Kansas

Department of Transportation

Field Monitoring of a Mechanically
Stabilized Earth Wall Backfilled with
Lightweight Cellular Concrete

Report Number: KS-24-03 = Publication Date: July 2024

Robert L. Parsons, Ph.D., P.E.
Hao Liu, Ph.D.
Jie Han, Ph.D., P.E.

The University of Kansas

Introduction

When used as an alternative to aggregates as backfill material, lightweight
cellular concrete (LCC) can decrease the self-weight of mechanically stabilized earth
(MSE) walls by 75% or more compared to aggregate backfill, leading to a
corresponding reduction in ground settlements. In addition, after curing, LCC typically
exerts little to no lateral earth pressure on the back of the wall facing. Therefore, LCC
is an excellent substitute for MSE backfill aggregate for walls on soft ground.
However, research on the performance of LCC-MSE walls and the interaction between
reinforcement and LCC is limited. This report provides the results from a study of an
LCC-MSE wall test section, including vertical earth pressures and settlement, lateral
earth pressures, temperatures throughout the fill, and pullout resistance of
reinforcement at various points in the curing process for approximately one year.

Project Description

As an alternative to aggregate as backfill material in mechanically stabilized
earth (MSE) walls, lightweight cellular concrete (LCC) significantly reduces the
weight of MSE wall mass, corresponding settlement of the foundation soil, and lateral
earth pressures behind wall facing. Steel strips, geogrids, or steel rods are commonly
used to reinforce the LCC in an LCC-MSE wall. This research used LCC to replace a
test section with aggregate backfill in a new MSE wall on I-35 in Kansas to investigate
LCC performance. Seven steel reinforcement strips of various lengths were pulled out
of the backfill at different times in the curing process to study the effects of curing time
and length on pull-out capacities. In addition, the LCC-MSE wall was instrumented
with earth pressure cells, shape arrays, thermistors, strain gauges, and survey targets to
explore LCC-MSE wall performance.

Settlements were very low under the weight of the LCC, with maximum
settlement less than 0.3 inches partly due to apparent rotation of the fill mass because
of horizontal pressures behind the mass. Lateral earth pressures were a function of the
fluid density of the LCC during placement but dropped to near zero for most of the
facing during curing. Lateral earth pressures for the top panel experienced significant
fluctuations with ambient air temperatures. High temperatures exceeding 190 °F within
the mass early in the curing process may complicate future designs. Reinforcement
pullout strengths were much higher than reinforcement strengths in aggregate with
similar normal stress. A modest reduction in pullout resistance was observed over the
first 14 days, possibly due to decreased normal stress due to cooling. Overall, cement
hydration increased interface strength between LCC and steel strips, thereby increasing
pullout capacities of steel strips.



Project Results

Research results showed that settlement of the ground soil under the weight of the LCC-MSE wall and
traffic loading was less than 0.3 inches, which was less than the adjacent MSE wall with aggregate backfill.
Although little to no lateral creep of the wall was observed after the wall had set, there was some lateral
movement of the panels during LCC placement. This movement could likely be avoided with more rigid
bracing of the panels. Test strip pullout resistances were very consistent among the tests and were much higher
than the expected resistance from aggregate backfill with an equivalent overburden pressure. Test strips
demonstrated substantial residual pullout resistance even at high deformations.

Observations made from this study resulted in several recommendations. First, because LCC was shown
to effectively decrease the weight on foundation soils, it should be considered as an alternative to conventional
fills where settlement is a concern. Second, high fluid pressures during fill placement require rigid bracing to
prevent shifting or tilting of panels during placement of fill. Third, lateral earth pressures at the wall facing in an
LCC-MSE wall changed with air temperatures, and high air temperatures may result in higher lateral earth
pressures in the upper portion of backfill in LCC-MSE walls compared to AG-MSE walls. A thin layer of
expanded polystyrene is recommended for the back of the panels prior to LCC placement to relieve potential
thermal stresses, although additional research is recommended to increase understanding of the issue of earth
pressure changes due to air temperature changes. Finally, heat emitted from cement hydration in LCC caused
high temperatures in the LCC, which likely damaged installed sensors such as strain gauges. Therefore, the
temperature resistance of sensors, or other inclusions such as plastic pipe, should be considered during the
design of LCC-MSE walls.

Project Information

For information on this report, please contact Robert Parsons, Ph.D., P.E., The University of Kansas, 1530 W.
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Directions for Downloading the Full Report

To download the full report, visit https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx and do the following:

Enter KS-24-03 in the search box.

Click the Search button to the right of the search box.

You may have to scroll to find the specific report.

To download the report, click on the title of the report to open the PDF file and save it to
your hard drive.

KDOT Research Reports Catalog

e

N\ @
_ 4
Search For: w Search | | Count

Search In: [¥] Document Title [¥] Keyword
Reference Number [ | Reference Name(s)

Search Period: |,e..|| v Reset

If you have any questions, please email us at KDOT#Research.Library@ks.gov.

Page 2


https://kdotapp.ksdot.org/kdotlib/kdotlib2.aspx
mailto:KDOT%23Research.Library@ks.gov




Accessibility Report





		Filename: 

		Field Monitoring of a Mechanically Stabilized Earth Wall_202407_Summary_REM.pdf









		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov



		Organization: 

		DOT, NTL







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 28



		Failed: 1







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Skipped		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Failed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



