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Reed College Central Plant Upgrade

Calculation Submittal Package

Description
Section 1 Strain, B, and o Determination and Summary Tables
Section 2 Buckling Calculation and Summary Tables
Section 3 Brace End Connection Sample Calculation and Summary Tables
Section 4 Bottom Gusset Beam to Column Flange (Strong-Axis) Connection Sample
Calculation and Summary Tables
Section 5 Not used

Section 6 Not used

Section 7 Stiffness Sample Calculation and Summary Tables
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Reed College Central Plant Upgrade

Calculation Submittal Package

Description

Section 1. Strain, B, and w Determination and Submittal Tables
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Strain and Overstrength Calculation
Example Mark #: 1901
Line 3+, Grid E.5-D.9, Level 2
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1.0 DESIGN CRITERIA

Width Between Workpoints 88.00 in (2235 mm)
Height Between Workpoints 121.93in (3097 mm)
Yielding Core Length 69.29 in (1760 mm)
Workpoint Length Along Diagonal Ly, = V(Wyp2+Hyp2) Luo: 150.37 in (3819 mm)
Yield Stress of Core Material for Establishing Area Fy-min: 39 ksi (269 MPa)
Maximum Yield Stress of Core Material Fy-max: 46 ksi (317 MPa)
Modulus of Elasticity E: 29000 ksi (199955 MPa)
LRFD Resistance Factor Ppre: 0.90
Deflection Amplification Factor Cq: 5.00
Demand Capacity Ratio DCR: 1.00
Importance Factor Ig: 1.00
Redundancy Factor p: 1.00
Specified Story Drift to Consider (Typically 1.0% Minimum unless NLRHA) SSD: 1.00%

The displacements and strains aited with this value will later be multiplied by 2, so 2% minimum is typically being considered.
Area of Yielding Steel Core Ag: 4.00 in2 (2581 mm?2)

1.1 STRAIN CALCULATION

Minimum Yield Force in Steel Core  (Fy.min"Asc) Pysc.mint 156 kip (694 kN)
Maximum yield Force in Steel Core  (Fy-max'Asc) Pysc.max: 184 kip (818 kN)
Final Width Between Workpoints after Specified Story Drift

Wi = W,yp+(SSD*Hyp) We: 89.22in (2266 mm)

Amssp = We - W,,,  (for reference only) Anssp: 1.22in (31 mm)
Final WP Length Along Diagonal After Specified Story Drift

L = V(Wg2+H,,,2) Le: 151.09 in (3838 mm)
Yielding Core Elongation at Specified Story Drift (L - Lyp) Dpssp: 0.72in (18 mm)
Core Strain at Considered Story Drift  (Apssp/Lysc) Epssp* 1.03%
Core Strain at Design Story Drift  (Cd*Yield Strain)

Force for Elastic Drift Determination Py=¢Pyscmin/(P'I)'DCR Pg: 140 kip (625 kN)

Stiffness of Yeilding Core Kiyse=Asc'E/Lysc Kiysc: 1674 k/in (293 kN/mm)

Core Deformation at Yield Dpy=Pa/Kiysc Ay 0.08 in (2 mm)

Core Deformation at Design Story Drift Dpcg=Dp, Cy Dpeq: 0.42in (11 mm)

Core Strain at Design Story Drift €ncd = Dpca/Lysc Epcd? 0.61%

Note, identical results are found by calculating the strain with the following equation,
Epcq = ¢ ‘Ca(F,/E)'DCR/I ¢ 'p), and then backing out the deformation, A pcq = €pcy "L ysc

Ancq = Abcd/COS(TAN'l(HWD/qu)) (for reference only) Ancqt 0.72'in (18 mm)
Required Stroke at Each End of Brace (V2 of 2x Max of Apcy & Apssp) C reqd: 0.72'in (18 mm)
Provided Stroke Distance at Each End of Brace c: 3.00in (76 mm)
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Controlling Strain  (Max of €yssp & €pcq)

Strain at 2'€p, max

1.2 DETERMINE OVERSTRENGTH FACTORS AT €,,,, - SEE BACKBONE CURVES
Qualifying Similarity Test per AISC 341 K3.3
Yield Force of Test Specimen
Test Extrapolation Range Downward per AISC 341-16
Minimum Qualified Yield Force
Test Extrapolation Range Upward per AISC 341-16

Maximum Qualified Yield Force

Compression Strength Adjustment Factor at &,
Strain Hardening Adjustment Factor at €,

Qualifying Sub-Assemblage Test per AISC 341 K3.2
Yield Force of Test Brace
Compression Strength Adjustment Factor at &,
Strain Hardening Adjustment Factor at €,

Maximum Compression strength adjustment factor at e,y

Maximum Strain hardening adjustment factor at €;,a¢
These values may be increased for length effects where applicable. Design values may be larger.

Adjusted Brace Strength in Tension: ABSt = As."Fy.max'® = Pysc max' @
Adjusted Brace Strength in Compression: ABS¢ = Ag.'Fy.max' B*® = Pygcmax' B

1.3 BRACE ROTATIONAL DEMAND

2x Story Drift Rotation = 2*MAX(Am1%r Amca)/Hwo

8 = 2"MAX(Annssor Amca)/Hwo  Equal to Assumed (Conservative) Translational Demand
Assumed story drift rotation is considered
conservative based on the following:

Ay, =08H  Maximum Story Drift for Project

A <A, O, = AJLw,  Where A, is the translation of the brace/beam joint
and L, is the length of the brace

L,=>2H Where H is the story height

An/H=0HH=08= 0.02rad

Since A< Ajpand Ly 2H  Then: AL, < Ay/H-->08,<0

O = tan'l(HWD/WWD) Angle between Horiz and BRB before rotation
A, =0, sin(Ocg) Translation of brace/beam joint
8 = Ay/Lyp Rotational demand on BRB

Alternate Method:
0'cg = tan'l(HWD/(WWD+Am)) Angle between Horiz and BRB after rotation

Star = Bcs - O'cs
Therefore 0.02 Radians is Conservative

Tested Capacity from Test Report Must Equal 0.013 Radians. -- CoreBrace OK
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Extrapolation Downward

Subassemblage (K3.2) Test

€p.maxt 1.03%
Zsb,max: 2.07%
Similarity (K3.3) Test: 10P
P,: 86 kip
83%
Py min: 72 kip
Extrapolation Upward 333%
Py max: 286 kip
B 1.19
Wyss 1.39
3P
P, 376 kip
Bra2 114
W32 1.35
Brnax 1.19
I
Wrax 1.39
Pur: 255 kip
Pyct 304 kip
o: 0.02 rad
Ay 2.44in
Bcs: 0.946 rad
Ay 1.98 in
[ 0.013 rad
0'ce: 0.933 rad
Oalt: 0.013 rad

(382 kN)

(318 kN)

(1273 kN)

(1673 kN)

(1134 kN)
(1353 kN)

(62 mm)

(50 mm)



1.4 BACKBONE CURVES

B Backbone Curve P-Series (Bolted) BRBs
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4/ GCOREBRACE

SUPERIOR SEISMIC PERFORMANCE

COREBRACE STRAIN CALCULATIONS
Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location SECTION 1.0 DESIGN CRITERIA SECTION 1.1 STRAIN CALCULATION
P Workpoint Design Constant Yield in Core Story Drift Strain
EOR-ID Line Grids LVIS Mark Qty WWP HWP I-vsc I-WP Fvscﬁmin Fvscfmax E ¢ C DCR | P SSD ASC vacfmin vacfmax WF AmSSD |-F AbSSD €pssp Pd KLvsc Ahv Ath Epcd AmCd c req'd C Eb,ma\x 28h,mi-n(
# # # # # in in in in ksi ksi ksi BRE | % in2 kip kip in in in in % | kips | Kkfin | in | in % in in in % %
BRB-4.00 3+ E.5-D.9 2 1901 1 88.0 121.9 69.3 150.4 39.0 46.0 29000 [ 0.90 | 5.0 [1.00f 1.00|1.00] 1.00% | 4.00 156.0 | 184.0 [ 89.2 1.22 [ 151.1 | 0.72 | 1.03%| 140 1674 10.08]| 0.42[0.61%| 0.72 | 0.82 3.00 | 1.03%| 2.07%
BRB-4.00 3+ E.5-D.9 1 1902 1 88.0 126.0 71.5 153.7 39.0 46.0 29000 [ 0.90 | 5.0 |1.00f 1.00|1.00] 1.00% | 4.00 156.0 | 184.0 [ 89.3 1.26 | 1544 0.72 | 1.01%| 140 1623 [0.09] 0.43[0.61%| 0.76 | 0.83 3.00 | 1.01%| 2.03%
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4/ COREBRACE COREBRACE STRAIN CALCULATIONS

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
. . SECTION 1.2 DETERMINE OVERSTRENGTH FACTORS AT € SECTION 1.3 BRACE ROTATIONAL DEMAND
Specimen ID and Location - - = ax - = -

Axial Test Specimen per AISC 341 K3.3 Sub Test Specimen per AISC 341 K3.2 Design Story Drift Rotation Alt method

EOR-ID Line Grids Lvls Mark Qty Py Test Specimen for Test B © Test Py 8 w 8 w Pur Puc > An Ocp i [ 0'cp B¢ at
# # # # # kip "Py min" / "Py max" Used Used kip kip kip rad in rad in rad rad rad
BRB-4.00 3+ E.5-D.9 2 1901 1 85.82 10P / 10P 10P 1.19 1.39 3P 376.20 1.14 135 ]1.20(1.39]| 255.8 306.9 0.02 | 2.44 0.95 1.98 | 0.013 ] 0.93 | 0.013
BRB-4.00 3+ E.5-D.9 1 1902 1 85.82 10P / 10P 10P 1.19 1.38 3P 376.20 1.13 1.34 ]1.19/1.38] 253.9 302.2 0.02 | 2.52 0.96 2.07 | 0.013 ] 0.95 [ 0.013

Max ]1.20( 1.39
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Reed College Central Plant Upgrade

Calculation Submittal Package

Description

Section 2. Casing Buckling Calculations
Casing Buckling Summary Tables
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Buckling Calculation
Example Mark #: 1901
Line 3+, Grid E.5-D.9, Level 2

2.0 DESIGN CRITERIA
Tip of gusset to tip of gusset is set as buckling length
Compresssion Strength Adjustment Factor
Strain Hardening Adjustment Factor
Upper Bound Yield Strength of Brace (As.'Fy-max)
Upper Bound Yield Stress of Core Material

Area of Steel Core

Ultimate Load (Adjusted Brace Strength in Compression): Pyc = (Pyscmax' B ®) = ABS¢

Modulus of Elasticity
Model Brace as Pinned Both Ends (conservative)
Casing Moment of Inertia t8x1/4

2.1 Euler Buckling

Solving Euler's buckling equation for required moment of inertia:

_FSy - Puc - (k- Lgg)’

lg m2E
Where:
FSg = Factor of Safety Against Buckling:
Verified by Testing

Unity Check:
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Loq: 115.13 in (2924 mm)
B: 1.2
: 1.39
Pusc.maxt 184.0 kip (818 kN)
Fy-max? 46 ksi (317 MPa)
A 4,00 in2 (2581 mm?2)
Puc: 306.9 kip (1365 kN)
E: 29000 ksi (199955 MPa)
k: 1.0
I 70.7 in* (2943 cm#)
I 180in* | (B0cm?)
FSg: 1.27
T/l 0.25 OK




2.2 Global Stability (Notional Load Yield Line Method) - Asymmetrical Modes
See Zaboli (2018). Based on Takeuchi method - see references below.

Neu
! 1 Ny
Lave 1
9
| 7 \ =M, i ',
Elo g - "
] M !
, Le=(1-28)L Ly Lo=(1-2nL;
ey =&~ Moe ]
] ® —a-M ! o
Lave 1 I
I } .
Ney
New
In-Plane Out-of-Plane In-Plane Out-of-Plane
Over-the-Yield Line (OYL) - Asymmetrical Mode Under-the-Yield Line (UYL) - Asymmetrical Mode
2.2.1 NLYL Method Design Criteria
Overall Brace Length Lo: 125.25in (3181 mm)
Additional Out-of-Plane Force on BRB (haif assumed to go to each end): Fadd-oop 0.0 kip (0 kN)
Initial Imperfection of Neck Insertion Zone Bo: 0.005 rad
Assumed Out-of-Plumbness of Brace: 6,,/Ly = 1/Xsm Xgm: 500
Assumed Out-of-Flattness of Gusset Plate: d,/L, = 1/X35q X5a: 100
Values of x 5, and x s, per Dowswell (2016) recommendations. Imperfection of Neck per Takeuchi (2014).
*7\“;\
)
g -
8 17
—
o |
Initial Imperfection per Dowswell (2016)
Critical Gusset Dimensions: Top Gusset
Top Gusset is Chev? Chevygy: FALSE
Top Gusset is Stiffened? Stiffrop: FALSE
Is gusset stiffened sufficiently for Kb to be reduced? Can be "FALSE" even if stiffeners are present.
Stiffener Width Weitt ton* - -
Stiffener Thickness atift top - -
Gusset Thickness taton: 1.00 in (25 mm)
Projected Stiffener Plastic Section Modulus (Proj per Dowswell. All stiff's combined.) Zgtitt top" - -
Yield Strength of Gusset Material Fya.ton: 50 ksi (345 MPa)
Length from WL Intersection w/Beam or Col along WL to Tip of Brace Aop: 5.66 in (144 mm)
Clear from Col to Lug Edge brop: 1.09 in (28 mm)
Clear from Beam to Lug Edge Ctop: 4.91in (125 mm)
Controlling Bendline Length, Gusset Edge to Brace Tip: Bm Side L top: 12.26 in (311 mm)
Col Side L top: 13.04in (331 mm)
Critical Gusset Dimensions: Bottom Gusset
Bottom Gusset is Chev? Viot: FALSE
Bottom Gusset is Stiffened? Stiffioe: FALSE
Is gusset stiffened sufficiently for Kb to be reduced? Can be "FALSE" even If stiffeners are present.
Stiffener Width Weitt bot: - -
Stiffener Thickness Lttt ot - -
Gusset Thickness tabot: 1.00 in (25 mm)
Projected Stiffener Plastic Section Modulus (Proj per Dowswell. All stiff's combined.) Zgtitt bot: - -
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Yield Strength of Gusset Material Fya.bot: 50 ksi (345 MPa)

Length from WL Intersection w/Beam or Col along WL to Tip of Brace Apot! 5.79 in (147 mm)
Clear from Col to Lug Edge bpot: 1.17in (30 mm)
Clear from Beam to Lug Edge Chot: 4.61in (117 mm)
Controlling Bendline Length, Gusset Edge to Brace Tip: Bm Side Lp bot: 12.31in (313 mm)

Col Side Lepot: 12.97 in (329 mm)

Core Dimensions and Properties

Ultimate Stress of Core Material Fusc: 66 ksi (455 MPa)
Core Width at Neck Section W, 4.00 in (102 mm)
Core Thickness T 1.00 in (25 mm)
Neck Insertion Length for Out-of-Plane Buckling Direction Lin: 9.73in (247 mm)

Note that L ;,/W, = Embedment Ratio = 2.43

Lug and Bolt Pattern Dimensions

Width of Lug Plate W 7.50 in (191 mm)
Width of Lug at Neck Section Wi 4.98 in (127 mm)
Length of Lug on Gusset Measured to Square Projection L' 11.25in (286 mm)
Transition Length, W_to W, a: 4.00 in (102 mm)
Stroke Length, End of Transition to Casing [ 3.00in (76 mm)
Lug Thickness o 0.63 in (16 mm)
Yield Strength of Lug Material Fy: 50 ksi (345 MPa)
Ultimate Strength of Lug Material Fu: 65 ksi (448 MPa)
Number of Bolts in Inner Row Along Brace Axis n;: 3
Number of Bolts in Outer Row Along Brace Axis ny: 0
Bolt Spacing s: 4.00 in (102 mm)
Plate Edge to CL of Bolt €herpt 1.63in (41 mm)
Restrainer (Casing) Size and Properties
Restrainer Section Name Section: t8x1/4
Yield Stress of Casing Material Fyc: 46 ksi (317 MPa)
Youngs Modulus of Casing Material E: 29000 ksi (199955 MPa)
Casing is Square/Rectangular? SQcas: TRUE
Casing Height (Dimension Viewed in Elevation) He: 8.00 in (203 mm)
Casing Width (Dimension Viewed in Plan & Overall Dimension for p Sections) W 8.00 in (203 mm)
Casing Thickness te 0.25in (6 mm)
Factor on Adjusted Brace Strength Fruc: 1.0
Capacity Reduction Factor, ¢y.y. LNV 1.0

Equal to 1.0 per Takeuchi (2014). Lower values can be used.
Zaboli (2018) is even more conservative than Takeuchi even with ¢ = 1.0.

2.2.2 NLYL Global Stability Method
Overstrength Compression Force in the Core of the BRB: N'q, = Fp,Pyc Nt 306.9 kip (1365 kN)
NLYL Method Uses: N 'ﬂ, = Overstrength Compression Capacity of the BRB. This requires an iterative solution.
The variant used here checks demand vs capacity based on applied load (Pu).

Length from End of Casing to Yield Line at Tip of Brace: EL,=a+c+L'g ELo: 18.25in (464 mm)
Destabilizing Factor for OYL Method: § = ELy/L, & 0.146
Effective Length Factor for Brace including Gusset Stiffness Effect: k, Kp: 1.00

If Stiffro, AND Stiffg: = TRUE, ky = 0.7
If Stiffre, AND Stiffay, = FALSE, k, = 1.0
If Stiffro, OR Stiffay = FALSE, k, = 0.85

Stiffened Gusset Factor, A = 1.19 for Stiffened Gusset or 1.0 for Unstiffened Gusset Aop 1.00
Moot 1.00
Global Elastic Buckling Capacity of BRB, Incl Effect of Gusset PL: N®,=n?EI/(ky'Lo) N 1289.9 kip (5738 kN)
Effective Width in Compression: by, = 2-Lg, tan(Bysp)+(W =2 €perp)
Lug Lap on Gusset: Lg=IF(n;>n,,(n—1)'s,(n,—0.5)"s) Lg:: 8.00 in (203 mm)
Dispersion Angle at Top Gusset Bisp.ton’ 40.0°
Dispersion Angle at Bottom Gusset Bgisn.bot: 40.0°

Dispersion angle based on 30° for V or Chev, 40° otherwise per NLYL Methodology.

Effective Compression Width, Top Gusset bgaton: 17.68 in (449 mm)
Effective Compression Width, Bottom Gusset baa,pot: 17.68 in (449 mm)
Average Gusset Buckling Length: L, = min[(a+min(b,c))/2, (a+b+c)/3] Lave.top: 3.38in (86 mm)
See Dowswell (2006) and Zaboli (2018) Lave.bot: 3.48in (88 mm)
Nominal Axial Capacity of Gusset Plate: N% = by, ty'Fyq N o 883.8 kip (3931 kN)
N bt 883.8 kip (3931 kN)
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Euler Buckling Capacity of Gusset Plate: No= 17°E*(Don"ta’/12)/Lone’ Ne top! 36952.6 kip
Ne bott 34824.2 kip
Plastic Moment Capacity of Gusset Plates
Total Bendline Length: by = Ly+Lc bef ton: 25.30in
bef pot: 25.27 in
Plastic Section Modulus: Z, = bgt,2/4 + Zgir Zq oot 6.32in3
Zapot: 6.32in3
Plastic Moment Capacity: M%,, =Z,'F,, M5, ton: 316 k-in
M, pott 316 k-in
Reduced Plastic Moment Capacity of Gusset Plate Including Axial Force Effect: M®, ton: 278 k-in
Mgp = )\'¢NLVL'Mgzy[l‘(N*CU/(‘t’NLVL'Ngs))z] 20 Mgp,bot: 278 k-in
Axial Yield Strength of Neck at Web Zone: N",,,=2*(W;—te) 't "Fy. Nt 248.9 kip
Axial Yield Strength of Neck: N",=W, te' Fymaxt2" (Wi—ts) t 'Fy N": 432.9 kip
Axial Ultimate Strength of Neck: N, =W, te'Fyec+2" (Wi—te) 't "Fur N": 587.5 kip
OOP Plastic Section Modulus of Steel Core (W;) at Neck Section: Zy pan=ts'W;2/4 Ziwt.oon: 4.0 in3
OOP Plastic Section Modulus of Lugs (W;) at Neck Sect: Zu1 aon=[Wi-te1:((2°t +t.)>-t.2)/4 Zw1 000" 4.0 in3
tot b
AAHAA
oop
- t“i W,
—F
Wt
Section at Neck
Out-of-Plane Plastic Moment Capacity of Neck: M",, =Z 000" FumaxtZw1.000" Fu. M",: 386 k-in
Reduced Restrainer Moment Transfer Capacity Determined by Neck + Core M, ek top 280.8 k-in
Plate, Including Axial Force Effect. M, reckibot 280.8 k-in

Mo % = Gy "My T1=(N e/ (B *(N".))1
Exponent, exp = 2.0 Use N", if Gst is Not Stiffened? FALSE

Per Takeuchi (2014), N" , is used in the denominator. Other methods use N” , in the denominator if the gusset is unstiffened.

Plastic Section Modulus of Restrainer, Z,, Zy:
Square / Rectangular Section: Z,,=H-W Z/4—(H—2-t.)-(W—2-t.)%/4
Round Casing Section: Z,,= W /6—(W—2-t.)*/6

Nominal Plastic Moment Capacity of Restrainer: M", =Z,'F,c M7,

Embed Length Calibration Factor: o', = 4.15-1.5*(Lin/W,) = 4.15-1.5'Li,/W, > 1.5 oy
See Takeuchi (2014). While this increases as embedment ratio (L ,,/W ) decreases, the net effect of a decreasing
embedment ratio decreases M "™, and this factor only slows the decrease.

Distance between the shear force application point and the outer surface of the restraint tube, a
See Matsui (2010) for calculation of square and round restrainer properties.

Sg/Rect Casing: a = (H-W,)/2 a:
Round Casing: a = (W~W,)/2 5
0
a a
oop oop
Directi ;
rectign W1 Hc glrect\ i Wc
* a a
F—F
W, W,
S e —
WC WC
Square Restrainer Round Restrainer

Distance between the Core Plate Surface and the Shear Force Application Point when the

Shear Force is not Present, &,. Not Applicable to Square/Rect Restrainers.
See Matsui (2010) and Takeuchi (2017). Egn from Takeuchi (2017) Ch 4
60=WC/2'sin[cos’l((Wc—Z'a)/(WF—Z'tr))] do:

The Lateral Deflection of the Restraint Tube at the In-Plane Stress Yielding. Not
Applicable to Square/Rect Restrainers.
See Matsui (2010) and Takeuchi (2017). Eqn from Takeuchi (2017) Ch 4
8,2 V[(m- W, Fyo/(4-Eg)+W/2-cos ™' (W-2a)/(W —2t,)))*—a’] 3,:
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22.5in3

1036 k-in

1.50

1.51in

2.99in

3.03in

(164372 kN)
(154905 kN)

(643 mm)
(642 mm)
(103642 mm?3)
(103536 mm?3)
(35.7 kN-m)
(35.7 kN-m)

(31.4 kN-m)
(31.4 kN-m)

(1107 kN)
(1926 kN)
(2613 kN)

(65548 mm?)
(66273 mm?)

(43.6 kN-m)

(31.7 kN-m)
(31.7 kN-m)

(369221 mm?3)

(117.1 kN-m)

(38 mm)

(76 mm)

(77 mm)



Elastic Rotational Stiffness of Restrainer about Rib End:
Round Casing: Kert raund = 2°FurteLin’/(3VIa"+3,71)8./(8,-80) 2 0

Square/Rect Casing: Kee rect = Ec'He't Lin/(3+(2' Hea™=3a%) 2 0

Post-Yielding Rotational Stiffness of Restrainer about Rib End:
Round Casing: Kg.pound = 0
Square/Rect Casing: Kgy) gect = 0.11'F\,r'H,3'(Lin/Wf)3 >0

Yield Angle of Circular Casing: 6, rouna=(8,~00)/Lin
Pseudo Initial Yield Angle of the Rect Casing: 8',;=0.00164"(F,/Ecasina)* (Ho/to) (Wy/Lin)

Angle at Which Plastic Hinge Occurs: 8,,=Hc/Lin' VI(Fue/(2*Ecacinn))**+(@"Fur/ (He" Evacina))]
See Matsui (2010) and Takeuchi (2017) ch 4

Reduced Restrainer Moment Transfer Capacity Determined by Restrainer Section at Rib:
Round Casing: MnHESt = MIN[M",,,a"y"Kar1 round" By round]
Square/Rect Casing: M, ™" = MINIM', 0" (e gect'8'v17+Kees pec (B1—8'1))1

Controlling Restrainer Moment Transfer Capacity: M', = Min{M," ™", M}

Top End of Brace Controlled By: Neck Capacity
Bottom End of Brace Controlled By: Neck Capacity

2.2.3 Over the Yield Line (OYL) Global Buckling Capacity
Total Initial Imperfection with Plastic Hinge at End of Casing: 6; oy,
61.0v.=0m/Lo+3c/La+6o
Moment Amplification Factor to Account for 2nd Order Effects: 8 oy
Beom =1/(1-N"0/N°)21.0

Reports as "Error if result is is less than 1.0, which occurs when applied load (N* ) exceeds BRB elastic buckiing capacity (N° ...).

Notional Load Applied at Brace End: Novi=N"n8.av + Fadti.000/2
) r i i
N§LySs < (1 —2§)M, + My, Iterative Solution
N§LySs

DCR
5 <
(1-25)MS + M

Demand: D = Noy &Lods.ovt
Capacity: Ciop = (1-25)M% 100 + My 100
Coot = (1-2E)M% ot + Mg o

Stability Index (SI): D/Coy. = D/[Min{Ciop,Cpot}]

2.2.4 Under the Yield Line (UYL) Global Buckling Capacity
Total Initial Imperfection with Plastic Hinge at End of Casing: 6; yy.
0i.uv1=0m/Lo+284/La+0o
Moment Amplification Factor to Account for 2nd Order Effects: 8, oy
Beumiton= 1/(1-N'a/Noson) 2 1.0
Bsuvibor= 1/(1-N'a/Nepor) = 1.0

Reports as "Error” if result is is less than 1.0, which occurs when applied load (N* ., ) exceeds gusset elastic buckling capacity (N ).

Notional Load Applied at Brace End: Ny =N"c,"8im + Fadar.oop/2

Total Length, Ly=Lave pot+Lo+Lave,1o0
Destabilizing Factor for UYL Method: n=(1-Ly/Ly)/2

— g g NLayeSs _ aqx

NLave559 = (2 — Zn)Mp = Mp > (2__277)5 = My
My

—5 <10 Stability Index (SI)
MP

Miv,ton = Nuvt"Lave.ton Os.uvt.ton/ (2-21)

Krr1.Round: 148989 k-in (1.68E+04 kN-m)
rad (rad)
Kar1 rect! 28213 k-in (3.19E+03 kN-m)
rad (rad)
Krez.Rect: 37260 k-in (4.21E+03 kN-m)
rad (rad)
B\ Round: 0.004359 rad
0y 0.000034 rad
[: % 0.014240 rad
M, % 795 k-in (89.9 kN-m)
M', ton! 280.8 k-in (31.7 kN-m)
Moo 280.8 k-in (31.7 kN-m)
Biont 0.0171 rad
Bsont 1.3122
Novi: 5.3 kip (23 kN)
D: 126.0 k-in (14.2 kN-m)
Ciopt 477.9 k-in (54.0 kN-m)
Chot* 477.7 k-in (54.0 kN-m)
Slovi: 0.26 0K
Biuv 0.0271 rad
85 uyL.top* 1.008
s uvL.bot 1.009
Nyw: 8.3 kip (37 kN)
Lyt 132.11in (3356 mm)
n: 0.026

Iterative Solution

M7y ot = Nuve"Lave,pot Os,uvt bot/ (2-2N)

DCR = Max{M"y to/M%100/M "y 105/ M ton}

[V 14.6 k-in (1.6 kN-m)
M" oot 15.0 k-in (1.7 kN-m)
[ A 0.05 oK
SIport 0.05 oK

[ St 0.05 OK
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Interaction Equation Form of General Solution:
* 0\ 2 *

M
) o+ Y <1 Interaction Equation
¢N? ApM?
s zy
Interaction equation will produce results that equal 1.0 at for same value of N*cu as the UYL Inty,,: 0.17 OK
DCR equation but it is less senstive (less volatile) to small changes in N*cu. Neither the DCR Intpo: 0.17 OK
nor the Int Eqn produces results that are linear with respect to N*cu (i.e. a Int Eqn value = I Intyy: 0.17 OK

0.5 is not capableof handling 2x N*cu). An interaction eqn solution is not possible for the OYL method.

2.2.5 NLYL Summary

Global stability in the Asymmetrical Mode is controlled by the OYL: SIoy: 0.26 OK
lesser of the capacities determined by the OYL and UYL methods. UYL: SIyy: 0.05 OK
UYLyt Intyy: 0.17 oK

. | Summary: OK |
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SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903

CASING BUCKLING CALCULATIONS

N N N . N N i Section 2.1 Section 2.2.1 NLYL Method Design Criteria -
Specimen ID and Location Casing Profile Section 2.0 Design Criteria Euler Buckling Overall Brace Lengtl Critical Gusset Dimensions for Top Gusset
R N ' Is Chev e
EORD | Line | Grids | wis | Mark | aty]Type| n [w.] t N I I L L e . I I s | Lo Fagsioor | 80 Sullo | 8i/ly o | cvserre | Westtasos | tampion | toren Zyor | Fuston aep brop Cuop Lotop Lotop
# # # # # in| in in in kips ksi in? kips ksi in* in* | Buckling| I, in kip rad rad rad T/F T/F in in in in® ksi in in in in in
BRB-4.00 3+ E.5-D.9 2 1901 1 t 8 ] 8 ]0.2500) 115.13 [1.20] 1.39 184 46.0 4.0 307 | 29000 1.0 70.7 18.0 1.27 0.25 1253 0.0 0.005 0.002 0.010 FALSE FALSE - - 1.0 6.3 50 5.7 11 4.9 123 13.0
BRB-4.00 3+ E.5-D.9 1 1902 1 t 8] 810.2500) 117.13 [{1.19]1.38 184 46.0 4.0 302 | 29000 1.0 70.7 18.4 1.27 0.26 127.3 0.0 0.005 0.002 0.010 FALSE FALSE - - 1.0 6.3 50 57 1.0 4.8 123 12.8
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77

Project: Reed College Central Plant Upgrade
Location: Portland, OR

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

CASING BUCKLING CALCULATIONS

Job: 6903
Specimen ID and Location Section 2.2.1 NLYL Method Design Criteria - Section 2.2.1 NLYL Method Design Criteria -
P Critical Gusset Dimensions for bottom Gusset Core Dimensions and Properties Lug and Bolt pattern Dimensions
- . sV Stiffened 00P ;
EORID | tine | Grids | s | Mark faty| G| SCERE ) Wotgnor | tatap | o Zono | Figpor ot Bt Coot Losat Lopot Fuse W, t b | empes | W wy L a c t Fu Fu n no s Cperp
# # # # # T/F T/F in in in in® ksi in in in in in ksi in in in Ratio in in in in in in ksi ksi # # in in
BRB-4.00 3+ E.5-D.9 2 1901 1 FALSE FALSE - - 1.0 6.3 50.0 5.8 12 4.6 123 13.0 66.0 4.0 1.000 9.7 24 7.5 5.0 113 4.0 3.0 0.6 50.0 65.0 3 0 4.0 1.6
BRB-4.00 3+ E.5-D.9 1 1902 1 FALSE FALSE - - 1.0 7.2 50.0 6.8 16 7.2 13.8 14.9 66.0 4.0 1.000 9.6 24 7.5 4.9 113 4.0 3.0 0.6 50.0 65.0 3 0 4.0 1.6
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4/ COREBRACE CASING BUCKLING CALCULATIONS

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location Section 2.2.1 NLYL Method Design Criteria Section 2.2.2 NLYL Global Stability Method - Section 2.2.2 NLYL Global Stabi ity Method -
P Casing Size and Properties Strengtﬁ Factors General Design Parameters Gusset Capacity Restrainer Capacity Based on Moment Capacf?y of Neck
EORD | Line | Grids | Lvls | Mark |Qty| Casing | Fuc | Ecung | Casingis| He W te o ® N, o ¢ Ay - N o | Oaspion | aspest | Boosop | Boasor | Lowton | Lowwst | N | Nopor | News | MNewor | Dbaiioo | Botwor | Zawo | Zavst | Miyuar | Mipor | Mipsop | M | Ny Ny N Zur 2w My | MR e
P
# # # # # Size ksi ksi Sa/Rect? in in in kip in kip in degree degree in in in in kip kip kip kip in in in® in® kip-in kip-in kip-in kip-in kip kip kip in® in® kip-in kip-in kip-in
BRB-4.00 3+ E.5-D.9 2 1901 1 8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0 307 18.25 0.15 1.00 1.00 1290 8.0 40 40 17.7 17.7 34 35 884 884 36953 34824 25.3 25.3 6.32 6.32 316 316 278 278 249 433 588 4.00 4.04 386 281 281
BRB-4.00 3+ E.5-D.9 1 1902 1 8x1/4 46.0 29000 TRUE 8.0 8.0 0.25 1.00 1.0 302 18.25 0.14 1.00 1.00 1250 8.0 40 40 17.7 17.7 34 4.2 884 884 37402 23987 25.0 28.8 6.26 7.19 313 360 276 318 244 428 581 4.00 3.97 382 279 279
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SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

CASING BUCKLING CALCULATIONS

Specimen ID and Location Section 2.2.2 NLYL Global Stability Method Section 2.2.3 Over the Yield Line (OYL) Global Buckling Capacity Section 2.2.4 Under the Yield Line (UYL) Global Buckling Capacity Section 2.2.5
P Restrainer Capacity Based on Mom Txir Cap of Rest Controlling Rest Cap Over the Yield Line Buckling (Asymm Mode) Under the Yield Line Buckling (Asymm Mode) Demand Capacity Ratio Interaction Equation NLYL Summary
R . , N N N Stability N N Stability * N Stability | Stability | Stability
EOR-ID | Line Grids Lvls Mark | aty Z, M’ o, a 8o 8y Keetpound | Krerect | Krmet | Byrouna Oy, 6,2 M, M pot M 0p 8ion [ Now |- dox Max | D&M | CaPacityeop | Capacitysee| = 0 Biun 85 uvLbot 8. uvLtop Nyy. L N Mytop | Mypot Index Index Index Inteep oo Inton. Slon. Slow It Check <1
# # # # # in® kip-in in in in (k-in)/rad | (k-in)/rad | (k-in)/rad rad rad rad kip-in kip-in kip-in rad M Mag factor] kip oYL kip-in kip-in kip-in oYL rad M Mag factor | M Mag factor kip in kip-in kip-in Top Bot uyL OK/NG
BRB-4.00 3+ E.5-D.9 2 1901 1 225 1036 1.50 1.51 2.99 3.03 148989 28213 37260 0.0044 | 0.000034| 0.0142 795 281 281 0.017 131 53 0.26 126.0 477.9 477.7 0.3 0.03 1.01 1.01 8.3 1321 0.03 14.6 15.0 0.05 0.05 0.05 0.2 0.2 0.2 0.26 0.05 0.17 OK
BRB-4.00 3+ E.5-D.9 1 1902 1 225 1036 1.50 1.55 3.03 3.07 126682 25621 36153 0.0050 | 0.000035]| 0.0146 789 279 279 0.017 1.32 52 0.26 125.0 476.1 505.5 0.3 0.03 1.01 1.01 8.2 134.8 0.03 14.3 17.9 0.05 0.06 0.06 0.2 0.2 0.2 0.26 0.06 0.17 OK
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Reed College Central Plant Upgrade

Calculation Submittal Package

Description

Section 3. Brace End Connection Sample Calculation
End Connection Summary Table
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Brace Connection

Example Mark #: 1901

Line 3+, Grid E.5-D.9, Level 2

CORE PLATE

LUG PLATE

WELD Dy,
PLASTIC HINGE

S WwELD D,
9

T GussET PLATE

WELD CONFIGURATION

3.0 DESIGN CRITERIA Example Mark #: 1901

Compresssion Strength Adjustment Factor
Strain Hardening Adjustment Factor

Area of (Yielding) Steel Core (as Spec'd on Drawings)
Upper Bound Compressive Yield Stress of Core Material
Note:
Ry factor not applicable since Fy of core material will
be established based on results of coupon tests.

Core Plate Ultimate Tensile Strength
Based on Coupon Test History

Axial Design Load:
Connection Strain Hardening Factor

Pysc-max = Asc’Fy-max

Put-max = CFPyscmay’ @
Pucmax = CF*Pysc.max B'@
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B 1.2
[0} 1.39
A 4.00 in2 (2581 mm?)
Fyemax: 46 ksi (317 MPa)
Fusct 66 ki (455 MPa)
CF: 1.00
Pysc.maxt 184.0 kip (818 kN)
Pur.max: 255.8 kip (1138 kN)
Pyc-max! 306.9 kip (1365 kN)




Core Dimensions: At Lug Connection

Lug Dimensions:  Width of Lug Plate
At Extension Exit from Casing (Transv. Stiffener)
Plate Edge to CL of Bolt

Bolt Specifications: Number of Bolts in Inside Row
Number of Bolts in Outside Row
Total Number of Bolts at Each End 2(n; + n,)

Bolt Spacing
Bolt Gage

Bolt Diameter
Standard Bolt Hole dg = d, + Xgqg Xgg = 1/8 " (3.2mm)

Slip Plane (Single Shear = 1, Double Shear = 2)

3.1.0 Bolt Shear - LRFD 33.6
LRFD Resistance Factor

Bolt Shear Strength  F,, = Fy,*0.625%0.9¥TCF*CLF
0.625 = Vj//T Ratio, 0.9 = Base Connection Length Factor for Non-Uniformity of Loading

Bolt Grade and Ultimate Tensile Strength for Shear Gr A490/F3148
Bolt Thread Condition (N = Include, X = Exclude)

Thread Condition Factor TCF: IF BTC = "X" then 1.0, IF BTC = "N" then 0.8
Connection Length Factor Table J3.2 Note b (ForL’,, > 38")

Connection Length

Bolt Shear Capacity  ¢r, = ¢,F,nsAp
Bolt Area A, = nd,2/4
Bolt Group Shear Strength oR, = (n; + ny) 2°¢r,

Demand-Capacity Ratio
DCRspear=Puc-max/Rv

3.2.0 Bolt Friction - LRFD 13.8
LRFD Resistance Factor for Slip

Min Bolt Tensile Area A, min = /4°(d-0.9743/n)2, where n = threads/in

Factor for fillers

Mean Slip Coefficient

Bolt Pretension Adjustment Factor, f; Gr A490/F3148
Accounts for fact that some bolt grades, such as F3148, have a specified Tb greater than that
associated with Fub alone. If the combined grade A490/F3148 is specified and A490's are used,
then Tb would be equal to that for the grade and FnV would be conservatively low by 1/f ;.

Fastener Tension Ty, = 0.7*f"Fup" Aty min

Bolt Tension Factor

Bolt Slip Capacity ors = dsuDyheTyNg
Bolt Group Slip Capacity ~ ¢$Rs = ny*¢rg

Demand-Capacity Ratio
DCRsjip=Pysc-max/9Rs

3.3.0 Bearing Strength at Bolt Holes - LRFD J3.10
LRFD Resistance Factor for Bearing or Tearout

3.3.1 Bearing Strength at Gusset Plate
Additional Diameter of Hole in Gusset Plate

Thickness of Gusset Plate:
Thickness of Repad Plate for Design:
Gusset Plate Tensile Strength

Clear Distance Between Edge of Bolt Holes
Lesa = 5 - (ds + 0vsy)

Number of Occurances of L per Side
If n, = 0 Then ne = n; - 1, Otherwise ns = n; - Y2 + ny - 1
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W 4.00 in
W, 7.50in
W;: 4.98 in
e: 1.63 in
n;: 3
ny: 0
Ny: 6
s: 4.00 in
g: 0.00 in
dy: 1.125in
dg: 1.250 in
ng: 2
b 0.75
Fov: 64.8 ksi
Fup: 144 ksi
BTC: N
TCF: 0.80
CLF: 1.00
L' 8.00 in
ory: 96.6 kip
Ap: 0.994 in2
oR,: 579.7 kip
[ DCRgper: 0.53
Os: 0.85
Aty min 0.763 in2
he: 1.00
'H 0.30
fre 1.04
Tyt 80 kip
Dy: 1.13
org: 46.2 kip
ORg: 277.1 kip
| DCRg;;p: 0.66
Frav: 0.75
0VSg: 0.19in
o 1.00 in
t: 0.00 in
Fua: 65 ksi
Lesa! 2.563 in
Nes: 2.0

(102 mm)
(191 mm)

(127 mm)
(41 mm)

(102 mm)
(0 mm)

(29 mm)
(32 mm)

(447 MPa)

(993 MPa)

(203 mm)

(430 kN)
(641 mm?2)

(2579 kN)

(492 mm?2)

(356 kN)

(205 kN)

(1233 kN)

(5 mm)
(25 mm)
(0 mm)

(448 MPa)

(65 mm)



Clear Distance Between Plate Edge and Bolt Hole

Leeq = € - (ds + 0vS,)/2 Leeq 0.906 in
Number of Occurances of L., per Side
If n, = 0 Then n. = 1, Otherwise ne = 2 Nee 1.0
Clear Distance of Bolt Group L., = 2°(Nee'Leeq + Nes'Lesa) Lt 12.06 in
Gusset Plate Bearing Strength at Bolt Holes
OR.prq = Min of: OR bt 705.7 kip
Opral.2 L (tg+2t) Fuq = 705.7 kip (Clear Dist/Tear-Out Controlled)
Oprg2.4°dp Ny (tg+28) Fq = 789.8 kip (Bearing/Ovalization Controlled)
Bearing Strength Stress Ratio
DCRurgrg = Pucmar/ PorgRrvtrg |_DCRugq! 0.43
Slip checked at serviceability limit state.
3.3.2 Bearing Capacity at Lug Plates
Additional Diameter of Holes in Lug Beyond Standard Hole Diam ovs: 0.00 in
Lug Plate Thickness o 0.63 in
Lug Plate Tensile Strength Fut 65 ksi
Clear Distance Between Edge of Bolt Holes
Lt =5 - (ds + ovs) Lestt 2.750in
Clear Distance Between Plate Edge and Bolt Hole
LeeL = € - (ds + 0vs,)/2 Leet: 1.000 in
Clear Distance of Bolt Group L = 2(Nee'Leer + Nes'Lest) Ly 13.00 in
Lug Plate Bearing Strength at Bolt Holes
®R-brg = Min Of: | Rubgt 950.6 kip
Opral. 2Lt Fns = 950.6 kip (4229 kN) (Clear Dist/Tear-Out Controlled)
Opre2.4°dy Nyt Fung = 987.2kip (4391 kN) (Bearing/Ovalization Controlled)
Bearing Strength Stress Ratio
DCRyrg-L = Puc-maxd PorgRebrg | DCRyg.: 0.32
3.3.3 Combined Bolt Bearing/Tear-out/Bolt Shear at Lug and Gusset (Bolt by Bolt Method)
Extreme (Edge) Bolts - "Edge Bolts" Use Lceg, "Field Bolts" use Lcsg
Brace in Tension (T):
Free Edge Bolt when: Lug Field Bolt (LFB) or Gusset Edge Bolt (GEB)
Other Edge Bolt when: Lug Edge Bolt (LEB) or Gusset Edge Bolt (GFB)
Brace in Compression (C):
Free Edge Bolt when: Lug Field Bolt (LFG) or Gusset Edge Bolt (GFB)
Other Edge Bolt when: Lug Field Bolt (LFG) or Gusset Edge Bolt (GFB)
At all Conditions Check Min of Bearing, Edge Tear-out, and Bolt Shear
Gusset
G. Edge Bolts on n; Row:  §pq.y (tg+2t,) Fug MIN[1.2"Leeq, 2.47dp] GEB,;: 53.0 kip
G. Edge Bolts on ny ROW: gy’ (tg+2t,) Fuq"MIN[1.2°(Leq+0.58), 2.4°dy] GEB,,: 0.0 kip
GEB Capacity = 0 Unless n, > 0
G. Field Bolts on n; Row:  dprqy (ta+2t,) Fug"MIN[1.2"Legq, 2.4+dy] GFBy;: 131.6 kip
G. Field Bolts on ny Row: gy (tg+2t,) FuqMIN[1.2°(Lsq+0.55), 2.4°d,] GFB,,o: 0.0 kip
GFB Capacity = 0 Unless n, > 0
Lug
L. Edge Bolts on n; Row: ¢yt Fu "MIN[1.2" Lo, 2.4°dp]*2Lugs LEB;: 73.1 kip
L. Edge Bolts on n, Row:  ¢prq-y 't Fu "MIN[1.2" (L +0.55), 2.4-dp]*2Lugs LEB,: 0.0 kip
LEB Capacity = 0 Unless n, > 0
L. Field Bolts on n; Row:  ¢pqy 't Fu "MIN[1.2"Lyg, 2.4°d,]*2Lugs LFB,;: 164.5 kip
L. Field Bolts on ny Row: ¢yt Fu "MIN[1.2* (L +0.55), 2.4'd,]*2Lugs LFBpo: 0.0 kip
LFB Capacity = 0 Unless n, > 0
Sum of Extreme Bolt Capacities (at each end of each line):
Tension: 2[MIN(LFB,¢r, or GEB,¢r,) + MIN(LEB,¢r, or GFB,¢r,)] OR,7E: 252.3 kip
Compression:  2[2*MIN(LFB,¢r, or GFB,¢r,)] OR,ce! 386.5 kip
Note Brace in Compression Results in "Field Bolt" Condition for all Extreme Bolts
Sum of Remaining Field Bolt Capacities:
At Gusset:  2[MAX(n;-2,0)*min(GFB,;,¢r,) + MAX(n,-2,0)*min(GFB,,,¢r,)]: OR,r! 193.2 kip
At Lug: 2[MAX(n;-2,0)*min(LFB;,¢r,) + MAX(n,-2,0)*min(LFB,,¢r,)]: ORpr: 193.2 kip
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(23 mm)

(306 mm)

(3139 kN)

(0 mm)
(16 mm)

(448 MPa)

(70 mm)

(25 mm)

(330 mm)

(4229 kN)

(236 kN)
(0 kN)

(585 kN)
(0 kN)

(325 kN)
(0 kN)

(732 kN)
(0 kN)

(1122 kN)
(1719 kN)

(860 kN)
(860 kN)



Total Tension Capacity at Gusset: R 16! 445.5 kip (1982 kN)
Total Compression Capacity at Gusset: OR,cat 579.7 kip (2579 kN)
Total Tension Capacity at Lug: OR, 445.5 kip (1982 kN)
Total Compression Capacity at Lug: OR, 1! 579.7 kip (2579 kN)
Bearing/Tearout Strength Stress Ratio:
DCRyrg/rear-6 = MAX(Pyc.max/ @Rn-co/Put-max/ORn-16) DCRyg/rear-G: 0.57
DCRyrg/rear-L = MAX(Pucmax/ ORn-cLs Put-max/ ORn1L) DCRyg/ear-L! 0.57
3.4.0 Tension Rupture Strength - LRFD D4 STRAIGHT PATH STRAIGHT PATH
e ) (nstq:O) ‘» € /‘v S T (ms‘qzo)
1 1 | /
T
4 o -
o O O o O
! |
= | 1 = I 1 ‘
|
[——STAGGERED PATH
&) O 0] @) CP (n=4, n,,=2)
| | 9
‘ O |
LUG PLATE (n>0,ne=0) LUG PLATE (n>0,no>0)
LRFD Resistance Factor for Tension Rupture o 0.75
Thickness of Yielding Core T 1.00in (25 mm)
Shear Lag Factor (Table D3.1 Case 2) u: 0.95
Overslot in Lug for Gusset OSL,: 0.19in (5 mm)
Net Area Subject to Tension (Use AISC D3 for Staggered Bolt Net Area)
Number of Rows of Bolts If n, = 0, then n, = 2, otherwise n, = 4 n: 2
Stagger Adjustment Term (AISC D4.3b)
If n, = 0, then stg = 0, otherwise stg = (s/2)2/(4g) stg 0.00 in (0 mm)
Number of Staggers ng, = n, - 2 Ntq? 0
Net Area of Lug Transverse to Line of Force
Staggerd Path: Ay = 2t '[W, - n,*(ds + ovs, + 1/16) + ngq'stg] Anipi: 6.09 in2 (3931 mm?2)
Straight Path: A ypy = 2t [W, - 2°(ds + ovs, + 1/16)] JAN 6.09 in2 (3931 mm?2)
Antip = Min(Anbi, Antiox) At 6.09 in2 (3931 mm?2)
Net Area of Lug Stiffener
Antie = tee'[We - (t + 2°t, + OSL,)] Anic! 1.56 in2 (1008 mm?)
Lug Plate Tension Rupture Strength
ORotr = O U (Fur A + FuscAuc) | 355.1kip | (1579 kN)
Tension Rupture Stress Ratio
DCRyr = Putmax/9Rotr | DCRy: 0.72 |
3.5.0 Block Rupture Strength - LRFD 14.3
LRFD Resistance Factor Qo 0.75
Block Shear Shear-Lag Factor Ups: 1.00
3.5.1 Gusset Block Rupture Strength
TENSION _ |
YIELD LINE
BLOCK RUPTURE
LINE
GUSSET PLATE
Gusset Plate Yield Strength Fyat 50 ksi (345 MPa)
Gusset Plate Edge Distance e: 1.63in (41 mm)
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Gross Area Subject to Shear

If Then Lav-at 9.63in (244 mm)
n,=0 Lyq=(n-1)s+e
No=n; Lava = (no- 1)'s + V[(s/2)2 + g2] + e
Otherwise Lova = (No- V2)'s + V[(s/2)2 + g2] + e
Agv-a = 2'Lava'(ta + 2°t) Agva! 19.25 in2 (12419 mm?2)
Net Area Subject to Shear
Number of Bolt Holes in Shear Path
If n, =0, Then nn,q = Nn; - ¥2, Otherwise Ny, =N, + 2 Nnaegt 2.5
Length to be RL.q = (ds+ ovs, + 1/16)' Nz Liv-a: 3.75in (95 mm)
Amva = Agva - 2'Lova'(ta + 2°L) Anvat 11.75 in2 (7581 mm?2)
Gross Area Subject to Tension
Lot = Wi - 2(e + g) Lata! 4.25in (108 mm)
Note: g =0ifn, =0
Adta = Lata'(ta + 2°t) Adal 4.25in2 (2742 mm?2)
Net Area Subject to Tension
Lotq = (ds + Ovs, + 1/16) Lota: 1.50in (38 mm)
Anta = Agta = Lo’ (ta + 2°1) Ave: 2.75in2 (1774 mm?2)
Gusset Plate Block Rupture Strength
Shear Rupture Term 0.6'Fyo'Anva SRT: 458.3 kip (2038 kN)
Shear Yield Term 0.6Fyq'Aqva SYT: 577.5 kip (2569 kN)
Tension Rupture Term  Ups'Fuq At TRT: 178.8 kip (795 kN)
®Rypikg = O[MIN(SRT, SYT) + TRT] [ #Rbicgt 4778kip | (21254m)
Block Shear Strength Stress Ratio at Gusset
DCRyjg = Put-max/ ORr-bikeg I DCRyjyq: 0.54 I
3.5.2 Lug Plates Block Rupture Strength
=3 S S
T
o .
N
O OO
= BLOCK RUPTURE LINE S
OO O
~
O @
i LUG PLATE .
Lug Plate Yield Strength FyL 50 ksi (345 MPa)
Gross Area Subject to Shear
If Then Lgv-: 9.63 in (244 mm)
n,=0 Loyt = (Ni-1)'s+e
Otherwise Lot = (Ni- 1)'s + V[(s/2)2 + g2] + e
Aq = 4'Laty Al 24,06 in2 (15524 mm?)
Net Area Subject to Shear
If Ny =0, Then Ny = n; - ¥, Otherwise Ny, = n; + % Npa-t: 2.5
Lot = (ds + ovs, + 1/16) "Nyt Lov-L: 3.28in (83 mm)
At = AgL - 4 Lot Anv-Lt 15.86 in2 (10232 mm?2)
Gross Area Subject to Tension
AL = 4ety AgtLt 4.06 in2 (2621 mm?2)
Net Area Subject to Tension
Lo = (ds + ovs, + 1/16)/2 Loer: 0.66 in (17 mm)
Anel = Aqe - Lo t4 Ancit 2.42 in2 (1562 mm?2)
Lug Plate Block Rupture Strength
Shear Rupture Term 0.6'Fy"AnyL SRT: 618.5 kip (2751 kN)
Shear Yield Term 0.6°Fy"AqyL SYT: 721.9 kip (3211 kN)
Tension Rupture Term Uy Fy "Aner TRT: 157.4 kip (700 kN)
$Ropik- = $[MIN(SRT, SYT) + TRT] | 582.0kip | (2589 kn)
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Block Shear Strength Stress Ratio at Lug
DCRyjt. = Putmax/ORn-bik-L

3.6.0 Weld Design

Assume plastic hinge forms in core just outside casing to accommodate story drift rotation 5

WELD CONFIGURATION

LRFD Resistance Factor

Upper Bound Compressive Yield Stress of Core Material
Weld Material Minimum Yield Strength for BRB Components
Length of Lug to Core Weld at Bolt Pattern

Length of Lug to Core Weld beyond Bolt Pattern

Weld Both Sides of Lug Beyond Bolt Pattern?

Width of Steel Yielding Core

Width of Stiffener at Lug

Thickness of Stiffener at Lug

3.6.1 Weld Size Required at Bolt Pattern

Percent of Core Stub Capacity at Lug Allowed to be Transferred

thru that Section (max 100%).
Max Force in Stiffener at Lug
Puta = Pucmax' Ws/Wse'Min(%Ascsup, 1.0)

*Conservative for sizing weld

Min Weld Size Based on Material Thickness

IF Then
min(ty, t;) < " Dyiaemin = 3%
min(t,, t) < %" Dyiamin = 4™
Otherwise Dyiaemin = 5%

Weld Size Based on Required Force
D'via = Puia/(Oweia"0-6"Fex0.7071°2°Lyy1 ) 16

Required Weld Size

Base Metal Thickness Check
tmin/tLsc = Max of:
1Fexxgre’0.7071*(Dyio/16)/(Fut) =
2'Fexxpre"0.7071" (Dyio/ 16)/(Fusc'ts) =

0.305
0.375
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GUSSET PLATE

| 0.44 |
Dweid! 0.75
Fyscmax: 46 ksi
Fexx.prB: 70 ksi
Luta: 15.25in
Lot 25.46 in
WBS: TRUE
W, 4.00 in
Wi: 0.78 in
t: 1.00 in
%Agc.stub: 100%
Puta: 59.9 kip
Duta-mint 4,00 (16ths)
D'yiat 1.41 (16ths)
[ D 4.00 |
Dyia 4.00 (16ths)
Dy /4"
[ DCRweisg: 0.37 |

(317 MPa)
(483 MPa)
(387 mm)

(647 mm)

(102 mm)
(20 mm)

(25 mm)

(267 kN)

(6 mm)

(2 mm)

(6 mm)
(6 mm)
(6 mm)



3.6.2 Weld Size Required Beyond Bolt Pattern
Yield Strength of Stub Section
Fyanta = Ws'ts" Fysc.max MiN(%Asc.sps 1.0)
*Conservative for determining force in section before stub

Force in Weld Beyond Bolt Group
Put = Pycmax = 2'Fvauta

Weld Size Based on Required Force
D'y = Pui/(dweia'0.6"Feuc0.7071°4°L,,1 )" 16

Required Weld Size
Note that minimum weld size here equal to minimum size req'd at bolt
pattern (D 4.min) Since lug and core thickness are the same as at that location.

Base Metal Thickness Check
Factor for Weld Both Sides (WBS) Beyond Bolt Pattern:
IF WBS = TRUE Then WBSF = 2, Otherwise WBSF = 1

tmin/tLsc = Max of:
WBSF*Fexx gre’0.7071*(Dy/16)/(Fu't) = 0.609
2'Fexxgre’0.7071" (Dy/16)/(Fusctsc) = 0.375

3.6.3 Weld Around Lug in Lieu of Bolting
Weld Material Minimum Yield Strength for Lug to Gusset (Alt Weld)

Length of Sides of Lug Only
Lis=(Lg-Wi/2-Tols) 4 Tolys= 0.50in
Length Around Lug (Including Sides)
Lins=List 7 (W 12)-2
Plastic Section Modulus of Core Extension (Section Just Outside Casing)
Z, = 26 W HH(W-2t)t2)/4

Force Couple to Resist Plastification of Core Extension Fg = Z,*F, /W,

Required Weld if Welded Around Lug
Drs = (Pucmax + 2°Fr)/(Lrs'0.7071°0.6" dweid Fexx,cst)*16

Required Weld if Welded Around Sides of Lug Only
D; = (Pucmax + 2°Fr)/(Lis0.7071°0.6" dweid Fexx,cst) *16

3.7.0 Summary
3.1.0 Bolt Shear
3.2.0 Bolt Friction
3.3.1 Bolt Bearing - Gusset Plate
3.3.2 Bolt Bearing - Lug Plates
3.3.3 Combined Bolt Bearing & Tearout - Gusset
3.3.3 Combined Bolt Bearing & Tearout - Lug
3.4.0 Tension Fracture - Lug Plates
3.5.1 Block Rupture - Gusset Plate
3.5.2 Block Rupture - Lug Plates
3.6.1 Weld Strength at Bolt Pattern
3.6.2 Weld Strength Beyond Bolt Pattern
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Fyowlal 35.9 kip
Py 235.0 kip
D'yt 1.66 (16ths)
| D 4,00 (16ths) |
Dy 4,00 (16ths)
Dyt 1/4 "
WBSF: 2
[ DCRyeics: 0.61 |
Fon Gt 70 ksi
L 32.54in
Lys: 56.10 in
Z.: 8.44in3
Fa: 56.3 kip
Dys: 5.37
I Dyt 6.00 (16ths) |
Dyt 3/8 "
Dg: 9.26
I D,: 10.00 (16ths) |
Ds: 5/8 "
DCRgpeart 0.53
DCRgot 0.66
DCRyre: 0.43
DCRyyq 0.32
DCRyrq/Tear-G* 0.57
DCRyrqTearL: 0.57
DCRy: 0.72
DCRyjk.q: 0.54
DCRyji 0.44
DCRyeig-La: 0.37
DCRyeig L 0.61
Max: 0.72

(160 kN)

(1045 kN)

(3 mm)
(6 mm)

(6 mm)
(6 mm)

(483 MPa)
(826 mm)

(1425 mm)

(138371 mm3)
(250 kN)

(9 mm)
(10 mm)
(10 mm)

(15 mm)
(16 mm)
(16 mm)



//COREBRACE END CONNECTION CALCULATIONS

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location Section 3.0 Design Criteria Section 3.1.0 Bolt Shear - LRFD J3.6 Section 3.2.0 Bolt Friction - LRFD J3.8
EOR-ID Line Grids Lvis Mark t A Fy- F Pysc Pyt Puc- W W, w. e s d d F F L' r, A R, A T, I
Qty 8 " sc | Fy m.ax u,s.c CE ysr: max uT.max uC. max . T . L . 1 . ol ng | g . .g . b . s n| @, nY u,b?ll g1c | Tee | cLr .Lq ¢ v b ‘bA v DCRgerr | . b min h u fr .n D, ¢ s ¢Rs DCRa;p
# # # # # in? ksi | ksi kip kip kip in in in in in in in in ksi ksi in kip in? kip in? kip kip | kip
BRB-4.00 3+ E.5-D.9 2 1901 1 [1.20]1.39] 4.00 | 46 66 | 1.0 184 256 307 4.000 | 7.50 | 498 11.625| 3 | 0| 6| 4.000 | 0.000 | 1.125]| 1.25 2 [0.75| 64.8 | 144 N 0.80 | 1.00 8.0 96.6 0.994 580 0.53 0.85 | 0.76 1.00 [ 0.30 | 1.04 | 80 (1.13] 46 | 277 | 1.11
BRB-4.00 3+ E.5-D.9 1 1902 1 [1.19]1.38| 4.00 | 46 66 | 1.0 184 254 302 4.000 | 7.50 | 490]1.625| 3 | 0| 6 | 4.000 | 0.000 | 1.125]| 1.25 2 [0.75]| 64.8 | 144 N 0.80 | 1.00 8.0 96.6 0.994 580 0.52 0.85| 0.76 1.00 [ 0.30 ) 1.04 | 80 [1.13] 46 | 277 | 1.09
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//COREBRACE END CONNECTION CALCULATIONS

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location Section 3.3.0 Bearing Strength at Bolt Holes - LRFD J3.10
P Gen Section 3.3.1 Bearing Strength at Gusset Plate Section 3.3.2 Bearing Capacity at Lug Plates Section 3.3.3 Combined Bolt Bearing/ Tear-out/ Bolt Shear at Lug and Gusset (Bolt by Bolt Method)
EOR-ID Line Grids Lvis Mark Qty & 0Sq tq t pes | Fug| Les n Lee n Leg | PRibrg DCR oS t Foo| Lest | Leer | Lo | PRnbrg DCR GEByi| GEBpo| GFBy,i | GFBo| LEB i | LEBno| LFByi | LFBro| ®R:1Edge | PR-c.edge | PR-c Fietd | PR-L Field | PRi16| PRhco| PRu1 | PRocL| Pu Py
# # # # # 1 7Y in | in in | ksi| in “Tin] ™| in]| «p 99 in in [ksi| in | in| in | Kip Y kip | kip | kip | kip | kip | Kip | kip | Kip kip kip kip kip kip | kip | kip | kip |®Rnc|®Rn
BRB-4.00 3+ E.5-D.9 2 1901 1 0.75 |1 0.19[1.00| 0.000 [ 65| 2.56] 2.00]|0.91]|1.00(12.1| 706 0.43 0.000 | 0.63 | 65]2.75]| 1.00f 13.0| 951 0.32 53 0 132 0 73 0 165 0 252 386 193 193 446 580 446 580 | 0.57 | 0.57
BRB-4.00 3+ E.5-D.9 1 1902 1 0.75 ] 0.19(1.00| 0.000 [ 65| 2.56] 2.00] 0.91]1.00(12.1| 706 0.43 0.000 | 0.63 ]| 65]2.75] 1.00f 13.0] 951 0.32 53 0 132 0 73 0 165 0 252 386 193 193 446 580 446 580 | 0.57 | 0.57

Page 29 of 49




4/ COREBRACE END CONNECTION CALCULATIONS

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location Section 3.4.0 Tension Rupture Strength - LRFD D4 General Section 3.5.1 Gusset Block Rupture Sst(re(::goti R —— Section 3.5.2 Lug Plates Block Rupture Strength
EOR-ID Line Grids Lvis Mark Qty ® tse U OSL, n stg n Antibt | Anttox | Antis | Antie | PRoer bRy | @ U Fya | Lav-a] Aava n Lova | Awva | Lata | Agta | Lata] Anta ] SRT] SYT | TRT|ORng] Pu | Fyo | Lavi]| Aave n Lov | A | Aot | Lo | A | SRT | SYT | TRT| &Ry | Py
# # # # #7| in in ’ in Sl | w2 | 2| 2| «ip P ki in | 2 | in | 2 | in [ 2| in 2| kip | kip | kip | Kip |@Rag| Kksi| in | in2 | ™t in | 2 [ in2| in | in2| kip | kip | kip| kip |@Rn.
BRB-4.00 3+ E.5-D.9 2 1901 1 [0.75] 1.000 | 0.95| 0.19 2 0.00 0 6.09 6.09 6.09 1.56 355 0.72 1 0.75]11.0(50]| 96 ] 193 25 |3.75(118) 43 [ 43 |15]| 2.8 | 458 | 578 | 179 478 | 0.54 | 50 | 9.6 | 24.1 2.5 328 | 159]| 41| 0.7 ] 24| 619 | 722 | 157| 582 | 0.44
BRB-4.00 3+ E.5-D.9 1 1902 1 |0.75] 1.000 | 0.95| 0.19 2 0.00 0 6.09 6.09 6.09 1.56 355 0.72 1 0.75]110(50]| 96]193| 25 |3.75(118) 43 | 43 ]15] 2.8 | 458 | 578 | 179 478 | 0.53 | 50 | 9.6 | 24.1 2.5 328 |1 159] 41| 0.7 ] 24| 619 | 722 | 157| 582 | 0.44
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4/ COREBRACE END CONNECTION CALCULATIONS

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903

Specimen ID and Location Section 3.6.0 Weld Design

P Weld Design Criterial Section 3.6.1 Weld Size Required at Bolt Pattern 3.6.2 Weld Size Beyond Pattern 3.6.3 Weld Around Lug in Lieu of Boltini
EOR-ID | Line Grids Lvls Mark Qty ¢ Fysc-max | Fexxere | Lwia| Luc | Weld 2| W | Ws |t %A Purg | Dwt-min | Dwtaread | Dwia| twmin | Fr-wa| Pwi | Dwiread | Dut | tmin | Fexxost | Lis|Liss] Z Fr | Drs | Ds

0, -
# # # # # | ksi ksi | in | in| sides?| in in | in <l yip | 16ths | 16ths |16ths| toee | kip | kip | 16ths |16ths| tyee| ksi | in] in | ine | kip |16ths|16ths

BRB-4.00 3+ E.5-D.9 2 1901 1 |0.75 46 70 15| 25| TRUE | 4.00 | 0.78 |1.00{ 100% 60 4.0 1.4 4 [037] 36 235 1.7 4 10.61 70 33| 56 8.4 56 6.0 | 10.0
BRB-4.00 3+ E.5-D.9 1 1902 1 |0.75 46 70 15| 25| TRUE | 4.00 | 0.78 |1.00{ 100% 59 4.0 1.4 4 [037] 36 230 1.6 4 10.61 70 33| 56 8.2 55 6.0 | 10.0
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Reed College Central Plant Upgrade

Calculation Submittal Package

Description

Section 4. Bottom Gusset Beam to Column Flange (Strong-Axis) Connection Sample Calculation
Top and Bottom Connection Summary Tables
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Bottom Gusset Connection

(Top Connection Similar)

Example Mark #: 1901
Line 3+, Grid E.5-D.9, Level 2

CORE PLATE
Dcb

T~ GUSSET PLATE
LUG PLATE

ec L ec o3

eb

Dbb

eb

GUSSET CONNECTION
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Example Mark #: 1901
Uniform Force Method - AISC 360 - Bracing Section

4.0 DESIGN CRITERIA

Area of Yielding Steel Core Ag: 4.00 in2 (2581 mm?2)
Maximum Yield Stress of Core Material Fy-max: 46 ksi (317 MPa)
Compresssion Strength Adjustment Factor B: 1.2
Strain Hardening Adjustment Factor w: 1.39
Connection Strain Hardening Factor CF: 1.00

Adjusted Brace Strength (Design Axial Load) in Compression (CF*BwF,.mayxAsc) Py 306.9 kip (1365 kN)

Adjusted Brace Strength (Design Axial Load) in Tension (CF'0F,.mayAsc) Py 255.8 kip (1138 kN)
Width of Lug W 7.50 in (191 mm)
Column Depth De: 8.00 in (203 mm)
Column Web Thickness twe: 0.75in (19 mm)
Column Flange Thickness e 0.38 in (10 mm)
Column Flange Width b 8.00 in (203 mm)
Column Web Doubler Plate Thickness (one side) twepL 0.00 in (0 mm)
Beam Depth Dpp: 8.00 in (203 mm)
Nominal Depth of Beam DNpp: 8.00 in (203 mm)
Beam Web Thickness Tb: 0.75in (19 mm)
Beam Flange Thickness ot 0.38 in (10 mm)
Beam Flange Width bey: 8.00 in (203 mm)
Beam Distance from Outer Face of Flange to Toe of Fillet Kgesb: 1.00 in (25 mm)
Column Distance from Outer Face of Flange to Toe of Fillet Kgesc: 1.00in (25 mm)
Beam Web Doubler Plate Thickness (one side) EabpL 0.00 in (0 mm)
Angle Between the Beam and Brace CL Bcs: 0.946 rad 54.2°
Angle Between the Column and Brace CL Ouem: 0.625 rad 35.8°
Min Clear Distance from Face of Beam to Edge of Lug bpot-am: 1.00in (25 mm)
Min Clear Distance from Face of Column to Edge of Lug buot-col: 1.17in (30 mm)
Gusset Extension to Beam Extg: 1.00 in (25 mm)
Gusset Extension to Column Extc: 0.75in (19 mm)
Distance from Last Bolt to Start of Radius on Lug b,: 0.99 in (25 mm)
Bolt Edge Distance e: 1.63in (41 mm)
Provided Stroke Distance at Each End of Brace c: 3.00 in (76 mm)
Distance Between End of Core and Gusset a: 4.00 in (102 mm)

4.1.0 GEOMETRY CALCULATIONS - UNIFORM FORCE METHOD
Length from WP to Bottom Tip of Brace
Length from WP to Outside Edge of Col along WorkLine

Lep = (Dey/2)/COS(6cs) Lep: 6.84in (174 mm)
Length from Edge of Column to Tip of CB along WL

Lico = [Dpot-col + (W1/2)]/COS(Bce) - (e + by) Li! 5.79in (147 mm)
Length from WP to Top Edge of Beam along WL

Lo = (DNpy/2)/SIN(Bcs) Lop: 4.93in (125 mm)
Length from Edge of Beam to Tip of CB along WL

Lipp = [Dporem + (W/2)I/SIN(Bce) - (€ + b;) Lipb 3.24in (82 mm)
Controling Length is MAX(L¢p+Lycp , Lop+Libp) Lip: 12.63in (321 mm)
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Length from Square Projection to Edge of Gusset (CB Lap on Gusset)

Horizontal Distance from Column to WP (Dg,/2)
Vertical Distance from Beam to WP (DN,/2)

Minimum Weld on Column from Geometry

Lgc min = (Lo + Lg)'SIN(Bcg) + (Wy/2 + Extc)'COS(8cg) - DNyy/2

Minimum Weld on Beam from Geometry

Lgb_min = (Lip + Lg)'COS(Bcg) + (W/2 + Extg) SIN(Bcg) - Dep/2

Dist from Face of Col Fl to Centriod of Gusset-to-Beam Connection (UFM)

Olmin = Lap min/2

Olyang = Hand Input Value to Force

Olin 6.91in

Olpjand 6.91in

If Hand Input Value is Different from o, use Hand Input Value

Inside Weld Deducts:

Outside Weld Deducts:

o Dist for Weld (1/2 of the actual weld length used for design)

a. Dist from face of column to mid point on beam welds
Opar = WDgm.1n + G

Dist from Face of Beam Fl to Centriod of Gusset-to-Column Connection (UFM)

Brmin = Lac min/2

Brang = Hand Input Value to Force

Buin 9.00 in

Bhand 9.00in

If Hand Input Value is Different from B, use Hand Input Value

Inside Weld Deducts:

Outside Weld Deducts:

B Dist for Weld (1/2 of the actual weld length used for design)

B from face of beam to mid point on column welds
Bbar = WDcol1n + Bq

Constants for Connections not in Equilibrium
K = e, TAN(Byem) - €c

K" = Oloar TAN(Burm) + Otpar/ Boar]

D = (TAN(Burm))? + (Ctoar/ Boar)?

Final values of o and B
One = [K*TAN(Byr) + K(Otpar/Boar)21/D

Bre = [K' - K¥TAN(Byem)1/D

r = V((0e + €)% + (Bre + €,)2)
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Lq: 11.251in

e: 4.00 in

€yt 4.00 in

[ Cocmin 17.99 in

| Lo min: 13.82 in
(176 mm)
(176 mm)

Olin: 6.91in

WDgm ! 1.50in

WDgp out: 0.50 in

Ot 5.91in

Olpars 7.41in
(229 mm)
(229 mm)

Brin: 9.00 in

WDcoi1n: 1.50in

WDqy 0ut: 0.50 in

Ba: 8.00in

Boar: 9.50 in

K: -1.11in

K': 11.13in

D: 1.13

Olne 6.51in

Bue: 10.56 in

r 17.96 in

(286 mm)
(102 mm)
(102 mm)

(457 mm)

(351 mm)

(176 mm)
(38 mm)
(13 mm)

(150 mm)

(188 mm)

(229 mm)
(38 mm)
(13 mm)

(203 mm)

(241 mm)

(-28 mm)

(283 mm)

(165 mm)
(268 mm)

(456 mm)



4.2.0 GUSSET STRESS CALCULATIONS - AISC 360

0} X2

COL FLANGE

OR WEB ~__

EXTENT OF —|
LUG HEAD

GUSSET PL —

CORE PL
OR STIFF PL

4.2.1 WHITMORE SECTION STRESS CHECK

\ BASE PL

OR BM FL

LRFD Resistance Factor dw: 0.90
Number of Bolts in Inside Row n;: 3
Number of Bolts in Outside Row ny: 0

Total Number of Bolts at Each End 2(n; + n,) ny: 6
Bolt Spacing s: 4.00 in
Minimum Yield Strength of Gusset Fya 50 ksi
Minimum Tensile Strength of Gusset Fuq: 65 ksi
Thickness of Gusset Plate ta: 1.00 in
Thickness of Repad Plate for Design: t. 0.00 in
Whitmore Angle Bwhtm: 30.0°
Total Length Between Outer Bolt Holes Lg = L, - 2e Lg: 8.00 in
Vertical Distance to Top Bolt on Beam Side of CL

Y1 = Lacmin = (W + Extc - €)'COS(6¢g) - €"SIN(B¢z) Yt 12.80 in
Horizontal Distance to Top Bolt on Column Side of CL

X5 = Lap-min - (W, + Extg - €)*SIN(Bcg) - €' COS(8¢s) X,: 7.30in
Whitmore Length if Not Limited by Beam or Column

hg = Lg:/COS(Bwhtm) hg: 9.24in
Gusset Condition: FHG: FALSE

FHG - Full Height Gusset

NFG - Non Full Height Gusset
Whitmore Length if Limited by Beam hgm 12.86in

IF Then

FHG = TRUE hem = hg:

FHG = FALSE hem = Y1/SIN(Bcg + Buhim)
Whitmore Length if Limited by Column

Neor = Xo/COS(Bcs - Buwhim) heot 8.00 in
Constrain Whitmore Section within Gusset Plate? WSG: FALSE
Whitmore Area Ay = 13.49 in2

IF Then

WSG = TRUE A, = [2'min(hg,,hgm,hcor) ' SINBwim)1te + (W, - 2€)*(t, + 2t,)

WSG = FALSE Ay = [2'Lar TAN(Byhem)1'tq + (W, - 2€)"(tq + 2t,)
Whitmore Capacity Ry = ¢w'AwFyq [ oRw: 606.9 kip |
Whitmore Stress Ratio

DCRy = Pu/dRpw | DCRy: 0.42 |
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(102 mm)

(345 MPa)

(448 MPa)
(25 mm)
(0 mm)
0.524 rad

(203 mm)

(325 mm)

(185 mm)

(235 mm)

(327 mm)

(203 mm)

(8702 mm?2)

(2700 kN)



4.2.2 Gusset Plate Buckling
LRFD Resistance Factor for Compression

Modulus of Elasticity of Gusset Plate Material
Effective Length Factor for Gusset Buckling

Average Buckling Length
Average of L ;, L ,, & L 3. If average is less than zero, zero is used (Gusset is Flastic).

Radius of Gyration of Gusset  r, = V(t,2/12)
Gusset Slenderness Parameter A = Kgp'L'/(rq' 1) V/(Fyo/Ecst)
Gusset Buckling Capacity §R,go = ¢c'0.658"(A2) FygAy
Gusset Buckling Capacity Ratio

DCRgy = Pu/$R.gp

4.2.3 Gusset Plate Buckling (Out-of-Plane)
LRFD Resistance Factor for Bending

A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset
Assumed Spectral Acceleration
Factor on Sy,
Importance Factor
Brace Weight
Additional Out-of-Plane Force on Gusset (when present).

Out of Plane Force at Each End of Brace due to BRB Self Weight
SW Foop = Fsa™Sa'Io"Wtir/2 + Fagat-oop/end

Moment Arm
Mam oop= Let+a+2:C

Resulting Self Weight Out-of-Plane Moment
SW Moor = Foor"Mam oop

B. Consider Adjusted Brace Strength at Out Of Plane Frame Deformation
Story Drift Factor (Usually 2x, But if considering 100% of ABS, Use only 1/3 of this)
Story Drift (See Stiffness Section for Calculation)

Drift Angle
B5p=ATAN(SD"Fsp)

Percentage of Adjusted Brace Strength to Consider
Use either 100% ABS and 1/3 of 2xSD, or 30% ABS and 2xSD

Out of Plane component of FpgsxAdjusted Brace Strength
Ph = FagsPuc'SIN(Bsp)

Moment Arm (consider PH applied at centroid of BRB-gusset connection)
Marm o1 = Lio/2

Resulting Horizontal Moment
Men = PyMam pu
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e 0.90
[ 29000 ksi
Kap: 1.00
L 3.31in
Tgt 0.29 in
A 0.15
$Rn-gp: 601.1 kip |
DCRy: 0.51 ]
o 0.90
Sp: 1.00 g
Fsa 0.40
L 1.00
Wt,: 0.86 kip
Fadat-oop/end: 0.00 kip
Foop: 0.173 kip
Mam oop: 21.25in
Moop: 3.7 kip-in
Fsp: 0.67
SD: 1.00%
Bsp: 0.0067
Fags 100%
Put 2.05 kip
Mam put 5.63in
Mpy: 11.51 k-in

(199955 MPa)

(84 mm)

(7 mm)

(2674 kN)

(3.8 kN)

(0.0 kN)

(1 kN)

(540 mm)

(415 kN-mm)

(0.38°)

(9.1 kN)

(143 mm)

(1301 kN-mm)



C. Consider Total Moment from Part A and B

Total Out of Plane Moment
M, = Moop + My

Length of potential yielding line (disregarding concrete where occurs)
To Intersection with Column
To Intersection with Beam/BP
Total Length L, = L.+ L,

Plastic Modulus

Zo = Let/4
Design Flexural Strength
M, = dyZFyy
Gusset Flexure Capacity Ratio
DCRy = M,/0M,
Combined Gusset Buckling & Flexure DCR

IFDCRy, 2 0.2,  DCRgy¢ = DCRy, + (8/9)DCRy
IFDCRy < 0.2,  DCRgyyr = (1/2)DCRy, + DCRy
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My: 15 k-in
L 13.0in
Ly: 12.3in
Ly 25.31in
Z,: 6.32in3
dM: 284 k-in
DCR: 0.05
DCRgp.¢: 0.56
DCRyp. 1! -

(1716 kN-mm)

(329 mm)

(313 mm)

(642 mm)

(103536 mm?)

(32128 kN-mm)



4.8.0 Summary

4.2.1 Whitmore Section Stress DCRy: 0.42
4.2.2 Gusset Plate Buckling DCRy: 0.51
4.2.3 Gusset Plate Combined Buckling & Flexure DCRgbsf: 0.56
4.4.2 Column Web Shear Check DCR: n.a.
4.6.1A Gusset Weld Base Metal Check at Beam (Gusset) DCRybmbat n.a.

Gusset Weld Base Metal Check at Beam (Flange) DCR yompr: n.a.
4.6.1B Gusset Weld Base Metal Check at Column (Gusset) DCRbmeat n.a.

Gusset Weld Base Metal Check at Column (Flange) DCRyomer: n.a.
4.6.1C Beam Weld Filler Material Base Metal Compatability Check DCR ybm.gm: n.a.

Column Weld Filler Material Base Metal Compatability Check DCRybom.col n.a.
4.7.1 Beam Web Yield Check DCR b n.a.
4.7.1 Column Web Yield Check DCRyc: n.a.
4.7.2 Beam Web Crippling Check DCRyp: n.a.
4.7.2 Column Web Crippling Check DCR n.a.

Provide Stiffener if DCR ,,, 0r DCR oy > 1.0
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/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR
Job: 6903
Specimen ID and Location Section 4.0 Design Criteria
EOR-ID Line Grids Lvis Mark Qty| Asc | Fy-max Puc | Pu| Wi | Dep twe | trc bre | twepe | Dob |DNoo| twb | to | Do | Kaeso | Kaesc | twonri | Oce | @uem | Dootsm | Pootcol | Exte | Extc b, e c a
S| B|w]CF| . ) ; ; ) ) ) ) ) ) ) ) ) ) . . . . )

# # # # # in? ksi kip | kip in in in in in in in in in in in in in in rad| rad in in in in in in in in

BRB-4.00 3+ E.5-D.9 2 1901 1 | 4.00 46 11.20{1.39|1.00| 307 | 256 | 7.50 | 8.0 |0.75[ 0.38 | 8.00 | 0.00 [ 8.0 | 8.00.75/0.38| 8.00 | 1.00 | 1.00 [ 0.00 |0.95| 0.63 | 1.00 1.17 1.00 0.75 | 099 1.63| 3.0 [ 40
BRB-4.00 3+ E.5-D.9 1 1902 1 | 4.00 46 ]1.19/1.38]|1.00| 302 | 254 | 7.50 | 8.0 |0.75[ 0.38 | 8.00 | 0.00 [ 5.0 | 5.0 |5.00|2.50| 5.00 | 1.00 | 1.00 [ 0.00 |0.96] 0.61 | 1.00 1.62 150 | 400 | 0.99]1.63| 3.0 | 40
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//COREBRACE BEAM/COL FLANGE BOTTOM CONNECTION

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Speci ID and Locati Section 4.1.0 Geometry Calculations - Uniform Force Method Section 4.2.0 Gusset Stress Calculations
pecimen U and Location Length WP to BOT Tip of BRB Length from Square Projection to Edge of Gusset 4.2.1 Whitmore Section Stress Check
EOR-ID Line Grids Lvis Mark Qty| Lo | Liw | Lov | Luov | Lo Lo | ecor| €m] lacmin | labmin | @min] WDgnjn | WDgmouw | O | @bar | Bmin]  WDcoyi WDcoiout | Ba | Boar K K N ae | Bue r Ni|nofno| s | Fva|Fua] ta |t oes| Whtm Ang| Lg | Y1 X2 hg, | Full Ht| hgy | heo | Constrainf Ayn | dRpw| Pu
# # # # # in in in in in in in in in in in in in in in in in in in in in in in in in dw #|#] #] in | ksi]ksi] in in deg in in in in |Guss?| in in Whitmore | in? kip R,
BRB-4.00 3+ E.5-D.9 2 1901 1 68 | 58 | 49 | 3.2 |12.63[ 11.3| 40| 4.0 18.0 13.8 6.9 1.50 0.50 59 | 74 9.0 1.50 0.50 80 [ 95| -11] 111 |1.13| 65 | 106| 18.0/0.9|3| 0| 6|4.00| 50| 65| 1.00| 0.00 30 8.00 [12.80| 7.30 | 9.24 [FALSE|12.86| 8.00 FALSE 13.5 | 607 | 0.42
BRB-4.00 3+ E.5-D.9 1 1902 1 7.0 | 68| 3.0 | 3.2 |13.75[11.3]| 40| 25 22.4 14.6 7.3 1.50 0.50 63| 78| 112 1.50 0.50 102 11.7] -23 ]| 10.7 | 093] 6.9 | 13.1]19.1|/09|3]| 0| 6]4.00] 50| 65| 1.00] 0.00 30 8.00 [15.45| 7.64 | 9.24 [ FALSE|15.50| 8.44 FALSE 13.5 | 607 | 0.42
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77

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR
Job: 6903
Speci ID and Locati Section 4.2.3 Gusset Plate Buckling (Out-of-Plane)
pecimen U and Location 4.2.2 Gusset Plate Buckling A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset B. Consider Adjusted Brace Strength Out Of Plane Frame Deformation C. Consider Total Moment from Part A and B

EOR-ID Line Grids Mark Factor | Witggrs SW Foop €aengy] Marm-oop Factor Factor Py Marm pH M, Ly Z, $Mn Mu DCR
# # # # on S P kips kips in on SD on ABS kips in k-in in in3 k-in oMn gb+f
BRB-4.00 3+ E.5-D.9 1901 1 0.40 1.00 0.86 0.17 21.25 0.67 100% 2.046 5.625 15.2 12.3 6.32 284 0.05 0.56
BRB-4.00 3+ E.5-D.9 1902 1 0.40 1.00 0.88 0.18 21.25 0.67 100% 2.014 5.625 15.1 13.8 7.19 324 0.05 0.55
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//COREBRACE BEAM/COL FLANGE TOP CONNECTION

Project: Reed College Central Plant Upgrade
Location: Portland, OR

Job: 6903
Specimen ID and Location Section 4.0 Design Criteria
EOR-ID Line Grids Lvls Mark Qty | Asc |Fymax 6 wl|ce Poc | Pue | We | Det |t bic twept | Dot | DNo| twn tiy by, Kaesb | Kaesc | tworer | 8cs | Ouem | Prop-am| Brop-col] Exte | Extc b, e c a
# # # # # in? ksi kip | kip in in in in in in in in in in in in in rad| rad in in in in in in in in
BRB-4.00 3+ E.5-D.9 2 1901 1 [14.00| 46 [1.20/1.39/1.00| 307 | 256 [ 7.50 | 8.0 [ 0.38 - 0.00 | 8.0 8.0 0.75] 0.38 - 1.00 | 1.00 | 0.00 |0.95| 0.63| 1.00 [ 1.09 | 1.00 | 0.90 | 0.99 [1.625] 3.0 | 4.0
BRB-4.00 3+ E.5-D.9 1 1902 1 [ 4.00| 46 [1.19|1.38(1.00| 302 | 254 | 7.50 | 8.0 | 0.38 - 0.00 | 80 8.0] 0.75] 0.38 - 1.00 | 1.00 | 0.00 |0.96] 0.61| 1.00 [ 1.01 | 1.00 | 0.35 | 0.99 [1.625] 3.0 | 4.0
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/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR
Job: 6903
Specimen ID and Location Section 4.1.0 Geometry Calculations - Uniform Force Method Section 4.2.0 Gusset Stress Calculations
P Length from WP to Tip of BRB Length from Square Projection to Edge of Gusset (CB Lap on Gusset) 4.2.1 Whitmore Section Stress Check
EOR-ID | Line Grids Lvis Mark Qty| Lee | Lace | Loe | L | Lo | La| Lo | €co] @m]| 'acmin | Tao min | lTacext | lab e | @min] WDgnin | WDgmouw | @ | ar | B min]  WDcqpj WDcoiout | By | Boar | K K' b a B r ® nilnol mo | s |Fua|Fual ta |t oes | Whtm Ang| Lg | Y1 X2 he: |Full Ht] hgm | heo |Constrain] Aun [Wan| Awn | R | P
# # # # # in in in in in in in in in in in in in in in in in in in in in in in in in in in in “lulu| # in | ksi| ksi] in in deg in in in in JGuss?| in in Whitmore in? in in? Kip | R,
BRB-4.00 3+ E.5-D.9 2 1901 1 68 | 57| 48 | 3.1 | 125 - [11.25| 40| 40| 17.98 13.75 - - 6.87 1.50 0.50 5.87 | 7.37 | 8.99 1.50 0.50 7.9919.49(-1.11[11.05/1.12| 6.5 | 10.5]| 17.9/0.90/ 3| 0| 6 [4.00| 50| 65|1.00{ 0.00 30 8.00| 12.7 | 7.2 9.2 |FALSE| 128 | 7.9 FALSE 135 [ 12.2| 12.2 607 [ 0.42
BRB-4.00 3+ E.5-D.9 1 1902 1 70| 57| 49| 382|127 - [11.25] 40] 40| 17.97 13.60 - - 6.80 1.50 0.50 5.80| 7.30 | 8.99 1.50 0.50 7.9919.49(-1.21{10.72|1.08] 6.3 | 10.7 | 17.9(0.90| 3| 0| 6 [4.00| 50| 65]1.00{ 0.00 30 8.00] 131 | 7.0 9.2 |FALSE| 13.1| 7.8 FALSE 135 [ 12.0] 12.0 607 [ 0.42
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/7 COREBRACE

SUPERIOR SEISMIC PERFORMANCE

Project: Reed College Central Plant Upgrade
Location: Portland, OR

BEAM/COL FLANGE TOP CONNECTION

Job: 6903
Specimen ID and Location Section 4.2.3 Gusset Plate Buckling (Out-of-Plane)
P 4.2.2 Gusset Plate Buckling A. Consider Self Weight of Brace Out-of-Plane Acting on Gusset B. Consider Adjusted Brace Strength at Out-of-Plane Frame Deformation C. Consider Total Moment from Part A and B
EOR-ID Line Grids Lvis Mark Qty ® Egst K L Iy N R4 P Sa Factor | Witggrs | Fadai-oopend | SW Foop €aend) | Mam-oor | SW Moop|  Factor SD Drift Angle Factor Py Marm pH Mpy My L. Ly L¢ Z, ¢Mn Mu DCR
# # # # # ki |7 in | in] ™| kip | dRugs| (SDS) | onsa i kips kip kips in k-in on SD % RAD on ABS kips in k-in k-in in in in ins k-in Mn abef
BRB-4.00 3+ E.5-D.9 2 1901 1 |0.9029000)1.00| 3.18 [0.29|0.15] 602 0.51 1.00 0.40 1.00 0.86 0.00 0.17 21.25 3.68 0.67 1.00% 0.01 100% 2.05 5.63 11.51 15.18 12.26 13.04 25.30 6.32 284.61 0.05 0.56
BRB-4.00 3+ E.5-D.9 1 1902 1 |0.9029000)1.00| 3.24 [0.29|0.15] 601 0.50 1.00 0.40 1.00 0.88 0.00 0.18 21.25 3.74 0.67 1.00% 0.01 100% 2.01 5.63 11.33 15.07 12.27 12.77 25.04 6.26 281.75 0.05 0.55
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Reed College Central Plant Upgrade

Calculation Submittal Package

Description

Section 7. Stiffness Sample Calculation
Stiffness Tables
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Stiffness Calculation

Example Mark #: 1901
Line 3+, Grid E.5-D.9, Level 2

w.Pp. |
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Example Mark #: 1901
Stiffness Calculation

7.0 DESIGN CRITERIA
Length Between Work Points at Top and Bottom of Brace

Modulus of Elasticity
Yielding Core Stiffness
Yielding Core Length
Yielding Core Area
Yielding Core Stiffness  Kysc = Aysc'E/Lysc
End Zone Stiffness
Length of Stiffener Plate Extension into Casing

End Zone Total Length Ler = 2L,
End Zone Area

End Zone Stiffness K. = Ac'E/Ler
Transition Zone Stiffness (Where Occurs)
Length from End of Stiffener Plate to Middle of Final Transition
Transition Zone Total Length Ly = 2L,
Transition Zone Area
Transition Zone Stiffness K, = A;E/Ly
Connection Stiffness
Length of Connection from Work Point to End of Gusset
Connection Region Total Length L. = 2-L¢
Connection Area
Connection Stiffness K. = Ac'E/L
Center Region Stiffness (Not Applicable Where L. = 0)
Length of Center Region
Area of Center Region

Center Stiffness Kt = Acst'E/Lest

Total Stiffness  Ker = 1/(1/Kysc + 1/Ke + 1/K; + 1/K. + 1/Kegr)
Yielding Core Stiffness WP to WP K wp = Aysc'E/Lwp
Stiffness Modification Factor K = Kqg/Kowe

Length Verification

Lysc+LeT+LtT+LcT+LCst

LWP
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Lo 150.4 in
E: 29000 ksi
L'ysc 69.3 in
Ausc: 4.00 in2
Kysc 1674 k/in
Le: 16.7 in
Ler: 33.5in
Ag: 8.98 in2
Ke: 7782 k/in
Ly 0.0in
Lert 0.0in
Au 0.00 in2
Ki: -
L 23.8in
Lt 47.6in
A 26.93 in2
Ke: 16401 k/in
Lestt 0.0in
At 4.00 in2
Kest! -
Kefe: 1271 k/in
Kiwe: 771 k/in
Ke: 1.65

= 1.00  Should be 1.0 if all regions are accounted for.

(3819 mm)
(199955 MPa)
(1760 mm)
(2581 mm?2)
(293 kN/mm)
(425 mm)
(850 mm)
(5792 mm?2)
(1363 kN/mm)
(0 mm)

(0 mm)
(0 mm?2)

(605 mm)
(1210 mm)
(17376 mm?2)

(2872 kN/mm)

(0 mm)
(2581 mm?2)

(223 k/mm)

(135 kN/mm)
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Project: Reed College Central Plant Upgrade

COREBRACE

SUPERIOR SEISMIC PERFORMANCE

COREBRACE STIFFNESS CALCULATIONS

Location: Portland, OR
Job: 6903
Specimen ID and Location General Yielding Core Stiffness End Zone Stiffness Transition Zone Stiffness Connection Stiffness Center Region Stiffness Total Stiffness & Check
EOR-ID Line Grids Lvis Mark Qty Lwp E L'ysc Agc Kysc Le Ler Ae Ke L L A K L Ler Ac Ke Lest Acst Kest Kere | KLwp K Length
# # # # # in ksi in in2 k/in in in in2 k/in in in in2 k/in in in in? k/in in in? k/in k/in | kf/in 1 check
BRB-4.00 3+ E.5-D.9 2 1901 1 150 29000 69.3 4.00 1674 16.7 | 33.5 9.0 7782 0.0 0.0 0.00 - 23.8 48 26.9 | 16401 0.0 4.0 - 1271 | 771 | 1.65 1.0
BRB-4.00 3+ E.5-D.9 1 1902 1 154 29000 71.5 4.00 1623 16.6 | 33.3 8.9 7743 0.0 0.0 0.00 - 24.5 49 26.6 | 15787 0.0 4.0 - 1236 | 755 | 1.64 1.0
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