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ABSTRACT 
 
 Heat exchangers are one of the most common pieces of industrial equipment used in the 
commercial world.  Every factory, ship, and vehicle uses a heat exchanger of some sort.  
WCR is a major supplier and servicer of heat exchangers of all kinds.  Through the years 
WCR has developed a growing line of plate and frame style heat exchangers.  In early 2011 it 
was apparent by the demand for larger heat exchangers WCR needed to grow the line.  The 
design project was to build a 6” port heat exchanger that utilizes the M15 plat style.  This 
heat exchanger would have to compete with the 3 giants in the industry Graham, APV, and 
Alfa Laval.  WCR drew inspiration from it servicing roots in order to create a unit with high 
quality and low maintenance cost.  The results of this approach were a frame with the quality 
of an Alfa Laval unit at the cost of Graham.  This goes to further show the commitment 
WCR has to provide high quality at the lowest cost.  WCR now boasts the strongest line of 
plate and frame heat exchangers in its history with the newly added model A667.     
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INTRODUCTION 
 

BACKGROUND 
 
 For over 20 years WCR has provided top quality plate and frame heat exchanger to the 
United States and abroad.The company originally started as service only in California like its 
name implies; West Coast Regasketing.  As the company grew, focus moved from service to 
also providing a line of plate and frame heat exchanger. Designing of the units started from 
the smallest available and worked its way up.  WCR products are used worldwide in a 
number of companies; including Anheuser Busch, Miller Coors, Cargill, Coca Cola, and 
Dannon.  Heat exchangers are used to achieve many different goals like cooling, heating, or 
regeneration of heat.  The major components of a plate and frame heat exchanger are the 
frame, plates, and gaskets.  For a more detailed list of components see Figure 1 below. 
 

 
Figure 1-Plate and Frame Heat Exchanger 
 
 Plate and frame heat exchanger are the clear choice when it comes to efficiency.  The 
ability to exchange very high BTU is a small package is the most common reason for 
choosing the plate and frame style.  This is achieved because of the high turbulence created 
by the plate chevrons.“Plate heat exchangers are well suited for applications that require 
close temperature approaches. (The approach temperature is defined as the hot fluid outlet 
temperature minus the cold fluid inlet temperature.) Plate and frame units can achieve 
temperature approaches as close as 2 degrees F”(1).  Other heat exchangers like the shell and 
tube don’t have this ability. Also the maintenance on a plate and frame is much simpler.  
Units can be opened and pressure washed with little effort; while a shell and tube will need to 
be wire brushed with less than dramatic improvements.  Plate and frames can also be adapted 
to many different conditions.  With high temp steam applications WCR has gaskets with heat 
rating of 266 F, 329 F, and 399 F.  Our different compounds; NBR, EPDM, and Viton G will 
cover most any compatibility issue with fluid or gas.  WCR also has the ability to press plates 
in any plate material that can be found in sheets.  Some of the most notable materials are 
Hastelloy C-276, Titanium, 304L and 316L stainless steel, and nickel. 
 
 The focus of this design project is to take the next step up in WCR’s plate and frame 
product line.  The next plate for which WCR does not manufacture a frame is model A667.  
The frame will be designed around the WCR A667 plate drawing to handle the 150 PSI 
working pressure.  This model features a 6” connection and must meet all ASME unfired 
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pressure vessel standards.  One key feature and marketing tool of this frame is its ability to be 
a drop in replacement of any of the Alfa Laval, Graham, or APV frames.  This frame will be 
built to fit the WCR line in looks as well as quality.  This will establish WCR’s presence in 
the market of large heat exchangers. 
 

EXISTING PRODUCTS 
 

GRAHAM’S DESIGN 
 
 There are many manufactures of this model of heat exchanger.  The way they 
differentiate themselves is by quality, appearance, features, and price.  The Graham frame is 
one of low cost.  The Graham frame is only machined on the critical points. The rest of the 
frame is left with the rough flame cut used to cut the head and follower from large ingots of 
steel.  The tolerance of this oxyacetylene burnout process is plus or minus 0.125” up to 3 
inches thick in material.  Because of this large tolerance many of Grahams features are 
significantly oversized to insure parts fit.  This is much cheaper to produce but reduces the 
quality of the frame.  The frame also has many more components than the other frames.  
“This wastes time in assembly and wastes space in inventory”(2).In many cases graham is 
the thinnest frame on the market with large spans between the plate pack and the tightening 
rods.  This combination creates high bending stresses that plastically deform the unit the first 
time it is closed.  This is an example of a lack of robustness and poor engineering.  The 
carrying bar is of the I-beam style but uses bolts instead of welding. “The design works but it 
feels cheap.  This requires the stocking of thousands of bolts in order to assemble these 
frames.  It also requires the assembler to handle up to 100 more parts per frame reducing 
efficiency”(3).  Graham has gone for units that are very bare bones and cheap.  They 
overcome the lack of quality and features by reducing the price way below the competition.  
“In the corporate environment the less you spend the better you look and Graham is 
connecting with that mindset”(4).  This idea should be taken into consideration considering 
the success of the Graham brand.   Figure 2 below points out the flaws this frame design has.  
These are all problems that snowball into what feels like a low quality frame. (See Appendix 
A for full research) 
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Figure 2-Graham Heat Exchanger 
 

ALFA LAVAL’S DESIGN 
 
 Alfa Laval is the largest of all the heat exchanger manufactures in the world.  They offer 
hundreds of models and all are of high quality.  Alfa calls this model the M15 in their line. It 
features two roller bearing wheels and an extruded aluminum carrying bar.  Aluminum is 
also used for the leg and lower carrying bar.  Their frames utilize precision machining on all 
surfaces to assure parts of high quality.  Corners are cut to reduce overall frame weight.  The 
rod holders on the top and bottom slightly increase the distance from plate pack which 
increases bending stresses.This increased distance is kind of a trade off because the greater 
perimeter of the rod locations the thinner the frame may be by the ASME calculations.  
Another drawback of this tightening rode orientation is the rods under the frame.  Rods under 
the frame add difficulty to maintenance.  This is because in the field the unit will be piped up.  
That piping will limit access with the large spanner wrenches required.  The frame has heavy 
duty feet with anchoring holes for seismic regulations.  This also aids in the transportation of 
these units, many of which travel overseas.   
 “The range is continually being updated and extended to include new technical features 
and design innovations. The T series, for example, is built with a new frame design that 
paves the way to more plates per frame as well as opportunities for the use of modularized 
components. This ensures even easier and more rational assembly and service.” (5)  Alfa 
Laval also incorporates bearing blocks on the head side of the tightening rods. This decreased 
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the resistance when turning the nut under great pressures.  This feature allows onsite service 
techs to utilize large pneumatic impact guns instead of hydraulic equipment for opening and 
closing the unit.  “The impacts are much faster and lighter then hydraulic cylinders and 
pump.  Each 60 ton cylinders weighing 90 lbs. must be lifted onto the rod and used to release 
the follower.  This process takes much longer than backing nuts off with a pneumatic 
gun”(2).  The Alfa Laval product is a symbol of quality in the heat exchanger world.  This is 
the image WCR wants to create with its products.  The good features that Alfa employees 
should be utilized on WCR’s frame.  Feature that lend little to quality and only add to price 
will be cut to ensure price competitiveness. 
  In Figure 3 below the higher quality is pointed out in the many advanced features. The Alfa 
frame has few draw back save cost.(See Appendix A for full research) 
 
 
 
 

 
Figure 3-Alfa Laval Heat Exchanger 
 
 

APV’S DESIGN 
 
 APV uses the same type of extruded carrying bar that Alfa does.  This is costly unless 
produced in very large quantities.  Also APV in general has material where it isn’t needed 
like some of the corners. APV’s frame also utilizes feet for added mounting stability.  The 
rod holders on the top and bottom are long distances from the plate pack producing large 
bending moments.  These larger bending moments will increase the necessary thickness of 
the frame to avoid plastic deformation which increases weight and cost.“This frame also has 
tool access issues with bottom rods.  This seems like a small inconvenience but adds hours to 
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a service job.  Those hours mean hundreds of dollars extra every time the unit is services”(3).  
A small redesign will alleviate this problem.  The unit has no ball bearing roller system and 
must be pushed back with rolling friction of an approx. 800 lb. plate.This makes maintaining 
much more difficult and over time will require several men or even a come along to move the 
follower back to the leg in some extreme cases.  APV does machine all surfaces that receive 
part to provide a precise fit and add to unit quality.  Lifting points aren’t on the follower plate 
resulting in unleveled hoisting.  These units are in a variety of locations many of which are 
on roof tops or many floors up.  “The crane ability of these units is of great importance.  It 
could decide if a customer buys or not”(6).  APV’s frame utilizes feet for added mounting 
stability and standard 6” studded connection.  Figure 4 below point out the high points and 
low points of this design.  APV has some good features but lack critical ones.  (See Appendix 
A for full research) 

 
   Figure 4-APV Heat Exchanger 
 
  The overall picture painted by these three main competitors in the plate and frame 
market is one of opportunity.  By taking features that have worked and avoiding what is a 
clear lack of quality; a profitable configuration with high customer regard is possible.  Some 
features may have to be compromised in order to undercut competitors on price but not 
quality.  Sophisticated alternativesshould replace expensive manufacturing processes without 
relinquishing customer satisfaction.        
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CUSTOMER FEEDBACK, FEATURES, AND OBJECTIVES 
 

SURVEY ANALYSIS 
 
 Thirty-one customer surveys were collected and the data was compiled.  The surveys 
were taken by an even mix of engineers, sales men, plant managers, and HX technicians.  
This gives the survey a wide view of opinions.  The diversity in this survey will guarantee the 
best result overall in the market.  From Table 1 the customers are all looking for about the 
same things.  The customer features most desired seem to be the ones they are lest satisfied 
with.  Most important to point out is the desire for ASME certification.  Also the desire for 
Durability and quality is very high.  This looks like an area of great opportunity considering 
the high levels of current dissatisfaction.  Table 1 show a clear breakdown of how each 
customer feature surveyed. (See Appendix B for full results) 
 
Table 1-Survey Analysis 

 
 

CUSTOMER FEEDBACK ANALYSIS 
 Table 2 on the next page is the most efficient way to break the raw data down in to very 
useful information.  The designer is has the opportunity to give extra weight to any particular 
feature if it is necessary.  From Table 2 below a greater importance has been given to the area 
of ASME certification because without this the majority of customer would not purchase the 
heat exchanger.  Also increased are the importance of quality, ease of maintenance, and 

1=low  5=high

Customer Features 1 2 3 4 5 NA

ASME Certification 1 30
Compatibility with existing 3 14 14
Ease of maintenance 2 14 15
Range of operation 12 15 1 2 1
Repeatability 8 10 6 2
Ease of manufacturing 1 3 10 15 1 1
Simple design 1 5 18 5 1
Durability 9 22
Quality 1 30
Price 1 11 11 8

1=unsatisfied  5=satisfied

Customer Features 1 2 3 4 5 NA

ASME Certification 1 30
Compatibility with existing 2 1 22 7
Ease of maintenance 1 7 13 1
Range of operation 1 2 4 4 20
Repeatability 1 2 9 12 6 1
Ease of manufacturing 4 18 8 1
Simple design 5 17 7 1
Durability 1 10 15 5
Quality 1 10 14 5 1
Price 1 5 11 12 2

Importance

Satisfaction
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durability because of the lack of current satisfaction.  An increase is ease of manufacturing 
because it contributes too many of the engineering characteristics.  The rest of the customer 
features received no significant multiplier.   
 The planned satisfaction was based on the customer importance and current satisfaction.  
ASME is planned to be 5 because it is certified or it’s not.  There is not partial certification.  
Durability is planned for 5 because based on current satisfaction a 5 would set this frame 
apart from the competition. Quality, ease of maintenance, simple design, and compatibility 
with existing all received 4.5 because it matches customer importance.  The Price, range of 
motion, ease of manufacturing, and repeatability received 4 because they were of less 
importance to the customer.   
 The engineering characteristics for the customer features were selected to represent the 
customer features best while remaining simple.  Material was selected because particular 
materials are required by the ASME in order to be certified.  Also some material represents a 
higher quality and durability for their application. Geometry of the design can be the 
difference between a great product and something nobody wants.  Standard flanges are 
required for customers to interchange heat exchangers.  The paint on the frame will increase 
the corrosion resistance and looks of the unit. GD&T is a tool which will insure parts will fit 
every time. GD&T also increases the manufacturability of the frame and reduces cost of 
rework.Bearings represent the increase in quality when performing repairs and maintenance 
to the heat exchanger.  Weight of frame represents the amount of material required and thus 
the cost to manufacture. The manufacturability represents how simple the design is and how 
easy it will be to manufacture.  The size of the frame correlates to price, range of operating, 
ease of manufacturing and maintenance.  Number of components dictates the complexity of 
design.  Reducing the number of components makes a simpler design that is cheaper and 
easier to manufacture.  Performance is directly related to the quality of the frame.   
(See Appendix C for full results) 
 
Table 2-Customer Feedback Analysis 
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PRODUCT OBJECTIVES 
 
 The product objectives come straight from the list of customer features determined by 
the survey.  These customer features were assigned at least one engineering characteristic 
with a scale of correlation.  An analysis was doneto determine the weighted importance of 
each customer feature.  Table 3 on the next page ranks the customer features in order of 
relative weights.  Under each customer feature is the method by which the customer feature 
will be measured.  The relative weight was derived from Table 2 above.  This information 
started as raw data and was processed into what is displayed in Table 3.  With the relative 
weights a clear set of priorities can be developed in order to produce the plate and frame heat 
exchanger the customer is asking for. (See Appendix D for full results) 
 
Table 3-Product Objectives 

 
 
 
 

Relative weights Customer Features Method by which it will be Measured

16.00% Quality
Product will perform to the specification 

calculated by sizing software.

16.00% Ease of Maintenance

Opening unit and cleaning or replacing plate 
pack can be done with 2 men.   Once tie rods 

are removed, follower plate can be pushed 
back to the leg by one man.

15.00% Durability
Utilizes epoxy paint to prevent corrosion.  No 

plastic deformation when closed.

10.00% ASME Certification

Must meet all standards set in the 2010 ASME 
unfired pressure codes.   Must have 

calculations signed off on by ASME inspector.  
Must be visually inspected by ASME inspector 

while under test pressure.

10.00% Simple Design

Product must be modular and utilize assemblies 
requiring no more than 4 steps to construct.  

Product can be assembled with standard hand 
tools

8.00% Compatibility  Must use a standard 6 inch 150# flange

8.00% Price
The product will cost less than $6000 to 

purchase

7.00% Range of Operation
Must meet standards to operate in industrial, 

food, energy, and government industries.

6.00% Ease of Manufacturing
Product uses standard size hardware.  Can be 

assembled by one man with hoist

3.00% Reapeatability

Product must be interchangeable when 
replacing same WCR-A667.  This means no 
change in piping or anchoring stud locations



PLAT

HYD
 
 T
The m
pack 
servic
cylin
than e
dimen
the lo
of clo
the hy
plum
over 
 

Figur

TE AND FRAM

CO
DRAULIC

The first con
main idea of
by means of
ce the unit.  
ders for clos
enough for e
nsion around
oad over a gr
osing with th
ydraulic cyli

mbing, reinfor
budget.  Thi

re 5-Hydraul

ME HEAT EXC

ONCEPT
C CLOSING

ncept shown 
f this design 
f hydraulic r
From Figure

sing force.  T
even the larg
d the perime
reater area o
hreaded rod i
inders.  The 
rced ribbed f
is concept m

lic Closing D

CHANGER

T GENER
G DESIGN

in Figure 5 
is the frame 

rams.  This w
e 5 you can s
These cylind
gest plate pac
eter of the pl
of the followe
is more time
hydraulic sy
follower, an

might be over

Design 

RATION 
N 

will be refer
is compress

will eliminat
see the desig

ders have a 6
cks. In order
ate pack ribb
er and reduc
e consuming
ystem requir
d hydraulic 
r kill for the 

 

AND SE

rred to as the
sed to the clo
te the majori
gn utilizes tw
60 ton limit p
r to maintain
bing is used.
ce deflection
g but doesn’t
res a high str
cylinders.  I 
surveyed cu

G

ELECTIO

e hydraulic c
osing dimen
ity of the lab
wo telescopin
per cylinder 
n a consisten
.  This ribbin

n.  The more 
t have the em
rength leg, h
see this con

ustomer. 

GREG LANDI

ON 

closing desig
sion of the p

bor required t
ng hydraulic
which is mo

nt closing 
ng will dispe
standard me

mbedded cos
hydraulic pum
ncept being w

IS 

9 

gn.  
plate 
to 
c 
ore 

erse 
ethod 
st of 
mp, 
way 



PLAT

THR
 
 T
closin
excha
it wh
be fin
be se
are m
of tho
bushi
be ea
 

Figur
 
 
 

TE AND FRAM

READED R

The second c
ng design.  T
angers.These
ile under op
nely tuned at
en in Figure

machined to f
ose slots dur
ings due to t

asy to fit into

re 6-Threade

ME HEAT EXC

ROD CLO

concept is sh
This is the tr
e rods are re
eration press
t each of the

e 6 eight 1-1/
fit inside slo
ring the closi
the natural te
o WCR’s line

ed Rod Closi

CHANGER

OSING DE

hown in Figu
aditional me

esponsible fo
sure of 150 P

e threaded ro
/2”-8 Thread
ts on the per
ing of the un
endency of th
e since it is t

ing Design 

ESIGN 

ure 6 and wi
ethod of clos
or not only th
PSIG.  This 

od to reach th
ded rods are 
riphery of th
nit.  It is imp
he rods to ro
the standard 

ll be referred
sing plate an
he closing of
design allow

he required c
used to hold

he unit and n
perative for a
oll out when 

method.   

 

G

d to as the th
nd frame type
f the unit but
ws the closin
closing dime
d the unit clo
ot allow the 

all units to ha
turning.  Th

GREG LANDI

hreaded rod 
e heat 
t for the hold

ng dimension
ension.  As c
osed.  Bushin
rod to slide 

ave these 
his concept w

IS 

10 

ding 
n to 
can 
ngs 
out 

will 



PLATE AND FRAME HEAT EXCHANGER GREG LANDIS 

11 

 The two concepts were evaluated using a weighted concept matrix with a five point 
scale.  The values range from 0 being unacceptable to 5 begin excellent.  The only design 
criteria considered were those also in the Customer Feedback (See Appendix C).  The 
weights were adjusted proportionally to add up to 100%.  From Table 4 we can see the clear 
winner is the Threaded Rod Closing Design because of two basic reasons.  The price on the 
hydraulic system is very high and the ASME calculation is based around the threaded rods 
locations.   
 
Table 4-Weighted Concept Matrix

 
 

CALCULATIONS 
CALCULATING THE REQUIRED DIAMETER OF ROLLER PIN 
 
 The design of the roller pin is critical to proper function of the frame.  One of the highest 
weighted product objectives is ease of maintenance with 16%.  The roller pin is designed to 
utilize two radial ball bearings in order to decrease the force required to move the follower.  
This will allow one man to push the 820 lb. follower back to the leg. 
 The calculation is performed as a shaft in bending.The material for this component is 
pre-selected as 316 stainless steel so the unit is compliant for the widest number of 
application.  It was also selected because corrosion on such a low tolerance part would lead 
to early failure.  Using the equations below; I calculated the required diameter for the shaft 
with a safety factor of 2 at 0.518”. A diameter of 0.6693” was selecteddue to available load 
limits, diameter, and cost of bearings.  The stress concentration created because of the 
shoulder is checked using a 0.04035” radius fillet and a D of 0.75”.  A stress concentration 
factor of 1.8 is found which puts stress max at12,536 PSI.  See Figure 8 for Stress 
concentration chart.See figure 7 and governing equations below (See Appendix H for full 
calculations). 
{       } (7) 
  

 = design stress (15,000 PSI) Calculated   
M = bending moment (205 lb.-in) 
S = section modules (0.01366 ) Calculated Actual section modules :( 0.0294 ) 
d = small diameter (0.6693 in)    
D = large diameter (0.75 in)    r = radius of fillet (0.04035 in) 
 

Threaded Rod Closing Design Hydraulic Closing Design Weights
Ease of Maintenance 29.1%
ASME Certification 27.3%
Simple Design 18.2%

14.5%
Ease of Manufacturing 10.9%

100.0%

Price

Concept

Total 2.4554.127
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5
4
5
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5
1
2
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CALCULATING FRAME THICKNESS 
 
 The design of the frame thickness is critical for a number of reasons.  The thickness of 
the frame has a large impact on the cost of the unit.  Thickness also has an impact on the 
frames durability and ease of maintenance.  Designing the frame to the correct thickness will 
make or break a unit’s success in the market. 
 A plate and frame heat exchanger is considering an unfired pressure vessel.  Operating at 
a design pressure of 150 PSIG, a frame of this size could be dangerous.  Section VIII division 
1 of the unfired pressure vessels have a very particular way of calculating thickness and are 
governed by one overarching equations. 
 

2 6 -- (11) 

  
 The equation above has some blind safety factors included that increase the frame 
thickness.  A reinforcement check can be done to see if that factor is necessary.  After 
running the reinforcement check it’s found not to be required on this frame so a new equation 
is used to determine the frame thickness. The only difference is everything in the radical was 
multiplied by 2. 

 

6 -- (11) 

 = frame thickness (1.52 in) Calculated  Actual frame thickness :( 1.75 in) 
 = effective gasket width (short span) (17.6 in) 
 = 3.4-(2.4d/D) D is the effective gasket length (long span) (56.1in) 
 = attachment factor (1) 
 = design pressure (150 PSI) 

=H+HP (152,526 lb.) 
 = distance of bolts from gasket width (2.07 in) 

 = max allowable stress of SA516 G70 (20,000 PSI) 
 = perimeter of rod locations (166.48 in) 

 
 There are many other calculations that go into determining these variables values.  I have 
created a excel spread sheet to aid in these calculations.  The spread sheet has built in “if 
statement” to let the user know when his design fails any of the ASME requirements (See 
Appendix H for full excel spread sheet). 
 

CALCULATING REQUIRED TIBARS 
 
 Once the frame thickness is calculated the number and diameter of the tie bars needs to 
be calculated.  This is based on rod locations and design pressure ratings.  The rods see direct 
tensile loads as well as bending moments. These calculation are also on the excel sheet for 
calculating frame thickness.  8) 1-1/2”-8 B7 rods where selected to meet the required root 
area and prevent plastic deformation of the frame when closing. See the following for main 
equations (See Appendix H for full excel spread sheet). 
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 All the sub-assemblies come together to complete a quality plate and frame heat 
exchanger.  Designed with assembly in mind one man can assemble this frame entirely by 
himself.  In the frame assembly area two hoists are used to hold the head and follower plates 
erect while parts are bolted on so the frame can stand on its own. Using standard hardware 
wherever possible and stock items reduces the size of inventory and cost.  Every fastener has 
been checked for clearance of the required socket and impact gun used to assemble it with 
CAD to reduce rework.  The result is a frame which takes lest time, effort, men, and parts to 
produce. 
 

 
Figure 18-A667 Frame Assembly 
 
 
 
 Once the frame is completely assembled the plates can be loaded and the unit closed for 
a hydro test.  Threaded rod is cut to the same length as the carrying bar to be used as the tie 
bolts.  The A667 uses 1-1/2”-8 zinc coated B7 threaded rod as mandated by ASME section 
VIII code.  To keep the threaded rod from coming out of the side slots when under pressure 
bushing are machined to fit in the side slots.  These bushings make it impossible for the rods 
to come out when under pressure.  (See Appendix I for bushing geometry)  After the Unit is 
closed to closing dimension and passed hydro testing a 316 stainless steel shroud is cut and 
bent to cover the plate pack.  This is done for safety. If the unit did leak it couldn’t spray on 

3 pieces liner welded into ports 
on head plate with same material 
as other wetted surfaces 

¾”-10 SA193-B7 studs used 
for flanged connection 

¾”-10 SA193-B7 bolts used 
for connecting carrying bars to 
head and leg   

All not stainless surfaces 
painted with epoxy paint.   

Follower rolls on upper 
carrying bar.   

5/8”-11 SA193-B7 bolts 
used to attach feet to head 
and leg   
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BUDGET 
 
 The budget was calculated using numbers from current quotes on similar products.  The 
price will include material cost as well as the manufacturing cost of each part.  
Manufacturing costs include flame cutting, blasting, machining, painting, assembly, and 
delivery.  Table 5 on the next page breaks the budget into the individual components.  Each 
component has an individual cost.  Table 5 also counts the cost of ASME inspection and 
approval of frame calculations.  WCR engineering department will be paying for all 
expenditures and supplying the facilities for testing and assembling.  The inspections of the 
calculations will be done by an outside ASME inspector but the visual test inspection of unit 
at test pressure will be done by Production manager Chris Landis.   (See Appendix E for full 
budget& See Appendix G for support letter) 
 
Table 5-Projected Budget 

Project Budget 
Parts   Price 

Frame     

Head    $1,900.00

Follower    $1,800.00

Roller    $500.00

Carrying Bars    $200.00

Feet    $70.00

Studs    $60.00

Connections    $200.00

Bushings    $600.00

Paint    $100.00

ASME     

Calculations    $300.00

Inspection/Stamp    $200.00

Total    $5,930.00

 
 The actual budget for the frame is close to the projected budget but just a little lower.  
This is because the projected budget was a one off frame and WCR has purchased 10 
complete frames.  This higher quantity does drive the unit cost down as shown in Table 6 
with the actual number.  This indicates the projected budget was very accurate. 
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 Table 6-Actual Budget 
Project Budget 

Parts   Price 
Frame     

Head    $1,605.00

Follower    $1,386.00

Roller    $118.00

Carrying Bars    $742.00

Feet    $132.00

Studs    $60.00

Connections    $200.00

Bushings    $736.00

Paint    $100.00

ASME     

Calculations    $300.00

Inspection/Stamp    $200.00

Total    $5,579.00
 

SCHEDULE 
 
 The schedule is based off of work experience and known fixed lead times.  Some dates 
are set by the UC faculty and are not negotiable.  Many parts of the schedule are subject to 
little but no major changes.  Table 5 shows a brief project schedule with the major 
milestones.  These are critical points of progress for this project to be successfully completed 
in the allowable time.  In table 7 the yellow column represents winter break over which no 
design work is to be done outside of 3D modeling.  
 (See Appendix F for full schedule) 
 
 
Table 7-Project Schedule 

 
 

 
 

10/14/2011 11/23/2011 12/31/2011 1/23/2012 2/5/2012 2/17/2012 2/19/2012 3/5/2012 3/9/2012 4/13/2012 4/17/2012 5/15/2012 5/29/2012

Proof of Design
Preliminary Design 
(3D modeling only)
Final Design
Material Selection
Winter Report
Fabrication
Assembly
Test/Inspection
Tech Expo
Spring Report

Project Schedule
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TESTING 
 
 The testing of any plate and frame heat exchanger is dependent on what certifications the 
customer is requesting.  In this case the frame is ASME certified.  The ASME certification 
for plate and frame heat exchangers is broken up into two categories, the U and the UM.  The 
UM covers any unit under 5 cubic feet of volume in the plate pack and the U covers 
everything over 5 cubic feet.  The A667 frame design has passed both U and UM standards 
but for testing purposes the frame will be inspected as a UM so WCR can self inspect.  Once 
the plate pack is installed into the frame the unit is ready to be closed or tightened down.  The 
HX technician will push the follower as until it hits the plate pack.  Then the tightening rods 
are installed so the unit can be closed down to spec dimension.  The spec dimension is based 
off of three things; the plate model, the thickness of the plate, and the number of plates in the 
plate pack.  Each plate model has an equation with thickness and number of plates as 
variables to calculate the spec dimension.  Now that the unit is closed to spec custom blind 
flanges with ball valve inlets and ASME pressure gauges are installed to the inlet and outlet 
ports.  This allows us to fill the unit up with water and hydro test to insure safety and 
performance.  The ASME requires a balanced test which means both the hot and cold sides 
of the plate pack much be pressurized at the time of the inspection.  ASME requires a test of 
1.3 or 30% of the design pressure for testing.  Since this frame is being certified at 150 PSI 
the test is conducted at 195 PSI.  The unit must show 195 PSI on both ASME certified 
gauges and hold the pressure with no leaks for 30 minutes.  The WCR A667 passed the 30 
minute visual inspection and the inspector could then sign the UM form certifying that the 
frame meet all standards call out by the ASME code.  Since this frame is not sold to a 
customer any such certifications cannot be done and was never intended to be.  See appendix 
L for signed verification by Chris Landis that the WCR A667 meet every standard in the 
ASME code.      
 

 
CONCLUSION 

 
 In the world of heat exchanger it important for a company to put forth a bold and 
innovative product line tailored to compete with the industry giants.  WCR has taken that 
path and produced the best line of plate and frame heat exchangers on the market.  The A667 
in the latest sign on WCR commitment to design heat exchangers with service and 
maintenance in mind.  The A667 meets and exceeds all the intended product features the 
customers have asked for and delivered with great affordability.   
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APPENDIX A - RESEARCH 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Interview with Coworker, Sept. 22, 2011 
Ken Sirk, Head of Frame assembly, 221 Crane Street, Dayton, OH, 45403. 
Has to assemble all frames. 
Wants simple assembly. 
Wants Follower plate to move easily. 
Would like lifting point designed into frame construction. 
Try and reduce weight. 
Reduce total number of required components.  
Consistency of product. 
Fit in visually with WCR line. 

Interview with Coworker, Nov. 20, 2011 
Chris Landis, Production Manager, 221 Crane Street, Dayton, OH, 45403. 
Has to oversee all frame assemble. 
Wants quick assembly. 
Wants cheap manufacturing. 
Would like lifting point designed into frame construction. 
Try and reduce weight. 
Reduce total number of required components.  
Consistency of product. 

Interview with Coworker, Nov. 25, 2011 
Matt Kosik, Chemical Engineer, 221 Crane Street, Dayton, OH, 45403. 
Has to size frames thermally. 
Wants quick assembly. 
Wants cheap manufacturing. 
High plate capacity. 
Try and reduce weight. 
Increase visual attractiveness.  
Standard mounting points 
Interchangeability 
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The channel formed by two adjacent plates is the key to 
the plate heat exchanger's high efficiency. The hot and 
cold fluids are distributed through alternate channels in a 
counter-current arrangement. This counter-current flow 
provides for maximum thermal efficiency. The flow 
pattern induces turbulence at very low Reynolds numbers, 
which also contributes to high heat transfer rates. Units are 
custom selected to effectively optimize the available 
pressure drop. 
The fluid shear stresses in a plate exchanger are much 
higher than those of a tubular exchanger. This tends to 
keep the channels in a plate exchanger much cleaner. For 
clean services, the normal practice is to provide units 
designed for 100% of the surface area required. For fluids 
that foul, plate exchangers can be provided with 5-10% 
excess area. 
Plate heat exchangers are well suited for applications that 
require close temperature approaches. (The approach 
temperature is defined as the hot fluid outlet temperature 
minus the cold fluid inlet temperature.) Units can achieve 
temperature approaches as close as 2 degrees F 

• 6" Studded Connection 
• 150 PSIG design 
• ASME Certified  

Economical, low-capital 
investment 
Easy to install 
Medium maintenance costs 
Not compact design 
Unsophisticated design 

http://www.graham-
mfg.com/index.asp?pageId=75 
9/22/11 Graham M15 Plate and Frame 
Heat exchanger- 6”. 

Interview with Coworker, Nov. 25, 2011 
Heather Comer, Application Engineer, 221 Crane Street, Dayton, OH, 45403. 
Has to size frames thermally. 
Wants compatibility. 
Wants cheap manufacturing. 
High plate capacity. 
Try and reduce weight. 
Increase visual attractiveness.  
Standard mounting points 
Interchangeability 
All connections styles 
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The conventional type of Alfa Laval plate heat exchangers 
uses heat transfer plates fitted with gaskets that seal off 
each channel from the next, and direct the fluids into 
alternate channels. 
This type of plate heat exchanger is used throughout 
industry as standard equipment for efficient heating, 
cooling, heat recovery, condensation and evaporation. 
 
The range is continually being updated and extended to 
include new technical features and design innovations. 
The T series, for example, is built with a new frame 
design that paves the way to more plates per frame as well 
as opportunities for the use of modularized components. 
This ensures even easier and more rational assembly and 
service. 
There is also a range of special wide-gap gasketed plate 
heat exchangers designed to cope with fluids that contain 
fibers and coarse particles. Units with wide-gap channels 
are also eminently suitable for use with highly viscous 
fluids. 

• 6" Studded Connection 
• 150 PSIG design 
• ASME Certified  

High quality design 
Good aesthetics  
Low maintenance 
Easy open and close 
Poor feet. 
Cost high 
 

 
 
 
 
 
 
 
 
 
 
 
 

http://www.alfalaval.com/solution-
finder/products/gasketed-
industrial-range-
phe/pages/gasketed-industrial-
range-phe.aspx 9/22/11 M15 
Gasketed Plate Heat exchanger 
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The first commercially successful plate and frame heat 
exchanger was introduced in 1923 by Aluminum Plant 
and Vessel Company Ltd., which became known as APV. 
We have evolved and grown over the years to better meet 
the changing needs of our customers and their industries. 
Our vision for the future is rooted in a long standing 
tradition of excellence and commitment to progress. We 
strive to offer the customer the highest quality products 
and services today, tomorrow and beyond. 

• 6" Studded Connection 
• ASME Certified  
• Film coefficients three to five-times greater 
• Efficient operation with up to 95% heat recovery 

or regeneration 
• Low liquid hold-up enables faster reaction times to 

change in process 
• Fluids flow counter-current to each other between 

the parallel passages in each pass 
• Reduces floor space by up to 90%, weighs less and 

delivers higher performance 
• Lower hold-up volume minimizes the amount of 

product required for flooding, reduces usage of 
high cost service fluids and improves thermal 
reaction times 

• Reduced capital costs and installation expenses 
• High energy recovery reduces energy costs 

 

High quality design 
Top and bottom rods hard to 
remove for servicing.  
Medium easy open and close. 
Not compact design. 
Poor lifting points. 
Cost high. 
 
 

 
 
 
 
 
 
 

http://www.apv.com/us/products/h
eatexchangers/Gasketed/gasketedp
lateframehe_apv.asp 9/26/11 
Gasketed Plate Heat exchanger 
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APPENDIX B - SURVEY 
Plate and Frame Heat exchanger 

Customer Survey 
  
 WCR wants to satisfy all your heat exchanger needs with the best plate and frame 
exchangers on the market.  Please take this survey and let us know how we can make our 
heat exchanger better for you.   
 
 How important is each feature to you for the design of a plate and frame heat 
exchanger?  Please circle the appropriate answer.   
       1 = low importance 5 = high importance 
            AVG 
 ASME Certification  1 2 3 4(1) 5(30) N/A 4.97 
 Compatibility with existing 1 2 3(3) 4(14) 5(14) N/A 4.35 
 Ease of maintenance   1 2 3(2) 4(14) 5(15) N/A 4.42 
 Range of operation  1(12) 2(15) 3(1) 4(2) 5(1) N/A 1.87 
 Repeatability   1 2(8) 3(10) 4(6) 5 N/A(2) 3.14 
 Ease of manufacturing  1(1) 2(3) 3(10) 4(15) 5(1) N/A(1) 3.4 
 Simple design   1 2(1) 3(5) 4(18) 5(5) N/A(1) 3.8 
 Durability    1 2 3 4(9) 5(22) N/A 4.55 
 Quality    1 2 3 4(1) 5(30) N/A 4.97 
 Price    1 2(1) 3(11) 4(11) 5(8) N/A 3.84 
 
 How satisfied are you with the current plate and frame heat exchanger? 
Please circle the appropriate answer.   
       1 = very unsatisfied 5 = very satisfied 
            AVG 
 ASME Certification  1 2 3 4(1) 5(30) N/A 4.9  
 Compatibility with existing 1 2(2) 3(1) 4(22) 5(7) N/A 4.19 
 Ease of maintenance   1(1) 2(7) 3(13) 4(1) 5 N/A 2.39 
 Range of operation  1(1) 2(2) 3(4) 4(4) 5(20) N/A 4.29 
 Repeatability   1(1) 2(2) 3(9) 4(12) 5(6) N/A(1) 3.67 
 Ease of manufacturing  1 2(4) 3(18) 4(8) 5 N/A(1) 3.13 
 Simple design   1 2(5) 3(17) 4(7) 5 N/A(1) 2.97 
 Durability    1(1) 2(10) 3(15) 4(5) 5 N/A 2.77 
 Quality    1(1) 2(10) 3(14) 4(5) 5(1) N/A 2.68 
 Price    1(1) 2(5) 3(11) 4(12) 5(2) N/A 3.29 
 
 
How much would you be willing to pay for a model A667 plate and frame heat exchanger?
  
  $3000-$4000, $4000-$5000, $5000-$6000, $6000-$7000, $7000-$8000 
  (3)  (3)  (8)  (11)  (7) 
 
Thank you for your time. 
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APPENDIX C – CUSTOMER FEEDBACK ANALYSIS 
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Quality 3 3 3 3 9 4.97 1.10 2.7 4.5 1.7 9.2 0.16 16%
Ease of maintenance 1 9 3 4.42 1.10 2.4 4.5 1.9 9.2 0.16 16%
Duribility 3 9 3 4.55 1.10 2.8 5 1.8 9.0 0.15 15%
ASME Certification 9 9 4.97 1.20 4.9 5 1.0 6.1 0.10 10%
Simple design 3 9 9 3.80 1.05 3 4.5 1.5 6.0 0.10 10%
Compatibility with existing 3 9 1 4.35 1.05 4.2 4.5 1.1 4.9 0.08 8%
Price 3 3 1 1 3 9 3 3 3.8 1.00 3.3 4 1.2 4.7 0.08 8%
Range of operation 1 3 9 3 3.40 1.00 3.1 4 1.3 4.3 0.07 7%
Ease of Manufacturing 3 3 1 9 3 9 3.14 1.10 3.7 4 1.1 3.8 0.06 6%
Repeatability 3 9 3 1 1.87 1.00 4.3 4 0.9 1.7 0.03 3%
Abs. importance 2.36 4.23 0.75 1.67 0.73 1.48 0.30 2.30 1.20 1.77 1.40 18.2 58.9 1.0
Rel. importance 0.13 0.23 0.04 0.09 0.04 0.08 0.02 0.13 0.07 0.10 0.08

Greg Landis
Plate and Frame Heat 
exchanger
9 = Strong
3 = Moderate
1 = Weak
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APPENDIX D – PRODUCT OBJECTIVES 
 

Product Objectives 
Plate and Frame Heat Exchanger 

 The following is a list of product objectives and how they will be obtained and measured 
to ensure that the goal of the project was met.  The product objective will focus on a plate 
and frame heat exchanger designed to run the A667 plate.  The design will be limited to the 
frame alone in an effort to best utilize the plates. 
 
(16%) Quality 

• Product will perform to the specification calculated by sizing software. 
(16%) Ease of maintenance 

• Opening unit and cleaning or replacing plate pack can be done with 2 men. 
• Once tie rods are removed, follower plate can be pushed back to the leg by one 

man. 
(15%) Durability 

• Utilizes epoxy paint to prevent corrosion. 
• No plastic deformation when closed. 

(10%) ASME Certification: 
• Must meet all standards set in the 2010 ASME unfired pressure codes. 
• Must have calculations signed off on by ASME inspector. 
• Must be visually inspected by ASME inspector while under test pressure. 

(10%) Simple design 
• Product must be modular and utilize assemblies requiring no more than 4 steps to 

construct. 
• Product can be assembled with standard hand tools. 

(8%) Compatibility with existing 
• Must use a standard 6 inch 150# flange. 

(8%) Price 
• The product will cost less than $6000 to purchase 

(7%) Range of Operation 
• Must meet standards to operate in industrial, food, energy, and government 

industries. 
(6%) Ease of manufacturing 

• Product uses standard size hardware. 
• Can be assembled by one man with hoist. 

(3%) Repeatability 
• Product must be interchangeable when replacing same WCR-A667.  This means 

no change in piping or anchoring stud locations.  
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APPENDIX E - BUDGET 
Projected Project Budget 

Parts   Price 
Frame      

Head    $1,900.00

Follower    $1,800.00

Roller    $500.00

Carrying Bars    $200.00

Feet    $70.00

Studs    $60.00

Connections    $200.00

Bushings    $600.00

Paint    $100.00

ASME      
Calculations    $300.00

Inspection/Stamp    $200.00

Total    $5,930.00
 

Actual Project Budget 
Parts   Price 

Frame     

Head    $1,605.00

Follower    $1,386.00

Roller    $118.00

Carrying Bars    $742.00

Feet    $132.00

Studs    $60.00

Connections    $200.00

Bushings    $736.00

Paint    $100.00

ASME     

Calculations    $300.00

Inspection/Stamp    $200.00

Total    $5,579.00
 
Notes:  WCR will supply: 

1. Testing facilities 
2. All labor for assembly 
3. Computer and software for design 
4. ASME certification 
5. Payment for all materials and fabrication 
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APPENDIX F - SCHEDULE 

 

TASKS N
ov

 2
0‐
26

N
ov

 2
7‐
 D
ec
 3

D
ec
 4
 ‐ 
10

D
ec
 1
1 
‐ 1

7
D
ec
 1
8 
‐ 2

4
D
ec
 2
5 
‐ 3

1
Ja
n 
1 
‐ 7

Ja
n 
8 
‐ 1

4
Ja
n 
15

 ‐ 
21

Ja
n 
22

 ‐ 
28

Ja
n 
29

 ‐ 
Fe
b 
4

Fe
b 
5 
‐ 1

1
Fe
b 
12

 ‐ 
18

Fe
b 
19

 ‐ 
25

Fe
b 
26

 ‐ 
M
ar
 3

M
ar
 4
 ‐ 
10

M
ar
 1
1 
‐ 1

7
M
ar
 1
8 
‐ 2

4
M
ar
 2
5 
‐ 3

1
A
pr
 1
 ‐ 
7

A
pr
 8
 ‐ 
14

A
pr
 1
5 
‐ 2

1
A
pr
 2
2 
‐ 2

8
A
pr
 2
9 
‐ M

ay
 5

M
ay
 6
 ‐ 
12

M
ay
 1
3 
‐ 1

9
M
ay
 2
0 
‐ 2

6
M
ay
 2
7 
‐ J
un

 2
Ju
n 
3 
‐ 9

Proof of Design to advisor 23

Frame Concept to advisor 23

Preliminary Frame Drawings(1‐4) 31

1. Feet 5

2. Roller/Carrying Bar 12

3.Follower 31

4. Head 31

Frame Design(1‐4) 23

1. Feet 6

2. Roller/Carrying Bar 13

3.Follower 20

4. Head 23

Design Freeze 25

Final Frame Design 17

Frame BOM 17

ASME Calculation sign off 17

Oral Presentation 27

Design Report 5

Fabercations of head & Follower 9

Fabercation of Components 2
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Assembly 13

Test 17

Inspector  Approval 17

Final Design Report Revision 7

Demo to Advisor 11
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Oral Final Presentation 22

Final Report Due 29

Greg Landis
Plate and frame heat 
exchanger
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APPENDIX H – CALCULATIONS 
 
Roller Pin Calculations 

1. Bar is a beam in bending: /  ; Assume round shape :  
2. 316 ss: Sy= 30,000 PSI 

2   
 

30,000
2 15,000   

 
205 

15,000 
0.01366   

3. From 1.   

0.01366 32 0.518   
4. Based on bearing load limits, cost, and diameter a shaft diameter of 0.6693” was 

selected. 
5. Check stress concentrations: 

0.04035 
0.6693  0.060 

 
0.75 
0.6693  1.12 

 
    1.8 

 
0.6693
32 0.0294   

 
205 
0.0294  6,964.5   

 
1.8 6,964.5  12,536.1   
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Upper carrying bar calculations 
1. Beam in bending 
2. A500: Sy=46,000 PSI 

2   
 

46,000
2 23,000   

 
5,281.25 

23,000 
0.2296   

3. Check shear stress of bolts.  Two 0.75” SA193-B7 bolts were selected based on 
cosmetic desire. 

2
105,000

2 52,500   
 

1,354 
0.604 2,241.72   

 
   

4. Based on needed wall thickness for welding and area needed for bolts 5”x2”x.25” 
rectangular tubing was selected. 

3.777  
Leg calculation 

1. Leg is an eccentrically loaded column checked for buckling. 
2. 4”x2” Channel A36:   Sy=36,000 PSI  

A=1.21  
r = 0.64in   

=0.4096  
c = 0.65in 
e = 0.65in 
 

2   
 

30,000
2 15,000   

 
3. Use the secant formula for finding max stress in column. 

1 sec 2  
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1181
1.21 1

0.65
0.4096 sec

1 5
2 0.64

1181
1.21 30 10 2,027.7   

 
4. Check combined stresses. 

 

   

 

2027.7  
3,925.72  .

1.953  
 

4,040.88   
 

 
   

 
5. The 4”x2” channel was selected based on the comparable frames in the market have.  

Industrial looks are as important as safety.  Also give the frame the ability to expand 
carrying bar length.   

6. Due to the safety factor of 7 that the leg has in this loading condition it is safe to 
assume the head plate does not need to be checked for buckling. 
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Frame thickness and tie bar calculations 
 
This document is confidential and is to be used by WCR Inc. only and submitted to ASME 
HSB-CT for evaluation only. 
Job/Quote No: DEMO       
Model: H-A667       
Designed By: Greg Landis       

Date: 2/9/2012       
Units: English       
PHE Calculation Data 

Design Data Varia
ble 

Units Data 

Design Pressure  P PSI 150 

Design Temperature T ºF 329 

Corrosion Allowance CA unknown 0 

Fixed Frame Plate 
Material 

Varia
ble 

Units Data 

Material n/a n/a SA-516 Gr 70 

Condition n/a n/a Normalized 

Stress @ Design Temp. Sfo PSI 20,000 

Stress @ Ambient Temp. Sfa PSI 20,000 

Calculate Min Temp. n/a n/a yes 

Take UCS-66b Reduction n/a n/a yes 

Pressure @ MDMT       n/a PSI 150 

Curve n/a n/a D 

Apply UCS 68c n/a n/a no 

Computed Min. Temp n/a ºF -50 

Bolting Material Varia
ble 

Units Data 

Material n/a n/a SA-193 Gr 70 

Condition n/a n/a tba 
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Stress @ Design Temp Sb PSI 25,000 

Stress @ Ambient Temp Sa PSI 25,000 

Gasket and Facing 
Details 

Varia
ble 

Units Data 

Material n/a n/a Nitrile 

Type n/a n/a NBR 

Factor m dimension
less 

0.5 

Seating Stress y PSI 0 

Gasket Width N in 0.4 

Outside Width of Gasket Xo in 18 

Outside Length of Gasket Zo in 56.5 

Load and Bolt Varia
ble 

Units Data 

No. of Bolts B in 8 

Nominal Diameter           a in 1.5 

Root Area                     n/a in² 1.41 

Width of Plate From CL 
to CL of Bolts 

Cw in 21.74 

Length of Plate From CL 
to CL of Bolts 

Cl in 61.5 

Centerline Length Betw 
Adjacent bolts @ Plate 
Openings 

Clo in 19 

Fixed Frame Plate 
Dimensions 

      

Diameter of Opening Do in 5.5 

Length Betw CL of 
Opening 

Lo in 11.732 

PHE Calculations 

Gasket Varia
ble 

Units Equation Solution 

Effective Gasket Width bo  in.  bo = N/2 0.200 

Gasket Rule     If bo< 0.25 in.  b = bo 
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Effective Gasket Outside 
Width 

Gx  in.  Gx = Xo - N 17.600 

Effective Gasket Outside 
Length 

Gz  in.  Gz = Zo - N 56.100 

Length from CL of Bolt 
to Outside of Effective 
Outside Gasket Width.  
Gasket Moment Arm 
Equal to the Radial 
Distance from Centerline 
of Bolts to Line of Gasket 
Reaction 

hG  in.  hG = (Cw-Gx)/2 2.070 

Load and Bolting Varia
ble 

Units Equation Solution 

  Wm2 lb Wm2 = 2(Gx+Gz)by 0.000 

  Hp lb Hp = 4(Gx+Gz)bmP 4422.00
0 

  H lb H = GxGzP 148104.
000 

  Wm1 lb Wm1 = H+Hp 152526.
000 

Required Cross-sectional 
Area of bolts based of 
Design Pressure 

Am1  in²  Am1 = Wm1/Sb 6.101 

Required Cross-sectional 
Area of bolts based of 
Design based on 
Temperature 

Am2  in²  Am2 = Wm2/Sa 0.000 

Total Required Cross-
sectional Area of Bolts 

Am  in²  Am = greater of Am1 or Am2 6.101 

Actual Cross-sectional 
Area of Bolts 

Ab  in²  Ab = (No. of bolts)(Root 
Area) 

11.280 

Total Bolt Load Ws lb Ws = (Am+Ab)(Sb/2) 217263.
000 

Frame Plate Thickness 
per UG-34c 5 and UG-39 
d 2 

Varia
ble 

Units Equation Solution 

Perimeter of Noncircular 
Bolted Head Measured 
along the Centers of the 
the Bolt Holes 

L  in  L = 2(Cw+Cl) 166.480 

Diameter (short span) d  in    17.600 
Long Span and Covers 
Measured 

D  in    56.100 
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Perpendicularto Short 
Span 
Max. Allowable Stress in 
Tension from Applicable 
Table of Stresses 
Referenced by UG-23 

S  PSI  Defined in Fixed Frame 
Plate Material Data Section 

20000.0
00 

Joint Efficiency, from 
Section UW-12 d, of any 
category A Weld as 
Defined in UW-3 a 1 

E  
dimension
less  

See Section UW-12 d 1.000 

Factor Depending on 
Method of Attachment of 
Head 

C  
dimension
less  

sketches j and k 0.300 

Factor Depending on 
Ratio of Short and Long 
Span. 

Z  
dimension
less  

Z = 3.4-(2.4d/D) 2.500 

Minimum Required 
Thickness of Head UG-34 
c 5 and UG-39 d2 

to  in  to = 
d(√((ZCP/(SE))+(6(Wm1hG)/(
SELd²))) 

1.520 

  ts  in  ts = d(√(2(6(WshG)/(SELd²)))   
Nominal Frame Plate 
Thickness 

t  in  rounded up 1.750 

Recommended Maximum 
Bolt Spacing 

Varia
ble 

Units Equation Solution 

Bolt Spacing Cmax  in  Cmax = 2(a)+(6t/(m+0.5) 13.50 
Evaluation of Frame 
Plate Thickness-Bending 
Stresses at Centerline of 
Openings 

Varia
ble 

Units Equation Solution 

Volume Q  in³  Q = ((Clo-Do)t²)/6 6.89 
Bending Moment @ CL 
of Opening 

Mbo  in-lb Mbo= ((Cw-
Lo)/2)*((CloCwP)/2) 

155021.
42 

Bending Stress @ CL of 
Openings 

Sbo  PSI  Sbo = Mbo/Q 22497.4
393 

Total Bolt Load per Bolt Fbs lb Fbs = Ws/B 27157.8
75 

Bending Moment per Bolt Mbs  in-lb Mbs = 2FbshG 112433.
60 

Total Stress per Bolt Sbs  PSI  Sbs = Mbs/Q 16316.8
947 

Reinforcement check Varia
ble 

Units Equation Solution 

Effective Gasket Width D in   17.600 
Bolt Spacing BCW in   19 
Distance from CL to hg2 in   1.24 



 

Appendix H8 
 

Gasket, up&down 
Gasket Length GL in   56.100 
Port Diameter DIA in   5.5 
Width of Plate From CL 
to CL of Bolts 

BCL in   21.74 

Distance from CL to 
Gasket, left&right 

hg1 in hg1=.5(BCL-D) 2.07 

Effective Gasket length 
between CL's 

d in d=BCW-2hg2 16.52 

Gasket thickness N in   0.4 
Force On Plate Based on 
Gasket Size 

H lb H=(D)(d)(P) 43612.8 

Force On Plate Based on 
Gasket N 

HP lb HP=(N)(1)(P)(m) 30 

Total Force On Plate Wm1 lb Wm1 = H+Hp 43642.8 
Total Force On Plate Wm2 lb Wm2=(b)(1)(y) 0 
Required Area of Bolt Am  in²  Wm1/Sa 1.74571

2 
Actual Cross-sectional 
Area of Bolts 

Ab  in²  Ab=(4)(Root Area) 5.64 

Force On Bolts W1 lb W1=(.5)(Am+Ab)(Sa) 92321.4 
Bolt Circle Perimeter L in L=(2BCW)+(2BCL) 81.48 
Average Distance From 
CL To Gasket 

hg 
AVG 

in hgAVG=(.5)(hg1+hg2) 1.655 

Factor Depending on 
Ratio of Short and Long 
Span. 

Z  
dimension
less  

Z = 3.4-(2.4d/D) 1.14727
273 

Frame Thickness tr in tr = 
d(√((ZCP/(SE))+(6(Wm1hG)/(
SELd²))) 

0.985 

Checking For 
Reinforcement Needs 

Ar  in²  Ar=(dim)(tr)(.5) 2.70902
115 

If Aa>Ar No 
Reinforcement is Needed, 
If Aa<ArReinforcement 
is Required. 

Aa  in²  Aa=(t-tr)(Dim) 4.20695
77 
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