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All dimensions must be guaranteed by the general contractor
or field measured by DeaMor prior to fabrication. :
Your signature. on the guaranteed dimension line below states i
thot the dimensions shown in[block]|will be held, all custom :
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The skylights are designed fo carry a live load of 25 psf plus a
drifting load for a total of 69 pst.

The deflection is limited fo L/180. Wind load s bused on 80
mph, exposure "B".

Skylights are designed to withstand 120° F temperature swing
without permanent deformation.

Skyllghts are designed for Seismle Zone 3.

Supplemental engineering calculations accompany the drawings
and are incorporated into the skylight design.

3, The skylights are free of unconirolled leakage of water and alr
as determined by ASTM E-283 and ASTM E-331. Structural
performance of the ossembly is verified by ASTM E-330. Test
reports are provided in the Supplemental Technical Data.

4. Aluminum components are of the following alloys and temper,

Rafters 6063-T6
All other extrusions 6063~TS
Flashings and Plates 5052~H32

5. Aluminum systems components wlll have a 0.7 mil Class |
anodized finish.
Color: to be selected

6. All fasteners will be non—magnefic 300 series stalnless steel where
Indlcated. Steel fasteners wlil have a corrosion resistant coating.
Fasteners are designed for a safety factor of 4 to 1. All exposed
fasteners will be finished to match the skylight framing.

7. All dissimilar metais will be separated by 3M Scotchrap 50, black
vinyl All-Weather Corrosion Protection Tape, 10 mils thick.

8. Sealanis between aluminum and glass will be one part neutral cure

silicone, Dow Corning #791, black.

9. Backer rod behind sealants will be SOF Rod, as manufactured by
Applied Exirusion Technologies, Inc. This Is a reticulated, closed
cell foam rod that does not absorb moisture and is non—gassing
when punctured.

10. Bafflss located over the 1/4"# weeps along the save angle are

PVC~—coated Retlculated Indusirial Foam, manufactured by Scotfoam

Corp. It Is an 30 pore/inch open cell, flexible polyurethane foam
with a PVC coating.

11. Norton Norseal V~740 expanded cellular foam glazing tape is used
along the skylight perimeter for a seal against air Infiliration.

12. Glazlng gaskets are extruded 1/8"x1/2" 55-durometer Santoprene,
mechanically -interlocked into the skylight frame and caps.

13. Glass blocking Is provided by 80—durometer silicone setting blocks
interlocked or odhered to the skylight frame as shown in the
detalls. Blocking Is located at 1/4 poinis alorg the glass edges
fully supporting the glass from sliding and lateral movement.

14, Edge clearance between glass and adjacent framing suriaces wlill
be 1/4” minimum,

15. Glass: 7/16" thick laminated units consisting of (2) lites
of 3/16” CLEAR Heat-Sirengthened glass laminated
with an .030” CLEAR PVB lamina interiayer,
Includes standard patern ceromic frit on tha #3 surface,
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RETICULATED FOAM x | 172*
AT WEEPS

LONG -

g
TOP OF STUD WALL
AT RAKE

/' ALUM EAVE PLATE
X CONT. -~ ANO

240" ALUM EAVE FLASHING

GIOROIO

L) X cont. - aNo

k=3 4 04x3/4' HH 85 B-PT WSl
3' EA SIDE OF RAFTER - MiLL

4 5/le"

"4x3/4® HH S& B-PT Wel
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12* o/C - PNT

METAL PANEL &YST
BY OTHERS

VERIFY / oD TS

TS8X4 CURB

/T EAVE SECTION

w HALF SCALE

ARCH, REF, = /AI2

EL 240 ALUM, RIDGE FLASHING
*x CONT.- ANO

04x3/4" HH 66 A-PT Wel

Fl l at 24" O/C - MILL
PERIMETER CAP
¥ CONT- MILL

@ V8 % | /8 SILICONE SET BLK

% 2 LG at V4 PTS

174 ALUM CHEVRON,
2 PER CONNECTION= MILL.

b, o V4'x3/4' PH 85 F-PT
“| 4per CHEVRON - PNT
DOUBLE PITCH CROSSBAR
x CONT - ANO

7\ RIDGE SECTION

ARCH, REF, = NONE

w HALF 8CALE

¢ RAFTER ¢ RAFTER

172" ALUM SNAP CAP
x CONT - ANO

F4 Haxl' WM 56 A-PT Wel
ay 1@ o/c - MILL

PRESSURE PLATE
% CONT = MILL

SANTOPRENE GLAZING INSERT
% 2' LG at /4 P1S

35" ALUM RAFTER
x CONT - ANO

A
4

72 RAFTER DETAIL
W HALF SCALE ARCH, REF. s NONE

¢ RAFTER
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STRUCTURAL CALCULATIONS

FOR

MARK SPENCER HOTEL
DOUBLE-PITCHED GLASS CANOPY

408 SW 11th Avenue
Portland, Oregon 97202

e R e
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Berry-Nordling Engineers, Inc,
HAS BUPERVISED THE DESIGN

OF ARCHITECTURAL METALS
IN REGARDS TO STRUCTURAL

i~

ADEQUAZY ONLY.
BNE.L 1S NOT RESFONSIBLE
FOR DIMENSIONAL ACCURACY N
NOR THE WEATHERING ABILITY
.- AND/OR FPERFORMANCE CF
ARCHITECTURAL METALS. k
. Contents
Calculations 1=5
. Fagtener Lond Tables Al - A2

JPL Me! JPLI - JPL8
Cortact Person: Shane A Empey ot

BERRY-NORDLING pgicei: MARK SPENCER HOTEL
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. wwentoo DESIGN CRITERL

BASED DN 2@@: B

bEADLQADA.%P&F I R S I P
SNOWLOAD j= 25 PSE . .. . . L. il . L
< : : 25 P5l‘ s | .

WIND LOAD &, .85 MPH ( 3 eecond guat)

‘TRIB- o .F,T.’.. U
hn=1@ Fu :
raaf pﬂ.ch 15412
o .a:.a,n.,,,.,; S O O O
9z s@@256xl<,x)<ﬂxi<dxv Xy Aacs'laq,a -8 P OV L SR OV S S
. H ,,Kw-‘l@_ e e e [ I AT T

i ,qhmc,;) .-.‘q,(;-.aq,.) E W'{ASCETI E'q- 0230 . L

Components and Claddmg Wmd Loads
Using ASCE 7-02 Method 2 for hy,<or= 80 ft

roof " GC, "+"GC, "J/+" GCy walls "MGC, " GG, "+ GCy
zonei | -0.88 @ 0.46 ° 000 zone4 | 106 096  0.00
zone2 | -180 ' 046 © 0.0 zone5 | 433 086 000
zohe 3 .2,48 Y046 Y 000
Open Bullding RN MDA ROOER SR B e A E e - O  WALLS e
Exposure B zone 1 zone 2 zorie 3 zone 4 zane §
Helght (1) K, a.(ps |"+P" (psf) "-P" (psf) [+0" (ps) *-P" (psh]+P" (psh) *-P" (psf) ["+P" (psh) "-P" (psf) [+P" (psf) "-P" (psf)
0-18 Q.70 127t 58 1.1 58 «20,2 5.8 -31.4 12,2 3.8 12,2 -18.8
20 0,70 12.7] 58 -11.1 58 -20.2 5.8 -31.4 12,2 -13.5 12.2 -16.8
25 0.70 1270 58 «11.1 5.8 -20.2 5.8 -31.4 12,2 -13.5 12.2 -16.8
30 0,70 127} 5.8 =111 5.8 -20.2 5.8 -31.4 12.2 -13.5 12,2 +16.8
35 0,73 13.2] 6.4 ~11.6 6.1 21,1 6.1 <32.7 12.7 -14.0 12.7 -17.5
40 0.76 13,77 6.3 “12.14 6.3 -22.0 6.3 -34.0 13.2 -14,6 13.2 -18.2
50 0,81 14.6| 6.7 -12.9 6.7 -23.4 6.7 -36.3 14.1 «15.6 14.1 -19.4
60 0.85 15.4] 7.4 -13.5 741 -24.6 7.1 -38.1 14.8 -16.4 14.8 -20.4
70" 0.89 16,1 7.4 -14.2 7.4 ~25,7 74 -39.9 15.5 “a7A 15,5 21.4
80+ 0.93 16.8) 7.7 ~14.8 17 -26,9 17 41,7 16.2 -17.9 16.2 22,3
s 80 0.86 17.4] 8.0 =16.3 8.0 -27.7 8.0 -43.0 16.7 -18.5 16.7 =23.0

*hiw <or= 1.0, and roof slops <or= {12

BERRY-NORDLING pgec: MARK SPENCER HOTEL
ENGINEERS, INC. Client: _DEA MOR Proj. NoJ_04-770
CIVIL-STRUCTURAL Date! _DECEMBERO4 Byt SAE  SheetNoi____J
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T MO_BL/MEMBERCEICKS

© 3-HINGE ARCH MODEL

RAETERS ACT AS SIMPLE SUPFORT BEAM.

FEMBERS WITH A PIN SUPPORT AT THE PEAK. :
THE TRIBUTARY WIDTH REFERENCED BELOW IS~
THE WIDTH OF THE GLASS PANELS. | ° :

N 1 — 11

e
I

el e

. TRIB= 35FT » _
WEL 1@ 1202 20 plt. .

Wee 6@ 2.0:= 120 pit

oy e

... (.6EE ATTACHED ANALYSIS ) .

.
‘
]
]

V=188,

. Fy= 85KS|

. 8,2 353N

Cu260G ...l b

L= 129 K8l

MEMBER CHECK. | (LCl: DL +5L)

: (Corservative Loads)

A=2@2‘3INz .
fu LIRS . S T

SHEAROK . p

fos. 4.46.K8l
Fas 15 KSLL

A=2020W L
kleshBl 1318 old L

Foz M42-0@74( 614): 96 . KSI
446 129
NE

,l,'.,sTANDAED.a.'a" RAFTER oﬂ.. o

| A= 2023
Jofz @38 KEL
F= 8543 113 K8

,..5x.=:3,5'3l|N’
R O N1 8 D
Fas.15e4/3: 20 K8\

L eeedle

L A=2020N

L fes @238 KO
kel 8i7284= Bl4

| Fos 142-00744( 6l4): 36

153 .

20

(Lol DL s L)

" MEMBER cHECK.

;7 SHEAR OK

ksl
@38 .
222« o0

T, 5TANDARD 3,5”.RAE:=.'I'EFE oK

ENGINEERS, INC.
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C )NNECTION CHEL&S

|
|
»
|
|
|

Ja* shear/pry screw ® eave S P PP I .
O angle to eave plate’ . S : lend 145 "/raﬁ.er

Y = 1631 Yrafter, (el disel) .
Veaps= 364 '/ecreul : [P .
S X L 450 screws/rafter(24") - -
D304 ;
LY.= 39! “/rafter . (IGZ‘ *U[) [ SRS IR
..V_cap BG4ed/s= 484 Yecrew. . . 0| i =1
= 145 “/raﬂer . R U F‘d |4|z ’/rafter L

Tcap 63@( 125/.2@3)'4/3 51'1 “/5crelu

—23 —-I:‘i— o L@B ecrems/rafter(24")

L l,,’_ use /4! © 4' o/c

O rafter o eave angle

484 BN R o Paes “/rafter :

Xg ahear/tsneton screw ®

(|c2- dlaul)

angle to eave plate

) }’4 ehear/prg screw © eave
@ - Y. “Pus 145 '/raner
‘,\/ca' 3

T 391 "/rarter

‘141'2 "/ra rter ?15!5

Vcap 3&4 “/acrew L
s =388 ecreu:e/raf'ter(24") Tcap =&30:4/32 84D '/“re“’
. 364 oo
325 "/rafter D (Jq?: dlwl) 45 -

Voaps B6has dpd weeren G L |LABA O
Te 261(1375/318), 257 Wrafter .o | use (14t e ea ratter
Tcap 63@ 313z, 540 “/ecrew ; y

‘325_:&5"1"_ L ety |
-———‘ prv + PR . [F=1] ecrewe/rafter(24 ) » @ /8" bent ridge & et clleld
Cweldeeloc . | I -|Alz'15- @52 |b-m/rafter
N Sx=244) 1515/6- I4I "
fo= 153 kel
L v L Fo= <13 kel . o
e [ ST IR NIRRT TR 36" EAVE B . OK -
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CIVIL-STRUCTURAL Date; _DECEMBER 04 By
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GLAS‘.V PANEL CHECK USING "JPL METHOD
SUPPORTS: 4 SIDES DEAD+SNOW, 2 SIDES WIND+DEAD

LC1: DEAD LOAD + SNOW LOAD
pitch= 4
DETERMINING ALLOWABLE STRESSES

LC2: DEAD LOAD + WIND LOAD

12

DETERMINING ALLOWABLE STRESSES

OB (ksi) =

fA * fT * 11
“Length "a" (t): 6.5
Width "b" (ft): " 2
fo= 097
f = 0.74
oy = 8.2
oB (ks) = 5.88

DETERMINE APPLIED STRESSES

oB (ksi) = fa *f.* o1
Length "a" (ft). 6.5
Width "b" (ft): 2
fa= 0.97
fo= 0.88'
oy = 8.2
oB (ksi) = 6.99

DETERMINE APPLIED STRESSES

t (inches): 0.19
# Panes: 2
Uniform Normal Pressures
DEAD LOAD (psf): 4.88

SNOW LOAD (psf): __ 89 73.875
LIF = 75 bla= 3.25
SIF= 200
ob ks)) =  0.51 OK

L(f)=2 1 t (inches): 0.188
# Panes: 2
Uniform Normal Pressures
WIND LOAD (psf); 31
DEAD LOAD (psf): 4.88 26.125
Mmax (ft-#): 13.06
Sx (in%): '0.140625
ob ks = 111 OK

ENGINEERS, INC.
CIVIL-STRUCTURAL

BERRY_NORDLING Project: _MARK SPENCER HOTEL

Client: _DEA MOR
Date! _DECEMBER 04 _By*

Proj. No,i__04-770
Sheet No.. 4
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Snow Drift Analysis

Snow Load Design Data

Pf 250 psf Drift Type Lower Structure
UpperRoof Piteh 0/12
Pg 250 psf
- . Input Data
Wb upper 500 fi
Pg - Basic Snow Load Wb lower 12000 f.
Wb - Upper Roof Dimension S 00 fi
‘Wd - Surcharge Dimension hr 10.00 f.
S - Horizontal Spacing Between Roofs
hr - Vertical Spacing Between Roofs Wd 941 ft.

Orift Surcharge Only Considered When Drift Surcharge Applies ?
(hr-hb)/ hiy >0.2 590 Yes
Iid = (0.43 (WbA(173)) ((Pg + 10)°(4)) - 1.5) 235 I,
hib=Pf/D 145 f.
D=0.13Pg + 14,0 <= 35 pef 17.25  pef
SUMMARY
Drift Surcharge
No Sliding now
Pm=D (hd+hb)<=Dhr 65.6 psf
-~ Base (Pf) 250 psf
Drift =P - Base 40.6 psf
Drift at Lower Roof Edge 0.0 psf
Avg Diift Load over Roof 20.3 psf
Awvg Total Snow Load over Roof 45.3 psf
Wb upper wd
- e c
] /—_"—“;—"_ﬁ ) A SURCHARGE
éf J ’ _fhb

Wb lower

ENGINEERS, INC.
CIVIL-STRUCTURAL

Client:
Date!

BERRY-NORDLING Project: _ MARK SPENCER MOTEL

DEA MOR

Proj. No.:__04:770

RECEMBER 04 By!_ SAE
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-19. FASTENER LOAD TABLES d 11
‘ eadg’
D. Spaced Threads TABLE 25 .Spaced Thr
STAINLESS STEEL - Alioy Groups 1,2 aid 3, Condhtion AF S : '
k? ; Minlmum Melerial Thicknoss 1o
Hominal Hominal Basle AR} Allowable Alowabie Shear Basring (Pounds) Equal Tenails city of Featoner
Thiasd Thisad Minot Thraad Tonslan (i)
Diameter & { Dlamotar Dlameler Rooi Area| (Pounds) Sinal Doubl "
ole o | e ol ve AL T e AL

Thtesdinch | (inch} (inch) (LS (Pounds) | {Pounds} | A38 | 6063.T5 | 806316 A% 6063-T5 | 6063-T8
#5.20 01300 0.0997 0.0078 265 153 306 1201 | 278 414 0.100 0,208 0.152
#0-18)  0.1640 0.1257 0.0124 a2 243 487 1427 | a2 492 0.130 0,205 0208

- #1016] 0.1000 0.1389 0.0152 517 208 597 1653 | 380 s70 0.136 0.205 0,208
#iz21d| 02160 0,1649 0.0314 728 120 B4D 1879 | 432 648 0.161 0.349 0252
Wad] 0,250 0.1807 0.0260 952- 550 “1099 2175 | 50 750 0,162 0,309 0202

sigaz|  oavzs 0.2443 0.0469 1595 921 1841 2719 [ 625 838 0.230 0,541 0362
Jlu~|2 0.3750 0.2989 0.0609 277 1372 2148 3262 | 750 | 1125 U.276 0,650 0.438
: : : 7, = 0.40F
F, (. lmunum Uliimalo Tunsite Strongth) 05,000 pal LA = 7053K7 ' d -
F (hlilnum Tonsilo Yield Suunplh) N 5000 psl | ; Allowable tonslon = 0.40F, JA(R)}
. ek ..ot . Wmore: A(mxmlvndﬂoo(lunmaq In. 0.40
. . g > = Basic Minor Dlametar, In, F, ~ ==F,
Adowabls shear (Single) = F,,[A(n)]
./5
TABLE 26
STAINLESS GTEEL - Alloy Group 1, 2 and 3, Condlilon A }
X Minimum Maforial Thicknos
Nomilnal Nominal Basic A(R) Allowable Allownbla Shoar Bearing (Paunds) Egusl Tenstle Capaclly of Fa -
Thtaad Thivad Minor Throad Tenslon {(n.}

I'.;lumz!er & | Dlameler Diamétar Root Arua ] {Pounds) Single Dauble | 1/8° SL | /& Al | 1/a° A),

Thtnadfineh | (Inah) {inchy (8q.in) (Pounds} | (Pounds} | A6 |6063-TS16063-TE] Al 6063-T5 | 6003.TG
#6.20]  0.1380 0.09u7 0.0078 175 101 208 1208 | 278 454 0.077 0.148 0111
#8.18{ 0,160 0.1257 06,0124 219 161 azn 1427 | 528 492 0,096 0.189 0,146

#£1046[  0.1000 6.1309 0.0152 a2 197 95 1653 | 380 570 0.104 0,203 0.152
#12:44| 02160 0.1849 0.0214 481 278 550 1679 | 402 648 0421 0.245 0.181
1414} 0.2500 0.1087 00200 630 364 721 2175 | 500 750 0.137 0,274 0.200
5M642[  0,3925 0,244 0.0469 1055 609 1218 2719 | 65 929 0.171 0,352 0.25¢
3812} 0.0750 0.2983 0.0699 1573 506 1818 s262 | 750 | ti25 0,204 0.420 0311
: B, = 0.75F,
F, (inimum Wiirnolo Tatsllo Srongity " 3000 A = 70542 s ° 0.75F,
F (Mininim Tnnslkt Yiold Suwongih} 30,000 pal Allowable tonslon « 0.76F, |A(R))
Whoie: A(n) = Thioad Root Atea, g, In. 075
= Basic Minor Diamolet, in, F, - Wr,

Alownbia ‘sheat (Sthg s, = °T75F,IA(FUI

TRBLE 27

STAINLESS STEEL + Alfoy O.oups 1, 2 and 3, Condliion CW

.

» = Basic Minod Dlismater, .

[+] K Minimum Materdal Thicknsss fo
Nominat Hominal Daslc AfR) Allawabls Allowable Shasr Bearlng (Pounds) Equal Tenslle Capacity of Fasfener
Throad Thieat Midor Thewad Tarislon {In.y
Dlamelnt & Olamater Diemular Hoof Ares| (Poundsj Singh Do v 9 .
ote uble | 1/a* &1, | " AL | 10" AL,

Thteadfnch | {Inch) (inch) (sq.1n) (Pounda) | (Pounds) | A38 [6063-T5|speaTe| aus 600375 | 6063.T6
#G.20 0.1300 0.0997 0ho7a a12 100 360 1204 278 414 0142 0.240 0174
#5318 0.1650 0.1257 00124 466 28 572 1427 az8 482 0.147 0.329 0.205

#10.10 0,500 01369 0.0152 600 351 mm 1653 380 570 0153 0.328 6.230
w12-14 0.2160 0.1649 0.0214 B56 494 860 1879 402 648, 0,102 0.400 0.209
1414 0.2500 0.1887 0.0280 1120 647 1293 2175 500 750 0.205 0.649 0323
S/642 0.325 0.2443 0.0469 1876 1083 2166 2719 625 838 0.260 o0.627 0,436
34812 0.2750 0.288% 0.0699 2796 1614 3229 2262 750 1125 0.213 0,783 0.505 .
. F, » 0.40F,
Fy (Mmlmum Uliimuto Tensile Sitength) 100,000 p3! Alf = 785452 ' *
F (Minimur Tonslle Yiold Strangthy 65,000 pal * Allowsbls tanston » 0.40F, |A(R)]
Whata: A(m = Thtead oot Arsa, aq In,

040
R - 22

Kiowatla showr (Slgla) » ——F.,NH)I
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) RAM Advaﬁse

Analysis Resuits
Reactions
Forces [Lb] Moments [Lbft}
Node FX FY FZ MX MY
Condition fc1=di+sl
- 1 1412.20100 940.77760 0.00000 0.00000 0.00000 0.0
2 -1412.20100 940.77760 0.00000 0.00000 0.00000 0.0
SUM 0.00000 1881.55520 0.00000 0.00000 0.00000 0.0
Condition !c2=di+wl|
1 -325.32526 -260.85320 0.00000 0.00000 0.00000 0.0
2 325.32526 -260.85320 0.00000 0.00000 0.00000 0.0
SUM 0.00000 -521,70640 0.00000 0.00000 0.00000 0.0

Points of interest and inflection points in members
CONDITION : Ic1=dl+s]

Plane 1-2 Plane 1-3
Distto J Axial Shear V2 M33 Shear V3 M22 Torsion
Station i) fL.b} [Lb} [Lb*ft] [Lb] [Lb*f] [Lb*t]
MEMBER 1
0% 0.000 -1637.231 -445.923 0.000 0.000 0.000 0.000
50% 3.360 -1488.481 0.327 749.682 0.000 0,000 0.000
100% 6.720 -1338.731 446.577 0.000 0.000 0.000 0.000
- MEMBER 2
0% 0.000 -1637.231 -445.923 0.000 0.000 0.000 0.000
50% 3.360 -1488.481 0.327 749.682 0.000 0.000 0,000
. 100% 6.720 -1339,731 446,577 0.000 0.000 0.000 0.000
CONDITION : lc2=di+wl|
Plane 1-2 Plane 1-3
Distto d Axial Shear V2 M33 Shear V3 M22 Torsion
Station [ft) [LY) [Lb) [Lb*ft] [Lb} [Lb*it] [Lb*t)
MEMBER 1
0% 0.000 381.120 144,590 0.000 0.000 0.000 0.000
50% 3,360 412.370 0.025 -242.863 0.000 0.000 0.000
100% 6.720 432620 «144.540 0.000 0.000 0.000 0,000
MEMBER 2 )
0% 0,000 391,120 144,590 0.000 0.000 0,000 0.000
50% 3.360 412,370 0.025 -242.863 0.000 0.000 0.0L
100% 6,720 433.620 -144,540 0.000 0.000 0.000 0.000
Maximum relative deflections
CONDITION Ic1=di+s!
Member Defl, (2) [in] @(%) Defl, (3) [in} @(%)
1 0.17355 (L/465 50,00000 0.00000 (< L/10000) 0.00000
2 0,17355 ({L/465 50,00000 0.00000 (< L/10000) 0.00000
. CONDITION fc2=dl+wl
Member Defl, (2) {in] @\%) Defl, (3) {in] @|%)
. 1 0.05622 {L/1434) 60,00000 0.00000 (< L/10000} 0.00000
2 0.05622 (L./1434) 50.00000 0.0000¢! - (< L/10000) 0,00000
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: DETEF AINE ALLOWABI  STRESS

Determine the breaking stress, 0p, corresponding to each of the
loading conditions identified in step Al. The breaking stress is a
function of acceptable failure rate, surface area of the plate, load
duration, and degree of temper of the glass {(i.e., annealed, semi-
tempered, tempered). The breaking scress, Og, is obtained Erom
- Equation 11.

oy = (£7)(E0)0)) (11)

Ty = breaking strength of glass for l-square-mecer samples
subjected to a load of 1 minute total duration. This
strength is a function of the failure rate and glass type
and is obtained from Figure 12. Pl el

a0 TS

‘ . where
\

fpA = fraction of 011 for a plate area other than 1 square
meter {obtained from Equation 7 or Figure 10).
fr = fraction of 01y for a load duration other than 1 minute
for various glass tempers (obtained from Figure 9).
P, Lo
These quantities are determined as folliws:

(1) The deaigner must specify the acceptable failure rate. This
. should be based on economic considerations; that is, the
failure rate which produces the minimum life-cycle cost for
a given application should be used.
L PR om
(2) From Figure 12 obtain 0)), the breaking strength for the
specified glass type for a l-square-meter sample subjected
to a load of l-winute total duration corresponding to the
failure rate chosen in step (1) above.

(3) The fraction of 0); for a plate area other than 1 square
meter may be taken from Figure 10 or Equation 7, which may
be rewritten as follows:

: 1/6 N7 L
. P _ {."}‘39 P 248 in inches
A axb S\ARE .,

where
a = length of plate in meters
b = width of platé in meters

(4)  HNext, the designer must estimate the total duration of the
* loading conditions delinecated in step Al. Assume that the
design life of a photovoltaic solar panel instdllation is
usually 20 yedrs,; and with the exception of deadweight and
. thermal loads; the loading conditions specified in step Al
are expected to occur oanly once during that period. .For
these assumptions the following ranges of total load
duration may be recommended Zar the various types of loads.
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Total Load Duration

Load for 20-Year Period
Wind 1 min - 15 min 1,30 = 0Ad
Earthquake 15 sec - 5 min e e
Snow 12 tr - 3 days
Deadweight 20 yr
Thermal 2 yr -7 yr
P fom
(5) Using Figure 9 and the above load durationms, determine the .

fraction of 011 for total load durations other than 1
minute, depending on whether annealed, semi-tempered
(i.e., heat strengthened) or tempered glass is being
specified for the installation being analyzed. As
previcusly mentioned, this analysis assumes that the glass
surfaces are in good condition and have not been subjected
to damage or "bruising" such as would be caused by
mishandling, hail, impact by rocks, or sandstarms. The
designer may interject a degrec of congservatism here to
cover these possibilities by using load durations as long
as or longer than the higher end of the recommended

range. Corstruct a table of load type versus fraction of
l-minute breaking strength as showm:

Load fr
.- Wind
Earthquake

Snow

Deadweight

M rm rm m M
H o wuomE

Thermal

(6) Using Equation 11 and the values of 011, f and fy
obtained from steps G2, €3, and G5, respectively, the
following table of load type versus breakage stress may be

constructed:
Load Brodkage Stress
Wind gy ke BAT
Earthquake Tyg
) Snow Opg .”-"—-’-’ﬁ""‘:":’:“*"‘
‘ . peadweight ogp 15Nk
Thermal Tpr

BERRY'NORDLING Project: MARK SPENCER HOTEL
ENGINEERS, INC.  Client:_DEAMOR Proj. No._04:770
CIVIL-STRUCTURAL Date: DECEMBER 04 By:_SAE = Sheet No.__JPL3

ALY SW CbRi\ETT AVECPONTLANG OR, 57239, 303-227-7183, FAX 503-227+7781, bneng@e-r.het




“ 1 :
4] T T T
] T 1 i
1] AN 1 1
ut : g ]
T
i 1 ] -
% ; . = -
ud I 1 R v
2 1o = et —
5 09 E =
E = =
= 0.8
S
2 07
9 22 SEM"'EMFERED_.
= =
£ o0 =
Z
3 R =
s 0.5 TR CLE: S=EONINhE=——
S :
F :
RLR)====: :
] i ;
. 1 + T T
" T T T
- T
= 03 ! :
T T
I T Iy T T
" I N 1 1 1
; . ~ NOTE: DOTTED CURVES FROM SHAND
: oo R ; (REF ; 16), SEE ALSO FIGURE 8.
T [ R (L 1900 O L O LG
M 'l ‘I =T f Illlhll| I“HIHIHIII'I'IHI"I‘]’
1 5 15130 3 s 15 300y s12z4v2 42 B3 4 ft.2 510720 500
teconds minutes haurs dayi | whs moi. years

LOAD DURATION

Figure 9. Fraction of l-Minute Load Duration Glass Breakage
Stress versus Load Duration

For the purpose of the design method presented heréin, it is
expedient to define the fraction, £z, which is the fraction of the
breaking stress of a l-square-meter plate which will be attained by a
plate of area A if both plates break 1 minute after the sudden
application of the full load. From Equation 5 the fraction f; may
he expressed mathematically as

1
3
=\ L
EA—(A) ()

where
£y = fraction of the breaking stress of a 1 square meter
plate which will be attained by a plate of area A

A = atea of plate for which breaking stress is unknown
(expressed in square metars)

Equation 7 i4 nlotced on Figure 10.
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1-m2 PLATES, -min LOAD DURATION ,

GLASS BREAKAGE STRENGTH - ksi

i R R0 L

i
S 2 5 o 20 30 40 50 60 70 8O %0 95
P = PROBABILITY OF FAILURE - percent

Figure 12. Recommended Design Values for Breakage Strength
versus Probability of Failure for 1 m*, Simply
Supported, Glass Plates Subjected to a. Uniform
Normal Pressure Load of l-Minute Duration
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DETERMIN T MAXIMUM APP” JED STRESS

Modify the table of loads from step Al to obzain the
pressures borne by the glass layer being analyzed:

Load Description Pressurs
i '
. Wind Py
. Earthquake pta
Snow Pg
R Deadweight p’D
Thermal {Tensile stress in

gluss obtained from
other analysis)

3. ESTIMATE THE STRESSES

Now determine the stress levels corresponding tw dach of the
above loading comditions.

(1) Assume a glass thickness, t.

(2) Calculare the "Load Intensity Factor” (LIF) corresponding
to each of the above loading conditioms, The
dimensionless LIF is a function of the loading, and the
geometry and material properties of the plate as follows:

4
Lrr = B » (2}
where
p = uniform normal pressure P

b = width of plate
t = thickness of plate
b = flexural rigidity of plate

Et3

13 omen b
2 e = AT TS ‘

12¢1-%)

E = Young's modulus of place (use 10,000,000 1b/ia
for glass)

V = Poissun’s ratio of plate (use 0.22 for glass)
. e .
(3) From Figure 7 determiné the “Stress Intensity Factor"
(STF) corresponding to the Load Intensity Fackor (LIF) for

. each of the loading conditions of step Al. HNote that the
S51F is a dimensionless quartity related to the maximum
rosirive priged ' rceer wisb et s s dq oha place

BERRY-NORDLING et MaRK SPENCER HOTEL
ENGINEERS, INC.  ciient: _pEaMOR Proj, No.i_04:170
CIVIL-STRUCTURAL Date: _ DECEMBER (4 By! SAE _ Shest Noi___JpL-6 |

607 S CORUUTT AVE, PORTLAND OR. 97239, 603247-4a, FAX §0u=2272%734, boenp@e-d.ner




The waximum value may occur in either the center of the plate
or the corner of the plate depending on the intensity of the
loading.

(4) The maximum positive primcipal stress corresponding to each
of the loading conditions is now calculated from the equation

. (3)

. Uaer-g—
. bt
{(5) Now comstruct a table of stresses corresponding to the

various loading conditions

Loading Stress
Wind Ty
Earthquake ag
Snow Cg
Deadweight ap
Thermal* dq

[+33 DETERMINE THE ALLOWABLE STRESS FOR GLASS
T, .‘“..4;

The allowable stress for a given loading condition is the
breakage strese from Figure 12 tzken at an acceptsble failure rare and
corrected for the surface area of the glass plate being considered and
an estimated total load duration for the given loading condition. The
allowable stress for a given combined loading condition is the same,
except that the allowable stress corresponding to the shortest load
duration of the loads being considered is taken as the allowable
stress for all loads in the combination. For exawple, when the
combination of wind load (short duration) and deadweight load (long
duration) is comsiderad, the breakage load associated with the wind
load is applied to the combired loading condition.

*The thermal stress (if any) must be determined from a different
analysis than that described in this paper. Thermal stresses will
exist in the glass if: 1) The glass panel is rigidly mounted to a
material with a different thermal expansion coefficient; 2) the
glass panels are sabjected to local heating, such as will result when
part of the panel is shadowed from the sun, and 3) local fieating
results from damaged solar cells attaining a back-biased condition.
During the summer of 1979 Dave Goodwin of JPL jtudied the stresses
. due to local heating effeéts. A general conclusion of his work is
that for the third type of local heating effectc, one should expect a
stress in the glass of 40 1b/in? to 80 1b/in2 per degt
. centigrade local temperature gradients in the glass. At this
writing, Wowsver, no recommendations as to the temperature gradients
to be expected are available,
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