Bamboo Engineering
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Traditional dowelled
connections rely on loading a
small area of bamboo in shear.
This significantly restricts the
force that can be transferred.
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3D printed coupler







“Full strength” cross node
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Concept design for an anticlastic bamboo gridshell, using principles

inspired by Frei Otto, to form a great hall.




Green School Great Hall
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Engineered Bamboo



Mechanical Properties - Engineered Bamboo Products

Lamboo LVE MOS0 Bamboo GL 24c BauBuche ReNuTeq VeraLam
M-finity el
= | F .
WE
Density [kg/m?] 705 650-700 365 00 673
Young's Modulus (MOE) [GPal 9.0 97 11 168 20.0
Flexural Strength (MOR) [MPal 77.2 56.7 24 75 883
Compressive Parallel 56.0 34.4 215 50 4 93.0
Strength
[MPa] Perpendicular 198 99 25 148 209
S— Parallel 60.7 9.9 17 60.0 147.9
Strength
[MPa] . 1.9 Edgewise
Perpendicular 46 2 8 Flatwica 05 06 3.7
Shear Strength [Mpal 200 4.6 Ecigmuzs 35 45 200

6.5 Flatwizie
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Japanese Joinery Examples







‘atelier one

2. Design Parameters
The following design parameters have been established for the purposes of the cross-comparison exercise.

2.1 Court Layout

The structure is to accommodate 2 basketball courts. The arrangement of these courts is still undecided. The below arrangement has been
selected for the

2170 — Fort Erie Basketball Court Page |45



‘atelier one

1. INTRODUCTION

This document compares various structural forms proposed for the project - Fort Erie Basketball Court.

Barrel Arch
Without Props

Barrel Arch
With Props

Dome

’r a S
AR P
FART\Z\Z 4

G

Z

Stability in lengthwise direction is not
yet addressed and thus will require
further bracing.

Barrel Arch With Props

and Releases Portal Frame

Dome

2170 — Fort Erie Basketball Court
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‘atelier one

3. Comparison Exercise

3.3 Barrel Arch — Propped and Released

3.3.4.2 Deflection cases

WIND LOAD

DEAD LOAD

B
A
WIT7
\\\ﬁ > "‘ f
h
—a

16mm Deflection

5mm Deflection

SNOW LOAD -1 SNOW LOAD -2

44mm Deflection

129mm Deflection
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3. Comparison Exercise

3.4 Portal

3.4.4.2 Deflection Cases

WIND LOAD

Y-Axis

DEAD LOAD

22mm Deflection
69mm Deflection

A

SNOW LOAD -1
Uniform

SNOW LOAD -2

CASE II IR

. S

93mm Deflection

92mm Deflection
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3. Comparison Exercise

3.5 Pitched Roof

3.5.4.2 Deflection Cases

DEAD LOAD

23mm Deflection

SNOW LOAD -1
Uniform

134mm Deflection

WIND LOAD

Y-Axis

32mm Deflection

[TTTT
CASE II P biteg
I

91mm Deflection

2170 — Fort Erie Basketball Court
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atelier one ”

3. Comparison Exercise

3.6 Domed Roof — Pinned Internal Dome A

3.6.4.2 Deflection Cases 4 4 5
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‘atelier one

4. Comparison Summary

Scenario 1. Barrel Arch — No Prop 2. Barrel Arch — Prop 3. Barrel Arch - Propped and 4. Portal 5. Pitched Roof
Released
la. Deflection Limit: L/200 1b. Deflection Limit: None
Section Arch ‘ 1000 » 300 | U:0.54 Arch ‘ 800 x 200 ‘ U: 0,98 Arch 200 % :0.97 Arch 850 x 200 U:0.93 Bearms 1100 %200 u:0.79 Top Chord &00 x 200 - 0.76
. 200
Sizes
Column 400 x U:0.38 Column 400 x 200 u:0.98 Columns 1100 x 200 L0928 Bottom Chord | 400 x 200 - 0.98
200
Back Props 400 x 200 095 Truss 200 % 200 U:0.24
Members
Tie 89.3 CHS - 0.86
Columns 800 x 200 U:0.96
Total 231m? 117 128 m? 133m? 144 m? 1737
Volume
Deflection 85mm 309mm 104mm 129mm 93mm 132mm
Envelope L21l L/58.25 Li200 Li1e2 L/354 Li250
Additional = Effective length = 0.85L » Effective length = 0.85L + Effective length = 0.85L » Effective length = 0.85L + Effective length = 0.85L » Effective length=L
notes s Al joints fixed *  All joints fixed * Arch joints fixed; column joint = Arch joints fixed; column joint » Lateral restraints taken at 2.3m = Al joints pinned
phned pinned, back prop joint pinned centres = Lateral restraints for top chord taken at
» Al joints fixed 2.3m centres

2170 — Fort Erie Basketball Court
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4. Comparison Summary

Scenario

6. Pinned Domes

7. Fixed Domes

8. Fixed Domed - Internal Props

6a. Arrangement A

6b. Arrangement B

7a. Arrangement A

7b. Arrangement B

8a. Arrangement A

8b. Arrangement B

Section
Sizes

CI;ZRI"JR'[;A L sggﬂx u.0.82 CENTRAL ARCH 92550}( u.0.91 CENTRAL ARCH 9;)500;( U:0.79 CENTRAL ARCH 9‘.?500)‘ 0.88 CENTRAL ARCH | 250 X 200 0.33 CENTRAL ARCH 250 X 200 0.24
Toous | 0K\ uoss | NIEWALOOWE | x| yogy | INEEMALDOME | 250K | g7 | NIERMALDOME | 20X | g |WIENALOONE szl o7s | NIETALOONE | csoxmo | o7
RING BEAM 2;)3]0)( U:0.43 RING BEAM 2;30}( U:0.49 RING BEAM 220;]0}{ U:0.23 RING BEAM 2380,‘ 0.49 RING BEAM 2;80}‘ 0.23 RING BEAM 200X 200 0.24
((:SE)T_-LFJFI'!\-'IAI*II_ S;IISUGX u.0.81 CENTRAL COLUMN 620(:[3; u.0.83 CENTRAL COLUMN 5203; U:0.74 CENTRAL COLUMMN 5200001 0.9 E‘.E]TL;RI'& 3;)80}( 0.28 EE]NLL?HAI“I‘I_ 300 X 200 0.40
T | vose | e [ 997] ves | e | or| os | ehmmr | 40T o3 | TMMERT | 0T oo | REMCET | oo | om

Total
Volume

Internal Dome — 133 m?
Central Arch - 5 m?
Ring Beam - 6.25 m?
Columns - 27 m?

Internal Dome - 127 m>
Central Arch - 5 m?
Ring Beam - 7 m?*
Columns - 34 m*

Internal Dome — 95 m?
Central Arch - 5m?
Ring Beam - 6.25 m*
Columns - 29.5 m*

Internal Dome - 105 m
Central Arch - 5 m?
Ring Beam - 7 m?
Columns - 34 m?

Internal Dome - 78 m?
Ring Beam - 6.25 m?
Columns - 31 m?

Internal Dome - 92.7 m?
Ring Beam - 7 m?
Columns - 38 m?®

Deflection
Envelope

53mm
L5830

B4mm
L518

53mm
L/530

42mm
L/EEE

42mm
L/EEE

47mm
L/595

Additional
notes

» [Effective length =L
* Internal dome joints are
pinned

» [Effective length =L
Internal dome joints are pinned

Effective length = 0.7L

All internal dome joints fixed
Connection to central arch pinned
Connection to ring beam pinned

Effective length = 0.7L

All intemal dome joints fixed
Connection to central arch pinned
Connection to ring beam pinned

Effective length = 0.7L

All intemnal dome joints fixed
Connection to columns fixed
Connection to ring beam pinned

Effective length = 0.7L

All internal dome joints fixed
Connection to columns fixed
Connection to ring beam pinned

2170 — Fort Erie Basketball Court
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