Concepts of Steel Design

Companion Course Notes for CES 4605
AISC Fifteen Edition Manual of Steel
Construction (LRFD only)

Professor Mullins

10th adaptation from the notes originally penned by Dr. William
Carpenter (circa 1985)
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tencion to technique, discouraged
if ductility important

JLE 1-1 PROPERTIES OF STRUCTURAL STEELS
. Mermum Specified minimum
ASTM Type o! . Recommeanded yield strasa F, tensile strength
. dasignation stesl Forma yses Kksi* £ xai®
-A3% Carbon Shapes. bars, and Bolted, welded, o¢ riveted buildings 36 but 32 if thick- © 5380
plates and bridges and other structuzal ness >8 in.
133
ASYS Carbon Shapes, platestath Similar 10 A36 42 60-85
in
Addl High-strength low-alioy Shapes, plates, and Similar to A6 2050 £0—T0
barsto 8 in.
AsT2 High-strength low-alloy Shapes, plates, and Bolted, welded, and rivered con- 42-65 £0-80
barsia 6in struction, Mot for welded bridgs
for F, grades 55 and above
A242 Atmespheric corresion-resistant Shapes, plates, and Bolted, welded, or riveted construc- 42-50 6370
bigh-strength low-alioy barsto4in tion: welding technique very im- .
portant
A58 Atmaspheric corrosion-resistant Plates and bars Bolted and riveted construction 4250 6370
high-strength low-alloy
ASl4 Quenched and tempered allay Plates only 1o 4 in Welded structures with greatat- 90100 160-130

*F,valus vary with thickaess and group (see
£ valus vary by grade asd type.
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Tables 1 aad 2, Part L. LRFD Manual).
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Fluwe Lo A.S TABLE 2.1  TYPICAL MINIMUM UNIFORM LIVE LOADS FOR DESIGN OF BUILDINGS
Type of building LL {psf)
Apariment houses .
Apartments 40
Public rooms 1{14]
Dining rooms 2nd restanranis 160
- Garages {passenger cars only) ) 50
G ymnasiums, main floors, and balconies 100
Office buildings
Lobbies © 100
Offiexs 50
Schools
Classrooms 40
Corridors first foor 100
Corridors above 1st floor &0
Siorage warchouses
Light 125
Heavy 250
. Stores (relail)
First Roor 100
Other floors 5
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_ 14D g (LRFD Formula Ad-1)
C 1.20 + 1.6L & 0.5(L, orS or R) (LRFD Formula A4-2)

lmpacl loads will on]y be included in lhc sccond of these combinations.

Should wind (W) or earthquake (E) forces be involved, the following combina-
tions nced to be considered:

- U=12D + 1.6( L, or S or RY + (0 5Lor 0.81¥) (LRFD Formul.\ A4 3)
U= 12D+ 1.3W - 0.5L -+ 0.5(L, or Sor R) (LR] D Formula Ad-4)
U=12D + 1.5E + (0.5L or 0.25) - (LRFD Formula A4d-5)

It 1s necessary to consider impact loading only in combination A4-5 of this
group. There is a change in the value of the load factor for L for combinations
A4-3, Ad-4, and A4-5 for garages, public assembly arcas, and all arcas-where the
live load exceceds 100 psl. For such cases 1.0 is to be used.

. To account for possibilities of uplift, another load combmal;on IS piven in

. . the LRFD Specification. This condition is included to cover casces where tension

i forces develop owing to overturning moments. It will bovcrn only for tall build-

-ings-where high lateral loads are present. In this combination the dead loads are

reduced by 10 percent to take inlo account situations where they muy have been
overcstimated. ‘

U=09D ~ (13Wor LSE) (LRFD Formula A4-6)

| The magmtudcs of the loads (D, L, L,, ctc.) should be obtained from the gov-
erning bu11dmg code or from ANSI 58, 1 1982 (Mmmmm Design Loads for

”Amencan National § mndard M uumum Des:gn Laads for Bmhlmgr and Other S!rncture:
(Ncw York Amcnc.m National blandards lnstrlulc lnc) ANS! ASS 1-1982,




EXAMPLE 2-1
The various axial loads for a building column have-been compulted accord-
ing to the applicable building code with the following results: dead load =
200 k. load from roof = 50 k (live load or snow or rainwater), live load from
floors (has been reduced as applicable for Jarge floor arca and multistory
columns) = 250 k, wind = 80 k. and carthquake = 60 k. Determine the
. critical design load using the six LRFD load combinations.
: ?‘::___?'- : | Solution
iy Ad-1 U = (1.4)(200) = 280 k
“m, . A4-2 U = (1.2)(200) + (1.6)(250) + (0.5)(50) = 665 k —
E“Z‘E o Ad3(@) U= (1.2)(200) + (1.6)(50) + (0.5)(250) = 445k
Y Ad-3(b) U= (1.2)(200) + (1.6)(50) +.(0-8)(80) = 384k
%. Ad-4 U = (1.2)(200) + (1.3)(80) + (0.5)(250) + (0.5)(50) = 494 k
S ' - N\
:;m Ad-5 U = (1.2)(200) + (1.5)(60) + (0.5)(250) = 455 k

i Ad6() U= (0.9)(200) - (1:3)(80) = 76k \

A4-6(b) U = (0.9)(200) — (1.5)(60) = 90 k S~

The critical factored load combination or design strength required for
this column is 665 k as determined by LRFD Formula A4-2. It-will be
hoted that the résults of Formula A4-6 do not indicale an uplift problem.
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TABLE 22 TYPlCAL-‘RESlSTANCE FAGTORS ~

Resistance or ¢

factors Situatians -

1.00 Bearing on the projecied arcas of pins, web yiclding under concen-
trated loads, slip-resistant bolt shear values

0.90 Beams in bending and shear, fillet welds with stress paralle] to weld
axis, groove welds-base metal

0.85 Columns, web ceippling, edge distance and beating eapacity at holes

Q.50 Shear on effective area of full-penetration groove welds, tension narmal
to efTective area of partial-penetreation groove welds

0.75 Bolts in tension, plug, or slot welds, fracture in the net section of ten-
sion members

0.65 Bearing on bolts (other than A307)

0.60

Bearing on A307 bolts, beariag on concrete foundations

~—

destepns VCL€>< 8.9 5%, yeliabte

Frequency
Fatlure
R
I‘E
f=no.of
standard —]
deviations
Figure 2-2
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Design of Tension Members

b, = ¢F,

¢tPn=¢t*Fy*Ag
¢:=0.90

P,=¢:*F, * A,

P
Step 1: Solve for A =

gmin — (.9F,

Pu = ¢t * Fu >kAe
Py
0.75E,

Step 2: Check  Aemin =

Step 3: Check Slenderness Ratio
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Slenderness Ratio

Provide minimum compressive strength in case load reverses
direction due to wind, earthquake, etc...

5 < 300 (AISC 16.1-26)

L = Unsupported Length of Member

r = Smallest Radius of Gyration of the Member

| = Least Moment of Inertia

A = Cross-sectional Area

Tmin = L/3()()
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Tablle C-A-7.1 (AISC 16.1-570)

BUCKLED SHAPE OF
COLUMN IS SHOWN

8Y DASHED LINE

(a)

..-""--_-“\ ~—
- O
S

1
/
" :
7z |8 PaS
$ t 7= Lt f
THEORETICAL X VALUE | 05 | 0.7 | 1.0 | 1.0 | 20 | 20 |
RECOMMENDED DESIGN j
VALUE WHEN IDEAL
ONDTIONS ARE 065 080 | 1.2 ] 10 210 | 20
| APPROXIMATED B B
“4< |ROTATION FIXED AND TRANSLATION FIXED
6 TATION FREE AND TRANSLATION FIX
END CONDITION CODE ROTATION FREE ANSLATION FIXED
@A |ROTATION FIXED AND TRANSLATION FREE
§ | ROTATION FREE ANC TRANSLATION FREE
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LRFD Compression Limit State

Pu S ¢CPTL

(B3-1, AISC 16.1-1H)

LRFD Compression Design Strength Py = ¢ Ferr Ay (E3-1, AISC 16.1-3p) LRFD

Compression Strength Reduction Factor

¢.= 0.9 (AIsC16.1-30)

Nominal flexural buckling stress F.,. :

60

50

40

30

20

Flexural Buckling Stress, Fcr (ksi)

10

\ Euler Buckling
\

Inelastic Buckling
Fer = [O.658Fy/Fe] Fy

(E3-2, AISC 16.1-35)

n?E

Fe =

(E3-4, AISC 16.1-33)

Elastic Buckling

Fcr=0.877Fe

i Max. KL/r

50

100

471

150 200
Slenderness Ratio, KL/r

¢.F. is tabulated in Table 4-22 (AISC 4-229).
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Design of Compression Members

Step 1:

Step 2:

Step 3:

Step 4:

Determine the load, including an estimated self-weight
of the column.

Calculate the effective length about the minor axis.
(KL), = K, L,

Enter Tables 4-1 through 4-20 and find a section that
will support the load with an effective length of (KL),.

Check for buckling about the major axis by calculating
an “equivalent” effective length with respect to the
major axis:
_ (KL)y
- r

x/ry

If (KL)y eq < (KL),

(KL)x,eq

Section is good
If (KL)x eq > (KL),
Check capacity of section at (KL)x eq

If capacity is still greater than load,
section is good.

If not, choose a new section and repeat
process.
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Leaning Columns

Large single story buildings often have pinned end columns in
the middle that are designed witha K = 1.

However, the outer columns must be overdesigned to provide
global lateral support to afford the low K in the middle.

Design the center columns with K= 1 and the load as
predicted/shown.

Design outer columns by summing all center loads, and splitting
between the two outer columns (e.g. left column design load =
100k + 650/2; right column design load = 150k + 650/2).
Compute K as appropriate for the end conditions.

If center columns are fixed to the beam, then no leaning column
effects should be considered and all loads are resisted locally.
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Table 6-2 gives axial and bending strength that can be directly used in
interaction equations. But only for 50ksi. If working with a different grade
of steel you will need to bounce between chapters 3 and 4 to find all the
info you need. Chapter 6 puts it all in one place.

This is a trial and error procedure where the solution and number of
iterations will depend on the amount of bending and axial load that is
required.

Start by assuming about 50% axial usage and therefore the 8/9 form of
the interaction equation applies. This makes the first term 0.5.

So if Pu = 1000k, look for a capacity of 2000k using the blue lettered
columns on the left side of Table 6-2. Remember you must first assume
KLy buckling and scan down to the appropriate effective length value in
the middle of the table. You are looking always looking for the lightest
section that can safely carry the design, factored load.

To use this table, Lb and KLy can be taken from different lines depending
on the actual bracing conditions.

Then get the bending capacity from the right side of the table and check
values in the interaction equation(s).
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SeLeer A CoLUmN  in 50ksi (A572) steel

—

L =44

Mty = Zeo k- £+ Pu= 4ok
.M“taz ‘80. P <

Mot ’MLt:;: o

(k0), = (g = ¥

Cn. = ©8%

- l—§ 4
Asseme NITTAuy .an = | . Mwx = yX-Y- ; o
"Bnn’—‘-] M“"j = gok-

R
a—;— = 0.5 (assumed), so we are looking for 800k where KL = 14ft
M

There are multiple sections that can satisfy this load, so let's restrict it to
common column sections, try a W14 section.

Try W14x90: ¢ P, = 1030k ¢,M,y = 714k-ft @, M, = 273k-ft page 6-77

400/1030 + 8/9 [200/714 + 80/273] = 0.9 Section OK

o = ssympPoN
Cush le, v [ Ab5uam .

R -
. o 0.25 = Cm, = a0
BN~ P e
[+ : -
Pex | | 3,,_3 = ©0.96 Agou"e
= 0.%8 ,©
Bl b .S \

Bottom of page 4-37
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Bolted Connections

Consider Lap Joint:

TR

<—‘
I\.)H:—\

i 3" A325 bolts,

threads not excluded from shear plane

Examine Tensile Failure:

'
23"
- 1
10" —
O B |
2L
f

Gross: P, = ¢P, = pF,A; = 0.9(36ksi)(10in)(0.5in) = 162 k

Net Eff.: B, = P, = pF,A, = 0.75(58ksi) {[10 — 2 (2)| in} (0.5in) = 179.4 k
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Examine Bearing Failure:

o o

AISC Section J3.10 (16.1-136)

For standard bolts spacing.

/ (when spacing less, use 1.2L.tF,)

P, = ¢P, = [¢p(2.4dtE,)](4 bolts)

= 0.75(2.4) G in) (% in) (58ksi)(4) = 156.6 k
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Examine Bolt Shear Failure

I S
— £

P, = ¢F,yApors (4 bolts) (AISC 16.1-131)

‘ Shear strength of bolt,

Table J3.2 (AISC 16.1-129)

= 0.75(54ksi) [n (2)2] (4) = 713k
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Check End Failure

ﬁ ~— e = end distance

Cprovided = 1.5
e e From Table J3.4 (AISC 16.1-131):
eminimum = 1.25" OK
Y o Also acceptable:
emin = 1.5d = 1.125" OK

Check Spacing Failure

— —— S = spacing
m Sprovided = 3"
From Section J3.3 (AISC 16.1-130):
3 1)
o o Smin =3d =3 () =2.25" 0K

Check Maximum Edge Distance

From Section J3.5 (AISC16.1-131):

] | emax = 12t < 6"

t

| ||
il ? = 6" OK

f

g
=




Examine Block Shear - through 2 holes

- 1. -
45

N

Pu/2 "-3(") = 2.06"

bbb

—

tension fracture & shear fracture:
= 0.75{(5in) (2.06in) (58ksi) + [4.5in — 1.5 (Zin) | (3 in) (0.6)(58ksi)}

2
P, =172.8k ‘
1% bolt holes

tension fracture & shear yielding:

=075 {G in) (2.06in)(58ksi) + [4.5in] G in) (0-6)(36k5i)}

Pu = 1625k smaller controls for block shear

Examine Block Shear — through 4 holes

N =
— Load and surface area are both
— doubled from above, so Pu is the
5 —= same as for 2 holes.
=\ (=
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Examine Block Shear — through 1 hole

LU %(%II) - 2.06”

RERERY'

tension fracture & shear fracture:

% — 0.75 {(% m) (2.06in) (58ksi) + [1.06] G in) (0.6)(58ksi)}

P, = 234.6 k

tension fracture & shear yielding:

Pu _ ¢ {G in) (2.06in)(58ksi) + [1.5in] G in) (0-6)(36k5i)}

4

P, =2278k

Considering all possible failure modes, we see that shear in the bolts
controls, so the usable strength of this connection is P, = 63.6 k.
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Example — bearing connection, double shear
& ] ]
— | 12
I e
\ \ Pu =160
] ] ]

ooigo

Design for the lap length and number of bolts. Use 7/8” A325 bolts, threads excluded.

AsSunc cclsg cl;svl---«.-. 3 <;@e.c_|ne‘ O - ASSUHMR &S ok

Clecke \aeaning

ult lead cgvvied
by 1L bolt \aeaniig
on 2- "R

Wit lecd cavhred Ll-,

56 [EX

P %@x

h&M-n’
ONe <

) 8.5

(3)(2a)(sek (L XJ' Y- as. 3 <

l bolt \-Qﬁht-\( -
en V- J2"
= (16.1-129) .
P"“_.? -~ Wit l(::? 4 Es‘l_""_““. A_‘,.u. (1_)
' —ty g—’P "= bolt P
P ‘ +oo farlune
| 8 leres — oo
oMSJ(‘SLgZ‘
= -75“{6%3 \)(1?( »f)eo- ’
* 1 ;
= 62.1k/bolt d;t."if
i e Uas,
#  bolts v C%‘nr‘aﬁ _ 158" _545b0is 3 bolts
2255 _
bolt
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Slip Critical Connections

Even though the available strength of a bearing type connection may be adequate, in
many instances we want to limit slippage in the connection, usually for serviceability
reasons. For example:

e Connections subject to load reversals

e Connections subject to fatigue

e Connections with oversized or slotted holes

e Connections where even small displacements are undesirable
(e.g. causing architectural damage)

e Connections with few bolts (i.e. greater probability of not having
any bolt with initial bearing)

These are typically serviceability concerns, designed for using the service limit state,
meaning that we want to keep them at bay for the day-to-day “expected” loads, but we
are willing to allow slippage in holes for the rare higher loads as long as structural
failure does not occur. There are, however, some cases in which a serviceability failure,
often with oversized or slotted holes, could inadvertently cause an increase in load
beyond that of the strength limit state. In these cases, the slip resistance of a
connection should be designed for the strength limit state. Examples include:

e High aspect braced frames where displacement due to slip could
result in large P-A effects.

e Long-span, flat roof trusses where displacement due to slip could
result in ponding, creating greater loads.

e Built-up compressions members where slip could increase the
effective length of the member, thus reducing buckling strength.

e Any condition where potential displacement due to slip is larger
than that accounted for in structural analysis.

In any circumstance where slip is a concern, design should be done in one of two ways:

1. Design the connection to resist slip under service loads, then include
the effects of the deformed structure in structural analysis.
2. Design the connection to resist slip under all loads.
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Section J3.8 (AISC 16.1-134)

— 0.30 Class A (mill scale)

Factored Load —— 0.50 Class B (blast cleaned)

,— Min. bolt pretension Table J3.1 16.1-127
Pu = ¢#Duthbns [le]

—— # of bolts

tand holes 1.0 —— — # of slip planes
standard holes 1.0 113

oversized or short slots 0.85 ——

—— 1.0 no fillers OR bolts added
long slots 0.70 ——

—— 1.0 one filler, no bolts added

— 0.85 two or more fillers, no bolts added
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Example

1" A325 holts,
}/ threads excluded from shear plane

¢ } } i | DL =30 k
| % I I | LL =50k

How many bolts for a bearing type connection? Slip critical?

$‘\ ? Cr‘t"";'-“—‘ Coﬂﬁ Qc_.“:ods

DCS“:‘-\ ‘5-"\&-\1“‘& as Lm f toane¢+‘°4
Mmust be cKu.an T, Fac k‘u.g

Eig ___..._..f“ - '.5:}_;,;, g'_‘._:?c.-&d C.snnct)rtm N
= 570
bz i D . Y 1
¥ T a1 A—=P ;
t 1 A32C bal4s - tHareads Q..cc{..éeé
?DS e Svers  shean plane 3
P:." 5‘0”’" 3

1

Exaeine S“?P""‘i
Get sl & | bkt /

¢ uD,Tpns = single bolt slip critical capacity

¢Rn =0.75 (0.3)(1.13)(51k)(1) = 12.97k/bolt slip critical capacity
no bolts =112k / 12.97 = 8.9 bolts (use 9 or 10 depending on pattern)

fewer bolts are needed if blasted surface condition is provided (.. = 0.5)
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Torsional Bolt Groups

J=1I+1, T=—
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Examine angles

fh

® h
Trh Th Trv Tv
fy = T COS =T;=T fn = Tsin =T;=T
_Th
fv—T
Th
fvaZdiz
[LA=V = 5 likewise, H = Tvz
i 2. d;
O
. J =Y Ad’
- = 2 A;(x;® +y;%)
O O
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Example

DL=20k
=20k

LL

threads excluded from shear plane

76" A490 bolts,

0.660"

W14x53 tf
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sds =xte Tut: (2390) (8) + H(Z N e a(a=)E
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Gedt wast nesudtedt = \/Cfé 33)1+C7.sg.+% = Z!'&&KE
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s 1
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,——,T—’\ ?Dz ‘20“/ PL: 20‘ j ?_‘_—:: I-Z(‘ZQ)-I\—IAQ,(‘L‘:)-; SeE
! ‘ i
|
| .: | v
X |© N C )
&) ’ "l/ * b ”
: | i /
Y ,— '|_ //I {
> ol o, [
| %) I | .
M : / :
! Y o | =l
| " f\/\——ei-ﬂA4Cic bcH-g Horeodse exlded

M~ Shaca ?JU—N—&_

, %_\Wl4—$53 '6‘1-_-: '(.7(:0-11 :
_ |
% 7-3;/4,/

‘-b—(c“( to- ?SM) = e a

"
N
b
V)

3

\

2d.* 2 2e St A

A

e+ A ) '
N— @D“:-S‘;

=i
£+
163y 3=y <
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|
L |

chack: Shean it

Shansit 1 - 72A9% bt = @ ADFV

= 0.75(0.6in?)(84ksi) = 37.8k > 21.88k OK

e lack. B—?.Cdu;x.ﬁ
, ‘ I 7 f . .
Bearng § plete rvhiedd A0 <@:¥>“/= - Gole

5lw(~}(~ ot bolt = %( e dacd %de_ A Fg)
T

= (EAF (Y ses)- 35905
= 29.93%% > 21868 o
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| ‘ ;

w.q Conn ect <o
Vi= 235 R7%*%
—ﬁr—&;?l.tg . .
d-zzor- | —W2ix143 ——fo3 "+ ﬂf  11-4e8”
I 3630,,\‘ -_4““‘ !
d= 2206 tg=tiS” |

k #s"k3l\ Lo~ =~ Hireads exclulddd Croem shuan ehﬁl.

.
/

. I = 363011 + (4_\(‘(-\ tn (l' h\'“\ (1) = 6?53»4

W~ [ \— f

““ dat

3 + (2—(“““\(4—"‘3 (“3 [ *4-9

Z‘i l ™ e tha—
| R & M+dH

| PV“«J L ‘ &
i éﬁﬁd{ Y%, dM
s R= f T K _i_%”
Y _

R-Va &= j «_,Jj
I -

"’“" R ot 1nfufecs Comn B 2w " -
' 1 L. 87" |
Q- lb "\( E2Y ls\(“' 4o ) " g.t-‘- “

: = 136 -806 in> e —4

R=V@ . wse(ne-sen) | . ¥k
=4 G153 =+ 7
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| |

Design e il 2(n () &) )( 68ksi )(017§) 61.2k (controls)

= J 1‘ (16.1-129 |
“Jawso ) @ !
bolts Ag

|

l
D strengte s (3 "X:" “X2- +)(SB X ERVE Pﬁ.o

2 belis (o <
beqa:-= +we B.u.n ~( ¢
-~ bolts Conilecdd <l
ances ™

seecuxﬁ 1’0\"6 - shmf“. ?mv“‘eb
9‘..,.i“ “bucrap - tnch

= .61,'2k, =10.99 bolts use 12 (in pairs)
s S3=

[Ta )
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Bolts in Tension

bolt pretensioned due
/ to tightening of nut

F/2 F/2

T T» / A = contact pressure
VRN TR

Before F lied: | |
efore F applie =

To

T (To-F) /A
l l l l l l l l l l Contact stress reduced.
After F applied (F < Tp): | = | Force in bolts stays

i F/2

\L approx. same.
F/2

F
For F>Ty: T

\L h \L
F/2 F/2

Only when F > T, does applying tensile load actually change the force in a bolt.

When bolts are tightened, tensile stress induced is near F,. Some engineers are afraid to
load bolts in tension for this reason. From above we see that this is not necessarily a
problem though. Following code procedure will give a safe design.

(AISC 16.1-131) P, < @FyAporpores $=0.75  (FnAISC 16.1-129)
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Example

8 bolts 75" A490

Py=?
i ¢ Ab <$M‘\"t‘\< ?‘>

## beits
=N (T“L" Hz 1= Bée)
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Combined Tension and Shear in Bearing-Type Connections

Combined stresses in bolt from shear and tension may overload the bolts.

Check shear same as before, but reduce tensile capacity based on the

amount of imposed shear.

Find imposed shear in bolts, f,,
Then find usable tensile strength (F’,;) modified to include the
effects of shear. J3.7 (AISC 16.1-134) :

P, < ¢F' Ay ¢ = 0.75

4 Fn
Floe = 1-3Fnt_¢TT:vf;”v < Fut

F, = noml.nal tensile strength Table J3.2
E,, = nominal shear strength

frv = imposed shear stress from load combinations
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Combined Tension and Shear in Slip Critical Connections

Tension force will reduce clamping force which in turn will reduce friction.

Code applies reduction to the slip-critical capacity /3.9 (AISC 16.1-135)

Slip Capacity (same as before)
/_
Pu S kSC(an

Factored tension force in bolts from

load combinations
Ty

DyTpnp

kse =1-

# of bolts carrying the applied tension
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DL=75k

LL =100 k __— (8) 78" A325 bolts

B D/ threads excluded from
I shear plane

L

Check shear, tension, and slip critical capacity of bolts (to check bearing you would

also need flange thicknesses, etc. )
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'_Bo‘—’rs “Scry ECren o “SHEARL <% TENS (A

C leev:*)
.o "‘f,,\iSOk:; ‘, k
0 Y2
- w-‘hr“ " 2236%
Py - Rk

P 100F
,(L(?S“)f'c("’*) o

5

. '.'T.'-r—r_ —

-7/3“ A 328 BoLTS

THREADS  EXC(upeD
FRom SHEAR PLANE

&tvmc Lopd - 175 K
|7SK 7: 3K

t

REARING (CoNNECTIO N

—

—

=

-

CET SHEARZ SILESS (Q V>

A, = —WQ%)Z: Loin®
. HEAL
S = “;o%:\ 2329 ksi < ¢ s‘ruzesc;n-\@
GET_ TERSILE -srrtess_(—&) “75 (68ksi) = 51 ks
g _ i3 'L- Al 52 K=t (16.1-134)

TIACY ' /\/ |

F'nit=1.3F - Fnt(f [ oFny)”

F*nte = 1.3(90) - (90)(23.29/51) = 75.9ksi

75.9 ko, 746.58
TEnSioN Ok

—
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- z B 223 ¢ 1

: [ (5(5%%8)

. 1 -/27
—HEAR ks = CD,'%(:,

ComeonsdsT

7‘?,<,{71,13////

ASsoueE ©.5

3o

-

/.8 < @3 5 No Coecp V&S wilf
g 2 £ HeHew /k
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’ Bea.\l—\ Cil\ne(:L"“‘:"Sh& )‘:afr's e
'“”AA.QJLO
o =T
® il A32SX — 3, bolts A = 440"
le
. L.")L i IE = ] Pl_:.kb
- ‘-l- 4 - + PD:[ac
m - + + - —] 3
. ] ; £ =1260)~1¢]32)
= r@ﬂ "i ¢ éet T@ + 4 = ¢c"
liﬂ:— ot -3 + ?‘ﬁw‘lg;: gef*
\—~st5',< A ¥+ Lebe
O:} Clecle Law\n\c‘ cenned £ion
M lhl'L\;-\ \){QJ\ML( ’?ve&%&:\n_ _\1: Zek
S;}u:_ 8{ ZSh\ = 2@? %, %
T (1)
Clack  Shass ~\o? Qe le Q
| S cot(%\-\'\: -‘solﬂ-l'n
z
S = J(; Ldz: '\é(?m\<[7.w\\ < .‘Ln& " e 3
S :}:\_: A®Q-mn - |.0F
LY 168 iin? 172 (comp)  (en)
Y =2,6% o el
le3 neo% 2
Contact stvess leoks thuso —_3 K. —'\
- & —
0K - Q.Oﬂ'\-ﬁ-t—l-' \.).a,u\,‘éc.\:\ecg ) 3‘3,5;5'\‘(/'
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‘ GQ* Jl"QmSt.w\. \n -EOP \3°H' (.‘l"'ve 'kc M

3 -
e ]EL(?M \(h—“\) Ra) o8 X

(\t‘g: EJ\_‘_Q. —~ 180 E-in (4'& )'\\ = Bc 5/l"“.-—

< ll_OO% M o )

‘Tﬁc\ Yrvess SRV C\o o -I-of’ \oo“*s

' 5 T 8OL T 2a
J/ L B0/In "'af %ol{'s In¥® ( 4\( 5
Tr3n =tego K
‘tﬁ(’

bolts

bolis
S, = Mo B 19.09 %2
—_— . 2(- aamy)
(o = -0 T
Fo= gl-ea) 1O Vo
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T () x = z(--a,q.nZ)Q.s-x)+zkg:4\(’+-§—7f\ 4 2 e\

Cine e~
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\

g.a
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Xt + .3<a¥% = 5.,<3
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Buld &

wWelds

How wdéx;\c\ ?QV'Q-QV med (16.1-116)

(smAw)  Shielded Metal Ave Weldia,,

N Most :
Cowon ty
electvale used
“// ey +vucled c-_oul,l,‘? <Ly s
// oun
: deCauu.QJ’
%h$ shield éi ‘L&\ — anc wd‘g
.,_.-—LAK olen et

BAse melted

(saw) Submenaed Ave Procaa

‘DJ: ?Ld- A.a\-u-n -‘;us.:UQ Pcmw Q\W)C
Tl weld with ban. <eleclrode

'_Y—’zf_w q bde.tés

_—‘ r—— No Ae$|.%“
clend edions __A:— J..@L

———l ' k\gecleco

o<

PLus

Slet

@
=
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E\t&b\c& HA.‘L&J\J:&Q u-fys& O.Q—UAA-\S Sll\.em%c‘_ M

Lo 'sl-’wckd-f« q elecirocle
EFo clecdhatc ueed wide A3
\ g q elechole medenia

T welds Crkid S e Tean \'\He\v‘ow%(‘
Alved &  weld

throat =4

(16.1-118)

Si1=2C
n
w
.—fsl <
=35
- '\

Fvr SwAwW +  t=. %3 w

Vv SAW ! t= w {e w< %/5" 3
- JoTw + AL 1nm>/8

149



Limy dadians o <ize

MiA L - v 3;:;-e

2w . 2
¥ mekd et i & (16.1-118)

'\_C.LE(Q J2. 4;
b
A Vor
- Pl "
-tt\l.gkeh_ PQ:* = \!f o

Maximum  weld size

1
T:E'L- o2+ts N -+
3 MAX -
1
J— ieriCE N > L N
t < meFt ~ le
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E3xo
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P I

(Pu\“:d‘o = Qb-g\“ os L_{-.rf

3/e" weld
SHA-\\ E3do
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[ 4
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