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Guide to Design Criteria for Bolted and 9

** o
Riveted Joints

Q#L Slodasdl 5w

Geoffiey . Kk High Strength Bolts : Lf’lS")A |

John W. Fisher

Second Edition

Specification
for Structural Steel Buildings

A Primer for Structural Engineers
John H. A. Struik

CHAPTER J
DESIGN OF CONNECTIONS

AMERICAN INSTITUTE OF STEEL CONSTRUCTION. Inc.
One East Wacker Drive, Suite 3100. Chicago. IL 60601

AWS D1.1/D1.1M:2020
An American National Standard

»

Steel Design Guide
Structural

Welding Code— Specification for

Steel Structural Joints Welded Connections—
Using High-

Strength Bolts A Primer for Engineers
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American Welding Society”

Designation Title

DI1.1/DI1.1M Structural Welding Code—Steel ST S 5 005 05 6oVgd sl o3l (6, Sy
D1.2/D1.2M Structural Welding Code—Aluminum

D1.3/D1.3M Structural Welding Code—Sheet Steel oS b fe e B cwlis b s¥ 92 55 sla ojle (5,92
DI1.4/D1.4M Structural Welding Code—Reinforcing Steel

DI1.5SM/DI.5 Bridge Welding Code

DI1.6/D1.6M Structural Welding Code—Stainless Steel

D1.7/D1.7M Guide for Strengthening and Repairing Existing Structures

DI1.8/D1.8M Structural Welding Code—Seismic Supplement Sz slej)) Ly

Titanium

DI1.9/D1.9M Structural Welding Code
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ANSIAISC 341-16
An American National Standard

Seismic Provisions
for Structural Steel Buildings

July 12, 2016

Supersedes the Seismic Provisions for Structural Steel Buildings
dated June 22, 2010, and all previous versions

Approved by the AISC Committes on Specifications

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
130 East Randolph Strect. Suite 2000
Chicago, lllinois G0601-6204

AWS D1.8/D1.8M:2016
An American National Standard

|
|
Structural
Welding Code—
Seismic
Supplement
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(A) FLAT WELDING TEST POSITION 1G HORIZONTAL
“~
<::4-::> (B) HORIZONTAL WELDING TEST POSITIG@ . :
<”‘_,...—'-/-—‘j PLATES VERTICAL; N Lo s
AXIS OF WELD PLATES HORIZONTAL ] G )‘ l-’ So¥ vy o=

VERTICAL 4F ; 1F )\ sl M; ;‘9 4G &
J.ag.w e odd‘g.‘; oD

L

\/
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ANSI/AISC 360-22 . )
An American National Standard dgjll.i-” L Lg)l.iﬁ:g.?- — e, Cound

User Note: The following User Note Table summarizes the AWS D1.1/D1.1M dﬂp A 572/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 Analyei, % Yield Point, min  Tensile Strength, min MG EONg

D1.1/D1.1M, Table 5.3 and Table 5.4. R T T el W wes gon mem
0.005-0:

Base Metal (ASTM) Matching Filler Metal / 0o1-0.15, o IR S -, S 1. M S

i 55 [380] 55 [380] 70 [485] 17 20

A36/A36M < ¥ in. (19 mm) thick 60 and 70 ksi filler metal I 0003-0015 Sl e a0 N @ E 8

A36/A36M > % in. (19 mm) thick, A588/ | SMAW: E7015, E7016, E7018, £7028 5 AN ho GBS . 000 oPecmen Orientation under tha Tension Tests seation of Speciication

A588MIE A1011/A1011M, A572/A572M | Other processes: 70 ksi filler ghetal

Grade 50 (345) and 55 (380), A913/

A913M Grade 50 L34§l A992/A992M
A913/A913M Grade 60 (415) and 65 80 ksi (550 MPa) filler metal 2

v
(450) ) 7 TABLE 2 Tensile Requirements
A913/A913M Grade 70 (485) 90 ksi (620 MPa) filler metal / Yield Point, Tensile Elongation, min
BlFor corrosion resistance and color similar to the base metal, see AWS D1.1/D1.1M, clause 7/ Grade Lo Bfang, frén.

5.6.2. S : . 8 in. 2in.
Note: : kel Mea] e (] [200 mm], % [50 mm], %
In joints with base metals of different strengths, either a filler metal that matches the higher N\ 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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AWS A5.1/A5.1M:2012

=8l e

B ol a8 >l soSas! 33T oty slise!

sloj,) kilss

An American National Standard o)L 405 o — Gl g

Jooro g 09 Sl gl w @ o Cand Slol
AWS A5.1 o, luibuw! Gub  Slois b

Table 3
Charpy V-Notch Impact Requirements
AWS Classification Limits for 3 out of 5 Specimens?
AS.1 AS5. 1M Average, Min. Single Value, Min.
E6010, E6011, E6018 E4310, E4311, E4318
E6027. ET015. E4327, E4915, 20 ft-Ibt at -20°F 15 ft-1bf at -20°F
E7016°, E7018P, E4916°, E4918°, [27 J at -30°C] [20 J at -30°C]
E7027. E7048 E4927, E4948
E6019 E4319 20 ft-1Ibf at O°F 15 ft-1bf at O°F
E7028 E4928 [27 Jat -20°C] [20 J at -20°C]
E6012, E6O13. E4312, E4313
E6020. E6022, E4320, E4322 Not Specified Not Specified

E7014, E7024° E4914, E4924°
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C-Demand Critical Welds

The term “Demand Critical welds™ is used to identify welds subject to extra requirements of this code. Demand Critical
welds are further defined in AISC Seismic Provisions. The requirements are intended to reduce the likelihood of frac-
ture. The requirements applicable to Demand Critical welds are identified in the text of this code. The Engineer is
required by 1.4.1(4) to identify Demand Critical welds in the Contract Documents.

AISC Seismic Provision Commentary describes “Demand Critical Welds™ as follows:

“Demand Critical Weld i1s a weld subjected to yield level or higher stress demand and located in a joint whose failure
would result in significant degradation in the strength or stiffness of the SFRS.”
AWS D1.8:seismic load resisting system (SLRS)

S Slebgr mn @l MG W kb ikl
Bl jaliie a4 Gloll sl 3518 3,0,l5 ciiiwd Aol ol SBLol gL Jgesio
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-
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8 As shown, the member connecting to the weak axis is not an SFRS member.

MNotes:

1. D1.8-DC indicates welds commonly designated Demand Critical joints.

2. D1.8 indicates joints subject to the requirements of D1.8, but not commeonly designated Demand Critical welds.
3. D1.1 indicates joints subject to the requirements of D1.1 only.
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Table 6.2
Mechanical Property Requirements for Demand Critical Welds

Classification Strength Levels

Property 70 ksi [490 MPa] 80 ksi [550 MPa] 00 ksi [620 MPa]
Yield Strength, ksi [MPa]*® 58 [400] min. 68 [470] min. 78 [540] min.
Tensile Strength, ksi [MPa] 70 [490] min. 80 [550] min. 90 [620] min.
Elongation (%) 22 min. 19 min. 17 min.

[CVN Toughness, ft-1bf [J]%¢ 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +50°F I+10°C]]

Sl i Ghetgr Sl ples — V.7 Joux

JELLK. 00 o3, JELLK. FA- o3, Aol
V- o Feoo Plos (MPa) ol ceglin
08 Jilo> Fa- sl (MPa) _:iis cwslis
V4 Blas Y  Blos Jabo aboyl as

[ Y-°C 5 OF Jil> Y-°C 5 0F Jola M) CUN =il }




Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

o Flow sla mgr (@
i wdeads adie elos ) e dater Doawsds Lo Rex Ll | o a8 sojlee o
';j.elilﬂ Zolaaset o ""‘iL.‘ AL S I \_Jj"!"? ol t . L'de.‘o.; aa)jT).; r aj'}Lc J‘iLl_ L;.Ij:—" ad.f.:j-)%

.l-‘&iL.Q.; QJ)jT)._I _3:.; |_.J T‘—T—T'—"I * Jjn.\}

wloiy e gl gugsr s ouinf p 318 Olaskie (Y-Y-F-% Jaus
(g 8925 g 518) 09 25 83
Dolamse i o
E80 E70

470 MPa J&los 400 MPa Jilas s 155
550 MPa 8o 490 MPa 3o b EAS s
s 19 JEao s 022 Eas s o S
20 cles 3 g3 54 JHlas 20 cles 3 g5 54 JHan e &S gos bl

LJ.U):—-«J-J d..’-:!')d Lr\-‘j:'-‘ﬂal-\n-‘ d.".!r-)d gjv)L-:'J Bt

=8l e

B ol a8 >l soSas! 33T oty slise!

0F) galng (gl o) llgs

(AWS D1 8) 6.2 Heat Input Envelope

6.2.1 WPS Heat Input Envelope Testing Properties. Filler metals for Demand Critical welds shall provide the
mechanical properties in Table 6.2, based upon the WPS Heat Input Envelope Testing prescribed in Annex A, except the
following filler metals shall be exempted from the testing prescribed in Annex A when LAST is equal to or greater than
+50°F [+10°C]:

(1) SMAW electrodes classified as E7018 [E4918], E7018-X [E4918-X], in AWS AS5.1/A5.1M, and E7018-C3L
[E4918-C3L], FR018-C3 [ES518-C3] in AWS AS5.5/A5.5M (see 6.3.1.3);

oyt bod (p oS axils
‘M‘J 4.?)0 B eé)‘éﬁ
o 3L E7018 o480

S)les G
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SFA/AWS A5.47: SPECIFICATION FOR CARBON STEEL ELECTRODES AND FLUXES FOR SUBMERGED ARC WELDING

Example: ORK Flux 1071 F OK Autrod 1222
SFASAWS AS 17 FTAS-EMAZK

559 [F 1A sfEmKHa] ug> (59,581

| | |
Indicates a submergad arc Symbol for tansila Symbol for heat Symbol for impact Chemical composition of
welding flux. properties traatmant propertias wira alactrocas
|
\%
Tensile strength | Yield strength | Elongation | (Tensile {ield strength S5 o . asl = e ol JoBe A Average Diffusible Hydrogen
- min strengtty |- min) 74 daes oS Bl fleS 03900 MBe )8 AR 1 s (ml/100g Deposited Metal)
[psi] [psi] [%] ([ MPa]) ([MPa) ) Wle g0 (5505 0 )5 i sbed (S 5 9giae S
16
6 | 60.000-80.000 | 48000 22 (415 -550) | (330) g
7 70.000-95000 |58000 22 (480 -B50) | (400) e 4
2

A As welded Chemical composition for solid electrodes - in % (extract of complete table)

P E’ggl‘é’eﬂ Qea‘ treated (PWHT), —— Classitication | G M Si S P Cu {including
| ) ) ) ) Cu-coating)
Pl )Y 4,0 plill 4570 5" ool 0gie ol S EL{Z 0.04-014 |0.25-060 010 0.030 |0.030 | 035

— o . : . EMI12 0.06-015 |0.80-126 |0.10 0.030 |0.030 035
Digit | Temperatuie Chamyv impact {niny | Temperature) | Chamy-y impact fmin)
FF] 1 1] (0] (D) EMI12K 005-015 |0.B0-125 |010-035 0030 |0.030 035
. o 20 5 o EH12K 006-015 [1.60-200 |025-065 0026 |0.025 035
(-18) (27) EH14 010-020 [1.70-220 |0.10 0.020 |0.030 035
2 - 20 20 (-29) (27}
4 _ 40 20 (- 40} (27} Chemical composition for composite electrode welkd metal - in %
g - &0 20 (- 46 (27 Classification | 1N S g P Cu
6 _G0 20 (-&1) (27} ECT 0.15 180 0.90 0035 | 0.035 | 035
a -an v 20 (-82}) (27 ) ECG Mot specified
Z no reguirement Single values are maxirmum.
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AWS/ASME DIN 32 522

SACS188 B CS188AC AMA
F7A2-EM12 F7A2-EM12K F7P2-EM12K
AC 10M AP124UN

SAFB1 55 BFB155AC
F6A2-EM12 F6A2-EM12K F7A2-EM13K F7A2-EA2 F7P2-EA2 AMA AP125
AC 12

Conformances
AWS A5.17/ ASME SFA 5.17 FTA2-EM12K (158 slaasT

Flux Composition

Chemical Composiion, wi

Si0z + Ti02 Ca0 + MgO Al:0s + CaF2
S-800P | 20 | 40 | 35
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Optional Supplemental Designators’
Optional supplemental diffusible hydrogen designator (see Table 8).

The letter “D™ or Q™ when present in this position indicates that the weld metal will meet
supplemental mechanical property requirements with welding done using low heat input,
fast cooling rate procedures and using high heat input, slow cooling rate procedures as
prescribed in Section 17 (see Tables 9 and 10).

The letter “*J” when present in this position designates that the electrode meets the require-
ments for improved toughness and will deposit weld metal with/ Charpy V-Notch proper-
ties of at least 20 ft-1bf at —-40°F [27J at =40°C] when the welds are made in a manner

prescribed by this specification.

AWS/ASME SFA DIN
5.20 8555

ULS oli

AMA
200F

E71 T1(MJ

E71T/1C

AWS A5.20/A5.20M:2005

Table 10

Mechanical Property Requirements for “D” and “Q” Optional Supplemental Designators

Optional Supplemental Designator Tensile Test Requirements

Minimum Charpy V-Notch Requirements

!“5 .
.
.

58 ksi [400 MPa] min. yield strength
70 ksi [490 MPa] min. tensile strength
22% min. % elongation in 2 in [50 mm]

) o

4 l..S'«‘Lf;""""‘) yekie @

40 ft-Ibf at +70°F [54] at +20°C]
(see Notes a, b)

5l s J Slogas
MIX)y  bgbe 58

58 to 80 ksi [400-550 MPa] yield strength
for high heat input, slow cooling rate test

el MD 33,5 colaul

Q 90 ksi [620 MPa] max. yield strength
Sl wlb ol gy

for low heat input, fast cooling rate test

20 ft-Ibf at —20°F [27] at —30°C]
(see Note d)

B3,5 S D Lyl

22% min. % elongation in 2 in [50 mm]

(see Note ¢)
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Statically loaded. Not subject to significant fatigue stresses. Gravity, wind and seismic load-
ings are considered to be static loadings.

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, 0+ R (Spec. Eq. I2-6a)

R,=085R,;+ L.5R,,,,

Parallel loading 0°

(Spec. Eq. J2-6b)

where
R.01 = total nominal strength of longitudinally loaded fil-
let welds, kips (N)

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

Transverse loading 90°
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Single-V-groove weld (2) Tolerances
Butt joint (B) As Detailed As Fit-Up
(see 5.4.1.1) | (see 5.4.1.8)
R=+1/16,-0 | +1/4,-1/16
a=+10° -0° +10°, -5°
Base Metal Thickness
(U = unlimited) Groove Preparation Allowed Gas
Welding Joint Root Groove Welding Shielding
Process Designation T T Opening Angie Positions for FCAW Notes
R=1/4 o = 45° All — ej
SMAW B-U2a U — R=23/8 a=30° F, V, OH — ej
R=1/2 a=20° F,V, OH — ej
R=3/16 o= 30° F, Vv, OH Required a,j
GMAW | o \12a.GF u - R=38 | a=30° F,V, OH Not req aj
FCAW — - :
R=1/4 o= 45° F, Vv, OH Not req. aj
SAW B-L2a-S 2 max. — R=1/4 o= 30° F — j
SAW B-U2-S u — R=5/8 a=20° F — J

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

(Dimensions in Inches)
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CJP—Complete Joint Penetration
PJP—Partial Joint Penetration
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AWS D1.1/D1.1M:2020 S eden L .
Single-V-groove weld (2) ~ / LJ.A LS \)5-&’ wg-?' - M S

Butt joint (B) /\ \BAC KGOUGE
VAR |
Y=
! f
_—
R
Base Metal Thickness
(U = unlimited) Groove Preparation
Single-bevel Id (4 Tol
Aoot Opening Tolerances Allowad Gas T-Ijr;?n? mve -groove weld (4) erances .
Welding Joint Root Face | As Detailed | As Fit-Up Welding | Shielding Corner joint (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 I | | (see5.4.1.1) | (see 5.4.1.8)
R=0to 1/8 +1/16, -0 +1/M16,-1/8 |\ [ | R=+116,-0 | +1/4,-1/16
SMAW B-U2 U — f=0to1/8 +1/16,=0 | Not limited All == de,j - " p—
o = 60° +100,—g° | +10°, —g° f booy |\ o =+10"-0 +10%, =5
" ]
R=0to 1/8 +1/16, 0 +1/16, =1/8 ¥
EGM::: B-U2-GF u o f=01t01/8 +1/16, -0 Not limited All N{.Jted a,d,j I
a = 60° +10°,-0° | +10°,-5° e Ti
R=0 -t
Over 1/210 1 — f = 1/4 max.
a = 60° N ) |+ a
R=0 f-o_n—f +116,-0 1 _I_
SAW B-L2c-S Owver1to1-1/2 | — f = 1/2 max. = +1/16 F — dj e
a=60c | @=HO | 00 5o
= =0° gl Base Metal Thickness Allowed Gas
R=0 — unlieni i
Oear1-i8i0s | — iy Welding Jaint (U = unlimited) Groowve Preparation Welding Shielding
a =600 Process Designation T, T, Root Opening | Groove Angle | Positions for FCAW Notes
R=1/4 o= 45° All — eqa ko
SMAW TC-Uda U U " = E v OH ”
. : . y : . = o = 30° W = e.g ko
Figure 5.1 (Continued)—Prequalified CJP Groove Welded Joint Details (See 5.4.1) = . g
(Dimensiuns in Inl:hl:ﬁ] o R =316 =230 All Required agko
FCAW TC-U4a-GF u U R=3/8 =30 F Mot req. a,gko
R=1/4 o= 45° All Mot req. agko
R=3/8 o = 30°
SAW TC-Ud4a-S U u F — o ko
R=1/4 =457
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4, DESIGN OF WELD ED CONNECTIONS
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{A) TRANSITION BY SLOPING WELD SURFACE
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Figure 4.17— Transition of Butt Joints in Parts of Unequal Thickness
{Cyclically Loaded Nontubular) (see 4.17.1.1) e Ja,-L,J Y4 . }S_.*
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