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1.0 ARCE 415

At the outset of the spring quarter, the authors of this report were enrolled in ARCE 415,
the lecture version of the senior capstone project in the architectural engineering curriculum.
However, this did not come to fruition as, just days before the quarter's start, an email was sent
out to those enrolled in ARCE 415 alerting them to the potential cancellation of ARCE 415.
Regrettably, this materialized into reality shortly after that, as the course cancellation became
official once the quarter began. The absence of an available instructor and the inability to secure
a suitable replacement were cited as the reasons behind the cancellation of the course.

In light of this change, we faced an urgent task of identifying a senior project under the

guidance of an advisor. This marked the start of our journey to find a suitable senior project.



2.0 Poly Canvon Wall

2.1 Overview

With only a week to figure out what to do for a senior project, many students on the path
to graduation in spring were panicking. While scrambling to find a senior project, an email was
sent out advertising the building of a wall in Poly Canyon with an advisor of Kevin Dong.

This project involved the construction of an art wall in Poly Canyon to deter graffiti on
the existing structures and instead provide a designated area for students to express themselves.
The proposed project was for a freestanding wall, as depicted in Figure 1. The idea was
appealing as it would be a practical and engaging experience, putting both conceptual and

practical skills to the test. Thus, a senior project was determined.

Figure 1: Wall in Poly Canyon Rendering

During the first meeting, Kevin outlined the challenges in constructing the wall. These
included the requirement to submit a detailed proposal to the facilities department for approval
and the subsequent complexities involved in the actual construction of the wall. All of this had to

be done in the 10 weeks of spring quarter.



2.2 Design

Initially, there was uncertainty about the desired and optimal size of the wall as it had to
be easily constructible but stand up to the wear it would receive in Poly Canyon. After several
discussions with Kevin regarding the wall’s thickness, the number of layers of CMU, and its
dimensions, an initial design was reached. The wall is to be 8 feet tall and 10 feet wide,
providing ample space for students to express themselves while remaining feasible for
construction. It would also consist of a single layer of 8-inch CMU blocks. The dimensions of
the wall created a large canvas that would allow artists to remain safely on the ground when
painting on the wall.

With the wall's dimensions established during the initial 2-3 weeks, the focus was turned
on designing the foundation and reinforcement necessary to ensure its stability. The main goal
was to create a shallow foundation for ease of constructability. Additionally, it was essential to

ensure that the reinforcement spacing was compatible with the CMU blocks used.
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2.3 Means and Method

Following the completion of the design phase, the next step was finding the required
materials and conducting a cost analysis. These materials encompassed a range of items,
including CMU, reinforcing steel, concrete, and the various tools necessary for construction. Our
team also assessed the feasibility of constructing the wall by estimating how long each of the
steps in the process would take for this to occur. These steps entailed the excavation of the
foundation, installing the steel reinforcement, pouring the concrete, stacking the CMU, and
putting the grout and mortar for the CMU.

The 10-week schedule revealed a notably tight timeframe that required no missteps to be
completed (Appendix A.1). Contingency planning was essential, as any deviations from the

original plan could jeopardize the project's completion.

2.4 Revisions

As outlined, several adjustments had to be made due to unforeseen factors. For instance,
it became evident that employing 8-inch CMU blocks instead of 12-inch blocks would
significantly enhance the likelihood of the proposal being approved. This is because it would
dramatically increase the feasibility of the construction process and sourcing of the material. For
CMU, 8-inch blocks weigh around % of what a 12-inch block does. This is incredibly important
because over 100 blocks would be needed for the wall.

Moreover, designing a wall to withstand out-of-plane bending presented a novel
challenge. There was a learning curve regarding CMU design techniques, particularly in
navigating the Technical Manual for Design and Construction of Masonry Structures (TMS) to
find the code sections for the needed equations. These unanticipated variables took up a lot more

time than initially predicted as the group was rapidly approaching week 5.



2.5 Decision

Following a prolonged period of iterative revisions, it became apparent that progress was
off track significantly from the original timeline. Notably, the project proposal had still not been
submitted to facilities, which was a part of the critical path in the timeline. This variability in an
unknown timeline of how long it would take for facilities to approve was becoming very
apparent, especially since it could be outright denied. It became evident that getting the proposal
approved and completing the wall's construction in the spring quarter was no longer feasible.
Confronted with this realization, the tough decision of revising plans once again was necessary.

Despite the setback, the team persevered.

Figure 3: Poly Canyon



3.0 Poly Canvon Renovations

Following an assessment of our project status with Kevin, he recommended that we
proceed with submitting the proposal to enable future students to undertake the construction of
the wall at a later time. Additionally, he proposed an alternative course of action instead of
constructing the wall ourselves. This new idea would be for the group to restore an existing
structure in Poly Canyon, thereby giving the hands-on experience we were after. To facilitate this
transition, Kevin provided a couple of project options and encouraged us to visit them and make
a pros and cons assessment of each. This evaluative process would help inform our selection of

the most suitable project.

3.1 Truss Bridge

While assessing potential projects, we looked closely at the Truss Bridge, located towards
the rear of Poly Canyon. We immediately noticed numerous critical issues. Upon inspection, we
saw the bridge had evident curvature towards the right side. We then tested the truss bridge by
having one of our group members go on it and shake it. This test revealed alarming levels of

deflection, raising considerable safety questions.

Figure 4 & 5: Truss Bridge at Poly Canyon



Moreover, as shown in Figure 5, poison ivy was extensively present, obstructing access
to the bridge. This presented an additional challenge, as it would have to be cleared before any
repair work could be done. The bridge deck also had widespread deterioration, characterized by
many broken planks and missing nails. Additionally, horizontal and vertical members exhibited
visible cracks, further showing the extent of the structural damage.

Recognizing the magnitude of the task at hand, we concluded that addressing the Truss
Bridge’s myriad issues would take too long compared to our time frame. This prompted us to

consider an alternative project.

3.2 Techite Bridge

3.2.1 Overview

The Techite Bridge was assessed next. The Techite Bridge is located near the entrance of
Poly Canyon and serves as one of the initial focal points for visitors. This historical structure was
erected approximately 50 years ago. It has a distinctive architectural design that sets it apart from
other projects at Poly Canyon. It comprises two support bases, each featuring four angled

columns. It also has very cylindrical structures that act as a railing system.

Figure 6 & 7: Techite Bridge Damage



In contrast to the truss Bridge, the Techite Bridge was relatively unscathed structurally
from the initial inspection. Upon closer examination, however, it was evident that the Techite
Bridge had significant signs of neglect and pervasive graffiti on both the handrails and deck due
to its location towards the entrance of Poly Canyon. Additionally, extensive chipping along the
edges of the railing exposed the inner concrete layer, while the whole structure accumulated dirt
and moss.

In light of these findings and considering the feasibility of the restoration, we reached a
consensus to focus our efforts on the Techite Bridge. Its proximity to the entrance of Poly
Canyon underscored its significance as a prominent landmark, further necessitating its
restoration.

Our proposed restoration plan would entail thorough cleaning, fixing the chipped areas
with appropriate filler, and refinishing to restore the bridge. Furthermore, we identified that the
handrails had hooks, showing that there used to be a chain connecting the cylindrical rails,
although one hook was missing. This hook would be restored, and a chain would be added to the

structure. These changes would bring back the Techite Bridge to its former glory.

Figure 8: Future Hook Location Figure 9: Graffiti Originally on Bridge
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3.2.2 Means and Methods

Following a productive Zoom call with two of the original builders of the Techite Bridge,
during which we gained valuable insights into the bridge’s construction process and their vision
for the restoration, we commenced our efforts. Our initial step involved a meticulous concrete
cleaner and graffiti remover cleaning process. Given the bridge’s proximity to the small river
underneath, it was of utmost importance to preserve the ecosystem, thus necessitating careful
execution to prevent any runoff from contaminating the water and endangering local wildlife.
Conscious of the toxicity of the cleaning agents, we prioritized the environment during this
phase.

Afterward, we procured the required resources and materials to repair and refinish the
bridge. To address the chipped areas, we employed spray foam followed by fiberglass, resin
application, and a sand coating to match the existing bridge aesthetic. We also had to be mindful
of security concerns raised by the previous builders regarding the earlier instances where the
chain railing was stolen; we devised a strategy to secure the new railing using grout, thereby
deterring future theft attempts. We also planned to install and thoroughly bolt a new plaque to
avoid theft.

The bridge then underwent cleaning. Graffiti remover and concrete cleaner were used to
remove most of the graffiti. Although some of the graffiti was so strong that it wouldn’t fully

come out, the group decided it would be eliminated once we applied the finish.

4 - Ef‘: ‘ =
Figures 10, 11, & 12: Cleaning
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Once cleaning was completed, the group began mixing resin and hardener with some
sand. A couple of batches were tested to see if the consistency was good, and eventually, a
perfect consistency was achieved. The finish was then applied to the bridge. After letting the
finish dry, we realized that the color of the finish was not the same as the one the Techite Bridge
originally had, so some spray paint was used to match the colors, which worked perfectly.

The group then began the process of replacing the missing hook. Initially, grout was used
to do this. Then, the chains were all put into their hooks, along with grout, to make sure tourists
couldn't steal them. After placing the chain into the new hook, the grout failed to handle the
weight of the chain. The group then tried using grout, fiberglass, and resin to hold the hook in

place for the chain.

Figure 13 & 14: Grouted Hook & Fiberglass Over Filled Hole



3.2.3 Final Results

12

The grout and fiberglass worked when the chain was applied. The restoration of the

Techite Bridge was completed. All graffiti was removed, and the bridge was refinished. A new

chain was added to restore the bridge to its original shape. The plaque has been designed and will

be ordered to replace the missing signage. The plaque is to be glued down with a construction

adhesive and bolted down into the concrete. A top coat of resin may also need to be applied in

order to ensure that the plaque remains a permanent feature of the bridge.

Figure 17: Restored Cylindrical Handrails

Techite Bridge
1973
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Robert Purdy Renovated By:
. Richard Antablin
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Glen Jackson Jesse Rainsdon

Figure 18: Proposed Plaque Design
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4.0 Conclusion

Reflecting on our spring quarter endeavors, highs and lows marked our journey. Initially
enrolled in ARCE 415, our plans were abruptly changed when the course was canceled.
Undeterred, we promptly regrouped and joined Kevin for our senior capstone project. We then
embarked on the ambitious project of constructing a public art masonry wall at Poly Canyon.

However, as challenges emerged and our progress faltered, we recognized the need for a
reassessment. We then decided to pivot once more while concurrently finalizing our proposal for
the Poly Canyon Wall. This pivot led us to redirect our efforts towards renovating one of the
existing structures at Poly Canyon, a shift in focus that proved to be pragmatic and rewarding.

After carefully evaluating the projects in Poly Canyon that needed help, we identified the
Techite Bridge as the optimal project. The Techite Bridge is positioned at the entrance of Poly
Canyon, thus showing its significance. The feasibility of the required repairs for the bridge
aligned perfectly with the timeframe left in the quarter. This choice allowed us to ensure that one
of Poly Canyon’s iconic landmarks remained structurally sound and visually appealing for all

visitors.
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Richard Anatablin

Spring Quarter 2024 was a wild roller coaster filled with ups and downs. Through this
journey I learned the importance of making the most of the situation in front of me and
persevering through challenges. I gained valuable insights into real world structural engineering
design scenarios. For instance building a wall may seem straightforward; just do the proposal
and start construction but how the information in the proposal is presented is absolutely crucial.
Additionally the process of getting feedback and going back and changing the design due to
constructability concerns was a very real world experience.

The Poly Canyon Wall proposal addresses societal issues as it is a way to fix the major
issue of people putting graffiti on projects that other people created. This has been a long lasting
project in Poly Canyon and the Wall could help subdue it by allowing people to have a place
where they can express themselves.

The restoration of the Techite Bridge is another hands-on project that provided valuable
learning experiences about different materials and finishes that aren’t very common. For example
the resin with sand finish was very unique to make and we realized how important it is to try and
keep the same consistency of resin along with hardening and sand per mixture. Using the
fiberglass to refinish the chipping in the Techite bridge was something I learned how to use.

The restoration of the Techtite Bridge highlighted the societal, environmental and
economical benefits of maintaining existing structures. In an era where everyone wants new
things it is important to care for what already exists. Renovating and maintaining existing
buildings can save significant energy and resources while greatly benefiting the environment.

This project underscored the importance of sustainability in our built environment.



16

Sara Engmyr

Through the ups and downs of my senior project, I learned a great deal. It began with my
confidence and enrollment in ARCE 415, Interdisciplinary Capstone Project, and ended with
something entirely different. Coming back from abroad, I felt disconnected from the department
and was relieved to have an option that had a framework and plan already in place. Learning that
the course would no longer be offered was the first of many roadblocks throughout this journey.
In the few days before the schedule of my last quarter at Cal Poly had to be finalized, I went on
to find a group, an advisor, a focus, and some excitement to initiate this new direction. This was
the start of The Wall Group. Kevin Dong offered the idea of a Poly Canyon Art Wall, designed to
encourage creative expression on a specific structure, and eliminate some of the damage done to
existing projects in the Experimental Structures Lab. I was attracted to the idea of creating
something new and possibly leaving an impact on the Cal Poly campus, as well as seeing a
project through, from start to finish. This project started strong with a schedule, mockups, and
calculations. After working on The Wall for many weeks and going through countless iterations
and revisions, we created a proposal to send off to Cal Poly Facilities Management. As we
wrapped up this initial proposal, we realized how quickly the quarter was going by, and decided
to change directions a final time. The constructability challenges and questionable timeline with
submitting to Facilities Management made us reconsider our goals for the senior project. We now
have a finalized proposal for The Wall and will leave our completed set of calculations and
drawings for another team to pursue in the future. Our objectives remained, as we were still
eager to give our attention to Poly Canyon and the Experimental Structures Lab. This time, we
chose to focus on an existing structure, the Techite Bridge. The Techite Bridge attaches the
entrance to the rest of Poly Canyon and is one of the first projects interacted with when entering
the space. It was built in 1973 by Construction Engineering students. Most of the damage was
cosmetic rather than structural as it was covered in graffiti, was extremely dirty, and had parts
missing. For the remainder of the quarter our concentration was on the bridge. We cleaned,
refinished, painted, restored, and revived the bridge. One of the most rewarding and meaningful
experiences of the quarter was meeting with some of the original builders of the Techite Bridge,
Robert Purdy and Glen Jackson. They offered insight, passion, and motivation for this project.
Being over 50 years old, the bridge needed some care, and these alumni were grateful to see

current students taking on the role and action to beautify this structure and the canyon.
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I learned a great deal through this experience and am happy to have had some variety in
my final project as an ARCE student. From working with masonry and running through many
designs, I became more comfortable with a material I was rather unfamiliar with. Process,
constructability, and logistics of building were also key areas I was able to dive into that weren’t
necessarily talked about in my lecture classes. Rather than being an extremely technical
experience, the process of this project and the journey, as a whole, was the focus. This taught me
how to adapt and shift the scope when needed, while also being flexible with teammates,
advisors, meetings, and project work. Although the project scope was not global, when
reflecting, I think it offers a worldwide proposition of renovating and then reusing existing
structures. The idea of recycling also has a great economic impact. This can even be seen within
our project scope, and how reasonable the cost of refurbishing the bridge was in comparison to
the cost analysis of the brand-new wall. These are ideas I hope to continue to consider as I move
ahead into my career.

The bridge is located over a stream and surrounded by trees and grasses. When first
surveying and getting the scope of the project, we realized that the surrounding environment
would have to be considered. Throughout the project we wanted to have a minimal impact
despite the need to use chemicals and harsh materials for some of the work on the bridge.
Through efforts of tarping and covering the surrounding areas, carefully choosing our materials,
and being conscious of the setting, we were able to successfully repair the bridge without any
lasting impacts on the environment.

The “Architectural Graveyard” is a common site for the Cal Poly and broader SLO
community. Because of this location, we had to consider cultural and social concerns as well as
the significance of our structure. The amount of foot traffic and interaction people have with the
structures was immediately clear from the graffiti and damage to the bridge and other structures.
Along with the vandalism, the plaque and chain railings were missing. In order to solve these
problems, we had to consider not only how the bridge affects the community but how the
community affects the bridge. This thought process ultimately helped us problem solve and fix
the bridge in ways that could be more permanent.

New materials, a unique situation, and constructability concerns were catalysts for
encouraging a “Learn by Doing” model. Many days in the canyon were filled with trial and error

and hands on work, but ultimately helped us achieve a gratifying final product. Through
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calculations, hard work, scrubbing, and lots of sand and resin, I was rewarded with a completed
project and a new connection to my home of 5 years. I am proud to soon be an ARCE alumna
and to have contributed to the broader Cal Poly community. Maybe I too, in 50 years, can come

back and see this bridge and be reminded of my college career and final senior project.
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Michelle Griffith

In my Architectural Engineering Senior Project, we focused on two separate projects
within Poly Canyon: the design plans for a masonry art wall and the repairs to the Techite
Bridge.

Through the wall calculations, I learned a lot about the process that it takes to build a

structure in the pre planning phases. More specifically, in the process for plan submission
and facilities approval. In the wall calculations we also had to reference different code such as
the IBC, ASCE, TMS, and Concrete code books so it was insightful to see how an actual project
requires the use of so much use of the code books as we are often just looking at one material at
a time. Both the concrete and masonry design classes and labs played a major role in this aspect
of our senior project as we were designing a masonry wall to withstand all applicable loads using
the knowledge we received in class along with help from our advisor. As a Construction
Management minor, I found it very interesting on how the means and methods play into creating
the engineering plans as when designing we kept having to go back and look at if it was feasible
to make as we not only had to design the wall but actually build it.

The wall in Poly Canyon would have a cultural impact to the overall area as having a
designated place for art would give an outlet for artistic expression outside of the current
structures. By deterring graffiti on the current structures in the canyon, it becomes more feasible
to return the canyon to its former prominence, and even potentially return caretakers to the
canyon. The wall would address the current environment of the canyon by providing a
designated place for art and graffiti. While its construction would break ground, it was planned to
be in an area that was open and with minimal impact on the surrounding environment. Socially,
having a wall in the canyon is a draw for art clubs or artistic students to go up to the canyon and
paint on the wall similar to the way that the “P” at Cal Poly is periodically painted. In the
constructibility, it was important to consider the weight of the project in how much we would
have to transport to the canyon. Having a thicker wall may be ideal in the potential for seismic or
wind events, however the constructability and sourcing of materials become a bit more difficult.
Because of this, when looking at the constructibility of the wall and the fact that we as a group
would be constructing it, it became clear that we should be looking at the minimum depth of

foundation and using 8” CMU.
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In looking at the Techite bridge, it was very interesting to talk to some of the former
builders of the bridge and how they constructed it and what we could do to improve it. We
learned a lot about the most common materials like the fact that they decided to use techite pipes
as both an aesthetic and structural detail was insightful about how it might be out in the industry.
We’ve learned quite a bit about concrete and its construction and seeing it in application of the
techite bridge really showed how all of our curriculum contributes to actuality constructing a
project. It really highlights how important it is to maintain the structures in Poly Canyon in the
education impact they can have.

The structures in Poly Canyon have a global impact as Cal Poly is one of the only places
in the nation that allow for this kind of freedom and exploration in how structures work and
actually construct them in the canyon. Having structures up in the canyon not only provides a
learning experience for those that are building them but for every one that visits the canyon while
also providing inspiration to future architects and engineers. Keeping the structures in shape
allows for this legacy to continue on. While there is an environmental impact of structures in the
canyon, most of the construction is done in a way that preserves the local ecosystem. There are
bridges built over small creeks and rivers to allow ease of access to all parts of the canyon but
most of the canyon has stayed as an open environment. While there has been electrical and water
access in the canyon, currently there is not either of the utilities available for visitors. There is an
economic impact of structures in the canyon in building and maintaining them, but the draw of
innovative structures within the canyon is a great way to advertise Cal Poly and the programs in
the College of Architecture and Environmental Design. If the canyon structures are maintained
there becomes more of a social draw in the canyon to visit the structures and marvel at them
rather than deface them. There are a few hurdles to overcome in the constructibility within the
canyon. The plans have to be approved by Cal Poly facilities and the department that is
proposing them. There is also the potential for issues with access to the canyon as there is a
service road but some parts of the canyon are inaccessible by vehicle. Despite the difficulties, it

is still possible to build in the canyon; it just takes a bit more time.
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Jora Leigh

I embarked on a transformative journey throughout this project, unearthing invaluable
experiences and insights. It was a platform that unveiled the untapped strengths and weaknesses
of individuals I had not previously known, propelling me to evolve into a more adaptable
professional in the face of constantly changing situations. This adaptability was not just a skill
but a mindset, a pivotal element in our project's success, which demanded flexibility over
rigidity.

One of the key lessons learned was the importance of adaptability. Due to the dynamic
nature of our project, rigid plans proved ineffective. I discovered my team member's strengths
and weaknesses and learned how to leverage these traits to achieve our goals. This ability to
understand and adapt to different personalities and work styles was instrumental in navigating
the challenges we faced.

Our multifaceted project was a testament to our collective efforts in addressing various
global, social, and environmental concerns. By restoring an existing structure, we made a
significant contribution to global efforts to maintain and preserve valuable resources. This
project also had profound social implications. We provided a much-needed facelift for a
neglected project, earning the gratitude of the original builders. This act of restoration not only
preserved a piece of history but also strengthened community ties and fostered a sense of pride
among all those involved.

From an environmental perspective, our team diligently ensured that all the products and
materials used did not negatively impact the diverse wildlife around the bridge. This careful
consideration of environmental impact underscored our commitment to sustainability and
responsible construction practices.

We encountered numerous construction challenges, particularly during the wall design
phase. One hurdle was creating a wall of the right size with a shallow footing, as we had to
construct it manually. Instead of obstacles, these constraints became opportunities

for innovative problem-solving and a hands-on approach, demonstrating our team's
resourcefulness and capability.

During the bridge restoration, I was particularly concerned about how to fill the railing
and patch it up. Bob Purdy, one of the original builders, suggested using spray foam to fill the

gaps, which worked perfectly. This practical solution was complemented by using fiberglass and
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resin patches, materials with which I had no prior experience. Working with these materials for
the first time was a valuable learning opportunity that expanded my skill set.

This project was a profound learning experience, teaching me about adaptability,
teamwork, and the importance of considering global, social, and environmental impacts in
construction. The challenges we faced, and the solutions we devised highlighted the necessity of
flexibility and innovation in successful project execution. The skills and insights gained from this

experience will be valuable in my future endeavors.
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Jesse Rainsdon

As I look back on my final quarter of college, I find myself reflecting on the chaotic
course of events that required us to adapt and alter our plans to succeed. Most importantly, |
learned the value of perseverance as life can throw many unexpected plans your way. This was
my first experience with the real-world construction process and I gained many valuable insights
that I will be highlighting in this essay.

Our initial project, the Poly Canyon Wall, addressed the societal issue of graffiti defacing
communal art projects. By giving graffiti artists their own space to express their art, we hoped to
deter the vandalism of the existing projects. While the calculations to ensure the wall’s structural
integrity were challenging, I believe our real test was the proposal process. We had no prior
experience regarding obtaining a permit and we ran into many complications that we did not see
coming. As we did not expect so many back-and-forths with our proposal, we fell behind our
anticipated schedule. In the future, we now know how we can better improve our proposal and
communication to significantly cut down the days needed for preparation.

Our final project, the Techite Bridge restoration, addressed the societal and
environmental issues of decaying projects, and the importance of properly preserving them. As
our society moves forward with new construction every day, it is crucial that we don’t leave
behind the older architecture that serves as a connection to the past. Additionally, restoring
existing projects utilizes much less labor and resources than new construction, making it a
favorable decision for our environment. In this project, I learned how to work with resin and
finishes, and the importance of accurate proportions and patience during the curing process to

ensure longevity.
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A.0 Appendix

A.1 Poly Canyon Wall Proposal
A.2 Techite Bridge Materials and Cost
A.3 Original Techite Bridge Report
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Poly Canyon Wall

Proposal

The Experimental Structures Lab in Poly Canyon at Cal Poly has upheld a "Learn by Doing"
philosophy since its establishment in 1963. It offers an open space for students to explore and
gain practical, hands-on building experience. However, over the years, the lab's maintenance has
declined due to lack of caretakers, leading to defacement and damage to many structures. To
address the current deterioration and discourage further destruction, a small art wall is proposed
for community expression. This initiative marks the initial step in a broader effort to restore the
lab to its former prominence.

Introducing a blank canvas to the canyon would provide students and community members with
a designated outlet for artistic expression, thereby discouraging the use of existing structures as
canvases. Additionally, establishing a public art space would foster community and campus
engagement within the canyon, similar to the tradition of painting the "P" on campus.

The proposed wall serves as a Senior Project for Architectural Engineering students, offering
them practical experience in designing with reinforced masonry and concrete, two key materials
emphasized in the ARCE curriculum. Students will demonstrate their comprehension of masonry
wall design and construction, including the installation of a concrete footing. Overall, the project
will afford students hands-on experience in project coordination, management, and wall
construction.

POLY CANYON WALL

ARCE 453: INTERDISCIPLINARY SENIOR PROJECT
SHEET 3 of 8

ADVISOR: KEVIN DONG




Scope

Site

In Poly Canyon, the best site was determined to be a area past the pole structure on the path
between the tensile structure and concrete flower. This is an ideal location for the art wall as it is
in a public area along the road and will likely receive greater foot traffic than if it was placed
further away from the road. Being close to the road also allows for ease of construction in the
pouring of the foundation and transportation of materials.

Tensile

Structure
Proposed Wall
Location

Structure

Concrete
Flower

Figure 2 Picture of site in Poly Canyon at 35.31481° N, 120.65231° W
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Design
A reinforced masonry wall of dimension 8’x10°x8” constructed of 8’x8”x16” CMU blocks. See
appendix for structural calculations.
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Figure 3 elevation dimensions of wall

Figure 4 mockup of wall on site
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Schedule

As an Architectural Engineering senior project, the estimated time of completion is the end of
Spring Quarter 2024. See Appendix for full schedule
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10-Jun-24, SENIORPROJECT S

— 14May-24 SENIORPROJECT2 Preconstuction & Permiting

ay-24, SENIORPROJECT.1 Conerete Construcion

A

cree Pour
 , : ¥ 10-Jun-24, SENORPROJECT4

b - - -

Bl Lay CMUblocks igroutand morior)
§ BN Piaserand finishwal

Figure 5 Gantt Chart
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Cost Estimate

Connections within the Architectural Engineering and Construction Management departments will
be investigated as potential funders as well as local companies in San Luis Obispo.

#4, Horizontal (5) Horiz 10" + (5) Horiz 11' + (10) Horiz 4' = 145'

#4, Vertical (5) Vert 8' + (10) Vert 4' = 80'

CMU 8"x8"x16" 120 full and 14 half $1,181 Air-Vol Block
Mortar 11 bags $8.02/per 80Ib bag $88 Air-Vol Block
Grout 68 bags $4.60/per 60Ib bag $313 Air-Vol Block
Rebar 225 feet $12.20/20" stick $146.40 Air-Vol Block
Concrete 2.5 cubic yards $620 Holliday Rock
Plaster 170 square feet 25%/25Ib bag $100 Home Depot
Concrete Pump Setup - $250 $250
[supies  auamety  prcePerUmt  TowlPrice |

Tarp 9x20 $14

Tarp 5x7 (4) $12

Pick axe 2 $30/ unit Borrow

Shovel 2 $30/ unit Borrow

Grade Stakes 6 $8/ unit $40

Screws 2 $7/ unit $14

Boots 5 $35/unit $175

Silt Fence 1 $55

2x4 Screed 1 $10

Edger 2 $50

Plaque $500
Miscellaneous $300

Total : $3,869
Notes:

Holliday Concrete

$1,200 with delivery
120ish blocks and 14ish half bloi 150 Delivery
20' of #4 = 12.20%
Mortar 80 pound bag = 8.02 Airvol for both
Grout (concrete?) 60 pounds =

Figure 6 Cost Estimate
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Appendix

Appendix A: Structural Drawings
Appendix B: Structural Calculations
Appendix C: Gantt Chart Schedule
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ARCE 453, Poly Canyon Wall Calculation: Overview Page 1/1

Interdisciplinary Senllor Project Sheet Title: Dimensions and Weights Date: 4/9/24
Student Group - Kevin Dong Name: Sara Engmyr

Wall Overview

n
t=1% B are "

CMU Blocks: 10"x8"x16" (nominal)

width = 7.625 in weight = 95 psf (8" CMU)
Length = 10 ft Height = 8 ft t= 7.625 in
(maximum) 1 CMU Block Wide
# CMU, L: 7.5 blocks # CMU, H: 12 blocks

Wall Weight
Wyan = 7.6 kipS




ARCE 453, Poly Canyon Wall Calculation: Lateral Page 1/1

Interdisciplinary Senllor Project Sheet Title: Wind Forces Date: 4/9/24
Student Group - Kevin Dong Name: Sara Engmyr

References: ASCE 7-16
Chp. 26 Wind General Reg.
Chp. 29 Wind, Other Structures
* see ASCE 7 Hazard Report for hazard vaules

V= 87 mph Risk Cat: Exposure: C
Kd = 0.85 (wind directionality) Solid Freestanding Walls/Signs
Kzt = 1 (topogrphic factor)
Ke = 1 (ground elevation factor)
G= 0.85 (gust effet)
Kh = 0.85
qn = 00256 KpKy KaK V2 gh = 14.00 psf (Eq. 26.10-1)
gh min = 16.00 psf
therefore gh = 16.00 psf
Cf = 1.425 (force coefficient) (Fig. 29.3-1)
Design Wind Force
F = qnGCrAs = 19.38 psf

F= 1.55 kips




ARCE 453, Poly Canyon Wall

Calculation: Lateral

Page 1/1

Interdisciplinary Senior Project
Student Group - Kevin Dong

Sheet Title: Seismic Forces

Date: 4/9/24
Name: Sara Engmyr

References: ASCE 7-16

Chp. 15 Seismic Design, Non Building Structures

* see ASCE 7 Hazard Report for hazard values

Seismic Design Forces
Sps = 0.889

Signs and Billboards
R= 3

V= '35D5W1€

Cs min = .044Sp4l,

vV =CW
Ta = Cthf,_
Ct= 0.02
T, = 0.10 sec
T. = 8 sec
S1= 0.408
Fv= 1.9
Su1=FS1
Sp1= 2/3 Sm1
Sp1
T<Tiso Cs=—p—
L s T(R/Ie)
Summary Seismic Design Values
V= 2.03 kip
V= 25.34 psf

Soil/Site Class = D, default

Q= 1.75
W= 7.6 kips
Cs min = 0.04
V= 2.03 kips
hn = 8 ft
SM1 = 0.78
SD1= 0.52

(need not exceed)
(Eq. 12.8-3)

(divide by wall area, kip to psf)

(Sec. 15.4)

(Table 15.4-2)

Cd= 3

Cs = 0.27

therefore Cs = 0.27
(Eq. 12.8-7)

X = 0.75

(ASCE Hazard Report)

(Eg. 11.4-2)
(Eqg. 11.4-4)

Cs = 1.81
compare to 0.27 GOOD




ARCE 453, Poly Canyon Wall Calculation: Lateral

Page 1/1

Interdisciplinary Senior Project

. Sheet Title: Summary Design Values
Student Group - Kevin Dong

Date: 4/9/24
Name: Sara Engmyr

Wind Design Values (from previous page, "Wind Forces")
Fw = 1.55 kips
Fw = 19.38 psf

Seismic Design Values (from previous page, "Seismic Forces")

Feq = 2.03 kips
FEQ = 25.34 psf
Governing Load Case Seismic

Relevant Load Combos:
1.2D + 1.0Ev + 1.0Eh
9D - Ev+Eh

Diagram 1.0 E (Hand Calc)

w2, P5¢ for 12" of wau =

2L KIe o
—> 1
02 [
e | L]
21 % \
N 8
T <% * V=.21 9
M
=020 () R= .2\ 1
W2 (2V)(8) -> .10 ket M= .10 L&+
\DLz[z
Mu = 0.7 k*ft

per foot of wall

M= 10
K+




ARCE 453, Poly Canyon Wall

Calculation: Wall Design

Page 1/1

Interdisciplinary Senior Project
Student Group - Kevin Dong

Sheet Title: Vertical Reinforcement

Date: 4/16/24
Name: Sara Engmyr

Moment Calculation

v b £
# >~ €c 8fc _,%2
\ ‘I’dz\‘\h_ IC X QL Cc
h —
oS - €s o ) T
Strain Stress
Cross section
\nternal  Equitibriven
SFx=0 T=C
Asfs=.8f'cAD - gove for a= RAgfs
.8€cb
IMAMAl  Moment-
2M=0 Mn= T(d-%/2)
= Asfs (d- Bsfs () )
8€'cb
fs=€y, Mn= Rsfy (d- As fy_ (n,,_))
) .8£chH
Material Properties
flc= 2000 psi fy = 60000 psi
f'm
Section Properties
h= 7.625 in b= 24 in d= 3.81 in
(imaginary wall section, help determine spacing)
a= 0.31 in
Vertical Reinforcement
As = 0.200 in® ---> (for 24in) #4 @ 24" o.c.
Check Reinforcement Limits *see equations above
Agp = .0007 * 5 xh Asv = 0.128 in GOOD
Mn = 43875.0 Ib*in from above equation
Mn = 3.66 k*ft
OMn = 3.29 k*ft
Mu = 1.4 k*ft ---> (for 24in)
DCR: 0.43 GOOD
Check Cracking Moment
Mg = Syf- Mcr = 4.49 kft
NO CRACK, GOOD
Sx = 0.04 ft*
fr= 127.28 ft and kips Vertical Reinforcement

#4 @ 24" o.c.




ARCE 453, Poly Canyon Wall

Calculation: Wall Design

Page 1/1

Interdisciplinary Senior Project
Student Group - Kevin Dong

Sheet Title: Horizontal Reinforcement

Date: 4/16/24
Name: Sara Engmyr

In Plane Lateral Load

Shear Resistance of Concrete Masonry Shear Wall

Vea,
n aj
V= 2.03 kips H= 8 ft
Load Combo: .9D - Ev + Eh
1.0DL= 7.6 kips Eh= 2.03 kips

.2Sps = 0.178 Mg =Vgh
P= 9D-Ev= 6.66 kips M = 16.22 kft
1.5V .
fo= fv= 2.19 psi

ATH]

*special reinforced multiplied by 1.5

M

= 0.67
Vd,

therefore max. shear stress given by:

E, = (va+Fvs)Yg

Eom= % (4 - 175 VMTV)JE + -25£ Fvm = 31.68 psi
An= 1440 in®
Anv = 1386 in’
f'm = 2000 psi
Vg = 1.00
L=dv= 12 ft

Fvm >fv  GOOD no need to check shear, min. reinforcing

*change to
Vertical Reinforcing #4 @ 24" o.c.
Horizontal Reinforcing #4 @ 24" o.c.

DORMS Ex. 5.7.1

10 ft

#4 @ 24" o.c.
Horizontal Reinforcing
(max. spacing is 48")
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STUDENT GROUP - KEVIN DONG
ENGINEERING WEST, CAL POLY SLO

CALCULATION DATE
FOOTING 23 MY 202
SHEET TITLE NAME
EXCEL CALCULATOR | ora Leigl

SHEET

STRIP FOOTING ANALYSIS: H = 16", B = 3.5'

MATERIAL PROPERTIES REF. SOIL BEARING PRESSURE (ASD) REF. FLEXURAL CALCULATIONS (BOT, ULS)
CONCRETE P 1.46 k Cc 74.4 k
f'c 2.5 ksi Mot 0.84 k-ft Ts 74.4 k
A 1 e 0.57 ft Cc-Ts 0k
ecu 0.003 in/in CHECK B/2 STABLE c 1.0 in
p1 0.85 gmax 0.84 ksf a 0.8 in
wc 0.15 kef gmin 0.00 ksf €s 0.0358 in/in
STEEL gmax ok? YES esgy? YES
fy 60 ksi Mn_kin 912.9 k-in
fyt 60 ksi SOIL SLIDING 6. Mn 76.1 k-ft
Es 29000 ksi Vs 0.224 k of 0.9
gy 0.0021 in/in Vallow 0.455 k $fMn 68.5 k-ft
SoiL CHECK Vslide YES
P_bear 1.5 ksf 1. CHECK Vallow / Vs > 1 YES SHEAR CALCULATIONS (ONE-WAY, ULS)
Cohesion 0.13 ksf 1. Ve 9.7 k
ws 0.11 ksf STEEL REINFORCEMENT dv 0.75 k
MASONRY FLEXURAL TENSILE REINFORCEMENT (BOT) $vVn 73k
wm 0.15 ksf Asreq 0.21 in"2
BAR SIZE 5 FOOTING CAPACITY CHECKS (ULS=ASD/0.7)
MEMBER GEOMETRY AND WEIGHTS BAR AREA 0.31 in*2 gmax,ULS 1.19 ksf
FOOTING BAR DIA 0.625 in gmin,ULS 0.00 ksf
H 1.33 ft # OF BARS 4 ONE-WAY SHEAR
B 3.5 ft As 1.24 in"2 Vu 2.26 k
COVER 3in SPACING 12.0in d/c RATIO,Vu 0.31
d 1.1 ft SPACING OK? YES CHECK Vu YES
pf 0.7 k MINIMUM AREA CHECK FLEXURE
WALL WALL Asmin (0.0018*H*B) 1.2 in?2 |3. j 0.95
bw 0.64 ft As2Asmin? YES Mu 11.21 k-ft
lw 10 ft d/c RATIO,Mu 0.16
hw 8 ft OTHER LONGITUDINAL REBAR CHECK Mu YES
Pw 0.76 k Asmin (0.0009*H*1') 0.17 in
SoiL LONG WAYS (BOT) DEVELOPMENT LENGTH
tsoil 0 ft BAR SIZE 4 Ld 14.4 in
Ps 0.0 k BAR AREA 0.2 in"2 Ld_avail 17.2 in
Ptot 1.46 k BAR DIA 0.5in CHECK Ld YES
(Asmin / BAR AREA) 0.864
FORCES AND LOAD COMBINATIONS SPACING 13.5in SUMMARY
FORCES ON WALL PER FOOT SPACING OK? YES FLEXURE
Vtot,ULS 28.0 plf ALONG B=3.5'
Vtot,ASD 19.6 plf 4 #5 BARS
Mot,ULS 1.19 k-ft BOTTOM @12IN. O.C.
Mot,ASD 0.84 k-ft LONG WAYS
OVERTURNING CHECK #4 BARS
Mr 2.56 k-ft BOTTOM @13.5IN. O.C.
Mr / Mot 3.1
CHECK Mr / Mot > 1.1 YES 4. 1BC 2021 Table 1806.2

IBC 2021 §1806.1
ACI 318-19 §8.6.1.1
IBC 2021 §1807.2.3
IBC 2021 §1605.2
IBC 2021 §1806.3

O UhWN R

REF.
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P
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Wy
Pf’

MOT = 0] VTW—M (\r\w\(hm /Z +H)

Mr = (PwtPr)(B/2)
!
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Mr
MDT

> \.\
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\/S = VmT_ULs(h\N\

Vatow = COHESION(BY( 1)
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\)5
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Costs and Materials

Actual Cost:

First Home Depot Trip (Richard)

Scrub Quickie Heavy D $19.97
Graffiti Remover $9.47
Concrete Cleaner $11.47
Scour Pad $4.18
Wire Brush $4.98
Bucket $4.48
Tax $4.77
Total $59.32
Second Home Depot Trip (Richard)

Sandpaper 2x6.98 $13.96
10" Shear $14.97
Sharpie $2.68
Paint Stick $1.48
FG Nitirle Coated 5-PK $5.00
Grease Monkey Disp. Nitril $21.87
Chains 4x53.00 $212.00
Sand $5.47
Fiberglass Resin $23.98
Grout $13.97
Gap Filler 2x6.48 $12.96
Plastic Drop Cloth $11.78
Fiberglass Mat $8.28
Putty Spreader $4.98
Hook $1.38
Flat Brush $2.94
Duck Tape $6.98
Sales Tax $32.78
Total $407.43
Third Home Depot Trip (Richard)

Brush 2x14.47 $28.94
Brush $12.47
Fiberglass Resin $59.48
Sales Tax $8.83
Total $109.72
Fourth Home Depot Trip (Richard)

Quick Link 1/4 $4.35
Sales Tax $0.38
Total $4.73
Fifth Home Depot Trip (Richard)

Quick Link 3/8  2x5.40 $10.80
Sales Tax $0.95
Total $11.75
(Richard)

[Total $592.95|
Sixth Home Depot (Jora)

Spray Paint x5 $52.40
Sales Tax $4.59
Total $56.99
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PREFACE

From the 5eg;nn1ng of this project, our goal
has been to test Techlite in a practical application,
We, the students, believe that there 1s substantial

‘ evidgnce that our design would be‘a valuable asset
to the Peoly Canyon; In our study}we will show the
logical steps that brought us to this conclusion,

Because of our interest in and ignorance of
Fiber-Reinforced Plastic (F.R.P.) we centacted the
United Technology Center in Sunnyvale, Califernia.
They directed us to their Téchlte plant.in river~
side, Calif@rnia. We airénged for an 1nt@rv1eﬁ
and tour of.the plant early in the wintef gquarter.,
Mr. Weingart, Manufacturing-Englneering Manager;

" and Mr. Bruce Glascock, FProduct Engineer, meﬁ with
us for the better part of the day. We diggéssed A
the varlous metheds of constructing F.R.P. pipe and
why U.T.C. chose filament winding. This will be
«disgﬁssed later sectlﬁn'éne ef this paper, titled
What 1s Fiber-Reinforced Plastic?® We relieq
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heavily on the date furnished by'Bruce Glascock -

in ocur design.
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THE PROBLEM

bt

The Setting of the Problem

Fiber-Reinforced Plastlc has many applications.

Yet, as a structural component, F.R.P. has not been
widely accepted in the bullding industry. Since
1956, many preposals have ﬁeen'written and proto-
types have been bﬁ;lt in an effort to educaté tne

structural designers., The restraining factor seems

to have been a distrust of the short and long-

range characteristics (flammability, creep, and

ultra=violet deterioration). There is no fire

ratihg for F.R.P. in the Uniform Building Cede.

Statement of the Problem

The purpose of this study is to explore the

l

usefulness of Techite in a structural application.

- We had antiolpated using Techite 1n more than one

stress condition. The following questions are to

"be addressed in this paper:
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2.

3.
4,

What is Fiber-Reinforced Plastic?
Can it be joined easily in the field as

" well as in the shop?

Is cost a current restraining factor?

How do we design intelligently with this

material?

-

The Importance of the Problem '

At a time when the cost of bullding materials

gated,

in spiraling, alternative prcducts must be investi-

As our limited resources of wood are being

sent abroad to form an artifically high cost of

that material here, we fortunately have available

a product that 1s as limitless as the sand on the

beach:

fiberglass,
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WHAT IS FIBER-REINFORCED PLASTIC?

CEMMCORARRY TN AN SN A o A0 RN

-

General Properties of Techite

-

Tedhlte 13 a-composite structure of poly=-
ester resin mcétar reinferced with continuous
- fiberglass filaménts. Techite ripe combines these
. materials in a properly englineered structure to
produce & high-strength, lighte-weight pipe. The
inherent tensile strength of>f1berglass filaments
(in excess of 200,000 psi.) in a filsment-wound
_structure glveg”Techlte pipe the ability to with-
stand high internal pressure with large factors of
safety., This matrix combines reslliency with |
gtrength, As a non-brittle material, Techite
- can accomedate intense live loads and earth settle-
ments'without ever~stressing.

The raw matgriéls fram'which Techite'pipe |
is made (flbergiass, sand, and isophthalic poly- -
estegifésin)show a high degreé of resistance to
ﬁeathéring. This resistance 1is not dependeﬁt

upon the thicknéss, coatings, or additives, but

page 6
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is ohafacteristic of the entire pipe structure.
The high faotof_cf safety.mentioned renderg a
gervice life in excess of fifty years, (See
Appendix F) -

Altheough the Tgchite used in this problem was
only eight 1hchgs in dlameter, it can be wound
larger than forty-eight inches with lengfhs up to

eighty feet,

Hanufactﬁring Techite

Filament winding 1s a process that has been
used in the aerospace industry for many years.
The glass strands are brought from their moltén
state through an electrically heated orifice,
The rate of pull determines the dlamgter of the
filament. The strands are elther woﬁnd 1n.calls
" ecalled rovings or woven in mats, Techité is wound
on a steel mandrelvrram strands dtppédlln resin,
This i1s ealled the wet method. , |

. Next, an alternating mat called the tape
'is applied. During this operation, screened sand
(402 inches and .04 1nches)'is fed over .the wind-

ings and mat to fill any voids and prevent alr

. page 7



bubbles. All ef this is done in one station. As
mentioned before, the standard length,ia twenty
feet, However, the only 1imit to length 1s that
of the mandrel, Also, there isg no limit te the
thickhess of the wall as the pipe will cure well
despite the number of layers of glass énd sand.
The pipe is now moved to an oven for a spece
ified period of time to hasten curlng._,The pipe
is then removed frem the mandrel by the use of a
nydraulic ram. Inspection is first visual. Then
a randem sample of one in every 'one-hundr@d pipes

is tested by the noermal beam test, The acceptable

limits will be shown in the appendix. (See Appendix

H)
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CAN IT BE JOINED EASILY?

Fibverglass Jeints: Fleld and Shop

Considering é system of Joints that would

'be compatible with Techlite became an exercise

in frustratien. The first thought was that the
design had to be of fiberglass also, Whille we
tock our téur through the plant in riverside

we saw the speclalty shep that cut an¢ pleced
bends, wyes and other custom joints. .We‘séen
realized that it was a slow, tedleus and exacting

process. We also consulted several back issues

of “Chemical Engineering.” Mr. Thomas Lautenback,
in the Autust 3, 1964 issue of "Chemical Engineer-

ing, " points out:

" The most pepular types are: plain end,
bell and spigot, and integral threaded

e « «The principal aim in butt-and-
gtrap Jjolning is to make the Jjoints as
strong as the pipe itself. Of critical
importance is the width of the strapping
materials which must be of sufficient
dimensien to withstand the shear stresses.
In practice the Jjeint is usually made
much wider than is necessary. The
axial and bursting stresses at the

joint are satisfied by making the lam-
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- - inate constructien as thick as the pipe
. e ¢ o A widely used filament=wound . :
epozy pipe is provided with belleand=
spigot ends that can be assembled with
great speed. For example, three=man
crews have assembled 2,700 feet of this
pipe in only one hour . . . Integral
threaded pipe has the sbvieous advantage
of requiring the least number of fabri-
cate steps. In many cases, all that is
required is manual thread assembling.

He continues: -

Apex Fibre=glass Produets Division ef
White Sewing Machine Corporation, Cleve=
land, Ohio, provided templates that allow
: Joints and fittings to be fabricated
" directly. Templates available include
tees, ells, crosses, wyes, and the like,
Te fabricate a fitting the template
is first traced onto a section of the
pipe., Cuts should initially be made with
a hacksaw and then completed with a
sabre saw, A one=inche-wide area next
to the eut 1is then scuffed with a coarse
sandpaper and cleaned with lacquer thinner
or naptha, Special resin 1s then applied
to glass tape (much as 1t 1s applled to
butt-and-strap joint) and to the pipe.
The tape is positioned over the joint
and pressed firmly with a wood spatula
to ensure impregnation of the resin,
‘The resin will conmpletely cure in a few
heurs at room temperature, or in a few
" minutes under heat lamps. .

As bhe bridge cannot be fully prefabricated
in the shop we antioipated no less than twehty-
four field jeints, Researching the periedicals
‘further turned up exactly what we had been needing.
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- In his article entitled *Field Joining Reinferced
Piastic Pipe," Mr. A, F., Fond2 stresses many ef

the samé-ideas.that Thomas Lautenbach did except

" that he gilves a ¢eéign equﬁtiah for the minimum
shearllength ef a butt-and=strap Jolng. He also

» makeé ﬁhe assertioﬁ: *While some pipe manufacturers
offer installation service, the job can be done
by your plant crew. » " He later qualifies this
statement; ”However, it is always desirable to have
a'pléstics englneei examine the basic desigh. . +*

We had to come up with a simpler method,
. sSteel Joints: Welded and Bolted

The next alternative was a steel joint that would
sllpkzinside the pipe. We would then belt the
steei to the Techite and also to a gusset palte,
As a mattér'of colincidence, structural steel tubing
has an outslde dlameter that is exactly the inside
diamé;erVef Techité. Unfertunately, it also
cests ten dollars per lineal foot. (For our pre- .
-ject, this émauntg to some $240 for steel tubing
alone,) We tried unsuccessfully to get a donor,

',We then.declded to angle,anJironvjelnt welded
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together with twe<inch, curved pleces to fit

lin_the pipe., We anticipated that the Techite would

fall near twenty thousand peunds in compression.

We know that we had overdesigned &ur.angle iron

by awfacﬁor of three and felt that‘fogr,high-

strength bolts would do the Job for testing pure

poseé. o ’ |
We were astounded and pleased when the belts

began to deform and.the Techite maintained its

integrity until thlrty-seven thousand pounds.

At thatvéaint the fiberglass~began to yield in

-bearing at the belts, and finally split at a planned

fault iine. _
There wag an evaluation with our adviser
at which tlme we decided to switch to a concrete

Jeinto
Concrete Joints

Cencrete and Techite are both viscous sollds

uith measurable amounts of creep., This

plasticity can be sald te work against both mater-

1éls_in the long run. However, they would seem

- to be ccmpatible from the point of strength efficiency,
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: bﬂlts .

This joint can be constructed much more easily

The fact that the concrete could be molded to the

exact shape for a bearing connection with the

>Tech1te,'while the Techite could be used for the.

form, nas'ideal. Because of this.csmpétibility;

we used é safety factor of 1.5 in our calculations
Tor ﬁhese J@ints; éé also assumed a conservative
tﬁenﬁy thousand ﬁmunds for the Techite. We arrived

at aLdesignéd Joint with_six one=inch high-gtrength

than elgher’previaus possibllity. The Techite‘will
gerve as the female parf of the ferm; The high
é@réﬁgtﬁ bqlts will be tightened to their nuts
through the Techite. The concrete will then be
poured and the bolts loosened so that the'cbncrete
8lips free for an on-site connéetion. Thé concrete
strength need only be a regulér two thousand psi.

mix ™

. page 13
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IS COST A CURRENT RESTRAINING FACTOR ?

COST EFFICIENCY -. -~

The cost of an erected material is more than the
cost of the matepiai_itselfa This may seem to be a |
very elementafy statement at first glance, However,
when the cost of a present day job is so‘heavily con;
centrated in the labbr force, the chance to save a
:‘dollars labor by spending a dime mote for materiais
"§éemé to be a self-eviéent economy. Techite pipe has
many. reasons why it canvéave that dollars Qo:th of
labor,. ;- | |
B The first good reason for economy is.fhat it is
very 1ight. The‘équipment‘usedvto move afoﬁnd pipe

can be appreciably smaller, costing. less to operate,

own, or rent, One such piece of pipe, twelve inches

“in'diameter and twenty feet long weighs oniy fwo hun-
dred pounds. This weight can be.easily'handled by

two men, whéreas other pipe made of steel or concrete
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this size cén,ﬁeigh up.to ten times as much,

The cost‘performance index is possibly the best
indicator'of Techiters initial’ economy#(see appendix
G). The layup woven Roving is the -Qést economical
strength pér cost item on the list, It compares very
favorably with 1010 steel alloy, Techiters nearest come
'petitor. In bending strength, it gives one third more |
'ﬁgnding Stfength for less money per one hundred square
inéhes. The same is true for‘éechite's tensile étrength.
.Aithough it does not havé_the stiffness that the steel

pipe has, pound per dollar it is more efficient than the

steel pipe.
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HOW DO _WE ﬁESIGN INTELLIGENTLY WITH THIS MATERIAL 2

ENGINEERING SPECIFICATIONS

Bruce Glascock furnished our senior projectlteam-
‘with some fests,tha% héd been condﬁcted'oniTechite at:
the Cal Poly cémpus in Pomqné. In these stfuctural
‘design proPerty ranges, Mr, Glascock réﬁinded.us'that
the values of his test results reflect oﬁly process
capabilities, not standard product valﬁeé. We then
decided that weﬁWOuld have to conduct some of our own .
tes;s to.determine‘thé pipers strength in both comﬁres;
: éion and tension. The resulfs of the compression teét
were’discussed previously, and the follo&ing are tﬁe ?
resulté of tests maderﬁ strips of pipe afpioximately
one inch in width, These strips were cut longitudinal;
;y,along the ?axis of tﬁe pipéQ W

unif.

' eross - .
width sectional %gg:gin stress -

- - area tension
1,12 0.14 sqin 1,020 # 7,300 psi
1,10% 0,138 sqin 1,020 # 7.450 psi

0.97" . 0.121 SQ_in ’ 5850 # 7'000 pSi
‘page 16 '




J

The values were remarkably close together, but we did
use sections taken froﬁ different samples of pipe.
Thergfore, there waé no true random sampling of the
pipe, so the values obtained ffom_tﬂé'fests cannot be
classified as being independant of each other as a real
Arathm sampling~w;ﬁld give. The purpose'of the ;ests
was Qatisfied though, and ﬁhé figures Wé recieved could
.give.us a point‘to étart from. Wé had confirmed that
we could use the values supplied by the manufacturer.
From this data, we‘found that Techite pipe ié more
efficient in cbmpreésion than in tension, This éurpfi- |
sed us, as fib;rglass is usually tﬁoﬁght of in terms’of
‘ its good tensile properties., We were algo warned that
~ buckling ﬁight govern tbevdesign so we used the foungs
Modulus provided in Mr, Glascoék'é specifications to
determine the maxiﬁum»length we could work with. ﬁq@ng
“the eight inch diémete: pipe, this length tuined out}to
bé'eight té nihenfeef. By staying within ftheseibouhds,.

we were assured protection from buckling,.
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_ DESIGN PROCESS WINTER QUARTER

The structural engineer of the team, Lee Amy,
conduqﬁed‘computer simulations durieévthe winter
quarter. a/print of which is included in the appendix.
ThlS program, called ELAS, had the purpose of solv1ng
the internal stresses created by loads on a Space frame.
‘This Spacelﬁrame was our first speculative attempt at
é workable design for our bridge. The computer output
stresses showed that the,?echite pipe was strong
enopgh‘to take'the'loads we‘had designed for. Howe&er.
fhe frame‘would'requife‘forty-one nodes of intereectien
for,the-ﬁembers.' Tﬁe joints would be at odd aegles'with
as many as eight members co&ing together at one point;

We next considered a very simple, straight forward
: Howe truss This would be very easy to solve the sdre-
ses in ahd wodld'make thedjeining angles a iotimore
madagaele. At this time we.were considering.the.uee of
'steel‘jeihts. Becoming disenchanted with the steel

'joints, we sw1tched our line of thinking to a concrete
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joint system. This switch came about at the end of the

winter guarter,
With our new concrete joints in mind, we set about
designing an all new compression structure, This would

also be using the Techite pipe in its most efficient

staté; as previéﬁsly discussed, We also would be uti-

‘1izing the pipe's high strength in beﬁding. The struc=-

ture's design was greatly siﬁplified as compared to the

earliertruss and space frame which made it all the more

appealing.
.The site of our proposed bridge was chosen to be at
the entrance to Poly Cényon. ‘It was to span the creek

that runs down the canyon. This site dictated the use

of only two foundation points as shown on our site survey

plans and sections, From the soils'prbfile conductéd

earlier this year by Hans Mager Jr, and the eXpérience

of Mr, Otto Ehrenﬁerg. we estimated the 5foundation;v

would have to go down at least six feet to bedrock.h
The was a concern abopﬁ thé,instability_of-a

structure using only two foundation points, but our

© . page 19



calculations revealed a very stable structure. So
stable was the design that one half of the bridge could

be taken away and the other half would remain standing

e
[ .
B

as a full cantilever,. Limiting ourselves to 6n1y two
foundation points was also a move toﬁards greater
economy. The saving of material and labor that would
" have been invélvedeith the making of t&b more found-
ation péints was'considefable. But the economics Qere
not the only concern, The esthetic quality of the
bridge was destroyed when two additional foundation

points were added,

Upon determining the -exact dimensions required of

the bridge; we analyzed the frame as a rigid frame using

the moment distribution method. From all the calculations

made (see following pages), we have concluded that the

frame; slab, and foundation are stable.

. page 20
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 CONCLUSIONS

We have answered, to our satisfaction, the four
questions that dealt with this study. We have analyzed
the use of Techite on the basis of both qualitative and
quantitative methods. From this study, we have become
more informed about the characteristics of Fiber-Rein-
forced Plastics. Our research into joining this mater-
ial has led us to a practical.solution for a bridge
design. The answer to the question of cost revealed
that the area that Fiberglass is most efficient per
unit cost in tension and bending. From the test results
and information provided us by U.T.C. we have arrived at
a design that is pleasing, economical,and durable, that
should be fairly easy to construct.
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GLOSSARY OF TERMS FOR FILAMENT WINDING

A bushing is an electrically heated alloy contain-
er encased in insulating material. It is used for mel-
ting, feeding, and controllihg the glass temperature in
the formation of the many individual fibers or filaments
which make up a strand. -
COMPATIBILITY

The ability of two or more substances combined with
each other to form a homogeneous composition of useful
plastic properties,

CONTINUQUS FILAMENT | o
| A term used to describe a fiberglass product con-
taining strands composed of many fine fibers of great
.or indefinite length,

FIBER

An individual rod of glass of sufflciently small
diameter to be flexible, having a known or approxlmate
limit to its legth.

FIBER DIAMETER _

The measurement of the :diameter of an individual
filament usually eXpressed in hundred-thousandths of
an inch,

FILAMENTS o

Individual glass flbers of indefinlte or great length
. as pulled.from a stream of molten glass flowing through
an orifice of the bushing. In the 0peration.'a number
of filaments are gathered together to make a strand or
. end of fiberglass roving or yarn. |
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GLASS TYPES
Electrical grade (E), High strength (S), and Low
dielectric (D).

MODULUS OF ELASTICITY .
The ratio of the unit stress to the-unit strain
within the proportional or elastic range of the mater-

ial,
NON.HYGROSCOPIC : _ ,

. Lacking the property of absorbing and retaining
any appreciable quantity of moisture -from the air.
ORIFICE | : R

The hole in the bushing tip from which the stream
. flows that is drawn out into glass flber or filament,
ROVING

A number of ends or strands of glass gathered to-
gether into a ribbon without twist, then wound onto a
cardboard table., :
STRANDS . |
A primary assembly of continuous filaments come’
bined in a single compact unit without tW1st.
STRESS _ .
The external force per unit area which tends to
cause change in the size or shape of the body.
GIRTH STRESS

The unit area composed of glass and resin in the
girth direction.
HELECAL GILASS STRESS ,
, The unit area composed of glass only of the heliecal
windings, '
90 DEGREE STRESS :

The unlt stress area composed of glass only in the
90 degree windings :

h:
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S-994
A low alkali, magnesia alumina silicate, high -

tensile strength glass fiber., The fiber or strand
is coated with an appropriate sizing to increase
adhesion to epoxy and silicone resin systems,
WET WINDINGS | |

A term used to describe the process of winding
g£lass on a mandrel where the strand or strands are
impregnated with resin, just prior to contact with
mandrel, |
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-

GLOSSARY OF TERMS RELATING TO PLASTICS

CREEP |
The dimensional shange with time of a plastic under
load, following the instantaneous elastic or rapid de-
formation.
CURE |
To change the properties of a plastic or resin by
chemical reaction, which for example may be condensa-
tion, polymerization, or addition; usually accomplished
by the action of either heat, catalyst, or both.
- DETERIORATION , .
A permanent change in the physical properties of
a plastic evidenced by impairment of these properties.
FILLER ' _
A relatively inert material added to a plastic to
modify its strength, permanence, working properties, or
other qualities to lower costs.
* LAMINATE

-

A product made by bonding together'twd or more layers

?

of material or materials.
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DESCRIPTION

Techite pipe

.Concrete
slab

foundations

¢ Joints

- Reinforcing
steel
#4+ bar

QUANTITY ESTIMATE

- DIMENSIONS

8+»dia, x 80"
8rdia. x 3'6v

48+ x 8+ x 4
6- X 30 X 3'
1'4"}{ 1'Qrx 8»

-~ page 64

RN

NO.

8
10

Total i

1

2

12
Total

b2
60
b2
42
16

QUANTITIES

6“‘ lin. f'to
35 linyft.
99 lin.ft.

7.26 cuiyds;
4,00 cu.yds,
5-52 Cu.de:

16078 Cuc yds.

168 linc ft.
120 1lin.ft.
4hi 1in.ft.

176 l1lin.ft.

Total ; 1241 lin.ft.

Total

820 1bs.
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Corrosion resistance, hﬂm weight, excellent flow strength was provided by spirally
. winding giass cloln over this core.
characteristics, low initial investment, ease of fab- AtTeastone layer of matwas placed
rication and handling, long service history, good in- between ;Iﬁetgiy;‘]"pe"ivg“}l};mﬁ‘g
sulating characteristics, and low maintenance are Miih resin containing ultraviolet
” & : 5 ‘ Vb screeners to protect the suriace
features of reinforced polyester piping. from sunlight degradation. Room
temperature cures were used for all
W. A. SzYMANSKI, Durez Plastics Division, fagl{;c(itlg]r::- fabricator was hnown
Hooker Chicmical Corp., North Tonawanda, N. Y. for quality wr;rkm:u;smp - p;':’.;'i-
and ous jobs and had an excellent repu-
R. C. TALBOT, Hooker Chemical Corp., Niagara Falls, N, Y. tation throughout the industry, and
because of the large scope of the *
Mose tHAN TWo MILES of fiber- installation and other piping ap- J0D, 1t was agreed that final inspec-
. glass-reinforced polyvester pressure plications, Iigures 1 and 2 show 4on would be made at the ﬁl:iTnt
piping was installed in sizes vary- difterent views of the brine instal- Site. To fa(:lht::.f:e visual inspection
ing from 2 to 1% in. in diameter lation. a_na to ensure highest quality, spe-
in a new caustic-chlorine proecess ., . .. cifications called for an urfilled,
at the Niagara ralls, N, Y., plant Fabrication unplgmen‘ted resin. Although ap-
of the Hooker Chemical Corp., a The pipe was fabricated by the Pearance is by nomeans necessarily
little more than three years ago. coniact, hand lay-up, wet techniqu: indicative of serviceability, addi-
_ The pipe, made with a corrosion re- to fabricator’s specifications. De- tives, nller_s, or anythmg that can
Sistant, inherently Areretardant, tails were critically reviewed and Mask certain defects, such as voids,
chlorinated polyester resin, Hetron approved by the corporate corro- YESin-poor areas, pitling, air en-
— 72 (Durez Plastics Div., Hooker sion, engineering, and purchasing trapment, etc., can result and have
% Chemical Corp. trademark) has groups as well as the fabricator. been known to result in early fail-
Yo been performing quite suitably ever The pipe was made in 20-ft, ures. . )
since. The piping carries neutral lengths With & smooth resimmien - oeveral sections from each ship-
or alkaline (pH’s to 11) saturated interior surface reinforced with a fment of pipe were criticaly in-
sodium and potassium_ chloride I0-mil suriacing vell of Type C Spected for these and other defects.
brines, at temperatures to 175°F, (chemical grade) glass mal to pre- 10 addition, the pipe was checked
to mercury ceils where it is Com- . vent cracking or crazing. This was (0 ensure that the inner surface
verted to caustic and chlorine, The followed by itwo layers of 1l4-oz, Was smooth and frictionless, that
depleted brines, at shghtly lower Type E (electrical grade) chopped- the diameter was true and not out
concentrations, containing some sf{rand random glass mat. These of round, and that wall thicknesses
chlorine are returned to resatura- layers, which are closest to the cor- were no less than 1/32 to 1/16 in,
tors and treaters in similar piping. rosive environs, form'the corrosion below design requirements. Quality
Pressures are as high as 80 1b./sq. . resistant portion of the fabrication. was such that only a very small
in. and velocities as high as 10 Glass content averaged approxi- proportion of material was rejected.
ft./sec. This article reviews this mately 25%. Hoo0p and axial  Fittings and fanged stub ends
Figures 1 and 2. Different views of trine installation in a caustic-chlo-
rine process at the Niagara Falls, N. Y., plant of Hooker Chemical Corp.
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Fiberglass mat remtorced with resin
o form an

cral umit tor

field weld or repair

Roughened Il (
arca \ Buttered
! joint
\
\

-‘\ ]

\
For use with procedure S

for resin wrappad joints N ¥

e

Figure 3. Buit and strap technique for

joining reinforced-polyester piping.

were fabricated similarly by the
hand lay-up technique, and also in-
specied on the site, i

Design
The pipe and fittings were de-
siglied using the I1ollowing mini-
mum paysical properties:
Tensile strength 12,000 th./sq. in.
Flexural strength 18,000 1b./sq. in.
Flexural modules 8.5 x 10°1b./sq. ju.

Wall thicknesses were estab-
lished for an operating pressure of
100 ib. sq. in. gauge with a safety
factor of 8-10 to 1 (based on the
tensile strength of the laminate}
using the basic Barlow formula,

where, ¢t is the wall thickness, in.,
p is the design pressure, lb. ‘sq. in.
gauge, R is the inside radius, in.,
and S is the design or allowable
siress, lb. sq. in.

Sections of various fabrications
were proof tested to determine if
minimum physical requirements
were met. In addition, several pipe
sections with attached flanged stub
ends were pressure proof tested
“with brine to check the strength
of the pipe and to determine how
~the construction worked under ap-
plied hoop stress. Although facili-
ties were only available for pres-
sures to about 300 1b./sq. in. gauge,
tests, in some instances, were run
for several days, and pressure
surges were &applied many times
during the tests, The fabricator also
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Figure 4. Usually a simple support arrangement

tested pipe and fitting sections at
or close to theoretical bursting
pressures.

System installation

The system was installed by con-
tract pipefitters who had never han-
dled veinforced piastics or resins
peTore: o
—Trlanged joints were kept to a
minimum-’ because of the relatively
high cost of flanges, the butt and
strap joint being used extensively.
Tnis tecnnique is most economical
and, if made properly, tne joint

Can be stronger than the pipe It-
self. Iigure o shows this . joint,
wihith s made by butuing two pre-
pared pieces of pipe together, but-
fering the joint with Cab-0-5Sil
filled resin, and overwrapping with
resin-saturated multiple lavers of
reinforcing. Joint construction, as
specified by the fabricator, was
quite similar to that of the pipe it-
self. Fonda (1) and Lautenback
(2) give excelient detailed descrip-
tions of this joining technique, This
design proolem is also covered
rather well by Perry (3). The sec-
ondary bonds at these joinits, -

cidentally, are about 30¢¢ as sirong

as similar primary bonds, and this
f@et was taken into account during

joint desigp.
Realizing how extremely impor-

tant this phase of the installation
would be in regard to scrvice, the
fabricator furnished a production

foreman to train the contractor’s
supervisory personnel and pipent-

suffices during fabrication.

ters in the proper technigues. Sev-
eral days were spent with the men,
and, in addition, the Tfabricator
periodically visited the plant site
to check the joints, techniques, and
the installation in general.

As many of the joints as possible
were made on a production line
basis in field shops, which were
moved close to the final assembly
and installation points.

Pipe support

To simplify support require-
ments, the pipe was supported hori-
zontally approximately every 10 ft,
on a 180° shoe or clamp-type sup-
port to minimize stresses. Loose U-

Figure 5. A flanging operation being
performed on large-diameter pipe.

A 1 Ly
e - . w A
z 3 ¥,

L P ——————

/n
a

o
3




VO

bolts were used to hold
pipe i plave aeainst o 1807 shoo,
Decause of the complex nature

of the installation. which required
a4 numiber of bends and eibows, no
weithods  were  required,

ral llt“ihi‘ni‘l‘\‘ of

special

other than the natu
the 1‘.\'01112 for ex-
pansion and contraction. Ar some
<c ceted points the lines were an-
chored, with essentiaily a 1807 shoe
and U-bolt assembly, and allowed to
move rrecly in cach direction Tfrom
this point, making use of the natu-
ral flexibility inherent in the lay-
out. Some of the long pipe runs
were cold sprung during installa-
tion.
After

to compensate

#

start-up, expansion and
contraction were cnecened to deter-
mine 1f the lncar coeficient of
thermal expansion, about 1o X 1079
. in. °F, as found by laboratory
STs Tor This comstructiom, was
id. Agreement was quite E:ooii
ri"urc-s 4 and 5 show typied
phases of the fabrication and in-
stallation, pointing out the simple
support requirements and a flang-
ing operation.

{es

Service experience

Reinforced Hetron 72 polyester
was chosen ior this application for
economic reasons, beinzr less costly
than rubber-lined construction, the
next most suitable material. Since
even trace amounts of heavy metal
contamination can afTect cell op-
eration, metallic pipe, other than
perhaps high cost super corrosion
resistant alloys, would not be satis-
factory. Selection was also based
on service experience of similar
piping, some of which had been in
similar service for about four years

Figure 6. Polyester pipe is supported
at 10- to 20-ft. intervals,

no corrosion difficulty.
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Figure 7. Two inch pipe system handling 85 to 85°F benzene
wet with hydrochloric acid and chlorine.
L8

(to date about seven years) with
The pres-
ence of a combustible pipe whic
would contribute to fire hazard alsg
could not be tolerated in this chem-
fcatcomplex, The decision was also
on the realization that the
new plant was to be integrated with
existing facilities and spread over
a wide area, and that it would be
difficult to anticipate all require-
ments or take into account all con-
tingencies. An important advan-
tage, therefore, was the fact that
the plastic construction could be cut
and joined easily in the fleld to
facilitate changes and,’or adaitions.
With rubber-lined construction, on
the other hand, greater engincer-

ing costs could be anticipated to

design for the prefabrication re--

quircments of this type pipe.
Once installation was under way,
this advantage proved to be even
niore important than originally an-
ticipated. It became quite apparent
also that significant savings in in-
stallation costs werg oveing re ahzo;l
Because of the light weight and
exse-of mamdiing of the plastic pipe.
Sforethanm Walf of tThe pipe was ih-
stalled on elevated pipe bridges and
in some vather dihicult, havd-to-
reach locations. The pipe bridges,
qf course, could be construcie
Juore economically of lighter gauge
steel. Additional significant savings
iwere realized since no painting was
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required. Less puup horsepower re-
Guirements and no sealing problems
because of the smooth interior sur-
face and excellent fjow character-
istics also add to the savings pic-
ture.

Start-up problem

During preliminuey plant stuarg-

up, 4 few problems arose. Decause

of restricted movement, a sample
valve and a smail branch line broke
off due to expansion of the main
line. lligher operuting pressures
and tempeoratures than originally
planned for and pressure sUrEes
caused several leaks at ilanges and
at butt-and-stviap joines which were
not properly made. A few sections
of pipe and a few fittings with de-
fects, as mentioned previously,
which were not found before in-
stallation also leaked. Vibration of
a vertical section of line resulted in
a leak in a joint. Replacements
and or repairs, however, were
made quickly and easily. In some
instances, repairs could be made
with no plant shutdown.

All in all, taking into considera-
tion the inexperienced pipefitters,
the extensiveness of the installa-
tion, and the initial operating prob-
lems, etc., these difficulties were in-
signifeant,

Since this break-in period, the
operation has been performing
quite satisfactorily with no major
problems. Leaks did occur after
about a year at a couple of joints.
It was obvious, however, that this
was due to improper joining to be-
gin with. Upon examination, it was
found that only about one inch of
strap was bonded to the pipe on
each side of, and about three inches
away from, the butt joint. It was

_ amazing that the joint held up as

long as it did.
Vacuum failure

The biggest failure occurred
when a length of vertical pipe col-
lapsed due to either full or close to
full vacuum when one valve was
opened while the upper valve re-
mained closed. Wall thickness was
actually suricient for service under
full vacuum; however, the geom-
etry of the pipe or some defect or
flaw in construction may have
caused failure.

The insulating characteristics of
the plastic became a disadvantage
in this system when a modification
in the process was made. The brine
did not cool sufficiently in the cir-
culation loop and a cooler had to be
installed, Of course, in other in-

stallutions this characteristic eould
be and has been highly advan-
tagreous,

The bigeest problem in the en-
tire system was due to flanged
joints. Beecause of the nature of
the fabrication, some warpage and
unevenness ol the normally smooth
Taced Nange resulted at times in a
siall gasket seating area and, con-
sequently, leakape and, in one or
two instaneces, a blown gasket, Ap-
plicition of higher and rmore uni-
form torque force on flange bolts
helped considerably but was not the
solution. Several different designs,
e.¢., serrated, raised face, and vari-
ations of these, und steel back-up
vings, which were installed during
a plant shutdown, also helped con-
siderably. This problem is in no

way serious enough to detract from :

the other advantages offered by the
use of reinforced polyester pipe,
nor should it act as a deterrent to
use. The new melded flange and
flanged stub end designs which sev-
eral fabricators are currently of-
fering shouid eliminate this prob-
lem completely,

ther piping systems

Other piping systems are in ex-
cellent condition handling wet
chlorine at temperatures of 205 to
210°F after about 10 years and at
210°F after about 5 years. Hun-
dreds of feet of pipe in sizes to 18
in. in diameter handling wet chlor-
ine gas off electrolytic cells, brine
dechlorinators, and blow gas at
temperatures to 180°F have been in
service for more than 3 years with
little evidence of atiack. The He-
tron provides much greater resist-
ance to thermal and mechanical
shock, whieh In itself is justifica-
tionm Tor its USe at some points in
the system. Installed costs are sig-
nificanily Iower Than 107 STOTNEWATE,
tne Tormer standard material, be-
cause of ease of handling, simpler
Joints, and ease of support. Where
stoneware requires support 4210
o It. infervals, the polyester is sup-
ported at 10 to 20 ft. intervals.

Figure 6 shows an installation in -

this service.

here extra heavy steel failed in
two months, reinforced Hetron pip-
ing has been in service for about
1% years. This 2-in. pipe system,
siown in Figure 7, handles 85 io
95°F benzene wet with hydrochloric
acid and chlorine. The insulating
characteristics of the Tiastic in this
instance were benelicial, signin-
cantly reducing {rceze-ups. With
extreme cold weather, steam trac-

iniz was applied to this line, Pre-
viously, steam pressure was used to
plow out freeze-ups with no detri-
mental eflects.

Pipe huas also successfully han-
dled dilute and coneentrated hydro-
chloric acid at temperatures to
150°I" for about 9% years: city
water at 40 to 65°C, 0 to 5 ft./sec.,
and 10 to 65 lb./sq. in. gauge for
about 9 years with no sweating
problems; aleohol, sulfides, chlor-
ides, and water at 105°F for about
two years where extra heavy steel
failed in two months; various or-
ganies, water, 1% HCI, Cl,, and

FeCly at 90°F for over three years; |

chlorine water at ambient room
temperature to 205°F for 6%
years; and chlorinated brine solu-
tions at 200°F for approximately
one year,

The above serves to indicate that
reinforced polyester piping, due to
& unique combination of properties,
has found acceptance as a corro-
sion resistant material of construe-
tion. Corrosion resistance, light
weight, excellent fiow characteris-
tics, low initial investmernt, ease of
fabrication, instzllation, modifica-
tiom,and handling, [ong service his-
“tory, good insulating characieris-
tics, and low maintenance are
‘among the properiies and features
which indicate that such piping can
be used quite effectively for corro-
sion prevention and control.
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. RESINS AND OTHER MATERIALS
.~ FOR FIBERGLAS REINFORCED

z
|
i
g

materials and basic processing available
to meet product characteristics that may .

be required.

When resin, monomer, and catalyst are
mixed together, a cross-linking reaction
starts. In this reaction, the polyester resin
connects with the monomertoforma
thermoset polyester resin, When fully

- cured, thermoset resins have higher

temperature resistance than most

gel. Immediately after gelation, the cure
proceeds rapidly with considerable "
evolution of heat which must be properly

.. controlled. This evolution of heat is called

an exothermic reaction. Complete cureis
obtained without liberation of volatile
materiais when reaction is properly
controiled. This last consideration coupled
with low pressures accounts in large
measure for the simplicity of the

thermoplastics.

operation.

Fiberglas- reunforced plastic molding

POLYESTER RESINS

Polyestér

Characteristic

Typical Uses

General Purpose

Fiexible resins and
semi-rigid resins

Light stable and weather

resistant

Chemical resistant

" Rigid moldings

Tough, good impact resistance,
high flexural strength, low
 flexural mudulus

‘Resistant to weather and

" ultra-violet degradation

. Highest chemical resistance of

Trays, boats, tanks, boxes,
{uggage, seating.

" Vibration damping: machine

covers and guards, safety
helmets, electronic part
encapsulation, gel coats,
patching compounds, auto

. bodies, boats.

Structural panels, sky-lighting,

© glazing.

* Corrosion resistant applications

than the glass reinforcement. These
ingredients include fillers, monomer, -

catalyst, activators, inhibitors, pigments, .’
+ and mold release. :

FILLERS

" Inorganic fillers such as clay, talc, calcium,
_carbonate, and calcium silicate are used

for economic and performance reasons in
Fiberglas-reinforced plastics. Economics, ”
surface appearance, strength, resistance
to environment, and moldability can be .
improved by proper selection and use.
They are generally not used in hand

lay-up or spray-up because they make the

resin opaque, making it difficult to detect o

areas of air entrapment.

MONOMER

The resin as supplied by the resin
manufacturer contains monoimer.
Additional monomers, such as styrene

or vinyi toluene may be added to the resin
in the molder’s plant as directed by the -
resin manufacturer to vary the viscosity -
and lower the cost of the resultant resin’
mix. The addition of excessive amounts

of styrene monomer lowers the weathermg o

performance of the molding.

. polyester group, excellent acid such as pipe, tanks, ducts, CATALYSTS
‘ resistance, fair in alkalies. fume stacks, Organic peroxides are widely used (tO ‘
. catalyze polyester resins) due to ¢
Flame resistant

High heat distortion

Self-extinguishing, rigid.

" Service up to 500°F, rigid.

Building Panels
(interior), electrical
components, fuel tanks.

Aircraft parts.

Hot strength

Low Exotherm

Fast rate of cure (hot), moldings

- easily removed from die.

- Void-free thick laminates, low
‘ heat generated during cure.

applied to vertical surfaces.

Containers, trays, housings.

- Encapsulating electronic

components, electrical premix

convenience, cost, speed and control of
action. Polymerization of polyester resins -
can also be achieved by exposure to
radiation, ultra-violet light and heat.

Some factors regulating the catalyst
choice are:

1. Desired temperature, allowabie time

and/or operation.

- parts — switchgear. 2. Type of monomer or mixture of
. . . . : © monomers employed.
Extended pot life " Void-free and uniform, long Large complex moldings. . 3. Desired pot “fg_ y
flow time in mold before gel. 4. Desired ge!l and cure times. :
Air dry Cures tack-free at room Pools, boats, tanks, 5. Influence of sunlight and weathermg
temperature. : ‘ on product performance.
- Thixotropic Resists flow or drainage when Boats, pools, tank linings. 6. Any other specifically required

properties of the finished end

product influenced by the catalyst
choice.

The most commonly used organic )
peroxides are benzoyl peroxide, methyi
ethyl ketone peroxide, and lauroyi
peroxide.

2
P
[
) / hand lay-up or spray-up
-
28  POLYESTER RESINS Completion of this reaction is dependent EPOXIES . ' b
Polyesters offer the advantage of a balance both on the formulation and on the time Epoxy Resins have excellent mechanical 5
: of good mechanical, chemical and and temperature balance selected in the . properties, dimensional stability and [
electrical properties, dimensional stability, design of the formulation. Pressure is not  chemical resistance and are generally used- . |
Jow cost, and ease of handling. The table necessarily required for curing, but doés to provide one of these characteristics in k
~ below will guide you in selecting, from the effect other factors such as surface . the finished part. They are more expensive * |
many types of polyesters available, the smoothness, density, and other process and generatly more difficuit to handle 4
particular type best suited for your end use. ' considerations. : ) than polyesters. E
Much of the versatility of polyester resins The cure itself proceeds in two distinct OTHER MATERIALS :
results from a wide selection of raw stages. The first is the formation of a soft The resin mix consists of materials other :




ACTIVATORS AND INHIBITORS
Activators or accelerators — promote the
action of the polyester cataiyst to reduce
the required processing time. Inhibitors
are added to the resin to give control over
the cure cycle and to impart adequate
sheilf life to the material. Both of these
materials are normally added or specified
by the resin supplier.

PIGMENTS

Reinforced-plastic resins can be colored
to nearly any desired shade. This flexibility
is one reason for the growth of the
reinforced-plastics industry. Choice of
pigments affects the difference in reflected
and transmitted color, clarity of the resin
mix, reactions between colorants and
other additives such as catalysts, and
performance of the end product in terms
of color fastness and resistance to heat.

Hand lay-up and spray-up of FRP is finding
increased use in playground structures. The

"“Tree-Houses" shown here have proven extremely

popular in this New York City playground.
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MOLD RELEASE

Easy release of the part from the mold
after completion of the curing cycle is
normally effected by treating the mold -
with waxes or silicones to lubricate the
surface. At other times such substances as
zinc stearate are added to the resin mix
in order to facilitate the removal of parts.
This is common practice on parts where
the draftis low or where removal is
difficult.

OTHER ADDITIVES
Other substances are added to the resin

mix either by the resin supplier or the

molder to impart special performance

qualities. Typical of these substances are
ultra-violet absorbers. They are added to

resin mixes subject to exposure to =

ultra-violet rays in natural sunlight or
fluorescent light.

Flame-proofing substances, such as
antimony oxide or chlorinated waxes, are
added to give a fire retardant effect. In
this case, the adverse effect of these
additives on outdoor weathering

performance must be carefully considered.
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* PART CURING
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hand lay- D or spray-up
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The part cure will vary with the type of
resin and catalyst used and may be )

" governed by two conditions. (1) Air cure
for parts that are not to be used
immediately. (2) Oven and post cure for
parts to be used soon after molding.

1.'If the part can be stored (preferably
at-70 to 80°F) and if the proper
catalystto promote air cure has been
used, the part will reach a useable
cured condition in storage.

The resin and catalyst system and
ambient curing environment will

" determine the time required forcure
before part removal is possible,

in any event, the part must be
sufficiently rigid to retain the original
" shape and not distort after removal
from the mold. This occurs if partis’
pulled while incompletely cured or,
in the case where oven cures are
employed, while it is too hot.

As a guide to apparent cure three changes
mmay be noted.
a. Tack of the surface resin—should
be very little tack.
b. Color change of the laminate from
. the wet state.
c. Loss of exotherm heat.

i

To further expedite part removal, the '
faminate may be placed in an oven
at 120 to 150°F for 15 to 20 minutes

_ before airdry.

If dimensions and contours must be held
to close tolerance, the part should be
placed in a cooling jig after it has been
taken from the mold, or be permitted to .

_reach room temperature while still in the
mold. ’

OVEN-CURE v :
Convection type hot air ovens or infra-red

heat lamp banks are suggested for the
curing heat.

1. After curing remove part from mold.

. .The box partcan be cured o+ 125t0 15 'F
in 15 to 60 minutes (depenting on thr
resin-catalyst system).

A Barcol hardness test of the surface is
suggested after the part has henn taken
from the mold and cooled to 7077,

if the reading indicates a hardness of 40
or over it can be assumed that partis
close to final cure.

REMOVING PART FROM MOLD
Removing a part from a moid should be
done carefully. Parts and even the mold
- can be disfigured or completely
destroyed by clumsy handling.

One common method is to construct a
“grapple’ pointin the part so that when
a hoist is engaged to lift upward, the
weight of the mold will cause it to drop
off. Another method is to-mold flanges -
on the edge of the part where tap-out
wedges may be inserted.

For laminates which are thin in relation
to length and width, air ports which are
built into one or more points of the mold
can be used to inject high pressure under
the part, lifting it without damage.

Water pressure is also used. Several or
those methods are sometimes used at
once for difficult parts.

Any cured laminate hanging over the edge
should be checked to see that it does not
mechanically stop ejection, causing

. fractures or tears. If minor bonds occur,

vibration and moderate pressure will
sometimes work the part loose; but it is
usually better to sacrifice the part than
the mold if major bonding occurs because
of lack of mold preparation or care.

TRIMMING ;
One time-saving “‘trick of the trade” is

1o use a sharp paper-board knife to cut
on or near the trim line while the resin

is at a point of heavy gel before final cure.

2. Molded-in grapple facilitates removai
of part from mold.

This is done while the part is still in the
mold. Sample cuts can be made at short
intervals to help determine the best time
to do this. After ejection, a quick sanding
will produce desired dimension.

Cutting off excess laminate can be done
in a variety of ways; the best method
depends on the size, shape and thickness
of the part to be trimmed. Flat, straight-
sided moldings can be run through a
lable saw equipped with an abrasive
wheel, When the part is too large or
complex for this, hand tools (preferably

- air powered) are available.

If very little flash is involved, a high speed
grinder with 40-60 grit sanding disc can
very quickly cut down and smooth the
edge. Cutting of large, heavy laminates is
done with saber saws, abrasive wheels,
hand routers and sometimes diamond
biades. The use of air or water is helpful
in keeping biades cool.

REPAIRS

Repair of voids, scratches, cracks, chips
or spalls can be easily done with a little
practice and care. Dirt, wax, mold release,
oil, etc., should be sanded out of the area
to be patched so that an absolute bond
can be achieved. Using the same resin
and pigment as the original laminate, fill
the imperfection a little more than level
full. After cure, sand the surface down
level, finishing with very fine sandpaper.
(600 grit) A wool buffing padon a high
speed hand tool will usually bring the

gloss up to match the surrounding surface.

The back side of a laminate can he .
reinforced or patched by adding layer after
layer of fiber and resin across the flaw,
making each layer succeedingly larger so
that the patch tapers out on all sides.

REINFORCEMENTS

Bonding later lay-ups (bulkheads,
stiffeners, etc.) to a cured laminate where
higher strength is required calls for the
use of a “’bonding resin’ with high
bonding strength and resilience.

3. A sabre saw trims away flashing quickly.
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_Pipe ends are cleaned, sanded, butted together and resin coated—TFig.

Butt-a nd-Strap .Joining Method .

L sk

| R@ﬂ.ﬁf@r@@&

Glass—ﬁber mat of varymg' widths is Resin-saturated mat s’mps are apphed v

Pﬁp@ - : cut to length and saturated with resin  to the joint, thh the narrowest at the

—-—Flg. S , bottom—Iig. 3

.

‘ jAfter -all the strips have been apphed. joint ‘is rolled to L
expel entrapped an'«-FJg'.

THOMAS LAUTENBACH
Owens-Corning Fiberglas Corp.

o Sound joints in glass-fiber, reinforced-plastic piping
L.t systems can be the difference between years of trouble-
- free service and failure of an entire process. o

There are two basic types of glass-fiber, reinforced-
S - plastic pipe: machine-made (centrifugally-cast or fila-.
' @ ment-wound) and hand layup. Both types'are avail-

o e

able in sizes and configurations.required for most
- industrial needs. Hand layup pipe can, of course, be
made virtually any size for special applications; the
size of -machine-made pipe is limited by available
equipment. The primary difference, however, lies in

i
l R




CORROSION FORUM . . ,

the resin used—machine-made pipe is predominantly
epoxy based; pipe produced by hand layup is made .
~with polyester resins (usually to customer specifica-
tions). Each type of resin has its own advantages
that make it most suitable for a particular end-use. .

Methods used to install and join pipe vary, depend-

and spigot, and integral threaded.
Joining Plain-End, Hand Layup Pipe

. Plain-end sections of glass-fiber reinforced-plastic
pipe, can be joined by the butt-and-strap method.,
Joints are made by butting two pieces of pipe together
and then overwrapping the connections with successive
layers of glass-fiber mats saturated with resin. This
system is used for both epoxy- and polyester-based
pipe and fiftings.

The principal aim in butt-and-strap joining is to

" which must be of sufficient dimension to .withstand

made considerably wider than is called for. The axial
and bursting stresses at the joint are satisfied by
making the laminate construction as thick as the pipe,
C To assemble pipe by this method, the ends are first
cleaned and ‘sanded, and then aligned for strapping.
" Tabs are often used to ensure continuous alignment
during the strapping operation. To obtain a smooth
overlap of successive layers of the glass-fiber mat, each
butt joint is made with several different widths of

- partially saturated with resin before the succeeding
- layer is applied, to ensure complete saturation of the
bottom layer, To eliminate air entrapment, a paint
roller is applied at the center and moved in both out-
-ward directions. This procedure is repeated around

i joining are between 65 and 85 F.

g Joining Bell-and-Spigot Pipe

- with bell-and-spigot ends that can be assembled with
= great speed. For eéxample, three-man crews have as-
- sembled 2,700 ft. of this pipe in only one hour.
g Installation consists of cleaning the ends of the pipe
. to be joined, applying a special epoxy adhesive inside
the bell and on the spigot, and then joining the two
ends with a slight manual turning motion. A pressure-
tight joint is obtained when the adhesive hardens.
-When' a standard length of pipe has to be cut to
smaller size, a portable tapering tool is used to make a
spigot before joining the pipe with an integral bell
# -~ or fitting. ; '

126

ing upon the service requirements and the type of end -
provided. The most popular types are: plain end, bell L

- make the joints as strong as the pipe itself. Of critical -
- Importance is the width of the strapping materials,

the shear stresses. In practice, the joint is usually'

strap, with the widest placed on top. Each layer is .~

the periphery of the strap joint. In addition to ex- .

pelling exitrapped air, the roller action also causes

fibers to interlock, creating a strong, dense laminate. -
Optimum curing temperatures for butt-and-strap

A widely used ﬁlament-wound epoxy pipe is provi&ed

b . (continued on p, 128.)

Pipe ends are first carefully cleaned, in order to ensure a

good bond—Tig, &

3

Inside of bell and outside of spigot .

:::".",'\1’,42:‘{7.'.&( b 3 : AN o " :
Bell and spigot are then assembled, using a slight turn-
ing motion—Fig. 7 i
S
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CORROSION FORUM . . .

Cufting-template is first traced on
surface of pipg to be used—-Fig. 8 o

" - Joining Threaded Pipe

Integral threaded pipe has the obvious ‘advantage of

‘requiring the least number of fabrication steps. In .
many cases, all that is required is manual thread '

assembling.
In situations where threaded joints must be ce-

mented, the only preparation is cleaning and sanding -
_of male pipe thread and sanding crests of female
thread. The cement is then applied and the threads:
- are assembled.

Fabricating Fittings From Pipe

Many companies supply compléte lines of standard

~ fittings and connections that are joined to the pipe in-
‘much the same manner as the pipe is joined to other

sections. : ,
Apex Fibre-Glass Products Div. of White Sewing

. ‘chh'ine Corp., Cleveland, Ohio, provides templates
that allow joints and fittings to be fabricated directly.

Templates available include tees, ells, crosses, wyes,
and the like. : ' _

~To fabricate a fitting, the template is first traced
onto a section of the pipe. Cuts should be initially
made with a hacksaw and then completed with a saber
saw. A I-in-wide area next to the cut is then scuffed
with a coarse sandpaper and cleaned with lacquer

128

|- scribed—Fig. 9 ‘

B a0 1 by

Y

Using a hacksaw, a cut is started along line previously i

Saber saw is employed to complete the cut around the
pipe—Fig. 10 :

August 3, 1964-—Cremical ENGINEERING




_"'near the cut end—Fig 11

Cut ends of pipe are hand-sanded so as to scuff the area

i Ends are assembled and joihed, as in the butt-and-strap methods—Fig, 13

VN

Special resin is applied both to the
tape-—ﬂ?‘ig. 12

; iy e

thinner or naphtha. Special resin is then applied to
glass tape (much as it is applied to the strap in the
butt-and-strap method) and to the pipe. The tape is
_ positioned over the joint and pressed firmly with a

wood spatula to ensure impregnation of the resin.

7 The resin will cure completely in a few hours at room
- temperature, or in a few minutes under heat lamps.

This brief survey has touched on some of the more
important developments; obviously there are other

successful joining techniques. The point to keep in

mind is that proper joining, by whatever method, will

- increase both life and efficiency of the pipe.
Reinforced-plastic pipe is currently being used in
such demanding industries as chemical processing, oil
and gas production, gas distribution, water supply,
- %ewage disposal, irrigation, ete. Within the next three

G0 Tour years, developments such as new or improved .

adhesives, larger-diameter pipe, increased pressure
- .capabilities, and the like, are expected to result in a
1009 increase in the use of -reinforced-plastic pipe.

CurmicaL EnciNveiNe—August 3, 1964
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Key Coneepts _for This Article

Active (8) . Passive (9)- Menns/Methods (10)
Joining - Pipe Strapping
Fabricating . Plastic Cementing
. Glass fibers Threading
) Relnforcement Patterns
Fittings

(Words‘in bold are role indicators; numbers correspond to AIChE
system.  Indexing detajls-—asg described in Chem. Eng., Jan. 7,

.
1963, p.t-'ls-fare available as Reprint No, 2422. @ b0¢ per copy.)
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By A. F. FONDA, Design Engineer
The Ceilcote Company, Cleveland, Ohio

TDLANT ENGINEERS, in increas-
L ing number, are turning to cus-
tom-fabricated reinforced plastic pipe
to solve problems in handling corro-
sive iluids. Dlastic pipe installations
—in diameters from 2 to 42 in- - are
in successful corrosive service, han-
diing acid and alkaline solutions at
pressures up to 130 psi, temperatures
as high as 230 I,

In corrosive applications. rein-
forced plastic pipe offers high chemi-
cal resistance :nd production reliabil-
ity. Other important benefits are:
(1) substantial savings in initial
costs, compared to 316 stainless steel,
comparabie corrozion-resistant met-
als or lined metals; (2) elimination
of costly and constant exterior pro-
tection; (3) weight about one-quar:
ter that of steel -which neans (4)
faster and easier installation at lower
cost; (3) quicker and simpler re-
pairs; and (6) an extended service.
lije.
“And, s

- ..

v

180°
SHOE

C

Fig. 1.

,heeded o install reinforced plastic

pipe. While some pipe manufacturers
oifer installation service. the job can
be done by vour plant crew: several
manufacturers provide field super-
visors to train pipefitters or other
maintenance personnel in the simple
techniques.  IHowever, it is alwavs

- B

Some pipe supports which minimize stresses at point of support.

examine the basic desizn of the en-
tire pipeline. ==
The importance of proper joining
cannot be over-emphasized, A joint
can be stronger than the pipe itseli—
or it can be the weakest part of the
line,
~ Most popular methods of joining

» specialized personnel are not  desirable to have a plastics engineer reinforced plastic pipe arc the bLult
Y —_— . *
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s ), sleey (AR AR formts. and thired
nus

Jedls esclusiveny with

Jostrap technigue because
nml

the butt an

most econeitical. 1 b

s the
A made by buatting

TWo [hicves ol 1\1]1:'

tocether and overwrapping the jomt
with successive Livers ol resin-satu:
amted mat cut W predetermined
widths and length
The svstem can be used in joining
p.,u thermosetting
CPUNY i l‘l! \t\h‘l vesiits, It s reee
Somimended Tor joining ~traight nuns,

o

fabricated  from

Minimuny Shean Loeneth (81

P

Fasimple:

5k

LI

CFor pipe wildl thickness of L5 iny
Laominate fensile strength - -
Interbominar shear strength

10000 N 0.25
3300

tensile trengh sowall thie kness
vesi dnterbiminar sheam trenah
10,000 Iihi
3400 |J.~i
0.75 in.

tion of wall thickness, (which is rela-
tvely great at the joint) it is not a
major consideration,  Axial stress al
the joint is the same as axial stress
on the pipe; therefore, Taminate con-

elbows, tees, aid reducers,

Engineering Principles

First consideration iz to make the

Juint as strong as the pipe itseli. The
nujor  stresses  invelved are  axial

(bursting) stress,
func-

stress and  hoop
since bursting stress is a

But,

Fig. 2. Tabbing the pipe ends to-
gether with two or more reinforced
plastic patches will hold the align-

" ment until strap joint can be made.

Fig. 3. Stepped placement of
the mat in the multiple layer
application method assures a
smooth overlap of layers.

struction hould De the same as that
ol the pipe itsell (normaliy specilied
by the pipe manutacturer).

The width of the strapping mate-

Since shear length s equal to half
the strap width, minimum width of
strapping is 1.5 in. In actual prac-
tice, the joint is usually much wider

o ingure against shear failure and
possible leaks.  Normally, custom-
fabricated plastic pipe is huilt with
a safety factor of approximately 8
to 1. Tor the ¥4-in, pipe wall thick-

rial is of critical importance. This

width, actually_the skear leagth of
the pipe joint, must be long enough
to withstand the shear stresses, Shear
[engi s equal to one-hall the width
of the strap joint which will e sub-
jected to mferlaminar shear siresses.

Resin interlaminar shear strength
has Deen tested at about 3300 psi.
To make the pipe shear strength

equal o the axial strength of the
pipe, the minimum theoretical shear
length can be caleulated (~ce box).

e L T
i e B T S it il Rt 4 L

ness used in this example, Table 1
indicates strap width should be 2 in.

Lio o 1 Supparting the Pl

On new installations, plant engi-
neers faced with the choice bhetween
a temporary or permanent support-
ing structure should work with the
permanent structure from the out-
set. All too often, temporary sup-
ports collapse or move excessively
before permanent supports can be
Luilt.
can cause permanent damage) on the
pipe and joints. If temporary sup-
ports must be uzed. maintain proper
spacing, as shown in Table IT.

I'igure 1 shows some recommended
pipe supports which minimize
stresses at the point of support.

St G0 Prerpurag the Suclore

The hond on a thermosetting plas-
tic pipe ioint i1s mechanical or adhe-
sive—not chemical. This means that
the surfaces over which bonding -
terials (mat and resin) are placed
must he absolutely iree of oils, fatty
2cils or ofhér foreign materials,
\nd. the surfaces to be joined mwust
be roughened with a power sander,
file or Dy hand. using “07 grit sand-
paper.

—Ends of pipe cut on the jobsite
must be coated with clear catalvzed
resin before alignment.

Stepr 3. Aligning the Pipe

Correct alignment of the two
buited sections of pipe is essential;
extra time and care invesied in align-
ment will assure minimum stress on
the complete system.

Where a series of joints is to be

This puts undue stress (which -
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cether with twe or more temloreed

plastie puitcies will hold the align-
untl the final strap joint can
Fabs can he made of 2-in,
two lavers thick,

it
bpnade
S Ll one ar

sSee i
Stop b crep iy e

Srapping naterial most common-

v used dor making joints s liber-
cliss mat, nuide of chopped strand
class fibers (chemical grade), with a

weight of 190 oz per sq ft. The
wivith of it requived for stvapping
= fndicated i Table L

Anotier material iz woven roving,
a coth spun from continuous hiber-
lament. It provides greater

-!.l:*?

strength in the laminate; is used

where higher strength is required in
the axial divection.

The tengilt of mat or roving is de-
termined by the pipe diameter. It

‘saaan TILSEE
)
{

hoald be Tong coongh o completely

surrotid the pipe, with o minimum
one-tnch  overlap, For ;:i]n'}-& OVeT
12t in dimeter, it is more prie-
teal to make joinis in two or more

sections for handling convenience.

Fiacessive  moisture i the rein-
forcement. either mal or roving, from
rain, condensation or high humidity
will cause a milky discoloration and
some strength loss, I moisture is
suspected 1 the reinforcement, it
should be oven-dried al 180 I¥ before
using.,

To provide a smooth Nowing joint,
with no abrupt suriace changes, each
butt joint is made with several dif-
ltr{'nl widths of strap, as indicated

Table T.

Sten o SRR PRI PEPPRNEE LY TR S T £

A proper bond requires the use of

proper resin, preferably the resin
used in fabricating the original pipe.

ur ll!ll life for ves
saturale

Lo itk

\II liru]f thl

paind s I alilain o

tatio that will

A
[N KA I TR T

wiicient L
dne to cotaplete]s
thaterials
ta prevent

allow

the reinforeing

vl =hort enough resy

drainaee aned sazeing, Pot Tite of 5

generally be cut in hall.

Fig. 4. Saturated mat layers
are positioned on the joint with
the widest mat placed on top.

TCsin nusture is that time aiter the
Jigquid resin is catalyzed until the
resin: takes on a gelatinous o
stringy state; it will vary with G
ambient temperature and the resjy
temperature.

Because a heat-producing chemici)
reaction is the curing medium, the
|u|n. manulacturer will usually give
resin mixing instructions for ambient
temperatures,  For every  13-degree
rise in temperature, the pot life will
while for.
every 13-degree drop, the pot life
will double.
pot life is over one hour long. a com-

plete cure will not be obtained with-.

out application of heat from an out-
side source.

A -’

Voih, el ey Yo Jaad

There are various methods of butt
and strap joining. Most. commonly
used are:

Single Layer Application—the sat-
uration and apphmtum of individual
lavers of reinforcing material on th
joint until the desired thickness _is
reached. This method produces an
adequate joint, but it takes time and
usually requires longer pot life to
complete. IT pot life is prolonged,
the joining material may sag frog

Fig. 5. Paint rollers are used to roll
the mat from the center to the edges
to eliminate possible air entrapment.

e
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As a general rule, if the .
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li saves considerable time in

saturation as well as mat m'-h-
removal of en-

.'.':“L'au ai:‘-il eidses

mapned air
sure o shows thisz method of ap-
Lcation for a Yjgein-thick joint,

e layvers of mat
Pited and positioned
covered with

dare pre-satu-,
v i work table
cardboard or film. The
lavers dre o in. wide,
middle three layers are 4 in. wide,
and top three layvers are 3 in. wide,

Stepped placement of the mat at
one end assures a smwoother nurl.lp
as shown in Iig. 3. Each laver is
only: partially saturated before the
u‘*“elm._ layer is pliced on top,
ecause as the upper layers are par-
tially saturated, the lower lavers will
become completely saturated.

The saturated layers are posi-
tioned on the joint, with the widest
mat on top, Iic. 4. An equal amount
of material covers cach side of the
jouint, to obtain equal bond to each
pipe section,

Rolling the mat,
o the edges. eliminates air entrap-
ment, Fig. 5. Paint rollers, 3 in.
wide, do this job; air can also be
dispersed by using a stiif
Z-in.-wide paint brush, dabbing the
air pockets and pushing them to the
“clzes. Either method will cause the
rs to interlock, creating a dense
“ainate with strength equivalent to
that of the pipe itself.

hattom three

Irom the center

Step 7. Curing the Joint

To obtuin maximum strength,

bristled .

S Thiekaess fighes |
o 7 bk 1: : ‘H-\.:l = ”-“.l o v ) LIARILAUA RECGIZAE DL UPal 10 TEET
a \‘ 15
i §i i | ! i s (H1H] PIFE WALL THICKNESS, ILGHLS .
y { IMASAE T} | . 1
? ' 4 } i A { ‘i\[rlirJJ vera Lo b t ; | o TF % | 1
] ]
] : 4 ' 5 = o i - F i | - -j - ----l------—v----—--l - 1
Recommended < . i ! | |
lavers ot mat for | 3 1 B1a | | | ] |
seus strap thicknesses, . |t 1 ! T
Uepens Skl TCRResses Table 11, Hanger spacing a9 9a | 10 ! % |
determined by pipe diam- s | | T i
- . o P & 189} 11 1114 ! !
cler, pipewall thickness. |
g e | 12 1217 | 13 | |
. Tt ]
YR 12 1224 | 134 | 13% | 14 |
woadpe Al G ey SHie, Tesin iy 1 v 123 1314 1314 I 143/2 I 15 i 1515
roma the reintorcement in the : ' i
i IS MBI B . 14 13% |- 1412 | 15 | 15%2 | 16w
S0 pPOTLon. OF G incempicte cure - 1 i
; i !
result, 2 ocreites a chan- 16 i | 14% | 15 152 | 16 17
e which air s drawn before 18 | ‘ 14% | 1512 | 18 i 162 | 174
Lasing the joi leak., R
' ik Gk (SR} 111l1T:-1 l.. Lk . 20 1514 1534 16v2 17 18
Multiple Layer Application  high-
B 0 1 163 1 3 3/
reconunended. this ethod  ine 24 16%s | 16% | 17 | 17% | 18%
Dves the pre-situration of rein-
Crcement. followed by application "For liquids of 1.3 specific gravity
avers at one time to the

complete cure must be obtained in
the resin. Conditions affecting cure
are: (1) afmospheric temperature;
(2) humidity; (3) heat developed
during cure.

The Talter is zoverned by the ac-
curacy to which the pipe manufac-
turer’s instructions are followed in
adding the catalyst and promoters.
Although temperature and humidity
often cannot he controlled by the
pipefitters, every practical effort
should be made to work at tempera-,
tures between 63 and 83 I,

When conditions of extreme cold
or rain are present, a shelier should
be erected, when practical, to shield
the pipe. Cold weather will slow
down the cure.

Make Thick Joints in Layers

When joints over 3 in. thick ure
being made (particularly in hot
weather), an excess amount ol heat
may De produced by making joints
in a single layup. Make the joint in
{wo separate layups, using half the
mat for each stage. Time lapse for
the second layup is not an important
factor, as long as it is not applied
until after the joint begins to cool.
No surface preparations are neces-
sary for the second layup.

In addition to being as strong as
the pipe itseli and withstanding
comparable stresses, a good

joint

must appear to be good. Tt must give
a feeling of security to the men who
work around a piping system han-
dling corrosive iluids.

Step 8. lazeedtuig tne Joinmt

From an operating standpoint, the
juint must he completely reliable,
completely leak-prooi,  Dependable
visual signs of a good pipe joint in-
clude:
~ 1) Dense laminate with no large
air pockels under -suriace. '

2y Well=saturated fibers—no dry

. fibers visible.

“3) Joint thickness equal to the
wall thickaess ol the pipe.

+) Hardness equivalent to the
pipe. Compurative hardness can De

judged Dy Tapping the pipe and e
Joint to see if a =imilar sound is ob-
tained. A dull sound on the joint
HTATCTTES am under-cured joint.

The eizht steps described in this
article make up the rules-oi-the-road
for preparing material and making
the joint. In actual practice. the
following work sequence is normally
followed: providing shelter and ex-
ternal heat, if required; cleaning and
roughing the surface to be strapped:
aligning the pipe on proper sup-
ports; cutting and laving out the
mat or woven roving stray pping ma-
terials; preparing the resin, mixing
the catalyst: applying the joining
materials to the joint: rolling out en-
trapped air; inspecting joint. End
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SPECIAL DESIGN FACTCR

¢

S ... Joints, Corners & Stiffeners

W

hand lay-up

16.

The simplicity of the hand lay-up process
reduces the factors which must be given
special consideration in design. Still, the |
following factors are important and should
be considered.

DESIGN FOR ACCESS TO ALL POINTS
Hand lay-up facilitates fabrication of large
sections in one piece. Yet, pieces must not
be so large that fabricators cannot reach
all points. Keep body-movements limits in
mind and be certain that any point can be
easily reached with resin, reinforcement,
or for roll out. Ignoring this factor inevitably
runs up job and tool costs. With parts
having large surface areas, it is possible

10 pivot the mold for easier accessibility
by either rotating it or tilting it. In large
molds such as-boat hulis, the faminating is

frequently accomplished from scaffolding
overhanging the mold.

DESIGN FOR EASY PART REMOVAL
Design should be such that the part can

be easily removed from mold without
damage. Molding a “‘grapple point” in the
part so hoisting will cause mold to drop
off, can help. Flanges may be molded on
part of edge for wedging. Air or water ports
designed into mold can permit injection of
air or water pressure to release part.

MECHANICAL FASTENERS

When geometry does not permit joining

by hand lay-up, (when half the jointis
metal or where unusual stress
concentrations are present), parts may be
joined mechanically. Bolts and seif-tapping
threaded fasteners are most common,

Removable Plate
m——— T >~

1 S [¢ L ‘ )

4 PN L4

§ N y \

egg!ed \ﬁuill-up Layers L \ I
8¢ (Overiapped for Smoother \81 Slope Celiophane
Appearance) ’ Layer

JOINTS OPTIMUM APPEARANCE
SIMPLE BUTT For smooth surface a double tapered

When premolded sheets are joined,
edges are angled to give more bonding
area. Then laminate layers are built up
on both sides to desired strength.

joint cured between removable plates is
required. Slope of angle should be 8:1.
Cellophane placed between plate and
laminate will facilitate plate removal.

===1 .
T FRP L K
_ r /
Wood or ¢
Metal '}Thmugh Boit
Angle Y
1~
FRP Layer
to Cover Bolt Head

Boit

Flanged
Ends

~~Snap on Rubbing
Strip to Cover
Bolts & Laminate
Edges. i

CORNERS
The simple corner uses premolded sheet
reinforced with glass cloth and resin. For
strength, a wood or metai angle may be
incorporated or the butt itself carried

¢
around corner.

Flanged edges bolted together require
trim to hide joint. Though bolts are
shown, self-tapping screws or rivets may
be used to hold parts together.

THREADED FASTENERS
When threaded fasteners are used, they
should always be perpendicular to

reinforcement plies. Edge fastening should ’ ;

never be used. When used, threaded
fasteners should have edge and side
distances equal to at least 214 times
fastener diameter and spacing should
exceed 3 times fastener diameter.

ADHESIVE BONDING

For adhesive bonding, flanges of sufficient
size to provide a good base for adhesive
should be incorporated into the design of

“parts to be joined.

STIFFENING

Because of its low modulus, Fibergias
often requires stiffening against
deflection on large areas. The simplest
(but not always the most economical)
method of achieving stiffness is to
increase laminate thickness. Local
stiffeners may also be added into laminate
during hand lay-up. Such stiffeners should
always be designed into part where
localized loading occurs.

Stepped Mat

TAPERED

Where thin mat laminates join heavy
cloth sections, a tapered joint is formed -
by stepping cloth layers and joining mat
layers over steps. .

FRP Laminate
\ Shaped Form Bolt
\ (Foam, 8alg, te) Adhesive of !
wet resin

4 \ x

3 NS
STIFFENERS INTEGRAL
BUILT-UP Integral stiffeners are most easily

Built-up stiffeners incorporated in
laminate may be cardboard, balsa, foam
plastic or metal. They should be designed
to spread loads over wide area. :

incorporated as flanges at a joint to
provide dual function. Pads or gussets
are desirable where stiffeners intersect
a flat, flexible area.

Lapped sections are held in place
mechanically with adhesive or wet resin
between sections as seal. Trim hides
edges. Fastening may be bolts, screws
or rivets.

BEST PROCEDURE IS CORNER INTEGRAL

WITH STRUCTURE WITH NO JOINTS.

g e

el A e
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. DESIGNING WALL THICKNESS .. . THEORETICAL METHOD

hand lay-up ‘ : L
14 : - ' ' !
PHYSICAL PROPERTIES AND ESTIMATED MATERIALS COSTS OF LAMINATES N
MADE OF POLYESTER RESIN 'AND VARIOUS GLASS COMPOSITIONS P
: . : Impact Cost (Cents) 1
Type of Construction  Thick- % Flex. Mod. ft.lb/ Wat wet. Wet. d R
Lami- » ‘ness Glass Tens. Str. - x10¢ in.of Glass . Resin Lam. Glass  Resin  lam. b
nate Plies Material (ins.) Con}ent (psi) _ (psiy . (psi)  Notch /sq. %, . /Jsu.ft. . /sq.ft. /sq ft. /sq.ft /sq. il E
1 2 . 2ozmat 0125 282 14,050 - 23400 082 9.0 ' 400z " 1020z 1420z . 115 128 243 :
2 1 1000Cith - 0100 284 10,500 8550 . 089 82 Adez  78oz - 1090z . 122 98 220
i 2oz Mat : : g : ) ' !
301 1000 Cloth 0110 520 13850 22100 ' 110 . 98 ° 4loz 87 o 1280z 152 109 261 o
' 2 150z Mat - L , Lo - g : g
‘4.1 1000Cioth - 0130 301 14950 ~ 21400 095 . 98  Sloz - 1180z 1690z 180 148 328 {
' 2 ;201 Mat - : L T . o I S
5 1 - 1000Cith - 0180 320 13200 18750 T 0.92 120 7ion  15doz 2220z 238 188 427
3. 20z Mat L A S L S . '
.6 1 1000Cloth 0120 249 79,000 . 37600 147 7 82 - 3oz 1120z 1480 172 140 - 312
. E 1 - 150z Mat . RN RIS . L :
' 1 1000 Cloth :
7 1 1000Cloth - - 0180 226 ° 10,500 28400 120 © 97 - 520z 1780 2300z 216 223, 439
-2 150z Mat -+ - . . - e ‘ .
1 1000 Cloth : o 4
8 1 monMat 0256 392 30,300 . 42,800 T i1se 312 1401z 21990z 360ez 42T 274 70.1 -
i 3 2415 Fabmat Vel o ok : L
o 9 1 1000 Cloth 0092 . 425 18500 28500 < 078  — c0or . 670 . 1170z 196 84 280
e 1 - 240z WR : R - R o . ‘ ‘ f
S 1 1000Chth - T L s : ‘ . , 4 ¢
10 1 1000Clth | 0125 383 17,080 = 22850 .~ 125 315 Sdoz . B6or " 1406z 176 108 284
' 1 150z Mat = | 2 - E T T D : : *
: 1 240z WR. . . '
11 2 ' 240zWR 0080 527 - 38950 C 84,900 185 36.3.: 500z . 450z 950z 136 56 192
G 12 1 2hoz WR . 0100 532 . 20000 . 45900 220 458 700 620z 1320z 232 78 310
R - 1 1.5 oz. Mat - . : ; :
1 2o WR
13 1 2ozMat . 0125 - 360 11,500 23,000 . 073 —: 590z 1050z 1640z 190 1317 321 ;
o 1 & 280z WR. : o . - : : - . o T
‘ ©. .1 1000 Cloth _ |
IR NS TSR | 5oz Mat - 0100 470 . 22200 41800 101 222 7dez 790z 1490z 232 99 331
ot 5 2 24 oz. W.R. o o L R . : . ’ :
15 L 1sonMat 0100 479 24300 31400 “y11 258 680z  7Soz 1430z 218 94 313
; 1 %oz WR. o L o ST
: 1 1.5 oz. Mat g )
' 1 1000 Cloth

Mat — Weights based on oz./sq. ft. — 2 oz. mat refers to 2 0z./sq. ft.
Cloth & Woven Roving — Weights based on oz./sq. yd.— 24 oz. W.R,=24 0z./sq. yd.

: 1000 Cloth=10 oz./sq. yd.
- Examples do not include gel coat. ou/54 ¥4 '
y G0 NOL GGG goi wuake .t haend nan A D ot Jed. $E
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N | '
/ E;/" hand lay-up or spray-up

"Comp. Matl.' X

THICKNESS DESIGN
Design thickness may be obtained by one

of three methods:

Comparative—where thickness of a part in
another material is known.

Theoretical—where specific strength
requirements are known.

Empirical—using accumulated experience
on successful applications.

" Each of these methods is discussed in

detail on this and the following pages.

COMPARATIVE DESIGN

Applications of competitive materials can
serve as a basis for determining wall
thickness. Knowing the thickness in which
a part is made or designed in a.competitive
material, the chart below can be used to

-calculate required thtckness in FRP using

the following formula:

Required FRP th. = Thickness of

Factor For FRP
Factor For Comp. Matl.

cLet’s take a few examples to see how

EXAMPLE 1
A part in 6061-0 Alummum is 0.050

- inches thick. For equal Stiffness how

thick must a spray-up part be:”
a) From the table:

Factor for Aluminum is .126
Factor for Spray-up is .292

< b) Substituting in formula:

.292
126

FRP=.05 x
FRP=.116"

FOR EQUAL STIFFNE

SS AN FRP

SPRAY-UP PART .116" THICK WILL
DO THE SAME JOB AS .050” THICK

ALUMINUM.
EXAMPLE 2

A part in stainless steel is .002" thick.
For equal stiffness how thick must a hand
lay-up of 1000 cloth be.

a) From the table:

Factor for stainless is .089

Factor for laminate i

5.228

b) Substituting in formula:

B .228
FR Pv— .002 x —@

FRP=.0052

FOR EQUAL STIFFNESS A PART .0052

THICK OF FRP IS REQUIRED.

These examples will provide the required’
thickness in FRP. It must be remembered
that the processes also have thickness
limitations.

Inthe first case, a part 0.116” is required. -

This is very feasibie in the case of either
spray-up or hand lay-up. In example two,
the required thickness is 0.0052" in. FRP.
This cannot be obtained with either
process and if a part in FRP is desired,
the minimum practical thickness must be
employed.

A few things to keep in mind:

a) Select most critical property for
comparison. -

'b) Select most logical FRP method to
reduce need for repeated trial and error.

c) Note: Typical thickness used in some

simple it ;5 common applications are shown on
page 12, column 1.
. DESIGN (PHYSICAL PROPERTIES) COST/PEFORMANCE COMPARISON FOR MATERIALS
Bending Strength Stiffness Tensile Strength Tensile Elongation
Mati. Math Matl. Matl.
Matl. Den- Thick- Cost for | Flexural Thick- Cost for Thick- Cost for| Tensile Thick- Cost for
Glass . Cost sity  Space ness 100 {Modulus ness 100 ness 100 |Modulus ness 100
Content ¢/Ib. b/  Filling |10 in.  sq.in. 10¢ in. sq.in, | 10°% in.  sg.in. 108 in.  sg.in.
Material By Wt. (A) cu.in. ¢/cu.in.|psi  (B) ¢ (D) psi (B) ¢ (D) |psi ©) ¢ (D) psi €} ¢ (D)
Layup Mat—M710 Araton 35% 30 '0.0535 1.6 125 0.110 17.5 1.0 0272 435 |14 0072 115 1.0 0100 16.0
' Layup Mat——M700 Fine 259 28 0.0526 1.5 |18 0.128 193 08 0292 438 |12 0.084 126 07 0143 215
Sprayup Roving 25% 23 00526 1.2 {18 0.128 155 08 0.2%2 351 |12 0.084 101 0.7 . 0143 17.2
Layup-1000 Cloth 459, 49 0.057 28 |37 0090 26.0 17 0228 6€3.8 |28 0036 101 1.7 0.059 165
- {Layup-woven Roving 509 31 0.059 1.8 |40 0.087 156 2.0 0216 339 |40 0.025 45 20 0.050 9.0
{Fabmat-2415 Layup 409% 31 0.0%5 1.7 |35 0093 158 1.8 0223 379 | 28 0.036 6.2 1.5 0067 114
Aluminum, 6061-0 Alloy ' 50" 0.098 49 112 0158 775 | 100 0126 61.7 |12 008 406 10.0  0.010 44.9‘
teel, 1010 Alloy 7 0238 20 |28 0103 203 | 30.0 0.087 172 |28 0.036 7.1 300 0.003 0.6
Stainiess Steel, 302 Alloy 57 0.290 165 |35 0.092 152.0 | 28.0 0089 147.0 | 30 0.033 545 28.0 0.004 6.6
Plywood, Ext-DFPA A-C 10 0.022 0.2 2 0389 8.6 16 02322 61 | 2 052 116 NA  NA NA.
Polystyrene, Gen. Purpose 18 0.038 07 {14 0146 9.9 0.5 0346 234 8 0.126 8.6 04 0250 170

A. Based on cost of materials selected at time of printing.
B. Thickness comes from calculation of a simple beam 2 inch by 1 inch with a concentrated load of 100 Ibs. at the center.
C. Thickness comes from calculation of a simple beam (2 inch by 1 inch) with a 1000 Ib. Ioad in tensile.

~ D. Costis far a bar of material 100 mches by 1inch

N.A.— Not Available

by mdscated thickness.

‘11
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{ “hand lay-up laminates
32 One of the important properties of glass
. cloth and woven roving laminates is the
variation in physical properties with )
: direction. The Charts below iliustrate this.
Note that strengths are greatest at 90°
and 180° dropping to the lowest point
. at 45°. This indicates that, in design,
reinforcement should be paralleito
maximum stress.
Mat laminates do not exhibit this-
directional characteristic. This
! non-directionality is utilized in composite
laminates to add strength to woven
products in their weak areas. .
90°
100 .75 100
60'
8 T ow
45¢ .
g =
:e_’ 60 E 60
% kithd g
§ 40 odulus § &0
&£ £
15*
X Strength 2
0 - W 0° o &
. 2 40 60 80 100 .
a. Tension Percent of Maximum . b. Compression Percent of Maximum
Fig. 5-1. Directional Properties of Parallel-Laminated 10 Ounce Cloth and Polyester Resin, Contact Molded Wet Condition
100 A
80
£ E
£ (EW
= 2
£ 840
& &
20
o ¥ !
R 20 40 80 8 100 . 20 40 §0 80 100
a. Tension Percent of Maximum b. Compression Percent of Maximum '

f

Fig. 5-2. Directional Properties of Paratiel-Laminated 25-27 Qunce Woven Roving and Polyester Resin, Contact Moided - Wet Condition
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DESIGNING WALL THICKNESS . . . EMPIRICAL METHOD

o
} \f hand lay-up or spray-up

-

" Corrugated Panel

EMPIRICAL DESIGN :
Over the years, a body of useful

performance data has been accumulated
on a broad range of successful Hand
Lay-up and Spray-up applications. If these

. data do not immediately “solve'” design
_ problems, they almost certainly will provide

a basis for reasonable interpolation.
Hand Lay-up or Spray-up Wall Thickness—

.150" to .200"
.100" to .125"
150" t0.175"

Automotive Fender
Large Protective Housing
Boat Hull; 12 feet

The table on page 13 gives values which

- allow the designer to determine the amount
~ of Fiberglas needed to build laminate
“ thicknesses (in the case of spray-up) and

the number of plies (in the case of lay-up)
- with any of the reinforcements discussed.

38’ large yacht.

1. .
2. FRP pool slide and FRP canoe.

- 3. FRP fume duct for corrosion resistance.

.045" o0 .080".

When more than one type of Fiberglas

" reinforcement is required, in large parts

such as boats, for example, empirical
design is most beneficial as data is not
normally available for all possible

combinations of materials nor are design

loads accurately known. Itis suggested
that, for structural uses, data on the

- actual laminate to be used be obtained

from a quatified testing laboratory.

EXAMPLE 1
Determine the expected thickness of a

jaminate consisting of 1 ply 10 oz. cloth,
1 ply 2 0z. mat, 5 plies 24 oz. roving. .

Cloth — 1 ply -— .016"
2 0z. Mat — 1 ply — .058"
Roving =~ — 5 plies — .185"

Total thickness .259"
EXAMPLE 2

. Determine glass deposition 0Z./5G. ft.

needed for a .200" Spray-up. 8oz.is
.237“—an interpolation for 7 oz.
will give .200"; "

ESTIMATING MANUFACTURING COSTS
‘Typical ranges of manufacturing cost, in
terms of dollars per pound of FRP
materials, are listed below. Numbersin
this table include the cost of materials, -
fabor and processing.

Typical Manufacturing Costs

Spray Up

50-1 00 (¢/1b). 7
Hand Lay Up

75-2 00 (¢/1b), !

Once thickness is determined by either 1!

Comparative, Theoretical or Empirical 2

design, the volume of the part can be s

calculated. % '
(Volume = surface area of part X %t

thickness of part)

To calculate the weight of material required E
to make a product of Fiberglas-reinforced |
plastics, multiply your estimate of the z
part’s volume by the density of material i
(see Table on p. 11). Then multiply the !
weight of the partby a cost per-pound ’
vaiue to get an approximate manufacturing
cost for the product. :

Your choice of cost per Ib. should be based
on your judgment of the complexity, '
required appearance, severity of end use,
molding difficulty and size of the product,
Add at least 25 per cent for very low
volumes, very small parts or special
performance requirements. Packaging
costs are not included.

*Tooling Costs

. Tooling costs depend on:

1. Process used.

2. Surface finish required on part.
3. Size and complexity of part.

4. Materials in construction of mold.
5. Number of partsto be produced.

Since the effect of these variables cannot
be easily estimated, a designeror |
manufacturer should consult a mold-make
as soon as vatues for these variables

are available.

T g ey, 2

v,

¥
[
v

i

!
(Less Tooling®*) \{
¥
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This agreement made this 5th day of February:in'the
year Nineteen Hundred and Seventy-Three, by and between
1. California Polytechnic State University

2. School of Architecture and Envirommentsl
Design, George J. Hasslein, FATA, Dean

3. Hans Mager, Project Coordinator .and Advisor for
first quarter of research. ‘

4o MAlbert W, Draves, Advisor for second quarter
of research and proposed construction.

_hereinafter known as the School, and
1. Robert Purdy
2. Merrilee Amy
3. Robert MacEwan
hereinafter known as the Students, witness, that the School and\

the Students for consideration hereinafter named agree as follows.




“ARTICLE I

Scope of the Work .-

AN

A, The project shall consist of the design, the preparation of glans
the structural analysis of a bridge, utilizing the material TECHITE PiPE,
a product of United Technology Center, div, of UNITED AIRCRAFT.

B,. If, after the research has proven the material to be usable for
proposed bridge, and there is enough time in the academié school year
of Spring quarter, 1973; the students would utilize acquired knowledge
during research period to consiruct the proposed bridge in Poly Canyon.

€. The School of Architecture will oversee the design
phase and structural analysis phases i~

D, The Students shall procure fhe materials as donations from various
companies, ' '

- B, A1l labor required to do the work shall be done in a manor of good fiit o e

faith and workmanship that would be expected by the School,

E. Progress reports and checks shall be done as the advisor deems
necessary in agreement with the Students.

ARTICLE II

Time of Completion

A. The completion of this contract shall be on or before June 9, 1973.

ABRTICLE III

Contract Sum

A, The School in keeping with the scope of the project shall :
compensate the Students with credit in CONE 461 and CONE 462 (Purdy an
- MacEwan) and ARCE 461 and ARCE 462 (Amy) subject to the following
conditions: _ 7 . . ,

1. TheFStudsnts shall perform as per contract agreement, '

2. The Students shall control’ all labor such that each of
these persons herein known as the Students shall provide an
equal amount of labor,




ARTICLE IV

Use of Premises:

A, The Students shall confine his apparatus, the storage

of materials, and the operation of his workmen to the limits
indicated by law, ordinances, permits, or directions of Cal Poly
and shall not unreasonablz incumber the premises with his material,

B, The School of Architecture will supply the use of the shop,.stress lab,
and equipment; checkout of equipment therein to the Students as
limited by the shop schedule.

C. The Students shall be responsible for identification and care
of checked out equipment and for the return of all tools to the
proper schools,

D, The arrangement for use of State equipment will be made at a
future date, :

ARTICLE V

Public Safety:

A. The Students shall be responsible for public safety

and shall enforce same during construction and completion of this
contract,

B, All necessary safety precautions set forth by the School
shall be recognized and enforced by the Students.

ARTICLE VI
Ownership of Drawing: | ' -

A, Should the Students have time to build the proposed bridge, the
8chool shall assume ownership of all presentations, reports, and the
construction project at the completion of this contract.

e



In witness whereof the parties hereto executed this agreement, the

day and year above written.

SCHOCL:

1. C(I\Q“\/&@QA(“W Hans Mager '
— Project Coordinater and Advisor (flrst quarter)

2y Llllecn® U MW""éS N Albert W, Draves
&4 Advisor (second quarter)

LA {r‘w[{/ / [ Bobert Purdy

1 - Merrilee Amy

oL X
- 7 / | ':
3. WZ% /;{ /%%Zf 1/ Robert MacEwan
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