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I. SUMMARY:

This paper develops & method by which the stresses
in the ocomponent parts of a solid web beam may be computed
when the dimensions of the web thicimess, beam height, and
distance dbetween stiffeners are such that the wsb does not
zo into the wave sgtate lmmedistely upon applylng s suamll load,
The stress in the web itself is caleulated by a consideration
of the bugkling load of the web, The load in the stiffeners
and flanges is computed by assuming an effective width of
sheet as acting with them, This offoctive width is obtained
by a gonsideration of the bueckling propertios of thin sheet in
3heér.

The results are in the seme form as the femllier
FYagner beam equations except that eertain terms must be modi-
fied and corroctions mads, The resulis herein obtained are
not to be oconsidered as superseding the Wagner iSquations as
derived in Ref, I, but supplement them to take ocare of caseas

out of ths range of the Wegner assumptionsa.,



II. XNOTATION

Se Shear losd in pounds

M., « lMoment at section
¥;. ~ Secondary bending moment in flanpe
Y. - Ioad in stiffencr
&, = NModulus of Elastiecity
0. - Tension stress in web
Tos = Compression Stress in web
Tb' - Critical buekling shear stress
7).+ - Shear stress in web |
0_}. - Stréaa in flange
O e = Stress in flange due to secondary moment
h, - Distance betwesn flarges
d.~ Stiffener spacing
t. -« Thigkness of web
8. - Long dimension of panel
b, « Short dimension of —anel
¢. - Distance from N, A. to cutermost fiber
Ape = Aree of flange
I, - Moment of inertia of heam negleeting web
6. -~ Angle of wrinkles
K, = Constent dependant on f-

( I), = Seetion modulus of flange alone
@



III, INTRODUCTION

It is «nown that experiments on thin web beams below
the fallure stress show considerably lower stresses than are
astuslly esleuletsd when using the Jaszner formﬁlae. This ia
gspecinlly true when a relatively thick wed is used, The dis-
crepaney is due to the faet that Tagmer in his criginsl papar,
Ref, I, aspumed the sheot to be very thin, while actually beams
are often designed with web thicknesses which camot be conside
gred to lie in this range,

The formilee given by “agnar sre well known but for
purposas of somparison they will be given here.

Stress in ¥ed
_ 27z _ 25

-

¢ TSINZE  ht SIN28
ind Ioed in Stiffemer

Y= 5‘77‘177;/\/ &
Stress in Stiffener

Stress in Flange
S +
G‘:I/ﬁﬁ- C‘OT&—O;,

z  RA
The derivation of these formulae may be found i{n Ref, I, Part I,

This paper presents methods and gurves for sorrécting
the stresses obtained by the Wegnar analysis to conform more
nearly with the results obiained in experiment., 3ome designers
make arbitrary corrections based on wrevicus test results, but
as foer zs the author is aware there has been no theoretical work

published on the sub ject.
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Streases in Yeb

The following sssunptions are made in the caleulstion
of the atresses in the web:

1. The web has & finite aritieal buekling velue shich is
dependent on the nanel Gimensions, (4 nanel i3 that -ortion of
wob ineludsd between two adjscent stiffemers snd the flanges. )
The validity of $iis aseunption is obviocus and nesds no verifi.
cation,

2, After busikling has oceurred, the sheot is eapable of
carrying as shear a portion of the stress egual to the eriticnd
shear value. This msans that the sheet carries a portion of its
load, proportional to the eritieal buckling streas, as compres-
sion purnendicular to the wrinkle,

This assumption is open to some question, but the author
believes it to bs conservative, end the present :nowledsme of the
subjeet 18 s0 incomnlete that smy attenpy o be more oxast would
be unjustified,

3. The sheara alonz the wrinkle end perpsndicular to the
wrinkle are assumed to be equal., This is best exnlained by ref-
orence to the Mohr diasrams {Fig, I). The diagrem I{a) illustrates
the state of strogs of an unbueckled shout subjiectad $o pure shosr.
0-B represonts the shear applisd, 0«A 1s the zrineirsl $ension
strese at 45° o the anplicd sbesr, and 0«0 i3 the princival some
presaion stress at 45° to the anplied shosr,

If the plana of reference is not 45° to the applied shear,

the compression and tension stresses ore revrecented by Qi and O-F

e
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and $he shear st this angle is G-d and P-il, I the apnlied

gisar ls the buskliug shesr 1t may be saild that this pleture
ropressnts the sheet just st the buekle, Now 1T the losd is in-
cressed the assusptions are that the new dohr diasranm goes
throueh point Y and has O«-X as an axis, The sheayrs werpendicular
and parsllel $c the wriakles are re rvesented by F-H and F-J,
Diesram i1b) illustretes this condition. The arror this sssuup-

tion mekes 1s very ssall until O deviates from éﬁG a considersbls

amount, At O = 45° there is, of ecourse, no shear at all,



Derlvotion of Tommilne for Tenslon Stross in Teb,

The distance -8 1z taten as 1,
Iat AC e
lat BC = n

m=sin? na=gos®
A=ggm +Zn
D =0Tl +Zn
A =7y 8inc + 7 cos
Bwi,008c+ 7 8lnp
Z=Aooso-B eing = {0y ,5p) Sinfeon+l (0087 - sine) (1)

J'm A 8ing + Beost =iy slnif - ece’/ + 27, sing cosc  (8)

’Z"'-Z"b the following conditions hold

)

ST e meo s 1la
Ty =7 =Ty 8im 26 {1s)

'7_1 -y {cos/ - sino ) w7 0082 & {2a)

agsunming (/'“c mzd'zl ramnin $he sime alter Luekling

- - -/ ! - - 3 2 Z
Ty = . % : 'Zb sin & sz {cos, = sin’p )
26 $:r 26

- a:Z' arz-h ’éaseeéﬁ - siﬂﬁ»{ ! + 8in ZQE;

sin 7o sin £ o



Ty 2T z, (88 o8’ 2 + sin 20 )
LA ey 7 1 sin 26 b
whieh reducen %o
{Tt = 87 -/z (ooff 20 . 1) (3)
sin 27 b {sin 286 )
@ = 87T ..fz t 8)
¢ Pin %

See Fig. 3, for tl ((9)

T - sl -4 {gos” 8+ 1)uin® O -7, #in 86 cos’@
ain 39 "“'Ic“‘{;m

*’Zb sin 24 eos 86

G =7 mbe 7 {{co8* 20 + 1)tand + 8in 285 eo8 & - sin 40
b { ""é‘""

=T taml -7, fg (?) (4)

Sees Pig, 3, for s ©)

i 0aas®  £00) .1 £4(6) = 1.
Soet (= ‘&B@ the equations beooue
V" = 8T -
¢ =87 ’(h (5)
27 - 1,8 Zh (e)

It is seen that the fixwt term of equations (3) and (4) is
identical with the Vagner egquation, while the second term may be con-
sidered to be a correction festor depending on the buskling stress of
the sheet and the angle of the wrinkles,

The value of 7 p Ba® been determined theoretically and cheok-
6d oxperimentally by Timoshenko, Ref, 2, and Seuthwell and Sken, Ref,3.
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These works have shown thet the buokling strenss of s flat sheet nanel

is

'Zfbum %Z

Substituting this sxpression far 7. in equations (3) and (4) they

b
basome
— z
u » 8 ?: - m r ‘B )
t 3n 2o &‘3 1

G\"I‘ : -~ 2
Cyan b mm £,40)

The limi%s between whieh these sgustions are valid are:
a) T u?
(a) C=?
(¢) t—~» 0
Substituting in condition {a)

07w 2% .7 (08’88 + 1
¥ 3m 20 » Sin3C #in

0 = ,[b iy 8 2 O w7 ain 8 6
‘ /
315 B O “'%"L- 20 0

Whish checks equatiom {1a)
Yor condition (»)
§ ——> 0
gh = IB i{-}i—» 0
Tm %@ — @
However, singe % is a functibn of ta 1t approsches 0 more rapidly
than 7 approashes infinity, So for very thin szheets the equations
approach the Yagney oonditions,
The equation for the diagonal tension in the web may be
simplified by making the usual assumption that © is 45° so that

(8)

()



where
g
7= ht
It is convenient to look upon the secound term as & correction
factor to be applied to the Veguar caloulations so the equation

is now

ind ooa 3
Gé = LS _lorrection Fareor
V¥

This corresction fastor is plotted in Figure 5, These curves
were developed as follows:

Pigure 4 gives graphiosally the relation between X and
8 . The points for this curve were obtained frum Ref, 2. Singe
; is a function of % it ia neceasary to get the correction faotor
in terms of & . To do this 1t 18 necsssary to sonsider two
easent caaabl, the distanve between flanges is grester than the
distances between stiffeners; Case 2, the distance between flanges

is less than the distance between stilffoners,
Case 1,

Correction Factor = &, = A E"{;;t
- E-—t- i
KE(E) (2]
T >
B Kt{@ (Z)

2
Thus the correction faotor is a function of Ywo parsmeters, ,%g)
b)

and | gt; « Yor this ease set a = h and b = 4, so the eguation be~
a

qoanes s
- KEFIH(E)?

7 A2t
@ k)

This equation is plotied in Figure 4.

SN
!

]

‘9‘

(9)



Gase f

Correction ‘sotor = 7[, - KE| g )T
o PR A RN - I
= KFE =} i
“t 5/ {7)
-t 2 [ i b
G KEIZ) £)

o b d

2 k() (Z)*
This equation is plotted in Figure 4.
7 It will be noted that in figures 4 and 5 a correstiam
faotor of 1,8 must be umed if the edges of the sheet mre alamped,
This value 1.8 has been ealoulated by an analysis of shear tests
and iz the lower limit of the values obtained. For a sheet nod
rigidly clanmped, hut more rigidly supported than simply supporéed;
an intermediate value would be advisable,



b g

Ao aeed

v

[DES By
PApb et

Tt

~ e

PRgR

£F 6.

Adei o

huie|

£

[paet
el
L

§oan

ZITIY

b
{tde

41

3 Srao:

1 ey

Lt
gt
i




5

F/‘cv.

N
X

v
{

- A~

/Ir/' i

44

-

e

-

44_ 4

D8 Wi

7

A

L]

=

-

7

o~




Stif
The loed in the stiffener 1s detexwincd by using
squation {€) vhiek givesn the stress in the wed perpendisulay %o

the ﬂmo i
EAR
> 1
Y Y h
T l
4444 4Y
e ¢f -H
Yor £ = 42° Fic. 6
Y=geid
Y = (7-157,)cd ()

If the arva of the stiffensr includes an effeetive widih of sheot
aoting wish is, tho siress in the stiffemner is

(j; :(? "’!’j—“%) Z/:_:_/_’il'. (;Z)

Ay = Aggirrancr ¢ Bameet
Aghoey » 208,
where w in the ghesr effective width s2s desaribed in the next

seation



Effeqtive Hidsh

The effective width of slreot which is agsumod for the
above streases varies with the stress in the shoet and nay de re-
lated t0 the buekling of a striv of widts 2w, where w io the ef-

factive widsth seting,.
Tho eritical buckling stress is a strir of width 2w is

i

2
7 = XE ()
b (3%)

and the sheer losd which gsorresponds to ’g'ia

7

8= Lkt = kE(S ) b

1224

5
(Z;) B - 3.
Zwj. KE hé
R
Z S

In the limit $ —> O, w — 0 as normally expscted.
In she limit 7 ’%. 2; = KB (s),2

3]

For the renge ir whieh most practicel prodlems lie, X
may bYe connidersd toc have 8 value of 5 or 8, depending on whether

the edges sre alomped or not, which gives

n : : T R
SW s 2.24r; £ 08 2w s L HS# jE
Pz L

From the ourve Fipure 7 it may be sesen that for mosh practical
cases the effective width lies between 20 and 40 times the thick-
ness of the sheet,
The asswiption of an sffeative width meting with the
~ 22w
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stiffenors and flanges is prodably the most controversal portion of
this paper. Thysically en effeetive width dves not exist, but teats
on'bom indieats that the portion of wed adjacent to the stiffener
will carry sowe of the load, This has led same designers to assume
an arbitrary effective width dagaed largoly on the experienge and
test data, Other designers apply & correstion faotor 4o the golum
langth of the atiffener, The author believes that the effective
width method 1s the more rational and here presents a mathod for

deternining it anelytically,

wlBa



Stress in the Flanges

The stress in the flanges is dve %o thrse effects:
(1) Mement in the beanm,
(2) chear lcad in the web,
(3) Seeondary bending of the flangee due to (.,
Thess will be discussed in the order named,
The siress due to the moment in the beam is caloulated

by G;:N\E

where the eeetion modulus I is eomputea by sssuming en effective
width aeting with the nangzs. There are two general csses to be
considered:

{(a) Flange on one side of the wed only.

(») FMlenge on both sides of the web,
If the hean is of the type (a) the seotion modulus of the bean is
sceyputed by naglecting all the wed except a vortion immediately
adiacent to the rivets, (Fig., 8) If the boam 1s of type (b) the
nar¢ion of the web inscluded between the flenges is oond dered as
part of the flange and all ths reat of the web is neglacted oxecept
& partion i-mediately edjscent to the flange, (Pig. 9)

The smount of web whiah should de irsjuded iz not, strictly
apeaking, the effective widih as computed by the receding forralae )
since on one side of the beam there iz direct eormprsssion in the web,
cauged by the bending, vhich will doerecase the offeetive width, On
the other side there is a direct tension which will inorease the aof-
feotive width 8o the effective width are nod aymatﬁe) es shown in

Flgures 6 and 7., This evndition 1s vresent on all finite thickneasses

i



©? web ,m obeicualy as the web bosomes th,itxmr) the offept on the
total modulns heeomes of losser importanes, The author is aware of
no analytical method for determining how much $o add and subiraoct,
20 the designer must rescrt to asswrmpitions backed by tests or
ermiriesl data, If such tests are lacilng, se a first assuzption,
no effective widsh is asswned on the sompreasion slde, and double
the ealaulated on the tension side,

The ptress due to the tenaion fleld is again governed by
the amount of effeetive width chosen tc be acting with the wb) and
is open to the some uncerteinty dsseribed in the preceding rarsgraph,
In genersl the “egner equation iz used, correcting for the difference
in sress cf the flanges, These areas ere to be computsd, using the
asauned orfective widtha,

The stress due tc seccndary bending of the flange 1s

O =My (F)g

L rs
MS=~_,_0:id=('T—/.52;jé/‘_§ 6 = 45°

d- (e
(7-152) 22 (T)¢

This stresa ccours at the stiffener, Uore sgain the asmount of sheet

T

to add jin the computation of the sestlon modulus of the tl&age) is a
matter left $o experience and test,
Sumparizing, the totel stress in the llange is
G A=, 10,
whers the sign used depends on the position of the poiant on tis
bemm at which the strees is desired,

qm-
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Yo OONCIDSIONS:

The analysis whioh les been presented is far fron an
oxaet solution of the vroblami however, the author feals that the
methods whieh have been presanted are a step in the right direction,
The results odtained are gcortainly more assuraté ¥han the convention-
sl 7agner anslysis, The formulse have been presented in e form
femiliar ¢0 engineors ani should bde guite easy to use,

It 1s unfortunats that there is so listle teat data
available to ume as a chook on the theory. The effective widths
obtained by the thecrctical analysis are of the sems ovder of megw
nitude as are agtuslly used by pome dfaaisnm.,m have teats to back
up their assumptions, The example whish follows is based on an 00w
tual bean oomstrusted end tested with extensometers on the stiffoner.
The only results available to the author are the streas readings of
the shiffeners which are checked sgainst the theory, Thess chesked
gquite well,
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YIIX, EXAMPIR

Assame a bomm of the following dimensions with loads 2a
indipgated at a certain seetion, For comparison, tha values obtained
by applying the uncorrected Tagner formulae are indicated.

h = 28,8 inghes

4= 7,000 ™

+t= 08 "

8 = 50,000 1lbas,

¥ = 1,000,000 in, lbs,

Assme = 48°

Assume ahest alammped in flanges end between stiffeners

! )“r = Wagner value

l, Temsion Stress in Yed
0 = - T
1 325
3‘. owm
h

% - 4,08
Kwd 28
Ty = 2800 x 1,6 = 4880
T} = 69,400 - 4200 ~ 65,120 lhs.lins.a
(T3)w = 69,400 1ba, /ins,”
2, Effective Widsh Caloulation
7 om %t = 34,700 1ba./1m.8

= 268

e

w=l0x 1,20 » 23,7 {From Pig., 7)

b

b

W= 33.?! .051 - 1.31

3. Stiffensr Design
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s (7tan & - 1,8%) b
Aagire,

O\wtm.
Assums the areu of the stiffener albne is .44,
Total area of s¥iffensr plus effestive width of shees,

Avire. w ,4ld + B x1.8x ,08) = 404 + 18) » 585
Cosice, = (34,700 = 0430) 051 x 7 = 18,500 1bs, /ins,”
Crpase,), = 30,500

At this poind 1t might be well to diseuss the resuls,
In the firat plase the deam which has been shosen as an example
{s aotuzlly & beam whish has been built and tested, The only data
from this test which is available %0 $he author are scme stress
resdings on the stiffner., Just where on the atiffener the real.
ings wors teken is not known. The result obtained was

Crster, = 18,000 vs,/ins,?

The sgreement is close; and 1if it is further assuned
that the sheet 1z clemped between two stiffeners of ,207 area eash,
and the sheet batwoeen the stiffeners acts in addition $o the ef-
feotive width, the asgreement is detter. Assuming the base of the
stiffoners to be 3/4", the area of shoet between the stiffeners is

121 + 7 x O8] = 181 ¢ 038 = 100 Sq, In.
and the total erea is

oAlk ¢ 159 = 8575 Sq. Inm,

2
Copire, ™ y_)%g = 17,800 1ba,/ins,

4, Tlange Stress
Nothing is inown about the flanges used on the th

beam so it will be necsssary to assume & soction for purposes of
wlfa



caloulation,
{a) Assumptions
{1) The Tlanges are identical %op and bottom,
(2) There is & flange on essch alde of the web,
(3) The flenges are angles.
(4) The dimensions of the angles are as shown,
Area = (2,00 + 1,125) ,175 = 3,185 x ,176 = .85 ins,

aﬁx,l’lﬂx_;+lig'78;,17§x +088
= (380 + w 3
;.Ta:m .:%
*.GM
2 3
-lx.175:141.9‘?51:_¢175x.66?+.1?&:8

2

Ii ]
a.m+.%1&¢.m?-.m
Iy’..w..asx.m”-.m-.m-.m

(v) 0;1 -

Caeloulation of mection properties of beam,
Area upper flangs = Area lower flange

8x .56 + 8 x ,08l »« 1,21
Aren offective width = 2,4 x ,08) = ,128

Oﬁlg&l.x.Gd* - xmu*_tmxﬁ?gﬁtlﬁ
2. "aﬁ

1, =lalx 15.8% 1,21 x 14.24% + L1228 x 11.6% « 5m1
Stress at inner portion of flange (Point P)

0y =10° « ~36,300 1bs./ins. >
£, —gg-lﬁ s

wB0w



0, =B50,000 0,850 1»./111.12
ra 2.x 2,54 ’

(A)G;-tﬂggr
T = (T~ 1,87) _}f &%r

Comyutation of H

Using the two mgles plus ineluded sheet assume
neutrsl axis of flsnge plus ineluded shaet 1s .08 * from top.

| 3 4
II *&»x.“ﬁlﬁomﬁxl*.o_i%xa '1007‘1”-

I, 1078 - LAl x 66" « ,535 ins,

gr-au.ull.%

mr-%%ns.n

O;u 28,270 x (081 x 49 x 8,81 « «14,750

0.\0-0_\1-0-\ - L)m\

R A A
O;‘- .(”,m 9,800 + M;m)
o «30,900 lbs./m.z (Point P)

The corresponding Wagner strosses are

6
mﬁl%“ 2
Gr‘ln%:n-a:l. X 15,50 = 84, 200

o, g T
R

O;\ w 56,700 lbs./inn.z {Point P)
v

w2l



Modifried Experiment

Wagney Strons |% of Wagner| Stress | % Wagner

Strags In Yob +159,400 +88, 120 s
= -18,500
Strees in SS4rf, | -30,500 ~17,800 B57.7% |16,000 | 652,54

Stress in Flange| ~8%5,700 «50,900 91,34




