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Performance of a geogrid-reinforced railway embankment on piles

Comportement d’un remblai arme par geogrille, pos6 sur pieux, supportant une voie de chemin de fer

H. Brandi -  Technical U nive rsity o f Vienna, Austria

E.Gartung & J.Verspohl -  LG  A G eote chnica l Institute, N urnberg, G e rm any 

D.Alexiew -  H ueske r Synthetic, Gescher, G ermany

ABSTRACT: In an area o f  soft ground surrounding glacial lakes near Berlin, a double track  trunk railway line had to  be 

constructed and improved to cope with the increasing traffic demand. Instead o f  the conventional design o f  a deep replacem ent 

of the soft peaty soils with sands, a piled embankment, reinforced by high tenacity polyester geogrids was constructed. The 

embankment is founded on driven piles and concrete pile caps. It has a height o f  2 to 3 m and is reinforced by three layers of 

polyester geogrids. The performance o f  the reinforcem ent and o f  the piles is monitored by strain gauges, rod extensom eters, 

acceleration transducers and conventional surveying. The structural system, construction experience, monitoring program and 

results o f m easurem ents o f  two completely instrum ented sections after three years under traffic are presented in this paper. The 

measurements reveal the anticipated deform ations and a satisfactory perform ance o f the novel structure.

1 INTRODUCTION

After the reunification o f  Eastern- and W estern Germany in

1990 the increased traffic demand required an essential 

improvement o f  the road- and railroad network. In the 

course o f  these activities, the 100 years old double track 

railway from M agdeburg to Berlin had to be partially 

reconstructed for train velocities o f 160 to  200 km/h. W est 

of Berlin, the main railway line crosses deep deposits o f peat 

and soft organic soils. Here, the old railway tracks had 

suffered considerable settlem ents in the past, thus requiring 

a complete renovation o f  the structure. Instead o f the 

originally designed deep replacement o f the soft peat with 

proper soil m aterial, the Railway Planning and Construction 

Company, PBDE (Planungsges. Bahnbau Deutsche Einheit), 

accepted a geogrid-reinforced embankment supported by 

piles. The advantages o f this new concept are:

• Savings o f  construction time and costs.

• Convenient, alternating construction o f one half o f 

the embankment.

• M inim ization o f  disturbance to the sensitive 

ecological environment by using relatively light 

equipm ent for pile driving and for the installation o f 

the geogrids instead o f heavy trucking which would 

be unavoidable for the conventional replacement o f 

large am ounts o f  soft soil.

• Savings o f  natural resources (gravel, sand).
• Reuse o f  a high proportion o f  the fill material o f  the 

old embankment and track bedding course.

• Small (differential) settlem ents and only short time 

required for consolidation.

Over a total length o f  2100 meters, the geogrid reinforced 

structure was erected in 1994 to  1995. Trains have been 

passing over the first section o f  the new structure since May 

1995. The construction was completed in December 1995. 

The performance o f  the structure has been monitored by two 

extensively instrum ented sections and in addition by 

conventional surveying.

2 SOIL PROPERTIES

The ground consists predominantly o f peat and soft, organic silt 

above medium dense sand which is encountered at varying depths 

between 5 and 30 meters. The natural water content o f the peat 

varies between wn = 300 to 850 % adjacent to the railway 

embankment. However, below the old embankment base it is only

about wn = 100 to 350 %, because the ground has experienced a 

consolidation for about 100 years. A similar phenomenon could be 

observed regarding the moduli, which scatter from Es = 0.2 to 0.8 

MN/m2 outside the embankment toe and from Es = 2 to 6 MN/m2 

beneath the embankment.

The undrained shear strength of the soft strata is as low as Cu =

6 to 8 kN/m2 in the area adjacent to the railway embankment. 

However, below the embankment, the soil has achieved generally 

at least Cu =15 kN/m2. This was the specified minimum value 

required for the installation of the small diameter driven piles. For 

the long-term behaviour an internal friction of calcp' = 20° could be 

assumed in the topmost (= pre-consolidated) layers and calcp1 = 

15° below 2 m beneath original ground level. The corresponding 

cohesion decreases from cal c' = 10 to 8 kN/m2. The densitiy is 

about caly = 1 1 - 1 2  kN/m3.

The organic soils consists predominantly o f sandy to clayey silt 

with a natural water content o f roughly wn = 40 to 300 %, thus 

exhibiting mainly a liquid consistency. Beneath the embankment 

pre-consolidation led to wp < wn < w l , with wn < 200 %. The 

moduli o f Es = 0.5 to 2 MN/m2 adjacent to the embankment and 

Es = 2 to 8 MN/m2 below its base demonstrate the great local 

scatter o f the soil properties. Accordingly, the shear parameters 

vary also within a wide range. For the calculation the following 

mean values were assumed (beneath the embankment): calcp' = 

15°, cal c' = 10 to 15 kN/m2; cal Cu = 20 to 25 kN/m2, and caly' =

2 to 4 kN/m3. For the unconsolidated, undrained state (outside the 

embankment toe) the shear parameters decreased to <pu = 0° and 

Cu = 10 to 35 kN/m2.

The soil characteristics are getting worse with increasing 

distance from the embankment toe. This had to be taken into 

consideration when assessing the safety factor against ground 

failure, shearing off and buckling of the small diameter driven 

piles. Due to the wide scatter o f the soft soil parameters, the 

design calculations were not only based on statistical mean values 

but also on boundary values by performing parametric studies.

The deep-seated bearing strata consist o f silty to gravelly 

sands, frequently poorly graded. Their plasticity index is less than 

Ip = 5 %, and the angle o f internal friction varies between <p' = 29° 

to 35°. The density increases with depth from medium dense 

(locally also low densities on top of the layer) to dense.

The groundwater level commonly varies between 1 to 3 m 

below original ground surface. But temporarily it may rise to the 

surface or even flood the site locally.
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Fig. 1. Cross section o f half the geotextile-reinforced embank

ment on driven piles. Required degree o f compaction, Dpr, o f the 

particular soil layers.

3 STRUCTURAL SYSTEM

The structural system is shown in Fig. 1. It consists o f  the 

geogrid-reinforced embankment, the precast concrete pile 

caps, the piles, the soft soil that prevents buckling o f  the 

piles, and finally, the sand layer at depth w ith sufficient 

bearing capacity to  carry the total load. The section in Fig. 1 

contains a sheet pile wall at the center line o f the embank

ment. This structural element served the purpose o f securing 

half the embankm ent for railway traffic, while the other half 

was being reconstructed. A 90 km/h train velocity had to  be 

maintained on one track during the entire construction 

period. A fter com pletion o f  the new embankment the sheet 

pile wall was withdrawn.

The construction phase was preceded by detailed ground 

exploration and laboratory testing for determining the stress- 

strain behaviour o f  the subsoil and assessing the locally 

required pile length. Additionally, a site specific pile driving 

criterion was established on the basis o f several pile loading 

tests. The installation o f  the piles was carried out w ithout 

any difficulties.

The driven piles have a diameter o f d = 118 mm and consist of 

ductile cast iron. This material incorporates spherical graphite and 

therefore differs widely from conventional, rigid cast iron with 

lamellar graphite. The ductile piles were grouted inside and 

outside the cast iron pipe, thus providing a significant increase of 

bearing capacity. Cement grouting was performed immediately 

during pile driving. The design pile load was calcQ < 550 kN, 

including a dynamic coefficient and safety factor o f F = 2.0. This 

required a limit load of minQ > 1000 kN from the driving criteria. 

The length o f the piles was adapted to the local soil properties, 

thus varying between 1 = 10 to 25 m. From in-situ load tests a 

settlement o f about s = 10 to 20 mm was measured at a statical 

load o f Q = 1000 kN.

For the cushion-like geogrid-soil composite body above the 

pile caps a well-graded gravelly sand with a uniformity degree of 

U = d^o/dio S 5 was chosen.

The embankment was filled in layers o f medium to coarse sand, 

compacted to 97 % o f Standard Proctor density at which the 

angle o f internal friction was about 35°. For the top layers o f the 

embankment a higher compaction degree (Dpr ^ 100 % of Standard 

Proctor density) was required. Details are given in Fig. 1.

The arching effect within the piled embankment and the load 

distribution on the pile caps were evaluated after several theories. 

The idealizations varied between membrane theory and slab 

theory, thus providing boundary results for risk assessment and

design. Fig. 2 shows a scheme which was derived from 

Scandinavian experience (Jaaskeainen, Rathmayer 1975, and 

Rathmayer 1975). 70 % o f the vertical dead and live load were 

assigned to arching, the remainder has to be carried by the 

geogrids in contact with the soil between pile caps. The stress 

distribution on the pile caps was assumed according to a modified 

theory of rigid foundations on the elastic-isotropic half space, 

using results from previous in-situ measurements. The edges of 

the reinforced concrete pile caps were rounded to avoid local 

stress concentration (e.g. Fig. 1).

For the design of the three geogrid layers, British Standard BS 

8006 and publications by Hewlett et al. (1988) and by Jones et al 

(1990) were taken into consideration. The forces in the geogrid 

reinforcement were analyzed with a simplified tension membrane 

model and alternatively with a flexural raft model (piled mat 

foundation as statically indeterminate structure).

Partial factors o f safety were employed for the evaluation of 

the limit state with respect to structural failure. The parametric 

studies revealed a required long-term tensile strength (per geogrid 

layer and direction) o f 30 kN/m. With regard to the limit state of 

usability, the maximum allowable long-term total strain of the 

geogrids was specified at 3 %. Unknown dynamic effects due to 

trains passing were taken into account by a dynamic load factor.

Referring to geogrid creep , negligible differential settlements 

between the tracks had to be warranted for a service life o f at least 

120 years. For short-term loading, the tensile forces mobilised at a 

particular strain e can be taken from the product-specific force- 

deformation curves. In the case of long-term loads, the 

isochronous creep curves o f the product are relevant. They show 

the correlation between long-term elongation, time and tensile

p i l e  c a p s

Fig. 2. Theoretical base pressure below the geogrid - soil 

composite body, schematical. Stress concentration along the 

edges o f the pile caps.
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Fig. 3. Isochronous creep curves for the applied geogrids from 

high-tenacity polyester

load of the reinforcement (e.g. Fig. 3). The analysis for Limit 

State 2 (according to Eurocode 7 and DIN 1054) for a long-term 

elongation o f 3 %, using the isochronous creep curves for the 

product in Fig. 3, provided an allowable stress ratio o f 

approximately 22 %. This value yielded the necessary nominal 

short-term strength of 30/0.22 = 136 kN/m in both directions o f 

the geogrids.

Based on the structural analyses, three layers o f woven 

polyester geogrids (FortracR 150/150 - 30) with defined short

term and long-term stress-strain behaviour were selected. The 

geogrids consist o f high-strength, high-modular, low-creep 

polyester o f high durability with a protective coating against 

installation damage. Their short term strength in warp and weft is 

150 kN/m each. Under design load, the geogrids experience not 

more than 20 % o f their short term tensile strength, safety factors 

being taken on the conservative side. The reinforcing geogrids 

were folded back at the sides, thus forming a cushion. Since the

tension "membrane" is continuous in the directions parallel and 

perpendicular to the railway embankment, special attention had to 

be paid to seams and overlaps. Particular tests were carried out at 

the Geosynthetics Laboratory o f LGA for this purpose. The 

laboratory also supervised the quality o f the manufactured 

geogrids.

The selected, three-layer reinforcing system is not only able to 

work in accordance with the membrane theory by bridging the 

gaps between the pile caps with spreading forces at the edge of 

the embankment. In accordance with the raft model it can also 

cover negative bending moments above the pile tops.

4 M O NITO RING  PROGRAM

Since there had been little or almost no experience with the 

described geotechnical structure, and since the interaction of 

the different com ponents o f  such a structure is rather 

complex, it w ould have been insufficient to  assess the 

structural safety and the serviceability on the basis o f 

calculations only. In this case, it is mandatory, to carry out 

extensive m easurem ents, in order to facilitate the 

com parison o f  predicted and observed performance and to 

evaluate the actual structural safety and serviceability o f  the 

system on the basis o f  observations (e.g. according to  DIN 

1054 and Eurocode 7).

4.1 P aram eters to be m easured

The perform ance o f  the geogrid-reinforced earth embank

ment on piles can be assessed with a sufficient degree o f 

accuracy, when the displacem ents and the deformations o f 

the embankm ent as well as o f  the piles are known. Since it is 

only possible to perform measurements at a few characte

ristic points, it is necessary to  select the most significant 

param eters for the monitoring program, taking into account 

the practical lim itations o f  measurement techniques. Under 

these aspects, it was decided to  m onitor the following 

param eters:

• Settlem ents and horizontal displacements o f  the 

geogrid-reinforced embankment.

• Strain o f  the geogrid layers between the piles and 

above the piles.

• D isplacem ents and tilting o f  the pile caps.

• Strains o f  the piles near their tops.

p i le  c a p p i le

Fig. 4. Instrumentation of 

the first monitoring section; 

ground plan
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Fig. 5. Arrangement o f strain gauges on geogrids above and 

between the pile caps

Fig. 6. Situation o f vertical rod extensometers and strain gauges 

at the piles

It is o f  particular interest to distinguish between the 

response o f  the structural com ponents to dead load caused 

by the w eight o f  the embankment and to  the dynamic live 

load when trains are passing. Therefore, the measurement 

facilities w ere selected such, that dynamic readings could be 

taken w ith a sufficient resolution to determine the 

perform ance o f  the structure under cyclic loading, and to 

recognize the influence o f  the train velocity. Furtherm ore, it 

has been required that the monitoring system should work 

reliably over a longer period o f  time, because the anticipated 

accum ulation effects o f  creep and o f  repeated loading should 

be m onitored as well.

4.2 Instrum entation

In order to  gain quantitative information about the perfor

mance o f  the geogrid-reinforced embankment as soon as 

possible, the first monitoring section was installed at the 

very start o f  construction. The instrum ented section was 

located above a soil profile with soft strata to about 20 m 

depth, representative o f  a major portion o f the reinforced 

embankment. At a later time, another section was instru

mented in the same way. There, the ground was extremely 

soft with soils o f  low bearing capacity to a depth o f  about 

30 m. The second com plete monitoring section is represen

tative o f  the smaller portion o f  the reinforced embankment 

area above very soft ground. Fig. 4 shows the first moni

toring section in plan view. The total length o f  the 

instrum ented section, needed to  place all measuring devices 

and controls in such a way that the instrum ents do not 

disturb each other, amounts to about 15 m. The construction 

work was carried out for one track, while the railway traffic 

ran on the o ther track. So the monitoring section covers 

only the cross section o f  half the embankment. The 

following transducers w ere installed:

• Electrical resistance strain gauges attached to  the geo

grids betw een the piles and above the piles.

• E lectrical resistance strain gauges attached to  the sur

face o f  the piles at a short distance below the pile 

caps.

• Vertical rod extensom eters to  monitor the settlements 

and the tilt o f  the pile caps and to measure the vertical 

displacem ents o f  the geogrid reinforcem ent layers 

betw een the pile caps.

• H orizontal rod extensom eters to detect any spreading 

o f  the embankment.

• A ccelerom eters for the measurement o f  the vibrations 

below trains passing.

The geogrids are supposed to act like tension membranes. 

Maximum tensile forces are expected in the lowest geogrid 

layer betw een the pile caps, and in the upperm ost layer 

above the pile caps. The strain gauges were placed accor

dingly, as can be seen on Fig. 5. Strains are measured in 

directions parallel and perpendicular to the railway tracks.

The settlem ents o f  the reinforced soil cushion are 

m easured by rod extensom eters. Fig. 6 indicates that most of 

the extensom eters m onitor the vertical displacement o f the 

low er geogrid layer. Some o f  them record the settlement of 

the upper layer as well, so the compaction o f  the reinforced 

soil cushion under traffic load can be determined. At two 

locations the settlem ent o f  the ground 0,5 m below the rein

forced section, is recorded.

Applying the known stress-strain behaviour o f  the geo

grids, forces acting in the reinforcem ent can be deduced 

directly from the strain gauge readings. On the other hand, 

the m easurem ents o f  the rod extensom eters provide integral 

values for the vertical displacements o f  the soil layer, that 

can be used to  derive deformations, which have to 

correspond in m agnitude to the local strain measurements 

So, the results o f  these two independent measuring 

techniques can be used for cross checking.

The pile caps are acting as footings for the soil arches 

that develop in the embankment above the gaps between the 

caps, and in addition, they have to  carry the forces o f the 

geogrid membranes. So the pile caps are crucial elements of 

the structural system. To determine the settlements and the 

tilts o f  the pile caps, the end points o f  extensom eters were 

attached to  the pile caps directly as shown in Fig. 6.

Four piles w ere selected for the determination o f  pile 

forces by means o f  surface strain measurements. At a 

distance o f  0.35 m below the upper ends o f the piles, where 

stress perturbations due to  local irregularities o f the contacts 

betw een pile ends and pile caps should have ceased, 

electrical resistance strain-gauges were attached to the piles 

(e.g. Fig 6). Two piles were equipped with 4 strain-gauges 

each, in order to measure any bending moments in two 

directions. Two piles w ere instrum ented with only two strain 

gauges, here bending is detected in the direction perpen

dicular to the railway tracks only.

4.3 Insta lla tion  o f  the m onitoring devices

The first m onitoring section was installed in May 1994, the 

second one in April 1995. The field work o f  the technical 

specialists had to  be executed under extreme time pressure, 

because no delay in construction production was permitted 

So, the field w ork had to  be planned in great detail, and all 

measuring instrum ents had to be prepared in advance as far 

as possible. Fine instrum ents are sensitive to  bad weather 

conditions, so precautions had to be taken in this regard. 

Tents w ere provided to  facilitate the implementation o f the 

transducers under shelter, if needed. The local conditions 

w ere som etimes quite difficult. For example, the ground 

w ater table, which was close to the ground surface, had to 

be low ered locally, to  facilitate the instrumenting o f the 

strain gauges at the piles in the dry.

G reat care was taken, to avoid any mistakes which could 

not have been corrected any more after the completion of
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construction. The placement o f  transmission cables leading 

from the strain gauges to the recording unit required 

particular attention. M echanical damage during instrum en

tation and subsequent construction w ork had to  be avoided. 

The cables had to be long enough and arranged in such a 

way, to allow for ground deformations at the base o f  the 

railway embankm ent w ithout being cut off. All cables were 

collected in a shaft structure at the toe o f  the embankment, 

from where, protected  by a plastic pipe, they were led to the 

nearby m onitoring container located at the other side o f  an 

access road For this purpose, protecting plastic pipes were 

employed. All readings are taken electrically and recorded 

by computer to  be stored on magnetic tape.

4.4 Execution o f  the m easurem ents

Since  com pletion o f  the embankment, readings o f  all the 

ins tr ume n ts  w ere taken 12 times at monitoring section 1, 

and 10 times at section 2. The time interval between the first 

and the second reading was two weeks. Subsequently, the 

intervals w ere doubled in accordance with the levelling off 

of t ime  dependent response. The displacements picked up by 

the rod extensom eters can only be evaluated under static 

conditions by levelling when no trains are passing the 

monitoring section. The strain gauges are read at a rate o f 

41.5/s per channel. This rate permits the recording o f 

ind iv id ua l bogies passing. The facilities for strain m easure

ments under dynamic conditions can also be used to  measure 

the strains under static conditions, when no trains are 

pas s ing.

5 MEASUREMENT RESULTS

In monitoring section 1, measurements have been taken 

since May 1994. Subsequently, some results o f monitoring 

section 1 are presented and discussed briefly. The develop

ment o f the measurem ent results o f monitoring section 2 is 

very similar, but due to the construction sequence there, the 

time of observation is shorter.

5. 1 Settlem ents

The rod extensom eters illustrated in Fig. 6 permit the 

measurement o f  vertical displacements at certain points 

under static conditions. P lotted to a distorted scale, Fig. 7 

indicates the tilt o f  the pile caps and the catenary shape o f 

the deformed geogrid. The only measured points o f  these 

curves are the maximum settlem ents at the midpoints 

between the pile caps and the edges o f the pile caps; the 

curves as such are estim ated. It is evident, that the geogrid 

is exposed to  the maximum loading below the railway tracks 

and accordingly, the maximum sag o f the reinforcing 

membrane occurs betw een the pile caps immediately below 

the tracks, reaching an order o f  40 mm. Since the cap o f  the 

middle row o f  piles is equipped with one extensom eter only, 

it is not known w hether this cap is tilting like the other two. 

The direction and magnitude o f rotation o f  the pile caps may 

depend upon the forces applied by geogrids, but due to  the 

limited number o f  instrum ental locations, there is no

199 4  1 9 9 5  1996

Fig. 8. Settlements versus time. Measuring points V I. 1 and 

V2.1 are located between pile caps (see Figs. 5, 6), measuring 

points V7, V15 and V16 on pile caps

1 9 9 4  1 9 9 5  1 9 9 6

Fig. 9. Static geogrid strains versus time. Location o f measuring 

points 0 to 8 see Fig 5
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Fig. 10. Dynamic geogrid strains perpendicular to the embank

ment axis caused by a passing train

sufficient evidence to  prove this assumption. It is also 

possible that the deviation from the horizontal direction is 

caused by im perfect placement during construction.

The settlem ents o f  the pile caps are on the order o f  10 

mm. A com parison o f  the settlem ents o f the upper and the 

low er geogrid layer reveals a difference o f about 25 mm. 

This means, that the reinforced soil cushion which had a 

thickness o f  0.45 m at the end o f  construction, experienced a 

considerable com paction under the dynamic impact o f 
passing trains.

The vertical displacem ents plotted in Fig. 7 refer to  the 

measurem ents taken in April 1995. The developm ent o f  the 

settlem ents with time is shown on Fig. 8 . Curves V2.1 and

V l . l  correspond to  measurement points between the pile 

caps as indicated in Figs. 6 and 7, the upper two lines show 

the settlem ents o f  the pile caps. Evidently, the vertical 

displacem ents are increasing with time, that means with the 

number o f  trains passing the monitoring section. Because 

trains w ere running at reduced speed during the construction 

period, detailed quantitative long-term predictions cannot 

yet be made on the basis o f the presented curves. Since 
Decem ber 1995, trains have been running at full speed, so 

after a few more readings, it should be possible to assess the 

long term perform ance. M ost recent measurements indicate, 

that the rate o f  vertical displacements is becoming very 

small.

5.2 G eogrid  strain m easurem ents

The m easured strains under static conditions are on the 

order o f  0.3 to  1.0 %, the larger values being observed at 

the low er geogrid layer in the center between four pile caps. 

These values coincide well with the deformations deduced 

from extensom eter recordings. Like the settlements, the 

measured strains are increasing with time, that means with 

the number o f  train passes. But as can be seen in Fig. 9, the 

time dependent increase o f  strains is smaller than the time 

dependent increase o f total vertical displacements.

From these measurem ent results it can be deduced, that 

the internal com posite structure formed by the soil and the 

geogrid reinforcem ent obviously has reached a stable condi

tion, while the interaction o f  the entire structure with the 

ground is still in a transient state. This impression is suppor

ted by the pile strain measurements as well, which are not 

presented in this paper. Based on the observations, it seems 

justified to  predict that in the long term, the strains o f  the 

geogrid reinforcem ent will not reach the limit value o f  3 % 

specified for the design with respect to the usability o f  the 

reinforced embankment.

A part from the described static conditions, strains are 

also m easured, when trains are passing the monitoring 

section. Fig. 10 represents a typical recording o f geogrid 

strains perpendicular to  the axis o f the railway embankment, 

and Fig. 11 parallel to the embankment when a train is pas

sing w ith 160 km/h. The strain difference between the static 

state o f  the geogrid under dead load and the geogrid under 

static plus dynamic traffic loading amounts to 180 |im/m

0,01

0

■0,01

Fig. 11. Dynamic geogrid strains parallel to the embankment axis 

caused by a passing train

(approxim ately 0.18 %>) only. This clearly indicates that the 

reinforced embankment acts as a composite structure which 

is in a kind o f  prestressed condition. Even for higher 

velocities o f  trains no increase o f  the dynamic load could be 

m easured. Accordingly, the piles (and pile caps) beneath 

such com posite cushions can be designed by assuming lower 

dynamic factors than hitherto taken into account.

The dynamic strain m easurem ents depict each part of a 

train and each axis o f  a wagon. It is even possible to  identify 

heavier or lighter wagons, such as the dining car in the 

middle o f  the Intercity Express. The strain measurements are 

so sensitive that a slight decrease o f  tensile strain in 

longitudinal direction o f  the geogrid is noticed when the 

train approaches the monitoring section.

6 CONCLUSIONS

For a geogrid-reinforced railway embankment founded on 

driven piles, a monitoring program was developed and 

implemented. Since three years, the instrum entation has 

perform ed very well and yielded reliable data for the 

evaluation o f  the short and long-term  behaviour o f  the 

geogrid-reinforced structure. The measurements indicate 

that the structure responds to  the dead and live loads in a 

satisfactory manner, and that a sufficient margin o f  safety 

with respect to  stability as well as adequate servicebility can 

be assigned to  the embankment.
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