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Clarifying the confusion between proof loads and design loads for castings.
By Pete DeHaan

Much confusion exists in the marketplace about the load-bearing ability of
manhole covers and grates. This confusion is understandable and is the result of
many different government specifications and industry standards. A summary of

the loading of castings and some recommended criteria are listed here.

Brief history of load-bearing criteria as it applies to construction castings
Pre-1940s: The need for cast iron construction castings was met by local
foundries. Castings were made from gray iron. Nearly every town had its own
foundry, and each foundry had its own designs. Usually the foundries did not
complete in-depth loading calculations. Rather, casting design was an educated
guess based on trial and error, so adding a safety factor consisted of adding more
iron. This is one reason why many old cover designs are so heavy - when in

doubt, more material was added.

Post-1940s:

e H-20 Loading: American Association of State Highway Transportation Officials
(AASHTO) published its bridge design criteria, commonly known as H-20 or HS-
20. It consists of truck axle loading of 32,000 lbs, or wheel loading of 16,000 Ibs.
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| | This design criteria did NOT specifically
address loading on construction castings,
but due to casting size, usually only one
tire can be on a casting at a time. When
contractors ask for H-20 or HS-20
loading, they are asking only for a casting
to meet the design criteria of 16,000 Ibs.
If they do not ask for a safety factor in
construction castings, they may not get

the quality they are expecting.

e General Services Administration
Specification RR-F-621: This specification was put out by the federal government
and is the first widespread specification that directly addressed construction
castings performance. There are many versions of this specification, such as RR-
F-621b or RR-F-621e. This casting has since been renamed the CID (Commercial

Item Description) A-A-60005 and is the latest version of this specification.

This specification is important, because it is the first to state that all castings
must be able to maintain a 25,000-1b load applied in the center of the casting on
a 9-in. by 9-in. pad. The casting is rated as heavy duty if it meets those criteria.
There is no direct correlation between the H-20 design load and the 25,000-1b
proof load.

e AASHTO M306: This is the newest specification, first published by AASHTO in
1989 and completely revised in 2005. It requires castings to maintain a proof
load of 40,000 lbs applied on a 9-in. by 9-in. pad in the center of the casting. This
40,000-1b proof load represents a 2.5 safety factor over the H-20 design load of
16,000 Ibs.

e FAA AC: 150/5370-10, item D-751 and FAA AC: 150/5320-6 Appendix 3: These
are Federal Aviation Administration guidelines that provide design load criteria

for aircraft. This guideline basically states that items must be able to accept a
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wheel load of 100,000 lbs with a wheel pressure of 250 psi. There is no proof

load specification or safety factor specifically mentioned.

What is the difference between design load and proof load?

One common issue that comes up is determining what casting to provide when a
loading specification is unclear. It is common for a project to have loading
criteria for a manhole frame and cover, and is often just listed on a drawing.
Some examples of these loading criteria are: “must maintain H-20 loading” or
“must maintain 25 kip loading.” There is no safety factor listed, so it is unclear
whether the safety factor must be added by the casting supplier. Most
manufacturers assume that when a specific loading is requested, it is a design
criterion, so they add a safety factor and identify it as a product that has an

appropriate proof load.

The problem with this approach is |
that the safety factor may have already
been incorporated by the engineer ﬁ ] ..,_

into the loading requirement on the o 3

drawing, and with the additional

supplier safety factor, the product is

significantly more expensive than

what is actually needed. To clarify, specifying that castings meet ASHTO M306 or

“Airport Rated” requirements will ensure the incorporation of a factor of safety,

or proof load. Specifying anJASHTO H-20, HS-20 or FAA-compliant casting is a

design load and will not include a factor of safety.

Most common loading definitions

» Non Traffic: Due either to the strength or physical characteristics, this casting
should not be placed in traffic. This usually refers to decorative items such as
tree grates or other items such as beehive grates and ditch grates. The duty
rating is 0 to 2,500 lbs, so nothing weighing more than 2,500 Ibs should be

placed on it.
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e Light Duty: This casting may be able to withstand some loading, but it should
not be placed in traffic. It can accept loading from 2,500 to 16,000 lbs. An
example of this type of product is the meter box, which is usually placed in
grassy areas where nothing heavier than a lawn mower will run over it, although

meter boxes often end up in driveways and parking lots.

e Medium Duty: This casting can accept loading from 16,000 to 40,000 lbs. As

mentioned, above 16,000 lbs is the H-20 design loading criteria. This casting can
accept traditional loading, but it does not have the most up-to-date safety factor.
Many castings with the medium duty designation have been used safely in traffic

areas for years.

e HL-93: This refers to a “live load,” which is described in Article 3.6.1.2 of
AASHTO LRFD Bridge Design Specification. The HL-93 live load consists of the
design truck (32,000-Ib axle, identical to the HS-20 truck of the Standard
Specifications) or a design tandem (two 25,000-1b axles spaced 4 ft apart). As a
result, castings that meet the AASHTO M306 HS-20 rating meet or exceed this

requirement.

e Traffic-Rated: This casting meets the AASHTO M306 proof load, and the loading
criterion is 40,000 to 100,000 Ibs. This designation is appropriate for traditional
traffic loading.

e Airport-Rated: This casting can accept loading from 200,000 Ibs and up and
includes an additional safety factor beyond FAA design loading.

As confusing as this subject may be, it is important to keep three things in
mind:

1. Construction castings are tested using a proof load testing process. It is
recommended that castings have a proofload test that is at least twice the
expected wheel load.

2. It is important to educate people on the difference between proof loading and
design loading.

3. When in doubt, always provide a stronger casting.
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Comments

Larry Wright says
February 3, 2014 at 11:11 pm

What is the name of the lab that performed the H-20 load test ?

Thanks
Reply

Ron Hyink says

February 4, 2014 at 11:25 am
Hi Mr. Wright,

| did not see in the article where Pete DeHaan performed any load testing in a lab,
although he did mention that castings are tested using a proof load process and had a
recommendation for expected wheel loads. | would suggest contacting EJ directly
concerning their certification processes at the following website:
http://americas.ejco.com/webapp/wcs/stores/servlet/StaticPageView?
storeld=10054&catalogld=10001&langld=-1&staticPage=contact
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Thank you for your interest!
Ron Hyink
Managing Editor
Precast Inc.

Reply

Jean-Francois RAULT says
March 13, 2015 at 1:00 am

Dear Sir,

could you please help me in finding the correlation between H loading and BS EN 124
Classes.

When one refers to a test: “Cl Frame with Ductile Iron Cover shall be Neenah, R-3492-A
(Rated for 90,700 Kgs) Load over 225mm x 225mm AREA)", to which loading capacity
does it refer to C 250, D 400, E 600 or F 900 Class?

Thank you very much

Best Regards

JF

Reply

Eric A. Carleton, PE. says
March 24, 2015 at 5:06 pm

The U.S. code for an "H" or “HS" truck is 15, 20, or 25, etc. It stands for the load or weight
of the typical truck in tons. The catch is the configuration of the truck. In this caseis a
front axle and single rear axle with dual wheels. So for the traditional HS20 truck is 20
tons, with 4 tons total loaded on two the front turning wheels and remaining 16 tons on
the rear axle with a double tire set. Therefore each axle is 14,500 Kgs (32,000 pounds),
and each tire set has 7,250 Kgs (16,000 Ibs.) The tire surface area has further been
defined as 820mm (20") wide and 410mm (10") long in the travel direction. For the HS20
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truck additional 14,500 Kgs (32,000 Ibs.) axels can be added at 6.6m t0 9.1m (14 to 30")
spacing. However, the surface load upon a manhole lid or hatch would be the 7,250 Kgs
(16,000 pounds) over the 820mmx410mm (20"x10") area plus the appropriate impact
factors as required by code.
My limited knowledge and investigation of the British code BN EN 124 showed the
following load descriptions
Group T = minimum Class A15
Access covers and gratings capable of withstanding a 1.5 tonnes test load. For use in
areas where
only pedestrians have access.
Group 2 — minimum Class B125
Access covers and gratings capable of withstanding a 12.5 tonnes test load. For use in
car parks and
pedestrian areas where only occasional vehicular access is likely.
Group 3 — minimum Class C250

Access covers and gratings capable of withstanding a 25 tonnes test load. For use in car

parks,

forecourts, industrial sites and areas with slow moving traffic also in highway locations
up to 500mm from the curb and up to 200mm into the verge, excluding motorways.
Group 4 — minimum Class D400

Access covers and gratings capable of withstanding a 40 tonnes test load. For use in
areas where cars

and lorries have access, including carriageways, hard shoulders and pedestrian areas.
Group 5 — minimum Class E600

Access covers and gratings capable of withstanding a 60 tonnes test load. For use in
areas where high

wheel loads are imposed such as loading areas, docks or aircraft pavements.

Group 6 — minimum Class FO00

Access covers and gratings capable of withstanding a 90 tonnes test load. For use in
areas where

particularly high wheel loads are imposed such as aircraft pavements.

Interestingly, a number of websites stated a potential shortcoming of the BN EN 124
standard is the lack of any additional live load impact factor to be included as a final
design load, nor could | find an assumed tire footprint within the search data. However,
assuming a tire in the U.S. is similar to a European tire it would seem the D400 has a
similar loading requirement, and the use description fits a standard HS20 commercial
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truck.
The specific casting you mention in your question is described by the manufacturer as an
“Airport Casting”. To me this mean it is a very heavy duty casting. There are no standard
aircraft loading designations similar to the AASHTO truck configurations widely used.
Each design engineer is responsible to design the pavement and casting to handle the
respective aircraft and gearing to be used at the facility under design as published by the
aircraft manufacturer. The loading you provided for the casting is a rather large load over
a small footprint, but again the load exceeds that described as a F900 class of 90 tons,
which is described for use in aircraft pavements.

Reply

Leave a Reply
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