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I. INTRODUCTION 

The purpose of the tests, which 1dll be reported later, is to meas

ure ~ as precisely as possible the tangential stresses exerted on the 

periphery of a gallery cut in the Lorraine iron ore. 

The values of the tangential stresses along the periphery being 

kno'Wn, they will be compared with the values that would be .given by the 

computations based on various l;vpotheses, that of elasticity, perfect 

plasticity, masses ~th internal friction, irreversibility of stresses, 

stratified masses, etc. 

This will. make it possible afterwards to determine ld.th certainty 

lilhich h;ypothesis is to be used for each particular case. If the end •s 

tully attained, strictly speaking there wuld no longer be any hypotheses-

o~ certainties. 
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It would tJ'lerefore be possible to safely compute the forms .and di

mensions of all the underground excavation::; to 'be dug in a given material. 

Research to this effect was pursued on the loalls of the galleries and 

workings dug in the ore. 

The measurements of the tangential stresses around a gallery 'WBre made 

by means of the nat jack test, the principle of which is briefly summar

ized later. 

Let us take, for instance, a lBll of a gallery dug in an;y rock, and 

subject to compression. A horizontal cut is made. in this wall. This cut 

frees the rock below and over it from a part of the stresses which the rock 

'WaS subject to prior to the cutting. This freeing from stresses brings 

about defonnations of the rock which are measured by means of extensometers. 

These deformations are elongations. 

A flat jack, Freyssinet type, is iriserted in the cut. The pressure 

within the flat jack is raised until the deformations undergone by the 

rock owing to the pressure in:luced by the jack (defomations lihich are 

shrinkings) cancel the elongations caused by the cut. It is then as~umed 

that the pressure induced by the jack, and which brought about this cancel

lation, is that 'Which prevailed in the ground prior to the cut. 

This method of measuring was conceived jointly by the engineers of 

the Laboratoires du Batiment et des Travaux Publics and the author. Its 

improvement was carried out in the Iron Mines, and some modifications were 

made. In the interpretation of the results, help and valuable advice were 

given by the Laboratoires du Batiment et des Travaux Publics. 

Indeed, the tests did not give in the field all the results expected. 

The interpretation of divergences had to be made, and the method of r:ea~

Uri:Iig had to be modified and completed. 
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Reark -A description ot the flat jack, Freyssinet tJpe, is given 

in an appendix. 

~ 
n. GINIBAL CONDITIONS OF THI SITB 1ijmB THI TISTS tBR1 HAD& 

The strata vhere the measurements were made are at a depth ot approx-

i.Etely 200 m. 

They are a part of a ferruginous fol"JIIltion about 50 m thick where 

onl3 the 110st mineralifsed deposits an mined. Consequeut]¥ 1 there is no 

very clear separations between the layers and the wall-rock except in 

SOliS places. Thes.e l.qers have a very slight dip, 1° to 4°. 

This formation is of sedi•ntar,y origin and ot Aalenian age fJJwer 
LiassiiJ. It is overlain b7 about 40 m of micaceous arl1 alJ¥» ot 

Aalenian age. Over the marl, lll> m ot Upper Bajocian lillestone is -.or.e 

or less covered by UpPer Bajocian •rl ( Gravelotte arl). ~ on 

state of erosion, this marl is from 0 m to 40 m thick. 

These layers are mined b7 the classical ·method of 1'00118 and pillars, 

with subsequent pull-lng of the pillars &!'ld caving of the roof. 

The gray layer mere the measurements are made is about· 4. 50 m thick. 

It is a calcareous layer. A chemical analysis made near the site ot ••

surements has · given the following results: 

Fe 34.0% 14.93% 7.87% 

The ~o~ressi ve strength measured umer the press on cubes taken in 

that lqer varies from 486 to 740 kg/ cm2• The tensile strength varies 

from 36 to 51 kg/cm2• 

HMsurements of th~ modulus of elasticity gave: 

(1) By measuring the speed of sound on the ore in place: 207 1()()() 

to 440,000 kg/ ca2. 
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(2) With the jack test on the ore in place: 150,000 to 230,000 

kg/cm2• 

(3) By measuring the defornations undergone by a cube of ores 

170,000 to 200,000 kg/ cm2. 

(4) By measuring the .frequency of vibrations of the samples: 

335,000 -~o 495,000 kg/cm2• 

Poisson's ratio measurements-have given: 

(1) By measuring the speed of sound in the ore in places_ 0.34 to 

0.26. 

( 2) By measuring the deformation undergone by a cube of ore: o. 2. 

In addition, all these measurements have proved thats 

(1) The ore taken in that layer and in the section where the meae .. 

urements are made has an almost elastic behavior between 10 and 140 

kg/cm2 for pressures of small duration. 

'(2) The rock under consideration is somewhat het a1·o _; : ... :J , -~. · . •. 

anisotropic . 

(3) Consequentzy, a measurement of the tensions· of the wall of a 

' gallery, using coefficients of elasticity E ancl or will ilmnediate~ be 

subject to uncertainties which may be as much as 5o%. 

III. THE TESTS AND THEIR lmJULTS 

In the course of the first tests, we tried to measure the stresses 
. . 

' • t 

on the surface of a gallery wall 'by u~ing only one horizontal cut under 
. -. ~ •. t: ••"" 

which the deformations resulting from the releasing of the stresses by 

the cut were cancelled by the pressure of a flat jack inserted in the 

cut, according to the method conceived jointly by the Iaboratoires du 

Batiment et des Travaux Publics and -by the author• s organization. 
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The results obtained by means of one cut only wlll firs~ be described 

and discussed. A cut 75 em to 80 em wide, 4 em high and 75 em deep w1l1 

be considered A flat jack, Freyssinet type, 70 em X 70 em is inserted in 

this slot out horizontally in the vertical wall of the gallery. The jack 

is sealed with high-alwn:ina or quick-setting cement. The cuts are made by 

drilling holes side by side. This method is long and difficult, but QP to 

nvw nothing better has been found. Care must be taken not to disturb or 

break the rock to be tested. Augers were used .in preference to percussion 

drills because the vibrations of the latter frequently cause the disloca

tion of the rocks next to the cut. 

To make such a cut, and to seal the fla~ · jack, connect the pWJ;> 1 etc. 1 

2 men working 10 to 12 hours are required. The pressure cannot be applied 

to the nat jack until about 8 hours after the end of the sealing. In 

fact, the cement used for the sealing is very liquid, otherwise ·the inser

tion of the jack is ~ossible. The setting of the cement, or rather the 

absorption of the excess mixing w.ter requires a certain time. 

If the pressure is applied too soon, the jack deforms Wltil. all the 

mixing mter is expelled, resulting usually in bursting or deformation or 

the jack, which make its further use impossible. In this connection, it 

'Ki.ll be mentioned that the bursting or the jack is absolutely without dan

ger. However 1 care must be taken to expel the air from the jack and the 

pipes. This is done by bringing the jack under ' slight pressure without 

making the various fittings water-tight. Leakages are thus obtained ~ere 

E.ter and the air contained in the j:l ck and the pipes escape under pressure. 

~his operatio;l, lilich is made after the sealing of the jack, is arrested 

lihen the ldrl.stling due to escape of air stops. 
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With a new jack accurate~ sealed, the pressure can easily be raised 

up t o 200 kg/ cm2 
0 A jack may be used about ten times but 150 kg/ =2 can 

no longer be exceeded ~thout any risk of bursting. After being used 

three times the ·jack must be repaired after each test to restore the shape 

and strengthen the welds. 

The jacks are always recovered; this operation is difficult and re-

quires four t<Drking hours of a skilled an. 

A. Description of the test made with . 

o~ one horizontal cut 

The test as a whole requires the following operations& 

1) . S$1~ction of the site: 

Clean the wall by making it nearly even and smooth where the cut is 

to be made and the extensometers set. 

A very fissured zone should not be chosen, nor a place where the sec

tion of the gallery shows an anomaly or a discontinuity (bend, widening, 

vicinity of niche, of a shaft, etc.). 

The selected even face must be parallel to ·the axis of the g&l.ler;y 

(a cleavage plane should not be taken if it cuts the axis of the gallery). 

The test can be made in aey place of the section, even at the roof 
. 

or the wall of the gallery, provided that it is subject to compression 

and not to tensiono 

The direction of the deformations obtained after the cut is made 

gives information in that ·respect. !t_ W!l.! _!:!e _r!C!l!e~ ~h!t _ t,!!e _r_!s~~ 

~b?-!_n_!d _ c~n~e!ll.! ~h.! E_l~c! !h.!r.! !:h.!:! ~u_!: !9-.! ~~e _ a~d _ n£t _ t!!e .Y!a.£e _ 

where the extensometers are seto 
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2) Setting the extensomete:rs and reading: 

Seal the clamps if vibratory strings are used, or the plugs if' 

dilatometers are used, either abo~e or below the jack. It 1d.ll be con

sidered later where they should properly be seto 

Let the sealing cement set. With the high-alumina or quick-setting 

cement, the setting takes about eight days. .. 

A. first reading is made on all the extensometers. The reading gives 

the initial state. 

3) Cutting the slot and reading: 

Protect the extensometers by a casing against the risk of shocks 

resulting fro~ tne cutting of the slot and sealing of the jack. 

Cut the slot if possible w:L th augers rather than percussion drills. 

Make a second reading on the extensometers. This reading gives, by 

difference with the first reading, the defoi"ma:tions resulting from cutting 

the slot. 

Make sure that the nat jack can be inserted easily in the cut. 

4) Sealing of the flat jack: 

Rinse the cut. The high-pressure pump is used for that work. 

Fill in the cut with a very liquid cement, tamping it with a tamper. 

A mixture of 50 percent of cement and ~ percent of fine sand without; 

gravel is used • 

Push the flat jack into the cut. The surplus cement is expelled out 

of the cute 

Let the cement set for about ten hours. 

Unless cement-injection equipment is available, it is not .advisable 

to place the jack in the cut prior to the introduction of the cement. 

The latter method leads to the creation of very harmful voids around the 
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jack, Which contribute to bursting of the jack in the course of measure

ment -- this is irremediable. 

Connect the pump. 

5) Putting the jack under pressure: 

Raise the pressure by successive increases of 5 ks/cm2 or of 10 kg/ 

After each increase, make a reading on the extensometers. 

Exceed, if possible', by 20 to 30 kg/cm2, the pressure that cancels 

the deformations on the extensometer closest to the jack. As a rule, for 

the ore tested by the author, the pressure was al~s raised to 150 kg/,cm2• 

Retum to zero, again step by step, and start anew a second cycle. 

6) Recovery of the jack: 

Remove the extensometers. 

Cut a new slot parallel and as close as possible to the first one. 

This new slot is deeper and wider than the first one. :But it is DBde 

without care, that is, without being rigorously rectilinear, nor perfect~ 

continuous. It is cut below the jack. 

The pressure is slight~ raised in the jack., The purpose ot: this 

operation is to break the rock under the jack. 

Drill, 50 em below the jack, tw holes inclined on both sides of the 

vertical symmetry axis of the jack. These tw holes are about 1 m deep. 

Blast them with a minirnwn of explosives. Owing to the cut, the jack un

del--goes no damage. Get the jack out by means of gravers and pliers. 
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B. Results obtained 

1) Tests made with two extensometers located one under the other on the 

the vertical s~try axis of t l'e jack: 

Among numerous results, here are two quite significant tests made 

in rectangular galleries with rounded comers 5 m wide and 4 m high. 

,!ir.s.! ~e!t..:. -- Made under a jack 70 em wide 1 in~erted in a cut of prac-

tically the same width (fig. 3) • 

String 1, loCC~.ted vertically along the central axis of the jack be

tween two points sealed at elevations 21 and 41 em under the jack, has 

cancelled its de~ormation at a pressure in the jack of 78.5 kg/cm2 ~ P1• 

String 2, straight below string 1, but between t~ points sealed at 

elevations 45 and 65 em, has cancelled its deformation at 68 kg/cm2 • P2• 

~e~o~d-t!s!. -- Made in another place under the same jack; the strings 

are sealed at the same elevations as previously (fig. 4). 

String 1 has cancelled its deformation at a pressure in the jack of 

94.5 kg/cm2 : P1 • 

String 2 has cancelled its deformation at a pressure in the · jac~ of 

82.5 kg/cm2 • P2• 

Remark -- All the tests made with several strings located on the same 

vertical have given results comparable to those mentioned. It is thus 
:. 

found that, in each instance, the pressure which brings about the can

cellation of the deformatioris of the strings closest to the flat jack 

is stronger than that which cancels the deformations of the farthest 

. pl - p2 
string, and the ra tior:( ). 100 is close to 15 percent. 

p2 
L'!"ranslator' s note: The positions of P

1 
and P 

2 
in figures .3 and 4 should 

apparently be exchanged to agree w.i.th the textJ 

9 



2) Tests made with several extensometers sealed at the same elevations 

• -i~·.With regard to the ja·ck: 

A test made wi. th a flat jack 70 an wide 1 set horizontally, and under 

lbich four strings were each sealed between the elevations 20 and .34 em 

(fig. 5) gave the following results: · 

String i . bas cancelled its deformation at a pressure in the jack of' 

82.5 kg/cm2. 

String 2 has cancelled its deformation at a pressure in tlte jack of 

2 86.5 kg/em • 

String 3 has cancelled its defamation at a pressure in the jack of 

117 kg/cm2• 

String 4 has cancelled its defornation at a pressure in -the jack of 

175 kg/an2• 

The explanation of thl.s phenomenon will be given later. This phe-

nomenon corresponds to a stress field lbich does not have a vert;ical 

axis of symmetry. 

Remark -- On the other hand1 other tests ~de under the same conditions 

have given comparable results for strings sealed symmetricall¥ W:l. th re-

gard to the vertical axis of symmetry of the nat jack. In this instance, 

the earth pressure was vertical. 

3) Results obtained by vaeying the width of the cut, the width o£ the 

jack renBining con~tantz 

Let a jack, Freyssinet type, 70 em wide, be inserted in a horizontal 

cut of about the sa.DE width. • Under the cut1 two vibratory strings have 

been sealed, one under the other, on the vertical axis of symmetry of the 

jack, between points located at ele,~tions 21 and 41 em, and at elevations 

45 and 65 em. 
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By raising the pre~sure in the jack, string 1 has cancelled its 

deformation at a pressu.re in the jack of 94 kg/cm2, and string 2 at a. 

.pressure in the ja'ck of 8.3 kg/cm2. 

The rock was left at res.t for tw:> days, then the cut WlS widened 

by 1.5 em at both sides of the jack. The cut was consequently 1 m ld.de. 

The jack had not moved. The widened sections of' the cut remained empty 

(fig. 6). 

The deformations 0 - 1 and ·o - 2 correspond to the deformations 

resulting from the cutting of -the 70. em wide slot. 

The deformations 0 - 1 1 and 0 - 2'. correspond to the deformations 

resulting from the cutting of' the slot widened to 1 m. 

String 1 underwent an increase of deformation considerab}¥ less 

than that of string 2. 

By again raising the pressure in the jack, string 1 cancels its 

. defonnation at a pressure in the jack of 108 kgjcm2, and string 2 at a 

pressure of-102 kg/cm2• 

Remarks -- 1) Owing to the widening of the cut, the pressure of cancel

lation of the deformations gi. ven by string 1 has increased about 1.5 per

cent and for string 2 about 2.3 percent. 

2) Prior to the ' wide~~·· the ratio (plfi- P2 ) 100 _. 1.5 percent. 

pl - p2 2 
After the widening the ratio ( ) 100 ~ 6 percent. 

p2 

c. Phenomena related to the tests 

1) Repeated putting under pressures: cycles stress/strain. Creep. 

The method assumes the ·reversibility of' the stresses and deformations. 

It is assumed that the body behaves always in the same way between each 

stage of' pressures. This does not necessarily imply the eypothesis of 

elasticity, because the deformation may: very 'WBll not be linear. 
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Now, the tests show that the curves stresses/strains are different 

from one cycle to another and that the modulus of elasticity in compres-

sion increases with the number of cycles. Later it has been found that 

the modulus of elasticity in axpansion is allays greater than that ob-

tained by compression. In other words, displaced cycles are obtained, 

such as those shown in fig. 7. 

If it is· so, the second cycle, mich is made under the jack, must 

bring the cancellation of the deformation at a pressure lower tban that 

of the first cycle. 

Here are the results of the first tests: 

Pressure which 
cancelled the 
deformation 

l~t cycle 

kg/cm2 

87 
19 
82 
81 
J8 
35 
94 
82.5 

125 
15 

Pressure which 
cancelled the 
deformation 
. 2nd cycle 

kg/cm2 

80 
73 
80 
19· 
.35 
.35 
19 
78 

125 
61 

Percentage 
of 

difference 

% 
- 8 
- 8•9 
- 2.5 
- 9.2 
- 1.9 

0 
-16 
- 5.4 

0 . 
- 18.7 

~.; tests which gave percentages of difference of - 2.3 percent and - 41 

percent were discarded. The writer has good ground to believe tl'Bt these 

tests were aberrant, indeed for other reasons. 

The average per~"entage of difference is - 7.6 percent. 

These tests demonstrate that the irreversibility of stresses and 

strains exists almost always in the ore subjected to the test. 

One should not forget that the cycles so accomplished are obtamed 

by instaneous loadi~, not maintained in time. 
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A cycle such as OBA is then obtained. If a new cycle is started 

again inmediately AB' A 1 is obtained. 

But on the other hand, if two or three days elapse after the first 

o/cle is made, · it is frequently noted that point A has a ten.dency to JJB rge 

again into point 0. Consequently, creep of the rock is occurring .. 

By making a new cycle, it tends to mingle with cycle OBA. Likewise, 

by maintaining the stress giving point B, this point is displaceci with 

time on a parallel to the x axis passing through B. 

The straight OB becomes inclined and the modulus of deformation, or 

modulus of elasticity decreases; in other words, a measur•ent ude under 

a lasting pros.3Ure brings about a decrease of the cancellation presSure 

of the deformations obtained under an instantaneous pressure. 

In the calcareous and resistant rocks where the tests were made, it 

seems that the influence of creep may be disregarded, considering that 

the tests last approximately from· 16 to 24 hours, and that the def'ormi.-:

tions caused by the cut11l.ng of the slot itncrease· during that time from 

5 percent to 8 percent in relation to their initial value. 

Consequently, due to creep an error in excess: ·of the same order 

occurs. 

During this same lapse of time, the creep has also . intert~~d to 

reduce the phenomenon of stress irreversibility; in other vor~·~: iD this 

particular case and in calcareous Minerals, it se·ems . that by neglecting 

·the irreversibility · of stresses and strains, as well as the creep, · JJO 

error higher than ! £ percent is made. 

On the other hand, in some rocks, the precision ~ decrease con-

siderably. 
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2) Results obtained with double vibratory strings: 

At the start, all the tests were made by using vibratory strirlgs as 

extensometers. There were two vibratory strings stretched between each 

pair of sealing pins. 

· ltlben the slot was cut, the strings A and B underwent an elongation·. 

It tras always found, and this Without any exception, that string A under

went a larger elongation than string B (fig. 8). 

Thus, it seems that the area surrounding M is more acted upon than 

that direct~ at the surface, that is close to o. 

When the pressure rises in the jack, the elongation of the strings 

A and B is cancelled by a cert~ value of the pressure, But the increase 

of pressure never succeeds to equilibrate the deformations on the striugs 

A and B. The initial difference is always maintained quite rou~., and 

at times is even increased; the cancellation pressure of the elongations 

is consequently higher in M than at point 0. 

The folloldng table gives the results of the tests made with double 

vibratory strings. 

'Elongation Elongation ~~~)X 100 cancellation lcauc.U.tion· lr,.t'ar·.r ~) x 100 
of string of string AB pressure in pressure ·in '~ f' 0 

A B 0 M 

·~fm "/m % 
') 2 kg/cm2 % : )cg,iCII 

+ 500 + 402 24 82 121" 46 
+ 256 + 100 156 88 122 4S 
+ 330 + 80 310 80 110 37 
+ $28 + 492 7 95 141 48 
+ 312 + 163 91 79 117 48 
+ 6$4 + 504 30 69 lOS 38 

Three tests wer~ eliminated, whose results are obviously unreliable, but 

lilich1 however, give a~A>AB and PM.~p 
0 

On the average, a cancellation pressure near M is found 43.$ percent 

higher than at the surface, that is near b. 



It is rather puzzling to explain this pheno1nenon, which is not due to 

the bending of the sealing pins. 

These pins have a 400 ram2 (20 x 20) section. Moreover, as the pres

sure in the jack increases, if the pins bent, thi.b condition would little 

by little come to an end, ;md, at a given time the deformations on the two 

strings A and B would be equilibrated. Yet, it is never the case. 

One can also allege that the ore in the immediate vicinity of the 

~allery has lost its elasticity 1 either through plasticity 1 or.·· throUgh ) · . ,:1 

perturb&ti9ns ··resultihg ·J:ram·:blasting :at1 the 1time 1of ·the:.excavation or ! 

the gallery. · Ffrst vf all, .' prior to imaking a · t~st,· · the ., waJ.l, is stripptuJ 

as far as possible, either with the pick or the gad, or ld.th the pick

hammer, to a depth of 20 to ~ an. 

One should consequently assume that iu each tesif the ore has recup

erated its elastic· properties 15 em from the place where the stri})Aing was 

stopj>ed. The stripping is stopped not only when the solid is attained, 

but ldlen a vertical plane surface parallel to the axis of the galleey is 
I 

reached. These ~ondi tiona frequently make it necessary to strip or cut 

into the solid rock excessively. Yet the same variation of the deforua

tions and cancellation pressures is always found. Lastly 1 t _he stress/ 

strain curves taken at point 0 and point M show that the moduli of elasti-

city and of deformation are practically 8(tUiftl.ent. ·eonaequentl.;y, ·' it 
\ 

seems that this explanation is not valid. 

The following hypotheses can be made: 

(1) G~nting that the tested material, lhether P,scous or pulveru-
' 

le~ 1 possesses the characteristics of media ld. th internal friction, the 

law of variation of the vertical stress undergohe by the material is dif

ferent from that obtained for an elastic mterial (fig. 9). 



In an elastic medium t~e vertical stress is ma.ximwn at the edge of 

the gallery and then tends to decrease. 

In a non-elastic medium, the vertical stress tends to increase at 

first, goes to a maximum, then decreases. 

It can thus be assumed that the ore under consideration follows the 

rules of the non-elastic media. It is possible. 

But the 40 percent variation of the vertical stress within a 15 em 

depth allows one to assume that the maximum is al-ways near the wall of the. 

gallery (15 to .30 em). The disturbed and non-elastic zone is consequentq 

very thin. 

If this zone is removed, the elastic medium should be found. Yet, 

it is not the case. After removing 20 to 30 em of material, the same law 

of variation is found again, with about 40 percent increase of the verti-

cal stress at a depth of 15 em. Considering these results, this eypothesis 

was not retained, especially because the figures given by the tests at point · 

M considerably exceed the value of the tangential stress given at the sur-

face by the photoelastic tests. 

(2) It can also be assumed that the cut is not deep enough and that 
' 

the release of stresses does not develop as well in depth as at the surface. 
' 

But the release of stresses occurs more energetically in depth than at the 

surface, seeing that string A stretches out more than string B. Consequent~·., 

this phenomenon is not to be taken into consideration. 

(3) The rock near the gallery undergoes an increase of compression 

which brings about a flexion tending to bend strips of ore delimited by 

natural fractures (mine veins or cleavage plane), or produced by the stresses 

to ~ch the rock is subjected. These strips of ore line the vertic~l walls 

of the gallery, and eventually break loose when the pressure is sufficient 

(fig. "10). 
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It is believed tr~t this last hypothesis is the right one. Evidently, 

one cannot assert with certainty that this point of view is correct. Ho~ 

ever, it is based on other results which do not belong to the present study, 

and which confirm this hypothesis (mea;:;urement of the speed of SOWld propa

gation, complete cutting all along one section of the gallery, etc.). 

Each strip of ore behaves thus independently of the next one, but each 

one would be more compressed on the face to~rd the gallery. The variation 

law or graph -of the pressure would consequently have a "saw-tooth" behavior 

(fig. 11). 

Supplementary tests will be made to attempt to delineate, if possible, 

this met od of wrking by vertical ore slice. 

In an;y case, the measurement obtained at the surface is the one sought, 

but, knowing the value of this surface stress :~ one cannot get an immediate 

idea of the distribution of the stresses in depth. It seems at least to be 

rather aleatory in the present state of the tests. 

IV. INTmPRETATION OF RESULTS 

We will proceed in the attempt · to analyze the results of the tests 

described in the previous paragraphs, and to show how to modify the flat 

jack test in order to make a more precise and particularly a more complete 

measurement. 

In consequence of all the tests we have just described, we raised the 

following questions: 

(1 ) How far from the cut should the extensometers be sealed, the 

results being different according to this distance! 

(2) How to make the non-verticality of the principal stresses come 

into play? 
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(3) Should one use a big or a little jack? 

(4) Should the slot be of a dimension just sufficient to insert the 

jack or should it be larger? The results .vary, in fact, with the dimen

sion of the slot for a given jack. 

Neglecting or omitting -to take these four factors into consideration 

leads to errors. 

In addition, we know that w~ disregard creep and the irreversibility 

of stresses. In other words, from the start we acknowledge in our case 

an error of ! 7 percent to 8 percent. 

The question ~ich preoccupies us is the follo~ngz 

What is the precision of the measurement. using the flat jack sealed 

in only one horizontal cut? 

To answer this question, we have attempted to explain by calculation 

the phenomena which occur when the slot is cut and t.ilen the pressurtt is 

raised in the jack. 

We will start from two hypotheses: 

(a) We will grant that the ore behaves according to the laws of 

elasticity. 

(b) We will grant that the cut, having the shape of a very elongated 

slot, may be compared to an ellipse whose long axis equals the width, and 

small axis equals the height of the slOt. 

The computations will give us an approximate idea of the way the 

stresses and deformations react during the test. It is not a qu9stion of 

finding quantitative laws, but rather qualitative 'laws. It will be seen 

that the qualitative laws found by computation govern the flat jack t est 

perfectly. 
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The de!onnations can then be calculated starting from the tensions 

present in the mass prior to the opening or the elliptic cut. When a nat 

jack is introduced within the cut, the jack produces a uniform pressure on 

the lower and upper edges of the horizontal ellipse; but it cannot press on 

the vertical edges of the ellipse (fig. 12), that is in the directions of 

arrows A and B. 

We consequently have a uniform pressure only between points S and R, 

and a practically null pressure at points A and B. 

To calculate the stresses and deformations produced in the rock along 

the y axis, we can compare the system to a load evenly distributed over an 

intini te edge, the AB edge. This comparison is about right for the points 

on the y axis, but it cannot be used in calculating stresses near the points 

S and R. 

The development of the calculations corresponding to the chosen hypo

theses will be found ·in the appendix. 

These calculations give the stresses Nx &lid NY 111hich result !rom the 

cutting of the slot at points ~, b2, b3, b
0

, located on the 7 axis. 

The resulting difference of stress is .obtained ea~ily. In fact, prior 

to the cutting of the slot, the rock ms subjected to a compression P in a 

vertical direction, and to a compression KP in a horizontal direction. K 

is the coefficient of transmission of stresces: 

cr 
K·l-0"' 

~ is the . coefficient o£ Poisson of the tested material. 

The stress difference between this initial state which has just been 

defined and the state resul·~ing from the opening of the cut takes this 

initial state into account. 
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This diff~rence is 

A NY •- P ... Ny; 

A . Nx • - ~ .._ Nx· 

One then goes easily to the corresponding deformations 

ANy ~ANx p ey • _ - v _ • - (M ) 
E E E ·-n. 

E is the modulus of elasticity of the ore; 

I1n, an integral or fractional number given by the calculation for points 

b1, b2, b3, ••• bn. 

P, the initial vertical pressure which we try to measure. 

The calculation is also made of stresses N' and N' on the y axis at 
y X 

points bl' b2, b3 •••• bn' produced by the pressure provided by the flat 

jack; this pressure is taken as equal to P. 

The corresponding deformations are also obtained 

M.h being an integral or fractional number given by the calculation for 

points b1 , b2, b)' .... bn. 

The test consists in cancelling the deformations which result from 

the cutting of the slot by means of those obtained by raising the pressure 

in the jack. 

or 

or 

In other words, at each point b1, b2, b3 ••• bn' we make 

f1y .._ e.y • 0 

In absolute value, this gives 

.. .. :r 

p p 
i (~) •J (~) 

(Mn) = (M') 
n 20 



Now the calculation shows that (Mo) is almost al ways different from 

(M') when P in the ground is equal to P in the jack. n 

Consequently, if during the test the pressure is raised so as to ob-

tain the cancellation of the deformations, the cancellation pressure P1 

will be different from the pressure originally present in the ground P. 

The value of the ratio ~' at each point of the y axis will be deter

mined in the follo'Wi.ng cases: 

1) Jack, 0.40 m wide, sealed in a cut of same dimensions. 

Case l'lhere Poisson' s coefficient: 

(j:: 0.1 

(j: 0.2 

if= 0.33 

(j • o.s 
2) Jack, 1 m wide, sealed in a cut of same dimensions. 

Case where Posson's coefficient: 

(j:: 0.1 

(j. 0.2 

r:1. 0.33 

r:r. o.5 

.3) 1 m wide cut in which a narrower jack has been sealed. 

The error inherent to this method of testing will thus be determined 

and also the factors which have to be modifie to. reduce this error. 

Finally, we will .see if the phenomena brought out by calculation are 

found also during the tests in the fi'eld. 
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1 1) Interpretation of results obtained on extensometers sealed on the 

vertical1 but at different elevations. 

Curves shold.ng t.he difference of deformations along the y axis after 

cutting the slot are given below. On these curves, traced in solid lines, 

curves in dashed lines were superposed, which represent the difference of 

the deformations obt~ined by raising the pressure in the jack to a value P 

equal to that present in the mass prior to the cutting of the slot. 

The curves of fig. 13 correspond to a· 0.40 m jack and a Poisson's 

coefficient of 0.2. 

The curves of fig. 14 correspond to a 1 m jack ancl a Poisson• s co-

efficient of 0.2. 

In abscissae are the distances measured along the 7 axis and evalu-

ated as a function of L, ~dth of the cut. 

In ordinates are the deformations or rather the quantities Mn. To 

obtain the deformations, Mn has to be multiplied by ~· 

It is seen that the curves in solid lines and the curves in dashed 

lines cross each other at only one point B. For some values of ~ there 

is another intersection point A on the axis of the ordinates. 

At these t1«> points, the measurement with the flat jack gives the 

initial pressure quite well. But at the other points, one immediatelY 

sees that this is not so. 

By gradually increasing the pressure in the jack, it is seen that 

the intersection points of the t1«> curves are displaced. 

At the intersection point, one has: 

~ (M11) • ~M~) 
Because Mn and M~ are not equal except at t~e two points A and B, 

P has to be different from P 1 , the pressure in the jack. 
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Consequently, vThen by' incr9&sing the pressure in the jack, the defor

mations produced by the cutting of the slot are cancelled, the value of 

the pressure present in the ground prior ·to the cutting of the slot is ob-, 

tained only at the intersection point. Everywhere else an error is made, 

llihich 1e will attempt to evaluate. 

It is impossible to foresee the exact location of the intersection 

point, the location of wnich varies with the value of Poisson's coeffici•nt. 

Besides, the calculations are exact only within the framework of the choeen 

hypotheses, that is: elasticity of the rock and elliptic c~t. The realit7 

is certainly so different that the location of the intersection points can-

not be computed. 

However, to ~nderstand the variation of the error made by' cancelling 

the defonnations at the various points of the y axis or vertical axis of 

symmetry of the jack, the values of the following ratio were calculated a 

along th~ y axis, 

The resalts obtained were ~~rized in two tables. 

(1) Case of a 0.40 m wide jack sealed in a cut of ·same width · . 

(table I)., 

(2) Case of a 1 m jack sealed in a cut of same width (table II). 
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Table I 

0.40 m p p p p 
jack fi• fi• p• 'P• 

()_ 0.1 0.2 0.333 0.5 

y = 0 0.98 0.98 0.95 0.83 

L 0.98 0.97 0. 95 0.87 -10 

L 0.99 0.95 0.95 0.68 
~ 

L 1.01 0.99 0.97 0.92 -3.33 

L 
1.08 2.5 1.05 1.03 0.98 

L 
1.17 1.13 1.11 1.06 -2 

L 
T.06 1.27 1.23 1.21 1.17 

L 1.40 1.34 1 • .30 1.26 
1'~ 43 

L 
1.51 1.47 1.43 1.39 -1.25 

L 1.63 1.58 1.56 1.52 1.111 

L 1.77 1.68 1.67 1.65 
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Table II 

1 m jack p p p p - - - -P• pt p• pt 

cr-. 0.1 0.2 0.333 0.$ 

y = 0 0.99 0.99 0.96 0.92 

L 0.98 0.98 0.94 0.89 -10 

L 
0.96 - 1 0.93 o.BB , 

L 
1.04 - 1.01 0.9tl 0.93 3.33 

L 1.10 1.08 1.02 1.00$ 2.5 
L 1.2Q 1.17 1.ll 1.08 -2 

L 1.31 1.27 1.24 1.18 
I:b6 

L 
1.44 1.43 1.39 1.37 1.30 

L 
1.$8 1.$2 !:3 1.48 1.38 

L 1.71 1.69 1.61 1.46 l.lll 

L 1.87 1.83 1.73 1.$3 

.. 
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The follold.ng conclusions are drawn from these t'WO tablesa 

(a) The exteruiometer the farthest from the jack will cancel its 

deformation at a pressure in the jack smaller tr..an that which cancels 

the defomation of an extensometer closer to the jack. This statement 

has been verified by the tests on the rock (cr. III-B-1). 

(b) The pressure cancelling the deformations which was recorded by 

an extensometer distant from the jack is more subject to errors than that 

recorded by an extensometer close to the jack. 

(c) With a jack sealed in a cut of same dimension as the jack, the 

most favorable zone where the axtensometers must be sealed is that close 

to L/3.33, whatever the dimensions of the jack may be. 

Theoretica.l.ly, in that zone the error is smaller than 10 percent 1 

libatever the value of Poisson's coefficient may be. 

In other words, an extensometer sealed between 20 and 40 em, for 

instance, on the vertical symmetry ¢s of a 40 em 'Wide jack will give 

useless results. But an extensometer sealed between 20 and lt> Cll on the 

vertical symmetry axi. s of a 100 em wide jack 1d.ll give good results. 

Consequently 1 the dimension L of the jack (sealed in a cut of 8&1118 

dimension) has no influence on the measurements providing, however 1 that 

the extensometers are sealed on the vertical symmetry axis of the jack and 

at elevations, with regard to the jack, close to L/3.33. 

2) Interpretation of the results obtained 'With a jack ot dimensions 

different from those of the cut. 

The stress distribution has also been calculated in the case 1ibere 

. the cut is larger than the flat jack sealed into it. 
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(a) Cut 1 m wide in which a O.bo m nat j -- ck is sealed. Poisson• s 

coefficient = 0.2. 

(b) Cut 1m wide in which a 0.10 m jack is sealed. Poisson's co

efficient - 0. 2. 

In fig. 1; , the curves obtained when the jack had a 1 m width iden

tical to tm t of the cut were first plotted. 

Curve 1 represents the difference of the defornations obtained by 

the opening of the 1 m cut. 

Curve 2 represents the difference of the deformations obtained b,y 

the stresses induced by the 1 m jack when a pressure P in the jack is 

identical to that which prevailed in the ground. 

Moreover curves 3 and 4 have beEil superposed on the two :preceding 

curves. 

Curve 3 represents the difference of deformations obtained by the 

stresses induced by the 0.80 m wide jack sealed in the 1 m cut when a 

pressure P in the jack is identical to that which prevailed in the ground. 

Curve 4 refers, under the sme conditions., to a o. 10 m wide jack. 

We see that curves 1 and 2 are displaced from one another. As a 

result, the errors of measurements ~ be great. 

Curves 1 and 3 are closer to one another., and the errors decrease. 

Curves 1 and 4 also approach each other, and the errors again 

decrease. 

We have calculated as previously the ratios P/P•. The letter L 

refers to the width of the cut which remains constant and equal to 1 •· 
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Table III 

P/P• P/P 1 P/P• 
when the jack lben the jack when the jack 
is 1 m wide is o.eo m wide is 0. 70 m wide 

0 0.99 0.99 0.99 

L 0.98 0.98 0.98 lo 

L 
0.98 0.97 0.96 > -

L 1.01 0.98 0.95 -3.33 

L 
1.08 1.02 0.97 ~ 

L 
1.17 lo07 1 -2 

L 
1.27 1.12 ~.03 Lb5 

L 
1.39 1.21 1.11 1.43 

L 
1.25 1.52 1.32 
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The conclusions to be drawn are: 

Wi. th the 1 m jack, the place where the extensometers can be sealed 

with less than 10 percent of drror extends from 0 to i.s· 
With the o.BO m jack, it extends from 0 to ~· 

L With the 0.10 m jack, it extends from 0 to ~. 66 • 

By lessening the width of the jack in relatio~l to that of the cut the 

extensometers ~11 cancel their deformation at higher pressures in the jack 

than those obtained when the jack and the cut had the sam dimensions. 

Likewise, the extensometers next to the jack will show, at the cancel-

lation of the deformations, a smaller increase of pressure than that shown 

by the more distant extensometers. The increase was noted in relation to 

the results found 'When the jack and the cut had identical dimensions. 

As an example: 

Let us assume that P in the ground is equal, prior the opening of the 

cut, to 100 kg/cm2• 

lihen the jack had the same dimensions as the cut, one foWld with the 

test: 

L I 100 1.~ I 2 at point 5 : P 1 a M
7 

= 103 AtV em o 

L 100 gf 2 at point~: P• 2 = I:!7 • 85.5 k em. 

This gives a percentage of increase ranging between 85.5 and 103. 

P'l -P'2 
( P' ) 100 • approximately 20 percent. 

2 
When the 0.10 m jack is sealed in a1 m cut, one has: 

. L 100 g/ 2 
at po~nt ~ : P• 1 : ~ • 104 k em • 

. L 100 2 
at po~nt 2 : P•

2
: T • 100 kg/em o 
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• 

And we obtain: 
P' ·p, 

( 
1 

;. 
2 

) 100 • 4%. 
2 L 

Moreover, one sees tlBt at point 5' the result did not increase much 

(it went from 103 to 104), but that it has considerab~ increased at point 

~ (by going from tiS.S to 100). 

These results and these conclusions are quantitatively comparable to 

l-1hat we have found by our tests previously mentioned (c£. III B.3). 

3) Interpretation of the results obtained with a row of extensometers sealed 

at the same elevations with regard to the jack. 

We have pointed out (cf. III B.2) that the strings sealed at a same 

elevation Wlth regard to the jack, showed in some cases, values of cancel-

lation of the pressure P ver.y different from each other. 

One could expect to find the same pressure value of cancellation or 

the deformations at least for the couples of strings sealed s.ymmetrically 

with regard to the y axis. Yet, one frequently sees that this cancellation 

pressure increases regularly from one string to the other, either by taking 

them from left to right, or from right to left. 

Our cutting tests on the walls and on the roof have sho"Wil positively 

that the main deformations were not always in the plane normal to the gal-

lery. This verification makes us think that either the pressure P does not 

act vertically_, Which is hard to conceive, or that vertical pressure Pacts 

·on sections of our galleries ~ich are not vertical • 

These sections are delimited by cleavage planes Which are not al~s 

stric~ly vertical. Moreover, the principal deformations are inclined in 

relation to the vertical or to the horizontal by an angle included bet1eeu 

0° and 30° with an average of around 10°. The explanation that we have 
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just given of the non':"verticality of the greate~" of the principal stresses 

on the gallery walls is only a hypothesis o There are locally other causes; 

in particular, a limestone nodule anb_edd:_e_d in the ore causes the orientation 

of the principal stresses to deviate, or at least that of the principal de-

formations. Nothing allows us to assert that the principal deformations have 

the saMe orientation as the principal stresseso But we are certain that the 

principal deformations acting on a gallery wall are frequently non-vertical. 

However, we assume for the calculation that the principal pressure 

stress does not act vertically. This hypothesis allows us to cumpute the 

distribution of the stresses around an elliptic cut non-vertically loaded. 

We will get a fairly precise i dea of the phenomena which occur by com-

puting only the tangential tension on the edge of the cut. 

To be precise, one should calculate the stresses by using the formulas 

given in the appendix. But, aiJ¥way we l«)uld find a law of variation similar 

to that found for the tangential stress on the edge of the ellipse • 

.ile have made the calculation for an ellipse of horizontal long axis, 

the ratio of the axes being Oo46 tanhc;
0 

:::: Oo5. 

The formula which gives the tangential stresses on the edge of the 

elliptic cut is: 

1\t• p 
Cosh 2 ~0 - cos 21\ 

/Jl .f. K)Sinh 2~ + (1 - K)cos 2.0C.. - (1 - K)cos 2 ('t\ .. o()~:~ 

We have found on fig. 16 the variation curve of this tangential 

stress a ,., 
• . 

In the case where« = ~ that is when the pressure P acts perpendicu

lar to the long axis. 

In the case where at :; 'f .that is when the pressure P forms a 45° 

angle in relation to the vertical; we have taken K = o. 25~ 
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When ot • f, the curve is almost horizontal Wlder a large part of the 

ellipse. 

Mben oc. • ~ the curve rises from right to left. The defomations 

will have the same behavior. In order to cancel the deformations bJ mean~ 

of a uniform pressure acting on the edges of the ellipse, it lll.ll be neces-

sary for the pressure to be different at each point. It will increase or 

decrease regularly when going from right ·to left or from left to right. 

The experiments and results to lilich reference was made confirm 11bat 

has been established by computation. 

The tests previously referred to (cf. III - B.2) however, brought 

out a significant practical conclusion: it seems that not only is one of 

the principal deformations not vertical in maQY cases, but also neither 

is one of the principal stresses. 

Moreover, the con;>utation shows that along the y axis the distribu-

tion of the deforma. tiona resulting from the cutting of the slot is strongly 

modified in relation to the result found when the stress P acts vertically. 

On the other hand, the deformations induced b,y the jack do not change. The 

values of the ratio ~~ show that errors then increase considerably. 

We have S1 own on fig. 17 the differences .of the deformations under

gone b,y the ore when the greatest principal stress P acts at 45° in rcla-

tion to the vertical, the cut being horizontal. 

Curve (1) relates to the deformations produced by the cutting of the 

1 m wide slot when P acts vertically and KP acts horizont.al.ly 1 that is at 

0 
90 in relation to P. 

Curve (2) relates to the defonnations produced b.Y the cutting of tope 

slot When P acts at 45° in relation to the cut and KP acts at 90° in rela

tion to P (the or;:, remaining horizontal). 
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Curve (.5) is identical to curve (2) but P acts then at 60° in rela-

tion to the cut. 

Curve (3) refers to the deformations caused by' the pressure induced 

in the 1 m wide jack when this pressurs is equal to P. 

Curve (4) refers to the deformations caused by the pressure induced 

in the 1 m wide jack, this pressure being equal to the component of P 

evaluated on a direction perpendicular to the cut, when P acts at 4.5° in 

relation to the cut. This component is obtained from the ellipse of ten

sions and has the value: p• • 0.62.5 Pin the case where Poisson's coeffi• 

cient is equal to _0.2, and in the case where P acts in a direction inclined 

0 
at 4.5 in relation to the cut. 

Curve (6) is identical to curve (4) but refers to the case where P 

acts at 60° in relation to the cut: P" = O.tll25 P. 

We note immediately that the determination of the value of P lihen 

P acts non-vertically is impossible by this method. Errors are too big. 

We have computed as previously the value of the ratio ! in the cases 
pt 

where Pacts in a direction inclined at 7.5°, 60°, or 4.5° in relation to 

the cut. 

Pressure present in the ground anq acting in a direction 
P. inclined at 7.5° 60°, or 45°. 
P'• Pressure in die jack which cancels the deformation& 

Moreover, we have calculatt -~ the ratio 

Component of P acting in a direction perpendicular to 
P" • the cut 
P' Pressure in the jack which canc81s the def'ormationa 

p 
The values of tbe ratio P' show that it is impossible to determine 

P. But the measurement allows the determination of p•, component of the 

pressure P, with a precision comparable to libat we have seen previously. 
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The word component of P is not proper; in fact, it is a question ot 

the value of the stress acting perpendicularly to the cut, P• and P bei ng 

connected by the equations defining the ellipse of tensions. 

0 When « • 90 1 P acts perpendicular and KP parallel to the cut • 

ltlen 0\: • 75° 1 P acts in a direction forming a 75° angle with the 

long axis of the ellipse or of the cut. KP acts perpendicular to this last 

direction, 

and so on. 

Briefly, by placing the extensometers on the vertical symmetry axis 
. L 

of the Jack at about 3:33 theoretically, when cancelling the deformations 

with the use of the jack, the value of the stress acting perpendicular to 

the cut is obtained. 

On the other hand, without any doubt , the measurement does not make 

it possible to get the value of the principal stress P acting on the cut, 

because it is difficult, if not impossible, to determine the orientation 

of the principal stresses by means of extensometers set under one cut onlJ. 

we are, however, rather cautious about the certainty of getting by 

this method the value of the stress acting perpendicularly to the cut. If 

the medium is elastic and isotropic, we can obtain this stress, but when 

the medium is not elastic or is anisotropic, one can only assert that the 

value found is closer to the compo:tent of P acting perpendicularly to the 

cut than to the value of P. 

These deductions are valid only on the y axis or symmetry axis of the 

jack and of the cut perpendicular to the symmetry axis. To the left and 

the right of this y axis values of cancellation of the deformations are ob-

tained which have nothing in common with P or with P' • 
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Table IV 

rr- o.2 
p p pn p pn p p• - - - - - -pt pt pt pt P' P'• P' 

«C ,, 90° 1SO 75° 60° 60° 45° 45° \ .. 

0 :: 0.99 1.04 0.99 1.09 0.90 1.58 0.99 . 50 ' for .. «•··1 
P.!' • 0.9497 P 

L 'I - 0.98 1.02 0.96 1.17 . 0.91 1.56 0.98 10 
-· I 

L 
·i 0.98 1.03 0.97 1.20 1 1.56 0.98 for«.: 60° -

5 P" • 0.8125 P 
' 

L j 

1.25 1.63 J:"3) ,; 1.01 1.07 1.01 1.03 1.02 

L 
1.08 1.14 1.08 1.34 1.75 forq a 4S0 - 1.09 1.09 

2.5 
I P" - 0.625 P 

L 1.17 1.27 1.20 1.46 1.20 1.92 1.18 2 

L 1.27 1.44 1.)6 1.64 1.33 2.08 1.28 1.66 

L - '• 1.39 
1.43 

L 1.52 -1.25 

L 
1.69 1.111 

L 1.83 ,,. 
I 
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4) Conclusion of the inte;pretations of our results obtained in the flat 

jack test. 

First of all1 we have drawn from these interpretations very signifi

cant observations lhich have nothing to do with the testing method under 

consideration. 

The phenomena described during our tests in the field have been wholly 

explained by the calculation based on the elastic hypotheses. We may say 

that the elastic hypotheses, consequently the photoelastic tests, give for 

our calcareous ores 1 a sufficient approximation on the distribution of 

stresses around our mine openings. 

If we note discrepancies between the calculation and the reality, it 

is because very frequently 1 the defining conditions are false; particular]J 

one uses values of Poisson's coefficient which are a little far from reality. 

Yet, this coefficient has an enormous influence on the stress distribution. 

On the other hand, the third stress is always neglected, whose role, we be

lieve, is basic. Finally the mass is stratified and jointed. 

On the basis of result s of the computation made according to elastic 

hypotheses, it was pobsible to explain all the phenomena qualitatively. It 

would be vain to try to obtain q.1antitative laws; particularly the errors 

resulting from the flat jack test cannot be calculated. The ·computation 

can give the minimum error but it cannot give the maximum error. 

However, we can state that: 

(1) 

(2) 

The extensometers have to be sealed in a zone close to ~. 
6 

The extensometers must be sealed on the symmetry ~s of the jack, 

perpendicular to the cut. Moreover 1 the symmetry ...xis of the jack must coin

cide with the symmetry axis of the cut. It is the y axis. 



(3) The test gives a result concerning the stress acting perpendicu-

larly to and at the level of the cut. The test does not give information 

about the direction of the principal stress at the level of tha cut. 

( 4) In our calcareous ore, the error of measurement, considering the 

irreversibility of creep stresses, is included between - 20 percent and + :10 -~ 

perc:~nt .. 0 It is an acceptable result, because the precision is quite au-

perior to that given by the other methods with lhich we are acquainted a The 

precision will still be better men the tests will be made on m.ore resistant 

and more elastic rock;s than the calcareous iron ore ( cf. n). But in softer 

rocks, whose behavior deviates notably from elasticit.y, the precision is re-

ducedo If the rock shows a significant plasticity, the method can no longer 

be applied. 

Remark 1 -- To make sure of the rel.iabili ty of the method, the following 

test was made: 

A large slot was cut in which a la~& jack was insert-ed. The slot was 

much larger than t he jack (fig. 18). 

The pressure in the jack was raised to a known and ~onstant value. A 

new and smaller cut was made below and a jack of same dimension ~s sealed 

' into it. We thus knew the pressure ~n the ground; it ws given by the upper 
. . 

jack. The smail cut modified the defor.mations ~ich were cance1led b.1 means 

of the small jack sealed in this ~ut. 

In a first test, the result· found was exact at + 1 percent on the ex-

tensometer located on the y axis, and on the other extensometers sea1ed 

vertically. 

In another test, the result showed an error of + 10 percent, except on 

a vibratory string where the error was of 40 percent, but whose readings were 

incoherent, which permits one to assume that there was some sort of anomaly. 

37 



Re•rk 2 - How to measure the defor.tions, a dilatouter (qat• L'Herld.te 

and Mqnier) •s used, lihich meuures the deformations betwen the studs 

sealed in the rock. The prec1s10D is slightlT smallS" tlali tbat obtained 

with the vibratory st~s (lOifi'm instead of 5t'-/m), but it is quite suf

ficient in our ore. Lastq 1 the st11d setting and the read1qs are easier 

and the equipment is less fragile. 

In fig. 16, studs are sealed on the vertical syaetr;y axis of the jack, 

that is on the y axis. UnfortWl&te~, they can bar~ be discerned. 

ReDBrk 3 -- Jacks at least 0.$0 m vide and o.$0 m deep are ad'ri.lable. Ve 

use o. 70 m x o. 70 m jacks. The small jacks are easy to placeJ on the other 
L 

hand, the zone near 3 is too close to the cut. lloreoyer, tb8 iDnuence of 

the jack edges can no longer be negligible. 

Remark 4 -- This method of measuring can be applied with the preeent •rrers

sinet" jack onJ¥ in shallow mines ( :iepth SDILller thaD 2$0 a). 

As a matter ot tact, ti:e pressure canmt practi~ be raised in the 

jack to more than 160 or 180 tg/ca2, otherwise it busts. These pressures 

are attained eas~ at a 2$0 m depth in rectangular aaJ.leriel. 

In galleries of circular section, one can consider •Jd.n& -•ure•nts 

dow to 300 m depth. 

For greater depths, the "Frers•inet• jack should, it poss1ble1 be 

strengthened and mod.if'ied. Ve expect to be able to do it b7 part~ replac

ing the steel sheets by rubber. Indeed, near the p1.l.l.ar-dra1d.na faces, 

the stresses are high and the tangential stresses cannot then be .•aaured. 

Lastly 1 w recall that the method of meaaure•nt is applicable cmq 

llhen the rock is subjected to compression. In the case of tension, ~be 

measurement is impossible. 



V. StmiSl'ED K>DIFICATIONS 

We have noted the relative lack of precision of the flat jack te,t 

made as it was just de~cribed. 

We also note the following poi:..1ts: 

(a) This t est does not give information on the orientation of the 

principal stresses. 

(b) It gives us the vertical tangential stress Yrl.ch existed at the 

level of the cut, a nd :not at the level of ;the-·extensometers. Consequently, 

one test can give one ~esult ~nly. 
•' 
"" 

(c) It is impossible to obtain with this test the values of the 

horizontal tangential stress, the valu's of Poisson 1 s coefficient and of 
., ' 

the mdulus of deformation or of the modulus of elasticity. 

In other words, . stress/strain curves are obtained which can serve 

only to determi.ne a cancellation point of the deformations. The value 

of the stress induced by the jack is known, but the stress induced at the 
• 

level of the extensomete::-s is not known. Yet, the stress/stra~n curves · 
' 

read on · extensometer rosettes should allow the determination of Poisson's 

coefficient and of the modulus of deformation . To avoid these drawbacks, 

the test was modified as follows: 

A. Description of the test. 

We c11t out, by means of slots made as previously described, a block 

of ore, 70 em x 70 em, provided w1. th at least tw rosettes of extensometers 

(1) and (2) (fig. 19). 

'We get the A, B, C and D slots. 

The reading on the extensometers allows the determination of the 

direction of the principal stresses at the level of the extensometer 

rosettes (1) and (2). 
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Then, a flat jack is introduced in cut A, and a flat jack in cut B. 

The cuts D and C are filled up with cement. 

By raising the pressure in the upper jack Vs, the modulus of defor

mation corresponding to a vertical stress, s~ ~, and Poisson's coeffi

cient ~ were obtained. 

By raising the p essure in the lateral jack V , the coefficients 
L 

Ex and O"x are likewise obtained • 

• By means of the elasticity equations: 

N Nx e - Y-rJ' y -- X 
Ex Ey 

- Nx 
cry ~ ex - E ·- E 

X y 

NY and Nx can be determined. The pressure is then raised to NY in V s 

and to N in V • Then, the data of the computation, which assume the 
X L 

elastic hypotheses, are checked to find out if they correspond to the 

cancellation on the vertical and horizontal extensometers. It is found 

that the values of the pressure given in V
8 

and VL always have to be 

slightly modified. 

But, up to now, this modification has not, in our ore, exceeded 

S percent of this value. 

This time, we note that the tan6ential stresses obtained concern 

places where the extensometers are set, and .. .1 :> nger the places ~~ere 

the cuts were made. 

Consequently, it is desirable to us e as many extensometer rosettes 

as possible. 
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B. Resul.ts 

The results obtained by a complete cutting are less abundant than 

those obtained by a horizontal cut only. So, we will not yet speak of an 

average. 

However, we give below the results obtained in two of our tests. 

1) Test made in a 4.50 m wide and 3.50 m high gallery at half-height 

on a vertical ~ (fig. 20). 

We started by cutting the slot A only, and sealing V s. In other 

Wlrds, we had the flat jack test in one horizontal cut on]¥. 

This test gave us the pressure cancelling the deformations& 

On the studs 1 

On the studs 2 

On the studs 4 

94.5 kg/cm2 

88.0 kg/cm2 

? 

We then proceeded to the complete cutting and sealed VL. 

The pressures in the two jacks lbich produced the cancellation of 

the vertical and horizontal extensometers are: 

On the studs 1 

On the studs 2 

On the studs 4 

We have obtained: 

Rosette (1): By 
ay 

Rosette (2): Ey 
cry 

100 kg/c•2 • \ 

95.5 kg/cm
2 

a NY 

92 kg/cm2 • lix 

132,700 kg/cm2 

0.45 

131,400 kg/cm2 

0.44 

• The angle of the largest principal stress ld th the vertical laS 27°. 



2) Test nade · in a 5 m wide and 4 m high gallery, at half -height 1 ~ 

vertical wall. 

We did not make a test with only one horizontal cut. We immediately 

made the complete t::utting. 

~on studs 1 

My on studs 2 

Mx on studs 4 

Ey 

(J 
y 

Ex 

Here are the results: 

82 kg/cm2 

85 kg/cm
2 

54 kg/cm2 

160,700 kg/cm2 

0.27 

230,700 kg/cm
2 

o.J4 
The angle of the largest principal stress with the vertical lBS 10°, 

C. Discussion of the results 

Tne precision of the tests is increased. 

The deformations produced by the cutting of the slots are cancelled 

at any point of the cut block by the pressures in the jacks such as the 
p 

ratio P' s 1. 

The lack of precision due to the non-superposition of the curves 

(1) am (2), which has been referred to previously (cf. IV-1) no longer 

exists. 

On the other hand, the error due t the irreversibility of stresses 

am to creep remains. The same holds :true fo r t he error due to the read-

ing of the measurement apparatus. 

In other lOrds, the results obtained with tw:> flat jacks are exact 

to ~ 10 percent in our ore. In a perfectly elAsti c ·rQck, one T~uld :· get 

! 2 percent. 
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As a conclusion, with the test made with two jacks, one can: 

( 1) Obtain the value of the vertical and horizontal tangential 

stresses to ~ 10 percent, and also ·the value of the principal stresses 

and their orientation. · It is understood that to obtain these principal 

stresses and their orientation, we use the Mohr circle, and consequently 

hypotheses that refer to it. 

(2) Obtain the value of the vertical and horizontal moduli of de-

formation E and E with the same precision. 
y X 

( 3) Obtain the value of Poisson 1 s coefficients <.T'y ani ~ with the 

same precision: cry is obtained on a horizontal extensometer when the 

stress acts vertically; O"x is obtained on a vertical extensometer ltlen 

the stress acts horizontally. 

(4) Obtain all these values on each extensometer rosette~~located on 

the block cut by the slots. As a mtter of fact, the tangential stresses 

may and must nonnally vary along a block 70 em high located on a gallery 

wall. 

*** 
On the other hand, the test became much roore complicated~ ~specially 

. ' • 
' 

in its practical application. In particular, 15 working-hour~ . . o! two 

skilled men are required to make the cuts and seal the jacks. 

But the amount of information it provides fully justifies the in-

crease in complication. The deter>.rl.nation of th 8 modulus of defomation 

by means of the jack-driving test, described in t~1e Annales de l'Institut 

Technique du Batiment et des Travaux Publics (Sols et fondations, no. 3, .. 
· I I I · •• 

September 19.50, "Detennination du modul e d 1elasticite des roc.~~.s en place• 

,LDetermination of the modulus of elasticity of the rocks in p~c!7, by 
~ . .S.' 
:;,\ 

•• 11· -.. 
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Hr. Habib) is practically impossible in the iron mines ot the But. The · 

sections of galleries are such that it is much more difficult to carry. out 

the jack-driving test than the test which has just been described, with 

complete cutting on four faces and sealing of the two jacks. 

Moreover, the jack-driving test does not give information on the 

value of the tangential stresses and nay, with difficulty, give Poisson's 

coefficient. Besides, the jack-driving test a~.nnot practically take into 

account the anisotropy-of the ore. However, to the advantage of the jack

driving test, mention will be made of its considerable stress powr. Much 

higher stress rates can be applied than those given by the Freyssinet jacks. 

To overcome this disadvantage, we pursue our research tow.rd increa.s-

ing the possibilities of the flat jacks. We believe the jacks have to be 

modified. We hope to attain the expected results soon. 

In a forthcoming caamunication, we ldll talk about the considerations 

that may be dram trom the knowledge of the vertical and horisontal stresses 

ot By-1 Bx, o;. and ~· These considerations are very significant alii desern 

a full account. 

Thanks are here presented to our Assistant, Mr. Leonet, who bas helped 

us constantly in the practical careying out at these teats. His adrlce aDd 

suggestions have al~s been veey valuable to us. 
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Appendix I 

Calculation of tensions and deformations produced by cutting of a hori

zontal slot compared to an ellipse. 

Let an ellipse be cut in an infinite plate of homogeneous and iso

tropic elastic material. 

· We will use a system of elliptic coordinates defined by 

y • c cosh ~ cos ~ 

x s c sinh ~ sin 1) 

The · coordinate curves ~ : const. are a family of ellipses all hav

ing the same value of c2 · • a 2 - b2 (a and b are the semi-axes of the 

ellipses). 

The coordinate curves "1 • constant •are hyperbolas orthogonal to 

the preceding ellipses. 

'We put the plate, cut by the ellipse whose long axis is horizontal 

and parallel to the x axis, under a system of stress defined by: 

(1) A stress P acting at an an angle~ measured from the x axis. 

( 2) A stress KP acting at an angle ~ ~ J also measured from the 

x axiso K is the coefficient of transmission of stresses defined by 

1 ~ (J' 'Where r:t is Poisson 1 s ratio. 

The Airy function for the case lbere K = 0 has been determined by 

M. Theodor P3schl _/. For K i 0, we havE'! obtained: 

_/ Theodor Pgschl, "Uber eine partikulare Lc~ lng des biharmonisch en 

Problems fur den Aussenraum der Ellipse•. Zeitschrift fur angewandte 
I 

Mathematik und Mechalrl.k. Ban«;l 2., 1922, p. 89-96, 4 fig. 
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F • ~ ( (1 f K) sinh 2~ f (1 - K) cos 2«<.< - -~(~-~) 
- 2 [Jl + K) cosh 2~ 0 - (1 - K) cos 20l]~ 

·- (~ - k) £cosh 2 (~ -So) - !7 ( 2 ~0 
cos 2(l1 -¢2.} 

The components o£ tension in elliptical coordinates are:. 

N~ _ ...l 82
F + 1 t1.!u. _I!_ 1 tilu6F 

'=> - ~!:a,-3. "t".~f, t!E., ~a., a, 
N. 1 ?F 1 dJi £ ··· 1 d.ctt.£ 

71 ·A:- ~.a..- P, 4l, 4t; +A, 14 1 a, rJn 
Nt,l\. -- ...!.__ ~ ~- 1 d!iJIJ!. i 1 ~~ 

;,, JJ, ~~ . Af~.2.. 4tt, a~ = li, hi at. a" 
lib ere 

IJ ~ = h ~ = ~ (cosh 2 ~ - cos 2 )( ) • 

One may obta~n exp~essions for N t, and N 1\ from .~ and the pre-

ceding equations. 

N 4 = P (1 - k)' @osh 2 (!., .. ~ 0 ) - 17e~~ 0 cos 2( ~ - OC) 
cosh 2 l, - cos 2 11 -

+ ~(co~~&~ cos 2 .;)~ /Jl + K)cosh2t, -(1-k)cos2~~~4·4'-(UK)cosb2(,, 
- . 

+ (1- K)cos2q:- (1- K) sinh2(6- t,")e. 1~4 cos2(Y) -~)] 
_:. f2 ( h2t;:z 2 ) a: (1 - K) /Cosh2( G ... ~J - rfe2."'· si:Il 2 (ll -it) cos - cos .., -.. -

N~ = P L('l+K)sinh2~+(1-K)cos2q:~·(~ -tr.~) - (l-K)cosh2(l:,-~ 
cosh2t; - cos2 "1 .l, ' 

x . ~ cos2(l? - -~)] 

+ ~2 ( h,.jn2'l 
2 

-)a. (1 - K) /_Cosh2(l,- ~e) - rJc~t,~> sin2(~-«) · 
cos ~ - cos "'1 . . . 

• !: s~nh2 ~ t /P. .j. K)cosh2 f.. - ( 1 - K)cos2 II{_~ • .>((, -o) t, 
2 ( cosh2 - cos2 'YJ ) , -

-(1 + K)cosh2"o +(1 - K)cos2<X- (J.-K)sinh2(f ~.t)ef1b cos2("11C27 

For:{, • {.,., we obtain the tangential stresses on the ellipse: Nl.:· 0 

... 
____ P_~-- [(H·K) sinh2(,. +( l ""K) cos2c( -( l-K)cos2("' - « )e~J 
cosh2l;• -cos2lt 
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We proceed, to calculate the radial stress for a greatly elongated 

ellipse resembling the cut into lh ich the flat jack will be put. 

We have £ = tanh! , b and a being the semi axes of the ellipse. a l.,o 

We 1m.nt to campute the stresses along the y axis, that is, on the 

prolongation of t~e snall axis. 

In that cas~a : :rt : f 
Moreover, ···~ssume that the pressure P acts vertical.q, there

fore: ct- 1r 
- 2 

We then ob~n the stresses along th~ y axis: 

:. ' , lt,f;jfjir ... ' 
N 'tl = , . · ,p - Hftl+K)~inh2~ -( 1-K)~ ~ ; . ;( 1-K) · cosh2(~-~~e~-.J 

cosh?{;, .._ 1·r. · · . ' 

P sinh2~~ ' -.1-<4'<!~ · f - 2 (cosh2l,+ijL,-tK)cosh2'-?+(l-K)e · -(14-I)cosh2t..,0 -(l-K) 

- -(l-J9-sinh2(l,- ~·)~.t.~ o J 

Nt, • :0~~) l,lffiosh2(~-~)-1]tl~o! ~ (~!:l.~~)cosh2l. 
~(l-K),-4~-~0)-(l ... K)cosh~-(l-K)-(l-K)sinh2(~- ~>el;~. 
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Appendix II 

Calculation ef the tensions induced in a semi-plane subjected to a 

nomal load evenly distributed over a length RS of the edge x•I. 

We have· seen (fig. 12) that in order to co~ute the defamations 

produced by the pressure caused by the nat jack~ 'WB had compared the 

~ystem to a normal load evenly distributed over a length RS. We have 

assumed this comparison on the Y B.xi.s~ and remarked that it could not 

be a question of retaining it around points R and s • . ' . 
I 

In fact, the edge XX' in the mass is not a free edge. 

The tensions have been computed by A. Picard in his boJk, La 
I 

Photoelasticite, Dunod editor, p. 189. 

Timoschenko gives them too: 

Nx • - J. ["f; - i~+ ~ (sin2if,- sin2 ft.l7 

NY = -~ LC/, - qt- ~ (sin2f1 - sin2 'f!.JJ 
p 

T • 21C-( cos2 ~ .. ~ .cos2 ~~ • 
. 

~ . . 

In every point of the y axis, 4', • .!Jt- f.:a. 
r ; ., 

Consequently one ha~: 

-tli + sin2 f>-~.7 

-4i- sin2tal T: 0 

The deformations along the y axis are easi~ · obtaineda 

e • ~ (1NX 
y ~ 



Appendix ni 

Freyssinet jacks 

The flat jacks, Freyssinet type, have been conceived. .. mainly for the 

needs of the "Travaux Publics•, particularly "'ii th the purpose of economi

cally pre-stressing concrete. 

These jacks are essentially made of soft steel plates, 15/10 gauge, 

electrically welded together so as to form a hermetic pocket in which the 

liquid under pressure is injected (generally water). One may, besides, 

inject a liquid product which becomes solid after injection. 

A perspective section is given in fig. 22, which shows the construc

tion of these jacks. 

The dotted lines represent the weld lines. These jacks may be cir-

cular, rectangular, annular 1 or of any shape. 

The normal range of travel of these jacks is 2 em. If a larger one 

is wanted, several jacks must be superposed. 

The highest advisable internal pressure is 150 kg/cm2• During our 

tests, we have raised it several times to 200 kg/cm2• 

These jacks are always embedded in cement or wedged between two 

steel plates. 

They are patented. A French company has the exclusive exploita-

tion of these patents. It is able tio supply the jacks and all the acces-

sories necessary for their operation. 
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F'ii;. l. ~neral view prior to sealing the jack. 

A. Rosette of double v~br~Lory strings. 
S . Cut. 
c. Freyssinet flat jack, 70 x 70 em. 
D. El8ctrical auger. 

Fig. 2. Jeneral view of the test, jack sealed, pump 
connectl.,.-l. 
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