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ANSI/AISC 360-22 . i
An American National Standard 09)3&” l.a Lg)l.i.’bg.? TR o

User Note: The following User Note Table summarizes the AWS D1.1/D1.1M ‘4% A ST2/A 572M — 07

provisions for matching filler metals. Other restrictions exist. For a com- TABLE 4 Tensile Requirements”

plete list of base metals and prequalified matching filler metals, see AWS P e R
[ rade = = B "

DI1.1/D1.1M, Table 5.3 and Table 5.4. — Joon a0 s [MPal  ksi  [WPa] ol B2
i 42[290] 42 [290] 60 [415] 20 24

Base Metal (ASTM) Matching Filler Metal /' g s0(345] 50 [u5] 65 s 18 2t

epmps 55[380] 55 [380] 70 [485) 17 20

A36/A36M < % in. (19 mm) thick 60 and 70 ksi filler metal I 00030015 e = B M M s &

A36/A36M > %4 in. (19 mm) thiCk, A588/ | SMAW: E701 5, E7016, E701 8, 7028 r 5 and the contents g :‘“Sg?‘specimen Orientation under the Tension Tests saction of Specification

A588MIa A1011/A1011M, A572/A572M | Other processes: 70 ksi filler ghetal

Grade 50 (345) and 55 (380), AS13/ e

A913M Grade 50 (345), A992/A992M
S e O e A e e e = = = = = = = | {lly Ao13/A913M

A913/A913M Grade 60 (415) and 65 80 ksi (550 MPa) filler metal .

| J
(450) TABLE 2 Tensile Requirements
A913/A913M Grade 70 (485) 90 ksi (620 MPa) filler metal Yield Point, Tensile Elorastion: i
BlFor corrosion resistance and color similar to the base metal, see AWS D1.1/D1.1M, clause Grade Ll PHangt, min,

56.2. % ; . 8 in. 2in.
Note: : ksi  MPa]  ksi IMPal 1500 mm], %  [50 mm], %
In joints with base metals of different strengths, either a filler metal that matches the higher 50 = [345] 50 [345] 65 [450] 18 21
strength base metal or a filler metal that matches the lower strength and produces a low hydro- 60 : [415] 60 [415] 75 [520] 16 18
gen deposit may be used when matching strength is required. 65 ' [450] 65 [450] 80 [550] 15 17

70 @ [485] 70 [485] 90 [620] 14 16

\\
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Figure 3—12. Welds on edges.
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" The AISC Specification addresses this issue by permitting
the use of the greater of the following:

R, =R+ B (Spec. Eq. J2-6a)

R,=085R,,+ 1.5R, .,

Parallel loading 0°

(Spec. Eq. I2-6b)

where
Roo1 = total nominal strength of longitudinally loaded fil-
let welds, kips (N)

R,o; = total nominal strength of the transversely loaded
fillet welds, without taking into account the 50%
increase as discussed previously, kips (N)

Transverse loading 90°
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AWS D1.1/D1.1M:2020

i

Single-V-groove weld (2) Tolerances
Butt joint (B) . As Detailed | As Fit-Up
Y ‘7 K (see5.4.1.1) | (see 5.4.1.8)
/ R=+1/16,-0 | +1/4,-1/16
oa=+10° -0° +10° -5°
Base Metal Thickness
(U = unlimited) Groove Preparation Allowed Gas
Welding Joint Root Groove Welding Shielding
Process Designation Ty = Opening Angle Positions for FCAW Notes
R=1/4 o = 45° All — e j
SMAW B-U2a U — R=318 o =30° F, V, OH — ej
R=1/2 o= 20° F, V, OH — e j
R=3/16 o= 30° F, V, OH Required a,j
GMAW | g 1y2a-GF u - R=38 | a=30° F, V, OH Not r a,j
FCAW £ i '
R=1/4 o= 45° F, V,OH Not req. aj
SAW B-L2a-S 2 max. — R=1/4 o= 30° F — j
SAW B-U2-S U o R=5/8 a=20° E Al ]

Figure 5.1 (Continued)—Prequalified CJP Groove Welded Joint Details (See 5.4.1)

(Dimensions in Inches)
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AWS D1.1/D1.1M:2020

Single-V-groove weld (2) ~ / g/LOlS (.5 S 9.9.’ w 9.>'. M W;_S
Butt joint (B) BACKGOUGE
(’ 14 ‘—'-A:r /\ \
/ 1
% h\ /635 i
i f
R
Base Metal Thickness
(U = unlimited) Groove Preparation
Single-bevel-groove weld (4 Tolerances
Root Opening Tolerances Allowed Gas T-'n?nt M 0 ) _
Welding Joint Root Face As Detailed | As Fit-Up Welding | Shielding c!] mer jint (C) As Detailed As Fit-Up
Process | Designation T, T, | Groove Angle | (see 5.4.1.1) | (see 5.4.1,8) | Positions | for FCAW MNotes J I_I (see 5.4.1.1) | (see 5.4.1.8)
R=0to1/8 +1/16, =0 +1/116, -1/8 |\ | | R=+1/16,-0| +1/4, 1116
SMAW B-U2 U e f=0101/8 +1/16, <0 Mot limited All S d,e| _ - e o
o = 60° +10°,—-0° | +10°, -5° b- |\ ol Wl L
]
R=0101/8 +1/16, =0 +1/16, =1/8 W
GFE':‘::' B-Uz-GF U — f=0to1/8 +116, -0 Mot limited All ] 'TJ?:ed a,d,j
a = 60° +10°,-0° | +10°,-5° =3
R=0
Cwver 1/2 101 — f = 1/4 max.
o = 60° N
R=0 f-o_n—r +1/16,-0
SAW B-L2e-5 Ower1to1-1/2 | — f= 1/2 max. =+ +116 F — dj
a=600 | @=Ly e
— -g° +1t Base Metal Thickness Allowed Gas
R=0 - .
Oeartiztoz | — 1 1—em mes Welding Joint (U = unlimited) Groove Preparation Welding Snielding
a = 60° Process Designation T, Ty Root Opening | Groove Angle | Positions for FCAW Notes
R=1/4 o= 45° All — eq ko
SMAW TC-U4a u U P = £ v.OH ”
’ = . . . . = a = 30° Vi — e gk o
Figure 5.1 (Continued)—Prequalified CJP Groove Welded Joint Details (See 5.4.1) = . g
(Dimensions in Inches] P R =316 o =30 All Required a0ko
FCAW TC-U4a-GF U u R=3/8 o =30 F Mot req. a0 ko
R=1/4 o =457 All Mot req. a, g ko
R=3r8 o = 30°
SAW TC-U4a-5 u u F — o. ko
R=1/4 o =45
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4. DESIGN OF WELD ED CONNECTIONS

AWS 01.1/D1 .M 2020
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2.5
1
{A) TRANSITION BY SLOPING WELD SURFACE
25
1]
AEMOVE AEMOVE
1= AFTER WELDING 1| AFTER WELDING .
2.5 25 |—2 5
P4 .
25
= ~ REMOVE 25
AFTER WELDING =

{B) TRANSITION BY SLOPING WELD SURFACE AND CHAMFERING

Figure 4.17— Transition of Butt Joints in Parts of Unequal Thickness

{Cyclically Loaded Nontubular) (see 4.17.1.1)
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Table 7.1 (Continued)
Matching Filler Metal Requirements (see 7.1)

Material Welding  AWS AS Electrode
Group Steel Specification Process Specification Electrode Classifications” Additional Comments
SMAW AS5.5/A5.5M ERDIS5-X, EBO16-X, EBOI8-X
AS5.28/A5.28M ERB0S-XXX; EROC-XXX
] Low Alloy Open Classification’
GM AW ASIG/AS 36M EENTX-XAX_X
5.28/A5.2 - =X
' ASTM AT706 Grade 60 GTAW AS28/AS 28M ERS0S-XXX, EROC-XXX
ASTM AT06M Grade 420 AS29/A529M ERXTN-X, ERXTX-XC, EBXTX-XM
Low Alloy Open Classifications®
FCAW ESXTX-CIAN-X,
5.36/A5.36M" ESXTN-MIIAX-X
EBXTN-XAX-X
ERXTX-AX-X
SMAW AS5.5/A5.5M E9015-X, E9016-X, E9018-X, E9018M
AS2R/AS2EM ER905-XXX; E90C-XXX
L Low Alloy Open Classifications’
AS36/A536M"
EOXTX-XAX-X
ASTM 615 Grade 60 GTAW _ AS.28/A3.28M ER90S-XXX, E90C-XXX
m ASTM A615M Grade 420 A5 20/A5.29M EOXTX-X, FOXTX-XC, EOXTX-XM
Low Alloy Open Classifications®
EOXTX-ClAX-X
FCAW - e
EOXTX-XAX-X

EONTX-AX-X
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[ AwsD1.1 | ‘
Sad x it
DESIRABLE ACCEPTABLE UNACCEPTABLE

_~—C =EXCESSIVE

RCINOES INEPLL ¥
NV IR

EXPOSED EDGE SCHEDULE C SCHEDULE C B
SCHEDULE G APPLIES APPLIES : :
APPLIES . .
a :
: :
C = EXCESSIVE : :
c i :
P ' H
. L .o
% - + = b =
SCHEDULE D ~ 11| scHEDULE D SCHEDULE D P HE
APPLIES APPLIES APPLIES 4 - *
ol .
(F) FILLET WELD PROFILES FOR OUTSIDE CORNER JOINTS e ; L L

AWS D1.3
. £
‘ A 7
Welding Procass Thickness R = Root Opening Posilions
All 18 Ga. MIN_, 11 Ga. MAX. 0 MIN., t/4 MAX, All

Note: See Annex D for metric equivalents of U.S. Customary Units. 1 4.- 1 4

Figure 3.2A—Fillet Weld in Corner Joint (see 3.2.2) A=
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e b

Plug and Slot Welds

A plug weld is a weld made in a circular hole in one member of a joint fusing that
member to another member. A slot weld is a weld made in an elongated hole in one
member of a joint fusing that member to another member. Both plug and slot welds
are only applied to lap joints. Care should be taken when plug or slot welds are

applied to structures subject to cyclic loading as the fatigue performance of these
welds is limited.

Limitations

Plug and slot welds are limited to situations where they are loaded in shear, or where
they are used to prevent elements of a cross section from buckling, such as for web
doubler plates on deeper rolled sections. Plug and slot welds are only allowed where
the applied loads result in shear between the joined materials—they are not to be
used to resist direct tensile loads. This restriction does not apply to fillets in holes or
slots.
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/ ¢
- M-16 M-20 m-22 M-24 M-27 M-30
X S Ls Ly Ls Ly Ls Lg Ls Ly Ls Ly Ls Ly
| - Min Max Min Max Min Max Min Max Min Max Min Max
1 ] i 36.00 | 4200 | 2950 | 3700 | 2850 | 36.00 | 2200 | 3100 | 2000 | 2000 | 1550 | 26.00
E: . 4600 | 5200 | 3950 | 4700 | 3850 | 46.00 | 3200 | 41.00 | 3000 | 39.00 | 2550 | 36.00
1 : ; ' : ‘ 56.00 | 6200 | 4950 | 5700 | 4850 | 56.00 | 4200 | 51.00 | 4000 | 49.00 | 3550 | 46.00
- R | Y AN ! i 66.00 | 72.00 | 5950 | 67.00 | 5850 | 66.00 | 5200 | 61.00 | 5000 | 5000 | 4550 | 56.00
e Ig - . - v Entarge Virw 76.00 | 8200 | 6950 | 7700 | 6850 | 76.00 | 6200 | 71.00 | OO0 | 69.00 | 5550 | 66.00
- I - 86.00 | 9200 | 7950 | 8700 | 7850 | 86.00 | 7200 | 81.00 | 7000 | 79.00 | 65.50 | 76.00
96.00 | 10200 | 8950 | 9700 | 8850 | 9600 | 8200 | 91.00 | 8000 | 8000 | 7550 | 86.00
_k_ 3 106.00 | 112.00 | 99.50 | 107.00 | 9850 | 106.00 | 92.00 | 101.00 | 90.00 | 99.00 | 8550 | 96.00
I, 116.00 | 122.00 | 109.50 | 117.00 | 108.50 | 116.00 | 102.00 | 111.00 | 100.00 | 109.00 | 95.50 | 106.00
V. — 126.00 | 132.00 | 119.50 | 127.00 | 11850 | 126.00 | 112.00 | 121.00 | 110.00 | 119.00 | 105.50 | 116.00
— dw 136.00 | 142.00 | 129050 | 137.00 | 12850 | 136.00 | 122.00 | 131.00 | 120.00 | 129.00 | 11550 | 126.00
= 0.1 da 146.00 | 152.00 | 139.50 | 147.00 | 138.50 | 146.00 | 132.00 | 141.00 | 130.00 | 139.00 | 125.50 | 136.00
X' Enlarge View 156.00 | 162.00 | 149.50 | 157.00 | 14850 | 156.00 | 142.00 | 151.00 | 140.00 | 149.00 | 135.50 | 146.00
166.00 | 172.00 | 15050 | 167.00 | 158.50 | 166.00 | 152.00 | 161.00 | 150.00 | 159.00 | 145.50 | 156.00
) Width ) ) Radius ) ) Minecr
. Pitch Width across | Thickness of Thread Shank Washer Major Pitch )
Size. across Flat (s head (kK Length (b da dw diameter (ds under height (¢ Diameter (D) | Diameter (D1 Diameter
® | comer(e) (s) (K) gth (b) (99)| peadqry | MeiINt(©) (D) ©N by
MM Min Min Max Min Max | Min Max Max | Min Min Max Min MM Min Min Max Min
M16 | 2.0 20 56 26.16 27 g.25 10.75 28 3000 1920|2490 | 1530 | 16.70 1.2 0.4 06 1568 | 1596 | 1450 | 1460 13.80
M20 | 2.5 35.03 31.00 32 1210 | 1390 33 3580 2400|2950 1916 | 20.84 1.5 0.4 0.8 1962 | 1996 | 1815 | 18.25 17.25
M22 | 25 39.55 35.00 36 1310 | 1490 34 3650 |26.00|33.30| 2116 | 22.84 1.5 0.4 0.8 2162 | 2196 | 2015 | 20.25 19.25
M24 1 3.0 45.20 40.00 41 1410 | 1590 39 4300 |28.00|38.00| 2316 | 24.84 1.5 0.4 0.8 23.58 | 2395 | 21.80 | 21.90 20.70
M27 | 3.0 50.85 4500 45 1610 | 17.90 41 4500 | 3200|4280 | 2616 | 27.84 20 0.4 0.8 2658 | 2695 | 2480 | 24.90 23.70
M30 | 3.5 55.37 49.00 50 17.95 | 2005 44 4950 | 3500|4660 | 2916 | 30.84 2.0 0.4 0.8 2052 | 2005 | 27.50 | 27.60 26.16
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Proof
Load
Stress

Proof
Load
Stress

Proof

Load Hardness HR

Stress

N/
AT T A T e T

Proof
Load | Hardness HR Hardness HR Hardness HR
Stress

M4 M7 580 670 810 1040
M7 MO | 500 | B71 | c30 | 680 | B79 | C30 | 830 | B290 | C30 | 1040
M10 M6 | 610 700 840 os0 | 8| ©°
M6 | M37 | 630 | B76 | C20 | 720 | B85 | C30 920 | B97 | C38 | 1060

F”rp':;i:i:: 82';5 B 46,5.6,5.8 4.6,5.6,5.8,6.8 46,56,5.868 %88 8.8&109
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UNE-EN 1090-2

March 2019

Execution of steel structures and aluminium structures

Part 2: Technical requirements for steel structures

7
8.2 Use of bolting assemblies

8.2.1 General

(as necessary).

bolted assembly.

This clause refers to bolting assemblies specified in 5.6, consisting of matching bolts, nuts and washers gl

Unless otherwise specified, preloaded assemblies do not require additional locking devices.

=9y Lo pmle

B oyt Aoy oSl S13T oSS 4bSliw!

=2 b

S RN 09 —pgw Ceomnd

fewl jlxo 0 0 9 g2 Y9 L

Euro EN
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b

It shall be specified if, in addition to tightening, other measures or devices are to be used to secure the

Bolted connections with small ratio of clamp lengths relative to bolt diameter subject to significant
vibrations, such as storage racks, shall use a locking method.

Bolts and nuts shall not be welded, unless otherwise specified. This restriction does not apply to special
weld nuts according to e.g. EN IS0 21670 or weldable studs.
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5.4.11 Bolts

We | d e d CO n n e Cti O n S_ Welding on structural bolts is occasionally desirable, even

though as a principle, it i1s generally best to avoid this situa-

' tion. Applications that may involve welding on bolts include
A P rl m e r -FO r connections that are bolt-to-bolt, bolt-to-nut, or bolt-to-
Engineers

structural steel. Welding nuts to structural steel is discussed
\: e rranenneen ettt enaene in Section 5.4.12 of this Guide. Mechanical solutions often

* American Institute of Steel Construdion . . 0
Second Edition § 312.670.2400 | wonw s org exist to preclude the need for welding on bolts. Two primary
concerns exist regarding welding on bolts. First, the weld-
ability of the bolt may be poor and cracking in the weld or
in the bolt may occur. Cracking is discussed in Chapter 6 of

this Guide. Second, the heat of welding may compromise the

Table 5-2. Weldability of Structural Bolts strength of the bolt.
Specified
Minimum Relative
Alloy Tensile Weldability
ASTM Carbon Control for P (%) S (%) Strength,? Heat {High =
Spec. Grade/ Type (%) Weldability Maximum Maximum ksi (MPa) Treatment Poor)
F3125 1 030052 Little control® 0.035 0.040 120 (830) QET 5
Grade 3A 0.23-040 | Little contral® 0.035 0.040 120 (B30) Q&T 5
Af’;rz;gd 2B 038048 | Little control? 0.035 0.040 120 (830) Q&T 5
Fiags 3G 0.30-052 Little control® 0.035 0.040 120 (B30) QET 5
F3125 Tvpe 1 0.30-048 | Lttle control® 0.035 0.040 150 (1040) Q&T 6
Grade
A490 and _
Grade Type 3 0.30-053 Little control® 0.035 0.040 150 (1040 QAT B
Fz280
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ﬁumr&( .
““% : Smarter. Stronger. Steel,
E & E Arnetican Institute of Steel Construction
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Engineers

Second Edition

5.4.13 Washers

Welding on hardened washers should be avoided. Weld-

able washers can be cut from structural steel of known
weldability.

=9y Lo pmle

B oyt aolg oSl 8157 olEils b slw!

5.4.12 Nuts

The AISC Specification lists two specifications for stiuc-
tural nuts—ASTM A194 and ASTM A563 (ASTM, 2016).
ASTM A 194 covers a variety of nut grades; only 2H will be
addressed in this Guide. ASTM A563 provides requirements
for eight grades of nuts; one grade (C3) has seven classes.
This Guide will address the weldability of the nut grades
permitted by the AISC Specification. Table 5-3 provides a
general summary of the properties of different nuts along
with a general estimate of weldability.

Table 5-3 was developed using the same methodology
as was used for Table 5-2. Two trends can be seen in the
table—if nuts must be welded, ASTM A363 Grade C3-C,
C3-D, C3-E and C3-F are likely to be the easiest to weld.
Welding on ASTM A 563 Grade C, DH and DH3 are likely to
be problematic. However, it must be noted that the delivered
nut may have a chemical composition that 1s much less than
the level permitted by the ASTM specification. For example,
while ASTM A563 Grade DH3 permits up to 0.53% carbon,
the actual level could be as low as 0.20%. Despite the rating
of “8,” Grade DH3 has been successfully welded in the past.
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Table 5-3. Weldability of Structural Nuts

Minimum Relative
Alloy Tensile Weld ability
ASTM Grade/ Carbon Control for P (%) S (%) Strength,® Heat {High=
Spec. Class (%0) Weldability | Maximum Maximum ksi (MPa) | Treatment Poor)
040 Little 150
ATS4 2H MmN control® 0.040 0050 (1400 =y !
055 10CF
Fiy . MNone 012 0.23 (BAF) QET 11
0s5 144 .
o mExirmu M None 012 01s (994) QET option 11
Little 144 .
C3-M Mo control control? 007015 0.050 (994) QET option 2
C3-A 0.33-0.40 Good 0.040 0.0s0 (19;3) QET option =)
144 .
C3-BE 038048 Good 00012 0.050 (994) QET option 5
144 .
C3-C 015025 Good 0.035 0.040 (994) QE&ET option 3
A5E3 Y
ca3-b 015025 Good 0.040 0.050 (994) QET option 4
144 .
C3-E 0.20-0.25 Good 0.040 0.040 (994) QET option g
144 .
C3-F 0.20-0.25 Good 0.040 0.040 (994) QET option )
0ss5 Little 150 .
D S control? 0.040 0.050 (10409 Q&T option L)
Little 175
CH 020055 control® 0.040 0.050 (1210 QET 7
finimum 175
OH3 0.20-053 it Gl 0.046 0.050 1210y QET 8

Mote: This table is used to estimate wakdability, The actual ASTM specification should be used if specific properties are needed,
? Proof bad strass.

B The term "Litte control' is interded o be applied only interms of weldakility; the suitability of the ASTM designation onthe contral of the composition of
the nut 25 Used as a mechanical fastensr is not being drawn into guestion.

% For non-zing coated nuts; 75 ksi (516 MPa) for zing costed nuts.
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P =12P,+1.6P, =1.2x15+1.6x30 = 66 ton
V. =T, =0.707P, =46.6 ton

TR R0 e S s

b
#F,, = 0.75x0.55F, = 0.75x0.55x 10000x 107 =4.125 —
cim
TR P P PR ehn GO s
= Lo A6 g0 p 41250 L o3gm, =123
64, 6x3.14 CIn cm cIm
ol A S oS b ke
t
OF, = 0.75%0.75F, = 0.75x0.75x10000x 10~ = 5.625 —
CITl
T S R A (oS Al
T 46.6 ton ton ton
_ S = 247 < §F,, =5.625—— > 0.3¢F, =1.68
£ 64, 6x3.14 cm® P cm’ P cm’
:fﬁ'.!)b u__ﬂ).al_u
r f 247 |
F = ¢F, | 13— |=0.75%0.75F,| 1.3~ =394> f o o
P =4 ”“L 3 ‘7707520557, R

g (2 S b s
GR, = pnx 2AdLF, = 0.75% 6x 2.4 % 2.0x 2.0x10000 x 10~ =432 ton >V, Zeal L5
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Example :
Compute the smallest net area for the plate shown below:
Plate thickness = 12 mm A
Bolt diameter = 19 mm —
10 cm |
+ OB
. _ : ) 10 cm 1,
i yioudao Y5, ulowl Elhguw 1) PSS T
; [ +— - C o —
(cwl g bd 10 cm IR E
Solution. |
10 cm
ABCD =40-2(2.2)=35.6 cm (control)
2
Moo U2 Awlxo I 7 ABCEF =40-3(2.2)+ =359 com
4(10)
: | 10° _
ABEF =40-2(2.2)+ =36.85 cm
- 4(20)
A, =35.6(1.2)=42.7 cm? [

Urmia University, M. Sheidai
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2 Net tensile plane —— (@ross shear plane
5 Active shearplane Net shear plane
Ly S ——— Gross tension plane
--------- Net tension plane
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AESEARCH COUNCIL ON STRUCTURAL CONMNECTIONS

resco

Shear/Bearing Joint. A snug-tightened joint or pretensioned joint with bolts that transmait
shear loads and for which the design criteria are based upon the shear strength of the bolts
and the bearing strength of the connected materials.

Slip-Critical Joint. A joint that transmits shear loads or shear loads i combination with
tensile loads 1n which the bolts have been installed mn accordance with Section 8.2 to
provide a pretension in the istalled bolt (clamping force on the faving surfaces), and
with faving surfaces that have been prepared to provide a calculable resistance against
slip.
[4.2. Pretensioned Joints ]

Pretensioned joints are required in the following applications:

(1) Joints m which fastener pretension 1s required in the specification or code
that invokes this Specification;

(2) Joints that are subject to significant load reversal;

(3) Joints that are subject to fatigue load with no reversal of the loading
direction;
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AESEARCH COUNCIL ON STRUCTURAL CONMNECTIONS
resc A5
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When required, pretension is induced in a bolt by imposing a small axial elonga-
tion during installation. When the joint is subsequently loaded in shear, tension,

or combined shear and tension, the bolts will undergo significant deformations

Thus, the shear and tensile strengths of a bolt
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Elastic Plastic Rnngc

A 4

—{ Range Elongation Until Failure
3 Ultimate Tensile Strength

4 Yicld Point 4—— Failure

& O — (Fracture Point or Tensile Point)
Stress . (Typically 85-95% of Yicld)
(Tension/Load) = Typical Clamp Load
al (75% of Proof Load)

> Slos QT S Coglie 5 sl &= 0 Ti ufo.w O (69 4 DIN MU&;T

A il @ ool ds o Al maS 1 09, c0 Al s YL o Sl
WS azgi i alaly 4 S o oloidiy Ap g ke gl )0 gy llas el

T<0.8F, A,

| | I | | | |

Strain (Stretch & Elongation) =

Tensile Stress-Strain Diagram
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Table 8.2. Nut Rotation from Snug-Tight Condition

for Turn-of-Nut Pretensioning ab

Disposition of Outer Faces of Bolted Parts

c One face normal Both faces sloped
Bolt Length ElL e to bolt axis, other not more than 1:20
normal to bolt
. sloped not mdore from norr_na! to bolt
lo C‘L"‘“ than 1:20 axis
Not more Y5 turn Y2 turn 25 turn
than 4d, 8
More than 4d,
but not more ¥ turn 245 turn % turn
than 8d,
More than 8d,
but not more 245 turn % turn 1 turn
than 12d,

degrees.

fitting steel.

Beveled washer not used.

Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For
all required nut rotations, the tolerance is plus 60 degrees (6 turn) and minus 30

Applicable only to joints in which all material within the grip is steel.

© When the bolt length exceeds 12d,, the required nut rotation shall be determined by
actual testing in a suitable tension calibrator that simulates the conditions of solidly
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Vi 3,5 osliiwl ¢l ITable 16 — Allowable adjustment of grip length for preloaded and non-preloaded bolting
assemblies

Preloaded bolting assemblies? Non-preloaded bolting assemblies

In addition to the minimum specified washer/s | In addition to the minimum specified washers up
up to two additional washersP or one plate | to three washers or two washers and one plate
washer or one washer and one plate washer or a

N 1 0 9 O 2 washer or one washerP and one plate washer
) plate washer may be used.
may be used.

The combined thickness of the additional The combined thickness of the additional washers

March 2019 shall not exceed 12 mm.
washersb/shall not exceed 12 mm.

Plain a  For preloaded bolting assemblies tightened by the torque control method (including system HRC) only one

chamfered additional plate washer may be used on the side that is turned. An additional plate washer or additional washer
washers may be placed on the side that is not turned.

L Plain washers
< Washers in accordance with EN 14399-5 orﬁEN 14399—6]33 appropriate. Washers to EN 14399-5 shall not
be used for assemblies to EN 14399-4 and EN 14399-8.

@ If additional washers or plate washers are used, the connection detail should be checked to ensure that
\

the shear plane for bolts with a shank has not been relocated into the threaded portion of the bolt.

Dimensions and steel grades of plate washers shall be specified. They shall not be thinner than 4 mm.
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ANSI/AISC 358-16 7 b
ANSI/AISC 35851-18

An American National Standard @‘F”u*’)-'-’ 6[-&” Q;uogLB.,o — R Ccomnd
6.6. BOLTS (2SS )

Prequalification tests have been conducted with both pretensioned ASTM F3125
Grade A325 and A490 bolts. Bolt length should be such that at least two complete
threads are between the unthreaded portion of the shank and the face of the nut after
the bolt is pretensioned. Slip-critical connection provisions are not required for end-
plate moment connections.

gy 2253 2535, ORSy

Jals 5535 93 J8laa 2 582 429
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0.07324

0.09766
0.12207
0.14648
0.17090
0.19531
0.21973
0.24414
0.26855
0.29297

<

Frequency Period

40.96000
20.48000
13.65333
10.24000
8.19200
6.82667
5.85143
5.12000
4.55111
4.09600
3.72364
3.41333

Acceleration
Time [sec] Acceleration [g]
0.00000 -0.00120
0.01000 -0.00070
|0.02000 -0.00030
0.03000 -0.00040
0.04000 -0.00050
0.05000 0.00000
|0.06000 0.00060
|0.07000 0.00320
|0.08000 0.00570
0.03000 0.00590
|0. 10000 0.00610
0.11000 0.00530
0.12000 0.00450

Fourier and Power Spectra

~

Response Acceleration [g]

055
0s
045
04
035
03
025
02
015
01
005

-0.05
-01
-015
-02
-025
-03
-0.35

Fourier Amplitude Fourier Phase

0.00020
0.00110
0.00257
0.01016
0.01474
0.00885
0.00681
0.02048
0.01487
0.03285
0.03546

0.06574

1.32871
0.93431
0.98750
-0.35127
1.39363
0.08927
1.21735
-0.33452
-1.46902
0.87634
-0.04895

-1.52651

b Lo e
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[ Baseline Correction and Filtering ~ Time Series Fourier and Power Spectra  Elastic/Inelastic Response Spectra  Ground Motion Parameters

Power Spectr. A
0.00000
0.00000
0.00001
0.00019
0.00039
0.00014
0.00008
0.00075
0.00040
0.00194
0.00226
0.00776

Frequency [Hz] Frequency [Hz]
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Emd moment

Fixed end momeant

Beam hne

@

Rotation of simply sup. heam
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Gage

Rotaion & (rad)

1
Detormation ot

web angle connection
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ol st b Jlasl: ool Yl ‘5>‘)Ja
(1 590 JS5) 1o 5 s S J S -
R _V, < ¢, V, (LRFD) Gz;u:{l;u))o' e
) | V.= 0.60F, A, Oy & oot
P $,= 0.90 (LRFD)
O o)y L Ag/~2Lt

s Jlail jo ol By 9 697 (S  cpieS iiS il s Y

R N & ‘ & e
| I"’IUZRM(:? fp = 2 ”f Ju » b e S
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[Beam: W3g "~ "~ "~ """ =f+
Column: W8
Angle 6 = 60 degrees

Beam: W24
Column: W16

Angle 8 = 60 degrees
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(b Llgd) (gl DL >k

Column: W8
Angle 6 = 45 degrees

Angle 6 = 30 degrees

R S S AR AT paE s g

Beam: W24
Column: W16
Angle 8 = 45 degrees

Beam: W24
Column: W16
Angle 6 = 30 degrees
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N

’ WWhr'Imore
WWhirmore

Only this shaded
area is used in design.

() (b)
Wwnitmore = b + 2 \_@ L,, (for welded member)
3

Winnimore = b + 2~/3 Lye (for bolted member)
3
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S5 o o lee (slools YLl b
o =tan " [(W, — b/2 — a) / L] Ll g Colses g olasl = ol o

o, =tan " [(W,—b/2 —a)/ L]
Wpp=a+b/2+ (Lg, + Lgp;,) tan(al) =W+ Lgph tan(al)

Wp=a+b/2+ (Ly+ Lgy) tan(on) = Wa + Ly, tan(olz)
c C W,

- +
smi)e)cos(ﬁ) ;’S(G) =) -GG

C, =— + — £2
sin’(@)  sin(@) tan(6)

(1) If U>0 then the point of intersection of the restraint line is on the column

(2) If U<O0 then the point of intersection of the restraint line 1s on the beam; and

(3) If U=0 then the point of intersection of the restraint line is on the beam as well as
on the column.
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C Ls L,
'l a
i a
1 , -
! x| /0
I ! | /7 +_:_1
Ls | | {f} !n"! ¥
A C oy
! o Ly
A W
: pri
A I| 0 }‘k L2
i ] Lgph
Y : j \J
Dll . ;
'y /r-’Ls
A JN | PO § D, 4P
3|
WV ork] | >
Pojnt
Gusset I:]
Plate

=9y Lo pmle
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s57ee o2 Aol el YLl oD

Le = [(Lepn+ Ls) / cos(on)] sin(0 — o)
Ls = (Lo + L) / cos{og)] cos(B —oy)
Lis=2a+b) sin(0)

A=Ctan(8) + CZ&) -D
Li=2a+b)cos(B)
Ly=A+Ls—L,

L3 =1L;tan (90° -0 — o)
B=L+1Ls-1;

(2.20)
(2.21)
(2.22)

(2.23)

(2.24)
(2.25)
(2.26)
(2.27)
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First Reentrant Corner
is on the Beam

I1=2a+b)cos(6) (2.12)
L_.+L 2.13

L L= | sin(@+a,) (2.13)

gn cos(cx, )
o — 2 }/‘a\ by le (2.14)

"}\} - AN @ T tan(0+ )

” ’2 : - L
Won \ - “7 . B- D Wn _ (2.15)
e Lt | tan(@)  sin(&)
P~

T L ={(2a + b) sin(0) (2.16)
__________________ i Ls =B+13-1,4 (2.17)
. (-*-—_—- s Lﬁ = L5 tan(@ - C(.l) (2 1 8)
| A =L +1,-Ls (2.19)
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Longest
1* Strip

in Compression
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W=Whitmore's Width
t= Gusset Thickness
L= Length of Gusset Column

(VYo 30 Ik e =K €
ST S abs dly 200 58 O genil glad =t
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Whitmore /\

| section /\
) Bending
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q)_ column

(B + 2in)
a =%+(£‘,, +21)tan ¢

¢ beam

Note: Maximum ¢ for determining
il Whitmore section is 30°.

The width of the gusset edge, d, is 2 in. wider than the brace diameter to allow clearance
between the HSS and the gusset corner, i.e., 1 in. on each side of the HSS.
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% s97e o sl Ll SYLasl (b

Jlail 5,9 cwles g olul = Jol Coud

Vertical Bracing Connections—
Analysis and Design

Bo Dowswell, P.E.. Ph.D.

e

MANUAL

a. corner gusset plate b. extended corner gusset plate

K, = maximum effective length factor
= 0.5 for corner gusset plates
= 0.6 for extended corner gusset plates
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[oz(gussetplatewidth)”*gapl )R R M)LQ” LSLQ‘"LQ SYlasl L5>‘)“a

B= ( gusset plate height) / 2
/ P.Sin6= H = H,+H, (@1};5_‘,‘ 5985) (g § yd ds Jl@‘! 55 Lbs> — pad .

P.CosO=V =V,+V, - .
- ) po st 5 el S Rl Y

o Vo r=Viarey T Gien) G 1)

L Xl o s dladl Sy o glrs oo Y

€

'Y VB=_E.P 3 HB:-EP (V_\D)

Ve v h Y r r

' — 1
FT ; Ly O s Jlasl By g Slay 0
He

] i \' g e,

VC= T P J HC:TP (A_\o)

doalos VV2 + H? 1V H lag, ol slp sl i 9 505 @0 8y9 JLail Gosz

U’"’? u.d).'a Q‘ﬁ" P (\\C‘\ u».&‘).’g 3) AlSC 360 J2'5 o)Lo.»fA f-\.la.’b dJUa.o Qﬁ.w

F_} ) . el ooz b LV g H aly a5l50 ols Gaalidl ) jlade 40l gl layl cow
oo« \\ F,.. = 0.60F,(1.0 + 0.50 sin’*8) O-3-Y-1-)
o — B tanB = ¢ tand — ¢,
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(CeiSo (h9y) Ogw g 5 & Jlasl 59 (hem — p90 Lo

100,58 oo oboul adlal S eiw Lo (59, 50 euls obw] Dglas L
a—BtanG;l-ebtanﬁ—ec

YU aboly 31 9 ool glﬁd;"C_{BF Olee @ ygiew g g & Jlail Joxo 50 oy cawlS sl ai b (ol 0
faul o0 Cowny 15 6L, g oo dmwlxe (6,50 polie B=PL s A= B8 L L e

if p>p wmmmp M.=H(B—B)
if a>a )y M,=V,(0—0) v

When o > o: | p ?:1
V, M 1 b
Total beam shear = max b|+ =1 . | Vill+ Rp 1 o Y By |
Cl l o— Cllpl Y - o
> s slel {CIIP - H A ’
S . ¢ When B>B:
Sygo 5 ke Q9 C M oap
@ x5 Jlal goe b5 5B Total column shear = max||—&] +|=——=< ,[HC.‘ - N '
(5 2 B —clip *
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97 o d)lee sl DYLal b

(CleSs Ghgy) g 9 05 4 Jlail (55 (o9 = oo Codd
Choosing 3 = E = 9.63 in., the constraint between o and B given by AISC Manual Equa-
tion 13-1, oo —Ptan® = ¢, tan 6 — ¢, gives:
o =PtanB+ ¢, tan® — e,
=(9.63 in.)tan45°+ (12.4 in.)tan 45° — 6.45 in.
=15.6'n.

Because o > o, the moment M, =V, (0(—(7) may add to the beam shear. Choose o =
o = 14.01in., then:

o—PtanB = ¢, tan 6 — e, (Manual Eq. 13-1)
o —eptanO+ e,
b h tan O
_ 14.0 in.—(12.4 in.)tan 45° 4 6.45 in.
B tan 45°

=8.05in. < p=9.63 in.
The column shear will not be increased by the moment, M. = H. fB—B), because [§ < B
r=\lete) +(B+a)

— J(14.0 in.+645 in)* +(8.05 in.+12.4 in.)?
— 289 in.
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e ) (Ve ) o
oFy t 28 OFy t 28

Don't forget to deduct weld access
hole for flange weld, if used.

- 2 >
Vub .3 Hub
K oFy t 20 OFy t 20 <1
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" 560 kips
I 14.0" /
198 Kip-in. 198 kip-in.
156 kips /
" 125 kips .
125 kips k,psl / ]e
———271 kips
Y 240 kips
_—19.9 kips
T S 240 kips J_. 271 kips
" L125kips’ 125 kips l o
463kips | | t‘ _463kips 46.3kips | +9,9k.gs . ‘ 71.8 kips O}
W A2KipsY 112 ki <
: _Z__I_ﬁps L ‘ 19.9 kips &
1216 kips 216 kips 258 kips
216 Kips
216 kipsl
174 kip-in. 174 Kip-in. - 258 kips
154 kips <
112 k:ps =
112
kips 154 klps \
| 14.8" %4 Kips
U
| |.6.45"

Fig. 5-57a. Design Case I gusset interface forces—LRFD.
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OFe 4 Jlasl paalee Sl 0 ke ce

Beam-to-Column Interface—Design Case |

The forces at the beam-to-column interface, shown in Figures 5-57a and 5-57b, are:

LRFD

ASD

Normal:
N, =112 kips —46.3 kips — 125 lu'ps|
=/59.3 Kips (compression |

Shear:

V, = 240 kips + 216 kips — 19.9 kips
= 436 kips

Normal:
N, =|74.8 kips —31.1 kips —83.2 kips‘
= 39.5 kips (compression )

Shear:
V, =160 kips + 144 kips —12.8 kips
= 291 kips
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¢ column

A\
v

¢ brace
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or angles
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Vu=(R,F,A,+P,) cos(6)

My= V d
u-= u 2
Compression Tension @ Elexure
A\ ﬁ G=4M/tL?2
é
x\\\\ Shear
j o=V/iL
e N

Brace forces
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(a) beam designer analysis; (b) connection designer analysis;
span and w.p. considered; local effects span and w.p. ignored; local effects

ignored considered
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Lk — The moments, (M) and (M,-)», are

(M,_,), =(67.0+218)(10.8)
(M), =3,078 kip-in

(M,_,), = ((=359)+(-172))(10.8)
(M, ), =5,735 kip-in

339/ Sketch is for connection w\\\j‘l?l 2[(M ) ) +(M ) )b] 2[3,078+5,735]
l 359 geometry and brace — V = a-a’t a—a —
forces only; other 172 I 54
detailing requirements g
not shown for clarity

(a) buckling load case V=326 kips
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Figure 15: Beam shear and moment for post-buckling load case
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Proof Proof Proof
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Stress Stress Stress Stress
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2.11.3 Anchor Rod Projection Too Long or Too Short

Anchor rod projections that are too short or too long must
be investigated to determine if the correct anchor rods were
installed. If the anchor rod 1s too short, the anchor rod may
be projecting below the foundation. If the rod projection is
too long, the embedment may not be adequate to develop the
required tensile strength.

Often, when the anchor rod 1s short, it may be possible
to partially engage the nut. A conservative estimate of the
resulting nut strength can be made based on the percentage
of threads engaged, as long as at least half of the threads in
the nut are engaged. Welding the nut to the anchor rod 1s not
a prequalified welded joint and is not recommended.
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structural walls resisting forces induced by earthquake i1 i sos Lo wly ons e Job cloygile)] lesl ©
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18.13.2.2 Columns designed assuming fixed-end condi-
tions at the foundation shall comply with 18.13.2.1 and,
if hooks are required, longitudinal reinforcement resisting
flexure shall have 90-degree hooks near the bottom of the

foundation with the free end of the bars oriented toward the Column or boundary  Column or boundary
center of the column. Wall boundary element not‘near element near edge of
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FIGURE 16.10 Required extensions of cohunn and boundary element remforcement mto footings. mat foundations, and pile caps.
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