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ABSTRACT    

Compaction equipment worked behind the retaining walls causes additional lateral earth pressures 

acting on the wall. The effect of compaction-induced stress (CIS) usually neglected when designing 

the retaining walls. Geosynthetic-Reinforced Soil walls (GRS walls) have increasing popularity in 

Egypt in the last years. The earth pressure at the facing of a Geosynthetic Reinforced Soil wall (GRS 

wall) is different from that in the natural soil. The internal lateral pressure in the GRS soil is governed 

by compaction-induced stresses (CIS) and additional confining effects that the reinforcement provides 

to the soil. The compaction-induced stress for GRS wall is difficult to be predicted during the design 

stage because it depends on the characteristics of compaction equipment and other factors. The 

objectives of the research are:1) Studying the effect of compact the backfill of GRS wall by vibratory 

plates on the internal stability, the external stability, and the foundation soil for GRS wall. 2) 

Evaluating the performance of the various types of vibratory plates which used to compact the backfill 

for GRS wall. So, a finite element analysis using GEO5 program was used to achieve these objectives. 

Finally, the recommendations for the design and construction of GRS walls were highlighted.  

Keywords: Geosynthetic-Reinforced Soil, compaction-induced stresses, Vibratory plates, and compaction. 

1. Introduction 

Geosynthetic-Reinforced Soil (GRS) structures, like retaining walls, and slopes, have 

extended increasing popularity in Egypt in the last years. GRS structures have a many uses 

and benefit. GRS structures are generally more flexible (hence have more resistance to 

seismic loading and differential settlement), more adaptable to low-permeability backfill, 

easier to construct, require less over-excavation, and more economical than conventional 

earth structures [1,2]. Mechanically stabilizes earth walls (or GRS walls) are one of the most 

important applications types of Geosynthetic-Reinforced Soil structures.  The components of 

GRS walls are a facing unit, a reinforcing unit, and the backfill. Figure (1) shows a typical 

cross-section of mechanically stabilizes earth wall with modular block facing. 

The compaction equipment which worked behind the retaining walls causes additional 

lateral earth pressures acting on the wall. The Compaction -Induced stress (CIS) depends 

on 1) the closer the compaction equipment operates to the wall, 2) the weight of the 

compaction equipment (Ps),3) Centrifugal force (Pc) or dynamic force due to vibration of 

the compaction equipment. 4) The dimension of the area of the roller or plate contacting 
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the soil. The effect of the residual lateral earth pressure due to compaction usually 

neglected during the design of the GRS wall. 

 

 

 

 

 

 

 

 

 

Fig. 1. Typical cross-section of mechanically stabilizes earth wall with modular block facing 

(after Bowles, J.E., 1988) 

The earth pressure at the facing of a Geosynthetic Reinforced Soil wall (GRS wall) is 

different from that in the unreinforced soil. The internal lateral pressure in the GRS soil is 

governed by compaction-induced stresses (CIS) and additional confining effects that the 

reinforcement provides to the soil. 

The Compaction -Induced stress (CIS) in GRS is higher than (CIS) in the same 

unreinforced soil because the reinforcement-soil-interface friction limits soil movement so 

producing larger values of soil confining stress, and therefore producing a greater CIS than 

unreinforced soil [3].Increasing the lateral pressure due to compaction on GRS walls will 

increase the resistance of the reinforced soil as a result of increased friction between the 

soil and the elements of reinforcement. However, the only drawback, in this case, is that 

the residual lateral pressure resulting from the compaction is difficult to be predicted 

during the design stage because the compaction-induced stress depends on the 

characteristics of compaction equipment. So, it's very important to study the effect of the 

types of compaction equipment on CIS. Estimated the compaction-induced stresses in GRS 

wall are considered an important issue in the study of the stability of GRS wall. 

The objectives of the research are: 

1- Studying the effect of compact the backfill of GRS wall by vibratory plates on the 

internal stability, the external stability, and the foundation soil for GRS wall. 

2- Evaluating the performance of the various types of vibratory plates which used to 

compact the backfill for GRS wall. 

So, a finite element analysis was used to achieve these objectives. 

2. Estimate the compaction-induced stress 

Many researchers developed various methods to estimate the residual lateral earth 

pressure for unreinforced soil due to compaction [4-5-6-7-8-9].   

Duncan and Seed [10] developed charts to estimate the compaction-induced stress on a 

nonyielding wall by Rollers, Vibratory plates, and Rammers.  Figure (2) shows a chart for estimate 

the compaction -induced stress due to vibratory plate compactors according to Duncan and Seed. 
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Fig. 2. Compaction-induced stress due to compaction by vibratory plates (after Duncan and Seed,1992)  

The compaction -induced stress also can be calculated by the theory of elasticity, where 

compaction equipment can be represented as a line load (P) [4, 11]. 

The total plate load (P) can be calculated as the following: 

P=(Ps+Pc)/L                                                                                                                     (1) 

Where: 

P= Line load kN/m 

Ps= Static own weight of the compaction equipment 

Pc= Dynamic force resulting from the centrifugal force 

L=Width of the vibratory roller or plate. 

The behavior and the compaction-induced stress for GRS were studied by many 

researchers like [3, 12, 13, 14, 15, 16, 17, 18, and 19]. 

3. Compaction equipment 

 Later there are several types of compaction equipment. The vibratory compactors are 

the most popular compaction equipment; it can be classified into two classes; rollers and 

plates. Plates usually used to compact the GRS walls backfill whether the backfill is sand 

or gravel. The vibratory plates are working by fuel resulting in movement one or two 

eccentric weights at a high speed to develop compaction force. Plate’s compactor can be 

classified into two classes; Single Direction and Reversible plates. The reversible vibratory 

plates permit to directional changes at constant speed. 

A survey was done to the most common vibratory plates in Egypt and most parts of the 

world. The result was as follow: Bomag, NTC, Dynapac, and Masalta are the most 

common vibratory plates in Egypt and most parts of the world. So, the latest models of 

these products were studied [20-21-22-23]. Figure (3) shows some types for this 
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equipment. Data about vibratory plates were collected which include: 

1) The model. 

2)  The static weight (Ps). 

3) Centrifugal force (Pc) (the dynamic force)  

4) The plate width (L): the dimension of the area of the plate compactor which touches 

the soil. The data of vibratory plates were collected and tabulated in table (1) 

 

 

 

 

 

Fig. from (3) The most common vibratory plates 

Table 1.  

Data of the vibratory plates 

No. Manufacturer Model Static weight 

(Ps)kN 

Centrifugal 

force 

(Pc) kN 

Plate 

width   

(L)mm 

1 Dynapac DFP12D 1.23 25 500 

2 Dynapac DRP15X 1.4 25 500 

3 Dynapac DFP11 1.08 25 500 

4 Dynapac DRP25D 2.6 40 600 

5 Dynapac DRP70D 7.05 100 500 

6 NTC VD 15 E 0.75 15 400 

7 NTC VD 350/16 1.05 16 350 

8 NTC VD 24 1.15 24 500 

9 NTC VDR 22 1.2 22 400 

10 NTC VDR 63 H 4.4 63 700 

11 Bomag BP 20/50 0.95 20 500 

12 Bomag BVP 18/45 0.9 18 360 

13 Bomag BPR 35/60 D 2.22 36 600 

14 Bomag BPR 35/42 D 2.07 35 420 

15 Bomag BPR 50/55 D 3.95 50 550 

16 Bomag BPR 70/70 D 5.7 70 700 

17 Bomag BPR 100/80 D 7.05 100 800 

18 Masalta MS50-2 0.54 8.2 430 

19 Masalta MS60-2 0.62 10.5 500 

20 Masalta MS90-2 0.83 13 530 

21 Masalta MS100-2 0.93 19.8 460 

4. Numerical modeling  

The finite element program Geo5-2018 was used in this research to estimate the 

compaction-induced stress in GRS walls. A GEO5 program is a group of software, 

providing a solution for the majority of geotechnical problems. The stresses which include: 

the stress on foundation soil and tensile force in geo-reinforcement are measured by the 
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finite element program (Geo5-2018) for GRS wall without the effect of the compaction, 

then the stress on foundation soil and tensile force in geo-reinforcement are measured to 

the same GRS wall with the effect of the compaction by the vibratory plates. Therefore, 

any difference in stress on foundation soil or tensile force in geo-reinforcement between 

the two cases is a result of the effect of the compaction by the vibratory plates. 

4.1. Finite element model data 

The internal stability, external stability, and stress on foundation soil for GRS wall with 

modular block facing connected to geogrids were studied by finite element program. 

The characteristics of the GRS wall in this analysis were as follows: 

 Geogrid: The reinforcement type is Tensar160RE, and the vertical spacing (Sv ) = 0.25m . 

Backfill: sand, the coefficient of direct slip along reinforcement =0.85, and the 

coefficient of the interaction of soil and geo-reinforcement =0.85. 

Original soil: sand with a unit weight = 19 kN/m
3
, cohesion (c) = 0, and friction angle 

(ϕ) = 30 degree. 

Facing units: Modular blocks facing with a unit weight = 23 kN/m
3
, width (b) = (0.5 

m), and height=0.25 m. as shown in figure (4). 

 

 

 

 

 

 

 

Fig. 4. The finite element model 

Where: a=The distance between the plate compactor and the wall facing 

5. Results of finite element analysis 

The results of Geo5 program was as follow: 

5.1. Stresses on foundation soil  

1- When the plate compactor work directly fronts to the wall facing (a= 0) the distribution 

of stress on foundation soil take trapezoidal shape, the maximum stress at the front of 

the GRS wall (next to the facing units) and the minimum stress at the backward of the 

reinforced soil mass. The compaction by plate compactor increases the stress on the 

foundation soil at the front of the GRS wall. This increase ranges from 11% to 113% 

according to the type of plate compactor as shown in figure (5). The compaction by 

plate compactor also decreases the stress on foundation soil at the backward of the 

GRS wall. This decrease ranges from 4% to 47% according to the type of plate 

compactor as shown in figure (6). 
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2- As the plate compactor moves away from the facing units (after the failure zone), the 

distribution of the stress on the foundation soil be more uniform. Figure (7) show the 

CIS distribution on foundation soil. 

 

 

 

 

 

 

 

Fig. 5. The relation between the type of vibratory plates and the increase of stress on foundation 

soil due to compaction at the front of the GRS wall 

 

 

 

 

 

 
 

Fig. 6. The relation between the type of plate compactor and the decrease in the stress on the 

foundation soil due to compaction at the backward of the GRS wall 

 

 

 

 

 

 

 

Fig. 7. CIS distribution on foundation soil 

5.2. Effect of CIS on internal stability for GRS wall (forces in geo-reinforcements) 

a- When a=0, the tensile force in the geogrid layer increases without the rest of the 

layers below it as shown in figure (8). At this case the compaction – induced stress 

transmits to the geogrid layer just below them without the rest of the layers and the 

total stress may reach to limit that may be unsafe for this geogrid layer. 

That means when a=0 every layer work independently from the layer which above and 

below it, according to that the residual lateral earth pressure distribution due to compaction 

can be expressed as shown in figure (9). 
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Fig. 8. The tensile force in geo-reinforcement when a=0m 

 

 

 

 

 

 

 
Fig. 9. The stress distribution in geo-reinforcement When a=0 

b-As the plate compactor moves away from the facing units, the CIS is distributed on 

the rest geogrid layers below as shown in figure (10). The effect of the CIS reaches 

nearly to a depth corresponding to half the distance between the plate compactor and 

the face of the wall (a/2). 

c-The increase in tensile force in geo-reinforcement due to compaction may be reduced 

when the next layer is placed and compacted. When backfilling is finish, the 

compaction-induced stress acts only on the upper geogrid layers. 

 

 

 

 

 

 
 

 

Fig. 10. The tensile force in geo-reinforcement When a=4m 

5.3. Effect of CIS on external stability for GRS wall 

a- The compaction-induced stress results in an increase the external stability for the 

GRS wall which includes stability against overturning and stability against sliding as 

shown in figures (11, 12).                                                                                                 
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Fig. 11. The relation between the factor of safety against overturning and the type of plate compactor 

 

 

 

 

 

 

 

Fig. 12. The relation between the factor of safety against sliding and the type of plate compactor 

6. Optimization and value engineering 

The compaction of backfill for GRS walls increases the resistance of the reinforced soil 

as a result of increased friction between the soil and the elements of reinforcement (the 

coefficient of the interaction of soil and geo-reinforcement). Where compaction-induced 

stress is unknown during the design stage because it depends on the characteristics of 

compaction equipment. So, the designer can give a recommendation for the type of 

equipment that must be used in the compaction process, so that the compaction increases 

the friction between the backfill and the geo-reinforcement and at the same time does not 

cause a significant increase in lateral earth pressure. This can be achieved by using the 

plate compactor which has a low centrifugal force (not exceed than 3 kN) and low static 

weight (not exceed than 50 kN). This will also reduce the total cost of compaction. 

 7. Conclusions and recommendations 

To avoid excessive additional lateral earth pressures due to compaction, which may 

cause unacceptable movements to the GRS wall, the engineers should take these 

precautions into consideration. 

1- The critical zone to the effect of the residual earth pressure due to compaction on 

both internal stability and stress on foundation soil for GRS wall is the area next to 

the facing units.so it's recommended to avoid using a heavy plate compactor to 

compact this area. a heavy plate compactor can be used after the failure zone. 

2-The factors of safety of tensile strength for geogrid must include a factor of safety to 

resist the increase of stress due to compaction. 

3- It is not advisable to use a plate’s compactor with a small width (less than 420 mm). 
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4-The designer must be taking the effect of the increase of the resistance of the 

reinforced soil as a result of increased friction between the backfill and the geo-

reinforcement due to compaction into consideration, but in this case, the designer 

must give recommendations about the type and characteristics of equipment that 

must be used in the compaction process. 
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 بالمصنعات الجيوتقنية الضغط الناتج عن الدمك فى حوائط التربة المسلحة

 الملخص العربى

ػْذ اىقياً بأػَاه اىزدً خيف اىحائط اىساّذ فإُ اىذٍل أثْاء اىزدً  يْخج ػْٔ ضغط  جاّبٚ إضافٚ  ٕٗذا 

ػْذ حصَيٌ اىحائط . ٗفٚ حاىت اسخخذاً اىذٍل الإخشاسٙ يضاف ضغط ديْاٍينٚ  اىضغط يخٌ إَاىٔ غاىباَ 

ّاحج ػِ ق٘ٙ اىطزد اىَزمشٙ بالإضافت إىٚ اىحَو الاسخاحينٚ اىْاحج ػِ ٗسُ اىَؼذة. ٗ فٚ الآّٗت الأخيزة 

اىخزبت  ماّج ْٕاك سيذة ٍطزدة فٚ اسخخذاً ح٘ائط اىخزبت اىَسيحت باىَصْؼاث اىجي٘حقْيت ىيخزبت )ح٘ائط

اىَسيحت بشبناث ٍِ اىجي٘جزيذ( فٚ أػَاه سْذ اىخزبت حيث يخٌ دٍل اىزدً فيٖا باسخخذاً ٍؼذاث دٍل صغيزة 

اىحجٌ )دماماث( . ٗقذ حشَو ػَييت اىذٍل فٚ ٕذٓ اىحاىت ػيٚ جاّب إيجابٚ يخَثو فٚ سيادة الاحخناك بيِ 

ىيحائط  ٍَٗا يَْغ الاسخفادة بٖذٓ اىَيشة ٕ٘  حزبت اىزدً ٗشبنت اىجي٘جزيذ ٍَا يشيذ ٍِ الاحشاُ اىذاخيٚ 

صؼ٘بت اىخْب٘أ بقيَت الاجٖاد الإضافٚ اىْاحج ػِ اىذٍل ّظزاَ ىؼذً اىَؼزفت بْ٘ع اىَؼذة اىَسخخذٍت فٚ اىذٍل 

أثْاء اىخْفيذ ىذىل ماُ اىغزض ٍِ ٕذا اىبحث ٕ٘ دراست حاثيز الاجٖاد اىْاحج ػِ اىذٍل ىح٘ائط اىخزبت اىَسيحت 

زيذ ػيٚ الاحشاُ اىذاخيٚ ٗ اىخارجٚ ىيحائط ٗ حزبت اىخأسيس. بالإضافت إىٚ حقييٌ أداء الأّ٘اع باىجي٘ج

اىَخخيفت ٍِ ٍؼذاث اىذٍل اىَسخخذٍت فٚ أػَاه دٍل اىزدً ىٖذٓ اىْ٘ػيت ٍِ اىح٘ائط . ٗحَج اىذراست 

حييو اىْخائج اىَسخخزجت باسخخذاً بزّاٍج ٍخخصص فٚ حَثيو ٗحو اىَشامو اىجي٘حقْيت .ٗفٚ ّٖايت اىبحث حٌ ح

ٍِ اىبزّاٍج مَا حٌ اػطاء ح٘صياث باىخط٘اث اى٘اجب احباػٖا ػْذ حصَيٌ ٗحْفيذ ح٘ائط اىخزبت اىَسيحت 

 بشبناث ٍِ ىجي٘جزيذ .

   

 

 


