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CHHN/VEL AND Z-SECTioN RBREAMS BRACED gw
DIANPHRAGMS
I.Geherqi

W)e;dr'ffereﬁf/‘bz/ equaf/&ns of benc/}ng under distributed
/oad/'né fer thin-walled j/hﬁ/y or poinl Symﬁ?’lé’f}’/'aa/
open sections [//'/ce channels cr Z- secfions) | breced by
a Of"ﬂfhragm have becn derived. The equa}[/pms haive
been solved by the Galerfin Method vs/ng infinite series
tor hingéd beundary conditions and un/‘/arm{a/ A 1s Fri-
puted load ao%/'nj (downwar&/ or u'/c//'//‘) %/vrm{/;y/z
the web of the beam. The case cf one clinersic
br‘o/c./,zﬁ at m/(/-s/pa/f/‘ s a/so\)wf\/re(//ff/ THE brocr ng Lre v Py
lateral deflection v an&/Aro/a;‘/&n;é al wmidscan. Beowse
of fhe é/'./mr;-nc»f,x/ bf /oac/mﬁ also U cind 7 aiish ot
theel coinl .

Basedd on  Lhese solutions computer preecims  have
beeri  cleveloped Lo c;m/oufle fhe //'e/fy/ Joacl capecily
of clianne/ Jippecl clz.annc/) Z- andf //'ﬂ&éa/ desectiop
beams  Lor 4 Jp/Vﬂﬂ shear r/?[d/éyr % 0/ﬂ / he
d/a/.hrpfm 5ro\c/':}a, The wircwes af midspan ond

T.\}ncinax cle[/e'cﬁions vance ¢ are erlso cam/cL,L/fd. fe)ope
f/vﬂm}ﬁy some numericol eanWDRS\ the effect of the
ch‘osphmf)m b/‘acina will be discussec] ;/ua//'/q//'ye{y,

Fhe
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2. Influewce cf dz'@phrczgm stiffness

Since {he bracing restrains the points where it s
connecded to the bearn from sidesway  disclacement
s e({ed/yeness /m‘sz«elyl cepends  on how wmuch andd s
which direction fheseA peints dend to .Ollisja/qce_ Corrsidler
o beam Frest witlicud bracing. Sappose thatl fhe
ol:"onlahragv/h will later be connected 4o Zhe vpper  flange
al goint A, | N

o) Channe| or Jilpiced chennel 5 Cn the figures beizw, the

lead s cartitioned ite three c_om/carzey;ésl

Down wa rd /9615//'/17 :

A A A
| Pl P pla+ep—_
(})] (2) (3)

3

The e”ec‘f’s oy[ componenTs @) and (3) add , hence poimt/‘}
moves c/eér/j to +the r‘igh‘t. The bracin? force there{cre

s as {ollows :

, bracin;}? foree
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Hence;campcmemf ) is 5/{91471/7 increased wlitle the of her

two afre greaﬂy recluced Hence the y/e/&/ /o‘ac/ cgpac/yy
will c/em’/y be increased /97 o//'aphrafm b/’aw'ﬁj-

Uplift load{mg =
A A A
P\E pl% [ l Ea-eﬁ)
= k + + )
Q) ) ) |

The situation s more complex for this case . Pecint #

—40\?—_

hos The 1L8V1(/‘€"V1Cj tc move to {he m'ghf’ cdue tfo the
COVY\POHQH}'f () 0md +to '“’)e )%'F‘{ due 7LO the Com(g:cnén'/fb),

How-ver when we increase the load continuously from

Zero , & will be small at the outsel and the comp. (2)
con be neglecled. Therefore ot fivst, poin A will move to
the left as shewn on +he [igure above. The diach-
ragm {forces then are as {ollows

bracing {orce
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H; is o)éservecl that diephroigm forces increase the comp. (2)
but decrease (Jand (3) . Hene defeiicling on seefien
P’AOPQ';fl'es braoina may fhcrecse < r chc;féaxsc the ca[/c:.c//y
£ j;‘flc\t'mrj occurs af fhis stage, |

When the iocad can increase ﬁfr%her‘)%he comf, (2)
will ‘be clo‘mfna'nf/c-md pgl'mt A will é,\/em’fua!/y e ve
te the r/'g}1i.7hi5 n turn changes t he sign 97(>//;c
bro L/r79 forces . Now the comp (2) will be reduced whl'/e the
conipenedS () and (2) are increasedd. | ¢ depends acasp
on thie secticn preperlics whellicr  the y/'e‘/a//'ni
ca,&atc'/j/ will be inercuse or decreascel .

An interesting sifuafion arises when /he
elimensicins and 4he /e/vzjih of the beawm >are suc
that 7/’@/&1//)9 oceurs dat the kwvel of the /lcwdd
where Ic’c,’»/‘f A has /us‘/ come back ffam the left fo
fts initial gosifion. For this case, the diaphragm forces
are zero. Hence y/e_/dm? capau'/y canncl be d{/ff/f«’/

by The stiffress <f lhe c///'af//rajm.

b)_Z-or lipped Z-sections . The carr‘y/%—* ca/oacz'/y

of Z-secfions can be greatly inereased by d/'a,ﬁh;najor/;

bmc,my) be cause br‘acc'nf suf/c'//‘es horizontal sucppon‘/rﬁ‘
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2. Compdler results

S;LMM;'ng vp the discussicn n the prev/ious
chagter, ciaphragm 'bmcfmy /ncreases the carry/ng
ca,&ac/fy of channels wunder. down i rd /c%zdfﬂﬁ;
but may jncrease , decrease or nol affect? it for the
MF//‘H lacic//‘ny casc . On the other hand , the -co/rryx'nﬁ
capacffy of Z-sections will be increased for clown-
word as well as ula//‘/[f /0014///75. These conclusiens
are confirmed by the computer results as shownr
ot Tables I-A . /‘/7/'&%_9;/7 I-D .

In Tobles I%%)%he mx'c/sp,a/q wicrie nl /1/);79_‘;_2
(under y/'e/d locicd ) 1s shown -{or . & values ;rom
O +o 1000 and for various Span ’engﬂ’ls rairjin? {ren 30"
to 120" & s the shear siiffuess of 4he c//ap/?/aym
bmcmj and Py - TETy /7 s the Euler buckling
lead. There is an important peint which can be
ohserved [n lhesc Tables : The capar/'/y M /crac%/'ca/y
dees nol vary over = range ex?‘ﬂvd//lg fron o

r\a/a%/\/e/y small Linite value for shear stiffness,

fe

-

say Q=49P¢ , up fo /'nf/'n/fy. ( 9Py /s an agproximg

nupber valid on[y for the presem‘ec—] exam[o/es‘ )%maj

change for sections with differen? dimensicms ),
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As will be showir jn 1he nexl chafter |, o re /a%/w/y
sr‘mp/(’ J/Qéfjn proceclure  can be cleve /0/06// fopm
beams breceel by o r/"f]/;/ c//'c///‘/ﬂéjf/;/. This proceddure
;Lhen can be uses 5a{€/_c/ for  beams hraced by

d/'q p/) ra;’ym_s of reasecn 0’/7/( Cstiffress.

H)roo(/t/q /-D

on  Figures [-A “dhe ratios _Me  and Me
v ’ /V\behd. M berd.

144 V7,

versus span length are shown . The subscripts "o and "=
éhgw ”V)'Oﬂ’arw/ 4r‘/'§/'&/ ) Dl’acl.ny ﬁespécf/ye//_ /’40 GHOC/ /MK/D
are compared here with the theoretical c_oalaa/chZ
The nuwmbers 1n circles indicote where inthe cross-section f/it/c//'r;zf iy occer
Mipend = Ty Ix | The cetted lines indicale where 4he
. e N
mox, anﬁ/e 07[ retfalion Js /ar/aer‘ fthon (0°
In {he compcc/a//'ﬁns Fhe yz‘e/d stress Oy /s assume:]
to be 33 ksi. However , sivice 4he stresses are gemeka//y
variable clong the ;C/O/n/aés and lips, 157 O\/@f‘jfl’?ss/f?y’
is allowed. This results in o wmax. stress of 27,95
ks, at fhe peaks. Exa;-vvnp/es for stress distribulion
*hrawfﬁlZ'D“ .
are given oy F,gurcs 2-A . /hey 1 ly / ho?
the allowdance of cver 57Lr€55/',f)9'_i5 gener’a’//t/
jM#/'[/Gc/.#or u,c//‘)[/ /oac//'n? case . PBul for down-
warel laaol/'n_g) It seems /ws/,'//((/ arz/y fer wn-

rbfot(ey/ beams. For braced beains wunder cdownwward

loading fhe max. stress shoub be |imited fo Ty yunless fhe
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designer Compwfcs the stresses at all corrers and shows that oversfress/@

'S Jusf’:‘Fieol.
Ffﬂu res 3% fhroo{,ﬁh 3D  show the leite ral deflecticns o

Fhe @ug/es of rotation at fhe nid-span of wuwbraced

)]

aind m'y/'c/./y braced bearns verswy fhe tolal Joad P-'L fo
uplift loacling cose.. [Fis observed #hal ve fer
channel and ¢o for Z-seclioms are Fangertsal to
the Joad anis at pl =0 . This js because 7+here /s
no lcacl cam/cénén?‘ alt the oufsel fo cause {hese
detlections.

Fr;am Tables T-H éhrawfh I-D , /}is secn that fhe
retations are cjanera//t] reéluce;/ for downweired bt
increased for uplitt lowding with increasing sjiffness of the brocine.
Z heo s d/‘sp/ay,jénera//y less rofaf;on Fhan channd(
beams Nowever, whert {he strffness 1s jncreassA | thcre i's
net wuch difference betweerr Fhem . Notfe {ha? all
the deflecfions are compufeé/ uma{ér 7/'e/c/ Jeacl of #hat

par ticular case.
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Then

i

/
E (g
E = (C\‘f' ;ﬂ e
¢ = p sy )
This js v,g;r.j gfm(llct)* -!:7 4‘1/7@ oh'rfférém‘}/'&tl Q,L?M,OUZID}’?
o‘f cor*olmar‘tj benoll‘ﬂg, /\/amé/‘c]/ e
EIxV'IV: /D
Le T us clefine a quamf{/y called bimementl R,

ana /oaau's to bémd/ﬂ_c/’ mement  Max

B. = - Eﬁlﬁ” ' /M,‘:-EI;V”
N awnalocous Fo
-~//p(0i+%e)d2 / :_//szz_
X
The otress cue to Bz Is
C = _B_; w' : ancl/oJocwﬁ fo c = Mx Y
' - Ix

where
w'! - Tay ye -xe +w
Tx

W = warg i.)?

The comFuchi cn of bimoment By is same as {he
beneling moment . Thus for eﬂample , for simp ly su.'cpcrfe&(
boundary concditions (e #-¢"-0 at z=0 awc/'z:L)>

+he wmax. bimoment s at m/c/s'oaﬁ awnd equa/

) A N
P(a‘f-.l_’f_‘ie)- L
' Ia 8
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4- Design lor mula for rf‘éj/‘cj br‘ac:'nj{
Riﬁjd bkac:‘r)g woill pre wvent pomf R from e w};g
sidesway  This ajves : P P
Jo e _ak P A
| : A ——
95 -Te—j . / cln'apl’lrﬂm
Up = U+ Pe =0 s.C. : bracine
AL_,_4._. 7\({ > x Scx};,u J
:‘ U = - ¢'e { ,
. , \"4

o
ol
Thus the lateral deflection o can be elivainated

and after modf{icctﬂans) one obfcu‘/zs a [our/h < rele

5{1‘41{6"@W+"0M equa%:'an for + he @;y)g/e 07( FO%O(#/L?V} ¢

EF’¢”_@K¢//+ Fo o [quﬁ"-r (sté)”]eNpe¢: p (arr Ly

5
Ix

where ' 2
M. My Ixda-Trg o2

Ix
- WW’F"*’)? constant 2 Cw

K- 5aa'vﬂ‘-Vann'f’5 fors/(;n consfo//)f

of beam . ( Taken zero Athe Humericyl
camputcafion.)

M < Behdina moment clue 1o P

a) Delinilion of Bimsment
In order to define the term “b/'mome nl” >Uppose we
fempamr/‘/y r)cg/ecf the terms with less thawn the fourth

derivative in the differeafiol equofion oboye.

[4M]
~—

[
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b) SO/U*/OV? cf the differential equd'}/'o/;‘

N of the differential equation onPage 2
An approximate selufion | js chiained “by Gealerkin

Metheod  with one Yerm of se‘rt‘cs' o - o,Zp ot /Vamc,{y .
;b:. ¢t 7[!

(where §, 05 chosen  as +the - firs? e/'ie#7fu;1(7//'oz'7
of free vibriatfion eof a heam with the scme /Qou/w/a/7
conclilions —as the bearm wuncler consicleration. X, is

the ~ejgenvalue ).

The funcfion g, s defined in the cur valure expression

GAH:: sé; 2»1 ?’)
f]pf)fy/'ng Lhe melhed

b, . L J fids pLi(a+ %—Ye) | !
AY v fds Er b KELE - My

Substituling ¢, infe curvature expression and coing

sonie MOd/'fz'Caf/bns) the slfress becomes

Ix r! | +K* L2 I = M/ Mer
whevre ' \
-k Jgf ds 4 EL2[{las
K® = A ° , 3= Z
EN'at ;'{.w; L
. ‘ ° | 2
Mer . EF’).“(H_HLZ)O/ fiics

T.L%e

T = a censtant depen&\ing on bounda"y condifions .
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For sim,oly suppornc\ bouna’arj conclifions and F=0

k. GK
neEP!

Mer 4+ _ 108 (ﬂl’Eﬁ’ + GK)
e L?

c) Discussion

The stress Bz o' Is clue to Wcurpfn9 as well
7 _
os benoling sfrains (e/\ce/cf {he prt'marj ben://'ﬂj
stress M« L)) As YY\C”"“G”('O’ be {ane , compulfr:{f/'cn
Ix : .
of Bz js similar to & rouiine bench'ng vierne nt
anqusis 3 amcl s\noulol V)O‘/ PréSen"f c,’inuj c[('[[{lCc--(/.f/'GS,
The factor 1 shows the influtnce of the
' b +k?L?
saint-venant torsion . NMote thal k degrerids o

bou nelcir y conditicns .

The fer / fs like o mag nificalicn
L= M/ er
factor. When M agproaches M, the deflecticns

and stresses will increase in def/ﬁ/'/é/y. The situatjon
is some whal similar 4o thal of @ beam-column : |n
a beam-column | the axial force causes acdldifional
beno/}ng momenl cdue 4o 4he ben&//'ﬂg de for motions.

In }his case however, addilicnal torsion moments
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are causecl by the rotation and {Lhe lateral ceflection
;f%he Cross - secd fon. |

No e {l/)o/f Mer is o negative guantity. Therefere
tha maym_-//‘caf/aﬂ factor s ijé;::./fr" /han.um/'z/y c”/jf
for negative values of M, }hatis fer uclf?. For
cdewnward Joading, maﬁm‘f’/‘ca//bn faclor is [ess fhan
one . The sifuaiion /s then similar to o bearni-celunin
with o tensile force.

c() Summarlo/ cf the formulas {or stress

Co Ly o+ Bz o | :

I, r TR T A

-
Mx = - //P,dz , Bz-_ Hp(os-;_f_xye)dzz
. Ix

2
I.-,) - r‘ .,.I‘Ix Iﬂj;‘Ixy ‘e’?- , F; War‘f;iﬂﬁ cens‘fom'f - fwzfds = CW’
W' = I)Lj lje —Xe +wW ) W = WC”AP‘.Hﬁ (S;M‘O’e {OFMMIGS <:,vai/01b/€:
Ix

Note that in formule for O and w', the c:/uanf/‘//'és XY,

and w may have cl»‘Herew'f values for difterent p;omv‘;
of the c¢ross-section, A '

| | .
pa A
o -OK [afids ¢ EL [ #2ds
E,"ﬂ)‘lofrg‘ids
gl 2
Er (4 kL) [£5d3

T L*e

Mer o

For Simply Supported Ends - k= GK )
. J mMEN
(and far F=0) | Mcrs 1.08 (T*EP' 4 GK)
) e Lt
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5- Sumwary awnd conc(uﬂons
7

 The stress and deflections of chiannel , J:'Pped

channel = Z- and lipped Z-sccticin beams braced b
a\u‘aph%agms have been investigated under clown-
ward as well as u/o//'{f locicling . It is Lound §hat
the carrg}'ng cqpac[{y /s 7en@ra//7 increased by
dn‘a/fl/rmfj‘m brac:',;jf QxC€F1 Lor channel cor //"ppea/
choannels under wp}f'ff loading . For 1his case the
calcram“y may be Increased or s//g/z?‘/y clecreases.

The /"m{_/ué/;/re cf shear stiffness Q en y/'é/_t/
loccl ca/cac.//y"L;{st.v.t'/'nvesf/gafe;/ numerreally. threws h
conpeuler. The capac:'/y increases rapjdly Ffor small
vel lues 07[ G but .oloes net vary O\PPrecv'a/y/y ever q
range exlending from o finife value ¢f G ug to
m{,‘m{y. For“"exam‘o/es considered here , o reasecnable
value fer O seewf,e: to Fa!l' info Fhis range . f

Finally o d?s:'7n fermula for compul ing
‘he stress has hecn developed {for heams braced
by rigid oi/‘oz)ph rafms. As discussed before | 4 lis
{formula can also be used éa{e»-»/_u/- for beciins hraced
by diaghragms cf reasonable r/‘g;'d/;l_a/, A {Qrmath

‘{o d@-fn'ne "’reajonab/e_rig/‘c//'/y*" /s 727(‘7‘47 be &/etﬁ(/a;afé/.
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Tabhle IT-A : Midspan memenT M :%%f [ki] (uunder
yie|0\ load ) for difterent values of G.//D; and L
Channel Section Excv\;fn.{olé
ﬁbi
T L L a:z .42”574'/ Mbend = Tudx| 6155 k
16 _>4J. € =320 c
Y S.Cax_._J,_].___.X_» h y i
ot h=5.865 Txs 5.596 jp
| b= 1.432 Iy= .199 inp
. T £t~ .135 M= 1261 inff
'y M= 2056 iné
Ks .o0072 i/n4
G/,P
L Y o I 9 9 | 6 jovo
p ) N
%0 36.2498 | 46,121 47.696 | 48.073 | 95.212 | 49¥ .393 ’g
. ~4
45" 32.580 | 95.705 | s50.850 | S/.2%¢0 | 51.533 | 5).754|
N
<
6o” 26.594 | 50.56¢6 | 59.V3¢ | 54.783 | 55.00¢6 | 55,283 §
~
V4 ) <
90 19.672 | 41.8587 | 58.921 | é0.2¢3 | 60.569 | £0.977 %
=
1207 | 15.765 1 32.104 | 57.50] | 63.299 | ¢3.90] | ¢4.4945 |
20" 1.42.815 |- 43.741 |-49.083 |- 49./70 |. 49.202 |-<99.244 g
~
- Q
gs” |.93%.933 | 43.566 |. 43,273 | 43.309 |_ 43.282 |. 43,2495 S
. ~
GO |- 42.832 | 42.381 |.42.108 |.4R.0l6 -41.978 | 91.928 | K~
L
00" |.24.765| 36.681 | 37.7¢8 |. 38.219 | 38,425 |. 35.794 | 3
o
2o | 255181 28178 | 31.2490 | 32,235 | 33. 598 |- 35,956 |
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Table 1-B , Midspan avement M. pLe [k;’] (wunder
g
yield load) for different valyes <f Q/p, ane L
Z-Seetion Exomple
. b
. k—2
e A= O Mbpn(/; (7:; T _.é/,55 ki
T T e = 3,0” (4
e Ix = 5.59¢ 1nf
sell. X h h-5%65" Iy= .265 inf
t b- 19327 Tey=- 812 int
K ‘L t- .1357 P 1,179 iné
_ o M. 2035 jné
G/ ]
L PY (@) l = 9 16 lcoo
O
207 | 36.¢o2 | 47,191 | 45.¢c09 | 46.914 | 49.023 | 49.163 |
N
45" | 32.790 | 50,397 | 51,953 | 52.254 | 52.35¢ | 52.489 |
¢o” | S
25.228 | 93472 | 5549493 | 55739 | 55.527 | 55.999 |
Y
90" 17 293 | 49.448 | ¢0.955 | €1.287 | ¢1.252 | ¢1.450 §
, . Q
120’ 13.339 | 37.370 | é4.14| | 69.62¢ | €4.697 | ¢4.769 |
30" L 37.128 |-492.335 |- 949094 |- 94.561 |- 44,740 |- 99,980 g
, S
45" \34.852 40252 |- 42559 | 93.277 | 43.552 |-93.93/ | S
Y
&o" L 31.718 |- 37.450 |- 90.5/1 |- 41,522 |-41.944 |- 42.543 |
L,
90" L 22,550 |- 29.385 | 349.850 |- 37,088 |- 37.316 | 39, 152 E
' - 2
120" L j7 330 |- 23, 5¢ | 28554 31,286 |-32.703 |. 35,187




CoORNELL UNIVERSITY

ScHooL oF CiviL ENGINEERING

proBLEM /T2 o

NAME Nuri Celehi P2 oct 6, 1969
INSTRUCTOR
COURSE SHEET No. | /] ©OF 34}
Taxble I-C Midspan momeVLIL M = Eng [kl‘] (Mmoleh
g/e/d yload) {for different values of a'/?v anc L
Ligped Chian ncl Example
e b ,
L as 1,/09%7"  Myend o Ouls . (953 ki
c .
T— ‘n T e: 3’0 e
e T
i Sl =X h s 5.665:’, Ix - £ 935 nf
- . b: 2,365 Iy = 1307 jn4
kad ! t JL c: .6337 7 - 9.354 inf
L - - 135" . 201115 inf
K = ,0097 jaf
VY
@
NG | 4 g 16 jooo
O
207 51,172 | 58,166 | §9.947 | 60.900 | 60,570 | 60.793 §
qs 50.028 | 59.913 | &/ ,349¢ | 61,83% | 62,0/5 | 82,255 ~
Q
607 48,458 | 61,057 | 63,231 | 63.77] | 63.973 | 4. 235 . %
>
90" 44,299 | ¢5.0¢1 | 68,119 | 68.84949 | 69. 110 | 69,455 §
120" | 39,480 | 65,890 | 73,737 | 74.785 | 75, 16z | 75,633 | <
20" L 53.945 L 57.35¢ -58.692 |- 59,037 |- 59. 166 |-59.3% E
. J
45" L 54.89¢ [ 57,578 |- 58.546 |- 58.796 |- 58.690 -53.014 | T
-~
60" |- 56,326 |-57. 760 |- 58.31¢ |- §8453 |- 58.503 |-58 570 | -
]
50" | 58.254 | 57.7¢4 | 57.520 |- 57.4939 | 57.90¢ | 57.350 | 3
’ R
120" L 57.¢4¢ -56.68] |- 56,143 - 55.968 |- 55.897 [ 55,802




CORNELL UNIVERSITY . PROBLEM /7 F & vl

ScHoolL oOF CiviL ENGINEERING

NME pupi Celehi MR Cet. €, 1969

INSTRUCTOR '

COURSE ) sHEET No. |8 oF 34

Table I-D : Midscan moment Ma%L_z [ki] (under

(j,‘elcl loaid ) fori different values of @,pY ancd L

Lipped 2Z-Sectien Examgle
[} 7

b —
-
T \ ?[I a= O Mberwl: ____O'y I‘.—. 98] 3 ki.
€ : e=3.0" e
i : X
. i . J h
é h= 5 5¢57 Ix = 5.935 ind
L G JL b: 2.3¢5" I, = 2.1496 in®
%— L i v c. .¢33" Iry = -3.271  /n?
. L. L1387 ro-12.584  ind
' b
VY s 20019 in
< = . 00327 n9
a/,P
L Y o [ 4 9 1A Torers

20" 95.833 | §9,.078 | ¢60.970 | ¢1.395| &1.550 6l .752
45" 47.977 | 60.491 | 62 436 | 62.865 | 63.0201 63,22
60" 46,674 | 62.4149 | ¢4.927 | 64.857 | 65,011 | ¢5.210

90" 42 666 | €7.507 | 69.6727 | 70,095 | 70,24) | 70.4928

DOWMWAH D L OoADING.

j20" 27.9414 | 73.5495 | 75.905 | 76,285 | 76.412 | 76.573

20" 48 556 |- §7.402 |- 59.905 | 59.874 |- 60,047 |- 40,279

>
45" |- 48,37 | 56,754 |- 58450 L 59.98C - 59.677 |-59.936 %
6" |- 4140 |-55.862 | S8.315 52,934 |- 58,974 |- 55,472 |
90" | 44,447 |- S3.41( |-56.557 - 57.418 |- 57.752 .+ 58 202 Lé
120" | 41,075 - 50298 | $4.218 |- 55.418 |- 55 900 |- 56,567 T




CORNELL UNIVERSITY PROBLEM /777 41) &

ScHooL oF CiViL ENGINEERING

NAME Nuyri Celehi PATE  oc 7. c, 1769
INSTRUCTOR
COURSE ' A SHEET No. /& oOF 34}
Table T-A @ Angle et rofafion ¢ el midspan [o/ej:}ees]
(om&/er f//'é/c/ /ocw/) for c///fergnf vorlyes of Q/’Py' andl| L
Chume [ Seckion Exampele
7
e b 3
T LT
e -L‘,(_- Dimensicns are samée
_L 5’%‘_‘4‘9__.__))( h as on Table I-A
ead| ¥
—— v
Yy
Q’P
L v o ) 9 9 16 oo
50" 2.35° | 1.49°| 1.I5° 1.o7° | 1.09° oo |
N
45" 5,2%° 3 20° | 2.3%° 2.12° 2.09° ].24° N
Q
X 7,75° | 6.22°) 3.69 | 327 | 306’ | 256 |
N
90" | 12.58°| 14.97°| 7.28° | 5.377 | 4.83 q,23° §
4 <] o [} °o c [~ S
120 17 . 98° | 26. %5 14, 34 7.97 6.494 509 q
307 L 1.87° L 1.44°F 1.26° + 1.22° | l.20° L 1 07° 9
| | S
aAs” L 3.45° L 3.04° - 2.83° |- 2.77° | 2.75°  2.72° g
o
eu” | 5.35° L 5.17° 5.07° L 5.03° L S.02° |- 5.00° :
17 ' ) ° LL
90” L 10,78° L 1, 77° |- 11.99° |- 12.06° | 12,09° L y7.13° N
) Q
. S
120" |- 14.59° L 16 88° |13, 490 L 20.75° L 2).4¢° |- 22.72°




CORNELL UNIVERSITY PROBLEM [Mébilo

ScHoOL OF CiviL ENGINEERING

NAME /\/())’l‘ (e/ﬁb/ DATE Oct 6, /9@9

INSTRUCTOR

COURSE SHEET NO. 2. OF 341‘

T&b’( a-m /7r)§/e ef rotation at M[&lspmm [dej:fﬁfsj"-
(under yield load) for differen? values of Q/p, ancl |

2-Section  Exawmgle
- b~

oA
1
Lo on

Dimensions are sagme
as on Table IT-R

Y
T
fe— > —

L Q/PY -0 ] 9 9 16 /005
\9
30" 40° L 70° L 95" L [00° - [.o2° | |.05° §
45" 1.80° v .12 | 1.78° 5:,9/" - 1.96° |- 2.p2° 3
60" 3.36° |- . 93° |- 2.50° |- 276" |- 2.85° |- 2 95° g
90" 7.23° | 4.61° |- 308° |- 3.88° |- 4.10° |- 9.29° %
120" (1.64° | 18,37° |- 1.70° |- 4,25° - 4.72° |- 5.15° 8-
30" 3 L92% ) 1.13° ] 1,18° l.20°| 1.237 N
45" Li6® | 2.22°| 2.637 | 2.74° | 2.79°| 2.s¢" E
Q
40" 27117 4.22°| 4.89° | 5.08° | 5.17° | 5.28° :
90" 5.80° | 9.21° | 1.66° | 12.50% | 12.67° | 12, 30° §
120" 9.49° | 14.,34° |8..38’ 20.27° | 21,22° | 27.80° >




CORNELL UNIVERSITY proBLEM J7lem o

ScHoOOL OF CIVIL ENGINEERING

M Nuri Celehi P cetey (969
INSTRUCTOR
COURSE SHEET NOo. 2 | oF 34
Table T-C : /)ny/e of rofation & at mids pas [dejree_s]
(unler ygielel lead )  for elifferent values of Q/P, and |L
/\/f,opé’c/ Channel/ E,(cyy,’fz/c /e
k- b —
0,
T A | c
e ' T Dimensions ore same
4ose |t X h as on Tahle I-C
—d fe ‘ +
1= l
y
Q/yy
NP o l 4 9 14 1000"
<
20" T L7572 62° ,59° .58° ,56° ;
q
14 9 [ o
45 2.47 |, 68 1.37° 1,29° | .26 1,222 S
p 4 o ) N [#] P P 9
¢o 431 2.97 2.38 2,23 2.17 2,10 o
D
g0 | 938" | 6677 4.98°| 4,59 | 4.44°| 4.25° 3
X
1207 | 16,15° | 14’ | &17° | 7.29° | €977 €57 | o
307 L 1.07° - .79° b .e3° } .60’ .59°|. . 57° %ﬁ
: 0 Q
45" |- 2.27° |- 1.64° - 1.41° |- 1.35° |- 1.33° |- 1.29° <
-
60" |- 3.74° | 2.85° |- 2.50° |- 2.40° |- 236" | 231°|
Ly
go” |- 7.11° |- 6.06° |- 557 |- 5.92° |- £37° |- 5.29° 3
' R
l20" | 10.9%° |- 10.22° |- 9.83° |- 9.70° |- 9.¢5° |- 9,58°




CORNELL UNIVERSITY PROBLEM /}-’I QRN =)

ScHooL OF CiviL ENGINEERING

NAME ) . DATE '
eV Celeb Oct ¢, 1969
couReE SHEET NO. 22 OF 34}

Teable II-0 : ﬁ”f/e of rotation 72 al m/é/,s/;c/r) [G/fji{)ffj.
(vndler y/e /el lot:d ) for different values of @/pr and |
L/'lg'péf/ Z--Secilcn F xarple

ke b—>

T = T
f_ Dimensicris are same
]

g X h as on Table II-c

|
G/

L R o ] q 7 l6 |00
9
' o -] 4 v ey
0% o04° L L 42° - .52 |- 547 - 557 |- | s5e° gk
, , . , N
45" M A AT SR P N PP E S B
¢o” 537 = 1,517 |- 1,937 - 2.02° |- 2,06° |- 2.10° Sf
]
) p . 2
20" 2,38 |- 276" - 3.85 |- 4.07° |- 4.5° |- 9.25°|
N
120" ¢.23° |- 3.38° - 579° |- 6227 |- 6.37° |- ¢.55°] S
‘" o ° o o o o \J
30 O3 .94 53 .56 . 5€ . 58 k
1 o o L4 o] o o 5
95 16 |.00 1.2/ |26 | .28 /1,30 S
~d
60’ a4° | 1.79° ] 2.6° 2.25% | 2.27°| 2.33°| &
. 8%
90" 1,73° 1 4.15° | 4.93° | 514°| 5.22°| 533° §
120" 4.14° | 7.¢57 | §.96" | 9.32°| 9.47°| 9.¢7°| |




CoRrRNELL UNIVERSITY PROBLEM /}]C 17/ ©

ScHooL OF CiviL ENGINEERING

NAME . *  DATE -
rvere YU Ce leb Oct. ¢, 1969
COURSE SHEET No. 22 OF 34}

Toble T-0 : Angle of rotation ¢ ol midspan [degpees]
(vndler yje/c/ Joud ) for different veilues of 8/, and | |
L/‘Tpﬁ‘&‘/ Z--Secticr E xample |

k—b-+

™ | T’ |
i Dimensjoms are sare
. . X h as on Table II-c

G/pY
L o | 4q g A |00
Y
' o ) v v =
2304 04° L ,42° |- .52 |- .54°|- .s559- ,5&° E
. b
. » ’ 3
45" g% - 80t - % - gt - 120t - 123 :,
¢o" 53 1510 - 1,937 |- 2027 |- 2.06° - 2.00° |
U4 P 4 v ) 4 A < §
3¢ 2,35 |- 2,76 |- 3.85 |- 4.07° |- 4.15° |- 4.25 N
S
120" ¢.23° |- 3.33° |- 5797 |- 6227 |- 6.37° |- ¢.55° §
230" . 03° . g94° . 53° . 56° . 5¢° . 55° $’
~J
Je o 0 4 (o] © © S
95 6 |.00 1.2/ [,.26 | .28 /1,30 N
6o’ a4° | 1,79 2.6° 2,25° | 2,27° | 2.33°|
. (L
90" 1,73° | 4.15° 4.93° 514° 5.22°| 533° ’gﬂ’
wo ) 14° o 96° 0 0 ol ]
|20 4,14 7.¢5 8. 3,32 9.47 9.¢7




CoRNELL UNIVERS.TY PROBLEM [}/)éi’?? o

ScHooL ofF CiviL ENGINEERING

NYME e Celehi PRTE Oct 61569

INSTRUCTOR

COURSE SHEET NO. 2 3 OF 3*1’

E’I:"q_ure -1 . Compbirfson of M=P§l:z (uncer %}c‘elcl

l&OGOl ) LUI'{’l/l /\’}bend - U! Tx {or d&wn WDH"C’ GIVIO'
) e
%p\\’fft locic) M@ The dz'alol/) rog m strffress /s fakey as zéro

and “14\.””5 .

Cham\e| Seclion E roumple

M «
Mpend (see Toible I-A for t¢the < :'me,hsion5)

e Downwgrd
’OOlC\l'na

—— Uplift
lomdl‘nj

Wher‘e ¢> r-no;,\> IOo

—— == — 1 brucing

© &

02 3 | ®

Span lenpth L

L.
-

3DI/ 45/, {oll ' 9011 /2,0”
Note ; g
The vumberg in circles indicate where mthe cross-secfion 'y/’e/a/m/c




CoORNELL UNIVERSITY

ScHooL OF CiviL ENGINEERING

NAME DATE

Ui Celebr

INSTRUCTOR

COURSE

oct. ¢, (969

“\4: yj\ _‘ .'f‘i;‘:/)
L

PROBLEM /M owr; O

SHEET NoO. 2

gor 37

Figure 1-B Compoxr‘i‘sg/w/of M= pL2 (under yield

lomd) W”Vl’\ M be.n() =

& ' for decwn waprd and

uplifﬁ /ooioifna, The o{ictphfozgm sti{fness js +aken as gero

ancl {m{fm’w‘y
Z-Seition

Examgle

‘ (Sea 'TO'M" I-B {Or Ihe dimcmbic?rz_s)

N
3
Mbu»c\ . ’Qt
Vo | Q@
—
= 1
// 4\ [ D worr l
——— Downwarp
93,/ i loa dma
69 '@// M wo ;
//@) @ O Mbend | —_— Ll)f)ldl)c‘t
/ﬂjr’f;““‘\\ﬁ 2 pQa lna
/./’— \ .
4\69 ® .
e TR T @] e where Bl 10
\\ : P Ty i
\.¥ ng Mo /Vo éld(;n
@ \ Mbend ?
: \
.4 | ‘\z 2) 8 __ —@ — 4= bracing
@ J
N \
~ @
\\
@ ~
~i a_|o
0:2 4 GD o
Span /é—ii/.//‘//? 4
30" <95’ go” g0’ 120" g
Note : ‘ - .
i I T A g 3. wohore cvdhe e e rdia L



CORNELL UNIVERSITY

ScHooL oF CiviL ENGINEERING

NAME
INSTRUCTOR

COURSE

rrosem Ve mo

Nuri Celeb PATE Oc'i.é)l‘jéﬁ

sHEET No. 25 oF

Ff(;)ure I-C Comparisor\ o{ : ./"]:_%['_z (uy\der gielc}

,OC\C| ) V\/Hl)’\ Mber\d _____Q"J_l_’i
e

loac)ing. The cll'cnphragm stiffness is taken

{or downward ancd up/l'ff

Lippe,d Channe |

Example

M behd

(See Table I-C for the d(memsions)

. Downward loaclmg

- Up/f[f /0@5//’/}9

where ¢mak > IOO

as
ANzerc ancd 7/nfrds

6 L e X X e e e u——*
®
®

4 |

® @)
|
: ! Span leh‘cjﬂq L
| |
! 30" 45" ¢of 0% 120"
N ofe :

The HNumbers in crrcles indfcotf( where in 1he ecrmece<orficn

brocin 9



CORNELL UNIVERSITY PROBLEM /V] <o
ScHoOOL OF Civil. ENGINEERING

NAME /VH"“ Celéb" DATE Octé; 1369

INSTRUCTOR

COURSE SHEET NO. 2 (£ OF 3‘}

Fn’féucre [-D : Compam’son of M=_ﬂ/:1_‘ (under
7 8

yido"-load"') WIH’I Mbuw{ = Gy I {or Adown ward ancl

€ as
UPHH )cading‘ T he c/ialchmgym stiftress /s takerlzero cind /‘,”r/-,},'/:/y

Li}plpec/ Z- Section [Fxa mp/e
% (See Table I-D for fthe dimensions )
Mo
Mpend " ___ Downward load;'ng
Lo | ——  Uplift loading

where ¢ma; > 1o°

Mbcnd —
N &7
@// 3
6 _ /{@ @ i ] @ O brocing
<\ | ® ® ® “
| -2_© o 5 | ®
QO @ = 3 ®
1 X /7 5 —=—?2 |
Mo ® ® o
Mpend
.2
Span Llength L
30" 45" 60" go* 120
ZYOfe .

The wumbers In circles indicafe where /n Flie croce  <ordin . |



CORNELL UNIVERSITY

ScHooL OF Civit. ENGINEERING

NAME . " DATE ,

Nuri Celeb, Oct &, 1969
INSTRUCTOR .
COURSE SHEET No. 27 oF 3 4

Fl'cj}u&re 2-A - Stress disfribution '(under 7/'e/c/ }vac/)

Cl;lthe,, Seefion Ex evmple

( See T;thle T-A fOk Lthe c//'meﬂsfons)

—— == — — bfocino

@ ®

®» @

-37.95 -0 KKsi

\ Y |
N Q’,y/ / L+ 10 ke Ga\\
\ v /
N / .
\ // Yy, L 420 Ksi oW \
\ .
\ / | =1
\ / F+30 Ksi \
N U \“
\137,95 4+90 lesi +37.95
V Stress
——— Downward teuacling Span lenpth

— Upliff /oo&cl/ng ' Co'




NAME . " DATE
NMur: Celeb,

INSTRUGTOR

COURSE

Cct &, 1969

sHEET No. 27 oF 34

F)'?MYe 2-A - Stress dfsfm’buf;’on 4(unﬂfer 7/'@/5/ }006/)

Channe| Seelion Exa mple

( See 'T;thle T-A {cr the dimensions )

———=—— b 0'64'50
@ G R
9 @
-37.95 1~40 Ksi
-30 ksj // 'K;_—_’
o ///_
~20 ksi >/ / \
a4
// / \
DAAY \
4
@ 3 , & @ \ @
v
\ // / . Cio \ :
\ G’y/ / L+]O Kkei GO\\
N\ VY /
\ .
\ / / L 420 ks c. \
\\ \/ / -3
\\ // L4300 K5I \
VA 0w \1
\137,95 1+90 lesi +37.95
V Stress
— — — Downwolf‘c} ,00(6““6 SPQH lenf ]L},‘
co’

§ Upliff /oozcling




CORNELL UNIVERSITY

ScHooL OF CiVIL ENGINEERING

PROBLEM /il Lo

——_ Downward lca cling

Span langfh
60”

NAME Nuri Celehi DATE OOfe; 1969
INSTRUCTOR
COURSE SHEET NO. 2.9 OF 35[
Figure 2-/ Stress cistribution (wurncler y/é/a/ /coac/)
Z- Seclion Ea c./n/zf»://g
(e Table I-B {or Jhe climensions)
_________ bracfﬂjﬁ
®
@ @
.'_40 ko
L 30 ksi | "T(EO_I
Go 45\ |
_ 20 lesi /y ‘ I
Geo 7 a |
)\ o Ue
_,okéxvoo \ :
\/
f ®
@ t\ /‘\ —F
Go S/ o
\ N
\ \\ // / | 420 ksi
| GO (02~ =4
\\ \i/ / P
| / L+30 Ksi '
Co \ /<G'oo Go/\
+37.95 +37.85 440 lesi +3795
Stress
\/ .



CORNELL UNIVERSITY ' " PROBLEM HlomiD

ScHooL OF Civi. ENGINEERING

MAME  Nuri Celebi PATE et 6,196 9

INSTRUCTOR

COURSE SHEET No. 2§ oF 3 4

Figure 2-C ; Stress cdislri bl ion (cnder L//‘e/c/ load )

L/‘ppéo/ Chunnel Section Exampe fe -

(sec Table TI-B f{or the dimensions)

®
|©@

-37.95

+20 ks |

/// . »+ 30 ks

37.95 + 40 ksi

Stress

——— Downward /oacl/'ng Span lerszh

—— Uplift leading : 0"

__[p_rﬁing




NAME

CORNELL UNIVERSITY

ScHooL OF CIVIL ENGINEERING

DATE

Nuri Celebi

INSTRUCTOR

COURSE

" PROBLEM Al

SHEET NO. 2_9 OF 3 ‘1

Figure 2-C ; Stress clislribulicon (wuder yreld load)

L/ppéd Channel Sectiom E/(CZ/}/J/G /e )

(5ec Table TI-B {or the dimensions)
-37.95 -40 ksi
-30 ks

//
f
co\// //
Py
e
/ ’<c>
/ / 7 30 ks
// + \
+/3795 « 90 ksi
Stress

——— Downward /Oad/'ng

—_——

U‘O//';[f /oad/'n‘g

Span Zewy/h

co”

__tzrﬁing




CORNELL UNIVERSITY

ScHooL OF CIVIL ENGINEERING

proeLEM /dlemo

NAME Nuri Celeb/ PATE Cete, 1969

INSTRUCTOR

COURSE SHEET NO. 2D OF 54?
Fiqure 2-D : Stress distribution (uncler yie ld lead) |

L;‘p,pe, d

Z- Seclion E )\am‘p/é

(See Table T-R for fthe dl'mcnj/'ons)

-37.95

| 4+ 30 ket

+40 Ksi

Stress

Co

— — ——

Downwoaird loading

Uplift loading

Span lewnpth

60"

bracin 9



CORNELL UNIVERSITY PROBLEM Memo

ScHoOOL OF CIVIL ENGINEERING

:‘:ZUCTOR/MIN Celehr  °M5 Ot €. 1949
COURSE SHEET NO. 3[ OF 37
Fioure 3 A : Peflections @ and U versus p- L
up to yielcl loacl
Channel Secf{mq Ekcunfﬂe
(See Toable I-A Lor 1he dimens /'oyzs)
ul ¢ ,
[in) | [Degrees] ) -5.354
5" ] 5° N1 -5,003°

| UPLIFT LOADING CASE

{ Span Len»jﬂl‘h 60"'

144
'+0.2613
' Load
'+ 0.2202" T |
| ! Urp book s
1 _.____.Ezr—__:_—__——————- r\?‘-:lﬂj’
|
} $.Co Y
| l, ¢
| v
i —
~-0,0537"

. ‘ yield Load pL
[kips]
¢ . 7. s 9 Ic

Mote + (4) and (-] values are shown in the same quadrant



CORNELL UNIVERSITY PROBLEM M o

ScHooL OF CIVIL ENGINEERING

NAME

Aluri Celel i °ATE Oct e, 1969

INSTRUCTOR .
COURSE SHEET No. 32 OF 3“}
Fiaure 3-B : Deflections ¢ and U versus P'L
up to yield lead
Z- Section E)w\ml@,e
(S%e Table I-B for +he dimensions)
U

[in] | [degrees]

UPLIET LOADINVG CAISE

Spanlength - 60”

\Load

Uvop bracfm},

Note: (+) and (-] values are shown :"rr‘/he same quadrant



CORNELL UNIVERSITY

PROBLEM /7€ 1 o

ScHooL OF Civil, ENGINEERING

NAME

DATE

Nuri Celeb Oet 6, 1969
INSTRUCTOR
COURSE SHEET No. 373 OF 'j-fff
F/gure 3-C Do flections gb ond U versus P’L
vp + o Yield looic]
Lipped C hanne | Example
( See Table I-C - for the dt'mens/ons)
Load
' T
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PREFACE

Cold~formed channels and Z-shapes are widely used as pur-
lins supporting roof surfaces which consist of light-gage steel
panels or other material. If the panels are interconnected to
form diaphragms, they brace the purlins and 1lncrease their carry-
ing capcity sigzeably. It 1is the purpose of this 1nvestigation
to explore thls bracing effect and provide tools for its utili-
zation in-design.
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ABSTRACT

The behavior of thin-walled cold formed channel and Z-
sections, braced on their upper flange by light-gage steel dla-
phragms under static loading is studled.

The obJjective of the study 1s to obtain mathematical solu-
tions, to verify these solutions by tests, and to derlve design
formulations for the bending behavior of channel and Z-section
beams with verious boundary conditions.

This type of structural element 1s encountered as purlins
and girts to support the roof cover and siding of metal bulld-
ings.

The roof cover is connected to the upper flange of the pur-
lins and gives rlse to the case of braced compression flange
when the system 1s under gravity loading. Similarly, for“the .up-
1ift caused by wind forces, the beam is braced on its tension

flange.

The bracing capabllity of the diaphragms is due to theirp

shear rigldity and/or due to the rotatlonal restraints at the

beam diaphragm connection.

The effect of the shear rigidity as well as of the rotation-

al restraint on the load carrying capaclty of the beams have
been investigated. |

Since In some applications, the lower flange of the beam

which 1s not connected to the dlaphragm 1s braced by X-bracings

Xv



or sag rods, the additional effect of this discrete bracing is
also included 1n this study.

The differential equation of the diaphragm braced channel
and Z-section beams have been derlved and a series solution has
been obtained by the Galerkin Method. Based on these studies, a
computer program is written for the determination of the yield
load of the beam. The program is capable of considering any de-
sired number of terms in the series solution and 1n many cases,
it 1s sufficient to use but a few terms of the serles.

The computer program 1s sufficiently general to 1include the
effect of all geometric parameters. Using a single term solutio:
of the differential equatlion, design formulas for the yield mo-
ment are derlved for the beams consldered. The designer is
thus glven the cholce of using these simple formulas or the com-
puter program if he deslres more accurate analysis.

Based on theoretical and experimental results, pertinent
conclusions are obtalned and recommendations for further studies

are 1included.

xvi



CHAPTER I
INTRODUCTION

1.1 General

Thin-walled cold-formed channel and Z-sections are widely
used as purlins and girts due to thelr easy and economical fab-
rication and light weight. 'They are subjected to gravity and
wind loading transferred by roof covering or siding of the struc
ture. A typical roof assembly is shown in Figure 1. Generally,
the cover or siding material 1s a light-gage steel diaphragm.
Since the channel and Z-sectlon members are weak against torsion
and bending in the lateral direction, they should be braced in
order to use their bending capacity 1in their strong direction.

A dilaphragm which 1is properly connected to purlin and girts
provides a firm braclng to the individual members, thereby in-
creasing thelr strength and/or stability. The result is an eco-
nomlical engineering concept. It has been brought to the atten-
tion of the author by reliable sources that there have been re-
cent fallures of roof structures due to improper design of the
purlins. The 1nvestigation reported here 1s aimed at obtaining
rational and theoretlcally sound approaches to the treatment of
diaphragm braced, thin-walled channel and Z-sectlion beams which
are most commonly used as purlins. A critical review of the
previous investigations and the objective of the present study

are given in this chapter. Theoretical analysis, design consid-



erations, and experimental programs are discussed in the follow-

ing chapters.

1.2 Previous Studles

Torsional-flexural behavior of thin—walled prismatic mem-
bers with open cross-sectlons has peen studied by several 1nves-
tigators. Maillart introduced the concept of shear center 1n
1922 (35). Extending the ideas of Wagner and Kappus, in 1941 and
1942, Goodier (15,16) developed the differential equations for
stabllity of such sectlons under bending and eccentric thrust.

The most extensive investigation of the subject was performed

(35)

by Vlasov He derived the differential equations for sta-

bility of thin-walled sections under general loading condltions.
He also suggested thelr solutlon by Galerkin's Method and pre-
sented some examples. Vlasov also treated the torsional bending

of thin-walled open sections. The concepts. of bimoment and flex-

ural twist have been introduced by him. However, he dld not con-

sider the coupling of flexural and torsional bending. Rather, he
treated them separately and superposed the resulting stresses

The practical implications of his findings were discussed by K

Z. Koscila (ul).

Combined torslonal-flexural bending has been investigated at

(

Cornell by Lansing 20) in 1949 and McCalley (24) in 1952

McCalley has derived pertinent differential equations in non

principal coordinates. He also studied the second order terms

in the longitudlnal straln expression and found that under non

uniform torsion, the cross-section does . not rotate about the



shear center but about the "rotation center" which 1s defined
in his thesis. "However, he has found that these second order
terms can be neglected for engineering purposes.

Patterson (26)

has studled singly and doubly symmetrical
I-beams loaded parallel to the plane of symmetry. He developed
expressions for the maximum angle of rotation ¢o and for ¢g to
be used in design. Dabrowski (10,11) has conducted similar stud-
ies using an energy method. He also investigated torsional-flex-
ural bending of beams under doubly eccentric thrust.

Torsional-flexural bending of channel beams braced by dis-
crete braces has been investigated by Winter, Lansing, and Mc-
Calley (37). They have presented a simple method to determine
the spacing and strength of bracing to counteract the twisting
tendency of such members. Zetlln and Winter (h2) have given a
design method for Z-beams with and without lateral bracing under
unsymmétrical’bending where there are no primary tdrsional loads
and the twisting of the beam is restricted so that the secondary
torsional moments can be neglected.

Beams and columns are often braced by other elements of the
construction. There 1s a large volume of research dealing with
the stability of discretely or continuously braced beams and
columns. Goodler studled the stabllity of a bar attached to a
flexible sheet which prevented the displacements 1n the plane of
the sheet. Vlasov presented the differential equatlions for the
stability of thin-walled beams, contlinuously braced by elastic
spfiﬁgs against displacement and rotation.

(18)

K. Kloppel and B. Unger have studied the lateral buck-



ling of a doubly symmetrical I beam whose compression flange 1s
braced by elastic springs agalnst lateral and rotational move-
ments. They used the Runge-Kutta method for integration of the
differential equations.

Winter (38)-also has studied the stability of braced mem-
bers. He has developed a method to obtain the lower limits of
the strength and rigidity of lateral bracing which provide
"full bracing" of beams and columns. The term "full bracing"

means that the bracing 1s equlvalent to an immovable lateral

(21)

support. Larson extended Winter's analysis to shear type

lateral supporting medla. In this case, the restraint is a

function of the slope of the member rathe; than the lateral de-

flection 1tself.

The behavior of shear dlaphragms and diaphragm-braced col-

umns and beams have been investigated at Cornell University by

L. Luttrell (2%:23) g, pincus (31:32) g gppep, (13,18) .
o B 2

4
T.V.S.R. Apparao (3, ), Pincus studied concentrically loaded

columns symmetrically braced at both flanges by shear diaphragms
Errera has derived the differential equations of diaphragm-

braced beams and columns from energy conslderations. He pre-

sented solutions for (1) a column braced by a dlaphragm on one

flange, (2) a column with enforced axis of rotation, and (3)
3

diaphragm-braced beams under uniform bending moment with hilnged

and fixed boundary conditions, Errera has also considered the

stabllity behavior of diaphragm-braceg beams and columns 1in the

inelastic range. Apparao extended the theory to inltially 1
- m

perfect beams and columns, He obtained solutions for (1) axial



ly loaded columns braced by girts, whlch in turn are braced by
dlaphragms, with hinged (i.e. v=v" = u=u = ¢ = ¢" = 0) and
torsionally filxed but flexurally hinged (1.e. v = v"' = u = u' =
& = ¢' = 0) boundary conditions, and (2) I, channel and Z-beams
with hinged or fixed ends, subjected to uniform bending moment
and braced by a shear diaphragm at one flange. Both cases in-
clude 1deally perfect and initlally imperfect sltuations. For
the imperfect case, elther the beam may yield first, or the
diaphragm may fail. Dlaphragm failure 1s defined as the condi-
tion when the shear strains exceed a 1limiting value determined

t (5). Many tests on dlaphragm-braced beams and columns

by tes
}have been carriéd out by Pincus, Errera and Apparao to verify
thelir computations.

These authors have utlllzed the shear rigldlty of the dia-
phragm, but neglected'the rotational restralnt supplied by the
diaphragm bracing with the justificatlon of being on the safe
side.

On the other hand, Pelilkan (30) has performed full scale
tests on purlins braced by well-eternit deck and substantiated
the value of the rotational restraint of the dlaphragm. Vogel
(36) has derived approximate formulas for the critical load of
a continuous purlin of doubly symmetrical I-section, taking on-
ly the rotational restraint Into consideration. He also de-
rived a simple formula for the required rotational restraint,
setting the critical lateral bucklinglload of purlin equal to
its flexural carrylng capacity. If the exlsting rotational re-

straint provided by the diaphragm to the beam 1s larger than



the one defined by Vogel, fallure is not caused by instabllity
and the optimum strength of the beam is obtained.

In this study, both the shear rigidity and the rotational
rigidity of the dlaphragm in bracing of channel and Z-purlins

have been considered.

1.3 Objective of this Study

1. Establish a theoretical basis for the design of dia-
phragm-braced thin-walled channel and Z-section beams.

2. - Obtain the solutian to the differential equation of the
diaphragm-braced thin-walled beams.

3. Investigate the effect of various parameters, computer-

izing the solutions obtained.

4, Obtain closed form and relatively simple design formulas.

5. Verify the theoretlcal findings by model and full-scale

tests.

The objectives are achleved as follows: In the second

chapter, the elastic theory for combined bending and torsion of

thin-walled beams wlth open cross sectlions 1s discussed. The

differential equatlons for dlaphragm-braced channel and Z-beams

are presented and thelr solutlon is outlined. The derivation

of the general theory 1is given in Appendix A where, among others,

the works of Vlasov (35) and McCalley (24) have been used exten-

sively without specific reference. Derivation of the differen-

tial equations for diaphragm-braced beams and a detailed treat-

ment of their solution 1s presented in Appendices B and C re-

spectively. Appendix D describes an experimental procedure to

determine the rotatlonal restraint of the diaphragm



The thlrd chapter deals with numerical studies through com-
puters. The results are discussed qualitatively. The flow
chart of the computer program is given 1In Appendix E.

Some possibilities for design simplifications are described
in the fourth chapter.

Experiments are discussed in the fifth chapter.

Filnally, in the sixth chapter, the results are summarized

and future research is outlined.



CHAPTER II
THEORETICAL ANALYSIS

2.1 General

Ordinary beam theory with the assumption of plane sections
remaining plane is, in general, unsatsifactory for thin-walled
beams with open cross sections. Such beams warp when loaded,
and the corresponding stresses and deformations are of the same
order as the ones due to ordlnary beam theory. Hence, a more ad-

vanced theory which considers warplng is necessary.

2.2 Theory of Thin-Walled Open Sectlon Reams

The theory for thin-walled beams 1s described in Appendix A.
Coordinate axes and the positive directions of the forces are

given on Figures 2 through 4. Equilibrium of an element in the

z-axls direction 1is shown on Figure 5,

The longltudinal stress as determined in Appendix A is:

Edw 2
s = Mo Ea®u  Ed%y Ed%

z d X = —75Yy - w .
z dz® dz2 dz2 (2.1)

The last term 1s due to warping. The quantity w is called sec—

torial area or warping displacement. For channel and Z-sections
>

w 1s shown in Figure 6,

The shear stress when there are no longitudinal tractions

along the surface and along the free edges of the beam is:



3 3
_E d-u E d
T = .E. Q =z + E QX

E d
zs Y 423 + T Q d-¢ (2.2)

v 3
g;§ t dz3
where Qx’ Qy, and Qw are statical moments whose values depend
upon the coordinates of the point of the cross section where
the stress is soﬁght, The last term represents stresses due to
warping. Warping stresses are assumed to be constant over the
thickness. Saint Venant shear stress, which is zero at mid-
thickness and varies linearly over the thickness 1is not includ-
ed above.

When the shear stresses are integrated over the cross sec-
tion, the component due to warping results in torsional moment

Mtw'

3
_ d
Mew = -ECy g;% (2.3)

This is called flexural twist 1in distinction from Saint Venant
twist. The latter is

= a¢
Mg = 0K 37 (2.4)

Thus, an external twist wlll be resisted by both warping and
St. Venant rigidities. The significance of the warping rigid-
ity increases as the wall thickness and the span length of the
beam decrease.

When the normal stresses are integrated to find the stress
resultants, the component due to warping has no contribution to
normal force or bending moments. However, the virtual work of
these normal stresses acting over the warping displacements
does not vanish. It 1s useful to introduce the following quan-

(35)

tity, called bimoment s to represent warping stresses in a
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cross sectlon.
. 2
B = jow an = -EC, %% (2.5)
A dz

A system which has zero‘force and iero moment resultants
but has a bimomeht is.shown in‘Fig. 7a. It is intuitively
clear that such a force s&étem williwarp é thin-walled beam
with open cross section.

The external loads which do work along warpihg displace-
ments create external bimoments. For example, a longitudinal
force P acting at a point A (where wy 1s not zero) constitutes
a bimoment of PwA. A bimoment 1s always accompanied by warp-
ing and twlsting of the beam or column. Hence, a concentrical-
ly loaded column of Z-section willl twist in a continuous man-
ner due to the blmoments Pmc at the ends. On the other hand, a

column of channel section loaded concentrically will remain

stralght untll the buckling load because w, = 0 for this case

(35,41)
. Some examples for loads causing bimoments in a member

are shown on Flgures T7a through 7d. 1In summary., both torslonal

moments and external bimoments lead to warping of the cross-

sectlon and twisting of the beam or column, producing warping

stresses.
Note that flexural twist 1s the derivative of the bimoment
as can be seen from Eqs. 2.3 and 2.5,

M =

tw B

2l

The differential equations of channel and Z;beams loadéd
in a plane parallel to the web are |
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2 2
d u a~v
EI == + EI == = M (2.6a)
Xy d22 X d22 £
2 2
d~u d~v
EI. —= + EI_._ 2% =M (2.6b)
y dz2 Xy d22 n
3
e 379 _ ok 4 - _y (2.6¢)
w dz3 dz 4

The derivatlon of these equations 1s given in Appendix A. The

curvatures in Eq. 2.1 wlll be obtained by solving the differen-

(20,2“)'

tial equatlions for comblned bending and torsion The

£ Mn and MC are in the dilrection of the deflected

£ and Mn act at the centrold while MC i1s at the shear

center. They can be expressed in terms of the moments Mx’ M

moments M

axes, M

y’
and MZ in the direction of undeformed axes as follows

du

A (2.7a)

M o= oM. +M -y (2.70)

n X y dz "z *
Jdug , dv

M= So M, 4SRN 4w, (2.7¢)

2.3 Theory of Diaphragm-Braced Beams

The behavior of dlaphragm-braced beams depends on the
cross-sectional configuration of the beam and the type of the
loading. The main types of loadlng in a roof structure are
gravity loads and wind suction forces. They are transmitted
from diaphragm to the members by bearing for downward loading
and through the connectors for uplift loading.

If doubly symmetrical shapes such as I section or singly

symmetrical shapes such as ri or v are used 1in the diaphragm-
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beam assembly, the loads act in the plane of symmetry. Thus,
the beam deflects only vertically without any rotation or la-
teral deflection until the bending capaclty 1s reached or la-
teral instability occurs. This behavior will also be observed
for channel and Z-section beams, when the load plane passes
through the shear center and the load 1s applied parallel to
one of the principal axes. However, in the analyzed structure,
the loads do not act through the shear center in the case of
channels and are not in the direction of principal axes for Z-
sections. Hence, in addition to the vertical bending, these
sections rotate and deflect laterally with increasing load.
Evidently, thls 1s not a stability problem. It is rather a

problem of comblined bending and torsion.

2.3.1 Diaphragm Bracing

Dlaphragms usually consist of thin-walled corrugated or

orthotropic metal plates with open configuration. Because of

its orthotroplc characterlstics, one can assume that along the

corrugations, the axlal stiffness is infinite, but perpendicu-

lar to the corrugatlons, it is zero. Consequently, in the lat-

ter dlrection, no axial force and moments in the plane of the
diaphragm can be carried. The bracing capacity of a diaphragm
in 1ts plane 1s then only due to the shear strength and shear
rigidity. When the beam where the bracing is attached deflects
sldeways, the diaphragm undergoes shear deflections.

Conse-

quently, shear forces arise in the dilaphragm. The rate £
. o

change 1n the shear force along the z-axis 1s equivalent to a

distributed load acting on the upper flange of the beam Thi
. s
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distributed load restrains the deflection of the beam in the
plane of the diaphragm bracing. Previous research at Cornell
University 1ndicates that this model is adequate to describe
the behavior of diaphragm-braced members within engineering
accuracy. The shear forces in the diaphragm, and the lateral
bracing force between the diaphragm and the beam are shown on
Figure 8.

It should be noted that shear type deflection of the dla-
phragm is not due only to actual shear strains in the material.
Cross—-sectional deformations of the diaphragm and deflections
at the fasteners generally contribute the larger portion of
the macroscopic shear deformations. Hence, shear riglidity de-
pends on several factors, such as cross-sectional configuration,
the length of the diaphragm along the corrugations, and materi-
al thickness, fastener type and spacing, etc. Research is in
progress (12) to predict the shear rigidity Q of a given dia-
phragm analytically. But for the time being, no established
analytical formulation is available; therefore, Q must be de-
termined experimentally (22’23).

In addition to shear rigidity, the diaphragm has a cross-
bending stiffness along its corrugations. This may provide
rotational bracing to the members. The rotation of the dia-
phragm and the purlins are sketched on Figure 9. Three types
of deformation are possible:

(1) Rotation ¢b caused by beam type deflection of the
dlaphragm.

(2) Rotatilon ¢fl caused by deformation of the flange with
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respect to the web,

(3) Rotation ¢4y, caused by local deformation at the con-
nections of the diaphragm. The local rotation then consists of
the sum of ¢fl and ¢dia’ i.e. ¢local = ¢fl + ¢dia‘ The total
rotation of the cross-section of the purlin 1s the sum of ¢b

and ¢1ocal’ The corresponding components of the rotational

rigidity F are designated as Fb and Flocal' Thus
;_-..-J'__-Q-.:!‘.
F o Fy o Fioeal

Since the local deformations depend on the connection detall and
on the type of deck panel, it 1s proposed to find the correspond-
ing rotational restraint by a test. A possible test set-up is
discussed in Appendix D.

2.3.2 The Differential Equation

Previous investigations of diaphragm braced'beams'considered
only either the shear rigldlty Q_(lh,h) or only the rotational
stiffness F (36), and were generally confined to doubly or
singly symmetrical sectlons with the loading in the axis of

© symmetry. Thls research includes the effect of both of the
parameters at the same time,

The differentlal equations of diaphragm-braced I, channel

and Z-beams loaded in a plane parallel to the web are derived

in Appendix B. They are

2
I -
] (1, v Iyo) duhl e a2 o & | a? I,
x dz dz° D az? g2 (Mgd) = - I, Py



EC, du - (GK+Qe]2))g-2%—.pye¢+F¢+ng—g%-- QeDi%—%=pya

dz dz dz dz

(2.8b)

where

Q = shear rigidity of the diaphragm

F = cross-bending rigidity of the diaphragm

ey = @ positive number showing the vertical dlistance of the

diaphragm from the shear center (Figure 10)
py = distributed load in the plane of the web (positive

for downward, negative for uplift loading case)
a, € = positive numbers indicating respectively the horizon-
tal and vertical distances of the application point of

p.. from the shear center (Figure 10)

y y

For I beams Ixy = a = 0, thus the equations are homogeneous in-

dicating a stabillty problem. For channel sections IXy =0

IVIX pr dz2, i.e. bending moment due to p

but a # 0, whereas Z beams have Ixy # 0 and a # 0. Hence, Egs.
2.8 remain nonhomogeneous for both channels and Z beams so that
stable deflections will arise contilnuously with lincreasing loads

Egqs. 2.8 are repeated below in terms of a dimensionless

variable 7, where
=2
t =g
In the remainder of thils study, primes wlll indicate differentia

tion with respect to r, except when otherwlse specified.

2
E(I.I - 1I ) I
Xy IV - "o "o " o= . X
5 u Qu Qe¢ (M, ) T;X pyL

2 (2.9a)

X J
IxL
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ES% oIV - ak¢" - Qe - pyeL2¢ + FL2¢ + M u" - Qeu" = pyL2a
g (2.90)
where ey = € is substituted assuming that the distance of the
bracling force Py and external load py from the shear center is
the same,

The parameter Q influences both the lateral and rotational
stiffness of the beam—diaphragm assembly since the bracing forces
cause stabilizing torsional moments about the shear center. In
contrast, F increases only the‘torsional stiffneés of the purlin.
Thus Q appears in both of the equations 2.9 while F is present
only in 2.9b.

The vertical deflection can be found from

4 P I b ‘
dv_ Ty xy du
T~ - - : 2.10
dz E X Ix dz (2.10)

2.3.3 Special Cases

For two limiting values of the shear stiffness Q, the coupled

equation system 2.9 can be reduced to one fourth order differen-

tial equation for ¢.

2.3.3.1 No bracing, i.e. Q =0

For thls case

EC Im°
w IV
—5 ¢~ - GK¢" - [p,e + X x 124 + FL2
1,2 v U E(II -1 2)] ¢ + FL
Xy Xy
2
I..M
= [p.a - Xy X 1 1.2
y _ 2 (2.11)
E(ley Ig)

After ¢ 1s found, u" is given by

-M
E(LI, - 1.2 (M Igd + M) (2.12)



2.3.3.2 Rigid bracing, i.e., Q = @

For this case the displacements u and ¢ are no

independent.

Specifically, upy 0 gives

...eq)‘

u = -eyé

The differentlal equation is

EC'

w IV - iH 2 - i - N - 2 =
—EE ) GK¢" + FL“¢ Mx¢ e (Mx¢) e pyeL ¢ =
p 1,2 (a + EEX e)
y I,
where ' f 2
I.I -I
¢! =c¢ + LA e?
w
X

2.3.4 Solution of the Differential Equations

17

longer

(2.13)

(2.14)

(2.15)

The differential equatlons are solved by the Galerkin

Method.

series of the form

The displacements u and ¢ are represented by infinite

=]
u = nzl u X (2.16a)
0
¢ = n_Z__l 920 (2.16D)
where the functions Xn and Zn satisfy the boundary conditions.

By the Galerkin Method

into algebralc equation systems for u, and ¢n.

become

e 8
~
g

the differentlal equations are converted

Thus Egs. 2.9
u_ + an ¢n) = Em - (2.17a)
mn n + Dmn ¢n) = Fm (2.17b)

msl, 2"..”
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where Amn through Fm are constants which depend on beam dlmen-
sions, boundary conditions, diaphragm stiffness, and load
distribution and intensity. The detalls of the procedure and
formulas for Amn through Fm are presented 1in Appendix C.

2.3.5 Stress Calculations

The curvatures are used to‘compute stresses. The vertical

curvature 1is

I
= . X _ EdU xy (2.18)
Ix

using this equation, and assuming that there are no longitudi-

nal forces on the beam, Eq. 2.1 becomes

M E ey
0 = ==y ~ 5 [(x - 22X ylu" + wo"] (2.19)
Ix L Ix '

The following summarizes how the terms u" and v" are

determined.
a) General case

From Eqs. 2.16,

[+ ]

u" = nzl u X! (2.20a)

-]

" = nzl A (2.200)

Coefficlents u  and ¢  can be determined using Eqs. 2.17

b) No bracing, l.e., Q=0

Here u" may be found from Eq. C.22 (Appendix C) as a

function of M, and ¢. For a given number of terms in the

series solution, this will give better accuracy than Eq. 2.20a
L] L] ,

because the series for deflection converges more rapidly than
that for curvature.



c) Rigid bracing, l1.e., Q@ = »

Since u' = -e¢", Eq. 2.19 becomes
M
X L
where

w‘

I
w - (x - $7L y)e
X
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(2.21)

(2.22)

The curvature ¢' 1s glven by Eq. 2.20b for both Q@ = 0 and



CHAPTER III

PHYSICAL BEHAVIOR AND DISCUSSION OF
COMPUTER SOLUTION

3.1 General
In general, channel and Z-section beams undergo lateral
displacement and rotation when loaded parallel to the plane of
the web. Diaphragm bracing which 1s connected to the upper
flange of the beams resists these deformations, thereby general-
ly increasing the yleld load capacity of the purlins and reduc-
ing their deflections. The evident but important consequence
of the above statement is that the effectlveness of the dia-
phragm depends on the deflection tendency of the upper flange
and rotation tendency of the cross-section.

Detalled examples
illustrating this statement are presented in this chapter.

A computer program has been prepared on the basis of the
serles solution of the differential equations for lipped and
plain channel and Z-section beams braced by dlaphragms. This
program determines the inciplent yield load, lateral deflec-
tion u and angle of rotation ¢ at midspan (for both yleld load

and service loads) as well as stresses at the cross-section

where ylelding starts. All plots and tables are based on

uslng three terms of the series solution for u and ¢ each

20
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Though the numerical results are given for hinged boundaries,
extension of the program to other boundary conditions should
not cause any basic difficulty. Both uplift and downward grav-
ity loads are investigated. The load is taken as uniformly
distributed.

The coupling of bending and torsion generally results in
a nonllnear relationship between the load and the stresses.
Hence, the yleld load cannot be found directly, but only
through iteration. In the computer examples, the theoretical
fallure 1s defined as the load resulting in a maximum stress
of 37.95 or 44 ksi. The value of 37.95 ksi as maximum stress
is obtailned by applylng a 15% overstressing to the basic yleld
stress of 33 ksl. This overstressing factor was first proposed
in Ref. 37 where localized maximum stresses appeared at the
corners of the cross-section. Thils also has been observed by
the author in unbraced channel and Z-section beams or in braced
beams of relatively small L/h (length/depth) ratlos, particular-
ly for uplift loading case. On the other hand, as the L/h
ratlio increases, the stress distribution on the flange becomes
more and more uniform, since the main contribution to the
stress comes from the bending about the strong axis. In these
cases, an overstressing 1s not Jjustified. Thus, 1n the latter
phases of this investigation, where relatively large L/h ratios
were studied, the maximum stress was ‘taken as U46:.ksi without any
overstressing conslderations. In the opinion of the author,
the designer should be the one to decide whether or not he can

increase the maximum stress after checkling the stress distribu-
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tion. Further considerations are discussed in Chapter IV in
connection with the determination of stress distribution.

The two important characteristics of dlaphragm bracing
are the shear rigidity Q and the rotational restraint F. Sep-
arate and combined effects of both of these parameters are in-
vestigated in this study. The studles also include the case
where both parameters vanish, namely, the unbraced case.

It should be noted that an extensive discussion of phys-
ical behavior 1s also included in Chapter IV.

3.2 Influence of Shear Rigidity Q on Behavior

3.2.1 General

Light gage steel dlaphragms usually have both shear rigid-
ity Q and offer rotational restraint F. However, there may be
cases where the rotational restraint is not reliable. 1In
order to cover thls separately, and to simplify the explana-
tion of some of the phenomena connected mainly with the shear
rigldity, the discussion here will be confined to the case F=0.

The dimensions of the members involved in the dlscussions are

given in Fig. 11.
3.2.2 Deformations

Figures 12-15 show the lateral deflections and the angles

of rotation at midspan for the sections in question for uplift

loading with L = 60". It 1s seen that Z-section beams display,

in general, less rotation than channel beams with identical

dimensions. However, when the diaphragm stiffness 1s increased
b

there 1s not much difference between them. It 1is also observed

that u  for channels and ¢, for Z-sections are tangential to
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the load axis at the origin. (Subscripts o and » refer to
no bracing and rigid bracing cases, respectively). This 1is
so because there 1s no load component at the outset to cause
these deformations. Slight non-linearity can be observed in
these diagrams. The reason is that new components of the
loads are created by the deformation u and ¢ of the beam.
The effects of these secondary components may add to or sub-
tract from the primary loading effects depending upon the
parameters involved.

In general, for uplift loadlng, both diaphragm-braced or
unbraced channel and Z-beams will have pL - ¢ dlagrams with
decreasing slopes at failure. No examples for the downward
case are included here. However, for the unbraced case the
pL - ¢ diagrams wlll be more non-linear and willl have a de-
creasing slope as above. On the other hand, for the rigidly
braced case, a stiffening-type pL - ¢ curve will emerge for
downward loading. (This willl also be the case for a reason-

able stiffness of the dlaphragm bracing).

3.2.2 Yield Load Capacity versus Span Length

On Figures 16 through 19, the ratilo M/Mbend versus span
length is shown for no and rigild bracing cases. M 1s the
bending moment at mldspan due to uniformly distributed load

1,2
p, 1.e., M = E§~. It is compared here with the theoretical

o I
: = _l_’.(
bendling capacity Mbend 3 ° Mbend represents the capacity

of a beam which 1s guided or braced such that the only pos-
sible deformation is bending in the plane of the load with no

rotation or lateral deflection. Thus M, . for I, channel



24

and Z beams of the same flange and web dimensions 1s the
same. (Of course for an I beam there is no need for guldes
or bracing, provided that Mbehd does not cause instabllity).
The corner where the stress has reached 37.95 ksi first, is
indicated on these flgures.

The dotted lines indicate where the maximum angle of
rotation 1s larger than 10°, assumed here as an arbitrary
practlecal 1imlt. Both uplift and downward loading cases are
presented.

It may be of interest to note how M/Mbend attains some
definite value as the span length approaches. zero. Of course
zero span length has no physical meaning and may be viewed

Just as a mathematical limit. The calculation of M/M for

bend
L=0 1s given 1n Appendix F. Here this matter will be consid-

ered qualitatively. For example, for an I beam the ratio of
M/Mbend i1s equal to unity for any span length., (If we
use 1.15 o as the failure criterion M/M

y
for all L).

beng Would be 1.15
As L approaches zero, p will approach infinity

so that M = p—B—will be equal to the yield load capacity which

is finite. If a channel beam were loaded through the shear

center, the same result as that for an I beam would be obtained
However, 1f the load 1is acting in the plane of the web

> pri-

mary torsional moment m, = pa exlst. When L ig small, the
. s _

Saint Venant torsion resistance can be neglected External

torsion 1s then resisted b |
¥y flexural twist Mtw only and.the

bimoment at the mid 2
e Span will be simply B =_A§L - Ma, Since

it was shown that M remains finite as L approaches zero, B
. -approac s B.
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also will be finite. The bimoment causes additional stresses

in the cross section and reduces M/M to some definite value

bend
less than 1.15. The amount of the reduction will depend on
the section properties.

In the case of a Z-section loaded in the plane of the
web, there 1s also a reduction. 8Since the load is not in the
principal plane, the beam experiences lateral deflections in
addition to the vertical ones. For convenience these deflec-
tions can be thought of as caused by flctitious lateral loads(ll
equal to p ;§X . These loads result 1n a lateral bending
moment of M §xy/1x which remains finite as L goes to zero.

Thus the ratio M/M wlll be reduced due to the additional

bend
stresses caused by this moment.

3.2.4 Yield Load Capacity for Gravity or Uplift Loading

Figures 16 through 19 illustrate the effect of diaphragm
bracing on yleld load capacity.

First, it can be observed that for the downward loading,
due to the shear rigidity of the dlaphragm bracing, there 1is
a definite increase in yleld load capacity of channel and Z-
beams.

For the uplift case, however, only Z and lipped Z sec-
tions show a definite improvement. The yleld load capacity of
channel and lipped channel beams under uplift loading may not
be effected by the shear rigidity of the diaphragm bracing.

This puzzling behavior can be explained, qualitatively,
with the aid of Figures 20a and 20b. First a channel beam
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without bracing will be considered. For this case, on Figure
20a, the uplift load is decomposed into three components with
respect to the deformed configuration. The slgns of the cor-
responding component stresses are also indicated 1in this fig-
ure and 1t can be observed that all component stresses at
corner 3 are of the same sign. Thus, it is concluded that

for this loading the stress at corner 3 will govern the initia-
tion of ylelding. As far as the displacements are concerned,
the upper flange has a tendency to move to the right due to
component B on Figure 20a and to the left due to component C.
If the load 1s increased continuously from zero until yielding,
it would be observed that at first ¢ will be small and com-
ponent B can be neglected. Therefore, at first, the upper
flange will move to the left. The bracing forces correspond-
ing to this displacement 1f the beam were connected to a dia-
phragm along 1ts upper flange is illustrated in Figure 20b.

The diaphragm force component B' adds to'while component C'
subtracts from the corresponding components in Figure 20a.

(Component A' of the dlaphragm forces 1s of higher order and

can be neglected in thils discussion). The stréss at corner

3 will be affected similarly. If the stress at corner 3 due

to the bracing force components B' is larger than the stress
due to bracing force component C', then the stress in the
braced case 1s likewise larger than in the unbraced case.
The reverse 1s true if component B; is smalier than C'. Thus,
if the former case leads to yielding, then the yileld load

capacity of the braced beam will be smaller than that of the
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unbraced beam. In the latter case the reverse will be true.
However, since for small values of ¢ the stresses due to
bracing force components B' and C' are of the same order of
magnitude, thelr difference will be small and the net effect
of bracing on the yield load capacity will also be small.

If ylelding does not occur at relatlvely small ¢ and
the load 1s increased further, the force component B of Fig-
ure 20a will become dominant and eventually the upper flange
will move to the right. This in turn changes the sign of the
bracing forces. Now component B' of Figure 20a will be re-
duced while C' 1s increased. The stress at corner 3 1n the
braced case may agaln be larger or smaller than that of the
unbraced case. Hence, the yileld load capaclty again may be
increased or decreased by the diaphragm bracing depending on
the section geometry, the span length and the magnitude of
the yield stress.

The behavior of dlaphragm braced channels under down-
ward loading and Z-section beams under both uplift and down-
ward loadlng cases could be discussed in a similar manner as
above. However, intuitively it 1s clear that for these cases
the upper flange of the unbraced beam will move only in one
direction with increasing load. Thus, the diaphragm wilill al-

ways restrain this movement, thereby increasing the capacity.

3.2.5 Stress Distribution Example

Figures 21 and 22 show the stress distribution in un-
braced and rigidly braced channel and Z-beams under uplift

or downward loading at fallure. Numerlcal values of fallure



28

moments, that is the moment causing 1.15 times the yleld stress,
are given in these figures in parentheses. The span length 1is
60". On Figure 21, 1t can be observed that shear rigidity of
the bracing has almost no effect on the stress distribution in
the channel section for the uplift loading case for this par-
ticular span length. This is In accordance with the previous
statement on the yleld load capacity of channels under uplift
load. |

Comparing Figures 21 and 22, one sees that rigidly braced
channel and Z-beams have similar stress distributions. Since
the magnitude of the angle of rotation is almost the same but
of opposite sign for channel and Z-beams, the unbraced flange
1n both cases has similar stress distributions. In this flange
the stress due to twist (second component in Eq. 2.21) increases
the stress at corner 3 while reducing it at corners 2 and 1.

In the braced flange, however, the stress is nearly constant

and mainly due to vertical bending.

3.2.6 Yleld Load Versus the Shear Rigidity

In Figure - '
gures 23-26, plots of M/Mbend versus Q/Py are given.

PY is the Euler buckling load, that is

n2 EI
P, = ———__ ¥
Y L2

These figures consist of several curve segments each indicating

ylelding at a particular corner of the cross section Only the

curves determining the yield load are shown

On these figures it can be seen that for downward load-

ing ylelding initiates at corner 3 for a wide range of values
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of Q, varying from a relatively small finite value up to in-
finity. PFor smaller values of Q, yielding at corner 4 governs.
As Q decreases further, yielding at corners 5 or 6 may govern.
The value of the diaphragm shear rigidity where the curves for
corners 3 and 4 intersect is designated QL. It can be observed
that there 1s a rapid increase in the yleld load capacilty for
the range 0 < Q < QL‘ On the other hand, for Q > QL the change
In the yield load capaclty is quite small. Obviously, to pro-
vide diaphragm shear rigiditles less than QL would be uneconomi-
cal in practical design. Approximate determination of QL and

the corresponding yield load will be discussed 1in Chapter IV.

3.2.7 Tables

In‘Tables 1 through iO, the load carrying capacity and
the angle of rotatlon of channels and Z-beams are investigated
for a wider range of parameters'than in the plots mentioned
above. The parémeters are:

Q/PY, h/t, b/h, ¢/b, and L/h

where
h = depth of the beam
b = wildth of flange
¢ = width of the 1lip
t = thickness
L = span length

Both downward and uplift loadlng are considered. Most of the
information listed 1n these Tables 1s qualitatively the same
as that given in Figures previously dlscussed. Below 1s a

briesf description of these Tables.
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(1) Tables la, 1b, 2a and 2b: The ratlo p/Ppopg =

M/M at theoretical fallure

bend
(2) Tables lc and 2c¢c: The point of maximum stress at
theoretical fallure
(3) Tables 3a, 3b, 4a and 4b: The midspan rotation ¢
at theoretlical failure
(4) Tables 5a, 5b, 6a and 6b: The midspan rotatlon
91.67 at 1/1.67th of the theoretical fallure load
(5) Tables 7a, 7b, 8a and 8b: The ratio p/p, at
theoretical fallure ,
(6) Tables 9a, 9b, 10a and 10b: The ratio ¢/¢, at
theoretical failure.
Some of the values in Tables 7 through 10 are plotted in Fig-
ures 27 and 28 to 1illustrate the effect of vérious parameters
more clearly. |
The angle of rotation at service loads is of special
interest in deslgn. In preparing Tables 5 and 6, an arbitrary

safety factor of 1.67 against theoretical failure was assumed

to obtaln service loads. The most important parameter appears

to be the span length. Below 1s a summary of the magnitudes

of ¢, g7°
0.00° < ¢1.67 < 1.,32° for L/h = §
0.06° < ¢1.67 < 3.67° for L/h = 10
0.25° < ¢1.67 < 6.32° for L/h = 15
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3.3 Influence of Rotation Restraint F on Behavior

3.3.1 The Rotatlion Restraint Due to Local Deformation of

The Dlaphragm

As mentioned earller F consists of the two components Fb

and F Fb is the rotational restraint offered by the

local"
cross~bending rigidity of the diaphragm and may be computed by
ordinary beam theory from the cross-sectional properties of

the dlaphragm and purlin spacing. On the other hand Flocal
may be determined experimentally (Figures 29 and 30) as pro-

posed in Appendix D. In general, F is smaller than Fb as

local
has been observed 1in full scale tests With purlins by light
gage steel diaphragns.

When the beam rotates, the diaphragm develops counter act-
ing torsional moments on the beam at the connection points.
This moment 1s partly created through the bendlng rigidlty of
the mechanical connector 1tself. The couple consist of a com-
pressive force at the corner where contact is established be-
tween the beam and the dlaphragm, and a tensile force 1n the
screw. The screw connection must be strong enough to take this
force 1n addition to the tenslle force due to uplift loading.

The factors which influence F may be deduced from

local
the physical model descrilbed above:

(1) If the contact between the dlaphragm and the purlin
1s incomplete or if there 1s an intermedlate layer of soft
(insulation) material, the realization of either one of the

forces constituting the couple and thus of the torsional re-

straint,: may be doubtful.
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(2) On the other hand, if the couple can be materiallzed,
the distance between the forces of the couple will be of im-
portance. The position of the screw relative to the web in-
fluences the rotational restraint F. This will be-discussed
in the subsequent section in some detall. _

(3) The sheet thickness and the cross-sectlonal config-

uration of the diaphragm may also influence FlOcal'

3.3.2 The Position of the Screws

The forces which constitute the restraining couple are
shown oh Figures 31 and 32 for channel and Z4sections, respec-
tively. The tensile force domponent acts at the screw and the
compressive force component acts at the contact points between
the purlin and the diaphragm. The point of contact depends on

the direction of rotation of the cross-section.:

For channels, as 1llustrated in Figure 31, tpe angle of rota-

tion 1s clockwise for gfavity and counter-clockwise for uplift

loading cases. Hence the contact point of purlin and diaphragm

changes from web to lip side when the loading type changes -
from gravity to uplift. Unless the screw is exactly at the

middle of the flange, the lever arm of the forces of the couple

will be different for these tWo‘loading cases. Consequently
b ]

the respective rotational restraints will be different for

gravity and uplift loadings. The research reported here indi-

cates that F 1s more beneficial for uplift loading. -Thus, it
. s

1s preferable to have the screws closer to web than to 1ip for

channel sectlon purlins. Also, 1f the screws dpe placed ‘ologer

to web, the dlstance of the point of application of the uplift
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load from the shear center 1is smaller and hence the primary
torsional loading 1s reduced. Thus, it i1s seen that the loca-
tlon of screws affects both the primary torsional moment and
the rotational restraint F.

As for Z-section purlins, for gravity loading, the direc-
tion of rotation is also influenced by the shear rigidity of
the diaphragm. If the load 1s assumed to be acting in the
plane of the web, for Q > QL as shown 1in Flgure 32a, the rota-
tion is counter-clockwise. (The direction of rotation changes
to clockwlse at Q = QL). A counter-clockwise rotation is like-~
ly to shift the loading point to the right of the web which in
turn should reduce the angle of rotation of the sectlon.

In the uplift loading case of Z-sections, there are two
possibllities as shown in Figures 32b and 32¢c. If the screw
(hence the load application point) 1s very close to the web,
the rotation is clockwise, * while 1f the screw 1s very
close to the lip, the rotation is counter-clockwise. For both
of these extreme cases, the lever arm of the resisting couple
is quite small. On the other hand, as the screw locatlon is
brought to the mid-sectlon of the flanges, the rotation ten-
dency of the sectlion decreases. At the same time, the lever
arm of the resisting couple, hence F increases. Consequently,
the optimum placement of the screws for Z-sections 1s approxi-
mately at the middle of the flange,

In summary, 1t 1is advantageous to have the screws close
to the web for channels and at mid-flange for Z-section pur-

lins.
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3.3.3 The Effect of F

The diaphragm beam assembly constitutes a statically
jndeterminate system, If the dlaphragm can supply a rota-
tlonal restraint F, it directly participates 1n carrying the
primary torsional moments which arise when the beam is loaded
outside the shear center as in the cases of channel section
purlins under uplift and gravity loading and of Z-section pur-
lins under uplift loading.

The primary loads for channel section purlins consist of
vertical and torsional loads. As was discussed in section
3.2.3, secondary loads arise due to lateral and rotational
deformations. In particular, a secondary load in the weak
axis direction (i.e., MX¢ in Eq. 2.9a) becomes more signifi-
cant as the rotation of the section increases. This is the
only load which causes deflections in the weak axls directlon
of channel section purlins.

When F 1s increased, the angle of rotation ¢ is reduced.

This, in turn causes a reduction in the lateral deflection of

channel section purlins. Hence, with increasing F, the ratio

M/Mbend approaches unity asymptotically as can also be ob-

served for example in Figures 34a or 35a.

On the other hand, for Z-sectlons, there is also a later-

al primary load of intensity Py Ixy/Ix’ in addition to the

primary loads mentioned above. As the term "primary" implles,

this load 1is independent of ¢. Therefore, even for values of

F approaching infinity, there will be lateral deflections in
addition to the bending in the strong axis direction while ¢
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approaches zero. Assoclated stresses with the lateral deflec-
tion reduce the yield load cépacity. Thus the asymptotic value
of M/Mbend cannot be unity. (It can be shown that it 1s equal
to 1-I, °/1.1.).

On the basls of the above diséussion, it can be concluded
that channel sectlons are generally more effected by F than Z-
sections. 1In particulér, channels under uplift loads which
have a relatively large tendency to rotate are béneficially in-
fluenced by the rotatiénal restraint of the dlaphragm. On the
other hand, for Z-sections braced by a diaphragm with a reason-
able shear rigidity, the angle of rotation is relatively small,
thus reducing the influence 6f F. As can be seen 1n Figureé
33 through 56 ﬁhe effect of F 1s most pronounced when the shear

rigidity 1s equal to zero.

3.3.4 Reliability of F

Unlike the shear rigidity Q, the rotational restraint F
seems to be quite sensitive to the usual inaccuracies of prac-
tice. Screws are usually applled through the top of the deck.
Thus, thelr location on the flange of the purlin 1s quite ir-
regular and somewhat unpredictable.

The resisting torsional moments act at discrete polnts
along the purlin. Therefore, omlsslon or unfavorable placing
of screws at a crucial cross-section (such as at mid-span for
simply supported purlins) may reduce ﬁhe load carrying capacity
greatly, especlally 1f the beam has a low torsional rigidity

as 1s common in thin-walled purlins with large span lengths.
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Since the yield load capacity may vary fairly rapidly
with F for certain cases, utilization of F must be undertaken

with considerable caution.

3.4 Combined Effect of Q and F

3.4.1 Qeneral
The 1nfluence of Q and F alone were.discussed in the pre-
vious sectlons of thls chapter. Here, the combined>effect of
Q and F on the yleld load capacity and the corresponding angle
of rotatlon at mid-span will be discussed. The effect of vari-
ous parameters were studied using the computer program discﬁsséd
in Appendix E. The results are plotted in Figures 33a and b
through 56a and b. These figures also contain the cases of
Q = 0 and/or F = 0. Parameters and.their ranges of values
that were consldered are listed below: |
(1) F from 0 to .40 ki/in/rad
(2) Q = 0, QL’ 2QL and «
(3) L/h =15, 30 and 45
(4) Two sets of cross-sectional barameters werelconsidered
a) b/h = 1/4, ¢/b = .4, b/t = 20
b) b/h = 1/2, ¢/b = .5, b/t = 20
In these figures the cases of dlaphragm braced lipped chan-

nel and Z-section purlins with hinged ends under uniformly dis-

tributed uplift and gravity loads are covered. In the uplift

case of channels two sets of curveé are shown. The full-line

curves in Figures 39 through 41 and Figures 51 through 53 are

for loads applled at midflange while the dotted line cupves

are for loads acting in the plane of the web. 0n the other
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hand, for Z-sections, curves are given only for the case of
loading in the plane of web. Since for Z-sections the capac-
ity increases when the load application point 1s moved towards
mid-flange, the glven curves constitute a conservative repre-
sentation of practical cases.

The plots conslst of several segments, each indicating
the start of ylelding at a particular corner as designated in
the figures. The segment designated by ¢ = 30° which appears
in some plots 1ndicates that the fallure criterion 1is changed
from ylelding to the arbltrarily set limiting value of 30°
for the angle of rotation at mid-span. As a consequence of

the large twist angle, the yleld load parameter M/Mb de-

end
creases rapidly along this segment. (For example see Figure
34a). This limit has been introduced for two reasons: Filrst,
when the angle of rotation becomes excessively large the theory
used in the present study 1s not accurate. The second reason
concerns the computational difficulties. The iterational
scheme used for the determinatlion of the yleld load occasion-
ally converged to a wrong value when the angle of rotation was
too large. Thils 1s not surprising, since the largeness of ¢
may indicate that the yleld load is quite near the value of

the critical load (instabllity).

The critical load 1s the smallest positive or negative
root of the main determlnant of the equation system given by
the Eqs. 2.17a and b. (The positive root 1s for gravity and
the negative 1s for uplift loading case). It 1s well known

that in the inhomogeneous problem, the deformations and the
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stresses grow without bounds as the load approaches the criti-
cal value. Of course, ylelding occurs before reaching this
value. The region beyond the critical load has no physical
meaning, but it 1s mathematically defined. Thus, occaslonal-
ly, during the iterational process for the determination of
the yleld load, convergence to a value in this reglon beyond

the critlcal load value occurred. -

3.4.2 Yield load parameter M/M

bend
In Figures 33 through 44, the yleld ‘load parameter M/

Mbend versus F 1s plotted for the parametérs'mentioned above.

In the beglnning of this chapter, it was stated that the
effectiveness of a diaphragm depends on the lateral deflection
tendency of the upper flange of the beam and the rotational
tendency of the cross-section. These tendencies depend primar-
11y on the stiffnesses of the beam and the direction of loading,
1.e., whether 1t 1is uplift or:doanard. The effect of the di-
rection of loading was discussed earlier., 1In the following,

the effect of beam stiffness will be discussed, in two stages.
The length parameter L/h

As L/h 1ncreases, the Warping rigidity and the lateral
stiffness of the beam decrease with the square of L, while the

Saint Venant rigidity remains constant. Also, the shear rigld-

1ty Q and the rotational restraint F remaln the same. Hence
. 3

as the beam with Increasing span becomes weaker 1n torsion

and lateral bending, the diaphragm can restrain the rotation

and the lateral displacement of the beam more effectively.

Consequently, for longer Spans‘the'yield»load parameter:
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M/Mbend approaches the asymptotic value at smaller values
of F and Q.

Cross-—-sectional dimensions

Figures 33 through 44 are given for two channels of cross-

sectional dimensions as given below.

Section (a) Section (b)

h = 6" h = 6"

b = 1.5" b = 3" ~ Ratlo of %—%%—%g%
c = .6" ¢c = 1,5"

t = .075" t = .150"

I, =3.78 1n" I, = 11.98 it 3.15

I, = .216 in' I, = 3.038 in’ 14,10
Cw = 1.581 in6 Cw = 32.878 1n6 20.80

a = .629 in a = 1.67 2.66

The first one designated as (a) is much weaker than the
one designated as (b). While the bending stiffness 1in the
strong direction increases 3.15 times, the lateral and warp-
ing stiffness increases 14.10 and 20.80 times respectively.
The horizontal distance of the load from shear center lncreases
only 2.66 times.

The stronger section (b) has, of course, a larger yield
load capacity than section (a). However, if one compares
thelr respective M/Mbend ratios 1t can be observed that (a)
has larger values if Q and/or F do not get too small. (If
the beam 1s unbraced, the stronger section has a more favor-

able M/M ratio).

bend
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3.4.3 Angle of Rotatlon

In Figs. 45 through 56, the angle of rotation ¢ at midspan
versus F 1s plotted at failure loads for the parameters men-
tioned in Sec. 3.4.1. As can be observed, ¢ 1s reduced by in-
creasing F in every case. This reduction is more significant
for cases with lcrger rotational tendency. Hence, the torsional-
ly weaker section (a) is influenced more favorably than section
(b) by the same amount of increase in F. Also the cases with
larger span lengths are more affected by F.

F. strengthens the purlin only torsionally; Q, however,
reduces the lateral deflections as well as torsional rotations.
Hence, the effect of Q on ¢ 1s more complex.

For channels under gravity loads, increase in Q@ reduces ¢.
For channels under uplift loading, Q has no appreclable influence.

For Z-sections under gravity loads the angle of rotation

1s positive for Q=0 and negative for Q=®., The angle of rotation

h =
changes slgn near Q=Q;, that is, for Q=Q;, ¢ almost vanishes.

This 1s also discussed in Sec. 4.5,2. For Z-sections under up-

1ift loads, ¢ 1s computed assuming the load in the plane of the
web. The actual values of ¢ should be much smaller since the

load really acts through the screws which are placed inside the

flange. In this case the primary torsion is in the opposite di-

rection of the torsion whieh is caused by the lateral bracing

forces. For the case where the loads ape assumed In the plane

of the web, one observes on Fig. 5la ag wel} as on Figs, 5ib

through 56b that ¢ increases with increasing Q. On the other
. e

hand for the relatively weaker purlins ¢ decreases with 1
N~

creasing Q as can be seen on Figs, 554 and 56a



CHAPTER IV
DESIGN CONSIDERATIONS

4,1 General

Design procedures for diaphragm braced chénnel and Z-section
beams are presented. The prime obJectives of the procedures are
to find the shear rigldity of an efflcient diaphragm for a given
beam and carrylng capaclity as measured by the yield moment of
that beam. Maximum deflections are also to be determined. Two
possibilities are developed for the designer: One possibility
is to use simple and conservative design formulas. The other is
to make use of the prepared computer prograﬁ. Both methods will
be described and discussed below.

In some appllications, the lower flange of the purlin, which
is not connected to a diaphragm, 1s braced at discrete points.
The additional effect of such discrete bracing 1s also included

in this chapter.

4,2 Computer Program as Design Tool

The program 1s based on the serlies solution of the differen-
tial equations of equilibrium. Though 1t written to consider any
number of terms, three terms are found to give sufficiently ac-
curate results for practical problems. Included in the program

are the two parameters: the shear rigldlty Q and the rotational

41
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restraint F. These may have any positive value or be zero. In
addition to Q and F, the cross sectional dimensions, the span
length, and the yield stress of the purlin are given as input.

The program calculates the yleld moment of uniformly loaded,
simple span,diaphragm braced channel or Z-section purlins. It
further calculates the deflection u and the angle of rotation ¢
under yield and working (service) loads. A flow chart of the com-

puter program 1s given in Appendix E.

4.3 Derivation of Approximate Formulas

In the previous section, the computer program was mentioned
as a possible design tool. As an alternative design tool, the

followlng closed form formulas will be derived using only one

term of the series solution.

4,3.1 Analytical Procedure

For ldentical boundary conditions of u and ¢, one has

u = u,f Bl u" =y, £
il and 171
¢ =‘¢lf1 " = ¢lf£

where u 1s the lateral deflection and ¢ is the angle of rotation.

(4.1)

Primes indicate derivation with respect to the dimensionless

length parameter [ = 2/, Fopr hinged ends, f1= 8in ng

The amplitudes Uy and ¢, are found from the following equa-

tion system:

f Py +Q | Qe - Mu
5 .
Qe - Mwl ro P¢ + K’3FL2 + Qe2 - Mew

with
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2

M = %%— (4.3a)

where ¢ 1s the approprilate constant for determining the maximum

bending moment in the beam (¢ = 8 for hinged boundary conditions).

M 1s defined positive for downward and negative for uplift loads.

2
P! = P, (1 - =2¥) ¢4.3b)
Y Y Iny
where Pi 1s the Euler buckling load
szIy
PY =K11~?— (4.30)
and
1 ancw
P, = = (X + GK) (4.34)
o) r2 33 L2
o
where
rl = £9 (4.3e)
o] A *

(which is introduced to make the dimension of Py a force) and

TRV

S

= o lﬂ——- Cy

f11 7 %33 7 T2 g, (Wiba) -
0 o

%4

C .

Ké3 = -—Q—r——-" (4.4p)
. ;I ff"dg

1
kf f£f"h dg
2

i
df ff'ag

1
[ £2 a
-[ £f" &
° 1
«[ fh &

_o_.[ e cz

where h 1s a function of ¢ indicating the bending moment distribu-

(4.4¢)

tion. For hinged boundary conditions, h = % t - ;2) so that

M = pL°h. The constants K110 K335 K335 Wy, Wy, Ws, and A, are
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given in Table 11.

The longitudinal stress ¢ is the sum of three components due
to the curvatures assocliated with vertical displacement Vv, later-

al displacement u, and the angle of rotation ¢.

|

" 13} "
o= (M + I —_E-—"——)Y—”E“zx-@%w (4.5a)
xy ;2" Iy 1 L

Substituting u" and ¢" from Eq. 4.1 and modifying slightly, Eq.

5a becomes

: I .
E .
y+ g L T Vuy * b1y (4.5b)

Q
(1}
H‘Z

X
For given values of M, Q, ‘and F, up and ¢1 can be determined
using Eq. 4.2. Stresses aré then computed, substituing these
into Eq. 4.5b. For the cross-sections under consideration, the
stress at any point is found using the pertinent values of X, ¥,
and w (the latter being the so-called warping displacement or
sectorial area). The sign convention for X, ¥y, and the formulas
for w for chennel and Z-sectlons are given in Figure 6. As can be
seen in this same figure, a number from 1-6 1s assigned to each
corner beginning wlth the lower 1ip'df the section. These numbers
are used as subscripts for the parameters x, y, w, or ¢ to indi-

cate for which corner the particular parameter 1s calculated

4,3.2 Deformations

The solution of Eq. 4.2 in deﬁerminant form 1is

b“é: o),

(4.6a)

(4.6D)

where
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I I I
D, = Mil, {(Til eV, + a )M - [Tﬁl P¢ + K3 FL2) + (Tfl e + a)Qe]
. . (4.7a)
D, = Mw3~{- Til Wil + aPy + (Til e + a)Q} (4.70)
-~ wulml 2yp
D = -WIM® + [-PJeW, + (20, - W,)Qelu + (r0P¢ + K1 FL)Py
2
+ (r P¢ + K33FL + PYe )Q (4.7¢)

The expressions for Dl’ D2, and D are zero or first dégfee poly-
nomials in F and Q. Note that in determinant D, terms with Q2
cancel each other. On the other hand, they are second order

polynomials in M. Hence

(aZM + al)M
czM +}clM + s
(b, M + b, )M
8, = 22 1 (4.8b)
c2M + clM + o
where
Ix 2 E&X
ay = -V, [Ix (roP¢ + K3JFL) + (Ix e + a)Qe] (4.9a)
xy
ay = w3,(Ix eW, + aW;) , (4.9b)
I, -
by = Wy [aPy + (—I-}-(l:e + 2)Q] (4.9¢)
Ly !
b, = —w3 T, L (4.94)
2 122
c, = (r° P¢ + K33FL )Py + (r? ofe * K33FL + Pye”)Q (4.9e)
¢ = -PyeW, + (2W1 - Wa’Qe A (4.9£)
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= -2 o ) (4.9g)

4,3.3 Failure Criterion

Fallure is defined herein as the 1nitiatlon of ylelding at

any point in the section, 1l.e.,, reaching plus or minus o at any

a
polnt of thé purlin. The yieid condition at the“oornersyof the
governing cross-section may be represented as surfaces in the co-
ordinate system consisting in Q, F, and Myd A possible case 1s
sketched in Figure 57 where only the regions of the surface giv-

ing the lowest yield load are shown.

Although one 1is primariiy interested in the initial yield
load, the stress distribution in the cross-section:is'also of
interest. This aids one to asseso'the.reserve load capacity af-
ter the initiatlon of yielding. 1In Figure 58, the qualitative
stress distribution in channel and Z-sections due to v, u, and ¢

are shown. 1In fact, the relative magnitudes of the component

stresses are Influenced by many factors: (1) X, ¥, and w which

are functlons of cross-sectional dimensions only: and (2) M, u,
and ¢ which depend on (a) boundary conditions and span length
(concerning the purlin), (b) the shear rigidity Q and rotational

restraint F (concerning the dlaphragm), (c¢) horizontal distance

a of load from the shear center, and the sign of the load which

1s positive for downward and negative for uplift cases (concern-

ing the load). Since o  1s a linear function of M whereas 0, and

o¢ are not, the relative magnitudes of the component stresses are

also influenced indirectly by the value of the yield stress (It

can be noted that the A e -
amplitudes ', and 9y ‘approach infinity as
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the load approaches the critical load, indicating the nonlinear
nature of the assoclated curvatures). Hence, for a high yileld
stress value, the true load may be closer to the critical load

and the components ou and o, may contribute larger amounts to

the total stress when compa:ed to the case with a low yleld stress

Although the above dlscussion 1mpiies that the maximum stress
may in general occur in any one of the corners of the cross-
section; numerical computéfions for the hinged boundary conditions
indicate that for most practical cases of diaphragm braced channel
and Z-section purlins, ylelding occurs at corner 3. This somewhat
simplifles the reverse problem in which the bending moment M which
causes inciplent ylelding 1is sought. Hence 03 may be set equal
to igyd~(plus sign for downWard loading) as the first trial. The
stresses at the other corners may be checked later to determilne
if yielding has been reached elsewhere 1ln the section.

Calculation of the stress distribution in the cross-section
has other advantages as well. If the maximum stress occurs at a
sharp peak localized at one particular corner, it 1is Jjustified to
raise the maximum nominal faillure stress above the stlpulated
yield stress because (a) the corners have higher yleld stresses
than the flat portions as a consequence of cold forming and (b)
there may be favorable stfess redistribution when the corners
start ylelding. For instance, the 15% 1lncrease now in the AISI
Specifications would be applicable to such cases. The knowledge
of compressive stress distribution may also be helpful in the
consideration of local buckling. For example, concentration of

high compressive stresses along a stiffened edge 1s more favorabl
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with respect to buckling than concentration at an unstiffened edge.

4.4 Possible Design Parameters

The design criterion is the maximum stress reachlng ioyd.
The corner where incipient ylelding occurs needs not be specified
at the outset. The 1n£ormation that corner 3 governs for simply
supported purlins braced by diaphragms will be utilized léter to
simplify more general equations. Substituting Uy and ¢1 from

Eqs. 4.8 into Eq. 4.5b, an expression for stresses is obtained.

I (a,M + a,)M (b,M + b, )M
oy + Lt My 21, 52 L 3(-rm)
X L X ,cle + glM tc, c,M” + c,M + ¢y

(4.10)

The constants a,, b,, and c, are defiped by Egs. 4.9. Eq. 4.10

contains among others, M, Q, and F as parameters’and may be

arranged for one of them in terms of the others. Hence, there

are three possibllities for a design procedure}

4.4,1 Yield Moment

The yleld moment M is sought for given values of the dia-

pPhragm parameters, Q and F. This is straightforward, except

that one obtains the following cubic equation in M

. - g
M3 + - L
c, ¥ €y - eol + P —5 [(x - sz Vla, + wb,] M2
ﬂ X
-f']'. I .
t ey - c0l + P —% [(x - XY
o X |
178 * Py 3 I, Y)ap * eyl m
-c o0l _ =0 |
where :
. "B
Px = ==



Introducing the dimensionless yileld load parameter

M
p = €
Myend
with
e = 1 for gravity loading
¢ = -1 for uplift loading
and
. I
= .4 X
Mbend a

49

(4.13a)

(4.13b)

(4.13c)

where d 1s equal to y3, 1.e. the y-coordlnate of corner 3 as

shown in Figure 6. Substituting the constants ay s bi’ and c¢

1

from Eqs. 4.9, Eq. 4.11 is transformed to a dimensionless form.

Thus
W 2W, - W
3. et - 2
ep” + [w2 vy +ne + v g N al e
. 2W1 - w2
+ e[vx(vzu3 + vyua) - (\)yvZ - wl——— ne
= Dvpvy + (v, + vo)al ne
where
Qe
q=
WM end
o d
n=-—=€:=
o
y y
and
~fn :
v, = T ( fl) ﬁi
X Mbend ﬂ2 wl
o = P%e 1
¥ Mpena V1

e[—vzvy

v Hsy)ade

\Y
y

ny

== nelp

=

(4.14)

(4.15)

(4.16)

(4.17a)

(4.17p)
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_ b 33 1 (4,17c)
Yz Myena Wy
a Ix W2 X I_}Ey_ w 4a Ixy
U, = (& + ___l...-.-)(-—— T ) - —a-—-i——' (u.17d)
1 e "I, W'V X ed y 1y
a , lxyyrw & _ (X f}l (4.17€)
= Grr ey - y oI e
P = (4.17)
u3 y Ix Ix
w ad
Wy " " edey (4.17g)

However, by limiting the range of the shear rigldity Q to two
specific values, one can obtain a quadratic equation involving M
instead of the above cubic. The detalls of this procedure will
pe discussed later on. Thus, Q can be eliminated from the for-
mula for M as a parameter. On the other hand, the rotational

restraint F remains in the equatlon and may have any positilve

value or may be zero.

L. 4.2 Shear Rigidity Q

For a given value of F and a prescribed value of M, the ne-

cessary shear rigidity Q may be computed and compared with the

one provided. Such an expression for Q can be obtained by solv-

ing Eq. 4.14 for q, where q 1s a dimensionless parameter defined
by Eq. 4.15 involving shear rigldity Q. This gives
2
oo M1 VaMeng 2 * aje + a3o” + ase?
e

2

where

a' = -y v .ne

) z'y (4.192)
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. _ 2 o,
aj L vzvy vy wl ne + vx(vzu3 + vyuu)]e (4.19b)
Wy
aj = WI vy + ne + vy (4,19¢)
aé =g (4.194)
Wl '
bl = EWI-:—WE (vz + vy)ne (4.19e)
Wy
bl = -n + v, + v_ + .

4. 4,3 Rotational Restraint F

Alternatively, the rotational restraint F may be calculated
for a given value of Q and prescribed value of M. To this end,

Eq. 4.14 1s solved first for v,

2 3
1" " 1t tt
= al + als“++a§2 + a3 (1. 20)
o] 1°
where
ag = ~qune (4.21a)
1 - —— - - ————————————
aj = -vo i MR (vy N ne + v.u,lqe (4.21b)
W oW, - W
1 1 2
al = == v_ + ne + v_u, - ———= ¢ (4.21c)
2 W2 y x"1 Wl
(4.214)

(Y]
w=

L

m
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. (4.21e)
bl (vy + q)ne

- - y, 21f

by (vy +q vxu3)€ | (4.21f)

Substituting v, from Eq. U4.17c into Eq. 4.20, an expression for F

is obtained.

2 3 g2
1" " " "
oo 1 ®Mpena 2o T %1 +ago” +age” Ty (4.22)
K3 2 BT + b1P 1,8
3 L o] 1 33L

In the second or third possibllity, if the glven value 1s
less than the necessary one, elther a more rigid dlaphragm may be
used or a different purlin may be tried. The disadvantage of
these two design possibilities is the difficulty of carrying out
accurate computations. As can be observed in Figure 57, for

a range of values of Q and F up to infinity, the surface determin

ing the yileld moment Myd becomes very flat. Thils means that pne
may obtain very different Q and F values when the presbribed M 1is
changed very little.(Of course, if the prescribed value of M is
larger than a certain value, the plane through the corresponding
point on the M-axls may never cut the pertinent surface and the

answers from the equation for Q or F will be wrong). Only for

cases where M changes rapidly with Q and/or F may these equatlons

be accurate. In general, this corresponds to a region consist-

ing of small values of Q and F. It seems to be more economical

to use a somewhat stronger dilaphragm avoiding the steep region of

Myd surface. Thus, it 1is not practical to use the formula for Q

or F in order to calculate their required values exactly so that

M attains a prescribed value. However, it would be very practical

to have simple, approximate formulas giving the lower limits for
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Q and F (or a limit for the combination of the two) so that M
safely attains a certailn percentage of the bending capacity

M c Ix/d‘

bend yd

4.5 Determination of Yleld Moment

It was mentioned above that for two specific values of Q,
the cubic equation (Eg. 4.11 or Eq. 4.14) can be reduced to a
quadratic. These values of Q are (1) infinite, that 1s rigid
bracing and (2) QL’ which 1s a limiting shear rigidity as will be

discussed subsequently.

4.5.1 Rigidly Braced Channel and Z-Sectlons

A rigid diaphragm prevents the lateral displacement of the
upper flange. For this case, u can be expressed in terms of ¢ as
u = -ed

Considering one term of the series leads to

I 5
¢1 = 2 |x2 1 2 (4.232)
Wu(roP¢ + PYe + K33FL ) + Me
and
u, = ~e¢l (4.23b)
where
Wy, = i (4.24a)
s
Y3
We = _ (4.24p)
) 2 1 - W2

Substituting u, and ¢4 from Eqs. 4.23 into Eq. U4.5b
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I
(a + —51 e) Mg

M X " x
o=y + =5 [-(x- yle + w]( ¥
vt Iy 1wy (rle +P’e2+K§3FL2) + Me
(4,25a)
or in dimensionless form
o M Y, P W, QL.(Q \ Ixy _ MN/eMyang
€0 d €d ‘e I 2
y  Mpeng Mbend x Wy(re Zp+Pge +Ké3FL ) . e
Mbend : Mbend
(4,25Db)
where
Ix
w' =W - (x -'T—l y)e : , (4.26)
X
and |
We(=f")
= 1
Wg = ‘LF (4.27)

Eq. 4.25b can be simplified by 1ntroducing the followihg positive
and dimensilonless parameters '
2

2 ! ] 2
o = 14{ToFy * Pye” + KyqRLt) (4.28a)
Moena »etd
m'
B =W (24 __X)
6'e Mbend (4.28b)

Using these parameters and with p as defined in Eq
4,25 b becomes

4.13a, Eq.

g

=L, 8
5, TP at Crre (4.29)

Provided that p # -a/e, Eq. 4.29 can be rearranged to result in

the following quadratic equation for the yielq load parameter:
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2 o d a d
+(-——————*y~'+-é‘+'y—g-)p_.qg.—g~_=o (4-30)

p o~ =

Eq. 4.30 is general in the sense that one might assume in-
cipient yielding at any corner and obtain the corresponding yield
load by substituting the values of y and w' of that corner and

setting ¢ equal to plus or minus © € 1s +1 for gravity and -1

yd’
for uplift loading., Since p is defined only for poslitive values,
negative or 1lmaginary roots can be 1gnored. In the case of two
positive roots, the smaller one is to be taken. If there 1s no
positive root, thls means that the stress will not reach the yiel
stress level at that corner.

It would be a lengthy calculation if all the corner yield
possibilities had to be checked 1ndilvlidually. However, numeri-
cal computations indicate that for purlins of usual dimensions

braced by dlaphragms with reasonable shear rigidities, generally

corner 3 governs for hinged boundary conditions. Hence substi-

tuting
d
- =] d = 0., = €0
v and o 3 € y
into Eq. 4.30 gives
p2 + (-1 + % + %) - % =0 (4.31)
The positive root of this equation is
S 1 o _Byef1-9_ B2, a0
p=s1-2-8rc/a-2-5H%+ue) (4.32)

Or written separately for gravity loading

o = % [1 ~a-8 +\/il - a - 8)%+ Ig ] (4.33)

-4
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and for uplift loading

g I ; 2,- \
Po = 5 [1 +a+8 -\/(1 + o+ B) ba ] (4.34)
where the subscript « indicates rigid braclng.

4,5.2 Limiting Shear Rigidity

For downward loading, it is also possible to obtain a qua-
dratic equation for the yleld load 1f the shear rigidity equals |
the so-called limiting shear rigldity QL. QL is so defined that
for the range QL < Q < », the increase in the yield load is com-
paratively small and does not increase significantly with in-
creasing Q. On the other hand, for Q < QL, the yield load de-
creases rapldly with decreasing Q. Hence,lin design, 1t would

not be economical as far as the purlins are concerned to use shear

rigidities less than QL.

Extensive computer calculations have shown that QL can be
defined as that shear rigidity which makes the stresses at the
two corners 3 and U4 simultaneously equal to Gyd in absolute value.

By the following qualitative considerations, it may be deduced

when this 1s the case, 1.e. when 03 = "04'

The stress ¢ at any point consists of the sum of the three

component stresses g
D v? 0¢, and ou. For chapnel and Z-sections,

o, 1s antisymmetrical with respect to the midpoint of the web;
that 1is, ov

.3 ov,u. For channel sections, 0¢ is antisymmetri-

cal and ¢ 1s symmetrical, while for Z-sections, the reverse 1s

true. Hence, 1in orde =
R r to have g =0ys that stress component

which 1is symmetrical must varmsh, namely, for channels 0 = 0
u

and for Z-sectio = ese s
ns 04 = 0. Since these stresses are proportional
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to the curvatures u" and ¢" réspectiveiy,.the corresponding cur-
vature must also vanish. |

In the series solution, u" and ¢" consist of the summation of
the terms ukfﬂ and ¢kfﬁ’ respectlively. Hénce, it 1s possible that
for certaln values of Q, certaln combinations of uk's and ¢k's
will make u" and ¢" zero, respectively. However, when only one

term 1s considered, u" and ¢" will vanish only if u, = 0 and ¢, =

1
ulfl and ¢ = ¢1f1, the respective

0, respectively. Since u
deformation also vanishes for Q = QL' In summary, if one term of
the series 1s consldered and the shear rigldlity is equal to the
limiting shear rigidity QL, 03 will be equal to -0y and at the
same time for channels, the deformation u and for Z-sections, the
deformation ¢, wlll vanish.

The formula for QL will now be derived using these
conditions. The amplitudes uy and ¢1 are given by Eq. 4.2. For

channel sectlons Ix = 0; therefore, an expression for u, can be

y
obtained substituting Ix

v 0 into the first of Egs. 4.2.

Qe - M _.W
- yd 1
u, = - (4.35a)
1 Py +Q

where Myd indicates the yield moment. On the other hand, for Z-
sections, if a = 0, i.e. if the load acts 1n the plane of the web,

the second of Egs. 4.2 gilves
Qe - M_.W

d
41 - 2 : 2i > (4.35b)
rOP¢ + K33FL Qe - Mew2
Setting ul = 0 for channels and ¢1 = 0 for Z-sections le ads to an
expression for QL as
M_.W

QL = yd 1 (4.36)
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As seen from Eq. 4.36,which is valld for both channel and Z-
sections, QL is proportional to the yleld moment Myd. 1if only |
one term 18 considered, Since a negative shear rigidity has no
physical meaning, QL is defined only for positive vaiues of Myd’
l.e. for the gravity loading case. On the other hand, if more
terms are taken, 1t may well be possible that for uplift loading,
a positive QL may also be obtained. However, this would probab-
ly not lead to a simple expression for design purposes and is not
consldered here.

A conservative estimate for QL is obtained by substituting
Myd" Mbend in Eq. 4,36

W
- Tgsgé—l- (4.37)

QL,con

4.5.3 Channel Section

Substituting Q = Q> Where Q, 1s as defined by Eq. 4.36,

into Eq. 4.2, expressions for the amplitudes ug and ¢1 can be
obtalned

Uy =0 (4.38a)

aMw
¢ = — 3 (4.38b)
roP¢ + K§3FL + (wl - w2)Me '

Letting
W, = -—~J;—-_ I

ToW, - W, | (4.39a)

W hE
8 Wo- W, (4.39p)

which are tabulated in Taple 11, Eq. 4.38b becomes
aMW8

¢ B (r°p ' gl

(4.:40)
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Substituting Uy and ¢1 into Eq. 4.56, the expression for
stress becomes:

aMWB(-f")
(4.41)

M E
0 =1y + w
L’ 1?

W, (r2p, + K! FLS) + Me

o ¢ 33
Due to the definition of the limiting shear rigidity QL, simul-

taneous ylelding at corners 3 and 4 occurs. Hence, considering

the stress at corner 3

<«
i
<
(V)
]
Q.

and setting 03 =0 d and M = Myd
1"
| w8(—f1) Y3 a Myd
Sa T  Myg * Py — 37 e 5
y X y " w (r P, + K' FL Y/e + M
o ¢ yd
or setting
W (-f")
8 1
W9 T —— (4.42)
n
the above equation can be written as
1= Myd + wa9 f; a Zyd/Mbend
M M d e -
bend bend W (rOP¢ + K33FL )/eMbend + Myd/Mbend
(4.43)
This equation can also be written in the form
7. 4, hy)
1 = o} + & __,__Q_____, (
¢h Yopn * P
where
W, (r2 Py K4FL?)
= (4.45a)

-
h
¢ eMbend
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a Fx¥3 (4.L5D)
%ecn " M9 & Myengd .

Since both Yeh and p are positive, the denominator Yeh + p cannot
be zero. Therefore, Eq. 4.44 may be transformed into a quadratic
equation by multiplying both sides by the expression 1n the de-

nominator.
PT = (1 - vy, - S)e - Yop = O - (4,46)

The positive root 1s

) 5 -
pL = "2- [1 - Ych - 6Ch + \/(l - YCh - 5Ch) + 4 YCh] (u'u7)

where the subscript'L indicates that Q = QL. Once Myd = pLMbend
is determined, Qp can be found using Eq. 4.36.

4,5.4 Z-section
The derivation 1is similar to that of channel section. The

followlng expressions can be obtained for the deformation com-

ponents ¢l and u

X
¢, = 0 (4.48a)
I MW
.o X 3
Y = - T;x Py ¥ Wi /e (4.48b)
letting
W =l‘....
10 w1 (4.493)
W
Wiy = Wf (4.49p)

the expression for deflection uy becomes

I O T
1 I, WIEF}"E‘I‘E (4.50)
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Substituting this expression fof u, with ¢1 = O’as well as

1

into Eq. 4.5b to obtaln stress o

W..(-f") I
O = S+ pe S (fzz)2 W PP:I il
X w X 10 Ye M

After some modifications and using the dimensionless parameters

M
p =
Mbend'
B 1o o (4.51a)
z Mbend
W..Pe I
- 12 x Xy 2
§_ = ( ) (4.51b
2 Mbend Ix )
where
w (-—-f")
. 11 1
Wip = =3 (4.52)
11
one obtains
- p
l=p+3%, Y, ¥ o (4.53)

This may be brought into a quadratic of the same form as Eq. 4.46

The positive root of thils equation 1s

o = LTl -y, -6, 4 (L= v, - 6,07+ by (4.53)

where the subscript L indicates that Q = QL’
Agaln, once Myd = pLMbend is known, the limiting dlaphragm rigi-

dity QL can be found from Eq. 4.35.
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4,6 Discussion of the Approaches

In the preceding sections, formulas for the yleld moment Myd
of channel and Z-section purlins have been derlved using one term
of the series solution and assuming ylelding at corner 3. In
order to obtaln a quadratic equation for M, the shear rigidity Q
has been 1limited to two specific values, namely Q = « or Q = QL‘

The latter constltutes the lower 1limit for the useful shear
rigidity of a given purlin, The rotational resistance F is in-
cluded in the design procedure as a parameter. The exceptlions are
Z-sectlions under gravity loading With Q = QL and a = 0, i.e. load-
ed in the web plane where the angle of rotation ¢, happens to be
zero, thus eliminating F from the formulas.

For gravity loading, tﬁo formulas giving the upper and lower
limits of practical purlin capacity have been derived uslng Q =
o and Q = QL respectively. However, to have matters simple,
only the yleld load based on QL is proposed for design use., Thils
gives the lower limit for the desirable range Q > QL and, at the
same time, it 1s not too conservative when compared with the case

of maximum value of Q = o,

In the case of uplift loading, a simplified formula for the

yleld moment Myd can be obtained when Q = », It 1s safe to use

this formula also for actual (i.e. finite) shear rigidities.
The safety Justificatlons of the given formula differ for channel
and for Z-sections, as explained below.

The behavior of channel sections under uplift loads is such
that the lateral deflection of the'upper flange where the dia- -

phragm 1s connected to the purlin 1is generally negligible
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Hence, the shear rigidity of the diaphragm cannot influence the
yield load éapacity of the purlin appreclably. In other words, a
plot of yleld load versus Q is almost horizontal. Thus, the
formula for Q = » is safe to use also for cases where Q 1is finite
but reasonable, e.g. Q > QL'

For Z-sections, the shear rigidlty does affect the yield
load capacity. However, by a compensating conservatlve assump-
tion concerning another parameter which also influences the yield
load, one may obtain a safe formula. Thils parameter 1s a, that
1s,the lateral distance between the point of load application and
the shear center. Uplift loading is transmitted through the
screws which are located near the mid-portion of the flange.
However, since the yleld load capaclty 1s smaller 1f the loading
is applied at the corners rather than near mid-flange, a conser-
vative estimate of the yleld load is obtained by assuming a = 0.
This 1s justified also, because the exact locatlions of the screws
are never known in practice. Incidently, this also simplifiles
the formulas for Z-sections. It should be noted that for channel
sections, a cannot be assumed zero, because this would mean ap-
plying the load at the shear center.

The lower practlcal limit for the shear rigldity 1s QL for
gravity loading. For deslgn computations, 1t 1s proposed to use
the conservative value Q = W, Mpeng/® for uplift as well as for
gravity loading (see Eq. 4.37)). This 1s justified not only be-
cause of simplicity, but also because the same roof generally

must be able to resist both gravity and uplift loading.
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4,7 Discrete Bracing in Addition to the Diaphragm

4.7.1 General

The behavior of channels with discrete bracling is studied and
‘reported in Ref. 37. Similar studies for 7-sections are in Ref.
42. Diaphragm bracing was not included in those investigations.
In the following, an appfoximate analysis will be developed for
diaphragm braced channel and 7-section purlins which are addi-

tionally braced at discrete locations between supports.

4.7.2 Theory

In the case of additional discrete bracing, the rotétion and
lateral deflection of the purlin is small. The differentlial e-
quations can, therefore, be simplifled by neglecting the terms
which couple the deflectlion u and rotation ¢.

When discrete bracing 1s used, the beam is divided into
smaller sections which have zero rotation at each end. Thils re-
duces the effect of the term GK due to Saint Venant torsion and
F due to rotational restraint supplied by the diaphragm. Thus,
these terms are neglected in the differential equation thch,
incidentally, 1s conservative.

The shear rigldity of the diaphrégm 1s assumed to be infinite.

With the simplifications discussed above, Eq. 2.14 takes the form of
EC!

W IV 512 Ixy
02 ¢ p,L(a + T, e) (4.54)
Eq. 4.54 can also be written in the form
b
Ec! &

5 = pylat 3—1 e) » (4.55)

ol
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This 1s analogous to the usual beam differential equation of
bending where
¢ corresponds to v
1
Cw corresponds to Ix

Integratling Eq. 4.55

3 I
EC, 3—% = py(a + TEX e)dz (4.56a)
Z X
EC! 9-2-9- = (a + El‘l e)dzdz (4.56b)
i d22 py Ix '

The right hand side of Eg. 4.56a 1s equal to the torsional moment
while the right hand side of Eg. 4.56b 1s equal to the simplified

bimoment BS

i I

M, = —jpy(a+—1—§1e)dz (4.57a)
s Ix

B, = =|] pyla+ I—xl e)dzdz (4.57b)

Extending the pr evious analogy

BS corresponds to M

Mt corresponds to V
I
py(a + TEX e) corresponds to Py

X
Formulas and tables for the bending moment M and shear force V may
also be used for the determination of BS and Mt as described in

the followling section.

4.,7.3 The Yield Moment

The stress 1s

|w”

w' (4.58)

Q
]
HlZ
»
<
+
«
i -
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From the correspondence between Bs and bending moment M, BS
can be calculated. For example, in the case of single midspan
discrete bracing, the analogous system for bending moment 1is a

two span continuous beam for which the support moment is

1 2
M=--8-pL1

y
= L
by =3
Therefore,
B, = - (a + 70 (L2
s g Pyla I, )(5)
2
. .1 Bt
B = ‘E(%—)(a*f‘?) (4.59)
or 1n general
I
By = (Wg) M (a + I—il e) (4.60)

2

p.L

where M = -%—— and WB 1s constant depending on the number of
braces (Table 12). Hence

) I
o (Wg) M (a+f£!e>mv
0’=:-[-'-y+ X

C'
X w

(4.61)

After substituting ¢
g yd for ¢ and Myd for M, Eq. 4.61 can be

solved for M

yd
g
M = yd
yd y_ W I (4.62)
Dt (2 + 2L e)(ay)
X w
Or with x
p = —
I (4.63
1+ (W) &% (a + XY oy (zu! '

3

Ix y
The yield moment is '
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M = pM

vd (4.64)

bend

When dlaphragm bracing alone was considered, it was pointed out
that yielding usually occurs at corner 3 at mldspan (Fig. 6).
This may not be true in the case of addlitional discrete bracing.
One should find the corner for which the absolute value of p 1s
the smallest. By substituting the values of w' and y for each
corner, the proper sign of the terms should be used as 1lndicated

on Fig. 6. It should also be noted that I,, has a sign.

y
In the denominator of Eq. 4.63, the term which 1s added to
1.0 is the ratio of the stress due to warping to the stress due
to bending. When bending stress dominates, this term has a posi-
tive sign and a value less than unity for the governing corner.

This corner is most likely corner 1 or 2.

4,8 Proposed Design Procedure

4,8.1 Diaphragm Braced Channel and Z-section Beams

a) Use either the explicit computer program, which gilves
the yileld moment for any values of the diaphragm rigidity para-
meters Q and F, or

b) wuse the simplified and conservative formulas given be-

low, or

¢) use an even further simplified procedure if diaphragm

shear rigidity Q and rotational restraint F are larger than set

limits.

Formulas for Design for Alternative b above:

Minimum shear W
= lMgend (4.65)

rigidity for QL
all cases
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where

ya.x ' (4.66)

Mbend = d

If the maximum stress 1s restricted to a particular corner in a
localized manner, then raising the nominal failure stress above
the stipulated yleld stress, such as the 15% increase in the AISI
Specification, 1s Jjustified.

1. Uplift Loading

a) Channel Section

Yield Moment Myd = -prend (4.67)
with
. .
p =3 {(1+ach+60h) - V/Zl+ach+ech)2 - uach} (4.68)
where
2 2 ey @
o = wu(r0P¢+PYe +Ké3FL ) ()_‘ 69&)
ch eMbend |
P w!'
g . =y, & ___X
ch = Y6 ¢ & _—a (4.69Db)
Angle of Rotation
M/M
- bend
¢ ., = w. 2
ch ~ o, = W/NM o s & (4.70)
b) Z-Section
Yi = o
eld Moment Myd prend (4,71)
with
p=-l-{(1+a+3) [ (140 2
2 z*By) =\ (4o, 48,)° - U } (4.72)



where
2 2 2
. . Wu(roP¢+P§e +Ké3FL )
z eMbend
1
B, = Wg “xy __xu
z Ix eMbendd
Angle of rotation
¢z

small, no need to compute

2. Gravity Loadiling

a) Channel Section

Yield Moment Myd = prend

wlth
L (1o 8. ) 4 (v -8 )2 + by, )
P 2 ch “c¢ch g ch “ch Yen
where
W 2 +K 1 2
- 7(rOP¢ K33FL )
ch eMbend
ch 9 e Mbendd
Angle of rotation
o . = MMy ena We &
ch — Yop + MMpang 8 e

b) Z-Section

Yield Moment Myd = prend

with

€9

- (4.73a)

(4.73b)

(4.74)

(4.75)

(4.76a)

(4.76b)

(4.77)

(4.78)
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o = 3 Ly + ([ (802 + by, (4.79)
whefe
W, Pde
v = ﬁlg,!_ | (4.80a)
z bend
I P.e
5§ =W, (X2 _X (L4.80D)
z 12 Ix Mbend

Angle of rotation

small, no need to compute

4.8.2 Diaphragm Braced Channel and Z-Section

Beams with Additional Discrete Bracing

Uplift and Gravity Loading

" Yield Moment Myd = tprend (4,81)

with

©
]
]

" T : (4.82)
1+wB—,—(a+~xle)(..9._)
w

Note: Find the corner for which the ratio - w!

is the largest. The most llkely corners

are 1 or 2.

Angle of rotation

small, no need to compute
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4,8.3 Nomenclature for Design Procedure

Io’Ix’Iy’Ixy

K33

bend

Positive number showlng the horizontal distance
between the uniformly distributed line loading
and shear center (Fig. 10).

Warping constant, defined by Eq. A.28

Modified warping constant for rigid braclng case,
defined by Eq. 2.15

y3, 1.e. distance of the outer fiber ét corner 3
from the x-axis

Positive number showing the vertical distance be-
tween the shear center and the diaphragm (also be-
tweén shear center and the uniformly distributed
loads transmitted by the diaphragm).

Rotational restraint provided by the dlaphragm
bracing.

Moment of inertia.

Constant defined by Eq. U4.4b (see Table 11).
Bending moment

The bending capacity of a beam which 1is guided or
braced such that the only possible deformation is

bending in the plane of the load with no rotation

or lateral deflection, defined by Eq. 4.13c
Bending moment causing start of ylelding.
Euler buckling load, defined by Eq. 4.12.
Euler buckling load defined by Eq. 4.3c.

Defined by Eq. 4.3d.
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The shear rigidity of the diaphragm bracing.

Limiting shear rigldity, defined at section 4.8.2
Defined by Eq. 4.3e l

(wheré i‘= 1,12) ='Constants concerning boundary con-
ditions (see Table VI). |

A constant concerned with the bimoment at midspan when

there are one or several discrete braces in addition to

diaphragm bracing (see Table VII);
Coordinates of a point.

Parameters for channel uplift case;
Parameters for Z-section uplift case.
Parameters for cﬁannel gravity case.
Parameters for Z-sectlion gravity caée.
dimenslonless yield load parameter.

Yield stress.

Angle of rotation

Angle of rotation at midspan for channel sections.
Angle of rotation at midspan for Z-sections.

Warping displacement or sectorial area (see Fig. 6).

Modified w for rigld bracing case



CHAPTER V
EXPERIMENTAL PROGRAM

5.1 General

In previous chapters, an elastic theory of diaphragm braced
beams under combined torsion and bending has been presented. Dur-
ing its development, several assumptions andlsimplifications were
made. To check the theory and to bbtain some information on the
behavior of diaphragm braced beams, a number of tests were
performed.

The experimental program consisted of two parts:

1) Model tests |

2) Full-scale tests.

In the following, the test set-up and the results will bve

presented for both the model and full-scale tests.

5.2 Model Tests

5.2.1 General

Tests were performed to study the effect of the bracing on
channel and Z-sectlion beams under gravity and uplift load condi-
tions. The term "model test" here does not refer to the usual
scaling down of the geometrical configuration. These tests were
not intended to replace the full-scale tests nor to be a prelim-

inary study for them. The prime objective was to check the theo-
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retical results for the two limiting cases of the diaphragm shear
rigidity, that is, zero (Q = 0) or infinite (Q = »). An unbraced
beam is represented by Q = 0 (Fig. 59).

The case Q = » is simulated in (Fig. 60) the model test by
bracing either the upper or the lower flanges of two beams lat-
erally against each other (Figs. 60 through 64). The braces were
placed at four discrete locations (Fig. 60). Though the beams were
intended to have the_samé properties, they ﬁefé not identical be-
cause of fabrication inaccuraciles. Therefore, due to‘these inac-
curacies, the braced flange of the beam, which ;s supposed'to be
fully restrained laterally, would deflect sidewayé when thils
flange 1s in compression as in the case of gravity 1oading.

Such a deflectlon was prevented by means of some addltional ex-
ternal bracing (Figs. 62 through 64). On the other hand, in the
tests where the braced flange was in tension, as in the case of

uplift, no additional bracing was necéssary.

5.2.2 Test Specimens

The virgin material for the specimen was hot rolled steel

sheets with a sharp yielding o - € dlagram. The sheets were bent

into channel or Z-shapes by cold forming. Several tension coupons

out of the virgin material were machined to the 3" standard

size. The yleld stress values for the model test beams are given
in Table 13.

5.2.3 Test Set-up

Four channel and four Z-section beams, eacﬁ représenting a

different bracing and loading condition, were tested} All spéci-
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mens were simply supported.
Loading cases and test numbering as referred to in Figs. 15a
through 15f are shown below:
Test #1: Chénnel, unbraced, uplift loading
Test #2f Z-section, unbraced, uplift loading
Test #3: Channel, rigld bracing, uplift loading
Test #4: Z-section, rigid bracing, uplift loading
Test #5: Channel, rigid bracing, gravity loading
Test #6: Z-section, rigid bracing, gravity loading
Test #7: Channel, rigid bracing, gfavity loading
~ (a) one discrete brace at midspan, loaded within
elastic range
(b) 5 discrete braces, loaded until fallure
Test #8: Z-beam, rigid bracing, downward load
(a) 5 discrete braces, loaded within elastilc ranges

(b) one discrete brace at mldspan, loaded until failure

5.2.4 Results and Discussion

The horizontal and vertical displacements at mldspan were
measured by dial gages. From them, the angle of rotation ¢ and
the shear center deflections u and v were computed. Here u and
Vv indlcate deflections in the directlon of the coordinates £ and
n of the deflected section. These values agree well wlth the
theoretical values u and v. Figs. 66 through 71 show the com-
parison of test and theory.. The test values'for ¢ are in general

somewhat less than the predicted‘values.

The behavior of channel beams under uplift loading was dils-
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cussed in Chapter 3. It was mentlioned that the points where the
diaphragm bracing is attached to the beam have a tendency to

move first in one directlion, and then come back to zero and begin
to move in the other direction, under 1ncreasing locads. This

was actually observed in Test #1 and is shown in Fig. 66.

The strains have been measured at four to six locations at
midspan by Type A-12 SR~M strain_gages (Gage locations can be
seen on Figs. 72 and 73). At the flange tips, gages also have
been placed on the inslde 1n order to detect any local buckling or
bending during the loading. The sectlons were dimensioned not to
buyckle locally in the elastic range and they did not. Fig.'7u
shows the predicted and measured strains at locations 2 and 3.

The agreement 1s quite satisfactory in the elastic range where
the theory 1is valid. ‘

The inelastlc behavior for the uplift and downward loading
cases was quite different. In the former, the stress distribution
is such that there 1is tension everywhere except at the corner of
the web and "compression" flange. Hence, no local buckling was
possible and fallure occurred by'yielding.' The beams under down-
ward loading falled due to a combination of ylelding at the ten-
sion flange and plastic local buckling of the compression flange.

The experimental strain and stress distribution at fallure on
the midspan cross-section for tests #1 and #2 are shown on Figs.
72 and 73, respectlvely. For tests #1 through #U4 (uplift loading),
one observes that a plastic hinge was forming at the compression
flange. On the other hand, for tests #5 through #8 (downward

loading), the stresses at the flanges were fairly uniform on the
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flat portions; at the corners, the strains were usually large
enough to develop the increased yileld strength due to cold form-
ing. A partial plastification of the web is also observed.

In Table X, the experimental failure loads in Column (1) are
compared with the followingvcomputed ones:

a) Column (2): Incipient yleld loads

b) Column (3): Load when 15% overstressing is allowed for

Tests #5 through #8 only
¢) Column (4): Yield load assuming the beam to be braced
such that only vertical bending is possible, i.e. M _ o

d) Column (5): The load of column (4) plus the additional

capacity due to 1lncreased corner strength

e) Column (6): The load computed from the experimental

stress distribution at failure (which includes the ef-
fects of cold forming and partial plastification of the
web) .

It is seen that the experimental fallure loads for Tests #1
through #4 (uplift loads) are closely predicted by criterion (a)
or (b). This may be explained as follows: In the uplift cases,
there is considerable angle of rotation in the elastic range.
Hence, the stralns are highly nonlinear, especlially at the tip of
the compression flange. A small addition to the load causes large
strains. Therefore, the ultimate load capacity was not much
higher than the incipient yleld load. On the other hand, the
beéms in the downward load case (Tests #5 and #6) displayed com-
parativel& small rotations and the strains were almost linear for

increasing loads. These beams have shown large reserve strength
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beyond the predicted values of criterion (a) or (b), as indilcated
in Table §5., Hence, altpough the theory is validhonly in the elas-
tic range, the nonlineardty in the straln-load relationship may
indicate whether or not vhere 1s reserve strength in the beam.
However, 1t is felt that thi§ qonclug;qn cannot be generalized.

In beams with other dimeﬂsions and material properties, local
buckling may oceur at 1OaQS not tqo‘much_above the incipilent

yleld 1load. ,

Tests #7 and #8 had discrete braces on the ten;ion flange in
addition to the simulated T181d bracing on the compression flange.
The bracing arrangements {OF these tests are shown on Figs. 63
and 64, The brace at midSPan was the most effGCtiVéa reducing
the angle of rotation of Yhe beam almost to zero (Fig. 65). Ad-
ditional braces were ther 0% of much value for the test beams
since the displacements WET® Probably of the order of the play
present in the braces (No fl8ures are given in series 16 for the
deflection of these tests SiNce they are very small, 1.e. ¢ << 1°).

For test beams #7a 874 #80 With a discrete brace at midspan,
the inciplent yield loads TUrn out to be somewhat smallep than
that of a beam without th2! Prace. Since the brace at midspan
changes the sign of bimoment. and the corresponding warping stres-
ses at the brace locatiom the maxlmum stress occurs at the open
side of the tension flang? 1PStead of the corner, ang incipient
yielding occurs at a 1lowef 10ad. However, local Plastification
wipes out this effect and *he failure load 1s of aboﬁt the same
magnitude as for the besn Without the discrete brace (Compare

the experimental failure }08ds of Tests #6 to #8b).
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Tests #7b and #8b suggest that the main advantage of dis-
crete bracing for downward loading is not that 1t may increase the
strength of the diaphragm-braced channel and Z-beam, but rather
that the angle of rotation is greatly reduced. For the uplift
loading case also, the angle of rotation will be reduced by dis-
crete braces (which would now support the compression flange at
one or more points). But when ¢ 1s small, the torsional load due
to tp(e¢) may be insignificant and therefore the difference
between the capacitles corresponding to uplift or downward loading
cases diminishes. Hence, discrete bracing may increase the capa-
city of diaphragnm-braced channels and Z-beams for the uplift

loading case.

5.3 Full-Scale Tests

5.3.1 General

Full-scale tests were performed to study the behavior of
diaphragm-braced channel and Z-section purlins. Since the theory
was checked for some limiting values of the parameters Q and F in
the model tests, the maln purpose of the full-scale tests was

to duplicate the conditions in practice and find out the problems

associated with practical applicatlons.

5.3.2 Specimens
The first specimen was used to develop and improve the test

set-up. Subsequently, there were three channel and two Z-beam
tests. Each specimen consisted of two purlins, 4 apart (Fig. 78
braced on one flange by a narrow-rib light gage steel diaphragm

of 26 gage material with 24" cover width, as shown in Fig. T79.
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The panels were connected to the purlins by self-tapping screws
at every valley,resulting in a screw spacing of 8", This pro-
vided a diaphragm shear rigidity of Q = 50 kips as determlned ex-
perimentally by the standard procedure given in Refs. 22 and 23.

Rotational restraint F was determined by the test procedure
described in Appendix D. The values of F ranged from .060 to .180
in-k/in/rad depending on the position of the screws with respect
to the web. As 1t was discussed in Section 3.3 in some detail,
the value -of F is very sensitive to the position of the screws.
Since 1n the purlin test specimens, the screws were placed from
the top of the deck panels, as 1t 1s the case in practice, the
position of the screws varled considerably, apparently resulting
in different rotational restralnts in different test assemblies.
Usually effectlvely different values of F are obtaiﬁéd, even for
the beams A and B of the same assembly. Therefore, for comparison,
on the plots for test results, analytical computations are given
for a range of values of the rotational restraint F, between zero
and .180 in-k/in/rad. |

The specimens were simply supported. - X-bracings were sup-
plied at the supports to prevent any rotation of this cross-
section. The web was stiffened by a %" plate at the supports to
elimlinate web crippling.

The mechanical properties of the steel used to manﬁfacture
the specimens were determined by tension coﬁpon tests on the ma-
terial of same heat. The coupons were machiﬁed to 3" gage léhgths
according to ASTM 370-65.\'The values of the yield stress for full--

scale test beams are given in Table 14,
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5.3.3 Test Set-up

The test set-ups for gravity and uplift loading cases are
shown on Figures 80 and 81, respectively. The load was applied at
four points on the beams through a wiffle tree. The weight of
the wiffle tree was 800 1lbs. The load was applled by a tension
Jack coupled to a gravity simulator which was developed at Le-
high Universlity. As can be seen on Figure 82, this device con-
sists of a mechanism which enables the unobstructed sideways
translation of the load with the deflectlon of the beams. Dur-
ing this translation, no lateral resistance 1is created and the
load remains almost vertical as long as the lateral displacement
is not too large (say less than 3" for the device used in these
tests). The magnitudes of the loads were measured by a call-
brated tension bar.

In the case of uplift loading, the load 1s transmitted to
the web by a rigid plece of channel section 1n order to avold
the distortion of the tension flange which would occur 1f the
load were applied to the flange directly.

The tests are summarized below:

Test #F1: Channel, uplift, loaded until fallure (span = 20 ft

Test #F2: Z-section, uplift, loaded in the elastic range

(span = 16 ft. 8 1in)

Test #F3: Z-sectlon, uplift, one discrete brace at midspan,

loaded until failure (span = 16 ft. 8 in)

Test #F4: Channel, gravity, one dlscrete brace at midspan,

loaded in the elastic range (span = 20 ft)

Test #F5: Channel, gravity, loaded until failure

(span = 20 ft)
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As can be seen above, identical specimens were used for Tests
#FP2 and #F3 as well as for Tests #F4 and #F5, except for the

midspan brace.

5.3.4 Results and Discussion

Full-scale tests were helpful in bringing out the signifi-
cance of the rotational restraint of the dlaphragm bracing. |
This 1is best demonstrated in Fig. 83 for Test #F1l. While for
F = 0 the angle of rotation at midspan would be 16° due to thé
mere welght of the wiffle tree, 1t was limited to 1° at the saﬁe
load when the rotational restraint of F = ,180 in-k/in/rad. was
considered in the calculations., The iétter agrees with the ex-
periments.

Fig. 84 shows the angle of rotation for test #F2. 1In this
test, the stresses were in the elastic range and the beam was
unloaded at the load of 1700 1lb/beam in order to be used in the
subsequent test. Although the tests #F1 and #F2 are not direct-
ly comparable due to differences in the span length, wall thick-
ness of the purlins and the rotational restraint F, their re-
sults support the concluslon that Z-beams generally display less
rotation than channels. In test #F2, the angle of rotation ¢

for beams A and B are very close to each other and to the theo-

retlcal result for F = .060 ki/in/rad. The theoretical predic-

tions corresponding to F = .180 ki/in/rad is also given on this

Figure for comparison.

In addition to the diaphragm bracing, test #F3 had a dis-

crete brace at midspan, providing zero angle of rotation. Fur-

thermore, an additional external restraint was provided to secure
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zero lateral displacement at midspan. The discrete bracing lim-
ited the angle of rotation to values less than 1.5° elsewhere
in the span (Fig. 85).

In test #FlU, an assembly of 20 ft. long channel purlins
with a discrete brace at midspan in addltion to the diaphragm
bracing was tested under gravity loads. Thls test was terminated
at a total load of 2000 lb/beam before inelastic deformations
occurred. The maximum angle of rotation was less than 2° because
of the discrete brace (Fig. 86).

In test #F5, Fig. 87, the difference between the angle of
rotations belonging to F = 0 and F = .060 to .180 in-k/in/rad.
are agaln very significant.

In Fig. 88, the stress distribution for test #FU4 with dis-
crete brace 1s shown. As was discussed at the end of Section
4,7.3, the maximum stress for thils case occurs at corner 2. On
the other hand, for #F5 without discrete brace, the stress dis-
tribution on the flanges are almost uniform for F = ,180 in-k/in/
rad., as shown in Fig. 89.

It is seen from Figs. 88 and 89 that measured and computed
stresses are 1n satisfactory agreement., The seeming discrepancy
at high loads for test #F4 (Fig. 88) comes from the fact that
calculated results assume elastlic behavior while actual stresses
at these high loads were already in the lnelastlc range. At
these inelastic strains, local flange waving was visible, which
increased discrepancies between actual and elastic calculated

strains.



CHAPTER VI

CONCLUSIONS

6.1 Summary
The principal objectlve of this investigation was to study

the behavior of thin-walled cold formed channel and Z-sections
braced by light gage steel dlaphragms.

Though there were previous‘studies dealing with the behavior
of similar types of elements, none had included the comblned ac-
tion of the shear rigidity and rotational restralnts by the di-
aphragm bracing. This study established the mathematical back-
ground and gave numerical solutlons to include the interactive
effect of the mentioned parameters upon the carrying capaclty
of the braced beams.

The solution was computerized so that the included parame-
ters could easlly be varled and accurate results could be ob-
talned.

The sfudy proposes practical and fairly simple design form-
ulas. It also includes the additional effect of discrete bracing,
if the diaphragm braced beams were x-braced or connected to each
other by sag rods.

The theoretical results wefe verified by model experiments.
Full-scale specimens were tested to obtain more insight into the

behavior of the braced purlins.

A method was suggested to determine experimentally the ro-

-
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tational restraint supplied by the diaphragm.

6.2 Conclusions

The following concluéions arevbaséd on both the theoretical
and experimental findings: |

i. The overall elastic behavior of.the dliaphragm braced
beamévcan reasonably be predicted by the given’solution of the
differential equation. |

2. The model tests showed that the incipient yield load
predicted by the theory generally constitutes a conservative es-
timate of the failure load. Thls reserve strength depends main-
ly on the plastic 1oéal buckling tendéncy of the compression
flange. For purlins with dimensions as in the full-scale tests,
the reservé strength does not seem to be appreciable.

3. The usefulness of a light gage unbraced purlin is limit-
ed by its low reslstance to torsion.

4, Theory and experiments clearly showed that diaphragm
bracing considerably 1lncreases the carrylng capacity of light
gaged, cold formed purlilns.

5. For gravity loading, the shear rilgidity of the dlaphragm
caused a definite 1ncrease in the yield load capacity of both
channel and Z-section beams. For the uplift case however, only
7.sections showed definite improvement due to shear rigidity.

For channel beams under uplift loading, the load carrylng ca-
pacity generally did not lncrease with the shear rigidity.

6. The rotational restraint F 1s most effective for channel

sections. For Z-sections, it is helpful only for uplift loading,

provided that Q > Q.
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7. The influence of diaphragm bracing increases wilth the
increase 1n beam span length, since the parameters Q and F do not
change with L while the beam stiffness_decreases. vIgnoring el-
ther'Q or F moy lead to results which are too conservative.

8. The computer program based oo the series solution of
the differential equation showed that consideration of three
terms was sufficient for quite accurate results.

9. Simplified and conservative design formulas could be
obtained using_onetterm in tho serles solution.

10. Analytical studles showed that the governling design
stress for channel and Z-sections wiil occuf at the corner be-
tween the web and the lower flange, if the dlaphragm braclng has
a shear rigldity above a specified value‘QL whioh is a function
of the bending stiffness of the beam.

11. In none of the tests was there arfracture type of
failure. There were also no shear or beafing fallures at the

diaphragm attachment locations.

6.3 Recommendations for Further Study

The following recommendatlons are made for further inves-

tigations:

1. The elastlc behavior of the thin-walled sections with

unsymmetrical configuratlons may be studied.

2. The effect of the different types of connections of di-
aphragm to the beam could be critically examined.

3. Theoretical and experimental work is encouraged in order

to study the inelastic behavior of diaphragm braced light gage

sectlons.
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4, The interaction between the combined torsion and bend-
ing and the local buckling at the compression flange or 1lip

needs further studies.



APPENDIX A
' GENERAL THEORY

Al Assumptions

The theory of nonuniform torsion for the prismatical
beams of thin-walled open sections 1s based on the following
assumptions:

a) The shape of the section is undeformable. Hence the
displacements in the plane of the cross section for any point
can be described through the translation of a reference point
and the rotation about this point.

b) The shear deformation of the middle surface is ne-
gligible, Hence the angle between the generator of the mid-
dle surface and a cross section 1s assumed not to change dur-
ing deformation. Since thin-walled beams of open sections
are very flexible under torsional moments, the contribution
of shear strains to the deformations are indeed small. 1In
contrast to thils 1s tubular beams which are geometrically
many times more rigid than open sectlons under torsion. Here
the shear deformations might be quite important.

¢) Deflections are assumed to be small. Thus
8in ¢ = ¢ and cos ¢ = 1

Non-linear terms 1in the differential equations have been ne-

glected.

d) Hooke's law 1is assumed to hold.

86
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A2 Coordinates

A right handed coordinate system 1s adopted. (Fig. 2).

The positive signs of deflections, angles, slopes, curvatures,
forces and moments conslstent with this system are described
in Ref. 24 in detail (Fig. 3). Several sets of coordinates
will be employed. The first set x,y,z will stay fixed in
space in the unloaded position of the beam. The origin of
the coordinates need not be specified at the outset; but later
it willl be shown that it 1s to be chosen at the centrold to
simplify the expressions. The z axls will be taken along the
beam axis. The second set £,n,z will be attached to the beam
to deflect with 1t under load, the ¢ axis belng tangent to
the deflected axis of the beam. Yet another coordinate sys-
tem 1s useful in specifyling the polnts in the cross section.
As shown in Fig. § a curvilinear orthogonal system s and n
will be established. Note that s and n are in accordance
wiﬁh the right hand rule.

. The deflections in the x, y and z axes directions are u,
v and w. Usually u and v willl show the deflectlon of a specl-
fic reference point with the coordinates X and y. Later we
will see that it 1s advantageous to choose the shear center
as this reference point. The angle of rotatlion 1s ¢. The

deflections in directlions of axes s and n are ug and u .

A3 Warping Deformatlon

Using the first assumption of a rigid cross section we
can find the deflection of any point in the tangential direc-

tion s in terms of the deflections u, v of the reference



point and ¢.

Let uA and vA

A in the direction of x and y axes (Figure 4),

u, = u - (y-7)¢

Va

v + (x-i)¢

The displacement of A 1In the direction s is:’

ug = -u, sina + v, cosa

88

denote the displacement of polint

(A.1)

(A.2)

= -u sina + v cosa + [(y-y)sino + (x-X)cosalé

= -u sina

+ Vv cosa + rn¢

(A.3)

where ro 1s the distance of the reference point to the tan-

gent drawn to the center llne of the section at point A.

The

angle between this tangent and the y axis 1s indicated by a.

= W
Ysz = 35 1
ow _ aus _
as 92z
= - | (-9
w f( dz
But
Therefore,
= (du
w (dz
let

dx = -ds sina

dy = ds cosa

dv d
az ¥ 1t dz

w = _];n ds

v d¢
cosa + r dz)

a
n a%)ds + W,

¢ frn ds) +wo

(A.4)

(A.5)

(A.6)
(A.7)

(A.8)

(A.9)
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This quantity 1s called sectorial area in accordance with
Vlasov. Substituting o in Eq. A.8 we obtain the longitudi-

nal displacement

cw o (U, dv L de |
W= oW, - (dZ R TR AT w) (A.10)

The first three terms in Eq. A.1l0 correspond to the
hypothesls of plane sectlions remaining plane. The last term

characterizes the warplng of the cross section.

A4 Strains and Stresses

If warping and displacements are constant along the beam
and not restrained at the ends, they will cause no stresses.
Otherwise strains and consequently stresses arise., Taking
only the linear terms 1in the straih displacement relations,

the longitudinal strain 1is

dw 2 2 2
ez = %g = dzO - (d g x + g_% y + Q_% w) (A.11)
dz dz dz
Hooke's law states
= 1 _V
€, T E 9% E (°n+gs)
Assuming o, = o, = 0,
dw 2 2
o=EdZ°-E(9-—‘2ix+i—‘21y+9——‘§w) (4.12)
Z dz dz dz

Now the shear stresses will be determined considering

the equilibrium of an element in the longitudinal direction
(Figure 5)

dods t +dr dz t + pz ds dz = 0
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dividing by ds dz,

a{ot) o(tt) - A
5zt 35 t Py =0 ' (4.13)

Solving this for the shear stress glves

t = 3T, -

o)

"8 s .
9(ot)
=z ds jjz P, ds] (A.lg)

For s = 0 we get T = T /t. Hence T /t means the shear stress
at the longitudinal section s = 0. Substituting ¢ from Eq.
A.12 "

L 2 :
1 8 d wo 8 d3u 8
T= = [T (Z).i[ p, ds - E -[ dA + E x dA
b ° 0 2 d22 o} : : 'E;§ o
3 s 3 s
+E9—13’- yvdA+Eg-—% " w dA]
dz~Jo dz--/o
(A.15)
Let
s .
A =f dA (A.16)
o)
s
Q =L y daA (A.17)
S .
Qy =jo x dA ' (A.18)
rS
Q=) wa (A.19)
o)

Then the shear stress becomes
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2
T = TO(Z) - %j’s p_ ds - E E_KQ A + B QEE Q
t t ° z t dzz s t dz3 y
JESY o LES 0 ) o0y
t dz3 X t dz3 w

If p, = 0 and there is no shear stress at the free edge, the

shear stress is given as follows:

< E Eq v, E
T=rQ, 3 +gQ + £ Q (A.21)

y dz3 x dz3

A5 Stress Resultants

In analyzing beams 1t is convenlent to integrate the
stresses into equivalent internal forces and moments. This
can be done in a systematlc manner if we demand the virtual
work of these forces to be equal to that of the stresses.

The corresponding virtual displacements are found when we ex-

amine the kinematical degrees of freedom of the system.

There are seven degrees of freedom, namely u, v, ¢, w_, %%,
%%, and %%, because the displacement of any point of the beam

is described uniquely in terms of these quantities (refer

to Eqs. A.l, A.2 and A.10).

A5.1 Resultants of ¢

The degrees of freedom in the longitudlnal direction are
du dv d¢
W, 330 az’ dz° Setting one of them equal to unity and the
others to zero we obtain the following displacement states

from Eq. A.10.
w_=1l, w=1 (A.22a)

== = -1, w=X (A.22b)
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(A.22¢)
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(A.224)

The stress resultants are obtained considering the virtual

work of g dA on these displacements,

N = J(c 1 dA (A.23a)
A

My = ~J(o x dA (A.23b)
A

M, = J[o y. dA (A.23c)
A

B =‘Jfo w dA - (A.234)
A

Substituting o from Eq. A.12, we get

aw f 2 ] 2 f 2
= B(—2 -du d7v d

A az° 1 dz®
(A.243)
dw 2 2
M, = E(-z;= J(x aa + 44 erg aa + &Y J['
— X dA
y dz 3 dz° A aze a7
a2 |
+ 5 w X dA)
dz A :
(A.2Ub)

aw 2
o 2
MX’E(EZ—{YM‘L%nydA-dV
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A dz dz
2
2y [ 2
dz A
(A.243)

Choosing the position of (1) the coordinate axes, and (2)
the reference point (where upon the deflections u and v be-~
long) appropriately we may eliminate some of the integrals
in Eqs. A.24. Namely, if the origin of the coordinate axes
is taken at the centroid the following integrals vanish:
.j-x dA = 0, ‘[ ydA =0
A A
It can be shown that choosing the reference point at the

shear center we eliminate the following

‘j.w dA = 0, ’[Q x dA = 0, J[w y dA = 0

A A A
Let

I =J[ v° aA (A.25)

X “a

2 )

I =‘[ x€ dA (A.26)

Y ‘A
Iy =J£x y dA (A.27)
Cw =J[ m2 dA (A.28)

A

dwo
2 2
d’u d"v
= — +
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2 L 2 )
d“u oL a~v
Moo= -E(S3 I+ 5= 1) (A.29¢)
X gz XV gz° X
d2
B = _ECW (Ao29d)
dz

A5.2 Resultants of T

The stress resultants of the shear stress will be found
in a similar fashion. The virtual displacements in the direc-
tion tangential to the center llne of the cross section are

given by Eq. A.3 with Egs. A.6, A.7, A.9.

u=1-—» ug = -sino = dx/ds
ve1l-— u;, = cosa = dy/ds
$ =1 — ug = r = dw/ds
Now writing the virtual work of ttds

Vy = _f (ttds) dx/ds = j’ Ttdx

A A
vy = _[ (1tds) dy/ds = [ ttdy

A “A
My = ‘[ (ttds) dw/ds = ‘f Ttdw

A ' A

Substituting t from Eq. A.21

3 3
a3u a3y 3
v. = E == Q.dx + E — J{ a’¢ J[
3 3
d-u 3
v, = E~— Qdy+E———f dy + g ¢
3 3
d-u a-v 3
M =g 93U de+E___de+ a3
tW az3 p Y dz® A X “rE dz3 3 Qe

The integrals can be modified using“integrétion by parts
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For example

fA Qydx = Qyx| T f

A A y
Qd = - f 7 A = —f - .
fA y 4y nylA ~AyQY 0 Aydi Iy
dem=le--fwdQ=o-fwdi=o
y Yy 'a A y A
Similarly
4[ Q.dx = -I ?[ Q. .dx =0
A X | X A W
dey=-I dey--'o
A X Xy L
fAQxdw =0 fAdew = —Cw
Hence the stress resultants‘are
3 3
d-u d-v
= Bl —= ~« EI —
Vx E y dz3 Xy dz3 (A.30a)
3 3
= _ a‘u _ a-v
Vy EIxy dz3 E IX g-z'?- (A.30b)
i a3y
Mtw = .ECw dz3 (A.30¢)

Comparison of Egs. A.29b, c and d with Eqs. A.30a, b, and c,

respectively, glves

d
= g... M '
Vy dfz- X (A.31b)
a
Mw=a B - (A.31lc)

tw
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A5.3 Discussion of Bimoment

The bending moments and shear forces determined in the
previous section are the same as in elementary beam theory
and need no further comment. The bimoment defined in Eq.
A.23d or Eq. A.29d4 was introduced by Vlasov. (?5) It is a bal-
anced force system, statically equivalent.xo zero, An ex-
ample 1s shown 1in Fié. ba. However, the derivative éf bi-
moment with respect to z 1s a torsional moment namely Mtw
as defined in Eq. A.30c. M. 1s called flexural twist, as
distinguished from Saint Venant twist. |

Generally, if -a force system (even with zero resultant)
can do work on displacements due to the warping of the cross
section, 1t causes bimoment in the beam. Bimoment, and con-
sequently flexural twist, may arise»under several different
types of loads. Some common examples may be transverse load-
ing outside the shear center, and a single or distributed
torsional moment. More unconventional examples are a longi-
tudinal force appllied at a polnt with non-zero sectorial area
or a single bending moment applied in a plane parallel to the
longitudinal axls at a distance from the shear center. In
the former case B = Pw, hence its sign depends on both P and
w, A tenslle force 1s taken positive. Thé«sign 6f the w 1s
-determined by the sweeping movement of the radius vector r
(Fig. ). If r moves from a point with zero sectorial area
to the point 1in question accbrding4to the right hand rule (i.e.,
in counterclockwise direction in & positive cross section),

w 1s positive. 1In the latter casé B =M a, where a 18 the
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distance between the shear center and the plane in which M is
acting. The sign convention for this case 1s as follows:

The bimoment 1s positive if the moment vector M 1s pointed
towards the shear center as shown 1n Figure T7b.

It is very important to distingulsh whether a bending
moment arises due to a force couple perpendicular (Fig. 7b)
or parallel (Fig. 7c) to the z axls. The former is what we
meant above as a single bending moment M whose bimoment is
B = Ma. The bilmoment for the latter case 1s found by adding
the bimoments of the single forces. Hence, although the mo-
ment 1is the same for the cases shown on Figures 7b and 7¢,
the resulting bimoments have opposite signs. The difference
between these cases 1s demonstrated more dramatically 1n
Figure 7d. In one B = O whereas in the other B = M 2a.

According to Saint Venant's prineiple, if a system of
forces 1s equivalent to zero its effects remain localized.
This is not the case with bimoment. The stresses and deflec-
tions are quite large even at a considerable distance from

the application point of an external bimoment.

Ac i Stress Resultants in the Deformed State

Thus far the displacements, strains, stresses and stress
resultants have been referred to the undeformed state of the
beam. However, since the differentlal equations of equili-
brium will be written in the deformed state, we need the cor-
responding stresses and thelr resultants. During deformation,
normal stresses are oriented in the direction of the bent and

twisted fibers of the beam. The shear stresses remaln parallel
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7

to the center line of the deflected cross section. The mag-
nitudes of the stresses however can be taken, in a first order
approximation, equal to the ones referred to the undeformed
state Since the cross section had been assumed rigid, sec-
tional Propertles will be the same in the deformed and unde-
formed states. That 1s Ig = 1., n = Iy, etc. Hence the
stpess resultants of the normal stress may be obtained from

Egs. A.29 by changing the subscripts of the stress resultants.

. dwo A
N§ = AE 3 (A.32a)
2 2
d"u da~v
M, = -E(I —_—t I =) (A.32b
§ Xy d22 X d22 32v)
2 2
- d"u dcv
M = E(IL —& +1I ) (A.32¢)
n y d22 Xy dzz
B = -EC 932

gsimilarly the shear stress resultants are obtained from

Eqs. A-30
3 3
- d-u a-v
Vp = =E I —= -EI — A
1 Y 423 XY 423 (A.332)
V. = -E I d-u E I d3v -
n Xy a;j - X '&;-3— - (A.33b)
M. = a3
c’w - -ECW dz (A033C)
Aiﬁﬁ—fgne Normal Stress in Terms of the Stress Resuitants
fFrom Eqs. A.32 '
dwo N

3
daz " EA - (A.34a)

t
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2 M. I +M.I
d“u X
12 ’ £xy“.'?"’ (A.34b)
z E(Iny-—Ixy )
2 M.I +M I -
5:’? S ™ xy2 (A.34c)
E(Iny-Ixy )
2
a~¢ B
— T eme— (A.344)
d22 ECW
Substituting these into Eq. A.l2
: + .
_ §£ ) MnIx+M§Ixy MEIy MnIxy B
GC i 5= X + % + oW (A.35)
(Iny—Ixy ) (I4T -1 ) w

y Xy

A6 Torsional Moment due to o

During torsion every fiber, except the one through the
shear center, is twisted into a helix. Consequently, the
normal stress at a point 1s no longer parallel to the axis
through the shear center. Let the distance of a point from
the shear center be called r. The component of the normal

stress perpendicular to both r and the shear center axls 1s
d¢
or 3z
Torsional moment of this stress around the shear center is
M, = 4[ (o r gi)dA r = d¢ J( o r° dA (A.36)
t A dz A

dz

where
2 . (x -0+ (y - P2 (A.37)

r

‘Substituting ¢ from Eq. A.35 into Eq. A.36
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Q-'Q-
-©-

N M I +M. I

M, = 30 [k J[,re dA - DX _&Xy ‘f x r° dA
t z 'K J, (1.1 -I..°) “a

Xy Xy

M, I MI
+ & ¥- N X% J( y r° dA + %— J( ® r° dAl (A.38)
(T,I~Tyy) A w ‘A

With r° from Eq. A.37, the integrals in Eq. A.38 become
. 2.
I, = Jf r° da (A.39a)
A
H, = J[ y e dA = ‘[ y(x2+y2)dA - 2xI__ - 2yI (A.39b)
X A a S Xy X ’
H = J[ x r2 dA = Jf x(x2+y2)dAv- 2xI_ - 2yI (A.39¢)
y A A y Xy
Hw = J[ W r2 dA'=.J[ w(x2+y2)dA g (A.394)
A A |
Hence
_ao I, MIHI. M I M I 5
My dz[NcA 5— H + =3 NX o + == H ]
(1,1 -1.°) Y. (1 1.1 % X C, W
X"y “xy xTy xy w
or
I I H -I_H IH -I
M, = ¥ [N Q4 XXTXVY M X xny + B ﬁﬂ]
XTy Xy X'y Xy w
2 9¢ )
My = 32 [Nr, nt Mgﬁx = Mnﬂy +B 8‘w] | (A.40)
where
IH -
o o WiTgfy
X (111 2) (A.41a)
Xy Xy
g = IXHY—IXYHX . ; CA.Y
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HW
By = ¢ (A.41c)
) w
Note that if Ixy =0
H
1 2,.2 -
B, = =X = = jr y(x+y<)aa - 2y
x Iy Iy
Ho 2.2 -
By = TX = I x(x“+y©)da - 2x
y y “A

Furthermore, for singly symmetrical sections like a channel,

if x is the symmetry axis

A7 Differential Equations

Eqs. A.32b and c give the differential equations for
bending. For torsion we have to combine Eq. A.33c, Eq. A. 40O
and the portion carried by Saint Venant torslon. Hence the

differential equations for combined bending and torsion are

as follows:

d"u d v
__.2.+EI —_— = =M .
EIxy dz X 4z & (h.82a)
d2u d2v

EI, = + EI,, —5 = M (A.42b)
dz
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3 I
az¢ ~o - d¢ - _
EC,, E;— - (GK + N ¢ f‘MEBx MnBy + BB )3 M, (A.l42c)

W)

The moments Mg’ Mn’ and MC are in the direction of the de-
flected axes. In order to determine them, we may first find the
moments at the points on the deflected axis through the shear
center but in the direction of fixed axes x, y, 2z and then pro-
ject the latter into the £, n, T coordinates. The transforma-

tion formulas are

=
]

£ M, + ¢My -3 My (A.43a)
= dv
Mn = -¢Mx + My - 3z MZ (A.43b)
Jdug o, dv
MC 3z Mx ) My + Mz (A.H3c)

To obtain a linear differential equation, we may use N, Mx’
and My in Eq. A.42c¢ instead of NE’ Mn’ and MC'
The bimoment B in Egq. A.42c¢c 1s unknown at the outset.

Since it 1is not a statical quantity, it cannot be found directly
from equilibrium equatlons as can the bending moments. However,

it can be determlned approximately, using the differential

equation of torsion and the pertinent boundary conditions.

4 2
B, 1 - ak &4 = n
dz dz t

where m_ indicates the external distributed torsional moments.

Substituting B from Eq. A.324



Note that the term BBw in Eq. A.42¢
singly symmetrical sectlions such as

By

0.
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vanishes for doubly and

the I and channel, since

For poilnt symmetrical sections like the Z, it vanishes

1f the bimoment 1s zero. This 1s the case, for example, if a Z

beam 1s under transverse loads through 1its centroid.

A8 Summary

In summary, the normal and shear stresses in a thin-walled

beam of open cross section are

4 d~v
0’=E__.9...____x...__...
dz d22 dz2

3 3
E d-u da-v
=2 S5+ Q —
£y dz3 X dz3

The stress resultants of o, 1in

coordinates are

The stress resultants of t are

d-u
V. = -E(I —3 + I
3 y dz
3
d-’u
vV = -E(I = +
n Xy dz3

y - 9—% ) (A.12)
dz
+ Q QEQ) (A.21)
W dz3 :

the direction of the deflected

(A.32a)
2
d v
) (A.32b)
X 422
2
g—%) (A.32¢)
dz
(A.324d)
3
d-’v
— (A.33a)
Xy d23
3
d-v
I, —3) (A.33Dp)
X 423



The differentlal equations of combined bending and

torsion are

2 2
d u d~v = -
EIxy E;-? + EIX -d-—z—z ME (A.’-l2a)
2 2
d"u d~v
+ =
EIy a—z-g EIxy a—;z Mﬂ (A.qu)»
e &% (GK + N To oy m B. - M B +B B =
W 4.3 '\ £ x n"y w/dz ~ Tg
' (A.42¢)
where
;' : du
= - dv
Mn ) Mx + My ol MZ (A.43b)

- du dv
MC dz Mx +

104

= -£c, &4 5 (A.33¢)

az My M, (A.43¢)



APPENDIX B

THEORY FOR DIAPHRAGM-BRACED BEAMS

Let the dlaphragm be attached to the upper flange of the

beam at point D (x ) as shown on Figure 10. There 1s no

p* Ip
difficulty in taking the bracing at any other point. The
choice is dictated by practical considerations. The dla-

phragm lies parallel to the x-z plane.

Bl The Forces Between Beam and Dlaphragm

In a roof structure external loads are transmitted to
the beam through the diaphragm. Having thils practical prob-
lem in mind more general loading cases where additional loads
are applied directly to the beam are not considered.

a) The lateral force p

The deflection of the fiber of the beam at point D is

called up
Let
°0 = Ip
uD = u + eD¢
The shear strain 4
u :
_ D _ du o]
Y = 3§z T 4z t ey 3z (B.1)
The shear force
vear=a@+e h (8.2)

105
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where Q 1s the shear rigldity of the diaphragm contributory
to one of the beams.

The bracing force p,

-2 2
_ 4av _ a~u a-¢
Py =3z °© Q(a;g'+ ep E;g) (B.3)

The external loads in the direction of the x axis 1n the
plane of the dlaphragm can be assumed to be carried by the
diaphragm alone, because 1ts rigidity'is usually several

times than that of the beam.

b) The vertlcal force p

Y
The vertical and horizontal distances of the application

point of py from the shear center 1is indicated by two posi-
tive humbers e and a respectlively. Downward loading 1s trans-
ferred from the diaphragm to the beam through bearing. Since
the section may rotate during the loading, for thls case, the
contact point may be at the junction of the web and flange
rather than point D. On the other hand uplift loading is
transmitted by the connectors, hence it acts at the point D.
However, in the derivations and numerical computations in
this report both uplift and downward loading is assumed act-
ing through the web. For Z-sections this means setting a = 0
which brought certain simplifications such as elimination of
B B, in Eq. A.h2c. This should be taken into account if this
assumption 1s dlscarded. For channel sections thefe is no
such compllication. One can simply substitute the proper

value of "a" directly into the computer program.
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¢) The longitudinal force;pz

There are usually a number of parallel beams braced by the
same panel. The middle beams contaln only lateral bracing forces.
On the other hand, the edge beams have to supply shear forces to
the diaphragm along the free edge and get thereby axlal loads in
addition to the lateral loads. The sign of the axial loading for

the two edge beams are opposite to each other.

- ‘Y.z Q.d_u_ .d—i
p,=tg=¢d w(dz tep dz) (B.4)

where w is the wildth of the diaphragm contributory to one of the

beams.

d) Torsional moment me

mg = F¢ (B.5)

where F is the rotatlional restraint of the diaphragm per unit

length.

B2 Equilibrium Equations

In the following, nonlinear terms have been ignored. The
effect of longitudinal forces p, willl not be included. Hence,
the equations are valld for the middle beams in an assembly. As
mentioned before, the forces wlth indices x, y, 2 are at the

shear center but in the direction of the fixed coordinates.

Bending in x-directlon:

—X =V (B.6)
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2
d™M av
Xo Y=o (B.7)
p
dz2 daz y
Bending in y direction:
dM A
¥ = . ' ‘ )
dz Vx _ (B.8)
2 :
am av ~
y X -
= =p (B.9)
d22 dz X

Torsion:

Torsion 1s due to Pys P and cross-bending rigidity of

y
the diaphragm. Consldering equilibrium along the z axis,

Fé = 0

+ -
dM, + Vydu + dVyu + pydz(u+e¢ a) + Pxep

Dividing by dz and using Egs. B.6 through B.9,
daMm aM

z _ x du
5 " "3 az - py(e¢+a) - Pyep + Fo (B.10)

B3 Differential Equations of Diaphragm-Braced Beams

The projections of Mx’ My, Mz in §, n and r will be de-
termined by Eqs. A.43. However, the last terms in Egs. A.U3a
and b which indicate the projection of Mz on £ and n, respec-
tively, will be neglected. (This can be justified by the

fact that the slopes are small on the major part of the span.)

M,
= -p B.
5;25 y (B.11a)
;g2
= (M_¢) +
322 122 x Py (B.11b)
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&z - 2N tRaE " @ azc py(e¢+a) - Pyep + F

(B.1llec)
Differentiating Eqs. A.42a and b twice with respect to z and

using Eqs. B.lla and b we get

] h
a'v du -
E 5;5 Ix + E agn-lxy = py (B.12a)
y L 2
dv du d”¢
E % I + E —T I+ (M_¢) = p (B.12b)
dz Xy dz y dz2 x x

am
Now Eq. A.42c¢c will be differentiated once and EEE will be sub-

stituted from Eq. B.llec.

4 2
d'¢ a¢ d d
EC, —r - GK =5 + 57 ¥ (M. By + BB
dz dz
+ M QEH - ep + Fo = a + e (B.12c)
X qz2 " "y Py2 * Px®p '

The vertical deflectlon can be ellminated from Eqgs.

B.12a and b.
4 P I 4
a'v y xy d u (
= - - B.13)

dzll EIx Ix dz
Substitutling,

2

(1.I.-1I ) L4 2 1
X'y Xy du d Xy -
E + (M_¢) + === p_ =p (B.14a)
I az®  azé ¥ I, 7y X

I, channel and Z beams:

For I or channel beams Bx =B 0. For Z beams Bx =0,

W

and if there is no primary torsion also B = 0. Hence for

our case the corresponding terms 1in Eq. B.12c¢ will vanish
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d ¢ d ~d"u =
EC S - GK + M -~ -p,ed +Fd =pa+pe
¥ 4z dz x d22 y x'D

Finally, the bracing force Py from Eq. B.3 will be sub-
stituted into Eqs. B.1lla and b.

2
E(I I -I ) L4 2 2 2
X % xy ~ d ﬁ -Q g—% - Qe d 5 + 9—5 (M ¢) = -TEX p
X dz dz .dz dz X y
(B.152a)
4 2 2
da¢ - d%¢ 2 d :
EC, — - 0K —% - Q e ——%-~ p.ed + Fo
W dz dz D dz y
2 2
d“u d"u _
+ Mx ._.._72 - Q eD ?Z = py a (B.le)

Assuming that Py and p have the same vertical distance from

y
the shear center

ep = e (B.16)

Substituting this and introducing the dimensioniess variable

™
]
W

(B.17)
Egqs. B.1l5 become

z 2
E(Iny—Ixy ) LIV

2
IxL

I
- Qu" - Qed¢" + (Mx¢)" = -Til pyL2 (B.18a)

EC

w Iv 2 i}
0T - ok - aefr - pyeL2¢ + FL% + Mu" - Qeu" = pyLEa

(B.18b)

where primes denote differentiation with respect'to 4
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B4 Specilal Cases

The coupled equation system B.18 will be converted to
one differential equation 1in ¢, for no and rigid bracing
cases.

a) No bracing, i.e. Q = 0

For Q = 0 = Egqs. B.18 become
E(LI-I_ %) 1y S
T~ oyt o+ (M 9)" = -f—l p. L (B.19a)
IL x 7
ECy 1v 2 2 2
—= ¢ - GK¢" - pyele + M u" + FL°¢ = p_L% (B.19b)
L y

Eq. B.19a can be integrated twice and solved for u"

2

ull - L

E(Iny-Ix

2) (-MXIX¢ + Ixny) (B.20)
N

Substituting this into Eq. B.1l9Db

BCy 1V IxMx2 2 2
—— ¢~ - GK¢" - (p.e + 5s—)L°¢ + FL¢
L2 O B(I I -1, %)
X"y Xy
2
I,M
= (pa - — X )12 (p.21)

y -
E(Iny Ixy )

Eq. B.21 is a speclal case of a more general dlfferential

equation given in Ref. 24, if the term with F 1s excluded.

b) Rigid bracing, i.e., Q = ®

For this case the displacements u and ¢ are no longer

independent. Specifically, up = 0 glves

u = -eD¢ = -ef (B.22)



Consider Eqs. B.l14. The bracing forces p, can be
eliminated between them., Simultaneously u = -e¢ will

be substituted. Then

EC! -
—% oIV - GKo" + FLZ¢ - M d"e - (M )"e
L
I
2 2 X
o = +
pyeL ¢ pyL (a T;X e)
where 5
II-I, 5
¢t = ¢ + =L X o
w \ I

108¢

(B.23)

(B.24)



APPENDIX C
SOLUTION METHOD

Consider Eqg, 2.9. These are linear fourth order
coupled differential equations with variable coefficients.
Their exact solution is difficult if at all possible.
Galerkin's Method proves to be very powerful in solving such
differential equations approximately.

The displacements u and ¢ will-be represented by infi-
nite serlies. A sultable choice 1s the elgenfunctions of
transverse vibrations of a rod which has the same boundary
conditions as our beam. (After separation of variables, the
partial differentlal equation of the vibration problem 1is
reduced to an ordinary differential equation). For trans-

verse and rotational vibrations we have respectively:

Iv b

¢ - Xz $ =0 (C.1b)
Their solutions are
u = Ay sinlxc t A, coskxg + A3 sinh Axc + A, cosh -

(C.2a)

©
1]

K, sinA g + K2 cos AL + K3 sinh At + Ku cosh At
(C.2b)

From the four boundary conditions for each displacement,
homogeneous equation systems for the respective coefficients

110



111

are obtained. In order to avoid the trivial solution their
determinants are set equal to zero. This results 1n two
transcendental equatlons for the eigenvalues Ax and Az which
have an infinite number of roots. Correspondingly there are
an infinite number of eligenfunctlions which form an orthogonal
and complete set. For the most important boundary conditions,
the approximate values for elgenvalues and the corresponding

eigenfunctions are given in Ref. 35 Table 33.

Cl Solution for General Case

Let
u= I ulX (C.3a)

¢ = LI ¢.2 (C.3b)

Now the Galerkin Method wlll be applied to Egs. 2..9

1 2
o E(I, I -I .°) .
) ‘[ u,l 2 2xy XnIV - Q Xy]
=1 I.L
n X
I 1
+ ¢ [-Qez " + (M2 )"] X dT = -Til szf pyX,dt (C.ka)
o
m=1, 2, vy ®

v _ (GK+Qe2)zg

| ™M 8

1 | EC,,
_f un[MxXn - QeXn] + ¢n["§— 2y
170 L

eL?z + FL%Z ] 7. dr = aL® ' Z_dz(C.ub)
= Py n n- “m ° Pylm )
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For practical computation we can consider of course only

a finite number of terms.

Froﬁ‘Eqs. C.i

e 8
~~
=
[
+
o
N
]
t=1

where

E(I I.-I 1

X"y xy 4 [ J[

A A 1"

I L X ~o - Q X X de

1 1
Bin = -Qe[). z X dg +f (szn)" X dc
o
(o]

1 1 ‘
Can = -0 [ X208 4 [ maz,ar
0

ECw 4 ' >2 '
=t j 2.2 4T - (GK+Qe )f 2'z_dt
(o] 0

1l
2 s rl
- eL ,[ Z Z dC + R
L) Py SRR

_E prdc

= 2
m aL j; pyZde

(C.

(c

(c.

(c.

(c.

(c.

(c.

5a)

.5b)

.6a)

6b)

6¢c)

64d)

6e)

6f)
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Let

=
1

pL2 h(z) (C.7a)

p, = p h(z) (C.7v)

y

where p 1s a load parameter and h, h are dimensionless moment

and load distribution functions. Then

2
E(I_I -I. %)
_ X'y "Xy 4
A= Y. AT, -QT, (C.8a)
X
_ 2
an = -Qe T3 + pL ’I‘5 (c.8b)
_ 2
Cmn = Qe Tu + pL T6 (C.8c)
D = ou 2 Yoo~ (Gk+Qe?) T, - pL?e T. + FLZ T, (C.8d)
mn =72tz Tr - 00 8 9 7 (¢
E_ = _Ixy 12 g (C.8e)
m -~ T p 101 .
F_ = apl® T (C.8f)
m 102 .

where Ty indicate the integrals. Some of the integrals may

be modified by using integration by parts as shown below

1 1 5
Tl =J; Xnde = énmj; X d (C.9a)

Il 1 fl

= X'X —j' X!X'dg - | X'X'dt (C.9b)

nmo o nm JO nm
1

3
o
"
5““\
[
>
o I
=
3
[o}
Y
}

-3
I
o~
o3
3
o}
™
)

1 1
= Z2'X | _j' 2!'X'dc -j' z2!'X'dt (C.9¢)
3L nmo o nn o nm
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ol 1 1 1 ‘
- " = ' - 171 = - ' .
Ty -j' XpZpd® anm‘ JZ XpZndt J; XnZnd (c.9d)

o (o)

1 | 1 (1
T5.=L (h 2,)" X4t = (h zn)'xmlo -J; (h 2,)'Xpdz

1
- 2w

(C.9e)
rl 1 1
Jem " = ' - 1 1
Tg f h Xp2 dg X1(h 2)| f X!(h Z )'dg
(o) (o] (o]
1
2 - ' t
J; (h 2.)'X}de (c.9f)
1 1,
T7 =jo Zandc = Gnmjo Zm dg (c.9g)
1 1 1 1
= "g dr = 2! - 17 = -
Tg J; zpz Az nzmlO j; AYALE jo Z;IZI;IdQ(C.9h)
1 ————
Tg = . hzz dg (C.91)
l —
T101 =fo h X, dz ~ (C.9J)
1 —
T102 =fo h 2z dg (C.9k)

Substituting T, from Eqs. C.9a through i into Egqs. C.8a
through 4, the coefficlents become: -

2
mn IxL2 x “nmj o “m 5 o n¥pdc

(C.10a)
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os)
n

1 1
o . -2 «
mn er; ZﬁXﬁdC - pL j;~ (th)'Xéd; (C.10b)

C

1 1
2
er; XﬁZédC - pL JC (th)'XédC (C.10c)

mn
EC ol 1
_ w y 2 2
Dmn = Ez— Az Gnmjf zm dZz + (GK+Qe )Jr ZﬂZﬁdC
o] (o]
2 [t 2 1
- pL ejf hZ z at + FL Jf 22,48

o] o)

(C.104)

Egs. C.6 or C.10 may be used to compute the coefficients.

From the latter we observe that Am and Dmn constitute sym-

n

metrical matrices and an is the transpose of Cmn' With

matrix description Egs. C.5 become
[Amn]{un} + [an]{¢n} = {Em} (C.11la)

[cmn]{un} + [Dmn]{¢n} = {Fm} (C.11b)

Solving Eq. C.1lla for un

- -1
u, = Amn {Em - an ¢n} (C.12a)
Substituting this into Eq. C.11lb
D -C A "YB 3¢ =(F -c_ A "LE} (c.12p)
mn mn “mn mn-"n m mn “mn m :

Note that the coefficlent matrix in Eq. C.12b 1s still sym-

metrical since Amn-l had a congruent transformation. ¢n can

be found from Eq. C.12b. Then substituting back into Egqg.

C.l2a determines un.

Alternatively one may conslder Egs. C.lla and b as one

system. In that case the coefflcient matrix may be defilned
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as follows. ; (Sinoe C. = B m> this matrix also 1s sym-
metrical).
. ‘ N s’ EN . ., N
All Bll A12 Blz . & 0 0 o ul El
€13 Dya G2 Dy ¢ Fy
| YIRS : b= < :
Ayy By Ay By, U, E, (C.13)
21 Pay C22 Do ¢ F)
: ‘ J N ' v \ " P,

Hence the deflection components u_ and ¢_ may be found from
Egqs. C.12 or C.13.

The vertical deflection may be found as follows

2 2
-, §;§’= -M, + EL 32% (C.14)
Integrating twice | |
2 . N
Eva = Co + Clz - dez + EIxy L u X

(C.15)
n=l

where the constants C_ and C1 are determined from the boundary
conditions. ’ |
If Ixy

= 0, the vertlcal deflection is uncoupled from u
and ¢.

Discussion:

The coefficlents A through D

for the unbraoed case
may be found by substituting Q = 0 into Egs, C 12 or C. 13

the solution presented in the’ following section
should c“nverge faster.

- On the other hand the coefficients
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for the rigidly braced case cannot be obtained directly from
C.12 or C.13, Dividing both sides of Eqs. C.1lla and b by
Q and setting 1/Q = 0 does not help either. 1In that case the

right hand side becomes zero, 1.e., E_ = Fm = 0. For the

m
left hand side, inspecting Eqs. C.6 and granting that Xy =24
(since the unknowns ¢ and u are no longer independent because

u = -¢e) it follows that

Amn =€ an =€ Cmn =¢€ Dmn

Substituting these into Eq. C.12b results in
[o]{¢n} = {o}

Hence ¢n remains undetermined. The indeterminancy could be
eliminated if Egs. C.11 were first solved without substitut-

ing a numerical value for Q. Arranging the determinants DJ

and D as polynomials of Q

_ 2 n-1
¢, = El = ajs°+ajle+aJ,2Q +"'+aj,n-lQ
J D bo+le+b2Q2+ e .+bn_1Qn'1+ann

where aJ n and bn are some constants. The constant bn is
3

zero, because 1t 1s equal to the following determlnant (see

Eq. C.6)

This determinant 1s zero for X1 = Zi' Thus, ¢J becomes equal

to the ratio of two polynomials of the same order. If we now
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let Q. approach infinity, we get in the limit

PR
1.7 b, ..
- n-1

A direct‘sdluﬁibn-for'the rigid brééing case will be ob-

tained from Eq. B.23 as will be shown in section C3.

C2 Solution for Unbraced Case, i.e., Q =

Applying the Galerkin Method to Eq. 2.11, we obtaln

| 2
w 1 EC IM
W IV " X X . 2
T ¢ {—— 2,7 - GKZ - (pee + .+ F)LZ_}Z _dt
n=1 n (o] L n y E(I Iy—Iny) n-n

2

1 IM
=j; [pya - E(;YI — 1L%2_dz
| y~ xy:)

(C.16)

with Eqs. C.7a and b
E ¢n{£§'_*z j;, 2,24t - GKJC Zggmdc - pL ejf hz n%mdt
o ;

5 1 Ix(pL2)2 2
+ PFL Jf 2 .72 4y = P
nm -
0. - E(Iny Ixy ),O

L

2 1 =
h ZandC} = pLgajf hz
o

(DL ) L 1
= J[ h v dC
E(Iny-I ) o

(c.17)

Let

Tio=) B an dz (C.18a)

o}
- 19 | |
T103 =j; h°z dc (C.18b)
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In matrix form

[Dmn]{¢n} = {F.} (C.19)
where
EC 2,2, 2
_ w4 2 I (pLo)“L
Pmn = 2 Ay Ty - GK Tg - ple Tg + FL2T7 - —= 5 T
E(I, I, - 1 °) 10
Xy Xy
(C.20a)
) I, (pL9)? 1
Fm = pL~a T102 - e 2) T103 (C.20b)
X7y “xy
and T1 is given in Eqs. C.9 and C.18.
Hence the angle of rotation 1s determined in series form
N
b= L ¢_Z (C.21)

where N is the number of terms considered.
The curvature for the lateral deflection u" 1is obtained

from Eq. B.20.
2 N

z
2) XX

L

E(Iny-Ixy

u" = op 2o * I, M) (C.22)

n=1 Xy X

Having the curvatures, we are able to determline the normal
stress using Eq. 219.

If the lateral and vertical deflections are required
we may follow one of two ways: the first 1s to integrate Eq.
C.22 twice

w=C_ +CLg+ L® (-1 : ¢ (]M Z_dro+I []M dc%)
SR TES S A L O xyj )%

(C.23)

However, the functions resulting from these integrations may

be cumbersome. The second way 1s to apply Galerkin's Method
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also to Eq. B.19a. Then

2\
o 1 E(I.I _-I_.°) '
X'y XYy v '
L _[ 5 w X U+ (M2)", X de
n=1-0 IxL
, I 1l .
'k sz' p X dg (C.2H)
I o) y
X
Let ( 1 2)
E(I T -
- X'y Xy b
Agn = g Ay Ty (C.25a)
. X )
B = pL>T (C.25b)
mn 5 ‘
E '=.Q;£1 2 | (C.25¢)
m n P 101 neoc
Solving Eq. C.24 for u, gives
. N |
{gn} = [Amn] {Em - [an]{¢n}} (C.26)

Note that Amn is Just a diagonal matrix. Thus, we have also
the lateral deflection in series form.

N
u= g

The vertical deflection can be found from Eq. C,15.

C3 Solution for Rigid BracingrcﬁaseJ i.e., Q =

The differential equation for this case was gilven by
Eq. 2.14

®© EC' ,
1, 5Cy v > -
5 { 2.1V _ oK z" + .
A ¢nj; = In nt FLPZ - Mzve - (M 7 )ve
eL°z.} 7 a ;zze 2 *
Py &.Jn ?a (a+'x I j; pyzmd;

m=1, 2,....@ | (C.28)
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® EC' 1 1
w 4 2
2 (L, o i
- pL ?[ hZ Z d; - pL le (th)”Zmd;
o o

2 1 I 1
- pL ejf hZ Z dg}- (a+ )pL Jr hZ dr
0 Iy 0 m

(C.29)

m=1, 2,... @

Let
EC!
= (W, b 2 _ 2
Don (L2 A, + FL) T; = GK Tg - peL ('I'5 + Tg + Tg)

(C.30a)

Ixy oypr2
Fm = (a + Ix e)pL T102 (C.30b)

Again the problem 1s reduced to the solution of an algebraic

equation system.
[Dnm]{¢n} = {Fm} (C.31)
Hence the angle of rotation is

N
L

¢ = on 2y (C.32)

n=1
The lateral deflection 1s simply

u = -e¢ (C.33)

The vertical deflectlon 1s given by Eq. C.15.

C4 Evaluation of the Integrals

The expressions for the displacements v, u and ¢ have

been developed 1in Sections Cl through C3. They are valid for
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a continuous but arbitrary distribution of py and for a
number of_bouhdafy coﬁditions, which may be different for u,

v and ¢. They can be utilized once the values of the defi-
nite intégrals Tivaré known. In this section, these inte-
grals will be evaluated for some specific boundary condltions.
For some céées also tﬁe coefficients Amn’ an, etc. will be
given after substitution of Ti into them. 1In the following
v‘the load 1is taken uniformly distributed. Hence

2

= h = = : _E__,
Py =P, h=1,h=0C,+Cig-3

. Hence from

For similar boundary conditions Xn = Zn

Egqs. C.9

3
f
3

101 102
c4.1 Hinged boundary
v=yv"=90Q
weu' =0 atg=o0,1 (C.34)
6= 0" =0 | R |
The primary bending moment is
My = QL;‘ (z-2%) (C.35a)

h 2’ (g-z*%) (C.35b)
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The eigenfunctions

X, =2, ,=sinnmr g n=1, 3, 5,... (Cc.36a)
Ay = A, = 0T (C.36b)
The integrals T, from Egs. C.9 and C.18 are evaluated
below
T, =T, =T =6 lsinznﬂCdc=—l-6 (C.37a)
1 °7 "9 “nmm o 2 nm .
: 1 2.2
- = = = _mlm? . _mr
T2 = T3 = Tu = T8 = -mT JC sin nmg sin mmg dg 5 Gnm
(C.37b)
(2 2
i 2 | B - ifm=n
T. = 5 [(g-z°)sin nnwg])"sin mmg dg = =
5 2, 2 4 3
Um-n
ifm # n
| (m2-n°)?
5 (C.37¢)
1 s 1l
T6 = %Q[ (;-cz)(—nzwz)sin ntg sin mwg dg = % 12 4 if m=n
(o] ¢ 3
Qﬂle__z__é. ifm#n
(m~=-n")
- , (C.374)
1+ 2.2
T, . = (g-¢°)° sin nmg sin mmg dg =
10 EO
. 1 )
Tio1 = T102 =j; sin mmg dg = e (C.371)

1
= 1 -r2)2 =
T103 = FJ£ (g~z°)° sin mmg dg

a) General case

The coefficients were given in Egs. C.6



2
E(I.I -1 y 4 4 2.2 : ' «
- X"y "Xy ‘CmTm L aMT qg (C.38a)
LA — 3 Q=15
, e S
2 2 2 22 2 3
. mem pL m71° . 1 pL_ 4m™n -8
Bip = [Qe =5 - 55~ (G- + Pl + 55 (m2-n2)? (1-8/m)
(C.38b)
2.2 2 2.2 2 3 ’
_ m°m pL® m°w 1 pL® Umn _
Con = @0 B = 55 G+ P10y + 55 - 5wz (-0
(C.38¢)
EC_ L U 22 2 2 |
_ wmT m-m~ _ pel FL
Dmn = [Lé >t (GK + Qe) 2 >t 3 ]Gnm
(c.384)
E = -EZX'QEEE“ , (C.38e)
m Ix mm '
2
- 2pL
P = a fPL (C.38f)
where n=1, 3, 5,...
m=1, 3, 5,...
For this case [Amn] and [Dnm] are dlagonal matrices.
b) No bracing, i.e. Q = 0
The coefficients'necessafy'fdr'¢nr(Eqs. C.20)
4y .
‘D = (EEK mT_ 4+ GK m2"2 _ ELEG FL? IXL2(pL2)2
mn 2 2 2 2+ =56 - T
L 3 27mm o pirp -1 2y 10
X'y T Txy
‘ Sy (C.392)
2 1. 1%(pL9)?
Fp = a - - X T (C.39b)
m T B(I. I -1 %) 103 ‘

Xy Xy

The coefficients for U, (Egs. C.25)



125

E(I I -I Yy 4 4 ¢
= X"y Xy ‘m'®
Amn - 5~ Spm (C.40a)
X
2 22 3
- DL°- m°m 1 4m->n _
an 2 L‘( 12 + E)Gnm + m (1 Gnm)] (C.“Ob)
I 2
- Xy 2pL
En = T “mrn (C.40¢)
X
¢c) Rigid bracing, i.e. Q = o
From Eqs. C.30
EC! 2.2 8
- w _4_4 2.2 2 2_,m°m 1y+_nm
Do = [Eﬁ— mn + GK m“m° + FL® + pL e(-—g_._ 2)]_5_
_ pL2 an(m2+n2) (1-6_)
2 (m2—n2)2 nm
(C.b1a)
I 2
= Xy 2pL

C5 Summary

Galerkin's Method has been used toAsolve the differen-

tial equations for the diaphragm braced I, channel or Z

beams and for the two special c

bracing.
infinite series.
[+¢)
us=1xI
1l
¢ =2
1
the

b
Xn and Zn are chosen to be

problem with the same boundary

ases of ﬁo bracing and rigild

The displacements u and ¢ have been expressed in

(C.3a)"

(C.3b)

eigenfunctions of a wvibration

conditions as the beam. The

differential equations are converted lnto algebralc equation



systems of the followirng form

'a) General case, 1.e. 0 < Q < ®

|
pareny
=3
[

LA, Hu b +-[B) 1o } = {E (C.11a)
[Cpnllu } + [D J{o } = {F} (C.11b)
where ( ' 2)
E(I.I - I
- X7y Xy b
An — Ay _. T‘l‘-, Q‘TE ,‘ (c.8a)
RER |
Bpp = Qe Ty + pL2 T, (C.8b)
Cpn = ~Qe Ty + pL2 T, (c.8c)
EC. - .
Yy 2
Dy = 5-2-‘3'- Ay Ty - (0K+Qe®) Tg - pL?e 1 + FL? T, (C.84)
I
. X 2
E ,-T;Z PL® Ty 4p (C.8e)
= 2 v
F_ = aplL T102 .(Cc.81)
b) No bracing, 1.e. Q = 0
: [Dmn]{g>n} = {Fm} (C.19).
and A
- -1 L
{un} = [Amn] {Em - [an]{¢n}} (0.26)
where. 5 ‘
A - E(ley-lxy ) A y .
mn IxLa X 1 (0.258.)
B = pL2 T
o Jmn 5 (C.25b)
£ . | <
W . b 2,2.2
D, = T A, Tp - GK Tg « pLge~m9‘+,FL2T ) I, (pL%)Le
» p)
B(L I~ 1,.7)

126

(C.20a)

10



127

I
= XY o712
Em Ix prL T101 (Cc.25¢)
5 Ixy(pLZ)‘?L2
Fm = pL-a T102 - T (C.20b)

¢) Rigid bracing, i.e. Q = =

(D nl{¢,} = {F} (c.31)
and
us= -ed (C.33)
where
Don = ;;ﬁ AZ” T, ~ OK Tg - pL2e(T5+T6+T9) + FL? T,
(C.30a)

P~

F o= (a + XL e)pL? T

m T (C.30p)

102

The integrals Tl through T103 are defined by Egs. C.9
and C.18. They have been evaluated for simply supported
boundary conditions and uniformly distributed loads in Egs.

c.37.



APPENDIX D
TEST PROCEDURE- FOR THE DETERMINATION OF Fq ..,

Since the local deformations depend on the connection detall
and on the type of deck panel, 1t 1s proposed to find the corre-

sponding rotational restralnt F experimentally. A possible

local
teéf set-up 1s shown 1n Fig. 29. A éegmént of the purlin 1s fixed
to a rigid support. One panel width of deck 1s fastened to the
burlin. At each edge of the panei, an overlap simllar to that

in the actual structure 1s provided. This simulates the con-
tinuous nature of ghé rbof degking. The screws are alignéd at
é:éérﬁain distance from the web,

The rotational deformation ls enforced by loading the roof
deck panel by hung welghts. At the edge where the weights are
applied, a light stiffening angle parallel to the purlin seg-
ment 1s used to obtain a uniform deflection of ‘the end of the
cantllevering panel.

In Fig. 29, the panel 1s extended at both sides of the pur-
l1in to provide two possibilities for hanging the welghts. When
the weights are hung at the right side as in Fig. 29, the di-
rection of the rotation corresponds to that from uplift loading
of channel purlins. On the other hand, loading at the 1left
side would simulate the rotations from gravity loading.

Gexp’ the total deflection of point A (Fig. 30) 1is mea-
sured during testing. §,,> the deflection of point A of the di-

aphragm acting as a cantilever beam, can be calculated from stan-

128
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dard formulae. Subtracting éb from Gexp, deflection ¢ due

local
to local deformation and hence ¢1ocai‘can be obtained. The
slope of the experimental curve of cantilever moment per unit
width (pl/w) versus ¢local gives the value of rotational re-
straint Flocal‘

A limited number of such tests were performed on the nar-
row ribbed light-gage steel panel wilth the dimenslons shown on
Filg. 79. The results of such a test ocn a panel with screws
placed 1/2 inch from the web is given 1n Fig. 90 (Since the cor-
ners of the purlin are rounded, the real distance of the screws
from the contact point between the dlaphragm and the purlin is
somewhat smaller than 1/2 inch). This test gave F = .060 in-k/
in/rad. On the other hand, for a distance of 1.0 inch from the
web, the rotational restraint was F = .180 in-k/in/rad.

The test should dupllicate the connectlon detail of the
structure as close as possible. If in the real structure, the
screws are placed randomly, it would be desirable to find Flocal
for two different screw locations, 1ln order to get an idea of
how much F is affected by changing the screw location. If in-
sulation material is used between purlin and dlaphragm, the test
should be performed after a certaln period of time so that any
loosening in the connections due to creep of the insulation is
accounted for in the determination of F.

The influence of F on the behavior of channel and Z-section
purlins was discussed in Sec. 3.3. Here, 1t may be noted that

the value of F is different for uplift and gravity loads unless

the screws are placed exactly at the middle of the flange. For
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example, F obtained by the test shown on Fig. 90 presents an al-

ternative test set-up for measuring F (of FPig. 29). It is

local
valid only for gravity loading, since the stipulated direction
of the rotation between the purlin and diaphragm is that for the

gravity loading case.



APPENDIX E
FLOW CHART OF THE COMPUTER PROGRAM

El. General

The overall flow chart 1s glven below. Some of the indl-
vidual blocks of this flow chart aré explained subsequentlyiand
some important parameters are defined. In particular, a more
detalled flow chart of the block for determination of the fail-

ure load 1s presented.

E2. Overall Flow Chart

Geometrical parameters

for

channel and Z-sectlons

T

Nested DO loops for

1c, F, Q, HL, and
'

Determination of the

fallure 1load

Iy

Deformations and stresses

under fallure load

R Partial output 4/

\\ Summary output /

131
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E3. Input, output

Input serves many purposes. These are: (a) Initlaliza-
tion of some parameters, (b) setting the limits of the DO loops,
(¢) storing the matrices consisting of the values of the definf
1te integrals due to Galerkin's method, and (d) reading ﬁhe dim-
ensions of éﬁe’éféss45e0tion under consideration.

Outpiit consists of several parts: (a) After finding the
failure load for one case, the stresses And values of some 1nt¢—
ger parémeéers indicating the flow in theypragram are printed.‘
(b) After completion of a group of cases for different values of
Q and the span length L, a partial summary is printed which 1in-
cludes the values of the yleld moment as well as the maximum
values of the deformations u and ¢. (c) A summary table for the
ratlio of yleld moment to Mbend and the maximum angle of rotation
¢ 1s given for gravlity and uplift loading cases. The corner

where the start of yielding occurred 1s also indicated.

E4., Definitions

The parameters controllling the do loops are
NPRB = Number of cross-sections
NIC = Number of cases concerning
a) The horizontal diéténce of the load from
the shear center, a = Ha

b) The direction of the load, i.e.
IC

1 for gravity

IC = 2 for uplift

NQF = Number'of cases for the rbtational rigidity F
IQM = Number of cases for the sheap rigldity Q



133

IHM = Number of cases for the span length L = HL

Some other 1mportant paramters are:

M = MM2/2 = Number of series terms consldered for
each displacement component
L = in general, indicates the index of the corner
where stress 1s equal to cyd
L = 7 means ¢ = ¢limit while oy < oyd
L = 8 means the attempt to find the failure load was

unsuccessful
LS = Index of the corner with the largest stress in
absolute value
Parameters MJ and MP are discussed in the next section in zome

detaill.

E5. Explanation of the Flow Chart for Failure Load Determination

The flow chart for fallure load determination 1s given in
Section E6., Here, some explanation 1is glven to facllltate un-
derstanding of thils flow chart.

There are two crlteria for failure:

1. The maximum angle of rotation ¢ = ¢1imit can be speci-
fied (say 30°).

2. The stress at one of the corners in the governing cross-
section is equal to the yileld stress.

These criteria may be symbollzed as

¢(p) =0
o,(p) = 0 where
1=1,2,....,6 for lipped sections

i-= 2,.¢4.5,5 for plain sections
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The failure load is determined by successive approximations,

starting with a first estimate as

8

- 1 - 8_
B =5Pgp 0r D= t.6Mepg 1,2

whichever 1is sméliér. Pop is the approximate critical load ob-
tained by setfing the main determinant of the equation system
equal to zero for MM2 = 2 (see Eq. 4.2). The sign of p is posi-
tive for gravity and negative for uplift cases, respectively.

The determination of the fallure load proceeds 1n two
steps:

1. The values of the functions ¢(p) and 01(5) are computed
for at least two p's, until there 1s a change of sign in eithér
¢(p) or in any one of 01(5). In every cycle, r is decreased or
increased by D, whichever brings p closer to the zero point of

the functions: ¢(p). or 01(5). The increment at the beginning is

5p=%p

In the subsequent cycles, however, the value of the increment

1s taken as half of that forAthe previous cycle. Of course, a
1limit for the number of cycles 1s provided. Hence, if there i1s
no change in the sign of the above mentioned functions within the
set limit, the problem is abandoned and the next case is consid-
ered. This situation arises when the first estimate p and/or

the increment 8p are too large or too small when compared to the
final value p.. 4,. Hence, the situation may be remedied by sub-

stituting better estimates for p and 6p.

2. Once a sign change occurs, the next value of P 1s found
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by linear interpolation. If the sign change occurs in oi(ﬁ)
for one particular value of i.= L, linear 1nterpolation is per-
formed only on OL(E). If the sign change occurs simultaneously
in more than one value of 1, the one giving the largest stress
is selected as 1 = L.

The flow of the program 1s malnly controlled by the two
integer parameters MJ and MP. The determination of the fallure
load proceeds with MJ = 1. The parameter MP determines the de-
tails of the flow.

a) MP = 1: Pirst, check ¢. If ¢ < O set MP 5. If ¢ >0

b
p + 6p, repeat the cycle. If 0y:> 0y set MP = 2.

check o, for i=1,...,6. If o, < oy increase p =

b) MP = 5: Check whether there is a change in the sign of ¢
(needed in case entry 1s not through MP = 1). If
there 1s none, change the load p and repeat. If

there 1s, set MP = 3.

¢) MP = 2: Find the yleld load by linear interpolation. Set
MJ = 2.
d) MP = 3: Find the load for ¢ = ¢lim1t by linear interpolatior

Set MJ = 2.
For MJ = 2, the program skips the parts described above and pro-
ceeds to the determination of stresses.

There 1s a final checking of the.stresses and the angle of
rotation ¢. If the check 1s unsatisfactory for Oy then MP = |
and if 1t 1s unsatisfactory for ¢, MP = 5; 1n addition, MJ = 1
and the control returns to the beginning of the block for fall-

ure load. If the checks are satisfactory, some of the results
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are printed, some of them are stcred for the summary table, and
one proceeds to the next case.

For MJ = 3, the whole failure determination part of the
program 1s bypassed. Thls can be useful if the deflections and
stresses are sought under a given load (For example, under ser-

vice loads obtalned by dividing the fallure load by a constant).

E6. Flow Chart for Fallure Load Determination

{Start i

Determine p and ép

initialize
MP = 1

ISS = 0

@ IS8 = 1SS + 1
@ > IS5 > 3 ——.les

| No L=28
initialize P=-.0
MJ = 1 _ _ The attempt to find
IA =0 the fallure load
IT=0 : is
¢(p) = 0 ; unsuccesful
-~ 0,(P) =0

(continued on the

next page)



(continuation)

set

P=7

Determine the
coefficient matrix

for Eq. 2.17 .

Determine u  and ﬁn

by solving Eq. 2.17

Determine
u and § by Eq. 2.16
u" and g" by Eq. 2.20

Y

=
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MJ =1
Determination
of failure

load

(continued on

the next page)

i

MJ = 2

Failure loed is
determined

go to
final checking

(see page 142)

MJ =3
The load p is
given.
Compute
u, ¢ and G

under p.
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No

Angle of Rotation

criterion is violated

{1

ISS = ISS + 1
MP = 5
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determined on

the basis of
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.L _—
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Failure load 1s
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the basis of

=g

yd

O——=

artial output]

Lo

?
Return |

Stress criterion is

vidlated

'

L =18

ISS = ISS + 1
MP = 4




APPENDIX F

FORMULA FOR M/Mbend
In Figures 3¢ through 19 the ratio M/Mbend versus span

length L is plotted where M = pL2/8 and p 1s the load causing

failure which was defined as the maximum stress attaining a

value of 1,150 _. M is the capacity of a beam whose ro-

y bend
tations and lateral deflections are eliminated by appropriate
Ixo
bracing, 1.e., Mbend = —a—l. Here, the value of M/Mbend at

L = 0 will be computed,

Consider Eq. 2.19. Since we demand that the stress is
equal to 1.15 oy, the bending moment Mx = M must remain fi-
nite as L approaches zero. Next it willl be shown that also
u ¢n u" o"

2 and = (consequently =5 and —5) remain finite.
L L

L2 L2

Fl1 No Bracing Case

From Eq. C.19

¢
2 ny _
L°[D,, 1{-5} = {F )

L
where for L = 0
2 _ 4
L™ Dy, = EC, Az T7 (from Eq. C.20a)
F, = 8M a T102 (from Eq. C.20b)
hence )
n, _ 8M a 4 -1
{55} = EE;— [XZ T7] {T102} (F.la)
From Eq. C.26
u 1 -1 2 on
{2} « =[A_1" E_ - L°[B__]{-%}
L2 L2 mn m mn L2

140
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where
Lia 370 ot or gt
L2 mn E(IXI "Ix 2) X 1
y (from Eq. C.25a)
2 - A -
L an = 0+'8M T5 = 0 (from Eq. C.25b)
.Ixy
Em = "T;— 8M 'I‘101 (from Eq. C.25¢)
hence 8
u I M '
{-g} = - Xy 5 [Ax" le‘l{Tlol} (F.1b)
L E(ley Ixy )
The curvatures
8 M
ﬂ - a 1 T u "’1
" I 8M _
by —8 )t [Axu 717y g0 )
L E(IXIy-Ixy )

The matrix multiplications lead to one function of . It
reduces to one number when the value of f showing the place

of ylelding is substituted. Let

AT 4 -1
- ] T ’4 "‘1
T, = ‘{Xh} [r, TlJ {T101} (F.2b)
The values of Tu and T¢ are given in the section EY4 for
simply supported boundary condition.
IR (F.3
= - .3a)
L2 ECW ¢
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; 8 M(-I,,)

uo_ J T (F.3b)
2 : 2 u :
L E(Iny--Ixy )
Substituting into Eq. 2.19
I 8 M(-I_.)
o = ¥. y + [(x - Tﬁl ) Xyz T 4+ 8CMa T,]
X X (Iny'Ixy ) w
I o I I 8 T (-I_..) I w8T
X = M[]_ + ..i(x..i_xl y) u xy2 + X ___E_._i a]
y y X (1.1 -1 ) y w

X“y Xy

1o
XY =
When ¢ 1s equal to 1.15 oy and with v Mbend

Mbend Ix Ixy 8 TuT;Ixy) ¥x W
1“'-&—-()(—1 y) 2+§--C-—8T¢a
X (Iny—Ixy ) w
for channel Ixy = 0
M 1.1 '
M = I : (F.5)
bend 4 . X W@ gaq g
Cu ¥ ¢
for 7 section a = 0
M 1.15
BT (-I (F.6)
Myend L+ (I 2.1 a xij
Xy (1 -1 2)
X'y Xy
The ratio

. :
o is usually the same for downward and

uplift loadlng cases. (More precisely-this 1s so if for thés®
loading cases the inciplent:yielding in the cross section

occurs at the same point or symmetrically located ones in
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reference to the x axis for channels and the centroid for
Z-sections, respectively, because then the values of % in
Eq. F.5 and % in Eq. F.6 do not change.)

F2 Rigid Bracing Case

From Eq. C.31

o)
2 ny _
L0, 105) = (R,
where for L = 0
2 4

D, = EC} A, T7 (from Eq. C.30a)

H

= A
Fm = (a + Ix e)8M T102 (from Eq. C.30b)

hence

¢ 8M Iy 4 -1
(-3} = 257 (a + L e)[), 37 {T 50 (F.7)

2

with T, from Eq. F.2a, the curvature 1s

¢

I
o" o _8M (a + =L )T (F.8)
2 EC& IX ¢

"

Substituting into Eq. 2.21

I

w' (a + TEX e)T
X

gn
1
CW

¢

Io I
X = M[1+ Fr % (a+ £ e)8T,]
y w 7 X ¢

(]

Hence for ¢ = 1.15 Gy
1.15

M.
B I
"pend 1+ 290 (a+ 22 e)or
y Iy

|

(F.9)

(@]
=

¢

¢! and w' have been defined by Egs. 2.15 and 2.22, respec-
W

tively.
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For a channel,llxy'= 0,
MbMAA - Il.l5 (F.10)
end X w' am.
l+—-—r——'8Ta
Cy ¥ ¢
For a Z section, a = 0
M 1.15
M - pi
bend 1 , XY W' g qp o (F.11)
Ch ¥ ¢

F3 General Case, 1.e., 0 < Q < =

The ratio M/Mbend for L = 0 and any finlte value of Q
is the same as for the unbraced case, because 1f similar
calculations as above are made the terms involving Q will

vanish as L approaches zero.

F4 The Values of T, and Tu for Simply Supported Boundary

Conditions

For similar boundary conditions Xn~= Zn‘ It follows

‘that

a = Ty (F.12)
From Eq. C.36a )
2.2

Xp=2p=-n"m sinnmg, n=1,3,5,.,, o (F.13)
Let
n = 2k-1 (F.14)
For g = %, Eq. F.13 becomes

-

Xp = 2y = -(2k-1)" v (-1)°%, k=1, 2, 3,...

1

A = = . = |
Substituting A, = A = nm with, T, T7 and TlOl = T,4, from
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Egs. C.37; the matrices become

{21} = -2 {(2k-1)2(-1) 2}

[ . )
L . 0
~1 2 1
(A, 7,1~ =
x 1 O ren)”
0 )
.21
o1} 7 tmey?
The matrix multiplication gives
T, = T, = 3§ T ——1——~§ (-1)%k (F.15)
m° 1 (2k-1)
The sum is related to "Rilemann's zeta function'". Its value

can be found on page U439 of Ref. 23. Hence

=7 = B =2
T, = Ty = =3 0.96895 =g (F.16)
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THE RATIO

P

TABLE 1la

M

P

bend

=W

‘bend

OF DIAPHRAGM~BRACED

CHANNEL BEAMS FOR DOWNWARD LOADING AT
THEORETICAL FAILURE

146

Q/Py
h/t b/h c/b 0 1 0 9 16 1000 L/h

0 .5520 .7273 .7614 .7697 .7727 .7767
80 1/4 1/3 .5L447 .6708 .6980 .7048 ,7073 .7106
1/2 .5461 .6501 .6727 .6785 .6806 .6835

5
80 0 4860 .5783 .6034 .6098 .6121 .6152
4o 1/2 1/3 .5204 .5680 ,5805 .5837 .5849 5865
4o /2 .5671 .5877 .5914 ,5924 ,5928 ,5933
0 .3211 .7439 .8377 .8559 .8621 .8667
80 1/4 1/3 .U4119 .6993 .7566 .7695 ,77h2 .7802
1/2 .4387 .6783 .7235 .T342 ,7381 .7436

10

80 0 L4419 5936 .6264 6344 6374 6411 :

4o 1/2 1/3 .5059 .5893 .6032 .6068 ,6081 .6098
4o 1/2 .5524 ,6047 .6093 .6105 .6109 .6115
0 .2093 .5689 .8921 .9354 ,9476 .9611
80 1/4 1/3 .2697 .6469 .8203 .B84T4 ,8563 .B8672
1/2 .3023 .6641 .7848 .8068 .814L4 8238

_ 15
80 0 .3793 .6126 .6617 .6732 .677 .6830
bo 1/2 1/3 .4822 .6217 .6388 .6431 .6&&? .6&27
4o 172 .5286 .6313 .6376 .6392 .6398 ,6U406
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TABLE 1b
THE RATIO g = ﬁ OF DIAPHRAGM-BRACED
bend bend
CHANNEL BEAMS FOR UPLIFT LOADING. AT THEORETICAL
PAILURE |
| Q/Py
n/t b/h _e/b 0 1 4 9 16 1000 L/h
0 .6631 .6920 .7027 .7055 .7065 .T079
80 1/4 1/3 .6131 .6479 ,6604 ,6637 .6649 L6665
1/2 .,6003 .6307 .6418 .6447 ,6458 ,6472
' 5
80 0 .5099 .5708 .5908 .5959 .5978 .6004
40 1/2 1/3 .5339 .5627 .5728 .5754 .,5764 5776
40 1/2 .5769 .5831 .5854 .5860 .5862 .5865
0 .6291 .6243 .6215 .6205 .6201 .6196
80 1/4 1/3 .6137 .613%F .6130 .6128 .6127 .6126
1/2 .6034 .6039 .6039 .6038 .6038 .6037 ”
80 0  .5272 .5634 .5762 .5795 .5807 .5824
4o 1/2 1/3 .5548 .5680 .5728 .5741 .5745 .5751
40 1/2 .5886 .5862 .5853 .5850 .5849 ,5865
0 .4393 4432 4467 L4483 .4M91 .lUs50L
80 1/4 1/3 .5365 .5334 .5314 .5304 .5305 .5302
1/2 .5462 .s5411 .5380 .5370 .5360 .5361 .
80 0 .5353 .5467 .5511 .5522 .5526 .5532
50 1/2 1/3 .5761 .5733 .5720 .5716 .5714 .5711
40 1/2 .6003 .5892 .5844 .5831 .5825 .5818
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THE POINT OF MAXIMUM STRESS FOR DIAPHRAGM—BRACED

CHANNEL-BEAMS AT THEORETICAL FAILURE

DOWNWARD LOADING

UPLIFT LOADING

Q/Py Q/Py
n/t b/h e/b 0 1 401000 0 1 4 to 1000 L/h
| y 3 3 3 3 3
80 1/4 .,1/3 y 3 3 3 3 3
1/2 b 3 3 3 3 3
80 4y 3 3
4o 1/2 1/3 L3 3 g g g
4o .. 172 4 3 3
0 5 3 3 3
80 /8 1/3 6 -3 3 3 g g
1/2 4 3 3 3 3 3
' - 10
80 0 b 3 3 3
40 /72 1/3 4 3 3 % g g
40 172 4 3 3 3 3 3
0 5 4 3 2 '
80 /46 1/3 6 4 3 3 § §
1/2 6 4 3 3 3 3
80 0 y 3 3 ' 15
b 12 173 4 3 3 3 3 3
4o 1/2 4 3 3 3 3 3
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TABLE 2a
THE RATIO g = g OF DIAPHRAGM-BRACED
bend bend
Z~-BEAMS FOR DOWNWARD LOADING AT THEORETICAL
FAILURE B
Q/Py
h/t b/h ¢/b 0 1 4 9 16 1000 L/h
0 .5902 .7565 .7762 .7803 .7818 .7836
80 1/4 1/3 .5561 .6959 .7170 .7216 .7233 L7254
1/2 .5420 .6755 .6974 .7023 .7040 .7063 ;
80 0 4917 .5894 6064 ,6102 .6115 .6133
40 1/2 1/3 4775 .5726 .5907 .5948 .5962 .5982
4o 1/2 .4919 .5845 ,6032 .6075 .6091 L6111
0 .3594 ,8568 .8732 .8751 .8757 .8764
80 1/4 1/3 .4s57T L7714 .7893 .7922 .7932 .7945
1/2 4666 .THOT .7595 .7629 .7641 . 7655
10
80 0 L4681 .6173 .6334 .6368 .6380 .6395
4o 1/2 1/3 .4650 .5948 .6140 .6183 .6198 .6212
40 172 .4816 .6022 .6218 .6262 .6277  .6298
0, B L e e g g
80 1/4 1/3 .2937 .865 . . . .
/ 1/2 .3314 .8289 .8422 .8433 _.8M36 .8440
: . : 15
80 0. .4198 .6625 .6766 .6792 .6801 .6813
40 1/2 1/3 4426 .6300 .6509 .6553 6569 .6589
4o 1/2 .4633 .6306 .6514 .6558 6574 .6595
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TABLE 2b
THE RATIOV§ =‘ﬁ OF DIAPHRAGM-BRACED
' " “bend ~“bend
7-BEAMS FOR UPLIFT LOADING AT THEORETICAL
. PATLURE -
- . /Py
h/t b/h_c/b-| O 1 f 9 16 1000 L/h
0 .5996 .6769 -.7020 .7086 .7111  .T145
80 1/4 1/3 .5594 6447 ,6694 -,6756 .6780  .6810
1/2 .5442 .,6330 .6580 .6642 .6666 6696
80 0 L4920 .5727 .5907 5948 .5964  ,5984
4o 1/2 1/3 .4776 .5623 5811 .5855 .5871 .5892
40 1/2 .4920 .5763 .5957 .6002 .6019 '.6oko
0 4737 .5604 .6026 .6137 .6183  .624
80 1/4 1/3 .4990 .5766 .6081 .6172 .6203 .628%
172 .4951 .5768 .6078 .6165 .6199 6246
10
80 o .U735 .5509 .5711 .5761 .5779  .5804
40 1/2 1/3 .4668 .5543 .5765 ,5818 .5838  .5864
40 1/2 .4828 .5697 .5919 .5973 .5992  .6019
0  .3151 .3752 .4148 .4299 4366 .Ul
80 1/4 1/3 .hoB2 .B773 .5148~f.5276.-ﬂ5§3o .5u3?
1/2 .b186 .492h 5295 5416 .5L66  .5538
- : | 15
80 0 L4426 5161 5394 ,5456 ,5480
40 1/2 1/3 .4500 .5414 5687 .5757 .2783 :ggig
40 1/2 4685 .5590 .5857 .5925 5970 .5985
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TABLE 2¢

THE POINT OF MAXIMUM STRESS FOR DIAPHRAGM-BRACED
Z-BEAMS AT THEORETICAL FAILURE

DOWNWARD LOADING UPLIFT LOADING
Q/Py /Py

h/t b/h e/b . 0 1 4 to 1000 0 1 4 to 1000 L/h
0 4 3 3 3 3 3
80 /4 13 4 3 3 3 3 3

172 4 3 3 3 3 3 ;
80 0 4 3 3 . 3 3 3
4o /2 /3 4 3 3 3 3 3
4o 1/2 4 3 3 3 3 3
0 5 3 3 2 2 3
80 /4 1/3 4 3 3 3 3 3
/2 4 3 3 3 3 3

10
80 0 L3 3 3 3 3
4o /2 1/3 4 3 3 3 3 3
4o 1/2 4 3 3 3 3 3
0 5 L 3 2 2 2
80 /4 1/3 6 3 3 3 3 3
172 6 3 3 3 3 3

: 15
80 0 4 3 3 3 3 3
40 /2 1/3 4 3 3 3 3 3
ko /2 4 3 3 3 3 3



TABLE 3a

ANGLE OF ROTATION ¢ OF DIAPHRAGM-BRACED
CHANNEL BEAMS FOR DOWNWARD LOADING AT
THEORETICAL FAILURE '
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Q/PL
h/t b/h _¢/b 0 1 I 9 16 1000 L/h

0 2.47° 1.,54° 1.20° 1.11° 1.08° 1,04°
8o 1/4 1/3 1.89° 1.,26° 1.01° .95° ,93°  ,90°
1/2 1.67° 1.,14°  ,93°  .88°  ,86°  ,83°

80 0 1.16° T7° .63°  .59° ,58°  ,5g° °
ko 172 1/3 .85° .58° .4g° T .us° Luye
4o 1/2  .69° .50°  .42° . 40°  ,u0°  ,39°
0 7.85° T7.21° 4.,21° 3,65° 3,45° 3,21°
80 1/4 1/3 7.83° 5.32° 3.71° 3.36° 3,23° 3.06°
172 6.96° 4.77° 3.49° 3.19° 3,09° 2.95°

80 0 b.67° 3,09° 2.45° 2,29° 2,23° 2.15° +
bo 1/2 1/3 3.29° 2.31° 1.90° 1.79° 1.75° 1.70°
4o 172 2.70° 1.98° 1.66° 1.58° 1.54° 1,50°
0 14,23° 20.15° 9.25° 6.62° 87° 5.06°
80 1/4 1/3 14.54° 14.,29° 7.,59° 6.40° ?.950 ?.3?0
172 13.97° 12.60° 7.32° 6.25° 5,88° 5, 430

15
80 0 10.65° 7.15° 5,28° L4,85° 4,690 °
4o 1/2 1/3 7.12° 5.1k b,08° 3.81° 3 720 2:280
1/2 5.88° h.h1° 3,60° 3.89° 3,310 3,21°



TABLE

3b

ANGLE OF ROTATION ¢ OF DIAPHRAGM-BRACED
CHANNEL BEAMS FOR UPLIFT LOADING AT

THEORETICAL FAILURE
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Q/Py

h/t b/h /b T ) 16 1000 T7h
0 -1.98° -1.50° -1,31° -1,26° -1,24° -1.22°
80 1/4 1/3 -1.66° -1.23° =1.06° -1.02° -1.00° — ,98°
1/2 -1.51° -1.12° - .97° - .93° - .91° - ,89°

5
80 0 -1,12° L76° - ,64° - ,60° - ,59° -~ ,58°
40 1/2 1/3 - .82° - .58° L6 ~ h4p° - L U6° - ,45o
4o 1/2 - .68° 500 — .43° - 41° - 40° - ,39°
0 -6.4°o .6,07° -5.86° -5,79° -5,77° ~5,73°
80 1/ 1/3 -5.47° -4,80° -4.48° -4,38° -4,34° -4,29°
1/2 -5.06° <4.36° -4,03° -3.93° -3.89° -3.84°

| 10
80 0 -4.06° ~2.98° -2.58° -2.47° -2.43° -2.37°
4o 1/2 1/3 -3.03° -2,25° -1.95° -1.87° -1.84° -1.80°
40 1/2 -2.53° -1.93° -1.69° -1.63° -1.60° -1.57°
0 -11.57° -11.79°-11.98°-12.06°-12,10°-12.16°
80 1/4 1/3 -11.36° -11.16°-11.04°-11.00°~10.98°-10.96°
1/2 -10.26° -9.92° -9.71° -9.64° -9.,62° -9.58°

15
80 0 -8.06° -6.57° -5.93° -5,7&? -5.67° -5.57°
40 172 1/3 -5.99° -4.83° -4,33° -4,18° -k4,13° -4,06°
4o 1/2 -5.13° -4,18° -3.77° -3.65° ~3.60° -3.53°



TABLE Ua

ANGLE OF ROTATION ¢ OF DIAPHRAGM~BRACED
Z-BEAMS FOR DOWNWARD LOADING AT THEORETICAL
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FATLURE
. Q/PY
R/t 5/h _o/b | 0 T 161000 T./h
0 41° - .720 - .96° -1.02° -1.04° -1.07°
80 1/4 1/3 .19° - .,63° < ,82° - ,86° -",87° - .89°
172 .1ke - .58° - [75° - .79° - .80° - ,82°
80 0 .04 - .43° - ,53° - 550 _ 560 - 570 ’
40 172 173 .02° - .33° - .4i° - .420 . .30 - .Qjho
40 172 .01° . - .28° - .35° - .36° - .37° - .38°
0  3.60° -1.24° -2.85° -3.09° -3.17° - .2”5
80 1/4 1/3 2.91° © =1.77° =2.72° -2.90° -3.9;° -g.oZ°
/2 2.13°  -1.77° -2.59° -2.75° -2.80° -2.88°
80 0 .58°  -1.60° -2.01° =2.10° -2.13° -2.18° 10
40 1/2 1/3  .25°  -1.25° -1.56° -1.63° -1.66° -1.69°
10 1/2  .18°  -1.08° -1.35° -1.41° .1.hho _1.470
0 8.34°  6.78° -4.06° -4.750 _4.930 5 100
80 1/4 1/3 8.09° - .20° -4.57° -5.339 -s.iéo -2 %ﬁo
1/2 7.65°  -1.55° -h.56° -h.97% 5100 -5 260
15
80 0  2.77°  -3.11° -4.16° -4.370 _4 yuo
4o 1/2 1/3 1.16° -2,49° -3,25° -3.3§° —g:ﬁ$° -g:gg:
10 1/2  .83°  -2.20° -2.85° -3.00° -3.05° -3.13°



TABLE 4p

ANGLE OF ROTATION ¢ OF DIAPHRAGM-BRACED
Z-BEAMS FOR UPLIFT LOADING AT THEORETICAL
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FAILURE
Q/Py

h/t b/h ¢/b 0 1 4 ) 16 1000 L/h
0 .31° .95° 1.15° 1.20° 1.22° 1,25°
80 1/4 1/3 .16° .T4° .90° .9lLo .96° .98°
1/2 .12° .66° .81° .85° . 86° .88°

5
80 0 .03° .5 540 .56° .57° .58°
4o 1/2 1/3 .02° . 340 Jh1e BT Jdye .lso
4o 1/2 .01° .29° .35° .37° .38° .38°
0 2,840 i, 70° 5.51° 5.,72° §5.80° 5.92°
80 1/4 1/3 1.83° 3.43° 4,020 4,18° 4,24° 4,633°
1/2 1.440° 3.00° 3.54° 3,68° 3.,74° 3,82°

10
80 0 L4700 1.88° 2.24° 2,320 2,36° 2.,40°
bo 1/2 1/3 ,22° 1.38° 1.66° 1,73° 1.76° 1.79°
4o 1/2 .16° 1.17° 1.42° 1,48° 1.51° 1.,55°
0 6.45° 9.31° 10.96 11.55° 11.81° 12.18°
80 1/4 1/3 6.36° 9.14° 10.39° 10.77° 10.92° 11.14°

1/2 5.14° 7.83° 8.95° 9,29° 9.43° g ,62° s
80 0 1.g2° 4, 51° 5.27° 5.47° 5.54° 5 640
4o 1/2 1/3 .93° 3.13° 3.75° 3.90° 3.96° 4, ob°
40 1/2 .6g°  2.,65° 3.21° 3.34° 3,40° 3,47°



TABLE b5a

ANGLE OF ROTATION- ¢1 67 OF DIAPHRAGM-BRACED
CHANNEL BEAMS FOR DOWNWARD LOADING AT ——6~

OF THE THEORETICAL FAILURE
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) , o ‘Q/PY L
R/t B5/h /b | 0 T~ T g I6 1000 T/h
0  1.32° .92°  .7ho  .69°  .68°  .65°
80 l/u 1/3 10070 0750 '0620 0580 -570 OS5°
1/2 .96°  .68° .57° 540 530 51O
; . 5
80 0 . 68° LU6° .38° . 36° . 36° . 340
450 1/2 1/3 .50° .35° ,29° 280 270 .70
40 1/2 b1 (30°  .28°  .24°  .pho .30
0 3.17° 3.66° 2.68° 2.44° 2,350 2,23°
80 1/4 1/3 3.51° 3.01° 2.35° 2.17° 2.12° 2.03°
1/2 3.32° 2.75° 2.19° 2.05° 1,99° 1.92°
10
80 0 2.58° 1,84° 1,50° 1.41° 1,38° 1.34°
40 1/2 1/3 1.89° 1.38° 1.16° 1.09° 1.07° 1.04°
40 1/2 1.57° 1.19° 1.01° .96° .gho  .gjo0
0 4,20° 6.32° 5.33° 4.50° 4,210 3,850
80 1/4 1/3 5.05° 6.30° 4.,86° 4,340 L, 150 g.98° ’
1/2  5.21° §6,05° 4,62° 14.19° 4.03° 3.B30
80 0 5.23° 4,18° 3.32° 3,10° 3.01° 2.90° B
40 1/2 1/3  3.85° 3.05° 2.52° 2,380 2.320 3.250
40 1/2  3.27° 2.63° 2.,21° 2.09° 2.05° 1.99°



TABLE 5b

ANGLE OF ROTATION ¢l 67 OF DIAPHRAGM-BRACED
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CHANNEL BEAMS FOR UPLIFT LOADING AT I‘%?
OF THE THEORETICAL FAILURE :
Q/Py

h/t b/h c/b 0 16 1000 L/h
0 -1.25° - ,89° - ,[76° - .72° - ,71° .69°
80 1/4 1/3 -=1.03° - .73° - ,62° - ,59° - ,58° - ,[57°
1/2 - 09}40 - 0670 - '570 05140 - 0530 - -520

5
80 0 ,68° - ,4Bo - [ 38° - ,36° - ,35° - ,34°
4o 1/2 1/3 - .B0° - ,35° - ,29° - ,28° - ,27° - .27°
bo 1/2 - .H1° - ,30° - ,25° - ,24° - 240 _  23°
0 -3.67° ~3.13° -2,88° -2.80° -2,77° -2.73°
80 1/4 1/3 -3.38° -2.70° -2.41° -2,33° -2.30° -2.,25°
172 =3.15° =2.50° -2.,22° -2.14° -2,11° -2.07°
10
80 0 -2.55° =1.77° -1.50° -1.43° -1.40° -1.36°
40 1/2 1/3 -1.67° =-1.34° -1,15° -1.10° -1.08° -1,05°
Lo 1/2 -1.55° =1.15° -1.00° -~ .96° - ,9h4° - ,92°
0 -4.,96° ~§,78° -4,71° -4,70° -4,69° -4 ,69°
80 1/4 1/3 =-5.76° =5.25° -4,98° -4, 89° -4,86° -4,81°
1/2 -5.58° -4,98° -4,67° -4,58° -4, ,54° -4 4g°
15

80 0 . -5.11° -~3.80° ~3.30° -3.16° -3.11° -3.04°
4o 1/2 1/3 =3.73° -2.85° -2.49° -2.40° -2.36° -2.31°
4o 1/2 -3.17° =-2.48° -2,19° -2.11° -2,08° -2.03°



TABLE 6a

ANGLE OF ROTATION ¢1 67 OF DIAPHRAGM-BRACED
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1
7-BEAMS FOR DOWNWARD LOADING AT OF
THE THEORETICAL FAILURE 1.87
L /Py
h/t b/h ¢/b 0 1 i 16 1000 T./h
0 .13° = .47° - .61° - .64° - .65° - .67°
80 1/4 1/3  .06° - .40° - .51° - .53° - .5i° . .55o
1/2  .05° - .36° - .46° - .L4BS - .4go - -5QO
80 0 .01° - .26° - ,32° - ,33° - .34° - 340 °
40 1/2 1/3  .01° - .20° ~ .25° - .2B° - .26° - .260 .
40 172 .00° - .17° - .21° - .22° - .22° - .230
0  .86° -1.27° -2.02° -2,16° -2.21° -2.27°
80 1/4 1/3  .79° -1.32° -1.83° -1.94° -1.98° -2.02°
1/2  .62° -1,26° -1.7i° -1.80° -1.84° -1 .88°
10
80 0 .19° =1.01° -1.26° -1.31° =1.33° -1.36°
N0 1/2 173 .08° - .77° - .96° -1.00° -1 335 -1 a9
40 1/2  .06° - .66° - .82° - .86° - .88° - .8go
0 1.51° - .78° ~3.28° _3.66° -3 770 _
80 1/4 1/3 1.66° -1.76° -g.uo° -3.2§o -31550 -gigéz
/2 1.67° -1.98° -3.30° -3.54° _3.620 _3.750
~ 15
80 0 .83°  -2.12° -2.720 -2.84° - -
40 1/2 173  .39°  -1.61° -2.gs° —§.§§° -gigg: -§:g§:
40 172 .28°  -1.40° -1.78° -1.87° -1.90° -1.9o



TABLE 6b

ANGLE OF ROTATION ¢1 67 OF DIAPHRAGM—BRACED

Z-BEAMS FOR UPLIFT LOADING AT ——E— OF THE

THEORETICAL FAILURE
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Q/Py

h/t b/h c/b 0 T = k 16 1000 L/h
0 .12° .53° ,65° .68° .69° .71°
80 1/4 1/3 .06° .420 .52° .55° .56° .57°
1/2  .ou° . 38° L4t .u4g° .50° .51°

5
80 0 ,01° .26° .32° .33° . 340 .35°
4o 1/2 1/3 .01° .20° .25%° - ,26° . 26° .27°
40 1/2 .00° .17° .21° - .22° 22° .23°
0 .98° 2.10° 2.56° 2.69° 2,74° 2,81°
80 1/4 1/3  .66° 1.72° 2.08° 2.,18° 2,21° 2,27°
1/2  .53° 1.55° 1.88° 1,97° 2.01° 2.05°

10
80 0 .17° 1.07° 1.28° 1.34° 1.36° 1,38°
40 1/2 1/3 .08° .80° - ,97° 1.01° 1.03° 1.05°
Lo 1/2  .06° .68° .83° .87° .88° .90°
0 1.93° 3.36° 4,14° 4,420 4 540 4, 72°
80 1/4 1/3 2.03° 3.68° 4,40° L4,63° 4,72° 4 ggo
1/2 1.72° 3.38° 4,06° 4.,27° L4,35° 4, ,46°

15
80 0 .71° 2.39° 2.86° 2.98° 3.,02° 3,08°
hbo 1/2 1/3  .34° 1.749 2,12° 2,21° 2.25° 2.30°
40 1/2 .25° 1.50° 1.83° 1,92° 1.95° 1.99°



TABLE 7a

THE RATIO P/P_ FOR DIAPHRAGM-BRACED
CHANNEL BEAMS FOR DOWNWARD LOADING
AT THEORETICAL FAILURE
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Y
h/t b/h  ¢/b 0 1 T g 16 1000 L/h
80 o  .711  .936 .980 .991  .995 1.0
80 1/4 1/3 .766  .944  ,982 .992 .995 1.0
80 1/2 -799 ’0951 '.98“ ) -993 '996 1'0
. ' 5
80 0 .970  .940  .981  .991  .995 1.0
4o 1/2 1/3 .887 .968 .990 .995 .997 1.0
40 1/2  .956  .990  .997 - .998 ,999 1.0
80 0 .369 .855  ,963  .984  ,991 1;0
80 1/4 1/3 .528 .896 .970 .986 .992 1.0
80 1/2  .590 .913  .974 .988 .993 1.0
- 10
80 0 .689  .926  .977 .989  .,994 1,0
bo 1/2 1/3 .830 .966  .989  ,995 .987 1.0
uo 1/2  .903 .989 ,996  .998 .999 1.0
80 0 .218 .592 .928 .973 .986 1.0
8o 1/4 1/3 .311 .746  .946  .977 .887 1.0
80 /2 .367 .806 .953 .979 ,989 1.0
15
80 0 .555  .897  .969  ,986  ,992
4o 1/2 1/3 LTU5 .961 .985 .994 887 %:8
40 /2 .825 .985 .,995 .998 .999 1,0



THE RATIO P/P, FOR DIAPHRAGM-BRACED
CHANNEL BEAMS FOR UPLIFT LOADING AT

TABLE T7b

THEORETICAL FAILURE
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~ Q/Py
h/t b/h c¢/b 0 "1 Y 9 16 1000 L/h
0 .937  .978  .993  .997 .998 1.0
80 1/4 1/3 .920 972 .991 .996 .998 1.0
1/2 .927 974 .99°2 .996 .998 1.0 :
80 0 .849  .951  .984  .993  .995 1.0
4% 1/2 1/3  .924h  .974  .,992  .996  .998 1.0
40 1/2  .984  .994 ,998  .999  .999 1.0
0 1.015 1.007 1.003 1.001 1.001 1.0
80 1/4 1/3 1.002 1.001 1.001 1.000 1.000 1.0
i/2 1.000 1,000 1.000 1.000 1.000 1.0
10
80 ) .095 .967 .989 .995 .997 1.0
40 1/2 1/3 .965 .988  .996  .998  .999 1.0
4o 1/2 1.007 1.003 1.001 1.000 1.000 1.0
0 .975  .984  .992  .995 .997 1.0
8o 1/4 1/3 1.012 1.006 1.002 1.001 1.001 1.0
1/2 1,020 1.009 1.003 1.002 1.001 1.0
15
80 0 .968 .988  .996  .998  .999 1.0
4o 1/2 1/3 1.009 1.004 1,002 1.001 1.001 1.0
4o 1/2 1.032 1.013 1.004 1.002 1.001 1.0



TABLE 8a

THE RATIO P/P_ FOR DIAPHRAGM-BRACED
Z-BEAMS FOR DOWNWARD LOADING AT
THEORETICAL LOADING
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Q/PY

h/t b/h ¢/b | 0. T T g 16 1000 L/h
80 0 2753 .965 990 .996  .998 1.0

80 1/4 '1/3 767 . 959 .988 .995 <997 1.0

80 1/2  .767 .956 .987  .99%  ,997 1.0

' 5

80 0 .802 .961 .989 .995 .,997 1.0

bo 1/2 1/3 .798 - .957 .987  .994 “997 1.0

40 1/2 .805 .956 .087 .994 .997 1.0

80 0 410,978  .996  .998  .999 1.0

80 1/4 1/3 .576 971 .993 .997 .998 1.0

80 1/2 .609 . 967 .992 .997 .998 1.0

10

80 0 .732 .965  .990  .995 .998 1.0

4o 1/2 1/3  .T4T  .957  .988  .994  .997 1.0

4o /2 .765 .956  .987  .994  ,997 1.0

80 0 .226 .794 1.001 1.000 1.000 1.0

80 1/4 1/3 .334 .984 .999 1.000 .000 1.0

80 1/2 . 393 .982 .998 .999 .999 1.0 -

: 15

80 0 .616 .972 .993 <997 .998 1.0

bo 1/2 1/3 672 .956 .988 ' .995 -.987 1.0

4o 1/2 .702 956 .988 .994 .997 1.0



TA

BLE 8b

THE RATIO P/P_ FOR DIAPHRAGM-BRACED
Z-BEAMS FOR UPLIFT LOADING AT
THEORETICAL FAILURE
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- /Py
h/t b/h c/b 0 T [ g 16 1000 L/h
0 .839 .ou47 .983 .992 .995 1.0
80 1/4 1/3 .821  .947 .983 .992 .995 1.0
80 0 822 . 957 .987 .994 .997 1.0
40 1/2 1/3 .811 .954 .986 .994 .997 1.0
4o - 1/2 .815 .954 .986 .994 .996 1.0
0 .758 .897 .964 .982 .990 1.0
80 1/4 1/3 L7197 .921 972 .986 .962 1.0
1/2 . 793 .923 973 . 987 .992 1.0 Lo
80 0 .816 .949 .984 .993 .996 1.0
40 1/2 1/3 .796 L9U5 .983 .992 .996 1.0
4o 1/2 .802 .ou7 .983 .992 .996 1.0
0 .705 L840 .928 .962 977 1.0
80 1/4 1/3 . 155 . 883 .952 .976 .986 1.0
1/2 756 .889 .956 - .978 .987 1.0 .
80 0 .803 .936 .979 .990 .994 1.0
4o 1/2 1/3  .773  .930  .977  .989  .994 1.0
40 1/2 .783 .934 .979 .990 994 1.0



TABLE 9a

THE RATIO ¢/¢, FOR DIAPHRAGM-BRACED
CHANNEL BEAMS FOR DOWNWARD 'LOADING
AT THEORETICAL FAILURE
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| - | Py
h/t b/h  c/b 0 1 L 9 16 1000 L/h
80 0  2.366 1.481 1.150 1.069 -1.039 1.000
80 1/4 1/3 2.113  1.401 1.129 1.060 1.03% 1.000
80 1/2 2.003 1.370 1.120 1.056 1.032 1.000
80 0 2.069 1.362 1.118 1.055 1.031 1.000
50 1/2 1/3 1.915 1.322 1.107 1.050 1.028 1.000
40 17> 1.787 1.289 1.097. .1.046 1.026 1.000
80 0 2,447 2.248 1.313 1.137 1.076 1.000
80 1/4 1/3 2.559 1.739 1.213 1.096 1.054 1.000
80 1/2 2.364 1.619 1.185 1,085 1,047 1.000

' - 10
80 0 2.175 1.437 1.139 1.064 1.036 1.000
4 1/2 1/3 1.935 1.360 1.118 1.055 1.031 1.000
40 1/2 1.799 1.319 1.106 1.050 1.028 1.000
80 0 2.815 3.988 1.830 1.309 1.162 1.000
80 1/4 1/3 2.689 2.644 1,435 1,183 1.100 1.000
80 1/2 2.573 2.322 1.349 1,151 1.084 1.000

= L — 15

80 0 2.379 1.599 1.181 1.083 1.047 1.000
bo 1/2 1/3 1.988 1,435 1.138 1,064 1.036 1.000
40 1/2 1.83%  1.377 1.122 1.057 1.032 1.000



TABLE 9D

THE RATIO ¢/¢_  FOR DIAPHRAGM-BRACED
CHANNEL BEAMS FOR UPLIFT LOADING AT
THEORETICAL FAILURE

165

Q/PY

h/t b/h _c/b 0 1 4 9 16 1000 L/h
0 1,626 1.233 1.080 1.038 1.022 1.0
8o 1/4 1/3 1.709 1.257 1.088 1.041 1.024 1.0
1/2 1.698 1.255 1.087 1.041 1,024 1.0

5
80 0 1.946 1.317 1.105 1.050 1.028 1.0
4o 1/2 1/3 1.848 1.296 1.099 1.047 1.027 1.0
4o 172 1.738 1.268 1.091 1.043 1.025 1.0
0 1.123 1.059 1.023 1,011 1.006 1.0
80 1/4 1/3 1.273 1.119 1.044 1.021 1.012 1.0
1/2 1.317 1.136 1,050 1.024 1.014 1.0

. 10
80 0 1.713 1.257 1.088 1.041 1.024 1.0
ho 1/2 1/3 1.684 1,252 1.086 1.041 1.023 1.0
4o 1/2 1.614 1,233 1.081 1.038 1.022 1.0
0 . 951 970 .985 .991 .995 1.0
80 1/4 1/3 .1.036 1.019 1.007 1.004 1.002 1.0
1/2 1.071 1.035 1.014 1.007 1.004 1.0

15
80 0 1.447 1.179 1.064 1,030 1.017 1.0
Y0 1/2 1/3 1.475 1.191 1.067 1.032 1.018 1.0
4o 1/2 1.450 1.183 1.065 1.031 1.018 1.0



TABLE 10a

THE RATIO ¢/¢_. FOR DIAPHRAGM-BRACED
Z-BEAMS FOR DOWNWARD LOADING AT
THEORETICAL FAILURE

166

[ Q/Py

h/t b/h " c¢/b] 0 1 ] 9 16 1000 L/h
80 0 - .388 .679 - .907  .958 - .976 1.0

80 1/4 1/3 - 214 .707 .913 .960 .978 1.0 -

80 1/2 - 170 . .T712 .914 .961 .978 1.0

80 0 - .064 .760 ..929 .968 .982 1.0

4o 1/2 1/3 - .038 .759  .929  .967  .981 '1,0

4o | ‘a1/2 - ,031 .750 .925  .966 .980 1.0

80 0 =1.l01 .381 .872 946 .971 1.0

80 1/4 1/3 - .957 .580 . 894 .954 974 1.0

80 1/2 - .739 617 .899 .955  .,975 1.0

10

80 0 - .265 .736 .925 .966 ,981 1.0

Lo 1/2 1/3 - .1llb9 . 739 .923 .965 .980 1.0

Lo - 1/2 - ,121 .734 .921  .964 .980 1.0

80 0 -1.628 -1.323 .971  .928 .963 1.0

80 1/4 1/3 -1.515 .037 . 855 942 363 1.0

80 1/2 -1.454 .294 .868 .945 970 1.0

15

80 0 - .611 .687 .917 .963 . 1.0

ho 172 1/3 - .327 .702  .915  ,962 g;g 1.0

40 1/2 - .266 . 704 914 .61  .978 1.0



TABLE 10b

THE RATIO ¢/¢_ FOR DIAPHRAGM-BRACED
Z-BEAMS FOR UPLIFT LOADING AT
THEORETICAL FAILURE

167

Q/Py
h/t b/h_c/b | 0 1 g 9 16 1000 L/h
0 252 .762  .922  .963 .979 1.0
80 1/4 1/3 .166  .754 .921  .963  .979 1.0
172 .138 .751 .921 .963 .979 1.0 5
80 0 .059 .771  .,931 .968  .982 1.0
Yo 1/2 1/3 .036 .766 .929 .967 .982 1.0
40 /2 .029 .757  .926  .966 .981 1.0
o .481 .794 .931 .966 .981 1.0
80 1/4 1/3  .423  .793  .928 .965 .980 1.0
1/2 376 .785  .926  .965 .980 1.0 "
80 0 .196  .783  .932 .968 .982 1.0
4o 1/2 1/3  .125 .769  .928  .967  .981 1.0
40 1/2 .105 .760 .925 .965 .980 1.0
0 .528  .T764 .900  ,948 .969 1.0
go 1/4 1/3 .571 .821  .932 .967 .981 1.0
1/2  .535 .814  .932 .967 .981 1.0 s
80 0 .34 .799 .934 ,969 .982 1.0
40 1/2 1/3 .231 .77k .927 .966 .980 1.0
40 1/2  .200 .766 .925 .965 .980 1.0
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TABLE 11
COEFFICIENTS W

(hinged: boundary)

| 2
- 2 Ty =

T © oWy o= ﬁ2 (1 + 3 ) .869
1 R A

W, =~§§ = ,810
1 | m
1/m° Wy = 3% = 1.032

ki .

.078 W7 = ;?.02 W
.112 Wy =-17.57 Wys
TABLE 12

COEFFICIENTS Wy

(hinged end)

.25 for dne brace at middle

.10 for two braces % agart

.036 for three braces % apart

168

1.150
1.187
1.187



TABLE 13

169

MATERIAL PROPERTIES OF THE MODEL TEST BEAMS

Virgin Properties

o ¥ Jult ccorner**
Test No. Yield Stress Ultimate Strength - -
ksi ksi 9y Oy
1&3 33.17 by 65 1.34
2 & U 33.71 45,17 1.34
5 & 7 29.50 40.00 1.35 1.53
6 & 8 29.95 43.50 1.45 1.64

Found by standard coupon tests
*%

Tensile yield stress calculated wlth formulas given in

3.1.1 of Ref. 1

TABLE 14

MATERIAL PROPERTIES OF FULL-SCALE

TEST BEAMS
* ¥
Test NO. Yield Stress Ultimate Strength
ksi
F2 & F3 59.0 80.0
Fll & F5 51.0 70.0

' Found by standard tension coupon test



TABLE 15

COMPARISON OF EXFERIMENTAL FAILURE LOADS pL WITH THE PREDICTIONS (pounds)

1 2 3 Y 5 6
Test No. Exp. pL fof pL for pL: for pL for pL for
Faiggﬁe Gmax=°y omax=1.150y Mmax=Mbend Mbendw.inc.cor.st. Oexp
(2" 5w 5 () 3 @ 3 (e g
#1 700 615 -12.1 635 - 9.4 —_— _ —_—
#2 420 379 - 9.8 402 - 4.3 —_— — —_—
#3 830 670 -19.2 700 -15.6 _— _— —
#4 610 580 - 4.8 608 - 0.1 _ —
#5 1440 980 -32.0 1140 -21.0 1198 -16.9 1278  -11.4 1432 -
#6 1500 960 -36.0 1110 -26.0 1200 --20.0 1300 -13.4 1440 -
#7a —_ 887 1025 —— 1200 1290
#Tb 1550 1200 -22.6 1380 -j1.0 1200 -22.6 1290 -16.8 1480 -
#8a —— 1205 1385 1205 1313
#8b 1450 855 41.0 985 -32.1 1205 | 1313 -17.0 1480 +

¥ See Text Page 36 For Definitlons.

0LT
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Figure 7a: A force system constituting only a bimoment
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[
0
N
0

B=(Pd)a B=Ma

rigure 7b: Bimoment of a couple constiting of

forces perpendicular to the z-axis of the beam

/‘/‘, B = IP,w; = Pbh
a

FPigure 7c:

Figure 74:

i

§.C. AP

A B=IP w =P (-3ha)-P(gha)
\P =-Pha

Bimoment of a couple consisting of forces
parallel to the z-axis of the beam

.Cd P
oo
a 4
B'tPimi B=M 2a
= P 0~-P 0=0 =Ph 2a

Comparison of bimoments of two equal couples, one
of them arising due to forces parallel to the z-
axis where as the other due to forces perpendicular
to the g-axis of the beanm.
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Pig. B8 Shear Forces in the Diaphragm and
the Lateral Bracing Force Px
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FIG.11 Dimensions of sections discussed in this paper
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Pigure 12. Mid-span rotstion ¢ versus pL up to theoratical
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FPigure 13. Lateral deflection u versus pL up to theoreti .
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Figure 20: (a) Force Components at Shear Center for
Unbraced Channel due to vertical
Uplift.

(a') ) (8") : (c')

Figure 20: (b) Force Components at :Shear Center due
to Force p in Diaphragm
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Figure 21: Stress Distribution at Failure
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Figure 22: Stress Distribution at Pailure
(Failure moments in parentheses)



o2

rm. 2) Comparison of the moment, M, when stress reaches 1.150-’

<

vith yield moment when twist 1s restrained, N, .o
forsus Q/p’ s Eravity load, chanmel

== =
corner )
co s mmeme—moee- -
T » : 1
.._...._E._=S_....._
3 2 '
R
3 2
2
3
+ oy
L Ty e .

FIG, 2% Comparison of the moment , N, when stress reaches 1.150,
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versus Q/P’ » Uplift, channel
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Figure 29: Test Set-up for Determination of Flocal

(The rotation for this particular arrangement
corresponds to uplift loading case of Channels)
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Figure 30: Deflections of Point A
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(a)
Gravity Loading

Pigure 31: Direction of Rotation and respective Force
Couples created between Diaphragm and Purlin
Channel Section (bending deformations of

diaphragm not shown).
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(b)

Uplift Loading
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(a) (b) {c)
Gravity Loading Uplift Loading

. .

Figure 32: Direction of Rotation and respective Force
Couples created between Diaphragm and
Purlin, z-Section (bending deformations of
diaphragm not shown).
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Figure 35a: The ratio M /M, . versus the rotational re-
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Figure 45a: Angle of Rotation ¢ at mid-span versus the
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Pigure 45.b. Angle of Rotation ¢ at midspan versus the
rotational restraint F of the diaphragm at
incipient yield load (o_ = 8§ ksi) for various
values of the shear rig!dity Q.
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Pigure 48a: Angle of Rotation at mid-span versus the

rotational resistance F of the diaphragm at
incipient yield load (gy = 46 ksi) for various
values of the shear rigidity Q.
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restraint F of the diaphragm at incipient yleld load
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Figure 50a. Angle of rotation ¢ at midspan versus the rotational

resistance F of the diaphragm at incipient yield load
(a’ = 46 ksi) for various values of the shear rigidity
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Pigure 52a Angle of rotation ¢ at midspan versus the rotational
restraint F of the diaphragm at incipient yield load
(0, = 46 ksi) for various values of the shear rigidity
Q.
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Pigure 53a Angle of rotation ¢ at midspan versus the rotational -

restraint P 4f the diaphragm at incipient yield load

' (c’ = 46 ksi) for various values of the shear rigidity
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rotational restraint P of the diaphragm at
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values of the shear rig!dity Q.
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Test 7-A Test 7-B

Pigure 63: Overall Bracing of the Set-up in Tests 7 A and B with pres
tensioned wires.
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Figure 64: Overall Bracing of the Set-up in Tests 8 A and B with pre-
tensioned wires.
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Figure 75. Full scale test for channel purlins under downward loading.



Figure 76. Full scale test for channel purlins under uplift loading.



Figure 77. Loading arrangement for channel purlin test under uplift loads.
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Figure 82 Gravity simulator
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INTRODUCTION

The load carrying capacity of channel and

_ sec‘tion purnhs

ed” tables prepaped dn

can be determined by the use of the at
by elther the initiation of yielding or _gaé‘;og9§' tational
deformation decided to be excessive.

These tables are for beams with depth h = 8 in. and
have been prepared to cover a sizeable range of design parameters
as discussed below.

The tables glven here are for the purpose of 1llustrating
the general principle of the design tables. Improvements such
as extending the range of parameters and reducing the number of
significant figures can be introduced by the user.

As an alternative for design use, the basic computer program
can be modified to produce speclal tables for particular sections

that each company may intend to use, for example, as purlins.

DIAPHRAGM BRACING

The two modes of bracing provlded by diaphragms are shear

pracing and bracing by torsional restraint. The parameters in
the tables reflecting these two modes are
F = Torsional Restraint (in-k/in/rad). Values of F varying

from 0 to 0.3 enable consideratlion of a variety of diaphragms.




Q = Shear Rigidity (kip/rad). Values of Q equal to O, Qr

and infinity have been used,. QL 1s deflned as an ef-

ficient value of Q and 1s equal to 3.0 x M

/h. M

bend bend

and h are defined in the following section.

BEAMS (Purlins)

Yield stress (SIG) values of 33 ksi and 55 ksi have been

used.

The following parameters define the geometric cross-

sectlon properties.

b,h,c,t: Dimenslons as shown in Fig. 1 below.

O
— 1 IR B |

h:

N
S —T s

(:) @ ¢ <:> <:>
| _i T — _

v

Fig. 1 Cross-sectional Geometry.
A value of 8 inches was used 1n the generation of
these tables. For the sake of simplicity these
tables do not contain all the geometric dimensionless
parameters. The results given in the tables are
sensitive to the value of h. Other tables produced

for h = 6 in. are in good agreement with h = 8 in.



for the case of F = 0, For F not equal to zero,
results differ by up to about 15% for gravity and by
up to about 30% for uplift bonding (in both cases h =
8 inches results are conservative when used for h = 6
in.) Using the program provided here, similar tables
can be readily generated for other typlcal purlin
depths.

¢: Again for simplicity this dimension was determined ac-

cording to AISI Specifications. The value of c was

taken equal to 2.8t 43 (b/t)2 - 4000./SIG but not
less than 4.8t, and not to exceed 63.3/W/§fai
R = (b/t)/(b/t),,, where (b/t);, was taken as 171./+/SIG
(fully effective according to AISI Specifications).
Values of the ratlo of purlin span L to depth h used were
20, 30, 40. An explanatlon of the representation of these
values 1s given 1n the following section.

FURTHER EXPLANATION OF TABLES

A typical portion of a table is shown below

= R

b/h 1.0 0.80
0.1144%6 0.1043%6

.2 0.0631%7 0.0550%7
0.0426%7 0.0358%*7
0.3082%6 0.2828%6

b 0.2162%7 0.1881%7
0.1440%7 0.1210%7

The tabulated values are M/Mbend' Mbend is the hypothetical

ment capacity i1f twist and lateral deflection were restralned



and is equal to 2(SIG.IX)/h. M is the moment capacity of the
dlaphragm braced beam.

As seen the results are given in groups of three numbers.
In each group the first, second and third lines give the values

of M/M for L/h = 20, 30 and 40, respectively.

bend
If the number appearing after the asterisk is 1 to 6, it
indicates the corner at which yielding initiates. It 1s also
an indication that the load carrying capacity (as given) is
determined by the 1initiation of yielding and at that load the
maximum notation does not exceed 30°. The corner rotation 1s
given in Fig. 1. If the number after the asterisk is 7, it
indicates that at the glven value of M/Mbend the maximum rotation
is 30° even though yilelding 1is not yet reached. If the number

is 8 it indicates that the numerical procedure used has not

converged to a solutlon and the result glven 1s meaningless.

COMPUTER PROGRAM

The entire computer program listing and the output that the
tables were based upon are attached. The deck of cards for this
program 1s belng mailed under separate cover.

It should be emphasized that the tables and computer program
gi&e capacity moments (incipient yleld moments) which must be

divided by a safety factor for the purpose of calculating al-

lowable loads.

REFERENCES

N.. "Diaphragm Braced Channel and Z-Section Beams'",
ggéggé’No.ABMU, gept. of Structural Eng., Cornell University,

Ithaca, New York, October, 1971.
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- N
- 0155687 0,1628¢7 C,1270%7  0ell21%7 0e5755%3 Qe6313%3 0,7079%3 0.8100%3 | 0,7434%3 0,7984¢3 0,866893 0.9461%3
~ijo2C Ce0822%7 040716%7 (.0612%7 0,0519¢7 0430078 0,0009%8 0,0012%8 0,8334%2 Ce0007%8 0,9634%3 0,9065¢2 0,933082
- Ce0561*7 06046727 (,0381%7 Co0309#7 0e 9544%2 0093971%3 009710%3 0.8101‘2_“0.8042‘2 16394983 00919522 (e9392%2 o
s 0e2B3°%1  Co2655%1 C(e2617%] (Qo21808) Je3662%3 Co3711%3 0,3906%3 04442083 Ce©l66%3 Co4350%3 (.4775%#3 0.5605%3 ~
° Ce2273%7 GCal990%7 Coll07%7T (Oel46387 D 489587 0.5339%7 0,5613%3 0.6675%3 De5940%3 0,6633%3 0,7150%3 0.8234%3 o
O 0. 150597 0.1267%7  0.1064%7  C.0H6282 0,5001¢7 0.6929%7 0, 72883 0Qe8325¢3 | 047657%3 00810583 0.883623 0.9609%3f
Ced24139 I009%] Q27633 5438 0342883 0.3303%3 0,3202%1 063250*3_J 0.3558%3 (0,3478%3) 0,3470s3 0,3673%3 'S
0,6 3:31'.1.: gjzm.; 3:24.55.1! 3:2?35‘,.} De3768%3 04370893 0O,3801%3 0.4250%3 Ce%248%3 0,433783 0,4606683 (o5652%2 o
Ge2584%7 (o2157%¢7 Q.1751%7 (Qele28¢7 06433C%7 04.4386%7 C,4838%7 066264*7 Ceb604587 (e5740%3 0e6379%3  Go 74386%3




LIPPED Z-SECTION $16=33,00
r 0,00 c“’ ' ' w ag
Eﬂ
Q 1.00 o.80 0.6 .50 1.00 o.%0 o.60 LX) 1.00 .80 0.60 0.%0 3
Telinint O.l172%6 0,1085%6 0.C983%6 0e3786%4 0,3993%4 0.4257%4 Ou4611%4 0.4380%4 0o.4558%4 0.47T1%4 0,5064%4
O 0,057787 (060787 Ce0542%*7  0.0476*7 Ne3786%4  0,3994%6 0,4257%4  0.4611%4 0o4383%4 0,4561%6  0,46T777%4 0,5055%4 | P
Ce0434®7 0,0378%7 0.0327%7 0,0278%7 | 0,3772%4 0.3983%4 0e4253%& 0.4616%4 | 0.4383%4 0.4566%4 0,6787%4 0.5C06%4 | o
e P e e e e e —— . . PO e e P
0.0) o] 2+2329%% 03235940, 313244 T 0,2911%6 | 036904 0.3716%4 0.3788% 0.3931%4 | 0.3871%67 0.3923%4  0,4GI0%% O.415cA4 | 0
2.2192%6 0,2015%6 Col843%6 2 1658%6 0e35C3%4  (a3594%6  043732%46  0,3934%4 0e3829%6 043914%4  0.4026%4% (,4178%4 >
CelS5T6*T 9,1387%7 041216*7 0,104927 0.3486%4 0,3598%4 (,3748%6 (.3951%4 Ce3842%4 04,3531%4 0.4043%46 C.4193%% <
0.8 00369254 0.3631%4 C.3569%4 0.3498%4 | 0.373344 0,3691%4 0.3663%4 0.3662%4 04376584 0.3736%4 0,3724%4 0.374784| =
Ce32162¢ 0,3C84%4 0,294204 00277324 | 0,3489%4 00346896 00348524 0,3562%4 | 0.3628%4 0,3630%4 0,366324 0,3736%4| o
Ca249C0%4 (,2446%6 C.2203%6 0.1949%6 0.2379%6¢ 0,3396%46 0,3456%4 0,3571%% 003603%4 04362T*4 0.3677%4 0,3759%4
Ce27)3¢1 0,1920%1  C.1316%1 0.}685%1 0e406C*3 0,4200%3 0,4412%3 0. 4708%3 0.4498%3 0,4648%3 0,483383 0,507943
Qe Celliiel 0,106121 (,0984%1 0,0913*7 0.3906%3 0,4091%3 C.433083 0,4657¢3 0e%438%3 (0.4404%3 0,4807¢3 (0,5072«3 .
29771507 C,065°%7 C,i58B%7  0.0524%7 0s3042%3  (0o4040%3 0s4295%3 0, 4643%3 0s4415%3 C,o6591%3 0,4804%3 0,5078%3f
Ne3eni92 0,3623m3 (,3577%3_ (,13522%) 0.2R65%3 0,38R6983 (0,3936%3 0.6041¢3 0.3978#3  0,4C17%3 (,4083%3 0.4196%3] =™
oloalfe233°%3 D.2818m1 CL2553%1 Oec462+] 0e3671%3 Ne3736%3 (433383 06399893 04397683  0.3973%3 0.4067%3 0.4201¢3)
00 1 0d e 2194%1  0,203321  ll57581  0,1705¢1 0e3601%3 0.3669%3  €,3312%3 0.3989%3 Ca3890%3 (0a3966%3 C(o4066%3 C,4205%3 a
0a3762%3  0,3714%3  0,30A8%3  0,3n24%3. 1 0,3790%3  0,3753%3  0,3729%3 0.37271%3... 1 0.3812%3_ 0.3784%3  C.3771%3__0,378742 ~
0.6 Oe 3nwd®d  D,335703 (,32n8%3 (,3170%3 e 360723 04358323 (4358743 0U.3536%3 0e3699%3 (0,36%3%83 0,3711¢3 0.3766¢3
Ne3.7287 (.29663%3 0,2811%3 0,2659%) 0.3501#3 0,3502%3 0.3538+3 Ce3622%3 042642%3 0.3674%3 (37103 (,3776%3} =




LIPPED I-SECTIUN $16=33,00
1)
R' 0.00 o.13 0.2 S%
b=
a 1.00 0.%0 0.60 0.0 .00 0,80 0.60 0.0 1,00 0.80 0,60 0.%0 £ 3
| 0.8964%3 0,9021%3 0,9C%8%3 0,9183%3 0.9021%6 0,9063%4 0o9114%4 Ce9190%4 0.9004%4 0,9051%4 0,9107%6 G.9188%4
0 (0,9625%5 0918995 C48992%5 -CoCC4(*81 0,9496%4 0,9524%% 0.9556%4 0, 9602%4 09497%4 0,9527%4  049560%4_  0.9607%6] >
—0.0C2T*8 -0,0034%8 -0,CC47%8 -0,C072%8] 0,3701%4 0.9720%4 0.9741%4 0.9770% 0.9706%6  0.9724%% 0,9745%4 0,9773%6| go
. ._‘ - e e e = e —— - — B U e e
TCe6274%3  Co6303%3 0.6394%3  0,6549%3 | §.6390%3 0,6500%3 0.6644%3 De6862¢3 0.6466%3  0,6580%3 0.,6722%3 0.6927¢3]
Q |0 ,7491%3 0,7562%3 0,7657#3 0.7313¢3| 0.774263 0.7845%3 0.7963%3 0.8124#3 04778543 0,7879%3 0.7987%3 0.6114%4)
CeB39T%2 CoBe4E*3 0.8522%3 (.B8541%3| 3 355584 0.8605%4 0.8666%4 0.8760%4 0.8530%4 0.3587%4 0,3656%4 0,8758%4| o
0.6 “0.CRO1%E -0,0C01*8 C,4982%3 0.505C*3] -5,0001%8 -0.0001%8 0,5064%3 0,5185%3 0,0001%8 -0.00C1%8 -0,0662%8 0.5259%3] =
N,5792¢3  0.5816%3 0.5362%3 C.5968¢3} 45,596343 0,605C%3 0,6180%3 o.uqstz 006048%3 0.6145¢3  0,6278%3  0,6480%3 o
0.6599%3 0.6733%3  0,6792%3 Ca6320%3} 0, 6576%3 0,7086%3 0.7225%3 0.7420%3 D.7049%3  0.7154%3 0.7279%3 0.7454%3
0e2571%]1 Co2350%1 0,2201%1 0,2025%1 | 0e6970%3 0,736323 0.7825%*3 0.8372#3 0e7878%3 0.8167%3 0,8478%3 0,882C*3
0.2 0:11.7‘07 Q:Ia'ai..f 0.170957-”'0:1080‘7 0.8365¢3 0,8683¢3 0,9027%3 (,9363%3 0.9C80%3 0,9248%3 049401%*3 0.9535+3
02095987 (a083967 0.073387 C.0634#7 | 76897643 0,9318%3 0, 3582%3 (.9723%3 | 0e9594%3 00066283 0,9712%3 0,925603|
[
Ne6212#23 0,61656%3 CL6078%3  [,4C0743 Qe4726%3 (Q.6824%3 C,5008%3 045366%3 0e5059%3 045219%3 (4546723 (0,5873%3
0.8 0351783 T 0.3440%43 D.321181 C.29%6sl | 0.5556¢3 0,5831%3 C.6223%3 Ce6797%3 Oe628C*3 0,65¢2%*3 C,06917*3 (0,73733 -
‘L » Ne234587  0,2536%7  C.2256*7 Cp1986%7 _0,667_1‘}*07-7009‘}4770{7528,‘1, 0479533 0o T7461%3 (e 7730%3 0.8022%3 (.8384%3 -
0%3  0,4358%3 0,4500%3| o
Codl51#3 0.4095¢3 0,6064%3 0,3997#3. 424423393 0,421383  0,4222%3 0,6301%3 _} 0.430423 0,431
0.6 u:v Tes3 C.3B95F3 (376891 353083 | 2.449393  0.4539%3 0,4677¢3  0.439393 [ 0.4797%3 0,491183  0.5119%3 0, 5485%3 o
003315603 0.3597¢3 C.33RC%3) 0.3156%3 | 0.5053%3 0.5216%3 0,5508+3 0607843 Ce561623 0.5€33%3 0.5143%3 0.6593#3




LIPPED Z~SECTION $16=33,00
r 0.00 0.15 " 0.0 5o
EH
a 1.00 0.80 .60 o.% 1.00 -0.8%0 o.60 oMo 1.00 o.%0 o.60 0.% §
| Co8925%3 Co8976%3 0,9039%3 0.9134%3 0e9636%3 0,9718%3 0,9803%3 0,9891%3 009794%3 0,9851%3 0,9905%3 0.9954%3
Ue9593¢3 €,9529%3 C,9559%3 0,95C5%3 069933%3  0.9953%*3_ 0.9970%3 0.9983+3 0e9969%3 0.9978%3_ _0,9985%3 0. 9990%3 L
Ce97T9%3  0.9722%3 (4973823 C,9762%3 | 04997753 0,9983%3 0.9987%3 C.9990%3 0.9986%3 0.9588%3 (.9990%3 C.9992%3 |
[ J -
0.8 C265C4%3  0,6520%3 C.6561#3 (,666343 0.7119%3 0, 7303%3 0.7587*3 0.B8064%3 0e7539%3 0,7788%3 0.8134%3 0,8639¢3 lad
“ Coa7524%3 0,7564%3 Go759R%3 0,7725%3 0.3680%3 0,8883%#3 Q,9133#3 0,944223 09097%3  0,9282%3  0.9485%¢3 0,9706%3 >
. CeB35582 (,8330%3 (,86432%3 (,8542¢3 D0e9475%3 0,9593%3 (0.9718%3 (o9846%3 0e9695%3 0,9779%3 0.986C*3 0.9932*3 -
.‘ ) -
r ] 0.61Ce545292 €. 5425%3 0,5404%2 0, 541843 0.5636%3 0.5669%3 (o5766%3 0.6019%3 | 0.5793%43 0,5883%3 0.6068%¢3 0.6471*3 |
0e6135%3 0,6072%3 Ca5237%3 Ceb0h5*3 0e5774%3  0,6929%3  0,7211%3_ 0,7735%3 0e7210%3 _ 0,7455%3  0e7826%3 0.8398¢3 °
o 50683303 0,6821%3 C,6752%3 (686583 0e7995%3 0,8217%3 0.9534%3 0.8985%3 0e8490%3 0,8736%3 0,9039%3 C.94C5%3
"~
~ Ce2591%)1 (,2510%1 0.2334%]1 0,2134%1 0eB8570%3 0,89647%3 0,9332%3 0,9700¢3 0e9407*3 0,9609%3 (.9793¢3 0.9941°3
m 10.21€e1535%7 0.133387 C.126627 0,1108%7 D49676%3 0,9870%3 (.9988%2 0,9872%2 | 0.9992%2 0.9925%2 0.9915%2 Ce.9953%2
£9099427 C,096287 (Co074927 CLo064507 0e9632%2 0,97C4%2  0.9827%2 0,9952%2 | C,9902%2 C.9947#2 0.995C%2 Cs9993%3 |
" —
Cod03e73  Co653273 (o4a362> C,4303%3 0e5610%3  0,5RCC*#3 (u6153%3 C.6329¢3 | Ge6276%3 (.6602%3 0.7CC9I*3 Q. 7°75#3 [N
oM 00627285 0,377903 T 351451 T.316381 | D.7036%3 0,7456%3 Co3045¢3 C,57€643 | 0,8155#3 C.855C%3 0.5955%3 Ge9474s3 |
PT1Ca302227 04265627 0e2%4707  Ce204507 04844023 0,8B820%3 (e9238%3 0.956493 Ce9292%3 G.9528%3 0.9750%3 G,9931e3
o2
€e4503%3  0,6400°3 Co4521%3 0Cy4445%) 144876%3 C,4872%3 044929%3 o.snn;-JL‘_::,_sg_gn 0.5115%3  0,5278¢3  Ce567723 -
06|35, 451597 C.433193 C,4154%3 0,3976%3 7.5380%3 0.5512%3 045822%3 0e6696%3 Ce 600883 0.6296%3 0,678C%#3 0,7534%3
Co®23432 (,31935%3 (,37C882 (3416487 De6247%3 0,6671%3 0,7211%3 0.8058%3 C,7354%3 0,776583 0.83C8#3 C,8939¢3 =




LIPPED 2~SECTIUN

$1G=5%,00
I\ r 0,00 0.13 0.0 bo
. EH
Q 1.00 0.80 0.6 o.ko £.00 0.% 0.60 0.% 1.00 o.%0 0.60 0.% 3
Co0896%6 0,0827¢7 C,0728*7 0,0635%7 0e2412%6 0.2585%*6 0.2822%6 0,3203%5 0e3152%6  0.,3382%6 0.36T6%6 0e4104%4 :
O 04047607 0,0614%7 Ca0352%7  0e0296%7 0e2426%6 042609%6 0,2846%6 (,3218%6 0e317486 0.3404%6 0,3692%4 0.4091%¢ od
Ce0314%7 0,0267%7 0.,0219%T7 0.0176%7 0e2619%6 0.2602%6 042840%6 0.3221%6 0.3169%6 0.3399%4 0,3682%4 0,4C91%4 '
o.0] o 0.2744%6 C,2551%6 C.2305%6 C.2064%6 | 0e3120%4 0,3097%6 0.3114%4 O.3254%4 0.3339%4 0,3366%4 0.3450%4 ° 00 3642%4 i
: Cel594%6 Co1540%7 Co1315%7 Colll6=7 De272C%4 0,278B5%46 0,2918%6 0,3178%¢ 043150%4 0e3250%&4 C.34(4*4 0.365C%¢ -
Tell29%7 0,0967#%7 CoCBO1*7 Ca0Q657%7 0e2633%4 0.2761%4 (C.2909%4 C(C43187%4 Ce3130%& (,3249%4 (,3414%4 De3660%6 -
0,8/ Ce 352554 Co341194 0o3255%4 0.31C0%% | 043567%4 0,347544 0,3369%4 0331784 0.3603%% 0.3528%4 0,3453%4 O0.3451% |
Pe2371%4 0,2651%6 ©,2334%6  0,2036%6 Ne3120%4 0.3032¢%4 0.2971%4 0.3034%4 0,328584_  0,32466%4 0,3243%4_ 0.3348%% o
062213%6 Ce2C05%7 Co1639%T 0,1333%7 002866%4 0,2829%4 0,2845%4 0.2992%4% 003159%4 0e3169%4 0,3218%4 0,3360%4
Oe1675%1 041385%1 0.1265%1 Ooll4als) 0e2813%1 002952%1 0e3137#%1 CQ(.3454*) 0e3479%3 (,3649¢3  C.3883%3 0,4225¢3
0.2] CeOT87%7  0.0716%7 C.0636%7 0,0558+7 0.2608%1 0,2773%1 C,2985%1 C,3329%1 003321%1 0,3517%3 0.3773%3 0,4147%3
CeC49°%7 0,0436%7 (,0378%7 C,0324%7 042520%1 0.2693%)1 0.2918%1 0e3285%i Ce3252%1 0,3457%3  (0e3729%3 0.4124%3 -
Co33C1*2 Co3215%3 Ce3101%2 C.2931¢1 Do 3430%3  0,3463%3 0,3472%3 0,3560¢3 0.3606%3 0,3621%3 0a3674%*3 (.3808%3 ~
Y Jed377%]  0,2157%] 0,1987=] £,1783#] 0e3062%3 063097%3 (a3182%3 0.3370*3 0e3362%3 0,343C*3 0,3543%3 0,3736%3 »
00 1000167707 0.1491%7  0.129097 Co111187 | 042871%3. 04294793 _0.,3074%3 0.3302%3 | 0,3268%3 0.33¢1%*3_ 0.3457¢3 Cu.3712%3) |
0356283 (4357702 0,346893 C,3375%3 Q00368723 0,3615%3 03532%3 0,369%%; Ce3710%3 0,3647%3 0,3583%3 0,3575%3 »
0.612,3721%3 0,308083 (,290C83 0,2727+3 0.3364%3 0,3285%3 0,3225%3 C,.3249%3 Ce3465%3 (,3421%3 0,3393%23 (,3459%3 a"
0e2766%3 0,2574%3 (,2296%1 0.2128%7 0.3127#3 0.3079%3 0.3063*3 (.3152%3 J 04332693 0,3314%3 043331%3 G,.3432%3




LIPPED 2-SECTION

S1G=55.00

[\' 0.00 0.18 0.0 &g
a3
Q $.00 0.%0 0.60 0,40 t.00 o.%0 oo 0.% t.00 0.80 0,60 00 E 3

Ce9319%3  0,9366%3 (94493 0,9192%5 0.9336%4 0V9365%4 "0e9418%4 - (.9480%4 0e9311%& 0,9345%4 0,94C7*6 0,94758¢
02 0,7859%4 1,0236%% -0,0012%8 0.9291%4 0.9658%6 0.9677%4  0.9T10%4  0,9767%4 [ 0e9656%& 0,9677¢4 0,9712%¢4 0.9751%} ¥
1.9:.37-: Ce9505%4 0o8227%T7 04805C*7 0.5795%% 0.9809%4 0,9830%4 0. 9854%4 049798%4 0.9812%& 0,9834%4 0,9857%4
0.6967#3 0,6948%3 0,7115¢3 0,732643 -] Grega1s3 0.7098¢3 0.7312%3 0.7576%3 | 0e7045#3  0,7174%3 0,7368%3 0,764C*3| *
QQ |0M o e153e3 0.8256¢3 0.8393¢3  0.8556%3 0.8326%3 0.8421%3 0.8570%3 0.8729%3 | 0.8361%3 0,8450%3 C,8589*3 C.3707%| m
CoeB832103 0,6972%3 C(.9066%3 0.,9174%3 0.8998%3 0.9043%4 C.9109%4 0.9188%4 | 048972%¢4 0.9015%4 0.9092%4 0.9182%4f
0.6 02337483 0,538693 0,544793  C, 556543 B 5805%3 0.543363 025527%3 0,5706%3 | 0e5432%37 0,5471%3 0,55e6%3 C,5793¢3} =
0662193 0,6515%3 C,6562683  0,6797¢3 0.660083 0.6689%3 00688333 0.7157%3 | 0667383 0,6779%3 0,6983%3 0,7247#3} o

Ce 763593 C,7542%3 Co.T667%3 0.7337%3 0. 7656#3 0o 776383 0,7949%3 0.8164%3 | 0e7717%3 0.7824#3 0.7999¢3 0.8194%3

ColITL®T 0.175101 O0.1873#1 0,1933%7 | 0.5513#3 0.5970%3 0.6611#3 0.746593 0,6872%3 0,7317%3 C,7675%3 0.8534%3

0.2 Col33787 N,091397 CoC786%7 0.0673¢7 0,0007#8 0.0009%8 0,0012%8 0,0019%8 0477553 GeB159¢3 0,0012%8 0.9424%3
0eCTL08T 0,059787 0.0692%7 0,0402¢7 ——0e860242 0.9019%72 0.9492%2  0,9871%#4——f 049458%2 0.9698%2 0.9885%4 0,5925¢3] ¢.
Le392283 0,3794%3 0,364C%3 (4364741 004358%3  0,643790%3 0,4526%3 0,4381%)3 0,4691%3 0,4R13%3 0,5C61*3 0,5587%3 ~
q lon 0312347 0e27987 C,2430%7 Ce2113¢7 De4796%3 0,5020%3 045456%3 0e6199%3 0.5669%3  0,5992¢3 0650343 0,72C9¢3] e
Fe237427 C.178187 0.1495%7 0.1252¢7 | 0.5671%3_ 0.AC31%3 C.5585%3 0Co7366%3 | 00682693 0.7196%3 0.77C0e3 0.8315%3]
~~30e4283%3 0,4240%3 0,4236¢3 0,436Ce3 -

0e4187€¢3 C,4044%3 0,3919%3  0,381143 1 70,4219%3 0e4148%3 0.4091%3 0,4124%3 D.4283%3 0,42 d .

061t o3aTes 00370993 0e3+5983 0.3221%3 | D.4302%3 0.4256%3 0.4309%3 C.4602%3 0e4536%3 Cabb645¢3 (,4E36¢3 (,5286%3] g

Co3T75087 (.3215%7 0,267387 0,222347 De4541%3 0.4701%3 0.4951%3 0.5530¢3 0e5257%3 0.5444%*3 0,5823C%3 C.6453%)




LIPPED Z-SECTION S1G=5%,00
’\' 0.00 0.13 0.0 Bo
$a s
Q 1.00 .m0 .60 o.ko 1.0 “o.%0 o.60 0% 1.00 0.80 0.60 0.0 E §
} 6.9273%3 0.9315%3 049390%3 0,947043 0e9634%3 0,9703%3 0.9790%3 C.9875% 0.9761%3 0,9817%3 0,.9661%5 0.5337%3
02 0,9456%3  0,9684%3 0,9716%3_ 0, 9749%3 0.9910%3  0,9931%3 _ 0,9954%3 0, 9973*3 009949%3 0.9963%3_ 0.9975%3  0.9985%3 Lad
0.9731%3 0.9801%3 0,9818%3 0,9837%3 | 0.9964%3 0.9972%3 0.9980%3 0,9987%3 0.9978%3 0,9983#3 0,9987#3 0,9991%3| ge
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C  NBR31,2,2 ’ HINGED,FLEXURALLY HINGEO-FIXEO,FIXED RESPECTIVETARIOC19
€ VCNi1Y,Nar) » CINSTANT FOR SENDING MOMENT TAB10020
C i TA310021
_.20s 8% RURMAY { allOY o TABL0022
1D 99 ELRAAT (7F10.5 ) TAB10723
2 109 FUIMAT (f1%) ) ) TAB1CC24
59659 110 FUSMAT (1x/ ) . TAB10025
13 111 FURMAT (11X ) TAB10026
211 112 FCAMAY (1X/77 ) TABLOG27
w02 197 FORMAT {13,11F11e5 ) L . ____TAB10O2A
d " TAR10029
aC13 131 FOIMATEIOX, "LHANNEL  SECTIONM®,3X,%193%,12, 3X,1SJG=*,F5,2) TAS10030
2014 192 FOIMATLINK, *LIPPLD CHAUEL SECTIIN® TA810031
*La 312,12, 3X,*S1530,F5,2) TAS1NC 32
) 715 192 FURHATIR G, " Z=SECTIINY 43X, 13=%,12,3X,°S1G=?,F5,2) TAR1203)
: Mts 19« FORMATU3OX, *LE7PrD Z-STCTION® U TAB10034
T " 3N, 1123, 12,3X,t81 52 ,F5,2) TARICC3S
C ) o TA310036
3717 195 FUSMAT (AN, "M/ 438%) /) TAB1C037
“213 135 FLOMAT (54X, 'a8%5LF 0 R3TSTICH * ,/ ) TA510038
Tl 197 $7-MAT (S2%,*Diatad) LIADINSGY 43X, %4732 ,FS5,2 ) TAB1D339
b L 163 FUWMATU// S3X,UPLIFY LIADING *o3X,'A/3=4,F5,2 ) ~ TAB1004C
tL2l 200 FO-MAT { SeX,*dl453) 3ND, ) T4310061
R < o , S . 1AB100%2
b 251 FCAMAT (8 01330, 12,0 ,na3=t, 12,0 ,N[C=?,52," N=",12," , IY=%,12,TLB1%Cu3
B e L Tt T2t iR IR 1200, a2, 1555, 02y 1Aa,TE1 00
T Nt T 12,0t Et 12, 220,02 ) TA31NTeS
1023 265 FOSMAT LA, 055 0,58 G,3,0K, 50,3, A5 ) o TAS1IL 48
TASI0Ce?
ItTe 211 FRvaAT (sAF1S,70 L1774 8
DR 219 FoneAT paote e ) TAB10CT
AR 281 B AtAT (717,70 I Ts
z - TA
“trt JRL OB LIMAT 0N, BTt I NI, MR T 1GX T2t 18, T ANGLE CF T4
o PR LTe Dl 4 B FaglenTllees tauaTi6 ),/ Ta
. 25v, TSezac S IBINITY Lt .eTC PLATERRL DISPLACEMENT Lt/ 7
. SL Chalsbsileb, :l.n"B.w IARY4 Tas
& 23K, PSL7OF Udav 3T §;22°37 186X, PYERTICAL DISPLACEMENT V' /  T3312f54
. St FoelebFlleqhy o5X,oFlles Jio/ ) TaR1Ir5T
Taalsi53



Ty

IMPLICIT PPAL & A {(A-i,0-1) - s

TAK10001
AR 4 CUMALIN FLMT/ CMATLO,6]),DSP(B) TAD10002
HE) DIMENSTON UCR(2),4CRE21,VONT24 71 NIY(T) TAB10003
e DIVENSION CCU3,3),054(6),STRI6Y,STELO) PRMIG), TAB1C004
» SGl64+2) +WGI(5,2), h(b)vSV(b)vSU(b)vHﬁ(b) wKi6), TAB10005
o =0FL{6),0F(6) 4, NPALG)NLIS), TAB10066
* (31 PCRI2),HLHIS) 4 LLDLZ,2), TAB10GO7
- HAY(2T7, 2,121 ,8N4Y(27, 2,12} TAR10008
%) DIMENS ION 1143).29l3).1101(3»,13(3,3t.16|3.3l.15(3.3p, TABL10009
* FOU3),F2(3),FE(3).SNL3) TAB10O10
C ] TAB10011
€ JO3 #% >135¢ #%  >138 < #=x __TABINO1Z _
4 T TAB10013
€ UCRL1),WCRI1) CURVATURE FRNOM  F2{N)  (MIDSPAN) TA810014
€ UCR{2Y,wCR(2) , CJURVATURE FRoM FE(N)  (SUPPORT} TA310C15
e € 1vy=x 4 YIELDING AT MIDSPAN __  _  TABiOOl&_
C 1v=2 . YIELDING AT SUPPORT " T TAB1CO17
o € NIYINBR) _ ,  INITIALIZATION GF 1Y, SEE PEAD AND NO 4510 TAS10018
€ NBR=1,2,3 ' HINGED ,FLEXURALLY HINGED-FIXED,FIXED RESPECTIVETARLOCIO
€ VCN{IY,Nar) . CONSTANT FOR BENDING MOMENT TABL0OO20
C ) TAS10021
JCOS_ sy BUMMAY { Al10)  TAB10C22
5227 99 ELRUAT (TF10.5 ) T TAB10723
_mn 109 FLIMET (*1') ) - TAB1CC 24
2559 116 FLMAT (ix7/ ) . TAB10C25
3319 111 FUSMAT (1X ) TABL10026
2311 11z FLRWATY (1X77 TABLIOG27
e ¥ 197 FORMAT (13,11Fl1e5 ) e ____TaB1002R
[4 TARLI0Q029
ac2y 171 FLAMATI30X, *CHANNEL  SECTICM® ,3x,% 122,12, 3X,'S$IG2* F5,2) TA810030
2014 192 FOSMATLINK, tLIPPLD THANEL SECTION® TABICO3]
3o 130,120 IX,*S153%,55,2) TAS1NC 32
15 153 FOS™ATI3 G 2-SECTE N ¢3%,°1327,12,3X,°S1G=",F5,2) TaR1l033
2318 ‘_._a‘;9~ FORMAT( 30X, *LE2PC) 1-$3CTION? o TAB10036
T P3N 103, 12,3X,8152%,F5,2) ' TARLCC3S
< ] ) o TAS10036
717 195 FORMAT {(AiX, "M/ 43153 /) Tas1il3?
-213 138 FOOMAT (56X,%25LF  AF  RJTATICH ¢ 7/ ) 145100638
TS 197 F7-M2T (524, D iatNad) LOADTNSY 43X, "A732%,F5,2 ) TAB10339
PR R 193 FUWW2TU// S3X,PUPLIFT LIADING *,3X,'A/320,F5,2 ) TAB100«C
cL2l 200 FUAMAT { SaX, 04145330 3N, ) TA310041
z L o L TAB12042
D3I IS RCARAT (G 10 1200 SRR 10 IR 02, 0 N T2, TR, 12, 14817043
" "»"7="l2.'-14:'.I)..'.'.".‘-K-'!J‘,t"IZ-'_v_Lx_'_-I”?_._"_XS__St'VgKZ.M.»14-' Ti411764
T MUt iTE 2, gm0 2,0, M2 02 ) TA3L TS
T2V 205 FOAMAT LA, 885 0 aF G300, N 3,0 a3 ) L TAR]IL S5
TAS10Ce?
DR Qll FlevmaT (sF18,71 o o o . LT E3 Saler
A E S 21 FnMAT paos s ) ) TA9100e5
2i2s 251 B AAT (7017,7 ) R TAS0050
R R Ta312851
“ei7 2T OB LIVAT U0, i r BTt (I YIS, MR LGN, A2t 16X, T ANSLE CF TAFLTI0sE
T PE LTy Dl 4 g E( FugleeTlliaes ta.eTil,e 4 ),/ L
. 25v, VS < I3I0ITY IV .eTL, tLATEARL DISPLALCEMENT Lt/ Tizlllie
T T . S Fhglotiledy, DXyl 3g0 /)7 TL3,20%5
3 23, *SLT%F Udaw AT §227370  ,44x,*YERTICAL DISPLACEMENT V' / Yii“r5A
» 51 Fbels#F 340, oXyuFldes 714/ ) T2312057
’
-

- TAr1ClS3



~

Ty

TMPLICIT Prat = 8 (A-w,n-1} a o

[a}

TAK10001
A CuUMay 7M1/ CMATLOL,61,DSPL6) TADI0ODZ
SIE] DIMENSION UCRI(2),WCRI2),VENI2, 71 4NEY(T) TAB10003
iTl4 DIMENSION CC{3,3),D054(6)STRI6)},STEL6) ,PRMI6], TABLCO04
» SGI6+2) sWG(5421, w(b)-SV(bl.SU(bl WWi6) WKi6), TAB10005
o =DF1(6),0F (61 4NPALGI,NLIS], TAB10006
* Z{3Y1,PCR{2), HLHIB),LLEIZ,2), TAB10007
* HAY (27, 2,12),NAY(27, 2,12) TAR10008 _
1is DIMENSION 11«31.zq«3).zxoxt3|.zata,3v.ze(3.3).15(3.3). TAB10009
* FOU3),F2(3),FE(3)¢SN(3) TAB1001C
C . TAB10011
C  J03 #% >135¢ #**  >138 < *= __TAB10012
C T TAB10013
€ UCRLL1),WERIL) CURVATURE FROM  F2{N) _ (MIUSPAN) TA819014
€ UCR{2¥,WCR(2) CJURVATURE FROM FE(N)  (SUPPORT) TA310C15
o € 1¥=Y 4 YIELDING AT MipSPAN _  TABLOOl&_
¢ iv=2 . Y1ELDING AT SUPPORT TA81C017
o € NIYENBR) 4, INITIALIZATION CF  IY, SEE PEAD AND NO 4510 TAB10018
€ NBR31,2,13 N HINGED,FLEXURALLY HINGED-FIXED,FIXED RESPECTIVETARI0019
€ VCNEiY,Nar) » CINSTANT FOR BENDING MOMENT TAB10020
C A TA510021
1. T S 99 FUMMAT { ARINOY o TABlO0022
5211 99 £LEAAT tTF10.5 ) TAB10"~23
233 - 109 FULIMAY (1) . ) TAB1CC 24
T a559 110 FU<MAT (1x/ ) . TAB10025
2313 111 FUSMAT (1X ) TAB10026
2311 112 FCRAMATY (1x/7/7 ) TAB10G27
k02 _190_FORMAT (13,11F11e5 ) B _ ___TAB1002R
C TARL10Q29
€13 171 FOAMATOIOX, *OHANNEL  SECTION® (30,9192, T2, 3X,°S1Ge* ,FSe2) TA810030
2016 T 192 FOIMATLINX, YLIPPLD CHASNEL SECTIING TAB1CO3]
LEEITARREANE PEEESTRES et LR L. P S ] TAS}.(‘CSZ
=113 192 FUS2AT(3. 0, "Z=SECTIINY 43X4" 132 ,12,3X,7S1Ga? ,F5¢2) 4313033
M3l 19+ FONMAT(3GX, *LE2P¢D Z=-STCTION? L 1AB10036
T T w3123, 12,3X,781 550 ,F5,2) TARICC3S
C ) o ) o TA310036
3717 195 FURMATY (AN, M/ 438%) /) TAB1{C3?
313 135 FOO™AT (%6X,*A G F 0OF RITATICH * ,/ ) TA510G33
*Tis 197 E7-¥AT (524,°D jahad0 LIADTNS' ,3X,'A732% ,F5,2 ) TAB13339
b . 393 FUWMATU// S3X,%0PLIFT LIADING %,3X,'4/324,F5,2 TAB1004C
2y T 260 FO-MAT { SaX,0a453) 3ND. ) 14310041
S ) R £ -3 £1 LY 3
ToEITT TS RCANAT (0 TR 12,0 GhrE 10,0 ..xc-'.;z. N2t T2, T, Y=, 12,T4B1°Ca3
f'."7=°.x3.'.x«:-.x;.-.~..=x.'1.=x-.lz Lt a12,7,155%% 4 12,0142 ,T2410 04
- w2, x'-°.:z.-."a-.xz.-.->=~..: ) TA3L TS
%23 255 n-'n TR, 085 % ,97 G, 3000, %7% 3, a5t ) . , TAUIIL S
- TA31006?
34 211 FrevwaT (wAF1S8,7) o _ . o R . A2 Galet )
“e2s 219 FmAT e s ) TARLI T
V12 251 F AT (7017,7 ) o TASL005
7 T TA<1:851
~ez7 2T OCLIVAT £V, ey STt It PRI, MR T 1GX St 18X, YANSLE CF TAT 100N
o PR L Te MUY 4y B FTaglewTliaes tr.eFi%6 ),/ TaAlIziy
» 25, CSesh S ISINITY It LeTH, P LATERAL DISPLACEMENT U/ TislTlse
) Sl Fheisttileb, DAwCilgn Flo/ TLa,010%5
® 23X, PSLTOF 4Paw AT § 237370 46y, 'VERTICAL DISPLACEWENT V' /  Ta31l€5s
» S FbelebFllghy SXewfllgs /14/ ) T23TPS5T

B Ta210053



Nty IMPLICIT PTAL * B (A=ilyn=1)

TAB10001
M4 LM JIMT/ CMATLL,01,DS5P(6) . TAD10002
SCC3 DIMENSTON UCR(2),ACRI2),VCN(2, T NIYIT) TAB10003
Tl DIMENSION CCU343),05M(6)+STRI6D,STE(6) ,PRMLG), TAB1C004
» SGl6+2) 4 4G(5421, h(b)oSV(élvSU(bchﬂ(b)nhK(él' TAB10005
o *DF1{6),DFI6) JNPALG6I,NLIS), TAB10006
* Z2{3),PCRI2) ,HLHISY,LLDIZ,2), TAB10007
- HAY (27, 2,12),NAY(27, 2,12} TAR10008 _
ti5 DIMENSTION Z1(31,29(31,Z10103),23(3,31,26(3,3), I5(3,31, TAB10009
* FO{3)4F2(3),FE{3}45N(3) TA810010
C ) TAB10011
C _ JO3 *% >135¢ **  >138 < *=* TABINO12 _
C TAB10013
€ UCPLL) WCRIL) o CURVATURE FROM  F2{N) (MIDSPAN) TAS10014
€  OUCRIZ)4nCR{2) CURVATURE FROM FE(NJ (SUPPORT] TA310C15
o € lysy 4y YIELDING AT MIDSPAN __ _ TABiOOl6_
¢ iv=2 e YIELDING AT SUPPQORT TAB1CO17
. C__ NIYINBR) _ ,  INITIALIZATION OF 1Ye SEE PEAD AND NO 4510 TAS10018_
€ NBR*®1,2,1 ' HINGED,FLEXURALLY HINGED~FIXED,FIXED RESPECTIVETARLOOL9
€ VCNiEIY,N2R) N CINSTANT FOR BENDING MOMENT TAB10020
C ] 74810021
DK 98 BONMAY ( RIYOY o TABlOC22
5ot 99 ELRAAT (7F1045 1 TAB10"23
3y <109 FUIMAT {11%) . ) TA31CC24
T9059 11G FUXMAT (1x/ } . TA310025
919 111 FURMAT (1X ) TAB10026
3511 11z FURMAT (1X77 1} TAB10G27
5012 197 FORMAT {13,11F11.5 ) I _ ____TABl0O2R
C TAR10029
9C13 171 FOAIMAT(30X, "CHANNEL  SECTICM® 30, %19=7,T2, 3X,'S1Ge",FS.2) TA310030Q
2214 192 FOIMATLINK, 'LIPPLED CHAGNSL SSCTION® TAB1CO3Y
® LA, ]2 120 IX,'S1532,56,2) T‘AS}@C32
715 192 FUSHATI3 s V2~SECTI 1IN  ¢3X%132%,12,3X,°51G=*,F5¢2) Taa1lo3d
318 19w FOSMATEION, *L1PPCD Z-83CTIONY L TAB10036
T T eI 103, 12,3X, 81580 ,F5,2) TABICC3S
¢ i o TAS10036
2917 195 FURMAT (AiX, "M/ 438%) /) TaB1LC37
-01a3 138 FOOMAT (56X,%AN5LE OF  @JTATICH ¢ L,/ } 14510038
is 197 FO-WAT (52%,°0 jahadRJ LoADINGY 43X, 'A/32% ,FS5,2 ) TAR12339
P T B 193 FOWYET(//7 S3X,PURLTFT LIADING 0, 3K, 'A4/320,F5,2 TAB10040
2221 T 7T 26T FUAMAT { SaX,ti14GE) 3N Y TA310061
z B o _ TAB100A2
DT RCAVAT (a1 du e 2ee a3t 1200 G RTCe T 52,0 N oT200 T T¥=T,12,T4B17Co3
BVt Tt T4 T2t iR T IE Y 12, Lat 2,7, 15527 (2.0, 1A20,TE4Y 000
- - Mt I Ta 12,0, 12,0, 4220, 2 ) TA3Lr04S
T2 265 FOSMAT L1M,0505 %, 586G, 3,3 K,u N, 3,0 P T T TAN]3LSS
I TAS100e?
PR 3 211 FIewaAT (SF18,71 o _ L TAL]1ND4R
seay T T T 1 Fomaar gaetsgya Ty ) N TAREDCe3
N 2e 251 . avAT (717,17 ) o 14512050
N - Ta=1:851
Y 4 SS1 ELIVAT Y s, ey 5T TUea MIUENTY LGN, M2t 16X, aNGLE CF =
T R A Tiewe 1.l 4 ),/
. 28, VSeh S l3ITY It LeTC, YLATERAL DISPULALIMENT L/
T L Sl Fheglebiildeb, 2R,~F] 30'0 fre/
®  23x, ¢S 75 P4 AT § ;D273 WAt "VERTICAL DISPLACEwENT V' /
b Sl Foel i ®F13,4,y oXewFll3ee /J14/ ]

(e}

o Ta210053



023

294 FORMET TH1X2214F10e495X) 3 6F1004) )

TAR10059
29229 295 FORMATY ( 3X, 4(FBe4,°% 3 [1)s5X 4(FBe4s % ,[1),5X,4(FB8,4,°'%*,11}1) TAB10060 _
I3C 296 FORMAT(I3, G{FBab ' ®' s 111 45X s4(FBab,"™?,]1),5X, TAB10OM1
* e e 4U B S, 11) ) TABLOO062
C TAR10063
c . [ - e TABLONG64 _
[ TA810065
CC  INPUT, WHICH S SAME FOR ALL CASES, TYAR10Q66 _
9C31 READ 98,NIY(L),M1YI2),NIV(3) TAB10067
%32 READ 99oVCN(Ll41)sVCN(291)34VCN(1,92),VCNI{242),VCNTIL1,3),VCN(2,3) TABlOC6E
9533 QEAD 211y EsGyPI,P12 TAR10069
: YAB10070__
C INPUT, CONCERMNING THE DEFINITE INTEGRALS DUE TO GALERXINS METHOD. TABl10071
C CHANGES WiTH BOUNDARY CONDITION, TARLIQ072
2T36 Ni=1 TABL10O73
. G235 N2=3 . TAB10CT4 _
9036 READ 219, (SNU1),I=N1,N2) TAB1007S
_LC2Y . _ REAL 219,tFGU1),1I=N1,N2) . o o TAB10O76
5039 READ 219,{F2(1),I=N1,N2} - TAS10G77
2C38 REND  219,(FEE1Y,1=N1,N2) TAB10078
IS ] READ 2194021014 1),1=N1,N2) TABLQOT9
_nrel READ 21602901} I=N14N2) _ L TAR10080
Y] PEAD 2194021111, 1=N1,N2) TA310031
_3543 READ 219, ((2311+J),J=1,3),1=N1,N2) TAB1O082 _
fe 12 XS READ 219, (1760131 4J=1,43),1=N1,N2) TAS10083
pI1gS ] READ 219,(¢2S4f+J)pJ=1493),1=N1,4N2) TAB10084
r— 74310035
. CC__INPUT, wHICH CHAMGES FROM CASE TO CASEe. .. TABIOOB6
CGed RPEAD 93, NPRBy NNRBs NNIC, NOF, 1Q™, IHM, NMCS, M42 TAB10087
< ] T ) : . ...Ta®r10038
[ NPRB 3 NUMRER OF CROSS-SECTIONS TAB10039
[ NN3E 2 NyA4cR OF RQUNDARY CONJITIONS  (NOT INCLUDED 1IN TAB1CO3C
C THE PRISENT FjirM), 714810071
e € NAIC 3 NyM3te 0F CASIS CONCERNING. IC  AND  HA ] _ TAB1G092 _
[4 NYF 2 NUMBRER OF ROTATINNAL RESTRAINTS CONSIDERED TAB10C93
e [ 0%t NMSZP )F SHEAR BISIOITIES CONSIDIRED, __TAR10094 _
C M4 2 NGMBRER OF SPAN LeNGTHS CONSIDERED. T4510095
[ NACS NUMSTR NF CASSS wlTh DIFFCPENT  ™MM2 TA8) 0096
C 42 2 TOTLL NUMBER OF SERIES TERMS, { [N.THE PRESENT TABIJD97
3 < FOx4, WHERE YHIIE- 15 4_ D00 LUUP wWITH_ NMCS DEFINING  MM2,  TARLICJ98 _
C INCLUSTON CF  MM2Z IN THE INPUT 1S SJPERFLUSI, TAR10099
[ . _ _TAB10100 _
C L3 Rr I YIELD STRESS TAB101N]
c ACCR0Y @ ACCHRALY 9F LINTAR PGTEIGLATION PRICEOURE USED TAR101N2
C Iv D2 %% NINS THE FAILURE LOAD, PRUVIDED THAT TABlU103
_ < o XME NJVAZR_0OF ITERATIONS ARE LESS THAN 10, ~ TARIC124
< TABLC1DS
< _TY431C106
< TAB1C107
Co PEINTING F Suve OF THZ JNPUT PAFAMETERS 74810108
et PRINT @3, NPRAB, NNR3, NNICe NGF, 1QM, IHM, ANCS, uu2 TAB10109
. 4 [ — e o e iel....__.. TAR10110
2le5 ACLRCT = Ca2C23010420 TA812111
LIRS LA ® Heultll I e TaB1C112
C TAB10113
‘ TA81011%
3255 5301l 181G = 1,42 TA31C115
c s se cvee coe TA810116
E~aT32% v 3 CEVEL ¢ T MAIN JATE = 71345 09726722
—— e C--—_~—~‘~-—~‘~~~ - S TAB12117
2253 SI1G = 33,0470 TAR1Q118
3352 TF 11516Gete2) SIG = 55,C0¢(3 TAB1O119
[

TARIN1 20
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TABlOLL?

Q051 SIG = 33,0¢C0 TAR1QL1E
0052 1F  (15S1GetQe2) SIG = 55.C0¢G0 TA010119
[4 e = e 3 TABL10120
C TARIO121
2053 DN 12 1SSC = 24492 o __TaBlelr22
c LR ] LN ] L XN L] [ KX N ] T‘Hlolz;
4 TAB10124
c TAsl0125
< . _ . TAB10126__
CC  INPUT, THE CAUSS~SECTION DIMENSIONS, TYPE, AND THE (NOICES OF THE TAB10127
c "EDGE® CNPNERS, WHERE @ : __TAB1C128
C 1S8C=1 FOR CHANNEL TAR10129
c 1SZC=2 FOUR Le CHANNEL TA310130
C iszC=3 Ff0OR 7-SeCTIGN TaB810131
[ ISEC=4 FCR Lo I-SECTION _ _ _Jas1gi32
0054 GO TO (4005,4C06,4005,4006),1SEC TA810133
0G55 4005 LSA = 2 o _ __ . TABlO134 _
0C55 LS3 = 5 TAB10135
0057 5C TG 4707 TAS10136
0CS58 4006 LS4 = 1 TAR10137
0059 LS8 = 6 _ _ B TAR10138 _
cCs0 4007 CONTINUE TAB1C139
c TABIC140
< TABLCl41
cC&1 jolel 13 18 = 1,3 TAB10l42
C ) oe oo XX TAB1Ol&e3
c o TAB10144 _
0062 TAB10145
3563 o L T1AB10l46_
0Ce4 TAR1O147
c 74310148
C TAE1D149
__2Ce5 BC_ 14 IFAlT__= 1,4 e TA310150
C .o .s eseee eoe TA510151
C o e __TAB10152 _
0Cs6 FACTGR 1F2CT TABLO153
0Ck? FLCTOP (reD422 =FALTIR)=®,2)¢30 T431C154
cC68 STEST151)1/1714D+CO1*FACTOR TA31015%
__CChe SY®((T/T)e%2 ~ 403CeD+LC/SIGI®® (147640 ) TA210156
I L) so0aT TAS10157
7L MIN) (= LT _TABLO158
G2 30eLC705RTLSin) =T TA310159
5CT3 IF sivAX)  C= Cvax 14310160
0074 a /4 TaB1C161
G675 C B o _ o TaBl0162
0C7s 3 TAR10163
_ze? : as L TA4810164
PIE i 172 T2210155
TL3 I E2eZ 4wl ) TA31814A
202 ) TAZiCla?
bR Tg=  (teeT=r3)/3, ) ) . 72310158
Ty NI=Te(isma/ z,s3ntma2/2,0023/6,04(2(2=01%%2/2,) TAB101A9
~ze3 ST TL o deliieelil,elileedl3d,tszc Tas10173
ToEe G111 YiagmaaTo(2,3292433442,809(2,%R43,%2])/(3,%48) TAB101TL
L XY=, TA310172
PRED oY) A (re® tL3ie? Mo nmhink, (o83} /(1. 45K]) TA210173
5127 Ta M AM (et m it e A )T (— e e 8202, 8  #( (~FeHAD S (RIHTAR]ICITS



C MANSC/AIS (P IHA-(ROHAYSC /ALY ) /6.

TAB1O175
_09%8 XBAR== R*{Be2,*CJ/AA TABLIOLTO
2089 XO=XBAR-HA TABlO177

QC9C Wl1)=-0s5*A%{B~HA)-{HA+B)*{ TABL1O178_
3091 Wi2)=—-0,5%A%[B-HA) TABLO179
€092 W{3)= 0 5%A%HA TAB10180
0093 Wi4a)==-w(3) TAB10181
29094 WiS5)=-Wi(2) TAB10182
0095 Wibl==d{l) TAB10183
0C%6 SULL)I=RB+XBAR+0,5*T*(ISEC-11 TAB10184
2097 SUl2)=5U(1) TAB10185
__ncss SU{3)=XRAR-T/2, TAB101B&
nJa9 SU(4)}=XBAR~-T/ 2. TABL1O137
0172 SUiSr=su(l? TAB10198
01¢C1 SUte=Suil} TAB10189
o172 _ e ___GUL TC 115 e 1AB1O150
0153 4113 YI=2,*T*a%¢22(8/3,4C) TAB10191
Jics XY==T*3%(BFA/2,+C*{A-C)) | . L TABLIO192
0105 Cr= THB*BR(2,#¥RFAXKT $3SASREA +2, %CEATAS {3, 2A42,%B) 12, *A%C*Cx{A+TAB10193
B3) +2,FCERIN(A42,%B) +4,C#%4) /(124%AA) TAB10194
166 XBAF=0,0 TAB10195
21€7 : o . TABL0196
gic8 TABLO197
__01¢9 SULL)==B-0,5*T*(1SEC~3) e ___TAB10198
o3 § ] Sut21=Sull} TAB1C199
2111 SUL3)=3,0 TAB10200
2112 Sulael=0, TA10201
2413 SuiS)=-Sil) _ e _TABlOo202 _
114 SUl6)=-Syull) TAB10223
__92115% Wl3)=~O%(R*L/2,¢Cx(ASCHI/AA ' : R TA810204
21i% Wi2)=wl3)e3%A/2, TAB10205
2117 will=wi2)4asg 14310206
3118 Wl€i=nll} TAB10227
2119 wi5)1=w{2}) s TAB10228 __
€120 wie)=wi3) TAB10209
_ 21 4115 SVULV=A/2e=C o TAB1C210
clc2 SViZ)= HE TABlNZ11
2123 SVI31= HE TAB10212
clee SV{&)==uE TaBl0213
2125 SVIS)==HE e . TAB102164
clas SVI6)=~A/2, ¢C TAB10215
1217 HAASHA e . o _TAB10216
C HAA = HA ¢t  THE DISTANCE 2F WER FROM THE SHELR CENTER, TA810217
< HA  WAILL $Z LATEF FEJIFINED AS THE HORIZONTAL TAR1C218
[ CISTANCE JF LCAn FRIY SHELR CENTER, TA810219
_.t128 HS = HE_ L L TAB1S220
[ HS 3 THT YERTIIAL DISTANIE 7F THE LCAD FROM  SeCe TAB1G221
¢ TN T PREZENT SIRY RS = mE TAB1C222
[ HE CESTANTT UF THE SILPHAASGM FR{M S.(. Tanil2z3
5129 CwnzCrei X[ 8Y]-XYRXV auZan-/X] TAZI0224
2132 ALAV=(HL*X ] 4HESXY ) /Cun TAB10225
S &) e D3 6120 I=1,6 L o TAR1C226 __
132 Rl h=XYeRIe V(T I/ =HESS (T 1eaii] Tasic227
3133 0 127 wltlVsapAavsaw(Pd/SVOLY ... ._TaB1(228
Clie N3R = ] TAB10229
o 14810233
C TAB1IC231
_ G===-> D0 L30P FURP THE x F (&SIS ITNCEINING Q0 AND  HA TAB10232
- WAl T 0rTE = 713438 09724722
1, Wit . T4310232
TA31%234
TaR10235
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013s N0 3 NIC = 1, NNIC

. : TABLO23)
< TAB10234
0136 HAOB = 0,0 . TAB10235
0137 HA = HAA TAB10236
0138 GO TO (491,492),NIC TAB10237
01311 491 1€ey . L TARL0238
0140 GO 10 497 TAB10239
0141 492 1C=2 YAB10240
0142 GO TO { 493, 493, 494, 494}, ISEC TAB10261
0143 49) HADE = .5 - TAB10242
Ol44 HA = HAA ¢ B/2.D 00 - TAB10243
0l14S 494 CONTINUE TAB1024%
0146 «97 CONTINUE TABL10O245
c TARL10246
C-===> DO tOOP FOR F TABLlO247
0147 DO 5 1QF = 1, NQF ) TAB10248
0148 F = ¢15%#{10F-1) . 12810249
_ - ... ¢ TAB10250
< TAB10251
Ce==> DO LOCP FOR  Q ' 74810252
0149 D0 6 10 = 1, Iq4 TAB10253
__915¢ L=3 B . : . ) . . TABIN2S4
4 (W) IN GENERAL INDICATES THE CORNER WHERE YIELDING TABLO255
4 1S _EXPECTED. TAB10256
[4 . 1481C257
4 714810258
C===> DG LOOP FOR TrHc SOAN LENGTH- HL TAB10259
0151 DO T 1MW = 1, IH™ o . TA91026D
0152 HL = [He10 TABlO261
0153 HL = (HL+1CJD 00)®a o o ' TAB10262
1156 HU2 = HLeHL TAB10263
n18S PXAzE*{X]sY]XYOXY)/{(XI®HL2) TAB10264
n1%6 PKD=E*CW/HLZ TAB10265
[ __ HERE PART 1 o . e TABlO266
€ THESE CUMSTANTS CGRRESPIND TO THAT CF IN APPENDIX C OF THE REPORT . TABl02s67
C __FGR__vM2 x 2, FOR _HINGED 30UNDAKY CENDITIONS TAB10268
0157 Tl=, 5P 1 2P 12 TaB10269
0158 T2x-459P12 TAB10270
5159 T52~10,1254P12/2%a) TAB10271
R ) T92,5 . __TABlOo212
o1el Ti1C1=22,/°} . TA310273
0162 SN22P12 o o e i _ TABl10274___
0153 F2Psl,.% 14510275
[4 L0OITION TC PART 1 s TAB1O027%
[d TAB10277
Siss FY:ENIYUNARY I e . . TaBlP278
C165 AKP=1e/VERITY ,NBR) TAR10279
I184 AKD = C&4BS tAKSY TAB10280_
T1s7 BENL = XI*SIG/ HUS(AXP/ARG) TAR1DZ31
¢ REND ¢ M3ENT, THE HYDGTETICAL RFNDING CAPACITY, TWIST T4210282
C AND LATLRZL OEFLECTION RESTRAINED. TAB10283
2168 BENR2=SEND® (=1, )%%]C o TAB1G296
T T AR AEND 41T+ SIGW, PLUS INDICATING GRAVITY, TAB1G245
7149 PBEN = RENDIAKDS HL2 e TABlO286
i T12P=T2/19 TAB1C287
0171 15P=15/19 TAB10288
G172 TICIP=TIQI/ T TAB10289
2113 _AK1=aXPeT52/T20

TARIC290



2174

PX=EsSN2*XT1/tikz T

. TAB10291
115 A SIRIIPETES RASEE LTS A VAT S RALINNS B TARLN 2
0176 B PUZE®SNZH*(H/HL2-T2P*GRTJ/SN2Z+F®HL 2/5N2 TAB10293
M1 PY(=PYSHF $HE 4P TAB10294
7178 OL = BEMD*AK1/ME . TAB10295
_ c PA] _.THE SO CALLED LIMITING SHEAR FIGILITY. ~  TABLO296 _
r RY THF CONSFRVATIVE FOUATION 6437 ) TAR10297
C TAH10298
C DEFINE SHEAR RIGIDTY TAB10299
Q179 PBEN = BENR*AKD/ HL2 - TAB19300
0130 T2P=12/79 TAB10301
2181 T5P=T5/79 TAB10302
0152 T101P=1101/T9 TAB10393
0183 AK1=AKP*T52/T2P TAR1Q0304
Ti34 PX=b®SN2AXT/HL2 TAB10305
S SN _ BAETE AN VEANSRASES SATABVAR SEILI WS TApLIC 3OS
0126 PO=E#SN2ACW/HL2-T2P*G*TJ/SN2+F*HL2/S5N2 TAB10307
0197 PYQ=PY*H{®HE ¢PQ TAR10308
7128 QL = BEND®AK1/HE TAB10309
2139 GO YN 150),502,504,506),19 TAB10310
LY 501 Q=3.,0 TAu10311
) S 1 GO _In 507 __TaB10312
2192 502 Q=0L TAB10313
3133 GG TN S07 TABl0314
2154 503 Q=QL*2. TAB10315
2155 6u 10 5¢1? . TAB10316
. 156 504 Q=10C0, i TAB10317
: 2157 507 CONTINGUE o Jéexoaia
4 TAB1ICA19
c . __END nF _ ADDITIUN_ o TAB10320
. 4 TAB10321
- 2163 Taz-152T15 TAB10322
9139 TRzOBHE®T27 (24*T15+4TO J~PKASTL®HE®T9 TAB10323
Y S I _JCs(PKAST]=N0T2) S {PKNTI-CRTJST24F*4 29T )-PKAST IO Qe HESHE®T2 _TAB81C324 _
2201 OSCaDSORTITRATR-&,3TARTC) TAB10325
0ice o RT1=C.S*(~TReDSCIATA e . TAB10326 _
3273 RT22L,59(=TR=DSCI/TA TAB10327
g JF {RY1eG%,040} 70 TD 51& T4R]17328
R PCril)mhT2/HLZ TAR10323
ey PLA{Z2Y2RTY/2 o . . . o TAR101330
2207 60 T0 e8I TABL1C3IL
223 514 PCREI=RII/INLZ . o TAR10332
2249 PCRUIZI=RTI/ L2 TAB1033)
(4 PCP (1) : THE QRUITICAL LDA&AD FOR  ww2 s 2. PC3(1) 1S FOR TAB1O334
4 GRAVETY AND P(<(2} IS FOR UPLIFT CASES, TAB10335
L tave %512 _CONTINUE N B __ . . YaB1C336
C s INITIALLIZATICN @ TAR10337
L __TaB1o33s
b T vy e Ta810339
Jcld 45i1 155s¢C T2510260
l%ie @S1c AXLP = SPO/E Tagloz2sl
AL I TC &514 o . _ o Tag10342
el €512 ISS = 15Se 1 Ta81C363
o —_— B . _ 183103064
- T s CHECK @ TA810345
3217 6514 IF (155005730 50 11 S1S TAQ1C0348
C TABLO3eT
I X FURTH:e INITIALIZATICON Tae10348
TTESETIAN IV 6 LEVEL d6 T T MAIN OATE = 71348 09724722
1y T TR e e T T1210345
3219 jas=g TLS10350
G229 1713 14810351
5221 0FN1*0,0

TA310352



BRTRAN IV G LEVEL 20 MAIN T

DATE = 71348

09724722
0218 M) = 1 TAB10349
0219 j1A=0 14810350
0220 1T=0 TAB10351
0221 DFN1=0,0 TAB10352
0222 D0 4520 I=LSA,LSB TAB10353
0223 4520 DF1{11=0,0 TAB10354
0224 ONN1=G. 0 TAB10355
. c TAB10356
C ss DECIDE ON THE BEGINNING VALUE FOR P AND THE INCRe TaB10357
0225 OLAM = oS56*PBEN YAB10358
3226 AULAM=PCR(ICY *0,5 TAB10359
0227 IF(DABS(ALAM) LT4DARS(DLAM) } DLAM=ALAM TAB10360
0228 ALAM=DLAM TAB10361
C TAR10362
T END  OF PART 1 TAB16363
0229 MM 2 TAR10364
9230 MM (Me1) /2 TAB10365 -
C __TAB10366 _
0231 2110 P=ALAM TAB10367
c TAB10368
0232 2111 CONTINUE TAB10369
C $3 DETERMINE THE COEFFICIENT MATRIX FOR THE DEFORMATION AMPLITUDETABLO0370
c TAB10371
cce SUARCUTINE CFFS - TAB10372
3233 PXG=GET J4QeHESHE ’ TAB810373
0234 CO 15 1=1,Mv TAR10274
023% GO T0  3C1, 252, 302, 302,302,302, 302),NBR T4aB1C375
0236 301 Af=2=(-1 TAR10376
0237 PMZ=P]22AT2b] TaB10377
0238 T4=-PM2/2, ‘“ o L TAB10378
c239 TS2-,125-P42724. TAB10379
0240 T101=2./71P1=*a1) TAB10380
Ceel CCll, 1 1=-Q nESTGeP*AL2%15 TAB10381
__9242 6o Te 369 e . TAB10382 _
0243 302 T101=21501(1) TAB10393
248 309 D5P12#1~-11=-PoHL2*T101exXY/X] JAB10384
0245 DSPI2%1) = P*HL2+HA®Ti01 TAB10335
org 3 N0 15 J=),MM TAB10386
feal GO Y01 311, 312, 313,312.313,312,313),N8R TAB10387
___0Oza8 311 IfF (14£0.J} GO 10 15 . TAB10388
2249 AJx2e)-1 . TAB10389
92%0 AMNE  (A1%AT-Ag%AJ)ee2 TAB10390
7281 T5z2.28)sa[sa3/2MN TAB10391
3252 T63L,0D¢%C TAB10332
3253 Gu TC 219 14316333
7254 312 T5=260J4,1) o _Ta3103354 _
2255 GG TC 318 TAB1039%
0256 313 TS=ISiJ, I TA810396
0257 318 Te=22(1, 00 TA312397
Nz%R 319 CCtl4J¥==QnuiE*T4L+P2H| 28T5 TAB10398
2¢5%3 15 (T hyF TA810339
n262 GC 16 =1.Mu . 1a3leete
TTo2st T Tnn1s Jzlome - o T TAR1G4C])
262 CIF 41=Jd) 220,320,330 L 1aB10602
2027 T 320 60 TC (3214322,32243221322+1322+3221,NBR TAB104C)
N24é 321 Alsgel-} TAS1C4CS
0269 PM2=D]|2®A[se TAB10405
P TN

Tlaou2edv /0,

TAHI 2406

Paoe UuuUr



267 T2==PM2/2.

) tacl0407
0263 19=,5 TAB10408
0269 GO TO 338 . TAB10409
9270 322 T1=11(1) TAB10410Q
2271 T9=19(1) TAB10411
0272 T2=23(1,1) TAB10412
0273 GO 10 338 TA810413
0274 330 T1=0,0D¢C0 TABl10414
3275 T9=0.00+00 TAB10Q415
0276 GO_T10_1331,332,332),NBR TAB10416_
0217 331 T2=0.0D+00 TABLO417
__Ca78 GN 70O 338 TAB10418
0279 332 T2=13(1,J) TAB10419
5289 338 CMAT(2#]1-1,2%J-11=PKA*T]1-Q*T2 TAB1C429
cC CMAT(2%1 4253 )=PKOXT1-PKGRT24(-P*HE+F)*HL25TO TAB10421
_.3281 CHMATI2%]  42%J_ )1=PKJIST1-PKGHT2+{-P*HS*F)*HL2%T9 _ . ______TAB10422
J232 CMAT (2%1=1,2%31=CCl1,J) - TAB10423 -
35233 _CMAT(2*1,229-1)=CC(Jp1) e TAB10424
3284 16 CONT INUE i TABLO42S
(9 TABL1O%26
C 83 FINO THE SULUTION TAB10427
_._caas CALL SLTN(M) S e _____TABlC428
c TAB10429
o C 88 DETERMINE NEFLECTIONS AND CURVATURES TABL0430 _ _
T h2% 00 é2 I=1,% . TAB10431
~2R17 Jxi1+1)/2 TA310632
nzaa GO TO 3414362, 362),N%R T&B10433
Jise_ 361 Af=2eJ-1 ) e o . TABlO434
11 AMN= (=1 )28 ({]+3)/2) TAR10435
@201 o eRW{I)=CSPULIRANHL_ . TAB10436
g DSMUI)=0SP T mauN TA810437
<273 STetld==LoP ([ )*AT=AL®A4NED |2 TAR10438
“23& Go 1L 22 TA310439
229% 342 CSYUIIE0SP(I)AFGLY) . o __ YAB1044C _
124 STELLI=DSPLI)I*E2{JI®SNTJ)®Sv( I TAR1044]
T STELII=0SPULIRFE(JIOSNIIIOSNLYY i o . TAB10442
1299 22 CONTINNE TAB10443
) U=g,C TAR10644
RN PHl=(e" TAB10445
I S T2 L A ey o] A TARING4S
2372 Ul=z2ed Ti810447
3y Bell1sCsO_ o o .. .TAB1C&48
- it Uk s” o TAB1C&49
) Pl =),C TA212650
Srle Miz(vel)/2 TaBiCs51
N L w2=Ng2 . TaB10452
Ji.s Dr 22 f=1.11 TAB13453
R D LNl B O RIS £ S8 LT3
1y B Tz tegTe(rei-1) T42176SS
1"A.

i b Ui514352,3520 4052

TAN(DLS56

g 357 Lanzuivertl(ie]a])eP] TAEIC @57
A JEE e vt Tani =53
Tile P S TLE1C659
) 362 laltesTOllfl-l) o ] Ta31C440
5 23 COUNTIIE 143104651
7 1C2010=u] _TJA310462
- 3 NV IPIE 71312463
3 REPT I TR L) TAR1D454
B_T2i% IV G LEVEL 20 CXY AU JATE = 71348 09/24/22 PAGE 0CO9
T - T emjarape [t Ti313655
N Jel =S afleltizel) v
S22 50 TC 12:1,362,202),0N34 TLa
RV AAT AV LaeDi{Cs! 18Dt ey2




-xitiiﬁ IV G LEVEL 20 TTTTTTRAIN T

VAIE = L3348 0972472
2320 PHI=PHI+ DSM(2%]) TAB10465
321 PHI1=PHI14STR(2*]) TAB10Q466
NEEP] GO TO [32A1,3624362)4NRR TAB10467
0323 361 GAM=GAMAPRM{2%] 1P I*HE _ __TAB10468
0324 PHI1E=0,00+G0 TA310469
0325 GO 10 24 TAB104TO0
0326 362 PHIE=PHIZ+STE(2%*])} TAB10471
n321 24 COUNTINUE TAB10472
0328 WCR(11=PHIL TABlO0473
_n329 WCR{2)=PHIE TAR10474
c TAB10475
C HERE  PART 2 TAB104T6
C TAB104T7
C ss DESICION ©4  FLOA (SEE FLOWCHART) TA810478
C TAB10479
0330 GG TO (255153C,1536)4MJ _ TAB104530
0331 25 DNUN=PT/640-DARS{PHI) - “¥asicasl
€ 25 DNUN=PI/940-DABStPHI) = o TAB10492
€ 25 DNUN=P1/16.-DABS(PHI) ' TABI10483
01312 SYGR=CNUNAOINN] TAB10484
2333 GU TO (61440¢43,440,45) M9 TAB106435
_ 0334 41 IF (SYGMN) 1€32, 443, 4483 e TAR10486
3335 445 CGNTINUE TAB104ST
€ C C PRINT SR IA,ITyTL+1SSoNLEIIoNLE2)4NL(3) MP ___TAB10438
A33s IF INNUNY 2R, 28, 450 T TAB10489
2327 28 MP=% TAB10490
SEEY) GO 106 30 TAB10491
033 43 IF (SYGN) 1638,1635,1035 o TAB10692
RELYY ¢5 IF (SYGh)Y 1633, 27, 27 TAB1O433
9341 40 AKAPLI=HLZ*SVIL)I*VING LY, %ARY/{X]*D) ;  TABIC494
232 CRUNZARAFLITP= ((SUILI=XYSSVYILI/XT ISUCRITIYI+RELI*WCRITY) ) /HLZ TAB1C495
J343 DFU I =AX2P=1. ARS{DFUN) TAR1Q496
V36s SIaN=NFUEIFN] TAR1C497
n36S 6L TC (519, 424519, 44,5190 ,4P e . TaB10438
X FY 42 TF (SIGN) 1%568,1645,1645 TAB10499
0367 44 I1F €SIGH) 1642y 29, 29 TAB10500
o ) ¢ Ta310501
[ 14816502
CCCCCCCCC  BUURDS N THE RIDTS ccece TA310523
[4 o o o ______ TaB1C53%
0343 450 DNHI=ONTIN TAB10505
7349 B Dt ees 1=Y,6 e o T&RLDS06
TTa3sn TEeb LTz ,0 T 1aB1CSOT
2751 IL=¢ TAB1C508
0352 DU 455 L=LSA,LS3 TA316509
0353  AKAP Y=L TVLLESVONG 1Y,NARRL/IX]®E) TAB10510 _
TA354 - OFU\-u'FPL'p-t(S)(L)-xv*SVQL)lxl)‘Uu“(lYlod(L)‘HCR(IYII/HLZ TaR1CS11
7355 aas ___TA310f12
TT0ass T . TAB1CS13
n3ey IF (sr;. 451, 452, 452 TAB10514
0359 51 TL=1L+] T&310515
nicq ISESIS LTS ) L A o o _ TABICS16
LETYO G52 UF(LIEUE S TABICH1Y
2381 455 CONTINGE S U 1.5 3 22 € - B
T03e2 TTTTTTUTIR (1L-1) 458, «58, 70 TABLICS519
N353 456 [0 457 [=154,15% 74310520
Cisa 457 CFLUI)=37¢}) TAallS21
23165 G0 TL 3L

T4310522



v
Q3 029 DENL=0FUnN

1ADLIUDZD

e . TAB10524
C 27 PRINT 99, 1A, 1T, 1L, 1SS oMP TAB10525
0367 2T CONTINUE .. TAB10S26
[4 TAB1OS527
363 30 lh=]as) B L ) o TAB10528  _
C C C PRINT 19C,1A,PBIN,ALAM,DLAM,DFNL yOFUNJDNN1,DNUNy SEI5NySYGNyUy PHI TAB1CS529
C TAB10530
C #3 CHECK THE NUMBER OF ITERATIONS 1A TAB10531
3369 _ UIF (la~6) 35, 35,519 TAB10532
9370 35 DLAM=DLAM/2, TAR10533
€31l ALM1=ALAM TAB10534
0372 GC TO ¢ 37, 519y 519, 37, 38),MP TAB1053S
0373 37 IF _(OFUN) 161R, 529,1619 TAB10536
REX D 1613 ALaN=ALAM=ULAM TAB10537
337% __6GO TC 2110, ~ _JAB10538 _ _
2376 1619 ALAM=ALAMeDLAM TAB10539
03717 —__6C 70 2110 . . TAB10S40_
95378 38 DNNY=DNUN TaB1G541
03713 1F_(ONUNDY 1618,%529,1619 TAB1l0542
3389 4%8 L=NLt1) TAB10543
2391 %53 ODFUN=DF LY _ i o _ TAB10544
n3e2 DFN1=DF1(L) TAB10545
342 . _5C 17 1662 e _ _TAB1G546
RE LT &70 ALVe=1TA0," TAB10547
$I1RS DQ &7} 1=1.14 TAB10548
I3IES LNt TAB10549
. .57 . _OFuNeDRRLY _ . I _ TAB10SS50
03ey CFl=0F1(L) TAB10551
.93 ALV (LLMLENFUN=ALAMPOFNL ) /1 OFN=-0FNL ) . _.__ _ TaBlCSS52
7399 IF | CLRSILLM&4)oLToOARSLALM3) ) GO YO 471 TAR10553
2361 LI Y B8] TAB10554
2362 ALvéerALN)Y TABLGSSS
21 o &Ti CiNTINye . o o I _TAR10S556
J3c4 Ll TAB105S5T
€ISy GC TN ase e - TAR10558 _
TA810559
4 TABLOSSO
CCCCoCCCT  LINZASN INTERPOLATION ceccecccece TAS1CS6L
. I T . i _ ____ TAB10S62
J3¢a le4] vos? TAB10563
. € € C 2Nt _ e _.TAR10S5& _
s1¢? G001 1ARS TAS105A%
23i%3 et TEH]TenTe20 5T 17 196 TA510558
BEE] Lo ciwAL ™2 Tax10S07
SO0 . IEtualtN2 L o TA510568
e} 166~ AL¥3s(4LY12LFUN-ALAMSIFNL) Z1IFUN-DFNL) TARLCSAS
S €T BT Py LML AL AM DF 41, D8 N NN g ONUN, ALY ... _TaD10570
62 TFLzenT g TABLIOS7)
e SEoasTTo TAR12ST72
Se” . UL IR R IRV 12215573
nels il e 11315574
Tets T T he1r wre2 TRRSTS
T saiat o o TLA1CSTS
lecr T T ' 5000 e 14815577
at:) 1933 iF(iTenTed) . T3 4933 — TA310378_
JeT 3 ALvVl=AaLVve TAR105%79
els Sy et and 12310590
E_o~T3aN Jv o LEeézt 27 MalN 1ATE 09724722
Torers T T LR U R R L S T T LU S B DRSS LI Tarilssl
LLn et T LT LT AL TR T T PRP AT IS 72210532
sell MY Te312€9)
o2 el TaziTsae
PR cerTs ")

Ta8179%2%
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041} 1638 ALM3I=1ALML*DNUN-AL AM®ONN11Z {DNJIN-DNN1)

TAB10581
C € € PRINT 281 ,ALM1 ALAM,DFNI DFUN, INNL, ONUN, A M3 TAB10582

0612 ONNZ=DNN1 TAB10583

3413 DNNM1=DNUN o TAB10584

3414 DUN=TABSTONURD TaB10535

9419 1630 11=17»1 TAB10586

Je16 ALMZ=ALM1 TAB10587

3417 ALMI=ALAY TARL10538

2418 DAM=DABS(ALM3-ALAM)*1000, TAB10589

_ds619 ALAMTALM3 TAB10590

3420 1F (1T.6T.10) GO 10 529 ] TAB10591
2421 IF{DEMaLToACCRITeOReDUNS LT ACCROTIGO YO 529 YAR10592
0422 G0 TG 211C TAB10593

[« TAR1059%

3423 529 MJ=2 TAB10595

C € C PRINT 281,ALM2,ALAM, NFN2,DFUN,INN2 s DNUN 5 ALM3 TAR10596.
062% GO 10 2110 7 1AB10597
4 : e _ ____ TAB10S98
3425 1530 SGM1=0,0 TAB10599
C PRINT 281,PCR{1),PCRI21,P,Ul,PHI1,UE,PHIE YAB10630
4 PRINT 281 ,PCR(1)+PCRIZ1,P,ALAM ,ULl,PHIL TAB10691
c TAB10602
¢ ; T4810693
4 END OF PaRY 2 TAB10604
c TAB1C605
C s DETERMINE STRESSES : TABIC606
3426 OC 1533 3= 1, 1Y TABLIC6GT
5627 D0 1533 I=tSA.S8 TAB10608
428 SGWV={PHL2*VENT JNaK) ¢+ XYSUCRTIV*E/RL2Y*SVITI /X 14810609
3629 SOMU==E+SUL T )*yC0J) /412 L o TABIC610
3432 SGUW=-E= w(11%4CR{J} 7HL2 TAR10611
3621 SGM =SHMVSGYULSGMW TAB10612
Q632 SGII,J1=5G™ TAB10613
c ___5Gt1.4) : TOTAL STYRESS TABlC61e
9433 WGl 1 ¢ J1=SGYUSTMA TAB1O061S
o C . MG{14d) t STRESS JUE TJ TWIST AND LATERAL DEFLECTIGCN. TABIO6l6
N6l TF(SGY14GTaDARS(SGM) ) G} TN 1533 TABLO617
2435 SGM1=04551SGH]) YAS1C618
Tale 1S=1 TABLC619
637 Iyysy __TAB1O620
GYST) 1533 CONTINUE . TABECO21
c HERE PpART 2 . TABLIC622
[ TAR10623
I ss FINAL  CHECX TAR10624
Te35 GO TC { 51%4165C,16463),%P TAB10625
_Z4sZ 1665 SG¥1=(S5%1-A0C20Ta2}/1e15 ... TAB1CB26 _
Teal 1F £5540-S16) 1334,1334,1551 T481C627
ool 1”32 (TNTINE B o _TaR10629
TS (F 1IYY=1Y) in3192052+3050 TAS10629
Tok 2652 1F{LSeZ34L) 6D 1] 1653 TAR10630
Tewt 1651 Lst$ TAB1063]

_ Taes y=tyY L .. __ _  TaBlCe32
tes? 155=155+1 TAB12633
less vPEy o o . o e 7AB10636
JeeS GC TC 651 TAR1C635
N 1652 SnUN=UNU e (P T TA31C636
Tet] 15 (C%JN) 1650,1536,1536 TA510637
652 1654 MP=S

. 1e5¢ oo i ) TARICK38



1SS=155+1
GO 1Q aSl&

TAB810639

519 P=~C.0C001

t=8 ______.
GO To 153¢
13346 _L=7

1534 CONT INUT

TAB10640
TAB10641
TAB10642
TAB10643
TAB1064%
TAB10645

i1 = i1or-13%%
I = Ix o(fR~1}*3 «110-1)%3

TABIOG4G
TASIOSST
TAB10648

NAY(TI,1C,IFACT+I1) = L

TAB10649

1536 COMTINUE
520 _CONTINUE

TAB10650
TAB1G651

CONTINUE
_de67 7 CONTINUE _ _
463 6 CUNTINUE

A

TAB10652
TAB10653
_TAB10654
TARL0655 -
TAB10656
TAB10657

) CONTINVE

TAB10658
TAB10659

FaXal nﬂﬂh

T CONTINGE

A
]
]
]
]
1
[]
]
]
[}
'
i
L]
]
[}
]
]

1
|
|
b

TAB10660
TAB10661
_TAB10662 _
TAB10663
TABL0664

INTOUT 7 THE SuMMAaRY T

TR THE AATIO OF FAILURE

ABLE INCLUDES :

MOIMENT TQ MIENR

TABLl0Ob66S

__ TAB10666 _

TaAB10667
TAB10668
TAB10669

2) THE I\OoeX OF T4E (MR
o AF ] INDEX 1S 7
IF TuE INOEX IS 3,

NEXR WHERE YIELIING
THEN ANGLE OF 20T,
THE ATTEMP TGO FIND

JCCUPED.
GOVERNSe _

7481C67C
TAR10671
TAS10672 _

THE FATLURETAB10673
LCAY #3S_ UNSUCCESFUL. CHANGES IN THE BEGINNING  TABICOT6

VALJSS FNR P AND THE INCREMENT MAY HELP, TAB1O6TS
TAB10676
71 16 CInTaiNgT 12810677
LS - SR U R £ o o TA310678
RS T 7L 13=l,3 TA310679
IR L RPNy 18 e o __TablCLe0
R 52 TL T 5140705247063, 7Co04),1SEC TARICS3Y
IS Tosy BT 37V ,12,815 TAB10482
e77 A0OTC O ToeS TARIC583
Ter2 IR AT R AR B el IR P ) o R _ TAn10634
.73 52 7T 1. f TAB1C565
Lot LRI PRI LT 800 e TAR1NE36
T 37T 1T en Taoiles?
——l LIS AR TR URE 13 ) . Tanidedd
— i, 72310039
Ta410432
TA213%91
» . R Ta31%632
TaR1Ce9}
—_ — e IA1C63s
TA210K95
TA3I769»
tdo5 WEeil 2t vaTN JATE = 7]248 397246722
) R T2 37
. TLa i R e R v 3
v (L7=1123 +{] =115 7 39
Ta . A toveey o700y CAY Lol s, dTield) T bl

PAGE 0013



COMMON BLOCK /CMT /7 MaP SIZE 150
SYMROL LOCATION SYSBOL LOCATION SYMBUL LOCATION SYMBOL LOCATION SYMBOL LOCATION
CuAY 0 pse . .. .20 e ~
oo - SUBPRUGRAYMS CALLED T o oo
SYMEDL LOCATION SY4BOL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
19CCHs “84 FOXPD# 488 FRXPI# 48C SLIN 490 FIXPL# 496
_DSQFY 498 .
N SCALAR MAP - -
SYMBOL LOCATION SYMBOL LUCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
E “F8 G 500 Pl 508 PI2 51¢ ACCROT 518
A 52¢ SIS 528 ROA, _ 530 B 538 FACTOR 540
T 548 C 550 CMIN 558 CMAX 560 cos 568
D) 570 €COT____ ST3_____ HE _ 580 AA _ _ _ S8B _ AREA 590
1) 598 X1 540 vl 548 Xy 580 T HA T T sBg T
c4 5C0 XAAR 5C8 X0 5D0 HAA sD8 HS SEO
Cwd S€s ELaM SFQ HAOSB 5F8 F 600 HL 608
M2 610 KA 618 PKD _ 620 Mm 628 T2 630
15 638 19 640 Tin1 648 SN2 650 F2p 658 -
AP 660 aKD 668 BEND 670 RENR 678 PBEN 680
T2° 638 T5e 690 T101° 698 AK] 6A0 PX 6AB
Py 590 L 6R3 PYQ 6C0 QL 6C8 Q 600
TA ST T3 6ED TC 658 0sC 6F0 RT1 6F8
RT2 730 AXAP 703 DFNL TM0__ . DNNL 718 OLAM 120
p 720 PKS 730 Al 738 PM2 740 T4 748 -
ay 750 v 758 U 760 PHI .. .768 __ _  GAM 170
ul 778 Pl 789 UE 788 PHIE 790 DNUN 758
SYSN 7AC 4<aP} 748 JFUN 780 SIGN 788 ALM1 7c0
ALYG 7cs ALM3 709 ALM2 708 DFN2 7€0 DUN 7¢t8
puN2 1FQ LA TFY SGU1 800 SGMy 808 SGMU 810 o
S als SG 4 820 N 828 N2 82C I 830
3 8346 MPIB 833 NNRA __83C ___ __ NNIC_ __ _840_ __ __ NOF _ B44
1w 323 1HY RGC NVES 85¢C w2 854 1SIG 858
153¢C 85¢ LS 259 L83 E6& 18 668 1FACT 86¢C
FEE] a’s NEC 574 1c R78 1GF 87¢C 19 B8O
L Bd4 IH 288 ty __8R(C _ Mp__ .890____ __ 1SS . 894 o
") 339 14 89C 1T 8AD " 8A% MM 848
B BAC M2 230 IL 8R4 M 888 _ _ LS :1:19
Ty Py 1t 5C&
— . . L33y VAP e e e . e e
SY43IL LaCaTION SY“3ry LOCATION SYwang LGCATION SYvact LOCATION SYMBOL LOCATIGN
Joa 575 nid =33 Sl BER NI __8%8___ ____.CC S & £ SN
bR S0 §T = SFD $TE L22 FRM A50 SG Ag0
a5 AEQ " 36 SV R0 S4 8A0 Wil 800
A< 5 nEey EL IE €60 NPA €s0 NL Y
z ) (o 123 A cea LLo 018 HAY D28
wAY i PELL ] 2420 z1c1 28358 13 2800
I3 ek Ll 2%) e SO 2lan F2 2cC0._ FE 2CD08
S% C
ToIwLT STATININT wid
2ezesiiotv 3 olEvEl 22 “a3ih SITE = 71348 /26722 PAGE 0C15
. - e Coation T syeaTU L TLTlATION Sywa( LIATION SY¥3oL LOCATION
; T 133 201 317 2018 TS 291F
= ST 1= 235¢C 193 206C
. AR 197 2t 2 158 gLe3y



SYMBCL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
S8 2008 99 20CE 109 2D15 - 110 2D1A 111 2D1F
112 2023 190 2029 191 2032 192 205¢C 193 208C
194 20AF 195 2003 196 ___2DET 197 __ 2E02 198 2823
2¢s 2t 45 201 2E56 205 2EDS 211 2EF3 219 2EFA
281 2FO1 291 2F08 294 ___2FE4 295 2FF? 296 3020

*OPTIONS IN EFFECT*® NOID,ERCODIC,SCURCEyNOLISTyNGDECK LOADMAP
60

*OPTIONS IN EFFECT=
*STATISTICS®

NAME =

MAIN

¢ LINECNY =

SOURCE STATEMENTS =

SSTATISTICS* NO DIAGNOSTICS GENERATED

498, PROGRAM SIZE =

23658




ccol SUBRGUTINE SLTNINV) TAR1G6705
0092 IMPLICIY REAL % 8 (A~H,0-7}) TAB10706
0003 CCMMON /CMT/ CMAT{6,6)4+DSP(6) TAB1CTO7
R __loe=1 - e ... TAB10708
coes 100 IF (IDGeEQ.NV) GU YO 200 TAB10709
_3lae 110 K=1DG+1 _ TAB10T1Q
0zcy 00 160 [=K,NV TABLOTI1
2039 HOLD=CMAT(1,1D5)/CMATL10G,1DG} TABIOT12
an29 DO 130 J=X,NV TAB10713
18 130 CMAT(I,J)=CMAT11,J)-CMAT(IDG, J}*HOLD TAB10714
31 DSPU11=DSP(I1=-NSPLINGI*HOLD TAB10715
o .nn12 160 CONTINUE TABlICT16
<13 10G=10G+1 TABLO717
isle 60_TC_1o6 TAB10718
C TA81C719
. € BACK SUBSTITUTION TYAB10720
3 TAB10721 -
2015 200 _HOLO=CMATI(NV,NV) : . _TAB10T22
JC16 OSP{NVI=DSPINVI/HOLD . TAB10723
211 TNV TAB10724
oC13 Kahv=-1 TAB10725
_ef19 220 HOLD=CMATIK,K) TABIOT26 _
0c27 SUM=040 TAR10727
3c2y D0 230 L=1,NV TAB10728
8C22 230 SUMsSUMSCMATIK,LI*DSP(L) TABL0729
9r23 DSPIX) = {DSPIK)=SYM) /HOLD TAR10730
2024 I=1-1 . TAB1O0731
_202% RaK-} TAB10G732
EL¥2Y IFt1.NEe1) GO TO 220 TAB10733
__ar2? RETURN e - e __TAB1CT34& _
cr2s END TAB10735
TETevaan IV 3 LlEViIL 9T SLIn JATE = 11341 09724722 PAGE 0002
CoMVON 60K JLmT /_va® SU2E€ 15¢
SYwiL LICATICN SYMaL LGCATI SN SYV4SL LUZATICN SYMBOL

LOCATIGN SY®B0L

LOCATION



CUraMne B UK ZimMt I _MAV G121 10 " y
SYMBOL LCOCATION SYMBOL LOCATIUN SYMBOL LOCATION - SYMBOL LOCATION SYNBOL LOCATION
CMAY [ osp 120 s e
o T T T CUCALAK MAP T - - oo T -

SYMBOL LOCATION SYMBUL LOCATION SYMBOL LOCATION SYMBOL LOCATION SYMBOL LOCATION
HOLD [{) SUM cs 106 Do NV D4 K 08
1 pC J E0 L ‘E4

*0PTINNS IN EFFECT* NOID,EBCDIC,SOURCE,NOLIST,NODECKLOAD/MAP

«OPTIINS IN EFFECT®  NAME = SLIN s LINECNT =

“STATISTICS® SOURCF STATCMENTS = 28, PROGRAN SIZE = 948

*STATISTICS® NO DIAGNUSTICS GUMLRATED

*STATISTICS*

NO DIAGNOSTICS THIS STEP O




CONTROL _SECTION

MODULE MAP

ENTRY
NAME ORIGIN LENGTH NAME LCCATION NAME LOCATION NAME LOCATION NANME LOCATION
“a 1N 00 SCoA
SLTN 5C70 384
IHCLSIRT* 6028 158
DSQRT 6023
IHC FOXPO* 6188 140
FOXPDS 6188
IHCFIxXPls 6328 14F
FIXP18 6328
JHCFRXP1» 6478 14} e .
FRXPI8 6478
INCECOMHS 65CQ F49
13C0OMs 65C0 FDIOCS# 667C INTSWICH T&EE
IHCCOMH2® 7510 651
SEQOASD 787C
.__IHCFCVIH® 7368 1190 )
B AJCING 7368 FCVAQUTP 7C12 FCvLOuTP TCA2 FCVZIOUTP TDF2
: FCVIQUTP 8140 FCVEQUTP 86A2 FCVCOUTP 88BC INT6SWCH 8BA3
: IHCEFNTH® 8008 512
H ARJTHE 3008 ADJSWTCH 9074
7 INCLEXP 9220 288
DcxP 9220 - L
z IHCLLOG * 94A8 200
: 0105190 448 DLOG 94C0
=z IHCEF10S» S6A8 1368
1 . FI13CSH 35A8 FINCSREP  96AE
2 LHCERPw = AA1Q 58C :
o ERRMCN aAAlo IHCERRE AA2S8
IMCUOPT & AFDQ 300
IHCETQCHe 8200 28E
[4CTRCH B200 ERRTRA 8208
IHCUATBL* 8560 638
[A01 3898 150 X
ENTRY ADDRESS 00
TOTAL LENGTH 8CES8

sees0

DOES NOT EXIST BUT HAS BEEN ADDED TJ DATA SET

sEal2,T

___FTC6FCTL

* 0S18 (5939



e s e
. - ] - . - AU e e =
m woxwa ZOF 1530 HOF 9€°9E°60 BOE°IL (9881) 6HELST) BISO » 10049014 142Cn3d




LIPPED CHANNEL SECTION 10= 1 SIG=33,CC
DOWNWARD LOADING  A/B=

Ce114686 0.1043%¢6 0.0948%6 GC,0845%% 0+5412%2 0.5860%2 Q.56475%#2 0. 7338%2 0,6996%2 0. 745472 0.83C3%2 0.086456%2
0e0531%7 _ 0,0550%7 0,0477¢7  0,04087 0,5878+2 0,6418%2 C.7115%2 0.8057%2 0.7705%2 __0.9192%2_ 0.373C%2 0,9262¢2
Ce0476%7 0,0358%7 0,020A¢T 0.0244%7 04614582 0.6554%2 00743852 0. 8436%2

04809632 04859792 0.91C7¢2 0,9532¢2
TT044530%4 0.4736%  0,5148%  0.5953%4 . C 1 Y

oz O .
Co32082%¢ (e2323%6 C4259386 0e2352%0

0e5686%4 0,5861%4 Oy 6451%4 (. 7362%4

Ce216297 Qo 13817  0.163187 C,1355¢7 0540384 0,5540%4 0,5505¢4 0e7376%2 0:6913%6 0eT423%4  047945%2 (0.8481%2

6.166‘\‘7 0e¢1210%7 CalCGT8T (o C827*7 0e 608722 046503%2 (067042%2 0,7870%2 CeT578%2 GCoal96582 (oBG22%2 0,8F40%2
0.3923%4 0.3637%4 0,3457%4 0e.3216%¢ 0.4288%%4 0,4196%4 0,4207%& 0.4655%4

0e3632%6 0.3003%6 0,2642%% 042304%6

0ab6146%4 0,4632%64 J.4B1l1%4 0,5333%4
Co2015°T 0.2341°7 0.1926*7 0.1552¢7

0o 6646%4  0,6763%4  0.5063%4 _ 6.5800%4 045518%46  0,5802%4  0.6322%4 0,7219%4
0.5261%% 0,5521%4 0.6053%4 0.6986%4 —

0.6511%4 0.6931%& o.7s«~-~ 0e8389%4

UPLIFY LOADING __ A/B=

0019901  0.,176291  0,163%%1  C.1487%1

e 14 0e541585 0,5689%5 0,6082¢5 04666985  046533%5 0,6850%5 0.7270¢5 _0.7343¢5
Ce 115587 0, 10645¢T C,094327 0,0837e7 0.5746%5 0,5142%5 0,4678%5 0.7429*S 0e 719595 0. 759965 (,B0567%5 0.,3666%5
0e072387 0,0664%7 Co.C565%7 Ce04B87%7 0e5998%5 0.6453*S 0.,70%2*5 0,7338%5 047643%5  0,8074*5  Ca8564%5 0.9C8C*S
0e3137°1 0,2929°1 0,2720®1 0,2519°¢1 Je4315%3 0,4457¢3  0,4862¢3 _0,5501¢3 0050693 0.5385%3 0.5%982%3  0,6697%3
Ce 230291 C,2541%1 0,26B6%7 0,2172¢7 0e5461%3 045805%3 0e6324%3 0,6359*5 046620%37 0.704243 G, 737085 0,7796%5
Ce2CAT®T  0o1764%7 0,1509*7 C,1275*7 0e5014%5 006250*5 0667285 0,7256%*5 0712325 0o 7417*5 0.7806%5 0483265
Qe 29 ~-| 0.2782%1 C,2609*)1 0,246C*1 003497%3  0.3424%3  0.3439%3 (,3654¢3 0377123 0,3789*3  0,3544%3 0,4395¢3

e296381 (465681 Qo,24CTe1 O0.4317%3 0.4411%3 0,4b68783 0,5307¢3 045026%3 0,5273%3 0.57c4%3 0e6525%3
0.3311-1 042790%7 0423167 0.183%5¢7 005119*3 0,5352*3 0.,5786%3 0,5556¢3 Qe6129%3  0,6499%3 0,7027%3  (.7793%5




LIPPED CHANNEL SECTION 10= 2 S1G=33,00

DOWNWARD LOADING  A/B= - -

0o 765584 QaT465%% 0,T76482%4 0,753744
Qe TTISST  N.T585*T 0Q,7485¢7 0Q,7426%7
0728387 0,6948%T 0.6849%T7 Ceb793*7

09494%4 0,9624%& 0.9753%4 C(,9874%4 Ca9762%4 0,9835%4 C.9901%4 0,9954%4
04990384 _ 0,9934%4 _ 0,9959%4_ 0.9978%4 0.9961%4_ 0.9973%%  0.,9961%4  0,9937%4
0.9972%4 0.9979%4 0,9985%4 0,9990%4 0.9935%4 0,9983%4 0,9590%4 0.999:%4

U E—
0e5695%3 0.5631%3 0,5595#3 (0.5619*3

00686583 0,7094%3 0e7499%3 0.8116%4  ©.7562%3 0e.7594%3 0.B8283%%4 0.23264%
6598 66452%3  0,6624%3  C.7108¢7 857324 813%4  0.9111%4 0, 9467%4 0,9165%% 0.9346%4 0, 9557+4  0.9771%
Qe 59Cat®T 0,6509%T Co518T*7 0,5963%7 0e93395%4 0,3546%4 0,9700%46 0.9848%% 0eF7146%4 (.98C2%4 0.988l%4 (.9944%4
CoS5361%3 Co4907%3 Coal76%3 U.4683%3 0,5394%3 0.5368%3 0.5452%¥3 0.5786%3 045691%3 0,5764%3 0.5994%3 0.56557%3
045565%3 0,5465%3 0,5300%3 0.5200*3 0e8773%3 0.694R8%3_ 047315%3_ 0. 7969%4 Q. 7482%3 0,7775%3 0.8167%4 0,8734%4
Ceb34T¢3 0,6824%T7T 0,6261%7 0,5766%7 0.8095%4 0,8310%¢ 0.8639%4 0.9108%% 0.8718%4 0.8551%4 0.9240%% 0,9573%&

UPLIFT LOADING A/B=

Cel565%1  0,1716%1 0,159C*1 _0O,1446%} 04709503 0,763C*3 0.6131¢5 0.8703%5 _  0.8369%S 0.8665%5_ 0.8953%5  0,9357+5
90115987 0,1C51%7 (,03945%7 0.0839¢7 0.8368%5 0.9187#5 0.9507%5 0, 9788%5 0.9604¢5  0.9742%5 0.9859%5 0.995085
Qe0755%7 Coaf656%T7 Coe0568%7 0.0489%7 0e9748%5 0,9792%2 (0,9801*2 0,99483%2 0e9930%2 009%56%2 049993¢3 0,9975*3
Ce W73} g 28300 (g26M0:001 0230681 ==~ Qo4l72¢3 04634323 06467643 0e05345*3 NDe%B8Y0*3 Qeo520Lk®3 0,5721%3 GotH%0%3
© 3e2581%1 0,2435¢1 C.2213¢1 C.1994%] 0456213  0.6C47%3 0.6679%3 0.7630%3 0.6926%3 0,7417¢3 0.8040%3 0.3810%5
04205397 0,1797%7  0,1571%7  0,136287 0.7154¢3 0,7657%3  0.8290%3 0.8393%5 _0.8434%3  0.8885%3  0.9225%5 0,9516%5
C223Ca5"]  0,2901e1 Q,2739¢] 0,2593¢} 053663%3  0,3402%3__0,3415%3 _0,3597¢3 04365803 0.3713%3 0,3543%3 0, 424793
Codl826] 04289551 Ce2663%1 00261481 Be#136%3 0.4226¢3 0e4497+#3 0,5132%3 044825%3  0.5078%3 0.5550%3  0,6615%3
0,31098)  0,2979%7  €,2567%7 C,215107

0.5096%3 245377%3 _05894%3_ 0.06809*3 = 0.5621843  0.6643%3_0,7265%3 0.8159%3



LIPPED CHANNEL SECTIUN _ 1Q= 3  §1G=33,00 o
DOWNWARD LOADING  A/B= T
0.Ma75%3 0,8938%3 0,59012%3 0,9118¢%3 0.9628%*3 0,9714%*3 0,9302%3 0.9892*3 0.9795%3 0,9853*#3 0,99C6%3 (.9957%3
0e9680%3 0.9511%3 (,9567%3  0,9597+3 0:9935%3  049954*3  0,9971¢3 0,9995%3 0.9972%3  0.9981%3  0.9987%3 (,9931%3
Ce969%5%3 0,9712%3 0,9731%3 0,9753¢%3 0.9979%3  0,9984%3 0,9988%3 C.9991%3 0.9988%3 0,9990%3 0,9991%3 C.9953+3
. o o ~ o .
0.6379¢3 0.6411%3 0,6475%3 C,5609*3 0. 7C46%3 0,.7249%3 0.7556%3 (.8059+3 Ce7507%3 0. 7773%3 0.8136%3 C.3657%3
0o741383 0, T451%3 0,7526%3 C.7631%3 0,3667%3 008881%3  0.9140%3  0.9455%3 0.9122%3 0.931C*3  0.9513%3 0,9725+3
«8276%3 0.08313%3 0,8381%3 C,8513%3 0,349C*%3 0,9610%3 0,9734%3 C(,9859*3 0.9730%3 0.9309%3 0.9263%3 0.9948%3
0.5381%3 0,.5335%3 0,.5318%3 0,5357+3 0.5592%3 0.5619%3 0.5723%3 (.6003¢3 0.5786%3 0,5871%3 0,60£65%3 00649483
692583 0,5962%3  045940%*3 0.6000%3 04675243 0,6912%3 0,7211¢3 0, 7759%3 0,7258¢3  0,7507¢3  0.7856¢3  Q.3+60%3
0.8TT5e3 Cob6T10%3 0.6695%3 C.6784%3 0.8019%3 0,8246%3 0.8572%3 0.9028%3 0.858A*3 0,8829%3 0,9123%3 0,9474%3
UPLIFT LOADING _ A/8= o
00183581 0,1707*1 0415821 Cal440%1 _0eT4863%¢3 0,79974%3 C.8615¢3 0,9309+3 _ 0.8785%3 0,9159¢3 _ 0,9532%3  0.5863e3
0. 117587 T 0,10528T 0.0946%7 C.0839%7 '0093564%3  0,9725%3 0.9940%2 0,96%5%2 00994182 0,9801*2 0.97e4%2 0.9376%2
€o075907  0,065797 0.0569%7  0.C489%7 00928442 0,9387%2 0,9607¢2 C.9877s2 0.9765%2 0,9867%#2 0.9969%2 0.9984%3
003225%1 0.2B4B%1 (.2679%1 0,2490%1 0.4052%3  0,4211%3_ 0.4529%3 _0.,5191¢3 0.4728%3  0,5064C*3  0,5557%3  (.64593
T 0e2536%1 C.2397%1 C.2134%1 (.1972%1 0.5638%3 0.615C*3 0,6831%3 0.7332+3 0.7C67%3 0,7584%3 0.3227%3 0.900283
0206107 0.1803¢7 0,1580%7 0,1374¢7 0,7510¢3 04801943  048638%3 0.9355%3 __CeB8C5¢3  0,9182%3 0,9564%3 0.9399%3 _
Qedl76¢1 0,301001 0,2860%1 C.27CH*1 0s3418%3 04336903 0,3377%3  0,3517¢) 0360523 0.3615%3  C,372083 0,4 6683
T 0o TL10%1 0.2050%1 Ce2062781 04262981  0,3999%3 0,408583 0,434593 C,4977%) 0e4663%3 0.4914%3 0,539083 0C.625¢%3
003C3981  0,2686%1 0,2383%1 (C.228le7 005079%3 045381%3  0e593783 Ge6922%3  0a6265%3  0.6721*3  0,73844)

%3 0.832C%3



LIPPED 2-SECTION 19= 1 $1G=33.C0_

DOMWNWARD LOADING  A/8= S

telZnl®s  0e1172%6 0.,1085%6 CaC981386 Qe3786%8 00399324 0o8257%4 0s4611%4 Oe4380%4 Qe4558%4 0,4771%6 0.5044%4%
DeD5TT8T _ C,0607¢7 Co0542%7 Ce047627 De3786%4  043990%6  0,%4257%6_ Ce0511%4 0e&383%4 0,4561%4  0.,4777%#6_ 0,5055%4
LeQ636%T 0,0378%7 040327%7 C,027827 Ve3772%5 04398324 0e4253%% 0e.4516%4 0e4383%4 0,4566%4 0,4787%4 0.5C686%4

- * — - R R —_ JS— -

Ce 3329846 (e3235%4 043132%4% 0,2911%6 0e369C*4 (043718%6 0.3788%4 0.3931%4 0e3871%4 (0.3923%4 0,4010%% C.415(*4
S02192%6 0,20]15%6 001843%6 0.1658¢6 03503%4  043594%4 043T732%&  0,39342%% 003829%4F 0e3914%4 0.4026%% (.4178%4
Gel5746%7 0,1387*%7 D0,1216%7 0,1049*7 0e3486%4 043598%4 0,3748%4 (,3951*4 0e3842%4 0,3931%4 0,4043%4 C.41938s4
0e35692%4 0,3631%4 Ce3589%4 0,3498%4 043732%6 0,3691%4 0,35663%4 0,3662%% 0e3765%4 0,3736%4 043724%4 0.3747%%
Ce3216%%  0,3CB4%4 0,2962%4  0,2773%4 0e3689%4 0.3468%4  0o3485%%  0,3552%4 0,3628%4 0,3630%4 0.3663%4  0.3736%4
Ce259C®h (Go2446%5 (,2203%6 0.1949%6 043379%4 0,3396%4 0,3456%4 0,3571%4 0e3603%4 0,3627*%& 0.3677%4 0.3759%4

UPLIFT LOADING _ __ A/B= _

_Ce2013%1  0,1920%] (,1316%1 0.,1885*1 ___0e46040%3 0.4200%3 0,4412%3 O0,4T708%3 = 0,4498%3 0,4648%3 _0,4833+3_ 0,5079+3 _
Cell3dsl 0,1061*1 0,0984%1 0,0913%7 0e3906%3 0,4091%3 0,4330%3 0,4657%3 0e44638%3 0.4606%3 0,4807*3 0.5072%3
Ce071587 0,0650%7 0,C588%7 0.,05246%*7 Qe3842%3 Q,40640%3 0,4295%3  0.4643%¢3 0,46415%3 0,4591%3 0,4804%3 0,5078%3

_0g30653%3 0e3623*3 (,3577%3 0,3522%3 0.3R65%3  0,38R6#%3 _ 0.3936%3  (.40641¢3 _ 0.3978%3 Q.4C1T*3 0,4083%3 _ Ce4196%3
“Ce2939%3  0,2018%) 0,2553%1 0,2462¢1 0.3671%3 0.3736*3 0,3838%3 0.3393%3 043906%3 0.3973%3 0,4067¢3 0,42C1%3

_0e2194%) 0,2C33%) C,1575%1 0.1705*1 043601%3  0.3689%3  0.3912%3_ 0.3989+3

_0e389G%3 _0.3966%3  Co4066%3  (,4205%3

0e3762%3 0,3714%3 0,3648¢3 0,3524%3 0,379C*3  0.3753%3  0,3729%3 0.3727%3 0.3812¢3  0.3784%3  C,3771%3  0.3737%3
Do 30433 0.335783 0.3268%3 0,3170%3 0e3607%3 0.3583%3 0e3537%3 0,3636%3 0.3699%3 0,3693%3 0,3711¢3 0e3766%3
0e3578%3  0.2946%3 0.2811%3  0,2659¢3 043501%3  0,3502%3 0,3538%3  C.3622%3 __043662%3_ 0e3674%3 043710%3  0,3776%3




LIPPED 2-SECTION i9= 2 $16=33.,00 e e e e
DOWMMARD LOADING  A/8s

0. A964*3 0,9021%3 C,9CH8*3 0.9183%3 0.9021%6¢ 049063%4 0.9114%4 0,9190%6 0.9004%4 C,9351°4 C.9107e4 C.912860a
0962598  0,918995 89925 -C,C04(*8 09496%6  0,9524%4  0.9556%4 0,9602% __ 0,9697%4 0,9527%4 C.9580°4 0.9577%4
0e0G2T58 -0,0034%8 -0,CC47%8 -0,0072%8 0.9701%4 0,972C¢4 Ca97861%4 Co9770%4 0970604 0.9724%4 0.976504 0,977304
*
0.623493 0.,630393 0.6394%3 0,6549%3 04639093 0.6500%3 0.5666403 0,686293 0,646683 0.656083 T 0.6722¢3  G.692763
0. T491%3  0.7562%3 0.7657%3 Co.7813%3 0s 774203 0,7865¢3 0,7963%3 0,8124%3 077853 0,78793 0,798793 0,811404
0.839C*3 0,8448%3 0,8522%3 C,8641%3 0e8555¢4 0.8605%4 0.8666%% 0,6760%4 0.8530¢4 0,3587%4 0.3656%4 0,8758%%
~0,Cf01°8 -0, 0C01*8 C,4982%3 0,5050¢3 . ~0.0001°8 -0.0001%8 0,5064%3 O,5185¢3 ~0.0001%8 -0,00C1*8 -0,0CC2%8 0.5259%3
0,579223 0,5816%3 0.5362%3  C,5968%3 005963%3 0,605C*3 0,6180%3 0.6396%3 00604883 0.6145¢3 _0,627803  0,648Ce3
0.6599%3 0,6733%3 0,6792%3 C.692033 0.6976%3 0,7086°3 0,7225%3 0,7420%3 0704983 0.7154%3  0,7279%3 O.7454¢3

UPLIFY LOADING A/8s=

0.2571*1 0,2350%1 0,2201s1 0,2025%1

S 0,6970%3 _ 0, 7363¢3 0.7625%3 0.8372%3 ___ 0,7878¢3 0,816793 0.8478*3 0,9%2Ce)
Ve l&T1®T 0,133487 0,1209%7 0.1080¢7 0.8365¢3  0,868363 0,9027%3 C,936393 0.9080%3 0,9248%3 0,9401¢3 0.9535¢3
Ca0959%7 (Co0839%7 (0,073387 0,0634%7 048976*3 0,931Re3 0.,9582%3 0.9723%3 069594¢3 0.9662¢3 0,9712%3 0,9756%)

0s4212%3 0.%164%3 C.4078%3 0440073 0.4726%3  0,4824%3 _0,500843 _0,5366%3
03617083 0,3440¢3 0,3211%1 0.2964s1 0,5556%3 0,5831%3 0.6223%3  0.6797%3
0o2865%7  0,2536%7 0.2256%7  0.1988%7 0.6671¢3  0.7009¢3  0,7428%3 0.7953%3

0e5059%3  0,5219#3 _ 0.5467+3_ 0,5873¢3
0e628C*3 0,6%¢2%3 C.6917¢3 0,7373¢3
0.7461%3 0,7730*3 0.3012%3 0,8384%3

Co#151%3 0,4095%3 0,4044%3 0,3997+3

0623383  0,421383  0,4222¢3  0,4301%3 0s4304%3  0.4310¢3 0.4358%3  0.450093
Go<l24%3 0,3895%3 (,3768%3 0,363603 0.4493%3 0,4539%3 0,4677%3 0.499343 0e479783 0.8511%3 0,5119%3 0,548803
00391683  0,3597%3  Co3380%3  043156%3 0,5053%3  0,5216%3 0,5508%3 0, 6008%3

0561693  0,5833%3 0.5143%3 0.6593%3




LIPPED 2-SECTION

Ce735483_ 0. 776503

12= 3 S1G=33.00
DO4NWARD LOADING A/B8=
Co8325%3 CoB83376*3 (eI03523 (Q,912342%3 0e9626%3 Qe9718%3 0.9803%3 (.9891%3 Ce9794%3 (e9851%3 0.99C5%3 (0,9954%)
04952383 (,9525%*3 (495503 (,95C5*3 De9933%3  0,9953%3_ 0,9970*3 0, 9983*3 0e9969*%3  C,9978%3 . 0998523 0,9950¢3 _
Ce9TC9%3 0,9722%3 C.9738%3 (C.9762*3 049977%3 0.9983*3 0.9987%3 (.9990%3 0e9986%3 0.9988%*3 (.9990%*3 0.9992%3
* -
Ce65C5%3 0,6520%3 C(.6561%3 C.6663#3 0.7119%3 0,7303#%3 0.7587%3 O 8064%3 0.7539%3 0,7763%3 0.8134%3 G.853943
TS24 0, 7544~ Go7598%3 0,7725% 286803 (O,8883%3 0,9133%3 (0,9442¢3 0909743 0,9282%3 (0.948B5%3 0,9706%3
CeB8138583 (,8330%3 0,8432¢3 0,8542%3 0e94675%3 0,9593%3 0e9718%3 (0a9846%*3 049695%3 0,9773%3 0.,9860%3 0Q,9932+%3
Co 5462%3 0.5425*3 0,5404%3 0, 5418%3 0.,5636%3 0.5669%3 0.5766%3 0.6019%3 0.5793%3 0,5853%3 0.6068%3 0,6471¢3
0813503 0,6072%3 (450373 0,60646*3 Qe6776%3 0,6929¢3  0,7211%*3 0,7735+3 0e7210%3 *3 0.7455%3 0.7826%*3 0.8398%3
0ab839¢3 0,6821%3 C.6792%3 (C.68648%3 0.7995%3 0,8217%3 0.8534%3 0.8985%3 0e8490%3 0,8735%3 0.9039%3 0.94C5%3
UPLIFT LOAOING A/B=___

_ Ce268181 C,2510%1 0,2334¢1 _0,2134%1 0.8570¢3 0,894783 0,9332%3 0, 97003 0,9407*3 0,9609%3 0.9793%3 0,99413
CelB38®7 0,133387 (124627 0,1108*7 0.96T76%3 0,9370¢3 0.998B¢2 0,9872%2 0e9992%2 0.9925%2 0,9915*2 0,9953»2
CoG994%7 0Q,0%62%7 0,07649%7 0,0645%7 0e9632%2 0,9704%2 0,9827%2 0,995282 0,9902%2 0,9947%2 0.999C%2 €.9993*3
CodbbAs2) C086592%) CebbBon2 Q,4333%) 045610%3 0,58C0¢3_ 0,61%3%3 0,6329%) 046278%3_ 0eb6802%3 0.700993 Qe 727563
0.40%3%3 0,3779%3 0,3514%1 0.318301 3,7036%3 0.74566%3 O0.RC45%3 C,5788%3 048155¢3 (C.8550%3 0.8955%3 CoQ4T4e3

_Ce302207 _ Qe2658%7 0,2340%7 0,204%%7 0.8440%3  0,8820°3 _Ce9238%3 00956483 0e9292%3 _0e9528%3__0.9750%3 _0,9931¢3
Cadd8303  0,68C003 Co4521%3 0ab44583 Ne4876%3 0,687283  0,4929%3  0,5137%3 0,5083%3 0.5115%3 0,5278¢3  0.5677%3
Do 851903  (C,433103 C(C.4154%3 (0,3976%3 0e5380%3 04551223 (e5822%3 0.649423 Ce6008®3 0eb294%3 0,678C¢3 0,7594%3
Cad29483 003935%3 0,37C8%3 Qe3616%7 Ve6347¢3  046671%3 0,7211%3 _ 0,8058+3

_0483G8*3 0,8988%3



LIPPEC CHANNEL SECTION

0.4967%3__ 0.51613

065564%3 0.6262%5

1= 1 S16=55,00 i
DOWNWARD LOADING A/8=
QeD825%7T Q,0T731%7 C,C631%27 Q.,0540%7 02320026 043528¢2 0,3953%2 04 4665%2 Qe 446172 04487782 0o5445%2 0,633582
06045327 0,0383%7 0.0318%7 0.0258¢7 0e3412%2 003745%2 04419972 0.49413%2 _0.6756%2 0.52C6%2_ 0.56C38%2 0.6760¢2
0.C322¢7 040263%T 0,0207%7 0.0159¢7 0434B0%2 0,4164%5 0,4264%2 ~0s0033%8 0e4847%2 0.5306%2 -0.0022%3 0.0$2C2
'0s2530¢% 0.2270%6 0.1976%6  0.1715%6 0e3507%4 0.3533%6  0.3712%4 0042646467 0,4175%4 0.6367%4 0.478644 0u5625%4
Col587%7 0e1331%7 (C.108387 0,0377%7 0e3599%7 Cu3B50%7 0,4345¢7 0.4992%2 0.4758%4  0.5151%4 0,5740%2 0.6544%2
0. 1096%T 0,0891%#7 0.,0695¢7 0.0534%7 0e3749%7 0.4104%T 0,4543%2 0,5319%2 0e5145%2 0,5554%2 0.6137%2 0.7043%2
0e37945%6 Q.3480%% 0.3053%6 0.2677%6 0.4021%% 0,3801%4 0.,3612%4 0O.3647%4% 00423C%4 0,4093%4 0.4056%4 QO.435(%%
_0e3310%E_ 0.2641%7  0.2089%7  0,1647%7 06383434 043721% _0a3770% Ce 421244 0e4428%4 _ 0.4492%6 0,4795%4_ 0,5555%¢
0e2175%7 0.1746%7 0,1332¢7 0.1001¢7 04378757 0.3824#7 0.4141%7 0,5036%7 T0e4815%4  0.5051%%  0.5550%4  0.648684
UPLIFT LOADING___ A/B=

_Cel555%T7_ 0,1623*7 0.,1268+7 Celll8*7 0.3708+%5 _ 0.3908%5 0.4186%5 0.56798%5 . 0e466855 0,4959%5 0,5343%5_ 0.597Ce5
T0.0T9TETT 0,07058T C.0008%7 0.0518%7 043628%5 0,3907¢5 0,4280%5 0.4902%5 0e4816%5 045192%5 0.5684¢5 0,646C*5
Ce0S519%7 C.04&4787 0,0374%7  Ca03C7%7 0e360C*5  063902%5 0,4307%5 0,4981%5 0.6874%5  0,5286%5 0,5328%5 0.65650%5
0e3J71%1  0.2R1181 (.2532%1 0,2273*1 043848*3  0,3895%3 _0,4078%3 0. 4524%3 00436393 0.4534%3  0,4889%3_ 0,555383
Cel2259%7 Col9418T Co1525%T 0.135587 DebdlT6%3 0.46353%3  0,4694%3 0,5112%5 0+5089%3 0,5401%3 0.5719%5 0.6213%5

0e1535¢7 0,1263%7 0.1019%7 0,CBl4s? 0e4263%5 0,4467%5 0.4739%5 0. 5288%5 065293%5 04557985 0.,5981%5 0.6042%5

Co326781 0.2959%1 (Co,2582%1 Co2455¢1 0s3571%1 0.3402%] 0.3304%3 0,3375%3 0¢3760%3  0,3662%3  0,3662%3 0.3936¢3

T 0e335501 0.3145%T 042515%7 Oe2004%7 Oe 3969%3  0,3902%3 0,3977%3 0O, 4358%3 044434%3 0.4503%3 0,4770%3 0.5365%3
00255787 0,2061%7 Co1592%7 0,121387 006276%7  0.4302%7  0445616%7  0.5036*3



LIPPED CHANNEL SECTION 10= 2 si6=S8s.00 ___ 0 .
OOWNWARD LOADING A/8= )

0.8C95%7 0. 79667 C(,71874%7 0,7311¢7 0e9254%4 0,941G%4 0,95613%% 0,9792%% 0.9601%24 0,9710%4 0,9323%4 0,9913%4
0e7103%7  0s6974%7  (.69C2%7  0,6356%7 069823%6  0.98762%4 _ 0.9927%4__(.9964%4 069926%4  0.9969%4_ 0.9969%4 0,9983%4
0e6569%7 04643387 0.6365%7 0,6337+7 0099649%4 0.9965%& 0,9979%4 0.9988%4 0.9978%4 0.9964%4 0,9989%4 0.9993%4
0s6137%3 Co6053%3 Cs6048%3 0.6104%3 0.6864%3 0.7017%#3 0O, 738643 0,7896%4 TT047393%3  0.7632%4 0.8C10%4 C.8561%4
Ce7C2%¢7 0,6626¢7 0,6305%7 0,6035¢7 0,8300%4 0,8502%4 0.9835%  0.9252%4% 0+8840%4 0,9054%& 0,9340%4 0.9532%4
0s61C287 0,5684%7 0e5373%7 Ce5167%7 0e9135%4 0.93CT7%4 0.9528%4 0,9743%4 0.9525%4 0,9649%%4 0.9784%4 0.9694%%
CoB443%3 0,5244%3 0,5071#3 0,4574%3 0.56649%3 0,5538%3 0.5537%3 0.5777+3 0.5839%3 0,5804%*3 0.5536%3 C.5392%3
096235%3 C25995%3 C.66461*7 0.5935%7 0.69CE*3  0,6943%3  0,7226%3  0,7739%4 0uT7403%3 0e7508%&  0.7896%4 (.54%6%%
0650697 0457927 0.5165%7 0.4693%7 0.7938%¢ 0.8057%4 0,8358¢& 0.8337%4 Qe8441%4 0.8633%4 0,5963%4 0,9367%4

R . UPLIFT LOADING  __ A/B=

Qe13A3%7 0Qe142697 C,1269%7 0,1120%7 0531783 0,5829¢3 0.5562%3 0.7598%3 __ _  0.6933%3_ 0.7494%3_ 0.32C2%S 0.8369¢%
Ce0313¢T 0.0715¢7 0,061187 0.0519¢7 0.0007%8 0.0009*8 0.0012#8 C.8366%3 0 8194*3  0,0C09%8 0,9539%5 0.9626%2

09055887 0,0466¢7 0,038Ce?7 0,C309e7 0,8837%2 0,9391%*2 0,98]1Ce5 0,9784%3 0.9814*S  0.8309*2 0.0022%8 0,9777s2

092947%]  Ce2711%1 0424512} C,22Ce=1 0¢3729%3_ 0437793 _ 0.3973%3 _ 0. 445923 _0e4%241%3 0,4427%3_ 0.4928¢3_  0.5605%3
“0e22678T Cel933%7 0.1695%7 0.144947 0.478847 04517007 C.5366%3 0,6332#3 0e5704%3 (.6152%3 0.6861%3 0.787783

—_Cel505%7 00120667 Q,1042%T C,0835827 0.557287_ 0,8316%7__0.6798%3 0478303 _  _ 0.7183%3 0.7693¢3  0.8382%3  0.9135¢5

49 9958 738 517¢ 3596%3 043352 31253#3 _ 0,33C8e 23644%3 043556%3  0.3556%3  0.3793*3

0o 3212°1 0,2845¢1 0,2488%1 0,2331%7 0,3832%3 0.3772%3 0,3863%3 0,4296%3 0.4310%3 0.4395¢3 0,47CY%3 0, 54%4*3
__0e2377%1 Q,215}%T 0,17125*7 0.139067 04932027 _044359%7 0.4788%7 0.06063¢7 __ 0,5289*3 0.5572¢3 0.615C¢3 0,7137¢3



LIPPED CHANNEL SECTION 10=

3

0,922%23 0, 9279%3 0e9367*3 0.9458*3

DOWNWARD LOADING A/8=

$16=55,00

0s984523 0,9667%3 Co9705%*3 Ce974343

0e9620%3 0.9695%3 0,9787%3 0,9876*3

0e9758%3 (0.9817+3

0.9883%3 C.9935+%3
049909%3  049932%3 _ 0.9955%3  0.9975%3 04995353  0.9965%3 _0,9973%3__ 0.9967%3
0.9778%3 0.979C*3 0C.9311*3 0.9833%3 0.9965%3 0.9973%3  G.9981%3 0,9988¢3 009981%3  0,9585¢3  0.9589%3 Ce9392%3
0.692293 0.686693 0.7C1T#3 C.722743 0.7236%3 0, 7396%3 0,7715%3 0.8173%3 Ga7555%3 0,7771%3 0.B8143%¢3 0.8643%3
0e8)25%3  0.8076%3 0.8227¢3 0.38414%3 04872723  0.8897#3  0.9156%3 0, 9447%3 0.9069%3  0,9260%3  0,9465%#3  0.9535%3
TGe8301%3 GeB642%3 0,894943 0,9074%3 0.9465%3 0.957C*3 0.9703%3 0.9830%3 0.9672%3 0.9754%3 0,9845%3 C,9922%3
0.5679%3 C.56C5%3 C(.56C2%3 0.5682%3 0.582C*3 0.5798%*3 0,5895%*3 C,6163%3 0.5952%3 0.5976%3 0.6151%3 0,6548%3
Ne6553%3 C,064B81¢3 (,6521%3 0, 6658%3 0790173  0,7045%3 Co7367%3 _ 0.7860%3 00 7366%3 04 7514%3 0.7885%3_ 0, 3634¢3
0. 744593 0.7393%3 C(.747C*3 Ce7636%3 0.8157%#3 0,8309%3 0.8621%3 C.9035%3 0.8567%3 0.876C*3 0Q.9070%3 0.9422%3
UPLIFT LOADING ___A/8=_ _ s
04156687 0,1428¢7 C,1270%7 0.1121*7 __0e5755%3  0e6313%3 0,7079%3 0.8100%3 = 0,7434*3 0,79864%3 0,8668%3  0.9461%3
“T.08228T 0.0716%7 C,0812%7 0,0519¢7 D.J007¢8 0.0009¢8 0,0012#8 0,8334%2 0.0007%8  0,9634%3 0,9065%2 0,933G42
0.0561%7 0,0467%7 0,038127 C.0309¢7 0s9564%2 0o9971%3 0,9710%3 C.8101%2 008042%2 1,3949%3 0,9195%2 (939282
0o2837%]1  C.2666%1 C.2617=)1 0.,2180e) 00366293  C.3711¢3 _0,3906%3 _ 0,442C*3 _0.4166%3 _0.4356%3  Co6T775%3 _ 0.560583 _
Ce2273%7 0199087 Col1707%7 0.1463¢7 0.4895%7 005339%7 0.5513%3  0.6675%3 T0e5940%3 0,6433%3 0.7150%3  0.8234%3
0e150587 04128787 0,1044°7 C.0862¢7 0500187  0,6929*7 0,7288#3 0,8325¢3 0.7657¢3  0.8165%3 048836%3  0.9609%3
Ce3243%1 0,3009%) 0,2763¢1 0.25+3¢1 043428%3 0,3303%3 0,3202*1 0.3250*3 04355843 0.3478%3 0,3470%3 0,3673%3
De316781 0,2796%1 G.245C*1 O0.2154¢1 0.3768%3 0,3708¢3 0,3801%3 0,425093 0.4248%3 0.4337#3 0,466683 0.545203
0s2584°7 (42157*7 0,1751%7 C.lse28e7 04433087 0,4386%7 G,4938%7 0.6264°7 046045°7  0.5740¢3  0.6379%3 G, 76353




LIPPED Z-SECTION [Q= 1  SIG=55.,00 o
DOWKWARD LOADING  A/B= B

Ce0395%6 0,0827%7 c 07287 0.,0635%7 0426412%6 0.2585%6 0,2822%6 0.3203%6 04315226 0,3382%6 0.3673%6 0,41C4%4

Q267427 0,0614%7 C.C352%7_ 0,029627 0,2626%6_ 04260926 042846%6 0,3218%6 _ _ 0.3176%6 0.3404%6_ 0.3692%4  Co4791%4
C.2314¢T C.0267%7 o.oz19-1 0.0176%7 042419%6 0.2602%6 0.2840%6 0.3221%6 0.3169%6 0.3399%4 0,3682%4 0.4C91%4
B.274486 C.2551%6 C.2305%6 C,2C64%6 0.3120%4 0.3097%&4 O0.3114%&% 0.3254#%4 04333984 0.3365%4 0.3450%4 " 0.36620%
Cel59%5%6  Cel1540%7 (13157 Collls=? 0.272C*4  0,2785%4  0,2918%4 0.3178%4 003150%4  0.3250%&  C.34C4%4  0,3550%4
Ge1129%T 0,0967%7 C.0801%7 C.0657%7 0.2633%G 0.2741%4 0.2909%4 0,3187%4 Ce3130%4 (0.3249%6 C(.341484 C.3660%4
0e3525% Co3411%6 0,3255%¢ 0,3100%4 0.3567%4 0.3475%4 0,3369%4 0.3317%% 0e3603%4 0.3528%4 0,3453%4 0,3451%4

_De23T1%6 0,2651%6 £,2334%6  0,2036%6 N0,3120%4  0,3032%4_ 0,2971¢4  0.3034%4 0.3285%4_ 04324694 _0,324384  0.3368%
0e2219%6 ©.2C05%7 0,1639%7 0,13337 0.2866%4 0,2829%% 0.2845%4 0.2992%4 0e3159%% 0.316964 0,3218%4 0.3360%4

UPLIET LOADING A/B=

0s14675%1 0,1385%1 0,1265¢]1 0Ogllélel 0028131 0,2952°1 __0o313741 0.3454%1  0,3479%3  0,3649¢3 C,3883¢3  0,4225¢3 _
CeO78T%T 0.0716%7 C.0636%7 0.0558+7 0.2608%1 0,2773%1 0©,2985%1 (,3329s1

0.069227 Q,0436%7 C,0378%7 0,0326%7 Je2520C%]

0e3321%1 0.3517%3 0.3773%3 0.414783

0.2693%)] 0.2918%1 Q.3285sl Ce3252%)  0.3457%3  0.3729%3  C.4124%3

€933C1%3 0.3215%3 0,310}*3 C.2931¢1 04348023 04346383 _ 0.3472%3  0.356063 __ 0.3606%3 0.3621%3 _ 0.3674%3_ G.3308%3

T04237061 04219781 0,198781 ¢, 1783%1 043062%3  0.3097%3  0e3182*3 0.3370%3 00336293  0,3630¢3 0.3543%3 0,3739s3
D¢167757  0,1491%7 0,1299%7  C,1111e7 0428713  0,2947%3_ 0,3074%3  0,3302%3

_0e3268%3  0.3361%3  0,3497%3 0,3712¢3

346213 35773 0,3468¢3 C,3375¢ 0,3587¢3  0,3615%3  0.3532%3 0. 3494%
Ce 32213 0.30803¢3 0,2900¢3 0,27272+3 0e3364%3 0,3289¢3 0632253 0,326943
052766%3 0,25764%3 0.2296*1 0.2128%7 0,3127#3

Ce3710#3 0.3647¢3 0,3583%3 0.3575%3
043465¢3 " 0,342143 (0,3393e3 0,3453%3
0,3079%3_ 0,3063*3 __0.3152%3 04332623 0.3314%3 0.3331%3 0,3432%3




LIPPED Z-SECTIJN

19= 2 $16=55.00

DONNWARD LOADING  A/8= T T B T T T T
Ce9319%3 ©,9366%3 C(,9449%3 0,9192%5 0.7336%4 0,9365%4 0.9416%4 0,9480%4 0.9311%6 0.9345%¢ 0,94C7%4 Q,9475¢4
0, 7959%6  1.0236%4 ~0,CC012%8 0.9291%4 003558%4  0.7677%4__0.9710%4 _ 0.9747%4_ D0e965634_0,967784  0,9T12¢4  0.9751%4
1.2437%4  (C.9505%4 0,8227*7 0.805C*7 0.9795%%4 0.9809%4 0,9830%4 0. 9854%4 049798%4 0.9812%4 04932484 C,535744

*
0.6367#2 0,694%%3 O0,7115%3 O,7326+3 0.6981%3 0.7098%3 0,.7312%3 0,7576%3 " 04704593 0.7174%3 G, 7328%3 D.Toeced
0,3153%3 0.8256%#3 0,8393%3  0,8556%3 0.8326%3 0,8421%3 0.8570%3  0,8729%3 0.8361%3 0,8450%3 (.85%9%°3 C.3707%4
0.3321%3 0,6972%3 (.9066%3 0.9174%3 0.8998*3 0.9043%4 0.9109%& 0.9138%% 0.8972%& 0.901564 0.9002%4 C.9152%%
0.5374%3 0,5386%3 0,5447%3 C,5565%3 0.5405%3 0.5633%3 0,5527%3 0,5706%3 04543293 0.5471%3 0,5566%3 C. 579343
20642183  0,6515%3 C.6626%3 0,6797+3 0e6600%3  1.6689%3 _0.6883%3_ 0,7157%3 04667333 0.6779%3 _ 0.6%83¢3_ 0,7267¢3
O0u T4 3583 C,75642%3 C.766783 0.7837%3 0e7656%3 0,7763%3 0,7949%3 0,8165443 0e 771723 0,7824%3  0.7999¢3 0.8194%3
UPLIFT LOADING ___ A/B= o - I .

— Qal301%1 O,1751%1 0,157381 0,1533%7  0.5513%3 0.597G%3 0.6611%3 0.7465¢3  0,6872¢3 0.7317e3 0,787983  0.853483
T CelT3TET D 091387 0.C786%7 0.0673%7 0.0007+3 0.0C0948 0.,0012%8 0,0019%8 0.7755%3 048159%3 0.0C12%8  0.9424¢3
0.CTI0*T  0,0597*T  0,0492*7  0.0402%7 008602%2 0.9019%2 0.9492%*2 (0.9871%4 0.945882 0,9698#2 0,9589%4 0,9325%3
04392383 0,3794%3  0,3640%3 C.3447%1 0e4358*3  0,4390%3 _ 0,4526%3 0,4381%3 _0.4691%3  0,4813%3  0,5081¢3_ 0.5587#3
0e3123%7 0,279087 0.26430%7 0.2113%7 0.4796%3 0,5020%3 0.5456%3 046199%3 04566983 0.5952¢3  0.65C3%37 0,7209%3
€e2376*7 C.1781%7 0.1495%7  0.1252*7 0e5671%3  0,6031%3  0.6585%3  047366*3 006826%3 047196%3 C.77C%*3  0.8315%3

0.4169%3 0,4044*3  0,3919%3  0.3811#3 064219%3 Ne6148%3  0.4091%3 N, 412493 02428393 0,4240%3  0,4236%3  0,436C*3

0.3321%3 0,3709%3 0.3459%3 0,3221%3 9,4302%3 0,4256%3 0.4309%3 0,4602+3 044596%3 0.45645%3 0.4836%3 (,5286%3

Ce3750%7 C,3215%7 0,2673%7 0,2223¢7 06456173  0.6701%3  044951%3  0.5530%3

0e5257%3 04544503 0,583C0%3 (.Aikax1



LIPPED 2-SECTION  10= 3 S1G=55,00
OOWNWARD LDADING  A/8=
0.9273%23 C(.9315¢3 0.9390%3 0.9470%3 0.9634%3 0.9703%3 0.9790%3 C(.9375%3 0.9761%3 0,9817%3 0,5301%3 0.9937+3
0e9556%3  0.9684%3  0,9716%3  0.9749%) 0.9910%3  0,9931%3 0,9954%¢3  0,9973%3__ _ 0.9949%3 04996383 _ 0.9975%¢3  0.9935%3 _
0.9791%3 0.,9801%3 0.9318%3 0,9837+3 009964%3 0,9972%*3 0.9980%3 0.9987%3 0.9978%3 0.9983%3 0,99£7%3 0.9991%3
09579383 0.7017#3 0.7126%3 0.7290%3 0.7354%3 0, 7490%3 0.7768%3 0,8188%3 T 04763043 0.7823%3 C.8164%3 0.8632%3
CeB154%3 C, 81863 (.8301%3 0,8456¢ 048765%3 0,8919*3 0.9157%3 C.9436%*3 0.9061#3 0,9223%3 0. 9440%3  C,96653
0.8993%3 Co8910%3 0.8994%3 0.9099%3 0.9460%3 0,9560%*3 0,9689%3 0,9817%3 0.964C*3 0.9724%3 (.9£2083 Co5904%3
C.5772%3 0.5728%3 (,5721%3 0,5765%3 0.5877%3 0.5883%3 0.5970%*3 0.6199%3 0.5975%3 0.6023%3 (.6185¢3 C.6543%3
0e5599%3  0,6633%3  0,6655*3 Co6745%3 Qe 7C60¢3 0.7148B%3 0.7400%3  0.7852%3 0s7334%3  0,75C2¢3 04734923  0.3374%3
0.7589%3 Co7541%3 0.7589%3 0,7710%3 0.8167%3 0.8314%3 0.3602%3 0.8998%3 0.8492%¢3 0.5637*3 0.3992%3 0,9351%3
YPLIFT LOADING A/B= J
_0e20%387  C.1875%7 Col647%] _0ol4797  0e6817%3 0,7373#3 0,8071%3 0,8894%3 0.8391%3 0.8820%3 0.9295¢3 0,9755%3
00107597  0.0940%7 CoG8I4®T 0,0695¢7 14229382 0.0009%8 0.0012%8 C.9872%3 1eG6TC%2 0.9695¢3 0,9472¢2 C.9682%2
0e0732%7 0,0611%7 0e057027 C.(407%7 0.9752%2 0,9993%3  0,539C%3  C,8376%2 0,8318%2 3,7561%3  0.9514%2 G.9557%2
098325%3 Co8160%3  0,3966%3 0,3755%} 0e4991%3  0.5C67%3 _ 0.5311%3 _ 0.5907%3_ . 0.5530%3_ 0.5758¢3 __0.6225%3_ 0, 7065%3
0033067 0,291987 0+252087 Ce2175¢7 0581143 0,6167¢3  0.681583 0.7317%3 0.7061%3 0,7531¢3 0.8195¢3 0,8930%3
0021937 0o1656%7 041561¢7 0,1280s7 0o 7025%3  0,7488%3 0.8137%3  0.8964%3 048396%3  0,8301%*3  0,9288%3 (C,S770%3
o504 aasAe 439583 04616178 +4710%3  0,4663%3 46063  0,4T13%3 0,4829¢3  0,4814%3 0,4876%3  0,5167%3
Cot363°3 0,4078%3 C,3717343 (Q.3483¢3 044925%3 0.4911%3 0.5063%3 G,5603%3 0e5396%3 045545%3 0.596C%3  Co 676683
093932°7  0,3327°7 Q,2736%7 0e2256%7 0e5501%3  0.5654%3  046C98%3_ 0.7C15®3 0.6615%3

0e6706¢3 0,7355%3

0.3314%3




~ n
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JI3 UF AT PEOM RETIIE DIF TLFM
77035672 JUR PAMLLLL'PEKCL,T
/¢CREATE DATH

INALTAYY>

¢ PRIY=T,CLASS=B,REGION=1COX ODESTayPS

r2

€4$02 LISTING QF CDS DATH
02001 1

1

EDITION - 001

STMTQQQL

2
03002 0125 «0 2125 20 2041666567-,08333333
.0nC03 29500. 1160C, 3414159265359 9486960440109
S 0)0ce 0e314159265358979D0 0L 0,942477796075938D0 01 __ 0,1570796326794900_02
JCLNCS 0+1000CG00OCCCCO20CD O} -0+100000000203000D0 01 0. 1000000000000C00 01
I53CH6__ —~0e1C00CCCCOGCO00CH 01 0,.1700000000000000 01 _ _-C.10000036C0CI000N 01
2reL? CeOCTCOLCO000CACCCD CC Ce J0NIGCOS0GI200G0 00 G« 0G00OC00006RC00CO 00
2TL%8 Deb366137723615810 CO 0e2122G65903789194D 00 02127322854473516D0 00
PR ] 0450C00G0OCCNO0NCD 00 0,50000C00000000CD 0O 04 5000NC0000000C0OD 00
STC1C . 0e4870454551700120 02 04394506813687710D 06 _ 04306403409481258D0 05
it11 -0449348022C054468D 01 -0.000007°000000000D 00 -0, 0000C00000CC0O0O0D 00
233012 -C.0CO000CCOCCO3CEN 00 _ -Coe%44132198043%021D0 02 _ =Q+G00G00000000000D 00
23C13 -0,0C000000000CG020D0 0O ~0.0000C500C2002000 00 -0612337C0550136170 03
IC1é =0.5362335167120570 Q0 0e84375C0CO2CO00CD Q0 0e434027777777778D_00
Q2C15 0e3375C0000CCCOCCD-01 -0 3326101652408510 01 0292968750C000CC0 01
22015 0417356111111111110-C1  0.1054687500C000CD 01 -0.104058379178014D 02
c2o7 ~0e536233516712057TD 00 0+ 84375000C000000D 00 Ce634C277777777780 00
_.accla 093750000C0C000C0-01 _  -0.33261C1650408510 01 =  0.292968750000000D0 01
Q2C19 0e1736111111111110-01 0es1054687500090000 01 -0e1040583791780140 02
02C20 o] [s] 2 3 3 Q )
JCB CJ5672 714347 CLASS 8 PRIORITY o7 TIMES AND CHARGES (0OCS RATES IN EFFECT AS OF 26 JULY 1971)
O et * * * -2 -——t
| i i | 1 |
| R I JOBR-STEP_ _TIMES | CHARGES AS RUN__ | CHARGES—- BEST CLASS | o .
1 SYEP TIME } I i { 170 CORE |
1 ¢ NAME STAMO I CPy-SEC 1/0 SEC SEC IN CORE_ ] $=CPU $-1/0 $-CORE | s$-CPU $-1/0 [ CPS USED |
1 | i | . | 1
1 1 COSFUNC 51501423 ] . __«11 ___ ___ 33 e44 3 100K |  ,00 _+01 «01 | « 00 «01 & | 11 18k {
.................... Frm e ——— * : * = S ——
' UNIT TOTALS: e W_v.ll o *33 . _eh4& . e 11 ] _
| DOLLAR TOTALSS $.0C $.01 $.01 B
l -------------------- P U, -— —— * * = l
| QERICATED DEVICE CHARGES 300 NO, OF DEVICES: c I
] JOB TIME STAMP: 515Cle.26 i
b gasindvintnsubaiedesiagntntiobeftn Aty e o phugnteieintutndeteshataftog __74__'_~ e messs ——————— * - * - —- -
REST CLASS FOR JOB %-——% CHARGE IN BEST CLASS ®—=——ee—me—a- hd JOB EXECUTION CHARGE #————-mc—eceo -
WOULD SE [ WOULD BL | $.02 | AS RUN ] $.02 |
- — _ habehutosddusipotbutndutadeed e b uttedtddeted *
L AJDITIONAL CHARGES: e
SETU? - 8 00

(ASOVE DUES NOT INCLUDE CHARGES FOR CARDS READ:CARDS PUNCHED,

OR LINES PRINTED)

EVCSITUETSIN RN RIA88 2 & N E W S  F L A S H % & 3385328822308 845538228%s
-

. ’ﬁ"“"‘ 3 ARCHIVE PACK 52 «1LL_EXPIRE ON &EDNESULY, DECEMBER 22,

s e e A-CAIVE 280k 63 wltl NCT EXPIRE UNTIL AFTER MONOAY, JANUARY 24,

. ‘ e P 2T 08T

.

-0 TG Mt

GRS LN INLEIILBENRONILD LRSS ITRISRSEORS VDT LOSEP SRS

ALRE THAN 450K CF (CDORE WILL BE CANCELLED.

E ]

E

*

-

AN=37 FOLR MJRE INFIPYATIONS e
-
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