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AISC N690

e
( For each loading comb i )

Q From FE analysis

¢

o

Calculate Connection Design
Force Demand (DFD)

elect Connectiol
Design Philosophy
for Each Demand
Type (N9.4.2

.g. In-Plane Force etd™
(s}

} o O <
o omﬁm
Coresponding wall *)
Y’
\Qsaln\ s(rcng]n J

Option (b) Option (a)
(Connection with (Full Strength
Overstrength) Connection)
200% of S§E Demand 125% of Yield Strength
+ All Othef Demands Of Weake Component

N9.4,2' Calculate Connection
Required Strength

Fig. C-A-N9.4.1. Calculation of connection required strength.
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ACI 349

12.14.3.4 A full mechanical connection shall develop
tension or compression, as required, at least 125% of specified
yield strength £, of the bar.
21.2.5—Reinforcement in members resisting earth-
quake-induced forces
Reinforcement resisting earthquake-induced flexural
and axial forces in frame members and in wall boundary
elements shall comply with ASTM A 706. ASTM A615
Grades 40 and 60 reinforcement are permitted in these
members if (a) the actual yield strength based on mill tests
does not exceed the specified yield strength by more than
18,000 psi (retests shall not exceed this value by more
ultimate tensile strength to the actual tensile yield
strength is not less than 1.25.
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- Tie Plate
- Base Plate

- Wing Plate
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Mechanical coupler
(or nut)

-

" Faceplate
Base plate

- Wing plate

}/// -
Fillet weld (or gusset plate)

AN

Tie plate
(or tie bars)

#14 rebar
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Required Strength

t
[1\;,, y (thau _ 710)] — (T3 X hg + Ty X hy)
T‘r‘eq,tp —
hip

To=T,=125A.,F, (HZE d7A%)

Plate Design

D2. TENSILE STRENGTH

The design tensile strength, §,F,, and the allowable tensile strength, P,/C};, of tension
members shall be the lower value obtained according to the limit states of tensile
vielding in the gross section and tensile rupture in the net section.

(a) For tensile yielding in the gross section:
FPa=F A (D2-1)
,=0.90 (LEFD) €Q,=1.67(ASD)
(b) For tensile rupture in the net section:
Py=F,A, (D2-2)
¢=0.75 (LRFD)  €,=2.00 (ASD)
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> M9 _Base Plate

- Yield Line Analysis (per AISC DG 16)

Swp B
_______ M1 > towp ‘ tp,wp -
oy
Srl
Srz
A, A,
L i _
Wi~ S1= 52 T
|
(SWP' tﬂ,mﬂ)/z (SWP' tp.Wp)”z B ._I
Required Strength Plate Design
Twl 2 5.{: . .F: o A F1. GENERAL PROVISIONS
M= — The design flexural strength, 0, M,, and the allowable flexural ktrength, M,/Q, shall
[Efllﬁ —EE:_E%_ —21?53‘-_ —345] —Eslﬂ —LFEI_'%_] be determined as follows:
(1) For all provisions in this chapter
0 =090 (LRFD) = 1.67 (ASD)
1. Yielding
M,=M,=FEZ, (F2-1)
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Demand at A-A
Shear = P (=1.25A,F, )
Flexure=P x e
Available Strengths at A-A per AISC manual Part 15
oM, =9F, xZ Flexure ($=0.9)
Demand at B-B
Normal = P cos6
Shear = P sin0
Flexure = 3 5% —pe_ N {%]

Available Strengths at B-B per AISC manual Part 15
Normal (¢=0.9) gN,” " =F,1, b
Shear (¢:10) "éKfB—B :¢0'60F:"=“?tp=“z>b'

Flexure (¢=0.9) M 57— F%pbz

Interaction of normal and flexural strengths at B-B p
er AISC manual Part 15

NHB—B ‘M.-HB—B
INFE + o3 5% <1.0
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2 PR
> d2¥9 SR
™ 2| 2l Full Coupler
2 HQ|=l Full Double Nut
3 R BRI, Full Coupler
4 EH 9| 1 CF Full Double Nut
5 = LA g Small Coupler
6 T LY E Small Double Nut
#14 riebar Cou}iler ] 414 rebar threaded rod -
Voo
L - i high strength bolt ( = ——— = dt;ub]e nuts L l
base plate ] nut base plate L
Coupler Double Nut
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© Test Specimen - OOPF
— 36 in. wide, 36 in. deep
— Concrete (fc’ = 4000 psi, expected fc’ = 6000 psi)
- RC
- Gr. 60 #14 rebar @ 9 in.
- Gr. 60 #4 stirrup @ 9 in.
- SC
- 0.75in. thick Gr. 50 plate
- 2.0 in. thick Gr. 50 base plate
- 1.0in. thick Gr. 50 wing plate
- 1in. stud anchor @ 9 in.
- Gr. 60 #8 rebar (ties) @ 18 in.

360 in. (30 ft)
324 in. (27 t)
126in. 72in. 126 in.
35 Twa.‘i 2 'OTwH 3. STWH

0.75 in. thickn Gr. 50
steel faceplate

Gr. 60 1.0 in. dia Nelson
14 rebar studat9in,
\ Gr. 60 #8 at 18 in.
IIIIII"IIIuJI/III[llllI
DT 060 min nim it nin

#4 Gr.60
stirrupsat 9in.
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© Test Specimen - OOPV
— 18 in. wide, 36 in. deep
— Concrete (fc’ = 4000 psi, expected fc’ = 6000 psi)
- RC
- Gr. 60 #14 rebar @ 9 in.
- Gr. 60 #4 stirrup @ 9 in.
— SC
- 0.75in. thick Gr. 50 plate
- 2.0 in. thick Gr. 50 base plate
- 1.0in. thick Gr. 50 wing plate
- 1in. stud anchor @ 9 in.
- Gr. 60 #7 rebar (ties) @ 18 in.
252 in. (21 ft)
108 in. 108 in.
2:5Tan 2.5T on
0.75 in. thick Gr. 50
/ steel faceplate
Gr. 60 / 1.0in. dia. Nelson
#14 rebar stud at 9in.
/ / Gr. 60 #8 rebar at
/ 18 in.
EUU Uk
1 nin
#4Gr.60
stirrugs at 9 in.
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© Test Specimen - IPV
Property Full-Scale 1:3 Scale
Wall thickness 36 in. 12 in.
Faceplate thickness 0.75 in. 0.25 in.
Main rebar #14 #5
Main rebar spacing 9in. 3in.

Stud anchor

1 in. diameter

0.25 in. diameter

Stud spacing 9in. 3in.
Tie bar #8 #4
Tie bar spacing 18 in. 6 in.

i;

|

Baseplate 11 in. wide, 2 in. thick 3.75 in. wide, 0.625 in. thick
Tie plate 1.75 in. wide, 1 in. thick 0.625 in. wide, 0.375 in. thick
Wing plate 1 in. thick 0.375 in. thick
60 in. 60 in
Loading
—-/'assef“bly B #4 ties
................... . t@en
A 0.25 in dia.
\ B NP Sl Lo i (G ==
2x500 kip ) S -
actuators 60 in. B T D D ™
v ‘
RC block 36 in. 20in #5at3in
—
#3at1.5in.
Il i i i [l 11l Il Il [l -
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HMZ=2% : ABAQUS, LS-Dyna
of M =&

Rebar, Steel Plate, Concrete : C3D8R (8 node element)

I
OF

Stirrups, Stud & ties : 2 node beam element

General contact between steel faceplate and concrete
Rebars and stirrups embedded in RC

Base plate, wing plate, studs, and ties embedded in SC
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40000 i 400
15000 —5tuds Yield %_— 350 v
oop.rc -
30000 ) 2.300 —
a 4 ( k-)Tles Yield 5
= 250 —_ v
%‘250“0 / Rebars Yield E / Mn
+= 20000 520 /
c / /
o —_— . y o = OOPV FEM
£ 15000 QOPF Simulation 8 150
2 / W = Aclaa 2 / v = Shearrelated
10000 soprc Expc Moment 2400 Mn to Moop.rc
/ Cap g /
= ACI349 Expc
5000 ( : 50 Vunp.rc Shear Cap
0 0 I
0 1 2 3 4 3 6 7 0 1 2 3 4 5 6 7
Displacement (in) Displacement (in)

Theoretical Analytical
(@) (b)
Moop.rc VMn PUIt Moop.rc VMn PUIt
kip-in kip kip kip-in kip kip
34520 274 548 35954 285 571 1.04
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e
> oM Zut
- BQIME 81y
P
250.0 ‘ l |
1 25T, 25T, T
2000 Vv ’—p;r
%150.0 Ties Yield == P2 ‘
E 100.0 ~  Rebars Yield }szsi'"
& ——OOPV Simulation - T
< v = Shearrelated — B
50.0 M to Moop_rc
v . = E}:cclsﬁzr mo op.rc
oop.rc _ = A < —_—— T i
. s Pyoopre = Voap e = 338.13-kp P: g 383 603-1dp
0 ol 02 03 04 05 06 07 08 09 1
Displacement (in)
Theoretical Analytical
(@) ()]
MACI VMn
kip-in kip kip kip-in kip kip
17260 191 383 14198 160 320 0.84
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- B CeFst M| Ho| ¥ ol

O = L

- Of7§*H==: X & (Steel Strength, Concrete Strength),

0

2 A (Plate Thickness, tie plate area S)

- Y 3 oS St 2E HF (ABAQUS, LS-Dyna)
- aAwY AE
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