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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - PINNED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)

1. Special Moment Frame Data

LRFS is comprised solely of MF's per ASCE 7-10 12.12.1.1 ?: N (YIN)

New Structure ? : N (Y/N) (Non-structural components designed to accommodate EQ drift?)
Building and floor data Results from Elastic Analysis :
L= 57.00 feet(Building Length) Aye= 0.859 inches (Deformation for Level Above at Center of Mass, from elastic analysis)
W= 2500 feet(Building Width) Aye1= 0.859 inches ( " for Level Below " )
H,= 10.00 feet (Height of floor above) Vy= 8 Kips (Story Shear)

Hp= 12.00 feet (Height of floor below)
Seismic Deformation at Floor being evaluated:

Note: Reduced-Beam-Section connections are used at frame beam-to-column connections; per AISC 358-10 Section 5.8 Step 1, "..effective elastic drifts may be
calculated by multyplying elastic drifts based on gross beam sections by 1.1 for flange reductions up to 50% of beam flange width".

Avergs= (1.0 + Aggs) Axe for2c<=bs/2 Where ¢ = 1.00 inches  (from RBS Beam Design)
Note: 2c= 2.00 inches b= 5.81 inches  (from moment Frame Beam selection below)
bf/2= 291 inches
OK

Agss = % Amplification in Elastic Drift due to RBS

= 4c/bs x 10 Where ¢ = 1.00 inches  (from RBS Beam Design)
b= 581 inches  (from moment Frame Beam selection below)
= (1+0.069) x 0.859 | Agss = 6.88 % Amplification
Aye= 0.859 inches (Deformation at Level x at Center of Mass, from elastic analysis)

Asergs= 0.918 inches (Deformation at Level Above at Center of Mass - RBS)

Moment Frame Beams

N= 1 (Number of Identical Frames)

Section:[ W10x30 | | |

n: 1 [ | (number of beams/frame) Seismic Parameters:
A 8.84 in R= 8 Modification Response Coefficient (ASCE 7-10 Table 12.2-1)
d 10.50 in Cq= 550 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)
ty 0.30 in p= 1.3 Redundancy Factor (ASCE 7-10 Section 12.3.4)
b 5.81 in
t 0.51 in Occupancy Category: | (ASCE 7-10 Table 1-5-1: Residential Multi-unit Dwellin
Iy 1.37 in I= 1.0 Importance Factor, Table 11.5-2
K 0.81 in
Ky 0.69 in SDC = E Seismic Design Category (ASCE 7-10 Section 11.4)
T 8.88 in Sps = 1.09 g's (Site Design Coefficient - Short Period)
Zy 37 in®
Gravity Loads - Unfactored
Floor Roof
[ o 30.0 200 |psf | Fy= 50  ksi
L 40.0 20.0  |psf |
Wy = 15 psf (Wall Load)

1of3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - PB.xIs 8/21/2018
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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - PINNED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)
2. Check Story Drift

a) Allowable Story Drift (ASCE 7-10 Table 12.12-1)
LRFS is comprised solely of MF's per ASCE 7-10 12.12.1.1 ?: N YIN

Aa= he (Ba/hs) Ip (SDC D-F for LFRS = 100% MF)
= hg (Aa/hse) (All other SDC's)
Where hg,=H,= 12.00 feet (Story height below level x)
SDC = E Seismic Design Category (ASCE 7-10 Section 11.4)
p= 13 Redundancy Factor (ASCE 7-10 Section 12.3.4)
AJhg=  0.020 for Floors total : 3
Occupancy Category = | (ASCE 7-10 Table 1-5-1: Residential Multi-unit Dwelling)
=> A= 024 feet

= 288 inches

b) Resulting Drift at Floor Level x (ASCE 7-10 12.8.6)
Ci Sse
|

—d _xe Where Cy = 5.50 Deflection Amplification Factor (ASCE Table 12.2-1)
O, =>Awres= 0.918 inches (Drift at Level Above at Center of Mass from elastic analysis)
I= 1.0 Importance Factor, Table 11.5-2

S = (128-15) => A, =

| A= 5.05 inches
NG, > Aa

NG, Drift is NOT acceptable! |

3. Check Frame or Stability at Floor Level

a) Portion of Gravity loads at Columns beneath floor level
i) Roof and Floor Areas

Avtoor = Avoof = L W WhereL= 57.00 feet
W= 2500 feet

| Atioor = Aroor = 1,425 Tt |

i) Roof Loads D, = D; Arot Where Dr = 20.0 psf
Acr= 1425 Tt
| D= 29 kips \
Le= L Aroot WhereL,= 20.0 psf
Awi= 1425 f
| L= 29 kips |
i) Floor Loads Di = D Afioor Where D = 30.0 psf
Ator= 1425 €
| D= 43 kips \
Li = L Aoor Where L = 40.0 psf
Awor= 1425 T
| L= 57  kips |
iv) Wall Loads Wy = w, 2(L+W)H Where w,, = 15 psf (wall weight)
L= 57.00 feet
[ w,= 27 kips W= 2500 feet
H=(0.5(H.+Hp) = 11 feet andH,= 10.00 feet
Hy= 12.00 feet
v) Story weight on columns Pp = Dy + Niioars (Df + Wy Where D, = 29 kips (roof)
Niioors = 3
Pp= 238 kips Ds= 43 kips (floor)
W, = 27 kips (wall)
PL= L+ Nfioors Lt Where L, = 29 kips (roof)
Niioors = 3
P = 200 kips L= 57 kips (floor)

Note: Per ASCE 7-10 Section 12.4.2.3 Note 1, 50% of live loads may be considered for Load Combination 5 for Ly <= 100 psf

P,= Pp+05P, Where Pp = 238 kips
P = 200 kips

P,= 338 kips

20f3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - PB.xIs 8/21/2018
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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - PINNED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)

b) Check of P - Delta Effects (ASCE 7-10 Section 12.8.7)

0 = Stability Coefficient per EQ 12.8-16
= (PxAeale) / (VxHs Co) < 0.10 Where P,= 338  kips
Aye1= Seismic Design Story Drift of Level x-1 - RBS
= Cy (1.0 + Aggs) MXeq /1o (12.8-15) forCq= 550  Deflection Amplification Factor (ASCE 7-10 Ta
Args = 6.88 % Amplification
= 5.50x(1.069) x 0.859/1.0 Aye1= 0.859 inches ( " for Level Below

le= 1.0 Importance Factor, Table 11.5-2

Aye1= 5.05 inches

= 1.0 Importance Factor, Table 11.5-2
Vy= 8 kips (Story Shear)

11.00 feet
132.00 inches

Cy= 5.50 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)

| 0= 0287 |
NG

¢) Maximum Value for Stability Coefficient

Ouwax = 05/(B Cy) =0.25 (12.8-17) Where B = Shear DCR for Level x
= 1.0 (Conservative assumption per 12.8.7)

Cq= 550 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)

| Ovax = 0.091 | Note: 6= 0287 radians
OK NG

[ Floor Level is NOT Stable!

30f3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - PB.xIs 8/21/2018
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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)

1. Special Moment Frame Data

LRFS is comprised solely of MF's per ASCE 7-10 12.12.1.1 ?: N (YIN)

New Structure ? : N (Y/N) (Non-structural components designed to accommodate EQ drift?)
Building and floor data Results from Elastic Analysis :
L= 57.00 feet (Building Length) A= 0.196 inches (Deformation for Level Above at Center of Mass, from elastic analysis)
W= 2500 feet(Building Width) Aye1= 0.196 inches ( " for Level Below " )
H,= 10.00 feet (Height of floor above) Vy= 8 Kips (Story Shear)

Hp= 12.00 feet (Height of floor below)
Seismic Deformation at Floor being evaluated:

Note: Reduced-Beam-Section connections are used at frame beam-to-column connections; per AISC 358-10 Section 5.8 Step 1, "..effective elastic drifts may be
calculated by multyplying elastic drifts based on gross beam sections by 1.1 for flange reductions up to 50% of beam flange width".

Averps= (1.0 + Aggs) Axe for2c<=bs/2 Where ¢ = 1.00 inches  (from RBS Beam Design)
Note: 2c= 2.00 inches b= 5.81 inches  (from moment Frame Beam selection below)
bf/2= 291 inches
OK
Agss = % Amplification in Elastic Drift due to RBS
= 4c/bs x 10 Where ¢ = 1.00 inches  (from RBS Beam Design)
b= 581 inches  (from moment Frame Beam selection below)
= (1+0.069) x 0.196 | Agss = 6.88 % Amplification
A= 0.196 inches (Deformation at Level x at Center of Mass, from elastic analysis)
Aseres= 0.210 inches (Deformation at Level Above at Center of Mass - RBS)
Moment Frame Beams
N= 1 (Number of Identical Frames)
Section:[ W10x30 | [ |
n| 1 [ | (number of beams/frame) Seismic Parameters:

A 8.84 in R= 8 Modification Response Coefficient (ASCE 7-10 Table 12.2-1)

d 10.50 in Cq= 550 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)

ty 0.30 in p= 1.3 Redundancy Factor (ASCE 7-10 Section 12.3.4)

b 5.81 in

t; 0.51 in Occupancy Category: | (ASCE 7-10 Table 1-5-1: Residential Multi-unit Dwellin

Iy 1.37 in I= 1.0 Importance Factor, Table 11.5-2

K 0.81 in

Ky 0.69 in SDC = E Seismic Design Category (ASCE 7-10 Section 11.4)

T 8.88 in Sps = 1.09 g's (Site Design Coefficient - Short Period)

Zy 37 in®
Gravity Loads - Unfactored

Floor Roof
[ o 30.0 200 |psf | Fy= 50  ksi
L 40.0 20.0 |psf |
Wy = 15 psf (Wall Load)

1of3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - FB.xls 8/21/2018
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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)
2. Check Story Drift

a) Allowable Story Drift (ASCE 7-10 Table 12.12-1)
LRFS is comprised solely of MF's per ASCE 7-10 12.12.1.1 ?: N YIN

A, = he (Ba/hs) Ip (SDC D-F for LFRS = 100% MF)
= hg (Aa/hse) (All other SDC's)
Where hg,=H,= 12.00 feet (Story height below level x)
SDC = E Seismic Design Category (ASCE 7-10 Section 11.4)
p= 13 Redundancy Factor (ASCE 7-10 Section 12.3.4)
AJhg=  0.020 for Floors total : 3
Occupancy Category = | (ASCE 7-10 Table 1-5-1: Residential Multi-unit Dwelling)
=> A= 024 feet

= 288 inches

b) Resulting Drift at Floor Level x (ASCE 7-10 12.8.6)
Ci b
|

Sy = (12.8-15) => Ay =—1— Where Cy= 550  Deflection Amplification Factor (ASCE Table 12.2-1)
O, =>Awres= 0.210 inches (Drift at Level Above at Center of Mass from elastic analysis)

I= 1.0 Importance Factor, Table 11.5-2

| A= 1.15 inches
OK, < Aa

Resulting Drift is acceptable |

3. Check Frame or Stability at Floor Level

a) Portion of Gravity loads at Columns beneath floor level
i) Roof and Floor Areas

Atoor = Avoof = L W WhereL= 57.00 feet
W= 2500 feet

| Atioor = Aroor = 1,425 Tt |

i) Roof Loads D, = D; Arot Where Dr = 20.0 psf
Acr= 1425 Tt
| D= 29 kips \
Le= Li Aroot WhereL,= 20.0 psf
Awr= 1425 f
| L= 29 kips |
i) Floor Loads Di = D Afioor Where D = 30.0 psf
Ator= 1425 €
| D= 43 kips \
Li = L Asoor Where L = 40.0 psf
Awor= 1425 T
| L= 57  kips |
iv) Wall Loads Wy = w, 2(L+W)H Where w,, = 15 psf (wall weight)
L= 57.00 feet
[ w,= 27 kips W= 2500 feet
H=(0.5(H.+Hp) = 11 feet andH,= 10.00 feet
Hy= 12.00 feet
v) Story weight on columns Pp = Dy + Niioars (Ds + Wy Where D, = 29 kips (roof)
Niioors = 3
Pp= 238 kips Ds= 43 kips (floor)
W, = 27 kips (wall)
PL= L+ Nfioors Lt Where L, = 29 kips (roof)
Niioors = 3
P = 200 kips L= 57 kips (floor)

Note: Per ASCE 7-10 Section 12.4.2.3 Note 1, 50% of live loads may be considered for Load Combination 5 for Ly <= 100 psf

P,= Pp+05P, Where Pp = 238 kips
P = 200 kips

P,= 338 kips

20f3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - FB.xls 8/21/2018
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SPECIAL MOMENT FRAME DESIGN - STORY DRIFT AND STABILITY CHECK
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 1

Ns: 3 (Total Number of Stories)

b) Check of P - Delta Effects (ASCE 7-10 Section 12.8.7)

0 = Stability Coefficient per EQ 12.8-16
= (PxAeale) / (VxHs Cy) < 0.10 Where P,= 338  kips
Aye.1 = Seismic Design Story Drift of Level x-1 - RBS
= Cy (1.0 + Aggs) MXeq /1o (12.8-15) forCq= 550  Deflection Amplification Factor (ASCE 7-10 Ta
Args = 6.88 % Amplification
= 5.50x(1.069) x 0.196 / 1.0 Aye1= 0.196 inches ( " for Level Below

le= 1.0 Importance Factor, Table 11.5-2

Aye1= 115 inches

= 1.0 Importance Factor, Table 11.5-2
Vy= 8 kips (Story Shear)

11.00 feet
132.00 inches

Cy= 5.50 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)

| 0= 0066 |
oK

¢) Maximum Value for Stability Coefficient

Ouax= 05/(B Cy) =0.25 (12.8-17) Where B = Shear DCR for Level x
= 1.0 (Conservative assumption per 12.8.7)

Cqy= 550 Deflection Amplification Factor (ASCE 7-10 Table 12.2-1)

| Oumax = 0.091 | Note: 6= 0066 radians
OK OK

[ Level 1 is considered stable

30f3 1. SMF Story Drift, Stability AISC 341- 10 WF SMRF 1 - FB.xls 8/21/2018
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785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S
Floor Level : 2

1. Member Selection and Moment Frame Column Geometry

Girder Data:
S= 14.00 feet (Girder Span)
Lo = 4.00  feet( "

SME Members

Girders
Column Left Right Beam
Bracing
w8x67 | W10x30 L4x4x3/8
A 19.70 8.84 2.86 |in
d 9.00 10.50 - in
ty 0.57 0.30 - in
by 8.28 5.81 4.00 [in
t 0.94 0.51 0.38 [in
Iy 3.72 4.38 123 |in
ry 2.12 1.37 123 |in
K 1.33 0.81 - in
Ky 0.94 0.69 - in
T 5.75 8.25 - in
Zy 70 37 - in
Iy 272 170 - in

RBS Beam Designed:[ x| ]

Tributary Width - for beam bracing)

Note: Both girders shown (if selected), only one checked,

default is Left girder.

Material Properties (Seismic Design Manual as referenced)

BM-1
10

Beam ID:
Gridline:

E= 29,000 ksi
Beams Angle
Bracing
A572, Gr.
Type 50 A36
Fy (ksi) 50 36 (Fy min specified, AISC 360-10 Table 2-4, pg 2-48)
Fy (ksi) 65 (F, stress specified, AISC 360-10 Table 2-4, pg 2-48)
R, 1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)
R 1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)

Reduced Beam Section Geometry

Project No. 201813.20
8/22/2018
Page 28 of 77

RBS Beam-Column Connection

25

20

15

10

-10

35

-15

-20

-25

AISC 358-10 Section 5.3.1 - Beam Limitations :

inches (Beam Depth)

inches (Flange thickness)

(AISC 358-10 Eq. 5.8-1)
(AISC 358-10 Eq. 5.8-2)
(AISC 358-10 Eq. 5.8-3)

Overstrength Factor (ASCE Table 12.2-1)
Redundancy Factor (ASCE Section 12.3.4)

Seismic Design Category (ASCE 7-05 Section 11.4)
g's (Site Design Coefficient - Short Period)

Right Limit ~ Member
Parameter | Left Beam Beam d=  36.00 105
a 3.50 3.50 Weight = 300 30 PIf (Beam weight)
(inches) OK t= 175 0.94
b 7.50 7.50 Span-Depth Ratio = 7.0 15.1
(inches) oK
c 1.00 1.00 Note: W10x30 Beam OK
(inches) OK
— (h2 2
) R 753 Where R = (b“/4 +c%)/ 2c
(inches)
Reduced Beam Section Limits (AISC 358-10 Section 5.8)
Left Beam Right Beam
Limits Lower Upper Lower Upper
Parameter (inches) | (inches) [ (inches) | (inches)
a 0.50 by <a< 0.75 by 2.91 4.36
b 0.65d<b<0.85d 6.83 8.93
c 0.10 by < ¢ < 0.25 by 0.58 1.45
3.63125
2. Member and System Demands 7.875
Girder Demands - Unfactored 1.01675 Seismic Parameters:
Dead Live Snow EQ Q.= 3.0
[ v 7.0 0.5 3.0 |Kips p= 1.30
[ ™ 12.0 1.0 20.0  |Kip-ft
SDC = E
Sps= 1.091
1lof6

3. SMF RBS Beam Design AISC 341- 10 WF SMRF 1 - FB.xls 8/22/2018



785 Corbett Avenue, San Francisco Project No. 201813.20
AISC SMRF Calculations 8/22/2018
Seismic Retrofit Calculations Page 29 of 77

SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Beam ID:  BM-1
Floor Level : 2 Gridline: 10

3. Factored Loads

Note: Factored Loads - Basic Combinations for Strength Design (ASCE 7-05 Section 12.4.2.3)

i) Shear Force Demands
Vy=(1.2+0.2Spg) Vp + p Vegg + 0.5V +0.2 Vg Where Vp = 7.0 Kips (Dead Load) and p = 1.3 Redundancy Factor (ASCE Section 12.3.4)
V.= 0.5 Kips (Live Load)* Sps= 1.091 g's (Site Design Coefficient - Short Period)
Vs = 0.0 Kips (Snow Load)
Ve = 3.0 Kips
[ Vu=__ 141  kips |
ii) Flexural Demands
My = (1.2 + 0.2 Sps) Mp + p Mgg + 0.5 M + 0.2 Mg Where Mp = 12.0  Kip-ft (Dead Load) and p = 1.3 Redundancy Factor (ASCE Section 12.3.4)
M, = 1.0 Kip-ft (Live Load)* Sps= 1.091 g's (Site Design Coefficient - Short Period)
Mg = 0.0 Kip-ft (Snow Load)
Megg=M,= 20  Kip-ft
[ Mu = 44 kip-ft |
4. Seismic b/t Ratio Check (AISC 341-10 Table D1.1) - Left Girder IQuick Check:
at Flanges (Table D1.1): Use AISC 341-10 Table 1-3 for SMF
b sections that satisfy Seismic b/t
A —_t and byggs = by-cC forby= 581 inches requirements.
2 c= 1.00 inches
bires = 4.81 inches
t = 0.51 inches Note: Neglecting RBS cut, thus ¢ = 0.0, is more conservative.
N=4.72 b

t
A =0.30 Where E= 29,000 Ksi

E
Fy Fy= 50 Ksi (Fy min specified, AISC 360-10 Table 2-3, pg 2-40)

A= 7.22

OK, Flanges satisfy Seismic b/t Ratio

LTS TTRLD
at Web (Table D1.1):

h
A = — andh=T= 825 inches (from AISC Manual Table 1-1)

w .
tw tw= 030 inches ( " )
Ay = 27.50

Note: No Axial load in beam, therefore C, = 0, and Anq as follows:

E
Apg =245 = Where E= 29,000 Ksi
y Fy= 50 Ksi (Fy min specified, AISC 360-10 Table 2-3, pg 2-40)

Ang = 59.00

OK, Web satisfies Seismic b/t Ratio

WF Section satisfies Seismic b/t Ratio for Highly Ductile Beam

20of 6 3. SMF RBS Beam Design AISC 341- 10 WF SMRF 1 - FB.xls 8/22/2018



785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

BM-1
10

Beam ID:
Gridline:

N-S
2

Loading Direction :
Floor Level :

Project No. 201813.20
8/22/2018
Page 30 of 77

5. Flexural Strength (AISC 360-10 Section F2) - Left Girder

a) Unbraced length limits for Flexural members - Limit state of yielding - Gross Section

IQuick Check:

Use AISC 360-10 Table 4-1 for L, and L,
values.

L,=176r, \/% (F2 -5) Wherer,= 137 inches
E= 29,000 Ksi
Fy= 50  Ksi
L,= 581 inches
‘ = 4.84  feet ‘

b) Unbraced length limits for Flexural members - Limit state of Lateral Torsional Buckling - Gross Section

Note: rys provided on AISC Table 1-1, L, provided on AISC Table 3-6 for WF shapes, but not provided in Spreadsheet database and therefore calculated here.

I = andb;= 5.81 inches (from AISC Manual Table 1-1)
h=T= 825 inches (from AISC Manual Table 1-1)
ty = 0.30 inches
t= 0.51 inches
| s = 1.57 inches | No
2 2
L =195, —— | 3¢ [ Jc ] +6.76 [0'7 R ] (F2-6) Wherers= 157  inches
0.7F, S, h, S, h, E E= 29,000 Ksi
Fy= 50  Ksi
J= 0622 in* (Table1-1)
L,= 190.0 inches c= 1 (F2-8a)
= 1583 feet S,= 324 in’
hy=d-t= 9.99

c) Flexural Capacity - Yield Limit - Gross Section
M, =F, Z, Where F, =
Zy

50
36.60

ksi
in®

M, =

1,830
153

kip-in
kip-ft

d) Flexural Capacity reduced by Lateral-Torsional Buckling Effects

Unbraced length
Note: Per AISC 341-10 Section D2b, both flanges must be laterally braced at intervals not to exceed:

L,=0.086r,E/F, Wherer,=  1.37 inches
E= 29,000 Ksi
Fy= 50  Ksi
L,= 683 inches
= 569 feet
i) forLp<Lly<L:
L,-L,
M,=C,|M,-(M, -07FS,) T <M, (F2-2) and C, = 1
e M,= 1,830 kip-in
Fy= 50  Ksi
M,= 1,776 Kip-in Sy = 324 in"3
= 148  Kip-ft
i) forLy>L,:
Cb

M, = For Zy Where F, =—2—— and C, =
L E=
L=

fts
J=
[ Fa= 5000 Ksi c=
Sy =
Z,= 65.00 in"3 hy=d-t=

M,= 3250 Kipin |

30f6

inches (Distance between flange centroids)

IQuick Check:

Use AISC 341-10 Table 4-2 (or Table 1-3)
for L, values for shape selected.

(AISC Section F1; Cb = 1.0 Conservative, calculated otherwise)

andL,= 569 feet
L,= 484 feet
L= 15.83 feet
1 (AISC Section F1; Conservative)
29,000 Ksi
68.34 inches
1.57 inches
0.622 in™4 (Table 1-2)
1 (F2-8a)
324 in"3
9.99 inches (Distance between flange centroids)
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SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Beam ID:  BM-1
Floor Level : 2 Gridline: 10

e) Governing Flexural Capacity - Gross Section
M,= 1,776  Kip-in forL, = 5.69 feet
= 148 Kip-ft L,= 484 feet
L, = 15.83 feet

f) Flexural Capacity - Reduced Beam Section (AISC 358-10 Section 5.8)

My = ZFy Where Z,= Z,-2ct(d-ty) andZ,= 36.60 in"3
c= 100 inches
= 051 inches
d= 10.50 inches

\ Z,= 26 2
Fy= 50  Ksi
Mpr = 1,321 kip-in
= 110 kip-ft
a) Girder Flexural Capacity - Left Girder
b My = ¢ Min (M, M) Where ¢, = 0.90  (AISC 360-10 Section F1)
M, = 148 Kip-ft (Gross Section)
Mpr = 110 kip-ft (RBS Section)
[ ouM= 99  kpft |
OK, > Mu Note: My = 44 kip-ft

6. Shear Capacity (AISC 360-10 Section G2) - Left Girder

h E
¢, V=4¢,06FA,C, for—<224 |— (G2-1) Where 27.50 andh=T= 825 inches (from AISC Manual Table 1-1)
t F - ; "
w w ty= 0.30 inches ( )
2.24 53.95 E= 29,000 ksi
Fy=Fw= 50  Ksi
OK
Where ¢, = 1.00 (AISC 360-10 Section G2.1)
Fy= 50 ksi IQuick Check:
Ay=dt,= 315 in"2 andd= 10.50 inches
ty= 0.30 inches Use AISC 341-10 Table 4-2 to get ¢ R,;
C,= 1.0 (G2-2) value for WF shape value.
| oV, = 95 kips Note: V= 14 kips
OK,>Vu

[ Use W10x30 for SMRF Left Girder |
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SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Beam ID:  BM-1
Floor Level : 2 Gridline: 10

7. _Lateral Girder Bracing Requirements (AISC 341-05 Section 9.8) - Left Girder

a) Nodal Lateral Bracing (AISC 360-10 Appendix 6 and AISC 341-10 Section D2a) at expected plastic hinge location
Por=0.02M,Cy/h, (A-6-7) Where M, = Ry F,Z (D1-1a) and Ry = 1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)
Fy= 50  Ksi
Z,= 36.60 in"3

M= 2013 kipin |

Cy= 1.0 (AISC 360-10 Appendix 6.3.1a)
hy=d-t= 9.99 inches (Distance between flange centroids)
| Py= 403  kips
b) Length of Angle Brace
La= (Lo + d) *° Where Ly, = 4.00  feet (Girder Tributary Width))
= 48 inches
d= 10.50 inches IQuick Check:
L= 49 inches Use AISC 360-10 Table 4-12 to get ¢ Pn
= 409 feet values for eccentrically loaded single angles

(use resulting KL = L value).

c) Brace Slenderness Check (AISC 360-10 Section B4.1a and Table B4.1a)

at Flanges (Table B4.1 Case 1):

Ap= bt andb= 400 inches (from AISC Manual Table 1-1)
t= 038 inches( . ) by
A= 10.67 w
t
E \
1, =045 | = Where E= 29,000 Ksi E,
y Fy= 36 Ksi (Fy min specified, AISC 360-10 Table 2-4, pg 2-48)
A=1277

OK, Flanges are not Slender

d) Determination of Brace Slenderness Ratio (AISC 360-10 Section E5(a))

Slenderness parameter: L= 39.9 where L, = 49 inches
= 1.23 inches
i) When 0 < Ly, <80: KL/r= 72 + 0.75 Ly/ry (E5-1)
i) When L,/r, >80: KL/r=32+1.25Ly/r, <200 (E5-2)
KL/r= 819

=> KL/r=_102.0

e) Brace Compressive Strength (AISC 360-10 Section E3)

Fy
F, =|0.658 Fe Fy when & < 471 E (E3-2) Where 4.71 F= 134 for E= 29,000 Kksi
r F, F F,= 36 ksi
- L
Fo = 20.83  ksi (Governs) i: 102.0
2
E
F, =0.877 F, when Kt > 4.71 E (E3-3) F, = ”72 = 27.53 ksi
r F K L
r

Fe= 2415 ksi

[ Fo= 20.83 ksi

e Pn = e ForAg Where ¢ = 0.90  (AISC 360-10 Section E1)
Fo= 20.83 ki
Ag= 286 in"2

P, = i : . . . . .
| ¢ Pn 54 kips | Note: Compressive strength determined does NOT include connection eccentricity, and could therefore be
OK, > Pbr unconservative. Check AISC 360-10 Table 4-12 for angle brace capacity w/ connection eccentricity.
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SPECIAL MOMENT FRAME DESIGN - SMF REDUCED BEAM SECTION BEAM DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Beam ID:  BM-1
Floor Level : 2 Gridline: 10

f) Required Brace Stiffness (AISC 360-10 Appendix 6)

B =$[710MI'1C“] Where ¢ = 0.75
L
4 e M= 2013 kip-in
Cy= 1.0
L,= 68.3 inches (max girder unbraced length)
ho=d-tt= 999 inches (Distance between flange centroids)
| Be= 393 kipiin
g) Actual Brace Stiffness
A g E A 1
K= Cos“@ Where 6 = tan™ (d/L,) andd= 10.50 inches
a La= 49 inches

[ 0= 12.06 degrees |

Ag= 286 in"2
E= 29,000 ksi
Ly= 49 inches

K= 1650.7 kip/in |
OK,>B

[ Use L4x4x3/8 kickers to brace beam bottom flange at a Maximum spacing of 5.75 feet on-center
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785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

1. Member Selection and Moment Frame Column Geometry

Note: This worksheet is meant for regular Moment Frame geometries consisting of the following:
- all frames identical in loading direction considered;
- same girder for each floor level, max of two floor levels framing into column;
- same span length each bay, variable number of interior bays,AISC shapes defined for typical exterior
- Story vertical loads previously calculated for "1. SMF Story Drift, Stability" worksheet.

Building Dimensions:

Project No. 201813.20
8/22/2018
Page 35 of 77

and interior columns.

Tributary Area for Lateral Force Resisting System:

Location | Length Width Area
L= 57.00 feet Gridline (feet) (feet) (ft®)
W= 2500 feet 10 57.00 22.00 1,254
R = 0.50 (Live load reduction for columns, ASCE Section 4.8)
Note: R, is used for determination of total vertical load supported by story. Ars= 1,254 ft
Moment Frame Data: ~ ~ ~
gt 12 g ?
- i [ oo e (3 A
S= 14.00 feet (Span, typical) 2 | i |§ i I;
| | 10.00
Nframes = 1 (# identical frames) = : = : =
Nint cois = 2 (# interior columns) 0 : 0.00 0.00 : 0.00 V. 2
1 1
1 1
| | 10.00
Floor Height AIsC | (i) : :
Level (feet) Shape W10x30 | W10x30 W10x30 | W10x30 2 1
R R | 1 U
3 10.00 ~ ! N ! ~
2 10.00 g ! g ! g 13.00
1 13.00 W10x30 170 2 : = : 2
. . I 4 | 4 Vv
| N et e 5
I S/2 /| |\ SI2 S/2 /l S/2
Exterior Columns Interior Columns
Top Bottom Top Bottom* Floor Level 1 SMF Elevation at Gridline 10
W8x67 W8x67 W8x67 W8x67
A 19.70 19.70 19.70 19.70 |[in AISC 358-10 Section 5.3.2 - Column Limitations : dwax = 36.00 inches (Max Column Depth)
d 9.00 9.00 9.00 9.00 in Note : d¢ = 9.00 inches
tw 0.57 0.57 0.57 0.57 in W8x67 Column OK
by 8.28 8.28 8.28 8.28 in Material Properties (Seismic Design Manual as referenced
1 0.94 0.94 0.94 0.94 in
Iy 3.72 3.72 3.72 3.72 in E= 29,000 ksi
ry 2.12 2.12 2.12 2.12 in
K 1.33 1.33 1.33 1.33 |[in Columns | Beams
T A992, Gr.| A572, Gr.
Ky 0.94 0.94 0.94 0.94 |in ype 50 50
T 5.75 5.75 5.75 575 |in Fy (ksi) 50 50 (Fy min specified, AISC 360-10 Table 2-4, pg 2-48)
Zy 70 70 70 70 in® Fy (ksi) 65 65 (Fy stress specified, AISC 360-10 Table 2-4, pg 2-48)
Iy 272 272 272 272 in* Ry 1.10 1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)
J 5.05 5.05 5.05 505 [in" R¢ 1.10 1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)
Column Demands - Unfactored
Results from Elastic Analysis :
Dead Live Snow EQ
P 8.0 1.0 3.0 Kips Aye= 0.196 inches (Deformation for Level Above at Center of Mass, from elastic analysis)
\Y 2.0 1.0 5.0 Kips Aye1= 0.196 inches ( " for Level Below " )
M, top 15.0 1.0 20.0 |Kip-ft
My bot 7.0 0.5 30.0 |Kip-ft Vy= 8 Kips (Story Shear)

Assumptions:

1. There is no tranverse loading between the column supports in the plane of bending.
2. Non-translation forces are due to Dead and Live loads, while Translation Forces due to Seismic Loads.

3. Column tributary areas are constant across floor levels.
4. Distributed load is applied uniformly over entire area for purposes of evaluating axial loads.

lof7

Seismic Parameters:

Q,= 3.00 Overstrength Factor (ASCE Table 12.2-1)
p= 130 Redundancy Factor (ASCE Section 12.3.4)
SDC = E Seismic Design Category (ASCE 7 Section 11.4)
Sps= 1.091 g's (Site Design Coefficient - Short Period)
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SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

2. Factored Loads on Column or Story

a) Shear Demands:
Vy=(1.2+0.2Spg) Vp + p Vegg + 0.5V + 0.2 Vg Where Vp = 2.00 Kips andp = 1.3 Redundancy Factor
Vy= 100 Kips Sps= 1.091 g's (Site Design Coefficient - Short Period)
Vs= 0.00 Kips
Ve = 5.00 Kips

[ V,= 98  kips |

b) Non-translation Forces (Gravity Loads):

Pn = (1.2+ 0.2 Sps) Pp + p Pgg + 0.5 PL + 0.2 Pg Where Pp = 8.00 Kips andp = 1.3 Redundancy Factor
P.= 100 Kips Sps= 1.091 g's (Site Design Coefficient - Short Period)
Ps= 0.00 Kips
249 Pe = 0.00 Kips
[ Pu= 118  kips |
Myt top = (1.2 + 0.2 Spg) Mp + p Mg + 0.5 M + 0.2 Mg Where Mp = 15.00  Kip-ft and p = 1.3 Redundancy Factor
M = 100 Kip-ft Sps= 1.091 g's (Site Design Coefficient - Short Period)

M¢=  0.00  Kip-it
Mg= 000 Kip-t

[ Muwp= 218 kips |

Myt bot = (1.2 + 0.2 Spg) Mp + p Mgg + 0.5 M + 0.2 Mg Where Mp = 7.00  Kip-ft andp = 1.3 Redundancy Factor
M = 050 Kip-ft Sps= 1.091 g's (Site Design Coefficient - Short Period)
Ms= 0.00 Kip-ft
Me=  0.00 Kip-ft

[ Muo= 102  kips |

¢) Translation Forces (EQ Loads):
Py=(1.2+0.2Sps) Pp+ p Pgg + 0.5 P+ 0.2 Pg Where Pp = 0.00 Kips andp = 1.3 Redundancy Factor
P.= 0.00 Kips Sps= 1.091 g's (Site Design Coefficient - Short Period)
Ps= 0.00 Kips
Pe = 3.00 Kips

[ Py = 39  kips |
My, top = (1.2 + 0.2 Spg) Mp + p Mgg + 0.5 M + 0.2 Mg Where Mp = 0.00 Kip-ft andp = 1.3 Redundancy Factor
M = 0.00 Kip-ft Sps= 1.091 g's (Site Design Coefficient - Short Period)
Ms= 0.00 Kip-ft
125 Mg= 20.00 Kip-ft
[ Muwp= 260 kips |
My, bot = (1.2 + 0.2 Spg) Mp + p Mgg + 0.5 M + 0.2 Mg Where Mp = 0.00 Kip-ft andp = 1.3 Redundancy Factor
M = 0.00 Kip-ft Sps= 1.091 g's (Site Design Coefficient - Short Period)
Ms= 0.00 Kip-ft
-298 Mg= 30.00 Kip-ft

[ Muoo= 390 kips |

d) Total vertical load resisted by Story (AISC 360-10 Section C2.1(2), Appendix 8) and SMRF Columns:

Note: Total vertical and SMF component are calculated here and used later in Section 6 (Second Order Effects).

i) Total Vertical Load Supported by Story

Psiory = (1.2 + 0.2 Spg) Pp + p Peg + 0.5 R P+ 0.2 Pg Note: Gravity loads determined in "SMF Story Drift, Stability", copied here.
Where Pp = D; + Nijoos (Ds+ W,y (Story Column Dead load - roof + floors) and D, = 29 kips (roof)
Niioors = 3
\ Po= 238  Kips | Di= 43 kips (floor)
Wy, = 27 kips (wall)

Sps= 1.091 g's (Site Design Coefficient - Short Period)

PL =L + Ngoors L~ (Story Column Live load - roof + floors) and L, = 29 kips (roof)
Nioors = 3
P.= 200 Kips L= 57 kips (floor)

R.= 050 (Live load reduction for columns, ASCE Section 4.8)
Ps= 0.00 Kips

Pe= 3.00 Kips and p = 1.3 Redundancy Factor

Psoy= 391  kips
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SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

i) Total Vertical Load Supported by SMF Columns

Pt = Psiory Aiers / Afioor Where Pgry = 391 Kips
Aprs= 1,254 ft° (Tributary Area for Lateral Force Resisting System)
Avioor = Aroot = LW Where L= 57.00 feet
W= 2500 feet
= 391(0.88) Attoor = Ao = 1,425 ft

[ Pw= 344 Kips

3._Column Slenderness Check

Note: Seismic Provisions Section E3.5a states that Beam and Column Members shall meet requirements of Section D1.1 for Highly ductile elements.
a) Flange Width-thickness Ratio - Actual (AISC 341-10 Table D1.1). —bp
}
]

- . [ .
M= by / (2 tf) Where by = 8.28 inches f IQuick Check:
tt= 0.94 inches t
M= 443 Use AISC 341-10 Table 1-3 for SMF
Sections that satisfy Seismic b/t
b) Flange Width-thickness Ratio - Highly Ductile Member requirements.

Angt = 0.30 (E/ Fy)u'5 (AISC 341-10 Table D1.1) Where E= 29,000 Ksi
Fy= 50  Ksi

s )

Angt = 7.22  |OK

[ Limiting b/t Ratios OK for Flanges |

c) Width-thickness Ratio for Web - Actual (AISC 341-10 Table D1.1).

Ay = Nty Whereh=d-2K= 634 inches h ly
ty= 057 inches
Aw= 1112
d) Limiting Width-thickness Ratio for Web in Flexural/Axial Compression - Highly Ductile Members
i) Axial Load Ratio

Ca= Py/(¢pPy) = P/ (0 FyAy)  (AISC 341-10 Table D1.1) Where P, = Py + B, Py andPy= 118 kips
B,= 1.07 (Calculated later)
Py= 39  kips

| P.= 160 kips |
¢ = 0.90 (AISC 350-10 Section E1)

Fy= 5000 ksi

Ca= 0.0181 Ag=  19.70 in"2

i) Low Axial Loading

Mo = 245 (E/F,)°% (1-093C,)  for Cy 0.125 Where E= 29,000 Ksi
F,= 500 Ksi
o Ce= 0018
‘ Aaw= 580 |(Controls!)

iii) Axial Loading - All other cases

Maw = 0.77 (E/Fy)°® (2.93-C,) = 149 (E/F,)°®  for C,2 0.125 Where E= 29,000 Ksi
F,= 500 Ksi
C.= 0018
‘ Maw= 540

Maw= 580 |OK

[ Limiting b/t Ratios OK for Web |

| WEF Section satisfies Seismic b/t Ratio for Highly Ductile Column
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AISC SMRF Calculations
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SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN

2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION

785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

4. Flexural Strength (AISC 360-10 Section F2

a) Unbraced length limits for Flexural members - Limit state of yielding

L 0= 1.76 r, FE (F2-5) Where r, =
y
F, =
L= 89.9 inches
= 749 feet

212

50

inches

E= 29,000 Ksi

Ksi

b) Unbraced length limits for Flexural members - Limit state of Lateral Torsional Bucklin:

Project No. 201813.20
8/22/2018
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IQuick Check:

Use AISC 360-10 Table 4-1 for L, and L,
values.

Note: r, provided on AISC Table 1-1, L, provided on AISC Table 3-6 for WF shapes, calculated here conservatively per Specification Section F2.

le = andb;=  8.28 inches (from AISC Manual Table 1-1)
h=T= 5.75 inches (from AISC Manual Table 1-1)
ty = 0.57 inches
t= 0.94 inches
| hs= 231 inches
2 2
E Jc Jc 0.7 F,
L,=195r, 07F st [S h ] +6.76 [ £ ! (F2-6) Wherers= 231  inches
R x o x 1o E= 29,000 Ksi
Fy= 50  Ksi
J= 505 in* (Table 1-1)
L= 5434 inches c= 1 (F2-8a)
= 4529 feet S,= 604 in’
ho=d-t=  8.07 inches (Distance between flange centroids)
¢) Flexural Capacity - Yield Limit
My = FyZ, Where Fy = 50 ksi
Z,= 70 in"3
M,= 35505 kip-in
= 292 Kkip-ft
d) Flexural Capacity reduced by Lateral-Torsional Buckling Effects
Unbraced length
L, = Max (Hy,H,) Where H, = 10.00 feet
Hy= 13.00 feet
Lp= 13.00 feet
= 156.0 inches
i) forL,<Ly<L:
L,-L . .
M,=C,|M 0" (Y . 0.7 Fy S,) — Pl M » (F2-2) and C, = l (AISC Section F1; Conservative)
L -L, M,= 3,505 kip-in andL,= 13.00 feet
Fy= 50 Ksi Ly= 749 feet
| M,= 3,302 Kip-in ‘ Sy= 604 in"3 L= 4529 feet
i) forLy>L,:
M, = Fg Zy Where F, = b and C, = 1 (AISC Section F1; Conservative)
E= 29,000 Ksi
Lp= 156.00 inches
s = 2.31 inches
J= 505 in* (Table 1-1)
\ Fe= 500 Ksi c= 1 (F2-8a)
Sc= 604 in"3
Z,= 70 in"3 ho=d-t= 807 inches (Distance between flange centroids)
| M,= 3505 Kipin |
e) Governing Flexural Capacity
oy M= ¢p My Where ¢, = 0.90  (AISC 360-10 Section F1)
Mp,= 3,302 Kip-in forL,= 13.00 feet
= 275  Kip-ft L= 7.49 feet
oMy = 2,972  kip-ft L= 4529 feet
248  Kkip-ft
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SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

5. Compressive Strength (AISC 360-10 Section E3)

a) Determination of Column Available Nominal Compressive Strength (Capacity)
Note: The Direct Analysis Method of Design (AISC 360-10 Section C1.1) consists of the following: ...

- Required Strength (Demands) in accordance with Section C2;
- Available Strength (Capacity) in accordance with Section C3, as performed here;

Column Available Nominal Compressive Strength (Capacity’

i) Slenderness Ratio Check:
KL ) ) .
— | = 419 for Ky = 1.00 (AISC 360-10 Section C3) Note: Effective Length calcs no longer performed in AISC 360-10.
r .
x Ly=L= 156 inches
OK, < 200 = 3.72 inches
KL )
— | = 736 for K, = 1.00 (AISC 360-10 Section C3)
rJy L,=L= 156 inches
OK, <200 r,= 212 inches

i) Compressive Strength (Specification Section E3.):

E

]
i E _
F,=|0.658 " F, when KL <471 E (E3-2) Where4.71 | — = 113 forE= 29,000 ksi
r y \F F,= 50 ksi
. L
Fee=  33.65 ksi (Governs) T: 73.6
KL E z?E
F,=0877 F, when — > 4.71 |— (E3-3) Fe=————=3= 528 ksi (E3-4)
r F, K L
r
Fo= 46.36 ksi
[ Fo= 3365 ksi | [Quick Check:
bc Pn= ¢c For A Where ¢, = 0.90  (AISC 360-10 Section E1) Use AISC 360-10 Table 4-22 for ¢ Fcr
Fy= 33.65 ksi values for limiting KL/r.
Ag= 1970 "2

[ ¢.Pn= 597 kips |
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Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Column ID: C-1
Floor Level : 1 Gridline: 10
Ns : 3 (Total Number of Stories)

6. _Second Order Effects (AISC 360-10 Section C2.1(2) and Appendix 8):

a) Approximate Second Order Analysis (AISC 360-10 Appendix 8)

Project No. 201813.20
8/22/2018
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M; = By My + Bo My (A.8-1)
Pr= Py + By Py (A.8-2)
Where M, = M, = Required Flexural strength w/o lateral translation
= 22 kip-ft
My = Required Flexural strength due to lateral translation of frame
= 39.0 kip-ft
B1 = Amplification factor for P-A due to gravity loads
L= Cimp >1.0 Where C, = 0.6 - 0.4 (My/M;) (A.8-4) andM; = 2177  kip-ft
125 M=M,= 2177  kip-ft
Pel
| Cn= 020 (AISC 360-10 Section C2.1(2), Appendix 8) |
o= 1.00 (LRFD Approach)
P, =P+ By Py and Py, = 12 kips (axial load w/o translation)
B,= 1.07 (Calculated below)
Py=Pu= 3.9 kips (axial load with translation)
| P= 160 kips
n® El )
Py = KLy (A.8-5) forE= 29,000 ksi
= 0.201 1 Ix; = 272 in"4
K;= 1.00 (AISC 360-10 Section C3)
B;= 1.00 L=Ly= 156 inches
[ Pa= 3199 kips
B, = Amplification factor for P-A due to Lateral Movement Note: Effective Length calcs no longer performed in AISC 360-10.
_ 1 >1.0 Wherea.= 1.00 (LRFD Approach)
2= P ==
a
I Psoy= 391  kips
PeS\ory
Pesiy = Elastic Critical Buckling Strength for Story
= RyHL/A, (A-8-7) andRy= 1-0.15Py/ Py  fOrPgoy= 391  kips
Pt = 344 Kips
Ry = 0.87
H=V,= 8 Kips (Story Shear)
L=H;= 13.00 feet
= 156 inches
Ap=Ae= 0.196 inches (Deformation for Level Above at
Center of Mass, from elastic analysis)
Pesoy= 5,649  kips
B, = 1.07
| M= 64  kipt |
| P.= 160 kips |
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SPECIAL MOMENT FRAME DESIGN - SMF COLUMN DESIGN

2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Column ID: C-1
Gridline: 10

Loading Direction : N-S
Floor Level : 1

Ns : 3 (Total Number of Stories)

7. _Combined Flexure and Axial loads

Pr/gc Pn= 0.027 Therefore EQ H1-1b Applies!

0.271

8. _Shear Capacity
(/7VV=¢;ﬁv0.6FyAWCV for t—_

Where

and ¢, = 1.00
Fy= 50.00 ksi
A,=dty,= 513 in"2
C,= 1.0 (G2-2)
| & Vo= 154 kips |
OK, >Vu

OK,<1.0

W8x67 OK thus far!

andh=T=

(G2-1)

5.75
W= 057

E= 29,000 ksi
Fy=Fw= 50 Ksi

(AISC 360-10 Section G2.1)

andd=

9.00
tw= 057

Note:

inches (from AISC Manual Table 1-1)
inches (

inches
inches

Use W8x67 for SMF Column Member

7of7
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Where P, = 16 kips

¢.Pn= 597  kips
M= 64  kip-ft
dpMy= 248  kip-ft

Note: M,, and M, not considered.

Per comments on AISC 341-05 Example 4.9, decreasing column size to
optimize drift control and least weight solution might not result in the least cost
solution, as column might require use of thick doubler plates and large heavily
welded column stiffeners.

IQuick Check:

Use AISC 341-10 Table 4-2 to get ¢ R,
value for WF shape value.

)
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785 Corbett Avenue, San Francisco

AISC SMRF Calculations
Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN BEAM - COLUMN CONNECTION DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction :

Floor Level :

N-S
1

Ns :

3

Connection ID:

(Total Number of Stories)

1. Member Selection and Moment Frame Column Geometry

Girder Data:

H= 0.00 feet (floor height above connection)

L= 14.00 feet (Left Girder Span)

L= 0.00 feet (Right Girder Span)

SMF Members
Girders
Column Left Right
W8x67 W10x30

A 19.70 8.84 in
d 9.00 10.50 in
™ 0.57 0.30 in
by 8.28 5.81 in
t 0.94 0.51 in
Iy 3.72 4.38 in
T, 2.12 1.37 in
K 1.33 0.81 in
Ky 0.94 0.69 in
T 5.75 8.25 in
Z, 70 37 in
I, 272 170 in”

Material Properties (Seismic Design Manual as referenced)

E= 29000 ksi
Column Beams
Type |A572, Gr. 50 A57526 Gr.
F, (ksi) 50 50
F, (ksi) 65 65
R, 1.10 1.10
R 1.10 1.10

Reduced Beam Section Geometry (if used):

Gridline:

(Fy min specified, AISC 360-10 Table 2-4, pg 2-48)

(F, stress specified, AISC 360-10 Table 2-4, pg 2-48)
(Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)
(Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1)

Ju=il
10

Parameter |(Left Beam Right
Beam
a 3.50 3.50
(inches) OK
b 7.50 7.50
(inches) OK
c 1.00 1.00
(inches) OK
R 753 Where R = (b%/4 + ¢?) / 2¢
(inches)
Reduced Beam Section Limits (AISC 358-10 Section 5.8)
Left Beam Right Beam
Limits Lower Upper | Average | Lower Upper | Average
Parameter (inches) | (inches) [ (inches) | (inches) | (inches) | (inches)
a 0.50 byy<a<0.75 by 2.91 4.36 3.63
b 0.65d<b=<0.85d 6.83 8.93 7.88
C 0.10 by, < ¢ £ 0.25 by 0.58 1.45 1.02

2. Member and System Demands

Girder Gravity Loads - Unfactored

Dead Live Show
[ Wi 0.98 0.04 Kip/ft
Woight 0.98 0.04 Kip/ft
Py = 12 kips

Q,=
p=

SDC =
Sps =

Seismic Parameters:

Project No. 201813.20
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RBS Beam-Column Connection

30

20

10

-10

-30

(AISC 358-10 Eq. 5.8-1)
(AISC 358-10 Eq. 5.8-2)
(AISC 358-10 Eq. 5.8-3)

3.0 Overstrength Factor (ASCE Table 12.2-1)
1.30  Redundancy Factor (ASCE Section 12.3.4)

E Seismic Design Category (ASCE 7-05 Section 11.4)
1.091 g¢'s (Site Design Coefficient - Short Period)
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SPECIAL MOMENT FRAME DESIGN BEAM - COLUMN CONNECTION DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

N-S
1

Ju=il
10

Connection ID:
Gridline:

Loading Direction :
Floor Level :
Ns :

3 (Total Number of Stories)

3. _Panel Zone Required Strength

Frame Rotation: R Notes:

Project No. 201813.20
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1. L for Left rotation (Counterclockwise); Right rotation (Clockwise) is default.

2. Only effect of frame rotation is sign reversal of beam plastic hinges, which act with or against gravity loads.

3.1 Probable Moments at Plastic Hinges

Note: Source is AISC 358-10, "Prequalifed Connections for Special and Intermediate Steel Moment Frames for Seismic Applications" standard, Section 2.4.3.

a) Left Beam

M1 = CoRyFyZey  (24.3-1)
Where Cy = 0.5 (F, + F)IF, <1.20 (2.4.3-2) andF,= 50  Ksi b) Right Beam (Not Usedl)
F,= 65 Ksi Mp2 = CuRyFyZe,  (243-1)
[ Cu= 115 Where C,, =
1.10 (Ratio of Expected F, to min F, specified; AISC 341-10 Table A3.1) Ry
50 Ksi Fy= Ksi
Za= Zg-20tg (dh-t) (884)  andzg= 37 in’ Zo= Zo- 20t (dr - to) and Z, = in®
c, = 1.00 inches Cc= inches
ty = 0.51 inches tp = inches
d; = 10.50 inches d, = inches
\ Za= 26 in"2 | \ Zep = in"2 |
Mp1 = 1,670  kip-in (Left Beam) M, = kip-in (Right Beam)
= 139 kip-ft = kip-ft
3.2 Expected Shear Force at Plastic Hinges
a) Left Beam
2M W . L
vV, =ty u—i (5.8-9)
P1 ' -
L, 2
Where M,; = 1,670  kip-in
= 139 kip-ft
L'y=L;-de-2Sy andL;= 14.00 feet
d.= 9.00 inches (Column Depth)
Spp=a; +by/2 fora;= 3.50 inches
b, = 7.50 inches
‘ Sm= 7.25 inches
Ly= 1204 feet \
Wy = 1.2 wp; +0.5wy; +0.2 wgy andwp; = 0.98  Kip/ft
wi= 004  kip/ft
Ws; = 0.00  kip/ft
Wy= 120 kipft |
L;= 1400 feet
Vp1 = 32 kips | Note : oy Vo= 95 kips (from SMF RBS Beam Design)
OK
b) Right Beam (Not Used!)
2M
sz - P2 Wuiz L, Where My, = kip-in
L, 2 = Kip-ft
L'y= Ly-d.-2Sy, and L, = feet
de= inches (Column Depth)
Sz = ap +by/2 fora, = inches
b, = inches
‘ Spz = inches
L= feet \
Wy = 1.2wp, + 0.5 w5 + 0.2 wg, and wp, = kip/ft
Wi, = kip/ft
Wgp = kip/ft
Wy, = kip/ft
L= feet
Vp2 = kips
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AISC SMRF Calculations
Seismic Retrofit Calculations

SPECIAL MOMENT FRAME DESIGN BEAM - COLUMN CONNECTION DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Connection ID:  JT-1
Floor Level : 1 Gridline: 10

Ns : 3 (Total Number of Stories)

3.3 Probable Maximum Moment at Column Face

a) Left Beam

Project No. 201813.20
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Mz = My + My + Mg Fr
= My + Vg1 Spp + 0.5 Wy sz Where M,; = 1,670  kip-in

Vp1 = 32 kips Mo )

Spp= 7.25  inches

Wy = 120  kip/ft Fyp—> I
= 010 kip/in

Mg = 1,902  kip-in \/
= 158  kip-ft
S|’|1 S|’|2
Check Unreduced section capacity at column face (AISC 358 5.8-8):
Mper = Ry Fy Za Where R,= 110 (Ratio of Expected Fy to min Fy specified; SDM Table I-6-1)
Fj= 50  Ksi
Zy= 37 in’
Mpel = 2,013 kip-in
OK, > Md1
b) Right Beam (Not Usedl)
Mgz = Mpzt Myyz + Mg
= Mprz + sz Sh2 + 0.5 W, Shz2 Where Mprz = kip-ft |Quick Check:

Vp2 = kips Use AISC 341-10 Table 4-2 for Ry M, value

Sh2 = inches (Kip-ft), multiply by 12 for Kip-in .

Wy = kip/ft
= kip/in

Mg, = Kip-ft
= Kip-ft

Check Unreduced section capacity at column face (AISC 358 5.8-8):

Mgz = Ry Fy Zeo Where R, = (Ratio of Expected Fy to min Fy specified; SDM Table 1-6-1)
Fy = Ksi
Zo= in®
Mpez = kip-in

3.4 Forces Developed in Beam Flanges (AISC 341-10 Section E3.6e(1) ).
a) Left Beam (Expected Beam Plastic Hinge forces at Column)
Fiu= Mg/ (dy - tyy) Where My; = 1,902 kip-ft
d;= 1050 in
ty = 0.51 in

[ Fu= 190  kips

b) Right Beam (Expected Beam Plastic Hinge forces at Column) (Not Used!)

Fo= Mg/ (d; - tp) Where Mg, = kip-ft
d, = in
tp = in
[ Fpp= kips

3.5 Required Shear Strength in Panel Zone (AISC 341-10 Section E3.6e (1) )

Vy= Fu+Fp Where Fy = 190 kips
Fp = 0 kips

[ V,= 190  kips |

4. Check Column Beam Moment Ratio (AISC 341-10 Section E3.4a.)
4.1 Column Strength

EM, = TZ (Fye - PYA)

30

20

RBS Beam-Column Connection

10

20

30 40

= ne Zc (Fyc -P/A) Where n; = 1 Number of columns (1 for Roof Column, 2 otherwise)
z,= 70 i’
Fe= 50  Ksi

P, = 12 kips
Ag= 1970 in"2

EM*c= 3463  kip-in
= 289 kip-t
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SPECIAL MOMENT FRAME DESIGN BEAM - COLUMN CONNECTION DESIGN
2010 AISC SEISMIC DESIGN MANUAL PROVISIONS - SMRF 1 AT GRIDLINE | - FIXED BASE CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Loading Direction : N-S Connection ID:  JT-1
Floor Level : 1 Gridline: 10

Ns : 3 (Total Number of Stories)

4.2 Expected Flexural Demands from Beams at Column Centerline

EMpy = { My + Vit (St +dd2)} + { My + Vi (S + de/2) } Where My = 1,670 kip-in
Vp1 = 32 kips
Shy = 7.25 inches
d. = 9.00 inches
Moz = 0 kip-in
Vp2 = 0 kips
She = 0.00 inches

EMp = 2,041  kip-in
= 170 kipft

4.3 Strong Column - Weak Beam Check

Note: AISC 341-10 Section E3.4a requires that SMF connections satisfy the following strong-column/weak-beam criterion:

M, *
§M1’° > 1.0 (E3-1) Where M .= 3463 kip-in
» EMp= 2,041 kipin 0.589363
M
=> 27[” = 1.70
M, ok >10
[ Strong Column - Weak Beam Criteria Satisfied! | / AISC 341-10 Section E3.4c Equation E3-1

4.4 Column Bracing Requirements (AISC 341-10 Section E3.4c)

a) Left Beam - Required Column Brace strength
Far = 0.02F byty (E3.1) where F,= 50  ksi
by = 5.81 inches
ty = 0.51 inches

Far= 296  kips |

b) Right Beam - Required Column Brace strength (Not Used!)
Fap= 0.02F bpt, (E3.1) where Fy = ksi
by, = inches
tp = inches
Fep1 = kips

= >|Column-Beam Moment Ratio < 2.0, thus Column will NOT remain Elastic;

Column flanges to be braced at the level of the Top and Bottom of Beam flanges.

The connection configuration must comply with the requirements of the prequalified connection:

5. Beam to Column Connections |
) } ; RBS Beam-Column Connection
a) Beam Flange-to-Column Flange Connection (AISC 341-10 Section E3.4.6a, AISC 358-10 Section 5.5)
Note: The connection configuration must comply with requirements for Demand Crtical Welds in Section A.3.4b: 25
Use a Complete-Joint-Penetration Groove Weld to connect the Beam flanges to the Column
flange. The weld-access-hole geometry must comply with Specification Section J1.6. The welds 20
must also be considered Demand Critical per Section A.3.4b.
15
b) Beam Web-to-Column Flange Connection (AISC 341-10 Section E3.4.6a, AISC 358-10 Section 5.6)
Note: A single plate shear connection shall extend between weld acces holes. 10
With the single plate as backing (not shown, Min 3/8" Plate), use a Complete-Joint-Penetration 5
Groove Weld to connect the Beam webs to the Column flange.
O b + + J
6. Misc Column Checks 5 10 15 20 25 30 35
5
6.1 Panel Zone Thickness Check ( AISC 341-10 Section E3.6(2) )
- E i -10 T
t,2 (d,+W,)/90 (E3-7) for t, = tye 057 in
Where d, = max(d; - 2 ty, d,- 2 tpp) andd; = 10.50 inches .15 | ‘
ty= 051 inches "
-20
d, = 0.00 inches
tp, = 0.00 inches -25
‘ d,= 948 inches
W, = dg- 2t andd.= 9.00 inches
te = 0.94 inches IQuick Check:
‘ W, = 7.13  inches | Use AISC 341-10 Table 4-2 for W,/90 and
d2/90 (W,/90 value for beams) values.
(d; +W,)/90 =  0.18  in (Minimum panel zone thickness) 2/90 (W2/90 valu ) valu

[ OK, Column Web thickness is adequate
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785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Ju=il
10

Connection ID:
Gridline:

Loading Direction : N-S
Floor Level : 1
Ns : 3 (Total Number of Stories)

6.2 Column Panel Zone Shear Check (AISC 360-10 Section J10.6)

Project No. 201813.20
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Note: Vy= 190 kips (Required shear strength in panel zone)
Where P, =P, = 12 kips (maximum axial load)
P.=P,= 985 kips andF,= 5000 Ksi
A= 1970 in°
0.75P.=0.75P, = 739 kips Note: EQ J10-11 Governs!
F,= 50  ksi
¢,= 1.00 (AISC 341-10 Section E3.6e.(1) )
dc= 9,00 in
|Quick Check: tw, = 0.57 in
bf,= 828 in
Use AISC 341-10 Table 4-2 Panel Zone for = 094 in
0.75 Py dR, = ¢ Ry; + R,o/d,.
» ORa =0 R * Rldy dy=max(dy, d)= 1050 in ford,= 1050 in
d,= 000 in
[ ¢R.= 216 kips OK, Rn > Vu =190 kips;
Doubler Plates are not needed.
6.3 Required Thickness of Doubler Plate RBS Beam-Column Connection
a) Required Overall Thickness 25
V, .
1req = [WC R Where t,, = 0.57 in 20
IR, V,= 190  kips
¢R,= 216  kips 15
[ teq= 050 in |
10
b) Required Plate Thickness
T —t
ty = % Where teg=  0.50 in °
twe = 057 in
O + + + J
[ ty=_ -003 i | 15 2 25 30 35
5
[ Doubler Plates not Needed. |
Note: Extend Doubler Plates 6" above and below beams, if needed. 10 _
T —t"
7._Continuity Plate Requirements 15
Note: Previous Source was AISC 358-10; now references AISC 341-10 Section E3.6f. — N—
7.1 Continuity Plate Requirements (AISC 358 Section 2.4.4 = > AISC 341-10 Section E3.6f) 20
Note: te = 0.94 inches
i -25
a) Left Beam
i) AISC 341-10 Section E3.6f Eq. E3-8
F R ii) AISC 341-10 Section E3.6f Eq. E3-9
t, =04 [1.8b,, t, 2> (E3-8) Where by =by = 581 in
\ Fye Ry ty=ta= 051 in ty=  ba/6  (E3-9) Whereby = 581 in
Fp= 50  Ksi
\ ty= 092 in | Rp= 110 ty= 097 in
Fe= 50  Ksi
Re= 110
=> t = 0.97 in
<tfc =0.94in
Need Continuity Plates!
b) Right Beam (Not Used!)
i) AISC 341-10 Section E3.6f Eq. E3-8
ii) AISC 341-10 Section E3.6f Eq. E3-9
(E3-8) Where by = by, = in
ty = tp = in ty= byl (E3-9) Where bf, = in
Fyo = Ksi
‘ o= in | Ryp = ty = in
Fye = Ksi
Ry =
=> 1y = in
50f7 4. SMF RBS Beam-Column Conn AISC 341- 10 WF SMRF 1 - FB.xls 8/22/2018
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Loading Direction : N-S Connection ID:  JT-1
Floor Level : 1 Gridline: 10
Ns : 3

(Total Number of Stories)

7.2 Required Stiffener Plates - Left Beam

Notes:

Project No. 201813.20
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1. Use of full height stiffener plates means that most failure modes (J10.1 thru J10.7) do not have to be checked, except for Web Local Yielding (J10.2) and Web Compression Buckling

(310.5).
2. Web Compression Buckling applies only to compressive forces on both flanges, so does not apply.

a) Required Stiffener Plate Area (AISC 360-10 Section J10.2)

- Pbr ’ch tw: (tfl +25 K:)

Ay (J10-3) Where Py = by ty Fyy
ch
[ Pu= 148 kips
Fe= 50  Ksi
twe = 0.57 in
th= 051 in
Ke= 1.33 in
| A= 0.78 in“ (Required Stiffener Plate Area) |

b) Required Continuity Plate Thickness (AISC 341-10 Section E3.6f (2)

tp =051ty (One-sided connections)
th, =

tCp = max (ty, tp) (Two-sided connections)

[ tp= 063 in |

c) Additional Stiffener Requirements for Concentrated Forces (AISC 360-10 Section J10.8, UON)

i) Plate Geometry (Section J10.8 (1) and (2) ):

toin = te/ 2 Wheret,= 094 in

= 0468 in
NG, < tcp = 0.63

twn= 063 in

bmin = bu/3 - ty/2 /
Where bf; = 581 in
tw,= 057 in NG
[ bwn=_ 165 in | b
ii) Check end distance (Section J10.8 (3) ):
Bax = 0.50 (B - tye) andb.= 828 in
te= 057 in
[ bnx= 38 in
iii) Clip Dimensions (AISC 358 Section 3.6)
L = Ki +0.50" whereK; = 0.94 inches
[ Le= 144 in |
Ly = K+1.50" where K= 1.33 inches
[ Ly= 283 in |
iv) Required Plate Dimensions
Aeg= Ny (D' 1)
=> D= Areq/ (N 1) Where A= Ag= 078 in‘
n, = 2 Number of plates
[ b= 062 in t=ty,= 0.63 in
Breg = Dlreq + Lok Where b'eq=  0.62 in
L= 144 in
beq= 206 in = Use b= 300 in

OK, >bmin=1.65in
OK, < bmax =3.86 in

Where tf; = 0.51

Lex
N\, Ley

andby = 581
th = 0.51
Fp= 50

in
in
Ksi

25

20

15

10

-10

-15

-25

Use 3.00 in x 0.63 in Continuity Plates for Left Beam

RBS Beam-Column Connection

10 15 20

+
25

30 35
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785 Corbett Avenue, San Francisco
AISC SMREGatculations
Seismic Retrofit Calculations

COLUMN BASE PLATE WITH LARGE MOMENT - SMRF 1 AT GRIDLINE |
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters
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Column: W8x67 => d= 9.00 inches (Wide Flange - Depth)
b= 828 inches (Wide Flange - Width)
%= 094 inches (Wide Flange - Thickness) Large Moment Base Plate Design
Z= 701 in® (Wide Flange - Plastic Section)
o 20 -15 -10 -5 0 5 10 15 20 25 30 35
A= 19.70 in° (Wide Flange - Area) -
F,= 50 Ksi
Bolts: Dg= 1.00 inches (Bolt Diameter) O 0 O O
het = 24.00 inches (Bolt Embedment w/ Washer) = : )
Ng. = 4 (Number of Bolts - Longitudinal - Max 7) o l J o
Ngr = 4 ( - Transverse - " ) 210 1
Grade of Bolt = 55 Ksi (Grade 36, 55, or 105) Y 0
d.= 2.00 inches (distance from bolt C, to edge of Plate) 15 0 0 0 O
AISC 360-10 Table 14-2 Requirements : 20 ]
Max Hole Diameter = 1.81  inches ]
Min Washer Size=  3.00 inches oe ]
Min Washer Thickness =  0.38 inches
Loading :
Sps= 1.09 g's (Site Design Coefficient - Short Period)
Py = 15 Kips ( +is Compression, - is Tension)
My = 115% of RBS Beam Flexural Capacity Where M, = 1,321  kip-in
My= 1519 Kip-in |
Base Plate Dimensions: Material Properties:
Trial Size : f,= 50.00 Ksi Table 2.1. Base Plate Materlals
. , . Thickness (i) Plate Avallability
N= 16.00 inches (Base Plate - Length) fe=  3.25 Ksi - =
oK bsdin ASTM A36
ASTM A572 Gr 42 or 50
B= 18.00 inches (Base Plate - Width) W= 125 (ACI318-08 Appendix D5.2.6 ; ASTM ASB8 Gr 42 or 50
OK Cast in place Anchors, 4in.<f<6in. ASTM A36 B
B 1.25 for uncracked concrete, ASTM A572 Gr 42
A= 288 in’ (Area of Concrete Support) 1.0 Otherwise) ASTM A588 Gr 42
b>6in. ASTM A36

Foundation Dimensions:

[l Prefarred material specification

Le= 4.00 feet (foundation Length)

We= 200 feet (foundation Width)

He= 3.00 feet (foundation Depth)

OK
Design Parameters :

¢, = 0.65 (AISC 360-10 Section J8; Bearing)

b = 0.70 (ACI 318-08 Appendix D.4.4 ; Concrete Breakout Strength - Pullout or Pryout)
¢eo = 0.75 (ACI318-08 Appendix D.3.3 ; Anchor capacities reduced by 0.75 in

Seismic Regions)
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COLUMN BASE PLATE WITH LARGE MOMENT - SMRF 1 AT GRIDL|
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

2. Loading Eccentricities

a) Eccentricity of Resultant Force

Project No. 201813.20
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INE |

e= My/Py My= 1,519 Kip-in
Py = 15 Kips f 8
" "
[ e= 101.24 inches | X | i 5
1 |
p
b) Ultimate Concrete Bearing Stress (AISC SDG-1 Section 3.1.1) F:B, -I-\‘
fo= 0.856, o (AJAP® < 171, -UQL 'R _DQJL
8B
Where ¢, = 0.65 (AISC 360-10 Section J8) l [ [ [ { { [ [ [ ’ g
A;= NB forN= 16.00 inches (P_Length) T
B= 18.00 inches (P_Width) g
| A= 288 it | F+NIZ-Y/2 Y2
L
A2= 288 in® (Area of Concrete Support) N qY
fe=  3.25 Ksi => | 1.7f.= 553 Ksi(Max Bearing Stress) A
[ fo= 180 ks | Figure 3.4.1. Base plate with large moment.

c) Determination of Critical Eccentricity (AISC SDG-1 Section 3.1.1)

€uit= NI2-Py/20ms  (3.3.5) Where N= 16.00 inches (P, Length)
Py = 15 Kips
Omax= fuB  (3.3.1) forfy= 1.80 Ksi
B= 18.00 inches (P_Width)
| Gma= 32.32 Kipsfin
| €= 7.77 inches |
OK = e, Base Plate w/ Large Moment
d) Check if Real Solution exists (AISC SDG-1 Section 3.4.1)
Where f= N/2-d, Where N = 16.00 inches (P_ Length)
de= 2.00 inches (distance from bolt C, to edge of Plate)
Left Term : | f= 6.00 inches |
{(f+NR2Y¥ = 1906 N= 16.00 inches (P_Length)
Right Term : P,=Py= 15 Kips Large Moment Base Plate Design
2Py(e+f)/Gnx = 100 e= 101.24 inches 20 45 -0 5 0 5 10 15 20 25 30 35
Omax = 32.32  Kips/in
[ OK, Base Plate Dimensions Adequate | 3
00 0 0
e) Plate Bearing Length s
w2 opios ) 0 0
Y=[f +£}i |'[f+£] 3 Ch ) R Wheref=  6.00 inches »
202 I N= 16.00 inches (P, Length) 0 0
P, =Py = 15 Kips -15
T P 0000
Y = 14.00 +/- 9.82 e= 101.24 inches
= MIN (23.82,4.18) Omax 32.32  Kips/in
[ Y= 418 inches | 5
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3. Determination of Minimum Plate Thickness
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d
a) Critical Base Plate Cantilever Dimensions (SDG-1 3.1.2)
m= 0.50 (N - 0.95 d) Where N= 16.00 inches (P_ Length) © i 1@ =
d= 9.00 inches (Wide Flange - Depth) F-——+H-————- ——a—%
[ m= 373 inches | 4 l g @
N I
n= 0.50 (B - 0.80 by Where B= 18.00 inches (Base Plate - Width) _(E))_\ ______ |_(E_:)_ _:'
b= 828 inches (Wide Flange - Width) = i 0.05d i. ™
[ n= 569 inches | * " *
b) Required Base Plate Thickness - Yielding Limit at Bearing Interface (SDG-1 3.4.2)
Note: Per AISC Steel Design Guide 1 (SDG-1) 3.3.2, when n is larger than m, n may be substituted for m in the equations below:
ForY=m: t,= 15m (i,/f)*°  (3.3.14a) Where m' = MAX (m,n) form'= 3.73 inches
n= 569 inches
[ m'= 569 inches |
f,b=fu= 1.80 Ksi(Bearing Stress at Limiting Value)
f,= 50.00 Ksi
| t,= NA  inches |
ForY<m: t,= 211[{f, Y (m'- Y/2)}/£]°°  (3.3.14b) Wherem'=  5.69 inches
f,= 180 Ksi
Y= 418 inches
f,= 50.00 Ksi
| t,= 155 inches | (Controls!)
c) Required Base Plate Thickness - Yielding Limit at Tension Interface (SDG-1 3.4.3)
t,= 211[(Tyx)/(Bf)1°° (3.4.7a) Where Ty = Gmna Y - Py for qmax = 32.32  Kips/in
Y= 418 inches
Py= 15 Kips
Ty= 120 Kips
x= f-d2+t/2 forf= 6.00 inches
d= 9.00
%= 0.94 inches (Wide Flange - Thickness)
| Xx=_1.97 inches |
B= 18.00 inches (Base Plate - Width)
f,= 50.00 Ksi
| t,= 1.08 inches
132.708
d) Governing Base Plate Thickness Requirement
t,= 1.55 inches (Yielding Limit at Bearing Interface) => t,= 155 inches |
= 1.08 inches( " Limit at Tension Interface)

[ Use a Base Plate 1.63 inch Thick x 18.00 inch Wide x 16.00 inch Long
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DESIGN OF BASE PLATE ANCHORAGE IN CONCRETE - SMRF 3 AT GRIDLINE 10
ACI 318-11 APPENDIX D REQUIREMENTS - ANCHORING IN CONCRETE
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters
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Column: W8x67 => d= 9.00 inches (Wide Flange - Depth)
b= 828 inches (Wide Flange - Width)
%= 094 inches (Wide Flange - Thickness,
w 9 ) Base Plate Anchorage
Bolts: Dg= 1.00 inches (Bolt Diameter)
het= 24.00 inches (Bolt Embedment w/ Washer) 20 -15 -10 -5 0 5 10 15 20 25 30 35
5
Ng_ = 4 (Number of Bolts - Longitudinal - Max 7)
Ngr = 4 ( " - Transverse - " ) T T 6 T T T
. O O 0 O
Grade of Bolt = 55 Ksi (Grade 36, 55, or 105)
45
de= 2.00 inches (distance from bolt C, to edge of Plate) (o) o
16
AISC 360-10 Table 14-2 Requirements : O” [o)
Max Hole Diameter = 1.81 inches 15
: O 0 O
Min Washer Size = 3.00 inches
Min Washer Thickness = 0.38 inches -20
Loading : Ty= 120 Kips (from required Base Plate Thickness Calcs) 25
Sps= 1.09 g's (Site Design Coefficient - Short Period)
Pu= 1500 Kips (+ is Compression, - is Tension)
My=" 1519 Kip-in
Base Plate Dimensions: Material Properties:
N N N Table 2.1. B: Plate Materlal:
Trial Size : fy= 50.00 Ksi able ase Plate Mateniais
Thickness (1) Plate Avallabllity
N= 16.00 inches (Base Plate - Length) fe= 325 Ksi L<4in. ASTM A36
OK ASTM A572 Gr 42 or 50
ASTM AEB8 Gr 42 or 50
B= 18.00 inches (Base Plate - Width) W;= 125 (ACI318-08 Appendix D5.2.6 ; 4in.<f,<6in. | ASTMA36®
OK Cast in place Anchors, ASTM A572 Gr 42
_ ) 1.25 for uncracked concrete, ASTM AS88 Gr 42
A= 288 in®(Area of Concrete Support) 1.0 Otherwise) p>61In. ASTM A36
™ Prefarred material specification
Foundation Dimensions:
Le= 17.50 feet (foundation Length)
We= 200 feet (foundation Width)
He= 3.00 feet (foundation Depth)
OK
Design Parameters :
Concrete : Steel Anchor in Concrete:
Capacity Factors :
¢eq = 075 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)
bsar = 0.75 (Steel Anchor - Tension, Ductile Steel Element - ACI D.4.4)
Gsacr = 0.70 (Steel Anchor - Concrete Condition B - ACI D.4.4)
Note: Supplementary reinforcement not provided for pullout and pryout strength.
Material Properties : Material Properties :
Ksi fra= 60.00 Ksi (PCA Notes Table 34-1- ASTM A307)
Ksi
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DESIGN OF BASE PLATE ANCHORAGE IN CONCRETE - SMRF 3 AT GRIDLINE 10
ACI 318-11 APPENDIX D REQUIREMENTS - ANCHORING IN CONCRETE
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

2. Adequacy of Footing - Anchor Pull-out in New Footing
Base Plate Anchorage
Tu= 120 Kips onN= 4 (Number of Bolts - Transverse - Max 7)
i - i - .3.3, 4, 3
a) Bolt Design Strength - Tension (ACI 318-08 D3.3.3, D4.4, D5.1) 20 45 10 5 0 5 10 15 20 25 30 35
Oeq Psat Nsa= Oeo dsar N Asen fua (D-3) 5
Where ¢gq = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3) o
¢sar = 0.75  (Steel Anchor - Tension, Ductile Steel Element - ACI Section D.4.4) o 0 0 O
5
Aen= T tHD2 for typ = 1.00 inches (Diameter of o l o
Holdown Anchor)
10 =
[ Aen= 079 in? | o J o
fya= Min (L6 f 125) for f = 60.00 Table 34-1 - ASTM 15
A307) o 0O O | o
fua= 96.00 Ksi 20 1
| ¢EQ $sat Nsa= 42 Kips | (Bolt Design Strength - Tension) o

b) Concrete Breakout Strength - Tension (ACI 318-08 Section D5.2)
Note: Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.

beq Psach Nev= OPeq Psach No Anc/Anco Wi W2 W3 Wy (D-4)

bolt C, to edge of Plate)

bolt C, to edge of Plate)

bolt C, to edge of Plate)

bolt C, to edge of Plate)

Where ¢gq = 0.75  (Steel Anchor - Seismic Region - ACI Section D.3.3.3)
Psach = 0.70 (Steel Anchor - Concrete Breakout Category 2 - ACI D.4.4)
N, = Basic concrete Break-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.2.2)
= Ke 0% H™® A andKc= 24 Cast-in Anchors (D5.2.2)
fo= 325 Ksi
= 3250 Psi
Heg= 24.00 inches (Embedment depth of Holdown Anchor)
A= 1.00 (1.0 for NWC, 0.75 for LWC)
Note: NWC - Normal Weight Concrete Assumed
\ No= 160.87 Kips |
Anc = Projected Concrete Failure Area - Actual (ACI D5.2.1)
= (Cax+ Sx+Cax) (Cazy + Sy +Cay )
for Cax =Cax= (Le-N)2 + de < 1.5hg Where L = 210.00 inches (foundation Length)
N= 16.00 inches (Base Plate - Length)
de= 2.00 inches (distance from
15hg= 36.00 inches
Cai = 36.00 inches
Sy= N-2d. < 30hg Where N= 16.00 inches (Base Plate - Length)
de= 2.00 inches (distance from
3.0hg= 72.00 inches
Sx= 12.00 inches
Cay=Cay= (Wg-B)2 +d, < 15hg Where W = 24,00 feet (foundation Width)
B= 18.00 inches (Base Plate - Width)
de= 2.00 inches (distance from
15hg= 36.00 inches
Cay = 5.00 inches
Sy= B -2d, < 3.0 hg Where B=18.00 inches (Base Plate - Width)
de= 2.00 inches (distance from
3.0hg= 72.00 inches
[ s,= 1400 inches
A= 2016 in® |
Anco = Projected Concrete Failure Area - Ideal (ACI D5.2.1)
= 9 h/ (D-6) and Hg=  24.00  inches (Embedment depth of Holdown Anchor)
[ Awo= 5184 i |

W, =Wen = Modification for Anchor Groups loaded Eccentrically in Tension (ACI D.5.2.4)

= 1/(1+ 2 e'y/3Hg) and e'y = 0 (All anchors in group loaded in Tension - No eccentricity)

Heg= 24.00 inches (Embedment depth of Holdown Anchor)

Wy =Ween = 1.0 Modification for Anchor Groups loaded Eccentrically in Tension (ACI D.5.2.4) |
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W, =Weqn = Modification for Edge Effects (ACI D.5.2.5)
= 1.0 if Camin >= 1.5 Hes Where C,;=  5.00 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)
= 0.7 + 0.3 Cymin/ (1.5 Hey) if Camin < 1.5 Heg Cp= 5.00 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)

[ Camn= 500 inches

15hg= 36.00 inches

W =Wqn= 074 Modification for Edge Effects (ACI D.5.2.5) |

W3 =¥,y = Modification for Uncracked Concrete (ACI D.5.2.6)

= 125 Note: Cracking is not expected at Service Load levels

Y, =%W,n= 125 Modification for Uncracked Concrete (ACI D.5.2.6)

W, =¥pn = Modification for Post-Installed Anchors (ACI D.5.2.7)

= 1.0 for Cast-in Anchors
| W3=¥Ypun= 100 Modification for Post-Installed Anchors (ACI D.5.2.7)
| Oeq Psach Nep= 3045  Kips (Concrete Break-out Strength - Tension)

c) Pullout Strength of Anchor - Tension (ACI 318-08 Section D5.3)

Note: Condition B is assumed per Section D4.4, where Supplementary reinforcement in not present in failure prism.
¢EQ ¢sa,po Np = ¢EQ ¢sa,po Np v, (D-14)
Where ¢ = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)

¢sa‘p0 = ¢sa‘cb = 070 (Steel Anchor - Concrete Breakout/Pullout - ACI D.4.4)

N, = Pull-out Strength of a single anchor in Tension in Cracked Concrete (ACI D.5.3.4)

= 8 Ayg fc  (D-15) and A, = Bearing Area of Anchor Bolt, or Washer if provided
= LpL2 for Lp, = 3.0 inches (Min Washer Size - AISC 360-10 Table 14-2)
Note: Dg= 1.00 inches (Bolt Diameter)
Apg=  9.00 in® | (Bearing Area of Anchor Bolt Washer)
fe=  3.25 Ksi
= 3250 Psi
N, = 2340 kips
W4 =Y., = Modification for Uncracked Concrete (ACI D.5.3.6)
= 1.4 Note: Cracking is not expected at Service Load levels
| Y4=¥,= 14 Modification for Uncracked Concrete (ACI D.5.3.6)
| deq Bsapo Np= 1720 Kips (Concrete Pull-out Strength - Tension)
d) Concrete Side-face Blowout Strength of Anchor - Tension (ACI 318-08 Section D5.4)
beq dsast Np= Oeq Bsapo Np Where ¢gq = 0.75 (Steel Anchor - Seismic Region - ACI Section D.3.3.3)
¢sa‘5( = ¢sa‘cb = 0.70 (Steel Anchor - Concrete Breakout/Pullout/Side Blowout - ACI D.4.4)
Np = 160 Cyy Apg® A £2° Where C;;=  5.00 inches (Distance from Wall CL to Left Edge of Existing Footing Wall)
Cp= 5.00 inches (Distance from Wall CL to Right Edge of Existing Footing Wall)
[ Camn= 500 inches |
Aprg = 9.00 in? (Bearing Area of Anchor Bolt)
= 1.00 (1.0 for NWC, 0.75 for LWC)
Note: NWC - Normal Weight Concrete Assumed
fe=  3.25 Ksi
= 3250 Psi
N, = 136.8 Kips
| deq Bsast Np=  71.8  Kips | (Concrete Side-face Blowout Strength - Tension)
e) Limiting Governing Strength per Anchor - Tension Only
Tuc= Min (deq dsar Nsas deq Psach Nevs D Psapo Np» o Psast Np) Wherer ¢gq §sar Nsa=  42.4  Kips (Bolt Design Strength)

Oeq Psach Nep = 30.4  Kips (Concrete Break-out Strength)
deq Bsapo Np= 1720 Kips (Concrete Pull-out Strength)
deq dsast Npo= 718 Kips (Concrete Side-face Blowout Strength)

Tuc= 3045 Kips
f) Limiting Governing Strength of Anchor Group - Tension Only
Tuc= n Ty where n = 4 (number of anchors in group)
[ Tue= 30.45 Kips
Ty = 122 Kips | Note: Ty= 120 Kips onN= 4 (Number of Bolts - Transverse - Max 7)

OK

[ Use 4 - 1.00" Diameter Bolts ea Side of Column Flange |
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785 Corbett Avenue, San Francisco
AISC SMRPEo@sleulations
Seismic Retrofit Calculations

COLUMN BASE PLATE DESIGN FOR SHEAR - SMRF 3 AT GRIDLINE 10
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters
Column: W8x67 => d= 9.00 inches (Wide Flange - Depth)
b= 8.28 inches (Wide Flange - Width)

= 0.94 inches (Wide Flange - Thickness)

Bolts: Dg= 1.00 inches (Bolt Diameter)
Ng = 4 (Number of Bolts - Longitudinal)
Ngr = 4 ( " - Transverse)

Grade of Bolt = 55 Ksi (Grade 36, 55, or 105)
d.= 200 inches (distance from bolt C, to edge of Plate)

Loading :

Note:  Shear resistenace is assumed to be Parallel to Column Axis, along
Length of Base Plate.

Sps= 1.09 g's (Site Design Coefficient - Short Period)
Vy = 5 Kips
Py = 15 Kips (+is Compression, - is Tension)

Base Plate Dimensions: Material Properties:

N= 16.00 inches (Base Plate - Length) fy= 36.00 Ksi
OK fe=  4.00 Ksi
B= 18.00 inches (Base Plate - Width)
OK

t,= 1.63 inches (Base Plate - Thickness)
Foundation Dimensions:

Le= 4.00 feet (foundation Length)
We= 2,00 feet (foundation Width)

He= 3.00 feet (foundation Depth)

Shear Lug Data: hwg=3.75 in (Height of Lug plate)
t= 125 in (Thickness of Lug Plate)

Wi, = 9.00 in (Width of Lug Plate)

Grout Bed Data: hg= 2,00 in (Height of Grout Bed)
he= 200 in(Embedment Depth - above Foundation)
feg= 6.00 Ksi(Grout value)

Design Parameters : 6, = 0.75 (AISC 360-10 Section J8)

p= 055 (Steel on Grout)
= 0.70 ( Steel on Concrete)
¢, = 0.90 (AISC 360-10 Section J8)

6, = 0.75 (AISC 360-10 Section Table J2.5 - Welds)

Fex = 70 ksi (Weld Strength)

1of 5

Project No. 201813.20
8/22/2018
Page 58 of 77

-25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

Base Plate Design - Shear

18

-25

-30

35

-40, u N\

-80

85

AISC Base Plate Design - SMRF 1.xIs Shear Design 8/22/2018



785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

COLUMN BASE PLATE DESIGN FOR SHEAR - SMRF 3 AT GRIDLINE 10
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

2. _Shear Strength Components

A. Friction Component between Base Plate and Grout/Concrete Surface (ACI 318-08 )

Project No. 201813.20
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OV = ¢ pPy = 021 A Where = 0.75
p= 055 (Steel on Grout)
= MIN(6,346) Py= 15 Kips (+is Comp, - is Tension)
[ ovi= 6 Kips
fe=  6.00 Ksi
Ac=NB forN= 16.00 inches
B= 18.00 inches
[ A= 288 i
| 02f,A;= 346 Kips |
[ ovi= 6 kips |
B. Bearing Component between Steel and Concrete Surfaces
a) Bearing on Column or Side of Base Plate
¢V, = Bearing on Base Plate + Bearing on Column Flange
= 055 fo (Ayp + Ag) Where f;=  6.00 Ksi
Ayp = Bearing on Base Plate
= B MIN( ty,hee) forB= 18.00 inches (Base Plate - Width)
t,= 1.63 inches (Base Plate - Thickness)
hee= 200 in (Embedment Depth - above Foundation)

Ap= 2925 in? ‘( Bearing on Base Plate)

A = Bearing on Column Flange

= by hy forby= 8.28 inches (Wide Flange - Width)
hy= MIN(hg - t, ,0) andh,= 200 in (Embedment Depth - above Base Plate)
t,= 1.63 inches (Base Plate - Thickness)
= 3.30 (29.3+3.1) | hi=0.38 inches ‘ (Flange embedment Length)
=(97+10) [ Ag= 311 in? ‘( Bearing on Column Flange)
[0Vo= 107 Kips |
b) Bearing on Shear Lug
i) Ultimate Bearing Strength of Concrete in contact w/ Shear Lug :
oP, = 0.80f; Ay Wherefc=  4.00 Ksi
Ag = Bearing on Shear Lug
= h'e Wy for h'e=" hyy- hy and hyg = 3.75 in (Height of Lug plate)
hg = 2.00 in (Height of Grout Bed)
l he= 175 in |(Effective Height of Lug plate)
W= 9.00 in (Width of Lug Plate)
l Aq= 1575 in? ‘( Bearing on Shear Lug)
[ P, = 50 kips |
2 of 5 AISC Base Plate Design - SMRF 1.xIs Shear Design 8/22/2018
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COLUMN BASE PLATE DESIGN FOR SHEAR - SMRF 3 AT GRIDLINE 10
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

i) Ultimate Shear Strength of Concrete in contact w/ Shear Lug

OV, = 4.0 ¢, £ A, Where ¢, = 0.75 (AISC 360-10 Section J8)
fe= 400 Ksi
= 4,000 psi
A, = Lep Hep - Ay Where Lg = Length of Concrete Failure Plane
=W forWe= 2,00 feet (foundation Width)
= 24.00 inches

| Lep= 24.00 inches

Hep = Height of Concrete Failure Plane

= (hyg-hg) + (Le-t) /2 forhy = 3.75 in (Height of Lug plate)

hg 2.00 in (Height of Grout Bed)

= 1.75+23.38 Le 4.00 feet (foundation Length)

= 48.00 inches
tug= 1.25 in (Thickness of Lug Plate)

[ He = 2513 inches

Ag= 1575 in? ( Bearing Area on Shear Lug)
| A = 587 inches |
[[0Va= 111 Kps |
iiil) Bending Strength Check of Shear Lug
My= ¢V (hg+h'./2) Where ¢ Viig= MIN (¢ Py, $ V,,) oPy = 50 Kips (Ultimate Concrete Strength - Bearing)
oV, = 111 Kips (Ultimate Concrete Strength - Shear)
[0Vig = 50 Kips |
hg=2.00 in (Height of Grout Bed)
he= 175 in (Effective Height of Lug plate)

| My= 145 Kip-in | (Flexural demands on Shear Lug)

oM, = ¢ F, Z Where ¢, = 0.90 (AISC 360-10 Section J8)
fy= 55.00 Ksi for Grade of Bolt = 55 Ksi (Grade 36, 55, or 105)
Z= Wy by /4 Wiyg = 9.00 in (Width of Lug Plate)
tug = 1.25 in (Thickness of Lug Plate)
[ z= 352 i

| oM, = 174  Kip-in |(Flexural Capacity of Shear Lug)
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COLUMN BASE PLATE DESIGN FOR SHEAR - SMRF 3 AT GRIDLINE 10
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

iv) Required Weld between Shear Lug and Base Plate

i) Weld Stress Demands
f,= (f2 + £2)°° where f,= My / (tyg Wiyg) forMy= 145  Kip-in (Flexural demands on Shear Lug)

tug= 1.25 in (Thickness of Lug Plate)

Wi= 9.00 in (Width of Lug Plate)

[ f.= 12.88 Kipsfin

fu= Vul(2Wyg) for Vy = 50 Kips
Wi, = 9.00 in (Width of Lug Plate)

[ f,= 2.80 Kipsfin

[ f.= 1318 Kipsiin |

i) Check Min and Max Size of Fillet Weld AISC 360-10 Table J2.4 AISC 360-10

tnn= 1.25 inches forty= 1.25 in (Thickness of Lug Plate) Thinner Part | Min Size of Fillet Max Size of Fillet

_ . . ; ] tmin t .
t,= 1.63 inches (Base Plate - Thickness) t  (inches) t, min (inches) (inches) t, min
<1/4" 1/8" 0.125 <1/4" t
tymin= 0.313 inches (Table J2.4) 1/4"< t< 1/2" 3/16" 0.188 >1/4" | t-1/16"
tymax=1.563 inches (Section J2.2b) 1/2"< t < 3/4" 1/4" 0.250
> 3/4" 5/16 0.313
i) LRFD Weld Strength
Ry = ¢ FwAw = ¢ (0.6 Fe (0.707 ty ny Lw) Where ¢ = 0.75 (AISC 360-10 Section Table J2.5)
Fex = 70 ksi (Weld Strength)
n, = 2 Number of welds
tw 5/16 3/8 7116 1/2 9/16 5/8 11/16 3/4
D 5 6 7 8 9 10 11 12 (Number of 1/16")
Ry/L

(kipsfinch

) 6.96 8.35 9.74 11.14 12.53 13.92 15.31 16.70 (Weld Strength/inch/weld)

Rn (Kips)] 14 17 19 22 25 28 31 33
Use ty = 5/16 inches R, = 14 kips
OK, >Min, < Max OK, Rn > fv'

[ Use 5/16" fillet welds between Shear Lug and Base Plate

c) Anchorage Shear Strength due to Confinement

Note : In the following equation, the term 1.2 (N, - P,) is taken as zero if assembly is in compression.
O Veont = 1.2(Ny-Py) N, = Yield Strength of tension Anchors
Ny= nAgf, forn= 2 Ngr + 2 (Ng.-2) and Ng_ = 4 (N Bolts - Long)
Ngr = 4 (N Bolts - Transv)
[ n= 12 bolts |
Ase=  0.79 in? forDg= 1.00 inches (Bolt Diameter)
fy= 55.00 Ksi for Grade of Bolt = 55 Ksi (Grade 36, 55, or 105)
Ny,= 518 Kips
P, = Factored external axial load on anchorage, Zero if in Compression
=-Py for Py = 15 Kips ( +is Compression, - is Tension)

P,= 0 Kips

| OVeorr = 0 Kips
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COLUMN BASE PLATE DESIGN FOR SHEAR - SMRF 3 AT GRIDLINE 10
LRFD APPROACH - AISC 360-10 AND STEEL DESIGN GUIDE 1
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

3. _Connection Shear Capacity - Summary
Connection Demands :
Vy = 5 Kips

for Py = 15 Kips ( +is Compression, - is Tension)

Connection Capacity :
OVy= OVi+ 0Vp + 0V + ¢ Ve
Where ¢ V; = 6 Kips ( Friction Component - Base Plate and Grout/Concrete Surface )

OV = 107  Kips ( Bearing on Column or Side of Base Plate )

¢Vig = 50  Kips ( Bearing on Shear Lug )

O Veont = 0 Kips ( Anchorage Shear Strength due to Confinement )

[ ¢va= 163 Kips
OK
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785 Corbett Avenue, San Francisco

AISC SMRF Calculations
Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
DETERMINATION OF VERTICAL AND LATERAL LOADS TO FOUNDATION

785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

Assumptions

1. Existing walls are treated as pinned Columns. Footing is assumed rigid.
2. Column loads are located in transverse center of footing; limit of 2 columns w/o flexure.
3. Footing has no shear reinforcement.
4
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. Concrete is Normal Weight Concrete with uncoated bars. Fs A |
Hs
L. Lateral Loads and Load Effects Fa A
— _r
V= 6.00 kips (Base Shear - A4 ASD)
Ha
S= 1450 feet (Separation between Wall centerlines)
Fs A
Floor Height Loading VLIV Shear Force v T
Level (feet) D x (Kips) (Kips)
5 Hs
4 v v
—_— ] R
R 10.00 3 0.59 3.56 3.56 F,
3 10.00 2 0.83 4.96 1.40
2 13.00 1 1.00 6.00 1.04
H,
From summation of moments : Fi Vo
Pe,= -11.26  Kips
P, = 11.26 Kips H,
2. Vertical Loads and Load Effects Pe1 Pe2
Floor Tributary Loads Wall Tributary Loads
Column Floor Length Width Area Weight WL Length Height Area Weight
Level |DL (psf)| (feet) (feet) (i) (kips) (psf) (feet) (feet) (i) (kips)
1 R 20 10.88 2.00 22 0.44 14 10.88 10.00 109 1.52
3 30 10.88 2.00 22 0.65 14 10.88 10.00 109 1.52
2 30 10.88 2.00 22 0.65 14 10.88 13.00 141 1.98
Sum of Floor Weight= 1.74  Kips Sum of Wall Weight= 5.02  Kips
[ Pou= 6.76 Kips |
Floor Tributary Loads Wall Tributary Loads
Column Floor Length Width Area Weight WL Length Height Area Weight
Level |DL (psf)| (feet) (feet) (i) (kips) (psf) (feet) (feet) (i) (kips)
2 R 20 10.88 2.00 22 0.44 14 10.88 10.00 109 1.52
3 30 10.88 2.00 22 0.65 14 10.88 10.00 109 1.52
2 30 10.88 2.00 22 0.65 14 10.88 13.00 141 1.98
Sum of Floor Weight= 1.74  Kips Sum of Wall Weight= 5.02  Kips
[ Po,= 6.76  Kips |
Page 1of 1 Footing Loads 8/22/2018
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT
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Assumptions Foundation
1. Column loads are located in transverse center of footing; limit of 2 columns w/o flexure. Elevation and Plan
2. Footing has no shear reinforcement. 10
3. Concrete is Normal Weight Concrete with uncoated bars.
Footing Parameters : 5
Footing Size :
L= 1725  feet
L= 2.00 feet 0
h= 3.00 feet 1 i 0
Column Sizes :
Cix= 0.8 feet (column length)
Cy= 07 feet (column width) . A S P P
Xq = 1.38 feet (distance from edge of footing to C; Centerline)
Co = 0.8 feet (column length)
Coy = 0.7 feet (column width) -10
Xp = 15.88 feet (distance from edge of footing to C, Centerline)
Note: S= 1450 feet (Separation between column centerlines)
Foundation Cross-Section
2
Interconnected Slab at Sides:
Note : Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads.
Side : Left Right
t Inches (Slab Thickness)
X Feet (distance to other Slab Edge Support 0
———
fe Ksi z
&
Conn Type (D= Dowel, C= Continuous) -
g
o
2
5.9
Footing Loads : PP
V= 6.00 kips (Base Shear - A4 ASD)
Vy = 0.60 kips
Load Factors : ~ Strength = S (S for Strength, OS for Over-Strength) “*
Width (feet)
Q= 3.0 (Overstrength Factor - SMRF)
Unfactored Loads Service Loads Strength Loads
Load D L EQ 1.0D+EQ | 06D+EQ L Ps 1.2D+1.4EQ| 09D +1.4EQ 16L Py
Py 7 -1 -4 -7 0 -7 -8 -10 0 -10
P, 7 11 18 15 0 18 24 22 0 24
Capacity Factors : ¢, = 0.75 (Shear)
a= 40 (40 for interior columns, 30 for edge columns, 20 for corner columns)
Concrete : flo= 3.25 Ksi
f,= 60.00 Ksi
po= 0150  kip/ft®
Reinforcement: d. = 2.00 inches (bar clearance - top)
= 3.00 inches (bar clearance - bottom)
2.00 inches (bar clearance - sides)
Bar Area
N . . . Bar Spacing |Bar Diameter Per Bar Total
Orientation | Bar Size N Bars Bottom Layer|d  (inches) (inches) (inches) (in"2) (in"2)
Top Mat X 7 4 X 33.13 6.38 0.88 0.60 2.40
y 4 65 33.00 3.16 0.50 0.20 13.00 Note: Used for placing top bars only.
X 7 4 31.63 6.38 0.88 0.60 2.40
Bottom Mat y 4 65 X 33.50 3.16 0.50 0.20 13.00
Soil Parameters : Soil density = 120 pcf
Oaliow = 2.00 ksf (allowable bearing pressure)
Op = 0.30 ksf/ft (Passive Soil Pressure)
U= 0.25 ksf (Coefficient of Friction)
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

2. Lateral Resistance of Foundation

2A. Longitudinal Loading
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Fac= 0.5 h'? o, + 0.6 (W +P) Where L'y = L, + 21y, andL, = 2.0 feet
tew = 0.83 feet (Thickness of (E) connected walls at ends)
Ly= 367 feet | (Bearing width at Ends of Footing)
hy= h+ hg and h; = 3.0 feet
hg = 0.00 feet (Additional height of Shear Key at Footing End)
h'= 3.0 feet | (Bearing Height at Ends of Footing)
= (16.5) (0.30) + 0.6 (29.1) (0.25) Op = 0.30 ksf/ft (Passive Soil Pressure)
= (4.95) + (4.36) Wi= pe Ly Ly by and p; = 0.150 kip/ft"3
L= 17.3 feet
L= 2.0 feet
hi= 3.0 feet
W,= 1553  Kips | (Footing Weight)
P= Pi+P, and P, = 6.8 Kips
P, = 6.8 Kips
[ P= 13.5 Kips. |(Service Load)
U= 0.25 ksf (Coefficient of Friction)
Fre= 9.31 kips Note : V= 6.00 kips
OK
[ Foundation OK for Sliding |
3. Soil Pressure due to Applied Loads - Service and Strength Loading
a) Applied soil stress - uniform Service Strength
q= (P + Py)/Ly Where P, = -7 -10 kips
Py = 18 24 kips
L= 17.3 feet
q= 0.63 kip/ft Service
0.82 Kip/ft Strength
b) Centroid of Factored Loads - from Left Edge of Footing Service Strength
Xp= (X1 Py + X% Po, Wil /2) / (Py+ Py + W) Where X; = 1.38 1.38 feet (distance from edge of footing to C; Centerline)
P = -7 -10 kips
Xo = 15.88 15.88 feet (distance from edge of footing to C, Centerline)
P, = 18 24 kips
Wi = 15.53 Kips (Footing Weight)
L= 17.3 feet
Xg = 15.57 feet Service
= 16.81 feet Strength

c) Applied soil stress - Trapezoidal
Note: This conditions applies when Aq < q, and Ly, = L

<= Does not apply

3 Mg = X1 Py~ Xo Po+(q - Ag) LZ/2 + 1/2 (2 Ag) L, Lag Service Strength
=> Ag=(q L2 - Xy Py - Xp P)/(LE2 - Ly Lag) Where X; = 1.38 1.38 feet (distance from edge of footing to C; Centerline)
P, = 7 -10 kips
Xp = 15.88 15.88 feet (distance from edge of footing to C, Centerline)
P,= 18 24 kips
q= 0.63 0.82 kips/ft
L= 17.3 17.3 feet
Lag= L3 if Xg <0.5 Ly
-2Ly3 if Xg > 0.5 Ly
Lag= 11.50 feet Service
= 11.50 feet Strength
Incremental Soil Bearing Stresses :
\ Aq = 3.69 Service [ Ag = 4.91 kips/ft | strength
Soil Stress is NOT Trapezoidal Soil Stress is NOT Trapezoidal
3 of 9 SMRF Foundation Grid | - SMRF 1 FB Footing Design.xls 8/22/2018
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

d) Applied soil stress - Triangular <= Governs

Notes: This condition applies when Aq = q, and L, < L

Xg = 1557  feet => Large Rotation to Right Service
= 16.81 feet Strength
05L= 8.6 feet
i) Rotation to Left - Footing Bearing Length
L,= 3(05L,-¢e) Where 0.5 L, = 8.6 feet
e= Xg-05L, and Xg = 15.57 feet Service
Xgp= 16.81 feet Strength
e= 6.94 feet Service
= 8.18 feet Strength
Service Ly = NA feet
Strength = NA feet
ii) Rotation to Right - Footing Bearing Length
L,= 3(05L,-¢e) Where 0.5 L, = 8.6 feet
e= Xg-05L and Xg = 15.57 feet Service
Xp= 16.81 feet Strength
e= 6.94 feet Service
= 8.18 feet Strength
L, = 5.05 feet Service
1.33 feet Strength
ii) Resulting Soil Bearing Length and Triangular Pressure
Service Strength
Aq = 2(P; + Py/Ly Where P, = -7 -10 kips
P, = 18 24 kips
Ly = 5.05 1.33 feet
Agq= 4 kips/ft Service
= 21 kips/ft Strength
€) Applied Soil Stresses - Governing Soil Bearing, Shear, and Flexure
Service Loads : Service and Strength Loading
Note: Large Rotation to Right 10
q= 0.00 kips/ft Xp = 15.57 feet 5 ] I—I I—I
Agq = 4.28 kips/ft 05L,= 8.63 feet |
Ly, = 5.05 feet 0 T —
Note: L,= 1220 feet (location of soil zero value) 5 10 15 20
-5
Strength Loads :
Note: Large Rotation to Right -10
q= 0.00 kips/ft Xp = 16.81 feet 15
Ag= 2143  Kkips/ft 05L,= 8.63 feet
o0 |
Ly = 1.33 feet | =t
Note: Lo= 15.92 feet (location of soil zero value) 5
f) Check of Soil Bearing Stress
-30
Service Loads :
Op=Ona/L, <0 Where qna= 428 kips/t -35
Ly=b= 2.00 feet
-40 A
Op = 2.14 Ksf Service
NG
-45 =
\
Strength Loads : ———
-50 4
Om=au/L, SOy Whereq,= 2143 kips/ft ‘
Ly=b= 2.00 feet -55
Op = 10.72 Ksf Strength

Note:BearingStresOK as(N) footing connectedo (E)
Footingon 3 sides.
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785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1

ACI 318-11 LOADS AND DESIGN

785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

4. Applied Loading and Demands on Footing - Strength_Loads

A Right
Lefteng |8t Column| nflection | s b | Right End
Centerline Point .
Centerline
Location (feet) 0 1.38 15.88 17.25
Load (kips) - -7 18 -
Vi (kips) 0 0 10
Vg (kips) - 10 14 ,
M (kip-ft) 0 0 - -140 R
Mg_(kip-ft) - 0 -141
5. Adequacy of Footing - Shear
5A. Check of Flexural/One-Way Shear (ACI 15.5.2 and 11.1.3.1
Shear demands: Vinax = 14 Kips @xX= 15.88 feet
Vy = Viax - G (d + C/2)
Where Vo = 14 Kips
qQu= 3.11 Kips/ft @Xx= 15.88
d=hi-de-dy and h; = 3.0
= 36.00
d; = 3.00
dy = 0.5
d= 32.50 inches
271 feet
C= 0.00 feet
| V, = 6 Kips |
b) Shear Strength provided by Concrete (ACI 11.3.1.1)
OVe=0921%p,d Where¢=  0.75
fo= 3,250
b=L,= 2.0
= 24.0
d= 32.50
‘ ¢ Ve= 67 kips ‘
OK, >Vu

feet

feet
inches

inches
inches

psi
feet
inches

inches

Note: if footing shear reinforcement is needed, use EQ (11-5) in ACI 11.3.2.1.

5B. Punching/Two Way Shear (ACI11.5.5.2,11.12.1.2)

A. Left Column
Shear demands: Vy= 10 Kips

a) Failure Perimeter

by = 2 (b; +by) Where by = X; +0.5(Co +d) <= Cy+d

and X; =

Coc=

b = 37.25 inches

by= Cpy+d <= L,

and Gy, =
d=

L=

| b, = 24.00 inches

bp= 985 inches |

5 of 9
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Soil Bearing, Shear, and Flexure
Service and Strength Loading

"

1.38
16.50

9.00
32.50

8.28
32.50

24.0

Mat Foundation - Punching Shear

feet
inches

inches
inches

inches
inches

inches
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785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

b) Factored Shear Capacity (ACI 11.12.2.1)

(pvc:(pMin{erg,%duA}/ﬁbod

Project No. 201813.20
8/22/2018
Page 69 of 77

Where ¢ = 0.75
B = Cmax/Crin and Cpa = 9.00 inches
Chin = 8.28 inches
[ B= 1.09 |
a= 30 (40 for interior columns, 30 for edge columns,
20 for corner columns)
d = Min(d,,d») di = 31.63 inches
dy= 33.50 inches
[ d=  31.63 inches |
by = 98.5 inches
flo= 3,250 psi
[ oV, = 533 kips
OK,>Vu
B. Right Column
Shear demands: Vy= 14 Kips
a) Failure Perimeter
by = 2 (by +by) Where by = 0.5(Cpy + d) + (Ly- Xp) <= Cy+d
and L, = 17.3 feet 5
Mat Foundation - Punching Shear
X,= 1588  feet
10
L-Xo = 1.38  feet
= 16.50 inches
Coy = 9.00 inches 5 M M
d= 32.50 inches u u
by = 37.25 inches L S , “l
o ~ P
b= Cp+d <=L, - oA Ik 4
and Gy, = 8.28 inches
d= 32.50 inches 5
L= 24.0 inches 0 . 3 I
| b, = 24.00 inches
-10
| by = 98.5 inches |
b) Factored Shear Capacity (ACI 11.12.2.1)
. 4 od
(va:(pMm{erB,‘;—Jrz, 4}/f'c b, d Where$=  0.75
¢ B = CrmaxlCrnin and Cpax = 9.00 inches
Chin = 8.28 inches
[ B= 1.09 |
a= 30 (40 for interior columns, 30 for edge columns,
20 for corner columns)
d = Min(d,,d,) d; = 31.63 inches
dy = 33.50 inches
[ d=  31.63 inches |
by = 98.5 inches
feo= 3,250 psi
[ Vo= 533 kips
OK, >Vu

Footing OK for Shear

6 of 9

SMRF Foundation Grid | - SMRF 1 FB Footing Design.xls 8/22/2018



785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1

ACI 318-11 LOADS AND DESIGN

785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

6. Adequacy of Footing - Flexure

6A. Longitudinal Top Reinforcement Check

Flexural demands: M, = 0 Kip-ft @xX=
a) Required Reinforcement Ratio (ACI 10.2)
0.85 f' 2M
P, = 11- 1- v Where f'; =
f, 0.765 bd* f'; ¢
=
M, =
b=L,=
Giop =
pr= 0.0000
b) Maximum Reinforcement Ratio (ACI 10.3.4)
f £
p,=0.85 4, f—‘ {75:| Where f'; = 3.25
yLEHEs f,=  60.00
B, =085

= 0.85-0.05 (f'; - 4.0), 2 0.65

&=

&=

py= 0.0147

B

0.003
0.005

¢) Minimum Reinforcement of Flexural Members (ACI 10.5, 7.12.2.1)

Pmin= Max [3 2%, 200/] <

= Max [0.0029,0.0033]

Max [1.33 p,, 0.0018]
< Max[0.0000,0.0018]

= Max [0.0033] < Max[0.0018]
d) Required Reinforcement Area
Aeg=pL,d> Where p =
L=
Giop =
Aeg= 143 in*2
6B. Longitudinal Bottom Reinforcement Check
a) Flexural Demands (ACI 15.4.2)
M, = 0 Kip-ft @ x 1.38
= -141 Kip-ft @ x 15.88
M= 141 kip-ft
= 1,689 Kip-in
b) Required Reinforcement Ratio (ACI 10.2)
pr:O'SSfC 1- 11- 2M, Where f'; =
f, 0.765 bdzf'E f
=
M, =
b=L,
dbuﬂ =

pr= 0.0013

feet (Inflection Point)

3.25 Ksi
60.00 Ksi
0
0 kip-in
2.0 feet
24 inches
33.13 inches

Ksi
Ksi

for f', < 4.0 Ksi
for f'c > 4.0 Ksi

= 0.85

(ACI Section 10.3.4)

Where f'; =
fy=
pf =
Pmin = 0.0018
o ifpr < Pmax AN P 2 Prin
Pmax I Pr 2 Pax
Pmin i Pr < Prmin
Where p, = 0.0018
2.0 feet
24.0 inches
33.13 inches
Note: Ay = 2.40

OK

Project No. 201813.20
8/22/2018
Page 70 of 77

-10

-15

-25

-30

-35

-40

-45

-50

-65

-20 56

Soil Bearing, Shear, and Flexure
Service and Strength Loading

i

b

| =t

3,250
60,000

0.0000

and p, =
Pmax =

Pmin =

psi
psi

(Required Reinforcement Ratio)

0.00000
0.01468
0.00180

in"2 (reinforcement provided)

<

[ 4 - No. 7 Longitudinal Top Bars OK

feet (at face of Left Column)
feet (at face of Right Column)

3.25 Ksi
60.00 Ksi
1,689 kip-in

2.0 feet

24 inches
31.63 inches

7 of 9
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785 Corbett Avenue, San Francisco Project No. 201813.20
AISC SMRF Calculations 8/22/2018
Seismic Retrofit Calculations Page 71 of 77

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

c) Required Reinforcement of Flexural Members

Note: Ap= 240 in? (Bottom flexural steel provided)

Ag=pbd Where p = pr forp, <prand pr 2 ppig Where p,=  0.0013
=Pmn  fOT P, < P pe= 0.0147
=0 Otherwise Pmin = 0.0018

[ p=_ 0.0018 |

Note: " for Pr < Pmin condition, check Minimum Reinforcement exception (ACI 10.5.3)

Anin=133p,bd Where p, = 0.0013 (required reinforcement ratio)
b=L,= 24.0 inches
d=dpy = 31.63 inches
Anin = 1.33 in®
b=L,= 24.0 inches
d =dpoy = 31.63 inches
Arq in
4 - No. 7 Longitudinal Bottom Bars OK ]
6C. Transverse Bottom Reinforcement Check
a) Flexural Demands (ACI 15.4.2) I_l e\l
i) At Left Column ’\.
M, = g, x?/2 Where q, = 0 Kip/ft @x= 1.38 feet (at Left Column) 4 T T T
xp = L,/2 - Cyy/2 andL, = 2.0 feet e Au
Ciy= 0.7 feet X¢
| X= 066 feet
M, = 0 kip-ft |
ii) At Right Column
M, = qu Ly x/2 Where q, = 3 Kip/ft @x= 15.88 feet (at Right Column)
X = L2 - Cyyl2 andl,= 20 feet
Cyy = 0.7 feet
| Xi = 0.66 feet
M, = 1 kip-ft |
iii)y Governing Value
| M, = 1 kip-ft
= 8 Kip-in

b) Required Reinforcement Ratio (ACI 10.2)

p, =081, [1W} Wherefo= 325  Ksi b=Li= 173 feet
f, 0.765 bd* ', f-= 6000 Ksi = 207 inches

y

M, = 8 kip-in Apott = 31.63 inches
Pr= 0.0000
c) Required Reinforcement of Flexural Members

Note: A= 13.00  in® (Bottom flexural steel provided)

Aeg=pbd Where p = pr for p, <pyand p, 2 ppin Where p,=  0.0000
= Pmin OV Pr < Ppin pi= 0.0147
=0 Otherwise Prmin = 0.0018

[ p=_ 0.0018 |

Note: ~for p, < pmin condition, check Minimum Reinforcement exception (ACI 10.5.3) - for L, > 5.0'

Anin=1.33p,bd Where p,=  0.0000 (required reinforcement ratio)
b=L= 207.0 inches
d =dpoy = 33.50 inches
Anin = NA in®

b=L,= 207.0 inches
d=dpy=  33.50 inches

Areq = 12.48  in

| 65 - No. 4 Transverse Bottom Bars OK
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785 Corbett Avenue, San Francisco Project No. 201813.20
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
ACI 318-11 LOADS AND DESIGN
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

7. Footing Reinforcement Summary

Mat Foundation w/ Reinforcing

Footing Parameters :

Footing Size :
L= 17.3 feet
L= 2.0 feet
hi= 3.0 feet
Reinforcement Summary: d. = 2.00 inches (bar clearance - top)
= 3.00 inches (bar clearance - bottom)
2.00 inches (bar clearance - sides)
Bar Area
. . . . Bar Spacing | Bar Diameter Per Bar Total
Orientation Bar Size N Bars |Bottom Layer|d  (inches) (inches) (inches) (in"2) (in"2)
Top Mat X 7 4 X 33.13 6.38 0.88 0.60 2.40
y 4 65 33.00 3.16 0.50 0.20 13.00 Note: Used for placing top bars only.
X 7 4 31.63 6.38 0.88 0.60 2.40
Bottom Mat y 7 65 X 33.50 3.16 0.50 0.20 13.00
. i -10- i i . .
1. Design of Slab-to-Footing Connections Foundation Cross-Section
Interconnected Slab at Sides:
Note : Slabs at sides are used only to reduce soil bearing pressure; footing is designed to take all loads. -
Side : Left Right
t Inches (Slab Thickness)
X Feet (distance to other Slab Edge Support
f'o Ksi 21
Conn Type (D= Dowel, C= Continuous)
RC Slab not Needed g
it o
3 ——— 4
2. Lateral Resistance of Foundation o
[ Foundation OK for Sliding
3. Soil Pressure due to Applied Loads 2
Op = 214 Ksf | Note: Oallow = 2.00 ksf (allowable bearing pressure) PP
NG
5. Adequacy of Footing - Shear Note: BearingStressOK as(N) footing connectedo (E),
[ Footing OK for Shear | Width (feet)

6. Adequacy of Footing - Flexure

[ 4 - No. 7 Longitudinal Top Bars OK |

[ 4 - No. 7 Longitudinal Bottom Bars OK |

| 65 - No. 4 Transverse Bottom Bars OK
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

1. Parameters

Footing Size : Mat Foundation - Geometry
L= 17.25 feet 5
Ly = 2.00 feet
hy = 3.00 feet
Base Plate Dimensions:
Note: Base Plate design done elsewhere. 0
N = 16.00 inches (Base Plate - Length) 10 1 K
B= 18.00 inches (Base Plate - Width)
tpL = 1.50 inches (Base Plate - Thickness)
5
Column:  W8x67 @ @
d= 9.00 inches (Wide Flange - Depth)
b = 8.28 inches (Wide Flange - Width)
ti = 0.94 inches (Wide Flange - Thickness) 10

Z= 70.1 in® (Wide Flange - Plastic Section)
A= 1970 in®(Wide Flange - Area)
FY

= 50 Ksi
Concrete : fo= 325 Ksi
f,= 60.00 Ksi

pc= 015 kip/it’

Reinforcement: d.= 2.00 inches (bar clearance - top)
= 3.00 inches (bar clearance - bottom)
2.00 inches (bar clearance - sides)

Bar Area
Bar Bar
Orientation [Bar Size| N Bars BLZIK;T (inc(:les) Spacing | Diameter P(?r:,g)ar J:’Eg;
v (inches) | (inches)
[ Top Mat X 7 4 X 33.13 6.38 0.88 0.60 2.40
| Bottom Mat X 7 4 0 31.63 6.38 0.88 0.60 2.40
Soil Parameters : Soil density = 120 pcf Foundation Cross-Section
Oaow = 2.00 ksf (allowable bearing pressure)
o,= 0.30 ksf/ft (Passive Soil Pressure)

p= 0.25 ksf (Coefficient of Friction)

Design Parameters : ¢, = 0.75 (Shear;ACI318-11 9.3.2.3) f&‘_,-? ————
s
Q= 300 (Overstrength Factor - SMRF) § 4]
eSS e——t)
-3
Width (feet)

Page 1 of 4 Fixed Base Condition Grid | - SMRF 1 FB Footing Design.xls 8/22/2018



785 Corbett Avenue, San Francisco

AISC SMRF Calculations

Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

2. Additional Required Reinforcement at Columns

a) Column Probable Expected Flexural Capacity

Mes = 100% of Column Flexural Capacity

= 1.0ZF, Where Z,=  70.1 in® (Wide Flange - Plastic Section)
Fy= 50 Ksi
M= 3,505  Kip-in
= 2924 Kip-ft

b) Required Reinforcement Ratio (ACI 10.2)

JO08 Py ZML e s 825 kel
Pr= T, 0765 bdZf, | oo 2P
f,=  60.00 Ksi

y
My= Me+Meg forMe= 1,689
Mee= 3,505
M,= 5194 kip-in

2.0 feet
= 24 inches

o
it
I
[

d,= 31.63 inches

Pr=

0.00420

c) Reinforcement Ratio Provided

Pw = Asd(Ly dy)

2

Where Ag = Af + Agg Where Ap= 240 in

kip-in
Kip-in

Project No. 201813.20
8/22/2018
Page 75 of 77

Foundation Cross-Section - Flexural
Reinforcement at Columns

orotn

-

(Footing Flexural Demands)

(Column Flexural Capacity)

(Reinforcement Provided - Footing Flexure)

Ars. Reinforcement Required for Resisting Fixed Base Column Flexural Capacity

pw =

= (N-1) A,
A 1.80
Ax= 420 In
Ly=Lg= 20 feet
= 240 inches
d= 31.63 inches
0.00553 | (reinforcement ratio provided) Note: D/C Ratio =
OK

for N =

0.76

bars provided

in? for 7 bars

db= 0.88 in? (Bar Diameter)

(Demand to Capacity Ratio - Flexure)

[ Use Additional 3 - # 7 Bars for Column Flexure with DC Ratio = 0.76

Page 2 of 4
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785 Corbett Avenue, San Francisco
AISC SMRF Calculations
Seismic Retrofit Calculations

SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

d) Flexural reinforcement development length (ACI 12.2.2 and 12.2.5)

i) Development Length (ACI 12.2.2 - 12.2.4)

Project No. 201813.20

8/22/2018
Page 76 of 77

Foundation Cross-Section - Flexural
Reinforcement at Columns

Width (feet)

Note: Normal Weight Concrete with uncoated bars is assumed.

Bar Size = 7
ds = S-d, Where S=  3.22 inches (Bar spacing provided)
d,= 0.88 inches
ds = 2.34 inches |inches (Clear spacing provided)
de = 2.00 inches (Clear Cover provided)
<
&
[a]
Provided - -
(inches) Lower Limit Upper Limit
Clear Cover 2.00 d,= 0.88 inches 2dy= 1.75  inches
OK OK
Clear Spacing 234 2d,= 1.75 inches 4d,= 350 inches
OK NG
Equations L _(fwwa) 3 f W ¥ A
uati =l - = _
d 25 F. b 4740 25F, b Where f, = 60.00
Y= 1.00
lg= 52.62 dy lg= 3157 dy Y =W,=A= 1.00
Values
ly= 46.0 inches ly= 27.6 inches fo=  3.25
d,= 0.88
ii) Excess Reinforcement (ACI 12.2.5)
ly= lqP/Pw Wherely=  46.0 inches
pr= 0.0042 (required reinforcement ratio)
pw= 0.0055 (reinforcement ratio provided)
l'g= 34.9 inches |(Required development length)
iii) Available Anchorage length
Lga=X-des >y Where x; = 1.38  feet (Cantilever Length at Column Centerline)
= 16.50 inches
dis= 2.00 inches (bar clearance - sides)
Lga = 14.50 inches
NG

Ksi
(ACl 12.2.4)

Ksi

inches

Use Additional 3 - # 7 Bars for Column Flexure; Use 0 in Development Length beyond Ends of Base
Plates - Bend Bars at Footing Ends and connect T and B bars together to form Cage.
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SPREAD FOOTING DESIGN - SMRF 1 AT GRIDLINE | (N-S EQ LOADS) - CASE N-1
DETERMINATION OF ADDITIONAL REINFORCEMENT REQUIRED - FIXED BASE COLUMN CONDITION
785 CORBETT AVENUE, SAN FRANCISCO - SEISMIC RETROFIT

3. Foundation Demands at Fixed Base Columns

a) Column Fixed Base Plastic Shear Demands

Vp = Mp/ d Where Mp = Fy Zx for Fy = 50 Ksi

Zx= 701 in® (Wide Flange - Plastic Section)

| Mp- 3505 Kip-in

d = 31.63 inches (Efffective depth of footing)

Vp = 110.8 Kips |

b) Amplified Column Axial Demands - Overstrength Shear Demands on Foundation

Py = Max ( Abs (P4), Abs (P,)) Where P, = -10 Kips
P,= 24  Kips
| Pu= 239  Kips |
Vo= Q Py Where Q= 3.00 (Overstrength Factor - SMRF)

Py= 239 Kips

Vo = 716 Kips

¢) Controlling Shear Demands on Foundation

Vy = Max (Vp, Vo) Where Vp = 110.8  Kips (Column Plastic Shear)
Vo= 716 Kips (Column Overstrength Demands)
Vy= 110.8 Kips

4. Foundation Capacity at Fixed Base Columns

a) Shear Strength provided by Concrete (ACI 11.3.1.1)

Vo= 2 £25 b, d Where fo= 325  Ksi
= 3,250 psi
b=L,= 20 feet

= 240 inches

d= 31.63 inches (Efffective depth of footing)

Vo= 65 kips |

b) Shear Strength provided by Shear Reinforcement (ACI 11.3.1.1)
Note: Assume transverse flexural reinforcement provided for footing is part of a reinrforcement cage.
Vs= AsF,d/ S (11-15) As= 040 for No. 4 bars => hoops (from Footing Design)
< 4V, Fy= 50 Ksi
d= 31.63 inches (Efffective depth of footing)
S= 3.16 inches (bar spacing - from Footing Design)

| Vs= 199.9 kips |

b) Factored Shear Capacity of Footing (ACI 11.1)
dVa= ¢ (Vc+Vs) Where¢= 0.75  (Shear; ACI318-11 9.3.2.3)

Ve = 65 kips
Vg= 199.9 kips

¢Va= 198.6 Kips Note: Vy= 1108 Kips
OK

Footing OK for Shear ; Use # 4 hoops @ 3.0" to reinforce Footings at Column locations.
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	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



