
CAHD
Computer-aided hopper design

A short introduction

© Dr. Dietmar Schulze GmbH 2022 – All rights reserved
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Motivation
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The original application of shear testers is silo design for flow based on Jenike’s 

fundamental contribution around 1960 (e.g., Bulletin 123). 

Jenike's original equations can only be solved numerically (great effort for day-to-

day business, especially at that time). Thus, Jenike provided design charts for 

hopper design.

→ Big step forward, thousands of silos have been designed successfully 

The application of design charts can be time-consuming (often iteration is required; 

variation of hopper geometry or parameters such as wall friction increases the 

effort). Therefore, there is a demand for software solutions. 

These exist, mostly based on approximate equations such as those derived by 

Arnold and McLean:

→ Self-made EXCEL® tools (Documentation? Transfer to job successors?)

→ Simple “hopper design” functions in shear test evaluation software 

Present situation
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→ Based on Jenike’s original equations which are solved 

numerically; optional application of other 

approaches/modifications 

→ Consideration of flow property dependence on stress (wall 

friction angle, effective angle of internal friction, bulk 

density…)

→ Interactive (e. g., curve fit controlled by the user; selection of 

“mean” or “maximum” wall friction angles)

→ Solutions for the complete range of flow property data (e. g., 

hopper slope angles for mass flow vs. local diameter)

→ Transparent and comprehensible evaluation

→ Documentation (pdf) of each hopper design project: flow 

properties, applied theories, safety margins, adjustments by 

the user, and design results in tables and diagrams

Goal: Interactive program that overcomes the 

above restrictions
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The program
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Ring Shear Tester RST-01.01

Software: RSV 95

→ EIF files (EIF: extended input file)

Ring Shear Tester RST-XS

Software: RST-CONTROL 95

→ EIF files (EIF: extended input file)

→ FPE files (FPE: flow properties exchange file)

Ring Shear Tester RST-01.pc

Software: RST-CONTROL 95

→ EIF files (EIF: extended input file)

→ FPE files (FPE: flow properties exchange file)

Ring Shear Tester RST-XS

Software: RST-CONTROL 95

→ EIF files (EIF: extended input file)

→ FPE files (FPE: flow properties exchange file)

Jenike-type Shear Tester

Software: SV 95

→ FPE files (FPE: flow properties exchange file)

Data import (Schulze ring shear testers, Jenike shear tester)
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from other sources  

Template for Microsoft EXCEL®

→ CSV file

Caution! Data must have been 

obtained with reliable testers.
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data import and export



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

A. W. Jenike (Bull. 123) 1964/1980

→ Mass flow: Arching 

→ Funnel flow: Ratholing (lower/upper bound), Arching

ff-values and mass flow boundaries have been calculated for φe 

varied in in steps of 1°

Option: extended range φe = 20° to φe = 80°.

Option 

O. Molerus: 

Smaller ff-values for steep hoppers / low wall friction

Option 

P. C. Arnold / A. G. McLean:

Analytical flow factors ff (based on G. Enstad’s approach)

Option

A. W. Roberts: 

Ratholing: Modification of Jenike‘s upper bound approach

(considering anisotropic behaviour)

Applied theories and options
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Working with the program

CAHD v1.0



CAHD splash screen



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

Import of flow properties from EIF file
(here: measured with Ring Shear Tester RST-XS.s
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CAHD shows contents of EIF file. 
Flow properties to be imported are selected.
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Three yield loci and 
associated flow properties



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

Wall yield locus
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Change to tab “Hopper Design”:
Here the flow properties are 
presented in tables and diagrams.
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The table “Yield loci” lists flow properties in two columns each:
measured (gray/black) and possibly modified (red/blue 
and asterisk in the header).   
Extrapolated values are light gray and red, respectively.
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Table with results of time consolidation tests.



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

The selected diagram shows the 
flow function and time flow functions.

Measured values are blue, 
extrapolated values are red.
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Bulk density ρb (RHOB) vs. consolidation stress σ1 (SIGMA1)
The measuring points are connected with lines.
Extrapolation to the left: filling density, ρb,f (optional)
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To get a smooth function, splines can be created.
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Gray squares are control points.
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(Full screen mode)
Control points can be moved to obtain the desired graph.
This procedure allows full control of the graph by the user
(much like what can be done with a drawn diagram). 
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Flow function and time flow functions:
Here the extrapolation is carried out in 
such a way that it is on the safe side.
→horizontal line to the left
→ slope “1” to the right
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(Full screen mode)
The user can modify the flow functions either by 
creating splines (as demonstrated on bulk density)
or just by moving individual points (much like what 
can be done with a manually drawn graph).
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The point to be moved is clicked…
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and moved to the desired position.
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More points have been moved. 
Remark: It’s preferable to measure more points
than to do risky extrapolation experiments.  
If extrapolation cannot be avoided, stay on the 
safe side.
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Columns with an asterisk in the column header 
(here: *FC) shows the modified values.
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Wall yield locus and table with minimum, 
mean and maximum wall friction angles
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Wall friction angles vs. wall normal stress
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Selection of safety for hopper slope to 
achieve mass flow (conical hoppers)



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

Desired or existing hopper shape can be 
entered as “My silo” in order to be 
evaluated by the program.
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Calculation process is started.
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Selection of calculations.
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Progress of calculation process
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Calculation is done.
Critical values are given in the tables 
above (here: conical hopper).
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Hopper shape and storage time can be 
selected to view the associated critical 
points on the diagrams (here: flow function)
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Critical bulk density (t = 0)
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Critical strength fc (σc) 
for t = 8 h
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Determination of wall friction 
angle x at critical stress (t = 8 h)
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Flow factor ff for e = 51°
(critical stress, t = 8 h)
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Summary for conical mass flow hopper:
Green curve represents hopper slope c (THETA,c) 
for mass flow over local hopper diameter d.
Black curves represent minimum outlet diameters 
to avoid arching.
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Table depicts minimum outlet diameter, d, 
as a function of hopper slope, c (THETA,c).
Green values are determined by the 
minimum diameter to achieve mass flow.
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“My silo”:
Mass flow cannot be achieved with the 
selected hopper shape: Point “My silo” lies 
above mass flow boundary on the diagram. 
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After all entries, modifications and results 
are checked and accepted, a report (pdf) 
can be created. 



C
A

H
D

 -
 C

o
m

p
u

te
r-

ai
d

e
d

 h
o

p
p

er
 d

e
si

gn

Selection of results to be 
included in the report
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Progress of pdf printing process
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Title page of report
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Flow properties and 
possible modifications 
by the user
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Results for conical hopper:
- critical points for all 

storage times t
- d = f(Theta)
- Theta = f(d)
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Diagrams with critical 
values (one page per 
storage time)
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Theta-d-diagram

More diagrams are included for wedge-shaped hoppers, 
asymmetric wedge-shaped hoppers, “My silo” , maximum 
outlet dimensions (in case of a second intersection of flow 
function with ff-line), arching and ratholing in case of 
funnel flow (upper bound, lower bound).
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Thank you for your kind 
attention.
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