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SYNOPSIS 

In this report the time-dependent dead-load deflections of a 

continuous box girder bridge are compared with the va lues obtained 

by a rational analysis based on the "modified - e lastic-modulus" 

method . Warpage and deflection due to shrinkage are estimated by 

applying the principles of superposition using an e ffectiv e elastic 

modulus and an assumed shrinkage potential for the concrete . The 

study reveals that deflections due to shrinkage are relatively ins en ­

sitive to the assumed value of the effective modulus of elasticity 

of the concrete . 

Whil e creep deflections are more sensitive to the value of the 

effective elastic modulus selected, within reasonable tolerances 

variations due to this assumption would not introduce an error greater 

than about 15 percent. As a result it is believed that the proposed 

method of analysis is adequate for normal design purposes. Because 

the computations become somewhat complex due to change s in effec ­

tive sect ion properties, both in the geometry of the member and due 

to cracking in the tension zone, a direct method for integrating the 

ela stic curve wa s employed , using McCaulay's notation . This pro ­

cedure was found to be especially appropriate in that it permitted a 

relatively simple computer analysis for the problem. The computed 

defl ections were found to be in rea sonable agreement with the field 

obs ervations for the structure analyzed . 
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Obj ective and Scop~ 

CHAPTER I 

I NTRODUCTION 

The probl em of predicting time-dependent deflections 

of concrete fl exural members due to creep a nd shrinkage is 

complicated by the rather l'J'ide range in properti es encountered 

in concrete produced in the field. In the past these 

deflections have been determined by empirical co effici ents 

for multi plying the instantaneous elastic d efl ections . These 

coeffici ents have been obtained fro m obs erved behaviour in 

practice . 

In t his report an attempt i s made to develop a more 

rationa l analysis for est i mat ing t ime-dep endent b ehaviour and 

to eva luate thi s analysis by comparison with the observed 

field b ehavior of a continuous box g irder bridge . The 

analysis for creep d e flections i s based o n the "modifi ed 

e l astic modulus(l)*" method . In this method a r educed 

effec tive elastic modulus is assumed for the concrete , based 

on the ratio of stress to total elasti c plus cr eep stra in . 

The analysis for shrinkage is based o n the principle of 

superposition by cons idering the effect o n the section of a 

member, of a longitudina l force equa l a nd opposite to the 

force which t'iQuld hav e to b e applied to t he reinforc ement to 

permi t unres trained shrinkag e of the member wi thout 'Narping . 

* Numbers in parentheses refer to entries in the bibliography . 
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The bridge str11cture analyzed in this r eport is a 

continuous reinforc ed concrete box g i rder . This bridge, 

A-992, is located in Jackson County Hissouri t at the 

intersect ion of Interstate 435 over Interstate 70. Field 

observations of the total deformations at the mid and quarter 

pOints of the t'l'lO ma in spans \'lere availa ble and have b een 

previous ly r eported (2). The principal physica l dimensions 

and the location of the deflection gage pOints are shown in 

Fig ures 1 . 1 and 1.2. 

Assumpt ions 

The a nalysis us ed in this report is ba s ed on the follow­

ing assumptions : 

1. The effect of time-dependent creep can b e analyzed 

on the basis of a modified elastic modulus for the concrete . 

2. The shrinkage potential is uniform throughout the 

entire section and has a nominal value of 0 . 0002 in ./in . (3). 

3. The sections a re cracked in the tension zone except 

i n a section of arbitrarily selected leng th ad jacent to the 

point of contrafl exure . 

S ection properties were computed on the basis of an 

equi valent transformed section , using a modular ratio of N 

to determine the equivalent concrete secti o n o f the re­

i nforcement in the "crackedlf tension zone . The equivalent 

i ncrementa l concrete area for the reinforcement in the 

c ompression zone or in the uncra cked tension zones was 

obtained by multiplying t he area of the r e inforcement by 
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( N- l). For a modular ratio N = 5 the neutral axis of th e 

s ections ~las found to pass through the top i:1.terior fillets. 

For this case, th e contribution to the moment of inertia of 

thes e fillets was n egligible and ~ias neglected to simplify t he 

ca lculations . \'iher e a change i n r einforcement affected a 

length of section less than t wo feet . t he effect of this 

change was neglected and the rigidity of th e ad j a c ent s ecti on 

with the s mallest value was assumed . Since the effect of 

incr eased d ead load due to cap b eams and interior diaphragms 

was offset by increased rig idity at these sections , their 

effect on deflection was as sumed to be neg lig ible . 

Procedure 

To simplify t he computa tional procedures and to make the 

method of solut ion more readily applicable for the analysis 

of similar structures , standard computer programs were 

developed, both for comput ing the section properties for 

various assumed modular ratios, and for the direct integration 

of the elastic curve of a continuous beam with stepwise 

variation of moment of inertia. These programs permit ready 

analysis of any cont inuous beam given the section geometry 

and the material properties. 

The procedure used for calculati ng the section prop erties 

1s bas ed on an application of the " Sect ion ivl oulding (4)" 

technique . Using this me thod the section properties, 

including the locat ion of the centroid and the moment of 
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inertia, of a complicated section may readily be computed by 

sequential considerat ion of component elements of the 

section. This method is especially useful in locating t he 

neutral axis of a complex "cracked" section by application 

o f a simple iterative procedure . The computer program based 

on t his procedure requires as input parameters d efining the 

geometric configuration of the section, the desired modular 

ratio ( N = Es/Ect~, and th e shri nkag e coefficient. The 

prog r am output includes the section ri g idity ( El) , the 

loca tion of neutral a x i s , and the shrinkage II v .. rarping" moment . 

The procedure for computing the deflections , both 

elastic and creep and shrinkage , is based on direct i nte-

grat ion of the elastic curve usir~ Ma cAulay 's notation . By 

this t echnique the deflection equa tion can be expressed as 

a continuous funct ion of the loads or moments and section 

properties along the full length of t he structure . This 

procedure is part icularly suited for computer programming 

in a generalized form. 

* Notations refer to enteries in the " Notation Used in 
Analytical Solution" 
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CHAPTER II 

SECTION PROPERTIES 

Introduction 

The deflection a~Blysis used in this report is based 

on a knowledge of the effective section rigidity, EI . To 

determine the time-dependent deflecti ons the II effecti ve 

modulus" method was employed . This method is based on the 

ass1.unption that for vwrking stress levels, creep strains are 

proportional to t he stress as well as being a function of 

the durat ion of the loadi ng period, as shO'l'Tn schemat ica lly 

in Figure 2.1. 
~Fatlur(} II/Jlif 
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Schemati c Stress-Strain- Time Relationship(S) 

Fig. 2.1 

Thus for a given time duration, t, , and a sustained 

stress level, G, the total elastic and creep strain would be 

given by the express ion 

f t ::::. 
I 

6' 

ECt:, 
(2.1) 
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Where, Ec~' would be the effective or r educ ed modulus for 

time ~. This modl1lus can be computed from the characteristics 

of a representa ti ve creep curve such as shovm in Figure 2 . 2. 
~ 

-Elas fic plus 
Creep 51-ram 

11 E/asfic f~ 
Slra!r} to • I t 

t, 
Typical Creep Curve 

Fig . 2.2 

Defining the ratio f'VE'o as a "Creep Coeffici ent" Ct , 

the effective modulus is given by 

Ec t = Ec/ Ct (2. 2) 

The section rigidities (EI) for the various sections 

in the structure were computed by the use of an equivalent 

c oncrete section or the so-called "Transformed" section 

method where the reinforcement area is replaced by an 

equivalent area of concrete equal to 

(As) equiv . = N As 

where N = Es / Ect 

(2.3) 

(2.4) 

Clearly the effective rigidity C~ is not con~tant but decreases 

as Ect decreases due to creep. However , this decrease is 

not directly proportional to Ec t and hence I increases as Ect 

decreases b ecause the e13stic modulus of the reinforcement is 

c onstant. Since the designer cannot always exactly specify the 

desir ed value of N, a range of values from N = 5 to N = 25 was 

consider ed in this r eport in order to determine the functional 

relationships between the value of N selected and the rigidity 

of the section. 
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Due t o changes in reinforcement and reversal of moment 

sign. it was necessary to analyze a total o f 21 sections for 

ea ch of 5 modular ratios. It was therefore desirable to 

develop a practical formulati on for computing the moment o f 

inertia of the section as well as the centroid of the trans-

formed section and the c entroid of t he reinforcement area. 

This problem was further c omplicated for the cracked sec t ions. 

In these sections the position of the neutral axis had to be 

d etermined by an i teraterive procedure before the moment of 

inertia could be computed . 

section MouldiDB 

The procedure selected for comput i ng the 105 ri g idity 

constants is known as the "S e ction t1 ould i ng( 4)u method . This 

method wa s especially efficient for this problem since it 

permits calculat ion of the moment of inertia by considering 

the effect of cons e cutive chang e s or additions to the s ection. 

Since most of the changes were due to changes in the a mount 

of reinforc ement and resulting changes in the position of the 

.. - -- • - .&... - - ., - ~,.", ,.., 
J.lt:uv..L.o.-L o,~..LU , the method provided considerable savi ngs in 

computational time. 

The equations required for the s e ction moulding method 

may r eadily be derived from the fundamental a x is transfer 

for mula: 

Iy :: 10 + Ay:2 (2.5) 
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where y is the dis t ance between the desired axis and the 

parallel centroidal axes , 10 is the moment of inertia of the 

section about its centroidal axes and A is the area of the 

section . 

Consider now the moment of inertia of two sections 

having areas Ao and AI ' let b equal the normal distance 

between parallel centroidal axes for Ao and A" and a o and 

a, the dis tance from the centroidal axes of the combined area 

to the c entroids of Ao and A, ' respectively . Furthermore , 

let 10 and I, b e the moments of inert ia of area Ao and A, ' 

respectively, about parallel centroidal axes (Fig. 2.3). 

The location of the centroida l axis of the combined area 

is d etermined by taking moments, thus 

Ao 

r 
ao 

c=N~ __ 
'b 
I a, 

Fie; . 2 . 3 

a o == A, b and a, == Aob 
Ao +A, Ao + A, (2.6) 

From Eq . (2.6) 

a o a 
x;- == r;- or ao-~o == a , AI (2.7) 
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For the combined ar ea t he moment of i ner t ia about the 

c entro idal axis ca n now b e eva luated f r om Eq . ( 2 .5): 

I = 10 + Ac a~ + I, + A a 2 , , 
Substituting the resul t of Eq . (2.7) 

I = 1 0 + I I + Ao a o ( a o + a, ) 

= Ie + I I + Aoaob 

(2.8) 

( 2.9) 

a nd s ubst i tut i ng the va l ue fo r a o fro m Eq . (2.6). Eq. 

(2.9) t akes t he for m: 

I = 1 0 + T + A A \ b 
-, 0 b 

Ao+ A I 

I = 10 + I, + AoA, b 2 
A o + AI 

(2.10) 

This formula tion is independ ent of th e position of the 

centr oida l a x is of th e s e combined area s and fur t h er mor e . the 

correction term is alwa ys positive for an incremental a ddition 

to the section . Clearly . Eq. (2.10) can be applied sequentia lly 

any numb er of ti me s provided the centroida l axis for the 

combined area (det e r mined by Eq . (2.6)) is used as the new 

reference a x is . 

Convenien t fo rmula s for the pos i tion of the centroidal 

axis a nd for the moment of inertia about the centroidal axis 

for the severa l geometrical s egments required for analyzing 

the bridge s ection s in this report ar e summariz ed in Tabl e 

(2.1). These formulas can readily be d e t er mined from the 

calculus. 
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Section Variations 

Figures 2.5, 2.6, and Figures 2.7 and 2.8 show typical 

bridge sections for the positive and negative moment reg ions, 

and the cracked and uncracked sections, respectively. 

Table 2.2 shows the variation in the reinforcement in the 

bottom slab of the box girder and in the top of the bridge 

deck slab as well as the total reinforcement area in the 

section. The location of the reinforcement changes are s hown 

in Figures 2 . 9 and 2.10 . Several sections had identical 

reinforcement areas and distribution and these sections are 

identified in Table 2 .3. Section rigidities, El , were 

computed on the basis of an assumed elastic modulus of 29000 

ksi for the reinforcement. 

Variation of the effective section rigidity for the 21 

different sections is sho~Tn in Figures 2.11 through 2.]1, 

plotted as a function of N. It may be noted from these 

fi gures that changes in rigidity are relatively small as the 

value of N becomes greater than 20 . This r esult is due to 

the fact that for the larger values of N, the reinforcement 

contributes a lar~~r 1J81:t;~!l tGlg.:; _ L> 
U,I. the rigidity &nd this 

effect is especially notic eable in "cracked" sections because 

an increase in N is associated with a larger effective 

concrete compression zone. Section input data for computing 

the moment of inertia as well as a print out o f the computed 

section rigidities are given in the Appendix, together with 

the computer program and flow chart used for these compu­

tations. 
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Harp i ng Moment s 

To determine the warpi ng moments due to shrinkage the 

proc edure propos ~d by Ferguson was emplOyed(6) . This 

proc edure employs a hori z onta l force Co which would ha ve to 

be applied at the centroid of the reinforcement to permit 

unrestricted longitudinal shrinkag e of the box girder 

s ection . Since the rei nforcement , hO\iTever , r estra ins the 

shrinkage , a warping moment i s developed equal to: 

Ms = T o e (2.11) 

where , To = a force equal and opposite to the shrinkage 

forc e Co 

and, e = eccentricity, i.e. the dis tance between the c entroid 

of the transformed s ection and the centroid of the 

reinforcement . 

The force To was obtained o n th e basis of an assumed shrinkage 

potential of 0.0002, hence 

TO = 0.0002 AsEs 

= 5.8 As kips (2.12) 

wher e , As is the total area of the reinfor cement in the s e ction 

in s quare inch es . The warpi Dt:, 
• _____ ..L. 

H.1VillCll '" tLleJ:~ cf0:rc 1.:; 

Ms = 5.8 Ase 

where e = ~s-y as shown in Figure 2. 4 . 
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Tables 2.4 through 2. 8 show the variation in the section 

rigidity, eccentricity, and warp i ng moment for each select 

N value. 

computer Programs 

Computer programs were developed for the I BM 360/40 

usi ng Fortran IV language . The prog ram computed not only 

the section rigidities, but also the centroid of the trans-

formed section, y, the centroid of the reinforcement, Ys' the 

eccentricity of the reinforcement, e, the shrinkage force, 

To, for a shrinkage coefficient of 0.0002 and the warping 

moment Ms. The flow charts, data input, and cornp uLel' uul..}JUl;S 

are given in the Appendix. 
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TABLE 2.2 

VARIATION I N REINFORCEt1ENT 

Reinforc ement in 1/2 of Box Girder Section 

I S. Cr.* Location Reinforcement ·Reinfor cement Total 
or of i n Bottom in Top of Steel 
VCr.* Tension Slab - B Bridge Deck - C Area i n2 

1 VCr. Bot . 23#10 + 11 . 5#6 27#8 75.435 
2 Cr. Bot. 23#10 + 22. 5#6 27#8 80.275 
4 VCr. Top. 23#7 + 11 .5#6 27#8 60.025 
5 VCr. Top. 23#7 27#10 67.925 

I 6 Cr. Top. 23#7 40. 5#10 85.070 
8 VCr. Top . 23#7 + 11. 5#8 27#10 77.010 

I 
9 VCr . Bot. 34.5#8 27#8 68.420 
10 Cr. Bot. 45.5#8 27#8 77.110 
12 VCr. Top. 34. 5#8 27#8 + 13.5#11 89 . 480 
13 VCr. Top. 23#8 27#8 + 13.5.#11 80.395 
14 Cr. Top. 23#8 40. 5#11 101.185 
15 Cr. Top. 23#8 53.5#11 121.465 
17 VCr. Top. 23#8 + 11. 5#11 27#8 + 13. 5#11 98.335 
18 Cr. Bot . 34.5#11 27#8 94.985 
19 Cr. Bot. 45.5#11 27#8 112.145 
21 VCr. Bot. 23#8 + 11. 5#11 27#8 77.275 
26 VCr. Top. 23#8 + 11. 5#10 27#8 95.000 
27 Cr. Eot. '211 c J/. ,,... 27#8 84.980 ..I 1 • ..//1 .v 

28 Cr. Bot. 45.5#10 27#8 98.950 
30 VCr. Bot. 2]#8 + 11.5#10 27#8 73.940 
40 VCr. Bot. 23#7 + 11. 5#10 27#8 69.570 

*Cr. = Cracked Section 
VCr. = Vncracked Section 
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I TABLE 2.4 

SECTION PROPERTI ES 

I N = 5 

] Ec ~ = Es/N = 5800. ksi 

I 
S. Cr.* EI ct e To Toe or k-ft2 x 106 In 

UCr.* 
k k-ft 

J 
1 UCr. 332.20 5.36 876. 390.84 
2 Cr. 65.23 28.25 932. 2192.50 

] 
4 UCr. 323.90 -2.07 696. -120.00 
5 UCr. 323.40 -8.64 788. -567.16 
6 Cr • 79.99 -37.45 986. -3079.50 

J 
. 

8 UCr. 328.30 -3.59 894. -267.00 
9 UCr. 328.30 2.38 794. 157.66 

] 10 Cr. 60.95 27.45 894. 2046.16 
12 UCr. 332.20 -3. 47 1038. -300.00 
13 UCr. 327.30 -7.68 932. -596. 84 

J 14 Cr . 91.20 -35.41 1174. -3464 .00 
15 Cr. 109.10 -35.37 1408. -4142.34 

) 17 UCr. 337.00 -.13 1140. -12.34 
18 Cr. 84.25 31 . 13 1102. 2858.00 

J 
19 Cr. 105.00 33.21 1300. 3600.34 
", TTI"'_ ':l ':l ':l 1" {.. f"I1 896~ 448.50 ...... .,1...1.,,1 . ............ 

26 UCr. 335.20 -1.31 1102. -120.34 
27 Cr. 71.37 29.28 986. 2405.16 

J 
28 Cr. 88.98 31.69 1148. 3031.34 
30 UCr. 331.40 4.75 858. 339.34 
40 UCr. 329.00 2.92 808. 196.66 

J *Cr. = Cracked Section 
UCr. = Uncrack ed Section 

J 
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TABLE 2.5 

SECTION PROPERTI ES 

N = 10 

Ec = Es/N = 2900. ksi 

S. Cr.* EIct 
or 

k-ft2 x 106 
e To Toe 

UCr. * In k k-ft 

1 UCr. 180.50 5.21 876. 379.66 
2 Cr. 57.80 24.53 932. 1903·50 
4 UCr. 172.10 -1.77 696. 102·50 
5 UCr. 171.70 -7.94 788. -521.34 
6 Cr. 68.96 -31.17 986. -2563.00 
8 UCr. 176.80 -3.16 894 . -235.34 
9 UCr. 176.60 2.44 794. 161.16 
10 Cr. 53.93 23.85 · 894. 1778.16 
12 UCr. 180.80 -3·02 1038. -261.50 
13 UCr. 175.80 -6.97 932. -541.50 
14 Cr. 77.76 -28.84 1174. -2821.16 
15 Cr. 90.82 -28.18 1408. -3318.54 
17 UCr. 185.70 .07 1140. 6.16 
18 Cr. 74.06 26.76 1102. 2456.66 
19 Cr. 91.26 28.08 1300. 3044.34 
21 UCr. 181.40 5.80 896. 523.50 
26 UCr. 183.90 -1.02 1102. -94.00 
27 Cr. 63.47 25.39 986. 2085.84 
28 Cr. 78.02 27.12 1148. 2594.34 
30 UCr. 179.60 4.64 858. 331.66 
40 UCr. 177.30 2.94 808. 197.84 

*Cr. = Cracked Section 
UCr. = Uncracked Section 
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TABLE 2.6 

SECTION PROPERTIES 

N = 15 

) 
Ec = Es/N = 1933. ksi 

S. Cr.* EIct 
) or 

k-ft2 x 106 
e To Toe 

UCr.* In k k-ft 

) 1 UCr. 129.30 4.89 876. 356.66 
2 Cr. 53.43 21.86 932. 1696.16 

] 
4 UCr. 121.00 -1.68 696. -97.34 
5 UCr. 120.60 -7·50 788. - 492 .34 
6 Cr. 61.55 -26.87 986. -2210.00 

J 8 UCr. 125.70 -2.97 894. -220.84 
9 UCr. 125.40 2.30 794. 152.16 

] 10 Cr. 50 .~'9 21.31 894. 1588.50 
12 UCr. 129.80 -2.81 1038. -243.34 
13 UCr. 124.70 -6.52 932. -506. 84 

1 14 Cr. 69.04 -24.51 1174. -2397.00 
15 Cr. 79.36 -23.60 1408. -2770.50 
17 UCr. 134.80 .06 1140. 5.84 
18 Cr. 68.07 23.55 1102. 2162.34 

J 
19 Cr. 83.00 24.41 1300. 2645.66 
21 TJr.::!' • 1 ~n _?n 5. u/J. 896. u06.50 -- - -- -

I 
26 UCr. 132.90 -.95 1102. -87.16 
27 Cr. 58.32 22.53 986. 1851.00 
28 Cr. 71·53 23.80 1148. 2276.34 

J 30 UCr. 128.40 4.36 858. 311.84 
40 UCr. 126.20 2.77 808. 186.50 

J *Cr. = Cracked Section 
UCr. = Uncracked Section 
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TABLE 2.7 

SECTION PROPERTIES 

N = 20 

Ec = Es/N = 1450. ksi 

S. Cr.* EI ct 
or 

k_ft2 x 106 e To Toe 
UCr.* In k k-ft 

1 UCr. 103.70 4.61 876. 336.16 
2 Cr. 50.49 19.74 932. 1531.50 
4 UCr . 95.43 -1.60 696. -92.66 
5 UCr. 94.96 -7.10 788. -466.34 
6 Cr. 56.16 -23.70 986. -1949.00 
8 UCr. 100.20 -2.79 894. -208.00 

9 UCr. 99.87 2.18 794. 144.16 
10 Cr. 47.35 19.29 894. 1437.66 
12 UCr. 104.30 -2.63 1038. -227.34 

13 UCr. 99.09 -6.13 932. -476.34 
14 Cr. 62.85 -21.37 1174. -2090.50 
15 Cr. 71·37 -20.37 1408. -2391.34 
17 UCr. 109·30 .06 1140. 5.34 
18 Cr. 63.80 21.07 1102. 1934.16 
19 Cr. 77.08 21.62 1300. 2354.16 
21 UCr. 104.50 5.1] 896. ]ts2.S4 

26 UCr. 107.40 -.88 1102. -81.16 
27 Cr. 54.96 20.28 986. 1666.16 
28 Cr. 66.89 21.24 1148. 2031.50 
30 UCr. 102.80 4.12 858. 294.34 
40 UCr. 100.60 2.63 808. 176.50 

*Cr. = Cracked Section 
UCr. = Uncracked Section 
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I TABLE 2.8 

SECTI ON PROPERTIES 

I N = 25 

I 
Ec = Es/N = 1160. ks i 

1 
s. Cr.* EIct 

or 
k- f t 2 x 106 

e To T e 
UCr. * In k k~ft 

) 1 UCr. 88.30 4.36 876. 318.00 
2 Cr. 48.23 18.01 932. 1397.50 

] 
4 UCr. 80.09 -1.52 696. -88.34 

5 UCr. 79.57 -6.75 788. -442.84 
6 Cr. 51.99 -21.24 986. -1746.50 

J 8 UCr. 84.87 -2.64 894. -196.50 
9 UCr. 84.62 2.07 794. 136. 84 

1 10 Cr. 45.30 17.63 894. 1314.-16 
12 UCr. 89.03 -2.47 1038. -213.50 

) 13 UCr. 83.71 -5.78 932. -449.16 
14 Cr. 58.12 -18.99 1174. -1857.16 
15 Cr. 65.45 -17.95 1408 -2117.16 

] 17 UCr. 94.00 .05 1140. 5.00 
18 Cr. 60.51 19.08 1102. 1752.16 

J 
19 Cr. 72.56 19.43 1300. 2116.84 
21 TTI''I_ QI"'I , I. I I. QI I. 896. 361.8h V,,",.L • '"' 7 · ... , ....... . _1 

I 
26 UCr. 92.15 -.83 1102. -76.00 
27 Cr. 52.38 18.46 . 986. 1516.50 
28 Cr. 63.33 19·20 1148. 1836.34 

J 30 UCr. 87.46 3.90 858. 278.66 
40 UCr. 85.23 2.49 808. 177.50 

J *Cr. = Cracked Section 
UCr. = Uncra cked Section 
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CHAPTER III 

DEFLECTION ANALYSIS 

Analysis Requir ements 

To permit development of an appropriate computer 

analysis vlhich would accommoda te the numerous discontinuities 

in rigidity and i'iarping moment due to section chang es, as 

to pr ovide for continuity, a direct method for integrating 

the ela stic curv e Vias selected, employing MacAulay t s 

notation(7) • 

. Dead Loa d Deflection 

The basic loading diagram for the structure analyzed 

1s shown in Figure 3.1. The changes in section rigidity 

are not shown but have been previously discussed in Chapter 

II . 

~ilJ.iW:'o;,gfi"!'i'M~:rut.;l.A~:{i~'94di.N'iH$t'iiZW!i~">:!J;.~ • X 

R, R~ 

L3 

l 
y 

R3 

L/r 

Ls 

L~ 

RA 

Fig . 3.1 
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To permit introduction of stepwis e discontinuous functions, 

e.g. the reactions, changes in section rigidity, etc., the 

NacAulay notation was employed. Using this notation, a 

function enclosed by the symbols <) is defined as follows: 

(x -a) = 0 ) -x.. (a 
11 

(x- a) ) 
(3.1 ) 

1.. ';) a 

i.e., if the quantity within the MacAulay brackets is 

negative , the function assumes a value equal to zero . In 

particular, this notation may be used to define the unit 

step function , t hus 

o 
(x-a) =0 

=1 

> -x(a 

{)a 
(3.2) 

The ~1acAulay function can be integrated in the conventi onal 

manner to provide a conti nuously defined function: 

. "X-a/ 
} 

( 
,n+1 

( X - d ) d~ = _ . . + C ( 3.3) 

Integration of the elastic curve leads to integrals of the 

form ( 1. - a) (}.. - b ) d X f 
r'\ 0 

The integrand reduces to 

/ _ . ~ \(1 I I b \0 / {I 
\ /-. - "" I \ -I- - / = \ -t - a J a) b (3. 4 ) 

hence two cases must be considered. For the first case 

a(b, the integral can be determined by integration by 

parts: 

J n 0 

( -,t - a) ("- - b ) dx 
1'1+/ C) 0 

(l.-a) - I (x-b)+C 
n+f 
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Since the function must be continuous at x=o) C/ must take 
0+1 

on the value < b - a) ,hence 
n+1 ntJ 

!<-t. -<J) (x-b)dt. = (l-a~-y-a) (-x-h) +C ,a(b (3.5) 

For a) b, C, = 0 and Eq. (3.5) reduces to 

r; rnJ 

JU-a) (x -b) d-x. ~ ( -x.:.~ I + C) a> b 

which is consi stent with the integrati on of Eq. (3.4) applying 

Eq . (3 . 3). 

In particular, when a=Q , Eq . (3.5) reduces to 

J 0 n +1 bn+ 1 
0 

J.n < 'X-- b 'j d-x.. X r/: I ( -x. - b) + C ( 3. 6) 

The use of MacAulay I s notation permi ts \'1ri ting the shear 

equation for the structure shown in Fig . 3.1 as a continuous 

function of the dead load and the rea ctions ~ to R6 • 
o 0 0 

V R, - (j)1.- +R2(t-Lz)+ ~<").-L3)+R4<7--L4) 
o 0 

-I- 1?s <"1..- Lt;) + R", ( 1- - L~) 
b 0) (3 . 7) 

= ( k: ~.(~- L/) - Wx. 
where L/ is defined to be equal to zero . 

Integrating , the moment equation is 

( 
6 ) wi' M -= r Ri. <)t -Li) - -2- + C 

(.=/ 

(3 . 8) 

Since x cannot be greater than L6 the last term in the 

summation does not contribute . Furthermore, since M = 0 

for x = 0 . C = 0 , hence Eq . (3 . 8 ) reduces to 

M == (t Ri (-X-Lt) ) - wi' 
t:1 ~ 

(3 . 9) 
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The relationship between the slope and deflection and the 

moment is g iven by the differentia l equations 

k Jf/J = -
/)/1 (3.10) 

dx7J 
-

dx. £f 

The forty stepNise discontinuities i n section rigidi ty can 

be expressed by a s eries of ~1a cAulay terms as follows : 

II ~ f() + (f. - ~ ' )<1- - Iz ) +, ...... _- + (-', - ~)(x-l») 
I Z I 1.J ly-I J 

40 
[ lj' (x. - €j ) 
j",r 

(3 . 11) 

where 

8, - ( - ' - -' ) 
'J - EI) E !J'-( 

Substituting the results of Eqs . ( 3 . 11) and (3 . 9) in Eq. 

(3. 10) , 

~ 
d-,..Z. 

wx.z- 40 ,,5 4-0 Q 

Z [' 8.;- ( ~ -? ) - r. f 1j-!?i(X-- Li ) (7- -0) (3 . 12) 
J~I L:I pI 

Integrating Eq . (3 . 12) yields 
4D A3 

r/" ...- - ..,3 f :, 1 0 Lf = ~ = LV L tJ · r- J \. -y.... - I . ) 

d v . 'J b J 
/0.- J=1 
54-0 ( )2, t- 2-- I. L l::/ ~ f.- - L, - < J -L;.J < 't. -~.) + C, 
(=/ ):/ 2 

( 3.13) 

where the constant of integration , C, , is the slope at x = o. 

Integrating Eq . (3 . 13) yields the equation for the elastic 

&= W[f!;- (t -~. (1--lj) - f-(x-l.;') -
c urve , 40 { 4- 4) t3 }' 

J=I 24 
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-t t 8.;' Ri {( X - d -(? -is (1-- { 5 - (~ ~d( x- tj )] 
l=-l J=-( b Z 

+c, X- + Cz (3·14 ) 

where the constant of integration, Cz , is the deflection 

at x = 0 and is equal to zero. 

Eq . (3. 14) contains six additional unknown constants , 

five reactions , RI to R5 , and the slope, C, ' at x = O. Thes e 

unknown constants may be determined fro m the boundary 

conditions , y = 0 when x = Li ( = 2 to 6) and M = 0 when 

x = LG' (eq. 3.8) 

The resulting simultaneous equations may be expressed in 

matrix form 

Boundary Condition 
All Ale.. 0 0 0 0 C1 B, (y = 0 x = Lz) 

Az\ Au AZ3 0 0 0 RI Be (y = 0 X = L3 ) 

A31 A3? A33 A34 0 0 RZ B3 (y = 0 X = L4- ) 
::: 

A..t! A42 A43 A44 A45 0 RJ B4 (y = 0 X = L5) 

A5! AS2 AS3 As),. AS5 A~G R4 B5 (y = 0 X = L,. ) 
t:l 

0 Arc1. A ~3 Ac,4- A t-,5 A~r;:, RS Bg ( M = 0 x = L6 ) 

A standard computer program (SHilTT ,QJ * WAS pmnl nYPrl t .n 81)1 V~ 

these equations . 

\'lith the unknowns in Eq . (3.14 ) determined, the 

deflections at any point x on the girder could readily be 

determined by direct substitution. The constants were determined 

for the dea d load w for each of the five modular ratios 

*SIMILQ is the standard subroutine for the soluti on of linear 
simultaneous equations used by the University of Nissouri 
computer center. 
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( N = 5 . 10 . 15. 20 , and 25) and the deflections calculated 

at the quarter poir.ts and center line of spa ns 3 and 4. R6 

was calculated by considering vertical equilibrium. 

Deflection Due to Shrinkag e 

The analysis for the shrinkage deflection was made in 

a similar manner except that warping moments were considered 

rather than moments due to dead load. Since the structure 

is restrained at the piers (i. e . zero deflection) unknOl'ln 

reaction vlaues also had to be considered. The problem was 

simplified somewhat by the f act that changes in \'Tarping 

moment coi ncided with changes in section rigidity and there-

fore could be combined in a single s ummat ion . 

The \'larpi ng moment , M j 

Mj = (Toe) j (3.15) 

wa s taken as positive when producing tensi o n on the lower 

fiber of the section (i.e. the eccentric ity. e, was assumeq 

positive when the centroid of the reinforcement was below 

the centroid of the s ection). Since these moments coincided 

with the c hanges in section rigidity, the "elastic weights" 

could be defined by a MacAulay function of the form 

Ms 
Elj 

40 0 

= L C·(-x. -~-) . J 
J:::.I 

(3.16) 
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where Hs/EIj = elastic weight at any sectlon 

and Cj = ( !!!L - /1;"-,) ( 3 • 17 ) 
E!J E .!.; __ , 

Hence the differential equation for the elastic curve takes 

the form 

dy 
- dl-z 

M 5 40 0 

EI = ?- [f3y" ~. < /.-- Li) (1-- ,,-> 
[.-=-/ J ;; I J 

4-0 

+[~" <"--~') (3. 18) 
)=-/ 

Integrating, the slope equation is 

2. 2 

-f/ = - d;} == f f f!;- Ri { < -x. - Li. ') - (~" - Li) } < 1- - ~. 5 
d-y.. i~1 j,,' 2 

40 
+ [ C j ()( - ~" ) + C, (3.19) 

J=I 

Integrating the slope equation the equation of the elastic 

curve is found to be: 

5 4-0 f 3.l.3 ~ 2-
=- L L ft· Ri < k - LJ - ( J' - Lel <"1-- 4i > - (Gj - Li )(1-- -l >} 

. - 6 Z J 
L=I J=' 

-~ 

40 C l. 

+ L +(X-?) + C,X + C~ 
J-~I 

(3.20) 

The five reactions and C, and Cz again were determined from 

the boundary conditions y = 0 for x = Ll and M = 0 for x = LG • 

These constants \'lere determined in a manner similar to that 

used for the dead load deflections and substituted in Eq . 
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(3 . 20) to determine the shrinkage deflections at the desired 

locations . It should be noted that both the warping moment 

as well as the rigidity chang ed in each section as different 

values of the modular ratio Here assumed ; the warping 

moment bei ng greater for low values of N b ecaus e of the 

greater eccentricities associated with higher rigidi ties . 

Results 

.Print outs for the deflection calculations are given in 

the Appendix. Computed deflection values are summarized in 

Table 3 . 1 . Deflection vs modular r a tio due to dead load and 

shrinkage for span 3 is plotted in Figure 3 . 2)and for 

s pan 4 in Figure 3 . 3 . 

Figure 3 . 4 shows the deflection profile for spans 3 and 

4 based on modular ratio of N = 20 . Thi s value vIas selected 

on an assumed value of the instant aneous modulus of concrete 

of 5 x 106 psi and a creep coefficient of 3 . 5 . These values 

are realistic estimates of the quality of concrete specified 

for the structure . 

Flow charts and detailed computer programs are given in 

the Appendix. 



TABLE 3 . 1 

DEAD LOAD AND SHRINKAGE DEFLECTIONS 

Modular Ratio N 
5 10 15 

SPAN # 3 
Quarter Pt. D2 . 0248 . 0293 . 0331 
Quarter Pt. D3 . 0383 .0451 . 0507 
Quarter Pt. D4 . 0211 . 0249 . 0281 

SPAN # 4 
Quarter Pt. D6 . 0184 . 0219 . 0248 
Quarter Pt . D7 . 0337 . 0398 . 0449 
Quarter Pt . D8 . 0195 . 0231 . 0263 

SPAN # 3 
Quarter Pt . SH2 .0187 . 0178 . 0168 
Quart e r Pt . SH3 . 0285 . 0269 . 0254 
Quarter Pt . SH4 . 0173 . 0160 . 0150 

SPAN # 4 
Quarter Pt . SH6 .0058 . 0073 . 0080 
Quarter Pt . SH7 . 0094 . 0123 . 0136 
Quarter Pt . SH8 . 0018 .0044 . 0058 

20 

.0362 

.0554 

.0308 

. 0273 

. 0496 

.0293 

. 0160 

. 0240 

. 0141 

. 0083 

. 0143 

. 0067 

25 

.0390 

.0597 

.0334 

.0295 

.0533 

. 0313 

. 0151 

. 0225 

.0130 

.0092 

. 0160 

.0085 

\.J\ 
-..J 
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CHAPTER IV 

SUMMARY AND CO NCLUSIONS 

The principal obj ective was to determine if the 

time-dependent deflections of a structure due to creep 

and shrinkage can be predicted by the designer with 

reasonable accuracy. The scope of this report was limi ted 

to the analysis of a box - gi rder bridge for which field 

data was available. 

The analysis demonstrates that time-dependent 

deflection of plain rei nforced concrete structures are not 

overly sensitive to the magnitude of the creep co efficient 

assumed because of the stiffeni ng effect of the r ein­

forcement . Similarly the shrinkag e deflection is essentially 

independent of the c reep because of a reduction in the 

warpi ng moment as creep strains are developed. These 

phenomena are clearly demonstrat ed in Figures 3.2 and 3.3, 

showing the relat ionship between deflection and modular 

ratio. 

Figure 3.4 shows that while the general form of the 

deflection profile predicted by the effective modulus method 

of analysis a grees with field behavi or, the obs erved field 

deflections are somewha t smaller. This result may be 

attributed to several factors. 
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1. The analysis essentially assumed a fully cracked 

section in reg ions where normal allowable stress levels 

can be ex pected. It has been observed that in structures 

in actual service, the cracks in the tension zone develop 

gradually over a period of several months to as much as a 

year. 

2 . The method assume s a straight line stress 

distribution after creep takes place . Recent studies have 

shown that the stress distribution does not remain linear 

as the concrete creeps and as a result the effective 

modulus method over-estimates the shift in the neutral 

axis and the resulting rotation and deflection . 

3. The analysis was based on the assumption that the 

bents were normal to the longitudinal axis of the bridge . 

Actually , bent 4 , located between span J and 4 was slightly 

skewed thus reducing the effective span length. No simple 

method is presently available to estimate the effect of 

skewed supports on the deflection of a beam or girder . 

The results obtained by the analysis hOivever , indicates 

that this analysis provides a reasonably accurate procedure 

for guiding the designer. The results for the continuous 

structure analyzed in this report are consistent with the 

results on a series of simple beams studied by Jones(8) . 

The computer program developed in this report could be 

applied to analyze other structures for which field obser-

vations are available. Such an extension of this vTork 

would be useful to corroborate the findings reported in 

this study. 
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NOTATION USED IN ANALYTICAL SOLUTION 

= Subscr ipt denoting property of concrete . 

= Subscript denoting property of .steel. 

= Subscript denoting value at a given time . 

= Subs c ript denoting rea ction number as in Fig . 3 . 1 . 

= Subscript denoting stiffness number as in Figures 

2 . 9 and 2.10 . 
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Al 

DEFINI'l' ION OF VARIABLES 

1 RN = Ratio of Modulus of Elasticity of Steel To 
That of Concrete 

A = Area of a Segment 
2 AN = Number of Typical Segments in a row· 
3 AP = Cross Sectional Area of one Bar 
4 AL = Length of Each Constant Stiffness 
5 AI = BL,s Moment of Inertia 
6 ACL = Accumulated Length of Sections 

TE = \~arping Moment 
7 AC = Unit Cross Sectional Area 
8 PC = Deflection Point in Consideration 
9 Bl = Segment Base 
10 B2 = Shorter Base of Segment in Case of Trapezoid 
11 BLl = Accumulated Leng th of Spans From End 
12 BL = BLl - Preceding Span Length 
13 D = Variable Height of Skevled Rectall..gle Center Line 
14 ES = Modulus of Elasticity of Steen in ksi 
15 EC = Effective Modulus of Elasticity of Concrete 
16 J , JC, and JS are Dominant Characteristics 
17 K = Location Number 
18 M = Total Number of Elements 
19 N = Number of Set of Datas 
20 NBL = Number of Spans 
21 NAL = Number of Rigidities 
22 NRN = Number of Modular Ratios 
23 NPC = Number of Points for Deflection 
24 Y = Area Moment Arm to Initial Point in Consideration 
25 YBARA = Assumed y 
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PROGRAM EQUATIONS 

To simpl i fy the flovi chart ing, the long equat ions in 

computer programs are given in this pag e. 

Program Equation #1 

Xl o = (( H(I) * Bl(I) * (D(I)2 + H(I)2»/12.)* AN (I) 

Program Equation #2 

Xl o = ((H( I)3*(Bl(I)2+4 .*Bl (I) *B2 (I) +B2(I )2»/36 

*(Bl(I)+B2(I»*AN(I) 

Program Equation #3 

Xlo = (Bl (I) * (D (I ) 3+H (I) *D (I) 2+H (I) *D (I) ) ) /36. ) .;:-AN (I) 

Program Equation #4 

Bl = B(J)*(((Al(J)3/6.) - (A2( J )3/6.»*A3 (J) _ (A2 (J )2/2 ) 

*A4(J)*X(Ml) 

Program Equation # 5 

Cl = B(J)*((( 4N4 -ACL (J)4) *A3 (J)/12.) - ((ACL(J)3) 

*A4(J)/3.)) 



- ---------.......-.. .................... ----...---.. 

NtUTI, /\l AXI S , ECCE rH I{I ', ITY , t-1UMENT OF IN ERTI A, AND SHRINKAGE FORCE 

J) I M E i ~ S I UN A ( 30 ) , A j\J ( j 0) ,Ij 1 (30) , l3 2 (30) , J ( 30) , JC ( 30 ) , J S ( 30) , t-J [ 30) 
1 H j., f:i ~ S rO N [) ( 3 0 ) , Y ( 3 0 ) , A P (3 0 ) 

1 1 f-= U 1.(. ,"1 A r ( I 2 ) 
1 2 FOR i'l /\ T ( I 2 ) 
13 fCR i'-'1Af( 1 5 ,F5 . U , F IO. 3) 
lit t= 11 R 1"1 A T ( ? 1 X , 1 b H t- C1 k l LJ U\ r I UN N U . , I 2 , 2 X , 3 HAN D , 2 X , 4 H N = ,F 3 • 0 I ) 
1 5 f u i ~ ' 1 A T ( '1 I 2 , ., F- H. 3 ) 
1 6 f LJ 1<, " I';. T ( ? X , I 2 , 2 [ ! t X , I 2 ) , 2 X , F 6 • 3 , .2 X , F 5 . 3 , 2 X , F 6 • 3 , 2 X , F 7 • 3 , 2 [ 2 X , F 6 • 3 ) , 2 

l X , t= 7. ·~J 

1 7 t- (J I~ i'I J\ r ( .:. () X , I .2 , 3 X , 5 H r Ei"J S. , 3 X , 5 H S TEE l , 3 X , F 8 . 3 , 3 X , F 8 • 3 , 12 X , F 8 . 3 ) 
1 H F U I~ i 1 r, T ( l OX , [ 2 , j)( , 5 He Ui"i P • , 3 X , 5 H S T EE L , 3X , F 8 • 3 , 13 X, F 7 • 3 , 3 X , f 8 • 3 ) 
1 Y F U j( 1-'1:-\ r ( 1 () X , I? , J l( ,5 HC tJfW • , 3 X , ~ H C OI\J C • , 3X , F 8 . 3 , 23 X, F 8 . 3 ) 
2 1 FUR i'1 A r ( 1 () X , ( .2 , 3 X , F 8 • j , .:3 X , r= 8 • 3 , 3 X , FR . 3 , 3 X , FlO. 3 , 3 X , FLO . 3 ) 
22 F OI<~~f\r (j1 24X ,l 8 ,-jYIJAR = ACAY/ATA = , F6.3,lX , 2HINf) 
2 3 F 0 IU., 1\ r ( 1 0 X , 6 I-! Y GAR =, F (; • 3 , 3 X , 7 HAG A INS T , 3 X , 1 4 HAS SUM E 0 Y BAR -=, F 6 • 3 , 4 X 

1, 2HUK J 
? 4 f- U I{:"l ,\ r ( I l OX , 6H A ::. A S =, f-= 7 • 3 , 1 X , 3 H I N 2 , lOX , 7ltA CAS Y -= , F 8 . 3 , 1 X , 3 HI N 3 ) 
25 HJK i'1Ar (/ 24 A , l lHY l3ARS = ACAS Y/ACAS = , F6 . 3 ,1 X, 2HINII IOX , lHiE D = Y BA 

l KS-Y Ll AR = , F'1. J , I X , 2HUn 
26 FUR MAf ( LOA , 6H Y8A k = , Fb.3 , 3X , 7HAGAINST,3X,14HASSU~ED YBAR = , F6 . 3 ,4X 

1,7Hf'I! U G(JDD ) 
27 F L 1<' 1'1 A r ( 10:< , [2, 3 X , F 8 . j , 3 X , F b • 3 , 3 X , F 8 • 3 , 3 X , F 11. :3 , 4 X , F 11 . 3 ) 
2 8 FUI~i'l AT( to;(,l 8H I = 2 . "": ( rUTAl I) -= , FIO . 0,3HIN4 /l 
2Y F rJI(I~J\T ( l OX , 4 1IES = , F6 . 0· 1X,3H KS I/IOX,llHEC = ES / N -= , F6 . 0 ,1X, 3HK Sl) 
31 FO I<r'1/\T(l OX ,l 9HE:C [ = ( L: C*I/1'+/to ) = , EI0.3,lX , 5HK-FTZ,l1 0 X , 6H E PSH =,F 

$') . 4 , l X ,'"iH l hl l I N ) 
32 F- 0 I~ ,-1 A r ( 1 0 )( , 2 4 H TO = ( E: P S H 1,' E S * A CAS) ,): 2 • =, F 10 • 3 , 1 X , 1 H K I 10 X , 1 6 H C M = TO 

~ *[ D /1 2 . = ,~l O . 3 ,l X , 4HK-FT ) 

? 1 F 0 k 1" ~\ T ( 1 I ~ L , I I I I I I I I I I j 0" , 1 1 H 0 A TAG I V EN ) 
~ 2 /--LJ r<;~ A r ( 1 H 1 , I I I I I I I I I I 2 3 X , 2 '+ H T R I~ NSF 0 R t-l E DAR EAT f\ B l E ) 
5 3 F-lJ 1\ 1'1 A T ( l OX , 2 H N lJ , 4 X , 1+ H LON t: , 4 X , 3 H 1"1 AT , 6 X , 4 H ARE A , 7 X , 4 H N * SA , 3 X , 8 H ( N- 1 ) 

1~' AS , 2X , llI H I{/~f\lS ' A ' ) 
:r> 
\..V 



~ ~ ---- -----.. ......... ............ ----.. 

54 FUR ~1 A T ( 3.3 X , 3 H I I~ 2 , 8 X , j HI N 2 , 2 ( 7 X , 3 H I N 2 ) ) 
55 FOkMAT (l Hl,//I / III// 22X , 27H L UC ATION OF NEU T RAL AXIS) 
5 () f Oi{ ,Vj t\ T ( 1 () X , 44 H, \ T A = Ace U M U LA r E LJ E F FE C T I VE l R A !\I S FOR M ED ARE A ) 
57 FOr~I'i AT(l OX,l RH.H = TkANS ' A ' * Y(I)} 
58 fOkMAT{ l OX , 2 1 H ,~CA Y = ACLU MULAT ED AY) 
59 FO R,"1 J\T( 11)X , 23H,\CAS = TOTAL STEEL AREA/I OX , 29HACASY = ACCUMULATED A 

l CASt"y ( I II) 
61 F r) IU~ f\ T( l OX , 2hf\;U , 4X , 8H TKANS ' A ' ,5X ,3HATA , 9X ,l HY,1 0X ,2 HAY , 10X ,4HACA Y) 
6 2 f- U f) M i\ T ( 1 '-) X , 3 h [ N 2 , 7 X , 3 f-l.l N 2 , 8 X , 2 H I N , lOX, 3 H I N 3 , 9 X , 3 H I N 3 ) 
63 r Ukf'1A T(I.Hl ,///I//23X , 2 bH I"1U I"1!: NT OF INERTIA TA BLE) 
6 4 f 0 k ;-1 (\ T ( l OX , 30 H Y 1 = A [) S U l UTE: V A L U E 0 F (Y - Y bAR ) , / lOX, 1 8 H I 1 = T RAN S • A ' * 

1Yl **2 ,/ I UX , 22 HrOTAL I =TUTAL [+1 0+11/) 
6 5 FU RMA l (l UX , 2 Ii I\JO , 3X , uHT RAf\J S ' A ' , 5X , 2HY1 , 8X , 2HIO ,1 2X , ZHIl , 9X ,7 HTOTAL 

1 I ) 
6 6 fUHMA T ( 18X , JH !. N2 ,7 X , ZI-IIN ,7 X,)HIN4 , Z ( llX,3HIN4» 
6 7 F- O!U~A T ( LOX , 2 111 5 111-U NKAG £: CA L LULA T I ON I lOX, 21 H--------------------- ) 
68 FUkMA T{l OX , 35H ES = MUUU LU S OF ~lAS TI CITY OF STEEL /l OX ,4 8HEC = EFFE 

$ C T I V C ~;, LJ iJ U L LJ S CJ F E L AS TIC I 1 Y U F C lJ NCR E T E ) 
IJ '-) F LJ k [vI A r ( ! [) X , 2 tl H t PSI j = S H k H~ K A G t C 0 E: F FIe lEN T / lOX , 9 H N = E S / f C / ) 
-, 1 f- u f< MAT ( 1 X , 4 H J ( I ) , 1 X , 5 f-l J C ( I ) , 1 X , 5 H J S ( I ) , 2 X , 5 HAN ( 1 ) , Z X , 5 H t\ P ( I ) , 3 X , 4 H 

1H ( 1) , 4X , ':>I i li l ( r) ~4X , SHd2 (I), 3X ,4 HI) { I} , I)X ,4HY{ I» 
10 1 F(JkMA T{ YX , 63 ~~-------- · -------------------------------------------

1----------} 
10 2 F OkMA T ( 4X , 6 3h-----------------------------------------------------

1-- -------- /) 

k t Al) ( 5 , 1 l ) ~; 

4'-) 9 LJU ~oo L= l,N 
l-{ tAU ( ? , !2 }M 
kE AU( S ,1 3 l K, RN,Y BARA 
WR lr E ( 6 , 5 1) 
W I{ 1 T I:: ( h , 1 4-) I< , R N 
W R r 1 t ( t , , 10 1 ) 
vi R I T E ( 6 , "( 1 ) 
'tIk i TE ( o , l ()Z ) 
o U Ii 5 J = 1, f'i 

!l> 
~ 



RE AD(5,1 5 IJ(I),JCIII,JS(I),AN(I),AP(I),H(I), Bl(1), B2(I),O!I),Y(I) 
H 5 vi R 1 r t ( tl, 1 6 ) J ( I ) , J C ( I ) , J ') ( I ) , AN ( I ) , A P ( I ) ,H { I ) , B 1 { I ) , B 2 ( I ) ., 0 { I ) , Y ( I ) 

WRI Tf:«I ,l Ol) 
W R I T E ( (I , S;2 ) 
It J I{ I T F. ( () , 1 4 ) K , R t\ 
Iv R I 1 l: ( () , 1 0 1 J 
W R 1 T C ( () , S -\ ) 
w f~ I T E ( {; , ~ 4 ) 
hR I Tt:: ( u ,l U2 J 
ACAS = 0 
f;.CASY = 0 
Df] 90 ! = 1, M 
I F (J ( I) 10 ,1 0 , 2 0 

C TUTAL STEE L ARE.A IN EACH ELEMENT 
lO p. S = A fJ ( I ) "" A P ( I ) 

ACAS = ACAS +AS 
I F (J C (11) 30 , 30 ,40 

C £:I- 1- l: L T r V t:: T R MJ ~, F- 0 R M EO r l N S ION S TEE L 
3 0 A ( I) = I~ N'): A S 

W I< I T E ( 6 , 1 7 ) I , A ~, , A ( I ) ,A ( I ) 
,\SY = J\5 '~ Yl [ ) 
CU TO 95 

C l::I- fI:C T IVE TRMJ~;FORMf::l) CO MPR ESSIO N ST EEL 
40 A ( 1 ) = ( fUJ- 1 • ) ~: A S 

'I'JR I I E ( 6 , 18 ) I , AS ,A( I) ,A( 1 I 
AS Y = ASt.' Y(I) 

95 ACAS Y = ACAS Y+ ~S Y 

(;lj TLl 90 

C CO~CRt:: 1 E C~uSS SE CTI ONAL ARf::AS 
20 I ~ (J C ( I ) ) 50 , 60 v 7 0 

C Af/.[;. nF /ltCTA'~C L ~\R SHAPI: EL EME NT 
50 A (I) = ( H (I) *B l(l) * AI\i ( l l 

(;U 1 0 flO 
C M~ b\ ur fR 1 ANC L AR SHAPE ELEMEN T 

60 A (I) = ( H trl t,'b l (1 )/ 2 .) * AN(I) 
GU TO no 

> 
\.n 



---~...-.- ......... -----......--.~.........,~--------~~ 

C A IU:: AUF T RAP E lO I DA L S HAP EE L l: MEN T 
70 A (!) = (Il( 1 H ' <tH (I ) +iJi ( 1 1 )/ 2 . ) *AN ( I) 
d 0 ~, f ~ J r I-: ( () , 1 g ) I , A ( 1 ), A ( I J 
90 CUN T UJU f 

Wk LT E ( t ,lOl ) 
vi R IT !: ( 6 , ? 'j ) 

'!'i f(I T t:: ( f; , 14 ) K , kN 
Vy ~~ LTC (() , ~6 ) 

Vv I-{ lT E ( 6 , 5 71 
~ i I~ TI t: ( (, , ':J II ) 
\\ R TTt: ( 6 , ~9 ) 

Wk l TF (6,]01 ) 
'tI R 1 T E ( (, , () 1 ) 
~(f~ J r f: ( (, , 0 L ) 
W~; rl E ( tJ ,1 02 ) 

AlA = 0 
AC/, Y =0 
DU I OU 1 =1 , 1'-1 
/lY = 1\ ( 1 )~"Y (r) 

/... C/IY -= ACAY +AY 
A I I~ = II T I~ + /1 ( I ) 

l 00 Vv R 1 1 E ( G , 2 1 ) r ,A ( I ) , .\ T A, Y ( 1 ) , A Y , A CAY 
WR I T [ ( (, ' 1 0 1 ) 
Y U 1\ R -= /... CA Y / A T A 
vi P. j T E ( (, , 22 ) Y f) A R 
IF (/.\ tJS ( Y J A ~-Y b AR.A) ·-.lll to ,l1 0 ,l20 

11 0 ~ J k IT !: ( 6 , 2 3 ) Y [) A R , Y f:U R A 
YI \ tl kS =:~ CAS Y/ ACAS 

E IJ = Y l~ A R S- Y I~ /1 R. 
W I !. IT [ (6, 2 4 ) A C AS , ~\C. \ S Y 

y,; R I i f (6, 2 ') ) YRI'.RS , Ed 
(,U T0 1JO 

UO I,\K:TT t ( b , 2 6 )V HAR ,Y IURA 
(, 0 TO I t 9 9 

1.30 L f..J r~T I NUE !l> 
0'> 



C MOMEN T OF I N~R TIA C~LCULATI ON 

wRI 1E(6,63) 

C 

C 

C 
C 

15 0 

160 
170 
2 1 0 

C 

W R 1 T E ( b , 1 /~ ) K , K. N 
YI R 1 T t ( [) , 6 It ) 

v.R IT t ( b ,1 0 1) 
W R 1 T E ( () , b ~ ) 

~I R IT t ( 6 , 6 6 ) 
1'1 R ITt ( 6 , 1 0 2 ) 
S Ut': I =0 
DO 200 l =l , /vi 
Yl =J\HS (Y( 1 )- YHAR ) 
Y S = YH";'2 
FOR TR~SFE RR ING THE MU MEN T OF INERTINA OF EACH PART TO N.A. 
XlT =A (I) * YS 
MOMEN T OF I NtR TIA OF EACH PART ABO UT IT'S HOR IZ ONTA L AXIS 
If ( J ( 1 ) ) 1 ~j O , 1 'j 0 ,1 60 

10 ut-' I{E I NflJRC IN G l:I ARS 
X!O =0 
GU f O 1,*0 
I F (J C( 1 )17 0 ,1 80 ,1 90 
I f{ J S (1 » 2 10 , 220 , 220 
X I 0 = ( ( H ( I ) >" [ \ 1 ( I l ~, ( j) ( I ) >I< * 2 + H ( I ) * * 2) ) I 1 2 • ) * AN { I } 
10 U~ SKEWEO REC TA NG LE 
GU TU 140 

C 10m: R E C f M J C L E 
22 0 X I 0 = ( ( H ( I ) ,): ':' 3 \~ b 1 ( I ) j / 1 2. • ) * A N ( I ) 

CU T() 140 
C 10 fJ I- TR ,c\Pf:: lO l D 

190 X [ 0 c= ( ( : i( I ) ,;":: 3 ,;: ( B 1 ( 1 ) * ~ 2 +4 * U 1 ( I ) * B 2 ( I ) + B 2 ( I ) * * 2 ) ) /36. * ( B 1 ( I ) + B 2 { I ) ) 
1 ) ':' J\ r~ ( I ) 

GO r LJ 14 0 
1 80 I F ( JS ( I) 1230 , 240 , 240 

C 1 0 II F Ii< I{ E G U LA t{ T R I A f\l G L L 
2.:3 0 X. 1 LJ -= ( H 1 ( I ) ';c ( D ( I ) ~";:: 3 + H ( I ) * ( D ( I ) * * 2 + H ( I ) * 0 ( I ) ) ) /3 6 . ) * AN ( I ) 

G(l f rJ U t O 
> 
-,J 



C 10 UF TRIA NG LE 
2 40 X l. O = ( ( H ( I ) ';'*j*f1 1 ( I ) )/ 31) . >*AN ( I > 

C SU M r-1 A T 1 (j N OF lOA N [) 11 C! F E A C. H PA RT 
140 TXl r =x r l +x I O 

S Ul"d = S lm I+TXIT 
200 W k I T E ( (, , 2 -, ) I , t\ ( I ) , Y 1 , X I 0 , X I T , SUM I 

\-) k I T t ( 6 , 1 () 1 ) 
S J I = 2 . ~' S U ~1 I 
W I ~ I T I: ( (, , ? Il ) S S I 
WI z i f L ( () , () -r ) 
W I{ I Tt ( 6 , /.. [3 ) 

W k I 'I E ( 6 , U Y ) 
C S H 1-: INK J\(~ l HJ k C E CA L C U L A 1 ION 

[S = 790 00 . 
[C = FS / k N 
LL I = ~ C*SS I / 144 . 
[fJSH = . l)002 
TO = ( lPSH*lS *ACAS ) *2 . 
C ~l .= T o,~ E D I 1 2 • 
W k J 1 E ( (, , l Y ) [ S , E C 
~K Il l ( 6 , 3 1) [C l , EP SH 

vII-'. 1 T E ( G, 32 ) TO, C M 
500 U 1NT I ~W E 

I::Nu 

~ 
CO 
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FlovT Diagram 

Eccentricity , Moment of Inertia , and Shrinkage Moment 

Based on Cracked Section 

Rea d N 
L = I, N 

Read M 

K; RN) yell RA 

Wr;/e /~ RN 

I= I)M 

Rea d J (ILJC(I), J S(I), AII(zL Ap(I) . ) 

H (7 ) ) 81 (I )) 8 Z (I), D (I), Y ( Z ) 

Wrile J(I») Je(I)) JS (I), AN(Z)) A1Y.l) 

H(I), BI(I), Sz(r)) D(I)~ y (r) 

Wrile If: RIY 

ACAs -=. 0 

ACAsy -=- 0 

t,. > 

As == Ai/(l) 1f AP(I) 

A9 



I 
1 

1 

I 
I 
1 

1 

I 
J 

] 

) 

I 
I 
J 

J 

I 

AlO 

ACAs =: ACAs + As 

~ "7 

A(I ) = /?N'I As A(r)= (RN- I.) f As 

Wrde I: As) A(r}, A(I) Wrile I J As )A(I).JA(.I) 

Asy-:::.As+Y(Z) As,/ = As -* f(I) 

ACAsy = ACAs/+Ast 

JC (I) \ 

A(I) =(H(rh B/(I») ~AN(I) 
::: 

( H(r) If (B!(r) + A (r) -= 

B2(I))/Z.) ~ AN (I) 

A(r) = (H(r) It 8/(Iy~.) I-AtJ(I) 

Write I) A(rL A (I) 



I 
I Write k', R~ 

ATA -= 0 

ACAY = 0 

L -= /) M 

Ay=A(I)il-Y(I) 

ACAy = ACA'I + Ay 

ATA = ATA +A(I) 

Wn'fe I) A(I) ) .4 TA) Y(I)) A 'f> ACAY 

YBAR:: ACAY/ATA 

I 
Wrde YBAR 

AS.S (YBAR - jI3ARAJ- ./ 

wrtle No Good 
Wr,./-e YBAR) '/BARA 

I 
'tBARs =: ACAs/ /ACAs 

I 
ED =YBARs -j8AR 

All 



A12 

Writ e AC~s) AC Asy 

Wrile Y BARs ) £. 0 

Write I(J RN 

SUM I :. 0. 

I = IJM 

~, = ABS (y(r) - tBAI?) 

ys :: fl-

XIT = A (I) ~ 15 

{ 

-- < Je(I) > 
= 

Pro. Erpu. 2, See pa~e AZ. 



A1J 

< 4 

Pro. E9u. f) See ?age A'Z. X10 =: (H(It* 81 (I) /;z. ) * AN(I) 

z ~ 

Pro. Et;Ju. 3) See Fafje AZ· XIo = ( H(I)3* B/(r)"h0.)*,AN(z) 

TXIT = XIT -r XIo 

SUNIl -= JUNE + T.xl T 

Wrile I) A (r» yl) Xlo ) XI~ SUN 

S.5I :: 2. if SUI4I 

W"iJe 53 [ 

J 



2000· = H~d3 



- - _____ ---... ~ ______ .......... e......-. 

DATA GIV EN 
F0k LOCAT I UN NO . 19 '\ND N = 15 . 

------------------------------- - --------- ---------------- --- ---
J ( I ) J C ( I ) J S ( I ) AN ( I ) AP ( I ) H ( I ) B 1 ( I ) 82 ( I ) o ( I ) Y ( I ) 

------------------------------- - -------------------------------

-1 -1 0 4 ~ . ~00 1 . 560 0 . 0 0 . 0 0 . 0 0 . 0 65 . 109 
-1 -1 0 1 b . uOO 0 . 200 0 . 0 0 . 0 0 . 0 0 . 0 4 2 . 609 
-1 1 0 6 . 000 0 .740 0 . 0 0 . 0 0 . 0 0 . 0 14 . 609 
-1 1 0 30 . 500 0 . 3 10 0 . 0 0 . 0 0 . 0 0 . 0 6 . 937 
- 1 1 0 2 7 . 0l)O O. 7 YO 0 . 0 0 . 0 0 . 0 0 . 0 4 . 500 
-1 1 0 4 . 000 O. LOO 0 . 0 0 . 0 0 . 0 0 . 0 - 3 . 8 13 
-I 1 0 4 . 000 0 . 3 10 0 . 0 0 . 0 0 . 0 0 .0 - 14 . 8 75 

1 -I -1 1. 000 0 . 0 7 . 00 0 2 4 0 . 0 00 0 . 0 3 . 750 5 . 3 7 5 
1 -1 0 1 . 000 0 . 0 5 . 0 00 2 8 . 500 0 . 0 0 . 0 6 . 250 
i -1 0 1 . 000 O. U 2 . 000 12 . 0 72 0 . 0 0 . 0 9 . 750 
1 0 0 1. 000 0 . 0 2 . ()00 16 . 42 8 0 . 0 0 . 0 9 . l t 2 7 
1 0 0 1 . 0UO 0 . 0 9 . 000 1 . UOO 0 . 0 0 . 0 0 . 750 
1 -1 0 I. UOO 0 . 0 9 . 500 2 7 . 500 0 . 0 0 . 0 -1. 000 
1 -1 0 1 . 00!) 0 . 0 1 8 . 00 0 1 0 . 500 0 . 0 0 . 0 -14 . 8 75 
1 0 0 1 . 000 0 . 0 3 . 3 7':::1 2 4 . U72 0 . 0 0 . 0 11 . 688 
1 0 0 1 . 0U l) 0 . 0 4 . 000 6 . 0 00 0 . 0 0 . 0 11 . 77 0 
1 0 0 2 . 000 0 . 0 4 . 000 6 . 000 0 . 0 0 . 0 10 . 442 
1 0 0 2 . 00 0 0 . 0 4 . 0UO 6 . 000 0 . 0 0 . 0 8 . 021 
1 -1 0 3 . 000 0 . 0 10 . Y.H 8 . 000 0 . 0 0 . 0 14. 574 

------------------------------- -------------------------- ------

~ 
f-' 
'-" 



NO lON I:: 

1 TENS . 
2 f ENS . 
3 CUl"iP . 
4 COM P o 
5 CO~1P • 
6 C OI~ P. 
7 CU I'W . 
H CU tvl P. 
9 COt'H) . 

10 C (IMP . 
11 C lJ tW • 
12 CO Mf-' . 
13 CUi"IP . 
14 C () (,.ttl ) • 

15 CLli''! P • 
16 C G i'W • 
17 CO(v1P . 
1 8 CUMP . 
19 C[WiP . 

TRANSFO RMED AR EA TAB LE 
FOR LUCh TI ON NO . 19 ~ND N = 15 . 

M/\ T 

STf:t L 
Sl EE L 
ST EE L 
ST H- L 
Sl EE l 
STEf L 
STEEL 
CL INe . 
CONC . 
CGNC. 
CW-J( . 
C(lNC . 
CuNC . 
CUNC . 
lOtJC . 
CUNC . 
CUNC . 
CC1NC . 
CUNe. . 

AR EA 
I N2 

70 . 9 1:) 0 
3 . bOO 
4 . 740 
9 . 4~? 

21. 330 
0 . 800 
1 . 2 4 0 

1680 . 000 
14 2 . 500 

24 . 1 I t '+ 

16 . 4L8 
4 . 500 

26 1 . 2')0 
1 89 . 000 

40 . 62 1 
12 . 000 
2 i t . ()OO 
24 . 000 

262 . 3'14 

N*SA 
I N2 

1 Ob4 . 699 
?4 . 000 

(N-l ) *AS TRANS ' A' 
IN2 I N2 

1 064 . 6 99 
54 . 00 0 

66 . 360 66 . 360 
13 2 . 370 13 2 . 370 
298 . 620 298 . 620 
11. 200 11 . 200 
17 . 360 1 7. 360 

1 680 . 000 
11+ 2 . 500 

24 .1 44 
16 . 428 

4 . 500 
2 61 . 250 
1 89 . 000 

40 . 62 1 
12 . 000 
24 . 000 
24 . 000 

262 . 3 44 

> 
f-J 
()'. 



I 
J 

I 
I 
I 

I 
) 

l OCAT I O~ OF NEU TRAL AXIS 
FOR l OCA TI O~ NO . 19 AND N = 15 . 

AlA = ACCUi-IUlATE.Ll EFfE CTIVE TRA i\J SFOrU'i ED AREA 
AY = TRANS ' A' *Y (11 
ACA Y = ACCUMUlATCD AY 
ACAS = TCTAl SJ E~l AR[A 
ACASY = ACCU~ULA T~ D ACAS*Y (II 

NO 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

T R Af'1 S I 1\ I 

I N2 

10 64 . 6 99 
54 . 000 
66 . 36 0 

13 2 . rr O 
2 90 . 620 

11. 200 
17 . 360 

1680 . 0JO 
14 2 . 50 0 

24 . 144 
16 . 42 8 

4 . 500 
261. 250 
189 . 001) 

40 . 62 1 
12 . 000 
24 . 000 
24 . 000 

262 . 344 

ATA 
I N2 

1064 . 699 
111 8 . 699 
11 85 . 0 59 
1317.429 
I h 16 . 049 
1627. 2't9 
1644 . 608 
3324 . 608 
346 7.1 08 
349 1. 252 
35 0 7. 680 
351 2 . 180 
377 :3. 430 
3962 . 430 
4003 . 05 2 
4 0 15 . 0 52 
4 039 . 052 
4 063 . 052 
432?395 

Y 
IN 

65 ·1 09 
42·609 
14· 609 

6.937 
4 . 50 0 

-3· 8 13 
-14· 8 75 

5 - 375 
6·250 
9 -750 
9-427 
0 . 75 0 

-1·000 
-lii- d 75 

H·6 S8 
It·770 
10.442 

8-021 
14-574 

AY 
IN3 

69321 . 500 
23 00 . 88:' 

969 . 453 
918 . 25 0 

1343 . 7 88 
-42 . 7 0h 

-25 8 . 230 
90 3 0 . 000 

890 . 6 2 5 
235 . 404 
154 . 86 7 

3 . 3 7 5 
-261 . 25 0 

-2 8 11 . 375 
474 . 784 
141 . 240 
250 . 60 8 
192 . 504 

3823 . 401 

AI? 

ACAY 
I N3 

69321 . 500 
7 1622.375 
725 9 1. 8 1 2 
7351 0 . 062 
74 853 . 8 12 
74 8 11 . 062 
745 52 . 8 1 2 
8 35 82 . 8 12 
84473 . 437 
847 08 . 8 12 
84 86 3 . 625 
84 36 7 . 000 
8 4605 . 75 0 
81794 . 375 
82269 . 125 
82410 . 312 
82660 . 8 75 
82853 . 375 
P,6h76 . 750 

------------------------------- --------------------------------

Yo Aq = ACAY/AT A ~ 20 . 039 I N 

yeA R = 20 . 039 AGAL'JS T ASS0MEO Y ~AR =2 0 . 0 40 OK 

ACAS =112.14 5 I I'.J2 ACA$Y =4984 . 145 I N3 

y a ARS = ACA SY/ ACAS = 44 . 444 I N 

ED = YBA :{S - Y3AR = 24 . 405 fI\,j 



J 

J 

I 
I 

I 

I 
, 
J 

f 

J 

MOMEN T OF I NER T IA T ~~ L E 

F OR U1CA TI !JN NO. 1 ') (\f'..l[) N = 15. 

Y1= ABSOLUTE VALUE OF (Y-Y GAR I 
11= T RANS ' A ' ~Yl**2 

TOTAL I =Tl iTi'. L I + l O+ l l 

l'i0 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

TRtINS ' i-\ ' 
I N2 

1064 . ACJ '-J 
54 . 000 
6 6 . 3() 0 

13 2 . 3 7 0 
298 . 620 

11. 200 
17 . :) 60 

1A8 0 . 000 
14 2 . 500 

24 . 144 
16 . 4 20 

4 . 5 00 
2 6 1. 2 50 
189 . 000 

4 0 . 62 1 
12 . 000 
24 . 000 
24 . 000 

2 6 2 . 3't /-t 

Y l 
I N 

't 5 . 0 7 0 
22 . ':> 70 

5 . idO 
13 . 102 
15 . 539 
23 . 8 52 
34 . 9 14 
1 Lh 664 
13 . 709 
10 . 28 9 
10 . 6 12 
19 . 289 
2 1 . 03 9 
3Lt . 9 14 

d . 3 5 1. 
8 . 269 
9 . 597 

12 . 0 18 
5 . Lt 6 5 

10 
I N4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . (\ 
0 . 0 
0 . 0 

88 2 0 . 7')0 
2 96 . 6 7':> 

8 . 04 8 
3.6')1 

2 0 . 250 
1 96 4 . 81 8 
510 3 . 0 fJ O 

25 . 706 
10 . 6 6 7 
2 1.3 33 
21.3 1 3 

2612 . 219 

I 1 
I N4 

2162725 . 000 
27507 . 75 8 

1 956 . 64 0 
22723 . 0 5 9 
7 21 0 5 .1 25 

6371. 88 7 
2116 1. 6 37 

3 6 1 25 6 . 8 12 
27 09 4 . 574 

2555 . 9 84 
1 850 . 042 
1674 . 30 0 

11563 9 . 8 12 
2303 8 9 . 000 

2 832 . 9 31 
820 . 523 

2210.473 
3466.394 
7 835.316 

TOTAL 
IN4 

A18 

21 62 725 . 000 
219 0 2 3 2 . 000 
21921 88 . 0 00 
22149 11. 000 
22 8 7 0 1 6 . 0 00 
22 9 33 8 7 . 000 
2314 5 4 8 . 00 0 
268 463 3 . 0 00 
2712 0 2 4 . 000 
27145 80 . 000 
271 6441. 000 
271 8 135.000 
2 8 35 7 3 9 . 0 0 0 
30712 3 1. 000 
30740 89 . 000 
3074920 . 00 0 
30771 5 1.000 
30 806 3 8 . 0 00 
30 9 108 5 . 00 0 

---------------------------------------------------------------
::: 2 . *(T UTAL 1) = 6 18 217 0 .I N4 

SH R I NKAG[ CALCU LATI ON 

tS = MODU LUS O~ ELAS T! C!Ty UF S T ~ FI 

EC ::: EF FfC TIV E rW 'JU LUS OF EL,L\ SrrCITY UF CON CRE TE 
E P S H = S H;<' 1 r~;< /\ G E CO E F- F 1 C l EN T 
N ::: ES/ lC 

ES =2 9000 . KS I 
EC ::: ES / N ::: 1933 . KS I 
ECl = ( EL* I/ i44 . ) = 0 . 830E 08 K-FT2 
EP~ H = . 0002 I N/IN 
TO ::: ( EPS h *ES* ~CAS ) *2 . = 13 00 . 860 K 
CM ::: TO*EO /1 2 . = 26 45 . 6 3 9 K- F f 

• 



DEFLECTION DUE TO DEAD LOAD 

() I ME I\J S I UN B L ( 1 0 ) , A L ( ~ 0 ) • A I ( 5 0 ) , A C L ( 5 0 ) , E: 1 ( 5 0 ) , B ( 50 ) , PC ( 50 ) 
lJ 1 (V1 [ N S I U I'll /I. ( 20 r 2 1 ) , X ( 2 () , Al ( 50 ) , A 2 ( 5 0 ) , A 3 ( 5 0 ) , A 4 ( 50 ) , B L 1 ( 10 ) 

9 FOktv1A TtFI O. 3 l 
11 FORMAT {F20 . J , F10 . 3 l 
1 2 H JR MAT ( [ ~ l 

13 ~URMhT ( 2f l 0 . 0 ) 

1 4 f- U f< t·1 /I. T ( Fe . 0 ) 
15 FUI{i'Jj/~T ( f':i . U ) 

1 6 FeJ IU1 A r ( F 10 • 0 ) 
17 Fu ~;rv1AT ( 10X , 4 11ES = , F6 . 0,lX ,3HKSI/I0X,11H EC= ES / N =,F6.0,lX,3 HKSI/) 
1 8 fOI'(!II\ T {l OX d 2HIJ = AC * UN IT I;o.EIGH T OF CONCRET E/12 X , ZH= , F6 .3,l X ,4H 

$KI F I ) 
1 9 F 0 j'i"l AT ( 10 X , 6 ( F () . 2 ,I X ) , ? X , 1 H X, I 1 , 2 X , F 10.2 ) 
20 F-Okf"1A T ( l OX , 4HC l = , F9 .J. 2X dH K/I 0X ,4HRl = , F9 .3,2X,lHK/I OX ,4HR 2 =,F 

$ Y • 3 , '2 X , 111 K I 1 0 X , I t I I R 3 =, F 9 • 3 , 2 X , 1 H K ) 
2 1 FOf<i"lA r( l OX , /t l-lR:t = , F9 . j,2X ,lHK/1 0X ,4HR5 = , F9 .3, 2X ,l HK ) 
2 2 F (J I, (vI A T ( 10 X , '=t Ii R () =, F 9 • 3 , /. X , 1 H K ) 
6 1 FUKf"1i\T ( 1 H lllll /~5x , HHH\R. r\j = , F3 . 0 / 2 7X, 25HREACTlm..: S AND DEFL ECTION 

liS / 31x ,l 6 11 IJUt TI) UEAD lI ' 4U /Il 
62 F U lUI 1-\ r ( I I j l X , () l-ii"1 /I. T tU X I _, OX , 1 H A , 2 4 X , 1 H X , 8 X ,I ii 81 ) 
63 F U), f'-l A T (I III u X , ,~ 8HSlOf-'E I ~ UNS T ANT AND RE AC TJ ONS I l OX , 281-1------------­

$---------------- I) 

R E J\ 0 ( 5 , 1 1 ) /I. C , U ' '1 

vi = 1\ C ,~ U W I 1 4 4 • 

R L 1\ 0 ( 5 , 1 2 ) N H L , I, J\ L , N k hJ , N P C 
RcAD ( 5 , 13 1( dL l( [), Bl(l),I=l,NbL) 
K E /l.U ( 5 , l It) ( A L ( J ) ,J = 1, N l' L J 
f{ LM) ( S , y ) (P C ( K ) , K= 1, NPC ) 
D lJ C) U 0 M = 1 , 1'Jf> N 
K Ltd) ( ? , 1 ~ ) ) ( ,\j 
REhU ( S , i o ) ( .1. 1 (J) ,J=1, 4 P ) 
eS = 29000 . 

:t> 
I-' 
'-0 



--- tC = ES / KN 
A,(, L 1 = 0 
£: I r~ -:: 0 
DO 100 J =l , NA L 
I: I ( J) = ( E C * A I ( J ) ) 11 4-4 • 
b ( J ) = «l./ [ I tJ »- EIM) 
E 11'-,= {l. / E 1 (J J ) 

AC L(J) = ALLl ~ . AL(J) 
I,e ll = ALL(J) 

100 CUN T I NUE 
~J R I T l:: ( b , 6 1 I R ~J 
wR ITE ( b , I7l l::S , [ C 
DU SOD K=l , NC l 
X l = BLl.( :<" ) 
A( K,l1 = Xl 
D() j(JO N = I, NB L 
CUf: = O. 
OU 2 ()O J =l, NA L 
I F ( X l- ~ l( N )) 30 ,40,40 

30 AI I J ) =0 
GU 1 ( 1 50 

40 li l(J) = ( Xl - f.,l(N» 
50 Ir(I~ C L(J)- B L( N »60,-'Ot70 

60 A2 ( J) =0 
GLJ 1 U [J O 

70 A2 (J) = ( AC LtJ)- BL( N» 
80 IF(Xl-t\CL<J ) ) 9() ,tl O,lU' 
90 A3(J ) =0 

GfJ TU 120 
11 0 A3 (J) = 1. 
120 I F ( XI-ACL (J»l JO ,14 0 ,1 "0 
1 ::3 0 J\lt ( J) = 0 

G( l Tf.) 1 50 
14 0 A4 (J) = (XI- AC L(J» 
1 5 0 I:) 1 = Ii ( J ) ~, ( ( ( /4. 1 ( ,j ) * ':< 3 / b . ) - ( A 2 ( J ) * * 3 /6. ) ) * A 3 ( J ) - ( A 2 ( J ) * * 2/ 2 • .) * A 4 ( J ) ) 
2 00 CU E = CDl:: +Bl 

~ 
N 
o 



~ -

I = N+1 
300 J-\(I<. ,I) = CU f 

CC tj t = O. 
DO 40 0 J = 1, I\lAL 

-- -- ---..; - ----- --- -

C1 = b (J) t,,( «X1**4-A CLIJ)**4)*A3(J)/IZ.)-(ACL(J)**3)*A4(J)/3.» 
40 0 CC u E = CCOt +C l 

I = Nli L+ 2 
5 0 0 II ( ~( , I) = ( fJ"* C l U l I 2 • ) 

K = l\JtiL i-1 
A ( K ,1) =O 
/\ ( 1<. , 2 ) = i3L 1( 1\13 L) 

OU 7 00 11=3,K 
J = 11- 2 

700 I\(K,lll = ll L1( i\[) L)-Blll · ') 
I\( K, I) = ( W*b L1( NB LI **? )/Z. 
vi R I T [ ( 6 , 1 8 I W 
WfUT E ( 6 , 62 ) 
00 600 K= 1,6 

600 WfUT t:: (6,l l) 1 (,\(K,1) ,1=1,6) ,1\.,A(K,7) 
1\1 = ,\JU L +1 
CALL ~I M IL W ( N IA,X,NU GU ) 

1 F ( [" LJ (, U I 1 6 0 , 1 ~ ' 0 , 1 6 0 
160 CALL EX IT 

GG TO 900 
1 7 0 y. R I T E ( () , 6 3 ) 

wRITE ( 6 , 2() ( X l K) ,K=1,4) 
WR ITE.(6 , Z l} ( X(K I ,K=:" N ) 
RNbL = W*~ Ll(N b L) 

Dr J 8 (J() I = 2 , N 
800 R r~B L = RN'1L -X ( I ) 

~~ R I T F. ( 6 , 2. 2 I f{ N I \ L 
C AL L Ub\ IJllE ( PC ,X, BL,ACI. 8 , W, NBL , NAL,NPC) 

9 0 0 C LJ I ·~ r 11'4 U t: 
tNU 

----' 

:x=­
I\) 

1-1 



Flmv Diagr a m 

Dead Load Deflection 

Read AC)UW 
i 

W::: AC* UW/144. 
i 

Read 

M= (/VRN 

N8L) NAL~ NRN, NPC 

BLI(I}/ BL(I) 

AL (J) 

Fe (k) 

Read RN 
AI (J) 

Es ::. ~9000. 

Ec- == Es/RN 

ACLt ==-0 

E1 Ii!-=-O 

[I (J) := f c ' *: A I (JJ/t44. 
i 

A22 



1 

1 

] 

] 

') 

] 

I 
1 
J 

I 
1 

J 

I 

K~/J N8L 

J= /, NAL 

Af(J )=-0 

B(J) = (1IE1(J)) - LIM 

I 
[I/ll/ ::: '/£I(J) i 

, 

ACL (J) = ACL 1 +AL (J) 

I 
AC L j == AC L (J) 

Wrlfe RN 

III/rIle Es j Ec 

Xi = BLf(K) 

A(/( t) =- XI 

COE =0. 

~ x. - 8L (N) ),---).---

A1(J) = X1-BL(N) 

A2J 

,-----<~I ACL (J) - BL{//J:~....:.:;.'#_----

AfJJ) =-0 A2. (J) =AC L(J) - BL (N) 



A24 

< ). 

< 

A4(J) == Xf - AC L (J) 

Program EfiJuaflon #-4) See Pa8e A2. 

COE = COE -rBI 

I = N-t-I 

A(K; 1) = caE 

rAn r _ " 
I...LUC. - U. 

J=I) NAL 

Prog ram £ (j?ua lion :# 5 ) See Page A2.. 

CCOE = CCOE+ CI 

I=N8L+2 



1+ 7flN =N 

. ·Z/(}7fJN)/79 *M);: (r)J )V 

(f)ng-(7flN)17g= (JI()1)'t:! 

2-11=[' 

(79N)179 = (2 ')f) V 

·0 = (I ){)\f 

·3/10 J:J~ /1/1 = (1 '){) V 

>i £ = II 



92"1 

(l)X-78N~= 79Nti 

(7gN)178-Ycj7A=79N~ 

11'.5=>-1 '(J1)'t df./JM 

VI =)/ (( N) X Cl-/!JM 

= 

N {2=I 



SUHROUTINE UE Aoo E ( PC , X,GL , ACL , B , W,N BL ,NAL, NPC) 
oI.M[NS i ON PC ( 50 ) , X ( 10) .I1L(lO),ACL(50) , S{SO ) 
D I ~E NS I G~ A L( 50 ),A 2 ( 50J , A3150) ,A4( 50) 

31 FUR I'l/H( LOX , l~HDEFLECT{(lN A T IJ,I 1,2H = , FI0 . 5 1 1X ,2 HF T) 
71 F 0 l~ 1'1 A T ( / / un , 1 1 H t) E F L Ee T I UN S / LOX, 1 1 H -----------/ ) 

WR IT l:!6 , 71) 
DU 6UU K=l , NPC 
X l = PC ( K ) 
yel = X I 1)~' X 1 

YR = 0 
UU 300 N = l, t'-JBL 
j'l l = N+ 1 
00 200 J = l, NA L 
I F ( XI-HL I N )} 30 ,40,40 

30 A lIJ) =0 
GLl 1 0 50 

40 AI I J) = ( X l - BLIN1) 
50 I F I ACLt J) -lI L< N ) } 60 ,7 0 ,7 0 
60 A2(J I =0 

GO TU tlO 
7 0 A2(J J = (ACLlJ)- BL(,"J» 
80 I f ! Xl-/~CL (J) ) 90 ,11 0 ,11 C' 
90 fl3(J)=0 

GU 1 U 1 20 
11 0 A3 {JJ = 1. 
120 I F ( )(l-AC L!J) )1 30 ,l40 , lL,0 
13 0 A4(J) =0 

GO TU 150 
140 ALtlJ) = ( X I-A Cl(J» 
1 5 0 t) 1 = l.\ ( J ) >;: ( ( ( J\ 1 ( J ) >::~, 3 / 6 . ) - ( A 2 ( J ) * * 3/6. ) } * A 3 ( J ) - ( A 2 I J ) * * 21 2. ) * A 4 ( J ) ) * 

$XUH) 
200 YI<. = YR+Hl 
300 YR.? = YR 

:r> 
N 
~ 



f 

0
-

U
'1

 
0 

0 
0 

0 

r 
;r

; 
:
;
O
~
 

-<
 

-<
 -

< 
r.

 0
-<

 
Z

 
rn

:N
 

G
 
~
 
~
 

.....
. 

c
' 
~
 

0 
-
i 

-
.....

. 
.....

. 
C

-
1

 
II 

II 
II 

'J
l 

:;v
 
r
i,

 
" 

0 
II

 
z
~
 

I 
L

-<
 r

:;;
 

0 
:J

' 
-<

 
*
~
 

0 
.. 

:;c
 

-<
 .

.....
 
L

L
 

v
..

:N
 

:E
:
+

-
II 

.....
. 

+
 .

-
n
~
~
~
 

-
-<

 ....
....

....
. 

7
' 
~
 

N
 

~
Z
 

I 
• 

-
p

 
-<

-<
 

x
r 

Q
n

 
.....

. 
.....

. 
* * +' I p r
, 

r L * * 
( 

.... '" * p U
J 

( 
L .....

.. .....
. 

N
 

I 
p 

I 
C"

1 
r L * 

r 
* UJ * P 

[ 
+

' 
L ....

... 

I 
\J

J • 

8Z
V

 



FloVI Diagram 

Subroutine Deadde 
k =- /, NPC 

N = 1> N8L 

J=I)NAL 

XI = PC (k) 

YCI = XI*X(I) 

I 
YR=Q 

MI :; N +1 

XI-BL(N) )~_.J'7~ __ _ 

A1(J)=(X/ -BL(N)) 
i 

~ 

A29 

A2(J):::. (ACL(J)- BL(N)) 

< ~ 



I 
I 

/.. ~ 

A4(J) = ('XI- ACL (J)) , 

progra rn EtjJua flon # 4J 3ee Page A2. . 

YR = YR+8! 

Y2 = YR 

YWf=O 
5) J -= f) HAL .. 

Pro,] ram E~uahon # S;) See Page AI.. 

I 
YWI = YYvl+C1 

G) 4 

y W = V11 * YWI/2. 
i 

YD ::: - YR2 -+ YW - yel 

l;1/rtle K" YD 

Refurn 

AJO 



FO R N = 5 . 
REACTIO NS AND DEFLECTIO NS 

DUE TO DEAD LOAD 

ES =29 000 . KS I 
EC = ES/N = 5800 . KSI 

W = AC * UNIT WE IGHT OF CO NCRE TE 
= 10 . 663 K/FT 

MATRIX 
A 

64.00 0 . 00 0 . 0 0 . 0 0 . 0 
144. 00 0 . 0 1 0 . 00 0 . 0 0 . 0 
249 . 00 0 . 02 0 . 01 0 . 00 0 . 0 
354 ~-oO 0 . 0 7 0 . 04 0 . 01 0 . 00 
438 . 00 0 .1 3 0 . 08 0 . 04 0 . 01 

0 . 0 43 8 . 00 374 . 00 294.00 189 . 00 

SL OPE CONSTA NT AND REACT I ONS 
0 ____________________________ 

C 1 = -0. 001 K 
R1 = 257 . 571 K 
R2 -= 8 13.776 K 
R3 = 1003 . 641 K 
R4 = 1142. 990 K 
R5 = 1125. 8 57 K 
R6 = 326.646 K 

DEFLECTI ONS 
___ ...J- _______ 

DEFLECTI ON AT 0 1 = 0 . 00001 FT 
DEFLECTI UN AT D2 = 0.0247Y FT 
OEfLECTI ON AT 0 3 = 0 . 03826 FT 
DEFLECTl UN AT 04 = 0 . 02111 FT 
DEfLECTIO N AT 0 5 = 0 . 00011 FT 
DEFLECTI ON AT D6 = 0.01838 FT 
DEFLECTI ON AT 0 7 = 0 . 03371 FT 
DEFLECTI ON AT DB = 0 . 01950 FT 
DEFLECTIO N AT 09 = 0 . 00067 FT 

0 . 0 
0.0 
0 . 0 
0.0 
0 . 00 

84 . 00 

AJI 

X B 

Xl 0.07 
X2 1.94 
X3 15.78 
X4 66.07 
X5 158.14 
X6 1022 836 .00 



I 
J 

I 
J 

I 
1 

J 

J 

I 

J 

I 
I 

FO R N = 10 . 
REA CTI ONS AND DE FL ECTI ON S 

DU E TO DEAD LUAD 

ES =29000 . KS I 
EC = ES/ N = 2900 . KSI 

W = AC * UN IT WE I GHT OF CONCRE TE 
= 10 . 6 6 3 K/ FT 

MAT RIX 
A 

64 . 00 0 . 00 0 . 0 0 . 0 0 . 0 
144 . 00 0 . 0 1 0 . 00 0 . 0 0 . 0 
24 9 . 00 0 . 0 3 0 . 01 0 . 00 0 . 0 
354 . 00 0 . 08 0 . 0 5 0 . 02 0 . 00 
43 8 . 00 0 . 16 0 . 10 0 . 0 5 0 . 01 

0 . 0 43 8 . 00 3 74 . 00 294 . 00 189 . 0 0 

SL OPE CON ST AN T AND REACTI ON S 
------------ ----------------

C 1 = - 0 . 0 01 K 
Rl = 25 8 . 525 K 
R2 = 813 . 6 1 3 K 
R3 = 1 0 02 . 505 K 
R4= 1144 . 14 2 K 
R5 = 112 2 . 9q2 K 
R6 = 3 2 8 . 7 05 K 

DEFLECTI ONS 
-----------

DEFLECTI ON AT 0 1 = 0 . 00 00 2 FT 
DEFLECTI ON AT 0 2 = 0 . 02932 FT 
DEFL EC TI ON AT 0 3 = 0 . 04511 FT 
DEFL ECTI ON AT 0 4 = 0 . 02490 FT 
DEFLECTI ON AT 0 5 = C. 00 029 FT 
DEFLECTI ON AT 06 = 0 . 02191 F T 
DEFL ECTI ON AT 0 7 = 0 . 03 9 76 FT 
DE FLECTI UN AT D8 = 0 . 02 3 12 FT 
DEFLECTI ON ~ T 09 = 0 . 00 06 3 F T 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 00 

84 . 00 

A32 

X B 

Xl 0 . 09 
X2 2 . 3 8 
X3 19 . 12 
X4 79 . 10 
X5 188 . 41 
X6 1022 8 36 . 00 



FO R N = 15 . 
REACTIONS AND DEFLECTIONS 

DUE TO DE: AD LOAD 

ES =29000. KS I 
EC = ES/ N = 1933 . KS I 

W = AC * UNIT ~E I GHT OF CONCRETE 
= 10 . 663 K/FT 

MATRIX 
A 

64.00 0 . 00 0 . 0 0 . 0 0 . 0 
144 . 00 0 . 0 1 0 . 00 0 . 0 0 . 0 
249 . 00 0 . 03 0 . 0 1 0 . 00 0 . 0 
354 . 00 0 . 1 0 0 . 05 0 . 02 0 . 00 
43 8 . 00 0 . 1 R 0 . 11 0 . 06 0 . 02 

0 . 0 438 . 00 3 74 . 00 294 . 00 189 . 00 

SL OPE CU NS TA NT AND REAC TI ONS 
- ---------------------------

C1 = -0 . 00 1 K 
R1 = 259 . 58Y K 
R2 = 812 . 969 K 
R3 = 100 1 . 8 25 K 
R4 = 1145 . 113 K 
R5 = 1120 . 5 11 K 
R6 = 33 0 . 477 K 

DEFLEC T IONS 
-----------

DEFLECTI ON ~T 0 1 = 0 . 00 008 FT 
DErLECTION AT 02 = 0.03307 FT 
DEFLECTI ON AT 0 3 = 0 . 05072 FT 
DEFLECTI ON AT 0 4 = 0 . 02808 FT 
DEFLECTI ON AT 0 5 = 0 . 00039 F T 
DEFLECTION AT 06 = 0 . 02484 F T 
DEF LECTI ON AT D7 = 0 . 044 93 FT 
DEFLECTI ON AT 08 = 0.02630 FT 
DEFLECTI ON AT 09 = 0.00058 FT 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 00 

84 . 00 

A33 

X B 

Xl 0 . 10 
X2 2 . 72 
X3 21 . 76 
X4 89 . 56 
X5 2 12 . 8 4 
X6 1022836 . 00 



FO R N = 20 . 
REACTI ONS ANu DEFLECTIONS 

DUE TO DEAD LOAD 

ES =29 000 . KS I 
EC = ES/ N = 145 0 . KSI 

W = AC * UNIT WE I GH T OF CONCRE TE 
= 10.663 K/FT 

MATRIX 
A 

64 . 00 0 . 0 0 0 . 0 0 . 0 0 . 0 
144 . 00 0.01 0 . 00 0 . 0 0 . 0 
249 . 00 0.04 0 . 01 0 . 00 0 . 0 
354 . 00 0 . 11 0 . 06 0 . 02 0 . 00 
438 . 00 0 .2 0 0 . 12 0 . 06 0 . 02 

0 . 0 43 8 . 00 374 . 00 294 . 00 189 . 00 

SLOPE CONSTA NT AND REACTIONS 
----------------------------

C 1 = - 0 . 00 1 K 
R1 = 260 . 384 K 
R2 = 812 . 390 K 
R3 = 100 1 . 55 8 K 
R4 = 1145 . 625 K 
R5 = 111 8 . 725 K 
R6 = 331 . 800 K 

DEFLECTI ONS 
-----------

DEFLECTI ON AT 0 1 = 0 . 00004 FT 
DEFLECTION AT 02 = 0 . 03615 FT 
DEFLECTI ON AT 03 = 0 . 05543 FT 
DEFLECTI ON AT 04 = 0 . 03079 F T 
DEFLECTION AT 05 = 0 . 00040 FT 
DEFLECTION AT D6 = 0 . 02734 FT 
DEFLECTI ON AT 0 7 = 0 . 0495 6 FT 
DEFLECTI ON AT 08 = 0 . 02927 FT 
DEFLECTI ON AT 09 = 0.00056 FT 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 00 

84 . 00 

A3L~ 

X B 

Xl 0 . 12 
X2 3 . 04 
X3 24 . 11 
X4 98 . 61 
X5 233 . 75 
X6 1022836 . 00 



FOR N = 25 . 
REAC TI ONS ANO DE FL ECTI ON S 

DUE TO DtAD LOAD 

ES =2900 0 . KS I 
EC = ES / N = 11 60 . KSJ 

W = AC * UNI T WEI GH T OF CONC RE TE 
-= 10 . 663 K/ FT 

MAT RI X 
A 

6 4 . 00 o. on 0 . 0 0 . 0 0 . 0 
144 . 00 0 . 0 1 0 . 0 0 0 . 0 0 . 0 
24 9 . 00 0 . 04 0 . 0 2 0 . 00 0 . 0 
354 . 00 0 . 1 2 0 . 06 0 . 02 0 . 0 0 
43 8 . 0 0 0 . 22 O. 13 0 . 06 0 . 02 

0 . 0 4 3 8 . 00 374 . 0 0 294 . 00 18 9 . 00 

SL OPE CON STA NT AND REAC TI ONS 
------------ ----------- -----

C1 = - 0 . 001 K 
R1 = 26 1. 11 2 K 
R2 = 8 11.764 K 
R3 = 100 1. 475 K 
R4 -= 1145 . 9 2 7 K 
R5 = 1ll 7 . 33 0 K 
R6 = 332 . 87 6 K 

DEFL ECT I ON S 
-----------

DEFL ECTI ON AT 0 1 = 0 . 0 000 4 FT 
DEFL ECTI ON AT 02 = 0 . 0 3897 FT 
DEFL ECTI ON AT 03 = 0 . 05 9 72 FT 
DEFL ECT I ON AT 0 4 = 0 . 03339 FT 
DEFL ECTI UN AT 0 5 = 0 .0 00 40 F T 
DEFL ECTI CN AT 06 = 0 . 02 95 3 FT 
DEFL ECTI ON AT 0 7 = 0 . 05 3 3 3 FT 
DEFL ECTI ON AT 0 8 = 0 . 0 31 28 FT 
DEF LECTI ON AT 0 9 = 0 . 000 33 FT 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 0 

84 . 00 

A35 

X B 

Xl 0 . 13 
X2 3. 30 
X3 26 . 13 
X4 106 . 51 
X5 252 . 06 
X6 1022 8 3 6 . 00 



DEFLECTION DUE TO SHRI NKAGE ( vJARPING) MOMENT 

o I t'l ENS I ON I::l L ( 1 0 I f A L ( 50) , C ( 5 0 I , A I ( 5 0) ,A C L ( 5 0 ) , E I ( 5 0 ) , B ( '5 0 ) , p C ( 5 0 ) 
o J. M E i'l S I ON 1\ ( 20 , 2 1. ) , X ( 2 () I , A 1 ( ? 0 .1 , A2 ( 50 ) , A3 ( 50 ) , A4 ( 5 0 ) , B L 1 ( lO ) 
o 1 ",\ ENS I lJ N T E ( 5 0 ) 

9 F L'R~.A T(FIO . 3 ) 
1 1 F 01< lvi AT ( flO . 0 ) 
1 2 f 0 K 1v1 A T ( I :> ) 
13 FO~MAT(2F10 . 0 ) 

1 4 f LJ I, '" A T ( F 11 • 0 ) 
1? F Uf{ ~\ /\ T ( F 5 • 0 ) 
1 6 FfJRI'1 IH(flO . O ) 
17 fURM~ T ( lO X , r 2 , flO . O , 2X . E9 . 3 , 2X , E 1 0 . 3 , 2 X, FlO . 3 , 2X , E l O . 3 ) 

1 8 F U f< ",\ A T ( 1 OX , 41-1 t: S =, F 6 • 0 rl X , 3 H K S I I 10 X ,11 H E C = E SIN =, F 6 • 0 ,1 X , 3 H K SIn 
1 '-j F 0 1<. 1'1/1, T ( LOX , h ( F 6 • 2 , 1 X ) , I X , 1 H X , I 1 , 2 X , FlO . 2 ) 
20 FURYtll.fll OX , 4hC1 = , F ') . 3 . 2X ,l HK / 10X , 4HRl= , F9 . 3 , 2X ,l HK / lOX , 4HR2 = , F 

$9 . 3 , ZX , 1HK/ I OX , 4H R3 = , F9 . 3 , 2X ,l HK ) 
2 1 FOk MA T( l OX. , 4H K4 = , F9 . 3 , 2X , lHK / 10X , 4HR5 = , F9 . 3 , 2X , lHK ) 
22 f 0 f< ;"1 A r ( 1 0)( , 41 IR 6 =, f <.) . 3 , 2 X , 1 H K ) 
61 F ORr~ /\T (lHl! / 29x , 2/t HlA lJlt UF uISCONT I NU I T I ES / 13X , 7HF OR N = , F3 . 0 / ) 
6 2 F U j<.t1/H (t \J X ,3 1 H T E = S H IU N K A GE ( ~~ A R PIN G ) MOM E NT /) 
63 F n KM tl T ( l OX , 1 HJ , 7 X , 1 H I, (.j X , 2H t 1 , 11 X , 1 H B , 10 X , 2 H T E , 10 X , 1 HC ) 
64 I- U f< l"1l\ T ( 11 X , 3 H I W, , () X , ? H K - F T 2 , 5 X , 9 H 1 I ( K - F 1 2 I , 6 X , 4 H K - F T , 7 X , 4 H 1 1 FT ) 
6 5 f- URI" A T ( 1 H 1 ,/ I I 3 :> X , B H F 0 /< N = , f-:; . 0 , / 2 7 X , 2 5 H PEA C T I 0 1'>1 SAN DOE F l E C T ION 

$S / 3 1X,l6HDU E TO SHRI NK AGE:: /II 
66 FU R 1"1 1\ r ( I I 3 7 X , h 11M AT K I ,, / -:. 0 X , 1 H A , 24 X , 1 H X , 8 X , 1 H B I ) 
6 7 FUf'\t"ih T ( 1 110 X , 2 UHS LUf-' 1: CC1NS T ANT AND RE ACT r ONS / t o X , 28H------------­

$---- - ---------- /) 
1 0 1 F UKMAT(9X , h2H- - ------- - ------- - --- --------- ------------- - ---------

$---------- ) 

REA U ( 5 , 1 2 ) N B L , N i\ L , N K N , ,\ 1 P L 
K[Al.) ( 5 , 1 3 ) ( iH 1 ( I ) , BL ( r ) , 1 = 1 , ~ 8 L J 
R E: A 0 ( ') , lIt ) ( A L ( J ) ,J = 1 , ~~ A L ) 
R f: A L) ( 5 , 9 ) ( PC ( K l , K = 1 , N P l ) > 

\....V 
0'\ 



OU 900 M=l,NRN 
RtAU ( 5 ,1 5 ) RN 
I{EAO ( 5 , 16 ) (AI (J) ,J = l, r'-J{l L) 
1{6AU(5 , 1 1J (T l {J),J =1 , N6L ) 
i:S -= 2QOOO . 
EC = E ~/ RN 

vJk l f E- ( b , 6 l) I{N 
wRITE (f) , 62 ) 
~4 R IT E ( 6 ,1 0 1 ) 
WR ITEt t; , 63 ) 
Iti R I T E ( () , 64 ) 
WRITE(6 ,l 0 1l 
ACLl = 0 
E l f'" = 0 
E ll = O . 
OU 100 J = l, NAL 
1I ( J) = ( E c=:c A I ( J ) )/ 144 • 
B(J) -= «l./ [I (J»-EI M) 
E l !Vi = (1. / E I ( ..; ) ) 
ACL (J) = AC Ll + AL(J ) 
ACL l = ACL(J) 
C(J) = «(rE(JlI EI(J»-FITJ 
E IT = ( TE {J)/ EI{JJ) 
V; f~ IT t ( 6 , 1 7) J , A I ( J ) , I: 1 ( ,I ) , B ( J ) , T E (J ) ., C ( J ) 

100 CUN1 I NUE 
WkITE (6,1 0 1l 
w R I T I: ( () , b 5 ) f{ ~~ 
W/{ITE ( 6 ,l S ) ES , E:C 
00 500 K= l, NB L 
Xl = Hll{K) 
A(K ,l) = Xl 
lJO 300 N = 1, NB L 
COl: = o. 
DO 2 0 () J = 1 , r\j A L 

> 
\...oJ 
~ 



IFI X1- BLIN)) 30 ,40 ,4U 
30 Al{J) =0 

GCJ TO 50 
4 0 f.. 1 ( J) = ( X 1 - HL ( N ) I 
5 0 IfI AL L(J)- BL( N») bO , 70 ,70 
60 A? (J) =0 

GLl TU eo 
70 A2 ( J ) = ( AC LIJ)- ~L ( N JJ 

80 I f I X1- ACL(J I ) 90 ,1 10 ,11 0 
gO AJ (J) =0 

GU TU 120 
110 A3 (.)) = 1-
120 I f ( X1-A CLIJI11 30,140,140 
130 A4 (J) =() 

ell T () 1:>0 
140 A4 ( J ) = ( X1- AC lIJ» 
150 Bl =G( J) * ( (( Al ( J I* *3/6.J-(A2(JI**3/6.II*A3(J)-(A2{J)**2/2.)*A4(J» 
200 UH: = C()[ +B 1 

I = N+l 
300 AIK , 1 1 = CG E 

CUll = O. 
D (l 4 U 0 J= 1 , I'J A L 
C1 = C(JJ *A4 (J)* *2 

4 00 CUll: = CCO!:: +C1 
J = NFl L+ 2 

500 Id 1( ,1) = -CC CE / 2 . 
1<.= NRL + l 
A(K,l) =O 
AI K, 2 ) = BLLIN GL) 
DC 7UU 11 =3 , K 
J = 11-2 

700 A I K, 1 1 I = IJ L 1 ( N E, L ) - B L 1 ( J I 
eTF = O. 
U(I 750 J = 1 , ~\lt\ L 

C 2 = T [ ( J ) ~'A 3 ( ,-I ) 
~ 

"" ()) 



7 50 CH : = CT E+C2 
A( K ,T) = -CT E 
\'1 R IT f:: ( 6 , 66 ) 
DO 600 K= 1, 6 

600 W 1<. 1 T E ( 6 , 1 <) ) ( A ( K, I , , I = 1 ,6 ) , K , A ( K t 7 ) 
N = flJU L + 1 
CALL S I MIL Q( N , A , X , NOGO ) 
I F ( r~ (J G(j ) 160 ,1 7 0 ,1 6 0 

160 CALL EX Il 
GLl 10 gOO 

1 7 0 'v-/ R I T E ( 6 , () 7 ) 
WR I TE ( ~ , 20 )( X ( K )t K = 1,4) 

W k I T l: ( 6 , 2 1 ) ( X ( ~ , l , K = 5 , N ) 
/{ f\J lJ L = O. 
Du 1\01 ) l =? , N 

HOO RI,j HL = f.i.Nll L-X ( J ) 

Wf> IT f ( 6 , 22 ) RNEl I. 
CA LL SHK I U[ ( PC,X , BL,ACL, B ,T E ,NB L,NAL,NPC,C) 

90 0 CUI~ l I NUE 
UW 

>­
W 
\0 



I 
I 
1 

1 

1 

1 

I 

FlovT Diagram 

Shrinkage Deflection 

Read N8L) NALl NR~NPC 

8L/(I)j BL{l) 

M = /) NRN 

J -: I ) NAL 

AL (J) 

perk) 

Read RN 

Ar(J) 

T£(J) 

£05 :: 29000. 

Ec =- £5//?N 

AC LI = 0 

£1Ji./ -::: 0 

£IT :0 

£1 (J) = Ec if AI (J) ;/44. 
. I 

B( J) = ( '/EI(J)) - £ II/I 

A40 



I 
I 
] 

] 

) 

I 
J 

I 
J 

J 

1 

J 

J 

££;11= I/£~(J) 

ACL (J)-= ACLI + AL(J) 

I 
ACLI = IICL(J) 

c. (J):: (TE(JJjt:I(J))- £1T 

I 
£IT = TE(J)/EZ(J) 

Wrile .l; AI(J)J £I(J)~ B(J)JE(J), C(J) 

Wf'/"le RN 

Wrile Es ) Ec 

K = I) /VB L 

XI = BLI(K) 

.A (/(, JJ:::: XI 

/V== /) /lIBL 

co£ = o. 
J-=I) NAL 

< >/ 

A/(J}-:;;XI-BL (N) 

A41 



I 
I 

I 
I 

A42 

, 
"""' , \ ACL (J)- BL(NJ. 

\ 

A2(J)=O AZ( J)-= ACL (J)-BL(I'I) 

I 
<- XI;:-IICL{J) 

~ 

A3(J) ~ 0 A 3(J]=- I. 

I 
< l-I- ACL (J) 

// 

A4(J):o A4(J)-= XI-ACt (J) 

I 
I 

Program Etpua/"'u;1 #4 I See Page A2. I 
I l COE = COE + B / 

I 
I 

t I = N-tf 

I 

I A{K)I)= COE 

I 
I I CCOE = O. 
I 
I 

CI = C (J) * A 4 (J )13 1 



I 
I 

II=- 3>k 

Jd) /VAL 

A43 

CCOE = ceOE +CI 

I -= N8L + Z 

A(K) z):::: - cco£/z. 

K~ /VBL +1 

A (kJ f ) = 0 

A (k j 2.)= BLl(I'lBL) 

J = I/-2 

A (klII) =8L/(N8L)-BLI(J) 

eTE =0 

C2 =T£(J)iA3(J) 

eTE ": eTE + CZ 

A(J<-I} = - erE 



(I)X -7gNCI =: 78N~ 

'0== 78NC/ 

",'s =->1 r(.>I) Y '(J I.'JM 

y rl -=-)1 l>t) X df .'JM 

1+7gN =-N 

= 

~<'=.>I 



SUOROU 1I NE ShR I DE {PC,X,tlL,ACL,B,TE,NBL, NAL, NP C,C) 
D1MENSIUN PC ( SO ), X(1 0 ), BL{10),ACL(SO), B(50) 
Ul MENSION Al( SO ),A Z( SO ),A 3 {SO),A4CSO),T E( 50 ),C(5 0 ) 

31 FlJR~A T(1 0 X,16HL EF L EC TI O N AT SH,I1,ZH = , F 10. S ,lX,Z HFT) 
71 FUR~AT (IIII 0X ,11 HOEFLECT I UNS /IOX,11 H-----------/) 

WR IT t: ( 6 ,71) 
UfJ 600 K=l , NPC 
Xl = PC(K) 
yel = X (l) >.~X ] 

YF< = 0 
[)O 300 N = 1,N t. L 
Ivl !. = N+l 
DU 200 J=l,NflL 
IF ( Xl-~L ( N » jO ,40,40 

30 fll (J) =0 
GU Tll 50 

40 Al(J ) = (Xl - ~ L(N» 

50 If- ( ACL( J )-Ul( N 1 160 ,/ 0 ,70 
60 A2 (J) =0 

GlJ III 130 
7 0 t. Z (J) = ( AC L(J)- [3 l( N» 
80If-{X1-ACL! J» 90 ,1l 0 ,110 
90 A3 (J) =0 

Gll TO 120 
110 AJ {J) = 1. 
120 Ir(X1-A CL(J) )1 30,140,140 
130 A It ( J) = 0 

GJ Tll 150 
1 4 0 A it ( J) = ( X 1 - A C L ( J ) ) 

1 50 G 1. = ij I J ) * ( ( ( A l ( J ) ~,* 3 / 6 . ) - ( A 2 ( J ) * * 3 / -6. ) ) * A 3 ( J ) - ( A 2 ( J ) * * Z /2. ) * A 4 ( J ) ) * 
$X(t'H) 

200 YR = YR,+ [H 
300 Y i{2 = YR 

yrE l = O. 
> 
{:::" 

'-" 
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N = 1. N8L 

J=/~NAL 

I 
A2(J) =0 

A3U)=O 

I 

Flow Diagram 

Subr ou tIne 3hrlde 

XI = PC (k) 

yel = XI* X(I) 

I 
YR=O 

MI ~ N +1 

X 1-8L (N). )r-_):..-.'7 ---

A1(J)= (XI - 8L (N )) 
i 

~ 

A2.(J) = (ACL(J)- Bl(N)) 
i 

< # 

A3(J) =1. 

A47 



<. ~ 

A4(J) = (,;(1- ACL(J)) 

progra rn E(j)ual-1on 4.) 5ee Page A2. 

J=Ir-,NAL 

YR = YR+BI 

Y2 = YR 

YTE/ = o. 

CI = C (J) '* A4(J/~ 
I 

yr£1 = YTt 1+ CI 

tTt = YTE//2 

Y5 = - YR 2 - YTE - yet 

I!Vri fe 1<) YS 

ReI-urn 

• 

A4-0 



A49 

T ~BLE OF DIS CUN TI NUITIES 
FO R N = 5 . 

T E = S H R I i-J K A li E ( :..J ld:t P Ir~ G ) ;'lO i'IE i~ T 

--------------------------------------------------------------
J I E r B TE C 

11'.4 K- F T 2 1I( K. - FT2) K-FT 11FT 
------------------------ --------------------------------------

I 1 824844d . 0 . J32E 09 0 . 301t-O o 39 0 . 833 0 . 11 8E- 0 5 
2 1619448 . 0 . 652;: 08 0 . 12 3E - 0 7 21 92 . 500 0 . 324E- 04 
3 82 4 0448 . O. 332E 09 - 0 . 123E-0 7 390 . 833 -0 . 324 E-04 

J 
4 80420'16 . 0 . 324 E 09 0 . 77 3t- l 0 -120 . 000 -0 . 1'55 E- 0 5 
5 80291 62 . 0 .3 23E 09 0 .49 5[- 11 -567.167 -0.13 8E - 05 
6 19 t159 76 . 0 . 800E 08 0. 941t-O b -3 0 79 . 500 -0 . 367E-04 

J 
7 8029 162 . O. 323E 09 - 0 • 94 1 t - 0 H -567.1 6 7 0 . 3 6 7E-04 
8 8 1 5 1290 . 0 . 32 8E 09 - 0 . 463c-10 -267 . 000 0.941E-06 
9 8 1 5 13 ()f) . 0 . 12 flt 09 - 0 . 711E-14 157 . 667 0 . 129 E- 0 5 

J 
10 1 51317C . 0 . 609E 08 0 .134E-07 2046.167 0 . 331E-04 
11 815130 6 . 0 . 328 E 09 - 0 . 134E- 0 7 157 . 66 7 -0 . 331 E- 04 
12 824 7 3 80 . 0 . 33 2E 09 -0.355E-10 -300. 000 -0 . 13 8E- 0 5 
13 Cl1 2529 't. 0 . 32 7 E OS O. 't 5 2c -1 0 -596 . 83 3 -0 . 921E-06 

J 
14 22643 04 . 0 . 9 I2 E 03 0 . 791 E-0 8 -3464 . 000 -0 . 362E-04 
15 2709 53't . 0 . 109 E 09 -0.180E-OB -4152 . 332 -0 . 660E-07 
16 22 64304 . 0 . C)12E 08 0 . 180E -0 8 -3464 . 000 0 . 660E-07 

J 
17 83671u 2 . 0 . 337E 09 -0 . bOOE -O B -12 . 333 0 . 379E-04 
18 20 9 177 b . 0 . 843 E 08 0. 890E-08 2 858 . 000 0 . 340E-04 
19 26069 66 . O. 1:) 5 E 09 -0 . 235E-08 3 600 . 333 0 . 366E-0 6 

J 
20 2 09 177 13 . 0 . 84 3t: Od 0 . 235E -OCl 2 85 8 . 000 -0.366E-0 6 
21 827 0902 . 0 . 333 E 09 -0 . 8B 7E-OCl 448 . 500 -0 . 326E-04 
22 836 71 02 . 0 . J37E 09 -0 . 345E-I0 -12 . 333 -0 . 138E- 0 5 
23 2264304 . 0 . 9 12 E 08 O. HOOE-OB -3464 . 000 -0 . 379E-04 

J 
24 270 9534 . 0 . 109E 09 -0 . 180E -0 8 -4152 . 332 -0 . 660E-07 
25 22643 04 . O. 9 12E 08 O. l dOE -O S -3464 . 000 0.660E- 0 7 
26 8322 00d . 0 . 335E 09 -0.7 98E - oe - 120 . 333 0 . 376f-04 

J 
27 1771 836 . O.71 4E 08 0 . ll OE -07 2405 . 167 0 . 341E- 0 4 
28 22092 60 . G. S90t 08 - 0 . 277~-O 8 3031 . 333 0 . 364E-06 
'"}O 177l 33'...', 0 .71.4 1: 08 0 . 277E-0 8 2405 . 167 -0 . 364E-06 '-- . 

J 
30 822672 U. O • . BIE 09 -0.1l0E-07 339 . 333 -0 . 327f-04 
31 83220 08 . 0 . 315E 09 -0. 34 6E-l 0 - 120 . 333 -0 . 13 8E - 0 5 
32 81252<:;Lt. O. 327 E 09 0 . 722E-I O -596 . 833 -0 . 146E-05 
33 22 64304 . 0 .9I2 E 08 0 . 791E-O o -3464 . 000 -0 . 362E-04 

I 34 27 09534 . 0 .1 09E 09 - 0 . 180E -0 8 -4152 . 332 -0 . 660E-07 
35 22643 C4. O.912 E 08 0 . 180 E-08 -3464 . 000 0 . 660E-07 
36 8322 008 . 0 .3 35E 09 -0 . 798E -0 8 -120 . 333 0 . 376E- 04 

J 
37 177U:l36 . 0 .71 4E 08 0.1l0E-07 2405 . 167 0 . 341E- 0 4 
38 22 09260 . 0 . 890E 08 -0 . 27 7E-0 8 3031 . 333 0.364E-06 
39 1771 83b . 0 . 714E 08 0.277E-08 2405 . 167 -0 . 364E-06 
40 8169402. 0 . 329 E 09 -0 . 1l0E-07 196 . 667 -0 . 331E-0 4 

--------------------------------------------------------------



FOR N = 5 . 
REACT I CNS AND DEFLECT I ONS 

DUE TO SHR i NKAGE 

ES =29 000 . KS I 
EC = ES / N = 5800 . KS I 

MATk l X 
A 

64 . 00 0 . 00 0 . 0 0 . 0 0 . 0 0 . 0 
144. 00 0 . 0 1 0 . 00 0 . 0 0 . 0 0 . 0 
249 . 00 0 . 02 O. Ot 0 . 00 0 . 0 0 . 0 
354 . 00 0 . 0 7 0 . 04 0 . 0 1 0 . 00 0 . 0 
43 8 . 00 0 . 1.3 0 . 08 0 . 0 4 0 . 0 1 0 . 00 

0 . 0 43 &. 00 374 . 00 294 . 00 189 . 00 84 . 00 

SL OPE C ON srA ~ T AND REAC TI ON S 

C 1 = - O. OU I K 
Rl = -5 . 170 K 
R2 = -1.1 2 2 K 
R3 = 14 . 6 3 8 K 
R4 = -3 0 . 606 K 
R5 -= 167 . 809 K 

R6 = -1 3 7. 463 K 

OEf LECTI Uf\S 
-----------

DEF LECT I ON AT Sh l -= - G. GGGGO r I 

OEFLECTI UN AT SH2 = 0 . 0 18 74 FT 
DEFLECTI UN AT SH3 = 0 . 02850 F r 
DEF LECTI ON AT S H4 = 0 . 0 1727 FT 
DEFLECTI ON AT SH5 = - 0 . 0000 0 FT 
DEFLECTI UN ~r SH6 = 0 . 00580 FT 
O EFL EC TI O~ AT SH7 = 0 . 0093 9 FT 
DEFLECTI CJ~J AT SHe = 0 . 0 0 183 FT 
DEfL ECT I u N AT SH9 = - 0 . 000 0 0 FT 
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X B 

Xl -0. 04 
X2 -0 . 11 
X3 -0 . 25 
X4 -0 . 46 
X5 -0 . 68 
X6 8401.3 0 
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TA BLE OF DISC GNT I NUITIES 
FOR N =10 . 

TE = SH k I NKAGE ( \·JAR PI NG ) l"ImiEN T 

------------- ---- - - ------------------------------------------ . 
J 1 E I B TE C 

I N4 K- F r 2 l/( K-FT2l K-FT 11FT 
--------- -----------------------------------------------------

1 896 19 12 . 0 . 180F 09 0 . 554E: - 08 379 . 667 0 . 210E- 0 5 
2 2869576 . 0 . 578E 08 0 . 1l 8E - 0 7 1903 . 500 0 . 30 8 E- 0 4 
3 8961912 . 0 .1 80E 09 -0 .11 SE - 07 379 . 66 7 - 0 . 30 8[- 0 4 
4 8547452 . O.1 72 E 09 0 . 26'1E - 09 -102. 500 -C . 270E-05 
5 85267 6b . 0 .1 7 2t 09 0 .1 4 1E- 10 -521.33 3 -0.24 4E-05 
6 342413 .:. . O. f,<)OE 08 0 . 86BE -O B -2 563 . 00 0 -0 . 34LE- 0 4 
7 852676 8 . 0 . 17 2E 0<) -0 . tl6BE - OB -521. 333 0 . 341E-04 
8 8 77 8~42 . 0 . 177 E 09 - 0 .1 6 h-0 9 -23 5 . 333 0 .17 0E - 05 
9 8 768 17 2 . 0 .17 7E 09 0 . 669E -11 16 1.1 67 0 .2 24E- 0 5 

10 26777 112 . 0 . 539E OB 0 . 12 9E - Ol 177 8 . 16 7 0.321 E- 0 4 
11 8 768 1 72 . C. 177 E 09 - 0 . 1 2~E: - 07 161.167 -0.3 2 1E-0 4 
12 89 79 308 . O. L8 1 E 09 - 0 . 13.3E-09 - 261 . 500 -0 . 236E - 0 5 
13 8 7 2 7 '096 . 0 . 17 6E 09 0 . 16 0E - 0~ - 541 . 500 - 0 .1 63E - 05 
14 386 111 4 . O. 77 8E 08 0 . 71 7E:-0 8 -2 821 .1 6 7 -0.33 2E - 0 4 
15 45 09 702 . O. <)ObE 08 - 0 .1 8 5E-0 8 -3 30 8 . 500 - 0 .147 E-06 
16 3 86 1114 . 0 . 77 e t 08 0 .l Cl 5E-0 8 - 28 21.167 0 . 147E-06 
17 922342 b . O. i 86E 09 -0 . 74tlE-08 6 .167 0 . 363 E- 0 4 
18 36 77 240 . 0 . 741 E 08 0 . 8 12E-U8 2456. 66 7 0.331 E- 0 4 
19 453 2Y':;0 . 0 . 913E 08 - O. 255E - OB 3044 . 333 0.175 E- 0 6 
20 3677 2 '10 . O. 741E 08 0 . 25 5E-Ob 2456 . 66 7 -0.175E- 0 6 
2 1 90 06 37 0 . O.l BIE 09 -0 . 799c -0 8 433 . 500 -0 . 30 8E- 04 
22 922 J!t 2i3 . O.l SeE 09 -0.130E- 09 6.167 - 0 .23 6E-05 
23 386111 4 . O.77 8E 05 0 . 74'Ot - 08 -2 821 . 167 - 0 . 363E-0 4 
24 45 0-:'; 762 . O. 90SE 08 -O.1 8 5E-0 8 -3 308 . 500 -0.147 E-06 
25 38 6 111 4 . 0 . 77 BE 08 0 .1 8 5E-O o -2 821.167 0 .147 E- 0 6 
26 9 13 204 8 . 0 .1 84E U9 - 0 . 742E - 0c3 - 94 . 000 0 .35 8E- 0 4 
27 3151 61 6 . 0 . 635E 08 0 . 103E-07 2085 . 833 0.334E- 0 4 
28 3874300 . O. 7 00E 08 - 0 . Z9 4E-Od 2 594 .3 33 0 .3 87E- 0 6 
29 3151 6 16 . O . 6~5E 08 0 . 294E -0 8 20 85 . 833 - 0 .3 87E - 06 
30 891 8 7 54 . O. l 80E 09 - 0 .1 0Zt - 0 7 33 1. 667 -0.31 0t- 0 4 
3 1 913 2048 . o . 1841: 09 - 0 .1 301: - 09 -94. 000 - 0 . 236E-05 
32 8727 6'16 . 0 .17 6E 09 0 . 252E-09 -541.500 - 0 .257 E- 0 5 
33 38611 14 . 0 . 77 8E 08 0 .71 7E- 08 -2 8 21.167 -0 .33 2E- 0 4 
34 45097 62 . O. 90SE 08 -O.1 85E - 08 -33 08 .500 -0.t47E- 06 
35 386 1114 . 0 . 77 'c3E 08 0 .l b5c - OB -2 0 21.167 0 .. 147E-06 
36 9132 048 . O.1 8 4 E 09 -0 .742 1: - 08 - 94 . 000 0 .35 8E-04 
37 3151 6 16 . 0 . 6351:: 08 0 .1 0 3E-07 2 08 5 . 833 0 .334E-0 4 
38 38 74 300 . O. 780E 08 - 0 . L94E - Od 2594 .333 0.387E- 06 
39 31 5 1616 . O. 6 35 E 08 0 . 294E - 08 2 085 . 833 - 0 .3 87E-06 
40 880439 0 . 0 .177 f:. 09 - 0 . 101E - 0 7 197. 833 - 0 .317 E- 0 4 

--------------------------------------------------------------



I 
I 

FOR N = 10 . 
REACT I ONS AND DEFLECTIONS 

DUE TO SHRI NKAGE 

ES =2 9000 . KSI 
EC = ES/ ~ = 29 0 0 . KS I 

MATK-IX 
A 

64 . 00 0 . 00 0 . 0 0 . 0 0 . 0 0 . 0 
144. 00 0 . 0 1 0 . 00 0 . 0 0 . 0 0 . 0 
249 . 00 0 . U3 0 . 0 1 0 . 00 0 . 0 0 . 0 
354 . 00 0 . 08 0 . 0 5 0 . 02 0 . 00 0 . 0 
43 8 . 00 0 . 16 0 . 1 0 0 . 05 0 . 01 0 . 00 

0 . 0 43 8 . 0 0 3 74 . 0 0 294 . 00 l Sg . OO 84 . 00 

SL OPE CU i\i ST ArJT AND REAC TI ONS 

Cl -= - 0 . 00 1 K 
R 1 = -4 . 333 K 
R2 = -- 0 . 146 K 
R3 = 8 . 935 K 
R4 = -2 2 . 537 K 
R5 = 104 . 51 6 K 
R6 = - 86 . 434 K 

DEFLECTIU NS 
-----------

n eet crT T Il r-" t ,\ T (" 1 . 1 = " 1""\ ...... ...... 1''' " ~ '?" _L...' L... Lv, ... ...... . .. M I ..,, 1 1 J.. - u . uuvuv r l 

DEFLECTI ON AT SH2 = 0 . 0 1777 FT 
DEFLECTIL N AT SH3 = 0 . 02680 FT 
DEFLECTI UN AT SH4 = 0 . 0 16 03 FT 
DEFLECTI ON Al SH5 -= - 0 . 00000 FT 
DEFLECTI O ~ ~T SH6 = 0 . 00727 FT 
DEFLECTI UN AT SH7 = 0 . 0 122 b FT 
DEFLECTIO N AT SH8 = 0 . 00 444 FT 
DEF LECTI ON AT SH9 = - 0 . 00000 FT 
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X B 

Xl - 0 . 04 
X2 - 0 . 10 
X3 -0 . 25 
X4 -0 . 46 
X5 -0 . 69 
X6 5194 . 14 



TAB LE OF DISC ONTI NUITIES 
FO R N =15 . 

TE = SH RI NKAGE ( WARP I NG ) MOMtN T 

J I 
IN4 

1 963 02Y4 . 
2 3979S' 84 . 
3 963 02Y4 . 
4 90 12570 . 
5 8980920 . 
6 45 84566 . 
7 89 80Y20 . 
8 9365 068 . 
9 -j3431 <; 4 . 

10 37 6054 0 . 
11 93431 94 . 
12 9671 2 7 8 . 
13 92 b67 16 . 
14 514 254 6 . 
15 5 9 11 2bO . 
16 5142 5't c . 
17 1003 3 7 22 . 
1 8 507 00 62 . 
19 
20 
2 1 
22 
23 
24 
25 
26 
27 

6 102 1 70 . 
50 70062 . 
9695 68h . 

1003872 2 . 
5142546 . 
59 11 26C . 
5142 546 . 
99 0 13 30 . 
43 4387 6 . 

28 53 2 78'-16 . 
29 4343 8 7 (., . 
30 956655 6 . 
31 9Y013 80 . 
32 92 8671 6 . 
33 514254 6 . 
34 59 11 26() . 
35 514254 6 . 
36 99 0 13dO . 
37 4343 8 7 D. 
38 53 27 895 . 
39 43 43 8 76 . 
40 93971 26 . 

E1 
K- F T 2 

0 .1 29E OS 
0 . 534E 08 
0 . 12 91:: 09 
0 . 12 1E 09 
0 . 12H OY 
0 . 6 16E 08 
0 .1 2 1 E 09 
0 .1 2 6E 09 
0 .1 25 E 09 
0 . 505E U8 
O. l2 5E 09 
0 . 13 0E 09 
0 . 1 25E 09 
0 . 690::: 08 
0 .794E 08 
0 . 69 0E 08 
0 . 135 E 09 
G. 6B I E 08 
0 . 8 30E 08 
0 . 68 1 E 08 
G. 13 0E 09 
0 .1 35E 09 
0 . 690E 08 
0 .794E 06 
0 . 6 90t: 08 
0 . 133 E 09 
O. 583E 03 
0 . 7l 5E 08 
0 . 583E 08 
0 .1 2B:: 09 
0 .1 33 E 09 
0 .1 25E 09 
0 . 6901:: 08 
0 . 794 f. 08 
0 . 690E 08 
0 . l33 E 09 
0 . 5S 3E 03 
0 . 71.5e 08 
0 . '5 S3E 08 
0 .1 26": 09 

B 
l/( i\. - F T2 ) 

0 .7 73 E- 08 
0 . llU E-07 

- 0 .ll 0E-07 
0 . 5 .;O E-09 
0 . 291E-I 0 
0 . 7Y5E - OB 

- 0 . 795E - 08 
-0 . 340 E- 09 

0 .1 86E -I 0 
O.lL SE - 0 7 

- 0 .1l 8E - 0 7 
- 0 . 2 70E - 09 

0 . 319E - 09 
0 . 646E-08 

- 0 .ldBE - 08 
0 .1 88E - 08 

- 0 .706E - OS 
0 .727E-Oe 

- 0 . 264E - Ld 
0 . 264E - Oa 

-0.7 0 1t-0 8 
- 0 . 263 c- 09 

0 .706E - 08 
- 0 . l aSE -0 8 

0 .l b8E - 08 
- 0 . 696E - 08 

0 . -j6 2E-0 8 
-0.317 E- OS 

0 . 317c-03 
-0. 936E-0 8 
-0. 263E-0 9 

0 . 49SE-09 
0 . 646E - OS 

- 0 . 188E-Oa 
0 .1 88E -0 8 

- 0 . 696E - OS 
O. 962E - 08 

- 0 • .317C-08 
0 . 317E - OS 

- 0 . 922E-O d 

TE 
K-FT 

356 . 66 7 
1696 .1 6 7 

356 . 66 7 
- 9 7.333 

-4 92 . 333 
-2 2 10 . 00 0 

- 492 .3 33 
-22 0 . 833 

15 2 .1 6 7 
1 588 . 5 0 0 

152.167 
- 24 3.333 
-506 . 83 3 

-2 397 . 000 
-277 0 . 500 
-2397. 000 

5. 833 
2162.333 
2645.6 6 7 
216 2 .3 33 
406.5 00 

5.833 
-2397 . 00 0 
-2770.5 00 
-2397. 00 0 

-87.167 
185 1. 000 
2276 .333 
.. ...... .-.. .... ......... 
10:Jl. VV V 

311. 833 
- 8 7.167 

-506. 8 33 
-2397. 000 
- 2770 .5 00 
-2397. 000 

-87.167 
18 51.00 0 
2276 .333 
185 1. 000 

18 6 .5 00 

C 
11FT 
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0 . 27 6E-05 
0 . 29 0E - 0 4 

- 0 .290[-C 4 
- 0 . 35 6E - 05 
-0 .3 2 8E-05 
-0 . 31 8E - 0 4 

0 . 31 8E - 0 4 
0 . 233E- 0 5 
0 . 297E- 0 5 
0 . 3 02E - 0 4 

-0.302E- 0 4 
-0. 309E-0 5 
- 0 . 2 19E- 0 5 
-O.3 0 7E- 0 4 
-0.191 E- 06 

0 .1 9lE-06 
0 .34 8E - 0 4 
0 .317 E-04 
0.109 E- 06 

-0.1 09E - 0 6 
- O.2 86E- C4 
- O.3 08E - 0 5 
-0.34 8E-04 
-0.191 E- 06 

0 .191 E-06 
C. 341E-04 
0 .3 24E- 0 4 
0 . 842E- 0 7 

-0. 6 it 2E- 07 
-0.293 E- 0 4 
-0.30 8E - 0 5 
- 0 .341 E- 0 5 
- 0 . 307E-0 4 
- 0 .1 91E-06 

0 .191 E- 0 6 
0.341F.- 0 4 
0 .3 24E-04 
0. 8 42 E-07 

- 0 . 84 2E-07 
-0.3 0 3 E- 0 4 



FOR N = 1 5 . 
REAC TI ONS AND DE FL ECTI ON S 

DUE TU SHR I NKAGE 

ES =29 000 . KS I 
EC = ES/ N = 19 3 3 . KS I 

MAT RIX 
A 

64.0 0 0 . 00 0 . 0 0 . 0 0 . 0 0 . 0 
144. 0 0 v. Ol 0 . 00 0 . 0 0 . 0 0 . 0 
249 . 0 0 0 . (93 0 . 0 1 0 . 0 0 0 . 0 0 . 0 
354 . 00 o. lO 0 . 05 0. 02 0. 00 0 . 0 
438 . 0 0 0 . 18 o. l1 0 . 06 0 . 0 2 0 . 0 0 

0.0 43 8 . 00 3 74. 00 294 . 00 189 . 00 84.0 0 

SL OPE CONSTAN T AND R.EA CTI ON S 

C 1 = - 0 . 00 1 K 
R 1 = - 3 . 454 K 
R2 = - 0 . 0 71 K 
R3 = 6 . ll 6 K 
R4 = -14. 663 K 
R5 = 72 . 5Ul K 
R6 = - 6 0 . 4~ 7 K 

DEFLECT[ ONS 
-----------

u E r i.. c: c --r r ~; ~ ~ :, T S H 1 = - C. COOOO FT 
DEFLECTI uN AT SH2 = 0 . 0 1 68 5 FT 
DEFLEC 1 {(1~, A r SH3 = 0 . 0253 6 F T 
DEFLECTI UN AT Sh4 = 0 . 0 149!J FT 
DEFLECT Illj\j AT SI-15 = - 0 . 00000 FT 
DEFLECT[ ON AT Shh = 0 . 00 79 7 FT 
DEFLECT[ ON AT SH 7 = 0 . 0 13 6 1 FT 
DEFL ECTI ON 4 T SH3 = 0. 00 5 8 3 FT 
OEfLECT1 0~ AT SH9 = - 0 . 00000 FT 

• 
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X B 

Xl -0. 0 4 
X2 -0.1 0 
X3 -0.24 
X4 -0.44 
X5 -0. 66 
X6 3578 . 9 8 



A55 

TABLE OF DISCO~TINUITIES 

FOR. N =20 . 

T E = S H R I l\l K II G E (~U.p,p I NG ) MO,\ltNT 

----------------- - --------------------------------------------
J I E r B TE C 

I N4 K- F T2 l/( K-FT2 ) K-FT 11 FT 
--------------------------------------------------------------

1 102964 8U . 0 . 10 ltE 09 0 . 96 5E-08 336 . 167 0 . 324E-05 
2 501lt1 20 . 0 . 505E 08 0 .1 02E -07 1531.500 0 . 271E-04 
3 10 2 964[ C. 0 . 104E 09 - 0 . 102E - 07 336 . 167 -0.271 E- 04 
4 947751 0 . 0 . 9 54E 0 8 0 . o33E -0 ~ -92.667 -0.421 E- 05 
5 9430 000 . 0 . 9 50E 08 0 . 5 19 E- 10 -46h.333 -0.3 94[-05 
6 557 6904 . 0 . 5b2E OB 0 .728E - 0 8 -1 949. 000 -0 . 29 8E-0 4 
7 943 0 800 . 0 . 950E 08 - 0 . 728E-08 - 466 . 333 0 . 29 8E-04 
8 99507 48 . O. l'J OE 09 -0. ':>50[ -0 9 -20 8 . 000 0 . 283E-05 
9 991 78 10 . 0 . :J99E 08 0 . 331[-10 144.167 0.'52E-05 

10 47 0 196U . 0 . 4 7 3E 08 0 .1l1 E- 0 7 14 37 . 6h7 0 . 289E-04 
11 9917 8 10 . 0 . 999E 08 -0.1l1 E-07 144 . 167 -0.28<)E-04 
12 10361746 . 0 . 104E 09 -0 . 429E-09 -227.333 - 0 . 3 62E - 0 5 
13 98411 34 . C. 99 I E 08 0 . 50 7E- 09 -47 6 . 333 -0.263 E-0 5 
14 62lt1174 . 0 . o2t3E 08 0 . 58 2E-U8 -2 090 . 500 - 0 . 285E-04 
15 70 87 890 . 0 . 714 E 08 - 0 . 190E -0 8 -239 1.3 33 - 0 . 24 1 E-06 
16 6241174 . 0 . 628E 08 0 . 190E-0 8 -2 090 . 500 0 . 241E - 06 
17 10854 006 . 0 . l C9E OC) -0 . 6 76[ - 08 5.333 0.333E-04 
18 63356 5 8 . 0 . 638E 0 8 0 . 653t-08 1934 . 16 7 0.303E-04 
19 7654 8 16 . 0 . 77lE or· -0 . 270E - 0 8 2344 . 167 0 . 945E-0 7 
20 633565£:.. G. 638E oe 0 . 270E - 08 1934 .1 67 -0.945E- 0 7 
21 103821 62 . 0 . l 0 5E 09 - 0 . 61 1t - OB 382 . 833 -0 . 267E-C4 
22 10854 006 . 0 . 109 E 0 9 - 0 . 416E - 09 5 . 333 - 0 . 36 1E- 0 5 
23 6241174 . 0 . 62aE 0 8 0 . 676E-0 8 -2090 . 500 - 0 .3 33E-04 
24 70 8 7 8S0 . 0 .71 4 E 08 - 0 . 1. 90E - 08 - 2391 .3 33 -0.241E-06 
25 62411 74 . G. 62 8 E 0 8 0 . 19 0 E-0 8 -20 90 . 500 0 . 241E- 0 6 
26 106 7 05 9 E. 0 .1 0 7E 09 - 0 . 66 1E- 08 -81 . 16 7 0.325 E- 0 4 
27 545 t;454 . 0 . 5S0 E 08 0 . 889E -G 8 16 66 . 16 7 0 . 311E-04 
2R 66431:- 8 . O. t69E 08 - 0 . 324E - 08 2031 . 500 0.554E-07 
" ,... C I r (') I C I . C. 558= 08 0 . 324E - 08 1666 .1 6 7 -O . 554F-n7 L7 J-r ../V'_J -r . 

30 10212 6 74 . 0 .1 03 E 09 - O. 847E- 08 294 .333 -0 . 275E-04 
31 106705 98 . 0 .1 07E os - 0 . 417E-09 - 8 1 . 167 -0 . 362E-05 
32 984113L; . O. 991E 08 0 .784E-09 - 4 7 6 .333 -0.405E- 0 5 
33 6241174 . 0 . 628E 08 0 . ?82E-08 -2090.500 -0.285E-04 
34 70 87 d90 . O.7 14E OS - 0 . 190E- OCi -2 391 . 333 -0.241E-06 
35 6241174. 0 . 628E 08 0.1 9 0E-08 -2 090 . 500 0 . 241E-06 
36 106 705 93 . 0 . 10 7E 09 - 0 . 661E-08 - 81.167 0 . 325E-04 
37 545 8454 . G. 5S0E 0 8 0.8d9E - 08 1666.167 0 . 311E- 0 4 
38 664315 8 . 0 . 669E 0 8 - O. 324E-08 203 1. 500 0 .554E-07 
39 545 8454 . 0 . 55 0E 08 0 . 324t-08 1666 .1 67 -0 . 554E- 0 7 
'to 99&Cj 2't 8 . O. l OlE 09 - 0 . b25E - 08 176 . 500 -0.2 86E - 04 

--------------------------------------------------------------



f 

I 
I 
I 
I 
J 

I 

I 
f 

J 

I 
J 

I 

F OR N = LO . 
REACTI ONS ANU UEF LECTrO NS 

DUE TO SHR I NKA GE 

E S = 2 9 () 0 O. ~: S I 
EC = ESn! = 1'150 . KS I 

MAT i{ IX 
A 

64 . 00 0 . 00 0 . 0 0 . 0 0 . 0 0 . 0 
144 . 00 0 . 0 1 0 . 00 0.0 0.0 0 . 0 
249 . 00 0 . 0 4 0 . 0 1 0 . 00 0 . 0 0 . 0 
354 . 00 C. ll 0 . 06 0 . 0 2 0 . 00 0 . 0 
43 8 . 00 0 . 20 0 .1 2 0.06 0 . 02 0 . 00 

0 . 0 4 38 . 00 3 74 . 00 29 4 . 00 I d9 . 0 0 84 . 00 

SL UPE CO ~:S T A N T AI\[; REAC TI ON S 
----------------------------

Cl = -0 . 00 1 K 
Rl = -2 . b2 7 K 
R2 = -0 . 13 7 K 
R3 = 4 . 573 K 
R4 = -10 . 11 3 K 
R5 = 52 . 919 K 

R6 = -44 . 414 K 

DEFLECT IO~JS 
- ----------

DE FL EC TI ON AT SH 1 = -0 . 00 000 FT 
DEfLECTI ON AT SH2 = 0 . 0 15 9Y FT 
DEfLECTI ON ~ T SH3 = 0 . 0240 1 FT 
DEFLECTI UN ~ T SH4 = o . 0 140 Y F T 
DEFLECTI ON AT SH5 = - 0 . 00000 FT 
DEFLECTI UN ~T SH 6 = 0 . 008 31 FT 
DEFLECTI UN AT SH 7 = 0 . 0 143 0 FT 
DEFLECTI ON ~ T SH8 = 0 . 00669 FT 
DEFLECTIO N ~ T SH ~ = - O. OOOuO t=T 
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X B 

Xl -0 . 03 
X2 -0 . 10 
X3 -0 . 23 
X4 -0 . 42 
X5 -0 . 62 
X6 258 8 . 49 



AS? 

TAB LE OF u lSC O~TlNUITIES 

F OR N =~5. 

T E = SH R. I ~JKJ\GE ( WARP I NG ) ,"10M EN T 

-------- ----------- -------------- ---------------------------- -
J I E I B TE C 

I N4 K- f T2 I/( K- F T2 ) K-FT 1 1 FT 

J 
------- - -- - -------------------- - ----------------------------- -

1 10960970 . O. tHnE 08 0 .11 3E-0 7 3t 8 . 000 0 . 3 601:: - 05 
2 598 733 6 . O. 482E 0 8 0 . 9 41 1:: - 08 1397 . 500 0 . 254E-04 

I 
3 1096097 0 . O. 883E 08 - O. 941 E- 08 31 8 . 000 -0.254E - 0 4 
4 99 42J Otl . 0 . 80 1E 08 0 . 116E-08 -8 8 . 333 -0 . 47 0E - 0 5 
5 9 8 77 044 . 0 .7 'i6E 0 8 0 . 82'>E -1 0 -442. 8 33 -0 . /+4 6E - 0 5 

I 
6 6453 484 . O. 52 0E 0 8 0 . 6 67 E-0 8 -1746 . 500 -0 . 280E-0 4 
7 98 77 044 . 0 . 7<J6E 0 8 - 0 . 6 G7E-O B -442 . 8 33 0 . 280E-04 
8 10:'3 5734 . 0 . 849[ 08 - 0 . 106t -0 9 -19 6 . 500 0 . 32 5E - 0 5 
9 105039 '/4 . 0 . i3lt6E 08 0 . 3 ' 6c- l0 136 . 833 0 . 393 E- 0 5 

I 10 56 23274 . 0 . 4::d E Ob 0 . 10 1C-07 1314 . 167 0 . 274 E- 0 4 
11 105 0 3 '194 . O. 846E 08 - 0 . 103E - 0 7 136. 833 -0 . 274 E-04 
12 110 5 14 02 . 0 . 390E 08 - 0 . 53')E-09 -213 . 500 -0 . 4 0 2 E- 0 5 

J 
13 103 9 1592 . 0 . 837E 0 8 0 . 713 [ -09 - 449 . 167 -0 . 297E- 0 5 
14 72 lit 5 8 4 . 0 . j8 1E 08 0 . 5 26E -0 8 -1 857 . 167 -0 . 2 66E- 0 4 
15 81 24892 . 0 . 6 ')5 E 08 - 0 . 193 [ -0 8 -2107 . 167 -0 . 239E-06 

I 
16 7214 5 8 4 . O. 5e l E 08 0 .193 E- 08 -1 8 57 . 16 7 0 . 239E - 06 
17 116 69300 . O. '140E 08 - 0 . 65 7E-08 5 . 000 0 . 320E- 04 
18 7512 0~2 . 0 . 005E 08 0 . 5 39 E-08 1752 . 167 0 . 289E- 0 4 
19 9007 0 1 2 . 0 .726E 08 - 0 . 2 74E-0 8 2106 . 833 0.822E- 0 7 
20 7512 022 . 0 . 605:': 08 0 . 274E-08 1752 . 167 -0 . 8 22E- 0 7 
21 1 10 6624 8 . 0 . 89 1 E OS - 0 . 53 1E-0 3 361 . 833 -0 . 249E- 0 4 
22 116 69 300 . 0 . 940E 08 - 0 . 580E-09 5 . 000 -0 . 401E-05 

J 
23 7214 5 0 4 . 0 . 58 1E 08 0 . 6 57E-08 -1 857 . 16 7 -0 . 320E-04 · 
24 8124 892 . 0 . 6 55 E OS - 0 . 1~ 3E -08 -2107 . 167 -0.239E-0 6 
25 72145 84 . 0 . 53 1t 08 0 . 193E-08 -1 857 . 167 0 . 239 E-06 

I 
26 1143971 4 . 0 . 922E 08 -0 . 636E-Ob -76 . 000 0 . 311E-04 
27 65 028Y d . O. 524i: 08 0 . 824E-08 1516 . 500 0 . 29 8E - 0 4 
28 786 1824 . 8 . 6 33;: 08 - 0 .330E-0 8 1836 . 333 0 . 462E-0 7 
29 6502 89 8 . 0 . 524E 0 8 0 . 3 .:W E-08 1516 . 500 ..... I' "",- ".., 

-U . ~OL C-vl 

I 30 10 85 73 84 . 0 . c3 75 f 08 - 0 . 766E -0 8 278 . 667 -0 . 258E- 0 4 
31 1143971 4 . O. 922E 08 - 0 . Sc32E-09 -76 . 0 00 -0 . 401E-05 
32 10.3 9 1892 . 0 . i3 37 c 08 0 . 10'1E-08 -449 . 167 -0 . 454E-05 

J 
33 72145 8 4 . O. SB l E 08 0.~26E-Od -1 857 . 167 -0 . 266E- 0 4 
34 8124892 . 0 . 6 55c 08 - 0 . 19"3E-0 8 -2107 . 167 -0 . 239E- 0 6 
35 72145 84 . 0 . 58 1 E 08 0 .i9'E-OS -1 8 57.167 0.239E- 0 6 
36 114 39 71 4 . 0 . 9 22E 08 - 0 . 636E -08 -76 . 000 0 . 311E-04 

J 
37 6502 89 8 . C. 524E 08 0 . 82 4E-08 1516 . 500 0 . 29SE-04 
38 7861 824 . 0 . 6 3 3E 08 - 0 . 330E -08 3025 . 833 0 . 188E- 0 4 
39 6502 898 . 0 . 524c 08 0 . 330E-08 2405.167 -0 . 186E- 0 5 
40 105 80 8 4 6 . 0 . 852E 08 - 0 .7 36E -0 8 167 . 500 -0.439E-04 

--------------------------------------------------------------



FOR N = 25. 
REACTIO NS AND DEFLECTIONS 

DUE TO SHR.INKA GE 

ES =2 9000 . KS I 
EC = ES/ N = 11 60 . KSI 

MATR.IX 
A 

64.00 0 . 00 0 . 0 0 . 0 0.0 0 . 0 
144. 00 0 . 01 0 . 00 0.0 0.0 0.0 
249.0 0 0 . 0 4 0 . 02 0 . 00 0 .0 0.0 
354.00 0 .1 2 0 . 06 0.02 0 .00 0.0 
438 . 00 0 . 2 2 0 .1 3 0 . 06 0.02 0 . 00 

0.0 43 8 . 00 374 . 00 29 4. 00 1 8~ .00 84.00 

SLOPE CO NSTA NT AND R~A CTIO N S 
----------------------------

Cl = - O. CO O K 
R 1 = -2. 344 K 
R2 -= -0. 0 39 K 
R3 = 2.754 K 
R4 = -4.409 K 
R5 = 10.937 K 
R6 = -6. 899 K 

DEFLECTI ONS 
-----------

n c rl c rTT (\t\ ! AT (" 1 4 1 " t"'\ ('"\ 1"'\"" r T 
UL..t~'-vl.&. VI'j HI .J f I 4 - " V. V VUVV'I 

DEFLECTI ON AT SH2 = 0.01506 FT 
DEFLECTI ON AT SH) = 0.0225 0 FT 
DEFLECTI uN AT SH4 = 0 . 013 0 0 FT 
DEf LECTI Ul\1 AT SH5-= - 0 . 00000 FT 
DEFLECTI ON AT SH6 = 0 . 0091d FT 
OEFLECTIU ~ AT SH7 = 0. 0 159 9 ~T 
DEFLECTI ON AT SHd = 0 . 00854 FT 
DEFLECTI UN AT SH9 = -0. 00000 FT 

ASS 

X B 

Xl -0.03 
X2 -0.09 
X3 -0.21 
X4 -0.40 
X5 -0.62 
X6 -146 . 01 
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