APPENDI X C — Example Design Calculations

Northern Arizona University | Concrete Canoe 2026 | Design C: 216" x 36" x 18" x 0.75"
Integrated with concrete_canoe_calculator.py v2.1 —single source of truth

C.1 Design Parameters and Assumptions

- Hull dimensions: L=216", B=36", D=18", t=0.75" [2] ASCE 2026 Sec 5.5.4

- Concrete: 60 PCF, f'c=2000 psi, f_r=1500 psi [6] ASTM C78

- Waterplane coefficient C wp=0.7 [3] SNAME Vol |, Table 2.1

- Load factors: U = 1.2D + 1.6L [1] ACI 318-25 Sec 5.3.1b

- Hull weight: 245.0 Ibs from estimate_hull_weight() [Tool-D]

- Section properties: section_modulus thin_shell() [Tool-B] via parallel axistheorem [5]
- Crew weights: Mae 200 Ib, Female 150 Ib, Coed 175 Ib [2] Sec 6.2

C.2 Hull Weight Calculation [Tool estimate_hull_weight]
estimate_hul | _wei ght (216.0, 36.0, 18.0, 0.75, 60.0) = 245.0 | bs

Method: U-shaped shell (bottom + 2 walls) x Cp=0.55 (prismatic) x 1.10 (overhead). Cross-check via Ramanujan half-ellipse:
318.1 Ibs (no overhead). Reference: [4] Ramanujan 1914, [Tool-D] verified.

C.3 Free-Body Diagram — Governing Load Case

Free-Body Diagram — 4-Person Coed (Governing)
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4-Person Coed: 245 Ibs hull + 700 Ibs crew = 945 Ibstotal. Self-weight (blue UDL), crew (red point loads), buoyancy (green). Conservative model:
simply-supported beam [5] Ch. 5.

C.4 Load Case Comparison [Tool run_complete analysis|

W_total Dr aft FB M_max
Load Case - . . -
(Ibs) (in) (in) (Ib-ft)
2-Person Male 645 3.28 14.72 25.75 2351 217.8 6.89
2-Person Female 545 2.77 15.23 31.76 1901 176.1 8.52
4-Person Coed 945 4.81 13.19 15.69 3701 342.8 4.38

Governing: 4-Person Coed with M_max = 3701 Ib-ft. All values fromrun_complete analysis() [ Tool-A].



C.5 Cross-Sectional Properties[Tool section_modulus_thin_shell]

Cross-Section (Thin-Shell U-Section)
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section_nodul us_thin_shell (36.0, 18.0, 0.75) = 129.6 in3
Hand calculation verification [5] Parallel Axis Theorem:

Bottom pl ate: Am = 36.0x0.75 = 27.00 in2, ym = 0.375"
Side walls (2): Am = 0.75x17.25 = 12.938 in2 each, ym = 9.375"
Centroid [5] Eq. 6.3: y_bar = ZAi-y_i/ZA = 4.779"
I _bot = 1.27 + 27.00%(4.78-0.375)2 = 525.0 inm
| side = 320.81 + 12.94x%(9.38-4.779)2 = 594.1 inm
I_x = 525.0 + 2x594.1 = 1713.1 inm [5] Eq. 6.6
Stop =1 _x/(Dy_bar) = 1713.1/13.22 = 129.6 in® (conpression)
S bot = 1_x/y_bar = 1713.1/4.78 = 358.4 in3 (tension)
Calculator output matches hand calculation exactly. Reference: [5] Beer et al., [ Tool-B]

C.6 Shear and Moment Diagrams

Shear & Moment — 4-Person Coed (Governing)
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UDL w = 52.51b/ft, M_max = wL%/8 = 52.5x18?%/8 = 3701 Ib-ft at midspan [5] Table A-5



C.7 Governing Case — Detailed Calculations

A. Hydrostatics [3] SNAME Vol I, Ch. 2
Wtotal = 245 + 700 = 945 |bs
V_ disp = Wp_ water = 945/62.4 = 15.14 ft3 [ Archi nedes [3] Sec 2.2]
AW = LxBxC wp = 18.0x3.00x0.7 = 37.80 ft2 [3] Table 2.1
Draft T = VA w = 15.14/37.80 = 0.401 ft = 4.81"
Freeboard=D - T =18-4.81 =13.19" > 6.0" [2] Sec 6.2. PASS

B. Stability [3] SNAME Vol I, Ch. 3
I _wp = C wpxLxB3/12 = 0.7x18.0x3.003/12 = 28.3500 ftm [3] Sec 2.3
BM = | _wp/V = 28.3500/15.14 = 1.8720 ft = 22.46" [Bouguer [3] Sec 3.2]
KB = T/2 = 0.401/2 = 2. 40" [3] Sec 3.1
KG = 9. 18" (weighted COG from [ Tool -C] cal cul ate_cog_hei ght)
GM =KB + BM - KG =240+ 2246 - 9.18 = 15.69" > 6.0". PASS

C. Structural Analysis[1] ACI 318-25 LRFD
MD = w_hul I xL2/8 = (13.6)x182/8 = 551 | b-ft [5] sinply-supported UDL
ML (crew at midship) = PxL/4 = 700x18/4 = 3150 | b-ft [ Tool - E]
Mu =1.2MD + 1.6ML = 1.2x551 + 1.6x3150 = 5702 | b-ft [1] Sec 5.3.1b
oc = Mu/S top = 68419/129.6 = 528.0 psi (conpression) [5] o=M'S
ot = Mu/S bot = 68419/358.4 = 190.9 psi (tension)
SF _comp =f'c/o_c =2000/528.0=3.79>2.0. PASS
SF tens=f_r/o_t =1500/190.9 =7.86 > 2.0[6] ASTM C78. PASS
oM n = @xf_rxS bot/12 = 0.65%x1500. 0x358. 4/ 12 = 29124 | b-ft [1] Sec 21.2.1
DCR=M_u/@M_n=5702/29124 =0.196 < 1.0. PASS

D. Punching Shear [1] ACI 318-25 Sec 22.6.5.2
Contact: 4"x4" (paddler knee), d_eff = 0.8t = 0.60" [1] Sec 22.6.4.1
b o=4(c +d) =4(4 + 0.60) = 18.40" [1] Sec 22.6.4.2
V_u = 1.6xP_paddl er = 1.6x175 = 280 | bs [1] Sec 5.3.1b
@V_c = 0.75x4v2000. 0x18. 40x0. 60 = 1481 Ibs [1] Sec 22.6.5.2
DCR =280/1481 =0.189< 1.0. PASS



C.8 Compliance Summary

ASCE Requirement Calculated Limit SEWN
Freeboard [2] Sec 6.2 13.19" >=6.0" PASS
Metacentric Height [3] 15.69" >=6.0" PASS
Compressive SF 3.79 >=2.0 PASS
Tensile SF [6] 7.86 >=2.0 PASS
Flexural DCR [1] 0.196 <1.0 PASS
Punching DCR [1] 0.189 <1.0 PASS

C.9 Calculator Verification

All calculations performed by concrete canoe calculator.py v2.1 — NAU's validated hull analysis engine with 5 test modules
(pytest passing). Functions used:

- estimate_hull_weight() — weight from geometry [Tool-D]

- section_modulus_thin_shell() —1_x, S x viaparalel axistheorem [Tool-B]

- run_complete_analysis() — full pipeline [Tool-A]

- metacentric_height_approx() — GM with |_wp/V [Tool-C]

- bending_moment_distributed_crew() — M with concentrated crew [Tool-E]

Cross-sectional properties computed by hand using parallel axis theorem per [2] ASCE 2026 RFP Sec 5.5.16. Calculator output verified against hand calculations.
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