Angels can fly because they take themselves
lightly.

-G.K Chesterton
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Chapter 1:

WHY?
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Lattice Structures are Efficient
Structures

(generally)
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Lattice Structures are Efficient
Structures
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Lattice Structures are Efficient

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 6



Lattice Structures are Efficient
Str

Beatrixlaan Lightrailstation
ZJA Architects
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MERO KK square on square double layer space frame
Chilton, J.C. “Space Grid Structures.” 2002. 10.4324/9780080498188
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Chapter 2:

WHAT?
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Six trusses to go,

please!
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Not what |

had -
expected...
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That's the Fantasy...



Literature
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Figure 3: BUGA Fibre Pavilion, performative long-span application: top five components (left) @Roland Halbe,
component fabrication (top-right), and assembly process (bottom-right) @ICD/ITKE University Stuttgart.

Image sourced from: Gil Férez, Marta & Zechmeister, Christoph & Menges, Achim & Knippers, Jan. (2022). Coreless filament-wound structures: toward performative long- span and sustainable building
systems.
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livMat$ Pavilion 202-21: Process Images and diagrams by ICD/ITKE/IntCDC, University of Stuttgart
https://www.itke.uni-stuttgart.de/research/icd-itke-research-pavilions/livMatS-pavilion-2020-21/
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GPRP filamen

livMat$ Pavilion 202-21: Process Images and diagrams by ICD/ITKE/IntCDC, University of Stuttgart

https://www.itke.uni-stuttgart.de/research/icd-itke-research-pavilions/livMatS-pavilion-2020-21/ Credit: Fierre
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Photo, Bio-Based Pavilions, TU-E

Hannurkar, S. (2023)
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Research Question:

‘Can a Novel Bio-Based FRF technology be designed

and developed tor the In- Situ Construction of
Lattice Structures tor Building Industry
applications¢’
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Presentation Outline

* The Technology

* Comparison against the Usual Suspects

. Important‘

Cher research

—ur
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Key Farameters:

e Structural Robustness
e Fase of Fabrication

* Eco-friendly-ness

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Chapter 5:

HOW?
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Product Design
and Development

Part A Part B
Develop Bespoke Develop Lattice
Cordage Fabrication

2 - IvAVA
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Part A:
Making the cordage...

Develop Bespoke
Cordage

"l

g

/+

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

38



What do we want from our Cordage Composite?

A\

/
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: oy
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Part A:

The Magic Rope...

...a problem in FRP
Engineering

e Material Choices

* Fiber Topology

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Some Things about Fiber Composites.. ..
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What is a Fiber Composite?

-|B

* reinforcing

* Integrating Matrix

Credit: Mitsubishi Chemical Group

- ad

*—Polymer
(Resin)

Fiber
Reinforcement

Textile CFRF used In a bike frame (Octavio FPassos/Getty images)
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Some concepts...
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Line up the Fibres!

o
"’ ,"

el

" =—Polymer
(Resin)

Fiber
Reinforcement

Credit: Mitsubishi Chemical Group
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Fiber Volume Fraction (FVF)

8

R

FVF =50%

FVF = 20%
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Consolidation’

Delamination Matrix crack Resin rich Void Porosity

Broken fibre

Manufacturing defects and damages, How to ldentify the Defects and Damage in
Composites Materials and Structures?

https:.//www.addcomposites.com/post/defects-and-damage-in-composite-materials-
and-structures

Vacuum Bagging of Composite
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Material Choices: Fiber

Fibre Density Young's Modulus (GPa)  Tensile Strength (MPa) Elongation (%)
Sugar palm 1.5 10.4 4214 9.8
Bamboo 0.6-1.1 11-17 140-230 -
Cotton 1.5-1.6 5.5-12.6 287-597 7-8
Flax 1.54 27-85 345-2000 1-4
Hemp 147 17-70 368-800 1.6
Jute 1.44 10-30 393-773 1.5-1.8
Kenaf 1.2 14-53 240-930 1.6
Ramie 1.5-1.56 27-128 400-1000 [
Fig: Mechanical Properties of Different Plant Fibres (Oksman et al., 20030Aisyah et al., 20210 Faruk et al, 2012)

i
-~

Flax Roving as seen under a microscope
(own source)

v
-

1000 pypr

1000:0um
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Experimental Phase- Fart A

Flax roving- stress/strain graph
800

700

600

500

400

Stress (MPa)

300

200 -

100

0.00 1.00 2.00 3.00 4.00 5.00 6.00
Strain (%)

Tensile Young's
failure stress modulus
(Mpa) (MPa)
B 654.8928301  55744.63739
B 692.9225849  52335.96833
D 741.9048324  66449.89426
P 757.1668369  61603.38704
Q'ix B 624.327751  57961.74275
. . 694.242967  58819.12595
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Material Choices: Resin
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Material Choices: Resin

e Site—-Curable

* High-Ferformance
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Material Choices: Resin

e Site —Curable 7
* High-Ferformance
e Bio—-Based?
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How to Make the Rope? Topology- Braiding

. Filament Winding

. Roll Wrapping (by hand)

. Braiding

. Twining

. CO-mingling/ air-jet texturing

Better suited to elements of shorter lengths and larger
diameters. Not feasible for continuous cordage

Produces continuous elements, with fibres axially aligned,
but includes a curing process (heated die) that outputs rigid
segments

Cannot be used for continuous process, better for short
segments of pipes. Challenges of scalability

Can be used for continuous cordage production. Resin
impregnation can be a separate process (either on individual
tows or the rope as a whole)

Can be used for continuous cordage production. Resin
impregnation can be a separate process (either on individual
tows or the rope as a whole)

Can be used for continuous cordage production. The
polymer is mixed into the fibers as the cordage is made.

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

Unsuitable

unsuitable

Unsuitable

Potentially suitable

Potentially suitable

Potentially suitable
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How to Make the Rope? Topology- Braiding

1. Braiding Can be used for continuous cordage production. Resin Potentially suitable
impregnation can be a separate process (either on individual
tows or the rope as a whole)

1. Twining Can be used for continuous cordage production. Resin Potentially suitable
impregnation can be a separate process (either on individual
tows or the rope as a whole)

1. CO-mingling/ air-jet texturing Can be used for continuous cordage production. The Potentially suitable
polymer is mixed into the fibers as the cordage is made.

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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How to Make the Rope? Topology- Braiding

1. Braiding Can be used for continuous cordage production. Resin Potentially suitable
impregnation can be a separate process (either on individual
tows or the rope as a whole)

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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How to Make the Rope? Topology- Braiding

Braid angle in a graded rope, b. Deep and shallow braid angles creating different fiber alignments with the rope axis (Carey, 2017)

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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How to Make the Rope? Topology- Braiding

LAl

verbraiding over a braid
create a '‘coaxial layup
Kyosev, 2015)

S7
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Praiding Consolidation Hypothesis

...wellget there later

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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The Braid Machine!
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The Braid Machine!

60
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Multiple Braid Angles!
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00 min/layer/&5cm

A © layer
© hrs+ cha

oraid takes

ngeover time

= 7-7.5hrs
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Experimental Phase!

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

lsolated Section of
composite

Tensile Capacity?
Compressive
capacity?
Comparison against
steel/aluminium etc
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Fart A.1: 3-Layer Braided vs. Woven

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 64



SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/- Vacuum Bag Compression 44 .92 57.9 Benefits from fiber angle
15
Twill Weave O/90 Vacuum Bag Compression 43.76 20 Terrible
o-Layer Braided +15/- Vacuum Bag Compression 43.9 56.6 Wall thickening doesn't help
15
| 6-Layer Braided+15/- — Fost-Tensioning ~ ~ Compression 242~ 77.5  Notaseffective asvacbagbut more |
1 75 site feasible :
e e e e e e e e e [ e e e e e e e e e e e e e e P 1
o-Layer Braided +15/- Fost tensioning + Compression 26.9 61.36 Shallow braid Lateral reinforcement
15 Lateral Reinforcement makes it worse
A
o-Layer Braided +15/- Fost tensioning + Compression 20.5 53.34 Filament winding Lateral
15 Lateral Reinforcement reinforcement makes it worse
A
6-Layer Braided +15/- Vacuum Bag Tensile 53 145 Have to correct for lower FVF!
15 e
| ~75 Corrected for FVF of 25% :

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 65



Fart A.: The Consolidation Problem

TRUSS-10-GO! Pavan Kumar Sathyamurthy
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Praiding Consolidation Hypothesis

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart A.: The Consolidation Problem

- ARonstan Constrictor Clutch (Courtesy: Hamilton Marine)

68
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Fart A.: The Consolidation Problem

Axial Tension tor Lateral Constriction

v Y
b

. T —
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Part A: Conclusions

* Weve figured out the Fiber
Architecture

e We can do consolidation
with Braid constriction

* Tension: ~7/75MFa
* Compression ~/25Mpa

OK, but how to build a
truss?

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Part bB:
Truss Making...

Develop Lattice
Fabrication

INUOOVTITUTUOU: Fadvdll NUlliadl odlllydlilidiuly
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Fart B: Main Points

Fost tensioning? Flexi rope?

The joint? How strong?

~ |

Y

,

’/’ ~

How to Build?

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Main Points

Fost tensioning? Flexi rope?

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: The Discontinuous Mandrel
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Fart B: The Discontinuous Mandrel

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: The Discontinuous Mandrel

)
N

|
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Fart B: Discontinuous Mandrel
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Fart B: Discontinuous Mandrel

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Discontinuous Mandrel

[1]2861.8um

| ey |
1000.0pm
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Fart B: Discontinuous Mandrel

COmpression test: 'Hyperboloid' Samples

80
70
60
50
40

30

Compressive Stress [MPa]

20

10

D

-1 0 1 2 3 Z 5 6

Deformation [mm]

sample 1 sample 2

max compressive stress
[Mpa]

71.22238498

1
2 67.79407552
3

sample 3

72.01468099
~ 70 MPa
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Fart B; Joint Making!

The joint? How strong?

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Chord Members
(3x total) Joints/Nodes

Schematic of the robotic filament winding process of t
truss'. (Hunt, Wisnom, & Woods, 2019)

Joint slippage occurring during the curing process of the WrapTor Truss
Fabrication (Hunt C. J., 2021)

® 1T 7 =W 1
(a)

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B; Joint Fabrication

- .
-

-
|
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Fart B; Joint Fabrication
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Fart B; Joint Fabrication

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 90



Fart B; Joint Fabrication

WY
ND
o
O
O

joi

nt test result

[HEN
o
o
o
o

0]
O
o
o
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D)
>}
&)

Standard force [N]
n
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The Joint weakens the system to a factor of
0.5 x strut capacity

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

92



TRUSS-TO-GO! Pavan Kumar Sathyamurthy

How to Build?

~
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Fart B: Construction

Step 1: Chord Setup+ tensioning Step 2: Tying of Struts

Step 2.5: Resin Application Step 3: Strut tensioning

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Construction

The Breadboard’

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Construction

The ‘Breadboard’

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Construction

/ -
II'IIII O O
o O
4+ o o —»
< O °© =

| Step 1: Chord Setup+ tensioning

SAATY
5
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Fart B: Construction

Chord member Sleeve

Braided constrictor sleeve pipe
Braided constrictor sleeve

rﬂ@\
. ~~\
:r

£
VA

5 End Rotor

Bre

Tensioning
End gable
bolted to

Beadboard array

Fixed end gable
bolted to bread-board array

breadboard array
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Fart B: Construction

TRUSS-TO-GO! Pavan Kumar Sathyamurthy
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Fart B: Construction

——Truss cordage

/" ———Plywood top- 6mm

/'/
S/
L angle bc;llted tg\\_,_/ ’ | Staaliilia
BRI / = / | anchorage to lathe-
J - turned timber

- /
f’ t‘/ '

v/'

/ |, block
J |
’/ \
_aa |'
/ 3
/ ok SAPPE P n \
> ——— J / )’l‘ " |‘
\
— —————— e
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Fart B: Construction

Step 2: Tying of Struts

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 101



Fart B: Construction

O O
o/\/\/\/\ o

Step 2.5: Resin Application

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 102



Fart B: Construction

Step 3: Strut tensioning

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

Tensioning unit
pinned to
Breadboard

Geared Wheels—\

9,
&

4

Tensioning unit
pinned to
Breadboard

Lattice Joint

Geared Wheels

Breadboard
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Fart B: Construction

Step 3: Strut tensioning
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Fart B: Construction

Voila! (point at model!)
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Fart B: Cons

truc

ion
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Fart B: Construction. What if....
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What we've got so far...
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Design of

Lattice Structure

I
: v

"h\
Part A: Part B:
Cordage Fabrication
Development y Development
S Y
S
Choice of Fiber } - _I‘:: Cordage Wﬂrkahilit}-‘] @/\}@

~

Choice of Matrix J

—{ Fibre Architecture J

( Site Fabrication )
—>»  Apparatus and -
S Workflow y. u

Joint making methad} *

L e
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Workflow proposal

Part A:
Cordage Manufacture

NN
——o

Braldmg

Loading

O

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

Unloading

e I
Part B:
Site
Fabrication

o
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How does it compare to the Usual Suspects?
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Fart C: A Design Problem

Dead load: 0.75 kN/m2
Wind Load: 1.0 kN/m2

>

s e Prepare a design in Steel,
% - ' S Wood, and the novel Flax
2 - technology. Then do an Eco-

Audit.
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Fart C: A Design Problem

Z1 \VAVAVAVAVAV

ISR A W 4 W2 U A Y — et L
I Type Type V Type V Type V Type U |
Wood \/\/\/\/\/\/
Type W Type Y Type X Type X Type Y, Jype W, 2
EIYPGZ Typef -
dia 76, 4 mm
Truss to GO
H
] K L M N o)
-dia 76, 4 mm
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Fart C: A Design Problem

Audit:
- Weight
- Embodied Energy

- Embodied CO2
- Cost?

- Ease of fabrication?

Product embodied energy embodied CO2
i material/ k
et qty unit | MJ/unit |total(M))| gty unit € | total (kg)
Truss Design (kg) process CO2/unit
primary: low 95.23 kg 31.7| 3018.791 95.23 kg 2.3 219.029
roll forming 95.23 kg 29| 276.167 95.23 |kg 0.21 19.9983
D £ F G welding 672/cm 0.041 27.552 672/cm 0.0035 2.352
’\//\\\/\\/ 95.23|cutting  |neglected 0 0 0 0
P total 3322.51 241.379
M N 6)
Design in Steel Tubes
Timber sections
primary pro¢ 102.88 kg 11 1131.68 102.88 kg 0.36 37.0368
coarse mac 20 kg 1.3 26 20 kg 0.1 2
A, A, Gopo N K4 129.98
; —_— 4 A & o § AN Ww/,’ : Connection Plates (50% waste)
_____________________ e primary pro¢  40.77 kg 31.7 1292.409 | 40.77 kg 2.3 93.771
roll forming| 40.77 kg 29 118.233 40.77 kg 0.21 8.5617
laser cutting 607.8 cm 0.1875 113.9625 607.8 cm 0.015 9.117
Design in C24 Softwood total 2682.28 150.487
cordage (flax)
49.96 |primary pro 8.87 kg 2.75% 24.3925 8.87 kg 0.46 4.0802
cordage (epoxy)
primary proJ 26.6 kg 120 3192 26.6 kg 5.9 156.94
cordage (manufacture)
production | 49.9 kg I unknown 49.9 kg unknown
timber blocks
primary pro¢ 14.5 kg 11 159.5 14.5 kg 0.36 5.22
Designin Truss to GO fine machin|  14.5 kg 10 145 14.5 kg 0.65 9.425
total 3520.89 175.665
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Fart C: A Design Problem

Weight

140

120

100

50

©0

40

20

Design Options: Weight in kg

20

103

Steel SoftWood C24

BSteeltubes @CZ24wood BGlplates
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O Flax composite

35

Truss to GO

B Discontinuous Mandrel
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Fart C: A Design Problem

Embodied E

4000

5500

25000

2500

2000

1500

1000

500

Design Options: Embodied E in MJ

1524
3322.51
1158
Flax, 24.4
Steel SoftWood C24 Truss to GG
BSoteeltubes @CZ24wood [Glplates @AFlax  mEpoxy B Discontinuous Mandrel
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Fart C: A Design Problem

Embodied CO2

200

250

200

150

100

50

Design Options: Embodied CO2 in kg

111.5
39
Steel SoftWood C24 Truss to GO
BSoteeltubes @CZ24wood [Glplates @AFlax  mEpoxy B Discontinuous Mandrel
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Fart C: A Design Problem

Ease of constructability
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Conclusions and
Further Research




Can the Chemistry be Improved?

* Wedon't have the right
resin (polymer)
* Theright resin is

important to get right.

e Cure Mechanics?
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Buckling Capacity of Strut to be
Checked

* E Modulus of composite
is lower (3-30MFa)

* Makes It more vulnerable.
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Effects of Workmanship?

* Isthe Whole as good as
the sum of its Farts?

* Fartial safety factor?
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Effects of Creep, Fatigue and
Weathering to be checked
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Building construction Assembly??

e How toconnectit to
sub-structure and super-
structure?
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Research Question:

‘Can a Novel Bio-Based FRF technology be designed
and developed tor the In- Situ Construction of
Lattice Structures tor Building Indystry

applicat
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Design Options: Weight in kg

140
120 50
100
&0
510,
1
40 03
20 35
O L 1
Steel SoftWood C24 Truss to GO
B Steel tubes O C24 wood B Clplates
O Flax composite @ Discontinuous Mandrel
Design Options: Embodied CO2 in kg
200
250
200
150
100 111.5
50
O
Steel SoftWood  Trussto GO
C24
B Steel tubes 0OC24 wood
OClplates OFlax
W Epoxy @ Discontinuous Mandrel

4000
2000
2000
1000

Design Options: Embodied E in MJ

322.5

Steel

B Steel tubes
BClplates
W Epoxy
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1524
1158

SoftWood Trussto GO
C24

0C24 wood
OFlax

B Discontinuous Mandrel
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WHATS NEXT?

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 128



QUESTIONS?
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Appendix
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Experimental Phase!
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Fart A.1: 3-Layer Braided vs. Woven
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Fart A.1: 3-Layer Braided vs. Woven
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Fart A.1: 3-Layer Braided vs. Woven
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Fart A.7: 3-Layer Braided vs. Woven

3 layer braided flax samples-compression woven flax- squat samples
70 compression
30
60
50 25
Z a
) >
O = 20
= 40 @
- )
T b
< 30 o 15
= >
= I
»n
? 20 ® 10
o
g —
10 (&
5
0
0 1000 2000 3000 4000 5000 6000 0
Deformation [mm] 0 1 2 3 4 5
Deformation [mm]
Series sample 2 sample3 sample 4 sample 5 sample 1 sample 2 sample 3 sample 4 sample 5
failure stress compression (MPa) failure stress compression (MPa)
60.70201527 19.51699969
13.91726951
64.42036577
FVF: 44.92% 44203657 FVF: 43.76% 21.9339104

65.24859619 25.27137363
60.30960915 19.34459282

average 57.9286094 average 20.00872534
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SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/- Vacuum Bag Compression 44 .92 57.9 Benefits from fiber angle
15
Twill Weave O/90 Vacuum Bag Compression 43.76 20 Terrible

TRUSS-TO-GO! Pavan Kumar Sathyamurthy 136



Fart A.7: 3-Layer Braided vs. Woven

Ridges from
vac-bag

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

[2]2528.9um

Thin wall
buckling

-
100.0pum
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Fart A.Z2: 6-Layer Braided

Series 3: 6 layer braided flax- squat
samples compression

o
o

~
o

(0)]
o

a
o

Standard force [N]
W N
o o

N
o

—
o

o

0 1000 2000 3000 4000 5000 6000

Deformation [mm]

sample 1 sample 2 sample 3

sample 4

(MPa)

sample 5

46.40
65.58
69.32
42.34
59.63

FVF: 43.9%

average 56.66
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SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/- Vacuum Bag Compression 44 .92 57.9 Benefits from fiber angle
15

Twill Weave O/90 Vacuum Bag Compression 43.76 20 Terrible

o-Layer Braided +15/- Vacuum Bag Compression 43.9 56.6 Wall thickening doesn't help
15
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Fart AS.: Post-Tensioned Sample

{

’ T N ‘I'.‘.' '
s bl " ;":-.‘ “:o“,‘h (YO ‘ alla
W X

5 ol WU TR R .

»
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SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/- Vacuum Bag Compression 44.92
15

Twill Weave O/90 Vacuum Bag Compression 413.76
©-Layer Braided +15/- Vacuum Bag Compression 413.9
15

©-Layer Braided +15/- Fost-Tensioning Compression 24 .2
15

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

57.9 Benefits from fiber angle
20 Terrible
56.6 Wall thickening doesn't help
77.5 Not as effective as vac bag but more
site feasible
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Fart AS.: Patterns in Failure Mode
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Will a lateral confinement
help?
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Fart A4.: Post-Tensioned Sample + Lateral consolidation

e

" i m.“* RO W \‘\u\\\\\\\“ \ -\

...............
LN

o r B L A
('(‘ s ‘A I

........
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Fart A4

Standard force [MPa]

80

70

60

50

40

30

20

10

-10

Series 5a: shallow braid reinforcement

0 2000 4000

sample 1

FVF: 26.9%

sample 2

6000 8000

Deformation [%]

sample 3

averag

10000

sample 4

(MPa)

12000

59.11327854
58.89656212
59.31268373
67.62202965
61.89871879

61.36865457

14000

sample 5

Standard force [MPa]

~l
o

D
o

a1
o

N
o

w
o

N
o

—
o

o

L. Post-Tensioned Sample + Lateral consolidation

Series 5b: helical wound reinforcement

0 2000 4000 6000 8000 10000 12000 14000
Deformation [%]
sample 1 sample 2 sample 3 sample 4 sample 5

(MPa)

FVF: 20.5%

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

averag

44.9796469
54.40431489
54.12390125
61.57799026
51.64432528

53.34603571

148



SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/-
15

Twill Weave O/90

©-Layer Braided +15/-
15

©-Layer Braided +15/-
15

©-Layer Braided +15/-
15

o©-Layer Braided +15/-
15

Vacuum Bag

Vacuum Bag

Vacuum Bag

Fost-Tensioning

Fost tensioning +

| ateral Reinforcement
A

Fost tensioning +

| ateral Reinforcement
A

Compre%ion

Compression

Compre%ion

Compre%ion

Compre%ion

Compre%ion

TRUSS-TO-GO! Pavan Kumar Sathyamurthy

44.92

43.76

43.9

24.2

26.9

20.5

7.9

20

6.6

77.5

61.36

53.34

Benefits from fiber angle

Terrible
Wall thickening doesn't help

Not as effective as vac bag but more
site feasible

Shallow braid Lateral reinforcement
makes it worse

Filament winding Lateral
reinforcement makes it worse
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Fart Ab.: Tension Tests
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Fart Ab.: Tension Tests

Specimen 7

180

160

R
R
R
i
R
il
R
R
RE |
RN |
RN |
ol
X

140

= [
o0 o (]
o o o

Standard force [N]

a
o

N
o

]
o

0 1 2 3 4 5 6 7 8 9
Strain [um]

sample 5

sample 3 sample 4

failure stress
compression (MPa)

sample 2

sample 1

164.985199
151.1396179
161.6764374
125.3889542
124.4748764

145.533017

FVF: 53%
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Fart Ab.: Tension Tests

Specimen 7

X
E
X
] 180
|
R
; |
- 160
|
ol 1
: 140 /
b
f:
: — 120
P 2
F,  —
] S
. -E 100
=
5 80
c
o
v 60
40 ' R‘
20
0
0 1 2 3 4 5 6 7 8 9
Strain [um]
sample 1 sample 2 sample 3 sample 4 sample 5
failure stress
compression (MPa)
164.985199
151.1396179

161.6764

FVF: 53%

124.4748764
75MPa
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SempleCompaction Test |FVF (%) Strongth (Mpa) Remarks

S-Layer Braided +15/- Vacuum Bag Compression 44 .92 57.9 Benefits from fiber angle
15
Twill Weave O/90 Vacuum Bag Compression 43.76 20 Terrible
o-Layer Braided +15/- Vacuum Bag Compression 43.9 56.6 Wall thickening doesn't help
15
| 6-Layer Braided+15/- — Fost-Tensioning ~ ~ Compression 242~ 77.5  Notaseffective asvacbagbut more |
1 75 site feasible :
e e e e e e e e e [ e e e e e e e e e e e e e e P 1
o-Layer Braided +15/- Fost tensioning + Compression 26.9 61.36 Shallow braid Lateral reinforcement
15 Lateral Reinforcement makes it worse
A
o-Layer Braided +15/- Fost tensioning + Compression 20.5 53.34 Filament winding Lateral
15 Lateral Reinforcement reinforcement makes it worse
A
6-Layer Braided +15/- Vacuum Bag Tensile 53 145 Have to correct for lower FVF!
15 e
| ~75 Corrected for FVF of 25% :
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Fart AS.: Post-Tensioned Sample

Series 3: 6 layer braided flax, post
tensioned at30kg- compresion

50
40

Compressive Stress {MPa}

With Vacuumag | 30 T
impregnation s 20
: 10
0
| 0 1 2 3 4 5 6 7 8 9
: Poor fiber Deformation [%]
( Impregnation
sample 1 sample 2 sample 3 sample 4 sample 5
M
Tidaen S i (MPa)
Neat S A 1 75.20228078
pockets | 2 72.07438759
FVF:24.2% BERS 79.06672569
Y 2 4 79.39097182
' 5 | 81.92195714
With Fost Tension
DOO“m i
average 77.5312646
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Fart A4.: Post-Tensioned Sample + Lateral consolidation

Concrete

Rebar

RRHPC
jacket

Stirrups in
FRHPC

C-0 CU-10 CU-20 CU-20X CU-20V

Lu, C.-L., Ouyang, K., Wang, Q., Zhu, W.-X., Chen, H.-Q,, Lei, Z.-X., & Qin, Z.-J. (2022). Axial behavior of
RC column strengthened with laterally reinforced FRHPC jacket. Structural Concrete, 23(3), 1718-1734.
https://doi.org/10.1002/suco0.202100896
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https://doi.org/10.1002/suco.202100896

|

Fart A4.:

Post-Tensioned Sample + Lateral consolidation
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Fart A4.: Post-Tensioned Sample + Lateral consolidation
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Fart A4.: Post-Tensioned Sample + Lateral consolidation

No mixing braid angles!
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Fart A.: Some observations- compression

Compressive strengths-a summary

Mpa

O
o

77.53

(00)
o

N
o

61.63

57.92 56.66
o~ 53.34

o
o

compressive strength [MPa]
— N w LN o1

o

3 layer braid 6 layer braid + vac 6 layer braid + post 6 layer braid + 6 layer braid +
bag tension shallow braid filament winding

cordage design
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