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9/17/2024 LS60-A Wind                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
   POLE DESIGNATION: LSS60-A W/ 3 FIXTURES      JOB NO: 463.559
   MANUFACTURER: MUSCO       PROJECT: Tokay HS Pool
   PROJECT NO: 239070     LOCATION: Lodi, CA

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
ASCE 7-16      POLE ID: P1-P4  
WIND CRITERIA 93 MPH,EXP C   | P = SUPERIMPOSED WT + POLE WT   
LOAD COMB 1.2   DEAD + 1.0 WIND   v     
   ^  |||a <-- <--FIXTURES, F/Af= qz*Gf*Cf   = 30.17 PSF MAX (29.4-1)
LED 900 |  |v| <-- <--where qz=.00256*Kz*Kzt*Kd*Ke(V)2 = 25.31 PSF MAX (26.10-1)
EPA/FIXTURE*, Af = 3.21 ft2 |  ||| <-- <---
D.L./FIXTURE** = 51.0 lbs |  |v| <-- ATTACHMENT  NUMBER    DIST. FROM PA Cf EPA Kz qz WIND,F WEIGHT,P
D.L./ECE***   = 20.0 lbs |  ||| <-- TYPE    TOP POLE,FT SQ FT SQ FT PSF LBS   LBS
*  EPA = EFFECTIVE PROJECTED AREA OF LIGHT FIXTURE |  |v| <-- LED900 3.0 0.5  1.0 3.21 1.141 25.27 290 153
               INCLUDING CROSSARM, PER MUSCO   ||| <-- 0.0 3.0  1.0 3.21 1.131 25.04 0 0
** D.L.= DEAD LOAD OF FIXTURE, & l  |v| <-- 0.0 5.5  1.0 3.21 1.121 24.82 0 0
             CROSSARM, PER MUSCO   ||| <-- 0.0 8.0  1.0 3.21 1.110 24.58 0 0
***D.L.= DEAD LOAD OF ECE, |  |v| <-- 0.0 10.5  1.0 3.21 1.099 24.33 0 0
              PER MUSCO |  ||| <-- 0.0 13.0  1.0 3.21 1.087 24.08 0 0
 |  |v| <-- 0.0 15.5  1.0 3.21 1.075 23.81 0 0

|  ||| <-- 0.0 18.0  1.0 3.21 1.063 23.53 0 0
|  |v| <-- 0.0 20.5  1.0 3.21 1.050 23.24 0 0
|  ||| <-- Speakers 2.0 31.6 2.22 1.3 2.88 0.982 21.75 149 111
|  |v| <-- ECE 3.0 49.6 4.00 1.3 5.20 0.849 18.80 117 60
v  | |b <--  TOTALS = 556 324

         POLE, F/Af= qz*Gf*Cf  = 36.21 PSF MAX (29.4-1)
      where qz=.00256*Kz*Kzt*Kd*Ke(V)2 = 25.31 PSF MAX (26.10-1)  

   LOADING DIAGRAM
INPUT  
-> l = 61.64 ft. (max. ht. from any grade)                                                                                                                                                                            
-> l = 61.64 ft. (ht. from grade at base of pole) 60.24 ft.(nom. ht from grade)
->tA = 0.12 in. (pole thk. @ top)
->dA = 4.75 in. (pole diam. @ top)
->dB = 12.00 in. (pole diam. @ btm)
->tB = 0.179 in. (pole thk. @ btm)
->Fy = 38.0 ksi (fixt mount sect. =  5.25 ft)
->Fy = 55.0 ksi (other pole sect.)
-> E = 29,000 ksi
->Kzt= 1 (Figure 26.8-1)
->Kd = 1 (Table 26.6-1)
-> Kz = 1.143 MAX-EXP C @  61.6 FT. (Table 26.10-1)
->Ke = 1.00  (Table 26.9-1)
-> Cf  = 1.00 LIGHT FIXTURE (INCLUDED IN EPA)  
-> Cf  = 1.200 MAX (VARIES 0.5-1.2 FOR RND POLE) (Figure 29.4-1)
POLE DAMPING, beta= 0.025 Per Musco test

OUTPUT
-> POLE NATURAL FREQUENCY = 0.568 Hz 1/(2PI*(DELTA/386)^0.5) where DELTA is due to self weight Section 26.11.5 Gust-Effect Factor
-> Gf= 1.19 (Section 26.11.5)   (Reference Vibration Problems in Engineering by Timoshenko, 4th ED. pg.34) constant epsilon,e  = 0.2  Lz = 511.5
Pole Properties:  constant l = 500 N1 = 3.219
 Ia = 4.68 in4 taper = 0.140 in/ft Vz = 90.23 Rn = 0.067
 Ib = 116 in4 db/da = 2.526 4.6n1h/Vz = 1.784
 ra = 1.638 in    rb = 4.180 in. 4.6n1B/Vz = 0.020 R = 1.027
 Aa = 1.745 in2    Ab = 6.65 in2 15.4n1L/Vz = 0.068 gR = 4.052
 Sa = 1.97 in3    Sb = 19.36 in3 c = 0.200
From Critical Buckling Loads of Tapered Columns, ASCE 2/62: Rh = 0.408 Iz = 0.196
  n = Log (Ib/(Ia)/Log (dB/dA) = 3.47  RB = 0.987 Q = 0.926
 P* = (Ib/Ia)/(Ib/Ia)^.333 = 8.5  RL = 0.956 G = 0.888  
kl/req* (1/(P*)^.5)[kl/ra] = 325 (where k= 2.1) Gf = 1.192  
AISC 360-16 Specification Table B4.1, Case 15  
 for Fy = 55.0 KSI 38 KSI  
D/t < .45E/Fy = 237  343 (MAX) SHEAR,F= 0.834 KIPS MOMENT, M = 30.55 K-FT e= M/F     = 36.61 FT AXIAL,P = 1.143 KIPS ASD Forces at groundline (for foundation design)
D/t < .31E/Fy = 163  237 Noncompact SHEAR,F= 1.391 KIPS MOMENT, M = 50.92 K-FT e= M/F     = 36.61 FT AXIAL,P = 1.372 KIPS Nominal Forces at groundline
D/t < .07E/Fy = 37 53 Compact     M < ΦMn = 69 K-FT  Precast Base O.K.       
D/t < .11E/Fy = 58 84 Slender element Section for Uniform Compression Pole Stress Check = 0.668 Max. < 1   Pole O.K.      

    Max. Deflection = 53.959 Inch <0.10H= 73.97 Inch AASHTO 10.4.2
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9/17/2024 LS60-A Wind                                                                                                                
Distance       Outside E3-4 E3-2 or E3-3 F8.1-F8.4 H1-1b H1-1a 2nd Order 1st Order C2.2a Total E7-19
from top      Diameter Pole Cf Design comp Acting Design flex. Req'd flex. for for /1st Order Req'd shear Delta P-Delta 2nd Order ACTING  DEFL
of Pole      of Pole,D thick,t  D/t Kz qz Pole kl/r  Fe strength, Pn unfactored, Pr strength, Mn strength, Mr Pr/Pc Pr/Pc <0.2 Pr/Pc ≥ 0.2 Moment CSR strength,, F  Moment Moment Q MOM DUE    M/I DUE TO DL

FT       IN IN PSF eqiv. KSI  KIPS   KIPS   K-FT  K-FT    FT-K O.K. KIPS  IN  FT-K  FT-K TO DL IN
                                      

0 4.75 0.120 39.6 1.143 25.31 1.2 325 2.71 3.73 0.000 7.89 0.0 0.000 0.000 N.A. 1.000  Y 0.000 54.0 0.0 0.0 1.40 0.00 0.000 30.3
1 4.75 0.120 39.6 1.139 25.22 1.2 325 2.71 3.73 0.159 7.89 0.2 0.051 0.048 N.A. 1.180  Y 0.304 52.2 0.0 0.2 1.40 0.00 0.018 29.4
2 4.75 0.120 39.6 1.135 25.13 1.2 325 2.71 3.73 0.165 7.89 0.5 0.053 0.092 N.A. 1.120  Y 0.318 50.5 0.1 0.5 1.40 0.16 0.053 28.5
3 4.75 0.120 39.6 1.131 25.04 1.2 325 2.71 3.73 0.171 7.89 0.8 0.055 0.138 N.A. 1.108  Y 0.332 48.8 0.1 0.9 1.40 0.33 0.090 27.6
4 4.75 0.120 39.6 1.127 24.95 1.2 325 2.71 3.73 0.177 7.89 1.1 0.057 0.186 N.A. 1.102  Y 0.347 47.1 0.1 1.2 1.40 0.51 0.127 26.7
5 4.75 0.120 39.6 1.123 24.86 1.2 325 2.71 3.73 0.183 7.89 1.5 0.059 0.236 N.A. 1.098  Y 0.361 45.4 0.1 1.6 1.40 0.69 0.158 25.8
6 4.90 0.120 40.8 1.119 24.77 1.2 325 2.71 3.85 0.189 11.02 1.8 0.059 0.213 N.A. 1.096  Y 0.375 43.7 0.2 2.0 1.16 0.87 0.179 24.9
7 5.04 0.120 42.0 1.114 24.67 1.2 325 2.71 3.96 0.196 11.62 2.2 0.059 0.240 N.A. 1.094  Y 0.390 42.1 0.2 2.4 1.14 1.06 0.198 24.0
8 5.18 0.120 43.2 1.110 24.58 1.2 325 2.71 4.07 0.202 12.22 2.6 0.060 0.265 N.A. 1.092  Y 0.405 40.5 0.2 2.9 1.13 1.26 0.214 23.1
9 5.32 0.120 44.3 1.106 24.48 1.2 325 2.71 4.19 0.209 12.85 3.0 0.060 0.288 N.A. 1.091  Y 0.420 38.9 0.3 3.3 1.12 1.47 0.228 22.2

10 5.46 0.120 45.5 1.101 24.38 1.2 325 2.71 4.30 0.216 13.49 3.5 0.060 0.310 N.A. 1.089  Y 0.436 37.3 0.3 3.8 1.11 1.68 0.240 21.4
11 5.60 0.120 46.7 1.097 24.28 1.2 325 2.71 4.41 0.223 14.14 3.9 0.061 0.331 N.A. 1.088  Y 0.452 35.8 0.3 4.3 1.10 1.90 0.250 20.5
12 5.74 0.120 47.8 1.092 24.18 1.2 325 2.71 4.53 0.231 14.81 4.4 0.061 0.351 N.A. 1.087  Y 0.468 34.2 0.4 4.8 1.09 2.13 0.258 19.7
13 5.88 0.120 49.0 1.087 24.08 1.2 325 2.71 4.64 0.238 15.50 4.8 0.062 0.370 N.A. 1.086  Y 0.485 32.8 0.4 5.3 1.08 2.36 0.266 18.9
14 6.02 0.120 50.2 1.083 23.97 1.2 325 2.71 4.75 0.246 16.20 5.3 0.062 0.389 N.A. 1.084  Y 0.502 31.3 0.5 5.8 1.07 2.61 0.272 18.1
15 6.16 0.120 51.3 1.078 23.87 0.7 325 2.71 4.86 0.254 16.91 5.8 0.063 0.406 N.A. 1.083  Y 0.512 29.9 0.5 6.3 1.06 2.86 0.277 17.3
16 6.30 0.120 52.5 1.073 23.76 0.7 325 2.71 4.98 0.262 17.64 6.4 0.063 0.422 N.A. 1.082  Y 0.522 28.5 0.5 6.9 1.05 3.11 0.282 16.6
17 6.44 0.120 53.7 1.068 23.65 0.7 325 2.71 5.09 0.270 18.39 6.9 0.064 0.437 N.A. 1.081  Y 0.532 27.2 0.6 7.5 1.04 3.38 0.286 15.8
18 6.58 0.120 54.8 1.063 23.53 0.7 325 2.71 5.20 0.279 19.15 7.4 0.064 0.451 N.A. 1.080  Y 0.543 25.8 0.6 8.0 1.03 3.65 0.289 15.1
19 6.72 0.120 56.0 1.058 23.42 0.7 325 2.71 5.31 0.288 19.93 8.0 0.065 0.465 N.A. 1.079  Y 0.554 24.6 0.6 8.6 1.02 3.94 0.292 14.4
20 6.86 0.120 57.2 1.052 23.30 0.7 325 2.71 5.43 0.296 20.72 8.5 0.066 0.477 N.A. 1.078  Y 0.565 23.3 0.7 9.2 1.02 4.23 0.294 13.7
21 7.00 0.120 58.3 1.047 23.18 0.7 325 2.71 5.54 0.305 21.53 9.1 0.066 0.489 N.A. 1.078  Y 0.576 22.1 0.7 9.8 1.01 4.53 0.296 13.0
22 7.14 0.120 59.5 1.042 23.06 0.7 325 2.71 5.65 0.315 22.35 9.7 0.067 0.500 N.A. 1.077  Y 0.587 20.9 0.7 10.4 1.00 4.84 0.298 12.4
23 7.28 0.120 60.7 1.036 22.94 0.7 325 2.71 5.77 0.324 23.19 10.3 0.067 0.511 N.A. 1.076  Y 0.599 19.8 0.8 11.1 1.00 5.16 0.299 11.7
24 7.42 0.120 61.8 1.030 22.81 0.7 325 2.71 5.88 0.334 24.04 10.9 0.068 0.521 N.A. 1.075  Y 0.611 18.7 0.8 11.7 0.99 5.49 0.300 11.1
25 7.56 0.120 63.0 1.024 22.68 0.7 325 2.71 5.99 0.343 24.91 11.5 0.069 0.531 N.A. 1.074  Y 0.622 17.6 0.9 12.4 0.98 5.83 0.300 10.5
26 7.70 0.120 64.2 1.019 22.55 0.7 325 2.71 6.10 0.353 25.79 12.1 0.069 0.540 N.A. 1.073  Y 0.634 16.6 0.9 13.0 0.98 6.17 0.301 9.9
27 7.84 0.120 65.3 1.012 22.42 0.7 325 2.71 6.22 0.363 26.69 12.8 0.070 0.548 N.A. 1.073  Y 0.647 15.6 0.9 13.7 0.97 6.53 0.301 9.3
28 7.98 0.120 66.5 1.006 22.28 0.7 325 2.71 6.33 0.373 27.60 13.4 0.071 0.557 N.A. 1.072  Y 0.659 14.6 1.0 14.4 0.97 6.90 0.302 8.8
29 8.12 0.120 67.7 1.000 22.14 0.7 325 2.71 6.44 0.384 28.53 14.1 0.072 0.565 N.A. 1.071  Y 0.671 13.7 1.0 15.1 0.96 7.28 0.302 8.2
30 8.26 0.120 68.8 0.993 21.99 0.7 325 2.71 6.56 0.395 29.48 14.8 0.072 0.572 N.A. 1.070  Y 0.684 12.8 1.0 15.8 0.96 7.67 0.302 7.7
31 8.40 0.120 70.0 0.987 21.85 0.7 325 2.71 6.67 0.405 30.43 15.5 0.073 0.580 N.A. 1.069  Y 0.696 11.9 1.1 16.5 0.95 8.07 0.301 7.2
32 8.54 0.120 71.2 0.980 21.69 0.7 325 2.71 6.78 0.527 31.41 16.2 0.093 0.599 N.A. 1.068  Y 0.858 11.1 1.1 17.3 0.95 8.48 0.303 6.8
33 8.68 0.120 72.3 0.973 21.54 0.7 325 2.71 6.89 0.538 32.40 17.1 0.094 0.610 N.A. 1.068  Y 0.871 10.3 1.2 18.3 0.94 9.01 0.306 6.3
34 8.82 0.120 73.5 0.965 21.38 0.7 325 2.71 7.01 0.550 33.40 18.0 0.094 0.621 N.A. 1.067  Y 0.884 9.6 1.2 19.2 0.94 9.56 0.309 5.9
35 8.96 0.120 74.7 0.958 21.21 0.7 325 2.71 7.12 0.561 34.43 18.9 0.095 0.631 N.A. 1.066  Y 0.897 8.9 1.2 20.1 0.94 10.11 0.312 5.4
36 9.10 0.120 75.8 0.950 21.04 0.7 325 2.71 7.23 0.573 35.46 19.8 0.095 0.641 N.A. 1.065  Y 0.911 8.2 1.3 21.0 0.93 10.68 0.314 5.0
37 9.24 0.120 77.0 0.942 20.87 0.7 325 2.71 7.34 0.585 36.51 20.7 0.096 0.650 N.A. 1.064  Y 0.924 7.5 1.3 22.0 0.93 11.26 0.316 4.6
38 9.38 0.120 78.2 0.934 20.68 0.7 325 2.71 7.46 0.597 37.58 21.6 0.096 0.659 N.A. 1.062  Y 0.937 6.9 1.4 23.0 0.92 11.85 0.317 4.3
39 9.52 0.120 79.3 0.926 20.50 0.7 325 2.71 7.57 0.615 38.66 22.6 0.097 0.668 N.A. 1.061  Y 0.951 6.3 1.4 24.0 0.92 12.45 0.280 3.9
40 9.34 0.179 52.2 0.917 20.30 0.7 325 2.71 11.01 0.632 57.91 23.5 0.069 0.465 N.A. 1.060  Y 0.964 5.8 1.4 24.9 1.05 13.07 0.242 3.6
41 9.48 0.179 53.0 0.908 20.10 0.7 325 2.71 11.18 0.650 59.56 24.5 0.070 0.471 N.A. 1.059  Y 0.977 5.2 1.5 25.9 1.04 13.72 0.243 3.3
42 9.62 0.179 53.8 0.898 19.89 0.7 325 2.71 11.34 0.669 61.22 25.5 0.071 0.476 N.A. 1.058  Y 0.991 4.8 1.5 27.0 1.04 14.38 0.243 3.0
43 9.76 0.179 54.5 0.889 19.68 0.7 325 2.71 11.51 0.687 62.92 26.5 0.072 0.481 N.A. 1.057  Y 1.004 4.3 1.5 28.0 1.03 15.05 0.243 2.7
44 9.90 0.179 55.3 0.878 19.45 0.7 325 2.71 11.68 0.706 64.63 27.5 0.073 0.486 N.A. 1.056  Y 1.017 3.8 1.6 29.0 1.03 15.75 0.244 2.4
45 10.04 0.179 56.1 0.868 19.21 0.7 325 2.71 11.85 0.725 66.37 28.5 0.073 0.490 N.A. 1.056  Y 1.030 3.4 1.6 30.1 1.02 16.47 0.244 2.1
46 10.18 0.179 56.9 0.856 18.96 0.7 325 2.71 12.02 0.745 68.12 29.5 0.074 0.495 N.A. 1.055  Y 1.044 3.0 1.6 31.2 1.02 17.20 0.245 1.9
47 10.32 0.179 57.7 0.849 18.80 0.7 325 2.71 12.18 0.764 69.91 30.6 0.075 0.499 N.A. 1.054  Y 1.057 2.6 1.6 32.2 1.01 17.96 0.245 1.7
48 10.46 0.179 58.4 0.849 18.80 0.7 325 2.71 12.35 0.784 71.71 31.7 0.076 0.503 N.A. 1.053  Y 1.071 2.3 1.7 33.3 1.01 18.73 0.245 1.5
49 10.60 0.179 59.2 0.849 18.80 0.7 325 2.71 12.52 0.805 73.54 32.7 0.077 0.507 N.A. 1.052  Y 1.084 2.0 1.7 34.4 1.00 19.52 0.245 1.3
50 10.74 0.179 60.0 0.849 18.80 0.7 325 2.71 12.69 0.885 75.39 33.9 0.084 0.514 N.A. 1.051  Y 1.215 1.7 1.7 35.6 1.00 20.34 0.246 1.1
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9/17/2024 LS60-A Wind51 10.88 0.179 60.8 0.849 18.80 0.7 325 2.71 12.86 0.906 77.26 35.1 0.085 0.519 N.A. 1.050  Y 1.229 1.4 1.7 36.9 1.00 21.23 0.247 0.9
52 11.02 0.179 61.6 0.849 18.80 0.7 325 2.71 13.03 0.927 79.16 36.3 0.085 0.524 N.A. 1.049  Y 1.243 1.2 1.8 38.1 0.99 22.15 0.247 0.7
53 11.16 0.179 62.4 0.849 18.80 0.7 325 2.71 13.19 0.948 81.07 37.6 0.086 0.529 N.A. 1.048  Y 1.258 0.9 1.8 39.4 0.99 23.09 0.248 0.6
54 11.30 0.179 63.1 0.849 18.80 0.7 325 2.71 13.36 0.970 83.02 38.9 0.087 0.533 N.A. 1.047  Y 1.273 0.7 1.8 40.7 0.98 24.05 0.249 0.5
55 11.44 0.179 63.9 0.849 18.80 0.7 325 2.71 13.53 0.992 84.98 40.1 0.088 0.538 N.A. 1.045  Y 1.287 0.6 1.8 42.0 0.98 25.03 0.249 0.4
56 11.58 0.179 64.7 0.849 18.80 0.7 325 2.71 13.70 1.014 86.97 41.4 0.089 0.542 N.A. 1.044  Y 1.302 0.4 1.8 43.3 0.98 26.03 0.250 0.3
57 11.72 0.179 65.5 0.849 18.80 0.7 325 2.71 13.87 1.036 88.98 42.7 0.090 0.546 N.A. 1.043  Y 1.318 0.3 1.9 44.6 0.97 27.05 0.250 0.2
58 11.86 0.179 66.3 0.849 18.80 0.7 325 2.71 14.03 1.059 91.01 44.1 0.091 0.550 N.A. 1.042  Y 1.333 0.2 1.9 45.9 0.97 28.10 0.251 0.1
59 12.00 0.179 67.1 0.849 18.80 0.7 325 2.71 14.20 1.081 93.06 45.4 0.091 0.554 N.A. 1.041  Y 1.349 0.1 1.9 47.3 0.97 29.17 0.251 0.1
60 12.14 0.179 67.8 0.849 18.80 0.7 325 2.71 14.37 1.105 95.14 46.8 0.092 0.557 N.A. 1.040  Y 1.365 0.0 1.9 48.7 0.96 30.26 0.252 0.0
61 12.28 0.179 68.6 0.849 18.80 0.7 325 2.71 14.54 1.128 97.24 48.1 0.093 0.561 N.A. 1.039  Y 1.380 0.0 1.9 50.0 0.96 31.38 0.252 0.0
62 12.42 0.179 69.4 0.849 18.80 0.7 325 2.71 14.71 1.152 99.36 49.5 0.094 0.564 N.A. 1.038  Y 1.397 0.0 1.9 51.4 0.96 32.52 0 0.0
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 KNA
STRUCTURAL ENGINEERS

Seismic Loading

Reference: 2022 CBC, ASCE 7-16
INPUT:
Job Location: Lodi, CA

Site Class D Soils Report
 

0.2 Sec MCE, Ss 0.632 g Soils Report
 

1.0 Sec MCE, S1 0.261 g Soils Report
 

Site Coeff., Fa 1.294 Soils Report
 

Site Coeff., Fv 2.078 Soils Report
 

SMS = Fa SS 0.818 g Soils Report
 

SM1 = Fv S1 0.542 g Soils Report
 

SDS = 2/3SMS 0.546 g Soils Report
 

SD1 = 2/3SM1 0.362 g Soils Report

Ts =SD1/SDS 0.662 sec

Long Period transition period, TL 12.0 sec ASCE 7-16 -Figure 22-12

Risk Category II Table 1604A.5

Seismic Design Category D 2022 CBC Section 1613A.3.5

OUTPUT:

Light Pole Class LS60A

Fundamental Period, T 1.76 sec 1/Pole Natural Frequency

Seismic coeff., R 1.5 ASCE 7-16 Table 15.4-2 

Overstrength Factor, Ω 1.5 ASCE 7-16 Table 15.4-2 

Importance Factor, I 1.00  ASCE 7-16 Section 15.4.1.1 & Table 1.5-2

Redundancy factor, ρ 1.0 ASCE 7-16 Section 15.6

DESIGN SEISMIC FORCE

V = CSW ASCE 7-16 Eqn. 12.8-1

CS = SDS/(R/I) for T≤TS 0.364 g ASCE 7-16 Eqn. 12.8-2

Cs max. for 1.5Ts <T≤ TL, Cs =1.5 SD1/T(R/I) 0.205 g ASCE 7-16 Sect. 11.4.8 & Eqn. 12.8-3

CS min = 0.044SDSI ≥ 0.03 0.030 g ASCE 7-16 Eqn. 15.4-1

if S1≥ 0.6g, CS min = 0.8S1/(R/I) N.A. g ASCE 7-16 Eqn. 15.4-2

Load Combination, 1.2D+ 1.0E ASCE 7-16 Section 2.3.2 Load Comb 5

    where E = Eh + Ev  ASCE 7-16 Eqn. 12.4-1
    and Eh = pQE 0.205 W  ASCE 7-16 Eqn. 12.4-3
    and Ev = 0.2SDSD 0.109 D  ASCE 7-16 Eqn. 12.4-4

Load Combination, 1.2D + (pQe + 0.2SDSD)  

Load Combination, 1.2D + (pQe + 0.2SDSD) 1.309 D + 0.205 W

Total Seismic Weight, W = 1.547 kips See following page

SEISMIC SHEAR, V = 0.397 kips < 1.391 kips WIND SHEAR WIND CONTROLS

SEISMIC SHEAR WITH O.F. ,  ΩV = 0.595 kips < 1.391 kips WIND SHEAR WIND CONTROLS

9/17/2024 Page 4



 KNA
STRUCTURAL ENGINEERS

Seismic Loading

Vertical Distribution of Seismic Force, Fx = CvxV ASCE7-16  Eqn. 12.8-11 & Section 12.8.5
k= 1.631

Item w hx wxhx
k wxhxk/∑wxhxk Cvx*V OTM

fixtures 0.153 61.14 125 0.354 0.112 6.87
0 0.000 0.000 0.00
0 0.000 0.000 0.00
0 0.000 0.000 0.00

Top Pole Section 0.034 57.50 25 0.071 0.023 1.30
2nd Pole Section 0.343 38.60 133 0.375 0.119 4.59
1st Pole Section 0.459 12.75 29 0.082 0.026 0.33

0 0.000 0.000 0.00
0 0.000 0.000 0.00
0 0.000 0.000 0.00
0 0.000 0.000 0.00

Speakers 0.111 30.00 28 0.080 0.026 0.77
ECE 0.060 12.00 3 0.010 0.003 0.04
1/2 Precast base above grade 0.387 7.25 10  0.028  0.009 0.06

Sum 1.547 354 1.000 0.317 13.96
Total Dead Load at grade 1.933

SEISMIC OTM = 13.96 kip-ft < 50.92 kip-ft  Wind OTM WIND CONTROLS

SEISMIC OTM WITH O.F. ,ΩM = 20.94 kip-ft < 50.92 kip-ft  Wind OTM WIND CONTROLS

9/17/2024 Page 5



engineer: HAEDER

design: Musco Pole 2B DSA

2B DSA Pole Calcuations - Page 1
ACI 318-19

Inputs

Pole Type DSA fpy = Strand Yield Strength

Do = Outer Diameter fpu = Strand Ultimate Strength

Di  = Inner Diameter f'c = 28 Day Strength of Concrete

Dtc = Diameter of Tendon Circle Es = Elastic Modulus of Strand

dt = Strand Diameter IPF = Initial Prestress Factor

n = Number of Tendons PLF = Prestress Loss Factor

Aps = Area of Single Strand a = 

Φ = Resistance Factor (see note) c = 

ß1 = f'c ≥ 8 ksi

Determine Concrete Compression Forces (Bending Only) NOTE:  Phi factor based on 0.75 for compression

Calculate the Properties of the Compression Zone controlled sections based on historical test data.

A.

co = Do/3 = Initial Guess

ro = Do /2 =

Θo = 2 * cos
-1 

((ro - a)/ro) = 

Io = ro
4
/8* Θo-sin(Θo)+(2*sin(Θo)*sin(Θo/2)²) =

Ao = (ro²*cos
-1

*(ro-a)/ro)-((ro-a)*√((2*ro*a)-a²) =

yro = (4*ro*sin(Θo/2)³)/(3*(Θo-sin(Θ.))) =

B.

ri = Di/2 = 

ai =

Θi = 2 * cos
-1

((ri - ai)/ri) = 

Ii = ri
4
/8* Θi-sin(Θi)+(2*sin(Θi)*sin(Θi/2)²) =

Ai = (ri²*cos
-1

*(ri-a)/ri)-((ri-a)*√((2*ri*a)-a²) =

yri = (4*ri*sin(Θi/2)³)/(3*(Θi-sin(Θi))) =

Note:

Conclusion

A

Ac = Ao - Ai = Area of the Compression Zone

Ic = Io - (Ii+Ai+yri²) = Mass Moment of Intertia of Combined Section

y = (Ao*yo - Ai*yi) / Ac = Centroid for the Combined Arc Section

yc = c + ro + y = Centroid for the Effective Compression Area

A' = π*(ro²-ri²)-Ac = Area of the Tension Zone with the Strand Included

3.58 in

58.5 in²

If the inner raidius is outside the compression zone, Ii & Ai will 

be set to 0

5.69 in

3.70 in

3.79 in

1.27

7.8 in^4

1.3 in²

2.48 in

0.55 in

0.65

3.97 in

2.36

451.5 in^4

29.49 in²

11.92 in

2B

0.76

5.625 in

9 in

0.5 in

10

0.153 in²

230.0 ksi

270.0 ksi

9.5 ksi

29000.0 ksi

0.64

0.82

436.4 in^4

3.85 in

28.2 in²

Calculate the Combined Section Properties:

Calculate the Section Properties based on Outer Radius  (Note: These Calculations Assume there is no core in the 

pole)

5.96 in

Calculate the Section Properties based on Inner Radius  (Note: These Calculations Assume there is no core in the 

pole)

2.81 in

a

ai

9/29/2023

 6655 Wedgwood Road, Ste 130  Maple Grove, MN 55311

RinkerPipe.com 6



engineer: HAEDER

design: Musco Pole 2B DSA

2B Pole Calcuations  - Page 2
Determine Concrete Compression Forces (Bending Only)

Conclusion Continued

B. Compute the Effective Compression Area

Note:

Apscomp = Nc * Aps =

Ae = Ac - Apscomp = 

C.

Fc = Ae * 0.85 * f'c = 

Determine Steel Tensile Forces

Calculate the Total Prestressing Force.

fse = IPF * PLF * fpu = Total Prestressing Stress

εse = fse/Es = Prestressing Strain 

fpy/Es = Maximum Tendon Yield Strain

Fps =  εse * Ast * Es = Force in Single Prestress Strand

Ft = Σ Line Forces  = From the Tension Line Table

Converge the Forces to Achieve a Balance Condition

c =

Fc - Ft = 

Calculate Moment Capacities

A. Compressive Force Moment

Mcf = (Fc*yc)/(12*in/ft) =

B. Tension Force Moment

Mt = ΣMti = Sum of Moments in the Tendon Line Table

Calculate Ultimate Moment Capacity

Extreme Tensile Strain = Within Transition Zone

Mn = Mcf + Mt = 

Ma = ΦMn = 

Mcr = Cracking Moment (See Page 3)

Calculate Development Length

fse = IPF * PLF * fpu =

fpy / fpu = 

γp = ACI 318-19 Table 20.3.2.3.1

Approximate fps = ACI 318-19 20.3.2.3.1

Ld = ACI 318-19 Eqn 25.4.8.1 & Approximate fps

66.5 k*ft

23.5 k*ft

223.1 kip

0 kip

223.1 kip

Effective Area of Concrete in Compression

Compute the Compression Force

21.7

5.69 in

0.61 in²

27.63 in²

Then number of strands in compression (Nc) is 

determinde by the results of the calculations in the 

Tendon Strain Table.

195.7

50.6 in

0.0049

0.0079

141.7 ksi

0.00229

90.0 kip*ft

68.8 kip*ft

42.5 kip*ft

141.7 ksi

0.85

0.40

Centroid of Effective 

Concrete Compression Area

~

Effective Concrete 

Compression Area

Neutral Axis

a
ro

d

c

Tendon with Maximum 

Tensile Strain

y͞ 
y͞

c

9/29/2023

 6655 Wedgwood Road, Ste 130  Maple Grove, MN 55311
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engineer: HAEDER

design: Musco Pole 2B DSA

2B Pole Calcuations  - Page 3
Calculation of Mcr and Other Properties

nt = n - nc  =

dp = Σ Elevations of Tendons in Tension/nt  =

Distance from Centroid of Tension Steel to Center of Pole

d = dp - ro =

bo = Do - dp =

Area of the Outer Region Determined by bo 

Aco' = ro²*cos
-1

((ro-bo)/ro)-((ro-bo)*√((2*ro*bo)-ro²)) =

Area of the Outer Region Determined by bi 

bi = bo - (ro - ri) =

Aci' = ri²*cos-1((ri-bi)/ri)-((ri-bi)*√((2*ri*bi)-ri²)) =

A'' = Aco'-Aci'=

Atot = π*(ro²-ri²) = Total Concrete Area

bdp = At = Atot - A'' =

fr = 7.5*√f'c = Modulus of Rupture

fpe = n*Aps*fse/Atot =

Ig = π/4 * ((Do)
4
-(Di)

4
) = Moment of Inertia of Gross Section

Mcr = (fr+fpe)/At*(Ig/ro) = Cracking Moment (ACI 318-19 24.2.3.9b)

ρ = Reinforcement Ratio

Calculation of Axial Capacity

Ac =

f'c =

Fpe =

Axial Capacity = Ac*(0.33*f'c-0.27*Fpe) =

Adjust Development Length at Steel Pole Overlap

Ground Line to Steel Pole - DSA = 0.6 ft

Max Pole Height = 70 ft

% Reduction DSA = Apply to fps and recalculate Ld

Adjusted Development Length DSA = in

0.91%

49.72

86.7 in²

9.5 ksi

2499.3 psi

213 kip

6

8.20 in

2.24 in

3.72 in

29.7 in²

0.57 in

1.3 in²

0.0157

28.4 in²

86.7 in²

58.3 in²

941.86008 in

42.5 k*in

2499.3 psi

731.0 psi

ri

ro dp

At

rt

Centroid of the 

Strand in Tension

9/29/2023

 6655 Wedgwood Road, Ste 130  Maple Grove, MN 55311

RinkerPipe.com 8
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DESIGN OF EMBEDDED POLE FOOTING-
NONCONSTRAINED
2022 CBC Section 1807A.7.3.2.1

RTM 
ENGINEERING CONSULTANTS

Mark/Type LS60-A LS60-A
WIND (EQ) SEISMIC

Precast Base, Design Moment capacity= øMn (K-Ft) = 69 69
Precast Base, Wind ASD Moment capacity= øMn(0.6) = 41
Precast Base, Seismic ASD Moment capacity= øMn(0.7) = 48
INPUT
ASD Shear, P lbs = 834 278
height of P above grade, h ft = 38.61 35.18
allow lateral brg pressure, s psf/ft = 200 200
max allow lateral brg pressure psf/ft = 2400 2400
P/C Base Diameter, b ft = 1.00 1.00

  
OUPUT   

P/
C

 B
as

e
@

 G
ra

de

ASD Moment at grade, M (w/ Overstrength for EQ) ft-lbs = 32,219 14,658
Mallow, P/C Base ft-kips = 41 48
Mmax/Mallow  - P/C Base = 0.780 0.304
IF Mallow>Mmax, P/C Base is O.K. O.K. O.K.

P/
C

 B
as

e 
be

lo
w

gr
ad

e,
 W

in
d

Depth to begin passive pressure, dp ft = 2.00 2.00
Eff. height of P above grade, h +dp 40.61 37.18
Moment at begin passive pressure, M ft-lbs = 33,888 -
Mallow, P/C Base ft-kips = 41 -
Mmax/Mallow  - P/C Base = 0.821 -
IF Mallow>Mmax, P/C Base is O.K. O.K. -

P/
C

 B
as

e 
be

lo
w

 g
ra

de
,

Se
is

m
ic

ASD Shear, ΩP (with Overstrength for Seismic) lbs = - 417
height of P above grade, h (w/ EQ Overstrength) ft = - 35.18
Moment at grade, M (w/ EQ Overstrength) ft-lbs = - 14,658
Moment at begin passive pressure, M (w/ EQ
Overstrength) - 15,491
Mallow, P/C Base ft-kips = - 48
Mmax/Mallow = - 0.322
IF Mallow>Mmax, Reinf. Base is O.K. for EQ
Overstrength - O.K.

USE REINF PIER USE REINF PIER

R
ei

nf
. P

ie
r

de
si

gn

Reinf Pier
Effective Reinf Pier diameter 3.0 3.0
Mallow, Reinf Pier Base ft-kips = 235 274
Mmax/Mallow = 0.144 0.057
IF Mallow>Mmax, Reinf. Base is O.K. for EQ
Overstrength O.K. O.K.

C
he

ck
 E

m
be

dm
en

t L
en

gt
h 

R
eq

'd
 fo

r L
at

er
al

 S
oi

l
Be

ar
in

g

Precast Base  -or-  Reinforced Pier REINFORCED PIER REINFORCED PIER
Effective Base/Pier diameter 3.0 3.0

acting lateral brg pressure, S1 psf = 533 353
allow lateral brg pressure, S1 psf = 533 353
A=2.34P/(S1b)  - ASD = 1.22 0.61

Min req'd embedment, d ft = 7.99 5.30
=A/2{1+[1+4.36(h+dp)/A]1/2}   
Depth to begin passive pressure ft = 2.00 2.00
Total embed req'd ft = 9.99 7.30

STANDARD EMBED DEPTH ft = 10 10
Total embed req'd/Standard embed = 0.999 0.730
IF Total embed req'd<Standard embed, O.K. O.K. O.K.

Ba
se

 b
el

ow
gr

ad
e,

 W
in

d

Precast Base  -or-  Reinforced Pier REINFORCED PIER REINFORCED PIER

Shear= 0 @ d={2P/sb)0.5 +depth neglected ft = 3.67 -
Mmax= M+Pd-sbd3/6 ft-kips = 34.8 -
Mallow ft-kips = 235 -
Mmax/Mallow = 0.148 -
IF Mallow>Mmax, base is O.K. O.K. -

Ba
se

 b
el

ow
gr

ad
e,

 E
Q

Shear= 0 @ d={2P/sb)0.5 +depth neglected ft = - 3.18
Mmax= M+Pd-sbd3/6 ft-kips = - 15.8
Mallow ft-kips = - 274
Mmax/Mallow = - 0.058
IF Mallow>Mmax, base is O.K. - O.K.

Page
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8BARSTRN.WK1
   POLE DESIGNATION: 60A    JOB NO: 463.559
   MANUFACTURER: MUSCO    PROJECT: Tokay HS Pool
   CLIENT:     LOCATION: Lodi, CA  

 

    ULTIMATE STRENGTH CHECK OF FOOTING REINFORCEMENT
          (BY STRAIN ANALYSIS FOR 8 BAR CAGE)

INPUT
                                                     
OUTSIDE DIAMETER, d = 36.00 IN
CONCRETE COVER TO REINF = 3.50
REINF CIRCLE DIAMETER, r = 28.00 IN
NUMBER OF REBAR = 8
SIZE OF REINF, # = 8
AREA OF REINF = 0.79 IN 6.32 > 5.09 IN^2 (MIN As=.005Ag)
REINF YIELD STRENGTH = 60.0 KSI  
CONC COMP STRENGTH = 3.0 KSI
MOD OF ELASTICITY,STEEL = 29,000 KSI
MOD OF ELASTICITY,CONC = 3,122 KSI

ASSUME
                                                     
CONCRETE STRAIN = 0.0030 IN/IN MAX
DISTANCE TO N.A., c = 6.52 IN

SOLUTION
                                                     
n = Es/Ec = 9.29
BETA = 0.85 ACI 22.2.2.4.3
a = BETA*c = 5.54  
a/d = 0.1538
CURVE B FACTOR FOR AREA = 0.0738 FROM CHART PG 703 REINF CONC FUND,BY FERGUSON,1965
COMPRESSION AREA = 95.64 IN^2
CURVE A FOR ARM TO c.g. = 0.816 FROM CHART PG 703 REINF CONC FUND,BY FERGUSON,1965
DIST. FROM c.g. TO cL. = 14.69 IN
YIELD STEEL STRAIN = 0.0021 IN/IN
SPACING OF REINF,THETA = 45 DEGREES    BENDING STRAIN STRAND STRESS INTERNAL FORCES ULTIMATE MOMENT CAPACITY
DIST FOR THETA 1, d1 = 32.00 IN    e1 = 0.01173455 IN/IN      fs = 60.0 KSI    F1 = 47.40 KIPS 100.7 KIP-FT
DIST FOR THETA 2, d2 = 27.90 IN    e2 = 0.00984609 IN/IN      fs = 60.0 KSI    F2 = 94.80 KIPS 168.9 KIP-FT
DIST FOR THETA 3, d3 = 18.00 IN    e3 = 0.00528818 IN/IN      fs = 60.0 KSI    F3 = 94.80 KIPS 90.7 KIP-FT
DIST FOR THETA 4, d4 = 8.10 IN    e4 = 0.00072955 IN/IN      fs = 21.2 KSI    F4 = 33.43 KIPS 4.4 KIP-FT
DIST FOR THETA 5, d5 = 4.00 IN    e5 = -0.0011582 IN/IN      fs = -33.6 KSI    F5 = -26.53 KIPS 5.6 KIP-FT

  CONCRETE = -243.89 KIPS 65.1 KIP-FT

 TOTAL = 0.00 KIPS 

Mu = 435.4 KIP-FT (ULTIMATE STRENGTH)
   Ms=0.9*Mu*0.6 = 235.1 KIP-FT (ASD)
   Ms=0.9*Mu*0.7 = 274.3 KIP-FT ( ASD)

239070-Tokay HS Pool-Calcs 09-17-2024.xlsx Page 11
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Geotechnical Engineering Report 

Tokay High School Swimming Pool Renovation | Lodi, California 

June 19, 2023 | Terracon Project No. NA235016 

 

Facilities  |  Environmental  |  Geotechnical  |  Materials 6 

Flooding 

Based on a review of the Federal Emergency Management Agency (FEMA) National Flood 

Layer (NFHL), the project site is not located within a mapped flood zone.  The project 

site is in an area with a FEMA Flood Zone X designation.  

Seismic Considerations 

The 2022 California Building Code (CBC) Seismic Design Parameters have been 

generated using the SEAOC/OSHPD Seismic Design Maps Tool. This web-based software 

application calculates seismic design parameters in accordance with ASCE 7-16, and 

2022 CBC. The 2022 CBC requires that a site-specific ground motion study be performed 

in accordance with Section 11.4.8 of ASCE 7-16 for Site Class D sites with a mapped Ss 

value greater than or equal 0.2. 

However, Section 11.4.8 of ASCE 7-16 includes an exception from such analysis for 

specific structures on Site Class D sites. The commentary for Section 11 of ASCE 7-16 

(Page 534 of Section C11 of ASCE 7-16) states that “In general, this exception 

effectively limits the requirements for site-specific hazard analysis to very tall and or 

flexible structures at Site Class D sites.” Based on our understanding of the proposed 

development, it is our assumption that the exception in Section 11.4.8 applies to the 

proposed structure. However, the structural engineer should verify the applicability of 

this exception.  

Based on this exception, the spectral response accelerations presented in the following 

table were calculated using the site coefficients (Fa and Fv) from Tables 1613.2.3(1) and 

1613.2.3(2) presented in Section 16.4.4 of the 2022 CBC. 

Description Value 

2022 California Building Code (CBC) Site Classification1 D2 

Risk Category IV 

Site Latitude3 38.1103º N 

Site Longitude3 121.2865º W 

SS, Spectral Acceleration for a Short Period4 0.632 

S1, Spectral Acceleration for a 1-Second Period4 0.261 

Fa, Site Coefficient 1.294 



Geotechnical Engineering Report 

Tokay High School Swimming Pool Renovation | Lodi, California 

June 19, 2023 | Terracon Project No. NA235016 

 

Facilities  |  Environmental  |  Geotechnical  |  Materials 7 

Description Value 

Fv, Site Coefficient (1-Second Period) 2.078 

SDS, Spectral Acceleration for a Short Period 0.546 

SD1, Spectral Acceleration for a 1-Second Period 0.362 

1. Seismic site soil classification in general accordance with the 2022 California 

Building Code, which refers to ASCE 7-16. Site Classification is required to determine 

the Seismic Design Category for a structure. 

2. The Site Classification is based on the upper 100 feet of the site profile defined by 

a weighted average value of either shear wave velocity, standard penetration 

resistance, or undrained shear strength in accordance with Section 20.4 of ASCE 

7-16 and the 2022 CBC. Subsurface explorations at this site were extended to a 

maximum depth of approximately 15 feet bgs. The site properties below the maximum 

exploration depth to 100 feet were estimated based on our experience and knowledge 

of geologic conditions of the general area. Additional deeper exploration or geophysical 

testing may be performed to confirm the conditions below the current maximum depth 

of exploration. 

3. Provided coordinates represent a point located at the general center of the site.  

4. These values were obtained using online seismic design maps and tools provided 

by SEAOC and OSHPD (https://seismicmaps.org/). 

Typically, a site-specific ground motion study may reduce construction costs. We 

recommend consulting with a structural engineer to evaluate the need for such a study 

and its potential impact on construction costs. Terracon should be contacted if a site-

specific ground motion study is desired.  

Corrosivity 

The following table lists the results of laboratory soluble sulfate, soluble chloride, 

electrical resistivity, and pH testing. The values may be used to estimate potential 

corrosive characteristics of the on-site soils with respect to contact with the various 

underground materials which will be used for project construction. 

Corrosivity Test Results Summary 

Boring 

Sample 

Depth 

(feet) 

Soil 

Description 

Soluble 

Sulfate 

(%) 

Soluble 

Chloride 

(%) 

Electrical 

Resistivity 

(Ω-cm) 

pH 

B1 4½ Silty Sand 0.004 0.001 12,000 7.82 

https://seismicmaps.org/
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