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ABSTRACT

An automated procedure for determining warping and torsional stresses
in open steel members was developed by Joseph Palacak, Jr. in 18985. His
"FORTRAN program, called "TORSION", determined stresses in wide flange,
channel, and single angle members under various Jlongitudinal'bending and
torsional loédings. |

In order to validate the "TORSION" program, twelve test cases were run
and compared to the same cases analyzed using a <ccmmoniy used manual
technique. For this manual technique, the Torsional Anaiygis Case Charts
developed by Bethiehem Steel were used'to compute warping amd.tcrsicnal
stresses. Tables comparing . the calculated <ctresses by the "TORSION"
program and the torsion tables were develioped.

In addition, stress values from the hand-calculated problems were
compared to values from GTSTRUQL output. Comparison tables between

GTSTRUDL and the hand-calculated values are also presented.
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Chapter Qne

INTRODUCTION

1.1 Purpose and Objectives

The purpose of this report {s to validate a FORTRAN based computer
program that analyzes warping and torsion in open steel members. The
hobjective is to verify the program "TORSION" by cemparing the program's
output with hand-calculations that were derived using an accept;b1q and
proven method of torsional and warping stress analysis. The oprimary
requirement to complete the hand-calcuiations was to determine the
torsional rotational angle, §, and its derivatives, #', §'' and groe,

i t

These values were determined by wusing the Torsional Analysis Case Charts
.-

developed by Bethlehem Steel.

1.2 Scope

In order to wvalidate the tersional and warping stress analysis
program, "TORSION", test problems were used that contained the same
parameter limits that "TORSION" had. These 1imits included the types of

open steel members, the types of torsional and plane bending loads applied

to the member, and the end conditions of the member. "TORSION" anaivzed
three types of open steel members: {1) wide flange seciions, (2) channel:
and (3) single angies. The end condition parameter included any

combination of fixed, pinnad or free end conditions. The "TORSION" member
load parameter included both uniformly distributed and <concenirated plare
bending and torsicnal loads. The Bethlehem Steel Torsional Analysis Case
Charts also included the member ‘load parameter of a lineariy wvarving

distributed torque, which was not a lToad parameter of "TORSION".




1.3 Background

Cpen steel members are subjected to plane bending stresses, torsional
and warping stresses or a combination of both. Under plane bending, a2
member's cross section is subjected to (1) longitudinal/normal bending
stress and (2) shear stress.

The normal bending stress (g, ) is determined by the formula:

Ty =M /S (Equ. 1.1)

it

where M bending moment. acting on the member's
cross section (k-in.)
S = section modulus of the member (in.3)

The shear stress ( (, ) on the member's cross section is determined by

the formula: ’
Te=VQ/ 1t (Equ. 1.2)

shear force acting on the member's

where V
cross section (k)
Q = The statical moment about the cross section's neutral axis
of the cross-sectional area between the free ends and a
plane cutting the cross section at a specified point {in.3)
I = moment of inertia of the member (in.4)

t = thickness of the member's web or flange (in.)

Figure 1 illustrates the plane bending and shear stresses in an cpen

steel cross-section.
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Figure 1. PLANE BENDING STRESSES




.. Open steel members that are under torsional loadings are sﬁbjected to
(1) pure torsibna] shear stresses, (2) warping normal stresses and {(3)
warping shear stresses. The torsional moment of resistance of an open
steel hember is a combination of St. Venant's torsional moment for an
unrestrained cross-section and wa}ping torsional moment of a resirained
cross-section.

The pure torsional shear stress ((:) is determined by the formule:

Te=6t ¢ (

ni
0
[
-
(4]
=

shear modulus of the member (ksi)

where G =
t = thickness of the member's flange or web {in.) , ,
G"= first derivative of the member's tcrsional angle

of rotation

The warping normal stress ((, ) is determined by the fermula:

(Jw = E Wns gr

m
£2

<

.

[

Fay

where E = modulus of elasticity of member (ksi)
Wns = normalized warping function on the member's
cross section {in.2)
g'' = second derivative of the member's torsional

angle of rotation
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The warpipg shear siress ([, 5 determined by the formu
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where £ = modulus of elasticity of member [(ksi)
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grv = third derivative of member's tersi
angle of rotation

Figure 2 illuctrates the torsional and warping sir

[&¢]

steel member cross-scction.

The end conditions used in the torsicnal and warping  chear 2analyis
include Tixed, pinned and free end cenditions. In %he ©iun
all rotation and warping of the member's flanges or web 15 prohibiied, and

1s similar to the fixed end condition ysed in plane bending. In the pinned

end condition, the member's end is aliowed Lo “reciy

b
[s4)
3
1)
1
2
:
)
3
pl
[pe]

the pinned end condition wused in planc bending, the tcrzional ninned end
condition does not aliow the member to rotate. In Lhe free end comdition

the member's end is allowed to rotate and warp freely.

(@}




(a) Warping Normal Stress (g,)
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Figure 2. TORSIONAL AND WARPING STRESSES
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Chapter Two

DEVELOPMENT OF HAND-CALCULATED TEST PROBLEMS

2.1 General

Twelve test problems were wused to validate Lthe "TLRSIC

~ These twelve problems were analyzed for plane bending stresses

the torsional and warping stressec, Hand-calcuiations

first determining the wvalues of the rotation angles and

through the Bethlehem Steel Torsicral Analysis Case Tharts.

values were dﬂ‘ermined, the wvarious cstresses were calicu
Equations 1.1 through 1.5.
The twelve test problems used were as follows:
Problem No. Beam Selected End Conditions

1 W14x100 Fixed-Free

2 W14x159 Pinned-Fixed
3 W12x79 Pinned-Finned
4 W14x90 Fixed-Fixed
5 W8x15 Fixed-free

6 W10x49 Fixed-Free

7 Wox 15 Fixed-Free

8 W8x67 Fixed-Free

9 €10x20 Fixed-Free
10 C12x30 Fixed-Free
11 €5x9 Fixed-Free
12 MC18x42 Fixed-Free

~J



Although "TORSION" performed torsional shear arnalysis on siﬁgle angle
members, these member types could not be properly validated by hand due to
limitations in‘ using the Torsional Analysis Case Charts and 1in the
"TORSION" program output printout for single angle member cases. These
limitations are further discussed in later chapters.

Each test problem consisted of either a wide flange member or channel
‘member under various plane bending and/or torsional loads. The various
bending and torsional stresses were calculated at several ¥key lpcations
along the beam's length, as well as at various key peints within the heam's
cross-section.

For each speéified location along the beam's length, thera were 5ix
items that were calculated for each test problem: (1} vaiues of «ff, f*, 8"

and #''', (2) plane bending stress {(J, ), (3) web and flange she

s3]

L
s cresses

&

(Tow 3nd Tue ), (4) torsional shear stresses at the web and flange { (.., and
Ter )y (5) warping normal stresses at the flange tips (Cw ), and (6)

warping shear stresses at the flange centers (7).

Hand-calculations for each problem are shown in Appendix A,

2.2 Torsional Analysis Case Charts

The Torsional Analysis Cace Charts developed by Bethlehem Iteel were
used to determine the wvalues of #, f', ®#'' and §''' for each prodlem.
Although the charts consist of twenty-six wvarious cases with variecus
torsional load types and end <conditions, thirteen of the charts were uced
for the twelve test problems based on the selected 1loadings and end
conditions. The <charts are based on four parameters: (1) tvpe of
torsional load, (2) end conditions, (3) locaticn along the member’'s lengih

{shown in the charts as Fraction of Span Length Z/L), and {4) the ratic of




the member's overall length (L) to the member's torsional constant ( a =
fEEW7§3 ). This L/a ratio is the actual curved lines on each chart,

For each chart, the x-axis represents the Fraction of Span Length
(Z/L) and the y-axis represents the torsional function value that will be
used to determine the actual values of p, ﬁ‘, ¢" and ¢"'. The L/a ratqo
is one of the Timiting factors when sing the charts. Depending on the
particular chart being used, the L/a ratio chart «curves are shown for L/A
vatues of 0.5, 1.0, 2.0, 3.0, 4.0 and 6.0. Interpolation can be aerformed
for an L/a value that is between two of the curves. However, there can be
no accurate interpp]ation for an L/a value greater than 6.0 since this is
the last curve depicted on the charts. Since "L" and "a" are both
dimensions and properties of the beam usgd, member length 'and iype are
governing factors in selecting a beam whose L/a ratio is 6.0 or Tess.

Due to the L/a ratio 1limitation of the charts, few single angle
members could be used. Because the torsional constant "a" is so smadl for
single angles, these members could only have a length of a few inches in
order to remain within the L/a ratio curves on the charts.

The actual Case Charts used for the test probiems are shown in
Appendix B, Listed on each Case Chart is the specific test problem(s) for

which it was used.

2.3 Determination of Plane Bending, Torsional and Warping Stiecses

The determination of plane bending stresses on the member is made by
analyzing the plane bending and shear forces acting on the member. Shear
and moment diagrams are established illustrating the magnitude of these
forces at various locations along the beam's length. Equations 1.1 and 1.2

are then wused to calculate the plane bending stresses and the shear




stresses in the member's web and flanges. These plane bending and shear
stresses were calculated at the points on the extreme fibers of the flange
tips ‘and flange/web connection. These calculation points are shown as
points 0 and 2 on the wide-flange cross-section, and points 0, 1 and 2 on
the channel cross-sections.

The determination of ‘torsional and warping stresses on the member is
made by analyzing each torsional load that 1is applied to the member. A
separate and specific Torsional Analysis Case Chart is selected for each
individual torsional load to determine the values of §, p', ¢ an& /R
After these values are calculated for each torsional load, they are summed
up to determine thé overall wvalues at each specified location along the
member's length. These summed values of #, §', §'' and ¢";'are'then used
in Equations 1.3, 1.4 and 1.5 to ca1cﬁléte the torsional amd warping
stresses in the member's flange and/or web. However, the torsional and
warping stresses were calculated at the mid-thickness of the flange tips
and flange/web connection. Unlike the plane bending stresses that were
calculated at the extreme fibers of the member's cross-section, these
torsional and warping stresses were calculated at point differed by one-
half the flange thickness. Figure 3 illustrates this offset difference.

In summing up the plane bending stresses with the torsional and
warping stresses, this differance between the points of calculation were
not taken into account. The -differences in the calculation points from
the cross-section's neutral axis caused by the one-half flange thickness
offset was approximately 3.9% to 10.0% for the twelve test problem beams.
By not 1including this offset in the stress calculation summations, some
percent differences resulted between the hand-calculated results and the

"TORSION" program results.

10
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|
Points of calculation on flange
for Plane Bending stresses.

(extreme fibers of flange)

Figure 3.

Points of calculation on flange

for Torsional and Warping stresses.
(mid-thickness of flange)

OFFSET DIFFERENCES FOR POINTS OF

STRESS CALCULATION
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The points of calculation for the stresses in the member's web, shown
as point 3 on‘ the cross-section, were the same for both plane bending and
torsional and warping stresses. Therefore, there were no additicnal
differences between the hand-calculations and the program for noint 3.

The twelve test problems shown in Appendix A iilustrate ‘the uynique

3
o3

aspects of each case, and show how the Torsional Analysis Case Charis are

-used in combination with one another to determine the appropriate torsicnal

values under various torsional load conditions. !

L

12



Chapter Three

“TORSION" PROGRAM FOR STRESS ANALYSIS

3.1 General

The torsional stress analysis program "TORSION" required that input

files for each test problem to be run be established indicating the various

"‘parameters, properties, dimensions, end conditions, Jlocations aleng the
member length to be examined, load types and load magnitudes app15ed‘to the
selected membe}.

The program also had three general requirements/assumptions that the
user needed to be aware of: (1) all units are 1in kips and inches, (2)
there is a pogitive upward and to the left sign convention ;nd {3) ail
loads are applied at the shear center of each member, and thereforé,'a non-
torsional 1oad «cannot induce torsional stresses. Due to the third
requirement/assumption, the program "TORSION" does not account for. the
additional torsicnal load on a channel's cross-section caused by the
eccentricity between the point of load application on the cross-section's
centroid and the shear center.

The boundary conditions for "TORSION" consisted of fixed, pinned or
free end conditions or any combination thereof. Similar to the Torsiona)
Analysis Case Charts, the fixed condition prevented both rotation and
warping of the member's end and the pinned end condition prevented end
rotation but allowed for warping.

Prior to using the "TORSION"-program, the source preogram f{ile had teo
be re-compiled on an IBM computer using a FORTRAN compiler that different

than that used by "TORSION's" original author.

13




3.2 Input and OQutput Files

An input file for "TORSION" was established for each of the twelve
test prob]éms. "TORSION" output files listed the various parameters,
forces, properties and dimensions for the beam selected, as weil as the
sections along the member's length that were to be analyzed.

For each torsional Tloading, the values of #, §', §'' and §''' were
- calculated and listed. Normal and torsional stresses at various points of
the member's cross-section were listed for all plane bending and torsional
loadings as well as the combined bending/torsional loadings. Although the
stresses were calculated with the summation of all tersional ioadings, the
values of #, TGJ, g'* and §''' were only listed for each individual
torsional loading, and had to be summed up by hand. "

A compiete list of each input file and "TORSION" output printeut for

the twelve test problems are shown in Appendix C.

14




Chapter Ffour

COMPARISON OF "TORSION" PROGRAM AND HAND-CALCULATED STRESS RESULTS

4,1 General
Comparison tables of the wvaricus results acquired fthrcugh <Lhe
"TORSION" program and hand-caiculations were established fo determire the

percent differences between the two analysis meihods.

[
<
(4]
-
(¢

I
in both the plane bending stresses, tersional and warping stresse
calculated and tabulated for eacnh test problem. Since the torsioanal and

warping stresses. dre directly correlated to ¢‘, ﬁ" and @' {fquations

ct

1.3, 1.4 and 1.5 comparison tables of the torsional angie of rotation and
’ ’ o .

‘ [}

its derivatives are also shown.

4.2 "TORSION"/Hand-Calculatien 0, O', 0'', §''' Comparison Tables

Tables 4.1 through 4.8 iliustrate the Phi angle/derivatives comparison
for wide-flange sections. The percent differences calculated range from 0%
to 24.56%. Although most differences are within 15%, there zre random
differences that are higher.

Tables 4.9a through 4.,12b illustrate the Phi  angle/derivatives
comparison for channel sections. These percent differences range from 0%
to 52.96%. Although most differences are within 15%, there are random
differences that are higher.

Since the values of §, "§', $'* and §''' were derived <hrough
interpolation of the Torsional Analysis Case Chartc, verrers in
interpolating the exact wvalue from the L/a ratio curve did cortribute %o
the percent differences. 1In additior, Tables 4.%9a3, 4.Gb, 4.122 anc 4..2b

illustrate the significant percent differences in §, #', §'° and § ' that




PHI ANGLE.AND. DERIVATIVES
COMPARISON TABLE

Problem No.: 1
Beam Selected: W14x109
End Conditijons: Fixed-Free
Length {inches): 300

) .~~ . SK
\ A |
A¥
\ » » » —p) < | 10
Y M ZIYN */ 50 -
210" =l ) |
~ 300~
"Torsion" “"Hand-Calc." ‘o4 oDife,
At Support (0 in): ) ‘e
Phi 0 0 gl
Phit! 1.15753x10-5 1.14363x10-5 1.20%
Phit 0 Q 0%
Phi'"' -1.74761x10-7 -1.75000x10-7 0.14%
At 7L (210 in):
Phi .090238. .0812537 1.11%
Phi'' ~3.45695x10-6 ~3.41456x10-6 1.23%
Phi' _ 3.79325x10-4 .0003906 2.89%
Phi''! -3.36750%x10-8 -3.12564x%x10-8 7.19%
At Free End (300 in):
Phi .115666 .1163885 0.62%
Phi'' 4.04x10-11 = "0" 0 0%
Phi'! .00023662 © .000202459 14.44%
Phi'"! 3.21707x10-8 2.7502x10-8 14.51%

Table &4.1:- PHI ANGLE/DERIVATIVES, PROBLEM 1l

16



PHI ANGLE AND DERIVATIVES

COMPARISON TA

BLE

Problem Mo.:

n
(A

PO

Beam Selected: W14x159
End Conditions: Pinned-Fixed
Length (inches): 432
‘2)(
- ’ l E
2 >3 = > >
] C
- 108" —I
: 432" —|
"Torsion" *.”Hand-Calc.”
At Pinned Support (0 in):
Phi : 0 0
Phi'! 4,2778x10-13 = "Q* 0
Phi! ' .13633x10-3 .123196x10-3
Phy'' -.16323x10-7 -.165058x%10-7
At .25L (108 in):
Phj .012334 .010649
Phi'' -.86267x10-6 -.84551x10-6
Phi' .77173x10-4 6.92879x10-6
Phi'! -.28600x10-8 -3.30116x10-9
At Fixed Support (432 in):
Phi .72407x10-7 = "Q" 0
Phit'! .29064x10-5 2.67744%x10-6
Phi! .10643x10-11 = "gQ" 0
Phi''! .59098x10-7 5.611y7x10-8

Table 4.2 - PHI ANGLE/DERIVATIVES, PROBLEM 2

G O Uy

~J

.66%
.98%
. 20%
.36%

0%
.88%
0%
.04%




PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 3
Beam Selected: W12x79
End Conditions: Pinned-Pinned
Length (inches): 360

N ~- ot N
N [ 60k N 25 vy 4
3 U o U \
N W Q
< 36 ° [} ‘ ‘
- 252 —— oo
- - 360" — {
"Torsion"” "Hand-Calc." % 0iff.

At Left Support (0 in):

Phi 0 o 0

0%
Phi'! 0 0 + 0%
Phi' 5.78920x10-4 - 5.61524x10-4 3.00%
Phi''! -1.72400x10-7 -1.75724x10-7 1.89%
At 1L (36 in):
Phi .019483 .018792 3.55%
Phi'! -6.48172x10-6 -6.16842x10-6 4.83%
Phi' 4.64730x10-4 4.49917x10-4 3.19%
Phi'*! -1.95537x10~-7 -1.98307x10-7 1,357
At 7L (252 in):
Phi .038165 ‘ .037123 2.73%
Phi'' -4.2233x10-6 -4,18394x10-6 0.583%
Phi’ -2.2093x10-14 -2.16240x%10-4 2.12%
Phi''! -5.18222x10~-8 -4.9636x10-8 4.22%
At Right Support (360 in):
Phi 8.6327x10-8 = "Q* 0 s
Phi'! 1.9459x10-11 = "o 0 o4
Phi' -4.16280x10-4 -3.98763x10-4 3.37%
Phi'"! 2.76902x10-8 2.98754x10-3 ¢.32%

Table 4.3 ~ PHI ANGLE/DERIVATIVES, PROBLEM 3
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: A4
Beam Selected: W14x90
End Conditions: Fixed-Fixed
Length (inches): 480

N N

\ \

N 6 K/FT N,

W4 v v b nd vy W

\ > =5 > =3\

% ‘ RVECPEY RN E

14 240 | |

- ‘ 5go" -
"Torsion" ~ "Hand-Calc." % Dife.

At Left Support {0 in):

Phi 0 0 0%

Phit! 1.38387x10-5 1.35864x10-5% 2.04%

Phi' 0 0 C%

Phi''" -2.08483x10-7 -2.09115x%10-7 0.20%
At 5L (240 in):

Phi 006856 .097553 0.71%

Phi'" -8.1611x10-6 -8.06937x10-6 1.12%

Phi 2.76211x10-9 = "Q" 0 : 0%

Phi' -5,37320x10-8 -5.38956x10-8 0.30%
At Right Support (480 in):

Phi 1.8102x10~6 = “0" 0 0%

Phi'! 1.38388x10-5 1.35564x10-5 2.04%

Phi! -2.2859x10-9 = Q" 0 0%

Phi'*" 2.08483x10-7 2.091146x10-7 0.30%

Table 4.4 — PHI ANGLE/DERIVATIVES, PROBLEM 4
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PHI ANGLE AND DERIVATIVES
COMP/RISON TABLE

Problem No.: 5
Beam Selected: W8xl15
End Conditions: Fixed-Free
Length (inches): 60

A Ve
N . ,
NI R A
s ] I
N U230 e !
Y a
a— 13— " s
l+~— 60 |
"Torsion" "Hand-Calc." % DyEf.
e - v EE B e v e e WA e e = ma am W Sm R e e e e W Ge e e = W em he e e e w e = e = | VA,
At Support (0 in):
Phi 0 0 4
Phit! .27899x10-3 .00027499 1.08%
Phi' 0 0 0%
Phitt! -.20042x10-4 -.00001¢6¢938 J.3:1%
At 3L (18 in):
Phi .026647 .030922 12.83%
Phi'' -.54646x10-4 -.0000546% 3.16%
Phi' .16654x10-2 .0019695 . Coi%
Phi''! -.18042x10-4 -.00001798 C.34%
At Free End (60 in):
Phi .080348 .080367 0.06%
Phi'' .63497x10-11 = "C" 0 U%
Phi' .96339x10-2 .0007878 18.223%
Phi'""' .98034x10-6 7.99%x10-7 18.50%

Table 4.5 - PHI ANGLE/DERIVATIVES, PRODLEM 5




PHI ANGLE ANC DERIVATIVES
COMPARISON TABLE

Problem No.: 6
Beam Selected: WiOv4S
£nd Conditions: Fixed-Free
Length (inches): 192

2" LK
L )
\ ¢ 5 ‘
J—> ) > !
N Y N :
. ag" - ‘ \
- Ky N —
"Torsion" "Har j-Calc.” PSRN
At Suppori (0 in):
Phiy ’ 0 . 0 Q%
Phy ! .19602x10-4 .18693x10-4 4.69%
Phi! 0 0 0%
Phitt! -.63652x%10-6 -6.22110x10-7 2.72¢%
At 5L (96 in):
Phi .029039 02620 9.78%
Phi'' -.36197x1C-5 -3.6230x10-6 S2.C06%
Phi' .24734x10-3 .0002422 2.28%
Phy' ! .623667x10-7 6.27110x1C-8 2.29%
At Free End (192 in}):
Phi .0431C1 .04030 5.50%
Phit! -.2655C0x10-11 = "¢Q" C 0%
Phi' L10127%10-3 .0001211 16.26%
Phi'"' .26093x1C-7 2.0737x10-8 20.53%

Table 4.6 ~PHI ANGLE/DERIVATIVES, PROBLEM 6
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 7
Beam Selected: W6x15
End Conditions: Fixed-Free
Length {inches): 42

4

T ) .
4
.6 .|

Ly

"

4 4
. o
o
4

"Torsion" A"Hand-Ca]c." Z Diff.

At Support (0 in}):
Phi 0 0 c%
Phi'' .20651x10~3 .00021008 1.70%
Phi' 0 0 0%
Phi''' -.18043x10-4 -.00001823 1.30%
At .3L (12.6 in):
Phi .010563 .007893 24.56%
Phi'' -.15550x10-4 -.00001616 3.77%
Phi' .11951x10-2 .00142857 ‘ 16.34%
Phi''! -.17439x10-4 -.00001773 1.64%
At Free End (42 in):
Phi .041242 .047357 12.91%
Phit! .23221x10~12 = "O" 0 0%
Phi' .07444x10~-3 - ,.00107143 9,05%
Phi''' .49229x10-6 5.4843x10-7 i0.24%

-

Table 4.7 - PHI ANGLE/DERIVATIVES, PROBLEM 7/
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 8§
Beam Selected: W38x67
End Conditions: Fixed-Free
Length (inches): 108

At Support [0 in):

At 3L (31.

At Free End (108 in):

N
\ .
i ‘> >} :; *__._— « — Py wa
A\ B . 1IN ~ &S 4 .
S KMy 2 KNy |
l
« 324 — y !
<+ ios rl
“Torsion" “ "Hand-Calc." A
Phi 0 . 0
Phit'! ~6.2595x10-6 -6.188%10-6 i
Phi' 0 0
Phi''' 1.2945%x10-7 1.30x10-7 0
4 in):
Phi -2.55981x10-3 -2.6162x10-3 2
Phy ' -1.76108x10-6. " ~-1.8566x10-6 5
Phi' -1.34279x10-4 -.0001371 2
Phy' ! 1.80392x10-7 1.66x10-7 6
Phi -1.13664x10-2 -.011642 2
Phi'' -1.48674x10-10 = "Q" 0
Phi' -7.892x10-5 -.00008175 3
Phi'"® -1.07003x10-7 ~-1.04x10-8 2
Table 4.8 - PHI /ANGLE /DERIVATIVES, PROBLEY 8
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 9a
Beam Selected: C10x20
End Conditions: Fixed-Free
Length (inches): 60

4 1 FT
v ¥ ¥V Vel TV L

Ll*so K-IN ‘

: — 60" -

T

P

f

Y/ 924778 ) 1N}

* HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES DUE TO ECCENTRIC
LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNEL'S SHEAR CENTER

"Torsion" "Hand-Calc." 0iff.

At Support (0 in):

Phi 0 0 A

Phit'! .21630x10-3 .0002643 158.16%

Phi' 0 0 0%

Phi'' -.18174x10-4 -.00002203 17.50%
At .3L (18 in):

Phi .013083 0246337 22.53%

Phit! -.62927x10-4 ~.00005438 13.58%

Phi' .12938%x10-2 001773 27.03%

Phit! -.14926x10-4 -.00001636 8.74%
At Free End (60 in):

Phi .044149 .0668642 33.085%

Phyt! -.59204x10-10 = "Q" 0 0%

Phi! .31087x10-2 .0006358 S1.11%

Phitt! .78042x10-6 .000001605 51.38%

Table 4.9a -~ PHI ANGLE/DERIVATIVES, PROBLEM 9a
24




PHI ANGLE AMD DERIVATIVES
COMPARISON TABLE

Problem No.: 9b
Beam Selected: C10x20
End Conditions: Fixed-Free
Length (inches): 60

§ 1 x/er

W U Vi
N , 30w

] "

+ . 60 -

* HAND CALCULATION VALUES DO NOT INCLURE THE TORSIONAL FORCES DUE TO

ECCENTRIC LOADING OF THE UNIFORM DISTRIBUTED LOAD THROUGH THE CHANNE
SHEAR CENTER

i

-
(V]

"Torsion® “Hand-Calic.® % Diff.

At Support (0 in):

Phi o . 0 0%

Phiv! .21630%x10-3 .0002146 0.79%

Phi' 0 ' 0 A

Phit*! -.18174x10-4 -.00001828 0.58%
At 3L (18 in}:

Phj .019083 . .018728 1.86%

Phi'! ~.62927x10-4 -.00006184 1.73%

Phi .12938x10-~2 .0013031 0.71%

Phi'*'! ~.14926x10-4 -.00001499 0.40%
At Free End (60 in}):

Phi .044149 .04321% 2.11%

Phi't -.59204x10-10 = "Q" C 0%

Phi' .31087x10-2 .000289¢6 6.84%

Phi'"! .78042x10-6 7.3126x10-7 6.30%

Table 4.9b - PHI ANGLE/DERIVATIVES, PROBLEM 9b
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 10
Beam Selected: C12x30
End Conditions: Fixed-Free
Length (inches): 108
N
AN
S 3» K ,” / >.) ] pra L psa
N . - ”J A5y & e (33
.2 K-V
- 324 W
< 108
”Torsipn" - "Hand-Calc."
At Support (0 in):
' Phi 0 0
Phi'! -4.6154x10-5 -.4542%x10-4
Phi' 0 0
Phi''! 1.2313x10-6 1.212x10-6
At 3L (32.4 in):
Phi -1.80F "9x10-2 -.017098
Phi'! ~1.02406x10~5 -1.3423%x10-%
Phi' -9.2765x10-4 -9,014x10~4
Phi'"! 1.35621x10-6

1.39828%10-6

At Free End (108 in):

Phi
Phi "
Phi
Phi' '

Table 4.10 - PHI ANGLE/DERIVATIVES, PROBLEM 10

-7.24163x10-2

-8,12819%10-9 = “p"

-4.02456x10-4
-8.88997x10-7
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 11
Beam Selected: (5x9
End Conditions: Fixed-Free
Length {inches): 42

R ° ]
i _ (‘\ LH) K'”\J ]
\i VR
— 12— .
— 42" -
"Torsion" :"Hand-Calc.“ % Diff.

At Support {0 in):

Phi 0 0 0%

Phi'® .30579x10-2 .002950 3.53%

Phi' 0 0 A

Phi'"' -.47020x10-3 -.000472 0.38%
At 3L (12.6 in):

Phi .11685 .114633 1.90%

Phi'' -.11897x10-2 -.001141 4.08%

Phi .99488x10-2 .009830 1.19%

Phi'"! -.32743x10-3 -.000331 1.08%
At Free End (42 in}:

Phi .19976 .166514 1.62%

Phi'' .189x10-8 = "Q" 0 pt

Phi' .58739x10-3 .000655 10.32%

Phi'"'' .84293x10-5 .00000944 10.71%

Table 4.11 -PHI ANGLE/DERIVATIVES, PROBLEM 11
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem MNoc.: 12a
Beam Selected: MC1l8x42
End Conditions: Fixed-Free
Length (inches): 192

o¥ LK
3 i
R ! b
N =5y 5 > - i
NMEORVETY
‘ ’ qén

142 =l

* HAND CALCULATION VALUES INCLUDE THE TORSIONAL FORCES DUE 7C E
LOADING OF THE TWO CONCENTRATED LOADS THROUGH THE CHANNEL'S SHE

"Torsion" "Hand-Calc." % Diff,

At Support (0 in):

Phi 0 0 0%

Phi'! .39802x10-4 4.656x%10-5 14.51%

Phi’ 0 0 0%

Phi''! -.15538x10-5 -1.6933x10-6 8.24%
At .5L (96 in):

Phi .049015 .06624 26.00%

Phi'' -.74574x10-5 -3.5077x10-6 52.96%

Phi .32272x10-3 .0006811 52.62%

Phi''! .17989x10-6 2.31328x10-7 22.24%
At Free End (192 in):

Phi 062393 12042 48.10%

Phi*' -.25325x10-9 = "Q" 0 G

Phit .66205x10-4 .000056361 14.87%

Phi'*' .36904x10-7 1,7916x10-8 51.45%

Table 4.12a - PHI ANGLE/DERIVATIVES, PROBLEM lZa
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PHI ANGLE AND DERIVATIVES
COMPARISON TABLE

Problem No.: 12b
Beam Selected: MC18x42
End Conditicons: Fixed-Free
Length (inches): 192

2¥ 4
3 l 4
N v oo
. §‘ " ced —” Py i
N gy I
- % — - I
- 197" —

t '

* HAND CALCULATION VALUES DO NOT INCLUDE THEiTORSIONAL FCRCES DUE TO

ECCENTRIC LOADING OF THE TWO.CONCENTRATED LOADS THROUGH THE CHANNEL 'S SHEAR
CENTER

"Torsion". “Hand-Calc."® L DifT.

At Support (0 in):

Phi 0 . 0 0%

Phi'! .39803x10-4 - .39488x10-4 L79%

Phi' 0 0 0%

Phi'! -.15538%10-5 -.1544%10-5 3%
At .5L (96 in):

Phj .049015 04884 367

Phi'! -.74574x10-5 .. -7.5494x10-6 1.22%

Phi! .32272x10-3 3.07060%x10-3 1.16%

Phit''! .17989%10-6 1.7161%10-7 G.60%
At Free End (192 in):

Phi .062393 . .06234 .08%

Phit! -.25325x10-9 = "p" 0 “

Phi! .66205x10-4 .614x10-4 7.26%

Phi'' .36904x10-7 = "Q" 0 0%

Table 4.12b - PHI ANGLE/DERIVATIVES, PROBLEM 1i2b
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occur when torsional forces due to the eccentric 1oading"through a

channel's shear center are included in the calculations.

4.3 “TORSION"/Hand-Calculation Stress Comparison Tables

Tables 4.13 through 4,24b iilustrate the normal stresses and torsional

stresses calculated determined by the "TORSION" oprogram and hand-

. calculations, and the percent differences between the two analysis methods.

Percent differences could not be calculated in cases where the stress
value derived by hand was 0 ksi and the stress derived by "TORSION" was an
actual wvalue. Percent differences for these cases are annctated by a
question mark.

Tables 4.13 through 4.24b aiso illustrate the errors «in the "TORSION"

stress output. For example, in Test Pféblem No. 5 (W8x15, Fixed-Free),
"TORSION" <calculates an increasing bending and shear stress along the
member's Tlength from the support to the free end, which cannot be the case
for these boundary conditions. Simitar situations with plane bending
stresses for the fixed-free boundary conditions are apparent in Test
Problems No's. 6, 9a, 12a and 12b.

In the other cases, the percent differences are quite -<mali.
Comparison of the percent differences of the ¢', §'' anc §''' at specific
length locations and «cross-section points with the calculated stress
percent differences at the same points and locations show a high <deqree of
similarity. This, of course, would be the «case since the sitresses
calculated with Equations 1.3, 1.4 and 1.5 are directly related to the ¢',

@' and #''' values. Therefore, percent differences in these values would

be reflected by similar percent differences in the calculated stresses.
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"TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem 1
Beam Selected: wW14x109
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 210 inches
Location 3: 300 inches
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AN VWY

"TORSIGON"

AND HAND-CALCULATION RESULTS

COMPARISON TA

BLE

Problem: 2
Beam Selected: Wl
End Conditions: Pi

Analyses taken at 3

4%x159
nned-Fixed

Locations:

Location 1: 0 inches
Location 2: 108 inches
Location 3: 432 inches !
1 ]
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| z
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> : >> SN = SONN
i ! 5{\
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1" ’
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A 137
i
8 i
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_____w___JVS i Planns Tis
Ji S fi Flengeiiet Soovegiins
IJ PL. Sl Fewtes o
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“TROSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 3
Zeam Selected: W1Zx79
End Conditions: Pinned-Pinned

Aralyses taken at 4 Locations:

Location
Location
Location

Lo PO

0 inches
36 inches
252 inches

Location 4: 360 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 4
Beam Selected: W14x90
End Conditions: Fixed-Fixed

Analyses taken at 3 lLocations:

Location 1: 0 inches
Location 2: 240 inches
Location 3: 480_inches
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"TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 5§
Beam Selected: W8x15
tnd Conditions: Fixed-Free

Analyses taken at 23 lLocations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 inches
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"TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: &
Beam Sele;ted: Wi0x49
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 86 inches
Lecation 3: 192 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 7
Beam Selected: W6x15
End Conditions: Fixed-Free

Analyses taken at 3 locations:

Location 1: 0 inches
Location 2: 12.6 inches .
Location 3 42 inches
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"TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 8
Beam Selected: W8x67

End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1 0 inches
Location 2: 32.4 inches
Location 3 108 inches '
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: ¢
Beam Selected: (10x20 !
End Conditions: Fixed-Free '

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 18 inches
Location 3: 60 inches
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"TORSION" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 10
Beam Selected: (C12x30
End Conditions: Fixed-Free

Analyses taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches
Lecation 3 108 inches Y
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"TORSION" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 11
Beam Selected: (5x9
End Conditions: Fixed-Free

Analyses taken at 3 lLocatiens:

Location 1: 0 inches
Location 2: 12.6 inches
Location 3: 42. inches
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"TORSION" AND HAND-CALCULATTON RESULTS

COMPARISON TABLE
Problem: 12
Beam Selected: MC18x42

End Conditions:

Analyses taken at

Fixed-Free

3 Locations:

Location 1:

0 inches

Location 2: 96 inches ",
Location 3: 192.1inches
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Chapter Five

"GTSTRUDL" STRESS ANALYSIS

5.1 General

The twelve hand-calculated test problems that were determined through

use of the Torsional Analysis Case Charts were compared to the csame test

problems analyzed with GTSTRUDL. After the combined bending/tersicnal
stresses were determined for each of the test problems, the results were
compared to the plane bending and shear stresses computed by GTSTRUDL.
These comparfsons showed how the torsionally-induced stresses can
either increase or decrease the overall bending and shear’'stresses at
various points in the member's cross-section and at various iocatiyqs along

the member's length.

5.2 GTSTRUDL Program Input and Output Files

Input files for each test problem mas established wusing the standard
GTSTRUDL format of specified units, Joint coordinates, member indices,
constants and member loadings. In addition, the GTSTRUDL “"Tabies" sub-
program for specific member properties were used.

Stiffness analyses were Losfcinad, and ctrecs ovtputs were 1i§ted for
each specified location along the member's Tength and at cspecified key
points of the member's cross-section.

Joint release requirements for GTSTRUDL dictated that the torsional
pinned end conditicn could be attained through release cof the v-axi:c and
z-axis moments. Reiease of the x-axis moment would create an unstable
member, and was similar to the pinned boundary requirements for both the

Torsional Analysis Case Charts and the "TORSION" program. Currently,

n
~J




GTSTRUDL  stiffness analysis does not include torsional and warping
stresses, and therefore, only plane bending stresses are listed in the
program output:

The GTSTRUDL Input/Output file printouts for each test problem are

shown in Appendix D.

5.3 Comparison of GTSTRUBL and Hand-Calculated Stress Results

Tables 5.1 through 5.12 illustrate the comparison of overall member
cross-sectional stress derived by GTSRUDL and hand-calculations. I

The basic comparison between the GTSTRUDL stress determination and the
hand-calculated st}esses is the difference caused by the torsional and
warping stresses. The combined bending and torsional stresses are based on
the plane bending loads end the torsiona]f bending loads. If f{he plane
bending 1loads are small, then their percentage of the overall combined
stress will also be small, In comparison to the GTSTRUDL stress
calculations (which were based on plane bending 1loads), the percent
differences can seem large. However, this is due to the magnitudes of the
plane bending loads and torsional 1loads chosen for each test problem,
making the percent differences based upon the reiative amounts of plane

bending and torsional stresses in each test problem.
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"STRUDL" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 1

Beam Selected: W14x109
End Conditions: Fixed~Free

Analyses taken at 3

Locations:

LS L

Location 1: 0 inches
Location 2: 210 inches
Location 3: 300 inches
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Location Pt. “STRUOL" Results

“Hand-Calc™

Results pA

Eending (0 ):
Torsicnal {gy!:

Bending

b

(To ]
Torsienal {7v)
Warping (7..]
Tota:

Bending (7
Torsicnal (7«
Tota

8ending (CL
Torsional (Cw
Tota

L2%

W14x109 0 dending (G,): -6.069365
Total: -6.069365
1 Bending (7, 1981687
0 in,
Total 1981637
3 Bending (7, ): 7.292585
| Total: 7.292585
0 Bending (dw): 0
Total: 0
1 Bending (7,): .1981687
210 1n.
Total 13831687
3 Bending (T,) 7252535
Total: .7292585
0 Bending (m,): O
Total: 0
1 Bending (T,): ©
300 in.
Total: O

Bonding {70
Tersional (7
Tota

Bending (¢
rsional (¢,
Total
gending (Th)
Tersional (7.
Warping (Tua
Total
Bending (Th)
forsiona’ (7,
Tota:

Table 5.1 - STRUDL/HAND-CALC. COMPARISON, IROBLEM 1
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"STRUBL" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 2

Beam Selected: W14x159
End Conditions: Pinned-Fixed

Analyses taken at 3

Locations:

Lecation 1: 0 inches
Location 2: 108 inches , |
Location 3: 432 inches
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“STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 3
deam Selected: W12x78
End Conditions: Pinned-Pinned

Analyses taken at 4 Locations:
Location 1: 0 inches
Location 2: 36 inches
Location 3: 252 inches '
Location 4: 360 inches
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"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Proolem: 4.
Seam Selected: W14x90
End Conditions: Fixed-Fixed '

Analyses taken at 3 Locations:

Location 1: 6 inches
Location 2: 240 inches
Location 3: 480 inches
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"STRUDL" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 5
Beam Selected: W8x15
tnd Conditions: Fixed-Free

~

Analyses -taren 2t 3 Locationc:

Lecation L: 6 inches
Location 2: 18 inches
Location 3: 60 inches
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"STRUDL" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 6
Beam Selected: W10x49
End Conditions: Fixed-free

Analvses taken at 3 Locationc:

Location 1: 0 inches
Location 2: 96 inches ,
Location 3: 192 inches
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Table 5.6 — STRUDL/HAND-CALC. COMPARISON,




"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 7 '
Beam Selected: W6x15
End Conditions: Fixed-Free

Analvses taken at 3 Locations:

O S AL

Location 1 0 inches i
Location 2: 12.6 inches '
Location 3 42 inches
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"STRUDL" AND HAND-CALCULATION RESULTS

COMPARISON TABLE

Problem: 8
Beam Seiected: W3x67
End Conditions: Fixed-fFree

Anaivces taken at 3 Locations:

Location 1: 0 inches
Location 2: 32.4 inches ‘
Location 3: 108 inches
L
N
\
N
N -
T —— = ] ) . .
N D e <= s & <= =
! 1 TV e
| i che NTINV
| {
id 324" o
i‘\ ."OSI: >
G it
L--“{(__,:;:: -
i
b
i
e
- _.‘Q:__ —_———— s
'
E
)
Iy

~J
(%)




e 2 1 P ! o2 FR $? ' 32 1 PR [T 'S P [ 5 [T
Y- ) i [ 1 o C. (i) H [aa} [l (@) I o <o 2 ! « 1 1
n [
Coy i i
) 1 1
P 1 1
- . " - 0
" n
- id n 5
i "
T~ I (V&) (8] " 1
< (N [ I ] T Oy we oo NS} o3 (SN NS I 1
Y n oy e Ty on £ e [VSIRS e Cloog o
. . vt e d Q) o) L Q) i [N A A 1Dl
(%1 [SV BN . - . - - L] - et - . - D
R (@) ] ! [ t t Cr (&) ] ] [P t I [ i I < T ) [ 1 - 1 0 H ' I
— u h
] . . . . . e . PO T e e . - ey
[ cem e e e e e — e AR [ . i ’
3] PR R ] 2 PR PO <L B | R I I3 £
L SR SRR [ NI N L V) 40 Vo w00 OO e 1 <
O — e O - e O e O M e e O It £r
= po- b t b - b it [o
w [ R Lne-- UN [ I IPEn T N e it P e I
r— [ € [ SENte) [orl g1 [ S 4] 11} ¢l a1 1] -
] o P o S €2 R H P : M
(] oo T O Q. heliNal O I Q H O (. 35O I «
t o [ SURT R € [ . € r- 1 [SEET I [ ST ti <p]
s G) o [0V IR B s6 | e Q) v (o8 BN % T 29 ] Qv il [sD I % B ve | c) v i r
[ [SE IR (SO S (SR 1y oS- (=0 B S [22 R il . T [ " =
] [ [} O ] [} o ] o] @) I
x b-- k- [ b-- - - u b— t- " 3%
= 1 " pEN
[ I8 [
n 1t w
n !
" i N
1 it (&9
1 il -1 -t
1 I = P~
1} I ()
: " ! 1
i I o}
I 1 %
v li n T
FS) o o] (&) < (s} (5} (&) < () [&] < oo < < (@] [ D I
— 1 it -
) .- . . .. - . .. . .. .. e . . .- .. . T v
»r - .- — — - - —- - o - —~ — e - - o oo e =
[«Y) 2 3] = (53] = [t+] 4 3] < [3+1 2 L3¢ I [s¢} 2 (5] e 30 w
[o% 1) 4 Lo e v 43 IR 2 L s ) 2 n 0 > } 0 ) PN 22
~ o ~ - (@] —- (9] — O — o ~— [T LI (&) —— (@) e [N B-d
= b = b= b b= = n — be- = v
! N on o n &) o [ -] tn n ]
o I c c o c o N I I " !
o] e - - ‘- - - noe— — o= f
< s Rl o < T = [l ] = 3 1l m
b= [ [ < c c: [ad LI ot [ [ i N
%) W a © ) @ © oo o (%) 1 Cal
. = [3¥] (93] [¢0) (s3] (e ] (¢8) [[ B =s] [¢¥] (98] fl o
" 1"
[ n —
; " i o
- o — s} o - [} noo et o 1 @
o H [ =
fl ]
] [
c . ] ]
o < i . 1]
c— — 1 [« u
e r~ . [l — "
[4°] Yo = < ] i
(8] > - . " o] 1
o [so] o~ " (] n
— = o [as) i — 1




"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 8
deam Selected: C10x20 !
n nditions: Fixed-Free i

Analysas taken at 3 locations:

Location 1: 0 inches
Location 2: 18 inches . .
Location 3: 60 inches
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L i bt it AR PO s 2 i

' Location Pt. “STRUDL" Results "Hand-Calc" Results o % Diff
_ C10x20 0 Bending {gw): -9.493291 Bending {ow): -9.494 0%
l ‘Torsional {(cw): 63.157
Total: -9.493291 Total: 53.563 32.3%
I 1 Bending (cn): -9.4932901 seading (0.L): -9.494 0%
Torsional {Cw): 30.276
Total: -9.493291 Tctal: 20.782 54.3%
l 2 Bernding {Tu): .7725742 Bending (Ti): 733 5.1%
: 0 in Torsional {Tv): D
' Warping (Twg: 3.502
' Total: .7725742 Total: 4.235 81,74
3 gending (T.): 1.613210 Bending (Tv): 1.634 ¢ L 3%
l Torsienal (i ): O |
Warping (Tws): 2.0C6
i Total: 1.613310 Total: 3.640 55.7%
l 0 S8ending {(ged: -4.0651712 Bending (gv): -4.652 0%
. Torsional {(gw): =-12.995%
. total: -4.651712 Total: -17.647 73.06%
. 1 Bending {Ju): -4.651712 Bending (o) -4.652 0%
P forsional {Qw): -6.229
l Totai: -4.651712 Total: -10.8281 57.2%
2 8ending {7,): .5408019 Bending {Ts): .513 5.1%
l 18 in, Torsional (T:): 8.658
Warping (Twsj: 2.601
Tetal: .5408016 Total: 11.772 §5.4%
' 3 dending (C.): 1.129317 Bending (Tv): 1.144 1.3%
Torzional (Ce): 7.526
Warping (Tus): 1.490
l Total: 1.129317 Tetal: 10.160 88.9%
0 Bending (Cwu): O Bending {Gv): 0 0%
'- Terzional (gw): 0 .
Total: O Total: ¢ 0%
l T Zending (Gu): © Bending (g): O 0%
; Torcional {cwi: C
‘ Tobtal: O Total: C 0%
' 2 Bending {T,): O : Bending (Tu}: O 0%
60 in. Torsional (T:): 3.105
Warping (Tu): .2353
l Totai: O Totai: 3.360 -- '
3 Bending (T.j: O Bending (Tu): C c%
' Torsional (T:): 2.699
..... e o 3 '.'Jarpinq__(_"(,_,f‘) 1,146
Total: 0 Total: 2.845 -- T

Table 5.9 — STRUDL/HAND-CALC. COMPARISON, TROBLEM §

' ih




"STRUDL" AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 10
Beam Selected: C€12x30
“ad Cond:tinns: Fixed-Free !

Analyses taken at 3 Locations:

LA

Lecation 1: 0 inches
Location 2: 32.4 inches . .
Lecation 3: 102 inches
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Location Pt. “STRUDL" Results "Hand-Calc" Results L Diff
C12x30 0 8ending (0n): 0 Bending (on): O 0%
Torsional (gw): -15.411
Total: 0 Total: -15.411 --
1 Bending (¢u): O Bending (¢uv): O A
Torsional (Ow): -6.612
Total: 0 Total: -6.612 --
2 Bending (T.): N Bending (7,): O ox
0 in Torsional (¢:): 0
Warping (Tw): -.344
Total: G Total: -.3 --
3 Bending (T,): O Bending (7,}): C 0%
Torsional {7T:): C
Warping [Tus): -.109
fotai: 0 Tetal: -.169 -~
0 Bending (oun}: O Bending [Cu): O (A
Torsional {ow): -4.554
Total: O Total: -4.554 --
1 Bending (¢.): O Bending (o.): O 0%
Torsional (cw): -1.954
Total: 0 Total: -1.054 --
2 Bending {T,): 0 Bending (Tw): O 0%
32.4 1n. Torsional (Te}: -5.058 ‘
Warping {Cup: -.3285
Total: © Totai: -32.442 --
3 Zending (7, }: 0O gerding (T,): O 0%
Torsional (T:): -5.149
Warping (ue): -. 125
Total: 0 Total: -%.33%8 -
0 Bending (a,): O Bending (04} © 0%
Torsional (Ow}: O
Jotai: 0 Total: O 0%
1 gending (Cs): O Bending (o 0 0%
Torsional {(ow): 0
Total: 0 Totai: O 0%
2 Bending (7,): C Bending {(vj: O D%
108 in. Torsionatl (T:): -2.344
Warping (Z.s): .248
Total: O Totali: -2.096 --
3 Bending (T,): O dending (Thn): O 0%
Torsional (T.): -2.386
“Warping (Te): 122
Total: 5 Total: -2.264 --
Table 5.10 - STRUDL/HAND-CALC. COMPARISON, PROBLEY 10
78.




"STRUDL" AND HAND-CALCULATION RESHLTS

COMPARISON TABLE

Problem:
Beam Selected:
tnd Conditions:

Y e

5x%9 {
ived-Free

Analyvses taken at 3 Locations:

1Lt Ll Ll

Location 1: 0 inches
Location 2: 12.6 inches ! '
Location 3: 42 - inches
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"STRUDL"™ AND HAND-CALCULATION RESULTS
COMPARISON TABLE

Problem: 12 !
Beam Selected: MCl8x42
End Conditions: Fixed-Free

Analvses taken at 3 iLocaticns:

Lecation 1: 0 inches '
Location 2: 96 inches '
Location 3: 192 inches
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"Hand-Calc"
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Location

Bending

9. 35065
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0

MC1Sx42

[¥g)

39.05638 76.1%

Total:

w
O

0
(o)

Total:
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9

Bending {0, ):

9.35055
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Table 5.12 - STRUDL/HAND-CALC. COr
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Chapter Six

CONCLUSIONS

An automated procedure for analyzing plane bending, torsional and

warping stresses can be validated through hand-calcuiated problems that are

‘based on a proven and acceptable anaiysis method. The Torsional Analysis

Case Charts developed by the Bethlehem Steel corporation are an accentab]

(4]

|
analysis method, and can therefcre be used to verify thne stress analysi
) ¥

(%]

“TORSION" program.

The comparison tables between the "TORSION" strecc ocutput and the
hand-calculated results indicates that the percent differences ' in the
torsional and warping stresses calculated by the two analysis methods are
stight, and that the "TORSION" program reasonably calculates the variogus
torsional and warping stresses in open steel members,

However, some significant errors were Jjdentified in "TORSIGN':3"
analysis of plane bending stresses, In four tecst preobiemc Involuing

members with "fixed-free” boundary conditions, the program caicuiated niane

i3

bending stresses that increased along the member's length from the sunport
to the free end. These discrepancies could be a result of the FERTRAN re-
compilation for the program, and warrant furiher review and vaiidatian of

"TORSION's" plane bending stress analysis sub-routines.

Other differences in the stress results are attributed to wvariations
in the two analysis methods., In the hand-calculations, the piane bending
stresses were calculated at peoints on the exireme fibers of the member -

cross-section, whereas torsional and warping stresses were zalcu
points at the flange mid-thickress of the <c¢reoss-section, Wren b ¢ ane

bending and torsional stresces were Gater combired, thigs offnet ir the




points of calculation contributed to some of the difference in the overall
flange stresses determined by the two analysis methods.

The program "TORSION" also assumed that alil plane bending 1ioads are
applied at the shear center of each member. Therefore, the program did no
calculate the additional torsional load on a channel'c cross-sectisn caused
by the eccentricity beltween tne point of load application on the cantroid
and the shear center. Since these eccentrically-induced torsicnal loads

for the <channel sections were included in the hand-calculaticont

differences between the two analysic meihods aiso resuitad

Other errors that resulted in the percent differences iiiustrated in
the comparison tabies must be shared by errors in the "TORSION" program and
errors 1in the hand-calculations due to torsional functien iﬁterpélaticn:

that are inherent with using the Torsional Analysis Case Charts.

Q7
[S RN
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Problem No.

10

11

12

APPENDIX A

HAND~CALCULATIONS

Beam Selected

W14x109
W14x159
Wi2x79
W14x90
W8x15
W10x49
W6x15
W8x67
C10x20
€12x30
C5x9

MC18x42

End Conditions

Fixed-Free
Pinned-Fixed *,
Pinned-Pinned
Fixed-Fixed
Fixed-Free
Fixed-Free
Fixed-Free
Fixed-Free
Fixed-Free
Fixed-Free
Fixed-free

Fixed-Free



HAND- CALCULATIONS |
FOR PROBLEM 1 .

- BEAM SELECTED: Widx 109

END CONDITIONS: FIXED - FREE

55(

i

PIIP DI IA A

> D > ————»lj J
WA'S IR 50 k-

= 210" —

30011

A-2




SHEAR & MOMENT DIAGRAMS

i
MA*IOZ.;.W S
Ex =)0" . /h K
— ‘)T V> > > —>—x ) 4+— 10
'27’5)( B W28 KN/ Sok-N
L 210" . qo”-—»l
SK
- SHEAR.
MomenT: L///
1050 K-IN
TORSION: l
5o K-IN
102.5 K-IN

W14y 109 DIMENSIONS & PROPERTIES |

3

A= 3Zin? T = 12907 Cuw = 20200  Qr = H17ir

d = M4.3Zm Ty = 447 inM o = §5.9%i Ow = 959 ix3

tw= .525in Sx = 17343 Ww = HT.] in? E = 79000 ks .
be> 14.605in Sy = £1.2ia3 Sy = 1S54 in 6 = 11200 «s 3
tr = .86in T = 7214

A-3




PLANE BENDING STRESSES

A. LONGITUDINAL BENDING STRESSES

613 : MB/SX

AT SUPPORT . 86 = ~1050 k‘myl?S w3 T = 6.069Y ks

AT 7L (210"); &a< O s

AT FREt Ewp & g O kst

B. MAXIMUM WEDB SHEAR STRESSES

Cu = VON/Itw

(gv in
Z-uu - \5 )(‘?5‘7, 3)/(1270),,'/)(.5-25 in_)

7366 4]

@

AT SuPPoRT

ky( 4597
AT 7L (210"): T = (595 )/(;zqoinv)(.szs;o)f 7366 kst

AT FREE END: T 0O xst




C. MAXxMUM FLANGE SHEAR STRESSES

CF - VQF/I#

.
ar somoer: Tr e ST o gein) = L1932 4

AT L (210"):  TF = (x(Hz }"1)/(/2% in)(-865n) = 1937 iy

AT FREE ENO: T = Oxs

TORSIONAL STRESSES

A. TORS510NAL FUNCTION S

use LJg- 390 fsegn 235

) TORSIONAL LoD L  M: S0wm 47 200" (.71)

UsE  CAse q} =7

AT SUPPORT cb.[%f-] = . Q 0
@'ﬁ[%?-z“} SR NN
o I .0 =0
oF 9%21J = -0 Q7 -RameE

AT L (210"): Gb[%%] = 16 SQ = 062405
3" [53-2] = -9 L@ s -2.630810°
6 [83] -y @ = 0002
LS S 2 4511750078



AT FLEE ENo ] Y4
. 2 - O
= ..2%

2 .

J

Gu 3\ 3(8 ;]a

@ -
0’ [
(%]
55

@"’

“. 2) TORSIONAL LOAD 2

USE CASE 10, &= .7

AT SUPPORT

E4[a
ﬁLA
—3
1
— O

19110
—
] [RY
[# Y
n

3
]
O =

SYSHISEY

-

o

{
L)
I o
S A

AT L (210")

S &
()
oy

&S S

.= * b b

r—‘c:l';“\r;'[——‘llz 4

T RERH

t it e — 3 [
it

%
1] ft

™)

oQ

—
P
2

i " ¥

AT FREE END:

.
>

.

e
?tu !
o

SYESYRSYESS
"—C‘\l‘r—“
3'(4?1

l____]l_——lb-/—-‘

t

A-6

25 X"

o6 6 6
It

FROM

I

= . 000/7556]

= 2384819 5107

0"'n 210"

0
49593 5 107
0

0283437

-7.83758x1077

000lo721y
}'3835 on-g

.02Y6j35
O

.0000267%4%

AT

= ~0.99343 510

”

2.653%% »1p7”




O, @' @" For LOADS 1 AND 2

3) SUMMATION OF

AT SuppokT. @ =

gbh -

P,

0" -

AT L (20" @ =
: @H =

®IH I

@ =

AT e evp: Q=
i

> -

®Hl -

0
14363 51075

0
~1.775 £f0°7

0912557 !

-2 Y1ys5¢ 5 ph
0003906
~3.125¢4 x o8

1163885

0

.000202Y59

2.7502 0"

B. STRES5 CALCOLATIONS

1) TORSIONAL SHEAR STRESSES

AT SUPPORT

AT () Ter e (11200 ks )(.8¢in) (0003906 /) = 37¢23 ks

+Fs -(36”

Ct = GtQ' tw: 525"

Zor = (11200 ks Y 36w )(0) 7 O s
Cew = (//700 k‘Sl)(,foln)(O) >0 ks

(b - (//ZOO Kﬁ)(.§7§/’n_)(.0003905///;)~' 22973 ks




ar rege pno: Tees (1120065 )( 3600 )( 000202959) = 195009 ks
' Zen = (11200 xs/)(.§25ln)[.00020275¢) = 119096 kst

Z) WARPING NOEMAL STKESSES

MAXIMUM AT Fiangt 5!
61005 : E CUnoCb” ong: Y9.] jn?

AT SuPPORT.  Sws < (2'7000 Ks:)(ﬁ/iﬂ)(kl%w am'f) < 162848 g‘;/
At L (20"); Gus = (29800 e)(499.0 w)(-3.1956,10%) = -Y.836199 s

AT FREE ENO ! "6)(45 s (27000 K.Sl)(('l’i/fn"’-‘)( O) = 0 ks

3) WARPING . SHEAE STRESSES

MAXAUM AT FLANGE CeNvTiRS!

"'E 5 "
Cus * t“’5 @ Sus: [5YinY ) £F= B8in
: -~ (~29000 ks)(1S4 D) £ LY
AT SUPPORT ©  Tows = ) (-1.95 s 7) = 9088 s
290006 ks))( 159 In4) ,
At 0 (20): Turr 2 (g“;?f) (-3iz5¢9s/0°2) = 1624 5

AT Fese ENO:  us - ['2700{0 /(S/)()/.;’//'n‘/) (2 75025 /0 ~9) s = Y28 K
. 86 in

A-8




¥

HAND- CALCULATIONS |
FOR PROBLEM 2 ]

BEAM SELECTED : W4y 159
END CONDITIONS . PINNED - FIXED

Sy S, S

Sy,
O v

C’dl 7

25 K—)N/;N

Y

S
S

TITITTIFT

1"
437




[SHEAR & FMoMENT DIAGRANS

12¥ |
1 N A
J &A )}L e e - L: J KBvMB
A ‘ q' (108) \ . _ .25 W-dw /1w ;
; : - N

3 (4319

- P8 (a2t) = (0 (902%) - 759"
1 2(3)}

Re: P (30%-a2) = 12(0)(3(30% () - 44/"

74° | 2 (36
Me» Pab (atd) = 12(9)(27) (9436) = 50.425"°7 " Ccorg™™
21t Z7(36)°
7,§q“
SHEAR:
gy ¥
19,72 ¥

MOMENT: /\\

6675

ToRSION .

ﬂ 108 K-IN




Wi x 159 DIMENSIONS & PROPEKTIES

= 467 7 I = 1900i0¢  Cw = 35600 inf  Qr > 613703
d = 1448 Ty = 748 inY a = 6630 Quo = 143 in3
b = 15.565in  Sx = 2543 Wne = 537 in? E = 29000 ks
ke = )19 m Sy = WZmd 5, = 249t G = 11200 ks

to = .745i0a T s 198 ¢

[ PLANE BENDING STRESSES

A. LONGITUDINAL BENDING STRESSES

68 = Ma/Sx

AT BWNED SuproRT: Sz Qs
| 4d/ud
AT PonT Loao (108"): &= VP2 osiins = 3.227 ws

— 7' | ]
Al Flxtp SupPolT . 66 = 607.5 /2’54 i3 7 = 2.397 ksi

B. MAXIMUM WEB SHEAR STRESSES

V@w
?”" T Itw

(-7.59 ")(ws;n‘)/

AT PIWNED SuPfoRT. Cu = (Momn‘/)(.?l/s’in) = =767 ksl

(-7.54 ")(l‘i3!n3)/(

AT POINT L0AD (103"). T = /?0010‘*)(.7‘/5/‘4) 2 =07 s

(.40 (193 M)/(/‘Ioo |
In

AT AXED SureoRT . Tws= W) (Y5 m) =YY ks

A-11




C. MAXIMUM FLAMGE SHEAR smgssg
Tr = V9 /140

7.59%)(61.3 in3)
AT BINNED SupporT:  CF- (- etz /(/700/n")(/f/'")’ =206 ksi

(-2.59%)(€1.3 /nl)/

AT POkt LoAp (1868"): Tr- (1900 in")(1171) = =206 xs

. k 'h3 . !
AT F\XE[) SUfPo['r.‘ Z-F - (L/l{/ )(g/3 /h )/(/qoo /"1‘{)( /lqu;nj - .;20 K51

| TORSIONAL STRESSES |

A. TORSIONAL FUNCTIONS

Use La: 93 /s s can

TORSIONAL LOAD 1:  m=-.25 ¥/ FROM 0" T 432"

USE CASE 12
AT PINNtb 50PPORT . @ - [—G-,g'z"z] =0 S0 =0
Cb» [934] = 0 - (jl!: o
@2 -3z S0 1230 s
" [%“] = .o S -165057 .
AT PowT Load (103"): (D [‘C':‘:‘S 1(11 ] = 7025 q) = .010¢Y4
" [&3] = -5 @ = 845509107
o-[%3] = - LG e camrranes
o-[2] - 20 D R STV

A-12




[
(WY

AT FixgD SUPPORT: @-l-,;-a"zJ = 0 ~ 0 :0
| ¢ [Z] < 231 L0 = 2o
) Z i
o [£3] <9 L0 0
(D'"-[C%] = =34 SO Belgtat
B. STRESS CALCULATIONS
) TORSIONAL SHEAR STRESSES I

Ci: Gt@'
AT PINED Sureort - Tew = (11200 k) (7950 ) (123055 J07%) = 1,079 ke

CtF = (/)ZOO J(sl\)(/-yl 5'))(/.23/%4/0‘(") z .!,ng g5

AT PONT Lomo (168") © Tew = (1120016)(- 7450 £.92979 3 0075) = .57 xo
Ter = (11200 k6 )(1.0912) (6.92999 51675 = 974 vs1

AT F\XMO BuPPORT. T = (/lzoo /"II)(.7‘/S[0J (o) = 0 xn
Ter > (11200 /0/:)(/./7/?)) (O) = O ks

MAXIMUM AT FLANGE TIPS!

2) WARPING NORMAL STRESSES Was 2 53.7in°
Gwsz E W @"
AT PINNED SUPPORT .  QGuws = (27000 xst(SS.’);n’)(o) = 0 s

e
RCHENRY

18]

AT POIT LoAD C108"). @ws = (29000 s )(537:,2) (3.45504,10™)
AT FIND SuPPORT.  Gus = (29000 kS;)(53.7in7)('2.(77'/‘/—\}0'€) 7 =407 ¢si




3) WARFING SHEAR STRESSES
) MAXIMUM AT FLANGE CEMTIAS!

Cuas = a%‘u‘¢m Suz 298 inY tr e [ 1qin
AT PIumep suprorT: Tus —[m?:j;?»gzqgw (- 1650598 2102) = 100 s
AT tont Lono (i03"): Tos 'mefj%f)qz LOYST U 6) 7 026 ry
AT FIAED SupporT: [ws: ~(zq000(ij(;)i>z‘ i (5.(//9%/0'5) S - 5391




HAND- CALCULATIONS
FOR PROBLEM 3 |

" BEAM SELECTED: WI2x 79
END CONDITIONS: PINNED - PINNED




SHEAR € MOMENT DIAGRAMS |

Q¥ 25 n
Mix = 69;{) §>N-fE----------f;----—<£ ;}MQX' TR
N
% |
- 257" =} |
!
~ 360" —}. ,

NO PLANE BENDIMNG LOADS 0R STY%

23.5 ko

ToRSION: | . ' l

LS Kin

€lLG¥ N

| WI2x79_DIMENSIONS & PROPERTIES |

A=232im L= 5620 Co = 933000 Qr = 2C2 ;0
d =1238in Iy =216 & = 703im Quw = 595 -5
br = 12.08n Sx =107 i3 Wp = 362 in? E = 29000 v
tw = 47w Sy =358 Su = TQId G T 11200 e
tF = 7350 J =383y iwv

i
n

1)

| TORSIONAL STRESSES |

A TORSIONAL  FUNCTIONS

USE La= 36079540 - 59

A-16




-

D TORSIONAL LOAD 1 : M= 6o kv a7

USE CASE 3, 0ol:.]

AT LEFT SuppoRT . (D [-GFJ%] = 0
o [82] - o
o8] = .29
Q)m'[@l\%z] = -]
AT L (36): O l%s-?] = 138
o [5F] - -5
o [E] = 2
' " 2
) [é-f-:*] z -]
AT 7L (252). @ [%5] = .13
o' [ = -0
o 18] -o
" [5F] = oz
AT Rignt sumer: @b [SE] = 0
@”-[E’%@] -0
(]5'-[9’3]1 2 =09
o] = o

—

1

i

¢ -
0 -
P -
o

AL (36")

=0
> Yols7gan©

T 1772195 1677
i

!

.C1308%
-2.97¢7220077

< ilgeT s ot

z 5.(‘1’575 »1077

-1.2585% x 10"
822871071

-
-

N L O o




2) TORSIONAL LOAD 2 © M= 25 ar 70 (252")

USE CASE 3 ,9:.3 From Tue RignT!

5] = o :
I [Q_J_Q] - ¢n 0
b 637 © L0 o
@"[ﬂzj = .27 NI RISE I
" [&F] = -03 L@ = -3.52089 g
AT L (36") ! ¢”’[§L] T .05 (2,‘ = Q05232 .
0" [55] = o Ly
@,[g’%} =27 L@ T 56 a0
' i ? I
@ [("‘E%J * 703 L@ 7 -3.52089 a0
At T (zs2n: @[] - s Q= 0706
0[5 ] = - L@t = 385627 a0
o [F] = - Lo = -1.09832 X0
P [E] - - 0" =5 sz U3

AT KIGHT SUfPoRT: QD [m =0 @ =0
] [9_3_5] = . LA
Ol 0 L0 =0
@’-["MJ = -yq g)’ = 2273705 ~1)7%
0" %] s Q" = 270525 51078




3) SUMMATION OF @,@d.0" FoR LoADS 1 AND2

AT LEFT SUPPORT .

0]
= 0
541524 10~
= -]7572Y %1077

AS RS R S IR
1

AT LIL (36"): Q) oqu
Qﬁ -C, 16847 x 1076
CD
Cb

49917 510™"
- }‘18307 31077

AT L (252 = .037123

Q' = -4.08394 107
@ z -2, /ezquo"’
0" =

AT RIGHT SumeT: () = 0

¢ =
@' = -2.93763 a107Y
@ = 2.98754 21078

B. STRESS CALCOLATIONS

D) TORSIONAL SHEAR STRESSES

: tus: .Y7in
.Z.t= Gt(bl tFe 73500




AT Lert somoels Tew = (11200k6) (870) (S61520500°) = 2 06 v
Zerz (11260 s1) [,735/,,)(5.6/52%/(5"’) T Y62 kst

AT LIL [35").’ Ciw < (//.700}15/) (.‘/7/')1_)(‘/.‘{‘}7/7}/0“') = 2.37 ks
ZeE? (//200 kSl) (. 7351%)(6’,‘!77/7)/0') = 370 K
= “//[/ K5t

AT L (252°) Ttw = (11200 8)( 475) (—2_/(243/5—'/)
TtF = (1/2001:51_)(-735/"7)(’2. /{27,»/0"’) = -/ 7% kg

AT Rigut SureorT.  Céw = (11200 K§1)< °L{7/'h) (“3-73763 x/O':[) = =710 ks
zer = (11200 60 ) (735 )(-3.98763 170™) = ~3.28 xs

2) WARPING NORMAL STRESSES

v FLANGE TiP5!

MAXMUM

G = EWn®" fun = 352 in?

AT LEFT supeotts S = (29000 krr)(35.2}n?)(0> = 0 kst

-6.297 ks

AT AL (36"): e = (29000 xs)( 352 2 )(-€ 18842 10°¢) -

AT L (2529); S = (29000 ks )( 35,2 in2)( =Y. 1§34 51075) = =Y. 271 ks

At Ricne SuppoeT: Sw = (79000 k1) (352 ;hz)(o) = 0 ks

A-20




3) WARPING SHWEAR STRESSES
' . MAXINON AT FLANGE CENTERS!

"'ES.U (i
Cu - e @ 1r= 7351, Sw = 78.040¥

- 29000 ksi)( 78.) in¥)
AT LEFT SuphorT: (s ( (.7357 ) (—/.757274/0—7) = .59/ jem

. (29000 k1) (78.1 in¥)
ar L (3 Tw: Spmgeny— (~1.983072107) {1/ ws

t

At AL(25") T "(mof f;'f;“ " (-G ases09) 5 20t

(99000 k) (780 1Y) N
AT RIGHT Sypeot: T (29 (._732’{") (2.7X75‘/ x/0 O 7092 kg

A-21




HAND - CALCULATIONS
FOR PROBLEM 4

© BEAM SELECTED: WItx 90
END CONDITIONS: FIXED~ FIXED

YIIVIPI IS

> > ————>>

. 6 KIFT
TV v 3 3 VvV 3ay vV v ¥ ¥ ¥ v 3
> T 37,; >4 = —
- 240" >

490" —-

]

A-22
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\ Kerr nex N
M 6 1 06 ¥ {\T ay
L O P ) Lee s
» » — > »
R S RO 'S/ S0 Kein
S 90 .
- ;—| '
- i ng——-——v-}
Ra-Rr-12F :

Ma: Mp: .1‘17.(105 V/IN)‘CLI'JO .W)Z =-960uw
Mess = 74( .05 ) (430 m)® = 430 vm

17¥

SHEAL: R -
‘\J ﬂk . -
a0 k-4

MOMENT: | /_\
e N

J60 K-1w 960 k-1v

712:L—————_’——'-——’j]q7KW
TORSION: L_____’;,/——’)zs kel

Qi

[W14x90 DIMENSIONS & PROPERTIES |

Az 2657 tr= lin Sy = H499m3  Whe = Y8387 £ 29000 ks
d = 14.0Zin Tx= 999 4 J = 406w% S - 75wt Gos 11200 ke
br= 14.621m Ty = 362iw%  (w=16000in" @QF = 337in3
vz Y4 Sx = 143 ju3 = 1o]in Gu = 73.3 m?

1

A=23




[PLANE BENDING STRESSES

A. LONGITUDINAL BRENDING STRESSES

ds : Me/Sx

. v ) - GOV"N -
AT L ® RieHT SurPoRts:  Ga s T TON/1i3 s = Lg4133 ks

AT 5L (290"): Go: TN 13 s - 33246 ke

B. MAXIMUM WEB SHEAR STRESSES

Yo V@u/l,t“
)(78.3in3
AT LEFT { RIGHT SuprorTs: Cws= (2:)(72.3ir J/ (999 w¥)( i) = 2.1376 ksi

AT 5L (290"): Zw: O s

C. MAXIMUM FLANGE SHEAR STRESSES

Cr- VQF/ItF
AT LEFT & RIGHT SuProrTS:  (F < (IZ“)(33-7""3)/(@747;,,4)(.7/;»,) 5760 ksl

AT 5L(290"):  (Fz O ws

A-24




[ TRSIONAL STRESSES

A. TORSIONAL FUNCTION'S

use  “a: 480710+ 495

D TORSIONAL LoAp 1.

USE CASE 6,02 .5

AT LEFT & RIGHT SUPPORTS

: ’Qi -
(b”' %é’?‘!}l O
@l'[()m] = Yyl
5[] 5

M +
AT .5L (240"):
63

c{Pa] = .26
g"-[[—%ﬂ] .
6 121 - o
0" % 75

2) TORSIONAL LOAD 2.

USE CAsE 7

M= 50 gw AT 240"(.5L)

a = O ‘
L = Y6363 5107
L@ =0
" = $5.3395600%
. O = .03996
Q" = -4.46343, 107
¢ < o

®" = 5 5.38456, 078

Cm: .3 ¥ FRom 0" To 480"

- A-25




AT LEFT L RIGHT SUPPORTS:

Qﬁ'[fé}] =0

n 63,24 -

¢1 [G’;,ZL - 5(&
0) [T;‘ rl =0
" [% %] - 5100

AT 5L (290"
@ - [é:?a%] = .3
q)u. [gié] = -73

1122, =

05111'[@3 ;az - 0
(D .[,,,- —r] =0

O
9.09275 x 10
=0

= 5,55219 107"

L}

.057577
R Wl A
"0

n

n

FOR LOADS T AMD Z

3) SUMMATION OF Q0! Q. Q"

@

¢ I
@I
@m

Q.-
@" -
@I
@l“

1l

AT LEFT ¢ RiGHT SUPPORTS .

i

H

u

AT 5L (240%)!

n 11}

0
135564 107

0
¥ 2090146 «1077

.097553
~-9.06937 107t
0

% 5.3995¢ » 107




B. STRESS CALCULATIONS

) TORSIONAL SHEAR STRESSES

tne Yy
?t’ Gt@, tre T

AT LEFT [ RIGHT SupPoRTs:

[ (I/ZOO KSI)(."I"'/IN)(O) T 0 ks
Ter = (11260 Kn)(.7//~) (O) : 0 ks

ar 5L(240%)1 Towr (120069 )(49w)(0) = O ks
TtF = (HZOO KS!)(.7/W_)C-OJ 0 ko

2) WARPING NORMAL STRESSES

Ows = EWas @" Pas: Y8.3in%
AT LEFT £ RIGHT SuPRORTS '
Sus = (29000 s )(48.31w2)( 135564 31075 ) = /4.9 xs1

AT 5L (296"):  Ss: (29000 ks )( 493 /n’)(‘Z.Oés’zn/o") = ~]]30 ks

A-27




3) WARPING SHEAR STRESSES

MAMMUM AT FLANEE CEnTiRS!
?NS - EtS“ O"' Sw: lZg}n"J te:.71 n, -

AT LEFT £ RigHT SUPPORTS

i (128 i%) /- _
Cws = [ZQOO%;‘/SM,))[ SinY) (" Z2.091146 '\/0-7,) =+ .07 kst

|

AT 5L (240"):

. 125009 1
T R (a5 35 ): 5 08

A-28




HAND- CALCULATIONS
FOR PROBLEM 5

BEAM SELECTED: w8xI5
END CONDITIONS: FIXED- FREE

1 K/FT

T T A0 T U U 3V T 1

V-IIIIII 874

4 30 k-IN

I
(




SHEAR & MOMEMT DIAGKAMS

| ¥rr: 0333 ¥
T T
Vv v v oo

| - 60" =f

SHEAL. L
MOMENT

150 k-IN

TOKSION.

‘3°¥ﬂ~

W8x!5 DIMENSIONS & PROPERTIES

i

H3.0inY  Cw = S5L3mé  Qf = 73§53
341 jnY a = 3l.4nm Qu = £.78 ;3
1.8in3 " Wne = .84 in? E o= 29000 ks
17 ind Sw= 242 G = 11200 ks
36 Rt

A = Hyyin? Iy
Jd = B.1In I+
bl‘ = H0I5n Sy
tw - L2495 in Sv
tr = .315m J

t

u

{1

u




PLANE_BENDING STRESSES

A. LoN6ITUDINAL BENDING STRESSES

ds = MB/SX

- 150 K-W/}

AT SUPPORT: OB = 18923 ° =12.717 xs

AT AL (18 ds: ‘73'5”"”///.52;"3 = =£.229 ks

AT FRE END' oe: O ks

B. MAxMUM WER SHEAR STRESSES

Zw : VQW/I'tw

w)(6.1% in3
AT SUPPIRT . % (s)(6.18 %‘f’&?n")(.ZH‘SIh) = 2838% ki

gt 0wy Twe BNETBINN e N 24zn) s 2008 xs

AT FREE END: (w: Q xs

C. MAXIMUM FLANGE SHEAR STRESSES

T - V@F/Itr

(5%)(z.33 M)/(q

AT sutrert:  (F+ 2i0){ 31500} = 787 s

A-31




ar 3L (187 (r - (3‘5’()(2‘337”3)/(48;»4)(.3/5,'-0) = 550 ks

AT FREE EnD: Cez O ws

L TORSIONAL STRESSES

A, TORSIONAL FUNCTIONS -

USE L/a = €O/ziyn = 19

) TORSIONAL LOAD 1 M= 30%" 47 1" (30

USE CASE 9,0=.%

AT SUPPOLT . @-%]:O P =0
@' 2321 = .y L@l 00027559
(D'-‘[C—’%] =0 L@ s 0
qu. ch:‘l] = -0 (j”’: ’-OOOO/‘qqg
Aoy @[] < o5 L - 030927
¢"’-[9—§4~“] = .09 © Q= -.00005645
1) [9’%] = L@ = 001968
®:;,.[_G__3'r_l%}] - -9 ®r(x: - 00001793
AT Freg ol Q) (8] = 3 Q= 030347
¢" %] <o S0 =0
@[] - oy S = 0007878
" 1s32] < oy L@ 7990

A-32




B. STRESS CALCULATIONS

) TORSIONAL SHEAR STRESSES

1F= .35 in
Ct- Gt®’ tw: .74Sin

“ :‘\T SUPPORT Ctw = (//ZOO ky)( .Z‘IS/h)(O) 0

Tees (11200 1) 35 )(0) = O wp

at 308 Tem = (11200 k) 295 ) .0019¢95) = 5 40y o
Zer e (11200 60 )( 315 )(.0019¢95) = €947 v

At Rree ;. Tiw = (11200 160) (2450 )(.0007873) = 2.1¢2 2
Ter = (11200 6) (3152 )( 0007979) = 2779 45

2) WARPING NORMAL STRESSES

MAXIMUM AT FLANGE TiPS!
)1
Ows = E Whne 0) Wao= 7.8Y4iw "

AT SupeetT: G = (29000 mz)(7,8‘f/»2)(.000275‘74) T £2.749 ksi
At 3L087): Gws = (29000 ks)(784152) (= 0000 5¢75) = ~12.934 s

AT RREE Eno: G = (29000 ks )( 794 52)(0) = O ks
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3) WARPING SHEAR STRESSES

MAXIMUM AT FLANGE CENTEES!

-ESw .,
Cuws = <@ Swe Z47in " LEz 305 1m
- (29 K1 7 inY
AT SUPPORT: Tws = S 0023155);%? t )(".OOOOJM‘Z:) : Y543 ko
o -(79000 ks1)( 7.97 in¥)
AT 3L (187 Tus: 1 (315 (". 0000/775’) = H089 ke

~Z9000 ks))(2.47

i

AT FREE ENO:  Tws < (315 1)

M r99:0677) = = 137 63

A-34




HAND = CALCULATIONS
FOR PROBLEM ©

" BEAM SELECTED: wi0x#9
END CONDITIONSZ FIXED- FREE

- ]qzﬂ

2% 4
N
\ | ]
\ > >> y — |
J HKIN iy
- QG"———-»

A-35




SHEAR & MOMENT DIAGEAMS

B -y
=

2K

M- 576)'#() T
SRR d el

li-— %6 ——b-l

—

192"

i J

SHEAK: ,
2K
Y
576 ¥-In
2334 Keim
 MOMENT:
ToRSIoN:
34.4 k-In

WIox49 DIMENSIONS & PROPERTIES |

Az 145 To= 27209 Co = 2070106 QF = 13.0 03
dz 998in Iyc 9340 q = 624 in Qu = 30.7in°
b= 10 Sxs SUgind  Weo = 2360 E = 29000 e
tw= .34ym  Sy= |87  Sw = 3290 G = Zo0 ks
brs .55n T = 138

A-36




PLANE BENDING STRESSES

A. LONGITUDINAL RENDING. STRESSES

Os = MB/SX
, N 576w /oy 3 -
AT SUPPORT.. OB+ 596in3 = 10.5Y7 ks
arosiCasr) Go: S sucmt = 7.033 ks
AT FREE END: 38 = O ks

B. MAxIMUM WIEB SHEAR STRESSES

. Zw = VG‘V/Itw
A - .2 jnd
ot suprorts Tue 2RI ) 3m) + -.663 ks
K in
ar s 5y Toe (2T (0p i) (34m) 5 653 K9

41 reer pio: Tu U302/ (29750 (L3y5n) = - 306 ko

C. MAXIMUM FLANGE SHEAR STRESSES

TF= VQr /Itr

-21)(13.0 3]
AT suproet:  (F = G203 ")/(Z7z;n*)(.56 in) = =17 ks

A-37




At 50(96") :

AT FREE END:

Zpe (29130 ih3)/(272’h?)(_56 in) =

TORSIONAL STRESSES

A. TORSIONAL FUNCTIONS

ust L =

) TORSIONAL LOAD 1 -

m=

USE CASE 10, G5

AT SuPPorT & ¢ -
Q"
2
@

AT 5L(96Y. @ -
¢"
@I
¢\|l

AT FREE END. (D -
N
Q-
0"

~
-

g C\

f‘"\"'——“_—\f—"\
I&
BN s, N

N

-

—

I

3 2
[ S Y 1 Yy

\

—
5 z,,m

P(N —

—
i

3

"

("“‘"l“__'ll—"“\
S aC
Q 3
—d

g

~n
—
M

RN
1]

)

27

—
K

r——-\f_—T r~—1r—-—|
P\N
L1

3|

0]
2
0

-1.5

26

- 14
.30
15

.40
O

" fezy -

A-38

- 171 ksi

(r* SN ;n3>/(272 ih")(.5é in) s = 3l ks

3.08

Y /w FeoM 0" 1o 44"

20 = O

Q)"= 0000 13633
R {

¢ln“ O .
S = <6220 0077
N (75‘= 0262
L' - 0000036253
Q= 0007922
L g2l ot
Qo= 0403

(b”’ 0

(25" .000121]

B d) = 2.0737x107%




B. S5TRESS CALCULATIONS

D TORSIONAL SHEAR STRESSES

/ i;: -Séih
Z—t= Gt@ ty 2z .3Yin

ar sommoet: Tew = (1200 k0 )(390(0) 7 0w
| Ctr = (“ZOO KS')(.géih)(O) = 0 ks

At 5L (e Tiwe (1700 ) ((390)(.0002922) < 9222 st
Tire (11200 xs) (.56.1)(.0002422) = 1319 ks

AT FREE END . (iw* (//Zoo ;csr)(.S‘/w)_(.OOO/Z// ) = Hgl kst
(tFe (HZOOst(.Séw)(.000/2//) = 760 ks

2) WARPING NORMAL STRESSES

MAXIMUM AT FLANGE TIPS
Gus = £ Wa" Wny: 23.6 in?

AT SuppoRT: Gws = (29000 vs)(236m2)(.000018¢33) = 12752 Ksi
AT 5L (96" Gus= (29000 ws)(23¢in2 )(-.000003¢23) = ~2.420 xs

AT FREE END: Gws = (29000 zs,)CZS.é inZJ(O) = Q kst
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MAXIMUM AT FLANGE CEnTERS!

- ES“ !
Zws T T @” Swe ZZ‘/}P)'{J tee .56 in
- 0 1 )( 32.9 inY .
AT SuPPoRT.  Cuws- (290 (?SJZS;,;);( d )('6.22//):/0 7) = 060 ks

(29000 k5)(329i0) ( 1oy /-

7)) - -
(em ) 106 kst

TAT 5L(96").  Tws-

[us= ~ (29000 ks1)( 32.9 10%)

|
(.56 n (2.0737x/0'3) 2 - 035 st

AT FEEE END:

A-40




HAND- CALCULATIONS |
FOR PROBLEM 7 .

© BEAM SELECTED: W6x15
END CONDITIONS: FIXED- FREE

4 40 k-

Ll

— 26—

A=41




SHEAR & MOMENT DIAGRAMS

\Ee

TORSION:.

Yo K-

4 4o ¥-In

‘:. l?.c."-.—-;l | 47

NO PLANE BENDING L0ADS Of STRESSES

| W6xI5 DIMENSIONS & PROPERTIES

A = ‘1.‘]3&&»2.
d = 5499
br = S.QQEn
lu = .23m
tr = .26in

Tx = 20t Co= 76.5im6
Tv = 432mY @ = Y4iZw
Sx = 4723 (Jne= $.58 m?
Sy 3Min3 Su= 33UinY
T = .10 ixd

TORSIONAL STRESSES

A. TORSIONAL FUNCTIONS

Qr
Qu

£
G

\H

2.18 in?
= 5.39ind
= 29¢C0 ks
= 11700 «si

USE /a - 12 foz s 45

A-42




D) TORSIONAL LOAD 1 : Mz 4O ke AT 126" (3L)

USE CASE 9,a=.3

AT SupeorT: (- 121 =0

¢ 192 = 2
¢-1Z] -0
o [5F] =-10
At sLcneny. O [Fe] = 008
0[%] - o
o-1&€] = o4
¢M{%¥]:—q7
ar et evo: (- [52] = .03
®n. [G_;a-'{ - 0
@"[95] = .03
Qfﬂ[ég?j = .03

B. STRESS CALCULATIONS

) TORSIONAL SHEAR STRESSES

Ce = Gt@'

S QO

A SESESIEY

i

=

SESESES

i

0
.0002100%

O
= -.0000/%2% '

i

\t

i\

007893

-. 0000116
.00 428357,
~.00001773

*

W

(l

\

I

QY7357
0
00107143
= G.U5y3 0

«

f

1fFc 26"
tw= . 23"

AT SurpoRT : Ciw = (//200 rs/)(.ZS/;v) (o) >0 ks
Zee: (11200 }(sg)(.Zéw)CO) = O ke




ar 302y Tiw= (11200 ks)(.23 w)(.00142857) = 3.€30 ks
| Zer o (1200 k) 26w) (.00742857) = 4160 ks

AT FReE ENDT (bw = (11700 k) (.23 w)( .00/07/%) = 2740 Kt
Zer = (11200 k) (.26w) (.00107143) = 3,120 s

2) WARPING NoRMAL STRESSES

!

MAximum AT Fianeé TIPS -
d‘wst E tno @H (ne= 3.5Qin?

AT SuPPORT! ~ws= (29000 k31)<8.53 ihz)(.OOOZIOO@ : E2.277 xs!
AT 3L 26" Swse (29000 ks1)( 8.5 197)(- 0000/¢16) = ~4.07) kst

AT FeE D Gws: (29000 kn)( 853 i) (0) = O ks

3) WAKPING SHEAR STRESSES

MAxXIMUM AT ELANGE cenTers!

Cus = ‘E{S;z‘d)'” Sewr 33Yind, Lre . 2hm
- (29000 k51)(3.3Y in4)
47 sumonr; Tuss LRI (- 00001926 ) = €910 ks
AT 3L (126", Cuwse ‘6270(036"_‘?%(334 ") (- 0000 1773) = £.605 ks
- (29000 kst )( 3.34 in%) ( )
AT FREE END: Tws - (.26 m) 5.4q43 /0 ”) = =204 ys
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HAND - CALCULATIONS
FOR PROBLEM ©

© BEAM SELECTED: W8xeT
END CONDITIONS: FIXeD- FREE

PP ISP PP

° < < < <. pA
3 K-IN [N << < <=
LN
- 324" . )
-— 108




SHEAR & MOMENT DIAGRAMS |

N
MX: 5.4 kw Q-'_—-—»———»// Ze- &
N .3 L’”N/]N A ~ ~
N Sy R ENIIN
«—3 Y —y
108"

1

ml
g

N PLANE BENDING LOADS Of STRESSES

1S12 KeIN

ToLSI0N . _

W8x67 DIMENSIONS & PROPERTIES |

A= 197 Tx = 272 ind
d < 9.0 Iv = 884 ind
be - 8.29 in Sx = 60.4 in3
tw= .G7in Sy = 214 in3

tFe 9350 T = 505"

TORSIONAL STRESSES

A. TORSIONAL FUNCTIONS

108" "
USE L= 7/ 122

Cu
a

6.7 in®

Uy

= Y0 jnt
= 772 0n
Wne =
Sw -~

™~
2]
£

3497




TORSIONAL LoaD 1

TORSIONAL LoAD 2

&

COMBINED ToRSIwAL LOAD 4

) TORSIONAL LOAD 1:  m:

USE CASE 10 &= 1.0

S
Efo
=
(]
O

AT SuPPoRT . QS .

o
“

Sl
1
w
)

L

i "

3|85
£ O
o .

o
3l
[ R {

SRS ST

N
[}
—

o
©

AT 3L (324")!

O3
1 [}
w3 '03

R
3|

W
W

!

[

i
t___L‘P{Nl——J
SR

1 t

Q
“
A

SRS SR

t [
§

3|

5
3
l

~

AT FREE END :

O

316 3
[ S

I
o w

© S0

305

1 aln
[V

4 n

o

ISRCRERS

3|

ol P

]
- ]
2
2

02 Kanvl

Py e
<€

.
-7 My

QLS

|

e e

=7 KN/

FRom o" 10 10%"

= 0
= -.000010403
= 0

= 5§72 i7"

-00 340096
—-. Q000006
= - 0001537

n

= 14y % (b7

= —, 0150906
O
=.0000%175
= =L0Y x o7

I it

b




2) ToRSIONAL LOAD 2

AT SyPPoRT .

AT 3L (324"

AT FREE END:

USE CAsE 10, o+

m= 5 v/

o -[=] =0
3 1ET =5
¢ [82]-0
o" (2] - 42
[mm] =2
X
¢ 1851 1
" (2] = o8
0 [%] = 722
%] =0
¢ [£2]-0
®Ih‘ [Q%g] - O

o)

FRom

S0
oo
@
QT

4
Lo
L
L@

N

!

o

)
L
o

Y)

f

i

!

m

Lt

0" T

O
4z )0

O
- 395077

.000734%
-.456 3077

. 000024

= 2.6)07%

00143347

O

o
O

3) SUMMATION OF .4 ¢.0" F0R LOADS 1 AND 2

AT SuPPoRT ;

® =0

Q" = -6.138 x 10
® =0

@" = 133007

A-48

324"

|




~7.6/62 31072
"z 18566507
~.000/37)
LE9 3077

‘W

AT 3L (32.4"):

1

nm

]

LSS AR SR S
n

"

-. 011847
"o 0

AT reee gvo: QD
" Y,
Q' = -.0000%75
@

[ o -
s ~foy, 07

B STRESS CALCULATIONS

1) TORSIONAL SHEAR STRESSES

: tr= EAL
G = 6@’ £h sgin

AT supeset: Tew = (11200 1) .520) (0) = O ks
Ctr = (//ZOOKSI)[.%SM)(O) s O ks

AT 3L (324").  Ttw = (//ZOO Ks1) (.57in) (',000)37/) T = Q75 s
Zere (11200 s)( 935 )(-.0001370) = ~1.43¢C wer

AT FREE END: (tw= (//ZOO Ks:)(.57 ;b)(—.oooo ‘3175) =-.522 ks
CtFe (11200 KS:)[-??&%)(*.OOOO $175) = -.85¢ ks

A=49




2) WARPING NORMAL STRESSES
E MAXIMUM AT FLANGE TIPS!
Cuws = E Whe @v Wno= 167 in?

AT sureort:  Owse (29060 ks) (1672 )(=6.188 5 107€) = =2997 s
ar 3L (324 Gws = (29000 ws) (6.7 i) (=1 95¢65007) = = §97 psi

At Fae N0 Swse (29000 KS/)(/é.?fn?)(O) = 0 ks

3) WARPING SHEAR STRESSES

- Maximgm AT FLANGE CENTERS!

Tw = ’Ef“ @"' 5“,32'3;,,‘/]{;: ,5]351"'1'
-(29000 ks1)(32.3 i) =) -
AT SuPPoRT.  (w- (.‘7;5)%) (l3k/d ) B

- =(79000 ¥s))( 32.3in)

AT AL C314"). (ws (/.544/0‘) = = €9 ks

(935 )
~ (29000 ks1) ( 32. 3in) .
£ Enp: : - )= oYk
AT FREE END: T (135 m) (-16Y:0077) = 101 ks
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HAND- CALCULATIONS
FOR PROBLEM 9

"REAM SELECTED, Cl0x20
END CONDITIONS: FIXED- FREE

| 1 %/rr
l&i&f&f¢¢i$¢¢&¢iﬂ@

A 30 k-

a— ]y —

- 60” .

A-51




SHEAE & MOMENT DIAGRAMS |

%1t 2 083 Y

AT

(, TK VL v v
Mas 5okt Cue5 M= 30 %
|~ 60" —
5 35%
SHEAR! I_\‘\\
MOMINT!
TORS|ON-

30 '

|C10x20 DIMENSIONS & PROPERTIES |

A = 533 Tv = 280 ¢ Wno
d = 10in Sx = 15.3in> Wn2
be = 273G S¢ = 1.32in S
tr = 436 J= 37" 5wt
tp= 377m  Cu= 5690w  Gua
Ix = 7839 int & = 129in

1

%.24m° Qr = 50Y ind
345" Qw = 9.77 i

310m E = 29000 w
239w G = ]]200 ys
[.19 ¢

1

L}

n

u"

u

A-52




[ PLANE_BENDING STRESSES |

A. LONGITUDINAL BENDING STRESSES

OJB : M/Sx

" -~ 150 Kk~
AT SUPPRT ! OB - /15.8 = = JHIY ks

. ~73 k-in
AT 3L(18Y. oOb: 3 //5.8 T - Y657 Ks

AT FREE END: O O ks

B. MAXIMUM WEB 5HEAR STRESSES

- \/G?W/BW
AT SuPeoRT.  (w: 5 Xq'77m3)/(73.<i;h")(.576® = ).63Y ks

.8X)(9.77.4m3
AT 3LCIBY).  Tws (58757 /(%4 in)(.379m) = 1144 i

AT FREE BN (w: O

C. MAXIMUM FLANGE SHEAR STRESSES

Z‘F: V@F/I'tf

Cr - 6665'0%”3)/(7&4 in")(.‘/%;h) z GTQB ks

AT SyPPoRT:

A-53




AT LO8Y TFe (35 X504 700 1) ( 4360) = 0,513 as

AT FREE END: Cr = O xs

| TORSIONAL STRESSES |

A. TORSIONAL FUNCTIONS

use La =%/119" = 301

) TORSIONAL LOAD 1 : M= 30 em AT 18"(3L) -

USE CASE 9 0=.3

AT Sufher ng[G%ﬂ = 0 D =
@ [57] = s A oooz
gb'o [g%;] = () :. 66’
ok (&%= -10 Qe - oooo 1828
N N A RCE ® = .01%728
o [S¥] = - b = - 00006134
<D'[’G'g] = 8 0= 000303
m 1 G3Ial n
) [-wl = -.82 S Q" = -.00001497
AT FREE END: qb”- [gfi;i] = 30 G = o431
0B 0 d
NN .0y SRONE OOoz%%
¢ (€] oy L0 73023

A=54




2) TORSIONAL LOAD Z - DUE To ECCENTRIOTY OF UMIFORM

NIsTRIBUTED Loan (w= | %Fr) THROUGH
CHAMNEL SHEAR CENTER ‘

e’z Lo +X- ™/ Eos 92610, %= 606
379,
= 826in+ .606in - —3%‘3 tws 379 0n
= .24 n

LM e |

= 0833w - 124 in = 10D kew ) FROM O TO 60

USE CAsE 10 d=l.0

AT SUPPORT . (1)[%5——] = 0 O =0 '
(b%(.’,é 2]= 2.0 S0 = 0000497
@I‘ o~ E - O ',‘ ®I - O
¢ = -30 6" = -.000003747
AT 3L (187): CD,.' Eﬁ%}] =6 (Z)” = .0059057
6-Z1-10 g - ooormn
" [ch o mo_
o] = @ = -.000001373
AT FREE END: () Fi-jf-]] = 24 L= 073623
¢ [51 -0 L= 0
L[SE] = y .
0} %@T - ¢’ = 0003423
o= = ¢ - .000000874

A=55




3) SUMMATION OF (.0 @.¢ Foe LOADS 1 AND 2

AT SUPPORT :

AT 3L (139

AT FREE ENO:

P = 0

" = 0002643

®:H ) O

O = -.00002203

O = .0243%7 .
® = -.00005438 !
Cpm= .0017730

b = -.0000/636

(2)” = .0668YZ |

0" = 0 3
l —

CD“ = 0006358

O = .000001/k05

B. STRESS CALCULATIONS

) TORSIONAL SHEAR STRESSES

AT SuPPoRT:

AT 31 (19"):

tF= Y36in

Tt = Gt fe % in

Tew = (0200 kX .279)(0) = 0O o
Ctr = (11200 1«:)(.434;»))(0] = 0 ks

Zev = (11200 60)( 379 )(.0017730) = 7526 e
Ter = (11200 k) (43¢) (L0017730) = 8.658 ws
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AT FREE END: Cew = (11200 ks )(.37950)( .000€358) = 2.€99 s
| Tie = (11200 es)( 4367) (.0006358)  3.105 s

2) WARPNG NORMAL STRESSES

' : B.2Y n?
O-'ws = E W @' Vv\\//:; : 3.5?5);:7'

AT SUPPORT | Ows, = (29000 ¢s)( 3.24172)(0002693) = 63.157 kst
Sus, = (29000 ks)(3.9502)(.0002693) = 30.276 ke

AT 3L(18"): é’wso : (2‘}000 kSr)(8-Z‘f7'12)('-00005‘(38') = -12.99Sxs
6wsz - (29000 KSQCE‘H)&,’#’)('.OOOO 5‘{33) ==L 729 v

AT FREE END: Gws, = (29000 ks)(8.2412)(0) = O o
Ows, = (29000 ks:)(%.%;»’)(@) = 0O s
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3) WARPING SHEAR STRESSES
' ‘ 1f: Y3gin, tw: 379 in

Tus= 2" Sur = 300 n") Sug = 23410 Sy - LY
AT Sutpoet:  Tw, = ~(270‘2(.{;‘35;,)N)B'’O"”")(-.OOOOZZ%) - 4542 ks
Tws = 'Czqofﬁ,’fs)ﬁfs‘“m (-.00002203) = 3507 ks
[ 700(?3"7‘2&/')’ 702 (- 00002203) = 2.00¢ 5
At Ly 7o s 700(0 :;;);E)S'm ") (= 0000K36) = 3373 £
Ty = ~LEMOIIEESTIn) (- 000015 - 20! /(‘S,"

{

. = (29000 xs)C 149 in%) /_ = Judp s
(s (579 m) (00001c35) - 1490

- (29000 ks1)( 3.0 i

AT FEEE END:  (w, = Q) ( .ooooo/gOS) = = 331 st

(.436in)
Tup =~ (2%0?:22&)2'3" ) ( 00000 /605) = = 255 «si
- 119 int
Zws : [2700(0;(_3}2&)’67 th )(OOOOO/QO5) - _,/Ll/é ¥si
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HAND- CALCULATIONS
FOR PROBLEM 10

" BEAM SELECTED: C12x30
END CONDITIONS: FIXED- FREE

Ll

—3> 3> —>
3 KINf < & < < <«
‘ 2 K"N/,N
— - .
- 108
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[SHEAR & MOMENT DIAGRANS |

Mx: 5li N g _l
zm/, T << < << <4
" NN
N —320 | . 1
' 103 —e|

No PLANE BENDING LOADS QR STRESSES

1612 k-

S.q k"”{/:/\
TORSION. —

ClZx3>0 DJMENSIONS & PROPERTIES

A = 8827 Ty = SHmy  Wap =D’ Qr = 7.99 i’
d = 1 Sx T 27m3  Wm = 502 Qu = 17008
br = 37 Sy = 2063 Sy = 6.01in? L = 29000 ks
tw = . 5im T = .9¢Sims Sy =491t G = HIOO ks

tr = 5o/ Cw = ISIne Su, = 2450¢
Ix 162 4 a = 203

i

u

[ TORSIONAL STRESSES |

A. TORSIONAL FUNCTIONS

10 "
vsf a9 g - 507

A-60




TORSINAL 10D 1~ N
+ 2 KN 1
TORSIONAL [OAD 2 Q
=
@ 5 KIn i
COMBINED TORSIONAL LOAD
-3%%%~ pI && <L
RTEININ

) TORSIONAL LOAD 1.  m= -2 ke
" USE CASE 10, 3= 10
At surort: (@i lam] = g i,
@lﬂ‘ ['GF\J;] = L’O (D”
¢ 12 2] o 0}
Cbm' [G_m:&] - tp @m
AT .3L(32.‘l"): @ . [%}1] = 2.5 @
0 [F] - 2 6"
3 [{%3%1 49 0
@ll' %] =‘J ®h’l
AT FREE END! (D . [,(:mv.} = 25 . Q)
. @ll. [(—}Tv‘j—] . O Cb”
®:::. [%%1 = 11 (blm
o" (2] - g S0
A-61

Feom 0" 1o 103

=0
= -.000082576

O
= Y 9Y6x/07°

H

= ~.02342

=~ 193207
= —,0010553
9.692) x)07

(1

"

-.0796i

= 0

- 0004177

= - 9722907

N

{




Z) TORSIONAL LOAD 2. m= Swiniw  FRoM 0" 70 32.4"

USE CASE O, ol=.5

AT SUPPORT : () [%} = 0 +¢,=0
I L@ = 00003706
9+ [623] - o 0 =0
S

N L

o & [Z] = -y ~ 0 = -00000723
o' [22] = 23 » ¢' = 0o0I53¢,
" [21 = 06 o 9" = 000000387

P S [ G o= 0073

n [GT !
cb"[g]z =0 0= 0
¢, [Fel -0 o0
0" [S2] = o -0 =0

3) SUMMATION OF O,@'®'®" Fof LoADS 1 AND 2

AT SupPoRT: @ = O AT FRee ENDD Q) = - 077024Y
0" = -.00004542 0'= 0
(Dm = 0 ¢ = -.000477
G = 12175107 @" = -8.7229 2007

AT @, ¢ = -.007098
O = <1.3423 ¥10°S
0)’,”~ -G0/4x107"
@ = 1.3562) 510
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B. STRESS CALCULATIONS

) TORSIONAL SHEAR STRESSES

Te= Gt tfz 500, fes.5lin

AT SUPPOET:  Ctw = (HZOO s )(.511) (0)= 0 s
(e = (J]ZOOI(SI)(.Sé[}h)(O) NGNS

{

ar aL (o) Teo = (1120016) (51in) (=9004:00°9) = - 5141 ks
T+ (11200 ws) (.Sol;n)(-?.O/‘( .\/0"’) = =505 ksl

AT FREEEND .  (tw = (/IZOOKS:)(.S!M) (‘ OOOW??) s -Z.é%’é e
(tr = (HZOO}(S:)(,SO};;,)(-,OOO L//77) = - 2304 sl

2) WARPING NORMAL STRESSES

6)ws = ‘/'\/n-@'1 Wio= “.7inzl Wy 5.02i0°

0 VA
— —%L—;‘

A~63




AT SUPPOET : d""so = (27000 m)( 1.7 12 )(’.OOOOLISLU) = =591 ks
' Gus, = (290001)( 5022 )(~.00004592) = 617 s

AT 3L (2] Busy = (29000) (i17j42) (-1.342340075) < -4.55Y v
dwsz = (27000 KSI> ( 5.07 ih7’>(~ 1.342% A/()‘bj =~ ].95Y ks

(29000 Icw)(//.7 ihZ) ( O) : O

AT FEEE END! G
0
CZqOOO Msr)( 5.02 jn2>CO) = () ks

¢ 1t

3) WARPING SHEAR STRESSES.

1F: .50 in, Tz .Siin -

(s ¢ %ﬁ " S, = 60lin, Suy = 4a1inY sw;.:z.qs.:-w
AT SUPPORT. T = '(zqoi‘?s’;f’gngé'o"“q)(1.212.\/0“°) = - 422 ¥

Tuz® 'm"(",‘;gi?f)"-q'"“")(/_2/.2”0—6) = - Yy o

Cuy = 0(2%?9575;3)(2”5 jnq)(/-ZIZ 0%) = =69 ks
AT 3L(3249° Can= (2%0(95'(0;’,)}5)6'0]M)(J.SSGZIx/0“‘) = =472 K

Tov, = '(Zqo?f)s(’f,’igq'q“"“)(),3 562/ 30%) = .85 -

Cuy = [ZCID(O'%K.’SV:))CZHSM( 13562 xID"‘> = ~ /89 ks

- (29000 1s(6.0) inY) )
C-S<Ol in) : (‘3.722(1 x/O") = .303 ks

AT FREE END.  Cu,

t

- (29000 ks1)(. 491 jn! - - .
Cu,y = ?.SO?i,h) ) (8,924,510 = 243 s
Ty = - L2900 DL 255 7 (59229 ,107) = 122 ws
> (-5)in)
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HAND - CALCULATIONS
FOR PROBLEM 11

" BEAM SELECTED: (5«9
END CONDITIONS: FIXED- FREE

4

Ll L

+— 26—
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SHEAR & MOMENT DIAGRAMS

\
3"—'26“ > l LIO k- ]

— Yz’

-

No PLANE BENDING L0ADS OR STRESSES

ToRSION:

|

40 pan

(5x9 DIMENSIONS & PROPERTIES |

A= 264 in? Ty = 632 in’ Whe = Z2.65 ind
d= 50in Sx = 2.5 in3 e = 133 in?
br = 1.885in Sy = .4S ind S = 4§ in?
tw = 325 in J = .109 in¥ Sw, = 35 in!
tr = .320in  (w = 293 jnt Sua = 175 00"
Ix = 89in" @ = 333 in

| TORSIONAL STRESSES

A. TORSIONAL FUNCTIONS

USE “a- qzﬂ/g.ss": 5.0Y

A-066

Qr = ).21w3
Qu = 2223
E = 79000 ks
G = 117060 1




) TORSIONAL LOAD 1° M= Yo AT 126"

USE CASE 9,cX=.3

AT SUPPORT© ) - [%’iﬂ] =0
l. '———g‘ .75
g" %%—? = 0
g" (8] - -0
AT 3L (126"): Qﬁ” [——Z,,";] = Y2
gl
" GMja? .
¢"-1&F] = -0
AT FREE END: (D [%] = .72
" [eIa]
¢ 1] -0
CDH:[ H1{ - 02
Q"% ] = o2

B. STRESS CALCULATIONS

) _TORSIONAL SHEAR STRESSES

Tt: G Q'

A

AT SureolT:  Ctw

S-S
TRl

-G5S
not

.66
\ 1]

i

O
.002950
O
-.000472

i

"

it

14633
= -.001H]
.009830",
—.00033]

1!

it

19651
O
.000655

00000444

i

tF=.?>2th tw =328 11

(11200 16)(.3255)(0) = O 1

Tee = (11200 /(s:)(. 32;0(0) = 0 xs

A-67




AT 3L Cn6): Tow= (11200 ks1)(.325)(.009830) = 3578) ks
| Ters (N12001s)(.32in) (009830 ) = 35.23 ks

ae Fekk enp. Cowe (11200 ks)(03251m)( .000655) = 2384 13
Trs (11700 6)(. 32 in) (000655) = 2.34% s

2) WARPING NORMAL STRESSES .
O)ws : [ n OS” Wiro = 265108 Lnyz 13300

0 R

i
)
J
|

AT SUPRORT . Cls, = (2900015 )( 265 m2)( 0072950 ) = 226700 ks
dwsz = (29000145;)( /.38 }nz)( ,0026}50) = 118,059 xsi

AT 3L (126" Guas, = (29000 k91 )(265 (= 001141) = -87.436 us
6w52 z CZqOOO ns:)(l.38}nz> (—,()O//LU) = - H5 L3 ks

AT FreE e 1 Grsy = (29000 k5)( 2652 0) = O ko
Sus, = (29000 1) (133352 (0)

{
O
)
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3) WARPING SHEAR STRESSES

- tFe 3200, 117 .325 0
Zws: —Eﬁ‘ 05”1 SW, =48 ihqj Sw23 .35'1"4} Sw-,: J75 et

AT SupPORT: T, = '(Zqoo?’;;’i%%’””) (-.000472) = 20.532 &5

- ind
T = ~LHOECSS M 050409) = 14,991 u

1

-(27 175 in! _
Cuy = - 7?922?226) > %'.OOOWZ} = 7.370 K

- = (29000 ks)( .4 in")
AT 3L (1260 Ty = (370) o (-.00033) = 14399 ks

~(29000 k135 in%) | T
G - (57m) 3'h)‘(-ﬁ.000371)= 10.337 s

- J75 i
Tus = (2‘1?0935550'() 2 )(f.ooossos 5189 s

ATFREEND: Co, = (Zqo(o,o«fzyzg'%mﬂ(.OOOOOW/‘/)‘“ =1 e
- ( K int
Cuy = (270303,55-33\ 23 0(-OOOOOW/‘/) = - 7299 Kk

Tus = ~CEIR0SIISM (00 9) =~ 147 s
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HAND- CALCULATIONS
FOR PROBLEM 1A

" .BEAM SELECTED: MCI8x42

END CONDITIONS: FIXED - FREE

YAVIZXIILI¢

(el “
MmN i

’qzl(

A=70

Y




[ SHEAR § MOMENT DIAGRAMS

: 2K ,’(
1 | i
Gl !
et ——> |
Ma= 576k M in , l
< 96 —»
< 197" r
SHEAR:

|
2% } |

L}k

§76 k-in

MOMENT.

ToRS!0M:

| MC 1842 DIMINSIONS & PROPLRTIES |

i

A= 126mr Tr= 44 it W
d = 187w Sx=6l6 it Wep= J0.4 i Qu T 3740
be= 295 Sy = 6T imd3  Su, = 174 in" E = 29000 «s
o= 45 in T = 1230 S, = 35 G 7 1jlob
bp= 6250 Cw = B52in® Gy = 676 i

Ix = 554t @& =423 jn

22012 Qr = 1a.7in’

{0

n

n

1
1




PLAVE BENDING STRESSES |

A. LONGITUDINAL PENDING STRESSES

6)3: Ma/Sx
AT SuPPORT . O -~ STexs [e1cim3 = 935) ks
AT 5L (%) Oa = ¥/ g gy = 6234 i |

AT FREE FND. : o6 = O s

B. MAXIMUM WEB SHEAR STRESSES

Zw? \/GU/Itw
AT sureok ™. Cw = (-2¥)( 324 "“)/C\SSH’ in")(.fis;n)' = = 304! K
AT 5L (a6 Toe CFRTTM [ rgsy )45 - 30u ke

_yuk . AN
AT FREE END). [ANE (-4 X57'q"’3)/(,55‘/ ih")(.‘lSth T =508 ks

C. MAXIMUM FLANGE SHEAR STRESSES

Cr= VO Tt

AT supPoRT: (k= C'ZI()C’9'7’”3)/655‘/w’)(.e25;0 = — 1133 ks

A=72




AT 5LCa6"); Tre CEOCIATIN) [ noiia cosm)s - 1138 ke

AT FREE END: zr- 9901973/ 55¢int)(.625in) = =.227¢ ks,

TORSIONAL STRESSES |

A. TORSION FUNCTIONS

!

UsE Ha ="/ ysy

) TORSIONAL LOAD 1 m: 4% Feom 0" 1 95" -

USE CASE 10,025

AT SUPPORT gb[%ﬂ =0 P =0
0" 2] = 1 L@ = . 00003488
o182 -0 S0 =0
¢"[e2] =225 L@ = - st
AT .SL (96" gb-[%z] = .94 O = 04889
¢ 2] =-2 S Tsumunt
cb"". %ﬁ? ’]z%] =. 5 2)3"“ = 00030704
o 1SB] < 25 SO LTe T
AT FREE enD: Q) [%1] = 1.2 MO RN X X"
o [F] =0 SRCRENe
o L2 - L Q' = 00006
p"[&] =0 L 0" =0
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2) TORSIONAL LOAD 2 DUEF To ECCENTRICITY OF COMCENTRATED
| | LOAD (P= 2¢4) THROUGH CHANMEL
SHEAR CENTER

6’0 = EO + X - t“/Z Ly: U[{M, X< -377MJ by 4G jn
CYSin
= 1 19in+ §77im - =%
= ] 8Y4in

M= Pey = (2900184in) 7 36y v =D a1 96" ('51)

USE cASEq, &5

o
€4

AT SuPPoRT. @ [Tn}] = 0 =0
@”.[‘%ﬂ = .38 L' -55573 .0
1 G (
o | =5 = 0 . -
Cbm. [_@,_g] - d)m: 0 o
" (55l = -0 S AT INT
AT 5L(396"). @ [%ﬂ = .96 L o= -.0icss
gb," [%‘1] = L Qe 2.5260 g0
63 ) B
®rll.[gd]7 i L{ i @:ﬂ: hrOéS) ”O,/
@ ["»7\‘] T L= §.9597.007
e ¢ [S] = 13 G = -0
i
CD“[E—%&] = 0 0= 0
¢ [‘3‘] = .03 R R S SN
0" [BX] = o N ACRNRITIN
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3) TORSIONAL LOAD > . DUE T ECCENTRICITY OF CONCENTERATED
| | LoaD (P=u¥ 1) THEOUSH CHAMMEL
CHEAP CINTER.

M= Pe = (49N )94m)s 736 16l —G— 41 92" (i)

USE CASE 9,010

[

(A

—
0

AT supeoRT : () [—7 p O @] = 0
(25”‘ [%}-"‘] = 50 Q}’: 1.2630 x/0™
. ]
o [5] = o 2@ <0
@'"‘ [g’%—g = -0 ¢’ : —2.9’85%/0'”‘..
GJ
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