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Outline

• Generic Approach

• Project-Specific Approach



Can we treat CBF base connections as pinned?
Typical design rationale

• Model as pinned

– Conservative for brace required strength

– Moments relieved by uplift

– Plastic hinges implicitly allowed for columns

• Connections behave as fixed for high column 

compression
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Design method for rotational ductility of braced-frame base-plate connections in 
tension 

• Ductile braced frames are expected to undergo significant lateral drift

– 1% ≤ ∆ ≤ 3%

• Anchor rods for ductile braced frame are required to be designed for 

the full uplift capacity corresponding to yielding and strain hardening 

at all levels (potentially unrealistic demand)

– No prescriptive flexural requirement

– Pin-base analysis permitted

• Gusseted base-plate connections can be very stiff in flexure

• Questions:

– Should flexural demands be added to uplift demands on anchors?

– Can gusseted base-plate connections be modeled as pins?
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Design method for rotational ductility of braced-frame base-plate connections in 
tension 

1. Establish drift (rotation) demand

– 2.5% rotation deemed to be adequate rotation requirement for gusseted connections in AISC 341

– Additional investigation outside of the scope of this study 

2. Develop method to convert base rotation into element deformation demand

– Proposed mechanism: 100% of rotation from anchor elongation to simplify design

• Neglect base-plate flexibility

• Neglect grout compression

• Neglect foundation flexibility

– Method confirmed by frame analysis with hook and gap elements

3. Quantify deformation capacity of elements with ductility demand

– Outside of the scope of this investigation

– (a few remarks at the end)



Design idealizations
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Design idealizations



Design

• ASIC Seismic Design Manual example for 

Buckling-Restrained Braced Frame

• Connection design completed as required

8
Example BRBF from AISC SDM

2” F1554 Gr. 55 Anchor Rod (Typ.)

W10x68 Column

4.3” 9.2” 9.2” 11.0”

27”

Gusset Geometry per Brandt Saxey of Corebrace



Anchor Bolt Selection
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Base Plate Modeling

W10x68 column with 

P-M interacting hinge
Level 1 BRB

Base Plate Model in SAP2000

Horizontal reaction 

*included to resist shear

Base plate 

(modeled as rigid element)

Anchor rods with bi-linear stiffness 

(modeled as hook elements)

(Represents 2 rods)

Bearings on concrete slab 

(modeled as gap elements)

Concrete foundation

(modeled as pinned reaction) 

Column is rigid where 

stiffened by gusset

 hingePM



BRBF modeling

SAP2000 model loading

Rigid column 

(to achieve yielding of 

all braces and thus 

anchor-design state)

Rigid, pin-ended tieback (typ.)

BRB modeling

Column PM hinge

Per AISC Chapter H

Analysis is displacement 

controlled where load is 

applied here until specified 

drift (~6.0%) is reached

P

M



Run Analysis

Base plate model in SAP2000- post analysis

Section cut through base 

plate – slab interface 

used to track

-vertical force 

-moment 

Start here-

Gravity loads only on column

Note peaks-

Behavior not as 

originally expected

P-M Diagram for Base Plate Experiencing Uplift

Left BP P (kip)

Le
ft B

P
 M

 (k
ip

-in
)

Vertical force and 

moment computed at 

column centerline
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Understanding Behavior- Tension Side

1. Gravity Loads Only on BP

P-M Diagram for Base Plate Experiencing Uplift

Concrete bearing

Gravity loads

BP Rotation vs Axial Load

BP Uplift vs Axial Load
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Understanding Behavior- Tension Side

2. BP Lifts Off of Outside Edge

Concrete 

Bearing

Uplift Force

Anchor Rods in Tension

Column Flexure

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load

BP Uplift vs Axial Load
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Understanding Behavior- Tension Side

3. BP Lifts Off Bearing Completely Uplift Force

Anchor Rods in Tension

Column Flexure

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load

BP Uplift vs Axial Load
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Understanding Behavior- Tension Side

Uplift Force

Anchor Rods in Tension

4. Outer Anchor Yields

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load
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Understanding Behavior- Tension Side

Uplift Force

Anchor Rods in Tension

Concrete 

Bearing

5. Rotation Brings Inside Bearing 

Back Into Contact

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load
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Understanding Behavior- Tension Side

BP Uplift vs Axial Load

Gravity 

Loads
Uplift Force

Anchor Rods in Tension

Concrete 

Bearing

6. Inside Anchor Yields

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load
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Understanding Behavior- Tension Side

BP Uplift vs Axial Load

Gravity 

Loads
Uplift Force

Anchor Rods in Tension

7. Base plate lifts off 

(POINT NOT BE REACHED)

P-M Diagram for Base Plate Experiencing Uplift

BP Rotation vs Axial Load
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Frame does not have sufficient uplift 

capacity to yield all rods without 

additional prying (bearing) force (result 

of AISC 341 capacity design)

Inelastic uplift mechanism 



Understanding Behavior- Tension Side

A. Design Overturning Moment (5760 k-ft)

(base shear forces)

B. Overstrength Overturning Moment (15,100 k-ft)

(all braces yield and strain harden)

(frame action not included)

C. Overturning Moment Corresponding to Anchor 

Rod Design Capacity (16,900 k-ft)

D. Overturning Moment For Full  Expected Yield of 

Rods (20,700 k-ft)

-This point is not be reached

-Frame does not have sufficient overturning 

capacity (even with frame action)

(anchors yield in direct tension from frame plus 

prying due to rotation)

P-M Diagram for Base Plate Experiencing Uplift
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P
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Understanding Behavior- Tension Side

P-M Diagram for Base Plate Experiencing Uplift

4.6% +

C. Overturning Moment Corresponding to Anchor 

Rod Design Capacity (16,900 k-ft)

At ~4.6% drift a story mechanism is created at 

every level

BP Rotation vs Axial Load
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Understanding Behavior- Tension Side

Force in Various Components 

of Base PL Anchorage

1

2

1. Gravity loads only on BP

2. BP lifts off outside edge

3. BP lifts off bearing completely

4. Outer Anchor Yields

5. Bearing comes back into contact

6. Inner anchor yields

Outside bearing

Inside bearing

Inside anchor

Outside anchor

 �


� �
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5
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Determine Required BP Rotation & Rod Elongation

23

Analyzed 

anchor 

elongation

Calculated anchor elongationLateral Drift 

Angle

θ (degrees) 

Column Base 

Rotation 

θCB (degrees) 

Event

Δ = θNTΔ = θUVNT

(in)(in)(in)(degrees)(degrees)

0.000.000.000.000.00Gravity Loads Only1

0.000.0240.000.0470.00BP Lifts Off Outside Bearing2

0.0260.0360.0260.0700.050BP Lifts Off Bearing Completely3

0.0670.0530.0370.100.073Design Overturning MomentA

0.330.240.180.460.36Overstrength Overturning MomentB 

0.390.390.310.760.61Outer Anchor Yields4

0.620.610.611.21.2Anchor Rod Design CapacityC

0.680.670.681.31.3Inside Bearing Back in Contact5

1.01.01.02.02.0Inner Anchor Yields6

1.91.81.93.43.7Final



Long Gusset Plate Variant

Base Plate Anchorage Design

2” F1554 Gr. 55 Anchor Rod (Typ.)

W10x68 Column

4.3” 9.2” 9.2” 26.0”

27”

15” (additional)



Longer Gusset Plate Variant Outside anchor

Inside anchor

Inside bearing

Outside bearing

P-M Diagram for Base Plate Experiencing Uplift

(Long BP Variant)
Force in Various Components of Base PL Anchorage

(Long BP Variant)

Substantially larger maximum 

moment due to increased inside 

bearing moment arm

1% drift

2%

4.6% +

4.6% +

1% drift
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Base PL Connection Pin Model

Original Question: Can gusseted base-plate connections be modeled as pins?

Answer: Yes & No

• Forces in anchor rods are not directly captured 

– Full frame uplift strength < anchor design strength per AISC 341

– Anchors nevertheless yield due to combined uplift and moment

• Rotations at base plates are captured 

– These can be used to establish anchor-rod elongation

• Moment demands on columns and foundations are not captured

– AISC 341 allows the engineer to neglect the column moment

• Not an issue specific to base-plate design

– Foundation moments should be considered

• Capacity design or ductile detailing may be used
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Base Connection Flexural Demands

Original Question: Should flexural demands be added to uplift on anchors?

Answer: Yes (For Deformations) & No (For Forces)

• Force is very similar in all anchors once they have yielded, but BP 

rotation causes differing strain in anchor rods

27
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Summary

• Anchors yield regardless of design calculation

– Anchor forces equalize after base-plate lift-off and yield of anchors 

• Gap-and-hook model results consistent with limit-state models

– Anchor elongation

• 0% difference for 2% drift

• 9% difference for 3.4% drift

• Gap history events interesting, but not consequential

• Design method appears to be validated

• Future research may allow reduced anchor demands at the expense of modeling complexity

– Base plate flexural deformation reduces anchor elongation

– Grout deformation or crushing reduces anchor elongation and connection moment

28



ROCKY MOUNTAIN POWER HQ

PRELIMINARY STRUCTURE

SKIDMORE, OWINGS & MERRILL

RMP HQ Base Plate Design (SEAU)
2026.02.12

Rocky Mountain Power



Rocky Mountain Power 



Rocky Mountain Power
Project Location

Salt Lake City International 

Airport

Project Site Downtown Salt Lake 

City

95 State 

St

111 South Main St

222 South Main St

Utah Transit Authority



Rocky Mountain Power
Project Location



Rocky Mountain Power
Building Information

● 10-Story Building

● 169’ Tall

● Risk Category: III

● Typical Floor-to-Floor Height: 14’-0”

● Lateral Force-Resisting System: Steel BRB Frames

● Gravity Force-Resisting System: Steel Composite Framing

● Foundation System: Auger Cast-In Place Piles

Project Status: In Construction



Structural Framing Plan
Typical Tower Framing Plan

Cross (X)

Inverted Chevron (Λ)

Chevron (V）



Structural Section
Transverse Direction

1

1

22



Structural Analysis
Design Criteria (Code-Based)

● Building Code: IBC 2021 / ASCE 7-16

● Seismic Force-Resisting System: Steel BRB Frames

R = 8, Cd = 5, Ωo = 2.5

● Gravity Force-Resisting System: Steel Composite Framing

● Risk Category: III

● Seismic Design Category D

● Site Class: E

● Importance Factor: Ie = 1.25

● Allowable Drift Ratio 1.5%

● Seismic Design Parameters: SDS = 0.82G, SD1 = 1.18G

● Surface Roughness Category: B

● Exposure Category: B

● Mean Recurrence Interval: 1700 Years

● Equivalent Basic Wind Speed: 109 mph

● Service Wind Speed: 84 mph (50 years)



Nonlinear Response History Analysis
Story Drifts Nonlinear Response History Analysis per ASCE 7-22 Ch. 16



Ground

Level 02

Level 03

Level 04

Level 05
Level 06

Level 07
Level 08

Level 09
Level 10

RF1

RF2

Anchor Plate Design
BRB Base Key Plan



ROCKY MOUNTAIN POWER HQ

STRUCTURAL PEER REVIEW

SKIDMORE, OWINGS & MERRILL

Anchor Plate Design
BRB Base Key Plan



Type 1 Type 2 Type 3 Type 4

Type 5 Type 6 Type 7

Gusset 

Plate

4 1/2” 

Base Plate

W Column 

+ Side Plates

Gusset 

Plate

7” 

Base Plate

Gusset 

Plate

1 1/2” Base 

Plate

W14 

Colum

n

5 1/2” 

Base Plate

5” Base 

Plate

Gusset 

Plate

2” Base Plate

W14 Column

5” 

Base Plate

W14 Column
W14 Column

W14 Column

Anchor Plate Design
BRB Base Plate Models



Anchor Plate Design

Selection of Base Boundary Conditions

Pinned Base Spring Base Fixed Base

1. Design anchor system to take 

axial and shear force from load 

combinations per ACI 318 

Chapter 17.

2. Allow yielding of anchor rods and 

design anchor system to meet 

ductility criteria per ACI 318 Ch. 

17.5.3.

3. Deformation-Controlled Design

1. Establish an anchor system 

model to estimate rotational 

spring constant

2. Design anchor system to take 

axial, shear force, and moment 

from load combinations per ACI 

318 Chapter 17.

3. Force-Controlled Design.

1. Design anchor system to take 

axial, shear force, and moment 

from load combinations per ACI 

318 Chapter 17.

2. Force-Controlled Design.



Type 2

W Column 

+ Side Plates

Gusset 

Plate

7” 

Base Plate

Anchor Plate Design
Spring Base vs Fixed Base

Spring Base Fixed Base

ke=2.22e+7 k-in/rad 

B
a
s
e
 M

o
m

e
n
t 
(k

-i
n
)

Base Rotation (rad)

No significant difference for the selected 

case study.



Anchor Plate Design
Fixed Base Design

Iteration 1 Iteration 2 Final

1. Max. Rod Tensile Force (3” Rod) 

= 706 kips (DCR = 1.20)

2. Base Plate Thickness = 7 in.

1. Max. Rod Tensile Force (3” Rod) 

= 675 kips (DCR = 1.14)

2. Base Plate Thickness = 12 in.

3. (Or adding stiffeners)

1. Max. Rod Tensile Force (3” Rod) 

= 592 kips (DCR = 1.00)

2. Base Plate Thickness = 12 in.

3. (Or adding stiffeners)

Tension Forces on Rods Tensile force (kips)



Anchor Plate Design
Fixed Base Design

Iteration 1 Iteration 2 Final

1. Moment DCR = 0.92

2. Base Plate Thickness = 7 in.

Bending Moment on Base Plates

1. Moment DCR = 0.62

2. Base Plate Thickness = 12 in. 

(Or adding stiffeners)

1. Moment DCR = 0.81

2. Base Plate Thickness = 12 in. 

(Or adding stiffeners)



Anchor Plate Design
Pinned Base Model Elevation



1. Establish Target Drift

- 2% Drift (Average MCE NLRHA)

- 3% Drift (Max. MCE NLRHA)

1. Design Anchor Plate per ACI 318 Chapter 17

- Allow Anchor Rod to undergo Yielding

1. Design Rod Axial Deformation

- Meet Acceptance Axial Deformation Criteria

θ

θ

Anchor Rod Design
Ductile Demand for Pinned BRB Base Plates

Design of Pinned Base Plates



Bonded and Unbonded Rods



ROCKY MOUNTAIN POWER HQ

PRELIMINARY STRUCTURE

SKIDMORE, OWINGS & MERRILL

Bond-Slip ModelRod Model

Rocky Mountain Power
Reference 1 for Bonded Bars

ε=10

%

1.25Fy

εy=0.2%

Anchor Rod Spring



ROCKY MOUNTAIN POWER HQ

PRELIMINARY STRUCTURE

SKIDMORE, OWINGS & MERRILL

Rod + Bond

SAP2000 

Model

Joint Constraint in 

UZ

X

Z

Disp.

Restraints at bottom 

of each bond link

Restraints at Anchor End

9% 26

%

Analysis Results
Axial Force Distribution at Final Step

(Tang et al. Model)

1.4”

2.5%

Rocky Mountain Power
Simplified Model for Bonded Rod

Global

Local



ROCKY MOUNTAIN POWER HQ

PRELIMINARY STRUCTURE

SKIDMORE, OWINGS & MERRILL

Tang et al. Model

Lp=(1.25-1)fydb/(4τp)=0.25*105*2”/4/1.16=11.3”

Le=fydb/(4τe)=105*2/(4*2.89/2)=36.3” < (55-
11.35)”
→Le=36.3”

Considering all elongation happened at Lp region.

Delta = 1.4” = (εy*Le/2)+(εy+εtop) * Lp/2 

→ εtop = 0.239= 23.9%

CEB-CIP Model

Lp=(1.25-1)fydb/(4τp)=0.25*105*2”/4/0.36=36.5”

Le=fydb/(4τe)=105*2/(4*0.89/2)=117.97”>(55-
36.5)”
→Le=18.5”

Considering all elongation happened at Lp region.

Delta = 1.4” = (εy*Le/2)+(εy+εtop) * Lp/2 

→ εtop = 0.074= 7.4%

Rocky Mountain Power
Reference 2 for Bonded Bars



ROCKY MOUNTAIN POWER HQ

PRELIMINARY STRUCTURE

SKIDMORE, OWINGS & MERRILL

Rocky Mountain Power
Updated Unbonded Rod Detail 



Threaded/Unthreaded Length 
and Rod Axial Deformation Criteria



Reducing Threaded Length 

Modeling Anchor Rod with 3 Springs



Anchor Rod Specification 

ASTM F1554-17



Anchor Rod Design 

UCSD Report No. SSRP-2014/13 for F1554 A193 B7 



Base Rotation and Moment

Anchor Rod Design

Base Plate Rotation Check (Type 2)

0.03 rad

Link Deformation vs Force

ε=7%

3D Model Link Axial Forces

εy=105 ksi/290000 ksi = 0.36%

ε=4 %

L1=18”L1=6”

ε=2.67 %

L1=30”

ke=2.22e+7 k-in/rad 



Base Rotation and Moment

Anchor Rod Design

Base Plate Rotation Check (Type 5)

Link Deformation vs Force

ε=1.05%

3D Model Link Axial Forces

εy=105 ksi/290000 ksi = 0.36%

0.03 rad

L1=6”

ke=1.1e+7 k-in/rad 



Anchor Rod Design

Summary of Max. Strain on Top of Anchor Rods



Anchor Rod Design

Threaded Length Detail



Summary and Conclusion

● Designed pinned base anchor plates and rods to accommodate 
nonlinear rod deformation, achieving ductility requirements.

● Designed unbonded rod length to meet sufficient elongation capacity.

● Longer threaded length at the top helps reduce axial strain at the top of 
the rods.



Recommendations and discussion



Rod variables

62

Hot-rolled

AnnealedCold-rolled

High-strength

• F1554 Material

– Grades 36, 55, 105

• Treatment

– Cold-rolled, annealed,         

hot-rolled

• Threading

– Cut thread, rolled thread, 

upset thread (forged)

– Fully threaded, partially 

threaded/smooth shank

• Casting

– Bonded, debonded

• 3x3x3x2x2=108 combinations



Cold-worked/ 

Cold-drawn Annealed
1

Hot-rolled
2

Cold-worked/ 

Cold-drawn Annealed
1

Hot-rolled
2

Grade 105

Fully threaded

Smooth shank, 

threaded ends

Fully threaded

Smooth shank, 

threaded ends

B
o

n
d

e
d

D
e

b
o

n
d

e
d

Cut 

Threads

Rolled 

Threads

Upset 

threads

Rolled 

Threads

Upset 

threads

Cut 

Threads

Smooth shank, 

threaded ends

Smooth shank, 

threaded ends

Fully threaded

Smooth shank, 

threaded ends

Grade 36 Grade 55∆
Elongation of 

F1554 Anchor Rods

Smooth shank, 

threaded ends

Fully threaded

Rod variables

2” ɸ F1554 

Grade 55

in example 

could be 

any of 

these

UCSD testing

Probably meets Grade 55 

requirements

3x3x3x2x2=108

38 Combinations

NA

NA

Based on ASTM (but very expensive)

N
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n
g
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g
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Not 

available in 

large 

diameter

Not 

available in 

large 

diameter



Recommendations for practice (under current provisions)

• Analysis

– Model CBF base-plate connections as pinned

• Size BRBs for analysis forces

– Determine maximum compression force on base plate

• Sum of BRB strain-hardened capacities, plus gravity, etc.

• Determine corresponding moment from column P-M interaction

– Determine maximum uplift force on base plate

• Sum of BRB strain-hardened capacities, minus gravity, etc.

• Corresponding moment from column P-M interaction (if used)

– Determine maximum moment

• Limited by column?

• Limited by ductile foundation flexure?

• Limited by ductile connection mechanism?

64

( )

0.9

0.2

1
sin

2

colu

DS

y y sc

P D

S D

R F A

= −

−
β + ω γ 
 


( )

1.2 0.5 0.2

1
sin

2

colu DS

y y sc

P D L S D

R F A

= + + +

β + ω γ 
 





Recommendations for practice (under current provisions)

• Design

– Configuration

• Forgo additional eccentric anchors

– Tension

• Design anchors for required (capacity-design) uplift

• Check base plate bending for anchor-rod yield strength

– Compression (+Moment)

• Refer to AISC Design Guide 1

– Moment

• Check nonductile elements for maximum moment

– Mucol

• Refer to AISC Design Guide 1

– Gusset

• Maximum brace force

• Maximum moment

• Maximum brace force and moment
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Recommendations for research

• Frame response

– For elastic design, does selection of 

pin/spring/fixed base affect required strength 

of elements (such as BRBs)

• Frame design consequence for frame is minimal

• Foundations not studied

– For NLRHA, does connection selection of 

pin/spring/nonlinear/fixed base affect:

• Ductility demands?

• Performance evaluation?

• Rotation?

– How well do code required strengths compare 

to analyzed demands?

• Especially uplift

• Connection behavior

– Calibrate hook-and-gap model to more 

detailed FEM

• Establish approximate bearing locations appropriate for 

any loading

– Establish elongation capacity of anchor rods of 

various types
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Design idealizations

Assume 2.5% rotation

Use base-plate length b as d1

Grade 55: 10% strain

Ly ≥  b/4, use b/2 where possible

Grade 105: 5% strain

Ly ≥  b/2, use b where possible
∆

θ

max

1

max max

y

y

L

d b
L

∆ ≤ ε

θ θ≥ ≈
ε ε

Ensure required rotation 

can be reached

Ly

b

d1



Recommendations for codes

• Consider requiring ductile rods

– Current “capacity design” for axial does not preclude yielding

– Moment capacity would need to be considered to preclude yielding

• Consider requiring minimum rotation capacity

– Potentially 2.5% for consistency

• Preferable to obtain from frame analyses

– Allow full T+M as an alternative (very conservative)

• Consider allowing ductile uplift for some force less than sum of full, strain-hardened capacities

– As adequate performance validated by future research
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