
Solving Costly Limestone Flow Problems at 
Titan Cement 

Introduction
Titan America (Titan) manufactures Portland  
cement at their Medley, Florida USA plant (i.e., 
Pennsuco/Tarmac), and in June 2004 commissioned 
a new 5,000 t per day kiln that greatly increased 
clinker production capability and efficiency.   
However, due to poor flowing raw materials  
handled in the new silos, large variations in raw 
meal properties resulted, principally from erratic 
flow of limestone.  

Jenike & Johanson was asked to recommend  
changes to the limestone silo to alleviate the flow 
problems.  Through the scope of work, outlined 
below, we developed design changes to the silo 
which, along with other improvements to the  
system, allowed Titan to eventually exceed the  
design clinker production capacity by 10%.  
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Our mission at  
Jenike & Johanson 
is to help our cli-
ents improve the 
reliability, efficiency 
and safety of their 
bulk solids handling 
operations. Much of 
our work involves 
green field projects, 

helping our clients ensure that the  
process and the equipment are designed 
based on the bulk solids’ handling char-
acteristics, eliminating problems right 
from the start. We are also frequently 
asked to investigate and solve problems 
in existing plants. In this issue, you 
will read of two examples,  one solving 
handling problems at Titan Cement and 
the other regarding our  innovative high 
speed belt-to-belt transfer chute design 
used in South Africa.

Flow properties data form the founda-
tion for our analyses and designs. Our 
laboratory technicians have decades of 
experience, having tested over 10,000 
bulk solids. You will meet one of our 
technicians, Manuel, from our Chile lab 
in this issue.

We continue to develop new tools and 
designs to better serve our clients.  
Contact us to learn how to make your 
operations reliable, efficient and safe.

Herman Purutyan, CEO
Jenike & Johanson, Inc.

CEO’s Message



Project Scope
Our scope of work for the Titan 
project consisted of the following 
services:

An on-site flow assessment •	

Material characterization studies •	
and abrasive wear tests with the 
limestone

Functional design engineering •	
for retrofitting the existing silo to 
achieve reliable flow

Analyses to determine material-•	
induced and external loads on the 
silo structure

Detailed engineering design of •	
the retrofitted silo components 

Site Visit Findings
Titan requested that our engineers 
visit the Medley plant as soon as 
possible to diagnose various solids 
handling problems occurring during 
the commissioning of the new line. 
We observed flow problems, such as 
bridging, ratholing, and segregation 
occurring with the limestone, as well 
as other additives like bauxite and 
mill scale.  The flow problems were 
costly to  
Titan in several ways:  first, the 
production capability of the new line 
was less than required; second, there 
were numerous laborers required  
to unblock flow obstructions  
formed in the additive silos; third, 
the particle size variability of the  
limestone induced unacceptable 
chemistry variations (excessive lime 
saturation factors) in the raw meal; 
and fourth, valuable resources were 
redirected to address the ongoing 
critical problems.

The original blended limestone silo, 
shown in Fig. 1, has about a 9 m 
diameter cylinder section followed 
beneath by a conical hopper then a 
transition hopper terminating at an 
apron feeder.

Fig. 1:   Original limestone silo at Titan plant –  
silo is third from right

Besides issues of limestone flowabil-
ity, the apron feeder for this silo 
would frequently trip its motor 
because of high loads induced on the 
feeder and the fact that the motor 
was undersized.  This poor reliability 
caused significant variations in the 
chemistry of the raw mix going to 
the vertical roller mill.  The interface 
between the apron feeder and the  
silo experienced severe deformation 
due to the high solids stresses, and 
this also contributed to the higher 
loading conditions on the feeder.  

The limestone flow problems rapidly 
degraded production efficiency, and 
in some cases, stopped production  
all together.  The bridging problem 
occurred when an arch-shaped  

Solving Costly Lim
estone Flow

 P
roblem

s at Titan Cem
ent

2



Solving Costly Lim
estone Flow

 P
roblem

s at Titan Cem
ent

obstruction formed above the outlet 
of the transition hopper and prevent-
ed any further material discharge.  
Operators were frequently required 
to use sledgehammers to strike the 
walls of the hopper to overcome the 
bridging problem; in many cases, 
their efforts were not fruitful. 

Ratholing in the silo was also  
resulting, especially when the 
limestone was fine and wet.  With 
ratholing, flow takes place in a small 
channel located above the hopper 
outlet, leaving large zones of stag-
nant material in the silo.  Conse-
quently, even though the silo’s total 
capacity was 1000 t, its actual “live” 
capacity was far less; this required 
operators to vigilantly keep the silo 
filled so that the raw mix would 
contain the blended limestone.  
Ratholing, also known as piping, is 
one of the most common and costly 
flow problems occurring with grav-
ity reclaim silos. The rathole formed 
in the silo was extremely strong and 
hammer strikes were not sufficient  
to collapse it.  

Another problem, sifting segregation 
(one mechanism of particle separa-
tion), was resulting during filling 
of the silo.  This segregation occurs 
when fine particles concentrate in the 
center of a silo during filling, while 
the more coarse particles roll to the 
pile’s periphery.  Since discharge 
from the segregated pile in the silo 
occurred from a central core, during 
initial drawdown, a high concentra-
tion of fine particles was reclaimed 
onto the raw mix conveyor.  Unfortu-
nately, with the limestone extracted 
from the quarry near Titan, as the 
particle size changed, the chemistry 

of the material changed; in particular, 
the silica content varied substantially 
across the particle size range.  As the 
level in the blended limestone silo 
changed, the particle size distribution 
of the material varied.  

Material  
Characterization
After the plant visit to review the 
equipment and the process, we rec-
ommended to Titan that flow proper-
ties tests be performed on the lime-
stone at moisture contents ranging 
from 5% to 11%.  The flow tests were 
measured using ASTM protocols. 
Key properties investigated included:

Cohesive strength  
provides critical outlet size needed  
to prevent bridging

Wall friction  
provides coefficient of sliding  
friction for determining mass flow 
hopper angles

Compressibility 
provides complete bulk density 
range; critical for load analyses

Not surprisingly, the results of the 
flow tests confirmed the limestone 
was cohesive (prone to bridge and 
rathole), frictional (sticks to surfaces), 
and compressible (having a variable 
bulk density).  The flow test results 
were essential for determining the 
root causes of the flow problems, as 
well as for providing recommenda-
tions for modifications to the silo 
to eliminate these costly problems.  
Properties, like internal friction and 
wall friction angles were necessary  
for loading analyses.
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the apron feeder, but oriented to run 
in the opposite direction so that the 
feeder allowed weighing capability 
as well as clean-up duty, which  
eliminated the need for a separate 
dribble conveyor running below  
the apron feeder.

The apron feeder and its interface 
were properly designed to ensure 
complete withdrawal of material 
along the entire length of the hopper 
outlet, thereby eliminating stagnant 
material.  The increasing capacity 
along the length is achieved by the 
increase in height and width of the 
steel interface above the feeder.

We conducted abrasive wear tests 
to assess erosive wear life of various 
liners (i.e., Crodon® and Ford Steel 
SuperHardChrome) for the interior 
silo walls.  Wear tests were run with 
a sample of limestone and the liners 
to predict wear life assuming a 550 
tph flow rate and continuous duty 
throughout the year.  The results 
indicated that these two abrasion 
resistant liners would provide up to 
a 10-year wear life, which far exceeds 
that of mild carbon or stainless steel.  
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Functional Engineeering
The flow problems occurring were 
directly influenced by the type of 
discharge pattern in the blended 
limestone silo.  Per flow test results 
and field observations, a funnel flow 
pattern was resulting, whereby an 
active flow channel forms above the 
hopper outlet, with large dead zones 
of material residing in the  
silo.  As the level of limestone in  
the silo decreased, the non-flowing 
material generally did not slide into 
the flowing channel, which resulted 
in the formation of a stable rathole.   
Additionally, segregation was  
exacerbated since a non-uniform 
draw of particles occurred from  
the silo.  

We recommended that a mass flow 
pattern be implemented, which al-
lows a first-in, first-out discharge  
that prevents ratholing, ensures  
consistent flow, eliminates sifting 
segregation, and reduces the loads  
on the apron feeder.  In order to 
achieve mass flow, two conditions 
must be met: the sloping hopper 
walls must be steep enough and low 
enough in friction for the limestone 
to slide along them, and the hopper 
outlet must be large enough to pre-
vent arching. 

The recommended modifications to 
the silo (ref. Fig. 2) involved install-
ing a new, steep conical hopper that 
extended past the existing cone up 
into the existing cylinder section.  A 
new transition hopper, pin gate, and 
mass flow interface were used above 
a new 1.8 m wide apron feeder, 
supplied by Aumund.  A separate 
weigh belt feeder was placed below 

4

Fig. 2:   Recommendations for modified silo design



Solving Costly Lim
estone Flow

 P
roblem

s at Titan Cem
ent

Material-Induced  
Load Analyses
The first step for a proper structural 
design of a silo is the analysis of the 
loads exerted by the stored material, 
as well as the external loads (e.g., 
wind, seismic, etc.).  Bulk solids do 
not behave like liquids since they de-
velop frictional forces against  
the wall in their static and sliding con-
ditions; this considerably affects the 
loads on the silo structure. There  
are several loading scenarios that  
must be considered to investigate  
the range of possible stresses on the 
different sections that compose the  
silo structure, including external  
loading effects.  

For the particular case of the blended 
limestone silo at Titan, two load cases 
were considered:

Initial fill loads

Initial fill loads occur after a silo is 
filled from empty with the apron  
feeder off and no material has  
discharged though the outlet.

Flow loads

Flow loads occur just after the  
material has started discharge.  
Fig. 3 illustrates a portion of the  
results from the material-induced 
loading analyses.  Note the  
differences in initial fill versus  
flow loading wall pressures.  

In addition to the material-induced 
loads, the structure is also required  
to withstand external loading  
conditions.  Wind and seismic loads 
were calculated according to ASCE/
SEI 7-05 Minimum Design Loads for 

Buildings and Other Structures. Silos 
fall in categories used in the standard 
as “other structures” and/or “non-
building structures”.  Therefore,  
different methodologies (than those  
normally used for buildings) apply 
for the external load analyses.

Fig. 3:   Results of material-induced loading  
analyses; blue line represents  
mass flow loading

Detailed Engineering
Generally, retrofit projects in silo 
structures are more complex than 
new silo construction.  In addition  
to meeting strength requirements,  
the new components in the silo have 
to be designed for easy installation 
and be sized to fit space constraints 
due to surrounding structures,  
equipment, etc.  Fig. 4a provides a 
view of the modified silo, especially 
focusing on the structural details.  
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Conical section

The conical hopper was designed  
to be supported at its top edge by 
welding it to the cylinder.  Due to 
this arrangement, the conical shell 
thickness had to resist the maximum 
hoop and meridional tension caused 
by the flow load case at the top of  
the conical hopper and the initial  
fill load case. 

During the structural design phase of 
the project, it was decided to install 
the new mass flow cone inside the 

existing structure without demoli-
tion of the existing cone and support 
system.  Therefore, fabrication and 
installation methodologies needed 
to be considered during the struc-
tural design stage.  An arrangement 
of vertical stringers and rings were 
designed to facilitate installation 
of the conical hopper panels.  The 
engineering for the arrangement/
installation of the steel liner panels as 
well as their connection details to the 
new cone and existing cylinder were 
provided to Titan.

Round to rectangular  
transition hopper  

The transition hopper was also 
designed to be supported at its top 
edge (bolted to the existing funnel 
flow cone, see Fig. 4b).  Bending and 
tension exist in the flat walls of the 
transition hopper due to the normal 
pressure and shear traction.  The two 
critical load cases were flow and the 
initial fill load case.  Therefore, due 
to these loads, and the size of this 
transition hopper, a set of horizontal 
rings along the height was required.  
The transition hopper was designed 
to be a bolted connection to the  
adjacent components of the structure, 
with its pieces to be assembled  
on-site; this approach simplified 
installation.

Interface (transition hopper/ 
apron feeder)

External stiffeners were required to 
avoid overstress and/or excessive 
deformation of the interface walls 
due to the critical load at the inter-
face. We worked closely with apron 
feeder and interface supplier  
(Aumund) to ensure its structural 
integrity and that functional design 
specifications were strictly followed.

Fig. 4a:   Overview of modified silo –  
note stiffener package

Fig. 4b:   Detail of cone to transition hopper  
connection
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Compression ring  
and ring girder 

The horizontal component of the 
cone meridional stress introduces 
compressive hoop stresses at the 
cone/cylinder junction; therefore, a 
compression ring is required.   
The compression ring also serves as 
one of the flanges of 
the ring girder while 
a portion of the shell 
acts as the web of the 
girder.  The ring girder 
distributes the discrete 
point reactions into the 
cylindrical wall of the 
silo structure (see Fig. 
4a).  Two WT sections 
all around the cylinder, 
the compression ring 
and another ring used 
as upper flange, com-
plete the structural  
arrangement of the 
ring girder.

Support stringers

With the location of the new mass 
flow cone; the load transfer to the 
supporting structure was modified.  
The cylindrical portion below the 
cone top edge was required to carry 
all the structure and material weight 
as well as resisting external loading.  
Therefore, the existing cylindrical 
shell was reinforced at each existing 
support (8 total) with four W sections 
along the length of the cylinder.  The 
W sections are connected to the ring 
girder at the top and transfer the load 
directly to the existing support struc-
ture (see Fig. 4a) without any further 
modification to the support building.

Conclusions
According to John Anagnostou,  
production manager at Titan, the 
modified silo has provided reliable, 
consistent flow of the blended lime-
stone, even when handling moist and 
fine material.  Since the modifica-
tions, mass flow has been achieved 

which has eliminat-
ed the costly bridg-
ing, ratholing, and 
segregation prob-
lems.  The apron 
feeder has worked 
well, and the weigh 
belt feeder/clean-
up conveyor system 
has allowed fine-
tuned control of the 
raw mix chemistry.  
We supplied not 
only critical details 
for flow, but also  
engineering specifi-
cations for demoli-
tion, scaffolding, 

installation, and fabrication in a 
complete drawing package.  

Though silos are utilized daily at 
cement plants around the world, a 
fundamental and proven approach to 
achieving gravity discharge is gen-
erally unknown to most engineers.  
Thus, silo and feeder design is com-
monly based on a “black art” rather 
than science, and in most cases, 
high costs are incurred due to flow 
problems. Proper silo design, both 
functionally and structurally, can 
be achieved with new designs or to 
improve existing systems.

“Regarding the bin  
modifications: Since we 
replaced the blended  
limestone bin the feed 
from this bin is excellent.  
In fact we eliminated  
the use of the high  
calcium limestone bin  
since we eliminated the  
segregation issues.”

Dan Crowley,  
VP of Engineering,  

Titan America
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Belt-to-Belt Transfer Chutes

Belt transfer chutes can be costly, 
especially when handling high  
tonnage rates. The obvious costs are 
capital and maintenance costs of the 
chute itself. Less obvious costs arise 
in associated equipment. As tonnage 
rates have increased over the years, 
associated costs such as blocked 
chutes, belt wear, belt tracking,  
spillage, dusting etc. have increased 
in proportion.

The design of transfer chutes is 
evolving to meet the challenges.  
Another step in the evolution was 
taken at an iron ore export terminal 
in South Africa. We were asked for 
assistance in measuring the flow 
properties of some of the ores to be 
handled and to prepare functional 
design recommendations for some of 
the transfer chutes.

We developed one of the first high 
speed belt to belt transfer chutes 
using the concept that later became 
known as the “hood” and “spoon”. 
(US Patent 4,646,910, filed August, 
1985). This design was developed  
for a project that conveyed 10,000 tph 
of copper ore with high silica con-
tent. Wearing of the chute was a ma-
jor concern and the design reflected 
a novel approach to controlling the 
flowing ore and dealing with  
the wear.

Advantages of the design in terms of 
minimizing dust, centering the load 
on the receiving belt, minimizing belt 
wear by giving the load a velocity in 
the direction of the receiving belt, etc. 
were also cited. That, and subsequent 
installations showed how well the 
concept performed.

Existing chutes at the export  
terminal were designed to minimize 
wear by making use of traditional 
chute designs incorporating rock 
boxes. The design was very  
effective in preventing wear since 
various shapes and layouts of rock 
boxes prevented ore from sliding on 
the chute surfaces. Unfortunately,  
the chutes also blocked frequently 
causing a cascading shut down of 
the train of conveyors. In addition, 
belt tracking, spillage and dust were 
ongoing operating problems. The 
rock boxes filled and packed in  
unpredictable ways depending on 
the fines in the ore, the moisture  
content and the flow rate. The build-
up in the chute effectively changed 
the shape of the chute and therefore 
the way the flowing material exited 
the chute and landed on the receiv-
ing belt. There was not much velocity 
in the direction of the receiving belt 
so the belt had to accelerate the load. 
This caused rolling and bouncing  
of the particles at the impact point, 
resulting in premature belt wear, 
dusting and spillage.

The design chosen for one of the 
right-angle transfer chutes was a 
hood-and-spoon. The transfer was 
onto a collecting belt that could also 
be loaded upstream by other reclaim-
ers so the spoon section had to be 
moveable to give clearance if the 
belt was to be loaded upstream. The 
receiving belt would only be loaded 
by one reclaimer belt at a time.

We conducted wear tests to evalu-
ate the wear properties of abrasion 
resistant steel plate, 94% alumina 
ceramic and ‘Arcoplate’, one of a 
range of wear plates that are built up 
by laying molten metal with various 
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chemical compositions onto a steel 
backing plate. The wear tests are run 
by feeding the bulk material through 
a screw onto a sample of the liner 
material. The head holding the liner 
is rotated. By adjusting the pressure 
between the material and the plate 
and the rotating speed of the plate, a 
direct measure of wear for a range of 
operating conditions is obtained.

The wearing is done by a continually 
renewing sample being presented to 
the wearing surface – as in real oper-
ating equipment. A sketch of the  
tester is shown in Figure 1 and the 
results of the tests are shown in  
Figure 2. For various reasons the  
client preferred ceramic as a liner  
for this transfer chute. It should be 
noted that the relative wear ratios 
developed are dependent on the ore 
being tested, particle size, moisture 
content, etc. For other combinations  
of these parameters, the ratios may  
be different.

Figure 1 Sketch of wear tester

One of the constraints in a transfer 
chute design is dealing with the drib-
ble from belt scrapers. A decision was 

made at the outset of the design effort 
that the chute would be designed for 
the bulk of the material flow and  
the dribble would not dictate or  
compromise any aspect of getting  
the chute to perform as intended.  
The design of the dribble chute re-
quired some thought but in the end 
it performed well. The design of the 
dribble chute included HDPE linings 
and water sprays to wash any stuck 
material back into the flowing stream,  
when required.

A rock box is an ideal way to deal 
with wear since the bulk material 
slides on itself and the elements of the 
chute are not subjected to wear due 
to impact or sliding. However, unless 
carefully designed, this is not an ideal 
way to control the stream of flowing 
material. A honeycomb arrangement 
was used in this design to capture 
some of the bulk material to minimize 
wear but in small enough pockets so 
that the shape of the sliding surface 
could still be controlled by the chute 
design. The honeycomb surface was 
contained in a removable box so that 
it could be replaced quickly and easily 
in the field when necessary. A sketch 

Figure 2 Results of wear tests
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of the concept is shown in Figure 3.

The honeycomb concept worked  
better in the spoon section than in the 
hood section. This was evidently due 
to material being held in the honey-
comb boxes by gravity in the spoon.

In the hood section, since the flow 
was not constant and steady, the 
boxes emptied and filled constantly 
as the flow rate varied and therefore 
were less effective. Modifying the 
design to more effectively trap  
material in the hood boxes will  
improve the effectiveness of the  
honeycomb design. A new layout  
has been developed using an  
angled pattern that is expected to 
hold material better in the hood and 
improve the wear resistance.

The honeycomb was used only on 
portions of the chute that were to 
experience the highest impact load. 
Subsequent experience showed that 
a wider honeycomb section covering 
more of the chute would have been 
beneficial. The angled side pieces of 
the chute wore more than expected  
at the impact points, even though 
they were not in the line of the  

highest impact load, and had to  
be patched in the field.

The reasons for the success of the 
honeycomb versus conventional rock 
boxes are that the incident angle is 
kept small in this chute design and 
the size of the pockets in the hon-
eycomb is small enough to prevent 
large masses of cohesive material 
from building up. In addition, the 
exposed ribs of the honeycomb  
dictate the shape of the sliding  
surface. The exposed ribs do wear 
but tend to reach an equilibrium 
condition where the wear rate drops 
down to a low value when the  
material in the boxes takes more of 
the impact than the ribs. The ribs 
wear on their edges so that there is 
sufficient material in the depth of the 
ribs to allow a long wear life.

Discrete Element Modeling (DEM) 
was performed on the chute  
arrangement to show how the mate-
rial would move through the chute. 
As a design tool, DEM is suited to 
chute design once the basic layout 
has been established. In the field, the 
operation of the chute was observed 
to be very close to what the DEM  
had predicted.

Figure 4 Snapshot of DEM run

Figure 3 Cutaway of hood showing  
replaceable honeycomb box at impact point
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J&J Helping Develop Future Engineers

Jenike & Johanson’s efforts around the globe include educating future 
engineers on the field of bulk solids flow. Students from the Mineral  
Engineering Department of the University of Mines and Technology in 
Tarwa, Ghana utilized Jenike & Johanson Mass Flow Funnel Flow Models 
during their Ore Handling and Transport Machinery Course. The models 
helped the students understand the various solid flow types and how silo 
design affects materials flow.

11

Behind the Scenes: Meet Manuel Díaz G.
Manuel joined Jenike and Johanson Chile (JJC) in 1996 
as a lab technician. He has measured the flow proper-
ties of over 500 different materials, most of them copper, 
gold and iron ores or concentrates from mining projects. 
He has also developed models and prototypes of silos 
and stockpiles, and has been responsible to train new 
technicians for our labs in Chile.

“One of the things that motivates 
me to work in JJC is that through 
the testing with the Jenike Shear 
Tester, I can contribute to the 
solutions of solids flow problems experienced by our clients in their plants, 
which are worth incredibly large amounts of money”.

“One of the most interesting projects we have done was modeling a crushed 
ore stockpile. It had several reclaim hoppers, feeding three SAG mills. This 
stockpile was handling different moisture contents. Our client, one of the 
largest copper producers in the world, liked it so much that they kept it for 
training the operators.”

J&J modeling of a crushed copper ore stockpile
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  Please Join Us on our New  
  Social Media Platforms!
  Jenike & Johanson is pleased to announce three  
  new communication platforms on the Internet. 

  Follow us. Join our LinkedIn network  
  by searching for “Jenike & Johanson, Inc.” 

  Follow us on Twitter @JenikeNJohanson

  Our LinkedIn and Twitter accounts are a great way to keep up to date on  
  the latest events, courses, and general news occurring at Jenike & Johanson. 

  We will also send updates via these tools when we  
  have new videos available on our own YouTube channel  
  at http://www.youtube.com/user/JenikeJohanson 

  Our new YouTube channel will host special messages from our  
  team as well as brief short technical presentations highlighting  
  key components of courses. Currently we have a video message  
  from our CEO, Herman Purutyan.

  Finally, there will be an audio interview with Herman  
  on American Airlines radio that will be broadcast in the  
  September-October time frame.

  We look forward to you joining us! 




