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Abstract

Lateral tilting table test machines utilize the self-weight of a specimen to apply a lateral load and
help users better understand the seismic capacities of a material or construction. Many earthen
construction methods, such as adobe and cob, are not common construction methods in the United
States because of the difficulty with approvals and permitting. Although building codes for adobe and
cob are included in the IBC, most recently in 2021, most state and local codes have not adopted the
earthen construction parts of IBC. Based on the work of students at the University of San Francisco,
this paper documents the creation of a manual for the construction and operation of a lateral tilting
table testing machine which makes further research more accessible because of the low cost of the
machine and the simplicity of the test.
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Introduction

Earthen materials are low-carbon, locally sourced, affordable, healthy, and environmentally
sustainable building options. Although earthen construction is common in much of the world, it is
rarely used in the United States due to the exclusion of earthen materials from state and local building
codes along with a general lack of exposure and understanding among the public and the industry.
Greater research, especially on the seismic capacities of earthen materials, is needed in the United
States for them to be included in state and local building codes and made more accessible.

Tilting table lateral test machines, also called “mesa inclinable”, utilize gravity and the self-weight of a
specimen to apply a lateral load and help users better understand the seismic capacities of a material
or construction technique. While the use of these machines is relatively well documented in Central
and South America, there is little research written in English [1]. Typical seismic testing machines in
the United States are usually large frame structures that apply loads with hydraulic presses or use
large shaking tables that simulate ground accelerations on a specimen. These high-tech machines cost
millions of dollars to build, thousands of dollars to run, and require a lot of space, electronics, and
energy.
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Figure 1. Moderate, high and very high seismic
hazard zones of the world. Moderate, High and

Very High Seismic Hazard
Photo: terracruda.com
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Figure 2. UC Berkeley PEER Earthquake Shaking
Table. Photo: UC Berkeley Pacific Earthquake
Engineering Research Center

At least a third of the world’s population live in earthen construction buildings, many of which are in
earthquake prone regions. Damage to homes and their collapse are the leading cause for casualties
during seismic events. Many of these homes are built without the involvement of engineers and archi-
tects and become greatly damaged during seismic events. The construction of seismic testing facil-
ities is not often feasible in these locations because of the costs, maintenance, and need for skilled
technicians. It is this lack of resources and accessibility to research that has prompted the greater
development and documentation of tilting table lateral test machines in areas like Central and South
America.

Manually operated lateral tilting table test machines are affordable to construct and operate, and
the simplicity of the test makes it accessible for those who want to conduct research, but do not
have access to a large research facility and funding. This paper describes the construction and
operation of a manually operated lateral tilting table test machine in order to make research into the
seismic capabilities of materials more accessible. This will add to the body of knowledge about these
machines as well as facilitate the collection of data on natural building materials and techniques. This
report builds on the work of previous University of San Francisco students who originally designed
and constructed the test machine.
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Concept of lateral tilting table test machines

The lateral tilting table test machine is a static test for lateral forces that uses gravity and the speci-
men’s own weight (W) to apply a load on the specimen. As the specimen is tilted (Figure 3), the lateral
force increases until the point of failure. The angle (8) is recorded, and the lateral force (HF) is calcu-
lated with the equation HF = sinB x W. Examples of lateral tilting table test machines range in size from
being able to test full-scale houses to small 1:8 scale [2, 3]. Some examples use a hydraulic system to
tilt the specimen, while others have used bottle jacks or linear actuators [3, 4, 5, 6, 7, 8]. These can
cost thousands of dollars and require a lot of space to use and store.

Designing and constructing the test machine

The manually operated lateral tilting table test machine was designed to be simple and low-cost. Its
dimensions allow for the testing of many half-scale wall specimens. It requires no electricity to power,
instead relying on a manually operated winch to tilt the table. Wood was used for the structure to
make it easier to construct as wood shops are more common than metal working shops. It also helps
to keep the cost down, the machine itself costs under $300 (Table 1). It can also be disassembled into
four parts to make it easy to store, but is still easy to put together.

There are three components to the machine: the base, the frame, and the winch and sheave block
system. The base is composed of 2 x 8 lumber to form the u-shaped base and 2 x 6 lumber to form the
brackets. It sits on four caster wheels. The frame is made of 2 x 6 lumber for the posts and diagonal
corner braces and 2 x 8 lumber for the top beam. Two square bend u-bolts and a load spreader plate
hold the sheave block and hook to the frame. A horizontal member made of 2 x 6 lumber attaches the
winch to the frame making it a “self-reacting” system. The machine can withstand a max load of one
ton (2,000 Ibs) [9].

Product Quantity Price Total Price
Sheave Block w/ Hook (3”) 1 $13.99 $13.99
Haul Master Hand Winch 1 $34.99 $34.99
Square Bend U-Bolt (5/8” Diameter x 2 $17.95 ea. $35.90
2 5/16” Width x 7 3/4” Length)
Load Spreader Plate 1 $22.95 $22.95
Klein Tools Inclinometer 1 $29.97 $29.97
2 x 8 Douglas Fir 32 LF $11.96 $47.84
(per 8’ board)
2 x 6 Douglas Fir 49 LF $9.36 (per 8’ board) $65.52
Caster Wheels 4 Wheels $26.99 (4-pack) $26.99
$278.15

Table 1. Lateral tilting table test machine costs.

The design of the specimen table depends on the dimensions of the specimen and the type of
material that is being tested. An example of a specimen table seen in Figure 7 uses Armor brand dog
clamps and dog fences to keep the specimen from sliding off the specimen table. The dog clamps and
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Figure 3. Loading diagram. Figure 4. Hydraulic lateral tilting table
Photo: University of Technology Sydney test machine.
Photo: Universidad de El Salvador
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Figure 5. Manually operated lateral tilting table Figure 6. 3D model of the machine with dimensions.
test machine.

Figure 7. Specimen table with clamps and dog
fence to keep the specimen from sliding.
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1. Specimen Table 3. Process

« Createa specimen to test
« Check if the specimen test table is the right size for the specimen, if not here are the instructions for making your own

1. Design the table so that it is long enough for the specimen.

Use two screws to be a magnetic base for The plywood sheet gets holes drilled into it 3/4" wide and
the inclinometer to attach to. Place it where should be 3”on center apart.

itwill be easily seen. Crank the winch gradually

i *These holes are where the dog
fence and dog clamps will go to
hold the specimenin place and Place the specimen on the table against
keep it from sliding off the table. the fence

When designing the supports you

want to keep in mind where you

will be drilling the holes for the
clamps so you do not have a sup-

Lockthe clamps

‘The widest the table can’
beiis 4: 2 x 4s will form
the structure for the
table

portin the way of the hole and the

fence or clamp. /_ Lo

4
Place the inclinometer on the 5
tilting table at the left side 4
corner and adjust the angle of 4
the table until the measurement &

is O degree

*Tilt the table until the specimen fails
A sheet of 23/32" plywood will get screwed on top of the 2 x 4s to form the table. P

*Record the angle and document failure

Figure 8. Pages from the Manually Operated Lateral Tilting Table Test Machine Manual.

dog fences slot into 3/4” holes drilled into the top of the specimen table and can fasten to the table.
A simple u-bolt attached to the side of the specimen table allows for the sheave block hook to be
attached to the specimen table to lift on side. Two screws can be added to the top of the specimen
table for the inclinometer to magnetically attach to the table to calculate the angle.

The purpose of this paper is to serve as a starting point to the design and construction of a low cost
manually operated lateral tilting table test machine. There may be some sliding in the specimen table
as it is lifted which can possibly be remedied by adding a wooden bar connected to the machine base
that keeps the specimen table from moving. Another option is to add a hinge to the wooden bar
that is connected to the specimen table. In addition, certain specimen materials and dimensions, and
conditions at different testing locations may require modifications to the design of the machine.

There is a long history of exclusivity in academia and research. The legacy of this exclusivity has been
the erasure of earthen materials from our knowledge of building materials and limited access to
research opportunities. This paper aims to remedy some of this exclusivity by making research more
accessible through the simplicity and affordability of the manually operated lateral tilting table test
machine. It allows for more localized contribution to the body of knowledge about non-conventional
building materials and eases the determination of semi-quantitative comparisons between different
solutions and techniques. Academic institutions that lack major resources can participate in research
into earthen materials, broadening student exposure to them. And it empowers people, not only in
the United States, but also in places where earthen construction is common, to contribute to the
investigation of earthen materials.

Acknowledgements

| want to thank former University of San Francisco students Akana Jayewardene, Aurora Charouhas,
Carolina Salgado Maldonado, Jazmine Brown, Nathan Chanvimol, and Ruishan Feng whose previous
work this paper continues and adds to. | also want to thank University of San Francisco staff and
faculty Luca Ameri, Professor Sean Olson, and Professor Hana Mori Bottger who supported and
advised this project.

5 Earth USA 2022 - September 23 to 25



C. Chung - INCREASING TESTING ACCESSIBILITY WITH LATERAL TILTING TABLE TEST MACHINES

References

[1] Fundacién Salvadorefia de Desarrollo y Vivienda Minima. “La Construccidn Con Tierra: Una Alternativa Sustentable
Para El Mejoramiento Del Habitat Rural Y La Prevencion Del Mal De Chagas,” Fundasal, Jul. 2013.

[2] G. Rivas, E. Quispe, and S. Santa Cruz. “State of the art of DSRW test equipment subjected to side loads and equipment
proposal for static testing at natural scale,” TECNIA, vol. 29, no. 2, Jul. 2019.

[3] N. Grillanda, A. Chiozzi, G. Milani, and A. Tralli. “Tilting plane tests for the ultimate shear capacity evaluation of perfo-
rated dry joint masonry panels. Part |: Experimental tests,” Engineering Structures, vol. 238, Jul. 2019.

[4] A.Turer, M. Golalmis, H. Husnu Korkmaz, and S. Zerrin Korkmaz. “Tilting table tests on strengthened masonry houses,”
The 2013 World Congress on Advances in Structural Engineering and Mechanics, Jeju, South Korea, Sept. 2013.

[5] M. Blondet, D. Torrelva, and G. Villa Garcia. “Adobe in Peru: Tradition, Research and Future,” Modern Earth Building
2002 - International Conference and Fair, Berlin, Germany, 2002.

[6] W.lJinwuth, “A Study into the Earthquake Resistance of Circular Adobe Buildings,” M.S. thesis, University of Technology
of Sydney, Sydney, Australia, 2012.

[7]1 B.Samali, W. Jinwuth, K. Heathcote, and C. Wang. “Seismic Capacity Comparison between Square and Circular Plan
Adobe Construction,” Procedia Engineering, vol. 14, 2011.

[8] M. Szyszka, J. Jasienko, and J. A. Ochsendorf. “Out-of-plane behavior of two-layered free-standing masonry walls: Ana-
lytical solutions and small-scale tests,” Engineering Structures, vol. 163, May 2018.

[9] J. Brown, “A New Take on Testing: Evaluating Design Systems in Response to the Recent Natural Disaster in Nepal,”
University of San Francisco undergraduate thesis, 2016.

Carlina Chung has just completed a Bachelor of Arts in Architecture with a minor in Architectural
Engineering at the University of San Francisco. She has been working as a research assistant with
Professor Hana Béttger, who introduced her to earthen materials. Their work focuses on improving the
accessibility of earthen building materials in North America.

Santa Fe, New Mexico 6



