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ROCKY MOUNTAIN RAILINGS

November 17, 2011

Weaver Construction
3679 S. Huron St. Suite 404
Englewood, CO. 80110

Re: Harold D. Thompson R.W.R.F. & Lower Fountain Metro. S.D.D
Subject: Response Letter

This is Rocky Mountain Railings response to GSM. Inc’s review comments,

Comment #1

A certification from ATEC Associates, Inc. was provided for load testing of the aluminum handrail
titled, TABCO 2500 CONSTRUCITON. The testing data was provided on February 7, 1986. We
guestion whether the certification provided is applicable to this handrail and if there is data more
current than 25-year old data. Several pages following the certification is a letter provided by
Rocky Mountain Railings, Inc. stating as of January 1, 2007, they have changed the aluminum
alloy being used for the Schedule 40 pipe. Since this change was instituted in January 2007, we
guestion the validity of the certification letter prepared in 1986

Response #1
Attached is test data that was done on 8/12/2009 for another project that we worked on. The
loads required per the specification are congruent.

Comment #2

Reference is made to Marson stainless rivets in the shop submittal. No rivets are to be used in
the fabrication and installation of the handrail system proposed for use at the LFMSDD
HDTRWRF.

Response #2
No reference was made to said specific company and the mention of a blind rivet has been
removed from the submittals.

Comment #3
H.B. Tenmecol: No Exception Taken

Response #3
Acknowledged

Comment #4
Aluminum Railing Design Calculations: We take no exception to the design analysis provided.
However, we note the following:

Guardrail “A” Analysis allows for a 5’-0” max. post spacing
Guardrail “B” Analysis allows for a 5’-0” max. post spacing
Guardrail “C” Analysis allows for a 5’-0” max. post spacing
Guardrail “D” Analysis allows for a 5’-0” max. post spacing
Guardrail “K” Analysis allows for a 4’-5” max. post spacing

PooTe



f. GMS, Inc. Construction Drawings indicate post spacing to be at a maximum of 6’-0". We
request clarification on how the post spacing will be accomplished in the field. General
notes No. 13) on Drawing No. D-1 indicates the maximum post spacing will be 6’-0".
Please reconcile the differences between the design analysis provided, the shop
drawings and the Construction Drawings.

Response #4

Attached are standard calculations that were done on 3/8/2011 that adhere to similar loads per
this job specification. Rail sections pertaining to this job can be maxed out at 6’-0” max post
spacing per sheet B1 (13 of 64), C1 (19 of 64), and E1 (37 of 64).

Comment #5
Hilti HIT-RE 500 Epoxy Adhesive Anchoring Systems: No Exception Taken

Response #5
Acknowledged

Comment #6
Rocky Mountain Railings, Drawing D-1:
a. General Note No. 5) references blind rivets. Based on our cursory review, we see no
reference on the drawings indicating where riveting is proposed for use and installation.
Per Comment No. 2 above, no rivets are to be used.
b. Detail 80KD-7A: In Weaver Construction Management, Inc. (WCMI) correspondence
issued on October 13, 2011 under additional comments, there was question whether
Detail 80KD-7A is acceptable at the top of the stairs of the west side of the chain
opening. We take no exception to the LEVEL P-END being used at this location.

Response #6
- All reference to blind rivets and rivets of any kind have been removed from this submittal.

- Acknowledged

Comment #7

We take no exception to the remainder of Rocky Mountain Railings drawings and details
provided. The Contractor will be responsible for the cutting and placement of the appropriate
lengths as indicated on the Construction Drawings on to meet field conditions.

Response #7
Acknowledged

Sincerely,

Danny Brown

Rocky Mountain Railings
dbrown@rockymountainrailings.com

11939 E. 51% Ave. Denver, CO. 80239. Phone (303) 432-0003. Fax (303) 432-2038



R0001 — RMR Standard Calculations
Aluminum Railing Design Calculations — R11-02-15H

Colorado

Prepared for

Rocky Mountain Railings
Denver, CO

Design Criteria:

1.

N LA LN

Railing live loads per International Building Code 2009:
Guardrails

50 plf uniform load in any direction on top rail

200 pound concentrated load in any direction on top rail

50 pound concentrated load over 1 ft* of infill area
Concentrated load and uniform loads need not be assumed to act concurrently

Railing deflections per ASTM E985

Members designed per Aluminum Association Inc, “Aluminum Design Manual”

Aluminum member sizes shall be as recommended in the calculation booklet
Aluminum alloys shall be as recommended in the calculation booklet
Stainless steel fasteners to be minimum Condition “CW?”, Fy= 65 ksi
Aluminum welds to be filler alloy 5356, unless noted otherwise

Concrete strength is assumed to be F’c= 4,000 psi, normal weight
Additional RISA Finite Element Analysis model data available upon request.

Date: 3/8/11

This Certification is limited to the structural design of
structural components of this handrail or divider system.
It does NOT include responsibility for:

Structural design of misc. hardware (latches, hinges, etc.).
Structural design of concrete slabs and other masonry units
Structural design of wood blocking or wood framing
Structural design of all other anchorage substrates

The manufacture, assembly, or installation of the system.
Quantities of materials or dimensional accuracy of drawings

Engineers Design Approval Stamp:




Sheet Sheet
| Number Description Date Revision Number Description Date

PL Project Location & Specs 2/23/11
A Guardrail "A" 2/23/11
A1-A1B |Guardrail "A" Analysis 2/23/11
A2 2-Bolt Base Plate 2/23/11
A3 Corner Base Plate 2/23/11
A3.1 |RISA Data 2/23/11
A3.2 |RISA Data 2/23/11
B Guardrail "B" 2/23/11
B1-B1B | Guardrail "B" Analysis 2/23/11
B2 Surface Mount Anchorage 2/23/11
B3 Hilti Adhesive 2/23/11
C Guardrail "C" 2/23/11
C1-C1B |Guardrail "C" Analysis 2/23/11
C2 Side Mount Anchorage 2/23/11
C3 Hilti Adhesive 2/23/11
C4 Corner Side Mount Anchorage 2/23/11
C4.1 |RISA Data : 2/23/11
C4.2 |RISA Data 2/23/11
C5 Hilti Adhesive 2/23/11
C6 Side Mount Anchorage 2/23/11
Cc7 Hilti Adhesive 2/23/11
D Guardrail "D" 2/23/11
D1-D1B |Guardrail "D" Analysis 2/23/11
D2 Side Mount Anchorage 2/23/11
D3 Side Mount Anchorage 2/23/11
E Guardrail "E" 2/23/11
E1-E1B |Guardrail "E" Analysis 2/23/11
E2 Side Mount Anchorage 2/23/11
E3 Side Mount Anchorage 2/23/11
F Guardrail "F" 2/23/11
F1-F1B |Guardrail "F" Analysis 2/23/11
F2 Post Embedment in Grout 2/23/11
M1 Miscellaneous Connections 2/23/11
M1A |RISA Data | 2/23/11
M2 Wail Rail Post Bracket 2/23/11
M2A |RISA Data 2/23/11
M2B |RISA Data 2/23/11
M3-M3A|{Wall or Grab Rails 2/23/11

M4 Grab Rail Bracki

Nialysis &

M5 __|Wall Rail Bragket 2/23711]
M6 _|Offset RailFComnnectidhs 2/231
M7 __|Wall Mogiht End Capéis, £2/23/14

M8 _|2-Bolt Raked Base Plate’.

2/23/11

%

structugdl éomponents of this handrail or divider system.
It does NOT include responsibility for:

e  Structural design of misc. hardware (latches, hinges, etc.).
Structural design of concrete slabs and other masonry units
Structural design of wood blocking or wood framing
Structural design of all other anchorage substrates

The manufacture, assembly, or installation of the system.
Quantities of materials or dimensional accuracy of drawings

® & & & O
Engineers Design Approval Stamp:




Project Location & SHT
Specifications PL
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Project Location: Colorado

- Design Loads per IBC 2009
50 plf uniform load in any direction on top rail
200# concentrated load in any direction on top rail

50# concentrated load applied to 1 square foot of infill

105 School Creek Trail | Project Description: Job No: R11-02-15H
R l! E Luxemburg, Wi 54217 - - -
ENGINEERING Phone: (920)845-1042 Engineer: JDB |SheetNo:  PL
Fax: (920)845-1048 |R0001 - RMR Standard Calcs|Date: 2/23/11 |Rev:
Template: REI-MC-2002 WW W .rice-inc.com Chk By: Date:




1

36"
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SHT

Guardrail "A"

1 1/2"¢ (SCH. 40)
ALUM. PIPE

1 1/2"¢ (SCH. 40)
ALUM. PIPF

17”7 LG. POST STIFFENER

47 EXTRUDED ALUM. "F”
PLATE AS SHOWN ON
PLANS — SEE SHEET #FP!

FOR DETAILS & NOTES

GRATING (NOT BY R.M.R.)
NOTCH TO ACCOM. BASE

20KD—11C| |25KD—-12C

Vs

D—2 D—2
(LINE)  (CORNER)
VERIFY CHANNEL

(NOT BY R.M.R.)

SECTTON 2

0-

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

ROCKY MOUNTAIN RAILINGS

1l_05 Sr(:EOOl C\;\7Ie5k4-£r187" Project Description: Job Nox R11-02-15H

RICE uxemburg, — :

ENGINEERING | Phone: (920)845-1042 Engineer: JDB [ShestNo: A
Fax: (920)845-1048 |R0001 - RMR Standard Calcs|Date: 2/23/11 |Rev:

Template: REI-MC-5707 WW W .rice-inc.com Chk By: Date:




Pipe Railing & Post 1% c=uatons am basod o emperal ot it
Input Variables:
Fy:=50 plf Load Case 1 (Uniform Load)
Fy:=0 plf Simultaneous Vertical Uniform Load
P:=200 b Load Case 2 (Point Load) o
€Y
Lpp:=21 in Unbraced Length of Post
h:=41 in Railing Height Above Base Flange =®
L:=58 in |[4-10" MAX POST SPACING| i
Number of Railing Spans:*wajre: \006)' 5 f aCl CIRE
1 span TI\N L? +— O
v (Aechor hmifsthe .1 |5

2 span ; s}
3 or more spans ﬁ gf?@h §(Jy:i:j’1"i’\) -
Railing Section: Post Section: f)r A
™ 114" scha. 40 I 114" schd. 40 " ’
I 114" schd. 80 I 114" schd. 80 iz
¥ 1172 schd. 40 ¥ 1 112" Schd. 40 hes
I 11/2" schd. 80 ™" 11227 scnd. 80 S 141:’ ’
[ 112" wpe [” 412" tupe .
[™ 2"schd. 40 ™ 2" schd. 40
[ 2vschd. 80 [ 2schd. 80

Railing Temper:

Post Temper:

SHT

Guardrail "A" Analysis Al

Vs

1 1/2°¢ (SCH. 40)
ALUM. PIPE

1 1/2"¢ (SCH. 40)
ALUM. PIPE

12" LG. POST STIFFENER

4" EXTRUDED ALUM. "F”
PLATE AS SHOWN ON
PLANS — SEE SHEET #FPI
FOR DETAILS & NOTES

GRATING (NOT BY R.M.R.)
NOTCH TO ACCOM. BASE

25KD—11C| [25KD—12C
D—2 D—2
(LINE)  (CORNER)

VERIFY CHANNEL

(NOT BY R.M.R.)

SECTION 2

\D—1

[T 606315 " 6063-T6
[T 606376 [T 600515
¥ 6061-T6 0r6105-T5 ¥ 6061-T6 0r6105-T5 )
- All calculations below
[ 4/3increase allowed I ‘Post Welded to Base Plate this line are automatic
Railing Properties Post Properties
et e e g et e . - Computational Factors
k= 031 [xr= 0.31 .
yr= 031 lyr= 031 SRi=- SRI=655 Ki:=(8ql) +(8:q2) +(95q3) Kj=8
:Sxr= Sxr= | 0.326 T
S}'ri T Syr= 0~326i X K2:=(4-ql) + (5:q2) + (5-q3) K2=5
= R= i 095 sp3i= P sp3=655 K3:= (48-q1) + (66-q2) + (87-q3) K3 =66
= = 045 ?
Ep:= 10100000  psi
Txtotr = Txr it Itorp=Txp in* 12" Min. Length AL. Ribbed Tube Stub
.4 .
. i Igt:=0.174 in Lgti=9.5 in
Set:=0224  in Fhst := 25000 psi
RICE 105 School Creek Trail | Project Description: Job No: R11-02-15H
Luxemburg, W1 54217 — -
= ENGINEERING Phone: (920)845-1042 Engineer.  JDB |SheetNo: Al
Fax: (920)845-1048 |RO001 - RMR Standard Calcs|Date: 2/23/11 |Rev:
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Railing Analysis: Fi Fy SHT
- Y AN :
=0 vi= 5 Guardrail "A" Analysis AL A
Case 1 Uniform Load:
swyLt
Ayl = TS B Ayr] =0.196 in Modeled as a simple span
swyLt
Ayl 1= —————— _ .
84 B lyton Axrl =0 "
N
allr*= o6 Aglir= 0.6 in  Per ASTM Specification E985
Wh~L2
Myrmax = K Myrmax = 1752 Ib-in
Wy 12
v .
Mxrmax = K Mxrmax = 0 Ib-in
[
M
fory1 = }gmax fory] = 5374 psi
yr
M
forx] = —o forx1 =0 psi
Sxr
Case 2 - Point Load:
Ao PL
iz K3-Erlyiotr Ayr2=0.189 in
PL
Myrmax2 = K_2 Myrmax2 = 2320 Ib-in
Myrmax2
fory2:= ylsm fhry2 = 7117 psi
yr
Fory:= | (Fory1-133) if IBC=1 psi
Fbryl otherwise
Calculation Results:
Intry = (M) -+ (MJ Intr] = 0.21
Intyp = Eryz Intp = 0.28
Avyrl, Axrl A
RALLS = |"OK" if max{Ayr1, Axrl, Ayrs) <1a (@j + (@ <12 RAILS = "OK”
Dallr Fory Fory Fory
"FAIL" otherwise
105 School Creek Trail |project Description: Job No: R11-02-15H
‘R——L(:—E Luxe@urg, Wis4217 Engineer: JDB {SheetNo: A1 A
ENGINEERING Phone: (920)845-1042
Fax: (920)845-1048 |R0O001 - RMR Standard Calcs|Date: 2/23/11 |Rev:
Template: REI-MC-5707 W W W .rice-inc.com Chk By: Date:




- Ep:=E
Post Analysis: P Guardrail "A" Analysis SHT
3 Al B
At WL (h - Lgt)
xpl = —3'Ep'(1xp) Axpl = 0.804 in
P-0.85-(h — Lgf)
Axp2:= P085(h - L) Axpa = 0.566 in
3Ep (Txp)
Max Deflection:
3 3 3
Atot = Wil (h _ LSt) Wh’L.[h N (h - LSt) :I Atot = 1.425 in
3Eplxp 3{(Bptep) + (Bplt)]
h .
Aqllp= 4 in Per ASTM E985
Case 1 - Uniform Load:
Myp := (WhL-h) + WyL-Agor Mypmax = 0.5-Myprql + Mypa2 + Myp:q3 Mxpmax = 9908 Ib-in
Mxp2 = WiyL-(h — Lgt) + WyL-Axpi Mypmax2 = 0.5-Mxp2-ql + Mxp2q2 + Myp2-3 Mypmax2 = 7613 Ibrin
Case 2 - Point Load:
E —
Mxpmax4 = P-(h — Lgt)-0.85 Mxpmaxd = 5355 Ib-in
Mxpma_xz = (P'h'0‘85) Mxpmax3 = 6970 Ib-in
Max Post Stress:
M, M,
= 2 Vg
Xp
Fopx:= | (Fopx1-133) if IBC=1 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ikp
= max|{ M, , M; ——— = 19467 psi
fopx2 ax( Xpmax xpmax3) (pr T Ist)'sxp fopx2
Max Stub Stress:
Ist
— max(M. M. St = 15902 i
fost max( Xpmax » xpmax3) (pr T lst)' Sst psi
Calculation Results:
Intp] :=m Topx by @] Intp1 = 0.93
Fopx  Fopx  Fost
Agnl, Axp2, A
posts = Jrokr it tntpy < 1.4 TARLAxp2 Ared)
Aallp
"FAIL" otherwise
105 School Creek Trail | Project Description: Job No: R11-02-15H
M Luxemburg, W1 54217 Engineer: JDB |SheetNo: A1 B
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2-Bolt Base Plate SHT
[(2) 9/16” X 17 SLOTS FOR A2

1/2"8 X 2" LG. S.S.H.H.M.B.

I (FIELD DRILL STRINGER TO MATCH)
T ] Rmax:=242 b
00 o Mmax = 9908 + Riax2.5 = 10513 Ib-in
o
z . .
N d:=2.5 in (sleeve dia.)
<C

(2) 3/8"% TAPPED HOLES
FOR 3/8% X 1/2" LG.

S.S. SET SCREWS
Chk shear on shoe wall:

X : : CAST ALUM. BASE PLATE
1 1/2" (SCH. 40) | (SHIP LOOSE & FIELD b Mmax b e 5208 b
ALUM. PIPE ! AﬂACH) = %0.8.5-(2_375) =
_ [ "y
STRINGER (NOT &N ol e
BY RALNG WMFR) \ it oo (P Rnwy) hois g
“T“"T—s—f s 2:(0.315)-(2)
% |26 |26 | | 16 e
35" 35" Fy:= 40‘57'1(1685000) Fy = 6218 psi
-
fV
LEVEL STL. LINE POST I= - 1=07  Shear Stress "OK"
. Fy
25KD—11C
)\Jo‘e, 410" G Post Dfﬁ{)!/‘) 14 @ 3 7 o I 1"‘0" Chk Aluminum Base Plate:
(1&76 Slf,owy,) Li=7 in Dl:=13125 in
‘ X ) b H . 12:=2.625 in D2:=125 in
¥ ral height was 367 Hhen G Post Spmcing
[T ' t:=0.563 in
C.oulﬂ( be S O
Chk Bolts to Steel Stringer: L=L11-(@D) L=438 in
R M
Vb= % Vp =121 Ib Pi= ? P = 4205 b
T e Tmax Tp = 4205 ib Mp1 := 0.5-P-0.9375 Mp1=1971  indb
b= %125 b= pli= B pl=
= 13-(18000) Fy = 14182 psi
Vi := 0.196-23094 Va1 =4526 1b 1.65
Tal1 := 0.142-40000 Tall = 5680 Ib treql = m treql = 0.564  in
2 2
Vb Th treql
3=t —| +|— I3=0.55 Ipi= —— =1
} (Vallj (TallJ 3 2= 2
Use (2) - 1/2" Dia. S.S. Thru-Bolts Use Cast Aluminum Base, as shown
Condition "CW" - Fy = 65 ksi 535 casting alloy, Fu= 35 ksi min.
m 105 School Creek Trail | Project Description: Job No: R11-02-15H
Luxemburg, W1 54217 -
] : No:
ENGINEERING Phone: (920)845-1042 Engineer IDB _[Sheet A2

Fax: (920)845-1048 |R0001 - RMR Standard Calcs|Date: 2/23/11 |Rev:
Template: WW W .rice-inc.com Chk By: Date:




SHT
(2) 9/16” X 1" SLOTS FOR Corner Base Plate A3
1/2"¢ X 2" LG. S.S. S.S.H.H.M.B.
I (FIELD DRILL STRINGER TO MATCH)
‘:tI\IN i S
b o N Rpnax = 101 b Reactions from RISA Model
O
S 0 — P (Comer Post Modeled as
= <9 Mma = 0 Tb-in a Pin Connection)
12" LG. POST STIFFENER—\ |~ di=25 in (sleeve dia.)
™~ (2) 3/8"¢ TAPPED HOLES
FOR 3/8"% X 1/2" LG. S.S.
e SET SCREWS
1 1/2% (SCH. 40) e CAST ALUM. BASE PLATE
ALUM. P'PE\: (SHIP LOOSE & FIELD
| /! ATTACH) Chk shear on shoe wall:
STRINGER (NOT ZWZ I NS Minax
BY RAILING MFR.) A RE o Pi= P=0 Ib
I L e N A 0.85-(2.375)
3n 10 3. 5 . .
'8 ENE AN N
A - (P + Rinax) ,
" y = fy =80 psi
8 2.(0.315)-(2)
i _ 0.57-(18000) B )
25KD—12C Fy:= 1 T Fy = 6218 psi
fy
= — 1=0.01 Shear Stress "OK"
Fy
Chk Aluminum Base Plate:
Ll:=7 in D1:=13125 in
12:=2625 in D2:=125 in
t:= 0563 in
Chk Bolts to Steel Stringer: L=L11-(2Dl) L=438 n
R : M
V= o V= 50.5 b Pi= X P=0 Ib
2 d
Ty = max Tp=0 Ib Mp] := P-0.9375 Mp =0 in-1b
b= ol os b= pl="P-0. pl =
= 1:3:(18000) Fy=14182  psi
Vail := 0.196-23094 Vai=4526 b 1.65
0.1875 Mpj-6
Tall := 0.142:40000- ——— Ta=2336 Db treql = | —— treql =0 i
all 0456 all reql Fyl2 Teql mn
2 2
' T f
I3:= —]—D—J + -0 I3=0 12:=qu Ir=0
Vall Tall t
Use (2) - 1/2" Dia. S.S. Thru-Bolts Use Cast Aluminum Base, as shown
or Drill & Tap - 3/16"” Min. Thread Engagement 535 casting alloy, Fu= 35 ksi min.
Condition "CW" - Fy = 65 ksi
105 School Creek Trail | Project Description: Job No: R11-02-15H

RLC'E Luxemburg, W1 54217
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Guardrail "B" SHT

Ao

,////—1 1/2"°¢ (SCH. 40)
ALUM. PIPE

7N
J

! 1 1/2”¢ (SCH. 40)
,////_ALUM.fNPE

O Y N
F{'} | &
HA” 16, POST STIFFENER
9 ] 4" EXTRUDED ALUM. "F”
- PLATE AS SHOWN ON
PLANS — SEE SHEET #FP
i FOR DETAILS & NOTES
I I 8 > S s G B <18
5,,‘
(U.N.O.)
SECTION BN
0—1

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

ROCKY MOUNTAIN RAILINGS

105 School Creek Trail |Project Description: Job No: R11-02-15H

R “ E Luxemburg, Wi 54217

= ENGINEERING Phone: (920)845-1042 Engineer: JDB |ShestNo: B

Fax: (920)845-1048 |R0O001 - RMR Standard CalcsjDate: 2/23/11 |Rev:
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Pipe Railing & Post

Input Variables:

These calculations are based on emperical test data
performed by Julius Blum & Co., Inc.

Guardrail "B" Analysis

SHT
Bl

Fp1:=50 pIf Load Case 1 (Uniform Load) R
O[O
Fy:=0 plf  Simultaneous Vertical UniformLoad / 1 1/2°¢ (SCH. 40)
Y < ALUM. PIPE
P =200 b Load Case 2 (Point Load)
Lpp:=21 in Unbraced Length of Post .
()]
hi=1395 in Railing Height Above Base Flange _' 11/2"¢ (SCH. 40)
/ ALUM. PIPE
L=72 in |6-0" MAX POST SPACING | ]
O
Number of Railing Spans: AR s £
™) me
1 span v 44" LG. POST STIFFENER
2 span 57 s s » y—
7 Of 47 EXTRUDED ALUM. "F
3 ormore spans | — PLATE AS SHOWN ON
Railing Section: Post Section: PLANS — SEE SHEET #PI
- - ENIL FOR DETAILS & NOTES
L 1 1/4" Schd. 40 ' 1 1/4” Schd. 40 55KD—16E
I 11/4"schd. 80 [ 114" scnd. 80 D—5
' 112" schd. 40 ¥ 1 172" schd. 40 el
™ 112" schd. 80 ™ 11/2" schd. 80 2
: U.N.O.
™ 112" tube [T 112" tupe ( )
[™ 2" scnd. 40 ™ 2" schd. 40 SECTION /B
[ 2"schd. 80 [™ 2"schd. 80 D1
Railing Temper: Post Temper:
I” 606375 [™ 606316
[ 60636 [ 600515
¥ 6061-T6 or6105-T5 V' 6061-T6 or 6105-T5 )
_ L All calculations below
I 4/3increase allowed [ Post Welded to Base Plate this line are automatic
Railing Properties Post Properties .
. . I . L Computational Factors
7(7);1 l?(r= 0.31 Ry
B - 031 lyr= 0.31 Sr1:= ™ SR1=6.55 K :=(8ql) + (8:92) + (9.5-q3) Ki=8
0326 Sxr= 0.326 r
b 0.95, = 0.95 SR3:==—2  Sp3=6.55 K3:= (48-ql) + (66:q2) + (87-q3) K3=66
[ B - 0145, v
Ep:= 10100000  psi
Ixtotr = Ir in? Iktotp = Ixp in? 14.5" Min. Length AL. Ribbed Tube Stub
— 4 — :
ytotr = Iyr in4 Ltotp = Iyp in4 Ist:=0.174 in Lst:=12 in
Set:= 0224 in0 Fist:= 25000 psi
105 School Creek Trail | Project Description: Job No: R11-02-15H
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Railing Analysis: Fy Fy SHT
_ T —_ 1 N s
=2 Wyi=— Guardrail "B" Analysis B1 A
Case 1 Uniform Load:
swpL?
Ayry = m Ayri = 0.466 in Modeled as a simple span
swyLt
Wy
Axl = ———— Axr] = 0. i
X e B totr xl =047 n
-
allr ™= oo Aglir= 075 in  Per ASTM Specification E985
Wh-L2
Myrmax = K Myrmax = 2700 lb-in
W12
Myrmax = — Myrmax = 2700 Ib-in
Ki
[]
M
foryl = };max fory1 = 8282 psi
yr
M
ok = —e forx1 = 8282 psi
Sxr
Case 2 - Point Load:
Avroe p3
Y2 Ky Frlytor Ayry = 0.361 in
Myrmax2 = % Myrmax2 = 2880 Ib-in
M
fory2 = ylsmaxz fory2 = 8834 psi
yr
Fory:= | (Fory1-133) if IBC=1 psi
Fpry1 otherwise
Calculation Results:
Intrq = (M] + (M] Int;; = 0.66
Intp = fory2 Tty = 0.35
Ayrl, Axel , A
RALLS := |"OK" if max(Ayr1, A, Ayr2) <lia (@) o) g B2y RALLS = "OK"
Aallr Fory Fory Fory
"FAIL" otherwise
1L05 School Creek Trail | Project Description: Job No: R11-02-15H
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Post Analysis: Ep=Er : SHT
4 Guardrail "B" Analysis
3 B1 B
WheL-(h - Lgt)
Axpl = 55 Ty = i
Ep(Ixp) Axpi = 0.664 in
3
A= D2 L) Ayp2=0376 in
XP. 3Ey (pr) XP: :
Max Deflection:
3 3 3
Wi Le(h — Lgt) Wh-L-[h —(h-Lgy) :I
Atot = + -A =15 in
0 3-Eplyp 3'[(Ep‘1xp) + (Ep‘Ist):I m
Agllp = % Aallp =329 in Per ASTM E£985
Case 1 - Uniform Load:
Myp = (WirL+h) + Wy-L- Aot Mypmax = 0.5-Mxprql + Mypq2 + Mypq3 Mypmax = 11850 Ib-in
Myxp2 = WirL:(h — Lst) + Wy-L-Axpl Mypmax2 = 0.5-Mxp2-ql + Mxp2q2 + Myp2-q3 Mypmax2 = 8250 Ib-in
Case 2 - Point Load:
E S -
Mxpmax4 = P-(h — Lgt)-0.85 Mxpmax4 = 4675 Ib-in
Mypmax3 = (P-h-0.85) Mxpmax3 = 6715 Ibin
Max Post Stress:
iy = maX(MxpmaXZ,Mxpmale) foox = 25307 R
Fopx:= | (Fopx1:1.33) if IBC =1 Fppx = 25000 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ixp
:= max{M: M — = i
fopx2 max( Xpmax » xpmax3) (pr ; Ist)' Sxp psi
Max Stub Stress:
Ist
:= max(M M, — = i
fost max( Xpmax s xpmax3) (pr T Ist)'Sst psi
Calculation Results:
Intp] := m ibp—x,ip—xz,tm) Inty] = 1.01 1% Over OK
Fopx ~ Fopx ~ Fbst
Axpl, Axp2, A
POSTS = |"OK" if Tntp] < 1.014 A mar{Avpl g Mror)
Aallp
"FAIL" otherwise
105 School Creek Trail | Project Description: Job No: R11-02-15H
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3.500
5.000

0.500

31/2"

5
|
<
Y
|

2 1/2"

4

Chk Anchor Bolts (assume f'c=4,000 psi conc.):

R
Vi = %" V=175 Ib

Mmax

Tp=————
(L1 - D2)-0.85-2

Tp = 1744 Ib

See Next Sheet for Calculation

Use (4) - 1/2" Dia. S.S. Threaded Rods
W/ Hilti HIT-RE 500 Epoxy Adhesive
Embedment= 3-1/2" min.

Edge Distance= 2-1/4" min.

End Distance = 3"

Surface Mount Anchor SHT

Analysis B2
Rpnax := 300 1b
Mmax == 11850 + Rypax-2.5 = 12600  Ib-in
d:=25 in (sleeve dia.)
Chk shear on shoe wall:
M
Pim — X P = 6241 Ib
0.85-(2.375)
P + R,
£y = P+ Rma) fy = 5192 psi
2-(0.315)-(2)
0.57-(18000) .
Fy= ———=? Fy = 6218
v 165 v ps1
fy
= 1=0.83 Shear Stress "OK"
Fy
Chk Aluminum Base Plate:
Ll:=5 in D1:=0.75 in
12:=5 in D2:=0.75 in
L:=12-(2D2) L=35 in
1.3-(18000) .
= = 14182
1.65 By pst
M,
| P=2520 b
d-2
2
Mp = P0.53 Mpi=926 inlb
2
35
Mp1'6 .
treq = ?y‘s— treq =028 mn
t
= % 1=0.56 Bending Stress "OK"

Use Cast Aluminum Base, as shown

635 casting alloy, Fu= 35 ksi min.

105 School Creek Trail
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Hilti HIT-RE 500 Epoxy Adjustment for Embed Depth: s . SHT
Hilti Adhesive
hef = 3.5 in embedment B3
=13, i spacing 1 O .
$1:=35  in spacing © —S Reactions Per Bolt:
sp:=3.5 in spacing 2 ‘? —— b shear
c1 =225 in  edge distance 1 @ 8 % T 1744 b tension
c:=3 in edge distance 2 C2 (5
From HILTI Design Guide:
T s b b4 ) Use (4) - 1/2" Dia. S.S. Threaded Rods
upper = ef = 4. n W/ Hilti HIT-RE 500 Epoxy Adhesive
Tlower:== 1965  1b hefl = 2.25 in Embedment= 3-1/2" min.
) Edge Distance= 2-1/4" min.
Vupper := 7935 Ib hefy = 4.5 n End Distance = 3"
Vi = 3550 Io =225 i
lower hefl n Calculations below this line are automatic
Tupper — T -(hefu — hef) — Tupper ~h
Tall = ( upper lower) (heﬁl ef) upper (hefu eﬂ) Tall= 3804 1b Interpolated Tension Value
~(hefu ~ hef)
Vupper — VI -(hefu — bef) — Vupper (hefu — h
Vali = ( upper lower)( efu ef) upper (hef“ eﬂ) Vall = 5986 1b Interpolated Shear Value
—(hefu - heﬂ)
fAN1 = |1.00 if s1 > 1.5-hef
St )
03 o) 0.55( if 1.5hef > s1> 0.5-hef faAN1 = 0.85 Spacing (Tension and Shear)
"Increase Spacing” otherwise
fan2 := J1.00 if sp > 1.5-her
52 .
0.3 o) 0.55] if 1.5hef > s3> 0.5-hef fAN2 = 0.85 Spacing (Tension and Shear)
"Increase Spacing” otherwise
fRN:= |1.00 if ¢ = 1.5-hef
B c _ '3 .
0.3_(_1 +0.55| if 1.5hef > ¢ > 0.5-hef Ry =0.74 Edge Distance (Tension)
|\ hef
"Increase Edge Distance” otherwise
fRv1 = |1.00 if c] = 1.5-hef
C1 .
0.54- het) 0.09| if 1.5hef > ct > 0.5-hef fRy1 = 0.26 Edge Distance (Shear Pependicular to Edge)
"Increase Edge Distance” otherwise
fRv2:= |1.00 if 2 = 1.5-hef
[0'36'(%J + 0‘28:| if 1.5hef > ¢ > 0.5hef fRy2 = 0.59 Edge Distance (Shear Parallel or Away from Edge)
f
"Increase Edge Distance” otherwise
Vball := Vall-fAN1-fAN2-fRV1-TRV2 Vball =655 1b
Toall := Tall-fAN1 - fRN Toall = 2402 1b
v 1.67 T 1.67
= + =061 < 1.00
(Vball) (Tball)
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Hc

VAR
N\

,"_9’7

3’—6”
7
\N

47_277

N

SHT

Guardrail "C"

1 1/2"¢ (SCH. 40)
ALUM. PIPE

1 1/2”¢ (SCH. 40)
ALUM. PIPE

22" LG. POST STIFFENFR
(SHOP ATTACHED)

47 EXTRUDED ALUM. "F”
PLATE — AS SHOWN ON

PLANS.  SEE SHEET #FPI

FOR DETAILS & NOTES

2O0KD—18A

20KD—=22A

)

D—3

D—5

(LINE)

SECTION /e

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

\D—1

(CORNER)

ROCKY MOUNTAIN RAILINGS
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: TH These calculations are based on emperical test data
P Ipe Ralllng &P ost performed by Julius Blum & Co., Inc. Guardrail "C" Analysis SHT
Input Variables: C1
F:= 50 pif Load Case 1 (Uniform Load)
Fy:=0 plf Simultaneous Vertical Uniform Load _
190} .,
P:= 200 Ib Load Case 2 (Point Load) F‘_ 1 1/2”¢ (SCH. 40)
A ALUM. PIPE
Lpp:=23 in Unbraced Length of Post 1
h:=44 in Railing Height Above Anchor Bracket R
‘o 1 1/2"¢ (SCH. 40)
L=T72 in [6%-0" MAX POST SPACING | R ALUM. PIPE
Number of Railing Spans:
1 span 17 :LO A
— N+ &
v 2 X 3
2 span M N LG. POST STIFFENER
3 or more spans |V o (SHOP ATTACHED)
Railing Section: Post Section: o T " -
_— _ R 47 EXTRUDED ALUM. F
[~ 114" schd. 40 I 114" scnd. 40 — PLATE — AS SHOWN ON
I 114" schd. 80 ™ 114" schd. 80 Hm PLANS. SEE SHEET #FP!
v v FOR DETAILS & NOTES
Y. 11/2" Schd. 40 ¥ 11/2" Schd. 40
_ ¢ ° 25KD—-18A]| |25KD—22A
I 112" schd. 80 [T 11/2" schd. 80 D—3 D—3
[T 112" e ™ 11727 e = (LINE) (CORNER)
[ 2vscnd. 40 [ 2vschd. 40 | 16
[T 2vschd. 80 [ 2"schd. 80
g SECTION o
Railing Temper: Post Temper: D_7
I~ 606315 [ 6063-T6
™ 606316 [™ 600515
V' 6061-T6 6r6105T5 V' 6061-T6 or6105-T5 ,
— . All calculations below
[ 4/3increase allowed i Post Welded to Base Plate this line are automatic
Railing Properties Post Properties .
IR . S, Computational Factors
03 xr= Ry
) 7 ﬁ; 0;31 lyr= SRi=— SRi = 6.55 K1:=(8-ql) + (8-q2) + (9.5-g3) Ki=8
032 Sxr= ' Kp:= (4q1) + (5-g2) + (53 Kp=5
==0=_32=6 Syr= < 2:=(4-q1) + (5-q2) + (5-q3) 2=
R= 0.95 R= SR3 = P SRr3 = 6.55 K3 := (48-q1) + (66:q2) + (87-g3) K3 =66
= 0B = ke
Er:= 10100000  psi
Tntotr = Ixr in* Iktotp = Ixp it 22" Min. Length AL. Ribbed Tube Stub
_ 4 _ .
Tytotr = yr in? Kiotp =Yyp Tytotp = 031 in* Ist:= 0.174 n Lst:=16 mn
Sgti= 0224 in Fpst := 25000 psi
RICE 105 School Creek Trail | Project Description: Job No: R11-02-15H
Luxemburg, Wi 54217 - - -
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Railing Analysis: FH Fy SHT
Wh= — - — nen :
h= o vi= 5 Guardrail "C" Analysis ol A
Case 1 Uniform Load:
swhLt . )
Ayr = m Ayr] = 0.466 in Modeled as a simple span
A swyt! Arl =0 i
! e = "
L
Aallr= — . . .
96 Aglir=0.75 in  Per ASTM Specification E985
Wh'L2
Myrmax = K Myrmax = 2700 Ib-in
wyL?
Mxnnax = Mxn’nax =0 Ib-in
K1
[l
M
foryl = e fory1 = 8282 psi
Syr
M
fhrx1 = );rmax forx1 =0 psi
Xr
Case 2 - Point Load:
pi’
Ayr2 Rl .
K3-Erlytotr Ayrz =0.361 in
P-L .
Myrmax2 = K—z Myrmax?2 = 2880 lb-in
Myrmax2
fory2:= = fory2 = 8834 psi
Syr
Fory:= | (Fory1-133) if IBC=1 psi
Foryl otherwise
Calculation Results:
Intyy := (—f—'ﬂ) + [M] Inty] = 0.33
Fory Fory
Il'ltrz = M IJ'ItrZ =035
Avyel,Axrl, A
RALLS:= |"OK" if max(Ayrl, Axrl, Ayrd) <1 A(@ pf oty B2 RALLS = "OK"
Aallr Fory Fory Fory
"FAIL" otherwise
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o Ep=E
Post Analysis: P Guardrail "C" Analysis SHT
ClB
A WiL-(h - Lsg)
xpl 3-Ep(Ixp) Axp1 = 0.701 in
3
Ay 2:=M Axp2 = 0.397 in
P 3By () ?
Max Deflection:
3 3 3
WiyLe(h - Lgy) Wh~L~[h -(h-Lgy) ]
Agot = + Aot = 1.995 | in
0 3Eplkp 3'[(Ep‘1xp) + (EPAISt)] _
h )
Aallp:= 15 in Per ASTM E985
Case 1 - Uniform Load:
Myp:= (WirL+h) + Wy-L-Agog Mypmax = 0.5-Mxprql + Mxpq2 + Mypyq3 Mxpmax = 13200 Ibrin
Mygp2 = Wp'L- (h - Lst) + Wy-L-Axpl Mxpmax2 := 0.5-Mxp2-ql + Mxp242 + Mxp2:q3 Mypmax2 = 8400 lb-in
Case 2 - Point Load:
IE _ _
Mxpmax4 = P-(h — Lst)-0.85 Mypmaxd = 4760 lb-in
Mxpmax3 = (P-h-0.85) Mypmax3 = 7480 Ib-in
Max Post Stress:
n max(Mxpmax2»Mxpmax4) .
Fopx:= | (Fopx1-1.33) if IBC =1 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ixp
= maxMxpmax, Mxpmax3) Ty S '
fopx2 max( Xpmax xpmax3) (pr A Ist)' Sxp fhpx2 = 25934 psi
Max Stub Stress:
Ist
= M; M — _ .
o=l Momes)
Calculation Results:
Intp1 := max(ibgg by ~fbit] Ity = 1.04 4% Over OK
Fopx  Fopx ~ Fbst
Axpl,Axp2, A
POSTS:= |"OK" if Intp) < 1.04 A max{Anpt g2 Buot) _
Aallp
"FAIL" otherwise
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Side Mount SHT
Anchorage C2

Rpax =300 Ib

]|

Mppax = 13200 + Rppaee3 = 14100 Ibin

7N
1 (4) 9/16"¢ HOLES FOR ) .
1 1/2 X 6" LG. S.S. Li=6 in
N HILTI (HIT—RE 500)
1 1/2"¢ (SCH. 40) =1 EPOXY ANCHORS 12:=525 in
ALUM. PIPE ey | | -
| | P’:)IVF' = O
| | o~ Z
STD. ALUM. SIDE M 2 Chk Extruded Aluminum Bracket:
MOUNT BRKT. (SHOP R
ATTACH TO PIPE W/ | . Mnax
(2) #17 X 17 LG. [ R P:= +Rppax P=2650 1b
S.S. TEK—SCREWS [ L1
il
: : M, P 0.688 M 912 in-1b
3 3 . pl == pl = m-
Pl L JLE 2
1» ) » o, 1 »
16 58 16 6-Mp;
teqi= |——— teg = 0.18  in
47\ 28000-L1 a
CONC. SIDE MOUNT 4—HOLE
25KD—18A treq
1= 1=0.72
0.25
Use Side Mount Bracket, As Shown
6105-T5 alloy
Chk Anchor Bolts: (Assume f'c = 4000 psi Conc.) Chk TEK Screws:
v m X Vy =75 Ib Rinax
[ — = m:
LA b Vi=— V =150 Ib
)]
. .. Ty= 1655 Ib
b= 102085 4 b= Vg = 21480333 Va=715 b
See Next Sheet for Calculation v
L= [V J I, =021 <1.0
Use (4) - 1/2" Dia. S.S. Threaded Rods a
With Hilti HIT-RE ﬁOO Epgxy Adhes:ve Use (2) - #17 5.5. TEK Screws
Embedment = 3-1/2" (min.) -
Edge = 2-3/4" 300 Series S.S.
End = 3" ITW Buildex or Better
105 School Creek Trail |Project Description: Job No: R11-02-15H
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Hilti HIT-RE 500 Epoxy Adjustment for Embed Depth: it Adhesi SHT
Hilti esive
hef = 3.5 in embedment I ; | C3
. b | i
S1=4125 in  spachgl © : S ' — Reactions Per Bolt:
spi=4.5 in spacing 2 ;; Y ) o
ii ,' V=175 b shear
c1:=2.75 in edge distance 1 ‘| QI Q )
|| Mo|U T:= 1655 b tension
=3 in  edge distance 2 C2 ! :
From HILTI Design Guide: (I

Use (4) - 1/2" Dia. S.S. Threaded Rods
W/ Hilti HIT-RE 500 Epoxy Adhesive
Tower:= 1965  Ib hefl:=225  in Embedment= 3-1/2" min.
Edge Distance= 2-1/4" min.
End Distance = 3"

Tupper = 5275 Ib hefy = 4.5 in

Vupperi=7935  Ib hef = 4.5 in

V] = 3550 Ib =225 i
lower Befl n Calculations below this line are automatic

(Tupper - Tlower)'(hefu - hef) - Tupper‘(hefu - heﬂ)

Tall = Tali=3804 1b Intempolated Tension Value
~(hefu - hen)
V, -V . - ~ Vupper{hefu - h
Vall == ( Hpper lower) (heﬁl hef) i er( ofu eﬂ) Vall=598¢ 1Ib Interpolated Shear Value
—(hefu - heﬂ)

faN1 = }1.00 if s3> 1.5:hef

5] .
[0.3-&;) + 0.55] if 1.5hef > s1 > 0.5-hef fani1 =09 Spacing (Tension and Shear)

"Increase Spacing" otherwise

faNg = }1.00 if sp > L.5:hef

S2 .
[0-3'(}1_&) + 0-55] if 1.5hef > s3> 0.5-hef fANZ = 0.94 Spacing (Tension and Shear)

"Increase Spacing”" otherwise

frRN:= |1.00 if cf = 1.5:hef

[ cl _ . .
03.(?) + 0_55] if 1.5hef > ¢ > 0.5-hef Ry = 0.79 Edge Distance (Tension)
L f

"

'Increase Edge Distance” otherwise

fry1:= |1.00 if ¢ = 1.5-hef

9] .
[054'(@) - 0-09] if 1.5hef > c1 > 0.5-hef fryy = 033 Edge Distance (Shear Perpendicular to Edge)

"Increase Edge Distance” otherwise
fRv2:= |1.00 if cg = 1.5-hef

C _ .
[0.36-(11?2) + 0.28:| if 1.5hef > 2 > 0.5-hef fRv2 = 0.59 Edge Distance (Shear Parallel or Away from Edge)
f

"Increase Edge Distance" otherwise

Vpall == Vall-fAN1-fAN2 - fRV1-TR V2 Vhball= 996 Ib

Thall := Tall'fAN1-fRN Thall = 2701 1b

v \L67 T 167
Ip:= + Ih=045| < 1.00
(Vball) (Tball)
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Corner Side Mount SHT

Anchorage A
Rppax =97 b Reactions from RISA Model
Mmax =0 Ib-in (Comer Post Modeled as

a Pin Connection)

OUTSIDE INSIDE
Ll1=6 in
MO
1 1/2"¢ (SCH. 40) L2:=525 in
ALUM. PIPE N
STD. ALUM. SIDE ‘: : it | czé Chk Extruded Aluminum Bracket:
MOUNT BRKT. (SHOP | Z
ATTACH TO PIPE W/ " I ~ Minax
(3) #17 X 1" LG. i P:= + Ripax P=97 b
S.S. TEK—SCREWS) -:-IL - L1
1 . ©
(2) 9/16"9 HOLES FOR I ~
1/2"s X 6" LG.\ !: M, = 3.0,688 My, = 33 in-1b
S.S. HILTI (HIT-RE 500) S 5
EPOXY ANCHORS ,, (1 <
16 [ I PN
45" treqg = |——— =003 in
H 7\ 28000-L1 freq

CONC. CORNER SIDE MOUNT
25KD—22A | I:= req I1=0.14

0.25

Use Side Mount Bracket, As Shown

6105-T5 alloy
Chk Anchor Bolts: (Assume fc = 4000 psi Conc.) Chk TEK Screws:
vy Vi, = 49 b R
b= b= Vi= — V=32 b
(3)
Mmax Rmax
=TT To=49 lo V= 2148.0.333 Va=715 b
See Next Sheet for Calculation Mmax  Rmax
T:= + T=49 Ib
2
Use (2) - 1/2" Dia. S.S. Threaded Rods '
W/ Hilti HIT-RE 500 Epoxy Adhesive Ta = 2065-033 Tar =681 o
Embedment= 3-1/2" min.
Edge Distance= 2-3/4" min. v 2 )2
End Distance = 2-1/2" Iy:= + I, =0.01 <1.0
Va Tan

Use (3) - #17 S.S. TEK Screws
300 Series S.S.
ITW Buildex or Better
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Hilti HIT-RE 500 Epoxy Adjustment for Embed Depth: - ) SHT
Hilti Adhesive

hef = 3.5 in  embedment C5

= i acing 2 i
52:=45 in  spacing Reactions Per Bolt:

¢l =275 in edge distance 1
V:i=49 Ib shear
=25 i edge distance 2
2 " ° T:=49 b tension

From HILTI Design Guide:

Use (2) - 1/2" Dia. S.S. Threaded Rods
W/ Hilti HIT-RE 500 Epoxy Adhesive
Tlower = 1965  Ib hefi=225  in Embedment= 3-1/2" min.
Edge Distance= 2-3/4" min.
End Distance = 2-1/2"

Tupper:=5275 b hefiy = 4.5 in

Vupper:=7935 b hefy = 4.5 in

= =225 i
Viower = 3550 o hef n Calculations below this line are automatic

(Tupper - Tlower)'(hefu - hef) — Tupper (hefu - heﬂ)

Tall = Ta1=3804 1b Interpolated Tension Value
~(hefu - hefl)
V -V - —hef) - W -(hefiy — h
Vall := ( tpper lower) (heﬁl ef) PP er( ofu eﬂ) Vall = 5986 1b Interpolated Shear Value
~(hefu — bef)
fan1 =1.0 fAN1 = Spacing (Tension and Shear)

faN2 := |1.00 if s3> 1.5:hef

$2 .
[0-3'(Q) + 055} if 1.5hef > 52 > 0.5-hef fAN2 = 0.94 Spacing (Tension and Shear)

"Increase Spacing" otherwise
fRy:= J1.00 if c1 > 1.5-hef

C _ . .
0_3.(1171] ¥ 0.551| if 1.5hef > ¢1 > 0.5-hef RN =0.79 Edge Distance (Tension)
| £

'Increase Edge Distance” otherwise

fRvi:= }1.00 if c¢j =2 1.5-her

1 .
[0.54'(QJ - 0.09j| if 1.5hef > ¢ > 0.5-hef fry1 =033 Edge Distance (Shear Pempendicular to Edge)

"Increase Edge Distance" otherwise

fRy2:= |1.00 if c3 > 1.5-hef

{0,36-(%) + 0.23] if 1.5hef > 3 > 0.5-hef fRvz = 0.54 Edge Distance (Shear Parallel or Away from Edge)

"Increase Edge Distance" otherwise

Vball = Vall-fAN1-fAN2-fRV1-TRV2 Vball = 1006 Ib

Toall := Tall-fAN1-TRN Thall = 2989 1b

v 167 T 167
Ip:= +| = =001 < 1.00
(Vball) (Tball)

105 School Creek Trail | Project Description: Job No: R11-02-15H
R l‘ E Luxemburg, W154217 - . .
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Side Mount SHT
Anchorage C6

Rpax =300 Ib

Mnax = 13200 + Ryppe3 = 14100 Ib-in

L1:=45 in

1 1/2"¢ (SCH. 40) N 18" LG. POST STIFFENER
ALUM. PIPE /

) (2) 9/16"¢ HOLES FOR L2:=3 in
1/2" X 6" LG. S.S.

STD. ALUM. SIDE MOUNT HIT—RE 500 EPOXY ANCHORS

I
BRKT. (SHOP ATTACH TO }
PIPE W/ (2) #17 X 1” LG. |

|

S.8. TEK—SCREWS) \ / = Chk Extruded Aluminum Bracket:
Nz
-
| | 2 -~ M
N i Y Pi= —— 4 Ry P=3433 Db
R
oo 7 ™
5 L] b
4 M, == —0.688 M, =1181 inlb
2% | 27g L o
58"
6-Mp
CONC. SIDE MOUNT 2—HOLE teq = | ——— teq =024 in
TS 28000-L1
1
= —2 =095
0.25

Chk Anchor Bolts: (Assume f'c = 4000 psi Conc.)

Use Side Mount Bracket, As Shown

Uniform Load 6105-T5 alloy
Rmax
Vb = Vb =150 b
2 Chk TEK Screws:
T Mnax + Rimx T,=2915 Ib R
st = max
122085 2 b V= = V = 150 Ib
Concentrated Load
Vall = 21480333 Vall = 715 lb
200-0.85
Vb2 = Vb2 =85 b
v
200-0.85-47  200-0.85 L= (V ] I,=021 <1.0
b2 = 15.2.0.85 + 5 Ty = 3218 Ib all

Use (2) - #17 S.S. TEK Screws

, 300 Series S.S.
See Next Sheet for Calculation ITW Buildex or Better

Use (7) - 1/2" Dia. S.S. Threaded Rods
With Hilti HIT-RE 500 Epoxy Adhesive
Embedment = 4-1/2"
Edge = 3-1/2"
End = 3"

105 School Creek Trail | Project Description: Job No: R11-02-15H

_RLCE Luxemburg, WI 54217
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Hilti HIT-RE 500 Epoxy Adjustment for Embed Depth: Hilti Adhesive SHT

hef:=4.5 in  embedment Cc7

=4, i spacing 1 i
s1:=4.125 in pacing Reactions Per Bollt:

c1:=3.5 in edge distance 1
. V=285 b shear
=3 in edge distance 2 )
T:= 3218 Ib tension

From HILTI Design Guide:

Use (2) - 1/2" Dia. S.S. Threaded Rods
W/ Hilti HIT-RE 500 Epoxy Adhesive
Tiower := 1965 b hefl = 2.25 in Embedment= 3-1/2" min.
Edge Distance= 2-1/4" min.
End Distance = 3"

Tupper = 5275 Ib hefy = 4.5 in

Vupper:=7935 I hefiy = 4.5 in

= 3550 hefi=2.25 i
Viower b efl n Calculations below this line are automatic

(Tupper - Tlower)'(hefu - hef) — Tupper (hefu - heﬂ)

Tan = Tap=5275 Ib Interpolated Tension Value
—(heﬁl - heﬂ)
V; -V . - -V hefu—h
Vall = ( PPt lower) (hefu hef) uPper( efu eﬂ) Vali=7935 1b Interpolated Shear Value
~(hefu — hef1)

faAN1 = |1.00 if sj > 1.5-hef

51 R
[0.3-(@] + 0.55] if 1.5hef > 51 > 0.5-hef fan1 = 0.83 Spacing (Tension and Shear)

"Increase Spacing” otherwise

faAN2 = 1.0 faN2 =1 Spacing (Tension and Shear)

RN = §1.00 if c] = 1.5-hef

c _ ] -
|i0'3.(h_lJ + 0_55j| if 1.5hef > ¢] > 0.5-her fRn =0.78 Edge Distance (Tension)
ef

"Increase Edge Distance”" otherwise

fRvi:= |1.00 if ¢y = 1.5hef

€1 .
[0-54'(;;] - 0-09] if 1.5hef > ¢] > 0.5-hef fry1 = 0.33 Edge Distance (Shear Perpendicular to Edge)

"Increase Edge Distance" otherwise

fRv2:= |1.00 if ¢ = 1.5-hef

{0.36'(%) + 0,28] if 1.5hef > 6 > 0.5-hef fRvo = 0.52 Edge Distance (Shear Parallel or Away from Edge)
f

"Increase Edge Distance” otherwise

Vhall := Vall-fAN1-fAN2 R V1-fR V2 Vpall = 1123 1b
Toall := Tall-fAN1-IRN Thall = 3409 1b
Ib:=( v )1.67+( T )157 < 100
Vball Thall
RICE 1L05 School Creek Trail |Project Description: Job No: R11-02-15H
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Guardrail "D" SHT

O )
i 1 1/27¢ (SCH. 40)
' n ALUM. PIPE
| S T N
o 1 1/2"% (SCH. 40)
. ~ ALUM. PIPE
© | N
. N') ! 247 LG, POST STIFFENER
¥ VX Tube
~ : 4” EXTRUDED ALUM. "F”
T PLATE AS SHOWN ON
- PLANS — SEE SHEET #FPI
FOR DETAILS & NOTES
A J el
1 f || ——CRATING (NOT BY RMR)
b | DEKD—19C
- A 17 / D_B
WO
P | VERIFY CHANNEL
15 (NOT BY RMR)
16

SECTON

(D

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

D—1

ROCKY MOUNTAIN RAILINGS

105 School Creek Trail

RICE

Project Description:

Job No:

Lot R11-02-15H

uxemburg, WI 54217 - . .
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Pipe Railing & Post

Input Variables:

These calculations are based on emperical test data
performed by Julius Blum & Co., Inc.

Guardrail "D" Analysis

SHT
D1

Fyg:= 50 pIf Load Case 1 (Uniform Load)
Fy:=0 pif Simultaneous Vertical Uniform Load
o N

P := 200 Ib Load Case 2 (Point Load) —— 1 1/2"¢ (SCH. 40)

ALUM. PIPE
Lpp = 25 in Unbraced Length of Post M
h:=46 in Railing Height Above Anchor Bracket .

o 1 1/2"¢ (SCH. 40)
Li=72 in [6-0" MAX POST SPACING | g L AN PIPE
Number of Railing Spans:
1 span W 1(|3 i B o B
e - s Il 4" LG. POST STIFFENER
2 2 | n 24 -
2 span :4_ T Y X“ /ML}@
3 ormore spans I ~ ) 4" EXTRUDED ALUM. “F”
Railing Section: Post Section: N ELLQLES AS SSEHEOVéNHEOg sl
[T 114" schd. 40 I 114" schd. 40 FOR DETAILS & NOTES
R 1 I13]

i:.a 1 1/4" Schd. 80 l_ 1 1/4" Schd. 80 . | ‘;/_GRATING (NOT BY RMR)
IV 112" schd. 40 ¥ 11727 schd. 40 g ﬁ__ 25KD—-19C
[ 1172 scnd. 80 [T 112" schd. 80 3 " D=5
7 1172" tube ™ 112" tube 5 VERIFY CHANNEL
_ _ 15» (NOT BY RMR)
[ 2"scha, 40 I 2" scnd. 40 16 |l
™ 2vschd. 80 [ 2vschd. 80

Railing Temper:

SECTION 5

Post Temper:

\D—]

™ 606315 [ 606316
I 6063-16 I 600515
V' 606116 or 6105-T5 V' 6061-T6 or 6105-T5 .
. - All calculations below
I 4/3increase allowed | " Post Welded to Base Plate this line are automatic
Railing Properties Post Properties
e ) e Computational Factors
03 ber= o3 Ry
0.31 yr= - 0.31 SR1=—"  SRI=655 Kp:=(8ql) + (8q2) +(9.5¢3) K1=8
= ! 0.326 Sxr= 0.326 r
Sy= 03 sr= s r o C@ree e
R= 0.95; R= 095 SR3=—L  Sgp3 =655 K3 := (48-q1) + (66-q2) + (87-q3) K3 =66
A X ) = 0145 ®
Er:= 10100000  psi
Ixtotr = Ixr it Ixtotp == Ixp in? 24" Min. Length AL. "X" Tube Stub
.4 .
4 . It := 0.249 in Lsi=18 in
Sst:= 0311 in3 Fhst = 25000 psi
RICE 105 School Creek Trail | Project Description: Job No: R11-02-15H
_ Luxemburg, W1 54217 Engineer: JDB |Sheet No: D1
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Railing Analysis: i Fy SHT
— Wy = — " .
5 viE 5 Guardrail "D" Analysis DI A
Case 1 Uniform Load:
S-Wh-L4 . i
Ayr] = m Ayr] = 0.466 in Modeled as a simple span
5-WV»L4
Agrl = ————— Axrl = i
1 384 Er bygonr arl =0 "
A L
allr:= og Agllr= 075 in  Per ASTM Speification E985
Wh‘L2
Myrmax = K1 Myrmax = 2700 Ib-in
W12
Myrmax == — Mxrmax = 0 Ib-in
Xi
[}
M
foryl = gmax fhry1 = 8282 psi
yr
M
forxl = —g forxl =0 psi
Sxr
Case 2 - Point Load:
Ao pi’
yr2: K3-ErIytotr Ayry = 0.361 in
Myrmax2 = %L Myrmax2 = 2880 Ib-in
Myrmax2
fbry2 = yxsma fory2 = 8834 psi
yr
Fory'= |(Fory1-133) if IBC =1 psi
Fbry1 otherwise
Calculation Results:
Intp) = (M) + (M] Inty] = 0.33
Intp = fory2 Intp = 035
Fory
Avyrl, Axrl, A
RAILS = |"OK" if max{Ayr1, Al Ayr) <1A (@) pf ot g, B2 RAILS = "OK"
Aalir Fory Fory Fory
"FAIL" otherwise
105 School Creek Trail | Project Description: Job No: R11-02-15H
—‘RL(:E Luxerr'lburg, Wis4217 Engineer: JDB |[SheetNo: D1 A
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Post Analysis: Epi=Fr SHT
Guardrail "D" Analysis
3 D1 B
WiyLe(h - Lg)
Axpl =T Y .
3-Ep-(Ixp) Axp1 =0.701 in
3
A P-0.85-(h — Lgt) A — 0397 ‘
e e xp2 = 0. in
i 3Ep{kxp) ?
Max Deflection:
3 3 3
Wi L-(h - Lgt Wh-L-[h —(h-L }
Aot = (L) + (b~ Ls) Aot = 2.036 in
3Eplxp 3{ (BpTxp) + (EpTst)]
h .
Aglip = kD) Aglip =383 in Per ASTM E985
Case 1 - Uniform Load:
Myp = (Wh-L-h) + Wy-L-Agot Mypmax = 0.5-Mxp-ql + Mypq2 + Myrq3 Mypmax = 13800 Ibin
Mxp2 = Wi L-(h - Lst) + Wy-L+Axp] Mypmax2 := 0.5-Mxp2-q1 + Mxp292 + Myp2-3 Mxpmax2 = 8400 Ib-in
Case 2 - Point Load:
[* - n
Mxpmax4 := P-(h — Lst)-0.85 Mxpmax4 = 4760 Ibrin
Mxpma_x3 = (P-h085) Mxpmaxs = 7820 Ib-in
Max Post Stress:
max{ M , M;
Fopx = ax( Xpmax2 xpmax4) fopx = 25767 psi
Fopx = |(Fopx11.33) if IBC=1 Fppx = 25000 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ixp .
fhpx2:= max(Mxpmax,MxpmaXB)'— fopx2 = 23475 pst
(pr + Ist)'Sxp
Fppx = 25000 psi
Max Stub Stress:
Ist .
fpst = maX(Mxpmax,MxpmaXB)'m fpst = 19765 psi
xp T Ist)'Os
Fhst = 25000 psi
Calculation Results:
Intp] = max( opx ) fopx2 ) E) Intp) = 1.03 3% Over OK
Fopx  Fopx  Fbst
max{ Axpl,Axp2, A
POSTS := |"OK" if Inty) < 1.034 A ox{Axpl, Axp2, Ao <1 POSTS = "OK"
Aallp
"FAIL" otherwise
105 School Creek Trail |Project Description: Job No: R11-02-15H
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Side Mount SHT
— = Anchorage D2
| Rpax:=300 1b
ofe Mgy = 13800 + Ry 3 = 14700 Ibvin
Li=6 in
~
\uﬁ L2:=525 in
u/j Chk Extruded Aluminum Bracket:
| I
! = LY P=2750 b
| | | = O © L1 e
I I | Z
| | = P
i 1N ~ Mpl = 7'0.688 Mpl = 946 in-Ib
|
| I . i
f I N o -Mpi .
X = —F =018 in
- e = [ S5000L1 freq
——|
7o ” H Pary
it I treq
I:= 1=0.74
3 3 < 0.25
4 4 MISE
2 3/64" 55,, ~2 3/64" Use Side Mount Bracket, As Shown
3 6105-T5 alloy
Chk Anchor Bolts: Chk TEK Screws:
Rmax
- _ R,
b=y Vo=T75 1o Vi= 2% V =150 b
(2
.. T,=1722 b
b= 50085 a4 b= V= 2148.0.333 Vai=715 Db
Vi := 0.196-23000 Vian = 4508 1b
\'%
0.1875 = = .
Tiai1 := 0.142-40000- Toa = 3123 b b (Vall) =021 <10
2 2
[ Vb Ty (203 <10 Use (2) - #17 S.S. TEK Screws
“Ver) T =0 st 300 Series S.S.
ITW Buildex or Better
Use (4) - 1/2" Dia. S.S. Thru Bolts
or 3/16" Min. Thread Engagement
Cond "CW", Fy= 65 ksi minimum
Structural Steel Channel
Designed By Others
m 105 School Creek Trail | Project Description: Job No: R11-02-15H
Luxemburg, W154217 - - -
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Side Mount SHT
, Anchorage D3
d % 2
(NOT BY R.M.R.) == Rppax =300 b
a,
. Mpax := Rmax:39 = 11700 Ib-in
18" LG. POST STIFFENER L1:=4 in
\C” (2) 9/16"8 X 1" LG. SLOTS FOR
1 1/2"¢ (SCH. 40) 1/2" X 1 1/2" LG. SSHHMB. 13.-2 in
ALUM. PIPE N (FIELD DRILL BEAM TO MATCH)
N
NOSE LINE [ i -
2 (@]
SPECIAL SIDE MOUNT BRKT. : : C)/Ié' "l =
(SHOP  ATTACH TO PIPE A= =]
W/ (2) 3/8" X 3" LG. : ™ 1 2 Sll:lseRHa{fen
S.S.H.H.M.B.) | :, ip Resistant
¥ Vol 2, Flange Nuts
=l or Equal
f W Sn Sn
3/\(9 8 8
14 14"
5
SPECIAL SIDE MOUNT 2—HOLE
25KD—19E
Chk Post Attachment to Bracket:
Mmax Rmax
Vise— V = 4220 1b
2.875-(1) (2)
Vi = 0.110-23000-(2) Vi = 5060 1b Chk Anchor Bols:
Use (2) - 3/8" Dia. S.S. Thru-Bolts @ 2-7/8" O.C. —_ Rmax Ve = 150 b
300 Series S.S. by b=
Chk Extruded Aluminum Bracket: Mpax  Riax
Ty = + Tp=3075 b
Miax 22 2
P:= . + Rax P = 3225 b
Vall = 0.196-23000 Vau = 4508 b
P
M = —0.7 My = 1129 inlb 0.25
P P Ty := 0.142:40000——— Ty =3114 b
0.456
6-M 2 2
. f pl - . \Y% T
treq = 28000-11 freq = 0-25 in 1= b + L I1=0.98 <1.0
Vau Tan
t
= —4 I=0.98 Use (4) - 1/2" Dia. S.S. Thru Bolts
0.25 : (or Drill & Tap - 1/4" Min. Thread Engagement)
- ' Cond "CW", Fy= 65 ksi minimum
] )
Use Side Mount Bracket, 4 _~ong Steel Stringers Designed By Others
6105-T5 alloy
105 School Creek Trail | Project Description: Job No: R11-02-15H
‘RIEE Luxemburg, Wi 54217 Engineer: JDB |Sheet No: D3
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Guardrail "E" SHT

LOJO
e 1 1/27¢ (SCH. 40)
v n ALUM. PIPE
T &
! 1 1/2"¢ (SCH. 40)
ALUM. PIPE
:L? Y N
N Y 247 16, POST STIFFENER
—|c\ M)

5 \\XN T(/'be
! 4”7 EXTRUDED ALUM. "F”
PLATE AS SHOWN ON

o)
. I PLANS — SEE SHEET #FPI
- o FOR DETAILS & NOTES

VGRATING (NOT BY R.M.R.)

“ [ T1H 25KD—=19D | | 25KD—19H
i - D—3 D=3
co (ADJUSTABLE)  (FIXED)
Y Y

VERIFY CHANNEL
) :::I////(NOT BY R.M.R.)
X

SECTION /e

\D—1

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

ROCKY MOUNTAIN RAILINGS

105 School Creek Trail |Project Description: Job No: R11-02-15H
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Pipe Railing & Post

Input Variables:

These calculations are based on emperical test data

performed by Julius Blum & Co., Inc.

SHT

Guardrail "E" Analysis El

Fy:= 50 pif Load Case 1 (Uniform Load)
Fy:=0 pIf Simultaneous Vertical Uniform Load
LF)[@
P := 200 b Load Case 2 (Point Load) — 1 1/2"#% (SCH. 40)
4~ ALUM. PIPE
A
Lpp=24.5 in Unbraced Length of Post
h:=465 in Railing Height Above Top Anchor Bolt P
___ - 1.1/2"9 (SCH. 40)
Li=T72 in |6%“0" MAX POST SPACING | ALUM. PIPE
Number of Railing Spans: 3%
X [ £ "
1 span v \;N,)N M X )"" |\_\GI ”POST STIFFENER
_ v
2 span v Q'L X 4” EXTRUDED ALUM. "F”
— ‘o PLATE AS SHOWN ON
3 or more spans v i [ PLANS — SEE SHEET #FPI
s , . z . FOR DETAILS & NOTES
Railing Section: Post Section: N |
7 - GRATING (NOT BY R.M.R.)
[ 114" scnd. 40 ™ 114" schd. 40 ! L
. S My 25KD—-19D 25KD—19H
™ 114" schd. 80 I 11/4" schd. 80 . - D—3 D—3
— — w0 (ADJUSTABLE)  (FIXED)
¥ 112" scha. 40 ¥ 11127 scnd. 40
r . = ' VERIFY CHANNEL
1 1/2" Schd. 80 .7 11/2" Schd. 80 o (NOT BY R.M.R.)
[ 112" wbe I 112" tbe X
™ 27 scnd. 40 [T 2" schd. 40 SECTION (EY
r— \0—J
™ 2" schd. 80 [ 2"schd. 80 =
Railing Temper: Post Temper:
I 606315 I 6063-T6
I™ 606316 I 600575
V' 6061-T6 or6105T5 V' 6061-T6 or6105-T5 i
- - All calculations below
I 4/3increase allowed [ "Post Welded to Base Plate this line are automatic
Railing Properties Post Properties
[ . Computational Factors
xr= 031 k= 031] .
lyr= 77131; |y|-= o 7(&17 SR1 = - SR1 =6.55 Xj := (8-ql) + (8-92) + (9.5:q3) K1=38
= 2328 Sz 0.326) r Kp:= (4ql) + (5q2) + (503 Ky=5
sy= 0326, = o3 , 2=a)r G Ge) K=
R= 0.95 R= 095 sp3:= P Sp3=655 K3 := (48-q1) + (66-q2) + (87-q3) K3=66
Ep:= 10100000  psi
Tntotr = Ixr in? Iktotp = Ixp in? 24" Min. Length AL. "X" Tube Stub
_ 4 _ )
Wtotr := Ty in4 Ttotp = Iyp in4 Ist:= 0.249 in Lst =19 in
Sgti= 0311 in Fist:= 25000 psi
RICE 105 School Creek Trail |Project Description: Job No: R11-02-15H
Luxemburg, WI154217 - - -
—ENGINEERING Phone: (920)845-1042 Engineer: JDB |Sheet No: El
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Railing Analysis: FH Fy SHT
— — L ] :
== V= Guardrail "E" Analysis -
Case 1 Uniform Load:
swpLt . .
Ayr] = m Ayr] = 0.466 in Modeled as a simple span
R swy1t Ao .
1 384 Brlyton xl = "
L
Aally:= — . . .
96 Aalir=0.75 in Per ASTM Specification E985
Wh-L2 .
Mynnax = Kl Mynnax = 2700 Ib-in
Wy L?
Mxmmax = Mxrmax =0 1b-in
X1
[l
M
foryl = };max fory] = 8282 pei
yr
Mxrmax .
fhrx1 = fhrx1 =0 psi
Sxr
Case 2 - Point Load:
pi’
Ayppim —————— )
K3-Erlytotr Ayr2 = 0.361 in
M. = 2L M, = 2880 Tb-i
yrmax2 = K2 yrmax2 = n
Myrmax2
fory2:= y;m fhry2 = 8834 psi
I
Fory:= | (Fory1133) if IBC=1 psi
Fpryl otherwise
Calculation Results:
Int[] = (M] + (Ery—l) Intrl =033
Fory Fory
Intyp = _ﬂ_)_ryZ_ Intyp = 0.35
Ayrt, Axrl , A
RAILS := |"OK" ifmax( yrl> Zxrl m)51/\(@}+(@)s1/\fb—ryzsl
Aalir Fory Fory Fory
"FAIL" otherwise
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Post Analysis: Ep:=Er SHT
Guardrail "E" Analysis
3 El1 B
WirLe(h - Lgt)
Agpli= —————— .
3-Ep(Ixp) Axp] = 0.664 in
A P-0.85-(h - Lst)3 A 0376 )
Xp2= T oo Yy 2 = 0.37 in
P 3Ep (i) ®
Max Deflection:
3 3 3
Wh-L{h~ L W~L~[h —(h-L ]
Atot = ( St) + b ( St) Atot = 2.077 in
3Ephp 3{(Bplxp) + (Bplst)]
h .
Aallp = T Azllp = 3.88 in Per ASTM E985
Case 1 - Uniform Load:
Myp := (WirL+h) + Wy-L-Ago Mxpmax = 0.5-Mxp-ql + Mxpq2 + Mypq3 Mypmax = 13950 Ibrin
Myp = Wip-L-(h — Lgt) + Wy-L-Axp] Mypmax2 = 0.5-Mxp2-ql + My2q2 + Myp2:q3 Mypmax2 = 8250 Ibin
Case 2 - Point Load:
m e A
Mxpmaxd = P-(h ~ Lgt)-0.85 Mypmaxs = 4675 Ib-in
Mxpmax3 := (P-h-0.85) Mxpmax3 = 7905 Ibin
Max Post Stress:
max| Mgpmax2,M: 4
fopx = x(Mpmac2, Mxpmenxd) fopx = 25307 psi
Sxp
Fopx = | (Fopx1-1.33) if IBC =1 Fppx = 25000 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ikp .
fhpx2 = mw‘(Mxpmax»Mxpmm)"—*— fopx2 = 23730 pst
(pr + Ist)'Sxp
Fppx = 25000 psi
Max Stub Stress:
Ist
fhst := maxiM; , M, 3} — fhst = 19980 psi
o e Migmuc)
. Fpst = 25000 psi
Calculation Results:
Intpy = max(@ ; Topx2 E) Intp) = 1.01 1% Over OK
Fopx  Fopx Fost
max{ Axpl,Axp2, A
POSTS = |'OK" if Tnp1 < 1.014 A Afxpl AepoBr) POSTS = "OK”
Aallp
"FAIL" otherwise
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Side Mount SHT
/ Xz Anchorage E2
(NOT BY R.M.R.) ==
T Rpax:=300 Db
Mpax == 13950 + Rypgye 3 = 14850 Ibin
POST STIFFENER .
\Oq (4) 9/16" X 1" LG. SLOTS FOR LI=6 in
1 1/2"¢ (SCH. 40) 1/2" X 1 1/2" LG. S.S.H.H.M.B. _
ALUM. PIPE\ N (FIELD DRILL BEAM TO MATCH) L2:=5 in
| —
| I To
\l I I ] =
SPECIAL SIDE MOUNT : : ! _ =
BRKT. X 6" LG. =
(SHOP ATTACH TO PIPE\ 1 SIL'IS(; Ha{f:n .
W/ (2) 3/8"¢ X 3" LG. | I Ip ~esistan
S.S.H.H.M.B.) || © Flange Nuts
all | ! or Equal
U { =
[ | —
Sn 5
8 8
7 7
18 18
o
25KD—19D
Chk Post Attachment to Bracket:
Mmax Rmax
= + V=383 Ib
() (2
Vg = 0.110-23000-(2) Vi = 5060 b Chk Anchor Bolts:
Use (2) - 3/8" Dia. S.S. Thru-Bolts @ 4" O.C. _ Rinax
300 Series S.S. Vo=—, Vi, =75 Ib
Chk Extruded Aluminum Bracket: M R
max max
Tp = + Ty = 1560 Ib
Miax L2:2 4
P:= + P=2775 b
Ll mnax
Vai = 0.196:23000 V= 4508 b
P
M, = —0.812 M, = 1127 in 0.1875
pl =5 08125 pl wlb Tan = 0.142:40000~— T =233 b
6-M 2 2
pl . v T,
= e — = 0 b b
freq \‘ 28000-L1 feq =02 in = +|— 1=045 <1.0
Van Tan
I:= freq I1=08 Use (4) - 1/2" Dia. S.S. Thru Bolts
0.25

Use Side Mount Bracket, As Shown

(or Drill & Tap - 3/16" Min. Thread Engagement)

Cond "CW", Fy= 65 ksi minimum
Steel Stringers Designed By Others

6105-T5 alloy
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Reactions:

Rpmax = 300 Ib L1:=5 in

Mmax := 13950 + Rpax-3 = 14850 Ib-in 12:=4 in

Side Mount Anchor

SHT
E3

Chk Anchor Bolts (Structural Steel By Others):

Chk Extruded Aluminum Bracket:

M,
Pi= —% | Rimax P=3270 b
L1
P:3
Mp] = — Mp] = 2453 in-lb
pl= pl n
6-Mpj .
req = | 58000-0.85-L1 freq =035 in
i
= 1= 094
0.375
Use Extruded Bracket as shown
(6705-T5)
Chk Fasteners:
Rmax
= - Ib (upward) V=150 1b

Use (2) - 3/8" Dia. S.S. Set Screws
OK By Inspection

R
Vb = ﬂ Vb =175
4
M R,
Tb::ﬁx_Fﬂx Tb:]93]
L2:2 4
Vall := 0.196-23000 Vil = 4508
0.1875
Ta)t := 0.142-40000- ——— Tal = 2336
all 0456 all

2 2
% T

1;=(—b) +(—b 1=068 <1.0
Vali Tan

b

b

b

Ib

Use (4) - 1/2-13 S.S. Bolts
Drill & Tap or Thru-Bolt
Min. Thread Engagement = 3/16"
(300 Series S.S., Cond. CW, Fy = 65 ksi)

/ € N P
VERIFY BEAM OR CHANNEL ”

‘il(\l
<

(NOT BY R.M.R.)

POST STIFFENER
\Om

(4) 9/16” X 1 1/2” SLOTTED
HOLES FOR 1/2" X 2" LG.
S.S.H.H.M.B. (FIELD DRILL
BEAM TO MATCH)

1 1/2”¢ (SCH. 40) p’j
ALUM. PIPE\ |

|

|

|

]

|
| -
EXTRUDED ALUM. SIDE || T O
MOUNT BRKT. (SHIP\ | / | Z
LOOSE & FIELD ATTACH ﬁL! Wil 2
TO PIPE & BEAM I =
) \_i_ [lg___/
(2) 5/16"¢ TAPPED HOLES ——__ :' ™| 0
FOR 3/8% X 1/2” LG. Il H
S.S. SET SCREWS it L
ol g
17115 ‘1? 1
5)7

STL. SIDE MOUNT 4-—-SLOT

25KD—19H
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Guardrail "F" SHT

1 1/2”¢ (SCH. 40)

ALUM. PIPE

1 1/2"¢ (SCH. 40)

ALUM. PIPE

(9”7 LG. POST STIFFENEROA;“)

47 EXTRUDED ALUM. "F”
PLATE AS SHOWN ON
PLANS — SEE SHEET #FP
FOR DETAILS & NOTES

20KD—29A 20KD—=30A

D—3

D—3

Lﬁ’@
!
D
i * i
lo))
|
s
I //
o)
| /
S
- /1 T+l
RN
- i
o L[l
<a¢L£_

(U.N.O.)

ON

SECT

Note: Structural steel, Concrete, CMU and all
other anchorage substrates designed by others

D—1

(REMOVABLE)

ROCKY MOUNTAIN RAILINGS
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Pipe Railing & Post

Input Variables:

These calculations are based on emperical test data

performed by Julius Blum & Co., Inc.

SHT

Guardrail "F" Analysis Pl

FH:= 50 pif Load Case 1 (Uniform Load)
Fy:=0 pif Simultaneous Vertical Uniform Load
P:=200 1b Load Case 2 (Point Load) .
OO
Lpp =21 in Unbraced Length of Post A .
o 1.1/27¢ (SCH. 40)
N | ) ALUM. PIPE
h:=42 in Railing Height [ T -
Li=72 in [6-0" MAX POST SPACING | X
. (@]
Number of Railing jpans. “ | 1 1/2% (SCH. 40)
1 span 7 i ALUM. PIPE
2 span 47 :‘— © J ny
v p— R l A i
3 ormore spans m I9” LG. POST STIFFENER
Railing Section: Post Section: M 7 R o
. . | 47 EXTRUDED ALUM. F
[ 11747 scnd. a0 [ 11/4" schd. 40 X _ PLATE AS SHOWN ON
_ . —| =¥ PLANS — SEE SHEET #FPI
[ 11/4" schd. 80 I 114" send. 80 ™ ff FOR DETAILS & NOTES
V" 1 172" send. 40 V' 1 1/2" schd. 40 Y M [o5rp—70A] [25KD—30A
0 1M D—3 D—3
T 112" schd. 80 [ 11727 schd. 80 ‘ M (REMOVABLE)
[T 112" ube I 112" tube NN
[ 2vschd. 40 I 2" schd. 40 (UN.0)
™ 2"schd. 80 [T 2" schd. 80 SECTION (F
D—1
Railing Temper: Post Temper:
™ 606315 [” 606316
™ 606316 [T 600515
V' 606116 0r6105-T5 ¥ 6061-16 or6105-T5 _
- B Al calculations below
I™ 4/3increase allowed " Post Welded to Base Plate this line are automatic
Railing Properties Post Properties
o [, . Computational Factors
Ixr= xr= 031’ Ry
Tyr= yr= - 031¢  SRi=— SR1=655 Kj:=(8-ql) + (8q2) +(9.5¢3) Kj=8
Sxr= 1 Sxr= 770.326: r
§§yr= B fSyr= 0396 X K2 := (4-q1) + (5-92) + (5-93) K2=5
‘R= R= i 0.95 SR3 = P SR3 =6.55 K3 := (48-ql) + (66:q2) + (87-q3) K3 =66
t= - | 0145, i
Er:= 10100000  psi
Tntotr = Ixr ' Ikotp= Ixp in* 19" Min. Length AL. Ribbed Tube Stub
4 .
4 ) Ist = 0.174 Lgt = 14 in
Set= 0224 in0 Fist:= 25000 psi
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Railing Analysis: FH Fy SHT
- T _ Y IR0 il :
Whi= - Wyi= — Guardrail "F" Analysis FLA
Case 1 Uniform Load:
swh Lt
Ayrl = m Ayr] = 0.466 in Modeled as a simple span
swy Lt
Wy
Axrli=———— Axr] =0 i
xrl 384'Er]xt0t]- XI] n
)
allr*= o6 Agllr = 0.75 in  Per ASTM Specification E985
Wh-L2
Mymmax = R Myrmax = 2700 1b-in
Wwy1?
Mxmax = M Mxrmax =0 Ib-in
Ki
[]
M
fory1 = };max fory1 = 8282 psi
yr
M,
forx1 = e fiyrx1 = 0 psi
Sxr
Case 2 - Point Load:
A p3
2= K3-Erkytor Ay = 0361 in
Myrmax2 = % Myrmax2 = 2880 1b-in
Myrmax2
fory2:= Sl fhry2 = 8834 psi
Syr
Fory= |(Fory1:133) if BC =1 psi
Fpryl otherwise
Calculation Results:
Intr = (&D{—IJ + (M) Intr] = 0.33
Fory Fory
Intpp = fi— Intyp = 0.35
Fbry
Avyrl, Axrl , A
RALS := |"OK" if max{Ayel, Axrl, Ayed) <1a (M) + (mj <1 D2 RAILS = "OK"
Aalir Fory Fory Fory
"FAIL" otherwise
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Post Analysis: Ep=Fr . ) SHT
Guardrail "F" Analysis LB
3
WheL-(h - Lgt)
Axpl= —F/— 7y — .
3Ep (Ixp) Axpl = 0.701 in
3
A 2.=M A 2=0397 in
W By =0
Max Deflection:
3 3 3
WiyLe(h ~ Lgt) Wh-L-[h - (h-Lgy) ]
Ap i - Atot = 1.768 in
o 3 [(EpTeg) + (B
h )
Aqllp= 7= in Per ASTM E985
Case 1 - Uniform Load:
Myp = (WirL-h) + Wy L-Agot Mxpmax = 0.5-Mxp:ql + Mypq2 + Mypq3 Mypmax = 12600 Ibrin
Myp2 = Wi-Le(h - Lst) + WyL-Axpi Mxpmax2 = 0.5-Mxp2-ql + Myp202 + Myp2-q3 Mypmax2 = 8400 Ibein
Case 2 - Point Load:
[]
Mxpmaxd := P-(h - Lgt)-0.85 Mypmaxd =4760  Ib-in
Mxpmax3 = (Phoss) Mxpmax3 = 7140 1b-in
Max Post Stress:
. maX(Mxpmm(Z,Mxpmaxﬂ,) .
Fopx = | (Fopx11.33) if IBC =1 Fppx = 25000 psi
Fppx1 otherwise
Max Post/Stub Combined Stress:
Ixp
= M. ,M e e N = i
fopx2 max( Xpmax xpmax3) (pr " Ist)' Sxp psi
Max Stub Stress:
Ist
= M M e = i
fost max( Xpmax » xpmax3) (pr " Ist)'sst psi
. pi
Calculation Results:
Intpy = ma'{% > px2 > E) Intp] = 1.03 3% Over OK
Fopx  Fopx  Fost
Dxpl, Axp2, A
POSTS = |"OK" if Intp] < 1.034 A max{Aupt. AnpoBer) _
Aallp
"FAIL" otherwise
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Chk conc. grout: =065 Post Embedment in SHT
] Grout F2
Ripax = 300 b f.1 :=6000 psi Grout Strength |
. -~
= Conc. Strength
M = 12600 Ibin fep :==4000 psi Conc. Streng ~ |
LF:=16 (Load Factor) ”_% v
L=5 in ) L\_1 | A\
D;:=19  in (PostWidth) L St
. | =3 L U
Dy:=3 in (Grout Pocket Width) L P P
L 'Zz
Assume Whitney stress block for bearing distribution:
Y . <J o]
02
fi,; — 4000
0.85 - .05 ———— N
B = max 1000 B1=075 a:=Ppc a =188 SHOP NOTE!
DRILL 3/16"¢ WEEP HOLE
0.65 9h | 1/2" ABOVE WALKING SURF
.
1.1/2"6 (SCH. 40 Bl
Ay =2;-Dy Aj =356 in (Bearing Area) / AIEUM. Plpg \: |
]
.
Ej:=L-a E;=3.13 in (Load Eccentrcity) 1B
CORE DRILLED HOLE i
M Rmax ) (NOT BY RAILING MFR.) | : e e
Pl=—+ P;=4182 1b (Bearing Load) 1 ©
E] 2 } |
2" 0.D. ALUM. TUBE (.035 SR =
(Allowable WALL) X 5" LG. W/ CLOSED

Fp; = ¢-0.85A-f;  GFpy = 11810 b gegaring 1 0ad) BOTTOM. SET TUBE USING
RAIL AS A TEMPLATE & FILL

GAP W/ NON—SHRINK GROUT.

LF-P; (NOT BY RAILING MFR.) >
I = I, = 0.57 GROUT & SHIM SPACE
el TS
REMOVABLE SLEEVE
Chk concrete (for reference only): [25KD—30A]
f'.p — 4000 N
0.85— 05— n
By :=m 1000 B,=085 ay:=0yc Iw 1
1 1/2"¢ (SCH. 40) | 3/18"8 WEEP HOLI
0.65 ay =2.13 ALUM. PIPE L1/
\} | N
v
I—(Z
Ay =ayDy Ay =638 in (Bearing Area) - < | : s
o |
METAL SLEEVE OR S | A R .
Ey:=L-a, E,=2.88 in  (Load Eccentricity) CF?&E GT;ILl\;vE/D I\‘;’c?l\'ib\" : 1 1" ” %
SHRINK GROUT (NOT ., . = }_ I« ’
M R BY RAILING MFG.) A A o
Pyi=—+ P,=4533 Ib (Bearing Load) " 2 . -
B 2 GROUT & SHIM SPACE —/ . .
4 a : . ‘g a
For = »0.85 Ay f F., = 14089 1b (Allowable Bearing Load e ac
Pp = @085 Ay by ¢ 9to2d sHop NOTE!
DRILL 3/16”¢ WEEP HOLE
LF-P, 1/2" ABOVE WALKING SURFACE
L= OF L=051] Dse 6,000 psi, non-shrink Grout FIXED SLEEVE
P -Design of Bearing on Concrete by others [ 25KD-29A |
-Design of Concrete Breakout and point loads
By others
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STD. TEE FITTING (SHIP LOOSE)
FIELD ATTACH TO PIPE & POST USING

(1) #17 X 17 LG. S.S. TEK—SCREW &

. STD. END CAP (SHOP (2) 1/8%% S.S. BLUND BUTTON HEAD
o) XA:TACH TO POST) POP RIVETS
0 O TN
INCLOC M\ _OC_ LI\
/{/ ] AN
STD. TEE FITTING I | —— |
(SHOP ATTACH || | 1] ggpn‘ SORNER
TO POST USING ] B R A g‘p ATTACH
(15).S#1T7EKX—810RLE(\3\} CJ ® C TO POST USING
& FIELD ATTACH Mo M M (1) #17 X 1" LG.
TO PIPE USING B | 1§ S.S. TEK—SCREW
Qs ||| | | e e
BLIND BUTTON . | _ X
HEAD POP RIVETS) | r YO 1] (DI TWE\ (BZL)INé/gUe;_rg.'\]s.
P (UNO) : IJ“—L!*) QH L @;Q# | HEAD POP RIVETS)
[ || |
1 1/2"% (SCH. 40)/: I R | {
ALUM. PIPE
(TYPICAL) cJ C ®
END POST LINE POST CORNER POST

TYPICAL LEVEL RAIL CONNECTIONS

25KD-2

|
FIELD DRILL (2) .128" /1"b"1"ﬂb ”

Miscellaneous SHT
Connections M1
Ripax := 300 b
Mppax == 1680 1b-in

1 1/2"¢ (SCH. 40)

fTOP OF RAIL

6” TO C/L OF
POST (U.N.O.) ALUM. PIPE
R D)
et LN O

HOLES IN PIPE & TUBE TO

A

ALUM. RIBBED TUBE

MATCH FOR (2) 1/8"% S.S. 4
BLIND BUTTON HEAD POP
RIVETS
Chk 1/4-20 Screws @ Tee/Rail: Chk Splice Piece: S, = 0.104 3
Rmax
Vi I
2 _ Vimax — .
Vg = 520-0.33 b
Use (2) - 1/8 S.S. Blind Button Head Rivets
(Pop Rivets) Use Ribbed Tube Aluminum Splice Piece
(Safety Factor = 3) 6105-T5 Alloy

Chk #17 S.S. TEK Screw @ Tee/Post :

Vi = 2184-0.33 Ib

Use (1) #17 S.S. TEK Screw per "Tee"”

300 Series S.S.
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ASSUME GROUT FILLED cMU
DESIGNED BY OTHERS

A0

1 1/2"6 (SCH. 40)
ALUM. PIPE
.
N EDGE OF CONC.
| I /
|
| |
| |
| |
2 | I -
© I I i<
| | -
| #l1x | R
D kJ D —] ‘_((\IN
Sis
12" 127 [h
o

R
2 1/2" RAD.

|
|
| N
| ©
N
o 3/16 I\

(GRIND FLUSH)

CUSTOMER NOTE!
FILL VOID CAVITY IN CMU WITH

GROUT @ ALL RAIL MOUNTING

LOCATIONS.

WALL RAIL LINE POST

25KD—35A

Chk Aluminum Base Plate:

Ll=6 in Dl:=1 in
L2:=25 in D2:=25 in
t:=05 in
L:=L1-(2DI) L=4 in
M,
| P—— P=1204 b
d
Mpt = 0.5-P-1 Mp1 =602 inlb
Mpl2 := 0.5P-(1.05) Mplz =632 in-lb

Mp1-6
4 =
reql = 1112000)12
N Mpl2-6
1eq2 = [ (28000)12

I = max(trecil s trqu)

treql = 0.347 in

treq2 =0.233 in

Ip =0.69

Use 1/2" x 6" x 2-1/2" AL Plate

6061-T6 alloy

‘Wall Rail Post Bracket
Analysis

SHT
M2

(Reaction From RISA Model)

Rmax:=113 1b

Mmax :=2287 lb-in

Chk weld to base plate:

ty = 0.1875

d:=1.9

Ay = ty(7-0.5-d)

Too Mmax
d
fwi= T
Aw

in (thickness of weld)

in (stub depth)

Aw=056  in®

T = 1204 b
fw = 2151 psi
Fy:=6500 psi

Use 3/16" weld all around as noted

5356 filler alloy

Rmax
Vhi=——
b 2
M,
Tyem MMmEX _
2.(0.5-D2)

Tall := min(1100,1975-0.5)

Vall := min(1419,2756-0.5)

(Tb)l.67 Vb)1.67
Tall Vall

Chk Bolts to Grout Filled CMU:

Vi =57 Ib

Tp =915 ib

Ta) = 988 b

Valt = 1378 Ib

Tp=0.88

Use (2) - 3/8" Dia. S.S. Threaded Rods

W/ Hilti HIT-HY 150 MAX Adhesive
Edge Distance: 4"
End Distance: 4"
Embedment: 3-3/8"

RICE
ENGINEERING
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Pipe Handrail

Input Variables:

These calculations are based on emperical test data
performed by Julius Blum & Co., Inc.

SHT
M3

Wall or Grab Rail
Analysis

Fpg:= 50 — Load Case 1 (Uniform Load)

Fy:=0 % Simultaneous Vertical Uniform Load

P =200 Ib Load Case 2 (Point Load)

L:= 60 in MAX BRACKET SPACING (cl to cl)
Number of Railing Spans:

1 span §7

2 span 3-7

3 or more spans 17

Railing Section:
I 11/4" schd. 40
™ 114" schd. 80
¥ 11727 schd. 40

™ 112 schd. 80

-
-
—

11/2" tube
2" Schd. 40

2" Schd. 80

Railing Temper:

¥ 6105-T5 or6061-T6
i—ﬁ 6063-T5
- ; All calculations below
'i_ 4/3 Increase allowed this line are automatic
Railing Properties
e Computational Factors
0.31;
) %’)1 Kj :=(8-q1) + (8-92) + (9.5-q3) Ki=38
- 0326 Ky = (4ql) + (5q2) + (593 Ky=5
10326, 2:=(4ql) + (5-¢2) + (5:¢3) 2=
095 K3 := (48-q1) + (66:q2) + (87-q3) K3 =66
0.145:
Fr:= 10100000  psi
SR1:==— SRri =6.55
RICE 105 School Creek Trail | Project Description: Job No: R11-02-15H
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Railing Analysis: wpe TH wor Wall or Grab Rail SHT
T 12 AT Analysi M3 A
, SIS
Case 1 Uniform Load: Iy
swpL*
Ayr] = m Ayr1=0225 in Modeled as a simple span
swyL?
Wy
Axrl = ———— = i
X R4 B orr Axr1 =0 in
Agliy = 9—L6 Agllr = 0.63 in  Per ASTM E985
Wh-L2
Myrmax := K Myrmax = 1875 Ib-in
Wy12
Mxmlax . Y Myrmax =0 Ib-in
Ki
[+]
M
oyt = g
yr
M;
forx1 = );Imax forx1 =0 psi
Xr
Case 1 Point Load:
3
P-L
Aypi= ———— = i
y12 K3Erlytorr Ayr2 = 0.209 in
Myrmax2 = I;(—ZL Mymmax2 = 2400 Ib-in
Myrmax2
fory2:= ylsm fory2 = 7362 psi
yr
Fory:= | (Fory11.34) if IBC =1 psi
Fpry1 otherwise
Calculation Results:
Intyy := (M) + (ufzy_l) Inty] = 0.23
Fory Fory
Intp = Tory2 Intp = 0.29
Fory
Avyrl, Axrl , A
ras = Jrore i TN(Brls Al yﬁ)sl/\(@)+(ﬂjsl/\—fmﬂsl
Aallr Fory Fory Fory
"FAIL" otherwise
105 School Creek Trail |Project Description: Job No: R11-02-15H
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Inputs:
Lg:=60 in (bracket span) A:=3.0
Wh = pif  (horiz uniform load) B:=2.125
wy = 50 plf  (vert uniform load) C:=25
P =200 Ib (conc. load) D:=10
Fp := 28000 psi  (Allowable Stress) H:= 425
L:=2
[ 413 Stress Increase Allowed tem 025
Horizontal Uniform Loading:
-L,
Ry:= s R1=0 Ibs
12
M1 :=BRj M1=0 in-b
Vertical Uniform Loading:
wy'Lg
Ry = Rp =250 Ibs
2 12 2
My :=CRp My =625 in-ib
Mp1 = M1+ M2 Mp] = 625 in-Ib
Concentrated Loading:
Mpp:=P-B Mpp = 425 in-Ib
Mp = max(Mbl ,sz) Mp = 625 in-b
Fp1:= |(For134) if BC=1
Fp otherwise
Mo 0.26 i
treq:= | ——— treq= 0. in
req Fo1-L TEq
Interaction:
3
1= 3 1=104 <5% OverOK

6105-T5 or 6061-T6 Alloy,

Use Aluminum Rail Bracket,

2" Long

Grab Rail Bracket SHT
Analysis M4
P
st
o - _{
~ L 21" o

e |

BRACKET DETAIL

| 5’ 0" Max Bracket Spacing |

Anchorage to Post (Horizontal Load Case):

M3 :=HP M3 = 850
— M3
Tp'—ﬁ-,— Tp=1200 i
V:= max(R2,200) [v=250]
0.145
Tal] = 3100-———= Tay = 1318
all 0341 all
Val = 1614
2 2
T,
b= | 2| +[ Ip = 0.85
Tal Vall

in-b

1bs

Ibs

lbs

Ibs

Use (1) - 3/8" Dia. S.S. Thru Bolts

Cond "CW", Fy= 65 ksi

Bracket to Grab Rail Screws:

Use (2) #1/4-20 S.S. Fasteners

ﬁ
0

"OK" per inspection
105 School Creek Trail | Project Description: Job No: R11-02-15H
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Inputs:
Lg:= 60 in (bracket span) A=25
W= 0 plf  (horiz uniform load) B:=2.125
wy = 50 pIf  (vert uniform load) C:=25
P:=200 Ib (conc. load) D:=10
Fp := 28000 psi  (Allowable Stress) H:=4313
L:=2
[ 413 Stress Increase Allowed t:= 025
Horizontal Uniform Loading:
‘L,
Ry s Rj=0 Ibs
12
M = B-R] M;=0 in-lb
Vertical Uniform Loading:
wy-Lg
Ry = Rp =250 Ib
2T 2 ®
My :=C-Rp Mp =625 in-Ib
Concentrated Loading:
M3 = P-max(B,C) M3 = 500 in-b
Mp := max(M1,M2,M3) Mp = 625 in-Ib

)\)016)
Ave hor

Fpp = I(Fb.1.34) if IBC=1

Fp otherwise

treq = 0.26

6-Mp
tIEq = ——Fbll,

Interaction:

1=1.04 <5% OK

Use Aluminum Wall Bracket,

Wall Rail Bracket SHT
, Analysis MS5
m
in ASSUME GROUT FILLED CMU
in DESIGNED BY OTHERS
in
in 3
in
in 67 J%
O

BRACKET DETAIL

| 5’ 0" Max Bracket Spacing |

Wall Anchorage (Horizontal Load Case):

My := max(P-H,R|-H,R2-A) Mg = 863 in-Ib
Tp:= M4 +P Tp= 1215 Ibs
D-0.85

V := max(R2,200) V=250 Ibs
Tall := 1319 Ibs
Valt := 2181 Ibs

1.6
6; Ib'—(i) 7+(—V—J1.67 =09
Ze) Tall Vall ’

Use (1) - 1/2" Dia. S.S. Threaded Rod
W/ Hilti HIT-HY 150 MAX Adhesive
Edge Distance: 4"

End Distance: 4"
Embedment: 4-1/2"

Bracket to Grab Rail Screws:

Use (2) #1/4-20 S.S. Fasteners

6105-T5 or 6061-T6 Alloy, 2" Long "OK" per inspection
RICE 1L05 S:\EW' cilr\jlesk;qa?“ Project Description: Job No: R11-02-15H
uxemburg, — -
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Offset Rail SHT
Connections M6

ARCH/ENG NOTE:

HANG—OFF RAIL CORNER NEEDS TO BE
ATTACHED WITH A (SCH. 80) TEE FITTING
RATHER THAN A (SCH. 40) TEE FITTING
TO PROVIDE AMPLE SPACE FOR

CONNECTION TO P—END. 45
3w
Y6
TYPICAL FIELD JOINT <
15 50 150 (DET.#25KD—8) )
16 1 16 |
(O /- (scH. 80) TEE FITTIN !
Y3 (sHIP LOOSF) '
AT | FELD ATTACH TO |
S | % PIPE & POST USING |
L | (1 ?{@"d 54
Y & () 178 s,
) | { BUND BUTTON HEAD
1 1/2"¢ (SCH. O POP RIVETS
40) ALUM. PIPE
(TYPICAL) e “

SPECIAL OFFSET RAIL CONNECTION
25KD—-35E

Chk Thru-Bolts @ Tee:

M

T:=
1.9-0.5

0.145

T == 3100-—— T = 813 Ib

Use (1) - 3/8" Dia. S.S. Bolt
Drill & Tap or Thru-Bolt
Cond "CW", Fy= 65 ksi
0.145" min. Thread Engagement

Rpax =200 Ib

Mnax = Ripay 3.25 = 650 Ib-in

> No}e,\ 3" SnH @éﬁmiﬁ’ﬁ(l at Commpﬁ/l‘om fo 6%5}%
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«___
1 1/2"8 (SCH. 40)

FIELD DRILL (2) .128"¢ HOLES
IN PIPE & CAP TO MATCH USING

A NO. 30 DRILL BIT FOR (2)

1/8"9 S.S. BLIND BU

POP RIVETS

I

—

ALUM. PIPE

CUSTOMER NOTE!

FILL VOID CAVIT

Y IN CMU WITH

GROUT @ ALL RAIL MOUNTING

LOCATIONS.

N HEAD

Wall Mount End Cap

SHT
M7

WALL MOUNT END CAP

| 25KD—-33

Chk Fasteners:

Use (2) 1/8" Dia. S.S. Blind Buton Head Pop Rivets

(OK By Inspection)

Chk End Cap:

Use End Cap as shown
(OK By Inspection)

Chk Anchors: (Assume Gro

Rpax =200 1Ib

Vo := 1419-0.5

ut Filled CMU)

b

Ib

Use (1) - 3/8" Dia. S.S. Threaded Rod w/

Hilti HIT-RE 500 MAX Adhesive

3-3/8" Min. Embedment
4" Min. Edge Distance

OR

b

Use (1) 1/4" Dia. S.S. Hilti Kwik Bolt 3

(300 Series S.S.)
1-1/8" Min. Embedment
4" Min. Edge Distance

Note: Values for HIT-RE 500 Epoxy Adhesive Based on HIT-HY 150 MAX Adhesive with a Safety Factor of 8
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12" LG. POST STIFFENER

1 1/2"¢ (SCH. 40)
ALUM. PIPE ) CAST ALUM. BEVEL

(2) 3/8"9 TAPPED HOLES FLANGE W/ (2) 9/16"
FOR 3/8"% S.S. SET
SCREWS X 1/2” LG.

X 17 SLOTS FOR 1/2"¢
Z~ S.S.HHM.B. X 2" LG.
(SHIP LOOSE & FIELD
ATTACH TO PIPE) FIELD
DRILL STRINGER TO
MATCH

i
=)

NOTE! %

DEGREE VARIES
FROM 26° TO 40°

RAKE STL. LINE POST
F5KD—13C

Note: Model based on 5-0" max post spacing
(measured along rail)

and a post height of 3'-6" above bottom of base

Note: 6'-0" max post spacing (measured along rail)
along rail and a post height of 2'-10" above bottom
of base

%/IZ =309 b > 4.167-72=300 Ib

Chk Bolts to Steel Stringer:

R
Vpi= %ax Vi = 125 Ib
Mmax

Ty e X Tp=3562  Ib
b= s b

Vall = 0.196-23094 Vall=4526 b

0375

Tal] := 0.142:40000- -2 Tal= 4671 b

all 0456 all

Vb 2 Tp 2
= —| +|— I3=058
Vali Tain

Use (2) - 1/2" Dia. S.S. Thru-Bolts
or Drill & Tap w/ 3/8" Min. Thread Engagement
Condition "CW"

2-Bol Raked SHT
Base Plate M8
Rmax = 250 1Ib
M := Rax-42 = 10500 1b-in
Mppax = cos(32deg)-M = 8905  1b-in
d:=2.5 in(sleeve dia.)
Chk shear on shoe wall:
M
pPi= X P = 5596 b
0.67-(2.375)
P+R
fyi= P+ Rimax) £, = 4640 psi
2:(0.315)-(2)
0.57-(18000) .
Fy:= ~Tes Fy=6218 psi
fy
1= o 1=0.75 Shear Stress "OK"
v

Chk Aluminum Base Plate:

L1:=75 in Dl:=1

in
12:=25 in D2:= 125 in
t:=05 in
L:=L11- (2.D1) L=55 in
M,
P %‘3 P = 3562 b

Omax:= 14182 psi  See Next Sheet For Model

1.3-(18000)
Tall = BREYTEE
(o}
Ip:= max Ih=1
Tall

oall = 14182  psi

Note: Model based on 5-0" max post spacing
measured along rail and a post height of 3-6"

Use Cast Aluminum Base, as shown

535 casting alloy, Fu= 35 ksi min.
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Stress
won: hMises
iR "2

1182

127638

113456

Q927 4

250072

7029

aEF2.E

42536

ZE36.4 -
14182 R 2 5 0 | b
L]

Rail Height = 3'-6"

SIS SR

Maximum Value: 32076 .2 “?ﬂ{iﬁ?‘%ﬁ.
S s e L

tlinimuelle S Aa I don ().

2473 in 4895 7418




Stress

reorry. (Shear Stress)

1BKin"2)

R=250Ib
| B Rail Height = 3'-6"

+ 407
L AZEEE
37308
2109

LozaET 2
F1665.4
= 1243 6

‘ 21 B
0

Load Case: 1of

L el 20487 5 bR

A 1558 in “EE Gleliis

T : [ = E i
it Sealle: 27597 3 i) A I i |




s R =250 Ib

M aximum Principal
Ibfiin®2)

14482

: ] s e [ ] "

T+ 1276282 Rall HE]g ht e 3 '6

112456

0027 .4 P
25002 '
7094
S672.8
Pttt il

- 28364
1945 2
[u]

Load Case; 1 of 1
IaERitL Sealle aas 7 e (anint2)

0000 1,88 in il 708

Minirfn e -22042 5 (Btin2)

A i e T il !



Stress R - 300 Ib

Maximum Pringlpal
1B1In"2)

14182 : . ey
127838 Rail Height = 3'-6
113458
4827 4.
8600.2
7001
56728
4264.8
28384,
14182
0

Load Case 1 of 1

Maximum Valle: 527749 [r(nte)

Minlrutn Value: 264508 1biiinee) S e s ks Lo

1< 30015 palnt load =




Spec Sheet

- 3 __,_m‘_r_.___..m.\
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Dlomator & | Blamubey Aren {Paanda) Bl Frye
Theewtifinsh | (indh) (B3 Im) {Poundey | {Paunds) $08%T8 | GOE3TE
g0 T 360 ozrd | 0B
64,0140 285 573 azeas | Gy
00175 351 fiz-
0262 .
g0 1253
90,0524 2iL0
1. 0.0775 azm
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7igd ﬁszaﬂ R Ly 0422
14 BELS?

AEY = 37854{ -

For Diasnatuts Up Thiv 584
£, = BADF,
Nlowstia b = OATEIAS)

R e

For Dlamsbors $4* and Sar

Alowaie ahsar {Singis) = %ﬁvmx

F, = 75K,
Alinwabis tonslon = 075F, JA{S]

e 3 sheit 45, $o7 Smivp Typo and Sondilion Definiions sei pejes 22 and 23,

Alowmble shoay (Single) = —g——? ALSl

] ek
Nomlnat HNominsd B A(R} Ajlowabla Allewabla Shast Bearing {Poumis) Equsf Tanslla Capaclty of Festansr
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Propuct RePORT No. 040601

Pessses sassnen sees

Ceccrrrecncnce

1874200 1863000 | 14 x 3/4" HWH W/ BD Type A Tappers 2,500 2,500
1875200 1864000 | 14 x 1" HWH W/ BD Type A Tappers 2,500 2,500
1877200 1866000 | 14 x 1-1/2" HWH W/ BD Type A Tappers | 2,000 2,000
1679200 - 14 x 2" HWH W/ BD Type A Tappers 1,500 1,500
oo - 14X 2-1/2" HWH W/ BD Type A Tappers | 1,000 1,000
1886200 - 14 x 3" HWH W/ BD Type A Tappers 1,000 750
1887200 - 17 x 3/4" HWH W/ BD Type A Tappers 2,500 2,000

- 17 x 17" HWH W/ BD Type A Tappers - 2,000

L e R  NImImmmnmnmmmTImTTTII,

Performance Data

ashen Gauge 26 24 14 §] e
Fastener |ihickness| 0016 | 0.024 | 0.030 | 0036 | 0.048 | 0.060 | 0075 Fastener | Gauge | 26-14 | 241 | 22.14 | 20-14 | 18-14
Drill Size | 18" | 532" | 532 | ahe' | ahe" | #1 | ¢ Drill Size | _# 7 % | 7 |onr
14 |Type A 191 | 252 | 33 | 371 | 545 | 694 | owa s , J04_| 863 | 1245 | 2120
Gauge 26 24 22 20 18 16 14 Fastener Gauge | 26-18 | 24-18 | 22-14 | 20-14 | 18-14
Fastener  Iickness| 0.018 | 0.024 | 0.030 | 0.03 | 0048 | 0060 | 0.075 | 7 lvoen |DrSIZe | £ | A | A | um | e
Drill Size | /8" | 532" | 5032 | 316 | #2 | £ | & Jre- 454 | 1013 | 1264 | 1544 | 1294
17 |Type Al —es | a07 | 425 | 475 | 59 | 790 - :

Fastener

iy (dia-tpi) {lbs min.) . (avg. lbs uit) (min. in Ibs})
i 22 18 14-10 2684 f( 2148 ) 127
Fastener |Thickness| 0.018 | 0.024 | 0.030 | 0.036 | 0.048 | 0.060 | 0.075 17-8 NiA— “NIA 229

Drill Size | 1/8" | 5/32" | 5/32" | 316" | 316" #1 #

Type A :
MR e 595 | 827 | 1093 | 1341 | 1931 [ 2229 | 269 Fﬁ.ﬁ o Bl
Gauge 26 24 22 20 18 16 14 astener enstie ear Torque
Fastener - {dia-tpi) {ibs min.} {avg. ibs ult) {min. in Ibs}
Thickness| 0,078 | 0.024 | 0.030 | 0.036 | 0.048 | 0.060 | 0.075 R 050 ) =5
Drill Size | /8" | 532" | 5132 | 316 | £ ¥ 1 78 5000 5750 T

17\ TypeR [ 565 | 792 | 970 | 1100 | 1556 | 1613 | (2065

R R S R L R T T

Tools and Technigues

A8 A standard screwgun with a depth sensitive nosepiece should .. The fastener is fully seated when the head is flush with the
be used to install Tappers. For optimal fastener performance, work surface.
the screwgun should be a minimum of 6 amps and have an
RPM range of 0-2500.

#i% Overdriving may result in torsional failure of the fastener or
stripout of the substrate.

Adjust the screwgun nosepiece to properly seat the fastener.

_ The fastener must penetrate beyond the metal structure a
A% New magnetic sockets must be correctly set before use. minimum of 3 pitches of thread.
Remove chip build-up as needed.

1349 West Bryn Mawr Avenue

ltasca, llinois 60143

630-595-3500  Fax: 630-595-3549

ww.itwbuildex.com © 2007 ITW Buildex and Ifiinois Too! Works, Inc.
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LOADS TESTINGS AND

STRUCTURAL CALCULATIONS

FOR

GUARD RAILINGS

W.P.C.P. PHASE II DIGESTERS 12 13 14 15 & 16
SAN JOSE, CALIFORNIA

ROCKY MOUNTAIN RAILINGS
11939 EAST 5157 AVENUE
DENVER, COLORADO 80239

PROJECT NUMBER
R1376

ROY E. WOOTEN and ASSOCIATES
»* CONSULTING ENGINEERS *

7585 West Arkansas Avenue, Suite 206 - Lakewood, Colorado 80232 - Phone (303)980-8603 Fax (303)980-8647



ROY E. WOOTEN and ASSOCIATES

* Consulting Engineers ° wootenrp@aol.com
7585 West Arkansas Avenue, Suite 206, Lakewood, CO 80232, Ph. (303)980-8603 Fax (303)980-8647

August 12, 2009

Mr. Scot Hooper

Rocky Mountain Railings
11939 East 51% Avenue
Denver, Colorado 80239

REFERENCE: RMR NO. R1376

SAN JOSE, CALIFORNIA

Dear Mr. Hooper,

At your request, full size tests were conducted on August 7, 2009 as required by the City of San Jose, California.

The purpose of the tests is to verify the adequacy of rails, posts, fittings and bases associated with the subject
project. The tests were conducted at the facilities of Reliance Industries, LLC, 10790 W. 50 Avenue, Wheat

Ridge, Colorado 80033, specifically, lead engineer Daniel Adam in conjunction with you and me as coordinates

and observers. The following tests were conducted with results tabulated:

1.

Post and Base Connections — 1-1/2” @ schedule 40, 6005-T5 with 12” standard stiffeners in 16E 5”x 57,
four (4) hole base mounts with ¥2” @ T 316 stainless steel machine bolts anchored to a W10 x 33 steel
beam. Posts were spaced 12°-0 apart and loads applied with a calibrated hydraulic ram system. Ram was
supported on a pipe to minimize the dead load influence to the system. Deflections were measured to the
nearest 1/16” and compared with calculated deflections assuming a fixed base condition. Measure
deflections at all loads, i.e., 200 Ib., 250 1b., and 300 Ib. were 2 + times greater than calculated loads as
would be expected due to minor looseness in pipe-to-basé mount fitting. Also some rotation of the fitting
occurs as load is applied and the base collar and /2" plate deflects due to bolt spacing, 3-1/2” x 3-1/2”.
See 16E drawing sketches. '

Post and Base Connections — West post is 1-1/2” @ schedule 80 in 16 H 5” x 8” four (4) bolt base;
East post is unstiffened 1-1/2”@ schedule 40 in 2-5/8” x 7” 2-bolt 11C base. Posts are spaced 12°-6 o.c.
and bases anchored to the W10 x 33 beam with 1/2” @ T 316 stainless steel machine bolts. Anchor bolt
spacing of 16H base is 6-1/4” x 3-1/2”; Bolt spacing of 11C base is 4-3/8”. Hydraulic ram is supported
on pipe to negate dead load influence. Loads of 200 Ibs, 250 Ibs, and 300 Ibs. were applied and overall
lengths of deflected posts measured and individual post deflection calculated by inverse I ratio. These
proportioned measured deflections were compared to fixed base caiculated deflections. Measured
proportioned deflections were 2-3/4 + times calculated deflection for Schedule 80 posts, all loads and 2-



3/4 +/- for 200 Ib. and 250 Ib. load on Schedule 40 post. At 300 lbs., Schedule 40 post measured
deflection jumped to 3-3/8 times calculated. The 11C base fitting went from elastic stress range into
plastic and 4" measured permanent base plate deformation was measured. The increased measured
deflection of both posts and bases is probably due to the winder bolt spacing allowing more rotation of the
2” thick base plate/collar sections as compared to Test 1.

3.  Continuous Top Rail Splice/Expansion Joint Connection — Top rail is 1-1/2” @ Sch 40, 6005 TS
connected to four 1-1/2” @ posts, 3 spaces at 6°-0 o.c. and 8” overhang each end. West rail length is 12”-
2 and east rail length is 7°-2. Splice/expansion joint is standard 6” from east mid post. Test loads of 300
plus pounds are applied to middle 6°-0 span at 6”, 1°-6, 2°-6, 3°-6, 4°-6 and 5°-6 from west mid post.
Center deflection was measured to nearest 1/16™ as each load was recorded and visual inspection of the
splice/expansion joint to check for displacement. Only visual displacement was observed at 340 Ib. load
applied just west of joint, i.e., 5°- 5-7/8”. Splice joint flat head #20 screws removed from west side to
form expansion joint condition then reloaded to 340 Ib. Maximum vertical displacement was less than
1/64” visually, approximately the fit differential between the ID of the rail and the OD of the fitting, i.e.,
1.610” vs 1.596”,

In summary, the results of the tests substantiate the calculated performance of the products, rails, posts, fittings,
anchorages, connectors, etc., of the Rocky Mountain Railing System for the San Jose, California W.P.C.P.,
Phase II Project, Job No. R1376. We did not test post installed concrete anchors since these are special
proprietary products requiring ICC testing and approval for each Supplier’s systems. Base mount 11C is not
part of the San Jose package but was tested to check the calculated performance.

Since both, 16E and 16H, four (4) bolts base mount fittings are being considered for the project and both
previously submitted for review and comment, the final acceptance will be by the City of San Jose personnel
individual preference. Both are adequate. Actual field deflections will be less than those measured since global

geometry, i.e., used on circular tanks, will allow deflections to be resisted by axial tension or compression of the
top rail system.

Let me know if any clarification or additional backup data is requested.

Very truly yours,

ﬁz/%//\

Roy E. Wooten, P.E.

Attachments
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Table 3.3-1

MINIMUM MECHANICAL PROPERTIES FOR ALUMINUM ALLOYS

THICKNESS . . g F %ﬁﬁ?‘gf
ALLOY AND TEMPER PROBUCT RANGE k:i k:' k:i k""' ELASTICITY?
in, E (ksi)
5052-0 Sheet & Plate 0.006 io 3.000 25 2.5 95 16 10,200
-H32 Sheet & Plaie All 31 23 21 19 10,200
-H34 Cold Fin. Rod & Bar All 34 28 24 20 10,200
-H36 men Tube
0008100162 37 20 26 22 10,200
5083-Q Extmsions up thru 5.000 39 16 16 24 10,400
Hitt Extrusions up thiu 0.500 40 24 21 24 10,400
-H111 Extrusions 0.501 to 5.000 40 24 21 23 10,400
-0 Sheet & Plale 0.051 t0 1.500 40 18 18 25 10,400
-Hit6 Sheet & Plate 0.188 to 1.50¢ 4 31 26 26 10,400
-H32, Haz1 Sheeat & Plats 0.188 o 1.500 44 31 26 28 10,400
-H116 Piate 1.501 10 3.000 41 29 24 24 10,400
-H32, H321 Plate 1.501 to 3.000 41 29 24 24 10,400
5086-0 Extrusions up thru 5.000 35 14 14 21 10,400
-H111 Extrusions up thru 0.500 36 21 18 21 10,400
H1t1 Extrusions 0.501 to 5.000 36 21 18 21 10,400
£ Sheet & Plate 0.020 to 2.000 35 14 14 21 10,400
Hi112 Plats 0.025 to 0.498 36 18 17 22 10,400
H1i2 Plate 0.500t0 1.000 s 16 16 21 10,400
-H112 Plate 1.001 t0 2.000 35 14 15 21 10,400
-H112 Plate 2.001 to 3.000 34 14 15 2t 10,400
H11& Sheet & Plate All 40 28 26 24 10,400
-H3z2 Shast & Plate All 40 28 28 24 10,400
Drawn Tube
-H34 Sheot & Plate All a4 34 32 26 10,400
Drawn Tube :
5154-H38 §_l‘_l_8_33 0.006 f0 0.128 45 35 33 24 10,300
5454-0 Extrusions up thru 5.000 31 12 12 19 10,400
111 Extrusions up thry 0.500 33 18 16 20 10,400
-Hi11 Extrusions 0.501 to 5.000 33 18 16 19 10,400
Hi12 Extrusions up thru 5.000 31 12 13 19 10,400
-0 Shest & Plate 0.020 1t 3.000 31 12 12 19 10,400
-H32 Shaet & Plate 0.020 0 2.000 36 26 24 21 10,400
-H34 __Sheet & Piate 0.020 1o 1.000 39 29 27 23 10,400
54560 Sheet & Plate 0.051 to 1.500 42 18 18 26 10,400
“H116 Sheet & Plate 0.188 10 1.250 48 33 27 27 10,400
-H3z2, H321 Sheet & Plate 0.18810 1.250 48 33 27 27 10,400
+Hi16 Plata 1.251 to 1.500 44 31 25 25 10,400
“H32, H321 Plate 1.251 t0 1.500 44 31 25 25 10,400
H116 Plate 1.501 to 3.000 4 20 25 25 10,400
-H32, Ha21 Piate 1501103000 41 20 25 25 10,400
£005-TS Extrusions up thru 1.000 38 35 35 24 10,100
8061-T6, 7651 Sheat & Piate 0.01010 4.000 42 a5 as 27 10,100
-T6, T8510, T6511 Extrusions Al 38 35 as 24 10,100
-T6, T651 Cold Fin. Rod & Bar up thru 8.000 42 35 35 25 10,100
-T6 Drawn Tube 0.025 to 0.500 42 35 35 27 10,100
-T8 Pipe All 38 3 35 24 10,100
6053-T5, Extnusions up thru 0.500 22 16 16 13 10,100
7852 Extrusions up thre 1.000 22 16 16 13 10,100
TS Extrusions 0.300 to 1.000 21 18 15 12 10,100
-T6 Extrusions & Pipe All 3025 25 18 10,100
6066-T6, 16510, 16511 Extrusions All 50 45 45 27 10,100
6070-T6, 162 Extrusions thiy 2.9 4845 45 20 10,1
6105-T5 Extrusions up thiu 0.500 38 35 35 24 10,100
6351-T5 Extrusions up thns 1.000 38 as 35 24 10,100
6351-T8 Extrusions up thu 0.750 42 37 37 27 10,100
6463-16 Extrusions up thru 0.500 3 __ 25 25 ig 10,100
7008-T53 Extrusions up thru 0,750 50 44 43 28 10,500

o

1. F, and F, are minimum specifled valuas (except £y, for 1100-H12, H34 Cold Finished Rod and Bar and Drawn Tube, Aldiad 3003-H18 Sheet and
mu&wmmw&umim“mhmmmw other strength properties are comssponding minimum expectsd

2, Typical values, For deflection calculations an average modulus of elasticlty Is used; this is 100 ksi lower than values in this column.
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TABLE 22 - PIPES

Outside inside Wall
Nominaf Diameter Diamater Thickness Area
Pipe Schedule oD 1)) t Weight A i s r
Size No. in. in. in. /it in? int in* in. Ryt
112 5 1800 1770 0.065 0.441 0.375 0.158 0.166 0.649 14.1
10 1800 1.682 0.108 a.721 0.613 0.247 02680 0.634 8.2
40 1.800 1.610 0.145 0.940 0.799 0310 0326 0623 8.1
80 1900 1.500 8.200 126 1.07 0.391 0412 0.606 43
160 1.800 1338 0.281 168 143 0.482 0.508 0.581 29
2 5 2375 2.245 0.065 0.555 0.472 0.315 0265 0817 178
10 2375 2.157 0.108 0913 0.778 0.488 0.420 0802 104
40 2.3758 2.067 0.154 126 1.07 0.666 0.581 0.787 72
BO 2375 1939 0.218 14 148 0.868 0.731 0.766 49
160 2375 1.687 0.344 2.58 2.19 118 0.880 0.728 3.0
212 5 2.875 2.708 0.083 0.856 0.728 0.710 0.494 0.988 188
10 2.875 2.635 0.120 122 104 0.887 0687 0975 1.5
40 2.875 2.469 0.203 2.00 170 153 1.06 0.947 66
80 2.875 2.328 0.276 285 225 182 134 0924 4.7
160 2.875 2.125 0375 3.46 285 2.35 164 0.894 33
3 5 3.500 3.334 0.083 108 0.891 130 0.744 1.21 206
10 3.500 3.260 0.120 1.50 127 182 1.04 120 14,1
40 3.500 3.088 0.216 262 2.23 3.02 172 116 76
80 3.500 2.500 0.300 3.55 3.02 389 223 114 53
160 3.500 2624 0.438 495 4.21 5.04 2.88 1.08 35
31/2 5 4.000 3.834 0.083 120 1.02 1.96 088 139 236
4
5
]
80 6.625 5.761 0432 9.88 8.40 40.5 12:2 218 72
120 6.625 5.501 0.562 12.6 10.7 49.6 15.0 215 54
160 6.625 5.187 0.718 15.7 133 59.0 178 2.10 4.1
vi-32
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