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ABSTRACT: Since the invention of Terre Armee Method by Mr. Henri Vidal i n  1963 and i ts 
subsequent development for use i n  civi l engineering applications , including road, highway 
and rai lway constructions, for more than 4 , 000 wal l s  or 1 , 300, 000m' i n  wal l  area, have 
been constructed in  Japan. Recently thi s Terre Armee Method has been used i n  the various 
kinds of projects i n  addi tion to those al ready populari zed. We show some of them for 
your interest .  "TA" w i l l  be col lectively used here to cover a l l  constructive structures 
employed Terre Armee Method. :  1 .  Tiered TA, 2. In waterside, and 3. Abutment by TA. 

1 EXAMPLE OF TIERED TA 

1 . 1  Preface 

Based on numerous experiences i n  designing 
of TA , we attempted on new appl ication 
so called Tiered TA, wi thout having 
speci fic knowledge of i t ,  and were 
successful . We released a paper concerning 
design method of the Tiered TA and 
introduced this  project. 

1 . 2  The Design Method of the Tiered TA 

The impotant points in  the design method 
of the Tiered TA are studies on the external 
and internal stabi l i t ies .  
( I )  Study on the External Stabi l i  ty  of 

Tiered TA 
As the Tiered TA i s  often employed i n  
big construction works, we should check 
Circular s l ip of the total banking and each 
TA as shown i n  Fig. I .  I f  the base ground i s  
pOor, we should check the displacement in  
addi tion to the circular s l ip .  

I f  the stabi l i ty of  the circular s l i p  i s  
not enough, i t  i s  preferred to  lay longer 
strips or modi fy the banking materia ls .  
. In particular, i t  i s  very effective for 
Improving stabi l i ty of the circular s l ip  to 
Use longer strips in  the lower strata. In 
addition, improvement of the base ground i s  
e
(
ffective to prevent from d isplacement. 2 )  Study on the Internal Stabi l i ty of 

Tiered TA 
I n the study on the internal stabi l i ty 
°
3
f Tiered TA, we must consider the fol lowing 
cases .  
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Fig. l . l  Study on the External Stabi l i ty 

i ) Referring to Fig. 2 (a ) , upper TA 
resides very close to lower TA, wi thin 
the active state area of lower TA. In 
this case, i t  is assumed that upper TA 
greatly affects lower TA. ii )  In Fig. 2 (b) , upper TA i s  located 
beind the active state area of lower TA 
but within the distance of summation of 
the instal lation height di fference between 
upper TA and lower TA and i s  as large as 
virtual wal l  height of lower TA by an 
amount equal to 0 . 4  times of i t .  In thi s  
case, i t  i s  assumed that upper TA affects 
lower TA. 
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Fig. l . 2  Pos i tional Relatioship of Tiered 
TA and Minimum Length of Strips 

ill ) Upper TA i s  considerably apart from 
lower TA as shown i n  Fig. 2 (c )  (where upper 
TA and lower TA are farther than distance of ii ) .  At that t ime, i t  i s  assumed that upper 
TA wi l l  not affect lower TA by no means. 

We should study the i nternal stabi l i ty 
of these 3 cases with the fol lowing 
assumptions . 

In case of i ) ,  the upper and lower TA 
shal l  be regarded as one single TA. In other 
words , i t  i s  assumed that the wal l  surface 
of upper TA i s  located at the same pos it ion 
as the wal l  surface of lower TA. Therefore, 
the l ayout of strips and the length of them 
are determined as one s ingle TA and then 
only the pos i tion of the wal l  surface of 
upper TA i s  set back to the posit ion planned 
Consequently, the length of strips in  upper 
TA becomes smal ler by amount of set-back of 
upper TA from one s i ngle TA (see Fig. 2 (a » . 

In the case of i i ) ,  each of upper and 
lower TA i s  regarded as an independent one. 

However, lower TA i s  assumed TA wi th a 
vi rtual s lope of having banking volume equal 
to that of the total banking including upper 
TA In addi tion, upper TA too has to be 
studied as an i ndependent TA, as i f  TA i s  
s i tuated on ordinary banking. 

As a result  of the study descri bed above 
when the strips of lower TA are short and 

upper TA i s  not loaded on the s trips of 
lower TA, the sl iding of lower TA i s  
induced by the load of upper TA. Therefore 
the length of strips in  the upper strata 
of lower TA (more speci fical ly, as many 
layers as 1/3 of the wal l  height from -the 
top of lower TA) sha l l  be made longer than 
the length reaching the center point of 

' 

of the strip length in  the lower part of 
upper TA ( see Fig. 2 (b » . 

In the case of iii ) ,  i t  i s  expected 
that upper TA w i l l  not affect lower TA 
so the stabi l i ty i s  studied assuming tha t 
each TA i s  independent ( see Fig. 2(c) ) .  

1 . 3  The Construction of Tiered TA-
A Tiered TA was constructed as a 

banking of a golf driving range. lIeight 
of each TA i s  15.0m ( lower TA ) and 
10 . 5m(middle and upper TA ) respectively 
as shown in Fig.3 .  This project was the 
the larges t scale construction in .Japan 
as far as wal l  height i s  concerned _ The 
banking materials were sands and crushed 
stones, both were taken at the job s i te. 
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Fig. 1 .  3 The Cross Section of This Project 

This project was studied in  accordance 
with principles as described above. 

Basical ly, i t  was i ntended to uti l ize 
space effectively and as wide as pOSSib le 
whi le achieving the most economical cross 
section. For this  purpose, upper TA was 
not set on the active state area of 
lower TA. Usually,  the safety factor of 
the circular sl ip  is taken at  Fs=1 .25 
to study external stabi l i ty, however, 
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the safety factor for this project was taken 
at Fs=I . 5  considering the scale of the 
project , the largest ever . . .  

Resu l t ingly, the length of strIps I n  
lower and middle banks ' TA was made very 
long. 

1 . 4  The Construction Works 

The construction works requi red atmost 
care for absolute safety, since a high 
banking ever had been planned on a large
scale. And then the displacement of wal l  
surface and the s inking of TA were measured 
and compared with cal culated values. The 
result  was very good as expected. Whi le ,  
the displacement of  wal l  surface of lower TA 
was wi thin IOcm meeting with calculated 
values, after upper TA was constructed. 

2 CASE EXAMPLE OF DESIGN AND CONSTRUCTION 
FOR TA IN WATERSIDE 

2 . 1  Preface 

TA in waterside means a TA structure 
constructed direct ly  abutting on waterside 
of a river, a . lake, a pond. or seacoast .  

The case, as presented i n  thi s report, 
a TA was constructed in Hi roshima Pref. that 
marked a forerunner of waterside TA i n  Japan 

2 .2  Summary of Design 

Designing a TA in waterside poses a 
vital subject as to how to evaluate the 
coefficient of frict ion between the 
underwater backfi l l  materials and the 
strips, and the residual water level 
resul ted from a water level differential  
between front of the wal l  and the backfi l l .  

The focus pl aced on this subject has 
underlIned the method and rel evant 
considerations having been given for 
designing the said work. 
( I )  Coefficient of Frict ion and Residual 

Water Level 
We conducted a test on the backfi l l  as 
to i ts shearing force on both saturation and 
partia l  saturation condi t ions wi th the 
resul t as shown in Tab. 2 .  2 .

' . 

Next, we empl oyed a non-stationary calculation method on the bas is  of the FEM 
analYSis program f�r the two dimensional unsa}urated seepage flow, to find out a 
PossIble relationship between a water level at front of' the wal l  and the one ins i de the backfi l l ,  with resul t  shown in the Tab . 2 . 2 .  
d 

Tab .2 . 1 and 2 . 2  determi ned that the e . sIgn should use a crusher-run w i th a ��ntent of' fi nes less than 5% passing the 
um  and permiabi I i ty coeffi cient more 
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Tab. 2 . 1  Coefficient  of Friction & Angle 
of Internal Frict ion i n  lfnrlerwater 

Persentage 
of fi nes 

Coeff i c ient I n ternal 
of' f r i c t i on f r i c t i o n  angle 

Less them 15% 1 . 5  -- tan36° More than 3f)1I 
15 ........ 25% 1 . 5  x lan25/36 Mote than 350 

-.... 1'3n25° 

Tab . 2 . 2  Residual Water Level 

Permiabi I j ty co- Gl'C1de of residual 
e f f i cient of backfi l l  wat(�r level ( Ll h )  

k ;;'  I x I O " cm/s I n  case of 1 i ;> IOm 
v= lm/day, ilh=O 

10-' ;> k(lO-'cm/s ilh>O 
because of I I ,V 

1<> l O - t cm/s .6.h>O 1l. t  a l l  t i me 

note) I I ;  vol ume of drawdown a t  front of 
the waJ J (mJ  

v ;  speed of drawdown a t  front of 
the wal l  ( m/day) 

than 1 x lO-'cm/s . 
In  other words , our design was based 

on an underwater friction coefficient  
same as  the one i n  partial  saturation 
condit ion, and on a residual water level 
deemed anyway not taking place. 
( 2 )  Relevant Considerations 
In add i tion to the designing method 
used, as explained i n  the foregoing 
subparagraph ( 1 ) , the fol l owing points were 
taken into considerat i on in  the course of 
designing the work . 
eD Facing Material  
Concrete skins are d irect ly  exposed to 
force from the outside. Dri fting 
materials could h i t  the wal l .  Thus ,  more 
strengthened skins are requi red. As a 
countermeasure, we- made each skin thicker 
than usual , from 18cm to 22cm, and 
increased number of reinforcing bars 
inside skin by 2 . 8  times more than usually 
put in .  
® Strip 
We adopted Cm=2. 0mm, 1 . 0mm more than 
that of commonly adapted, for designing 
this  work, on the bas i s  of some data 
obtained from France, because strips 
underwater . can be deemed quick i n  
corrosion compared w i th those not 
underwa ter . 
� Prevent ion of Backf i l l  Erosion 
For preventing the backfi 1 1  from being 
caused to erode by drawdown at front of 
the wal l ,  we app l ied f i l ter materials  
(geotexti les ) to  the joints hori zontal ly ,  
in  addit ion to  normal fi l tering to  
vertical appl i cat ion ,  from backfi l l  s i de .  
GD Prevent ion of Scour 
Underwater TA should make i t  
fundamental design and construction basis  



to make the foundation deep enough not to be 
scoured. 

In thi s work, we made a subst i tutive 
concrete foundation (3 . 5m high) in  di rect 
contact wi th floor rocks under water before 
p lacing the bottom of TA structure and 
backfi l led by 4m in  depth to waterside as 
deemed effective in preventing scouring. 

The typical cross section made on the 
bases of subparagraph ( 1 )  and (2 )  above i s  
i ndic"ted i n  Fig. 2 . l  below. 

, , , , , , 

Fig. 2 . 1  Typical Cross Section 

2 . 3  Summary of Construction 

The construction method for TA in  
waterside can be divided into two, one i s  
for under water work and the other for dry 
work. We appl ied the latter by erect ing 
temporary s luice bank wal l  uti l i zing soi l 
excavated there. We employed a rat io  
a ratio i sotope measuring instrument during 
construction ·work to moni tor the degree of 
compaction and the water content at the same 
time, to put ·the backfi l l  compacttion under 
good control . 

Also we conducted a series of pul l-out 
tests and i n-situ permeabi l i ty test ,  in  
order to ascertain the coefficient of 
frict ion between the backfi l l  and the 
strips. The measures we thus took during 
the construction proved to be such as being 
summar ized below. 
( 1 )  Con tro l l  ing Compaction of Backfi I I  
TA makes i t  the basi s  to compact the 
backfi l l  more than 90% satisfying the 
maximum dry densi ty as stipulated by JIS 
A 1210 A and B Methods (2 . 5kgf rammer) .  

In  this work, we control led the 
compaction according to the s tandards as 
shown in Tab . 2 . 3 ,  based on the resu l t  of the 
precedent experimental banking of the 
backfi l l .  Also we moni tored and processed 
the data of what we obtained about the 
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degree of compact ion and the natural wat 
content ,  hoping that i t  wi l l  prove to be

er 

an instruction to a wide field of TA i n  
waterside. 

Fig. 2 . 2  and 2 . 3  show al l  the resul t We 
got in  thi s  way. 

Tab . 2 . 3  Standards for Control l ing 
Soi l  Compaction 

Stllndnrd l i f t 
th ickness 
Type or rol l ers 
Frequency of' rol l i ng 
Frequency of control 

SubJec ts to control 

Control method 

�5em 

V i b ra t i ng type lit r  
8 t i mes 

Mi n . 10 l ocati ons 
per each uni  l of 
rol l i ng 
Degree 0 f' compac
t i on & 
water content 
Rat i o  i sotope 
me..1su r i ng 

'30 

compaction grade 

Fig. 2 . 2  Distribution of Compaction Grade 
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water content (%) 

number of duta 430 
average value 9.00% 
standard deviation 1 .07% 

Fig. 2 . 3  Distribution of Water Content 

( 2 )  PUl l -out Test on Strips 
In thi s work, we started wi th 
ascertaining if  the design coefficient 
i s  actual ly real i zed on the spot. We 
pul led out wi th a jack the test strips 
which had been buried in readiness to 
estimate the friction coefficient on the 
maximum pul l-out force and to compare with 
the design value. 
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The attempt proved the actual 
coefficient far surpassing the one designed, 
as shown in  Tab. 2 . 4. 

Tab . 2 .4  Measurement Result of 
Coefficient  of Friction 

No. Values Des i gn Measuring 
measured value cond i t i on 

1 1 . 299 1 . 049 Le=5 .5m, h=3. 50m 
2 2. 020 1 . 146 4 . 5  2 . 75 

note) Le; length of a s t r i p  inside soi l  
h ; lhickness of soi l cover i ng 

a strip  

(3)  In-si tu Permeabi l i ty Test 
The residual water level inside the TA' 
backfi l l  block to be caused by drawdown at  
front of the wal l  may tend to become lower 
if permeabi l i ty coefficient of the backf i l l  
is larger . 

We based our design on the assumed 
coefficient k= I X lO-'cm/s , which was, 
however followed by in-si tu permeab i l i ty 
test to ascertain the actual figure. The 
tests proved the actual coefficient 
surpassing the design value, as shown in 
Tab. 2 . 5 .  

Tab . 2 . 5  Resul ts In-situ Constant Head 
Permeabi l i ty Test (cm/g) 

No. Val ues Average Design 
measured values values 

1 1 . 5 x lO-'  
2 1 . 8 x lO - '  2 . 6 x lO - '  m i n .  l x lO-2 
:1 4 . 5 x lO-' 

2.4 Conclusion 

It is noteworthly that various tests 
conducted on the spot seeking the 
distribution of the degree of compaction, 
the coefficient  of the friction and the 
local water permeabi l i ty coefficient on the 
crusher-run used in  this case l ike other 
cases of TA in watersides turned out the 
results far exceeding the original 
expectations. 

3 MEASUREMENT OF DYNAMIC LOAD ON TA ABUTMENT 

3. 1 Preface 

Mixed abutment wi th exterior support has �een constructed for the first t ime in  Japan I n  a form as shown in  F ig. 3 . I .  
Both bridge abutments are based on 

caisson foundation ( </> 2 .5  m) . 
. The wal l  surface of the TA bank was 
Isolated 30cm from the outer end of the 
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girder rack whi le connecting both members 
using approach cushion. The structure of 
the approach cushion is shown in Fig. 3 . 2 .  

Dynamic loading tests by driving a 
heavy vehicle on the bridge were carried 
out .  The test resul ts are mentioned 
herein. 

Bridge r length 25000--1 
" 

Deep piles 

¢2500X13000 

Reinforced 

Fig. 3 . 1  Standard Section 
of Shiomi Bridge 

�oo Wall surface Joint 
,) of reinforced ' material 

earth bank l-400-J 250 
100 

Fig. 3 . 2  Structure of Approach 
Cushion 

3 . 2  Dynamic  Loading Measurement 

Measurement i tems in  dynamic loading 
included the change of stress in the 
embeded in the bank, vibration 
acceleration and displacement on the wal l  
surface and the base of the abutments 
using accelerometers, when heavy vehicles 
ran. 
( 1 )  Case of the Experiment 
Al l experimental cases of the dynamic 
load measurement are shown in  Table. 3 . 1 .  
The experiment 'was performed i n  8 cases by 
varying the condi tions of running loads 
and the modes of the accelerometers .  
( 2 )  Running Load 
The 2 x lO-tf trucks shown in  Tab. 3 . 1  
were operated as running load. 
(3) Measurement Items and Locations 
Measurement locations measured by the 
accelerometers are shown in Fig. 3 . 3 .  

3 . 3  Measurement Resul ts 

( 1 )  Vibration Accelerations on the Wal l  
Surface Measured by the Accelerometers 

Accelerometers were mounted on 3 
locations, at  the upper part (Spot A ) ,  the 
lower part (Spot B)  on the wal l  surface 



and the center part on the bri dge surface 
of the abutment (Spot C) . 

The maximum values of the resu l t  
measured wi th the accelerometers i n  
dynamic loading are shown i n  the following. 

At each measurement spot ,  2-directional 
components in horizontal and vertical 
vi bration were measured along the bridge . 

Fig. 3 . 4  and 3 . 5  show their d i s tribution 
state. 

Tab. 3 . 1  List of Experimental Cases 

RUnning Accelero- RUnning RUnning 
Case load 20 meter speed time Remarks 

HIt-ruck measure - krn/h s/20 m 
ment mode 

1 - 1  A truck Accelera- 40 1 .  81 

lion 
1 -2 

" ., 4 2  1 . 7 1 

' - I  A truck D i spIaee- 40 1 .  79 

menl ,-, " " " 1 .  7 6  

3 Accelera- 19, 3 . 7 5  

lion 

• " D i splaee- Zl 3 . 45 

menl 

5 Accelera- 3B - Braking load 
lion 

6 " D l splace- 40 - Braking load 
menl 

H , trucks Accelera- ZO 3 . 57 Co-lravelllng 
lion load I n  about 

7-' " " 1 7  4 . 1 7 7 m d i stance 

8-1 , trucks Displaee- 19 3 . 8 1  Co-travelling 
menl load In about 

8-' " " 19 3 . 7 5  7 m d i s lance 

Tab . 3 . 2  Running Load 

Large truck 1 I Large truck , 
Vehicle .... e i g h l  1 0 . 4 6  t.f I 1 0 . 9 0  t f  

Loaded cargo PHC p:l.le - 600 mm x 9 . 0  m .. 3 pc, 

Loaded .... eight 1 0 . 1 1  t f  

Travell i n g  load 20 . 5 7  t f  I 2 1 .  0 1  t f  

Accelerometer 

-[lW I� , J 4 5 6 A-I 

! ; I 
I I , 
I 

\ 
8 

L , 

L 2 

, 4 5 6 8-1 

J C-I StrlP t� 
8500 

• Marks • show strip 

Fig . 3 . 3  Measurement 
Spots 
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"A, B, c : ' 
Accelerometers 

Distribution of Acceleration 

Fig. 3 . 4  Ver tica l  
Direction 

Fi g . 3 . 5  Bridge 
Longi tud i na l  
D i  recti on 

( 2 )  Displacements on the wal l  surface, 
measured by the accelerometers l i ke i n  the 
measurement of acceleration, 2-directi onal 
components i n  the bri dge longitudinal and 
vertical directions were measured. 

Their distri bu t i on state i s  shown in 
Fig . 3 . 6  and 3 . 7 .  

-C::;;;:::::::= (mml -,:;:::;:;;=:::= (mm) 
o 0.05 .0.10 0.15 o 0.05 0.10 0.15 

v..�" 
+ :CASE4 
x :CASE6 
o :CASEB-j 

A, B, C ;  "Accelerometers 

Distribution of Displacement 

Fig . 3 . 6  Vertical 
Direction 

3 . 4  Conclusion 

Fig . 3 . 7  Bridge 
Longi tud i na 
Di rection 

Displacements on the wal l surface, 
values measured by accelerometers, were so 
sma l l  as O . 172mm ( i n  the bridge
longitudinal d i rection) i n  the center 
part of the bri dge surface i n  the pier. 

We may design such TA abutment taking 
into consideration two times of 
theoretical d i spl acement value of the 
pier to be much safer i n  order to maintain 
the necessary clearance in case 
d i spl acement of pier and TA wal l  should 
occur to the oppos i te d i rection. 


