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J.R. KING ENGINEERING

10890 NORTHMARK DRIVE
EDEN PRAIRIE, MN 55344
952 944-1391
JRKINGENG@COMCAST.NET

Title:
Fiberglass modular cooling tower — TTXL-i4 & TTXR-i4
12° legs & 10’ legs

Purpose:
Analyze and design the components of the fiberglass cooling tower.

References:

1. AISC, Steel Construction Manual, 8" edition

2. Structural Engineering Handbook, 2NP edition
By Gaylord & Gaylord, 1973 McGraw-Hill

3. Aluminum Structures, 2™ edition
By J. Randolph Kissell & Robert Ferry

4. Risa3d — Rapid interactive structural analysis,
three dimensional, computer software

Specifications:
1. Tower Tech tests and material properties data
2. Creative Pultrusions, Inc. material properties data

Design Requirements:

The design loads shall be in accordance with the IBC (International Building Code).
Wind, seismic and gravity loadings are applied. The illustrated tower shell and
substructure is designed to withstand a wind pressure of 91.6 psf. (ASCE7-10 200 mph
wind, exposure C) and a seismic force factors: SDC E, Ss = 3, S1 =2, soil class D.

Procedures:

Procedures are the methodologies indicated in the listed references, as specifically
presented within the calculations. To use the AISC equations and built-in sections within
risa3d, the fiberglass properties have been put in place of the steel; the printouts that have
“Steel” headings are calculated as fiberglass and should be interpreted as such. The
properties of the fill material are based on actual in-house tests. Safety factors are
calculated and compared to those for steel, aluminum, and wood.

Conclusions:
The analysis and design of the subject cooling tower and their appurtenances have been
completed satisfactorily.



Jemo], Surjoop s s 18 o) ON!MVHG

e %% e PI~UXLL % ¥I-TXLL ANYNE
ki i il suorjeorjddy peo7 pury pue
 HOS [ dTUO ] OIUISIOg JOJ SUWIAYDS Suroelg NOILONYLSNOD

BDI‘ BE:J|‘ Z,

f
e—{|—

-

_a[:]i u[:]]h

STANDARD BRACING UP TO 120 INCH SUBSTRUCTURE

OPTIONAL BRACING UP TO 144 INCH SUBSTRUCTURE




J.R. KING ENGINEERING

LATERAL FORCES

Lateral Wind
200 mph, exposure "C" RISK Ill OR IV
gz = .00256(200)*2x.9x.9=82.9

Fx=82.9x.85.1.3xAf=91.6Af

Seismic Forces
Largest spectral response accelerations
Ss = 300%g, S1 = 200%g Soil class "D", Fa=1.0, Fv=1.5

Sms=1x3.0=3.0 Sds=2/3xSms=2.0

Sml=15x2=3.0 Sd1=2/3x5m1=2.0

Importance Factor = 1.0

Seismic Design Category = E

Select R=3.0 Omega=2 Cd=2.5 (table 15.4-1)

Elevated tanks, vessels, on symmetrically braced legs (sec 15.7.10)

ASCE/SEI 7-10 (Chapter 15)
Section 15.4 go to Section 12.8
Seismic base shear: V=Csx W
Operational weight, W= 9,118 |bs
Cs =Sds/(R/1) = 2/3
V=Cs x W = 6,079 |bs



SECTION 1609 WIND LOADS

FIGURE 1609A ULTIMATE DESIGN WIND SPEEDS, V, FOR RISK CATEGORY 11
BUILDINGS AND OTHER STRUCTURES

Notes:
1. vValues are nominal design 3-second gust
wind speeds in miles per hour (m/s) at 33
ft (16m) above ground for Exposure C cat-
egary

2. vinear interpolation between contours 160
is permitted

3. Islands and coastal areas outside the

last contour shall use the last wind speed
contour of the coastal area

4. wMountainous terrain, gorges, ocean
promontories, and special wind regions
shall be exawined for unusual wind condi-
tions.

5. Wind speeds correspond to approximately
a 3% probability of exceedance in 5@ years

(Annual Exceedance Probability = ©,000588,
MRI = 1700 years).

FIGURE 1609B ULTIMATE DESIGN WIND SPEEDS, V,; FOR RISK CATEGORY III
AND IV BUILDINGS AND OTHER STRUCTURES

Engineer Educators, Inc. Page 34
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Company : Tower Tech Inc. Aug 26, 2016
» Designer . J.R. King Engineering
IlIRIs A Job Number Checked By:
Model Name : TTXL-i4 TTXRi4
_Hot Rolled Steel Properties
— __Label Els] Glksi] _ Nu  Therm (\1... Density[k/ft"3]  Yield[ksi] Ry Fulksi] Rt
"1 [ fiberglass 2000 | 500 [ .12 44 [ 11 T 20 [ 12 | 58 [ 11
General Material Properties
TS ATV ||| S Elksi] _ Glksi] _Nu _Therm (\{E5 F) Density[k/ft*3]
1 [ FIBERGLASSPL | 2000 [ 500 | 12 [ 44 ] 11
20 RIGID | " 1es5 | | 0 l R 0
3] GM3 | 25 | 6 I 12 ' 44 | 0o
Hot Rolled Steel Section Sets
o Label Shape Type  Designlist _ Material Design Ru.. Afin2] lyy[ind] lzz[in4] J[ind]
L3 C-1 | HSS12x12x6 | Column | Single Angle | fiberglass | Tvpical | 16 | 357 | 357 | 561
|2 C-2 [ 18x8x14 | Column | Single Angle | fiberglass | Typical | 133 | 797 | 797 | 346
L3 B-1 HSS20x8x10 | Beam Tube fiberglass | Typical | 30.3 338 | 1440 916
e B B-2 | HSS20x8x10 | Beam | Tube | fiberglass | Typical | 30.3 | 338 | 1440 916
5 | B-3 |HSS20x8x10 | Beam |  Tube fiberglass | Typical | 30.3 | 338 | 1440 | 916
.6 | B4 | 14x4x8 | Beam | Single Angle | fiberglass | Typical | 3.75 | 552 | 552 | .322
7 | B5 | l4xax8 | Beam | Single Angle | fiberglass | Typical | 3.75 | 552 | 552 | .322
|38 ] B-6 . W6x20 | Beam | Wide Flange | fiberglass | Typical | 5.87 133 | 414 | 24
[ 9 | PIPE | PIPE 10.0 | Beam Pipe fiberglass | Typical | 11.5 151 151 | 302
10 | BR-1 HSS3.5x35x4 VBrace | Tube fiberglass | Typical | 291 | 504 | 504 | 835
11 [COLLECTOR | C8x11.5 Beam | Channel | fiberglass | Typical | 337 [ 131 | 325 [ .13
General Section Sets
— Label ~~ Shape Type . Material A [in2] . lyy [in4] lzz [in4] J [ind]
L4 | .. GEN1 |  RE4X4 Beam FIBERGLASSPL| 16 | 21333 | 21333 | 31.573
L@ CIRIGHE i Noie | RIGID | fet6 . | 108 . | Hed8 | 1646
3 FILL | RE2X2 | Beam | GM3 | 4 | 1333 | 1333 | 1973
Load Combinations
Description Sol..PDelta SRSS BLC Fa... BLC Factor BLC Fac..BLC Fa.. BLC Fa..BLC...... ...... ... BLCFact. BLCFact...
"1 |IBC 16-12(a) ..|Yes | IpoL[1/wix] 6 ; AR T
2 [IBC16-12(a).lYes e S A | AR R & | |
' 3 IBC16-13(a)..Yes | pLT1lwix] 45 [ LL [.75 T 20 ] !
4 |IBC 16-13 (a) .| Yes| DLl fwiz| 45 | 1t |75 B L R R O |
5 |IBC16-15(a) |Yes 'DL 6 |WLX| 6 i By HEN
| 6 |1BC16-15(b) |Yes| 'DLI6 WLZ | 6 i | Pl AT |
[ 7 liBC16-12 (b) ..]Yes] |DL | 1 Isds*DL| 14 |[SX'SF| .7 [8Z*.].21] i |
| 8 IBC16-12 (b)..|Yes DL |'1 [sds*DE| 44" [sZ’sF] 7 IsX*l21] | ] il ; |
| 9 IBC 16-12(b) ...Yes] DL | 1 |Sds*DL| .14 |SX*SF| 7 |SZ*..]-21] ] | :
| 10 !IBC 16-12 (b) ..[Yes] | DL |1 Isds*DL] 14 "[sZ'sFl 7 5210 [ 7] EATE |
[ 11 [IBC 16-14 (a) ..|Yes | DL | 1 [Sds*DL| 105 |SX*SF|.525/Sz*.1158] L | 75! b i .
[ 12 [IBC 16-14 (a) ..[Yes! i DL | 1 |Sds*DL| 105 |SZ*SF |.525|SX*..|.158] LL |.75] S f
| 13 IBC 16-14 (a) ... Yes| | DL | 1 |[Sds*DL| 105 |SX*SF|625/SZ*.-1.  LL .75 | 1 :
14 |IBC 16-14 (a) ... Yes| | DL | 1 |Sds*DL] 105 [SZ'SFls2sisx . LAl LE t7sl TH 1T . |
15 | IBC 16-16 (a) Yes| ; DL | .6 [Sds*DL] - 14 |SX*SF| 7 5Z*.]21 | 1 [ []] ! '
16 | 1BC 16-16 (b) |Yes| | {DL | 6 !Sds*DL| - 14 |SZ'SF| 7 |SX*.[21| RN TR
17 | IBC 16-16 (c) |Yes! | |DL | 6 [Sds'DL| - 14 [sx*sF| 7 [sz*.]-21] | | BRE
18 | IBC 16-16 (d) |Yes) DL\ 6:|SesDL] 514 ISESF 7 IS o ] A
19 | SEISMIC . SX*.] 1 |SZ*SF|_ 1 T ]
20 [ 1IBC16-8 [ | IDLT4] :r e e )

RISA-3D Version 13.0.1

[G:\5152415\GoodFiles\RISA\TowerTech\TTXL-i4 TTXR-i4.r3d]




Company : Tower Tech Inc. Aug 26, 2016
» Designer . J.R. King Engineering
IRIS A Job Number - Checked By:
Model Name : TTXL-i4 TTXRi4
Load Combinations (Continued)
. _ Description _ Sol..PDelta SRSS BLC Fa.. BLC Factor BLC Fac.BLC Fa..BLC Fa..BIC............ BICFact.BLC Fa@“
(21 1BC16-9 | | [ Moufla T4 T 1T T T T T T TTTTTT [ 1 a

Basic Load Cases

BLC Description Category X Gravity Y Gravity Z Gravity Joint Point _ Distributed Area(Mem... Surface(..._
1 DEAD DL | . | | | | |
g FILL B | | , | R | i
3 WATER . l . ! | - NS SR N
4 | WIND-Z Pz { ‘ r: 264
5 | WIND-X WLX | I | I | ! ! 99
6 | 'DEFLECTION | 'None | = | s R D AR

_Envelope Joint Reactions

o Joint e, X [k] LC Y [k] LC Z K] LC MX[kft] LC MY[kft] LC MZ[kft] LC
(1 [ N3  Tmax| 1385 | 1 [ 7414 [ 10 [ 3634 [ 6 [ 0 |1 B.. 97 6 i1
2l Imin| -1.469 | 17 [-17656 | 6 | 1091 ["8 | 0 |1 TR P o o
'3 | N4 max| 1321 | 5 [ 7414 | 8 [ 3634 | 6 | 0 |1 & i1l 'g 14
B fmin =238 |7 [ -49Z8b5 "6 | Sh0ot 1 4e e T o e e e e i
' 5 | N2982 |max| 1428 | 1 [ 20768 | 2 | 3659 | 2 | 0 |1 b_ 4.0 1
' 6 {min] 94469 [45 7" 43 "46 [ =4.067 [ 48] 0" |1 b T 1]
7 | N2983 |max] 1362 | 5 [ 20768 | 2 | 3659 | 2 | 0O |1 0 [1] 0 1
B - 2 \min| -1.231 | 9 SRS e e e R A 0 1
' 9 | Totals: |max] 5465 | 5 | 13.018 | 12 | 14573 | 2 | : '
L 10} Iminl "7y 179 2481 17| 4262 1 10| ' |

_Envelope AISC ASD Steel Code Checks

~_Member Shape Code Check Loc]ft] LC Shear.. loc.... LCFa [ksi]Ft[ksi] Fby-ylksi] Fbz-.Cbh Cmy Cmz ASD ..

1 [M334HSS35x3..[ 939 | 2211 | 2 | 007 “44.[y|1/6.146] 12 | 132 132116 1 [H11
"2 |m333Hss3sa..| 939 | 2211 | 2 | 007 44-..!\: 16146112 | 132 B2l 116 17 HIE
3 |M320HSS12x12x6] 495 | 6.735 | 2 | 114 638..[7/2(10.259] 12 13.2 1321796 | 6 |H1-2

4 |M330HSS12x12x6] 495 | 6735 | 2 | 114 68.|y[2[10259] 12 132  [132f78 61 6 [H12|

5 |[M29AHSS35x3...| 472 | 2302 | 6 | .007 44.]y[16146/ 12 | 132 1132(116 | 1 |H2-1
| 6 [ M31[HSS35a3..] 472 | 2302 | 6 | 007 44.iyi1/6146 12 | 132 18246 1 1]

7 | M2 HSS12x12x6] 471 | 6735 | 6 | 113 8.[y[6/10269] 12 | 132 132179 6 | 6 |H2-1|
. 8 | 'M1 Hss12d2x6| 471 | 6735 | 6 | 113 |68.12(6[102591°12 | 132 @ |132{7d 6| 6 [H2-1]

9 [M275APIPE 10.0] .448 12 2 | 048 [0 [2/163]12 | 132 [132]1]1 | .85 |H1-2
| 10 [M332/HSS3xa..| 364 | 2076 | 1 [ 018 [0 |yl2/6146/ 12 | 432 [132[116[ 1 [HI-1]|
11 | M29 |HSS35x3..]| 353 | 2076 | 1 | 018 [0 (v[2/6.146] 12 | 132 [132[1]6 | 1 [H1-1
12 {Maa1lHSSase.| 311 20076 |9 o018 kalyl2led46] 12 | 182 (1321461 (H1%
| 13 IM30AHSS353...] 311 [ 2076 | 7 | .018 10 [vi2/6.146/ 12 | 132 [13271[6[ 1 [H1-1
(14 M261B] 'W6x20 | 008 | 6 | 2 | .006 |3 [z[2/4501] 12 | 15 [13.2[1..1206] 85 H1-2
15 [M26%A| W6x20 | .098 | 6 [ 2 | .006 | 3 [z/2.4.501] 12 | 15 113.21...,.206| .85 H1-2
|16 [M268A| W6x20 | 077 | 6 | 2 | 004 | 3 (2(2/4501] 12 | 15 [13212.3/201) .85 [H1-2
17 |M262| W6x20 | .077 6 | 2 |.004 [3 [z]2]4.501] 12 | 15 13.22.3/201 85 H1-2
148 rI\Tz’em?rissm~«3x1'::r 069 121061 5 [ 012 10 {zl211385| 12 | 132 [132]1 [873] .85 [H1-1
Envelope Joint Displacements
ool Joint X [in] LC Yln]l  LC Z [in] LC X Rotation[rad] LC Y Rotatio... LC Z Rotatio... LC

1 N745 |max 798 (15[ 228 | 6 | 3075 | 8 | 5.398e-3 16 |4.982e-4| 1 [1.795e-5] 1 |

2 min| -924 [1] -108 [ 12 [-23195]6 | -1527e2 [2 |-891e6[18]6.165-7[18 |

3 N2026 max/ .819 (17 .061 6 | 3075 | 8] 1676e-3 | 8 5.759e-3| 5 [3.134e-5/ 1
e min| -1876 [ 1| -078 | 12 (23184 /6| -65948e-3 |6 [-1.085e4[7 |-1.076e6(18 |

RISA-3D Version 13.0.1 [G:\5152415\GoodFiles\RISA\TowerTech\TTXL-i4 TTXR-i4.r3d] Page 2



Company . Tower Tech Inc. Aug 26, 2016
» Designer . J.R. King Engineering
IIIRISA Job Number Checked By:
Model Name : TTXL-i4 TTXRi4
Envelope Joint Displacements (Continued)

Joint X [in] LC Y [in] LC Z [in] LC X Rofation [rad] LC Y Rotatio... LC Z Rotatio... LC

5 | N1984 |max| .82 [9 1 -012 | 17 | 3075 |8 1673e-3 [16]1.13e-3 | 5 [2.827e-5] 5
6 | Imin| 1939 |5 [ -063 | 14 | 2318 |6 | -6949e3 |2 |-4624e810] 1188&6:101
7 | N1942 |max| 819 |7 | .008 | 16 | 3.075 |8 1.672e-3 |16 /1.088e-4/17 [2.575e-5] 5 |
18] Imin| 1915 |51 =42 [ 2 [234781]6 6.952e-3 |2 [-4232-3] 1 [-1.076e6[10
| 9 N1858 |max| .798 |9 | 048 | 16 | 3.075 |8 5434e-3 | 8 [5934e-4| 1 [1.475e-5| 5
.10 min! -949 [5 | -287 | 2 [23176 (6 | -1431e2 |6 |-28755[15[-6.165¢-7[10
L 11 N746  |max .798 (15| 228 | 6 | 3.063 [10| 543e-3 [ 10/2.089e-3/18 2.611e-5| 1
12 | Imin| -924 [ 1] -108 [ 12 [-23101[6 | -1587e2 [ 6 |-1557e2] 2 [2.069¢-6]18
13 | N744 max| 798 (9| 228 | 6 | 3063 |8 | 543e3 8 [1.557e2| 2 1411e-5 5
14 | Imin] =923 [5 | -108 | 14 |-23101]6 | -1587e2 6 |-2.089-3 16 [-1.319-5 [14
15 | N2027 |max| 822 [15] 061 6 | 3063 [10] 1676e-3 8 5.884e-3| 5 4.558e-5] 1
16 | 'min! -1881 [1 | -078 | 14 [-23091 6 | -6.948e-3 6 [-1119e2| 2 [3612e-6/18
17 | N2504 |max| .822 |9 | .061 6 | 3.063 |8 | 1.676e-3 10 1.119e-2| 2 [2.463e-5| 5 |
18] ‘min| -1.872 |5 | -078 | 12 [-23.091 /6 | -6.948¢-3 |6 [-1.51e-3/16|-2.303¢5 |14 |
| 19 | N1985 |max| .82 [15] -012 | 17 | 3.063 [10] 1.672e-3 16 | 1.41e-3 | 8 [4.275e-5 1 |
20 | imin| -1945 |1 | -063 | 14 [-23087 6 | -6949e-3 |2 [-1.087e2]6 [3072e-6/18 |
21 | N2462 max| 82 |9 | -012 | 18 | 3.063 |8 | 1.672e-3 18 [1.087e-2| 6 |2.154e-5| 5 |
22 Imin} -1933 [5| -063 | 11 [-23087/6( 69493 2 [-1.41e-3(10 -2.288¢5 | 14 |

_Envelope Plate/Shell Principal Stresses

__ Plate Surf..  Sigma1 [ksi] LC Sigma2 [ksi] LC TauMax[ksi] LC Angle[rad] LC _ Von Mises[ksi] LC
1 | P206 |mex ¥ | - 1045 11| 094 |S] 4289 6] 177 [15 901  [6]
_____ P BT l =82 °" 2| o8 |2 | g97 1431 -H65 |17 200
3 | max| B | 9.419 ' 6 571 6] 4428 |2 | 1724 [17 9.15 Tz |
U IR R T SRR [ Soza” AT -100" 45| A7 A
5§ | P393 Imax| T | .98 '8 078 |18| 4289 6 | 1926 [11] 9.01 6
P TR L - el T TG S L T S eS| 260 e
LZ | max B | 9419 6 571 |6 | 4428 12| 1972 [13] 9.15 2 |
8 | min| | -.076 |8 4003 [8 | 444 [47| 434" [91] 275 17
9 | P207 max T | 1.103 | 1 127 |5 4297 6| 1738 [15] 8.981 6
ORI 00 R 7 R - e R B R R V| L e i
(11 | max B 9.353 2| 5553 [6 | 4404 [2 ] 1693 (17| 9.093 | 2
2 Cdmin} -.178 1 10 O 1 0 B RS v o R IS, T R G R
113 | P394 max| T .994 8| 072 18| 4297 |6 | 1.898 | 11 8.981 6
o DR R 1111 o -74 2| 9394 (6 121 i3] -408 '[13] P e kY
15 | max B 9.353 | 2 553 [6] 4404 [2 ] 196 [13] 9093 |2 |
(16 Imind =] -.079 =871 Rege lE s il Sass 259 Az ]

RISA-3D Version 13.0.1  [G:\5152415\GoodFiles\RISA\TowerTech\TTXL-i4 TTXR-i4.r3d] Page 3
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Company . Tower Tech Inc. Aug 26, 2016
» Designer . J.R. King Engineering
IIIRIS A Job Number Checked By:
Model Name : TTXL-i4 TTXRi4 12'
Hot Rolled Steel Properties
Label Elksi] G [ksi] Nu__ Therm (... Density[k/ft"3] _Yield[ksi] Ry Fulksi] Rt
L% fiberglass | 2000 | 500 Ap 4 | 11 | 20 | 12 58 | 1.1
General Material Properties
Label E [ksi] G [ksi] Nu Therm (ME5 F) Density[k/ft*3]
"1 |  FIBERGLASSPL [ 2000 | 500 | 42 | 44 11
2 RIGID | Me¥5 " | | 0 R 0
3 GM3 | 25 | 6 ! A2 | 44 ; 0
Hot Rolled Steel Section Sets
o Label Shape Type Design List Material  Design Ru... A[in2] lyy[ind4] Izz[ind] _ J[ind]
1.3 C-1 | HSS12x12x6 [ Column | Sinale Anale [ fiberglass | Typical [ 16 [ 357 | 357 | 561 |
2 C-2 | L8x8x14 | Column | Single Angle | fiberglass | Typical | 133 | 797 | 79.7 | 346 |
13 ] B1 HSS20x8x10 | Beam | Tube | fiberglass | Typical | 30.3 338 | 1440 @ 916
4 | B2 | HSS20x8x10 | Beam |  Tube | fiberglass | Typical | 30.3 | 338 [ 1440 | 916
5 | B3 |HSS20x8x10 | Beam |  Tube | fiberglass | Typical | 303 | 338 | 1440 | 916
.6 | B4 | L4x4x8 Beam | Single Angle | fiberglass | Typical | 375 | 552 7552 |-399 |
7 | BB | Lax4x8 Beam | Single Angle | fiberalass | Typical | 3.75 | 552 | 552 | .32
| 8] 'B6 | W6x20 | Beam | Wide Flange | fiberglass | Typical | 587 | 133 oatE | 24 !
9 [ PIPE PIPE 10.0 | Beam Pipe | fiberglass | Typical | 115 | 151 | 151 | 302 |
110  BR- HSS3.5x3.5x4| VBrace Tube | fiberglass | Typical | 291 | 504 | 504 | 835 |
11 _| COLLECTOR C8x11.5 Beam Channel | fiberglass | Typical | 3.37 | 131 | 325 | .13
General Section Sets
Label Shape Type Material ~Alfin2] lyy [ind] lzz [in4] J [in4]
i GEN1 | RE4X4 | Beam  FIBERGLASSPL| 16 21233 | 212333 | 318573 |
2 RIGID . | .__None | RIGID 1e+6 1e+8 | 1et8 | 1e+6
3 | FILL _RE2X2 Beam GM3 4 1333 | 1.333 1.973
Load Combinations
Description  Sol..PDelta SRSS BLC Fa.. BLC Factor BLC Fac..BLC Fa.. BLC Fa..BLC... BLCFacL BL__CFacL
1 |iBC 1612 (a) ..[Yes] DL 1 WLX[ 6 | . [ 11 .
2 [IBC16-12(a) . Yes| DL TWLZ| 6] | l R R s
3 IBC16-13 (a) ...Yes| | DL1 |WIX ]| 456 | LL [75] | | 1 I]] I 1 ]
4 [IBC 16-13(a) ... Yes| [ o) o T - T R - FRErTER e
5 | IBC16-15(a) |Yes| | IoL]le[wix]| 6 | i ERER : i
| 6 |IBC16-15(b) |Yes| '! iDL B8 | WLZ| 6 | T P e TREEAEEE o
7 IBC 16-12 (b) ... Yes| ! DL | 1 |sds*DL| 14 |SX*SF| 7 IsZ*..121 R , [
8 [IBC 16-12 (b) ... Yes| i DL | 1 |Sds'DL| .14 [SZ'sE| 7 IsX..| 21| o el =
9 |IBC 16-12 (b) ..|Yes| i |DL | 1 |Sds*DL| 14 |[SX*SF| 7 i8Z*.]-21| [T 1] | ]
| 10 [IBC 16-12 (b) ..Yes| f DL iSds DLl 44 ISZsEL 75 2ty oo o e e
[ 11 lIBC 16-14 (a) ..|Yes| i DL 1 |Sds*DL| 105 |SX*SF|525/sZ*.[158[ LL |75 | T 1T 1 "
[ 12 lIBC 16-14 (3) ../Yes| | DL | 1 [Sds*DL| 105 'tsz'SF"szss;sx*...1sa L 7sl ] EEre [
13 [IBC 16-14 (a) ...Yes DL | 1 [Sds*DL| 105 [SX*SF|.525[SZ*.-1..| LL [.75] | | i | ol
| 14 1IBC 16-14 (a) ..Yes| DL | 1 [Sds*DL| 105 [SZ'SF|525 SX*. A '|_|_ 75| BERE |
15 | IBC 16-16 (a) Yes, DL [ .6 [Sds*DL| -.14 [SX*SF| .7 [8Z"..[.21] HEEE |
. 16 | 1BC 16-16 (b) |Yes| |DL | .6 [Sds’DL| - 14 [SZ'SF| 7 |SX*.[21| e T
17 | IBC 16-16 (c) Yes! DL | 6 |Sds*DL| -.14 |SX*SF| .7 Isz*.]-21] P11 ] _
| 18 | IBC 16-16 (d) [Yes] {DL | .6 |Sds*DL| - 14 |SZ'SF| .7 sX*.|-21] ;- o |
19 | SEISMIC | | SX*.. 1 |SZ*SF| 1 | ; | . L E
720 | IBC 16-8 ! o L i i i &l i R EE

RISA-3D Version 13.0.1
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Company : Tower Tech Inc.
'I .+ Designer . J.R. King Engineering
IRISA 555
Model Name : TTXL-i4 TTXRi4 12'

Load Combinations (Continued)

Aug 26, 2016
Checked By:

. Description  Sol. PDeita SRSS BLC Fa.. BLC Factor BLC Fac...BLC Fa... BLC Fa..BLC............... BLCFact. BLC Fact...
21 [ IBC 169 | oLl4liL [ 1 ] [ 1 I [TTTTT ]
—Basic Load Cases
~ BLC Description Category X Gravity Y Gravity _'_Z_" Gravity _ Joint Point _ Distributed Area(Mem...Surface(...
| 1 DEAD [, L1 _ [ :
i FILL e n Dl | 5 ? 2 =5 |
[ 3 “WATER U : N SO SR T S T
4 WIND-Z T R | | ‘ | 264 |
L% WIND-X | WLX | i ’ ! 99 |
B DEFLECTION | None | i. i R |
Envelope Joint Reactions
-~ _Joint X [k] LC Ykl LC Zk] LC MX[k-ff] LC MY[k-ft] LC MZ[k-ft] LC
1 [ N3  [max| 138 | 1 714 [ 10 [ 3636 [ 6 | 0 t7 8 131 - @6 " T4
2] min! 296 [ 17 | 20064 | 6 | -956 | 8| 0 0 O o b B G |
13 ] N4 max| 1336 | 5 [ 7.14 8 [ 3636 [ 6 [ 0 : T
| 4 min|- 1008 | 7 [-20/064 | 6 | =966 1 40| 0 4L 0 g ]
[ 6 N2982 |max! 1.407 { 23999 | 21 aesp | 2 | © (1] @ [1] @ |1
6 | 'min| -96 15 07 T 16 [ 08T s s R R T
(7 | N2983 |max| 1362 | 5 [23229 [ 2 | 3655 | 2 [ 0 [1] 0 [41] 0 1
8] L 09 S A R 71>l - O ] - 8 PO Nt OGRS D iy i o A 0
_9 Totals: |max| 5465 | 5 | 13175 | 12 | 14573 | 2 | !
L 10 Imin -3859 [ 7 [ 2532 [ 17 | 3765 | 18 | | ey R
Envelope AISC ASD Steel Code Checks
) Member Shape Code Check Loc[in] LC Shear LQQ...._.. LC Fa [ksi] Ft [ksi] Fbyy[ksn} Fbz-..Cb Cmy Cmz ASD ..
1 [M223AHSS3.5x3...] 563 |48.166 | 2 | 010 48..y[1]6.934] 12 | 132 [132”5 - REE [H1-1]
T2 M225AlHSS35aG..| 563 | 48166 2 | .009 j lyltleo34[12 | 132 [13zf7s 6| 1 THIA
3 M329 HSS12:12x6 500 [ 79.347 | 2 | .068 [105..z[2[10.288| 12 132 (132179 6| 6 H1-2
4 |MB330HSS12x12x6] 500 | 79347 | 2 | 068 [105.y(2110288) 12 | 132 [132175 6| 6 H1-2
5 | M2 HSS12x12x6, 478 | 79.347 | 6 | 068 105..y 6/10.288| 12 | 132  [1321.75 6 | 6 |H2-1
| 6 | M1 HSS12x12x6] 478 [79.347 | 6 | .068 [105.1z/6/10288| 12 [ 132 (132175 6| 6 [H2-1
7 M2?5A|P|PE,,300 448 144 | 2 | 048 |0 [ [21163[12 ] 132 [132[1[1 [ .85 [H1-2
8 |M332/HSS35a...[ 430 125465 | 1 | 00810 lyl2/6946] 121 & 132  [132[9116] 1 1H1-1
9 | M29 [HSS35x3... 422 124913 | 1 | .008 0 v|26.146]| 12 132 11321116 1 [H1-1
| 10 [M226A[HSS353...| | 304 748466 "2 | 009710 lyl1i6934!"12°1 132 ~|132Wrq 6| 1T THZ1]|
11 M224A'Hsssq)g;,,,, 324 48166 | 2 | 009 48..y[16.934]| 12 | 132 1132175 .6 | 1 H2-1|
12 |M331HSS35..| 304 | 24913 | 9 | .008 | 0 lvi2le146] 12| = 132 M32{1 161 1 1HI-1|
| 13 M30A|HSS3‘5J<3----. 304 (24913 | 7 | 008 53..y[2|6.146]| 12 132  [132]1/6 ] 1 [H1-1]
Envelope Joint Displacements
= Joint X [in] LC Y [in] EC Z[in] LC X Rofation[rad] LC Y Rotatio... LC Z Rofatio... LC
1 N745 Imax. 1.149 [15] .276 6 | 175 10 251e-3  118/5.333e4/ 1 | 2.1e-5 [ 1 |
|39 [min] -1631 [1 | -111 12 (23616 |6 | -1667e2 |2 |-2432-6[18)-1.65¢-6 18|
| 3 N2026 max 1.162 15| .077 6 | 175 [10] 1671e3 |8 5793e-3| 5 (3.666e-5 1 |
L4 ‘min| 2585 [ 1 | -.081 12 [ 236066 | -8313e3 |6 [62%e5[7 |-28866/(18|
5 N1984 max 1.163 |7 | -012 | 17 | 175 (10| 1.668e-3 16 1.164e-3| 5 [3.233e-5 5
|6 imin| 2648 [5 | -066 | 14 [-23602 | 6 | -8314e3 [2 |-1229%-8/10/-3015e6 10|
[T N1942 max 1.162 | 7 | .008 16 | 175 (10| 1668e-3 16 |6.307e-5(17 |2.868e-5 5 |
8 | ‘min| -2624 [ 5 | -139 2 1235006 | 831663 |2 419931 |-288e610]
[ 9 N1858 max| 1.149 | 7 | .048 16 | 175 [10] 2527e-3 10 6.274e-4| 5 |1.643e-5 5
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_Envelope Joint Displacements (Continued)

Joint Xlin] LC Y [in] LC _ Zlin] LC X Rotation[rad] __LC Y Rotatio... LC Z Rotatio... LC
10 min| -1.659 [5 | -338 | 2 [23597[6 | -1571e2 [6 |[-7.809%6[7 |-165e-6/10]
11 | N746 |max| 1149 15| 276 | 6 | 1745 |10 2527e-3 |10 [7.645e-4 18 |2.934e-5| 1
[ 42 min| -1632 [ 1] 111 | 14 [23523 | 6 -1.728¢-2 |6 |-1557e2| 2 |113e6 (18|
13 [ N744 Jmax| 115 |9 276 | 6 | 1.745 [ 8 2527e-3 | 8 [1.557e-2| 2 [1.727e-5[ 5 |
L14 | min] -1.681 [5 ] -411 | 12 ]-235231(6 1.728e2 | 6 | -7.645¢-4 16 | -1.406e-5 | 14 |
15 | N2027 |max| 1.163 [15] .077 | 6 | 1745 [10] 1671e-3 |8 |5918e-3/ 6 |5.121e-5/ 1 |
116 | min| 259 [1] -081 | 14 [-23512 (6 -8.312e-3 [ 6 [1.119-2] 2 [1.972¢-6(18 |
17 | N2504 max| 1163 [9 | 077 | 6 | 1.745 [ 8 1.671e-3 _ [10[1.119e-2 2 [3.015e-5 5 |
118 1 Iminl 258 [5 | -081 | 12 [-2351216 83123 | 6 |-5619e-4[16|-2454e5[14 |

_Envelope Plate/Shell Principal Stresses

. Plate Surf...  Sigma1 [ksi] LC Sigma2 [ksi] LC TauMax[ksi] LC Anglefrad] LC VonMises[ksi] LC
(1 [ P206 |max] T | 1047 [1[ 087 [5] 4289 |6 1977 [156]  9.011 16 |
LB R U S 0 -.819 12 [ -9389 |2 037  [13| -364 (47| .093 |13
| 8 | max| B 9.418 6| 573 |6 | 4427 |2 191 [17] 9.148 1 2 |
7 Se A min | -.162 1] 1448 |1 029 |11} -404 |15 .072 114 |
| 5 P393 max T .395 8 033 (18| 4289 [6 | 2.085 |11 9.011 6
g min | -.819 2 [ 29389 |2 086 = |17 7287|183 162 17
L2 ] max| B 9.418 |6 | 573 |6 | 4427 |2 | 2118 [13 9148 |2 |
L8 | min | . -.042 40 =414 8| S095T 47 ] 664" 111 .168 147
9 | P207 Imax/ T 1.105 11 422 151 4207 6| 10358 |45 8.982 | 6
10 | iminl. | -.739 2| 985 /6| 043 [13] 308" {17 097 [11
111 | _ max B 9.352 2| 553 [6| 4404 [2 | 1858 |17 9092 2 |
|12 . min | -179 1.1 4807 4] 03] 4864 {15 074 41
13 P394 max T 397 |8 031 [18] 4297 [6 | 2071 [11 8.982 | 6 |
14 | 'min | -.739 29306 16\ 077 AT " S7047 A48 145 17 |
1 15 | max| B 9352 |2 553 |6 | 4404 |2 | 2118 [13 9.092 2
16 | imin} | -.039 10] =407 [8[ 084 "i17| -625 [11] 45 1z
17 | P196  max| T | 9207 6| 746 |6 | 4235 [2| 1763 |3 | 8.86 2 |
18 | Iminl |~ -065 8| -402 (100 037 11| -328 14| .093 11
119 | max B | 395 16| 012 (16| 4339 |6 | 1812 |14 8.976 6
120 | min| | -.579 2] 9249 2] 0629 (13| -42° [13] 072 [13]
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Properties

ASTM SERIES SERIES 500/525 PLATE @ SERIES 625 PLATE
TEST UNITS/ 500/525  SERIES 625 18" 36" - 147 e -1" 118" 36" - 14" -1
METHOD VALUE SHAPES SHAPES  3.175mm  4.76-6.35mm  9.5-25.4mm  3.175mm_ 4.76-6.35mm__ 9.5-25.4mm
Tensile Stress, LW 0638 psi 30,000 30,000 20,000 20,000 20,000 20,000 20000 20000
N/mm? 207 207 138 138 138 138 138 138
Tensile Stress, CW D638 psi 7,000 7.000 7.500 10,000 10,000 7,500 10.000 10.000
N/mm? 48.3 483 517 68.9 6.9 51.7 68.9 68.9
Tensile Modulus, LW D638 10% psi 25 26 1.8 1.8 1.8 1.8 1.8 18
10:Hmm? 17.2 17.9 124 124 124 124 12.4 12.4
Tensile Modulus, CW D628 10° psi 0.8 0.8 0.7 09 i4 1.0 10 14
10°Nfmm? 552 552 4.33 6.21 2.65 6.59 6.89 9,65
Compressive Stress, LW D695 psi 30,000 30,000 24,000 24,000 24,000 24,000 24,000 24,000
N/mm? 207 207 165 185 165 165 165 165
Compressive Stress, CW D695 psi 15,000 16.000 15,500 16,500 20,000 16,500 17,500 17,500
N/mm? 103 10 107 114 136 114 121 12
Compressive Maodulus, LW D65 107 psi 25 26 1.8 18 18 1.8 1.8 18
10N /men’? 172 17.9 124 124 124 124 124 124
Gompressive Madulus CW D595 10° psi 08 0.8 07 03 14 10 1.0 14
: 10Nfmm? 6.89 £.59 6.89 6.89 5.89 6.89 6.89 689
Hexural Stress, LW o790 psi 30,000 30,000 35,000 35,000 30,000 35,000 35,000 30,000
N/mm? 207 207 241 241 207 241 241 207
Flexural Stress, CW D790 psi 16,000 10,000 13,000 15,000 18,000 13,000 15.000 18,000
N/mm? 68.9 68.9 83.6 103 124 33.6 103 124
Flexural Modulus, LW D790 10% psi 1.6 16 18 2 2 1.3 2 2
10 Nmm? 1.0 11.0 124 13.8 13.8 2.4 138 13.8
Flexural Modulus, CW D740 10F psi 0.8 0.8 0.9 1.1 14 1.0 1.1 14
10:Nmm? 552 552 621 7.58 9,65 £.89 7.58 9,65
Modulus of Elasticity © full section 10° psi 2.6 2.8
10*Nimm? 178 183
Modulus of Elasticity,: W & I shapes > 4 full section 10 psi 2.5 25
W & [ shapes > 102mm 10°Nfmm? 17.2 17.2
Parallel Gompressive Shear Stress. LW @@ D3846 pst 3,000 3,000
Nimm? 0.7 20,7
Shear Modulus, LW @@ — 108 psi 0.425 0.425
10°N/mm? 293 293
Short Beam Shear, LW @@ D2344 psi 4,500 4,500
Hmm? 310 31.0
Bearing Stress, LW D853 psi 30.000 30,000 32,000 32,000 32,000 32,000 32,000 32,000
Nimm? 207 207 2206 221 1 221 pri ol
Poisson’s Ratio, LW @ Danag infin 0.23 0.33 0.3 0.31 031 032 0.32 0.32
: mm/mm 330 330 kil 310 310 320 30 320
Notched Izad Impact, LW 0256 f-ths/fin 25 25 15 10 10 15 10 10
) Jimm 1.33 1.33 601 533 533 8ot 533 533
Notched tzod Impact, CW D256 t-ibsfin 4 4 5 5 H 5 5 5
Jimm 214 214 267 267 267 267 267 267
Barcol Hardness D2683 — 5D %5 40 40 10 40 48 )
24 hr Water Absorption @ D570 % Max 06 0.6 155 0.6 06 0.6 0.6 0.6
Density D792 Ibs/in® 062-.070 .062-.070 060-068  060-068  .060-.068 060-066  .060-068  .060-.068
10%g/mm? 1.72-1.04 1.72-1.94 1.66-1.88  1.66-1.88  1.56-1.88 1.66-1.38  1.66-1.88 166188
fficient of Thermal Expansion, LW @ 0696 10% in/inF 44 44 44 44 44 44 44 44
10 mmimms~G 8.0 B.0 80 B.0 80 8.0 B.O 80
Thermal Gonductivity @ c177 BTU-infftHr/F 4 4
wim=K) .58 .58

Al values are minimum ulfimate properties from coupon tests except as noted.

@ This value is determined {rom full section simpie beam bending of EXTREN® structural shap2s.

@ The shear stress test results will change radically if the notched orientation is altered. The value in this chart represents the
test configuration where the notches are machined parallel to the reinforcing mat. For notches machined perpendicular to the
reinforcing mat, this vaiue would be two to thres times larger.

@ The Shear Modulus value has been determinad from tests with full sections of EXTREN® structural shapes. (See Strongwell's
Strongwell Design Manual for further information.)

@ Value would be 50 if the surfacing vail were not there.

® Plate pressive stress/modulus measured edgewise and flexural stress/modulus measured flatwise.

® Values apply to Series 525 and 625.

@ Measured as a percentage maximum by weight.

{® Span to depth ratio of 3:1; EXTREN® angles will frave a minimum vatue of 4000 psi and the /W shapes are tested in the web.
@ Typical values because these are shape and composite dependent 1ests.

LW — Lengthwise PF — Perpendicular to laminats face
CW — Crosswise N.T. — Not Tested



Tower Tech, Inc.
May 16, 2006

Specifications for Wall Sections of Tower Tech, Inc. (“Buyer”)

Definition of “Products”: The terms “Products,” as used hereinafter, shall mean finished
“Perimeter Basin Wall,” finished “Center Basin,” finished “Mid Wall,” and finished “Top
Wall,” all manufactured by the pultrusion process.

Material Technical Properties: Products to, at a minimum, conform to the following
typical properties of pultruded materials:

Mechanical Properties ASTM Test Method Polyester
(Coupon Sample, u.n.o.)
Properties at 100% at 77°F (90% at or below 100°F, 80% at 100-125°F, 70% at 125-150°F)
Specific Gravity ASTM D792 1.75
Density, Ib/in cubed ASTM D792 0.07
Tensile Strength, LW, psi ASTM D638 33,000
Tensile Strength, CW, psi ASTM D638 7,500
Tensile Modulus of Elasticity, LW, ksi ASTM D638 3,000
Tensile Modulus of Elasticity, CW, ksi ASTM D638 1,000
Compressive Strength, LW, psi ASTM D895 33,000
Compressive Strength, CW, psi ASTM D695 17,000
Comp. Modulus of Elasticity, LW, ksi ASTM D695 3,000
Comp. Modulus of Elasticity, CW, ksi ASTM DES5 1,000
Flexural Strength, LW, psi ASTM D790 33,000
Flexural Strength, CVWV, psi ASTM D790 10,000
Flexural Modulus, LW, ksi ASTM D790 2,000
Flexural Modulus, CW, ksi ASTM D790 1,000
Modulus of Elasticity, ksi Perimeter Basin & Center Basin, Full Section 3,200
Modulus of Elasticity, ksi Mid Wall & Top Wall, Full Section 2,200
Shear Modulus, ksi Full Section 420
Shear Strength by Punch, PF, psi ASTM D732 6,000
Bearing Stress, LW, psi ASTM D953 30,000
Bearing Stress, CW, psi ASTM D953 18,000
1zed Impact, Notched, LW, ft-Ibfin ASTM D256 30
Izod Impact, Notched, CW, ft-Ibfin ASTM D256 5
Barcol Hardness ASTM D2583 45
Possion's Ratio, LW, in/in ASTM D3039 0.35
Possion’s Ratio, CW, infin ASTM D3039 0.1+E105
(LW = Lengthwise; CW = Crosswise; PF = Perpendicular to Laminate Face)
Thermal Properties ASTM Test Method Polyester
Coef. Of Linear Expansion infin/F ASTM D696 ?
Thermal Conductivity, BTU/hr/sq ft/F/in ASTM D C177 ?
Flammability ASTM Test Method Polyester
Flammability Classification UL94 94V-0 _
Flammability Extinguishing ASTM D635 Self-exinguish.
NBS Smoke Chamber ASTM E662 650
Flame Resistance (Ignition/Burn), sec FTMS 406-2023 55/30
Other Properties ASTM Test Method Polyester
Water Absorption, % 24 hr. ASTM D570 0.5 Max
Customer Standard Color e — Specific Beige
| NSF Potable Water Approved e — -




