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Development of ground reinforcing type foundation 

Le développement d’un type de fondation pour l’amélioration des sols

M.MATSUO, Professor of Geotechnical Engineering, Nagoya University, Nagoya, Japan 

M.UENO, Manager, Research and Development Center, Dai Nippon Construction, Tokyo, Japan

SYNOPSIS The authors proposed a caisson type pile, a foundation for transmission towers
equipped with ground reinforcing bars. Various experiments with small indoor and middle-scale 
outdoor models show the bearing capacity of this foundation increases greatly, and therefore the 
efficiency of this foundation is clearly shown. The reinforcing effect consists of two elements. 
One is the structural effect of bars themselves, and the other is the effect of soil reinforcement 
with bars. Middle-scale experiment results of the reinforcing effect are shown through the sum 
of these two elements and the proposed evaluation method is appropriately demonstrated.

INTRODUCTION

Presently in Japan, construction of the Ultra 
High Voltage (UHV) transmission line that 
comes up to the 200 km extension will be comple
ted in the near future. The tower is an average 
of 110 m high. Therefore, most of the foun
dations must be large and deep, (diameter 
: 3.0 “v. 4.5 m, depth : 10 i 20 m), making 
construction costs for the foundation very 
expensive. As a consequence, the authors' 
aim is to lower the cost of the foundation 
and to plan a new foundation beginning with 
the development phase - the caission type 
pile equipped with the ground reinforcing 
bar (rock bolt, etc.).
In the new foundation, the reinforcing material 
is driven into the ground as shown in Fig.
1. This makes the ground and the foundation 
one, improving the bearing capacity. In the 
mountain area, the construction materials 
are usually carried in by helicopter, accounting 
for the high cost of transportation. Under 
these conditions, cutting down the foundation's 
dimension is directly related to cutting down 
foundation work costs.

The foundation must be stable against normal 
compression, uplift and horizontal load, but 
the dimensions are mostly decided by the uplift 
resistance. In this paper, indoor small model 
and outdoor middle-scale model tests are carried 
out to learn the uplift resistance of the 
new foundations. Along with confirming the 
effects of an applied foundation, the mechanism 
of the reinforcing effect and the estimation 
method are explained. The mechanism of uplift 
resistance in the independent footing has 
already been made clear by Matsuo (1967) and 
others.

INDOOR SMALL MODEL TEST

The indoor small model tests are demonstrated 
to show the mechanical effect of the reinfor- 
cing-type foundation (Matsuo et al 1987) .

The dimension of model foundation is approxi
mately 1/40 scale and 'shown in Fig. 1. Experi
ments of 2 units, 6 models, are performed 
under the conditions described in Table-I. 
Three model foundations, 1 unit, are buried 
in sand and loaded in turn, under the same 
ground conditions.

Table I Test Case

Unit Case
Yield load 

CkN)

Ultimate load 

(kN)

Yield load 

ratio

Ultimate load 

ratio

VI 0.35 0.65 1.00 1.00
1 V2 0.71 1.09 2.02 1.68

V3 1.02 1.28 2.91 1.97

V4 0.96 1.16 1.00 1.00
2 V5 1.27 1.47 1.32 1.27

V6 1.10 1.25 1.15 1.08

Unit,Case
Reinforcing bar

Diameter (mm) Material Number

VI 0

1 V2 ♦6 vinyl 6

V3 ♦ 6 vinyl 12

V4 06 vinyl 12

2 V5 □ 3 acryl 12

V6 2 acryl 12

Displacement of Foundation(mm) 

Fig.  2 Load- Displacemen Re la t io n s h ip  

Table  I I  Yie ld and Ult ima te  Load

Reinforcing bar

unit: mm

Fig.  1 Model Foundation
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In Units 1 and 2, the load and displacement 
relationship of the foundations are indicated 
in Fig. 2. Table II represents the yield 
and ultimate load ratio of each case to sample 
cases (Case VI, for Unit 1, Case V4 for Unit 
2). From the small displacement, compared 
with the non-reinforcement (Case VI) and in 
reinforcing Cases V2 and V3, the effects found 
are remarkable. If the reinforcing material 
is the same, the reinforcing effect is increased 
as the number of reinforcing bars are increased. 
The relationship between reinforcing materials 
and the reinforcing effect is indicated in 
Unit 2. The reinforcing effect was best with 
a 3 mm acrylic bar. From this result, the 
reinforcing effect seems to be best when the 
rigidity of the reinforcing material is sui
table.

MIDDLE-SCALE MODEL TEST

Outline of test

By understanding the quantitive effect of 
ground reinforcing-type foundation of the 
indoor small model experiment, the middle-scale 
foundations, which are approximately 1/8 scale, 
are prepared outdoors, and the loading tests 
are performed. The dimensions of the foundation 
model are shown in Fig. 3. Four cases with 
the combination of the experiment conditions 
are indicated in Table III. The foundation 
models are' completed as follows:
First, the uniform artificial ground is prepared 
with the sandy soil mixture. The soil para
meters are indicated in Table IV. Next, the 
excavation of foundation model parts are per
formed and the reinforcing material is driven 
in. Finally, the loading rod is placed and 
the concrete is poured, completing the foun
dation models.

Table IV Soil Parameters Table V Measuring Items

Table III Test Case

Case

Reinforcing bar

Number Direction

1 0

2 12 horizontal

3 24 horizontal

4 24 diagnal(20°)

Reinforcing material consists of an aluminum 
bar (<H0 mm, yield strength = 196 MPa, E = 
6.96 x 101* MPa) as a core material, surrounded 
by a mortar grout structure (020 mm, compressive 
strength = 19.6 MPa, tensile strength = 1.96 
MPa) . The loading jack sets on the reaction 
frame stand, and it has the structure to pull 
up the foundation model. The experiment is 
carried out by the step loading method. Measur
ing items are quoted as indicated in Table 
V.

Load - displacement relationship

The measured uplift load of the foundation 
and displacement relationship are shown in 
Fig. 4. In the same displacement, the load

Unit weight 
Yt(kN/m*)

17.5

Cohesion 
c (kPa)

8.33

Angle of shearing 
resistance 0(°)

32.2

Modulus of 
Deformation 
Eo (kPa)

2090

1) Uplift load

2) Displacement
a) foundation (vertical, horizontal)
b) ground surface (vertical)
c) underground (vertical)

3) Stain of reinforcing bar

4) Crack (surface and underground)

ratio of the reinforced foundation (Case 2 
■'-4) to a non-reinforced one (Case 1) are 
all indicated in Fig. 5 and Table VI. From 
these data, the following matters concerning 
the effect of the reinforcement become clear. 
The effect of the reinforcement occurred in 
all processes from the beginning of the loading 
to the final condition. The load ratio in 
the same displacement is remarkable at the 
level where the displacement is low. Comparing 
Case 2 and 3, the reinforcing effect is greater 
as the reinforcing material numbers are increa
sed, but the reinforcing effect is not always 
in direct proportion to its numbers. Concerning 
the installation direction of reinforcing 
material, there is no obvious difference between 
a horizontal (Case 3) and a diagonal (Case 
4) .

Mechanical behavior of ground

The measurement of vertical displacements 
on the ground surface and underground and 
the observation of cracks on the ground surface 
are performed to understand the mechanical 
behavior of the foundation. Each measurement 
results in Case 1 and Case 3 as the examples 
are shown in Fig. 6.

Fig-

DisDlacement of Foundation (mm)

4 Load and Displacement Re la t io n s h ip

Table  VI Yie ld  and Ult ima te  Load

Case
Y i e l d
l o a d

(kN)

U l t i m a t e
l o a d

(kN)

Y i e l d
l o a d
r a t i o

U l t i m at e
l o a d
r a t i o

1 28 4 1 . 0 1 . 0 0 1 . 0 0

2 40 5 7 . 5 1 . 4 3 1 . 4 0

3 49 6 5 . 0 1 . 7 5 1 . 5 9

4 45 6 1 . 8 1 . 6 1 1 . 5 1

Fig.  5 Load Ra t io  and
Displacement Re la t io n s h ip
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Compared with this, in a reinforcing bar (Case
4) which is installed diagonally, the bending 
moment is lower and the structural conduct 
is considrably different. The axial tensile 
force occurred in any reinforcing bars. It 
is important to note that the considerable 
tensile force occurred in a reinforcing bar 
located further away from the foundation body.

ANALYSIS OF THE REINFORCING EFFECT

[ _

Fig. 6 Displacement of Ground Surface and Underground

The following matters are made clear from 
these results.
In the non-reinforcing foundation, an irregular 
difference is found at the outside of a foun
dation body, and the displacement distribution 
of the foundation goes through as indicated. 
In the reinforcing foundation, the difference 
of displacements between the foundation and 
the ground surface was small and the transfor
mation reached in a continuous wide scope. 
The ground surface crack occurs widely in 
the reinforcing foundation. It is found that 
installing the reinforcing bars is very effec
tive for the expansion of the transformation 
range.

Conduct of reinforcing bars

In the reinforced foundation, an example of 
the distribution of the reinforcing bar's 
axial force and bending moment in Cases 3 
and 4 are shown in Fig. 7. These results 
are obtained based on the strain data and 
the partial yielding conditions at a composit 
section of an aluminum bar and grout. A bending 
moment is defined as plus when tensile stress 
occurs in the upper side.

The big bending moment occurred at the joint 
part of a foundation body in a reinforcing 
bar which is driven in horizontally. It is 
close to the distribution of a bending moment 
of head fixed pile receiving horizontal load.

Modeling of reinforcing

From an analysis of the middle-scale experiment 
results, the following items can be considered 
as a reinforcing effect of ground reinforcing 
type foundations.
(1) Structural resistance of reinforcing bars 

(called structural effect).
(2) Soil reinforcing effects by restraining 

the shear deformation or the volume change 
of the ground (called soil reinforcing 
effect).

Item (1) is a bending resistance which can 
be found in Cases 2 and 3 typically, and item
(2) is a result of the ground deformation 
control which can be conjectured from the 
axial force of bar in each case. Now, the 
loading difference ap between the reinforced 
foundation and the non-reinforced foundation 
at the same displacement is defined as total 
reinforcing effects. Since the above items 
(1) and (2) can be considered composing factors 
of AP, each APs and Apr are displayed and 
it is assumed that AP is the sum of APs and 
APr.

AP = APs + APr (1 I

Evaluation method of structural effects

The model of the reinforcing bar as an elastic- 
plastic beam in Fig. 8, is formulated in the 
following equation (2).

E I 0  = -k D y <2,

where, El denotes the bending rigidity of 
the reinforcing bar, k the coefficient of 
the subgrade reaction and D the diameter of 
the reinforcing bar.
In Case 4, a vertical component of axial force 
Ti and shear force S will be the structual 
effect APs since the reinforing bar is driven 
in diagonally as shown in Fig. 9. The boundary 
conditions are given by measured bending moments 
in order to estimate the shear force APr at 
a joint part of the foundation body. For 
a section of the reinforcing bar, the aluminium 
and the grout are considered as the effective 
section, and the rigidity El is evaluated 
under conditions of yield of materials and 
lost sections.

Evaluation method of soil reinforcing effects

The axial force occurs according to reinforcing 
bars restraining the deformation of the ground 
when soil is sheared in range of a reinforcing 
bar. It becomes the greatest force of restric
tion of the foundation movement. There, the 
plane where the greatest axial force appears 
is assumed as the section a-a in Fig. 10.

Case 3

Load (kN) 

10 
20 
30 
40
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Fig.  9 Mode ling o f Re info r c ing  Fig.  
Bar  in Case 4

10 Mode ling o f S o il 
Re in fo r c ing  Effe c t

The increased restraint stress Ao of the ground 
at that face is calculated from the axial 
force T ( = E T i ) and the area A of the section 
a-a. The calculating model is shown in Fig. 
10.

APr = Aûotan# » A(T/A)tan$ (3)

In Case 4, the increase of the restraining 
force is calculated by dividing the horizontal 
component (Ttcos20°) of the reinforcing bar's 
axial force with a calculating area.

Analysis of reinforcing effect

Comparison of the measured and the calculated 
values of the reinforcing effect in Eq. (1) 
is shown in Fig. 11. The calculated structural 
effect (APs) by the above method is also given. 
The difference between the calculated value 
of reinforcing effects and that of structural 
effects will indicate the soil reinforcing 
effect. In Cases 3 and 4, measured and calcu
lated value indicate good aqreement from a 
small level of the basic displacement through 
surrendering to the final condition. In Case 
2, the calculated value is rather low, but 
the process of the reinforcing effect is similar 
to those of Cases 3 and 4.

CONCLUSION

Displacement (mm)

Displacement (nun)

Displacement (mm)

Fig.  11 Comparison o f Measured and
Ca lc u la te d  Re info r c ing  Effe c t

The major results from this research are summa
rized and indicated as follows:

(1) The various experiments show that the 
bearing capacity of foundation increased greatly 
and the displacement decreased remarkably 
by ground reinforcement. From these results, 
dimensions of foundation body can be decreased, 
the cost cut, and the efficiency of this foun
dation have been made clear.

is given.

Presently, Japanese major electric companies 
have been planning to experiment with a proto
type ground reinforcing foundation work method 
and there is the high possibility of employing 
this method for the real tower foundation.

(2) Two elements can be considered as the 
effects of reinforcing bars. One is the struc
tural effect according to the reinforcing 
bars resistant to the uplift load. The other, 
the effect of reinforced ground (soil reinfor
cing effect) by the reinforcing bar's restrai
ning the shear deformation or volume change 
of the ground. According to the analysis 
of middle-scaled experiment results, the rein
forcing effect is shown through the sum of 
these two elements. Its evaluation method
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