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INTRODUCTION

A long span lattice structure emulating the behavior of a shell structure with the majority of load being
transmitted in plane through the lattice members with nodes that behave as if they were pinned.
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INTRODUCTION

MEASURES OF STRUCTURAL EFFICIENCY FOR SHELLS

Ustrain = EVO'E = —VEe* = ==0*



INTRODUCTION

How CAN THE CREATION OF A GRIDSHELL BY USING PRINCIPLE STRESS DIRECTIONS BE USED PROVIDE A MORE EFFICIENT STRUC-
TURE THAT FOLLOWS PRINCIPAL STRESS LINES?
How CAN ROD PATHS BE PLOTTED ALONG PRINCIPAL STRESS STREAMLINES ON FREEFORM SURFACES?

VWHAT FORM FINDING METHODS ARE SUITABLE FOR GENERATING AN EFFICIENT STRUCTURAL FORM WITH HIGH PERCENTAGE SHELL
BEHAVIOR (NO OUT OF PLANE FORCES) AND LOW STRAIN ENERGY DENSITY(HIGH STIFFNESS)?

IS THERE A CONSIDERABLE ADVANTAGE IN OPTIMIZING A GRIDSHELL STRUCTURE BASED ON PRINCIPAL STRESS STREAM LINES AND
AN ARBITRARY GENERATED TESSELLATION?
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MECHANICS

Method 1: Plate Mechanics

Twin Surface Shells

s = 85

ptat:pS+pB




MECHANICS

Beam Behavior for Plate Section 40




MECHANICS

SHELL BEHAVIOR FOR MOMENT HiILL oF PLATE

WoRsT CAaSE MOMENT (MYY/T)

Largest Value: 4431.5 N/M

In Plane Force (S3*T)

LARGEST VALUE: -1.11e5 N/m
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Moment Hill and Gradient Descent
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Moment Hill and Gradient Descent
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MECHANICS

PLATE YIELDING

PriNcIPAL MOMENT TRAJECTORIES YIELD PRINCIPAL FORCE DIRECTIONS ON THE SURFACE OF THE PLATE

BERANEK EXAMINED PLATE YIELDING BEHAVIOR
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FIRST EsTIMATION: DEFLECTION SURFACE

Deflection

Why didn’t this work?
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Rotation Surface




MECHANICS

Second Estimation: Rotations Surface

Closer but still some discrepancies: Corners contain high V., Vi, mxyand m,, values due to twist. This theory is only applicable to twistless shells
and therefore may be causing the discrepancies.
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Method 2:
Discrete Computation and Streamline Mapping
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2 Curve Directional Loft
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ExTRAPOLATE UV PoOINTS VERTICALLY
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ANY CURVE/SURFACE INTERSECTION?
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Viscous DAMPING
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QuAD - NO SHEAR STRENGTH DiaGoONALS WITH SAME STRENGTH AS QUADS

E
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ForM FINDING
DIAGONALS WITH STRENGTH BAsSeED oN GEOMETRY DiaGONALS BAseED oN PoissoN’s RATIO

E E(>+h
(]_[)\/5 kd: — (0 0)
k, = 0 20+v) 4l h,(1+0)




QuAD FORM FINDING STRUCTURE

STrRAIN ENERGY DENSITY (KJ/M?) MEAN SHELL BEHAVIOR SCORE
: Line : Line
4 Point MHS 4 Point MHS
Supports Supports
QuADS 5.77e-2 1.33e-3 1.066-3 QuADS 93 96.8 91.5
ForM FINDING
DiAGONALS SAME STRENGTH AS Quabs  2.10e-2 2.16€e-3 1.22e-3  DIAGONALS SAME STRENGTH AS QUADS 97.2 96.7 92.2
DIAGONALS BASED ON GEOMETRY 1.81e-2 1.94e-3 1.26€e-3 DIAGONALS BASED ON GEOMETRY 88.4 96.8 91.8
DiacoNALS BAseD oN PoissoN’s Ratio 1.58€e-2 1.74e-3 1.29e-3  DiaconaLs Basep oN PoissoN’s RATIO 90 96.9 91.9




ForRce AREA RATIO P=GxA#GxA, E
4 Point ne MHS
Supports
/\ NoN FAR STrAIN ENERGY DENSITY 2.32€E-2 1.26€-3 1.39€e-3
FFFFFFFFFFF

FAR STRAIN ENERGY DENSITY 2.34e-2 1.17e-3 1.13e-3

l l l l l l l l l l % IMPROVEMENT -0.82% 7.18% 18.5%



F.A.R. LoorING
] e
Hl l l m 4Point | o ke | MHS
l l l FAR StaiN ENERGY DENSITY 2.34€-2 1.17e-3 1.13e-3
FFFFFFFFFFF
LooOPED STRAIN ENERGY DENSITY 2.3bg-2 1.19e-3 1.14e-3
| | L | | | | @ % IMPROVEMENT 042 | -17% | -0.88%
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PROJECTION

TutTE EMBED

FLATTENING METHODS

XY PROJECTION

TuTtTE EMBEDDING

Maximum
Difference in
Face Area

0.197

0.205

Minimum
Difference in
Face Area

1.65€e-7

3.5e-b

Mean
Difference in
Face Area

0.018

0.101

Median
Difference in
Face Area

0.003

0.099
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KARAMBA

R = 0.99* Step Size
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EurocopeE EN-1991: AcTioNs ON STRUCTURES
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UV Base DirecTioNs (EXPECTED OPTIMUM)

STRAIN ENERGY(K]): 2527

SHELL BEHAVIOR PERCENTAGE: 80.83%

Mass(kg): 368794
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SHELL BEHAVIOR PERCENTAGE: 87.36%

Mass(kag): 719257

REsuLTs



CoMBINED DiAGONALS AND V DIRECTION

STRAIN ENERGY(K)): 2535

SHELL BEHAVIOR PERCENTAGE: 75.15%

Mass(kG): 669424

REsuLTs



PeErioDIC GLOBAL PARAMETERIZATION

STRAIN ENERGY(K)): 2281

SHELL BEHAVIOR PERCENTAGE: 86.15%

REsuLTs



STREAMLINE

STRAIN ENERGY(KkJ): 2135

SHELL BEHAVIOR PERCENTAGE: 7/8.94%

Mass(kg): 509424

REsuLTs



STREAMLINE WITH AuTOMATED CONVERGENCE

STRAIN ENERGY(KkJ): 2139

SHELL BEHAVIOR PERCENTAGE: 7/8.92%

Mass(ka): 509488

REsuLTs



REsSuLTS

REsuULTS SUMMARY

MASSipest strain _energy, .. shell _behavior
mass strain _energy  shell _behavior,,,,,
Score =
3

Type Mass (kg) Strain Energy (kJ) Mean Shell Behavior Score
Base 1 (UV) 368794 2527 0.8083 0.911
Base 2 (Diagonals) /719527 2043 0.8736 0.838
Base 3 (Combined) 669424 2535 0.7515 0.739
Streamline 509424 2135 0.7894 0.861
Parameterization 517174 2281 0.8615 0.865
Streamline Automated 509488 2139 0.7892 0.860
Convergence
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OW CAN ROD PATHS BE PLOTTED ALONG PRINCIPAL STRESS STREAMLINES ON FREEFORM SURFACES?

VWHAT FORM FINDING METHODS ARE SUITABLE FOR GENERATING AN EFFICIENT STRUCTURAL FORM WITH HIGH PERCENTAGE SHELL
BEHAVIOR (NO OUT OF PLANE FORCES) AND LOW STRAIN ENERGY DENSITY(HIGH STIFFNESS)?

IS THERE A CONSIDERABLE ADVANTAGE IN OPTIMIZING A GRIDSHELL STRUCTURE BASED ON PRINCIPAL STRESS STREAM LINES AND
AN ARBITRARY GENERATED TESSELLATION?

CONCLUSION



How CAN ROD PATHS BE PLOTTED ALONG PRINCIPAL STRESS STREAMLINES ON
FREEFORM SURFACES?

Streamline Method Generates A Viable Topology Generation for Non-Standard Patterning
Allows for Topologies which do not require UV strips.
Currently Still Requires Cleanup By Hand
Singularities Can Create Major Problems In Areas As Vectors Converge

Future Work: Principal Curvature Vectors can be weighted and integrated into the analysis for planarity
constraints

CONCLUSION



Plate Analysis Deemed Most Likely Elegant Long Term Solution

Creates clearer and more generalized solutions not reliant on a vector step function if a surface can be
created to generate isolevels and principal ascent

CONCLUSION



CONCLUSION

VWHAT FORM FINDING METHODS ARE SUITABLE FOR GENERATING AN EFFICIENT
STRUCTURAL FORM WITH HIGH PERCENTAGE SHELL BEHAVIOR (NO OUT OF PLANE
FORCES) AND LOW STRAIN ENERGY DENSITY(HIGH STIFFNESS)”?

4 Point Line MHS
Supports
FAR STrRAIN ENERGY DENSITY 2.34E-2 1.1/7e-3 1.13e-3

MEAN SHELL BEHAVIOR 93 96.8 91.6




|S THERE A CONSIDERABLE ADVANTAGE IN OPTIMIZING A GRIDSHELL STRUCTURE BASED
ON PRINCIPAL STRESS STREAM LINES AND AN ARBITRARY GENERATED TESSELLATION?

Type Mass (kg) Strain Energy (kJ) Mean Shell Behavior Score
Base 1 368794 2527 0.8083 0.911
Base 2 (Diagonals) 719527 2043 0.8736 0.838
Base 3 (Combined) 669424 2535 0.7515 0.739
Streamline 509424 2135 0.7894 0.861
Parameterization 517174 2281 0.8615 0.865
Cleaned Up 517174 2281 0.8615 0.865

CONCLUSION









