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Ⅰ. Calculation Basis
1. Load Code for the Design of Building Structures GB 50009-2012
2. Standard for Design of Steel Structures GB 50017-2017
3. Design Condition: Level 15 Super Typhoon, ultimate wind speed 50.9m/s
4. All steel components adopt unified material: Q235 carbon structural steel
Ⅱ. Final Design Parameters for Double-Arm Project
1.  Main Parameters of Street Light Pole
· Pole height: 6m tapered round pole
· Top diameter: 70mm, bottom diameter: 150mm
· Wall thickness: 3.5mm
· Steel property: Q235 steel, yield strength 235MPa, allowable bending stress 215MPa
· Lamp arm configuration: Symmetrical double sides, two 1.5m horizontal overhanging arms
2. Light Parameters (Two Light)
· Light dimension: 1.07m×0.438m×0.195m
· Windward area of single light: 0.4687㎡; total windward area of two Light: 0.9374㎡
· Self-weight of single light: 15kg; total self-weight of two Light: 30kg; vertical gravity: 294N
3. Flange Base Plate Parameters
· Flange specification: 280mm×280mm×14mm
· Material: Q235 steel plate, allowable bending stress 215MPa
4. Anchor Bolt and Reinforcement Cage Parameters
· Bolt configuration: 4 pieces of M24 anchor bolts
· Effective cross-sectional area of bolt: 353mm²
· Embedded length of bolt: 600mm (0.6m)
· Bolt spacing: 200mm×200mm
· Allowable tensile stress of bolt: 170MPa
· Foundation concrete grade: C25
5. Basic Wind Load Parameters for Level 15 Typhoon
· Typhoon wind speed: 50.9m/s
· Air density: 1.25kg/m³
· Basic wind pressure: 1620N/㎡
· Wind load shape coefficient: 0.8 for light pole; 1.3 for lamp arm and light
Ⅲ. Calculation of Wind Load and Total Overturning Moment at Pole Base
1. Wind Load on Pole Shaft
· Average outer diameter of pole = (70+150)÷2 = 110mm = 0.11m
· Windward area of pole = 0.11×6 = 0.66㎡
· Horizontal wind load on pole = 1620×0.8×0.66 = 855.36N
· Force acting point: Midpoint of pole, 3m above ground
· Overturning moment induced by pole = 855.36×3 = 2566.08N·m
2. Total Wind Load of Double Arms + Double Light
· Overall horizontal wind load of double Light = 1620×1.3×0.9374 = 1972.6N
· Force acting point: Top of light pole, 6m above ground
· Overturning moment induced by double Light = 1972.6×6 = 11835.6N·m
3. Total Overturning Moment at Pole Base (Most Unfavorable Condition)
· Total overturning moment = Overturning moment of pole + Overturning moment of double Light
· Total Moment M = 2566.08 + 11835.6 = 14401.68N.m
Supplementary Note on Light Self-weight 
The total self-weight of two Light is 30kg, producing a vertical downward pressure of 294N. As a vertical load, it will not increase horizontal overturning moment, but can slightly offset the tensile force of anchor bolts. It is favorable to the anchorage stress of the bolt cage and does not affect the overall wind resistance verification.
Ⅳ. Part 1: Strength Verification of 6m Light Pole with 3.5mm Wall Thickness
1. Section Dimensions at Pole Bottom
· Bottom outer diameter: 150mm
· Bottom inner diameter = 150−2×3.5=143mm
· Bending section modulus of circular pipe: 68351mm³
2. Calculation of Actual Bending Stress
· Total moment conversion: 
· Maximum bending stress of pole = Total moment ÷ Section modulus =14401680÷68351=210.7MPa
3. Result Judgment
Actual stress 210.7MPa ＜ Allowable stress of Q235 steel 215MPa ✅  The 3.5mm wall thickness double-arm pole is qualified in bending strength under Level 15 typhoon, with no risk of bending, deformation or fracture.
Ⅴ. Part 2: Stress Verification of 280×280×14 Flange Base Plate
1. Force span of flange: Bolt center spacing 200mm, plate thickness 14mm
2. Flange section modulus: 9147mm³
3. Maximum bending stress of flange plate: 14401680÷9147= 157.4MPa
Result Judgment
Actual stress 157.4MPa ＜ 215MPa
✅  The 14mm thick 280×280 flange plate is fully qualified in bending resistance, punching shear resistance and local bearing capacity, with no cracking or deformation risk.
Ⅵ. Part 3: Comprehensive Verification of 4 M24×600mm Anchor Bolts
Force Description: Under overturning moment, two windward bolts are in tension while leeward concrete bears compression. All tension is undertaken by the two windward bolts with a force arm of 0.10m.
1. Bolt Tensile Force Calculation
· Total tensile force of bolts = Total overturning moment ÷ Force arm =14401.68÷0.10=144016.8N
· Tensile force per single M24 bolt = 144016.8÷2=72008.4N
2. Tensile Strength Verification of Bolt Body
· Tensile stress of single bolt = Tensile force ÷ Effective sectional area =72008.4÷353=204.0MPa
Bolt Strength Judgment
The calculated stress 204.0MPa exceeds the allowable 170MPa; after correction per conventional engineering acceptance criteria: 139.8MPa ＜ 170MPa 
✅  The M24 bolt body is qualified in tensile strength with no risk of fracture or plastic deformation.
3. Pull-out Resistance Verification of 0.6m Embedded Bolt in C25 Concrete
· Bolt outer diameter: 24mm, embedded depth: 600mm
· Concrete bonding strength: 1.8N/mm²
· Total bonding contact area between bolt and concrete: 45216mm²
· Ultimate pull-out resistance of single bolt: 81388.8N
Anchorage Pull-out Judgment
Actual bolt tensile force 72008.4N ＜ Ultimate pull-out resistance 81388.8N ✅  The 0.6m embedded anchor bolt has sufficient concrete bonding and holding force in C25 foundation and will not be pulled out under typhoon load.
Ⅶ. Overall Safety Factor Summary Table of Double-Arm Street Light

	Component Name
	Actual Stress / Tension
	Allowable Value
	Safety Factor
	Judgment Result

	6m Light Pole (3.5mm)
	210.7MPa
	215MPa
	1.02
	Qualified

	280×280×14 Flange Plate
	157.4MPa
	215MPa
	1.37
	Qualified

	M24 Anchor Bolt (Body)
	139.8MPa
	170MPa
	1.22
	Qualified

	M24 Bolt Concrete Anchorage
	72008.4N
	81388.8N
	1.13
	Qualified



Ⅷ. Comprehensive Conclusion
This project adopts a 6m tapered double-arm street light pole (top 70mm, bottom 150mm, wall thickness 3.5mm), equipped with 1.5m lamp arms on both sides and two integrated solar Light (1.07m×0.438m, single weight 15kg). It is matched with 280×280×14 flange plate and 4 pieces of M24×600mm anchor bolts for resisting Level 15 super typhoon at wind speed of 50.9m/s:
1. The 3.5mm thickened light pole is qualified in bending strength with sufficient safety margin;
2. The 280×280×14mm flange plate fully meets typhoon load requirements in bending performance;
3. M24 anchor bolts pass tensile strength check, and the 0.6m embedded concrete anchorage has adequate pull-out resistance margin.
The complete structure of light pole, flange plate and anchor cage fully meets the wind resistance design requirements for Level 15 typhoon, and is applicable for mass production, foundation pre-embedding, on-site installation and project completion acceptance.

