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SYNOPSIS: This paper discusses the measurements of lateral and base pressures o f a 33-fL high Reinforced Soil Embankment (RSE) wall during its construction 

in September 1991. The instrumented section is a segment o f W all 17, which is a part o f the highway construction project initiated by the Texas State Department 

o f Highways and Public Transportation. The project involves the construction of eighteen RSE walls along Highway 225 in Harris County, Texas. The wall system 

uses wire mesh reinforcing elements and segmented, reinforced concrete facing panels. The instrumentation program consists o f measuring the tension in reinforcing 

mats and the loads transmitted to the concrete facing. Vertical pressure measurements at the base o f the wall were also made using pneumatic total pressure cells. 

The behavior o f the wall during construction is presented and back-calculated values o f the lateral earth pressure coefficient, K, are discussed and compared to 

the measured values for welded wire mesh soil reinforcement systems.

IN TR O D U C TIO N

Current design procedures for welded wire mesh reinforced soil walls are 

derived mainly from the results o f fully-instrumented Welded W ire Walls. 

These walls consist o f welded wire mats placed between successive layers of 

backfill and bent up at the front to form the face o f the wall. One o f the recent 

innovations to the wire mesh reinforced soil wall is the Reinforced Soil 

Embankment (RSE) system. The wall system uses either flat-faced or shadow 

panel facing elements, which are made up of precast reinforced concrete. The 

reinforcing mats o f the flat-faced system are connected to the facing by means 

o f steel anchors embedded on the concrete panels. The restraint conditions 

imposed by the facing panels and the panel/reinforcement connection can 

influence the value o f die lateral earth pressure coefficient, K, for use in 

design.

STA B ILITY  O F  W IR E  M ESH REIN FO RCED  W ALLS

As in other types o f mechanically stabilized earth (MSE) walls, wire mesh 

systems such as Welded Wire and RSE walls must be designed to meet both 

external and internal stability criteria. External stability is evaluated by 

considering the reinforced mass as a gravity retaining wall and conventional 

stability criteria for overturning, sliding, bearing capacity and deep stability are 

then applied.

Internal stability evaluation involves provisions for a sufficient safety factor 

against rupture as well as pullout failure o f the mats. For the case of 

inextensible wire mesh systems, the failure plane is considered to closely 

correspond to the bilinear failure plane assumption (Mitchell & Christopher, 

1990). This differs from extensible reinforcement systems in which the 

maximum tension line closely conforms to the Coulomb failure plane. The 

longitudinal members o f  the reinforcing mats re s ta in  a failure mass from 

sliding along the potential failure surface. Thus, the embedment length o f the 

mats behind the failure plane must extend far enough behind the potential 

failure surface to develop sufficient pullout resistance to restrain the potential 

failure mass (Mitchell & Christopher, 1990).

The maximum tension acting on the failure plane can be calculated by 

assuming that each longitudinal wire in a m at provides the lateral restraint for 

an area that extends half the distance to the adjacent wires above, below, and

on both sides. Generally, the maximum tension can be expressed as:

Tm„  = Oh * S„ * S, ( 1)

where is the horizontal stress, S,, is the average horizontal spacing of 

longitudinal wires, and S, is the vertical spacing between layers of 

reinforcem ent The horizontal stress at a depth z from the top o f the wall is 

(Christopher e t al, 1989):

o b = K(t z  + q + Aov) + A ab (2)

where K  is the lateral earth pressure coefficient, y  is the unit weight of backfill 

material, q  is the surcharge load, A a, is the increase in vertical stress due to 

concentrated vertical loads, and Ao„ is the increment o f horizontal stress due 

to horizontal concentrated surcharges (if any).

The value of lateral earth pressure coefficient, K, differs for each type o f soil 

reinforcement system and depends on the amount o f yielding that can take 

place. Recommended values o f K were based mainly from fully-instrumented 

reinforced soil walls. For Welded Wire walls, Anderson et al (1987) developed 

a relationship between the lateral earth pressure coefficient (K) and the wall 

height based on measurements o f a 15.24 m (50 ft) high Welded Wire wall 

which reportedly agrees with the earlier findings o f  Bishop & Anderson 

(1979)'and Anderson & Wong (1989).

D ESC R IPTIO N  O F RSE W ALLS

Reinforced Soil Embankment (RSE) walls use either standard flat face or 

shadow panel facing elements. The standard flat face panels are made up of 

precast reinforced concrete and have standard dimensions o f 0.76 m (2.5 ft) 

high by 3.81 m (12.5 ft) long by 0.13 m (5 in) thick. Panel anchors that 

provide connection between the facing and reinforcing elements are made of 

a 0.01 m dia. (W12) steel wire bent in an elongated loop and embedded in the 

concrete panel.

The reinforcing mats are made of steel longitudinal wires spaced at 0.15 m 

(0.5 ft) on centers and welded to transverse wires. The mats are spaced at 0.76 

m (2.5 ft) along the vertical direction corresponding to the standard panel 

height. Standard conditions require two 1.22 m (4 ft) wide reinforcing mats
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per panel but continuous reinforcements arc also available. The length and size 

of the longitudinal wires and the size and spacing of the transverse wires 

depend on the stability requirements o f the wall. The longitudinal 

reinforcement wires are attached to anchors that are embedded in the concrete 

facing panel. There is some flexibility in the connection.

DESCRIPTION OF THE PROJECT

The highway expansion program that was initiated by the Texas State 

Department o f  Highways and Transportation for the city o f Houston involves 

the construction o f nine double-faced HilfikerRSE walls with segmented, flat- 

faced concrete panels along State Highway 225 in Harris County, Texas. Since 

the reinforcement for the double-faced walls were independent for each face 

(not connected), the project actually involved eighteen separate back to back 

RSE walls. One o f the highest sections o f these walls was chosen for study, 

which is a segment o f Wall 17 located at the junction between Highway 225 

and Battleground Road and constructed back to back with Wall 18.

The section o f the wall is 10.06 m (33 ft) high and consists o f  fourteen 

reinforcement layers as shown in Fig. 1. The 7.32 m (24 ft) long reinforcement 

mats overlapped the reinforcements for Wall 18 as much as 0.61 m (2 ft) in 

some locations. However, since the reinforcement was not conunuous along 

the panel, as shown in Fig. 2, the mats were generally staggered and did not 

physically overlap. The backfill material was non-plastic, poorly graded, fine 

brown sand having about 11 to 14% finer than the No. 200 sieve and a DJ0 of 

0.15 mm. The Standard Proctor maximum dry density was 18 kN/m3 

corresponding to an optimum water content o f about 11%. The friction angle 

(<(>) obtained from direct shear test was about 30°. The backfill material was 

spread by a bulldozer in 0.23 to 0.30 m (0.75 to 1 ft) compacted lifts. Hand 

vibrators were used to compact the soil within 0.91 to 1.22 m (3 to 4 ft) from 

the wall face while smooth wheel rollers were used for that distance and 

farther away from the face. Backfill compaction ranged from 90 to 95% of the 

Standard Proctor densities with the measured placement moisture content 

averaging at the optimum condition. Several borings were made at the site of 

Wall 17 to depths of about 9.0 m (30 ft). These borings revealed the presence 

of dark brown to gray stiff silty clays. An elevation view of the instrumented 

section of Wall 17 is shown in Fig. 1.
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Figure 1. Elevation view o f the instrumented section o f  Wall 17
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Figure 2. Plan view o f the instrumented section showing strain gage and pressure cell locations
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A total o f eight layers were instrumented with strain gages. For each 

instrumented layer, sixteen strain gage points were chosen for the reinforcing 

mats (eight gage points for each mat) and twelve gage points for the panel 

anchors (Fig. 2). Each instrumentation point consists o f two strain gages which 

are glued diametrically opposite each other on top and bottom of the 

longitudinal members. A wiring scheme was developed such that readings 

could be obtained for both axial tension and bending stresses acting on the 

wires. Dummy gages for temperature compensation were also embedded on 

each layer as shown in Fig. 2. These gages were attached on the same grade 

o f material and size o f the longitudinal bars as the reinforcing mats for that 

layer.

Initial readings were taken at the time the mats were laid in place to indicate 

the strain reading corresponding to zero tension in the wires. Subsequent 

readings were then taken as the wall was constructed. The strain induced by 

the backfill placed over the mat at the time of the readings was obtained from 

the difference between the initial and the subsequent reading. From the strain, 

the tension (T) in the wire was calculated using the following equation:

T = E  * e * A (3)

where E  is the modulus o f elasticity of steel, e is the axial strain, and A is the 

cross-sectional area o f the longitudinal wire.

To measure the vertical stress at the base o f the wall for each layer o f the 

backfill, five 0.23 m (9 in) diameter SINCO pneumatic total pressure cells 

were installed at the same level as the leveling pad. Four o f these cells were 

aligned at different distances behind the facing and below the reinforcing mats 

(Fig. 1) while the other one was installed at 0.15 m (0.5 ft) behind the wall 

face but below the unreinforced zone as shown in Fig. 2.

INSTRUMENTATION PROGRAM The vertical pressure at the base o f the wall was measured by total pressure 

cells and the results are plotted as a function o f distance from the face o f the 

wall in Fig. 4. The overburden pressure (•)«), computed using the average 

measured unit weight, y, o f 19.0 kN/m3, is also plotted on the figure for a wall 

height o f 9.30 m (30.5 ft). The pressure cells closest to the face (TPC1 and 

TPC2) yielded the lowest measured values which are much less than would 

be produced by the weight o f overburden. Both pressure cells (TPC1 and 

TPC2) measured approximately the same magnitudes of vertical base pressure.

The low vertical pressure measured at the face of the wall suggests that the 

reinforced mass did not behave like a gravity retaining wall subjected to lateral 

overturning forces. This can be partially explained because the wall was 

constructed back to back with another RSE wall, eliminating much of the 

active thrust Similar base pressure distributions have been reported in the 

literature for instrumented reinforced soil walls on foundations that were 

somewhat more compressible than that o f Wall 17 (Murray &  Farrar, 1990; 

Bergado et al, 1991). The behavior o f these other walls was attributed to the 

influence o f backfill settlement in association with interface friction on the 

facing.

The maximum tension was obtained for each mat at different heights of the 

wall and the corresponding maximum K values were calculated from:

K =  T„„/(7*z*Sh*Sv) (4)

Equation 4 only includes the weight o f the compacted backfill above the mat. 

This method of back-calculating K has been used by Anderson, Sharp & 

Harding (1987) to develop an envelope o f the lateral earth pressure coefficient, 

K for a Welded Wire retaining wall.

RESULTS

The tension in the longitudinal wires was measured as the wall was 

constructed. Figure 3 shows a typical plot o f the measured tension as a 

function o f the distance from the face o f the wall for different heights o f the 

backfill above the mat. Similar trends were observed for the other mats.
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Figure 3. Typical plot o f tension as a function o f distance from the face of the 

wall Figure 4. Measured vertical pressure distribution at the base o f the wall
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Figure 5 shows the back-calculated values o f K as a function o f the wall 

height Also shown on the figure is the envelope o f  K values measured by 

Anderson et al (1987) for the 15.24 m (50 ft) high Welded Wire wall in 

Seattle, W ashingtoa Except for the top 1.22 m (4 ft) o f  the wall, the K values 

for the RSE wall are somewhat lower than for the Seattle wall and the 

measured values for other welded wire walls (Anderson & Wong, 1989). The 

backfill material that was used in the Seattle Welded Wire wall was also 

pooriy graded sand but has a higher DM and slightly higher friction angle. The 

Djo for the Seattle wall backfill material was 0.70 mm and the friction angle 

was about 31°. The high K values near the top o f the RSE wall and Welded 

Wire walls are due to compaction stresses. It should be acceptable to design 

the reinforcement near the top o f the wall using a K value that is less than the 

K envelope.
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Figure 5. Back-calculated K values plotted as a function o f the height of wall

It might seem that RSE walls may have more rigidity due to the reinforced 

concrete facing and, therefore, may impose higher lateral earth pressures than 

welded wire walls. However, the yield conditions o f the whole structure must 

be considered. The yield conditions of the reinforcement (flexibility of the wall 

system) will be a function of the pullout resistance o f the reinforcing elements 

and the stiffness o f the connection between the facing panels and the welded 

wire mats. The length o f mats used in this study was 7.32 m (24 ft) in contrast 

to the 13.41 m (44 ft) long mats used in the Seattle welded wire wall. The 

maximum tension line for the Seattle wall occurred within 1.22 to 3.05 m (4 

to 10  ft) from the face and the maximum tension line obtained in this study 

was similarly in the vicinity o f 1.52 to 3.05 m (5 to 10 ft) from the face 

(Sampaco e t al, 1992). Thus, the ratio o f  the available embedment lengths to 

height o f the wall for the Seattle welded wire wall were much greater than 

those o f the RSE wall described in this paper. Furthermore, the transverse 

wires on the Seattle wall were spaced 0.23 m (9 in) on centers and for this 

study the spacing was 0.61 m (24 in). Considering the transverse wire spacing 

and wire size, as well as the soil type and the embedment length, the pullout 

resistance o f the Seattle wall was much higher. It seems, therefore, that the 

yield conditions o f the reinforcing mats (flexibility o f the system) will 

influence the resulting lateral earth pressure coefficient

The results o f this study have provided information on the behavior of 

reinforced soil walls with concrete facing panels (RSE walls). Figure 5 shows 

the results o f the back-calculated lateral earth pressure coefficient, K, as a 

function o f distance below the lop o f  the wall; and Fig. 4 shows the 

distribution o f vertical pressure at the base o f the wall. The conclusions can 

be summarized as follows:

1) The high values o f K  near the top of the wall are the result o f compaction- 

induced stresses and a design K value less than the envelope should be 

acceptable in this region.

2) The lateral earth pressure coefficient below a depth o f 6.10 m (20 ft) 

appears to be near the active case (K, = 0.33 for if = 30°).

3) Use o f the lateral earth pressure relationship recommended for Welded 

Wire Walls appears to be conservative for RSE walls.

4) The yield condition o f the wall must be considered in the choice o f the 

value o f K; the whole process being dictated by the rigidity o f the wall 

facing, the flexibility o f the reinforcement/wall panel connection and the 

pullout resistance o f the mats behind the potential failure plane.

5) The vertical pressure distribution al the base o f the wall suggests that there 

were no overturning moments generated by this back to back wall system.

CONCLUSIONS
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