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ltem #1 Call to Order and Welcome
Facilitator: Jim Malley, SE, Senior Principal, Degenkolb Engineers;
Committee Chair (or designee)



ltem #2 Roll Call and Meeting Advisories/Expectations
Facilitator: Veronica Yuke, HCAI; Executive Director (or designee)



ltem #3 Update on Wood-Frame Standard Details prepared by the HBSB
Codes and Processes Committee
e Discussion and public input
Facilitator: Gary Dunger, Executive Director, Design and

Construction, Cedars-Sinai Health System (or designee)



ltem #4

Update on OSHPD Preapproved Details (OPD): Standard Partition
Wall

e Comparison between design of partition walls using American
Society of Civil Engineers (ASCE) 7-16 and ASCE 7-22
o Applicability of 2013 OPD to the 2025 California Building Code
(CBC)
e Committee to endorse and/or provide feedback on
modifications presented
e Discussion and public input
Facilitator: Chris Davis, SE, District Structural Engineer, HCAI
(or designee)



OSHPD Preapproved Partition
Wall Detail Updates

By
Chris Davis & Roy Lobo
To HBSB - SNSR Committee
7/29/2026




Motivation for this Study

* Demands on partition walls in hospital buildings have doubled in some cases

* Correspondingly stud sizes and anchorage top and bottom has increased resulting 1n higher costs

* For high seismic areas would have demands outside the existing OPD tables requiring custom
details

* Partition wall damage/cracks are generally associated with inter-story drifts

* Full height or braced partial height partition wall failures have generally been linked to screw
pullout between gypsum board and the studs due to out of plane seismic forces.

* Out of plane failures have been observed for unbraced or ceiling supported partition walls.




Outline of Presentation

* Background on seismic design force F, for design of nonstructural components in ASCE 7-22
* Partition wall design impacts caused by the new seismic design forces

* How was the new force equation in ASCE 7-22 developed?

* Floor accelerations used in the F, equation for demands on Nonstructural Components (NSC)
» Floor accelerations for various building types that influence the design of NSC

» Summary areas of conservatism in the current force demands on Partition Walls

» Impact of new ASCE 7-22 requirements on stud sizes and anchor types for Partition Wall design




ASCE 7-16 vs 7-22 Nonstructural Horizontal Seismic Component Equation Comparison

F,= Horizontal seismic component design force equation comparison
(similarities)

Fy max (Eq. 13.3-2)
5= QABosWy (1 4 2%) (13.3-1) | ASCE 7-16 | |

4 vs | e ot
POI"[IOES ren:ialn F\) [ﬂ] [CAR] (13.3-1) " ._g_lg_g_. ——;’I\_rcsq 133.0)
unchange » R,| R, ASCE 7-22 LI {

0|
F), 1s not required to be taken as greater than E |
______ Basement | —
Upper and lower bounds Fp=1.65psl, W, (13.3-2) o
remain unchanged and shall not be taken as less than
F,=0.3S8psl,W, (13.3-3)
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F, is now a function of the Building Seismic Force Resisting Systems (SFRS)

H:|[C
F, =048yl W, [R—ﬂ [ Rﬁﬂ R,=[1LIRALQ)]? >13 (13.3-6)

R, = Structure ductility reduction factor, based upon the SFRS
R = Response modification coefficient, SFRS in Table 12.2-1, 15.4-1, or 15.4-2
I, = Importance Factor

e

0, = Overstrength factor as defined in Table 12.2-1, 15.4-1, or 15.4-2
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Effect of building stiffness on PCA/PGA from
instrumental recording.

ource: NIST GCR 18-91/-4
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Current requirements in ASCE 7-22

* Design force F, from a Nonlinear Response History Analysis Section 13.3.1.5

Fp=1,W,a;

T

IS
an

(13.3-7)

0.

H;
48p pr —

Car

(13.3-1)
R,

» Upper and lower limits shall apply

F, is not required to be taken as greater than

L

=1.6ps1,W,

and shall not be taken as 1655 than

(13.3-2)

F,=0.3Spsl, W,

(13.3-3)

~=l1+25 (;)

2.0
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Partition Wall Design Impacts from ASCE 7-22 Updates

* F, equation has changed from ASCE 7-16 to ASCE 7-22, along with the non-structural response
coefficients. This has resulted in large force level increases in walls with a height over 9’

What has Changed?
ASCE 7-16 / M
0. %4 Z H
045 ”(sz) F,=0.4Spsl, W [ : C"‘R}

R P PUPIR,N\LR
p 2 po
p | ]
Table 13.5-1 Coefficients for Architectural components Table 13.5-1. Coefficients for Architectural Components.
CAR
Architectural Component a,? R, ﬂu"
Supported above
Supported at or grade plane by a
Architectural Component below grade plane structure Rpo Qgp”

Interior nonstructural walls and partitions®

1 1 1 1
Plain (unremforced) masonry walls 12 Interior nonstructural walls and panitions"
All other walls and partitions @ 2 Light frame <9 ft (2.74 m) in height 1 2
Light frame > 9 ft (2.74 m) in height 1.4 O 2

2.33 increase in the component amplification factor partition walls > 9’
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Impact of the Change

e Partition wall demands using ASCE 7-22 have increased 1.5 times
the demands for partition walls < 9’ and 2.1 times the demands
for partition walls > 9" when the default building type is chosen

. i o
Is the change justified: e

1




How was the Force Equation in ASCE 7-22 Developed?

Newton’s Second Law: F = ma

Component acceleration = Floor Acceleration x Component Response Factor

Force Equation in ASCE 7-22 can be written as F,=0.4Sps, W, |=L Car
p PP |R,| R,
Component

Response Factor

p
\ T~ Equipment mass x g

Component Importance Factor
Floor Acceleration/ g
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Floor Accelerations a;used for Calculation of Demands on NSC

* Given a, in equation 13.3-7 for design of NSC, the a. component can
be extracted from Eq. 13.3-1 and Eq. 12.10-4 and compared for
different building types and Risk Categories, as shown next.

* Note R, = 1 when used in these comparisons

C
F =1 W.a [;R} (13.3-7)

H/[C Hy
F,=0.4Spsl,W, [R—f} [%} (133-1) ooy ;= 0.45ps (5=

K po U

C, | .
FP»‘" == Wpx (12.1 0—4) ‘ l bx




Floor accelerations a;for various building types

* Special Reinforced Concrete Moment Frames, RC-Il Bldgs

7 story Reinf Concrete MF RC-lI Building - Floor Accelerations
(13.3-7) 8

a; - Eq. 13.3-7 NLRHA, RCMF

7
( l 3.3— l ) 6 \
5
F o=, (12.10-4) g |
5 9 i q. 1s.10. 7 Story RCMF RC-l Inelastic NLRHA
z 2\ 10 3 —— 7 Story RCMF RC-II Elastic, LRHA
Hf= l +(l] (H) +({2(E) (133*4)
2 = ASCE CH 13 w Bldg Info., T=Ta
Hy=1+25 (g) (13.3-5) ——ASCE CH 13 Default, Rnu=1.3
1
where ——— ASCE CH 12 Alt. Diap Design
ay=1/T, <2.5; 0
ay=[1—(04/T,)% = 0; 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
z=Height above the base of the structure to the point of .
attachment of the component. For items at or below the Acceleration (g)
base, z shall be taken as 0. The value of § need not exceed
1.0;
h = Average rool height of structure with respect to the base;

and
T, =Lowest approximate fundamental period of the supporting

building or nonbuilding structure in either orthogonal direc- ' [ |
tion. For structures with combinations of seismic force- d B l

resisting systems (SFRSs). the SFRS that produces the Department of Health Care
lowest value of T, shall be used. Access and Information




Impact of building period on a;in Eq. 13.3-1

* Special Reinforced Concrete Moment Frames, RC-Il Bldgs

7 story Reinf Concrete MF RC-Il Building - Floor Accelerations
8
a; - Eq. 13.3-7 NLRHA, RCMF
(13.3-7) !
6 \
5
13.3-1 E
( ) % 4 a, -Eq.12.104
3
Fy =, (12.10-4)
5

7 Story RCMF RC-Il Inelastic NLRHA

———7 Story RCMF RC-Ii Elastic, LRHA
——ASCE CH 13w Bldg Info. —
——ASCE CH 13 Default, Rnu = 1.3
——ASCE CH 12 Alt. Diap Design
0
0.40 0.60

0.80 1.00 1.20 1.40 1.60 1.80 2.00
Acceleration (g)
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Impact of building period on a;in Eq. 13.3-1

 Special Reinforced Concrete Moment Frames, RC-II Bldgs

7 story Reinf Concrete MF RC-Il Building - Floor Accelerations

a; - Eq. 13.3-7 NLRHA, RCMF

(13.3-7) ~_

[ — a-Ea133.1T=Ty
(13.3-1)

Level
B

a; -Eq.12.10.4 7 Story RCMF RC-l Inelastic NLRHA

—— 7 Story RCMF RC-II Elastic, LRHA

——ASCE CH 13w Bldg Info.(T = Thldg _

—— ASCE CH 13 Default, Rnu=1.3

(12.10-4) 2

——ASCE CH 12 Alt. Diap Design

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Acceleration (g)
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Floor accelerations a;for various building types

 Special Reinforced Concrete Shear Walls, RC-II Bldgs

7 story RC Shear Wall RC-Il Building - Floor Accelerations
8
, a; - Eq. 13.3-7 NLRHA, RCMF
(133—7) ] \’ - )
\ \ a.<Eq.13.3.1
\
|
5 ‘; N
- !
Q
(13.3-1) >4 ' — — 7 Story RCMF RC-Hl Inelastic NLRHA
' |
3 ! — — =7 Story RCMF RC-ll Elastic, LRHA
)
. - \
pr = H’px ( 12 l ()_4) , \ " ASCE CH13 wBldg Info., T=Ta
§ “ ! ASCE CH 13 Default, Rnu = 1.3
1 . f/
ASCE CH 12 Alt. Diap Design
0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Acceleration (g)
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Floor accelerations a;for various building types

* Steel Special Moment Resisting Frame, RC-Il Bldgs

7 story Steel MRF RC-Il Building - Floor Accelerations

a, - Eq. 13.3-7 NLRHA, RCMF

(13.3-7) T~

N
\ a, -Eq.13.3.1
\
s I
13.3-1 3 /
. ] h
( ’ ) g 4 \ = =7 Story RCMF RC-1l Inelastic NLRHA
= , a, - Eq. 12.10.
@ s | — — = 7Story RCMF RC-1l Elastic, LRHA
Fpe =Wy (12.10-4) ASCE CH 13 wBldg Info., T= Ta
R, 2
ASCE CH 13 Default, Rnu = 1.3
1
ASCE CH 12 Alt. Diap Design
0
0.00  0.20 040 060  0.80 1.00 120 140 1.60 180  2.00

Acceleration (g)
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Floor accelerations a;for various building types

 Steel Special Buckling Restrained Brace Frame, RC-Il Bldgs

7 story BRBF RC-Il Building - Floor Accelerations

8
. a; - Eg. 13.3-7 NLRHA, RCMF
(13.3-7) ]
5
(133_ l) % 4 = =7 Story RCMF RC-ll Inelastic NLRHA
s — — — 7 Story RCMF RCAI Elastic, LRHA
(12.10-4) ASCE CH 13 wBldgInfo., T=Ta
2
ASCE CH 13 Default, Rnu = 1.3
! ASCE CH 12 Alt. Diap Design
0
000 020 040 060 080 100 120 140 160  1.80  2.00

Acceleration (g)
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Comparison between RC-Il and RC-IV demands

* Reinforced Concrete Moment Frame, Comparison RC-11 Vs RC-VI Bldg

7 story Reinf Concrete MFuilding - Floor Accelerations 7 story Reinf Concrete MFuilding - Floor Accelerations

8 8
7 a; - Eq. 13.3-7 NLRHA, RCMF 7 a, - NLRHA, RCMF, RC-II
- -
\ \ ~ - A= -
- .-
6 6 - (e
\ 1
! _—
5 5 \ ' Q; -Eq.13.3.1,T=T,
! \

—_ — \
3 4 Eq.12.10.4 g 4 ! i
9 4, - bq.12.10. 7 Story RCMF RC-Il Inelastic NLRHA e | = 7 Story RCMF RC-Il Inelastic NLRHA

3 —— 7 Story RCMF RC-II Elastic, LRHA 3 '\ = ==="7Story RCMF RC-II Elastic, LRHA

2 = ASCE CH 13 w Bldg Info., T=Ta 5 \ = ASCE CH 13w Bldg Info., T=Ta

—— ASCE CH 13 Default, Rnu= 1.3 \‘ —— ASCE CH 13 Default, Rnu= 1.3
1 1
——ASCE CH 12 Alt. Diap Design ——— ASCE CH 12 Alt. Diap Design
0 0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00
Acceleration (g) Acceleration (g)

Why the increase in a; for RC-1V buildings = &, =[1.1r7.2)1"> =13 (133-6)
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Comparison between RC-Il and RC-IV demands

* Reinforced Concrete Shear Wall, Comparison RC-Il Vs RC-VI Bldg

7 story RC Shear Walluilding - Floor Accelerations 7 story RC Shear WalBuilding - Floor Accelerations

8 8
a; - Eq. 13.3-7 NLRHA, RCMF a; - NLRHA, RCMF
7 - 7 - - - -
\ - \.’ _ - -
" - - - a, -Eqg.13.3.1
6 . v a_<Eq.13.3.1 6 \ ) !
Vb N

5 . \ 5 1 .
3 f \ = a; -Eq. 12.10/4 \
24 { — =7 Story RCMF RC-HInelastic NLRHA 2 4 \:\;\. = =7 Story RCMF RC-Il Inelastic NLRHA
- 1 -l

3 | = = =7 Story RCMF RC-I| Elastic, LRHA 3 " [ = = =7 Story RCMF RC-ll Elastic, LRHA

\
!
“ 4 ASCE CH 13 wBldg Info., T=Ta ‘\ ! ASCE CH 13 wBldg Info., T=Ta
2 2 !
! \
\‘ ' ASCE CH 13 Default, Rnu=1.3 \ P / ASCE CH 13 Default, Rnu= 1.3
1 ol 1 W
ASCE CH 12 Alt. Diap Design ASCE CH 12 Alt. Diap Design
0 0
0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00

Acceleration (g) Acceleration (g)
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Instantaneous Floor Accelerations at a floor max

Floor accelerations at 505.8 in/s?
238.7 in/s? M : <2058in/s
P ax. Roof Acceleration

5.3in/s?
>

—;8.8 inés2

H 2
118.1.0n/5° 147.2 in/s
; § Floor accelerations at Max.

VA . 4th floor Acceleration

- 75.0 in/s?

/ 11431/ / 275.0in/ /

AN

T WATYLS 128.9 m‘s‘

2.0 /52 55.9in/s?
—>

-0.9in/s?
<>

79.2 in/s?
<>

1 CAI

Department of Health Care
Access an d Information




Summary Takeaways

* Floor accelerations for RC-Il buildings from the alternate diaphragm
equation, Eq. 12.10-4 reasonably match the accelerations from a
NLRHA for an RC-II building.

e Results from Eq. 13.3-1 appear conservative for RC-Il buildings. Using
a building period C T, could eliminate some of the conservatism.

* Using Eqg. 12.10-4 for RC-IV building accelerations (a,) double counts
the acceleration if used for design of NSC as these are required to be
further multiplied by I, for design.




Areas of Conservatism in ASCE 7-22 Partition Demands

* Floor accelerations used for design of nonstructural components are
inherently conservative even when building information is known.

* Results from Eq. 13.3-1 appear conservative for RC-Il buildings. Using
a building period C,T, could eliminate some of the conservatism.

* Floor acceleration maximums are not aligned at each floor leading to
conservative outcomes.

 Partition wall flexibility depends on cross wall spacing.

* Effect of gypsum board on both sides of the studs may not have been
considered in the overstrength and component amplification factors.

e Cabinet hung on the wall also provides stiffness.




Comparison of ASCE 7-22 vs 7-16 for current OPDs

TYPICAL PARTITION WALL CONDITIONS

CONDITION ‘A’ PARTITION WALL WITHOUT ATTACHMENTS. SEE DETAIL ST2.02

CONDITION 'B' =  PARTITION WALL SUPPORTING CABINETS OR EQUIPMENT ON ONE SIDE OR BOTH
SIDES OF THE WALL DISTRIBUTING UP TO 50 LB TOTAL VERTICAL LOAD PER

STUD (37 PLF). REFER TO GENERAL NOTE 7C ON ST0.01. CENTER OF GRAVITY
LESS THAN 6" FROM THE FACE OF THE STUD. SEE DETAIL ST2.03.

CONDITION 'C' -  PARTITION WALL SUPPORTING OVERHEAD AND/OR BASE CABINETS OR EQUIPMENT
ON ONE SIDE OR BOTH SIDES OF THE WALL, DISTRIBUTING UP TO 152 LB TOTAL

VERTICAL LOAD PER STUD (114 PLF). REFER TO GENERAL NOTE 7C ON ST0.01.
CENTER OF GRAVITY WITHIN 6" OF FACE OF THE STUD. SEE DETAIL ST2.04.

CONDITION ‘D" =  PARTITION WALL SUPPORTING FULL HEIGHT CABINETS OR EQUIPMENT ON ONE
SIDE OR BOTH SIDES OF THE WALL, DISTRIBUTING UP TO 380 LB TOTAL VERTICAL
LOAD PER STUD (285 PLF). REFER TO GENERAL NOTE 7C ON ST0.01. CENTER
OF GRAVITY WITHIN 6" OF FACE OF THE STUD. SEE DETAIL ST2.04.

1 CAI
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Condition A — 0 Ibs Vertical load per stud

SEE NOTE 3 BELOW
f ~ STRUCTURE ABOVE
E
17.0 Va CEILING LINE

_________ -4 - _ __ _
) 9 PARTITION WALL STUD @ 16" 0.C. AS FOLLOWS:
L;‘EER‘;LT 4355“3(')';‘?3 S$4 3? ‘TJYg — USE STUDS PER SCHEDULE 1 FOR CONDITION ‘A’
FULL HT OF PARTITION WALL ~ USE STUDS PER SCHEDULE 2 FOR CONDITION 'B'
: ~ USE STUDS PER SCHEDULE 3 FOR CONDITION 'C’
SEE NOTE 4 BELOW. C
— USE STUDS PER SCHEDULE 4 FOR CONDITION ‘D'

o

PARTITION WALL HEIGHT

Q
BOTTOM ANCHORAGE

ot ST 06 SEE NOTE 3 BELOW
Q s FLOOR

@ FULL HEIGHT PARTITION WALL

1 CAI
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Condition B — 50 |bs Vertical Load per stud

BRACE @ PARTIAL BRACE @ PARTIAL
HEIGHT PARTITION 5 HEIGHT PARTITION
WALL WHERE OCCURS . WALL WHERE OCCURS e
7/ LS /// 7 'y »\////
s LA 21 rq(" A
l |
| Q = 0
S 6" 160 S e
o O o |cG. w2)— | o Tuax
o (2 .
& o /€6 (W1) @ & /| Q; ~CG. (W3)
T . ] T L]
S| o S Y
g7\ |9] i 9
— ] - [ 1
g . SEE ST2.01 FOR MINMUM— = 7%
z 0 WALL STUD sm: z | Q | BACKING PLATE PER
2 sra NI \| | ST5.00, TYP.
E Q E \I |
| |
I' - \ I' - '\
LY L h 1 L |L_EJ| 1
OPTION 1 ' OPTION 2

@ PARTITION WALL CONDITION B’
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Condition C— 152 |bs Vertical Load per stud

/2 BRACE @ PART A2
A EEIGCI-II-:T %ARTITI(I)?\IL o7 nod,  BREE O PN
T 72 7SS HEIGHT PARTITION.
ey WALL WHERE WALL WHERE ¥
‘\@UR @ / OCCUR
_ L/ ,
- s
A I3
—C.G. g
BACKING PLATE : BACKING PLATE
PER ST5.00 < PER ST5.00 [~

WALL CABINET ™

[ = HORIZONTAL THROUGH (1)
LAYER OF 5/8" GYP. BRD<
, (MAX 4" FROM EA. END
24" M9>|, AND MIN, (4) PER CABINET

—C.G.

PARTITION WALL
STUD PER
SCHEDULE ST2.01

PARTITION WALL HEIGHT (PER ST2.02)
7'-6" MAX
PARTITION WALL HEIGHT (PER ST2.02)

T OR EQUIPMENT) TYP,
N o™~
BACKING PLATE BT 1 FUL | %
K CASINET OR SE%  parrmon wAL j HEIGHT :
PER ST5.00 \ EQUPMENT | §; % oD oeR cont| o | &
cel= = /SCHEDULE ST2.01 OR ~
BOTTOM TRACK ol ISl EQUIPMENT
ANCHORAGE "S5 TR BACKING PLATE
PER TYP. ST8.00 — = o = PER ST5.00 'c|> g
FLOOR ! ™ & =
DT SEE 'S15.02 FOR BASE
CABINET ANCHORAGE
CONDITION ‘C' CONDITION D’
B OVERHEAD AND / OR BASE CABINETS C FULL HEIGHT CABINETS
OR EQUIPMENT OR EQUIPMENT
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Condition D — 380 Ibs Vertical Load per stud

BRACE @ PARTIAL
>,4~\__ HEIGHT PARTITION 2757 i <, BRKE O PARTAL
e L -HEIGHT PARTITION,;
'\ / e ERE WALL WHERE T
- TR 1600 _— OCCUR
I \ J /

M

®
o
’I

—
1
o
[}

—C.G. g

. BACKING PLATE
_".’ PER ST5.00
WALL CABINET ™
OR EQUIPMENT

0\—_

BACKING PLATE_ /|,
PER ST5.00 \|

"

#10 SMS. @ 12" 0.C.

| = HORIZONTAL THROUGH (1)
LAYER OF 5/8" GYP. BRD<
L . g>(MAX 4" FROM EA. END
24" M K AND MIN. (4) PER CABINET

PARTITION WALL ,—C.G.

|

|

|

STUD PER— |
SCHEDULE ST2.01 :
|

|

|

|

6!!

PARTITION WALL HEIGHT (PER ST2.02)
7'-6" MAX
PARTITION WALL HEIGHT (PER ST2.02)

PR EQUIPMENT) TYP.
- BASE &S § FULL g
BACKING PLATE CABINET OR LI — j L _
PER ST5.00 FQUPMENT | §; & SO0 PER cianel| o | &
-é\ cole |22 ISCHEDULE ST201 OR -
BOTTOM TRACK ol =N EQUIPMENT
ANCHORAGE ™15 SR BACKING PLATE /|
PER TYP. ST8.00 —AN 2 = % PER ST5.00 'cla g
FLOOR e & i
”"*\'Q‘_ SEE 'ST5.02 FOR BASE
CABINET ANCHORAGE
CONDITION C INET ANCH CONDITION D'
B OVERHEAD AND / OR BASE CABINETS C FULL HEIGHT CABINETS
OR EQUIPMENT OR EQUIPMENT
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ASCE 7-22 Force Level

Out-of-plain forces on partitions in ASCE

New Stud Table for ASCE 7-22

SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A’)

. Fp/Wp Range 9FT 12 FT 16 FT
7-2 2 h ave | n C re a Se d by a S rr] u C h a S 2 . 1 0.00- >0.75| 3625162-33 | 3625162-33 | 3625162-33 | 4005162-33 | 6005162-33
0.76 - >1.50 | 3625162-33 | 3625162-23 | 3625162-33 | 4005162-33 | 600S162-33
t| mes t h e fo rces fro m AS C E 7_ 1 6 151- »2.25| 3625162-33 | 3625162-23 | 3625200-33 | 4005162-33 | 6005162-23
. 2.26- >3.00 | 3625162-33 | 3625162-23 | 3625162-43 | 4005162-43 | 600S162-43
SCHEDULE 2: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'B')
Increased Stud thicknesses and depths Fo/Wp Range_9 1
0.00- »0.75| 3625162-33 | 3625162-23 | 4005162-33 | 3625162-54 | 4005162-23 | 6005162-33
. . 0.76 - >1.50 | 2625162-33 | 3625162-23 | 4005162-33 | 3625162-54 | 4005162-43 | 6005162-33
Light Frame Partitions <=9 ft
1.51- »2.25| 3625162-33 | 3625162-43 | 4005162-43 | 3625162-54 | 4005162-54 | 6005162-43
ASCE 7-22 ASCE 7-16 2.26- >3.00 | 2625162-43 | 3625162-54 | 4005200-43 | 3625200-54 | 4005162-54 | 6005162-43
Sds Fp,min)rwp prwp Fp,maxpr prwp
0.99 0.45 1.07 2.38 0.71
125 0.56 135 3.00 0.90 * ‘ . B SCHEDULE 3: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'C')
145 0.65 156 348 104 Fp/Wp Range 9FT 12 FT 16 FT
: : : : : 0.00- >0.75| 3625162-43 | 4005162-43 | 3625162-43 | 4005162-43 | 6005162-43 | 6005162-54
1.95 0.88 2.10 4.68 1.40 0.76 - >1.50| 3625162-54 | 4005162-54 | 3625162-54 | 4005162-54 | 6005162-54 | 6005162-54
1.51- »2.25| 3625162-68 | 4005162-54 | 3625162-97 | 4005162-68 | 6005162-68 | 6005162-68
Light Frame Partitions > 9 ft 2.26- >3.00 | 362525097 | 4005162-68 N/A 4005200-97 | 600S162-68 | 6005162-68
ASCE 7-22 ASCE 7-16
Sds Fomin/Wp | Fo/Wp | Foma/W,p Fo/ W SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'D')
0.99 0.45 1.49 2.38 0.71 4 Z Fp/Wp Range 9FT 12 FT 16 FT
1.25 0.56 1.88 3.00 0.90 o 0.00- »0.75| 3625162-33 | 4005162-23 | 6005162-43 | 3625162-43 | 4005162-43 | 6005162-43 | 6005162-43
1.45 0.65 219 3.48 1.04 0.76 - >1.50 | 3625162-54 | 4005162-54 | 6005162-54 | 3625162-54 | 4005162-54 | 600S162-54 | 6005162-54
Los 0.88 e 269 L a0 1.51- »2.25| 3625162-54 | 4005162-54 | 6005162-54 | 3625200-68 | 4005162-68 | 6005162-54 | 6005162-54
: : Z : : 2.26- >3.00 | 2625162-68 | 4005162-68 | 6005162-54 | 3625250-97 | 4005162-97 | 600S162-68 | 6005162-68
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Partition Wall Stud Size Updates

ASCE 7-22 F,/W, Range
Sds <=9 ft >9ft
0.25-0.99 0.27-1.07 0.38-1.49
SCHEDULE 3: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'C') 1.00-1.25|  1.08-1.35 1.51-1.88
Fp/Wp Range 12 FT 16 ET 1.26-1.45 1.36-1.56 1.90-2.19
1.46-1.95 1.57-2.1 2.20-2.94
2.26->3.00 3625137-118 | 4005137-118 | 600s137-68 | 6005137-97 & 2025 OPD 01
1.46-1.95 NA NA 6005137-54 | 600s137-5¢ | 2013 OPD 01 £ 7 5% HEIGHT PARTIION
+ } WALL WHERE —
Mo Y CCUR
% | 73% s ———
25% 0 ! fmi
: 1'-0" L
. QM max T-ce.
Weight Increase 5| s ] | & E
5 PER ST5.00 N} | <
2 Il wALL CABINET *»
& '\l OR EQUIPMENT
o w & | #10 s
Designation Minimum = | parmon wa | QA= | HORIZO!
Thickness (mil)  Thickness (in) 2 STup PER— | © LAYER (
= | SCHEDULE s12.01 1\ [L6 e (MAX 4'
=2 AND Mil
43 0.0428 ; = 4 QR EQU
54 0.0538 S | BASE [
. . BACKING PLATE CABINET OR e
68 0.0677 26% thicker than 54 mil = PER ST5.00 \ Il coupuent >< %*;
| = =
97 0.0966 80% thicker than 54 mil BOTION TRACK |\ o AP
ANCHORAGE w|E53°
118 0.1180 peR TP, ST80 \ [ o ff — 4 27,
FLOOR ' . o L i

Assumes cabinet weight of 38 Ibs per ft3
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OPD Update: Stud Size Research

PARTITION H
T H 1: MINI PARTITION WA T | PARTITION CONDITION ‘A’
— WALL_HEIGHT
S 9 FT 12 FT 16 FT
0.25-0.99 3625137-33 3625137-33 362513743 4005137-43 600S137-33
1.00-1.25 3625137-33 3625137-33 362513743 4005137-43 6005137-33
20 1 3 O P D 126-145 3625137-33 3625137-33 362513743 4005137-43 6005137-33
1.46-195 3625137-33 3625137-33 3625137-54 4005137-54 600S137-43
e Limited fl ' -3/8” and
lelte ange SiZze tO 1 3 8 an H INI PARTITI TUD SIZE (PARTITI ITION '8’
. . = WALL HEIGHT
maximum thickness of 16 gauge (54 i T 7 i
0.25-0.99 3625137-33 | 3625137-43 | 400S137-43 | 3625137-54 | 400S137-43 | 600S137-43
. I 1.00-1.25 3625137-33 | 3625137-43 | 400S137-43 NA 4005137-5¢ | 6005137-43
mi ). 1.26-145 3625137-35 | 3625137-43 | 400513743 NA 4005137-54 | 600S137-43
146-195 3625137-35 | 3625137-54 | 400513743 N 400S137-54 | 600S137-43
H INI PARTITI T | PARTITI ITION_'C’
- WAL HEIGHT
S5 9 1 12 [T 16 FT
0.25-0.99 3625137-43 | 400S137-54 | 3625137-54 | 4005137-43 | 600SI37-43 | G600S137-43
[ 1.00-1.25 3625137-43 | 4005137-54 | 3625137-54 | A00S137-54 | 600S137-43 | 600S137-54
1.26-145 3625137-43 | 4005137-54 NA 4005137-54 | 6005137-54 | 6005137-54
146-1.95 3625137-54 | 4005137-54 NA NA 6005137-54 | 6005137-54
SCHEDULE 4: MINIMUM_PARTITION WALL STUD SIZE (PARTITION CONDITION 'D")
WALL HEIGHT
= 9T 27 i
0.25-089 | 3625137-33 | 4005137-43 | 600S137-43 | 3625137-43 | 4005137-43 | 6005137-43 | 600513743
100-125 | 3625137-43 | 4005137-43 | 6005137-43 A 4005137-54 | 600S137-43 | 6005137-43
126-145 | 3625137-43 | 4005137-43 | 600S137-43 ") 4005137-54 | 600S137-43 | 6005137-54
146-195 NA 4005137-54 | 6005137-54 NA NA 600S137-54 | 6005137-54
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OPD Update: Stud Size Research

PARTITION H
H 1: MINI PARTITION WA T | PARTITION CONDITION ‘A’
WALL HEIGHT
Research: o‘z?iom ST TSR 362513743 RS I57-15 6005137-33
. . 1.00-1.25 3625137-33 3625137-33 3625137-43 4005137-43 600S137-33
¢ KI rSte n Zeyd e I rea C h ed O Ut to I n d u St ry 1.26-1.45 3625137-33 3625137-33 J625137-43 4005137-43 6005137-33
partners/manufacturers to get data on common sizes wn | REeR | TR | WRee | e | e
1 H 1 H H . MINI PARTITI T | PARTITI 1Tl
and the impact on stud cost with increasing flange - — —
size and thickness. 0.2?50.99 S137-33 | SIS | 400513143 | 615 | 400143 | G0USISI—43
1.00-1.25 3625137-33 3625137-43 4005137-43 NA 4005137-54 600S137-43
1.26-1.45 3625137-33 3625137-43 4005137-43 NA 4005137-54 600S137-43
o 4” m e m b e rS . 1.46-1,95 3625137-33 3625137-54 4005137-43 NA 4005137-54 6005137-43
H : MINI PARTITI T | PARTITI 1Tl
« 1-5/8”, 2", and 2-1/2” flange studs —
T T 16 FT
° Price iS com pa rable to the area of Steel o.z?ftm 3625137-43 : 4005137-54_ |, 3625137-54 40&;215}'-43 6005137-43 500:137-43
1.00-1.25 3625137-43 4005137-54 3625137-54 4005137-54 600S137-43 600S137-54
g 3" ﬂ a nge stu d S 1.26-1.45 3625137-43 4005137-54 NA 4005137-54 6005137-54 6005137-54
1.46-1.95 3625137-54 4005137-54 NA NA 600S137-54 6005137-54

 ~15% premium versus smaller flange sizes
” SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION ‘D)
* 3-1/2” flange studs LT

. . S 9 FT 12 T 16 FT
Y ~2 5% p re m I u m Ve rs u S S m a I | e r fl a n ge S I Zes 0.25-0.99 3625137-33 | 4005137-43 | 600S137-43 | 3625137-43 | 4005137-43 | 600S137-43 | 6005137-43
1.00-1.25 J625137-43 4005137-43 | 6005137-43 NA 4005137-54 6005137-43 | 600S137-43
1.26-1.45 J625137-43 4005137-43 | B005137-43 NA 4005137-54 6005137-43 | 6005137-54
1.46-1.95 NA 4005137-54 | 6005137-54 NA NA 600S137-54 | 600S137-54
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OPD Update: Stud Size Research

PARTITION H
SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A")
Research: WL T
° 6” members: o‘z:“iom 352-:1;:'-33 352121;;-33 362513743 4001;3?-43 6005137-33
100-1.25 3625137-33 3625137-35 362513743 4005137-43 §005137-33
° 1_5/8" 2” 2_1/2” and 3” flange StUdS 1.26-145 3625137-33 3625137-33 3625137-43 4005137-43 600513733
’. 4 - , 1.46-195 3625137-33 3625137-33 3625137-54 4005137-54 6005137-43
* Price is comparable to the area of steel
) H . MINIMUM_PARTITI TUD SIZE_(PARTITI M
e 3-1/2” flange studs WAL FIGHT
9 12 T 16 FT
* ~25% premium versus smaller flange sizes I o e e e e T
H H . 1.26-1.45 3625137-33 J625137-43 400S137-43 NA 4005137-54 6005137-43
¢ Th I Ckn eSS a n d I nSta | |at| On COSt * 1.46-1.95 3625137-33 3625137-54 4005137-43 NA 4005137-54 600S137-43
* 43mil (18ga) and 54mil (16ga) framing similar T I —
installation time/cost - - WAL WA —
. . . . . 0.25-0.99 3625137-43 4005137-54 J625137-54 4005137-43 600S137-43 600S137-43
e 68mil (14ga) framing has higher installation o0z | sy | s | sesisres | oot | ook | oonsise
. 1.26-1.45 3625137-43 4005137-54 NA 4005137-54 6005137-54 6005137-54
tl me/COSt 1.46-1.95 J625137-54 4005137-54 NA NA 6005137-54 6005137-54
¢ 97m|| (12ga) framlng Slgnlflcantly hlgher SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'D')
installation time/cost. Most recommended that - — R .
. 0.25-0.99 3625137-33 4005137-43 | 600S137-43 | 362S137-43 | 4005137-43 600S137-43 | 6005137-43
12ga ShOUId be avoided. 100-125 | 3625137-43 | 4005137-43 | 6005137-43 NA 1003137-54 | 600S137-43 | 600S137-43
1.26-1.45 3625137-43 4005137-43 | B00S137-43 NA 4005137-54 6005137-43 | 6005137-54
1.46-195 NA 4005137-54 | 600S5137-54 NA NA 6005137-54 | 6005137-54

1 CAI

Department of Health Care
Access and Information




OPD Update: Stud Size Research

» Stud size is now selected based on area of
steel
* For example, in-lieu of going to a
thicker gauge, a larger flange size may
be selected.

* Multiple flange sizes are included.

SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A’)

Fp/Wp Range

9FT

12 FT

16 FT

0.00- »0.75

3625162-33

3625162-33

3625162-33

4005162-33

6005162-33

0.76- »1.50

3625162-33

3625162-33

3625162-33

4005162-33

6005162-33

151- #7225

3625162-33

3625162-33

3625200-33

4005162-33

6005162-33

2.26- »3.00

3625162-33

3625162-33

3625162-43

4005162-43

6005162-43

SCHEDULE 2: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'B')

Fp/Wp Range

9FT

12 FT

16 FT

0.00- »0.75

3625162-33

3625162-33

4005162-33

3625162-54

4005162-33

6005162-33

0.76- »1.50

3625162-33

3625162-33

4005162-33

3625162-54

4005162-43

6005162-33

151- #7225

3625162-33

3625162-43

4005162-43

3625162-54

4005162-54

6005162-43

2.26- »3.00

3625162-43

3625162-54

4005200-43

3625200-54

4005162-54

6005162-43

SCHEDULE 3: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'C')

Fp/Wp Range

9FT

12 FT

16 FT

0.00- »0.75

3625162-43

4005162-43

3625162-43

4005162-43

6005162-43

6005162-54

0.76- »1.50

3625162-54

4005162-54

3625162-54

4005162-54

6005162-54

6005162-54

151- 225

3625162-68

4005162-54

3625162-97

4005162-68

6005162-68

6005162-68

2.26- »3.00

3625250-97

4005162-68

N/A

4005200-97

6005162-68

6005162-68

SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'D')

Fp/Wp Range

9FT

12 FT

16 FT

0.00- »0.75

3625162-33

4005162-33

6005162-43

3625162-43

4005162-43

6005162-43

6005162-43

0.76- »1.50

3625162-54

4005162-54

6005162-54

3625162-54

4005162-54

6005162-54

6005162-54

151- 225

3625162-54

4005162-54

6005162-54

3625200-68

4005162-68

6005162-54

6005162-54

2.26- »3.00

3625162-68

4005162-68

6005162-54

3625250-97

4005162-97

6005162-68

6005162-68
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Stud Schedule Comparison

OPD Table — ASCE 7-22

SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A’)

Original OPD Table

SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A’)

Sds Fp/Wp Range 9FT 12 FT 16 FT
Fp/Wp Range| 9 FT 12 FT 16 FT 0.00->>0.99 | 0.00->0.71 | 3625137-33 | 3625137-33 | 3625137-43 | 4005137-43 | 6005137-33
0.00- >0.75| 262516233 | 3625162-33 | 3625162°33 | 4005162-32 | 6005162-33 1.00->>1.25 | 0.72- >0.90 | 3625137-33 | 3625137-33 | 3625137-43 | 4005137-43 | 6005137-33
0.76- > 1.50] 3625162°33 | 3625162°33 | 3625162732 | 4005162732 | 6005162-32 1.26-> >1.45 | 0.91->1.04 | 3625137-33 | 3625137-33 | 3625137-43 | 4005137-43 | 6005137-33
Lo1->2.25| 362516232 | 3625162-33 | 362520033 | 4005162°33 | 600516233 1.46->>1.95 | 1.05- >1.40 | 3625137-33 | 3625137-33 | 3625137-54 | 4005137-54 | 6005137-43
2.26- >3.00] 3625162-33 | 3625162-33 | 3625162-43 | 4005162-43 | 6005162-43
SCHEDULE 2: MINIMUM PARTITION WALL STUD S12€ (PARTITION CONDITION '8 SCHEDULE 2: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'B')
= Sds Fp/Wp Range 9FT 12 FT 16 FT
Fp/Wp Range 9FT 12 FT 16 FT
0.00-> >0.99 | 0.00->0.71 | 3625137-33 | 3625137-43 | 4005137-43 | 3625137-54 | 4005137-43 | 6005137-43
0.00- >0.75| 3625162-33 | 3625162-33 | 4005162-33 | 3625162-54 | 4005162-33 | 6005162-33
1.00-> >1.25 | 0.72- >0.90 | 3625137-33 | 3625137-43 | 4005137-43 N/A 4005137-54 | 6005137-43
0.76 - >1.50| 3625162-33 | 3625162-33 | 4005162-33 | 3625162-54 | 4005162-43 | 6005162-33 Cren 125 091 ~1oa| 3ers13733 | seasisras | 00513723 N/ 100515754 | 00513723
26-> > 1. 91->1, - - - - -
1.51- >2.25] 3625162-33 | 3625162-43 | 4005162-43 | 3625162-54 | 4005162-54 | 6005162-43 Cren otos 1os 120 aeosisras [ sersisrcd | 400sia7 a3 A 100513721 | c00s137-45
2.26- >3.00| 3625162-43 | 3625162-54 | 4005200-43 | 3625200-54 | 4005162-54 | 6005162-43 SRR A - - - / - -
SCHEDULE 3: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION C' SCHEDULE 3: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'C’)
Fp/Wp Range 9ET 12 FT 16 FT Sds Fp/Wp Range 9FT 12 FT 16 FT
0.00- 5075 | 362516723 | 400516223 | 362516243 | 400516223 | 600516242 | 600516254 0.00-> >0.99 | 0.00- >0.71 | 3625137-43 | 4005137-54 | 3625137-54 | 4005137-43 | 6005137-43 | 6005137-43
076 1501 262516054 | 200516054 | 262516254 | 200516254 | 600516254 | 500516252 1.00->>1.25 | 0.72- >0.90 | 3625137-43 | 400S137-54 | 3625137-54 | 4005137-54 | 6005137-43 | 6005137-54
1.51- »2.25| 3625162-68 | 4005162-54 | 3625162-97 | 4005162-68 | 6005162-68 | 6005162-68 1.26->>145] 0.31->1.04| 3625137-43 | 400513/-54 N/A 4005137-54 | 6005137-54 | 6005137-54
2.26 - >3.00| 262525097 | 4005162-68 N/A 4005200-97 | 6005162-68 | 6005162-68 1.46->>1.55 | 1.05->1.40 | 3625137-54 | 4005137-54 N/A N/A 6005137-54 | 6005137-54
SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'D’) SCHEDULE 4: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'D')
Fp/Wp Range 9FT 12 FT 16 FT Sds Fp/Wp Range 9FT 12 FT 16 FT
0.00- >0.75] 3625162-33 | 4005162-33 | 6005162-43 | 3625162-43 | 4005162-43 | 6005162-43 | 6005162-43 0.00-> >0.99 | 0.00->0.71 | 3625137-33 | 4005137-43 | 6005137-43 | 6005137-43 | 4005137-43 | 6005137-43 | 6005137-43
0.76 - >1.50 | 3625162-54 | 4005162-54 | 6005162-54 | 3625162-54 | 4005162-54 | 6005162-54 | 6005162-54 1.00-> >1.25 | 0.72- >0.90 | 3625137-43 | 4005137-43 | 6005137-43 N/A 4005137-54 | 6005137-43 | 6005137-43
1.51- >2.25] 3625162-54 | 4005162-54 | 6005162-54 | 3625200-68 | 4005162-68 | 6005162-54 | 6005162-54 1.26->>1.45 | 0.91- >1.04 | 3625137-43 | 4005137-43 | 6005137-43 N/A 4005137-54 | 6005137-43 | 6005137-54
2.26- >3.00| 3625162-68 | 4005162-68 | 6005162-54 | 3625250-97 | 4005162-97 | 6005162-68 | 6005162-68 1.46->>1.95 | 1.05- >1.40 N/A 4005137-54 | 6005137-54 N/A N/A 600513754 | 6005137-54
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Anchor Updates

Bottom Connection

Deeper embedment and larger
diameter anchor options

2025 OPD 01
2013 OPD 01 OPD CONDITION C
S . - - - - . MAXIMUM FASTENER SPACING IN INCHES AT BOTTOM
IT I PARTITH ITONS 'C' & D" MAX PARTITION ; /cofj_usr; o ; TE——
F,/W, RANGE 3/8"d EXP. 1/2"$ EXP. 5/8"d EXP.
u;xmptrgg:?ru Sos WAXIUM FASTENER, SPACING AL_BOT WALL HEIGHT ANCHOR W/ ( ANCHOR W/ 3- | ANCHOR W/ 2-

PAF 3/8° EXP N*CHO [2e EXP-ANCHOR EMBED . 1/4" EMBED 3/4" EMBED |
W/ 2" EMBED \\W/ 2 1/4" EMBED) YT ~ ~— pr—

0.25-0.99 = 32 - 0.76 -> 1.50 24 32 32

9 FT :;2':3: - ;i ;g 1.51->2.25 16 32 32

L3 = =t =L 2.26 ->3.00 8 24 32

- - 4
;;g_:)%g - gz ig 0.00 -> 0.75 32 32 32
BOP o S s R
1.26-1.45 - 24 32 : :

1.46-1.95 - 16 24 2.26 ->3.00 8 24 32

0.25-0.99 - 32 32 0.00 -> 0.75 32 32 32

1.00-1.2% - 32 32 0.76 -> 1.50 24 32 32

16 F 1.26-1.45 - 24 32 16FT 1.51->2.25 16 32 32

1.46-1.95 -  16) 24 2.26 ->3.00 C3s) 24 32

pa— S ——

Spacing reduced
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Anchor Updates

Top Connection

2013 OPD tables for ST7.02A. If using ST7.02B then double spacing.
2025 OPD tables

PARTITION WALL CONDITION ‘C’

S/ PAF'SPACING (INCHES 0.C.) PER ST7.02 DETALL A OPD CONDITION C & D COMBINED
WALL HEIGHT 9T 12 FT 16 FT
02509 - s e MAXIMUM PAF SPACING IN INCHES
. - MAX PARTITION F/W, RANGE BOTTOM 0P CONNECTION TOP CONNECTION
1.00-1.25 6 6 6 WALL HEIGHT CONNECTION PER PER ST7.02B,
PER ST7.02A
1.26-1.45 6 6 6 5T8.01 5T7.02C-D
0.00->0.75 NA 6 12
1.46-1.95 6 6 6 - 0.76 -> 1.50 NA NA 6
FOR DETAIL B THROUGH D (STRAP OR Z-CLIP) DOUBLE THE SPACING INDICATED UP TO 48" OC. 1.51-»2.25 NA NA NA
PARTIT ’ . 2.26->3.00 NA NA NA
1N _WALL CONDION D 0.00->0.75 NA 6 12
S/ PAF SPACING (INCHES 0.C.) PER ST7.02 DETAL A 2 FT 0.76 -> 1.50 NA NA 6
WALL HEIGHT 9 FT 12 FT 16 FT 1.51->2.25 MNA MNA NA
2.26 ->3.00 NA NA NA
0.25-0.99 6 6 6 0.00->0.75 NA 6 12
1.00-1.25 6 6 6 16 FT 0.76 ->1.50 NA NA 6
'2&".45 E E 6 1.51->2.25 NA NA NA
2.26->3.00 NA NA NA
1.46-1.95 6 6 6

FOR DETAIL B THROUGH D (STRAP OR Z-CLIP) DOUBLE THE SPACING INDICATED UP TO 48" OC.
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ASCE 7-22 Equivalent (S,)

* To determine an equivalent Sy (to allow use of 2013 OPD’s), the F /W, is
calculated for the ASCE 7-22 force level, and then the ASCE 7-16 F, equation
is used to solve for Sp..

* This equivalent Sy can then be used to determine partition wall
designs/anchorage using the 2013 OPD’s, where applicable.

ASCE 7-22 ASCE 7-16
H/] [C 0.4a,5psW, Z
— / AR _ p / £
F,=0.48psl,W, [R ] [R ] > F, R I —|—2h
Z po

(7)




ASCE 7-22 Equivalent S,.: Partition Height <= 9ft

Light Frame Partitions <= 9 ft
ASCE 7-16 ASCE 7-22 SRCSW-BW-3
ASCE 7-22 Sps / OPD Sps (%) ..
Sps 2/h Default SMRF-3 SMRF-10 | SRCSW-BF-3 | SRCSW-BF-1§ | SRCSw-BW-3 [fResw-Bw- This is the ASCE 7'22/ASCE 7-16 SDS
0.25 0.5 69% 93% 128% 71% 102% 59% ratio
1.0 67% 79% 99% 68% 82% 67% .
099 | 05 69% 93% 128% 71% 102% 69%
1.0 67% 79% 99% 68% 82% 67% ) — _ :
T = = — = — Ex: For z/h <= 0.5, an ASCE 7-22 site
: = i e T with Sy of 0.69*1.25 = 0.86g can
| 125 93% DS . 5
2 2 i i use the details for 1.25g.
126 | 05 69% 93% 128% 71% 102%
1.0 67% 79% 99% 68% 82%
145 | 05 69% 93% 128% 71% 102%
1.0 67% 79% 99% 68% 82% ASCE 7-16 ASCE 7-22
146 | 05 69% 93% 128% 71% 102% S..=1.25 S..=0.86
1.0 67% 79% 99% 68% 82% DS ’ DS ’
195 | 05 69% 93% 128% 71% 102%
1.0 67% 79% 99% 68% 82%

Default: Worst Case Lateral Force Resisting System and Building Height

SMREF-3/10: 3/10 Story Steel Special Moment Resisting Frame

SRCSW-BF-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Frame)
SRCSW-BW-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Wall)
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ASCE 7-22 Equivalent S, Partition Height > 9ft

Light Frame Partitions > 9 ft

ASCE 7-16 ASCE 7-22 SRCSW-BW-3
ASCE 7-22 Sps / OPD Sps (%)

Ses 2/h Default SMRF-3 SMRF-10 | SRCSW-BF-3 | SRcsw-BF-1 | srcsw-Bw-3[lsResw-Bw-10 i

s - — s — - s = Sps ratlg to convert 2013 OPD Sy to
10 4% 56% 70% 49% 59% 57% an equivalent ASCE 7-22 S,

099 | 05 50% 66% 92% 51% 73% 2% /S
1.0 48% 56% 70% 49% 50% )

1 | o5 50% 66% 92% 51% 73% 72% Ex: For Z/h <=0.5, an ASCE 7-22 site
1.25 0.5 50% 66% 92% 51% 73% 72% | with Spq of 0.5%1.25 = 0.63g can use
1.26 | o: 6 9 1 ?3 72 the details for 1253

1.0 48% 56% 70% 49% 50% 57%
145 | 05 50% 66% 2% 51% 73% 72%

1.0 8% 56% 70% 19% 59% 57% ASCE 7-16 ASCE 7-22
146 | 05 50% 66% 2% 51% 73% 72%

1.0 8% 56% 70% 19% 59% 57% SDS =1.25 SDS =0.63
.95 | 05 50% 66% 2% 51% 73% 72%

1.0 48% 56% 70% 49% 50% 57%

Default: Worst Case Lateral Force Resisting System and Building Height

SMRF-3/10: 3/10 Story Steel Special Moment Resisting Frame

SRCSW-BF-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Frame)
SRCSW-BW-3/10: 3/10 Story Special Reinforced Concrete Shear Wall (Bearing Wall)
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Example Stud and Anchorage Selection — Condition A

Hospital with Sy = 1.00g

Building lateral system = Concrete Shear Wall (Bearing Frame)

Height =7 stories (16’ per story)

Wall height = 16’ and no casework/attachments.

SEE NOTE 3 BELOW
/— STRUCTURE ABOVE

PARTITION WALL HEIGHT

LATERAL BRACING @ 48" 0.C. .0
PER ST4.00 OR ST4.01, TYP.
FULL HT OF PARTITION WALL.

SEE NOTE 4 BELOW. 0

BOTTOM ANCHORAGE

PER ST8.00
—\ 0

PARTITION WALL STUD @ 16" O.C. AS FOLLOWS:
- USE STUDS PER SCHEDULE 1 FOR CONDITION ‘A’
- USE STUDS PER SCHEDULE 2 FOR CONDITION ‘B’
- USE STUDS PER SCHEDULE 3 FOR CONDITION 'C'

L

- USE STUDS PER SCHEDULE 4 FOR CONDITION 'D'.

SEE NOTE 3 BELOW

/» FLOOR

@ FULL HEIGHT PARTITION WALL

1 C Al
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Site Info/ Fo Calculations from HCAIl Website

. Fp/Wp =1.315(z/h =1.0) ASCE 7-22

* Equivalent Sy, for use with 2013 OPD = 1.83

Governing F,:

Location, (Sds = 1.0) z z/h Hf Fp/Wp

Roof 112 1 3.1148 1.3148

Variation of Fp with z/h

Equivalent Spg Calculation for OPDs/OPMs approved for

—— Calculated Fp using Hf per Eq 13.3-4 1.315 at 112.0 (Roof)

1.0 ---- calculated Fp using Hf per Eq 13.3-5
previous versions of ASCE 7:
Equivalent ASCE7-16 Chapter 13 item = Interior nonstructural walls and partitions -All other walls and

o partitions
a,=1.0 R,=25

061 Equivalent Spg :

N Location z z/h Equivalent Sds for OPD/OPM

041 Roof 112 1 1.8261
Note: All older OPDs/OPMs are approved for z/h =1.0

0.2

0.0+ Sds =1.0

0.4 0.6 0.8 1.0 1.2 1.4

Fp/Wp

1 CAI
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Example Stud Selection

PARTITION H
REQULE T: MNWUW PARTIT 10 3 P"Rm Hm;‘ TON_A Stud size based on 2013 OPD and
Ss 9 Fl 12 FT 16 FT - i =
0.25-0.99 3625137-33 3625137-33 3625137-43 | 4005137-43 |  600S137-33 4//// ASCE 7-16 using SDS l.OOg
1.00-1.25 3625137-33 3625137-33 3625137-43 4005137-43 6005137-33
P === [ - | === | == | == |
PARTITION WALL SCHEDULES
SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A")
WALL HEIGHT
S 9 FT 12 FT 16 F1
0.25-0.99 3625137-33 3625137-33 3625137-43 4005137-43 6005137-33
1.00-1.25 3625137-33 3625137-33 362513743 400513743 600S137-33 Stud size based on 2013 OPD and
108 1AL 2e00137 11 1600127 13 1620127 41 4nnc1z1 a1 EAC13T. 11 / ASCE 7-22 Equivalent SDS =1.83
1.46-1.95 3625137-33 3625137-33 3625137-54 4005137-54 600S137-43 <4

SCHEDULE 1: MINIMUM PARTITION WALL STUD SIZE (PARTITION CONDITION 'A')

Fp/Wp Range

9FT

12 FT

16 FT

Stud size based on ASCE 7-22 Fp/Wp

[T T T .

J2ECA ST 30

2ECd T 330

o T one Kok I'=5e Bie le | | Ane4c 33 | T Lo = e e

3625162-33

3625162-33

4005162-33

6005162-33

/ = 1.32 and optimized stud sizes.

2L LN Eo D

e B R Faige T

b FATVIY e T

TSI LIE~D 0

LELWL T R Fae T ]

3625162-33

3625162-33

3625162-43

4005162-43

6005162-43
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Example Top Track Anchorage

(1) PAF CENTERED IN DECK b 00 oo
FLUTE INTO DECK. SEE SPACING

OR NWC (MIN 3000 PSI)
SCHEDULE ON ST7.04. / W/ t MN=4"

J
[

]
[

TOP TRACK PER ST7.01,
SEE NOTE 1.

ANCHORAGE TO CONC. SLAB
A & CONC. FILLED METAL DECK

(FLUTES PERPENDICULAR TO WALL)

o2
ey
v
25

=

LWC (MIN 3000 PSI)
[ FILLED METAL DECK

iVﬂr\A‘)Vr\Aﬁ/_w\f

11/2" TYP.

| 54 MILx4" WIDE STRAP W/ (2) PAF CENTER IN

| DECK FLUTE_sPacED PER

L SCHED ON ‘ST7.04. OMIT STRAPS WHERE WALL
ALIGNS W/ LOWER FLUTE. STRAP SPACING PER
SCHED ON ST7.04.

ANCHORAGE TO CONC.
B FILLED METAL DECK

(FLUTES' PARALLEL'TO WALL)

10" MIN.

TOP TRACK PER ST7.01,
SEE NOTE 1

(+]

N

LWC (MIN 3000 PSI) FILLED METAL DECK
OR NWC (MIN 3000 PSI) W/ t MIN=4"\

|
7

?
!
FIRE PROOFING
TOP TRACK \r; WHERE OCCURS
PER ST7.01 W/ (2) #10 N

SMS. INTO Z-CLIP, ¢

SEE NOTE 1. I x 54 L W/ (3) PAF SPACED

4" APART TO BOTIOM

ANCHORAGE TO CONC. SLAB & FILLED
C METAL DECK W/ FIREPROOFING

(FLUTES PERPENDICULAR TO PARTITION WALL)

LWC (MIN 3000 PSl)
FILLED METAL DECK \

i 4 FIRE PROOFING
# Al /_u_\ & /_u_\ : /_‘r\\_JVWHERE OCCURS
,{’ F P 1 |_ ]
N ,
| = TOP TRACK PER ST7.01
T x 54 MIL W/ (3) PARV] | = W/ (2) #10 SMS.
=]

TO BOTTOM FLUTE / INTO Z-CLIP, SEE
OF DECK CENTERED IN FLUTE. NOTE 1.
Z-CLIP HALL BE SPACED PER - |

I S‘
SCHEDULE ON ST7.04. — &

ANCHORAGE TO CONC. FILLED
D METAL DECK W/ FIREPROOFING

(FLUTES: PARALLEL TO PARTITION WALL)

FLUTE OF DECK CENTERED IN FLUTE. Z-CLP
SHALL BE SPACED PER SCHEDULE ON ST7.04.

1 CAI
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Example Top Track Anchorage

TOP TRACK CONNECTION TO LWC FILLED METAL DECK & NWC SLAB (MIN 3000 PSI)
FASTENER SPACING SCHEDULES

PARTITION WALL CONDITION ‘A’

Anchorage based on 2013 OPD and

S/ PAF SPACING (INCHES 0.C.) PER ST7.02 DETAL A 1/ ASCE 7-16 using 5ps = 1.00g
WALL HEIGHT 9 1 12 FT 16 T
0.25-0.99 30 24 18 //
1.00-1.25 2% 18 12
1.26-1.45 2 18 12 Anchorage based on 2013 OPD and
146-135 18 12 6 _«— |  ASCE 7-22 Equivalent S, = 1.83

FOR DETAL B THROUGH D (STRAP OR Z-CLIP) DOUBLE THE SPACING INDICATED UP TO 48" OC.

PARTITION WALL CONDITION ‘A’

MAXIMUM PAF SPACING IN INCHES
MAX PARTITION BOTTOM T1OP CONNILCTION
F.J/W_ RANGE TOP CONNICTION
WALL HEIGHT gl CONNECTION PER By PER ST7.028,
ST8.01 ' 517.02C-D Anchorage based on ASCE 7-22
0.00->0.75 16 18 12 -
F/W_.=1.32
‘e 0.76-> 1.50 H a -« 15 p/ p
1.51 -> 2.25 NA - 12
2.26-»> 3.00 NA NA 6

1 CAI
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Example Bottom Track Anchorage

I - WHER Tl 1T

TRACK 1S NOT USED:
2x2x54 MIL BENT PLATE @ EA. STUD

PARTITION WALL STUD @ W/ FASTENER INTO SLAB, PER

16" 0.C. MAX PER SCHEDULE, W/ (2) #10 SMSS. MIN. T0
SCHEDULE, SEE ST2.01 \ / oo ves @
|C| PAF, EXPANSION ANCHOR OR SCREW ANCHOR

CONTINUOUS BOTTOM PER SCHEDULES ON ST8.02 FOR LWC FILLED

TRACK TO MATCH STUD 0o METAL DECK OR ON ST8.03 FOR NWC SLAB,
THICKNESS (COND. ‘A’ & 'B'); MIN 3" FROM END OF TRACK.
54 ML MIN. (COND. 'C’ & ‘D)
RE_CONTI TTOM_TRACK | :

FLOOR SLAB LIGHT
WEIGHT CONCRETE
OVER METAL DECK OR NORMAL ®
WEIGHT CONCRETE SLAB .
h I nl

iL/_u/_\_/\/\.f/—\j

A PARTITION WALL BOTTOM TRACK ANCHORAGE
LIGHT WEIGHT CONCRETE OVER: METAL DECK OR NORMAL WEIGHT CONCRETE SLAB

(1) #10 SM.S. MINIMUM @ EACH SIDE @ EACH
STUD, FASTENERS TO STRUCTURE PER SCHEDULE

1 CAI
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Example Bottom Track Anchorage

MAX PARTITION Sos MAXIMUM FASTENER SPACING IN INCHES AT BOTTOM CONNECTION

WALL HEGHT PAF 3/8% EXP ANCHOR|1/2 EXP ANCHOR | 3/8% SCREW ANCHOR [ 1/2% SCREW ANCHOR
w/ 2" EmBeD |w/ 2 1/4" EmBED | w/ 2 1/2° EmBeD | w/ 2 1/2° eweep | Anchorage based on 2013 OPD and
e — H
0.25-099 16 32 T =7 2 ASCE 7-16 using Sps = 1.00g
16 FT 1.00-1.25 8  <«t——37 32 32 32
1.26-1.45 8 k7 k7, 32 3
1.46-1.95 8 - 3 32 3
Anchorage based on 2013 OPD and
ASCE 7-22 Equivalent S = 1.83
PARTITION WALL CONDITION ‘A’
MAXIMUM PAF SPACING IN INCHES
MAX PARTITION BOTTOM TOP CONNECTION
B L RANG
WALL HEIGHT ,JVV I CONNECTION PER ””;: ::‘::';)I:)N PER 577.028,
ST8.01 ' ST7.02C-D Anchorage based on ASCE 7-22
0.00->0.75 16 18 42
Fp/Wp =1.32
16 F1 0./6->1.50 g S b 18 p/ p
1.51->2.25 NA b 12
2.26->3.00 NA NA ]
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Conclusions

* New force requirements in ASCE 7-22 have increased the demands on partition walls in hospital
buildings which have doubled in some cases

* Partition wall overstrength factor R, may not have considered the added strength from the
gypsum board and demands based on floor accelerations are inherently conservative

* Stud sizes and anchorage at the top and bottom track have increased resulting in higher costs for
material and labor

* For high seismic areas demands are outside the existing range of S, in the OPD tables requiring
custom details with 14 gage or even 12 gage studs for conditions C or D

* Partition wall damage/cracks are generally associated with inter-story drifts

* Out-of-plane failures in partition walls have been observed when they are inadequately braced,
unbraced or ceiling supported.




Recommendations!

* Keep design of partition walls consistent with ASCE 7-16
* Update design of partition walls consistent with ASCE 7-22
e Other? o




ltem #5

Minimum anchor qualification requirement for post-installed anchors
In concrete
e Background for current provisions in American Concrete

Institute (ACI) 355.2-24 and 355.4-24 for post-installed
anchors in concrete
e Applicability of the new crack cycling qualification
requirements for post-installed anchors in concrete used for
anchorage of nonstructural components in hospital buildings
e Committee to endorse and/or provide feedback on
modifications presented
e Discussion and public input
Facilitator: Roy Lobo, PhD, SE, Principal Structural Engineer, HCAI
(or designee)



Anchor Testing Requirements for
Qualification of Post-installed Anchors in
Concrete ACI-355.2(24) and ACI-355.4 (24)

By
Roy Lobo, Ph.D., S.E.
To HBSB — SNSR Committee

7/29/2026




Motivation for the study

* New Crack Cycling requirement for anchor qualification will result in reduced
anchors design values, added cost of anchors and is not justified due to lack of
evidence that this level of qualification applies to Hospital buildings designed as
using an importance factor of 1.5 intended to limit structural damage resulting in
smaller crack widths in a seismic event.

* Nonstructural components and equipment with anchors in concrete in hospitals
are typically floor mounted to the floor slab, slab on grade, on an equipment pad,
or hung from the underside of a concrete over metal deck. The research resulting
in the new requirements is premised on flexure cracks with anchors installed on
the underside of a reinforced concrete moment resisting frame beam, not a

suitable location for post installed anchors.




Qutline of Presentation

* Background
* New Crack Cycling requirement for anchor qualification

* Application of new qualification requirements for post installed

anchors in concrete for anchorage of nonstructural components

* Issues with new crack cycling anchor qualification

* Recommendations




Code Requirement for Anchors in Concrete

* Requirement in ASCE 7

13.4.2.3 Post-Installed  Anchors in  Concrete  and
Masonry Post-installed anchors in  concrete shall be
prequalified for seismic applications in accordance with ACI
355.2 or other approved qualification procedures. Post-installed
anchors in masonry shall be prequalified for seismic applications
in accordance with approved qualification procedures.

* Requirement in 2025 CBC

1617A.1.19 ASCE 7, Section 13.4 Replace ASCE 7, Sections 13.4.2.3, with the following:
13.4.2.3 Prequalified post-installed anchors and specialty inserts in concrete and masonry.

Post-installed anchors, post-installed reinforcing bars and specialty inserts in concrete that are pre-qualified for seismic appli- | |
cations in accordance with ACI 355.2, ACI 355.4, ICC-ES AC193, ICC-ES AC232, ICC-ES AC308 or ICC-ES AC446 shall be permitted.
Post-installed anchors in masonry shall be pre-qualified for seismic applications in accordance with ICC-ES AC01, AC58 or AC106.
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What prompted this issue?
» ACI 318-25 now adopts ACI 355.2 (24) and ACI 355.4 (24) by

reference, and ACI 318-25 is adopted by the 2027 IBC

* ACI 355.2 (24) and ACI 355.4 (24) now have a new testing protocol for
anchor qualification that requires good performance of anchors under

repeated crack width cycling under sustained tension loads.




Why was Crack Cycling Investigated?

* Concrete cracks
 Cracks open and close during a cyclic event (wind or seismic)
* Reliability of anchors when subject to extreme events like earthquakes

e Current crack cycling requirements (<=0.3 mm) and large number of cycles (1000)
in ACI 355 not intended to represent seismic conditions

* Crack closure and compressive stress can significantly affect anchor performance

e Other




Background for testing parameters

Behavior and Testing of Anchors in Simulated
Seismic Cracks

by Matthew S. Hoehler and Rolf Eligehausen

}_

Crack width
| |
- -
Time '
Primary structure . =
e mem e s b e i
}:Wad- ! N D D
va Time -
=
A= |ﬂMNV} /
i
=
L]
PSS FS h

Time
Secondary structure

Elastic
(suitable for anchorage)

Fig. 1—Actions acting on nonstructural anchorage under
earthquake loading.

Fig. 2—Idealization of cracking in beam caused by transverse
motion of building.
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Crack width and cycling

* Extensive numerical studies of crack width in reinforced concrete bending members designed
according to Eurocode indicate that the maximum crack width that can be expected to occur
at steel yield in unfavorably designed flexural members is approximately 0.8 mm (0.03 in.).
This value was determined for frame members subjected primarily to axial and bending

deformation and is not valid for shear cracking. (Hoehler et. al.)




[ |
Crack Cycling Loading Setup : o7
Anchor a 2 E 3
load N g %
= £
=2 o =
_ 8 o 55
2g | g§§
] =
£5 | ﬁ&g
Tension rod Ne | ——— :_
Hinge :
Load cell i
T Hydraulic :
i —cylinder |
3-pt. support :
2
Coupling nut 'g c:é
LVDT Member 4 2 =
Crack width load F. E
measurement F |
Anchor wl :-
|
|
Concrete member 0
Fig. 7—Anchor loading setup for seismic crack cycling tests.
Fn:l.2

Fig. 8—Schematic loading time-histories for anchor and
anchorage component.
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Failure Modes

al
RN | ]

(a)

(b) Undercutting ~

element
I .

N
(c) Sleeve

Expansion cone

I Jij

(d)

element

D

(e}

1 L0 O Of

Fig. 3—Investigated anchor types: (a) headed stud; (b)
undercut anchor; (c) expansion anchor (sleeve-type); (d)
expansion anchor (bolt-type), and (e) screw anchor:

:“H
ff&%’fj

i

7
7

A,

7

..\
&

-

7 .
| |

|

!

i

Sheared

console

o

(c)

AR >

(d)

Fig. 10—Failure modes: (a) concrete cone breakout; (b)
pull-through, (c) pullout/concrete cone, and (d) splitting.
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Pull through failure of Mechanical Anchors

Anchor displacement & [in.]

. . 0.0 01 0.2 03 0.4
Anchor displacement § [in.] . . . )
000 005 010 015 020 025 030 035 50 - Undercut Anchor 12
70 L 1 L L 1 1 'l . M10 (0.39i11.)§ h«’ S0mm (3-15111.) 10
Headed Stud 14 Z 4p ] Monotonie B
@19mm (0.75in.); hee= 100mm (3.94in.) ; A & E'
- 12 = 3( - =
: g 3 6 B
™ z - _' Tl
Crack cycling = % 201 / L 4 é
8 E 2 { O A ) Crack cycling -
5 10 4/} )
L 6 g /
L, 0 0
q i lal a - (-] 1N 14
L 2 Anchor displacement 3 [in.]
0.0 0.2 0.4 0.6 0.8 1.0
0 T T T T 0 45 1 - L — c}; B L S 1 10
0 2 4 6 8 10 40 1 _ 12 0.7 h sl 31507
Anchor displacement § [mm] z 35 | Monotonic F8 =
2
z 30 1 Crack cycling Z
35 N
g 2
w 20 7 .
; ; . - — 215 2
Fig. 12—Load-displacement curves for monotonic (w = 0.8 mm i i
_ . ] -2
- - _ -“ - . _
[0.03 in.]) and crack cycling (w; = 0.8 mm [0.03 in.]; W, = ;
2 0 0

0.0 mm; n = 10; Ny, = 0.4 xN, ) tests: (a) headed studs; o s .0 5 om %

Anchor displacement § [1m]

(b) undercut anchors; and (c) expansion anchors (sleeve-type). (c)
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Pull through failure of Mechanical Anchors

Anchor displacement § [in.]

0 0.2 0.4 0.6 0.8 1 1.2
‘Anchor load N 40 L L L 1 ! ) 9
b . Expansion Anchor (Bolt-type) ||
R ;if-notomc 35 7 M6 (0.63in.); hes=95mm (3.74in.) 8
~ - — - ’}l' p—
-+ ~ 1.5 30 £
Nu'm e / C'Olef _5 E‘ B ‘g.
~Z 7z 25 - z
Tea N = -5 =
- N u,c(2) E 20 g
el g 15 - N
® 23
RhLYO < 107 -2«
(3) E 5 - 1
4 ', - O+ - O
| ﬁm . Bf,c 0 5 10 15 20 25 30 35
" Anchor displacement &
810 dyada Anchor displacement & [mm]
Fig. 13—Schematic load-displacement curves for crack Fig. 14—Load-displacement curves for monotonic (w =
cycling tests in case of concrete cone breakout. 0.8 mm [0.03 in.]) and crack cycling (w; = 0.8 mm [0.03 in.],

w, = 0.0 mm; n = 10; Ny, = 0.4 x Ny tests for pull-
through (6;9 ~ &y ).
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Displacement Conditions during Crack Cycling

Anchor load N

~~._ Monotonic
N + /Zi ) o)
wm '-.““‘/ C (hef 5

b =~ *ﬁ\‘rﬂ,c@)
@

G
} —»
| 8u,m 8f‘,':
" Anchor displacement &
010 Ouada

Fig. 13—Schematic load-displacement curves for crack

cycling tests in case of concrete cone breakout.

Table 3—Displacement conditions during crack

cycling for concrete cone breakout

Residual
Condition Description strength
Displacement during crack cycling is
(1) 610 < 0, less than that at ultimate load in NycZNym
monotonic reference tests
Displacement during crack cycling
equals or exceeds that at ultimate load
1n monotonic reference tests but does N <N
Nue = Num

2)8,,, <019<0 ;
(2) Oum =010 = O not reduce effective anchorage depth

enough to result in concrete cone
breakout at applied constant tension load

Displacement during crack cycling
reduces effective anchorage depth

3)01p=0 .
(3) 010 = 9c enough to result in concrete cone

breakout at applied constant tension load

Not applicable
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Acceptance Criteria

16
-5~ Headed Stud Various Anchor Types ,I 0.6
14 1| -5 Undercut Anchor do = 16 to 20mm (0.63 to 0.79in.) —_
£ ) Cyeled crack: w, = 0.8mm (0.03in.); w, = 0.0mm |4 0.5 é
=12 - | ™ Expansion Sleeve Fastener load: 0.4*N, o
= =9~ Expansion Bolt -
£10 - - 0.4 &
g == Screw Anchor £
g 5 3
= - 0.3 =
Z
-g 6 - 02 =
= -
= -
g4 $
= L
- 0.1 «
0 1 T T T T 1 T T T O

1 2 3 4 5 6 7 8 9 10
Number of crack cycles n [-]

Fig. 17—Anchor displacement as function of number of
crack cycles for investigated anchors.

Anchor displacement &

Progressive increasing
(not acceptable)

Linear increasing
(acceptable)

¥ Degressive increasing
(acceptable)

Number of
crack cycles n

Fig. 18—Schematic anchor displacement for small number of
crack cycles (<100) of relatively large amplitude, w; —w, =
0.5 mm (0.02 in.).
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Test Protocol New Anchor Qualification

e ACl 355.2 & 355.4 (24) — Crack cycling tests

N A | Aw,in, (mm)

{ 0.032(0.8)
{ 0.028(0.7)
{ 0.024 (0.6)
+ 0.020 (0.5)
1 0.016 (0.4)
1 0.012 (0.3)
+ 0.008 (0.2)
+ 0.004 (0.1)

>

t

Fig. 10.6.7.2—Cyclic crack width and loading protocol for Table 5.1b, Test 20.

N, =040-N,, . {ﬁ] (b [N])
t. (10.6.7.4b)

c3a

N,,=050-N,,. .. -[f““J (Ib[N7)

c,3a

(10.6.7.4d)

— crack width
--- anchor load
° assessment of displacement

N ... load

Aw ... crack width

t ... time

Wiy ... initial crack width

Table 10.6.7.2—Required load amplitude for
Table 5.1b , Test 20

Anchor load Number of cycles Crack width Aw, in. (mm)

Ny 20 0.004 (0.1)
Ny 10 0.008 (0.2)
N 5 0.012 (0.3)
N 5 0.016 (0.4)
Ny 5 0.020 (0.5)
N,» 5 0.024 (0.6)
N,» 5 0.028 (0.7)
N,» 4 0.032 (0.8)
Total 59
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Test Protocol New Anchor Qualification

e ACl 355.2 & 355.4 (24) — Seismic Cycling Tension Test

Table 10.6.6—Required load amplitude for
Table 5.1b, Test 19

NIN,,ux Number of cycles Crack width Aw, in. (mm)
N/Nax Aw, in. (mm)
0.2 25 0.02 (0.5)
;.g : e ———— 0.3 15 0.02 (0.5)
o4l e ———— 0.032 (0.8) - crack width
g:g ] ° assessment of displacement 0.4 5 0.02 (0.5)
08 | o 1 0.02 (0.5) N . load 0.5 5 0.02 (0.5)
0.4 - Aw ... crack width
0.3 1 t ... time 0.6 5 0.032 (0.8)
0.2 +:
N /N 3 M 0.7 5 0.032 (0.8)
min’'¥max =
0.8 5 0.032 (0.8)
Fig. 10.6.6—Cyclic loading protocol for Table 5.1b, Test 19. 0.9 5 0.032 (0.8)
1 5 0.032 (0.8)
Total 75
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Test Protocol Current Anchor Qualification

e 355.4 (11) — Simulated Seismic Cycling Test for tension and shear similar in 355.2 & 355.4 (22)

A A Ve,
N N, = O.SE\_TOJ(M] Ib I 0_5F'O_I.M b
° fc rest,2 2V, €q ’ -
3 N T y c.rest,2
v, - Ya g E _
N N, = = a > |14
R 2 10, 30 100 Egg’%is Vo, = 7"(‘ Ib
'1148! 30 | 100 | r = Negt N
N, = Ze .
Number of cycles V. = Veq + 7 ” 1b
Y ! 2
Simulated seismic tension test

Simulated seismic shear test




What is Different in the new qualification requirement?

* Crack Protocol: Cycle counting is performed on curvature histories, going from
smallest to largest

 Load Protocol: Cycle counting is performed on the oscillating SDOF systems, the
input motions of these are affected by the nonlinear behavior of the building

* Integration of a unified protocol to simultaneously consider serviceability and
suitability of anchor

* Based on current science and latest FEA tools




Is the loading protocol for anchor qualification reasonable
and applicable?

* Thoughts?




Typical Anchorage of Nonstructural Components in
Concrete

- Component Componant
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Issues with crack cycling for post installed anchor
qualification

* Anchors for floor mounted equipment are not subject to sustained tension loads.

* Anchors to diagonal braces for seismic bracing of distribution systems are not subject to
sustained tension.

 Vertical hangers of brace assemblies could support tributary gravity loads and are in
sustained tension, but that load is expected to be small relative to the seismic tension.
System could be supported by multiple gravity supports not subject to seismic cyclic
loads.

* Location where crack cycling is expected to occur will have reinforcement. Not suitable
locations for post installed anchors.

* Max. crack open and tension load occur at different times.

* No evidence provided from tests or past earthquake failures to show how the new
protocol prevents failures from earthquakes where the current protocol does not.




Is Crack cycling for anchor qualification in hospital buildings necessary?

* Floor diaphragms are typically concrete over metal deck and are designed essentially
elastic thus limiting the crack width or crack cycling that could potentially occur

* There is redundancy in the anchorage not all anchors resisting tension loads will also
experience crack width opening

» Anchors in concrete are already qualified for cracked and uncracked concrete under cyclic
loads

* Anchors in concrete for NSC are designed for demands using an |, = 1.5 on top of the
Omega (€2) amplification, in conjunction with 0.75% seismic reduction factor, strength
reduction factor (¢), and the 5% fractile value for the anchor capacity

* Not seen evidence from tests or past earthquake failures that show how the new
protocol prevents failures from earthquakes where the current loading protocol for
anchor qualification ACI 355.2 (22) and ACI 355.4 (22) does not

e Anchors failures have occurred where there is improper installation and lack of testing




Conclusion

* New anchor qualification adds additional cost of testing the anchors for each size
and depth costing millions of dollars without added value for anchors in concrete
not in sustained tension.

« Recommend to permit the anchor qualification requirement for anchors not in
sustained tension or anchors with very low tension (< 0.2 times the anchor design
capacity) subject to seismic cyclic loads, as acceptable, if qualified to the
minimum loading protocol as required by ACI 355.2 (22) and ACI 355.4 (22).

* Thoughts?




Item #6 Drift scaling requirement for Equivalent Lateral Force (ELF) and
modal response spectrum analysis (MRSA) when ASCE 7-22,
Equation 12.8-7 governs the design
« Background research for current drift scaling requirements for

long period buildings when S, >= 0.6
« Committee to endorse and/or provide feedback on
modifications presented
« Discussion and public input
Facilitator: Roy Lobo (or designee)



Drift Scaling for ELF and MRSA when
ASCE 7-22 Eq. 12.8-7 Governs

By
Aysegul Gogus, Roy Lobo and Chris Davis
To HBSB — SNSR Committee

7/29/2026




Outline of Presentation
* Motivation for the study

* Background research for current drift scaling requirements for long period
buildings when S, >= 0.6

* Impact of drift scaling on hospital construction — A Case study

* Additional Studies showing impact of the change for near fault and non
near fault sites

* Recommendations from the committee




Motivation for the Drift Scaling study

* Drift scaling 1s required for structures where S, 1s equal to or greater than 0.6 and
Eq. 12.8-7 governs the minimum design base shear of the building.

* The S, >= 0.6 trigger creates a step function for drift for tall buildings when the

minimum base shear for long period governs.

* Designs including scaling for drifts could significantly increase cost as this
requirement does not include the flexibility of the model which could be
inherently flexible relative to the strength.

* Drift scaling 1s not required when short period governs the response.

* Have improvements in the design ground motions, the multiperiod or two period
spectra now made this requirement unnecessary?




Requirements in ASCE 7 for Base Shear Calculation

12.8 EQUIVALENT LATERAL FORCE (ELF)
PROCEDURE

12.8.1 Seismic Base Shear The seismic base shear, V. in a
given direction shall be determined in accordance with the
following equation:

V=CW (12.8-1)
where

C, =The seismic response coefficient determined in accordance
with Section 12.8.1.1, and
W =The effective seismic weight per Section 12.7.2.

Method 2. h
Method 1: The seismic response coefficient, C,, shall be
determined in accordance with Equation (12.8-2).

(12.8-2)

whera

be used.
Method 2: The seismic response coefficient, Cy, shall be
determined in accordance with the following:

_ Sps

(12.8-3)

for T <T;.,
Spi A
C,= (R) (12.8-4)
T —
I,
and for T > T,
SpiTt

(12.8-5)

where I, and R are as defined in this section;

Sp1 = Design spectral response acceleration parameter at a period
of 1.0 s, as determined from Section 11.4.5 or 11.4.6;
T = Fundamental period of the structure(s) determined in
Section 12.8.2: and
T; =Long-period transition  period(s) determined in
Section 11.4.6.

Lower Bounds for C, for Both Methods: C; shall not be less
than

C,=0.044Spsl, > 0.01 (12.8-6)

In addition, for structures located where S, is equal to or
greater than 0.6, C, shall not be less than

C,=058,/(R/1,) (12.8-7)
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Period (T) for calculating Base Shear

substantiated analysis. The fundamental period, 7. shall not
exceed the product of the coefficient for upper limit on
calculated period, C,. from Table 12.8-1 and the approximate

S |
C,=—21 (12.8-4)

R
. . . . . T|=
fundamental period, 7,. determined in accordance with (1)
Section 12.8.2.1. As an alternative to performing an analysis

approximate building period, T, calculated in accordance with

Section 12.8.2.1, directly.

12.8.2.1 Approximate Fundamental Period The approximate
fundamental period (7,). in seconds, shall be determined from
the following equation:

T,=C,I (12.8-8)

where £, 1s the structural height as defined in Section 11.2, and
the coefficients C, and x are determined from Table 12.8-2.

Table 12.8-1. Coefficient for Upper Limit on Calculated Period.

Design Spectral Response Acceleration Parameter at 1 s, Sp Coefficient C,,
> 0.4 1.4
0.3 1.4
0.2 1.5
0.15 1.6
<0.1 1.7

1 CAI
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Period for Calculating Drift

12.8.6.2 Period for Computing Displacement and Drift For
determining displacements and drifts, 1t 1s permitted to determine
the elastic displacements, o,, using seismic design forces based
on the computed fundamental period of the structure without the

upper limit, C, T, specified in Section 12.8.2.




Scaling of Drift - ELF

C12.8.6.1 Minimum Base Shear and Load Combination for
Computing Displacement and Drift Except for period limits (as
described 1n Section C12.8.6.2), all of the requirements of
Section 12.8 must be satisfied when computing drift for an
ELF analysis, except that the minimum base shear determined
from applying Equation (12.8-6) does not need to be considered.
This equation represents a minimum strength that needs to be
provided to a system (Section CI12.8.1.1). Equation (12.8-7)
needs to be considered, when triggered, because it represents
the increase _in _the response spectrum in the long-period range

fronT near-fault eff@




Scaling of Drift - MRSA

C12.9.1.4.2 Scaling of Drifts Displacements from the modal
response spectrum are only scaled to the ELF base shear where
V., 1s less than C,W and C, 1s determined based on Equa-
tion (12.8-7). For all other situations, the displacements need
not be scaled, because the use of an overly flexible model will
result in conservative estimates of displacement that need not be
further scaled. The reason for requiring scaling when Equa-
tion (12.8-7) controls the minimum base shear is to be consistent
with the requirements for designs based on the ELF procedure.




S, for Calculating Base Shear & Drift (T, < T < T))

S, for calculating base
shear, Eq. 12.8-4

Y |

S, for calculating base shear, and
drift, Eq. 12.8-7 Increase in demand when

drift scaling not reqd.

20
3
=
= ¢ =]
g T
£
o
<
%
é Sp1 5_55123: ...........................................................................................................
2 & I
o O S S H . [ . AU
E |
o : _
o T= CuTa_’ T= TBkg C,= 2’2> (12.8-4)
' i T|—
1 i . : le
S, for calculating drift, Eq. [ T, 1.0 T, C,=05S,/(R/I,) (12.87)
12.8-4 Period, 7 (sec)

Figure 11.4-1. Two-period design response spectrum.
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Genesis of Eq. 12.8-7

*Eq. 12.8-7 is pegged to sites where S; >=0.6. This limit was
selected to address spectral shapes from near fault records
including the Sylmar Converter Station (1971), Jensen
Filtration plant (1994) and Newhall Fire Station (1994)
records. Similar records were seen in Kobe (1995) and El
Centro (1979). (source:- Ron Hamburger)




Is Spectral Shape for drift scaling dependent
on Site Class for near fault effects?

*For buildings in the long period range (T, < T < T,), is drift
scaling intended more for buildings in Site Class D and E soils

because of the elongated spectra, or in Site Class A, B and C

soils? O

*Drift scaling is independent of Site Class? o




Is Drift Scaling per Eq. 12.8-7 Still Required?

*When Eq 12.8-7 governs the design base shear, is drift scaling
still required given the advances made to the design
response spectrum. This equation was introduced in the
2000 NEHRP provisions which required F, and F, multipliers
to estimate the response spectrum. Since then, there have
been revisions to how S, is derived from a response
spectrum. This has resulted in Sy, being larger than S, for

many site class D and E sites.




Background regarding 1997 UBC Eq. 30-7 and Drift

Many significant investigations of the effects of near field pulses had
been undertaken especially those by Heaton and Hall of CalTech in the
late 1990s. These investigations confirmed the earlier work of the
SEAOC Seismology's Strong Ground Motion Subcommittee that in the
near field of large earthquakes, tall structures need to be stiffer as well
as stronger if they were to safely withstand the near field pulse effects
of large earthquakes. One way to achieve this objective is to require
that the minimum base shear of formula 30-7 be used when calculating

drift. (Source: Kircher et.al.)




Background regarc

1630.2.1 Design base shear. The total design base shear in a
given direction shall be determined from the following formula:

C, I
v 30-4
=7 W (30-4)

[;’

The total design base shear need not exceed the following:

25C, 1
;= d 30-5
Vo= 2 (30-5)
The total design base shear shall not be less than the following:
Vo= 011 C, I W (30-6)

In addition, for Seismic Zone 4, the total base shear shall also
not be less than the following:

po_ 08ZN I (30-7)

R

ing 1997 U

BC Eq. 30-7 and Drift

TABLE 16-I—SEISMIC ZONE FACTOR Z

ZONE 1 2A 2B 3 4
V4 0.075 0.15 0.20 0.30 0.40
NOTE: The zone shall be determined from the seismic zone map in Fieure 16-2.
TABLE 16-R—SEISMIC COEFFICIENT C,
SEISMIC ZONE FACTOR, Z

SOIL PROFILE TYPE Z=0.075 Z=0.15 Z=0.2 Z=03 Z=0.4
Sa 0.06 0.12 0.16 0.24 0.32N,
Sp 0.08 0.15 0.20 0.30 0.40N,
Se 0.13 0.25 0.32 0.45 0.56N,
Sp 0.18 0.32 0.40 0.54 0.64N,
Sg 0.26 0.50 0.64 0.84 0.96N,
Sg See Footnote 1

TABLE 16-T—NEAR-SOURCE FACTOR N,

ISite-specific geotechnical investigation and dynamic site response analysis shall be performed to determine seismic coefficients for Soil Profile Type Sk

CLOSEST DISTANCE TO KNOWN SEISMIC SOURCE2:3

SEISMIC SOURCE TYPE = 2km 5km 10 km = 15km
A 2.0 1.6 1.2 1.0
B 1.6 1.2 1.0 1.0
C 1.0 1.0 1.0 1.0

IThe Near-Source Factor may be based on the linear interpolation of values for distances other than those shown in the table.

2The location and type of seismic sources to be used for design shall be established based on approved geotechnical data (e.g., most recent mapping of active faults by
the United States Geological Survey or the California Division of Mines and Geology).

3The closest distance to seismic source shall be taken as the minimum distance between the site and the area described by the vertical projection of the source on the
surface (1.e., surface projection of fault plane). The surface projection need not include portions of the source at depths of 10 km or greater. The largest value of the

TABLE 16-U—SEISMIC SOURCE TYPE!

SEISMIC SEISMIC SOURCE DEFINITIONZ
SOURCE TYPE SEISMIC SOURCE DESCRIPTION Maximum Moment Magnitude, M Slip Rate, SR (mmlyear)
A Faults that are capable of producing large magnitude events and that M=170 SR =5
have a high rate of seismic activity
B All faults other than Types A and C M=170 SR <5
M <170 SR > 2
M =65 SR <2
C Faults that are not capable of producing large magnitude earthquakes M<6.5 SR =2
and that have a relatively low rate of seismic activity

ISubduction sources shall be evaluated on a site-specific basis.
2Both maximum moment magnitude and slip rate conditions must be satisfied concurrently when determining the seismic source type.
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Background regarding 1997 UBC Eq. 30-7 and Drift

2.0
1.8 Hfth
1.6
O 14
S 12 — Tabas Transverse
® 1'0 = Lucerene - 260
8 — 1979 IV El Centro VI
3
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0.6 - Sylmar Converter

0.4 ——_\ — 1997 UBC - Zone 4 SC

0.2 7
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Figure 1 — Comparison of Near Fault Records and 1997 UBC Zone 4 Acceleration
Response Spectrum
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Background regarding 1997 UBC Eq. 30-7 and Drift
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Figure 2 — Comparison of Near Fault Records and 1997 UBC Zone 4 — Displacement Figure 3 — Comparison of Near Fault Records and 1997 UBC Zone Spectrum in
Response Spectrum Acceleration — Displacement (ADRS) format
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Near Source Factors — Comparison of Spectra

Kircher & Associates Near-Source Ground Motions
Consulting Engineers April 2003

Near-Source Factors - Comparison of Spectra

Near-Source Earthquake Spectra Comparison of Code and Near-Source Earthquake Spectra
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1979 Imperial Valley — Comparison of Spectra

Kircher & Associates Near-Source Ground Motions
Consulting Engineers April 2003

1979 Imperial Valley Earthquake Spectra
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1979 Imperial Valley — Array 6
Comparison with ASCE 7-22 Design Spectrum
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1979 Imperial Valley — Array 6
Comparison with ASCE 7-22 Design Spectrum
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1979 Imperial Valley — Array 7
Comparison with ASCE 7-22 Design Spectrum

RSN-182 RotD100 pSa (g)Rjb = 0.56, Array 7, Vs30 = 690 ft/s
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1979 Imperial Valley — Array 7
Comparison with ASCE 7-22 Design Spectrum
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1992 Landers Egk. — Lucerne Valley Station
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1992 Landers Egk. — Lucerne Valley Station
Comparison with ASCE 7-22 Designh Spectrum

Lucerne Val Sta., 1992 Landers, M =7.28, Rjb = 2.1 km, Vs30 = 4490 ft/s
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1992 Landers Egk. — Lucerne Valley Station
Comparison with ASCE 7-22 Designh Spectrum
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S, values near Lucerne Va lley Station
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1994 Northridge — Jensen Filtration Plant Generator
Building
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Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum
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Jensen Filtration Plant Generator Building
Comparison with ASCE 7-22 Design Spectrum

*5,=106¢g RSN-983 SRSS pSa (g), Rjb=0 "Jensen Filter Plant Generator Building"
* S, =2.08¢g .
° SDl — 099 g Jensen Filtration, Vs30 = 1724 ft/s

35 Design Spectrum Vs30 = 1724 ft/s, Site Class C

Design Spectrum Vs30 = 700 ft/s, Site Class DE

C,T, 2 1.55 s Drift Scaling Required ’

Design Spectrum Vs30 = 1000 ft/s, Site Class D
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1994 Northridge — Newhall Fire Station
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1994 Northridge — Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum
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1994 Northridge — Newhall Fire Station
Comparison with ASCE 7-22 Design Spectrum

RSN-1044 SRSS pSa (g), Rjb=3.16 "Newhall - Fire Sta"
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1971 San Fernando Pacoima Dam
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1971 San Fernando — Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum

*5,=091g Pac. Dam, 1971 San Fernando, M = 6.6, Rjb = 0,Vs30 = 6612 ft/s

° SDS =1.17 g 45
S,,=0.38 g
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1971 San Fernando — Pacoima Dam
Comparison with ASCE 7-22 Design Spectrum
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Proposed Change Currently being balloted in
ASCE 7-28

*Limit drift scaling to sites classified as near fault in
accordance with ASCE 7-22, Section 11.4.




Conclusion

* Design ground motion spectra do not capture near fault effects.

* Stiff sites produce high velocity pulses that could affect long
period structures.

* Drift scaling not required for buildings on soft soils with Vs30 <
1000 ft/s or for Site Class D or lower.

* Drift scaling should be considered for buildings in Site Class C or
better regardless of the S, value when the building site is less that

5 km from a known active fault of Source Type B, M > 6.5.




Case Study

PROJECT DESCRIPTION:
e 240-ft tall OSHPD-1 bed tower located in San Diego, California
e Distance from fault < 5km
e S,=138g
e S.=0.472g
e Sps=1.028g
e Spi=0.444g

e Building codes:

o CBC2016
o ASCE 7-10
e Risk category IV
e |o=15
e SFRS:

o Longitudinal direction: Steel special moment resisting frames
o Transverse direction: Steel buckling restrained braced frames

e R=8

e (C4=5.5(longitudinal direction)

e (Cq4=5 (transverse direction)
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Case Study

RESPONSE SPECTRUM ANALYSIS (RSA):
ASCE 7-10 Eq (12.8-5) (which is Eq (12.8-6) in ASCE 7-22) governed minimum base shear as S; was less than

0.6g.
ASCE 7-10: ASCE 7-22:
C. shall not be less than Lower Bounds for C, for Both Methods: C, shall not be less
’ than

C, =0.044S,, = 0.01 (12.8-5) C,=0.044S8p51, > 0.01 (12.8-6)
In addition, for structures located where S, is equal to In addition, for structures located where S| is equal to or

or greater than 0.6g, C, shall not be less than greater than 0.6, C; shall not be less than
C,=0.5S,/(RIL,) (12.8-6) Co=035,/(R/1e) (12.8-7)
where S, is the mapped maximum considered earthquake spec-
tral response acceleration parameter determined in accordance

with Section 11.4.2 or 11.4.4.

This resulted in C; of 0.068g. Due to the requirement in CBC 2016 §1616A.1.13 (snip below), drifts were also
evaluated at a base shear of 0.068W.
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Case Study

(Note: §1616A.1.13 provision in CBC 2016 has been removed in CBC 2022. CBC 2022 has no amendments on
the drift scaling provision of ASCE 7-16.)

ASCE 7-10: CBC 2016, OSHPD 1, 4 & DSA-SS:

12.9.4.1 Scaling of Forces
Where the calculated fundamental period exceeds
C,T, in a given direction, C,7T, shall be used in lieu of

1616A.1.13 ASCE 7, Section 12.9.4. Replace ASCE 7 Sec-
tion 12.9.4 as follows:

T in that direction. Where the combined response for 12.9.4 Scaling design values of combined response.
the modal base shear (V) is less than 85 percent of Modal base shears used to determine forces and drifis
the calculated base shear (V) using the equivalent shall not be less than the base shear calculated using
lateral force procedure, the forces shall be multiplied the equivalent lateral force procedure of Section 12.8.
by 0.85+~

where

V = the equivalent lateral force procedure base shear,
calculated in accordance with this section and
Section 12.8

12.9.4.2 Scaling of Drifts

Where the combined response for the modal base
shear (V,) is less than 0.85C,W, and where C, is
determined in accordance with Eq. 12.8-6, drifts shall

W
be multiplied by 0.85 C“/

!

Base shears that correspond to drifts scaled by C4/le, were approximately 0.23W and 0.25W in the

longitudinal and transverse directions, respectively.
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Case Study

It is also observed that the drift scaling requirement for RSA resulted in DE-level base shears that are greater

than the MCE-level base shears obtained through NLRHA.

Hazard Direction Base Shears at which Drifts are Evaluated*
RSA NLRHA
DE Longitudinal 0.23W 0.16W
Transverse 0.25W 0.14W
MCE Longitudinal - 0.21W
Transverse - 0.17W

Table below compares RSA drifts, with and without base shear scaling to ELF, of the revised design with 40%
less steel SFRS tonnage. It is observed that the drift limit of 1% is still satisfied with the revised design if base

shear is not scaled to the ELF base shear.

Level RSA Drift Max. RSA Drifts of the Revised Design
Limit Base Shear Scaled to ELF Base Shear not Scaled to ELF
Longitudinal Dir. Transverse Dir. Longitudinal Dir. Transverse Dir.
Roof 1% 1.8% 2.4% 0.6% 0.9%
L1-L15 2.4% 1.8% 0.8% 0.7%
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Takeaway from Case Study

* Drift scaling was intended to prevent weak buildings from
collapse of buildings subject to pulse period drifts, the
NLRHA shows that buildings with sufficient ductility are
adequate to accommodate these pulse period drifts and also

satisfy the minimum drift requirement.




Additional studies

* Additional studies were performed to investigate the impact
of drift scaling for randomly selected near fault and far field

sites with high Sy, values.




Additional studies

Acceleration vs Displacement for RSN-953 Northridge-01 Event (Site Class CD, Rrup
17.15 km, Pulse Period -)

2.50
2.00
RSN-953
o ASCE 7-22 MPS
g 1.50
= ASCE 7-2212.8.6
©
Q ASCE 7-2212.8.7
O
§ 1.00 RSN Code 2 Point Spectra
- == <ASCE7-22MPS:T=1sec
e = . = ASCE7-22 MPS:T=2sec
————— ASCE 7-22 MPS: T=3 sec
0.00 we=Tr=2=st
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Figure 1: RSN-953, Spectral Acceleration vs Spectral Displacement plot

Mapped S+:0.74
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Additional studies

Acceleration vs Displacement for RSN-952 Northridge-01 Event (Site Class BC, Rrup
18.36 km, Pulse Period -)

2.50
2.00
RSN-952
A ASCE 7-22 MPS
c
.g 1.50 ASCE 7-2212.8.6
©
% ASCE 7-2212.8.7
§ 1.00 RSN Code 2 Point Spectra
= = .ASCE7-22MPS:T=1 sec
- « = ASCE7-22 MPS:T=2 sec
0.50
=emas ASCE 7-22 MPS: T=3 sec
0.00
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Figure 2: RSN-953, Spectral Acceleration vs Spectral Displacement plot

Mapped S,:0.80

1 CAI

Department of Health Care
Access and Information




Additional studies

Acceleration vs Displacement for RSN-959 Northridge-01 Event (Site Class D, Rrup
14.7 km, Pulse Period -)
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Figure 3: RSN-959, Spectral Acceleration vs Spectral Displacement plot

Mapped S.: 0.68
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Additional studies

Acceleration vs Displacement for RSN-960 Northridge-01 Event (Site Class CD, Rrup
12.44 km, Pulse Period -)
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Figure 4: RSN-960, Spectral Acceleration vs Spectral Displacement plot

Mapped S,: 0.79
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Additional studies

Acceleration vs Displacement for RSN-3748 Cape Mendocino Event (Site Class C,
Rrup 19.32 km, Pulse Period -)
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Figure 5: RSN-3748, Spectral Acceleration vs Spectral Displacement plot
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Discussion!

*Drift scaling required for near fault sites, only when
triggered, similar to the proposed ballot in ASCE 7-28

*Drift scaling required only for near fault sites only when
triggered, in Site Classes CD or C and Better

*Have a minimum floor for design of buildings with period T,
where T, < T < T, regardless of the value of S, and drift scaling
for near fault sites in Site Classes CD or C and Better

*Other?




ltem #7

Fiber-Reinforced Polymer (FRP) retrofit requirements for reinforced
concrete shear walls, diaphragms, spandrels, and collectors
e Background for current provisions in CBC, and ASCE 41 for

FRP retrofit for concrete elements
e Recent tests and proposed design criteria approach
e Committee to endorse and/or provide feedback on
modifications presented
e Discussion and public input
Facilitator: Ali Sumer, PhD, SE, Supervisor, HCAI (or designee)
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Iltem #7:
Fiber-Reinforced Polymer (FRP) retrofit requirements for
reinforced concrete shear walls, diaphragms, spandrels, and
collectors

Ali Sumer, Seismic Compliance Unit

HBSB SNSR Committee Meeting —July 29, 2026



* What is FRP?

 Why FRP?

e Current code requirements
 Various standards, guides

* Ongoing tests

* Proposal direction




What is Fiber Reinforced Polymer (FRP)?

* Photo credit: Fyfe
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What is FRP

FIBER (FABRIC)

: i

POLYMER (EPOXY)

Photo credit: Fyfe
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Why FRP for hospitals?

* FRP is one of the options to retrofit existing old concrete buildings.
(HCAI has been using FRP for decades)

Advantages
» Easier to apply in congested areas.

 Most cases, it is faster to install, can be economical
* I[mproves seismic capacity

Disadvantages
* Not well understood by the industry
* Limited strength
* No comprehensive standard exists today
* Requires specialized crew to install




Current Code CBC 1911A.3

1911A.3 Concrete strengthening by externally bonded fiber reinforced polymer (FRP). Design and construction of
externally bonded FRP systems for strengthening concrete structures shall be in accordance with ACI 440.2R.

Exceptions:

1. Near-Surface Mounted (NSM) FRP bars shall not be permitted.
2. Strengthening of shear walls and diaphragms (including chords and collectors) shall be considered as an alternative

system.

Design capacities, reliability, serviceability of FRP materials shall be permitted to be established in accordance with
ICC-ES AC 125. Minimum inspection requirements of FRP composite systems shall be in accordance with ICC-ES AC

178.

There is no ASCE 41 section that addresses FRP force levels, ductility or detailing.

HCAI has been using Alternative Method of Compliance for all retrofit projects for shear walls, diaphragms etc.

aCAI
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Other Standards: ACI

An ACI Standard

Design and Construction Strengthening Structural
Seismic Evaluation and of Externally Bonded Fiber- Concrete with Fiber-
Retrofit of Existing Concrete Reinforced Polymer (FRP) Reinforced Polymer (FRP)
Buildings—Code and Systems for Strengthening Systems—Code Requirements
Commentary Concrete Structures—Guide and Commentary
Reported by ACI Committee 369 Reported by ACI Committee 440 ﬁ_ Reported by ACI Committee 440S
N f\.‘
N N @
i N =)
(@) @)
O 5 N
0 S L
LL
a = O
O o Q
@) O O
% ac}}" AmericanCunc/:vrgilagsvzi:g:s < @ AmericanCor}/:Etyer;ﬁEg}; < @ AmericanCorf/ztnyr;ﬁiﬂtg};
* FRP section in later versions, * Limited FRP strengthening * Only gravity, not seismic,
future version in the works criteria exists, future version future version in the works
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ASCEA41

 ASCE 41-13, ASCE 41-23 don’t have FRP

chapters
Seismic Evaluation . .
and Retrofit of * ASCE 41-29 will point to ACI future
Existing Buildings standards

This document uses both the
International System of Units (SI)
and customary units

aCAI
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HCAI Current Design Method: AMC

* HCAI has used an Alternate
Concrete Shear Wall Design Guidelines MethOd Of Complla nce for

OSHPD DESIGN CRITERIA GUIDELINES - FRP STRENGTHENING t h € F R P Cri te ria.

1. Member type to be strengthened — Column, wall, diaphragm, slab or beam. ’ T h e. C r | te rl a d Iffe r b Etwe e n
- Concrete Wall p rOJ e Cts .

2. Strengthening type — Shear (columns, walls, beams or diaphragms), confinement (columns only),
flexural (walls, beams & slabs).
- In-Plane Shear

3. Whether strengthening resists gravity (i.e. live-loading or sustained loading) and/or seismic forces
for each type of strengthening used.
- Seismic forces

4. Whether FRP is bond-critical or contact-critical for each type of strengthening used.
Bond-critical

5. Method of application — Wet lay-up, pre-cured FRP laminate.

aCAI
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PCS program

* Preapproval of FRP design criteria
 Data collection started as part of the PCS program.
* Additional tests were recognized as necessary.

* Manufacturers performed several tests in the last 5 years.
e Shear Walls
* Fiber anchors (individual, grouped, spaced)

* Diaphragm

Collectors

Slab to Wall connections

Contact critical column tests
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Idaho State University — Slab to Wall conection

Idaho State
University

c. Shear failure at connection - SP11 d. Failure at connection - SP12



UT San Antonio — Flexual wall tests

The University of Texas at San Antonio™

Series 2 — Wall 2 CFRP

Test video




University of Auckland:Collector Tests

by~ — T —

T -
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e Simpson shear wall tests

e USC contact critical and low strength column tests
e Simpson short collector tests with anchors

e Univ. of Miami — wall to floor tests

e Several anchor tests

 And more...

e UCLA will be testing concrete shear walls
* More tests are in discussions...




Code Change Proposal

Where do we place FRP requirements in the code?

* Since FRP material can be applied to concrete and masonry, there is
no individual material chapter that can cover all FRP requirements.

* Splitting FRP into multiple code chapters will not be easy to follow

* Recommend a new section - just for FRP - under CEBC 304A.4.

 CEBC 304A.4 will include FRP for masonry and concrete.
* Point/reference from 1911A.3 to CEBC 304A.4.




Proposal for FRP for CONCRETE:

Develop criteria for FRP in Concrete applications for the following
cases:

ASCE 41 Overall criteria:

* For existing shear walls, wall segments, and diaphragms with different reinforcement percentages,
develop ASCE 41 criteria for force controlled or deformation-controlled actions.

* Develop maximum allowable design strain for shear strengthening.

ASCE 41 Analysis:
* Develop specific “m” values” for linear analysis and rotation values for non-linear analysis.

Detailing:
* Develop maximum anchor spacing and embedment for different applications.
* Develop detailing criteria for FRP collectors with and without anchors

aCAI

Depar: tm nt of He lthC
Access and Inform.




Proposal for FRP for MASONRY:

Develop minimum criteria for FRP in masonry applications for the following
cases:

* Shear walls with reinforcing compliant with TMS Requirements
* Shear walls with reinforcing not compliant with TMS but compliant with ASCE 41

* Shear walls with vertical reinforcing compliant and horizontal reinforcing not
compliant

* Shear walls with neither vertical nor horizontal reinforcing compliant




ltem #8 Reschedule the August 26, 2026, Committee meeting
e Discussion and public input

Facilitator: Jim Malley (or designee)



ltem #9 Comments from the Public/Committee Members on Issues not on

this Agenda
The Committee will receive comments from the Public/Committee

Members. Matters raised at this time may be taken under
consideration for placement on a subsequent agenda.
Facilitator: Jim Malley (or designee)



ltem #10 Adjournment
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