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Table 3
Charpy V-Notch Impact Requirements
AWS Classification Limits for 3 out of 5 Specimens®
AS5.1 AS5.1M Average, Min. Single Value, Min.
E6010, E6011, E6018 E4310, E4311, E4318
E6027, E7015, E4327, E4915, 20 ft-Ibf at —-20°F 15 ftIbf at -20°F
E7016°, E7018°, E4916°, E4918P, [27 J at -30°C] [20J at -30°C]
E7027, E7048 E4027, E4948
E6019 E4319 20 ft-Ibf at O°F 15 ft-Ibf at 0°F
E7028 E4928 [27 Jat -20°C] [20 ] 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™ 1s 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 oledsx e Glx TSl W slsx” il
ol Holiie 4 lol Pl sl 3518 345,15 citwd Aol ol SLSI slajls Jgedie
il oo CarnsSd oo

b FYL i Lol b g U1 90 pulud Ehaw (wlwl p (Gl 5L sledg>
St § Cooglie y  Sjuws Sl Ay yaio il SidauwS 45 wiwd o130 b wigdh oo
g (o0 (51035 polde mimsns




Alireza Faroughi Y - V- SN 1
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

D1.1 tNDTANh A ‘ o .)J l ‘ R
SFRS WELD)
D1.8-DC FOR IMF AND SMF S J 3

D1.8 FOR OMF

ool

- Gl b ElglY —o e
I AWS D1.8

01,1 (NOT AN D1.8-DC
SFRS WELD)

N

D1.1 (NOT AN
SFRS WELD)®? D1.8-DC

(BEAM WEB TO

|
|
|
|
|
|
COLUMN ONLY) : e
|
|
|
|
|
|
|
|
|
1

pu—

0\

D1.8

N
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@ As shown, the member connecting to the weak axis is not an SFRS member.

Motes:

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 commoenly 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| 90 ksi [620 MPal]
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.

[C.‘VN Toughness. ft-1bf [J]>¢ 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +70°F [+20°C] 40 [54] min. @ +50°F |+10°C]]

> 4
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(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], E8018-C3 [ES518-C3] in AWS AS.5/A5.5M (see 6.3.1.3);

o) Sbod (p yeS axils

u.\.MJL’ 4> 4o ye cé)'éﬁ
o 3L E7018 o401

.é)‘du.; S
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in degrees F for the minimum
specified CVN properties
of 20 ft-Ibf.

Solidified
Slag




Alireza Faroughi Y - V- SN 1
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!
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FU gl 3Vgd g (Slaislw lddVed (g)kg> (glv)dg)

AWS/ASME DIN 32 522

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

SAFB 155 BFB155AC
F6A2-EM12 FBA2-EM12K F7A2-EM13K F7A2-EAZ F7P2-EA2 AMA AP125

AC 12
Conformances

AWS A5.17/ ASME SFA 5.17 F1A2-EM12K

Flux Composition

Chemical Composiion e

Si0z + Ti02 Ca0 + MgO0 Al20s + CaF
S-800P | 20 | 40 | 35
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SFA/AWS A5.17: SPECIFICATION FOR CARBON STEEL ELECTRODES AND FLUXES FOR SUBMERGED ARC WELDING

Example: OK Flux 1071 7 OK Autrod 12.22;
SEASAWS AR 17 FPAS-EMAZ2K

)°9 [.F. TA ?.][mﬂ_KHét Uv9> paw(d9,58l)

| | |
Indicatas a submargad arc Symbol for tensila Symbol for haat Symbol for impact Chamical composition of
walding fluox. propartias traatmant properties wire alactrodas
|
Tensile strength Yield strength | Elongation | (Tensile ield strength 3 . . Al . 2 . . -
S A M T e T RERERNl | 1icmn mirine Densaies it
[psi] [psi] [%] (MPa])  [([MPa]) 3 oo (57%eS p)F gy 5led (> 5 0380 Oy m
6 60000 - 80000 | 48000 22 {416 -850 | 330) R
7 70000 -95000 | 53000 22 {480 -G5S0 | [ 400) S 421
';‘; ’;‘5 ‘t’“e'dljdh T Ghemical composition for solid electrodes - in % (extract of complete table)
asTwe edl Theala N i i ; ; - :
£20°0 £ 1h ! ) Classification |G kAN i 5 F Su(including
e N sl . Cur-coating)
Pl 0¥ 450 plill 4870 57 oolatul O g sl = ELiZ2 0.04-014 |0.256-060 |0.10 0.030 |0.030 035
" o . . . Ehiiz DO06-015 |0B0-125 |010 0030|0030 (035
ool '[I;T:r;]peratme ;I:thfa[g:]{ Y Impac G E‘I’{f{rsn];:;erature) (C[:T;py Vimpad fin) Em12K 005-015 (0.80-125 |040-035 |0030 0030 (035
EH12K 006-015 (1.60-200 |025-085 |0025 (0025 (0356
0 0 20 (- 18] (27) EH14 A0 -020 (1.70-220 (040 0030|0030 (035
2 - 20 20 (-29) (27}
4 - 40 20 (- 40 [ 27 ) Chemical composition for composite electrode weld metal - in %
] - &0 20 [ - 468 [ 27 ) Classification | C iy Si 5 F cu
6 - B0 20 (-61) [ 27 ) EC1 0.15 1.80 0.90 0035|0035 035
8 - B0 v 20 [-862) (27 ECGE Mot specified
z NG requirermeant Single values are maximum.
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(FCAW-G) 35 Bles b (ey08005 010 ds2g Lisun) 80 ceudmm) owed b )Bbss candad ple )0
sd Blas pieaw plod 05,105 5l Lo)l5 bles 515 a4 blassgs o 08005 slaag a8l (T J5S) (FCAWSS) blasags (g 00 03
oalaiwl | Lol5 518 aue o g0 05 39,5801 G L Bles s el glade]) 35,050l aiw )0 dsmse s Mlge dsd
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Gas-shielded

(1392 9 55 1w 9d)
Current conductor

Flux-cored
electrade

Shielding ga
IN

Wire guide and

: / contact tube
'S;i\}_ Shielding gas

=

L Molten weld metal

FCAW-G 5,505 — \ JSb

)|9J) 9 US> )d9J cosiadl=o )'Lg U.a.ob LS|)4 ._5\>_')l>" o )'| oslaiwl Sl
(WAL w9d 9 wyl,> U9, YU Oloj 55 eIl ¢l 5> d9>90 ;30> lixo
wad U s,800e> alhd auliiw g 23S (sw audgi |) bhdlso 58 595 @ 595

S, Sig> £95 ol sl 9l v el Gue> puw U315 H39s bl ppo
Udg swoow 0 0gMe 39y ol Lol wldee um 5> swoow Sy Ay
S\O wlio Axo09> ulod b UW9> Aog> U HD J.S_um 39 el

9w

Abb JSie 0 p i85 8
< Self-shielded

! Contact tip

Slag %

g

v la | WIN|=-

Tubular
eleclrode

__—Flux core

(Slogsl Ygone) FCAW-S (5 Sibgn — 2 JSLbs


https://123sanat.com/shielded-metal-arc-welding-smaw/
https://123sanat.com/shielded-metal-arc-welding-smaw/
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EXXT-XX-JXHX Optional Supplemental Designators® (75-80 ZAr 20-257. COy) Lilxo 35 = M ity [EINTIEGPRIYERTIN DIN
& SO0 sl (838 = M riih i3 IS ol
Optional supplemental diffusible hydrogen designator (% gl COs aalle el =M pad 5.20 8555 ©
] Bdlxo 095 £ 3l o>
The letter “D™ or “Q™ when present in this position indicates that the weld metal will meet AMA
supplemental mechanical property requirements with welding done using low heat input, E71 T1(MJ

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- E7Z1TAC
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 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

) 58 ksi [400 MPa] min. yield strength . o
& shoes el w ‘ D 70 ksi [490 MPa] min. tensile strength O tera ) 00
’ o ’ 22% min. % elongation in 2 in [50 mm] ’

58 to 80 ksi [400-550 MPa] yield strength

(MlX) ‘L’}Lé"" }U for high heat input, slow cooling rate test
ol (M) 005 oolil o 00 ksi [620 MPa] max. yield strength 20 ft-Ibf at —20°F [27J at —30°C]
6‘)? Q,,L, 39)35” &9_, for low heat input, fast cooling rate test (see Note d)

208,85 e D Ll 22% min. % elongation in 2 in [50 mm]

(see Note ¢)
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Snug tight (xS 3 i)
Pretension (sa,ccics)

el Jlail oo 92 90
Bearing-type connections ( s

Slip-critical connection ( skl )
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ANSI/AISC 341-16
2.  Bolted Joints An American National Standard

The potential for full reversal of design load and the likelihood of inelastic deforma-
tions of members and/or connected parts necessitates that pretensioned bolts be used
in bolted joints in the SFRS. However, earthquake motions are such that slip cannot
and need not be prevented in all cases, even with slip-critical connections. Accord-
ingly, the Provisions call for bolted joints to be proportioned as pretensioned bearing
joints but with faying surfaces prepared as for Class A or better slip-critical connec-
tions. That is, bolted connections can be proportioned with available strengths for
bearing connections as long as the faying surfaces are still prepared to provide a mini-
mum slip coefficient, L = 0.30. The resulting nominal amount of slip resistance may
minimize damage in more moderate seismic events. This requirement is intended
for joints where the faying surface is primarily subjected to shear. Where the faying
surface is primarily subjected to tension or compression from seismic load effects, for
example, in a bolted end plate moment connection, the requirement for preparation of
the faying surfaces may be relaxed.
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<\
>

N

/ ¢
- 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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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.
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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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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.
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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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4 Yicld Point 4—— Failure
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(Tension/Load) < Typical Clamp Load
! (75% of Proof Load)
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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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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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AATIR : Smarter.
i@% : Stronger.

amre” : Steel.
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Causes of Moment Connection Damage in Northridge (o) gise o5 slosg iSIl: aoss

H

_ Low Fracture Toughness of Weld Metal ( s> #llas (ol (Ko ,5>)
Welding (s ,\Sae2) Poor Quality (;ul, cuis)
Effect of Backing Bars and Weld Tabs ((c,l5365) 4l 5 o oty (9> 51

_ Inadequate Participation of Beam Web Connection in

Connection Design ( Jlas! =,b) | Transferring Moment and Shear ()t ;s olr <5 ,lis poe)
Effect of Weld Access Hole (. iws #lygm w5b)

_ Effect of Column Flange Bending (g JU i 56)

Materials (xlas) Actual yield stress of A36 beams often significantly higher than
minimum specified

(ol yiin JBlos dasin Jlade 5l gl alaxMe LB b 10 Yoares i ol gl iid)

A36 (ST37)
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Plastic Hinges
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E3.4a Moment Ratio

The following relationship shall be satisfied at beam-to-
column connections:
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MEMBER STABILITY BRACING
q About the longitudinal axis of the beam, the required
flexural strength of the brace is:
My, =0.02M,
and, the required flexural stiffness of the brace is:
S Mbr  Br
B =L —
5]
6EI H BSGC_
ﬁb_r S where
. - . — | 24L ( M, )? 33E( 150,05 14b}
User Note: Torsional bracing can be provided as point bracing, such as cross- - . r e ~otw + stts
frames, moment-connected beams or vertical diaphragm elements, or as BT - ¢’ nEl C BS(.’C - h 12 12
continuous bracing, such as slabs or decks. veff b 7\ .
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MEMBER STABILITY BRACING

In the direction perpendicular to the longitudinal axis of the beam,
the required strength of end and intermediate point braces is

o Py = 0.02( M Cq )
(2ed 5 WL o o il ) - hy,
7 { and, the required stiffness of the brace is
\- By = l(%j (LRFD)
o\ Loho
o T Dy e Vg C; = 1.0, except in the following case:

= 2.0 for the brace closest to the inflection point in a beam subject to double
curvature bending

ANSI/AISC 341-16 » Cg=1.0
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8.5. BEAM FLANGE-TO-COLUMN FLANGE WELDS

Beam flange-to-column flange connections shall satisfy the following limitations:

(1) Beam flanges shall be connected to column flanges using complete-joint-
penetration (CJP) groove welds. Beam flange welds shall conform to the
requirements for demand critical welds in the AISC Seismic Provisions.

(2) Weld access hole geometry shall conform to the requirements of AWS D1.8/
D1.8M Section 6.11.1.2. Weld access hole quality requirements shall conform
to the requirements of AWS D1.8.

6.11 Weld Access Holes

Weld access holes for all Demand Critical welds shall conform to the following:
6.11.1 Shape

6.11.1.1 Standard AWS DL1I/DLIM Geometry. Unless otherwise specified in Contract Documents, all weld
access holes shall meet the dimensions and tolerances of AWS D1.1/D1.1M or AISC 360. At the option of the Contrac-
tor, the geometry of 6.11.1.2 may be substituted for the 6.11.1.1 geometry.

6.11.1.2 Alternate Geometry. When required by Contract Documents, the weld access hole dimensions and toler-
ances, and geometry shall comply with Figure 6.2.

. The minimum dimension shall be 3/4 ty, or 3/4 in [20 mm], whichever is greater. The maximum dimension shall be ty (+1/4 in [& mm]).

1
2
3
4. 3/8 in [10 mm] minimum radius (-0, +unlimited).
5. 3ty (+1/2 in [12 mm]).

6. See 6.11.2.1 for surface roughness requirements.

7. Tolerances shall not accumulate to the extent that the angle of the access hole cut to the flange surface excesds 25°.
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8. CONNECTIONS THROUGH VERTICAL TEE
STIFFENERS

Tests have shown that when the beam flange extends
the full width of the connecting plate, Figure 24, about
% of the flange force is carried by the central portion
of the plate. Each of the two outer edges carry about
34¢ of this force.

This corresponds well with
the idea that the flange of the column in this region is
similar to a two-span beam on three supports with a
uniform load; in this case the center reaction is % of
the total load, and the two outer supports each carry
3¢ of the load.

The report “Welded Interior Beam-To-Column
Connections”, AISC 1959, mentions that “from strain
gage readings it was calculated that the vertical plate
stiffeners in the elastic range each transmitted only
about 3 4ths of the forces coming from the beam
flanges and the web transmitted %ths.”

Boxed

Wide-Flange
Section \
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Seismic Provisions
for Structural Steel Buildings

-
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July 12, 2016 LQLQKJW P& ;‘““°9i’»"~: A9 L= )’*“j 2'9)
Supersedes the Seismic Provisions for Structural Steel Buildings ' - “"" & Duins J"‘.." 9" } 9’04 . ( ;k 95 ( ,"E'”' ) L.’

dated June 22, 2010, and all previous versions

Approved by the AISC Committee on Specifications

User Note: These continuity-plate requirements apply only to wide-
flange column sections. Detailed formulas for determining continuity plate
requirements for box-section columns have not been developed. It is noted
that the performance of moment connections is dependent on the column
flange stiffness in distributing the strain across the beam-to-column flange
weld. Designers should consider the relative stiffness of the box-section
column flange compared to those of tested assemblies in resisting the beam
flange force to determine the need for continuity plates.|
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>Mp,, =sum of the projections of the expected flexural strengths of the

beams at the plastic hinge locations to the column centerline, Kip-in.
(N-mm). It is permitted to determine XM, as follows:

ZM;b =X (M, + o M,) (E3-3)

>1.0 (E3-1)

M,, =maximum probable moment at the location of the plastic hinge, as
determined in accordance with ANSI/AISC 358, or as otherwise
determined in a connection prequalification in accordance with Section
K1, or in a program of qualification testing in accordance with Section
K2, kip-in. (N-mm)

M, = additional moment due to shear amplification from the location of the
plastic hinge to the column centerline based on LRFD or ASD load
combinations, kip-in. (N-mm)

o,s = LRFD-ASD force level adjustment factor = 1.0 for LRFD and 1.5 for ASD.
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. gn . abg: po yuss . s JLail gg5 o,
Prequalified Moment Connections , >
Connection Type Chapter Systems TP ) | sy g bgie ot clocks | RBS eais b ,-JLM:: Jlast \
"Reduced beam section (RBS) M 5 SMF, IMF ] B
Bolted unstiffened extended end plate (BUEEP) 6 SMF, IMF (FAVFXN ) | sy g lagie i clacti | BUEEP 277 )L&%*s’*’-‘s =t
H 3 3| ealasul
Bolted stiffened extended end plate (BSEEP) 6 SMF, IMF o SHds e
=i &b L
Bolted flange plate (BFP) 7 SMF, IMF (FIVPoT=1) | ay g bogie iai sl | BSEEP S m: )L&:: i:SLJ 1 .
Welded unreinforced flange-welded web (WUF-W) ) 8 SMF, IMF B RITEES :
b g o35 SaS 4 L
Kaiser bolted bracket (KBB) 9 SMF, IMF (FAYYN2) | oy bamgio tas clali | BFP it r = J ¢
ConXtech ConXL moment connection (ConXL) 10 SMF, IMF EIURI 5 S0
Wiy S & B9 L]
SidePlate moment connection (SidePlate) 11 SMF, IMF O-1¥--) ) lnsgia ios o wpp | SUSs S et »
Simpson Strong-Tie Strong Frame moment connection 12 SMF, IMF t CEes )
Double-tee moment connection 13 SMF, IMF FAYYN) | g g bawgie (ot ol | WUF-W (g 8ol gl it JLail | #
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Jlail 2 o Jales = Jol Condd

(RBS) aidly ialS abaiio b s guiciasns I puf JLail Y- 1F- Y'Y

2
R = Radius of cut = A€ & ANSI/AISC 358-16
-4 An American National Standard
?////////C
’, .
cT 5.8. DESIGN PROCEDURE
|
] b Step 1. Choose trial values for the beam sections, column sections and RBS dimen-
\/\ Reduced beam sions a, b and ¢ (Figure 5.1) subject to the limits:
section 0.5byr< a < 0.75by (5.8-1)
[ | AL TIIIIILIIIISLLIII
(;‘ 0.65d < b <0.85d (5.8-2)
0.1bpr< ¢ £0.25bp¢ (5.8-3)
o} — where
a =horizontal distance from face of column flange to start of an RBS cut,
o in. (mm)
. b =length of RBS cut, in. (mm)
" B by = width of beam flange, in. (mm)

/\[ ¢ =depth of cut at center of reduced beam section, in. (mm)

d = depth of beam, in. (mm)
Protected zone

Confirm that the beams and columns are adequate for all load combinations specified
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6.13.6.1.3b—Flange Splices
C6.13.6.1.3b

For a flange splice with inner and outer splice plates,
Py, at the strength limit state may be assumed divided
equally to the inner and outer plates and their connections
when the areas of the inner and outer plates do not differ
by more than ten percent.

=9y Lo pmle

B oyt Aoy oSl S13T oSS 4bSliw!

b alos
(e Cod,l g o) o 5 alog = gl o

Lo )las 092 g o0l Cdadlre x>l (gly]

AASHTO 2017 asb ol b ojle (b Lalgs b conlins -
Ve Sl b aleg o b ny g9 9, kB dhie mhaw axls
JU ieiS Joos 0 1) Ll g Olg oo il atils GBS ws o
g Jsl Gloe S s b 98 Ojganl e j0 <85 Sl e
_ g el JU by 9 YL Sled g
56 AISC 2017 oo oVl ob bl o aals 4l



Alireza Faroughi =98 Lo, e
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

> alog

(B Eod,b) oyl alog = Jl Cuons

(F) 5 (V) (V) Jlado a5l SO 5l lo puiinn e slralog (V) 5o 0,90 iy Caoglin (&

g a5 A o ieS an o

Vap 4oy J=e yo adbosass djf; L olS 5 5l Jol> by 0 i (V)

Sl e 8 slayls (Solial Jolas (58,5 Sl o b b a5 alog Jowe o o8 (5955 (V)
sdze o Mp=CouRM,, 51 06 (gloj ) iy 5 gdoo oS 5 a3l (69,0 b oS

o] 0 a5 oxighalog 2SagS whaiie b gas (b (8 Cglie (V)

Sl Jate i3 e 0 53 glaile Sy S =M,

8 glas Bal e el 205 JBlas 4 jlasil o 50 eodiad 25 Cai = Ry

590 (o0 2 Canglie (o

Bl 8,50 Joged f odaliuson by s loly Wb by Aoy Shisyse By Coglas
Josss S eai MRS 5k ol 2l s gy (e o3 Yo e Ko
Sed asd,F 055 4o 1268 0.75 X 0.6F A, fas 3 auls jhis ee o Cuaglae )




Alireza Faroughi Y - V- SN 1
Assistant Professor of IAU. East Tehran Branch B oyt Aoy oSl S13T oSS 4bSliw!

o 4l

(oo Cud b)) o i alog — ol Coud
. : :Y !..i.
Bolted Field Splices for AASHTO 2017 aab ol U o5l b Lol sloal, b onliie
Steel Bridge Flexural Members el el o alon T . s . .
~ . Lol gyl pla alog Jlail )by )0 Cuoglin p g s, ¥ JBla>
Overview and Design Examples .
For the web splice plates, there are two AP Ve
plates; one on each side of the web, with at ) . . CoL T
least two rows of high-strength bolts over 4oy LO)'JJ L?‘)b sl ‘5‘?[} Lslg.s AlSC sl 4l ol )f Lol
the depth of the web that are used to connect el 5o 0gh oo 2l Ll asle wily sla ailas o alog g o,la8 09>y
the splice plates to the member. GHb oS 5 Bs g albla 0gzg dlog sl (s, b ules o el giws
Fill Plate laszwsn
f Top Flange Splice Plates
eaa £ s
R 40 «Ylas! aals Q.:..).T» P EUROCODE 3 sl s ast u.uT =
Al (o0 59,908 3 |y abeg (b ol ST e 285 S
- — o .
Olr oy 308 (&)
(VA JK2) 338 o0 b Ol i e B g b 20 60,5 1 0l Loy 3

Toowroon Iy
"L Bottom Flange Splice Platej My= T M (fF-A)




Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

Guide to Design Criteria for Bolted and
Riveted Joints

Second Edition

Geoffrey L. Kulak
John W. Fisher

John H. A. Struik

One East Wacker Drive. Suite 3100, Chicago. IL 60601

=9y Lo pmle

B oyt Aoy oSl S13T oSS 4bSliw!

> alog

(oo Cud b)) o i alog — ol Coud

16.3 DESIGN RECOMMENDATIONS

16.3 Flange Splices

The flange splice can be designed conservatively by assuming that it transfers all
the moment at the section. The fasteners in each flange must resist the force in the
flange, taken as equal to approximately the moment at the cross-section divided by
the beam depth (M/d). A single shear splice plate on each tlange 1s often sufficient.
For large shapes and for heavy flanges, splice plates may be required on both sides
of the flanges in order to reduce the number of fasteners by providing a double
shear condition and to reduce the splice plate thickness. The fasteners can be
designed using the recommendations given in Chapter 5 for symmetric butt joints.
Depending on the required joint performance, either slip-resistant or bearing-type
joints can be used.
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At the time of publication of the Provisions, development of satisfactory link-to-
column connection details is the subject of ongoing research. Designers are therefore

advised to consult the research literature for the latest developments. Until further
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i olls ol oLy | Fesearch on link-to-column connections is available, it may be advantageous to avoid
ailes Lol 1 039 b Lawgie EBF configurations with links attached to columns.
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)16 M,/V, < e <28M,/V, e

Link Length = e

- >

(Shear and Flexural Yielding Links)

Provide stiffeners meeting the

requirements of both (a) and (b) _>—}<—] Sb, 1.5 bf

: (og.‘?g.o nga b wL».».o)

‘ I .|..|..|..|I

" 30t,,-d /5 for yp, = 0.08 radian

§<< 52t -d/5 for Yom = 0.02 radian

_ interpolate  for 0.02 <y, < 0.08 radian
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(1,519) y99ee (g0 dioyleme sllB (sl o)) Lalss

b) 2'6MP/VP<6<5MP/VP : L oullS cow

(Flexural Yielding Links) Link Length = e

- -

d) Links oflength e > 5 M,/ V,
No stiffeners are required
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Y
Link Length = e

< >

\/

b Lo e

Gy oyl i aslg (oDl é‘}‘i oliils HLoliwl

(1,519 ooee (392 wi)lee Sl sl o)) Laslss

Wgw yi ol Jlgo Y-F-Y-F-Y-3o : bl ko

Lateral bracing required at
top and bottom link flanges
at link ends

v |\
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. Beam outside of link
L Ngw aali iz, L0

//////////// /////,um%// ]

‘Diagonal Brace
W3,le0 (g s glasl
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Wiga 5 2ol oy b (gt daudy ;o L 890 Cwglio
S5 Sl Jolt & Lo b 5 sy 3l 5 sl b (gt Moy o S5 390 Cunglie
Alr hn cage 5 Ay OIS (S (o0 S 0 A3l G950 jpa> 0 &5 (nlp2) Hlaw po
39 3 O yolih (glag i 5 JS& (bogd Wigey slayed o VTRV, 9 JSS T Wigwy (slays 10 VIYOR)V,
le Cawdy D9 P Ngay pai skl
APLe
Pt b odd (gan)lge ik aw slilo &5 ola (ygiw 5 g Wism 42l 5l )5 lays (2ib 0 )
3905y +IAA ayd 53 1y j55e (b Sa 3 (B (sl 03 S g8 g0 it

e w(f

For design of
diagonal brace:
Take V,; = 1.25R, V,

For design of beam
outside of link:
Take Vi =1.1 R, V,

o (1T )



53 lJLa)_J.c

).w).e‘.v» so)Lw"‘l&—w

(,519) s97ee g2 Sinslen S2ls sl o) Lailss
* Atlarge inelastic deformations, link shear resistance
will significantly exceed V,

V= (12510 1.5) x V,

~
7))
=3
4
p—
Q
o
e
@
LL
—_
®©
)
e
7))
4
=
-l

-0.05 0.00 0.05

Link Rotation, y (rad)
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o9 9o o Sinylee Sleald sl o)) Lanlgs

- o *
10 375 5 6 5599 1o 43 Wl 59 45 o8 (Ko siry 39 S Jlaio S D s losb i btie s (6l 050 (570,08
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Ux=Uy=0

Axially compresed column

Ux-Uy-0

D
1.0000
0.9167
0.8333
0.7500
0.6667
0.5833
0.5000
0.4167
0.3333
0.2500
0.1667
0.0833
0.0000

(b) Damage development
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o 9 o iz lem sl sl 03 Ll

Joolgd Culey b 0 dtwaum b JLail b Slogl g0 50) aoswd SHb (o 20 50 W oylgsd ouds (bed JSLT L gy bad yo Ll
WSS o et Jlgus (g (Sl LS Lol adatio b diwgus Jlail b as Jhos Jogo Jo Cawl ool aslie jLid, ba aed)

(1) Walls of rectangu-
lar HSS/@!

(a) Definition of rotation index 6

|
=) “\
(2) Flanges and side
plates of boxed 2
I-shaped sections b/t & E RZZ 22 }'z 7
(3) Walls of box 0.65 AF 0.76 AE g ?
sections hjt L Y'Y | Ndend }7 i
~i'f'b'? g
¥ t
&['//I -
"% Plastic hinge region
B Yield region
Deformed
_] Original
Hinge location
vz Original

sloyf (Sop
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Section | h (mm) | tw (mm) | h/tw Ahd Control S | °}JJ g; a)_w_e
2UNPSO | 47 6 78 | 1731 Ok
2UNP100 | 64 6 10.7 | 473 Ok
2UNP120 | 82 7 11.7 | 1731 Ok
2UNP140 | 97 7 139 | 4734 Ok
2UNP160 | 116 7.5 155 | 1731 Ok
2UNP180 | 133 8 16.6 | 1731 Ok
2UNP200 | 151 8.5 17.8 | 1731 i
2UNP220 | 166 9 184 | 17134 No
2UNP240 | 185 95 | 195 | 1731 No
2UNP260 | 201 10 201 | 1731 No
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o9 9o o Sinylee Sleald sl o)) Lanlgs

sloyf (Sop

3 J9ur (Blasy cwlbd b ablie) cowl i (Sl byl UPE Jl gl ablio ogas 4o

TS
h b T, r h-2c

t
UPE h/tw b/tf
80 80 50 4 7 10 46 11.5 7.14
100 100 55 4.5 7.5 10 65 14.4 7.33
120 120 60 5 8 12 80 16.0 7.50
140 140 65 5 9 12 98 19.6 7.22
160 160 70 5.5 9.5 12 117 21.3 7.37
180 180 75 5.5 10.5 12 135 24.5 7.14
200 200 80 6 11 13 152 25.3 7.27
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AV i lee — ohag j97e o2 i) le Sl
L s S =AY e lge jo 5 S o

sla cymen |y 5 ol a3 50 o ol K1) jiSTas

> Tension Brace:
Take P=R, F A,

Compression Brace:
Take P=0.3 P,

—>

o \ 0.3P,

Ry F rAa ""'-M
& =,

. ~ '-.,'...'
.-"'.... \'ﬁ'!.,..'
.-"..,. ."'1.
o .,
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AV i lee = oy Homme o s jlee (sleals
P e S =AY glaviles jo S S o
ot 3l (SRl 6 S Gl (il
2y 9 Jag )0 35 yade
(R,F,A,—0.3P,)sin6

I F P P P - ERCNA P Y
23,5 o2k

(R,F,A, -0.3P,)sin®
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AgV ai)lee = olng j9ome o di)lee SLelS
PSR ()5 50 i (e S - AV slanlee o 5 ST o

4 Coms L85 L 5150 5 il lew 3 g aiylee (g la8 (6958 SRalS Lo o (wsSae ()90) YV Il ¢ A oY uio)lee SIS o
o)l e )L, BT A g

w8 S 5l ol 52 Y dlslee o & Ldoed

]_I‘2 ‘_rll-lrr1rl"-|1rq1 F_}

2cos

F,+F,

2cos@
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AgV ai)lee = olng j9ome o di)lee SLelS
P sinlee ailes gt (e g Shp o i

M
N S

A Top= Cop\|
Y

Mc

——

3T G ~ ;

AV, = é

/ AV,,
B7aN R I

AV, = (Texp + Ce.x’p)Q cosby — (Texp + Cé.xp)l cos0
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AgV ai)lee = olng j9ome o di)lee SLelS

Step 1 A,
- T - Simplified
Column \
Bending \\
Case 1 /L _____ N Av, . |Av,, h
Case 2 l ______ ”X 2 |k
Mc
Step 2 A
Column 2
= Bending T’_
Case 1 / AV, | h
Case 2 2 N
Case2 /) Y /74 /’>£ | !
Me
Step 3 Column
Bending
Case 1 y NN Tav, ks
Case 1 Ve AV,, 2
Case 2 4 2 h;
Case2 )" Y N N
c MO
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— — O—a—

Case 2 ///’/\/ o
EANN
Case 2 / \/ —=

—_—
vase />|77 /J/ —
/77 J7777 T O=—

AV, = (Tf?xp T CE:.IIJ)Q c0os0y — (Tf?xp T Ce.xp)l cos0
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P sai)lee wles et (55970 St
CHAPTER D AISC 341-16 Lules gubo losgin
' . & . . . . .
GENERAL MEMBER AND CONNECTION e (b n; Y F Sl slr b

DESIGN REQUIREMENTS
4. Columns

Columns in moment frames, braced frames and shear walls shall satisfy the require-
ments of this section.

4a. Required Strength

The required strength of columns in the SFRS shall be determined from the greater
effect of the following:

(a) The load effect resulting from the analysis requirements for the applicable sys-
tem per Chapters E, F, G and H.

(b) The compressive axial strength and tensile strength as determined using the
overstrength seismic load. It is permitted to neglect applied moments in this
determination unless the moment results from a load applied to the column
between points of lateral support.
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@umn Axial Compression = \

[£2(R,FAy)CcosO+Z(0.3P)cosO]+ Py,

[2(R,F,A;)cosO+Z(P,)cosO]+ Py,
(sum brace forces for all levels above column)

OR

@ Qs+ [(1.2+0.25,) D+ O.5L]/
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F-'_'_'_'_'_'_'_'_'_I

[Beam: W3g "~ "~ "~ """ =f+
Column: W8
Angle 6 = 60 degrees

Beam: W24
Column: W16

Angle 8 = 60 degrees

8 o, le

B oyt Aoy oSl S13T oSS 4bSliw!

(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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[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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" 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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s57ee o2 Aol el YLl oD
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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(b) FE Model of stiffened gusset plate




b Lo e

B3 oyt 9y godhast 313 oINS Sl
o5 s57ee o w)lee Sl sl o)) YL
imio jlz)l5 50 GBS Gl e ladSh s 5l Jol> SVl Glhes b 6,55k ()
gld 5 DB dmis ) 25 )s sui)les Sl LS Lalyh (0903 L 825k 5l so ke
L) Jlail Gy aBaSs Ll b (V8 Jlas! dovio Caolseds iy 90 8501 45 g0l
Jlail 3,9 o1 & (eSS (6l (ools (oSS Allo cale) S 1l )3 (G S5

Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

s ol




Alireza Faroughi
Assistant Professor of IAU. East Tehran Branch

For dimensions of
top gusset plate,
see Figure 2.2(e)
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Notes on Design of Double-Angle ges L
and Tee Shear Connections
for Gravity and Seismic Loads :
By
Abolhassan Astaneh-Asl, Ph.D., P.E. +
Professor
Oeparinetf Ol Eremena Ernoorn (d) Welded-Welded

Yielding of the gross area of the angle legs (ductile)

Bearing yielding of the bolt holes 1n the angles and/or the beam web (ductile)
Fracture of the edge distance of the bolts (brittle)

Shear fracture of the net area of the angles (brittle)

Fracture of the bolts (brittle)

Fracture of the welds (brittle)
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Demand Critical Welds

The following welds are demand critical welds and shall satisfy the requirements of
Sections A3.4b and 12.3:

(a) Groove welds at column splices
(b) Welds at column-to-base plate connections

Exception: Welds need not be considered demand critical when both of the fol-
lowing conditions are satisfied.

(1) Column hinging at, or near, the base plate is precluded by conditions of
restraint.

(2) There 1s no net tension under load combinations including the overstrength
seismic load.
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Basis of Design

SMF designed in accordance with these provisions are expected to provide signifi-
cant inelastic deformation capacity through flexural yielding of the SMF beams

and [limited yielding of column panel zones,] or, where equivalent performance of
the moment-frame system 1s demonstrated by substantiating analysis and testing,

through yielding of the connections of beams to columns. Except where otherwise
permitted in this section, columns shall be designed to be [stronger than the fully]
[yielded and strain—hardened]beams or girders. Flexural yielding of columns at the
base 1s permitted.
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18.13.2 Footings, foundation mats, and pile caps . »
oy 9 5l oo b T ey S

18.13.2.1 Longitudinal reinforcement of columns and 1-v-3-v--% wy Lules wl wil sad (olb ssglls a4 (cho) 8 Jlail sy o Sledsi,s F-Y—-4-Ye—4
structural walls resisting forces induced by earthquake i1 i sos Lo wly ons e Job cloygile)] lesl ©
effects shall extend into the footing, mat, or pile cap, and
shall be fully developed for tension at the interface.

e M )k a4 Gl Djse 0 5 ead ke,

il 039l Lo Caomd Suo P 50 (gt 5 e Bk g, A4z )0 e o3 L sl

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
edge of footing footing or other support
/ element extends R 2
>305 mm (12in) - -
\l — < h/2
=t 3 s S
2l 0r Iy, for _T_
fyor1.25f, — | I ’J:
L Required hook orientation
for column with fixed
boundary

FIGURE 16.10 Required extensions of cohunn and boundary element remforcement mto footings. mat foundations, and pile caps.
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