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Effect of Surcharge on Active Earth Pressure in Reinforced Retaining Walls: Application of Analytical Calculation on a Case Study

In many retaining walls problem, it is necessary to determine additional earth pressure produced by surcharge loads acting on the soil surface behind the wall. In this study, based on analytical methods, previous formulation of horizontal slices method are improved and a new formulation has been proposed for estimating the effect of surcharge on active earth pressure of retaining walls with cohesive-frictional backfill. A comparison of the analytical results obtained from the proposed method with those of previous research and also a comparison between current method and 11 meters wall as a case study is proposed. It was concluded that the analytical procedure proposed reliably calculates the active earth pressure due to surcharge in reinforced wall with cohesive-frictional soil.

Basic SI units are given in parentheses. Linear surcharge (kN/m) K aq coefficient of active pressure from the surcharge (dimensionless)

P aq Resultant lateral earth pressure from the surcharge (N/m) p aq Lateral earth pressure from the surcharge (Pa)

Introduction

Retaining walls are one of the most common soil-retaining structures. These walls have considerable flexibility against earthquake loads and are also less sensitive to settlement (Tatsuoka et al., 1997). Recently, however, the necessity has been felt for an appropriate method to calculate the effect of a surcharge on the active earth pressure behind retaining walls. Various research methods have been applied to the study of reinforced fill and conventional walls and slopes in recent years. Studies of reinforced soil include the experimental study of structures [START_REF] Kazimierowicz-Frankowska | A case study of a geosynthetic reinforced wall with wrap-around facing[END_REF]Lee and Wu, 2004;Yoo, 2004;Chen et al., 2007;[START_REF] Rowe | Long-term performance of contaminant barrier systems[END_REF]Won and Kim, 2007;[START_REF] El-Emam | Influence of reinforcement parameters on the seismic response of reduced-scale reinforced soil retaining walls[END_REF]Rowe et al., 2007;Jones and Clarke, 2007;[START_REF] Sabermahani | Experimental study on seismic deformation modes of reinforced-soil walls[END_REF]Latha and Krishna, 2008;Yang et al., 2009;Rowe et al., 2009) and numerical analysis (Rowe and Ho, 1998;Hatami and Bathurst, 2000;Huang and Wu, 2006). Additional analytical models include limit analysis (Porbaha et al., 2000), limit equilibrium and the horizontal slices method [START_REF] Shahgholi | Horizontal slice method of analysis[END_REF][START_REF] Baker | An integrated limiting equilibrium approach for design of reinforced soil retaining structures; part I: formulation[END_REF][START_REF] Nouri | Development of horizontal slices method for seismic stability analysis of reinforced slopes and walls[END_REF]Nouri et al., , 2008;;Shekarian et al., 2008;[START_REF] Vieira | Earth pressure coefficients for design of geosynthetic reinforced soil structures[END_REF]. Traditional methods for calculating active earth pressure first consider the theory of elasticity and then calculate the effect of a surcharge on the backfill. Finally, the results are added to an analytical solution obtained separately that does not consider a surcharge. Using large scale experimental setups, [START_REF] Gerber | Untersuchungen uber die Druckverteilung im orlich belasteten sand[END_REF]Spangler (1938) proposed the following equation to calculate the lateral earth pressure caused by a point load on a retaining wall:
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where Q is the concentrated load acting on the wall, H is the height of the wall, m is the horizontal distance of the surcharge from the wall and n is the depth at which the horizontal stress due to the surcharge has been calculated. Mishra (1980) and Jarquio (1981) calculated the lateral pressure caused by strip load surcharges based on the theory of elasticity. According to the correlation proposed by Jarquio (1981), the horizontal stress at depth z on a retaining wall with a height H could be calculated as:
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Angles α and b were determined for the distance of the surcharge from the wall. By generalizing Coulomb's formula, [START_REF] Motta | Generalized Coulomb active-earth pressure for distanced surcharge[END_REF] obtained the active earth pressure acting on a wall by a uniformly-distributed surcharge. Georgiadis and Anagnostopoulos (1998) compared the results of pressure applied to sheet piles under strip loading with those obtained from the distribution of the elastic stresses technique, the 45° approximation, and the Coulomb method. They observed that values for the elastic method show a significant difference from the real data. [START_REF] Caltabiano | Seismic stability of retaining walls with surcharge[END_REF] considered the effect of a surcharge and angle of failure wedge on the seismic stability of retaining walls. They approximated the effect of an earthquake pseudo-statically using the method proposed by Okabe (1926) and Mononobe and Matsuo (1929). They also studied the effect of distance from and strength of the surcharge. Kim and Baker (2002) studied the effect of a live traffic surcharge on retaining walls. Using the equivalent bending moment technique, they proposed an analytical approach to calculate the active horizontal pressure on retaining walls. [START_REF] Greco | Active earth thrust on cantilever walls in general conditions[END_REF]Greco ( , 2003[START_REF] Greco | Active earth thrust by backfills subject to a line surcharge[END_REF][START_REF] Greco | Lateral earth pressure due to backfill subject to a strip surcharge[END_REF]) applied Coulomb's theory to investigate the effect of strip surcharges on active earth pressure in retaining walls and proposed an analytical method to calculate the pressure magnitude and acting point of the resultant force.

In addition to these researchers, AASHTO (2007), USACE (2005) and Beton Kalander (Wihelm Ernest and Sohn, 2002) have also proposed analytical methods to include the effect of surcharge in calculations. This study proposes a comparison between formulation based on the horizontal slices method for calculating active earth pressure caused by a line surcharge on rigid reinforced and conventional walls and a Case study for a 11 meters wall.

Horizontal slices method

The horizontal slices method (HSM) was first proposed by [START_REF] Shahgholi | Horizontal slice method of analysis[END_REF]. This technique was originally developed for reinforced soil slopes and divided the mass of soil above the failure line into a number of horizontal slices. Comprehensive equations and the unknowns of HSM for assessing reinforced slopes were proposed by [START_REF] Nouri | Development of horizontal slices method for seismic stability analysis of reinforced slopes and walls[END_REF]Nouri et al. ( , 2008)). [START_REF] Azad | Seismic active earth pressure distribution behind rigid retaining walls[END_REF] used HSM to investigate active pressure distribution along the height of a wall and calculated the angle of failure wedge in the active state. Shekarian et al. (2008) determined the active static pressure on reinforced retaining walls in frictional and cohesive soils using HSM. Ahmadabadi and Ghanbari (2009) and Ghanbari and Ahmadabadi (2010a, 2010b, 2010c) used HSM to determine the active pressure on reinforced fill walls with cohesive frictional backfills. [START_REF] Ghanbari | An Analytical Method for Calculating Active Earth Pressure in Reinforced Retaining Walls Subject to a Line Surcharge[END_REF] used HSM in order to calculate the effect of a liner surcharge on active earth pressure in reinforced retaining walls.

Summary of calculating the effect of line surcharge on conventional walls by HSM

For reinforced retaining walls, the tensile force of reinforcements must be added to the unknowns. In addition to the recommended equations, n other equations are required to obtain these unknowns. According to Ahmadabadi and Ghanbari (2009), it is assumed that the shear stress in each slice is a constant fraction of the shear strength. They assumed that the average shear stress along each slice is a coefficient of the shear strength of the soil in the yield condition. This coefficient is always less than unity and is shown as λ i, or the i th slice. Thus:

To implement the proposed method, the following assumptions were made: • The vertical stress acting on the first slice equals the surcharge force divided by its surface. This vertical stress is assumed to be unknown in other slices. • A planar failure surface is assumed.

• Analyses are based on the limit equilibrium theorem.

• The soil mass is homogeneous in all calculations.

• The failure surface passes through the toe of the wall.

• The shear forces between slices are unequal 𝐻 = ≠ H =0) .

• The point of action of the N i force is at the lower middle of each slice.

• The acting point of the P i force is at the upper middle of each slice.

The equations and unknowns for the complete formulation of the proposed method are presented in Table 1. Fig. 1 shows a retaining wall with a backfill divided into horizontal slices and a failure wedge of angle b to the horizontal axis. The applied forces on the i th slice are also shown.

The height of each slice can be calculated by Eq. ( 3), given that the backfill is divided into n horizontal slices of equal height.

h = = A B (3)
Parameters X vi , X vi+1 and X gi in Fig. 1 are the distances of vertical forces from the wall obtained from the following equations:
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The first three equations in Table 1 are:
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W i is the weight of the i th slice calculated as:

𝑊 = = 𝐴 E ×𝛾×1 (10)

HSM for the effect of line surcharge on reinforced fill walls

For reinforced retaining walls, the tensile force of reinforcements must be added to the unknowns. In addition to the recommended equations, n other equations are required to obtain these unknowns. According to Ahmadabadi and Ghanbari (2009), it is assumed that the shear stress in each slice is a constant fraction of the shear strength. They assumed that the average shear stress along each slice is a coefficient of the shear strength of the soil in the yield condition. This coefficient is always less than unity and is shown as λ i, or the i th slice. Thus:

𝐻 E = 𝑉 E tan f + 𝑐 𝜆 E (11)
Eq. ( 11) was added to the five previous equations to calculate the active earth pressure for reinforced walls undergoing surcharge loads. It is assumed that variations in vertical forces acting on each slice (∆V i ) are the same under the effect of a surcharge for both reinforced and unreinforced conditions.

∆𝑉 E mn=Bopmqnr = ∆𝑉 E sBmn=Bopmqnr (12) 

Results for conventional walls

An analysis of the wall is shown in Fig. 1 and the results are compared with those of researchers listed in Table 2. In this condition, the results of the proposed formulation are in good agreement with those of other researchers. According to [START_REF] Ghanbari | An Analytical Method for Calculating Active Earth Pressure in Reinforced Retaining Walls Subject to a Line Surcharge[END_REF] A new analytical formula to calculate the lateral earth pressure in retaining walls with frictional backfill is proposed.

. The proposed distribution of lateral pressure along the height of a reinforced wall under the effect of a line surcharge is shown in Fig. 4. The proposed formula for calculating the maximum lateral pressure from a line surcharge on a reinforced wall with cohesionless backfill is as follows: 13) and ( 14) and the results obtained from PLAXIS and also HSM method. 

Conclusion

This paper proposes a new comparison among three approaches. The first based on HSM to calculate active earth pressure from a line surcharge, the second is related on the formula from Taheri and [START_REF] Ghanbari | An Analytical Method for Calculating Active Earth Pressure in Reinforced Retaining Walls Subject to a Line Surcharge[END_REF] and the last based on case study which is calculated by PLAXIS. The results showed that an increase in the the surcharge lead to increases the lateral pressure. PLAXIS calculation shows the higher values than the other methods. Comparisons show that the results from the proposed method are at the
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 1 Fig. 1. Schematic view of analyzed wall and equilibrium of forces in i th slice.
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 2 Fig. 2. Variation of lateral pressure from a line surcharge along height of wall (𝑐 = 0 t% . , f = 30° , 𝛿 = 10°).
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 3 Fig. 3. Variation of net force of reinforcement from line surcharge along height of wall (𝑐 = 0 t% . , f = 30° , 𝛿 = 10°).
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 4 Fig. 4. Proposed distribution for lateral earth pressure subject to line surcharge.

  FIG. 5. Representative model of case study in Tehran
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 67 Fig. 6. Comparision among Proposed formula and HSM and PLAXIS calculation for 50 kN/m line surcharge along height of wall

Table 2 . Comparison of reinforcing forced and pressure acting on a wall for proposed method and other research. c = 0 kN/m 2
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			Proposed method	Ahmadabadi and Ghanbari (2009)	AASHTO (2007)
	f = 20°	ΣT i (kN/m)	432.0	442.7	440.0
		P (kN/m)	51.4	43.0	50.3
	f = 30°	ΣT i (kN/m)	262.0	294.8	303.8
		P (kN/m)	41.6	35.5	30.1
	6. Proposed formula for calculating active earth pressure
	and reinforcing forces from a line surcharge

Table 3 . Characteristics of the Case in Tehran
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	Friction Angle	30	degree