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Agenda

Base plate vs Anchor Grid
operation — Modeling examples

Anchor and concrete block
analysis and code checks

Contact and weld

simultaneously, contact only

Verification study

Limitations




Base plate Anchor grid operation

BP1 [Base plate, Editor Co Delete
[Base plate] 24 GRD1 [Bolt/Anchor grid or Cantacil Editor Copy Delete
v - .
Base plate ¥ Bolt/Anchor grid or Contact .
Member M1 v Fastener Anchors v
Material A3b A H Items count 1 .
Bolt grid
Thickness [in] 13/16 HB ftem 1 sP3 =1 %k
Circe — v v Fasteners
¥  Offsets To profile ) Type 11/2 F1554 Gr.105 v H
To profile symmetrical
Radius [in] Rectangle Anchoring length [in] &'-0"
Inner radius [in] Rectangle symmetrical Anchor type Straight v
Coordinate system From member v Coord. system Polar v
QOrientation Horizontal v Origin [in] 0" 0
) Radius [in] 1-10"
Rotation [°] 0.0
Angles [7] 37.017.0; -37.0 -17.0; 127.017.0; 217.017.0

¥ Anchors

Type 5/8 A325 - H
Anchoring length [in] &"

Shear plane in thread v

¥ Foundation block

Anchored to MNew block v
Anchor type Straight M Related to Plate v
Radius [in] 6" Plate sp3 v . u
Number 0 Concrete grade 4000 psi v H
Shear plane in thread v Offset [in] 20"
¥ Welds Depth [in] 70"

Flanges [in] 3/4 [ Erox (L NPV T e -
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Practical examples
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Base plate operation Anchor grid operation
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1. Base plate and anchors position and
reference e ' —

¥ Base plate

Member coL -

Material A3b v H

Thickness [in] 1" H -

e — Plate shape and reference .
to size it

v  Offsets ! :
~11.00 To profile symmetrical
o =gy Top [in] Rectangle
3000 Left [in] Rfectangle symmetrical
Circle
DAttaema Mal ow

BP1 [Base plate] Editor Copy Deld

¥ Base plate

Member CoL v

E Material A36 - H
Pl Thickness fin] P HB
\ Dimensions To profile v
¥  Offsets
Top [in] 4"
Left [in] 3"

Bottom [in] 3" Options to reference the

Rotation [7] Perpendicular | Coordinate system ‘ From member

Orientation
Vertical

5/8

¥ Anchors

Rotation [*]
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2. Base plate editor

e Delete anchors

* Modify base plate shape

»
E Plate editor

~~ Il B DEDNEE I

Undo FRedo | Offset Rounding Chamfer Bevel Arc Hole Notch | Bolt

Data Operations New

2D Drawing Restore Copy ﬂ
4 Operations Id X [inl |Y[in] |Hole
) 2:::1 T 1 450 400 |[Bll=]1]
1 > 4 aso 400 |[Hl=]1]
O 05 09 5 250 oo =1
10 8 aso |ooo  |JEl[=]1]
) 9 450 (400 |JF=]1]
l—)v 1 10 150|400 E=1]
O 11 150 400 |[El=]1]
12 150 400 E=1]

Coc |




3. Shear lug options and design
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* Select the shear lug shape from
profile data base

* Change position and rotation of
the shear lug

e Shear lug can be combined with
mortar joint or direct stand
options




StatiCa® CONNECTION

Calcolate yesterdeys estimates

1. Class 2. Geometry 3. Design 4. Parameters

* * Name
I

Description

Steel grade A36
Bolt assembly 5/8 A325
Weld grade E70xx
.,IJ * Concrete grade 4000 psi
About Design code E v
Units Design code edition AISC 360-16 (LRFD) ~

Preferences

Licences

Close

Exit

Create project

Support center

Tutorials 28.06.2023 20.06.2023 07.06.2023
FAQ Webinar: Design of Steel to Concrete Connections inc... Breaking Barriers: Even Better Compliance with ACI c... Connection Wednesdays - Stiffness classification
Steel base plate connections to concrete foundations or other concrete  We've always claimed that IDEA Statica Detail is general enough that it Cennection stiffness is a crucial aspect of a structure's design because,

Sample projects

Case studies elements are critical to successfully transferring forces from the main can be used globally. Sure it is. But let's admit it, the environment for ultimately, the behavior of connected members should align with the
Webinars structure to the ground. IDEA StatiCa helps you to model and design users working with ACl codes could be perceived as being a little hostile  assumptions initially made by the structure designer. This is especially
them. Join this webinar to learn all about steel to concrete joints. and confusing. Those days are over now. IDEA Statica Detail is now true in the case of semi-rigid connections.

ready for fast and easy use of ACl codes and imperial units!



Shear lug design

When shear lugs are used, Appendix B of ACI 349-01 per-
mits use of confinement in combination with bearing for
transferring shear from shear lugs into the concrete. The
commentary to ACI 349-01 suggests this mechanism is de-
veloped as follows:

1. Shear is initially transferred through the anchor rods to
the grout or concrete by bearing augmented by shear re-
sistance from confinement effects associated with tension
anchors and external concurrent axial load.

2. Shear then progresses into a shear-friction mode.

The recommended bearing limit P, per Section B.4.5.2
of ACI 349-01, Appendix B, is $1.3f,’A,. Using a ¢ consis-
tent with ASCE 7 load factors (¢ = 0.60), OP,,, = 0.80f
A, and A, = embedded area of the shear lug (this does not
include the portion of the lug in contact with the grout above
the pier).

For bearing against an embedded base plate or column
section where the bearing area is adjacent to the concrete
surface, ACI 318-02 recommends that GPou, = 0.55(, Apry.
and A, = contact area between the base plate and/or column
against the concrete, in”.

Design Guide 1 -AISC
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Bearing capacity check (ACI 349-01 — B.4.5, ACI 349-01 — B.11)
¢Pyr=¢-13-fl-Aj+¢-K.-(Ny,—P,) = 42443 kip =2 V= 1219 kip

Where:
¢ =07 — resistance factor for bearing of bolts on steel
f(' = 4.0 ksi — concrete compressive strength

A1 = 42.1911in2 — Projected area of the embedded area of the shear lug in the direction of the force excluding the
portion of the lug in contact with the grout above concrete member

K. =160 — confinement coefficient

Ny = 96.19 kip — yield strength of tensioned anchors

e Ny=n-A-F,  where:
o n = 8.0 — number of tensioned anchors
o A, = 0.3340 in? — tensile stress area of an anchor
o F, = 36.0 ksi — anchor yield strength

P, = -145.64 kip - external axial load

Concrete breakout strength check (AC| 349 — B11)
Vo= Vop-Awe-4.0-/fl= 13170 kip = V= 1219 kip

Where:
¢ =10.85 — steel embedment material resistance factor for reinforcement

¥, v = 1.12 — modification factor for shear lug loaded at an angle with the concrete edge

— 1 .
¢ ‘IJD"V - \/(cos ay)?+(0.5-sin oy )2 » where:

o ay = 30.9 ° - angle between direction of shear force and direction perpendicular to concrete edge

Ay = 548.6929 in? — effective stress area defined by projecting a 45° plane from the bearing edges of the shear lug to
the free surface in the direction of the shear load. The bearing area of the shear lug is excluded from
the projected area.

fc' = 4.0 ksi — concrete compressive strength



4. Base plate and grid operation

* Use base plate operation, delete
anchors and use a grid operation

[ Solid Transparent Wireframe || BP1 [Base plate] Editor  Copy Delete
Production cost - 1728 US$ 1 Coordinate system  Global v
X - Orientation Horizontal v
Rotation [’} 0.0
Y
¥ Anchors
CONt1
~ Type 11/2 F1554 Gr.105 - H
4 Members
7 m Anchoring length fin] 40"
o 4 Load effects Anchor type Straight v
7 1\ Top layers [in]
4 Left layers [in]
r Shear plane in thread
7 GRD1
Y Welds
i i 374 E70xx v 4.1
A anges fin] H Pl PV
Webs [in] 374 [H er00c (PN PR
¥ Foundation block
Concrete grade 4000 psi = H
Offset [in] 3-0"
Depth in] 70"
30"
Shear force transfer
Stand-off Gap v
B Thickness [in] r v

: 3500 Erar 30"

Stress, strain
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GRD1 [Bolt/Anchor grid or Contact] Editor

0
X ]:[ )
Y
CON1
4 Members
ik
4 Load effects
< e
4 Operations
<+ BP1

v

-
N

Copy Delete
Bolt/Anchor grid or Contact
Fastener Anchors v
Items count 1
Item 1 BP1
Fasteners
Type 11/2 F1554 Gr.105
Anchoring length [in] 4-0"
Anchor type Straight =
Coord. system Polar v
Origin [in] 00"
Radius [in] 1-11"
Angles [°] 38.0 14.0; 128.0 14.0; 218.0 14.0; 308.0 14.0 ]

Shear plane in thread
Foundation block
Anchored to

Concrete block

v

Existing block v

cB1 S h |
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Polar position of anchors

StatiCa® CONNECTION untitled
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New Copy Members| Plates LCS New Gallery | Propose Publish Manage | Code Calculate Settings | Loads in

Bl save setup

- 729US$ I
N 1
X R
/ - N
v
Example1

4  Members
M1

Load effects

4 Operations
SP1

PCUT1

"SRR ERREEEE

M1

AISC - LRFD (2016) In equilibrium

equilibrium percentage

B x (X3

XL Connection
mport  Import

Fastener
Items count

Item 1

Type

Anchoring length [in]
Anchor type

Coord. system

Qrigin [in]

Angles []

Shear plane in thread

Anchored to
Related to

Plate

Concrete grade
Offset [in]

Depth [in]

Shear force transfer

Stand-off

Wz

&
XLS Member Load Operation
Export
Anchors
1
SP1

11/2 F1554 Gr.105
T-0"

Straight

Polar

0" 0"

-3

45.0 20.0 20.0

New block
Plate

SP1

4000 psi
3
1-11"5/8
Friction

Direct




5. Lateral wall anchorage

* Grid operation can be attached
- to a stiffening member

3"15/16

* You can create different grid
: operations in one model
— attached to the same concrete

block

 However, a warning will be
displayed:

Anchor groups at separate base plates interact with each other in one concrete block. This is out of the scope of standards for
anchorage design. Concrete breakout in tension and concrete pryout are not checked.

(CEB-FIB: Bulletin 58 - Design of anchorages in concrete (2011) — Chapter 1.2: Figure 1.2-8 and Figure 1.2-3)
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6. Steel cable anchorage

* Grid anchor operation using a
plate

W ,, * Rod member can be used only
with:
Gusset plate or connecting plate

//=[={=] StatiCa®




/. Partially supported base plate

3  Anchor attached to a member's
r plate

* Concrete block dimension

Left = uniform offset
Plate of membe

Direction is determined by local coordinate system of plate

-8.99 Shear plane in 7~ Tl -
P Gfset of concrete block to the base plate edges. It j\
44.25 ¥ Foundation | influences break-out check of concrete cone.
Anchored to | Left Right Top Bottom = every offset is different g
or
Related to Left Top = left and right the same, top and bottom the same ‘ M
Member or ‘ v u

Concrete grade : ! A e v
(beam). Left is -Y direction, right is +Y direction, etc. y

Offset [in] &ﬁ?’imfi‘f"ra" 7

Depth [in] 1-11"5/8

Shear force transfer Anchors v

Stand-off Direct vl
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Behind the scenes - Concrete block

Analysis 100.0% 300,00 Production cost - 345 US%
Plates 04 < 50% %
Production cost - 345 US$ L
Bolts 81.4 < 100% 1
Anchors 0.0 < 100% § A <
Hooame Welds 86.4 < 100% _
Base plate Concrete block 289 < 100% [ksi]
4  Members
coL Shear 133 <10 3.200
M2 Buckling Mot 3.00
M3
4 Load effects 275
0" LE1 250
4 Operations i
& s g 225
EP1
CPL1 200
STIFF1 1.75
1.50
1.25
1.00
0.75
0.50
0.25
0.000

Concrete block is represented as a 3D

Element in the model view. However, in the CBFEM analysis, the concrete

block is modeled as a shell element
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Tension force by anchors

* Anchors are modeled as springs

—T * If a gap is selected, that portion
B is analyzed as a beam element

* Gap - Shear is transfer through
anchors

* Mortar -Steel strength in shear
Vsa is multiplied by 0.8 (ACI 318-

14 -17.5.1.3).

N

Lo L=den/2+1,/24 gap~

IS 47
S “,
a
. Ya
a S
&
P

Direct
Direct
Mortar joint
Gap
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Shear force

« Shear force is calculated as -
resultant of all the applied
| O a d S y Shear lu
» Shear force can be transfer by: m
* Friction S
 Shear lug />
« Anchors i —
% \Shear lug
II:r_ic’(-it:nn M Concrete pad
HShearlug
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Articles data base

Analysis Design

* Anchor bolts * Code check of anchors according
e Anchors stand-off (gap) AISC and ACI

e Concrete block * Code check of concrete block

according to AISC

//=[={=] StatiCa®



https://www.ideastatica.com/support-center/anchor-bolts
https://www.ideastatica.com/support-center/calculation-of-anchors-with-stand-off
https://www.ideastatica.com/support-center/concrete-block
https://www.ideastatica.com/support-center/design-check-of-anchors-according-to-aisc
https://www.ideastatica.com/support-center/design-check-of-anchors-according-to-aisc
https://www.ideastatica.com/support-center/check-of-concrete-blocks-according-to-aisc
https://www.ideastatica.com/support-center/check-of-concrete-blocks-according-to-aisc

Code check of anchors AISC - ACI

« Anchor rods are designed » Steel strength of anchor in
according to AISC 360-16 - J9 tension ¢N,,,
and ACI 318-14 - Chapter 17. « Concrete breakout strengthin
. , tension ¢Ny,,
’ Theth”gV\i'ng reS'StéinceSé).f » Concrete pullout strength ¢N,,,
ancnor bolts are evaluated: « Concrete side-face blowout
strength ¢N,
o Steel strength of anchor in
shear ¢V,
* Concrete breakout strength in
shear ¢V,

* Concrete pryout strength of
anchor in shear ¢V,

StatiCa®



Code check of Concrete blocks ACI

* Concrete in compression:
Bearing strength in

compression is designed

according to AISC 360-16,
Section J8.

A,
f}i'l..‘?t*.l'.l' | — [}*85ﬁ_*\||'ll — E ].+ ffc
f -3.'11
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Option to overpass the concrete breakout
resistance as the user is adding supplementary
reinforcement to the concrete block :

Supplementary reinforcement (ACI 318-14 — 17.4.2.9; ACI 318-14 — 17.5.2.9)

Code and calculation settings

Supplementary reinforcement should resist force of 36.25 kip in tension and 5.06 kip in shear. ]

¥  Analysis and checks

Stop at limit strain

ceometrcal onlinearty (GHINA) v Supplementary reinforcement by ACI

Detailing
COMMENTARY
Concrete breakout resistance v SORTRERTARY A
Local deformation check P 1.5her 1" T
Plate and weld dlash check o[ . . —_
B B
Friction coefficient in slip-resistance [-] [Q1R SR e i ot By
Base metal capacity at the fusion face ’ ; |
Deformation at bolt hole at service load is design ¢+ 17 e v
n ~"$4| reinforcement :
¥ Concrete block Ammn R
( sosn_| |
Anchor length for stiffness calculation [d] 8 s A
Concrete loaded area: Stress cut-off 0.1 e Elevation
Friction coefficient - concrete 0.4 ‘ 1.5hy IN
Cracked concrete v 2 _
" 4 e 2 | 9 g
¥ LRFD - Resistance factors ¢ . i - hor 35
As small as possible Fig. RD6.2%b)—FEdge reinforcement and anchor reinforce- !
Tensile and shear strength - bolts 0.75 [ e o e | i
Combined tensile and shear strength - bolts 0.75
Bearing at bolt holes 0.75 v \/
Fillet welds 0.75 <05h L Anchor reinforcement
- Soction Ad = et placed symmetrically
Section A-A

Fig. RD.5.2.9—Anchor reinforcement for tension

[[a]=F] StatiCa® y »




Contact and
weld

Labels | Pictures | Connection Library | CBFEM |

Production cost - 121U5%
A ~

CON1

4 Members
v coL

4 Load effects
v LE1

Operations

Solid Transparent Wireframe

Weld1 [General weld or contact]

¥ General weld or contact

* User question: If | enforce milling of the column
end, is there any option in IdeaStatica to account
for this, so that the weld size between the end
cap and the column can be reduced?

Options mport/Export loads

Copy Delete

Weld or contact

Placement Edge to surface v
Type Contact v
First plate

Member or plate COL

Second plate

Plate BP1

23



CO nta Ct a n d * User question: If | enforce milling of the column

end, is there any option in IdeaStatica to account

‘ d for this, so that the weld size between the end
we cap and the column can be reduced?

Plates / 00<50% =~ / 00<50% =~
i L “ t'\ Status Item Edge Xu W ¥ e Lo lioads (fn [$Rn LR i L “ t'\ Status Item Edge Xu '™ 4 L Lo lioads|fn [ORn R
Anchors 238 < 100% i ol ol G i) M) (el |1%) 320 < 100% €] fin) finl finl fn) ol |(pl 1%}
i 7 viek / < .
e A » © B [COL |E70n 414N 4S/16N 34N/1612 L€ |25 337|755 5 Mg hiom » > |+ @ 81 COL [E0x ab VAN 416N 3N/6[12 61 (128|337 380
% Concrete block 184 < 100

Concrete block o/ 185 < 100f
o e “ , e Eloc avan | aston|zaws 12 |01 |2 |23 |ms i e 7 e 70cc] a1 14 10| a1 5n60m [ 2n6 12 |1
uckliog ot cakulae uckliog ot cokuate ‘”.

With extra contact

AISC - LRFD (2016) s In equilibrium in eastatica AISC - LRFD (2016) s In equilibrium in
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|IONS

Base Plate Connecti

Verification study

(AISC)

g eggszgsnss 8
5.55443322!-.001.

{

THE UNIVERSITY OF

TENNESSEE

0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00
Plate Thickness, in.

0.25

sdiy ‘peoT |eIXy 2AISSa4dWOD) PaloldIe ] WNWIXelA

0.4)
1.91)
2.5)

— @ —IDEA StatiCa (stress cut-off

—@— Traditional (Flexible, c/tp

—@— |DEA StatiCa

—@— Traditional (Rigid)

—@— Traditional (Flexible, c/tp

1.5)

—@— Traditional (Flexible, c/tp

:
]
S


https://www.ideastatica.com/support-center/base-plate-connections-aisc
https://www.ideastatica.com/support-center/base-plate-connections-aisc

Key findings

* For thick base plates that better conform to the
rigid base plate assumption, IDEA StatiCa
provides strengths that are comparable to the
traditional calculations presented in AISC
Design Guide 1.

1600
1500
1400 . . 1
1300
1200
1100
1000
900
800
700
600
500
400
300
200
100
0
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00

Maximum Factored Compressive Axial Load, kips

Plate Thickness, in.

Iaea Stati( IDEA StatiCa  ——@=—Traditional (Rigid)




Key findings

* For thinner base plates, where flexural
yielding of the base plate due to bearing
stresses controls, IDEA StatiCa can provide
significantly greater strengths than the
traditional calculations since the
distribution of bearing stresses is
calculated explicitly and redistributes upon
the initiation of yielding of the base plate.

(@) tp=0.25in.and P=317 (b)t,=0.75in.and P=458 (c)tp=2.00in.and P =614
kips kips kips
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Key findings

« IDEA StatiCa correctly
calculates the shear strength
of anchor rods but neglects
the potential reductions in
shear strength due to bending
of the anchor rod within the
base plate that can occur in
certain base plate
configurations (e.g., base
plates with welded plate
washers).

[/=]/=/=] StatiCa®
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1[ 2"

THICK STEEL PLATE
WASHER, TYP

A
/fh’ 2%e"® HOLE W/ 3)%"X%"
r

SEE PLAN
“r//——mz"xzo"x1i—8" W/ (4)
1%"8 F1554 GR. 36
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} : | /—STEEL W COLUMN,
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Limitations

* Plate washer welded to the base plate
* Changing resistance factors for specific anchors or code checks
* Welded bolts in the base plate - Embedded plates

e Hilti vs IDEA — Anchors in Profis have the real stiffness from their test,
compared to the IDEA values.

StatiCa®



	Slide 1
	Slide 2
	Slide 3: Agenda
	Slide 4: Base plate                        Anchor grid operation
	Slide 5: Practical examples
	Slide 6: 1. Base plate and anchors position and reference
	Slide 7: 2. Base plate editor
	Slide 8: 3. Shear lug options and design  
	Slide 9
	Slide 10: Shear lug design
	Slide 11: 4. Base plate and grid operation
	Slide 12: Polar position of anchors
	Slide 13: 5. Lateral wall anchorage
	Slide 14: 6. Steel cable anchorage
	Slide 15: 7. Partially supported base plate 
	Slide 16: Behind the scenes - Concrete block 
	Slide 17: Tension force by anchors
	Slide 18: Shear force
	Slide 19: Articles data base
	Slide 20: Code check of anchors AISC - ACI
	Slide 21: Code check of Concrete blocks ACI
	Slide 22: Option to overpass the concrete breakout resistance as the user is adding supplementary reinforcement to the concrete block :
	Slide 23: Contact and weld 
	Slide 24: Contact and weld 
	Slide 26: Verification study: Base Plate Connections (AISC)
	Slide 27: Key findings
	Slide 28: Key findings
	Slide 29: Key findings
	Slide 30: Limitations

