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Title:
Fiberglass modular cooling tower — TTXL-10 & TTXR-10
12’ legs & 7’ legs

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

References:

1. AISC, Steel Construction Manual, 8% edition

2. Structural Engineering Handbook, 2P 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.
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UPTIONAL BRACING UP TO 144 INCH SUBSTRUCTURE




J.R. KING ENGINEERING

LATERAL FORCES

Lateral Wind
200 mph, exposure "C" RISK Ill OR IV
qz = .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

Sm1=15x2=3.0 Sd1=2/3xSml1=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/SEl 7-10 (Chapter 15)
Section 15.4 go to Section 12.8
Seismic base shear: V=Cs x W
Operational weight, W= 31,655 lbs
Cs =Sds/(R/1)=2/3
V=Cs x W = 21,103 lbs



Chapter 16, FBC Building Structural Design

SECTION 1609 WIND LOADS

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

1. values are nominal design 3-second gust
wind speeds in miles per hour (m/s) at 33
Ft (16m) above ground for Exposure C cat-
egory

2. Linear interpolation between contours
is permitted )

3, islands and coastal areas outside the

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

4., mMountainous terrain, gorges, acean
promontories, and special wind regions
shall be sxawined for unusual wind condi-
tions.

5. wind speeds correspond to approximately
a 3% probability of exceedance in 59 years
{Annual Exceedance Probability = 0.006588,
MRI = 1790 years).

FIGURE 1609B ULTIMATE DESIGN WIND SPEEDS, V,; FOR RISK CATEGORY III
AND IV BUILDINGS AND OTHER STRUCTURES
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Company : TOWER TECH Dec 7, 2016
Designer . Jerry King 1:21 PM
I I I RIS Job Number ~ : Checked By:
Model Name : Tower Tech TTXL
Hot Rolled Steel Properties
__ Label Efksii  Glksil _ Nu  Therm (\... Density[k/ft*3] Yield[ksi] Ry Fulksi] Rt
1 fiberglass 2000 | 500 A2 4 | 11 [ 20 [ 12 [ 58 [ 14 |
General Material Properties
Label E [ksi] _ G [ksi] , Nu Therm (ME5 F)_ Density[k/ft"3]
1 1 | FIBERGLASSPL | 2000 | 500 | 12 ! 44 1
|5y _RIGID R L T i, (At S 1. - Ao 3 0 i
ES GM3 | 25 i 6 L 12 44 0
Hot Rolled Steel Section Sets
_ Label _Shape Type Design List. Material DesignRu... Afin2] _lyy[ind] Izz[ind] J[in4]
11 | C1 [HSS12x12x6 | Column | Single Angle | fiberglass | Typical | 16 | 357 | 357 | 561 |
| 27| G2 | L8xBx14 | Column | Single Angle | fiberglass | Typical | 133 | 79.7 | 797 | 346 |
| 3 B-1 | HSS20x8x10 | Beam Tube | fiberglass | Typical | 30.3 | 338 = 1440 | 916
4 | 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
- B-4 L4x4x8 | Beam | Single Angle | fiberglass | Typical | 376 | 5§52 | 552 @ .322
7 | B5 L4x4x8 | Beam | Sinale Anale | _fiberalass _Typical | 3.75 | 552 | 552 | .322
' 8 | BB | W6x20 | Beam |WideFlange | fiberglass | Typical | 587 | 133 | 414 | .24
.9 | PIPE | PIPE 100 | Beam | Pipe |_fiberglass | Typical | 11.5 151 | 151 302
110 | BR-1 |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 A [in2] lyy [in4] lzz [ind] J[ind]
1 | GEN1 | RE4X4 | Beam  FIBERGLASSPL 16 | 21333 21333 | 31573
2 | PRIGID - | _None | RIGID 1646 | Mes8 | fe+8 _le+6
L3 [ FILL RE2X2 _Beam GM3 4 1383 1333 | 1973 |
Load Combinations
_____ _ Description  Sol.. PDeItaSRSS BLC Fa.. BLC Factor BLC Fac..BLC Fa..BLC Fa.. BLCFa ..BLC Fact..BLC Fact...
1 | IBC16-8 [Yes| DL [1 | _ i . | | | ; | ] |
|2 T'IBC 169 [Yes 5o i e 9L 0 O O | ] e |
3 |IBC 16-12 (a) ...Yes DL|1 |WLX]| 6 | I | [ ' .
| 4 |IBC16-12(a) ..|Yes| R 0, 0 S L1 2 e BEE ) i |
5 IBC 16-13 (a) .[Yes DL |1 |WIX| 45 | LL |.75 ' i
' 6 |IBC16-13(a) ..\Yes " IR TATWIZ] 45 [ 1L 75| r' [t e e )
7 [1BC16-15(a) |Yes. | _IDLI6IWLX!| 8 i [ | | | . '
8 |IBC16-15(b) |Yes| | IpLEeTwWIZ] 6 | e R T AR D P R aen
g |IBC 16-12 (b) .., Yes| | DL | 1 SdsDL| 14 |SX*SF| .7 SZ*.| 21 N ; i
| 10 lIBC 16-12 (b) ..[Yes] i DL | 1 [sds*DL] .14 | |SX'SF| 7 [s2*.[.21 s R | |
11 lIBC 16-12 (b) ..|Yes! | DL |1 !Sds*DL| 14 |SX'SF| 7 [sZ*.-21 | | ] | | |
| 12 IIBC 16-12 (b) ..|Yes| | Pl [ 1isds’bLc 14 ISESE s bl e gl A ek i |
13 IBC 16-14 (a) ...Yes| _’ DL | 1 /Sds*DL, 105 |SX*SF .525SZ*..158| LL .75 ] . |
| 14 |IBC 16-14 (a) ..|Yes| | DL | 1 |Sds'DL| 105 |SX'SF|.525 sz*.._1531 LL 75! L] | ] |
15 IBC 16-14 (a) ..|Yes| | DL | 1 [Sds*DL| ,105 |SX"SF|[.6258Z"..l-.1..] LL '75
| 16 |IBC 16-14 (a) ..Yes | DL | 1 |Sds’DL| 105 [SX’SF|.525 sz-..5-1 lu_ 75 | [ |
17 [1BC 16-16 (a) |Yes| DL | .6 [Sds*DL| - 14 [SX*SF| 7 |SZ*...21 | . ;
18 |IBC 16-16 (b) |Yes f 'DL | 6[Sds®DL] 214 [SX'SF| 7sz*.{21] = | |} B |
19 | IBC 16-16 (c) Yes| | DL | 6[Sds*DL] - 14 [SX'SF| 7 |sZ*..]-.21 | ] FTT ] |
20 | IBC 16-16 (d) |Yes FOL | B 1Sa='DL] - 14 [SKSEl . 7 8Z2t] | F o il ] |

RISA-3D Version 15.0.0

[G:\5152415\GoodFiles\RISA\TowerTech\TTXL-10 TTXR-10.r3d]



Company : TOWER TECH

Designer : Jerry King
IlRlS Job Number  :

Model Name : Tower Tech TTXL

Load Combinations (Continued)

Dec 7, 2016
1:21 PM
Checked By:

Descripfion _Sol.. PDeILa_[SRSS BLCIFa BLC Factor BLC Fac..BLC Fa...BLC Fa..BLCFa..... ... S BLC Fact..BLC Fact...
21 | | ex*.J1]sz*sF 1 [ ] N Y O O
Basic Load Cases
BLC Description Category X GravityY GravityZ Gravity Joint Point Dlstrlbu Area[M Surfa_qe_
1 DEAD | DL | T A I R
R TR | DL | -! | 5 -
| 3 WATER | w | i | | 2 | e
14" ] WIND-Z ,- WLZ .- | !- SRR R 1330
5 WIND-X WX | ! ; | | | | 121
6 | DEFLECTION | None el Sk i W2 = 2 e LR
_Envelope Joint Reactions
___Joint A [K] LC Y k] LC Z [K] LIC  MX[k-ff] LC MY[kft] LC MZ[k-fi] LC
1 N3 max 1.878 | 3 | 7.829 5 | 4488 | 8 | 0 |1 0 111 0 1
2 min| -3646 | 17 |  -7.849 O o S R R I e ) R N R
3 N2 |max| 1532 | 7 | 14.533 | 6 | 461 4 | 0 |1 0 1 0o |1
4 | min, -3.993 | 9 | 1.074 B A B R R B TR S B S 1 b |
5 | N1 max, 188 | 3 | 14.533 . 6 | 461 4 | 0 |1 0 1 0 |1
6] min| -3.651 | 19 | -2.173 TR T G G e e o 1 ot ot
7 | N4  max] 1531 | 7 |  10.269 |13 (4488 | 8 | 0 [1] 0 1 0o |1
B min' -3.988 | 11 | -7.849 B R A R R 1 R
' 9 | Totals: max 665 | 3 | 30794 | 2 [18137| 4 | ! |
|10 | 'min[-14.862 | 19 | 5.246 17754587179 Fod !
Envelope AISC ASD Steel Code Checks
__Member Shape Code Check Loc|ft] LC Shear... Loc..... LCFa [ksi] Ft [ksi] Fby-y [ksi] _ Fb z-..Ch Cmy Cmz ASD ...
1 IM32AHSS35x3..] 823 [ 2166 | 4 | .013 [44./y[176146] 12 | 132 [132[1[6[ 1 [H1-1
|2 |M30HSS35a..[ 823 | 2166 | 4 | 014 44.Jytle1a6] 12 | 132 [132[1(6 [ 1 [H1-1]
3 |M31A HSS3.5x3. _______7_12 12166 | 9 | 016 | 0 |v|4/6.146] 12 | 132 11321116 1 [H11
4 |M30AHSS35a3.... 711 | 2166 |11 | 015 [0 |y/4/e146[12 | 132 [132{1[6] 1 |H1-1]|
5 |M29A HSS3.5x3.... 408 2302 | 8 | 014 |0 |v[96.146 12 | 132 1321116 1 [H2-1
6 | M31 HSS353... 408 | 2302 | 8 | .013 44..y[196.146 12 T [ 8 - oy O =
7 | M24 PIPE_100 | 370 15 | 4 [ 041 10 _l 141,043 12 132 (132111 [ .85 [H1-2|
| 8 | M3 HSS12126 349 | 3714 | 4 | 080 [37.\z|4\10472] 12 | @ 132 [13211]6 | 6 |H1-2|
.9 | M4 HSS12x12x6 349 | 3.714 | 4 ,ggg____ 37.lyl4]10172] 12 | 132 132/ 1|6 6 H1-2
|10 [ M6 [i8xBx14 | 337 [ 0 [13 [ 112 [1.01/2{4[1.457] 12 |-Codecheckb| | | | H1-1|
11 | M5 |18x8x14 | 337 | 0 |15 | 130 | O |y|4/1.457| 12 |-Codecheckb.. T T
12 |M32'1HSs35x3..| 335 | 2076 | 3 | 016 44.lylale1a6] 12 | 132 [132(1]6 [ 1 [HI
13 [ M29 HSs35x3.... .335 | 2076 | 3 | .015 M4.|yl4/6146] 12 | 132 [132[1[6[ 1 [H1-1
_Envelope Joint Displacements
 Joint X[in] LC Y [in] LC _Z[in] _LC XRotation[rad] LC Y Rofatio... LC Z Rotatio... LC
1 N2080 max .819 [17| .004 8 | 465 17  1.517e-03 |19 -1.231e-08] 2 [1.012e-04[11 |
2 ‘min| -371 |3 | -106 | 13 |-15659 | 4 | -3.502e-02 | 4 |-2.196e-05| 9 |-3.798e-05 7 |
| 3 N2508 max 858 |9 | -009 . 8 | .465 [17| 1.21e-04 g |?1?5e03f 7 |1.767e-04 11|
4 'min| -1.606 |7 | -103 | 13 |-15647 [ 4 | -5203e-04 |8 |-2.373e04| 9 |-6.629e-05| 7 |
5 N2466 |max 861 | 9O | -014 | 19 | 465 17| 1.127e-04 | 9 |2577e-03 3 |1.769%-04 11
6 min| -1697 |7 | -101 | 13 | -15641 4  -5242¢-04 |8 |-9.082e-05|17 |-6.625e-05 7 |
7 N2424 max 863 (11| -015 | 19 | 465 17| 1.037e-04 9 [1.353e-03| 3 |1.761e-04 11
L8 min| 1742 [7 [ -1 | 2 [-15637[4 | -5284e-04 |8 [-5101e-05/17 [-6.585e-05] 7 |
9 | N2382 |max/ 863 [11] -016 | 19 | 465 (17| 9447e-05 |9 [4444e-04| 3 [1.757e04]11
RISA-3D Version 15.0.0 [G:\5152415\GoodFiles\RISA\TowerTech\TTXL-10 TTXR-10.r3d] Page 2



Company : TOWER TECH Dec 7, 2016
Designer . Jerry King 1:21 PM
I I RI S Job Number Checked By:
Model Name : Tower Tech TTXL
_Envelope Joint Displacements (Continued)
Joint X [in] LC Y [in] LC Z [in] LC _ X Rotation [rad] LC Y Rotatio... LC Z Rotatio... LC
| 10 | Jmm o ] 2 115632 1| 4 -5328¢-04 |8 -1 862e45|171656w5' 2]
11 N2340 .max. .863 |11 -.016 17 | 465 17' 8016e-05 |17 | 1.951e-05|11 | 1.757e-04 | 11 |
| 420 Imin, -1.763 | 7 <1 2 |-15629 |4 | -5388e-04 |4 -4429e-04| 7 |-6559-05] 7 |
' 13 | N2298 Imax .863 |11 -.015 17 | 465 ,17' 8.701e-05 |17 |3.524e-05 |11 | 1.762e-04 |11 |
14 | [minl -1.742 [7 | -1 2 115627 |4 | -5458e-04 :4 -1.355e-03| 7 |-6.581e-05] 7 |
15 | N2256 .max 862 [11] -014 [ 17 | 465 (17| 8.512e-05 [17[7.261e-05 17 |1.771e-04 11
|16 | 'min| -1.697 |7 | -101 | 15 1-15625 | 4 | -5.525e-04 3 4 |-2578e-03) 3 |-6.62e-05 7 4 |
| 17 N2214 Imax! .859 !11 -013 | 17 | 465 [17| 8.355e-05 | 17 |2.234e-04|19 |1.769e-04 11
| 18 | ‘min, -1606 |7 | -106 | 6 1|-15624 |4 | -5584e-04 |4 |-7.175e-03| 3 |-6.622e-05| 7 |

Envelope Plate/Shell Principal Stresses

 Plate  Surf.. Sigmaifksi] LC Sigma2fksi] LC TauMax[ksi] LC Angle[rad] LC  Von Mises [ksi] LC
| 1 P207 Jmax/ T | 1007 [3] 089 [7 | 3907 [8 | 2274 (17| 8181 8 |
1’2 imin} | -708 4| 8505 |4 055 '[9 -46 |19 .096 9
| 3 _Imag_._a | 8535 4| 586 (8| 3983 [4 ] 2337 [9| 8265 4
4 | min| | -.163 8] atoma: 1’3 |04 9| -708 |17 075 9
5  P394 |max il 315 9] -108 [1] 3907 |8 2332 [11] 8.181 8 |
6] lmin} | =708 |4 -8505 [4 | 084 1.1 <765 |19 148 1
r max B | 8534 4| 586 [8| 3983 |4 2265 |19 8.265 4
-8 'min 10~ AR e 2 < 7 By Do i - MR e sy o<1 M s 12 148 1
9| P10 max T 8.342 ‘8] 625 [8| 3868 [4 155 |8 | 8.056 4 |
10 | lmin{ | -.108 '8 | =679 3. 5084 AN 0 7| 148 b
[ 11 | Imax. B 594 8| 058 17| 3870 |8 4571 1|7 | 8.08 |8 |
12 | | min | -.65 |4 | 8378 (4| 084 1 -007 (8 .148 |
13 P197  max T 8.342 8| 625 |8 | 3868 [4 | 2249 2| 8056 |4
14 | 'min | -.039 9| =224 (47| (056" 141| 545 113 .097 14 |
15 | max. B | 251 17| -009 [9 | 3872 [8 | 2249 [2| 808 |8 |
A \min | -65 4| 8878 T4 4 TOET L 2368 1 .075 11
17 | P393  max| T 331 (9] 191 14 386 /8! 234 14 8008 |8
18 'min | -724 4| 8342 |4 081 11| -745 [19] 161 1
19 | max B 8357 |8 | 581 8| 3896 |4 2236 (19| 8088 4
L 2O min | .061 171 -441 113( 091 § F R 7 B & 161 i
RISA-3D Version 15.0.0  [G:\5152415\GoodFiles\RISA\TowerTech\TTXL-10 TTXR-10.r3d] Page 3



BTN I IR

y
DLBBAIBAN
L A8

o |

e

Dec 7, 2016 at 1:39 PM
TTXL-10 TTXR-10 -12LEGS.r3d

SK-1

Tower Tech TTXL, TTXR
12' LEGS

Envelope Only Solution
TOWER TECH

Jerry King




Company : TOWER TECH Dec 7, 2016
 Designer 1 Jerry King 1:42 PM
II.RIS ,  Job Number Checked By:
Model Name : Tower Tech TTXL, TTXR
Hof Rolled Steel Properties
Label Elksi]  GIlksil  Nu  Themm (\..Density[k/ft"3]  Yieldfksi] Ry  Fulksi] Rt
1 ] fiberglass | 2000 | 500 [ 12 [ 44 [ 11 [ 20 12 [ 58 [ 11 |
General Material Properties
Label E [ksi] G [ksi] Nu _Therm (ME5 F) Density[k/ft"3]
| 1 FIBERGLASSPL 2000 _ 500 12 | A4 | 11
|2 R R letd = | 3 R TR N 5 0 cRio
L3 GM3 25 6 A2 | 44 N Se———
Hof Rolled Steel Section Sets
. _ Label Shape Type Design List Material IDe_sign'l Ru... Afin2] lyy[ind] Izz[in4] _J[in4]
| 1 C-1  [HSS12x12x6 | Column | Single Anale | fiberalass | Typical | 16 | 357 | 357 | 561
L2 | €2 | 18x8x14 |Column  Single Angle | fiberglass | Typical | 133 | 79.7 | 79.7 | 3.46
.3 B-1  |HSS20x8x10 | Beam Tube fiberalass | Typical | 30.3 | 338 | 1440 | 916
4 | B-2 | HSS20x8x10 | Beam Tube . fiberglass | Typical 303 | 338 | 1440 | 916
3 | B-3 ' HSS20x8x10 | Beam | Tube | fiberglass | Typical | 30.3 | 338 | 1440 | 916
8 B-4 | L4x4x8 | Beam | Single Angle | fiberglass | Typical | 3.75 1552 | 552 | 322
7 | B5 | L4x4x8 | Beam | Sinale Angle | fiberalass | Typical | 375 | 552 | 552 | .322
8| BB W6x20 | Beam | Wide Flange | fiberglass | Typical | 6587 | 133 | 414 | 24
9 PIPE | PIPE 100 | Beam | Pipe fiberglass | Typical | 115 | 151 | 151 | 302
(10 | BR-1 | HSS7x4x4 | VBrace | Tube | fiberglass | Typical | 477 | 128 | 305 I 28:8
11 |COLLECTOR| (C8x115 | Beam | Channel | fiberglass Typical | 3.37 | 131 | 325 | .13
General Section Sets
Label ___ Shape Type Material ___ Al[in2] lyy [in4] Izz [in4] _ Jind]
1 | GEN1 | RE4X4 | Beam  FIBERGLASSPL 16 | 21333 | 21.333 31573
E2ST RIS | None | RIGID | 1et6 | 1et8 le+t8 | 1e+t6
'3 FILL | RE2X2 | Beam | GM3 4 | 1333 [ 1333 1.973
Load Combinations
Description  Sol..PDeltaSRSS BLC Fa... BLC Factor BLC Fac..BLC Fa.. BLC Fa..BLCFa...... ...... ... BLC Fact. BLC Fact..
' 1 | IBC 16-8 [Yes| REN I _ ; | | []] 1 ]
2 171BC16:9 "[Yes 5] il L T S B EE RN AR P
3 IBC16-12(a) . Yes DL1 [WIX ]| 6 ; . | 11 ] i
| 4 [IBC16-12(a) .[Yes ! DLI1 [WEZ| B8 | PR R aEE R
- 5 IBC 16-13 (a) ..|Yes| | DLIA JWEX ! 45 | LE 1751 | - Pl |
6 |IBC 16-13 (a) .|Yes| DL 1 {WILZ| 45 | 1L 75| ) | P LN |
7 [ 1BC16-15(a) Yes| . |DL 6 WLX]| 6 s 1 EERE :
| 8 [IBC16-15(b) |Yes | IDLI6IWIZ! 6 | .i S Ml i | |
9 IBC 16-12 (b) ... Yes| i DL [1 [Sds'DL[ 14 [sx*'sF[ .7 sZ*.121] | [ 11] e |
| 10 IIBC 16-12 (b) ..[Yes | DL | 1 [Sds*DL| 14 [SX’SF| 7 is2*.121 T e | |
' 11 IBC 16-12 (b) ... Yes | DL | 1 |Sds*DL| 14 |SX*SF| .7 [SZ*.l-.21 ] ] L T
| 12 IBC 16-12 (b) ..[Yes| ’ DL [ 1 [Sds'DL] 14 [sx'SF| 7 [8Z*.E21 e T R s e
13 IBC 16-14 (a) ... Yes| _ DL 1 |Sds*DL| .105 ' SX*SF|525SZ*..158 LL .75 HER | |
| 14 IBC 16-14 (a) ..|Yes! f DL | 1 |Sds*DL| 105 |SX*SF|525/sZ*.1158 LL |.75] | | ||| |
15 |IBC 16-14 (a) ... Yes| DL |1 [Sds*DL] 105 |SX*sF|525/sz*. 1.l [75] | [ [ [ ] ;
| 16 lIBC 16-14 (a) .. Yes| | DL [ 1 |sds*DL| 105 |SX'SF|.525/8Z*. 1.1 L .75 SEEE | |
17 | IBC 16-16 (a) Yes | |DL | .6 [Sds*DL| -.14 |SX*SF| .7 [sz*.]21 L] T T T ]
18 [IBC 16-16 (b) [Yes| |~ |DL|'6|sds®BL| - 14 |SXSE[ 7 (sZ".[24] | PR |
19 | IBC 16-16 (c) |Yes| DL [ 6[Sds*DL] - 14 [SX*SF[ .7 [sz*.]-21] | INEERE :
| 20 [ IBC 16-16 (d) |Yes| [  [DLI6ISds*DL] - 14 [SX'SF| 7 {8Z*.[21] | R e e
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Load Combinations (Continued)

Company
Designer
Job Number
Model Name

: TOWER TECH
. Jerry King

: Tower Tech TTXL, TTXR

Dec 7, 2016
1:42 PM
Checked By:

Description  Sol. PDeItaSFi§§ﬁLC Fa.. BLC Factor BLC Fac..BLC Fa..BLC Fa..BLCFa............. BLCFact. BLCFact...
21 [ | | x+.]1 [sz*sF[ 1 L1 [ [ ] HERR [ ]
Basic Load Cases
BLC Description Category X GravityY GravityZ Gravity Joint  Point Distribu.. Area(Me...Surface...
i DEAD | DL = ' | ! i |
2 FILL ! LY e | S U
3 |  WATER ! i _. ; ' ! | 2
I WIND-Z 3 i WLZ | ' ! :' | 5 041380, )
| 5 WIND-X WLX | | | 121
L6 DEFLECTION | None ! i [eie ]
_Envelope Joint Reactions
Joint ) X [K] LC Y [k] LC Z k] LC MX [k-ft] LC MY [k-fi] LC MZ[k-ft] LC
' 1 | N3 |max 1.738 | 3 8.319 | 5 14517 | 8 [ 0 [1] 0 [1] 0 [1
27 oL e 15 L o e 7 RO 1 ORI [ MBS 1 ¥ 10 M~ A NI o Ay NG ¢ o (o G WA ) o
'3 [ N2 max| 1617 [ 7 | 18.605 | 4 14563 | 4 | 0 (1] O n o T L e
L4 | min/ -3.884 | 9 | 564 AL AR S R R SR A G . SN
| 5 N1 ___max 1738 | 3 18.605 4 145863 | 4 | g 11! 0 11! 0 |1
6 'min, -3.765 | 19 | -4.633 B 7 e o7 0 N A B O B R Tl R D s
7 N4 max|1‘617 7 | 12.222 |13 [4517 | 8 | 0o [1] o [1] o0 [1]
8 | 0117 s 700 B A1 .7 QS OV ] A (> 0 = M 3 R U AR B e » o 10
' 9 | Totals: max 665 | 7  31.088 2 118137 | 8 | [ ] ]
110 | 'min!-15.125{ 11 | 5.34 47 147791 9 | i f |
Envelope AISC ASD Steel Code Checks
~ Member Shape Code Check Loc][ft] LC Shear.. Loc . LCFalksi]Ft[ksi] Fby-ylksi] Fbz-.Cbh Cmy Cmz ASD ..
1 | M4 HSS12x12x6 727 | 8816 | 11 | .185 8a8.. [y[4]1038] 12 [ 132 132/1[.6] 6 [H1-2|
2 M1 HSS1aa2xe - 726 | 8816 | 9 | 184 [Bel|z[8l10381 12 | 132 1321116 & |HI2|
3 | M2 HSS12x12x6) 726 8694 | 9 | 184 88..y(8/10.38 12 | 13.2 132/1/6 | 6 [H1-2|
_ 4 | M3 HsSi2xi2x6 725 8694 | 11 | 185 [88.12/4/1038/°12 | 132 [13211/6] 6 [H1-2|
| 5 | M30 | HSS7x4x4 | 669 1986 | 4 | 032 44..y117761| 12 | 132 (132/1/.6 | 1 [H1-1]
| 6 IM32A HSSTx44 | 669 | 1986 | 4 | 032 44.y177761. 12 | 132 (132016 | 1 [H1-1
7 M31A[HSS7x4x4 | 569 | 1986 L 9 | 036 |0 y(4(7.761 12 | 132 132 1[6 | 1 H1-1
8 |M30A|HSS7Tx4x4| 568 | 1986 | 11 | 036 | 0 (yl4lz761(12 | 132 [13211/6] 1 [H1-1|
__3_ M6 | L8x8x14 | .494 0 | 9 | 116 | 0 [y|4/1.457 | 12 -Codecheckb., ' H1-1
| M5 | 18x8x14 | 494 0 {111 434 10 |2[4[1457| 12 |Codecheckb.] | H1-1]
: 11___ 'MZQA HSS7xdx4 | 428 2392 | 8 | 032 44.]y(9]7.7611 12 | 132 13211168 [ 1 [H2-1
_Envelope Joint Displacements
o Joint  X[in] LC  Yfin] LC _ Z[in] LC  XRofation[rad] LC Y Rotatio.. LC ZRotatio... LC
1 N2080 |max/ 4.081 [17] .034 8 | 1512 [17] 8.567e-04 |19 -1.199e-08] 2 [1.54e-04/11
L2 min| -18 [3] -129 | 13 [-19606 |4 | -3554e-02 |4 |-1.356e-05/ 9 [-5.765e-05] 7 |
3 N2508 max 4.126 |9 .009 8 | 1512 (17| 2.388e-04 | 9 [7.177e-03 7 |2.688e-04 11
4 | min| -3036 [ 7 | -124 | 13 |-19594 | 4 | -1.071e-03 | 8 |-2.686e-04| 9 |-1.006e-04] 7 |
5 | N2466 |max 4.129 (11 -.004 8 | 1512 [17| 2.305e-04 | 9 [2.577e-03| 3 [2.693e-04]11
B min| 3127 [7 | -122 | 13 [-19589 |4 | -1.075e-03 |8 |-1.032e-04]17 |-1.007e-04] 7 ]
7 | N2424 |max| 4131 [11] -016 | 19 | 1512 (17| 2.216e-04 | 9 [1.353e-03| 3 [2.683e-04]11
80 imin] 31472 |7 | -42 13 [-19584 | 4 | -1.079e-03 |8 |-5.925e-05/17 |-1.001e-04] 7 |
9 N2382 |max| 4.132 (11 -018 | 19 | 1512 (17 2124e-04 | 9 |4.443e-04| 3 |2.676e-04 11
|40 ‘min, -3193 | 7 | -118 2 | 1958 | 4| -1.084e-03 |8 |-2281e-05/17 |-9.98e-05| 7 |
11 | N2340 max| 4132 (11 -018 | 17 | 1512 17| 2.072e-04 17 7.109e06 11 2676e-04|11
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Il I RI ' Job Number :
Model Name : Tower Tech TTXL, TTXR

Envelope Joint Displacements (Continued)

Dec 7, 2016

1:42 PM

Checked By:

Joint __ Xfinl LC  ¥YfJin] LC Zjinl LC XRofationfrad] LC Y Rotatio... LC Z Rotatio... LC
12} min| 3194 (7 | -118 | 2 [-19577[4 [ -109e-03 [4 [-4429e04] 7 [-9.978¢-05] 7 |
13 | N2208 |max| 4.131 (11| -016 | 17 | 1512 [17] 2.051e-04 |17 [2.57%-05|11 |2.683e-04|11 |
14 | min| -3172 |7 -12 [ 15 [-1957414 | -1.097e-03 |4 [-1.355e-03] 7 |-1.001e-04[ 7 |

Envelope Plate/Shell Principal Stresses

~_ Plate  Surf. Sigmallksi] LC jgma_gmgﬂ,rLg__ ITau Max [ksi] LCI Angle[rad] LC _ Von Mises [ksi] LC
|1 | P207 Jmax T | 1019 [3] 065 |7 39014 [8] 23 [17] 8187 8 |
L tmin{ | -.695 |4 | 8506 14| 081 |15} -596 19| .093 113 |
1 3 | max| B 8.534 4] 6 |8 3977 4] 2213 [19] 8259 4 |
4 ] 'min | =#58°." '8 4004 T3 [Ngre [ 48 ] tagar 9t 053 ERE
5 | P394 |max| T 384 o] -113 1] 3914 /8] 2346 [11 8187 |8 |
6 Iminf- | " 2695+ 4| 850514 089 [41.] -764 [49] 156 Z
|7 | max| B! 8534 |4 6 18] 3977 4] 227 19| 8.259 |4 |
18 ] 'min | 064 ¥4 | 508 [9| 089 '[1] -783 |13 156 B
9 | P10 Imax| T 8341 (8| 608 [8| 3876 |4 | 1551 |8 8.063 |4 |
(40 | .min | -103 ~ (3] <675 |7 | 089 {4 -085 |7 AL T e o
111 | max, B 6 7| 064 |7 | 384 8| 1649 |7 8.072 8
1142 ] _\min | -.668 4| 8877 |4 | 089 (1| -008 |8] A6 1|
113 | P197 max] T |  8.341 8| 608 |8| 3876 (4] 225 |2 | 8063 4 |
147 Iminl" " -053 13 22esr a7 et s 3 093 15
| 15 | max, B 339 17| -026 (13| 3864 [8| 225 |2 8.072 8 |
146 | |min : -.668 L4 . 8377 |41 019 (151" =818 15 .053 15
17 | P393 max| T | 416 9 -127 |1 | 3828 |8 | 2343 [11 8.019 8
118 | Imin] [ 703 4| 8344 4| 097 |1 -762 (19 { e L
19 | max| B | 8.354 8 | 602 8| 386 |4 2339 [13 8077 |4 |
20 | Iminl | .066 EREEC Ty T R R O U
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Properties

ASTM SERIES SERIES 500/525 PLATE © SERIES 625 PLATE @
TEST UNITS/ 500/525 SERIES 625 /8" 3H6" - 14" 3 -1 1 316" - 14" -1t
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 D638 psi 30,000 30,000 20,000 20,000 20,000 20,000 20,000 20,000
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
Nimm? 48,3 48.3 517 63.9 65.9 517 68.9 68.9
Tensile Modulus, LW D38 10° psi 25 25 1.8 1.8 18 1.8 1.8 1.8
10°Nimm? 17.2 178 124 12.4 124 124 124 124
Tensile Modulus, CW D638 10% psi 0.8 0.8 0.7 0.9 14 1.0 1.0 14
103Nimm? 552 552 483 6.21 9,65 6.89 6.89 9,65
Compressive Stress, LW D635 psi 30,000 30,000 24,000 24,000 24,000 24,000 24,000 24,000
Nfmm? 207 207 165 165 165 165 165 165
Compressive Stress, CW D635 psi 15,000 16,000 15,500 16,500 20,000 16,500 17,500 17,500
Nfmm? 103 110 107 114 138 114 121 121
Gompressive Modulus, LW D635 10F psi 25 26 18 18 1.8 1.8 1.8 18
10°N/fmm? F 17.9 124 124 124 12.4 124 124
Compressive Modulus CW D695 10 psi 0.8 0.8 0.7 0.8 14 1.0 1.0 14
10N/mm? 6.89 £.89 6.89 6.89 £.89 6.89 6.89 5.89
Flesural Stress, LW o790 psi 30,000 30,000 35,000 35,000 30,000 35,000 35,000 30,000
Nfmm? 207 207 241 241 207 241 241 207
Flexural Strass, CW 0780 psi 10,000 10,000 13,000 15,000 18,000 13,000 15,000 18,000
Nimm? £8.9 68.9 886 103 124 896 103 124
Flexural Modulus, LW D790 10°psi 16 16 18 2 2 1.8 2 2
10°N/mm? 1.0 1.0 124 138 13.8 124 13.8 13.8
Flexural Modulus, GW D790 10% psi 0.8 0.8 0.9 1.1 1.4 1.0 11 1.4
10:N/mm? 552 5.52 6.21 7.58 9,65 6.89 7.58 9.65
Modulus of Elasticity @ full section 10° psi 26 2.8
10N /mm? 17.9 19.3
Modulus of Elasticity: W & [ shapes > 4" full section 10° psi 25 2.5
W & [ shapes » 102Zmm 10°N/imm? 17.2 172
Parallel Compressive Shear Stress, LW @@ D3B46 psi 3,000 3,000
Nimm? 20.7 20.7
Shear Modulus, LW @@ =Sl 10° psi 0.425 0.425
10°N/mm? 293 293
Short Beam Shear, LW @@ D2344 psi 4,500 4,500
Wimm? 3.0 310
Bearing Stress, LW D953 psi 30,000 30,000 32,000 32,000 32,000 32,000 32,000 32,000
Nfmm? 207 207 2206 221 221 221 21 221
Poisson's Ratio, LW @ 03039 infin 0.33 033 0.31 0.31 0.31 0.32 0.32 032
. mmimm 330 330 310 310 a1 320 .320 320
Notched lz0d Impact, LW D256 tt-lbs/in 25 25 15 10 10 15 10 10
Jimm 133 133 801 533 533 B01 533 533
Notched lzod Impact, CW D256 ft-lnsfin 4 4 5 ] 5 5 5 5
Jimm 214 214 267 267 267 267 287 267
Barcol Hardress D2583 —_ 45 ® 45 @ 40 40 40 40 49 40
24 hr Water Absorption @ D570 % Max 08 05 06 0.6 08 0.6 05 06
Density D792 Ibs/in® 062-.070 .082-.070 ,060-.068  .060-.068  .060-.068 060-.068  .060-068  .060-.068
10%/mm? 1.72-1,94 1.72-1.94 166-1.88  1.66-1.88  1.566-1.88 166-1.88  1.66-1.88  1.66-1.88
Goefficient of Thermal Expansion, LW ® D696 104 infin/F 44 44 44 44 44 44 44 44
107 mm/mmG B.0 8.0 8.0 B 8.0 8.0 B.O B.O
Thermal Conductivity @ c177 BTU-in/t*HrF 4 4
wim*K) 58 58

Al values are minimum ultimate properties fram coupon tests except as noted.

@ This value is determined from full section simple beam bending of EXTREN® structural shapes.

@ 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 value would be two to thres times larger.

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

@ Valye would be 50 if the surfacing veil were not there.

® Plate compressive stress/modulus measured edgewise and flexural stress/maodulus 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 have a minimum value of 4000 psi and the I/W shapes are tested in the web.
@ Typical values because these are shape and composite dependent tests.

LW — Lengthwise PF — Perpendicular to laminate 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
(Coupon Sample, u.n.o.)

ASTM Test Method

Polyester

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 1.756
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 D695 1,000
Flexural Strength, LW, psi ASTM D790 33,000
Flexural Strength, CW, 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
izod Impact, Notched, LW, ft-Ib/in ASTM D256 30
Izod Impact, Notched, CW, ft-lb/in ASTM D256 5
Barcol Hardness ASTM D2583 45
Possion’s Ratio, LW, infin 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-0Q
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 —— Specific Beige

NSF Potable Water Approved

—————




