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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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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?

what 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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2 methodS:

1 2

Streamline inteGratorSplate mechanicS
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Method 1: Plate Mechanics 
 

Twin Surface Shells
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Beam Behavior for Plate Section dθ

3 2

6 6
x aM
aθ = − +
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Shell behaVior For moment hill oF plate

worSt caSe moment (mYY/t)

In Plane Force (S3*t) 

Largest Value: 4431.5 N/m

larGeSt Value: -1.11e5 n/m
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principal moment trajectorieS Yield principal Force directionS on the SurFace oF the plate

beranek examined plate YieldinG behaVior 

plate YieldinG 
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FirSt eStimation: deFlection SurFace

Why didn’t this work?

Deflection Rotation Moment

d
dn

d
dn
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Second Estimation: Rotations Surface

Closer but still some discrepancies: Corners contain high vy, vx,  mxy and myx values due to twist. This theory is only applicable to twistless shells 
and therefore may be causing the discrepancies.
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Quad Form FindinG Structure

QuadS

diaGonalS Same StrenGth aS QuadS

93

97.2

96.8

96.7

91.5

92.2

4 Point Line 
Supports MHS

diaGonalS baSed on GeometrY

diaGonalS baSed on poiSSon’S ratio

88.4
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QuadS
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Strain enerGY denSitY (kj/m3) mean Shell behaVior Score
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Force area ratio

non Far Strain enerGY denSitY

4 Point Fixed MHS

Far Strain enerGY denSitY

2.32e-2

2.34e-2

1.26e-3

1.17e-3

1.39e-3

1.13e-3

P G A G A⊥= × ≠ ×

4 Point Line 
Supports MHS

% improVement -0.82% 7.18% 18.5%
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F.a.r. loopinG

Far Stain enerGY denSitY

4 Point Line 
Supports MHS

looped Strain enerGY denSitY

2.34e-2

2.35e-2

1.17e-3

1.19e-3

1.13e-3

1.14e-3

% improVement -0.42 -1.7% -0.88%
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meSh FlatteninG / embeddinG
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FlatteninG methodS

projection tutte embed

xY projection

Minimum 
Difference in  

Face Area

Mean  
Difference in  

Face Area

Median 
Difference in  

Face Area

tutte embeddinG

1.65e-7

3.5e-5

0.018

0.101

0.003

0.099

0.197

0.205

Maximum 
Difference in  

Face Area
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Generalized GauSSian 
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R = 0.99* Step Size

karamba

cuStom
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eVenlY Spaced Streamline SeedinG
on meSh?
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loadinG and bar Shape

eurocode en-1991: actionS on StructureS
D
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uV baSe directionS (expected optimum)

              

Strain enerGY(kj): 2527

Shell behaVior percentaGe: 80.83%

maSS(kG): 368794
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diaGonalS

              

Strain enerGY(kj): 2043

Shell behaVior percentaGe: 87.36%

maSS(kG): 719257
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combined diaGonalS and V direction

              

Strain enerGY(kj): 2535

Shell behaVior percentaGe: 75.15%
 

maSS(kG): 669424
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periodic Global parameterization

              

Strain enerGY(kj): 2281

Shell behaVior percentaGe: 86.15%

maSS(kG): 517174
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Strain enerGY(kj): 2135

Shell behaVior percentaGe: 78.94%

maSS(kG): 509424
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Streamline with automated conVerGence

              

Strain enerGY(kj): 2139

Shell behaVior percentaGe: 78.92%

maSS(kG): 509488
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368794

Strain Energy (kJ)Mass (kg)Type Mean Shell Behavior Score

Base 1 (UV)

Base 2 (Diagonals)

Base 3 (Combined)

Streamline

Parameterization

719527

669424

509424

517174

2527

2043

2535

2135

2281

0.8083

0.8736

0.7515

0.7894

0.8615

0.911

0.838

0.739

0.861

0.865

reSultS SummarY

Streamline Automated 
Convergence 509488 2139 0.7892 0.860

_ _
_ _

3

lowest lowest

highest

mass strain energy shell behavior
mass strain energy shell behavior

Score
+ +

=
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what 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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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

how can rod pathS be plotted alonG principal StreSS StreamlineS on 
FreeForm SurFaceS?
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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
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what 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)?

mean Shell behaVior 93 96.8 91.5

4 Point Line 
Supports MHS

Far Strain enerGY denSitY 2.34e-2 1.17e-3 1.13e-3
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iS there a conSiderable adVantaGe in optimizinG a GridShell Structure baSed 
on principal StreSS Stream lineS and an arbitrarY Generated teSSellation?

368794

Strain Energy (kJ)Mass (kg)Type Mean Shell Behavior Score

Base 1

Base 2 (Diagonals)

Base 3 (Combined)

Streamline

Parameterization

719527

669424

509424

517174

2527

2043

2535

2135

2281

0.8083

0.8736

0.7515

0.7894

0.8615

0.911

0.838

0.739

0.861

0.865

Cleaned Up 517174 2281 0.8615 0.865






