m Consulting Engineers
"

December 5, 2013
Via Email

Mr. Tim Eddy

Hennebery Eddy Architects Inc.
921 SW Washington Street, Suite 250
Portland, Oregon 97205

RE: Ash + Ash
Portland, Oregon

Dear Tim:

As requested please find attached analysis and sketches, sheets 1 through 16 dated June to December, 2013
for the deferred submittal of the % inch laminated glass roof top guard rail and connections as well as the glass
rail on the main stair.

If you have any questions or need further information, please call me.

Sincerely,

\Q“Y\““Rk %3 r/gwf‘”\‘

Ronald G. Kernan, P.E., S.E.
Associate

RGK/jkd
212271/glass railing calcs 12-05-2013

111 SW Fifth Avenue, Suite 2500 Portland, Oregon 97204-3628 (503) 227-3251 Fax (503) 227-7980
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KPFF Consulting Engineers Sheet No.:__ |
Portand, Oregon

Page -1-
Project: Ash&Ash Engineer: RGK
Project No.: 212271 File: 212271 roof railing.MCD
Client: Hennebery Eddy Date: 12-13
Subject: Roof Top Railings Rev.:

Given: Drawing A202 dated 9-30-2013 & glass submittal
Required: Check glass railing, shoe, and attachments to structure

Solution:

From Attached DuPont analysis for effective thickness of laminated glass;
te := 14.31-mm = 0.563-in Fp := 7400-psi  for laminated glass

For 50 pif load, consider 1" sectionof glass: M := 50-plf- 1-ft:36-in = 150ft-1b

12:in-t,2

s = = O.635-in3

M
fy := — = 2835.507- psi < Fp Therefore OK
S

For 200 Ib concentrated load, assume load is distrubuted to base shoe @ 45 degrees

i 2
36-in-t
8= —6?— = 1.904-in3

_200-1b-36-in
S

e = 3780.676-psi < Fy Therefore OK

Reference attached hand calculations for HSS 2 x 2 x 1/4 post, connections, and wood members.




KPFF Consulting Engineers
Portiand, Oregon

Project: Ash&Ash

Project No.: 212271

Client: Hennebery Eddy
Subject: Roof Top Railings

Sheet No.: 2—__

Page -

Engineer: RGK

File: 212271 roof railing.MCD
Date: 12-13

Rev.:

Check Aluminum shoe & connection to HSS 2x 2: Shoe is 6063-T6 Aluminum

From 2010 Aluminum Design Manual, Table 2-21:  Fy, := 19.7-ksi

625

L
3.500
il
-

2.250

1.0

|8l

M = 200-1b-36-in = 600 ft-1b

M
fhi=—
S

. 0
For 12" section of shoe, section modulus of side in bending: s := 12-m-(0.6625- ) 0.781in3
< Fy, Therefore OK
With 1/2" ¢ bolts holding shoe to HSS, check tension in bolt:
= 411428616~  Tyjiow = 0.142-in2-0.6-36-ksi-1.33 = 4079.376Ib

t = =
bolt -= ( 5

within 1%, Therefore OK




@; DuPont Glass Laminating Solutions: Beam Calculator - Mozilla Firefox

www2.dupont.com/SafetyGlass/en_US/tech_info/beamCalculator.himl]

Foed e

l =

DuPont Glass Laminating Solutions

SELECT LAMINATE PROPERTIES, BEAM GEOMETRY, AND LOADING CONDITIONS

~ STRENGTH OF GLASS CALCULATOR

Close window

Laminate  Temperatwre  Time_ LD : l__’ "i
symmetic _~| Wlsoc  [| e [ = (h§ o glass
: s g e . 51';07 . g polymer mtgﬂayer
Giajéﬂwlhimf, nessh ‘Interlayer'rhxckn ss o . giass - - Ay
110 e i Lineload
' (035 KN/m)
bdgehms,h  Glass Type | e
¥ Pohshedé !“Tempered ; i . LN/m
G'ass StreSS (Mpa) . |Laminate Thickness Case 1
(h+h+hr)

25 30 40 s 60 gu

Glass Thickness, h{imm)
The DuPont Oval, DuPont™, the miracles of science™ Butacite®, and
SentryGlas® are trademarks or registered trademarks of DuPontor

its affiliates.

10 15 19

PVB
243,65 Deslgn Strength (\IP:!) Pa) Lammate . 866." .
(ASTMEL300-0) [ 73 | Deﬂectnon (mm) g
a
g 58.09 "2 95.72
fid Q
b [Eftective £ Effective
2 13.79. |Thickness{mm) § 10.50 | Thickness{mm)
[ b ¢ CER : -
f‘,; | 18.35 | SentryGlas&Pius 17.44 | SentryGlasePlus
1431 pvB [12.72] pvB
. At
i 3;28‘- E 2 L . ) 1 1 T
f 25 5 10 15 19 25 5
; b Glass Thickness, h (mm) Glass Thickness, h {mm)
i 1.0 120 160 190

SO0 mm

QUPOND The miracles of science”



Glass Handrail System

Base Shoe
1.000
+—+ T
1.1 00
+ 4750
2.500 Weight Per  Weight Per
Part Foot Piece
Number Description Alloy Dimension  (Estimated) (Estimated)
SHOEG3 Handrail Shoe 6063-T52 20 Feet 7.970 159.400
B25
§ 1
. 3.500
1.000 !
2250 Weight Per  Weight Per
Part Foot Piece
Number Description Alloy  Dimension  (Estimated) (Estimated)
SMSHOE63 Glass Base Shoe  6063-T6 10 Feet 6.349 63.490
SMSHOEGB3D* Glass Base Shoe  6063-T6 10 Feet 6.349 63.490

*Pre-drilled .563" holes on 12 inch centers beginning 6 inches from the end

and ARCHITECTURAL

CA - CoasT ALUMINUM



TEMPERED GLASS

GUARD RAIL
3" X 3" X 1/4* HSS GALVANIZED
AFTER FABRICATION

1/2 CARRIAGE BOLT
/ SOLID SHIMS

24" X 24" PAVERS
AND PEDISTAL SYSTEM

2 X 2" X 1/4" H3§ —

el €\

ROOF MEMBRANE

SIMPSON CCO 77 ———~___|

GLULAM 6 3/4" X 18"

06 KW

™ 3/‘('“ x? sz LA(]
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g 33 x'(q .



ASH + ASH GLASS GUARDRAIL
GEOMETRY AND SUPPORT LAYOUT

(4) POINT SUPPORTS

3'_5"

2!_5"




Use SJ MEPLA for analysis of laminated glass guardrail support.
MEPLA input is as follows:

Geometry-
Project: Ash + Ash - 4 Button - Rev: Workspace geometry

Edge! X[mm] © Y[mm] | Xm | Ym | Rotation !‘ ot
hjieg 0 0 G Mg

(1 D siacaalt Ok b 0|

2 1083 749 0 0 0

3 1083 1790 0 0 0

4 0 1041 0 0 0

40 mm element size [ Correction




Glass build-up- 10mm Fully Tempered/1.52mm PVB Interlayer/10mm Fully Tempered

For design, use PVB properties at 50 degrees C, 3 sec loading
\Project: Ash + Ash - 4 Button - Rev: Workspace layers

Package: [1 ~ifrom1 ) Newitem | %" Delete item

Note: 1 bar = 1800 mbar = 0.1 N/mm*

_|with contact of glass packages

Tolerance | 01| mm

et | ol L E Gow g W W Wy EF
[Glass, heat strengthened "J 70000. 023 902 25599 19-5 0
3 Glass, heat strengthened 70000 023 9.02 2.55e-9 1.eb 0
2 PVB 50 C 3s loading 132 4999 1.52 1.07e-9  B8esb 0
1 Glass, heat strengthened 70000. 0.23 902 25589 1eh 0
‘ﬁ’;ackage (from-to) Gas | t | | AT | B
1-2 |
2.3 1
R - o . - . b
Diffe aof he




Supports-

(O

Define glass disk fixings and apply at the (4) locations noted.
Project: Ash + Ash - 4 Button - Rev: Workspace supports

| Spring support ] Edge support] Glass fixing iSpac.e; I Edge beam ! Elast. edge support l Elast. base { Elast. line support l Bonded edges |

Kind of fixing:
] New item | % Delete item | B Show picture .
Manufacturer - product* ‘ Type | T p T3 ‘ Eg § Ep : ts :
[DiskFixing Jz <] ss 2 & s0 3
DiskFixing 2 95 22 60 500 3 l

Position of fixing:

TR
fdd

Load transmission at the borehole rim:

I New item | %" Delete item I
‘Reference x [mm] JY [mnl]i Zy | C | S | c, : iw E‘L B Co | Type

[DiskFixing ~| 88 858 10 10000 10000 10000 10000  10000(0 |
i DiskFixing 888 858 10 10000 10000 10000 10000 10000 0
| DiskFixing 888 680 10 10000 10000 10000 10000 10000 0

DiskFixing 296 446 10 10000 10000 10000 10000 10000 0

DiskFixing 296 268 10 10000 10000 10000 10000 10000 0

Contact approaches (tolerance valuey Degree of freedom for rotat

[Tfor the bush | 0001 mm

{"Ior the disk layer 0 0’31 mm

@l only the countersqq}g'hgqg touches the glass chamfer {type 1, 8, 9)
Clonly glass layer | "g touches the bush itype 2. 10}




Loading-
50 plf uniform load at top of barrier or 200 Ib concentrated point load

Point load:
Project: Ash + Ash - 4 Button - Rev: Workspace loads

| Face load | Concentrated load [Line load l Load cases l Border Ioads%

Package: {1 v |from 1

L) New item | %" Delete item

X[mm{__; Y [mm] | Fy[N] | FyINl | F,IN] | Ly [mm] ;Ly[mm]mj
5415 1405 590 10 10
5415 1405 590 10 10

{Project: Ash + Ash - 4 Button - Rev: Workspace loads
| Face load | Concentrated load | Line load | Load cases | Border loads|

Package: |1 w|from 1
I Newitem | %' Delete item

e S B el e B
0 1030 1083 1780 0 0 Rz
0 1030 1083 1780 0 0 73




peoy an

Progct: Ash + Ash - 4 Button - Rev: Workspace loads
Face load | Concentrated Ioad | Line load | Load cases | Bordee loads. TWAL P g
VIUse lpad cases
I Mewitem %" Delete item | X Delete all items | @ Opendle.. | b Save file...
Climate
IC OW | Wnd | Seow  Line Port  apaT AH | Shear Comment
15 0 & % %m0 1
1 15 b 0 0 i B .9 1
2 15 i 0 1 i -0 0 1
1 D 0 0 e 0 0 1
Wind Snow | Climate
N — -~ Vimtes {dedaul) -1
" Suction " Sumemer (defaut) - [
@ without g S ~ " sel-defined
= . @ it
* Suction 0 u
“ Pressure ] ﬁ
@ withaut

snid (Suipeoj wia3-8uoj| Joj Junodde 01 0OETI WLSY Jad 10308} G°T /M) speoj Ajiaeud JO 1sISU0D sased peoT



Results:
Load Case 1, outer lite:

N/mm*2 _

+35.30
+32,67
+30,05
+27.42
+24,79
+22.17
+19,54
+16,92
+14,29
#11.67
+9,04
+6,42
370
+1.:17
-1.46
-4,09
=671
-9.34
=11,96
=14.59

1.726e+002




Load Case 1, inner lite:

— N/mm~2 _

2.149e+002

=£-1.726e+002

| 4



Load Case 2, outer lite:

- N/mm™2 _
+54,69
+50,48
+46,27
+42,06
+37.84
+338.63
+29,42
+25,21
+21,00
+16479
+1g.88

+8,37

+4,16

-0.,06

-4,27

-8.48
=12;69
16,90
2111
=25,52

2.092e+002

1.716e+002

Ul



Load Case 2, inner lite:

— o NAmm®2
+50,88
+46,76
+42,65
+38, 53
| +34.41
j+30.29
§ +26,18
+22,06
+17.94

+13,82
+9.71
+5,59
+1,47
-2.65
-6.76
-10.88
-15. 00
-19.12
et 1.716e+002
-27.35

2.092e+002

i

|
Maximum stress = 54.69 MPa.

Maximum allowable stress = 54.3 MPa (for 1 in 1000 probability of breakage, tempered glass)
D/C=1.01, OK




