.. o.o11·1 
• 0 .01 25 

0 . 0126 
Q. 0127 
0 · 0128 

·. o . o129 
o . o130 

• 0 .01 3 1 
. 0.01 32 
II), 0 1Jl 
o.0134 
0.0135 
~0 · 0 1 36 
0 . 0137 
Oo013 8 
o.ot39 
Oo0 140 
o . o t 4 1 
0 . 0142 
0 . 0 143 
Oo0l't4 
O·lll4'l 
0-0146 
0 .0147 
o . 0146 
0 -0149 
o.o 150 
0 . 0151 
o . o 152 
o.o 153 
o . o154 
o.ot55 
0-0 156 
0.0157 
o.o158 

. 0 .01 59 
Oo0160 
o.o161 
0 . 0162 
0.0163 
o . o164 
o.o165 
a . o l t.h 
o.o t 67 
o . olod 
o . ulov 
o.o110 
0.0171 
Oo0172 
0 .0113 
o.o114 
o.o175 
o . o176 
o . o111 
0.0178 
o . o11q 

RN 
24- 7991 
24.9822 
25 . 1649 
25.3413 
"' - !J..!'J.J 
25 .71 06 

. 25 . 8920 
·26.0728 
, 26.2532 
26. 4332 

. 26 . 6128 
·26.7921 
~26.9709 
1 7.1 '1?'1 
27.3275 
27 .'i05t 
27.6624 
21 . 55q3 
28 . 0356 
28.2120 
28.3877 
28 . 5o3o 
za. neo 
28 .9126 
29 . 0668 
79-?nnc; 
29 . 43'·0 
29 . 6070 
29. 7796 
29. q5 t 8 
30.1237 
30.2951 
30.4662 
30.6369 
30.8072 
)0.9711 ' 
31 -1 466 
31.3 157 
3 1.4844 

.3 1.6528 
31.6207 
3l.q683 
32 .1 555 
32 . 3223 
32 .4687 
32.6547 
17-RZn3 
3 2 .9855 
ji .i '>ll4 
,j, . J 1'1 d 
33 . 4 769 
33 . 6426 
31 . 6059 
33.9688 
34 . 13 13 
34.2934 
34 .4551 
34.6 165 
34 . 7775 
34 . 9380 

ROW 
o.o180 

<Oo0181 
_0.0 162 
, 0.0183 
o.o10"" 
0 . 0185 
.0.0186 

· O. Ol67 
.. 0.0188 
. 0 . 0189 

0.0190 
. ' 0 . 0 191 

.0 .0192 
O.Ot'JJ 
0 . 0 194 

· 0.0195 
. 0.0196 
0.0197 
o.o t 98 

•0 . 0199 
o.ozoo 
0 . 0201 
U o UlUl 
o.ozoJ 
0 . (1704 
n rnn~ 
0 . 0206 
0.0207 
o.o2o8 
0 . 0209 
o . o210 
0.0211 
0.0212 
0.0213 
0 . 0214 
0-Ml"i 

· 0.0216 
0.02 17 
0.02 18 
0.0219 
0 . 0220 
o . o221 
0 . 0222 
0 . 0223 
0.0224 
0. 02 25 
0.0226 

.o.0227 
u.n:>?ll 

.u.uc:.!'J 
0.0230 
0.0231 
0.0232 
0 . 0233 
0.0234 
0.0235 
0.0 236 
0.0237 
0 . 0238 
0 . 0.?.19 

RN 
35-0982 

' ·35. 2580 
35-4 174 
35 .5764 
):i o7 J!IO 

'"'35.8932 
36.0511. 

"·3 6 .2085 
36 . 3656 
36 . 5223 
36 . 6786 

":.'\f, .R14c; 
36.9qoo 

\Jfol4:H 
.37 -2 999 

"o17.4"i47 
.37.606 1 
•37.7617 
.37.9 149 
' 38.0677 
38.2201 
38 . 3721 
38 .5237 
36.6749 
111-A?"iA 
lii.1;>7C.J 
39.1263 
39.2760 
39.4252 
39 . 574 1 

.39.7 227 
' 39.8708 
40.0185 
40.1658 
40.3128 
4n , ,,c;9'1 
40 . 6055 

.. 4 0 .7513 
4 0 o8q6 7 

.. ~ot.0417 
41.1864 

,41.3306 
41-4744 

.41 . 6179 
41.7609 
41.9036 
'•.:! .O't5'7 
.42.1878 
42 . 3291 
,.2 . 4704 
4 2 .611 2 
4 2 .7 515 
42o89 14 
43 . 0310 
4 3 -1 702 
43.3090 
43.4474 
43.5854 
4).7230 
4'1 . Ann7 

,.. 
L 

ROW 
0.0240 
0.0241 
0.0242 
0.0243 

.u. uz .... 
0.0245 

.0.0246 
: o . 0247 
0.0248 
0.0249 

. 0 . 0250 
.-o.ol5 1 

. 0 . 0252 
• O. ut-3; 
_0.0254 
. o. ozss 

0 . 0256 
0.0257 

. 0.0258 
o .o25q 
0.0260 
0.0261 
0.0262 
0.0263 
0.01i'o 
o~oN.o:; 

0 . 0266 
0.0267 
0.0268 
o.026q 
0.02 7 0 
0.0271 
0.0272 
0.0273 
0.0274 
0.0:!75 
0.0276 
0 . 0277 
o.o27A 
0.0279 
o.ozeo 
0.0281 
o.0282 
0.0283 
0.0264 
0.0285 
o.o2oc. 

· 0.0267 
0.0:'11/1 
0.0269 
0.0290 
0- 029 1 
Q.0292 
0.0293 
0 . 0294 
0.0295 
o.o296 
0.0297 
0.0298 
n.o2qq 

r 
-::--.--.-.--- --.-. -;:-_-_-_-.---------

RN 
43.9971 
44.1335 
44.2696 
44oft052 
.. ... ~ .. 0~ 
44 . 67 54 
44.8099 

. 44.9440 
45 . 0778 
45 .2111 
45.3441 
'o5. 1o1C.C. 
45.6086 
4:>. 1406 
45 . 8720 
,,,_0030 
46 .1336 
46.2638 
4 6 . 3937 
46.5231 
46.6522 
46 . 7809 
46.9091 

-47.0370 
'•1- l (.',(. 
"- hlHT 
47.4184 
47.5447 
47.6707 
47 .7962 
47.9214 
46.0462 
48.1706 
48 . 2946 
46 . 4 182 
•• 0 .5 ... 1.&, 
4 6 . 6643 
48.7667 
46.9088 
49.0304 
49.1517 
49.2726 
49.3931 
49.5132 
49.6330 
4 9.7523 
49.1171Z 
'f9 . 9698 
c;n. HlOO 
5u .tt:>tl 
50 . 3432 
5 0.4602 
50 . 5768 
50.6930 
50.6088 
50.9243 
51 . 0394 
51.1540 
51 . 2683 
5 1 .38:!:! 

·ROW 
0 . 0300 

· o.o3o1 
0 . 0302 

· o.OlO'\ 
0.0304 
0.0305 
0.0306 
0.0307 
0 . 0306 
0 . 0309 
0.0310 
o.oJ 11 
0.0312 
·0 . 03l3 
0.0314 
o . on:; 
0.0316 
0.0317 
0.0318 
0.0319 
0.0320 
0 . 0)21 
0.0322 
0.0323 
0.03£4 
u.Ujt:> 
0 . 0326 
0.0327 
0.0328 
0.0329 
0.0330 
0.0331 
0.0332 
0 .0333 
0 . 0334 
o.OJB 
0.0336 
0.0331 
0.0336 
0.0339 
0.0340 
0.0341 
0.0342 
0 . 0343 
0 . 0344 
0.0345 
0 . 0340 
0 . 0347 
0.01-ill 
0 . 0349 
0 . 0350 
0.0351 
0 . 0352 
0 . 0353 
0.0354 
0.0355 
0 . 0356 
0 . 0)57 
0 . 0358 
0 . 01'i? 

RN 
. 51.4957 
51.6068 
51.7215 

' '\1 .R"\)Q 

51.9458 
52.0574 
52.1685 
52.2793 
52.3697 
52.4997 
52 . 6093 
n.n eo 
52 . 8274 

"5 2.9358 
53.0 43 9 
:;J. 1!H6 
53 . 2568 
53.3657 
53 . 4722 
53 . 5763 
53 . 6641 
53 . 71194 
53.8943 
53.996q 
!J4.liH l 
:>4 • ..!Ub'l 
54 . 3102 
54.4133 
54.5 159 
54. 6 181 
54.1199 
54. 8214 
54.9224 
55.0231 
55.1 234 
'-'·l£.l3 
55.3226 
55o 421q 
55.5206 

"· 5 5.6169 
55.7169 

'55.8144 
55 . 9 116 
56.0084 
56. 1046 
56. 2008 
:><>.<!964 
<ih.'\<llf, 

.. r-.-&..1\1 ~ '-

56 . 5609 
56 . 6749 
56.7686 
56 . 66 19 
56 . 9548 
57.0413 
57.1394 
57.2311 
57 . 3224 
57.4134 
J 7 o:i039 

" 
.. ...,.., ~ ,.; 

fl• t .. 

~ 

- ... _ \ . . 
2 . -

3 

8 ~ 

!I 
10 

11 """i 
12 

13 

14 ~, 

15 

16 

II " I 
18 . 

.: ~ 19 

10 ' ) 
Jl 

22 
23 ~ .... 

24 
25 

26 :f) 
27 
28 

29 ~) 

JIJ 
' JI 
32 _.,.,.. 

33 

34 
35 )) 

36 
37 

38 )']· 

39 

40 ., .:\ 
42 
43 

" )) 
45 
46 

47.!) 
48 
49 

50)) 
51 

bl 

~1.)) 
~., . 
55 

56 .» 
57 

58 
59 )) 
60 . 

61 

62.,D 
63 
64 

65 )) 

~ 
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********Aklrlc************AicfolcfoAA*********** c:J r=; "'· 
FC1= 180.0000 FY= 2300.0000 

****************************************** 
ROW RN ROW RN ROW RN ROW RN ROW RN ROW RN r I 

o.oooo o.oooo o.oo6o 13.1775 o.o120 25.1103 o.o1so 35.7983 o.o240 45.2417 o.o3oo 53.4405 
0.0001 0.2298 b 0.00 61 13.3866 O. Ot21 25.2986 0.0181 35.9659 ·1 0.0241 45.3886 0.0301 53.5666 r 
o.ooo2 o.4593 o . oo62 13.5954 o.o122 25.4866 o.o182 36.1331 o.o242 45.5351 o.o302 53.6923 

1 

o.ooo3 o.6884 o.0063 13.8037 o.o123 25.6742 o.0183 36.3ooo o.o243 45.6812 o.o303 53.8177 
o.ooo4 o.9t72 · o.0064 14.0118 o.0124 25.8615 o.0184 36.4666 o.o244 45.8270 o.o304 53.9428 r 
o.ooos 1.1~57 o~0065 14.ztq~ n.nt7~ 76.0485 o.o185 36.6328 o.o245 45.9725 o.0305 54.0675 

1 

Oa0006 1.3738 0.0066 14.4268 0.0126 26.2351 . 0.0186 36.7987 0.0246 46.1176 U.O~Ub ~~.1~19 
o . ooo7 1.6015 o.0067 t~.L~~u u .ut ~7 Z6.4Z13 o~o1n1 1~.?L~~ o.ol~7 ~~.lbl4 n . n~nY ~·-'ls~ ~ 
o.ooo8 · 1.8289 o.oo68 14.8405 o.o128 26.6072 ; o.ot88 37.1293 o.0248 46.4068 o.0308 54.4396 ' ' 
0.0009 2.0560 0.0069 15.0468 0.0129 26.7928 0.0189 37.2942 0.0249 46.5509 0.0309 54.5629 
o.ooto 2.2821 o.oo1o 15.2528 o.o t3o 26.9780 o.o190 37.4587 o.o25o · 46.6946 o.o310 54.6859 . 
0.0011 2.5091 0.0071 15.4584 0 . 0131 27.1629 0.0191 37.6228 0.0251 46.8380 ' 0.0311 54.8086 ( I 

o.oo1J · J-1lil o . onn J"·M•=n n.nn7 n.H14 . Q,.Ol9~ 31.7866 o.o25~ 46~981o · o.031Z 54.9309 
( 0.0013 . 2.9&0€1 . o.ot.lt3 1'>.1:11:.1:16 u.UU .3 .d.Hlb 0•011:1 37.?!>00 ' O.OlU 1,7.1111 11-fi~H '1'\-llvo - I 

t o.oot4 . 3.18&1 o.oo74 16.0732 o.o134 21.7155 o.0194 38.1131 o.o254 47.2661 o.0314 55.1744 -
1 1 

Cf , o.oot5 3.4111 o.oo75 16.2774 o.o135 27.8990 o.0195 38.2759 o.o255 47.4081 o.0315 55.2957 
f ~ o.oot6 3.6357 o.oo7& 1&.4813 o.ot36 28.0821 o.o19& 38.4383 o.o256 47.5498 o.o316 55.41&6 · 
' 1 o.oon · 3.8&00 0.0011 16.684!! u.uul 211.2649 o.0197 30.£.003 0.0357 't7.69ll o.n~17 ~S-'>'C\77 '

1 

G o.oo18 4.o84o o.oo78 16.8880 o . ot38 28.4474 o.o198 38.7620 o.o258 47.8320 o.o318 55.6574 
( ,. 0.0019 4.3076 0.0079 17.0909 0.0139 28.6295 0.0199 38.9234 0.0259 47.9727 ~ 0.0319 55.7773 

I I 0 . 0020 4.5308 0.0080 17.2934 0.0140 28.8112 0.0200 39.0844 0.02&0 48 .1129 0.0320 55.8968 r 
1 

0 -: o . oo21 4.7538 o.oo81 17.4956 0.0141 28.9927 o.o201 39.2451 o.o2&1 48.2529 o.o321 56.01&0 
{ f o.oo22 4.9763 o.oo82 17.&974 o.o 142 29.1737 o.o2o2 39.4054 o.o2&2 48.3925 o.0322 56.1348 

t o . 0023 ,.1985 o.oooJ 17.0?0? 0.01~3 29.3545 o.nzn1 19.5654 0.0263 48.5317 o.o323 5&.2533 ' I r I o.0024 :..'t~U't u.O OII4 18.1000 o.OH'r 2?.5J'J0 o .. 020 1o 39.7l!iO 0-07f,4 411~6706 o.03Z4 5&.3715 
(_ ( ~ 0.0025 5.6419 0.0085 18.3008 0.0145 29.7149 0.0205 39.8843 0.0265 4,6.80?1 0.0325 56.4893 

~ 0.0026 5.8&31 0 . 0086 18.5012 0.0146 29.8946 O.OLUb 40.0433 0.0266 40.9473 0.0326 56.6067 ( 
1 

c:l j ~~ 0.0021 6.0840 0.0087 18.7013 u . 0 147 30.0739 0.0207 40.201? 0 .02&7 49.0852 0.0377 56.7238 
· \ o.oo28 6.3045 o.oo88 18.9010 o . ot48 30.2529 o.ozo8 40.3601 o.o268 49.2227 o.0328 5&. 8406 
:; i'J ( I Oe0029 6.5246 0 . 0089 19.1004 0.0149 30.4316 0.0209 40.5180 0.0269 49.3599 0.0329 56.9570 ' I 

~ ~ ·~ o.oo3o 6.7444 o.oo9o 19.2995 o.ot5o 30.6099 o .o210 40.6756 o .o210 49.4967 o.o330 57.0731 
• ~ o.oo31 6.9&39 o.oo91 19.4982 o.ot51 30.7878 0.0211 40.8328 o.o211 49.6332 o . 0331 57.1888 . 

l t 0.0032 7.1830 0.0092 19.6965 0.0152 30.9655 0 .0212 40.9897 0.0212 49.7693 0.0332 57.3042 I 
41 0.0033 7.4017 0.0093 19.8945 0.0153 31.1427 0.0213 41.1462 0.0273 49.9051 0.0333 57.4193 

0.0034 7.6201 0.0094 20.0922 0.0154 31.3196 0.0214 41.3024 0.0274 50.0405 0.0334 57.5340 
.. ~ ( t o . oo35 7.B3B2 o.oo95 20.2896 _Q • .Q.!.52. J.l-~&L o.oz15 41.4582 o.o275 50.1756 o.o335 57.6483 
• ~ o.oo36 6.0559 o.oo96 20.4865 o.ot56 31.6725 o.o216 41.6137 o . o27& so.3103 o.o3J6 57.7&23 
.; ( ( o.oon 8.2733 o . oo97 20.6832 o.o157 31.8483 o.o211 41.7689 o.o211 50.4447 o.o337 5 7.8759 . 
•: ! . t 0.0011 tto<>O't n. n nqA ?O-IHQ4 0.,0158 32.0;i!39 0.0216 41.9237 0.0278 50.5788 0.0338 57 .9893 . ; 

1 
' 

( 
o.oo39 o.1010 o.oo99 21.0754 o . ot59 32.1991 o .o219 42.0781 o.ozt~ ~U . tt~~ u.u~~~ ,&.tOll 

: .· o.oo40 8.9234 o.o1oo 21.2110 o.ot6o 32.3739 o.o220 42.2322 o.o280 50.6459 o.0340 58.2148 
5- !; \ 1 0.0041 9.1394 0.0101 21.4662 0.0161 32.5484 . 0.0221 42.3860 0.0281 50.9789 0 .0341 58.3271 

5~ . '! o.oo42 9.3550 o . o 102 21.6&11 o.0162 32.1226 o.o222 42.5394 o.0282 5 1.1115· o.0342 58.4390 

52 
~ , 0.0043 9.5703 0.0103 21.8557 0.0163 32.8964 0.0223 42.6925 0.0283 51.2439 0.0343 58.5506 . 

53 
1; t. • o.0044 9.7853 0.0104 22.o499 o.ot&4 33.0&99 0.0224 42.8452 o.o284 5 1.3758 o.0344 58 .6618 ~. ' 

54 
j • 0 .. 00 'o 5 9.9999 0 .0 105 ZZ-2 4'\R n.nthS 33.2430 0.0225 42.9976 0.0285 5 1.507 5 0.0345 58.7727 
. 1 0.0046 10.2142 0.0106 22.4373 0.0166 33.4158 0.0226 4 3.1496 0.0286 5 1.b]!lij u.U~40 5d.81133 

~! I j t • o.oo47 10.4281 o.o 101 22.6305 o.o t&7 33.5882 o .o221 43.3013 o.o287 51.7691 o.o347 58.9935 '- ' 

57 
I ·r o.0048 10.6416 o . oto8 22 .8233 o.ot68 33.7&03 0 . 0229 43.4526 o.o2a8 51.9003 o.o348 59.1033 

r. t o.oo49 to. 8549 o.o1o9 23.o15a o . otb9 33.9320 o.o229 43.&036 o.o289 52.o3o5 o.o349 59.2128 
• 1 L 1 o.oo5o 11.0&78 0 . 01 10 23.2079 o.o110 34.1034 o .0230 43.7543 o.o290 52. 1605 o . o~50 59.3220 ~ ~ 
,
0

' 1 ~ o.oo5t 11.2803 0.0111 23 .3997 o . o111 34.2745 o.o231 43.9046 o.o291 52.2900 o.o351 59.4308 
-. , ., • g o.oo52 u.4925 · o.ou2 23.5911 o.o112 34.4452 o.o232 44.0545 o.o2n 52.4192 o.o352 59.5393 

2
'. •• ~ 0.9053 ll.7043 O.Oll3 23.7822 0.0173 34.6155 0.0233 44.2041 0.0293 52.548 1 0.0353 59.6474 { 

1 

J! r c o.0054 11.9156 0.0114 23.9730 0 .0174 34.7855 0.0234 44.3534 0.0294 52.&766 0.0354 59.7552 
0.0055 12.1270 0.0115 2~.1634 0.0175 3 4.Qf)')? 0.0235 44.5023 0.0295 52.8048 0.0355 59.862& 

Tl '· ' n.llll'>h I /.U711 0 . 0 116 Zft-3535 0 . 0 17(, )5 .1245 0.0236 4'tobS09 Q .O ;>QI\ ')7 .'1176 o.OJ5(, 5? . ?6?7 ' I 
o~i o.oo57 12.5482 o.0111 24-5432 o.o trt ~5. 2v35 o.oz:n 44.tlllll u .u.:·11 5) . 0601 o.0357 CJ0.07(.t,. 

· ~ o . oo58 12.7584 o . ott8 24.7326 o . o178 35.4621 o.o238 44.9470 o . o298 53 .1872 o.o358 60. 1!!2!! 
\.. _ '- 1 0 . 0059 12.968 1 0 . 0 119 24.9216 0 . 0179 35.6304 0.0239 45.0945 0 . 0299 53.3140 0.0359 60.2 889 \.

1 
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HIFUT DATA 
- Compressive strength of concrete 

after· 28 days, tel 

- Yiield ?.t~ength c/ ste:el, fy 
- Total number of values, N of 

percentages 

Evaluation of R for the ith 
value of, J· n 

YES 

OUTPUT 

- Tit<le showing Types C•f concre-:e and 
used . 

umerical values of R for the varicus 
percentages of stee~ . 

=IG. 1 Flow Chart 

0 
' lJ 

D 

0 

D 
0 
0 

0 
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COMPUTER AICED ANALYSIS OF --------------------------
~ONTINUOUS EEAMS BY THE -----------------------
£Q~~I!Q~_QE_1~8s~-~Q~s~I~ 

BY 

DR. IBRAHIM ~~HFOUZ M. IBRAHIM 
AS SOC lATE P FWfESSOR, ZAGAZI G UN [ V. 
BANHA BRANCh, DEPT. OF CI\'IL ENS. 
SHOUBRA, 
EGYPT. 

In this work, a Fortran co~uter p~ogram for the ana.lysis. of 
con~.i.f'\UOlus .beams by using the Equation of Three MoiTEnts i s presented. The 
beams are assumed to have different stiffnesses ard subjected to different 
conbinations of the types of loads as shown in fis. 1. 

In order to facilitate tre development cf the computer p...-ogram, 
the three moments equations are re~r:3ented by th~ fo[ lowing matri~, 

[F) {M} 
NXN N 

= {R} 
N 

(1 ) 

wh~re {M}- a vector containing the connecting moments at the int~rmediate 
. supports. 

{R}- a vector contain~ng the elastic reactions resulting f-om the 
externally applied load;. 

N - the degree of indeterrr.i1a~y of the structure 

[F] - flexibility matrix. Ttl= various elements of the matri:< are as 
follows:-

• 'll.• I L. 1 J 
f .. =2- + -

11 I E.I. E.I. 
1 1 , J J 

F .. =F .• 
lJ J 1 

L. 
., J . 

F .. =-
lJ I . 

Ej j 

, i=l ,2, •••• N 

j=i+l 
(2- a) 

(2- b) 

( 2 '"\~) 

~ 

ri 

.... 

1"""'1 



' and a.JT"·the other elements an equal tJ zoro. 

ThE f l ow chart and the listing cf the computer program are shown in 
Figure~ 2 and 3, respectively. SamplE Jutputs are presented in figure 4. 

n 

l""'l 

1""'1 
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INPUT DATA 
·Title ond shtch shOW!iig th<Strildure. 
-Nu.ber or bttas, HI ond • ...,.. of loadl·g condltlons,HLC 
•Rehtltt -o~~tnts of h'lrtla,Rin t nd lt~"'tth of tiC~ r• 

INPUT DATA 
.. MUIIl>er of concentrated loads ecttng on the 

lth boON, HCOHIID for tht loodln1 condition 
NO. II 

- Hognltudu or tht loods , p 
.. locatton1 of the lo.&ds , ,., 

Enluotlon or tht tolll vtlues of ALFA 
ond lETA dut to tht lth concentrHod 
lood , P IJ) tnd w for tht ltll btu 

YE! 

Evaluotlon of ti-c toto I value• of IJ.FA ond 

:!!! :~: :~ 1;.:1.: :~i~::. ~:::.n~ 

Enluttton of tht thstlc RucUon,, R It 
tht support lor tht It• btoa ond tM lood· 
lng condlllon No. II, ' 

us 

£YALUA11DH 2f THE COIHlCTIHG IICKiflS 
IMJ • I r)" [Aj for tilt loading condl• " 
tlon No. II. 

YES 



INPUT DATA 
-Title and sketch showing the structure , 
-Number llf beams , NB and number of loading condltlons,NLC 
-Relative moments of inertla,RIXX and length of each bea 

• L 

Evaluation of t~e ;,.trill. [ FJ I 
fnr truo Hh ~..>-

YES 
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A FORTRAN COI"IPLrrER PROGRAM FOR THE ANALYSIS OF CONTII\UOUS BEAt1S 
BY LS ING THE EQUATION OF THREE MOMENTS 

DEVELOPED BY 
CR. IBRAHIM MAHFOUZ MOHAMED IBRAHIM 

wt/m' I 
I p t wt/m' 
v 

o-----------o-----------------o------------0 
: • ••• 4rn • •••• : •• ., ~5m • •• : ••• 3cn • •• : •• • • 4rn . ••••• I 

LOADING CCNDITION NO. 1 

SF' AN 1 2 3 

w 1.00 . 00 1.00 
W1 .00 .00 .00 
WP .00 .00 .00 
p .00 4.00 .00 

CONNECTING MOMEMNTS 

INTER . SUPFORT 1 2 

M . -2 . 69 -2.69 

LOADING CONDITION NO. 2 

SPAN 1 2 3 

w 2.00 .00 2.00 
Wl .00 . 00 . 00 
WP .00 .00 .00 
p .00 8 . 00 .00 

CONNECTING MOMEMNTS 

INTER. SUPPORT 1 2 

M -5.38 -5.38 

Stop - Progra~ terminated. 

A>EQ3M B:DEQ3M.~Rm 

D 

c 

c 

0 

0 

r-'1 

0 
n · 



A FORTRAN COMPUT~R PROGRAM FOR THE ANALSIS OF FRAMES 
BY USING THE EQUATION OF THREE MOME~S 

D~VELOP~D BY 
DR. IBRAHIM MAHFOUZ MCHAMED IBRAHIM 

1) T I 
I 

2T/M' 
I . \' . I . . . . 
:-- -- - - - - -- -- --

El 

EI 

+ 2M + 2M 

LOADING CONDITION NO. 1 

SPAN 1 2 

vJ .oo 2 . 00 
Wl . 00 . 00 
WP • 00 • (1(: 
p • (1(1 10.00 

CONNECTING M~MEMNTS 

INTER. SUPPO~T 1 

-+ -
I 
I . 
I 
I . 
I 
I . 
I 2T/M' I . 
I 
I . 
I 
I . 
I 
I . 
I 
I . 

--•-----I---

+ 

3 

2 . 0:) 
.00 
. 0 0 
. oo 

2 
..,.. 
~...:• 

M -8.92 -5 .17 - 1.42: 

.•. 

+ 

41'1 

+ 

4 

. 00 

. 00 

.00 

. 00 

n 

n 

------n 

,...., 

r:· 



A BR~EF HISTORY ~F -HE DEVELOPM~NT 
. .. 

OF COMPUTER ORIE~TED STRUCTURAL 
ANYLXSIS TECHNIQLES 

BY 

DR. ~BRAHIM MAHFCUZ ~. IBRAHIM 
ASSOC IATE PROFES~OR ~ ZAGAZIG, UNIV. 
BAf'lHA BRANCH , DEFT. •JF CIVIL ENG. 
SHOUBRA, EGYPT . 

,/"7} 
l.V 

Up to recent·:y, structural .::n;ineers have tc solve evem the most 

comJlex problems with only a slide ru les or hartd ca. lc t.lators. As a result, 

lonj hcurs have been usually spent i 1 p:rforming t1e structural •nalysis. 

Often a~ grossly simpli f ied model of -:he a~:tual strJCtt...re had to be used 

and the number of load conditions kept t o a minimu~. In addition ~ struc­

.;.unl engineering judgement rather t h:.n reliable aRalytical data liad to 

be Jsed to an exceptional degree in s pe=ifying struct~ral requirements, 

esp=ci ally at the preliminary formati we design sta~es. 

This unsatisfactory state of ~ffairs und: rwent a drastjc change 

wi t1 t he advent of the hi gh-sp~ed e l ec 'b'o"li c computers. In seekilg to ex­

ploit fully the advantages offered b)' e1e:::tronic computers, It S•)OIIl became 
evi :ient that the existing crude i :.eea J- Z3ti ons used in a~proximati ng actua·l 

strJctures might be replaced by grea-:· y r.=fined models. . This, in twrn, sti ­

mu 13 ted the deve 1 opment of the .!f@_trj_~.!TEJ:J_o_si_s_.9_f_ _s_t_r_u_s:_t_L. _r_g.j__g._n_g.].J.§_::_s_ which 

first !>egan appearing in the early 1 9 5~. It was ~cogni:zad that wben fun­

damental structural principles are aJpli ed to the calculation of deforma­

tio1s and internal forces in structu~ t uilt up fr~m many compon=n: parts, 

matri ces furnish the most convenient nat h=matical language for e~pressing 

the theory. Furthermore, the solutio1 af the equations expressinj :he theory 

can be best achieved as a sequence of nrt.rix numerical calculations. The 
COOJ.)uter is ideally suited to carryi1g :cut these natrix operatio1s. 
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THE MATP.D FORCE METHOD. . 

As might have been guessec, the first steps at providi.ng solutions. 

follcwed traditional lines, which had grown out of the theory of elasticity 

and 'fmlllowed the general approach of calculating intemal stresse by using 

fundamental conditions of equilibrium of forces and continuity of displace­

ment~. Deformations could then be obtained by a se.:ond, subsequent calcu­

lation. This procedure is known as thE redundant fora:e me thod. In recent 

year~ it has been often called the _ fo :--ce method. In the early 1950s., force 
method was formulated in general matrix terms and, in addition, introduced 

the use of the electronic computer fm- obtaining t1e· desired solutions. 
Subsequently, it was realized that di splacements, ~ather that internal 

force:s, could be chosen as the primar)" unknowns .of the structural problem. 

This alternate choice of unknowns ther brought the stiffness matrix into · 

t he formulation. In early works the s t iffness matrix was not calculated 

directly as in present-day finite elenent work, but rather was obtained by 

inverting the then more familiar ·;Flexibility matril(, Hence, the stiffness 

methcd was considered as an alternate choice for sJlving the equations gene­

rated from the force ~thad point of dew. 

THE MATRI ): STIFFNESS M::THOD 
II THE DISPU.CEMENT METHOJ II 

D 
0 
0 

0 

0 

In spite of the foregoing progress in developing the force method, 

it became clear in the first half of the 1950s that t~e ultimate solution [j 
migh: well have to be sought in other directions . This \'las due to the fact 

that the force method was unable to t~ke full adva1tage of the computer's 

capability and that the force method burdens the U3er with extensive data 

preparation (e.g. setting up and inputing the equilibrium equations). As a 

result, the stiffness method and subs~quently the finite element or discrete 
element methods which are computer ori ented techni::jues, requiring minimum 

data preparation were developed. The stiffness and finite element methods 

have been developed to the point wher= they can be applied to almost any 

clas s of engineering structures . A partial list of structural problems 

which can be investigated, using thes.e matrix proc=dures, is as follows, 

0 

0 



,-

1- Two- diminsi ona 1 and spc.c:e tru~s.es and framew~rks . 

2- Thin plates and slabs cf arbitrary shapes 

3- Shell structures of arbit:rc.ry geometry 

4- Composite structures, including combinations of plates.. , 

curved-shell el ements, and truss and beam el ~ments, 

5- Solid bodies of irregular shapes. 

0 
0 

0 

0 

0 
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INTRODUCTIO~ TO THE FINIT ELEMENT 
DISPLACEMENT METHOD OF STRUCTURAL ,'! 

ANALYSIS. 

BY 

DR. IBRAHU1 MAHFOUZ M. IBRAHIM 
ASSOCIATE PROFESSOR, ZAGAZIG UMIV. 
BANHA BRANCH, DEPT. OF CI'/IL ENGINEERING 

EGYPT 

~~ 

The basic idea of the finite element methods of structural analy~i 

0 
0 
0 
0 

sis is to replace an actual complex s-:ructural sys:em b.)' a set of simpler 0 
structural elements . In formulating the simplified or idealized structural 
system, use is made of the so-called finite elemen: method. If the simpler 
system can be solved, and the resulting solution represents the ttue solu-
tion with satisfactory accuracy, the f inite elemen-: method would have ob-
viously served a useful purpose. 

?rom the preceding statement it can be realized the finite element 
method of ana lysis requires the derivation of the formulation of the basic 
elements commonly employed structural engineering Jractice. These element 
are as follows:-

1- Truss Element 
2- Frame \'lork element 
3- In-plane plate element 
4- Plate bending element 
5- Axisymmetric thin & shell element 
6- Curved thin shell 
7- Solid elements 
3- A xi symmetric soil d e 1 ements 

The 'l"a.rious types of element are shown in figure l. 

In this work, and in order that important ideas and method pro­
cedures may be set forth with a minimJm of confusi)n, t~e discussion will 
be limited to the direct stiffness 1' Jisplacement 1 , analysis of simple 
types cf structural systems as listed as items l and 2. This includes, but 
not limited to, the analysis of plane and space trJsses, frames and grid 
work. 

n 

0 
0 



rn the displacement metnod of 3tructural analysis, the formul~tions 
of the element (e,g, truss element, beam element, , •• etc), are: fnrst derived 
with respect to the local coordinate sys:em X, Y ~nd Z of the element. It will 
be shown for the various types of elemen:s considered herein that the forces 
and moments at the two ends of the beam element,{'Pe}, ~re related to the 
end displacements and the end rotatioos of the ele11ent, {xe} , by the follo~ 
wing relation. n 

[K.J { xJ ={Pe} ( 1 ) 

""' where Ke is the element stiffness matr·) in the local coordinate system. In 
order that the geometric admissibility conditions cf the principal of minimum 
tota l potential energy (i.e. compatibility of deformations and rotations) can 
be imposed at the common ends of the rig·dly connected elements, the end dis­
placements must be transformed from the l ccal coordinate system of the indivi­
tiual element to a single reference courdinate system for the structure, X,Y,Z. 
The relation between the displ acements ar.d r0tations in the reference coordinate 

system, { \} and those in the 1 oca 1 :oordi nate system { xe} can be expressed 
3.S: -

{xe} = [r] { xe} (2) 

~here [r] i s the transformation matrix. Similarly the relation between the end 
forces and moments _2,n the reference coorcinate system{Pe} and those in the local 
:oordi nate system{Pe}can be written in the form. 

{P.} = [r] {re} (3) 

; ubstilution of the relations 2 and 3 into Equations (1), yields. 

[Ke] {x.} = { P.} (4) 

~here [Ke~ is the element stiffness matrix in t he r~ference coordinate system 
given by, 

T 

[K] = [r][KJ[r] 
e e 

(5) 

by imposing the geometric admissibility conditions between the various beams, 
as well as, the supporting c~nditions ~ the fol lowing relati on can be written, 

[KJ{x} = {P} (6) 

r'l 

,., 

!'1 

,..., 
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Where [K] is the overall stiffness matrix associated with the inderendent 
degrees of freedom residing in {X} ·_ Solution of the preceding equation 
(Eq. 6 ), yields the displacement {x:>. Subsequently, the forces ard 
moments at the two ends of each beam can be obtained. 

The flow chart of a general pur pose computer program usirg the 
displacement method of~ structural analysis described herein and de~loped 
by the writer i s shewn in Fig. 1. 

In the articles that will fpllow the displacement method formulations, 
that is, stiffness tnd.transformation matrix for specific structurcl systems 
are presented. The cases considered are as follows: -

1- Plane Trusses 
2- Space Trusses 
3- Plane Frames 
4- Shear Walls 
5- Spaae Frames 
6- Structural grid systems 

(i.e. paneled beams) 
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(a) Framework member 

(b) Plano 3tro33 

t , 

~-' 
(c) Solid elements 

--~x 
I 

(d) Axisymmetric solid 

] 

I 
(e) Flat plate bendin~ 

I 

(f) Axisymmetric thin shell 

, 
"' ,.. I 

I 

~~ 
{] 

)C 

(g) Curved thin shells 

Fig. 1 Types of finite elements. 



INPUT DATA -- -7----.-­
Properties of Material-s 

• Number of Beams, NB 
• Number of Loading 

conditions, NL _ 
_ ..._ 

INPUT DATA FOR THE ITH ELEMENT I 
EVALUATION OF THE STIFFNESS MATRICES 

[KeJ and [K J OF THE ITH ELEMENT 

j._ 
EVALUATION OF THE CONTRIBUTION OF THE 
ITH ELEMENT TO THE OVERALL STIFFNESS 
MATRIX [K] 

YES IF 
I.'(N 

NO 

EVALUATION OF 
[KJ:-.1 

CALCULATION OF THE INDEPENDENT 
DISPLACEMENTS OF THE STRUCTURE 
FOR THE Jth LOADING CONDITION 

' CALCULATION OF THE DISPLACEMENTS 
OF THE ITH ELEMENT IN THE REFERENCE 
THEN THE LOCAL COORDINATE SYSTEMS, 
FOR THE Jth LOADING CONDITION 

~ 
CALCULATION OF THE END FORCES AND 
MOMENTS OF THE ITH BEAM FOR THE 
Jth LOADING CONDITION . 

YES / IF 
I ( NE/ 

NO 

~ 
YES / IF 

J( NL 

fa 
~ D 

'' 
FIGURE 2. FLOW CHART OF THE COMPUTER PROGRAM 
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I- ANALYSIS OF TRUSS STRUCTURES 
BY THE DISPLACEMENT METHOD 

BY 
DR. IBRAHIM MAHFOUZ M. IBRAHIM 
ASSOCIATE PROFESSOR~ ZAGAZIG UNIV . 
BANHA BRANCH, DEPT. OF CIVIL ENG. 

EGYPT 

(f) 

In this article, the displ acement method of analysis of plane and 
space truss structures is presented . Consider the truss el ement shown in 
Figure 1. The positive directions of the axial forces and axia l displacements 

,.. - --of the two ends of the element in the local coordinate system X,Y and Z of 
the element are assumed to be in the directions shown in Fi g. 1. 

The el ement sti ffness matrix can be derived by applyi ng the princi­
pal of the mini mum tota l potential energy. Alternatively the elements of th~ 
sti ffness matrix can be obta ined using standard structural engineeri ng 
approach. The resulti' ngi:el ement stiffness matr'i x in the l ocal coordinate 
system [~] can be expressed as: -

- _, 
1 -1 ul Fl 

AE I = - I (1) IV 

-1 1 u2 F2 
L 

[re] = {x.} = {r.} (l b) 

The rel ati on between the end displ acement of an el ement in the local and the 
global coo~di nate system shown in Fig. 2, can be represented by 

= 

cosi 
X 

0 

cos (1 
y 

0 

cos9 
z 

0 

0 0 0 

cos~ cosf cosf 

ul 

vl 

wl 

u2 

v2 

w2 

(2a) 



{X.} = [If] { x.} (2b) 

Note that for two dimensiona l truss structures i n the x,z plane, 

vl = v2 = 0, also, casey = 0 

IMPLEMENTATION 

The input data for the computer program ou~lined in the praceding 
article using the displacement method of structural analysis, are as 
follows; for the cases of truss structures. 

a) Titl~ 
b) Number of truss elements, degrees of freedom and loading 

conditions. 
c) Joint loads for the various loading conditions. 
d) Degrees of freedom and restrained joints 
e) Cross-sectional area and the X, Y, Z coordinates of the 

two ends of each truss element. 

Sample output of the program are presented in Figures 3-4 for the 
cases of plane and in Figure 5 for a space truss. 
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FIGURE 1: TRUSS ELEMENT 
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FIGURE 2: LOCAL AND REFERENCE 
COORDINATE SYSTEMS 
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...... 

..:. 

L 

L 

5i 
5 
I 

7 
8 
8 

10 

- --·--- -- . -
0 3 4 
(l 3 5 
0 0 5 
0 0 7 
0 6 7 
(l 6 8 
0 0 8 
0 0 10 
0 9 10 
0 9 11 
0 0 11 

- - -
0 0 
0 6 
0 6 
0 0 
0 0 
0 9 
0 9 
0 0 
0 0 
0 12 
0 1 ';'> 

10 0 0 0 0 0 
11 0 12 0 0 (l 

·- ~· .. ... -~- -~---· -··--

E= 2100.000 T/CM**2 
GEOMETRIC PROPERTIES OF THE TRUSS MEMBERS 

I"! EMBER A XB YB ZB 

1 5.00 .00 .00 . 00 
2 5.00 .00 .00 .00 
3 5.00 100.00 .00 100. 00 
4 5 .00 100 . 00 .00 100 . 00 
5 5.00 200.00 .00 . 00 
6 5.00 200.00 . 00 .oo 
7 5.00 300 . 00 . 00 100.00 
8 5.00 300.00 .00 100.00 
9 5.00 400.00 .00 . 00 

10 5.00 400.00 .00 .oo 
11 5 . 00 500.00 .00 100.00 
12 5 . 00 500.00 .oo 100 . 00 
13 5 . 00 600.00 .00 .00 
14 5.00 600 . 00 .00 .00 
15 5.00 700.00 .00 100 . 00 

XE 

100.00 
200.00 
200.00 
300.00 
300.00 
400.00 
400.00 
500.00 
500.00 
600 . 00 
600.00 
700 . 00 
700 .00 
800 . 00 
800 . 00 

NODAL DI SPLACEMENTS IN THE REFERENCE COORDINATES 

- . 286 - . 2(>2 -- . 163 -. 23(> - .162 
- .096 -.~:18 -.034 -. 050 -.152 

t<IEMBER NUMBER AXIAL FORCE TON 

1 -4.161 
2 2.942 
3 -9.982 
4 2.116 
5 -13. 193 
6 5.213 
7 -15.091 
8 3.458 
9 -14.869 

10 5.056 
1 1 -13.415 
12 2.430 
1":!' ..... -8 . 789 
14 1. 785 
15 -5.353 

--------------------------------------------------
s~op - Program terminated. 

......, 

,....., 

y E ZE 

.oo 100.00 

. oo . 00 

.00 . oo 

.00 100 .00 

.00 100 . 00 

.00 . 00 ........, 

. 00 .00 

. oo 100 . 00 

. 00 100.00 

. 00 .00 
,...., 

.00 . 00 

. 00 100.00 

. oo 100.00 

. 00 .00 

.00 . 00 

,-, 

- . 319 - . 130 

,--. 

,...... 

,-, 



SPACE TRUSS 
**************** 

;c 

~ ... 

OUTPUT OF A COMPUTER PROGRAM DEVELOPED BY 
DR. IBRAH I M MAHFOUZ MOHAMED IBRAHIM 

********************************************** 

10 T --- - >o + 

300 
z 6 • 
I 
I • 

0 • • • • • 0 + --> X 
2,3 

_ o _ _ o _ 

I' 

.: 

_7 
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*************************** 
PLANE TRUSS 

*************************** 
OLT PUT OF A COMPUTER PROGRAM FO THE ANALYSIS OF TRUSS STRUCTURES BY 

1 
0 

0 

USING THE DISPLACEMENT METHOD 
DEVELOPED BY 

DR. IBRAHIM MAHFOUZ MOHAMED IBRAHIM 
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II- ANALYSIS OF PLANE AND SPACE 
FRAMES BY THE DISPLACEMENT 
METHOD 

BY 

DR. IBRAHIM MAHFOUZ M. IBRAHIM 
ASSOCIATE PROFESSOR, ZAGAZIG UNIV. 
BANHA BRANCH, DEPT. OF CIVIL ENG. 

EGYPT 

In this article, the displacement method is extended to the analy­
sis of plane and space frame structures. 

A- PLANE FRAME STRUCTURE 

In this section the analysis of two-dimensional frames and shear 
wall structural systems by the displacement method is presented. It is poin­
ted out that formulation presented herein is general and include in addition 
to the flexura l and axial deformations of the element, the effect of shear 
deformation which is quiet significant in the cases of shear wal l structural 
systems. Consider the beam (i .e. frame work) el ement shown in Pig. 1. The 
positive di rections of the forces and moments, as well as, the displacements 
and rotations of the two ends of the beam element in the local coordinate 
system of the element are assumed to be in the directions shown in Fi g. 1. 

The element stiffness matrix [K~ derived using either the princi ­
pal of mini mum total potential energy, or standard structural engineering 
principals, which includes the effects of axial, flexural and shear deforma­
tion, can be expressed as shown in Equation la:-

Note that the coefficient 0(., accounts for the shear deformation in 
the deep beam element that is, the wall element and vanishes for standard 
slender beam element. 

The transformation matrix gerived by imposing the compati bi lity of 
deformations between the displacements and rotations in the local and the 
reference coordinate systems, can be expressed as given in relation (2b), 

--~ 
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..., ·I 
w, -E!OS ez cos e 0 I 0 0 0 w, 
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I 
'V 

~y 0 0 1 . I 0 0 0 ~yl 
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-- -- - ------ ----- -- -- (2.6) --,------------

u2 0 0 0 
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ex e 0 u2 cos cos 
2: 

-w2 0 0 0 -E!OS 8 cos ex 0 w2 
z 

........ 

Qy2 0 0 0 () 0 1 e 
y2 

{-1 xef [r] { x.} 



B- SPACE FRAME STRUCTJRES 

The discussion in this section is facu=ed on the ~~alysis of three 

dimensional frame 5tr~ctural systems by tr2 displacemeJt method. The 

formulation presented herein can be used in the analys~s of a wide 
variety of three dine~sion~l struct~~l S}~tems, such ~s paneled beam 
floors, general sp~ce frame structure5, rcft foundatioJs idealized as 

structural grid sy5te~, and three dimensicnal shear wa~l core systems . 

The element stifin~ss 1natrix [Ke] of a three dimens~onal beam element (Fig. 2) 

in the local coordinate system whict inclLies the effe:ts of axial , 

torsional, unsymetr~c~l flexural and shear deformatioll3 , can be expressed 

as shown in Equation 3a . The relation bet"~1een the end displacements of 

a three dimensional b~ant. element in -:he lc:al and the Teference (global) 
coordinate systems ~1 be expressed by the matrix relation 4a. 
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T~IP::..EviENTATION : 

The input data for the computer program :leveloped by the 

writer and outlined in a preceding artic:.e using the displacement method 
are as follows , for the various cases of two and three dimensional frame 

structures . 

1. Titles and drawing of the structure. 

2. Elastic properties cf the materials. 

3. Number of beams and number of loading conditions. 

4. Data for each individual beam ele~ent3 as follows : 

a- cross-sectional cime~sions . 

b- x ,y and z coordinate3 of tte tKo ~ds of the elements. 

Alternatively, lengt~ of t he beam ~lement and tte 
angle of orientation with respect to the refere~ce 

coordinate axes . 

c- Types of connections at the two erds of the elements 

including supporting conditions . 

d- Types, magnitudes anj lo:ations of the loads, for all 

the loading cond~tions cJnsidered 

sample outputs for two dimensional frame, paneled frame, paneled bea~ floor 
are presented in figures 2, 3 and 4 respectively. 
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SPACE FRAMES BY USINE THE FINITE ELEMENT DISPLACEI"'ENT NET -·OD 

DEVELOPED E'l' 
DR. IBRAHIM MAHFOUZ MOHAMED IBRAHJM 

+ • . 5M . . + •• 5M • • + •• 5M . . + •• 5 ~ .• + 

3 8 
+ 0 . 0. . . 0 . . . 0 . . . (• 

. . . . 
5M . 1 .6 . 11 

. . . 
+ 0 . . . . . . . . . () 

4 . 9 
5M . . 

.2 .7 .12 
+ 0 . . . . . . . c . C-L 

5 . lC 
5M 

+ 0 C) 

5M 

+ 0 . 0. (I ••• o • .0 

C-L 

PANELED 3EAM FLOOR 

MEMBER NORMAL FORCES SHEARING FORCES YTLD SHEARING FORCES ZTLD 
TON ~oN TON 

I 

END 1 END 2 END :. END 2 
1 .OOOOOE+OO .OOOOOE+OO . OOOOOE+OO . 66471 E+C•l .41471E+Ol 
2 .OOOOOE+OO .OOOOOE+OO .OOOOOE+OO .25000E+C l -.18477E-04 
3 .OOOOOE+OO .OOOOOE+OO . OOOOOE+OO . 23215E+C•1 -.26785E+01 
4 . OOOOOE+OO .OOOOOE+OO . OOOOOE+OO . 16471E+C J -.33529E+01 
5 .OOOOOE+OO .OOOOOE+OO .OOOOOE+OO .70333E-C5 -.25000E+01 

I"' 

6 . OOOOOE+OO .OOOOOE+OO . 0 :)OOOE +(H) .83529E+C:. . 33529E+Ol 
7 .OOOOOE+OO . OOOOOE+OO . OOOOOE+OO .33529E+C::. -.16471E+01 
8 .OOOOOE+OO .OOOOOE+OO . O~>OOOE+OO .30363E+C:. -.19637E+01 
9 . OOOOOE+OO .OOOOOE+OO .OOOOOE+OO -.33529E+C:. -.83529E+01 

10 .OOOOOE+OO . OOOOOE +(H) • OX>OOE+OO - .41471E+C:. -.66471E+Ol 
11 .OOOOOE+OO .OOOOOE+OO .OOOOOE+OO .19637E+C:. -.30363E+01 
12 .OOOOOE+OO .OOOOOE+OO .OOC>OOE+OO . 26785E+01 - . 23215E+Ol 

t-1EMBER TWISTING MO~EN-S BEN[• 1 NG MOMENTS BENDING 1'101'1ENTS 
M.T. ABCUT "f-Y 1"1. T. ABOUT Z-Z M. T. 

ENOl END2 ENOl END2 ENOl END2 .., 
1 .OOOOOE+OO .OOOOOE+OO -.72533E-03 .26985E+02 . OOOOOE+OO .OOOOOE+O 
2 .OOOOOE+OO .00)00E+OO . 26984E+02 .33234E+02 . OOOOOE+OO .OOOOOE+OO 
3 . 70938E-03 -.70938E-03 -.17858E+01 -.26784E+01 .OOOOOE+OO . OOOOOE+O 
4 .40754E-03 -.40754E- 03 . 33527E+02 . 29263E+02 .OOOOOE+OO . OOOOOE+O 
5 .OOOOOE+OO , .OOOOOE+OO .33234E+02 .26984E+02 . OOOOOE+OO . OOOOOE +Ot_ . 
6 -.11978E-02 .11978E-02 -.10812E-02 .29263E+02 .OOOOOE+OO .OOOOOE+OO 
7 -.40754E-03 .40754E-03 . 29263E+02 .33527E+02 .OOOOOE+OO • OOOOOE +01.., 
8 .17639E-02 -.17b39E-02 -.26796E+01 .17639E-02 . OOOOOE+OO . OOOOOE+01 
9 .11978E-02 -.11978E-02 .29263E+02 - . 10767E-02 .OOOOOE+OO .OOOOOE+OO 

l(l .OOOOOE+OO .OOOOOE+OO .26985E+02 -.72845E-03 . OOOOOE+OO .OOOOOE+OP 
1 l -.17639E-02 .1 7o39E-02 .17639E-02 - .26796E+O: .OOOOOE+OO . OOOOOE+Oi 
12 -.70938E-03 .70938E-03 -.26784E+01 -. 17858E+O: .OOOOOE+OO . OOOOOE +(HJ 

Stop - Program terminated. 
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+ .• 5M .• + •• 5M •. + •• 5M .. + •• 5M • • + 

3 8 
+ (I • (l. 0 • • • 0 . 0 

5t1 • 1 .6 • 11 

+ (I . 0 
4 9 

5M 
.2 .7 1 ':·' . .... 

+ 0 0 . C- L 
5 • 10 

5M 

+ 0 0 

5M 

+ 0 . 0 ••. 0 ••• o .0 

C-L 

F'ANELED BEAM FLOOR 

r" 

MEMBER NORMAL FORCES 
TON 

SHEARING F JRCES ~TLD 
TJN 

SHEARING FQRCES ZTLI 
TON 

1 
2 
'":!" ·-· 
4 
5 
6 
7 
8 
9 

10 
11 
12 

l'lEMBER 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

~-=- ~. ·-· ,_ ·-

END :: END 1 
.66471E+Ol 
.25000E+01 
.23215E+01 
.16471E+01 
.70333E-05 
.83529E+Ol 
.33529E+Ol 
.30363E+01 

END ~ 
.41471E+01 l 

-.18477£-04 
-.26785E+01 
-.33529E+01 

~~-<--E - l l -.~~UJU +U 
. 33529E+01 

-.16471E+01 
-.19637E+01 ~ 

.OOOOOE+OO 

.OOOOOE+OO 

.OOOOOE+OO 

.OOOOOE+OO 

.OOOOOE+OO 
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. OOOOOE+OO 

.00000~+00 

.00000~+00 

.OOOOOE+OO 

.00000.:::+00 

-.33529E+01 -.83529E+01 
-.41471E+Ol -.66471E+01 

TWISTING MOMENTS BEN:>:::NG MOI"ENTS 
1"1. T. ABOUT Y-Y i"' . T . 

END1 END2 END1 END2 
.OOOOOE+OO .OOOOOE+OO -.72533E-03 .26985E+02 
kOOOOOE+OO .OOOOOE+OO . 26984E-<)2 ,. 33234E +C•2 
.70938E-03 -.70938E-03 -.17858E-~1 -.26784E+01 
.40754E-03 -.40754E- 03 • 33527E:-<>2 .:.<?263E+02 
. OOOOOE+OO , .OOOOOE+OO . 33Z::;4E -02 • £6984E+(•2 

-. 11978E-02 • 11978E -02 -. 1 0812:=: - ·02 • 2<?263E +{t2 
- . 40754E-0~5 .40754E-03 • 29263E -(>2 . ~ 3527E ~:·2 

• 17639E-02 -. 17639E-02 -. 26796.:::-(tl • 17639E-.02 
.11978E-02 - . 11978E-02 . 29263E-(>2 -. 10767E--<C•2 
.OOOOOE+OO .OOOOOE+OO . 26985~-02 -.72845E-03 

-. 17639E-02 .17639E-02 .17639=:-02 -.26796E+0 1 
-.70938E-03 .70938E-03 - . 26784=:-01 -.17858E+01 

t:• ·-· ' -... ~. ::"" ("'l .J .. r ... ·- r · .; """ -.·I·· t:""J .-.t 

-.30363E+01-.19637E+01 
.26785E+Ol - . 232 15E+01 

BEND I 1'-IG 'i"IOMENTS 
ABOUT Z-Z M. T. """"\ 

END1 END2 
. OOOOOE+OO . OOOOOE+OO 
.OOOOOE+OO .OOOOOE+Op 
.OOOOOE+OO .OOOOOE+O 
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.OOOOOE+OO . OOOOOE +(X) 

• (H)(>OOE +00 .OOOOOE+O,.., 
.OOOOOE+OO .OOOOOE+O 
.OOOOOE+OO .OOOOOE,...OO 
.OOOOOE+OO . OOOOOE +(:~ 
.OOOOOE+OO .OOOOOE-0 
. OOOOOE+OO . (H)OOC>E +Oll 
.OOOOOE+OO . OOOOOE-00 
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CRITERIA FOR THE EVALUATION OF 
COMPUTER SOFTWARE 

The use of computers In many engl· 
nearing applications has grown rapidly, 
especially with the recent steadily 
decreasing coat of computer In general 
and micro computers In particular. 

Once an engineer makes the Initial 
decision to Ul8 computer aids for a 
g iven task, many subsequent decisions 
become neceuary. A decision must be 
made as to whether or not to use the 
available software, or to develop one's 
own programs. This decision must be 
based upon whether or not there exists 
software which satisfies the engineer's 
needs In terms of analytical or design 
capability and whether the software Is 
not only avallable,,but also economical 
to buy and to use. Assuming that an 
Individual has decided to use com· 
merclal software, and has been suc· 
cessful In locating several programs 
which satisfy the engineer's need, how 
does he then decide which program to 
use? The decision to use one program 
Instead of another can often be ratio­
nalized by examining the programs with 
specific evaluation criteria In mind. 
Such criteria can be summarized as fol· 
lows:· 

4 
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BY Dr IBRAHIM MOHA~MED IBRAHIM 
ZAGAZIG UNIVERSITY BANHA BRANCii 

DEPARTMENT DF CI\' IL I:NGINt:ERING 

1· Compatibility betwaen the software 
and the type of cor putar In use. 

2· Documentation. 
3·1nput. 
4- Solution. 
5- Output. 

1· CQMPATIBiliTY 

Before purchasing sctwo ·e. one must 
make sure that the sofl"-are under consi­
deration is compatible wih the type of 
computer in use. In term; 0( the operating 
system (e.g. Dos. UCSD Cp.Aivt .. . etc). the 
language (e.g. Basic. ~:o~-RAN. Pascal. 
... etc). and that the c:::lmputer has the 
memory I storage cap:~ci·i es required to 
support the software. 

2· DOCUMENTATION 

The effectiveness of the user's manual. 
and other documentai:m n preparing a 
user to deal with a pr:cblem a nd to 

understand the oLtput. Is one of the fun­
damental downfc:lls of some otherwisE 
very useful pr09rall'ls. Since this Is such an 
important problera. II requires the consi· 
dera tion of severo sub·criteria. 

2·a Explains Methods 

The leve l at whcch the documenl01io,..., 
oJtlines the techni=1ues and the method c 
design used ir the program varies greatly • 
among comTledally a vailable pro­
(;rams. Thus. whEn little information -
cvailable ab•:>ut how a design is Pr<, 
duced. the engin3er must be wary of the 
r.:~sults obtained . 

2·b Data P·re,:.aration Aid 

As a bare mininum. the documentation ...... 
f:Jr a program should clearly explain ho 
to prepare ths 11'\.:)UI .data for a progran 
Since It has beer found. lime and again. 
lhat It Is in the pr3paralion of data tha t A 
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:·eat deal :>f engine9fs' efforts ore 
xpended. 

2·C Output lnt~rprefatlon 

The manual ;hoLid help the user unders­
:ond the outpl l bc·lh In cose of successful 
and unsucces:lul • m's. There Is llltle that Is 
more frustrotird Iron hov1ng o run return 
with on abunc ::mea of error messages and 
no real explo-oticn of the problem. 

2·d Honesty 

Tnere is otte, o gop between the claims 
of the docurTHnlcrion. and the real requl· 
rements and c:apabllltles of the program. 
This d ifference ITCJY occur because the 
developer excggeroted the abilities of his 
orogrom. or b-3cause. somewhere along 
tne line a p oi1on of o program became 
nonfuctional. 

3· Input 

The form o4 the input requirements can 
nave some imp•:>rtance In making the 
program em ' to Jse. Also. the ability of a 
orogram to correct simple ~rrors in input 
data. and -:> p ·ovide optional default 
values for common data Is a boon to the 
user, and p C'"'3niJ.:JI timesaver. In addition. 
much time C. ott-:~n spent on generating 
1nput which coLid otherwise. be more 
efficiently us:d. The advantages. in terms 
ot lime sovec. of a p rogram with the ability 
to abbreviale th:3 Input data by having 
some dolo gena-oted automatically. are 
substantial. 

4· Solutio 

It is impor:mt ·o assess programs (Soft­
wore). in let TIS :>f the analysis a nd I or 
design proc JCe::l by the p rograms. The 
level of cor .I dEnce which an engineer 
can hove in :m cutomatlc design. and the 

,..... 
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ease with which an engineer e : ercis3s 
d irect control over the design. •:::re b"!h 
factors which bear directly on how usaful a 
specific program is to an ergineer. nis 
criterion a lso divides into tw::> l'"tlport:mt 
sub-criteria. 

4·A Control 

An engineer does not use compJter aids ~ 
lor analysis and I or desi~n to o~Nid ~ 
becoming involved in the analysis and · or h 
design.Ra!her. most engineers w:>uld 101 J; 

~ 

feel comfortable using an CJton•JIIC i 
design procedure unless some cor,·rol ~ 
could be exercised over. the de~ign r:-ro­
duced. The designer will al lemt wcr to ,; 
specify such things as the design cod.:; to 
be invoked. 

4·B Quality 

In general terms. one should Identify ~he 
degree to which the output ma·r be con­
sidered as a final design. wlltl consid:ra· 
lion given to reliability of deslg,; values; H 
satisfaction of code requlreme•ts; con- ~ 
formlty to the most up to date dE;slgn :>hi- M 
losophy; economy of design on: the pre- ~ 

sentation of alternative designs. 

5- Output 

T"'e effectiveness of the progran OL -put 
in communicating the infornalon g3ne· 
ra ted by the p rogram. in a man1er u;;e1u 
to the engineer. must recei11e d.Je :::msl­
derotion. In selecting a program for u..:-.e. 1· 
Is worthwhile to scrutinize the oliput d the 
program for clarity and orgcniz::tion. 

r. 

~ 

SYNOPSIS: 
saJIJECT OF THE ISSUE:-

•A- Urban Study of Zarno1811 DistriCt•. 
tr ~ S 1Jdy points out to the nac:azity ot put. 
li • ~ building regulations fa the area 
,r:>rcer to preserve Its choroc::tar The study 
.... ::J! =onducted by a reseorc1 ~m from 
·r.e Urban Planning Orgon:zotion and 
,.:nented by arch. Kama l S. :thcxJha lb . 

F EASONALITY OF THE ISSUE:· 

II ~ Prof. Youssef Hassan Sratk, prof. of 
c-::n·ec!ural design at C:Jir.::> University, 
'I'T1ete he started his acacerrlc carreer In 
.,.;4~ and uptill now. He re-ce ve-d his M.A. 
c3g-ee In architecture in 1953 from Illinois 
L ,i.,~rslty. U.S.A. Prof. Y.H. Shat k partici­
J:Oied in the design and pan 1lng of many 
crcrllectural and urban pan "ling projects 
Jr E;~ypt and abroad throwg"l his own 
c::m~ultancy office. 

TEC HNICAL ARCTICLE:· 

+ •Traditional Housing Ce9Q"'l In Arab 
C::>U'ltries•. written by arch . 5:lnlr Abulac. 
T·,e materia l presented :n 1~s study Is 
t:. :JsOO on some compora·ive a ;:,proaches 
C3al ng with the followin~ k>):lcs: ecolo­
~co analysis of humc n settlements. 
CJ:Jitsls of traditional cOLrl)old designs. 
CJ'l ::Jitsis of traditional ccurf"'a·d housing 
r od31s. and some examples :rf contem­
p:::Kory development and disru ::lions. 

r ·~·<oranlc Notions: Func!io• 01d Beauty 
- A'::hitectural and UrbanDesi;;n•. wrllten 
=v Dr Hazem Ibrahim. 

The technique presented h9reinnas :>een 
used to evaluate a sampling a corrmar­
cially available program~ lr VOl OUi 
ca tegories of structural analysis o nd 
design. The results of the e·;ai .Dtior are 
summarized In the tables. ~· PROJECTS OF THE ISSl E:· 

I 
I 
~ 

I 

-+ tlixed Development at Cdhams Walk, 
.::o,·ent Garden: design leoTI, D. Ball. M. 
::J':::::mnor. J. Wafts. S. Grook. Tne orig inal 
.=ret was issued by GLC ll 1974 for a 
-,bc?d use developme"lt. Tne project 
,...hi::h lies on an area of O.t ha. Includes 
-i'02 :iwelllngs at a density j f 47'2 P/ha. and 
!:CCQm2 of non-housing In the form of 
s:"l::JPS, workshops, and coma1Lnlty uses. 

.. U·ban Housing Project! in <\1-Jeria : arch . 
. ;bdelrahman EI·Minlawy. An Ill ustration of 
-Nc urban housing projects lr Algeria, In 
.= is~IJO and M'isala. 

•· + Fiivate House at Jeru!aiem architect 
l.l.cs-le Safad le. The project Is a redeve­

i l:::prent of the ruin of an old rou e In Veta. 
f 
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Cne of the main problems of stru:tural 

designers is to select the best desi;n for 

a certain structure which satisfies ~oth 

structural and economical requirements, 

especially for prefabricated structures 

where the elements of the structures are 

usually constructed in large numbers. The 

objective of this ~1ork is to present a 

structur al synthesis capability to find the 

optimum design of prefabricated prestressed 

concrete beams of various shapes automatic­
a lly. The present structural synthesis 

concept is an inequali'ty constrained 

mini~ization approach which is based on a 

number of considerations, namely , a set of 

design variables, an objective function, a 

set of constraints and a powerful mathema­

tical programming procedure. The dEsign 

variables ar~ the independent cross- section­

al dimensions of the concrete, the prestres­

sing force, the area of prestressing steel 

in each row and their distanc~s fr.oc th~ 

bottom fiber of the beam , as shown ~n Fig. l . 

The goal of th~ structural synthesis concept 

is to select these var.iables such that an 

acc:e;>table minimum cost d'esign is obtained. 

The. object.ive function, C(V) which ::-efle.c:ts 

the c ost of the prestressed concrat~ beam 

in t~rms of the design var.iables anj 

provides the basis of choice betwee~ alt­

er.native acce~table design , is taken as 

follows: 
C(\') c c Ac. + C A s s + cf pf (l) 

where A and' A are the areas of concrete c s 
and' prestressing steel, respe-ct'i ve1y·. C c , 

C s and· C f are t'he cost of concrete inc­

lud~g t'he cost of transportation, cost of 

steel and forming , r espect 'ive1y. Ff is the 

perimeter of the cross-section. By mi'nimiz-

Canada 

ing this f~nction an op~im~m design can oe 

obtainet . rhe limit te~we~n accepta~le and 

una:c~t~ble designs is governenby 3ide 

and benc.viour constraints. Sid'e constraints 

are basica:ly limits on th~ design variables . 

ThE7 are prescribed· to satisfy CPCI :ode 

r~~u~rene~s, and/or to impose certain 

d'i:rsign conditions that the resulting cross­

sedion be of a particular shape.. 'rhe beh­

avi~ur eor.etraints are imposed' to ecsure 

the :;>erior:mance of the be·run at service 
col:.tii ti.:m: at all load stases that r:ay be 

criLical du:ing the life of the structure, 

as spe.cifi ed by the . . C?CI code, as well as 

ta oeet tLe strength requirements· s~ecified 

in the ::ooe . 

rhe preceding constrained minimization 

pr:bl~ is converted' to a sequence cf un­

co~str~ned minimization problem by usinc 

th: penal~7 function method of Fiacco and 

Mc:::rcick:Ref . 1) , in order to be able to 

use o~e of the powerful unconstrain~d m~n­

imiza~i :>n :nethod·. In this · work , th~ 

FI~tcher ~ nd Powell r::inimization method , 

(R~~. c), which is ccnsidered the most 

p~Jer~ul unconstrair.ed mi~imization method, 

iE usecl. rhe resulting f·mction, F :v) can 

b~::. expressed as follows·: 

F:v) = C(V) + P(V) (2) 

WL~re ~e penalty function, P(V) i~given 
b, . • 1 

!. P( li ) = B . 1/g. (V) (3) 
j=l ,2 J 

aJ:.ti g.~V~ ~ 0 is the jth constraint function 
J \ 

j = l, l , ••• ,q and q is the total number of 

s~de a ~d behaviour const~ints . Also, R is 

ao arbitrary consta:1t greater than .zero 

wbich r epresents the relative weight of the 

c:nstrained functions in the F(V) f~nction. 

829 
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The minimization procedure outlined in 

this ~ork has been implemented using a 

FORTRAN IV program. Numerous numerical 

results · i 'ndl.cate that· the present structural 

s~nthesis capability is an efficient and 

convenient way for selecting minimum cost 

design for · prefabricated prestressed conc 4 

r~te beams o~ various shapes anQ subjecte~ 

to different loading cond1tions. Results 

also indicate that' due to the presence of 

relative minima in the design spac~, it is 

not necessary to chose a good initial 

design. That is, a relatively costly initia: 

design does not affect the minimum cost 

obtained. In fact, for such case~ the opt­

imum design obtained may have less cost than 

that r esulting from an initially good design, 

It is· pointed out that the major reduo:tio·n 

in the cost for all the cases ~onsidered 

occured· after only one· trial . As a re·sul t, 

an optimum design can be achieved after a 
relat~vely short computer-run time. 

:n the following, sampl~ rasults are 

presented' for · a simply Eupported' beam which 

is desired' to be of an I shape wi'th a limit­

ed' depth of' less than 2; in., starting 'with 

an initial d'esign of a rectangular shape· • 
• 

The initial and the optimum design obtained 

are. shown in figures (2a, 2b) , respectively. 

In table 1 the costs an~ operational infcrm­

ation3 are listed. It can be realized that 

a r~d·.1ction of the cost from 24 ~ / f~. to 

7.8 $ / ft is achieved after.· only one trial , 

and' t~at the other two computerrunings tav~ 

minor effect on the overall cost. It is 

noted that the optimum obtained is a cons­

trained optimum, which i s . the- case for all 

the other designs· considered· in this work. 
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Ti;. 2.a. Initia: Design 

A 
B 

1-... I t t 4 C. 26 
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2 C. 27 
1 C.52 
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?ig. 2.b . Optim't.31 J>e.sign 

-

1"""1 

l 
2~ 

H s 
5.3 
4.0 
2.9 
1. 7 

r~ 
11 

~sign R Shape Cost IFunc.t:.o::.t. 
F /ft. Value 

F(V) 

f~ Q 24.0 35.5 ~ni-:ial 

O.I. I 7.8 18.5 t o.o1 I 6.65 7;99 

:,)pt imum 0 . 001 I E.30 -6.5 [ 
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