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2016 SEAoO Basic Education Committee Report

The Basic Education Committee of the Structural Engineers Association of Ohio is dedicated to
improving the technical and practical quality of the education of structural engineering students.
We realize the importance of having practicing structural engineers involved in the professional
development of students who intend to make structural engineering their career.

Over  the  past  few  years,  students  at  Ohio  University,  Ohio  State  University,  the  University  of
Cincinnati and the University of Toledo have established student chapters of SEAoO.  All of the
chapters are actively involved in developing future structural engineers through extracurricular
activities, and have successful programs with speakers and tours.  The chapters receive some
funding from SEAoO.  The following reports summarize each chapter’s activities from this year.

We  plan  to  develop  student  chapters  at  all  of  the  universities  in  Ohio  that  offer  structural
engineering.  We are already in the process of establishing a new chapter at the University of
Akron, and are currently seeking a practicing advisor for Ohio University’s student chapter.  If
you’d  like  to  get  involved  with  this  effort,  present  a  topic  or  host  a  tour  for  one  of  the  student
chapters, or if you’d like to establish a student chapter at your alma mater, please contact us.

To show our support for college students in Ohio with a strong interest in a structural
engineering future, SEAoO is pleased to present this year’s Educational Awards for essays and
project reports to the following students: Joe Kaufman, Kamron Skaggs, and Sarah Mullins.
Their winning papers are included following the student chapter reports.

This past year, we assisted 10 students with expenses to attend the NASCC in Orlando.  We
continue to bridge the gap between life as a student and a practicing engineer by hosting Student
Mentoring meetings where young engineers give advice and talk about their career.  Along with
many jobsite and supplier tours that chapter’s organized, OSU hosted their 2nd annual job
shadowing event that paired up students with local structural engineering companies.

You too can be involved in any of these activities.  Please contact us and join this committee.
We welcome and appreciate everyone’s involvement and support.

SEAoO Basic Education Committee:
Mindy Barber (Chair-Educ@SEAoO.org)
Carrie Bremer, Dick Meyer, Walt Heckel, Rob Kasee, Robert Ward, Bernie Kooi, T.J. Dehnke,
Scott Bickel

SEAoO Liasons:
Ohio University:  Dick Meyer, PE
Ohio State University:  Carrie Bremer, PE & Bernie Kooi, PE, SE
University of Cincinnati:  Mindy Barber, PE & Walt Heckel, PE
University of Toledo:  Robert Ward, PE & Rob Kasee, PE
University of Akron: Scott Bickel, PE & T.J. Dehnke, EI



2016 UC SEAoO End of Year Report

UC’s SEAoO student chapter is a student organization that is funded by the University Funding
Board (UFB). Each student group can request up to $7,000.00 per year for events, and
conferences (food, registration fees, gas, hotel, rental car, etc.).

Our student group also has a PNC checking account that is not affiliated with the University. To
start off the year, our bank account had $356.94. At the beginning of this school year SEAoO
professional group awarded us $300.00 to use throughout the year.  This brought our PNC
account at the beginning of the year up to $656.94.  Only one withdrawal was made this year –
an end of the year lunch that concluded our last 2015-2016 SEAoO event, the Jeremiah Morrow
Bridge.  The end of the year balance was $554.47.

Last  year  we  purchased  polos  with  the  help  of  SEAoO  and  the  University  of  Cincinnati  UFB.
This has not become a yearly requirement.  But if we want to continue this tradition, more polos
will need to be purchased next year.  We plan for the savings we accumulated this year to help
support that purchase, as last time the cost of polos were $663.00

The first event of the year that needed funding was the annual conference in Columbus. UFB
was able to completely cover the cost of this event using money from the general budget. Costs
included: five registrations, one rental car, and two hotel rooms (two nights total). This cost
totaled to $743.90.

We then hosted the annual mentoring dinner on campus in November. The University paid
$876.15 to cover 28 student’s dinners + 2 speaker’s dinners. The professional group covered the
remaining cost for the professional members.  All in total the event cost $1,168.20.

During Spring semester, we invited Tim Gilbert to give a presentation on licensure.  Pizza was
provided during this meeting and supported by UFB.

Finally,  our  last  SEAoO  event  was  our
annual trip to the Jeremiah Morrow Bridge.
Following the Jeremiah Morrow Bridge tour,
the  SEAoO  group  had  an  end  of  the  year
lunch at Buffalo Wild Wings where we said
goodbye to our seniors.  The money given to
us by the SEAoO professional group was
used to support this event.



2016 OSU SEAoO End of Year Report

As summer is picking up we would like to reflect on SEAoO over the past year at The Ohio State
University.  Throughout the year SEAoO put on many events for students interested in structural
engineering.  We first had the opportunity to go on a site tour and learn about the design and
construction  of  the  new  dorms  being  erected  on  campus.   This  tour  was  very  informative  and
also was a great chance for students to understand more about the projects going on around us.

SEAoO also had a successful mentoring night allowing students to network with local
professionals.   It  was  enjoyable  to  hear  about  a  few  of  the  many  different  career  paths  for
structural engineers, and a great opportunity to ask questions to an engineer in a comfortable and
conversational setting.

Students also had the opportunity to get more insight in the structural engineering profession
with the job shadow event in the spring.  Visiting an office and seeing projects on site gives
students the chance to see engineering beyond the classroom, an experience which isn’t offered
through coursework.

The student chapter at OSU was also able to view a lecture series through a webinar format.  The
webinar allowed for a flexible time which made it possible to accommodate to students’
schedules.  If the lecture series introduced concepts that students will experience in the future, or
built upon concepts already learned, every student was able to take something away from the
lecture series and see how coursework transfers over to the real world.

Through all of these events, SEAoO provided OSU students with networking and learning
opportunities  outside  of  the  classroom  which  otherwise  would  not  be  offered.   In  addition,  by
running for an officer position SEAoO allows students to gain leadership experience,
communication and planning skills.  Not only does SEAoO allow students to learn more about
the structural engineering profession and meet with professionals, it also allows students to meet
other people within the civil engineering major, creating connections for the future.

We look forward to the next year to keep offering our successful events and provide beneficial
opportunities to students to help prepare them for their future careers in structural engineering.



2016 OU SEAoO End of Year Report

This was a great year of building for our organization!  Membership increased to approximately
10 members per meeting, most of which were committed members.  Historically, our chapter of
SEAoO  has  had  little  attendance  and  no  funding.   All  of  this  can  be  attributed  to  lack  of
committed membership attendance at meetings.  Without solid numbers, we can’t budget or
schedule large activities that have any cost involved.  We have always seemed to be able to
average at least 5 or so people coming to our meetings, but always a large portion consisted of
infrequent members.  Our primary goals this year were to make the chapter more visible to the
student body and build upon existing interest in the organization through more engaging
activities.

We  made  the  organization  more  visible  this  year  by  creating  an  OrgSyn  page.   OrgSyn  offers
many tools for organizations, other than creating a page for potential members to learn about the
organization.  As we set up our university bank account, this website will aid us in due
collections and will also help centralize any organizational applications that need submitted to
the university on behalf of our chapter.

We built upon existing interest in the organization through two main events planned this year.
First was the “SE Apprentice” webinar series by Structural Engineering University.  The
seminars explained the South Central Chiller Plant Generator Building at Ohio State University.
Each of the four sessions ran for approximately an hour, and covered topics such as loads, load
paths, design, and contracts.  It was interesting to see the design process behind such a unique
structure such as the chiller, and that so many different loads are considered during the design
process.  Since this was the first webinar that many of the members have ever attended, it was
great to hear questions from other chapters.  On several occasions the presenters had to cut off
questions at the end because there were so many.

The second event was a presentation by Timothy Gilbert which talked about the importance and
process of obtaining professional licensure.  The presentation was approximately an hour and a
half long and briefly touched on the history and important events that led up to the requirement
of professional licenses.  Both professional engineering (PE) and structural engineering (SE)
licenses were discussed during the presentation.  As discussed in the presentation, SE licensure is
not mandatory in Ohio.  Tim explained appropriate times and the benefits of obtaining a SE
license.

Our chapter did not have a university bank account this year, so no funds went in or out.  This is
being changed for next year, and financials will be included in next year’s report.



2016 UT SEAoO End of Year Report

The 2015-2016 academic year for UT-SEAoO saw a substantial increase in student involvement
at conferences, tours, speaker presentations and other activities as compared to previous years. In
the academic year UT-SEAoO members attended the SEAoO Annual Conference, toured the
Davis-Besse nuclear power station, attended the 1st and 2nd Ohio Department of Transportation
(ODOT) Bridge-Slide projects over route 6 in Bowling Green, hosted a student mentoring night,
toured the Owens-Illinois (O-I) bottling plant in Perrysburg, OH and attended the 2016 North
American Steel Construction Conference (NASCC) in Orlando Florida.

UT-SEAoO began the academic year with recruiting new members by promoting awareness as
well as the importance of the student organization and parent chapter at the University of Toledo
Engineering Student Convocation. Several new incoming freshmen expressed interest at the
convocation and attended the first general meeting of the year.

Annual SEAoO Conference
This  year  three  student  members  from  The  University  of  Toledo  attended  the  SEAoO  Annual
Conference in Columbus, OH on September 17th and 18th. There students were exposed to
presentations on a variety of structural engineering/construction topics some of which include the
use of carbon-fibers to strengthen large substructure drainage pipes, construction of skyscraper
column foundations using Jumbo I-Shaped members, and pre-stressing/post-tensioning methods
for box-beam bridge girders. Students also spoke with exhibitors that had display booths setup at
the conference; engaged one-on-one with exhibitors such as Chicago Clamp, LENTON, and
Simpson  Strong-Tie  to  learn  about  various  structural  connection  products  and  services  that
students had never been exposed to before (see photos below).

Chicago Clamp Pipe Header System         LENTON Mechanical Reinforcing Steel
Connection

Davis-Besse Nuclear power plant tour
In September UT-SEAoO also toured the Davis-Besse nuclear power station in Oak Harbor, OH
which produces 40% of the electricity for residents and businesses in northwest Ohio and is
Ohio’s  first  nuclear  power  plant  and  one  of  only  two  current  active  power  plants  in  the  state.
Seven members were given an onsite tour of the generator, reactor and cooling tower as well as
an ongoing construction project of a new foundation for the facility.



2016 UT SEAoO End of Year Report

UT-SEAoO members on
tour of Davis-Besse’s
reactor

Students were exposed to the unique challenges and requirements of building construction in the
complex facility. After the tour a senior Professional Engineer (P.E.) spoke to student members
on the importance of obtaining the P.E. license.

UT-SEAoO attending ODOT’s first and second bridge-slide construction project
On October  17th ODOT made  history  with  the  first  accelerated  bridge  construction  project  that
incorporated a pre-constructed bridge that was pulled into place on I-75 over route 6 in Bowling
Green, OH. The bridge was slide completely into place within 48 hours after the existing bridge
was demolished. More than a dozen students, comprising of members from UT-SEAoO and The
University  of  Toledo  American  Society  of  Civil  Engineers  (UT-ASCE),  attended  and  were  on-
site as the bridge slide into place from the temporary supports to the new pier columns. Students
learned and witnessed up-close of a new technique in which prestressing cables were wrapped
around the bridge superstructure and fed through a hydraulic actuator that pulled the bridge into
place over the newly constructed pier (see pictures below).



2016 UT SEAoO End of Year Report

On December 12th ODOT slide another pre-constructed bridge into place for the northbound
traffic lane using the same prestress cable hydraulic method that was used in the first bridge
slide. Three student members of UT-SEAoO: John Morganstern, Kyle Blosser and Quinn Wise
attended the second bridge slide project in ODOT’s history by standing on the bridge while it
was pulled into place. While onsite at the bridge slide project UT-SEAoO President John
Morganstern gave local Channel 13 ABC a short interview in which he discussed how seeing the
project up-close gives more insight into the techniques of bridge construction. The interview can
be found at: http://www.13abc.com/home/headlines/2nd-Bridge-Slide-to-take-place-today-on-I-
75-361664181.html; screenshots of the interview are shown below.

UT-SEAoO members Quinn Wise,
John Morganstern and Kyle Blosser at
ODOT’s 2nd bridge slide

Channel 13abc interview with
UT-SEAoO president John
Morganstern

As the spring 2016 semester began UT-SEAoO saw several new attendees from the Construction
Engineering Technology (C.E.T) department become involved as active members. This allowed
for new ideas on how to improve the organization from students that have a more practical
educational background in the field of building construction as compared to the highly theorized
Civil Engineering background.



2016 UT SEAoO End of Year Report

Mentoring Night at The University of Toledo
In coordination with the Toledo chapter of SEAoO the student chapter UT-SEAoO organized a
mentoring night at UT for students to come meet and network with young P.Es. and Engineers in

Training (E.I.Ts). The Toledo chapter of SEAoO also provided attending students a resume
review and a free catered Italian dinner. Mentoring night was held on February 17th in which 10
students attended. P.E. Antonio Verne from the jdi group and E.I.T. Greg Grajczyk from Matrix
Technologies shared their experiences of working in the field as well as offering their advice on
how to meet the expectations of a young professional in the structural engineering field.

Owens-Illinois bottling plant tour
On  March  18th several members of UT-SEAoO toured the Owens Illinois bottling plant in
Perrysburg,  OH  where  SEAoO  P.E.  members  Robert  Ward  and  Rob  Kasee  presented  students
with the daily operations of the plant and the responsibilities that structural engineers must
consider  in  the  design  and  building  of  large  scale  manufacturing  glass  furnaces  as  well  as  the
surrounding bottling plant.

North American Steel Construction Conference (NASCC)
This year four UT-SEAoO members (John Morganstern, Kyle Blosser, Souvik Mazumder and
Andrew Taylor) attended the NASCC that was held at the Gaylord Palms Hotel and Convention
Center  in  Orlando,  FL  from  April  13th to the 15th. Every year the American Institute of Steel
Construction (AISC) and other companies sponsor the convention in which the top
manufactures, detailers, engineering firms, erectors, contractors and structural software designers
in the structural steel industry come together to provide expert technical advice, educational
sessions, networking opportunities, products and services to engineers, educators and students.
Students were provided access to the exhibit hall that showcased a wide variety of products and
services, dozens of technical sessions, networking sessions devoted to students and a conference
dinner all for free.

The exhibit hall included a variety of large well established firms such as Lincoln Electric,
PlasMax, Autodesk, Tekla, ect that advertised their engineering software, design services as well
as displaying their products that ranged from small handheld structural connection/installation
tools to large industrial machinery (see picture below).

PlasMax high precision
plasma cutter



2016 UT SEAoO End of Year Report

Technical sessions were held throughout the duration of the conference that provided informative
tips and procedures for new and rehabilitated steel construction practices for an array of project
types. Our members attended two of these sessions entitled “Strengthening and Repair of In-
Service Bridges” and “90 Seismic Design Ideas in 90 Minutes”.

The networking session devoted to students was entitled “Students Connecting with Industry
Sessions” (SCIS) which provide a social networking event in which young structural engineers
from  all  over  the  world  are  given  the  opportunity  to  meet  each  other  as  well  as  industry
professionals with extensive knowledge and experience. Also to help with costs of travel AISC
offered up to $175 of travel reimbursement for each student who attended NASCC.

UT-SEAoO ended the spring semester and 2015-2016 academic year with officer elections for
positions of president, vice president, treasurer, event coordinator and secretary. The officer
positions are for the fall 2016 semester the elected nominees were for president: John
Morganstern, Vice President: Roman Murray, Treasurer: Quinn Wise, event coordinator:
Conagher Ottensman, interim secretary: John Morganstern.
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 Ohio River Bridges East End Crossing                                                                                          Kaufman 1 

Project Constructed by Walsh/Vinci Construction 

Tunnels have carved through mountains, bored under waterways, and passed under streets in 

urban cities. Today, tunneling offers solutions to new civil engineering challenges experienced by 

evolving infrastructure needs. This paper will outline the structural construction process of the Ohio River 

Bridges - East End Crossing Tunnel project and provide a look into the loads and forces experienced by 

the construction equipment.  

Alfred Nobel’s dynamite patent in the late 1800’s allowed tunneling to become a more practical 

construction practice through the use of Drilling and Blasting. Since then, tunneling has developed 

through three main techniques. The first is known as the New Austrian Tunneling Method (NATM), or 

Drill and Blast. This method begins with drilling the earth and using dynamite to blast the earth away. 

The excavation is usually stabilized with rock bolts and shotcrete. A structural concrete liner is usually 

constructed inside the tunnel. Drill and Blast is generally used for larger, irregular shaped tunnels.  

 A second tunnel method commonly used today is the Tunnel Boring Machine (TBM) method. A 

large circular cutting head positioned on the front face of a sliding train like machine is responsible for 

slowly grinding away the earth as the cutting heads rotate. Generally a precast concrete panel system is 

installed immediately at the tail end of the train, simultaneously to the cutting. This method was used in 

Japans Seikan tunnel, a 33 mile long channel, classifying it as the world’s longest tunnel. 

 The last method commonly utilized is the Cut and Cover technique. Instead of boring or blasting, 

a trench is excavated in soft soil and roofed over. A significant challenge in this method of tunneling is 

designing a strong enough roof system to avoid the top of the new tunnel from collapsing in. This method 

was used in NYC for much of the original subway system.  

 

               Drill and Blast                                   Tunnel Boring Machine                                     Cut and Cover 

 

Most of the time tunnels are constructed in order to avoid overhead obstructions or to cut through 

harsh landscape. Louisville, Kentucky wanted to complete its I-265 highway system but ran into some 

problems at ground level. In their case, a historic land ordinance and continued opposition from the 

surrounding community persuaded the Kentucky Department of Transportation to tunnel under the 

historic landmark and hide the highway traffic from the local community. The Walsh Group and Vinci 

Construction joint ventured for the project involving two 1,680 ft long tunnels each providing up to three 

full lanes of traffic. 

The tunnel roadway surface was designed to be about 60 feet below the existing grade. 

Geotechnical studies reported a composition of Louisville Limestone with accents of Waldron Shale. 

Large quantities of earth had to be removed from each end of the tunnel portals in order to excavate the 

tunnel channels. The challenge was overcome by creating “Approach” pits in the ground with a gentle 

slope for highway vehicle access. Because of the presence dolomitic material, blasting was selected as the 

most efficient method for the project excavation. 
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Project Constructed by Walsh/Vinci Construction 

 

Picture 1. South Portal of the tunnels under construction. Note the large excavation and close proximity to 

residential housing nearby. Surrounding structures were a concern during excavation and construction. 

As part of this Drill and Blast method, Magnafrac, a packaged emulsion explosive, was loaded 

into drilled holes in the earth and then detonated. Once the limestone was blasted away on either side of 

the tunnel’s portals, a similar process was used to blast out each channel of the tunnels starting from one 

end and working to the other. Careful planning was crucial during the tunnel excavation. The horizontal 

blasting exposed loose overhead material and required immediate reinforcing to prevent rock fall and 

over-break. Twenty foot rock anchors were drilled and epoxied into the remaining earth above to stabilize 

loose rock. A six inch thick layer of shotcrete followed for a final smoothing stabilization coat. Once the 

tunnel was completely blasted and stabilized, construction continued from the ground up. 

 This tunnel was designed with a drainage system below the roadway to handle rainwater. A six 

inch mud mat was laid before pouring the twenty inch thick roadway surface (referred to as the “Invert”) 

which ensured a durable work surface. The rebar installers placed the top and bottom rebar mats including 

continuous dowels to extend above the road surface to eventually splice into the concrete liner overhead. 

A bulkhead was created to break the 1680 foot tunnel length into roughly six roadway pours. A Bidwell 

made concrete finishing an easy task. 

 

Picture 2. Pouring the Concrete Roadway Invert. Note the use of the Bidwell and the continuous dowels against the 

tunnel walls. 
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Project Constructed by Walsh/Vinci Construction 

Once the Invert was poured, the arched concrete walls (referred to as the concrete “Liner”) could 

begin. The tunnel received additional shotcrete to give a closer profile of the tunnel shape for the concrete 

liner. The liner was required to be poured at least 16” thick. The tunnel was surveyed for areas that would 

produce too tight of a clearance and an excavator equipped with a carbide grinding tool ground away 

shotcrete as needed. 

 The underground cave-like tunnels naturally were very wet. Keeping water out of the structural 

system was very important. The shotcrete helped divert surface water, but more protection was required 

to ensure the concrete construction’s lifelong integrity. The solution included installing a yellow 1/8 inch 

thick PVC membrane along the entire length of the tunnels. This membrane was installed in about six 

foot segments and then fused together at the seams to create one continuous waterproof membrane. 

 

Picture 3. Waterproofing membrane installation. Note the finished Invert slab, the installation of the waterproof 

membrane over the smoothed shotcrete surface and the use of the red gantry system for the waterproofing 

installation crew. 

The rebar crew followed the waterproofing crew to set the rebar mats into place. In order to assist with 

mounting the rebar arches overhead, the crew drilled anchors into the rock surface through the waterproof 

membrane and had to patch and seal every anchor hole drilled through the membrane. 

 

Picture 4. Rebar installation. Note the rod anchors installed in the waterproof lining and white gantry system for the 

rebar installation crew. 
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Project Constructed by Walsh/Vinci Construction 

The concrete form system was designed by Everest Equipment Company and was the key 

element for this project’s success. The form acted as a support to allow concrete to be poured between the 

outside face of the form system and inside face of the excavated tunnel surface. The result: a thick 

structural concrete layer. The form system was able to pour forty foot sections at a time and support over 

550 cubic yards worth of concrete which was required during some pours. The form carrier underneath 

served as a working platform. As one panel was completed, the form carrier was rolled forward forty foot 

and set up to pour the next panel. This jump-form technique continued for the length of the tunnel. 

 

Picture 5. The concrete form system. This picture is taken during a live concrete pour. The concrete truck fed the 

concrete pump which delivered the concrete to various ports around the form system to fill the void. Note the use of 

a plywood and steel-bar bulkhead around the perimeter of the form to contain the concrete within the boundaries of 

the void. 

As thousands of pounds of concrete material was pumped through this form, it was important to 

understand the forces involved during the concrete pour. This next section takes a look at what those 

forces were, and how they were successfully transferred to the form system.  

 

Picture 6. Calculated load forces and expected stress forces. Note the asymmetric loading case due to the sloping 

Invert road surface. (Courtesy of Walsh/Vinci Construction and Everest Equipment Co.)  
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Project Constructed by Walsh/Vinci Construction 

The form was filled with concrete from bottom to top. As the material began to pile up between 

the form and the rock wall, the concrete material produced a horizontal inward force on the form system, 

noted with the red arrows in Picture 6. To counteract this horizontal force, several dowels were drilled in 

the Invert to prevent the bottom of the form system from kicking in.  

The system was also determined to be at risk of floating as the material piled up at the base of the 

form. The term “floating” takes into consideration the upward force of the stacked concrete material along 

the sides of the form system, suggesting an uplift force greater than the weight of the carrier. If floating 

were to occur, hundreds of cubic yards of concrete would spill out of the bottom of the form. To 

counteract the floating force, several “spuds” were placed through the form system and adjusted to press 

against the outside edge of the rock face, providing a strong oppositional force. 

Picture 7. Concrete Form System. Note Spuds, delivery ports and Invert pins located throughout the form. 

(Courtesy of Walsh/Vinci Construction and Everest Equipment Co.) 

The weight of 550 cubic yards of concrete is a lot of force for a structure to withstand. Looking at 

concrete curing properties, the actual weight required to support becomes more realistic. As concrete 

begins to cure, the material solidifies and becomes self-supporting. This concept of liquid head was key in 

managing the risk by controlling the pour speed to 10 vertical feet of material an hour.  

  Once the concrete was tested for cure, the form was released and progressed to the next forty foot 

panel. Understanding the various forces acting on the form system allowed the workers to safely complete 

the tunnel liner. Finishing work mobilized after the completion of the structural concrete lining. This 

included barrier wall, sidewalk, electrical lighting, emergency response systems and tiling. The East End 

Tunnel project is a prime example of the Drill and Blast tunnel construction technique and is scheduled to 

open to traffic in the fall of 2016.  
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Picture 8. Structural concrete is complete. Tunnel finishes such as barrier wall, tile, overhead electrical, and 

sprinkler systems are being installed. The tunnel scheduled to open in the fall of 2016. 
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EXECUTIVE SUMMARY 

The idea of voided concrete slabs has been around for decades, and although designs may vary 

the premise behind them remains the same. More recently, the idea of cast-in-place bubble 

voided slabs has become a popular choice for designers and architects looking to decrease slab 

thickness and overall structure weight. This growing popularity can be attributed to the 

architectural need for longer spans and higher ceilings, more experience with and confidence in 

the product, and the push for sustainable design in the industry. 

 

BODY 

For centuries, structural concrete has been the material of choice for builders. The high 

compressive strength, ease of production and aesthetic component have driven engineers and 

architects alike to choose concrete on a multitude of projects. However, traditional concrete also 

has a few distinct disadvantages – namely poor performance under tension and a heavy self-

weight. Because of these disadvantages, traditional concrete will require modifications in order 

to achieve many construction applications. 

The idea of voided concrete has been investigated since the early 1900s [1]. In a 

traditional reinforced concrete slab span, the bottom portion will be in tension and therefore will 

require steel reinforcing to prevent failure. The top portion will be in compression, and the 

middle portion will effectively work only as a bridge holding the top and bottom portions 

together. In construction application, long-span slabs can become very thick and require large 

amounts of concrete. Concrete, weighing on average 150 lb/ft3, contributes greatly to the dead 

load encountered in a structure. Because of the mechanics in slab spans, engineers began to look 

for ways to remove the middle portion of the concrete while still keeping the slab intact.  

To remove the middle concrete in a slab, voided concrete came about as a viable option 

for slab lightening. Traditionally, waffle slabs, hollow-core precast slabs, and single/double 

direction pan forming systems have been the most common voided slabs in the United States [2]. 

However, there are also disadvantages to these types of voided slabs that led to the development 

of the bubble slab. Waffle slabs and single/double direction pan forming systems will have 

lowered sections that remove headroom, which can be valuable depending on the needs of the 

owner (see Figure 1). These types of slabs will also require that the forms be removed and 

cleaned after installation and curing, while the plastic bubbles in bubble-voided concrete slabs 

are to remain encased in the concrete. Traditional hollow-core precast slabs will also require 

beams to bridge between the columns and provide bearing for the slabs. 



 

Figure 1: Typical waffle slab. (http://civildigital.com/wp-

content/uploads/2014/07/waffle-slab.jpg) 

 

 The concept of bubble-voided flat slabs involves placing hollow recycled plastic shapes 

(typically spherical) in-between two layers of rebar, in the middle of a concrete slab (see Figure 

2). Due to the replacement of concrete with air, the slab will have a lower dead load and 

therefore a higher allowable span – up to 55 feet without using beams [2]. The act of replacing 

concrete portions in the slab with plastic air bubbles will decrease the amount of concrete used, 

saving money and resources, as well as lighten the entire structure. Due to this smaller dead load, 

the columns and foundation will also decrease in size. 

 

 

Figure 2: Bubble-voided slab before concrete placement. (http://theconstructor.org/wp-

content/uploads/2013/10/BubbledeckSlab.jpg) 

http://civildigital.com/wp-content/uploads/2014/07/waffle-slab.jpg
http://civildigital.com/wp-content/uploads/2014/07/waffle-slab.jpg


 The performance of bubble-voided flat slabs compared to same-thickness reinforced slabs 

has been researched thoroughly in Europe. Tests performed in Denmark, Germany, and Holland 

revealed the bubble-voided flat slabs had a flexural stiffness about 90% that of a solid slab with 

the same thickness [3], while the shear resistance is 60% that of a solid slab. However, there is 

also a 35% weight reduction in the bubble-voided slab, allowing heavier applied loads than a 

solid slab. As shown in Figure 2, concrete cannot be removed from all locations in a floor slab. 

Due to punching-shear capacity, bubbles are not permitted near column locations.  

There are two main patented ways to install a bubble slab in the U.S. The first, owned by 

Washington-based BubbleDeck, is similar to a precast filigree system. The bubble “cages” are 

assembled offsite and the first layer of concrete poured to secure the bubbles inside the cage (see 

Figure 3). Half-cast panels are then sent to the site, where they are placed and tied together with 

reinforcing. A second layer is then poured monolithically on top, creating a single flat voided 

slab [4]. 

 

 

Figure 3: BubbleDeck filigree system. 

(http://files.armtec.com/Images/Categories/buildings-and-

garages/Bubbledeck/BubbleDeck11copy.jpg) 

 

The second method of installation, patented by Switzerland-based Cobiax, is a similar 

system that involves only field concrete pouring. Bubble cages are pre-assembled in 8 foot long 

bundles that are set in place for casting. The concrete is still poured in two lifts, the first to allow 

the bubbles to become partially cast in the concrete and the final to seal the slab together. 

Without performing two lifts, the bubbles have the buoyancy to float in the concrete and not 

remain in the middle of the slab [5]. 

Voided flat slabs are a prime example of the ingenuity among engineers that continues to 

exceed expectations. The concept behind these slabs is simple but has many benefits. By using 



bubble voided flat slabs, one is able to decrease the dead load in the concrete and thus make the 

entire structure lighter, save money on construction materials, and achieve spans far greater than 

a standard slab. With recycled plastic being used and decreased concrete production, bubble 

voided flat slabs are the future of American sustainable construction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



References 

 

[1] American Concrete Institute – “Voided Slabs – Then and Now”, 

https://www.youtube.com/watch?v=AmB2vZjgzL0 

[2] Concrete Construction – “On The Bubble”, 

http://www.concreteconstruction.net/slab/on-the-bubble.aspx 

[3] Research Gate – “Structural Behavior of Bubble Deck Slab” - Purna Saha et al., 2012 

[4] Bubble Deck, http://www.bubbledeck.com/ 

[5] Cobiax USA, http://www.cobiaxusa.com/ 

 

https://www.youtube.com/watch?v=AmB2vZjgzL0
http://www.concreteconstruction.net/slab/on-the-bubble.aspx
http://www.bubbledeck.com/
http://www.cobiaxusa.com/


[SELF-HEALING CONCRETE: BIO-MINERALIZATION] Sarah Mullins 

 

 
1 

SELF-HEALING CONCRETE: BIO-MINERALIZAITON 
 

I. THE PROBLEM 
 
There are two guarantees when it comes to concrete. Number one, concrete will 

“harden” – gain strength. Number two, concrete will crack. Cracking is inevitable and is 
typically the most common complaint in the concrete industry. Engineers reinforce 
concrete with embedded rebar to give the beam or column strength in the event they crack 
(Miller). Specifically, rebar in concrete carry tensile loads, so it has the purpose to reduce 
crack formation (Tittelboom).  Reinforcement snaps the face of cracks back together once 
created (Miller). Some problems regarding the development of cracks are as follows (“Self-
Healing…”): 

1. Cracks endanger the durability of rebar and concrete. 
Since cracks expose the reinforcement, water has the 
ability to find its way through and corrode the rebar. 
This could cause collapse of a structure if severe 
enough. 

2. Crack repair is challenging when cracks are not 
visible or accessible. 

3. Crack repair can be costly due to materials, traffic 
shutdowns, and mobilization. 

4. Cracks are of major concern to owners and the 
general public, because they are not aesthetically 
pleasing, and generally clients are not educated on 
types of cracks and when they should be of concern 
(Miller). 

 
To combat the never ending war with cracks Henk Jonkers, of Delft University of 

Technology, invented a way to give concrete a longer life by introducing the construction 
industry to bio-concrete. Jonkers is a microbiologist that started his research in 2006 when 
asked if self-healing concrete was possible. His self-healing concrete produces limestone to 
seal surface cracks [See Figure 1] (Stewart). This concept is called bio-mineralization, and 
is pollution free (Vekariya).  
 

II. THE BACTERIA  
 
The bacteria to be chosen for the self-healing concrete needed to have the ability to 

survive the harsh environment of the concrete (Stewart). Concrete has a very high pH 
value, so a only an alkaliphilic bacteria could be chosen for the job (“Self-healing…”); hence, 
bacillus pasteurii was elected due to its ability to thrive in alkaline conditions, produce 
spores that survive without food or oxygen, and its harmless nature to the environment 
and humans (Ravindranatha). Moreover, bacillus bacteria can stay dormant for years 
before being activated by water (Stewart). 

 

Figure 1: Self-Healing Concrete 
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The next challenge was to find bacteria that could create a repair material to fill 
cracks in concrete. Fortunately, bacillus pasteurii has the behavior to make this happen. In 
order for bacillus pasteurii to create limestone, reach crystallization, it needs food. Initially, 
sugar was an option; however, sugar makes concrete weak and it retards the curing of 
concrete. So, the food chosen was calcium lactate [See Figure 2]. Bacillus pasteurii and 
calcium lactate are put into biodegradable capsules and mixed with clay pellets before 
added into the concrete mixture. The clay pellets ensure that water does not activate the 
bacteria (Vekariya). In fact, “the bacteria combination can lie dormant for up to 200 years 
when not exposed to water” (Vekariya).  

 
Figure 2: Bacteria Capsules in Self-Healing Concrete 

When water enters the cracks in the concrete, the capsules dissolve releasing the 
bacteria and food (Stewart). With the presence of water, the bacteria germinate to form 
calcium carbonate, an inorganic crystal that can withstand almost all temperature 
conditions, also known as limestone (Ravindranatha). This resulting crystallization is 
stronger than the concrete itself (Stewart). The calcium carbonate secretion fills pores 
within the concrete creating a more compact member that is more resistive to seepage [See 
Figure 4]. This action can be compared to a fractured bone healing itself (Vekariya). “As 
the texture becomes more compact, the compressive strength is considerably increased. 
Thus, this process can reduce the seepage considerably permanently” (Ravindranatha).  

 
Figure 3: Intrinsic Self-Healing A) Crack Width B) Water Supply C) Crystallization 
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Oxygen is essential in the healing process, because oxygen causes the corrosion of 
rebar. So, when the self-healing concrete cracks, the bacterium uses all of the oxygen to 
produce the limestone; in turn, this increasing the durability of the reinforced concrete 
structure. In typical laboratory experiments, it takes approximately seven days for the 
bacteria to germinate and seal the crack. However, the amount of time for the bacteria to 
secrete calcium carbonate and fill the void in the concrete depends on the width and depth 
of the crack (Vekariya).  

 
III. PRACTICAL APPLICATIONS 

 
There are two main goals when designing a concrete structure. One, to create a 

structure that is safe. Meaning it meets code, safety factors, and withstands loads and 
natural disasters. If a building is to collapse, it must be at a point where everyone in or on 
that structure can tell it is unsafe and has time to evacuate before it topples down. Two, 
design a structure in an economical manner (Miller). Therefore, the durability of concrete 
is of upmost importance, because lives are at stake. 

 
The issue with concrete is that it is porous. Water will find a way into a concrete 

structure, even on a microscopic scale. Over time this causes cracks, reducing the structural 
integrity of the concrete members. An additive that seals pores and cracks would reduce 
the permeability of concrete and improve the longevity of its life. Conventionally, sealing 
agents are used such as latex emulsions, 
epoxies, and other surface treatments that 
include “water repellents such as silanes or 
siloxanes” (Ravindranatha). However, these 
methods suffer from limitations including 
susceptibility to ultraviolet radiations, 
unstable molecular structure, high costs, 
incompatible interfaces, and difficulty of 
application (Ravindranatha).  

 
Hence, the most valuable outcome of 

self-healing concrete is its ability to enhance 
the strength of concrete by keeping water 
from deteriorating the structure. Several other practical uses of self-healing concrete 
include (Vekariya): 

 Constructing underground retainers for hazardous waste (“Self-healing…) 
 Repairing limestone monuments 
 Erosion prevention of loose sand 
 Better resistance towards freeze-thaw action 
 Reduction in the permeability of concrete 
 Reduction in the corrosion of rebar 
 Sealing cracks in concrete structures [See Figure 4] 

Figure 4: Crack Restoration 
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Not only is bacillus pasteurii environmentally friendly and harmless to humans, but putting 
forth the extra upfront cost will result in low maintenance costs as time passes and longer 
life span of a structure (Vekariya).  

Of course with every new technology that surfaces, there are its drawbacks. 
Unfortunately, the cost of the bacterial concrete is easily double in price. The research of 
calcite precipitation is expensive. Additionally, the growth of the bacteria is not good in any 
atmosphere. Although bacillus pasteurii was chosen due to its ability to withstand harsh 
weather conditions, it cannot survive all environments. Lastly, there is no code for bio-
concrete (Vekariya). Code serves as a basis for checks and balances of material 
performance. In other words it enforces quality and serviceability (Miller). Code is a must 
for any design of a structure. 
 

IV. CONCLUSION 
 

Jonkers, the inventor of self-healing concrete [See Figure 5], hopes that his concrete 
will be the start of a biological buildings era. In fact, ‘”It is combining nature with 
construction materials,” he says. “Nature is supplying us a lot of functionality for free – in 
this case, limestone-producing bacteria”’ (Stewart). 

 
This new concept of combining nature and built structures is where society is heading. 
With LEED and “going green”, the public is more concerned now with the environment 
than ever. Self-healing concrete is not only practical in the concept of increasing the 
durability and longevity of concrete, but it is also environmentally friendly. No longer will 
engineers have to worry about maintenance of concrete cracks and fissures. Self-healing 
concrete appears to be on the brink of implementation in the construction industry. 
  

Figure 5: Henk Jonkers - Inventor of Self-Healing Concrete 
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