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ANSI/ASAE S433.1 JAN2019 
Revision approved January 2019 as an American National Standard 

Loads Exerted by Free-Flowing Grain on Bins 

Developed by the ASAE Loads Due to Bulk Grains and Fertilizers Subcommittee of the Structures Group; 
approved by the Structures and Environment Division Standards Committee; adopted by ASAE December 
1988; revised editorially February 1991, June 1991; approved as an American National Standard September 
1991; reaffirmed December 1993, December 1994, December 1995, December 1996, December 1997, 
December 1999; revised editorially March 2000; reaffirmed by ANSI June 2000; reaffirmed December 2001, 
February 2006; reaffirmed by ANSI March 2006; reaffirmed by ASABE January 2011; reaffirmed by ANSI 
February 2011; revised and approved by ANSI January 2019. 

Keywords: Bins, Grain, Grain bin, Loads, Pressure 

1 Purpose 

1.1 This Standard presents methods of predicting the grain pressures within centrally loaded and unloaded 
bins used to store free-flowing, agricultural whole grain. 

2 Normative References 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies unless noted. For undated references, the latest approved edition of 
the referenced document (including any amendments) applies. 

ACI 313-16, Design Specification for Concrete Silos and Stacking Tubes for Storing Granular Materials and 
Commentary 

ASAE D241, Density, Specific Gravity, and Weight-Moisture Relationships of Grain for Storage 

3 Terminology 

3.1 Terms used in this Standard are defined as follows: 

3.1.1  antidynamic tube: A vertical conduit, generally at the center of a bin, with the bottom of the tube 
placed directly over an orifice through which grain can be unloaded from the bin. 

3.1.2  bin: A container with a height to diameter (or shortest side) ratio greater than 0.5. 

3.1.3  flume: A vertical tube attached to the wall of a bin through which grain can flow. Discharge outlets may 
be placed in the bin wall at any location along the vertical rise of the conduit. 

3.1.4  funnel flow: Flow from a bin in which all grain movement occurs through a central core with no 
movement occurring along the bin wall (see Figure 1). 

3.1.5  funnel flow hopper: A hopper in which a flow channel is formed within the stagnant grain (see Figure 2). 
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3.1.6  hopper: The sloped portion of a bin which is used to aid gravity discharge through an orifice. 

3.1.7  mass flow hopper: A hopper in which all of the grain in the hopper is in motion whenever any grain is 
withdrawn through the hopper outlet (see Figure 2). 

3.1.8  moisture induced or hygroscopic pressures: Pressures induced by expansion of grain resulting 
from increases in moisture content. 

3.1.9  plug flow: Flow from a bin in which the grain moves out of the bin in a manner such that movement 
occurs along all or part of the bin wall (see Figure 1). 

3.1.10 thermally induced pressures: Pressures induced in a filled bin when subjected to a decline in 
ambient temperature. 

3.1.11 vibration induced pressures: Pressures induced by ground or machinery vibrations. 

  FUNNEL FLOW          PLUG FLOW 
           BIN                             BIN  

Figure 1 – Bin flow patterns 

     FUNNEL FLOW           MASS FLOW 
         HOPPER                    HOPPER  

Figure 2 – Hopper flow types 

4 Nomenclature 

a = length of the short side of a rectangular bin, m (ft) 

b = length of the long side of a rectangular bin, m (ft) 

c = equivalent bin wall length, m (ft) 

k = ratio of lateral to vertical pressure, dimensionless 

u = integration variable for equivalent material depth, m (ft), see Figure 3. 

D = bin diameter, m (ft); see Figure 3 
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