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NON-DESTRUCTIVE TESTING OF SHAFT LINING

Summary. The fuction of ultrasonic testing is to obtain the 
acoustic velocity in a studied medium.High frequency electrical 
signals from the ultrasonic transmitter are converted into mecha
nical vibrations by the transducer in the transmitter, and then 
transmitted to the concrete and the surrounding medium, by turns 
the elastic waves are again converted into electrical signals by 
the transducer in the receiver, the wave form is shown by a oscil
loscope. Owing to the difference of acoustic velocities in concrete 
and surrounding rock, and in loose and unloose rock, the thickness 
and strength of concreate lining and the extant of loosen rock can 
be detected. The results of ultrasonic testing for the shaft lining 
in Oiulongkou ventilation shaft of Handan and Xingtai coal mines 
are as the following records:

The average thickness of shaft lining 256.9 mm the average 
strength of concrete 28,57 MPa, 96',j of tho lining has reached or 
exceeded the design strength and the average extent of loosen rock 
is 543.7 mm.
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Stic solid i.e. wave eguations. If we neglect body forces in the static 

equilibrium equation of the space problem of elastic theory and put in 

force of inertia, then by Newton's first law of force we can get wave 

equations in terms of strain as follows:
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u.v. w - displacements of partical in the direction of coordinates 

X. Y. Z. ;

P - density;

A  - Lame's constant;

G - modulus of rigidity.

The equation of motion of longitudinal wave derived from (1):

3 e  /  A +  2G \ t ? 2—2 = (—p )V e 
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(2)

The equation of motion of shear wave:

«2 o u
I  V 2 Uat (3)

By integral equation of motion, wave velocity can be proved; 

Longitudinal wave velocity

l/ A +  2 G 1 - \ l E(1 - j u )  1

v p - V _ P V pfl (4)
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Shear wave velocity

(5)

Where

¿x - Poisson's ratio,

E - Dynamic modulus of elasticity

and

A- = (1 +/*)(! - 2^1); G = 2(1 +/i)

From (4) and (5) we can see travelling of longtudinal and transversal 

waves depends upon elastic parameter and density of the elastic medium, 

therefore, if travelling behaviours of wave have been measured, the 

corresponding evaluation for its elastic parameters can be worked out, 

and elastic parameters of a medium beared relationship with strength, 

porosity etc of a medium so it makes physical foundation for ultrasonic 

detection.
Owing to the fact that concrete strength are influenced by a number of 

factors, it is difficult to establish common analysis formula between 

sonic velocity and compressive strength, but empiric formula may be 

established between velocity and strength through a large number of test 

of that medium, empiric, formula had been worked out by the institute of 

building research of Poland Warsaw as follows :

But in the calculation during measurement, on the basis of above empi

rical formula, we add in a coeficient of adaptation to meet the con

dition of the test. Let Rr, = K D ■ R« be the compressive strength of con-o K U
crete.

Formula for thickness of shotcreto H is:

Rc = 24.34 Vp - 71.954 Vp + 42.726 (6 )

Where

Rc - compressive strength of concrete, 0,1 MPa, 

Vp - velocity of longitudinal wave, km/s.

H = th . V d/2 (7)

Wh ere

H - thickness of shotcrete, mm.
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t|n - time of wave reflection, s, 

- equivalent velocity, kn/s.

Instrument and Equipment

Apparatus used is model SYC-2 sonic testing instrument of rock para

meter with a cathode-ray oscilloscope, selected accessories are: 50 Kllz 

ordinary transducers 2 pcs/set, model FS3 (3F. KH ) transducers of sigle 

hole 1 pcs/set, 35 KHz transducers of double hole 2 pcs/set.

Drilling is done in the shaft, using air drill model 7G55, sealing is 

proceeded by home-made sealer. Plane grinding on the surface of shaft

lining is finished by using grinder model Sf?-60, Telephone model XC76 D̂
is used for communication between surfacs and underground.

3. Tost in situ

The diameter of this ahaft is 5.5 m, depth of shafr 487 m passing 

trough 26 layers of cleavage water bearing strata in sandstone; from 

shaft collar down to the depth of 325 m, it had been pregrouted, in shaft

sinking, smooth blasting with borehole 4 m long was used.

Design requirements: grade of concrete 200#  spray thickness 200 mm, 

proportion of concrete 1 (cement): 2 (sand): 2 (crushed rocks); Grade of 
cement 425w .

Measuring system: Power source 220 V AC on surface ---» coxical cable

down s h a f t — »instrument ---» H-type calbe  »transducers. Put instrument

into main hoist bucket, operations of transducers were dbne in the assi

stant bucket, operate the two bucket simultaneously. Testing were made at 

intervals of 4 meters apart. 46 stations were arranged from a depth of

74.75 m to 252.25 m of shaft at random.

4. Analyses of results

Concrete samples were taken from shaft lining in situ, standard size 
of specimen: 100 x 100 x 100 mm calculated parameters had been gotten as 
follow :

Average velocity of longitudinal wave V p = 4.26 km / s ;

Average velocity tested when position of transducer in parallsl

V blO = 3 '725 k"i/s;
Average equivalent velocity V ds = 4 .098 km/s, (distance of transducer 

5 c m );

Dynamic modulus of elasticity = 35.5 x 103 ; MPa
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Static modulus of elasticity E = 30 x 103 ; i'IPa

Average compressive strength of specimen: R = R x 0.0 = 26,6 3 MPa; 

Calculated compressive strength R c = 177.8 kg/cm;

Adapted coefficient of strength = R/Rc = 1.498;

Rate coeficient of wave velocity: = V p / V ^ g  = 1.444; K^s = ^
= 1 .100.

Analyses of results

1) Sterngth of shaft lining
Results from 45 stations in 178.5 meters of shaft are given in table 1.

Table 1

Strength of shotcrete shaft lining

Test

Point
VP

( l< m/S )

R

(0.1 MPa)

Test

Point

V

(km/3 x

R

(0.1 MPa )

1 4.40 295 25 4.77 379
2 - 26 4.40 295

3 4.03 231 27 4.13 241
4 4.19 253 26 4.28 270

5 4.02 220 29 4.02 220
6 3.96 205 30 3.70 165

7 4.19 255 31 4.12 239
8 4.09 233 32 3.93 203

9 3.98 213 33 4.29 272
10 4.77 279 34 4.52 323

11 4.77 379 3 5 4.77 379
12 4.71 365 3 6 4.77 379

13 4.77 379 3 7 4.77 379
14 4.09 233 3 8 4.31 276

15 4.45 307 39 4.26 206
16 4.40 295 40 4.58 336

17 3.96 213 41 4.45 307
18 4.35 285 42 4. 50 336

19 4.19 254 43 4.71 365
20 4.52 323 44 3.07 134

21 4.52 323 45 4.02 224
22 4.77 379 46 4.19 254

23
24

4.58
4.23

336
261

Analysis of data in table 1: 
Average strength

n

R = i  "V"1 R, = 28,57 MPa c n /  _i i
i = 1
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Fig. 1. The thickness and strength of shotcrete lining and the extent of 
loosen rock vary with depth of shaft



Non-destructive Testing of Shaft Lining

Standard deviation

6 n - y k  £  (Ri ' “ c)2 '- 6 '453 HPa
V i=i

Coeficient of variation

V = 6 n/R c x 100% . 23%

Here we can see the average actual strength of shotcrete is higher than 

the designed strength. 96% of the lining has reached or exceeded the 

desingned and only 4% of it is below.

The variation of actual strength along with the depth of shaft is 

shown in fig. 1.

2) Thickness of shaft lining

Analysis of measured results (table 2) of lining for 44 test point as 

follows :

Table 2

Thickness of shotcrete lining

Test Vd tn (-) Tost Vd tn H

Point (km/S) (juS ) (mm ) Point - (km/3) Çus) (mm)

1 4.24 94.7 201 25 4.59 119.7 275
2 - - - 26 4.24 143.0 303

3 3.93 98.0 193 27 3.10 173.0 268
4 4.03 127.3 257 20 3.22 184.3 297

5 3.86 130.0 251 29 3.01 155.7 234
6 3.80 131.0 249 30 2.77 149.0 206

7 4.03 133.3 269 31 2.86 170.0 243
8 3.93 128.3 252 32 2.86 154.0 220

9 2.99 145.7 218 33 4.13 120.7 '249
10 3.58 134.0 240 34 4.35 122.7 267

11 3.58 144.0 258 35 4.59 120.3 276
12 3.53 135.7 261 36 4.59 126.0 209

13 3.58 158.7 283 37 4.59 120.0 275
14 3.06 165.0 252 38 4.15 130.3 270

15 4.28 128.7 275 39 3.19 148.0 236
16 4.24 129.3 - 274 40 3.44 126.0 217

17 3.83 130.7 250 41 3.34 159.0 266
18 4.18 133.0 273 42 3.43 149.0 256

19 4.03 136.0 274 43 3.53 133.3 235
20 4.35 156.3 340 44 2.30 152.3 175

21 4.35 127.3 277 45 3.03 150.0 227
22 4.59 126.0 289 46 3.14 145.7 229

23 4.40 121.7 268
24 4.07 139.3 283
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Fig. .2, Photo of wave from 
at hole 44 and 46

Average thickness 

n

^ ~ l| IP = 256.9 mm 

i=l

H = i

Where

n - number of test point 4 4 ,
- thickness of shaft lining at any 

point.

Standard deviation
 1n

i=l

(H H)2 = 29.9 mm.

Coeffiecient of variation 

V = 6 n/H x 100% = 11.6%

The results proved that the thickness 

of shaft lining agree with the designed 

thickness.

3) Extent of loosen rock

Table three shaws the measured extent 

of looson rock, its variation with depth 

of shaft as shown fig. .1. As may be saem 

in fig. 2 the amplitude die-away with 

the increment of the extent of rock frac

ture from bottom of hole to its entrance.

Table 3

Extent of loosen rock

Number
hole

Extent of 
loosen rock

Number
hole

Extent of 
loosen rock

Number
hole

Extent of 
loosen rock

1 699 15 335 32 380
3 617 16 306 33 1081
4 373 18 407 34 533
5 454 22 691 36 311
6 451 23 432 38 610
7 361 24 247 40 133
3 648 25 625 42 494
9 767 26 527 44 455

10 790 27 432 46 1001
11 032 28 453
12 839 29 366
13 517 30 344
14 943 31 377

Note: measured results of single-hole detection

Recenzent : Prof. dr hab. inż. Mirosław Chudek 

Wpłynęło do Redakcji w czerwcu 1968 r.



NIENISZCZĄCE TESTOWANIE OBUDOWY SZYBU

S t r e s z c z e n i e

Zadaniem testowania ultradźwiękowego jest uzyskanie prędkości akustycz

nej badanego ośrodka. Sygnały elektryczne o wysokiej częstotliwości z na

dajnika ultradźwiękowego sę przetwarzane na. drgania mechaniczne przez 

przetwornik w nadajniku a następnie przekazywane do betonu i otaczają

cego ośrodka, z kolei fale elastyczne sę ponownie przetwarzane w sygnały 

elektryczne przez przetwornik w odbiorniku, a postać fali ukazywana jest 

'na oscyloskopie. Z uwagi na różnicę prędkości akustycznych w betonie i 

otaczającej skale oraz w odspojonej i zbitej skale można wykrywać grubość 

i wytrzymałość obudowy betonowej oraz zasięg odspojonej skały. Wyniki 

testowania ultradźwiękowego dla obudowy szybu w szybie wentylacyjnym 

Biulongkou kopalni węgla Handau i Xingtai sę następujące: przeciętna gru

bość obudowy szybu 256,9 mm, przeciętna wytrzymałość betonu 28,57 M P a ;

96% obudowy osiągnęło lub przekroczyło zaprojektowaną wytrzymałość, a 

przeciętny zasięg odspojonej skały wynosi 543,7 m.

HEPA3PyilIAKIHHE HCIIBITAHHH IIIAXTHOM KPEfM  

P e 3 K) M e

3axaHHeM yjibxpa3B yicoB oro H c n sia H M  flBjineTcn n ojiy^ em ie  a z y c m s e c K o g  
CKOpocm nccjie,nyeM oro ijeH Tpa. BneKTpnqecKHe b b i c OKoaacTOHue curHaiiH y jib T p a 3 -  

ByKOBoro nepe^aT^HKa npeodpa3oBUBaioT c h  b  MexaHnaecKHe KOJieCaHHK b  n p e o d p a 3 0 -  
B a ie j ie  n ep e^ a m H K a , a  3a ieM  HanpaB j i h io t g h  b  deiO H  u oKpyscaronHH n e H ip , r^a  

y n p y r a e  b o j i h h  3aH0B0 nepepadałH B aioT ca b  sjieK ipH H ecK ze cnrnajiH  n p e o d p a 3 0 B a -  

TejieM npneMHHKa. $opMa b o j i h h  BH^Ha Ha ociim iJiocK one. IIpHHHMaH b o  BHHMamie 

pa3HHity aicycTHHecKHX C K opooiefi b  deTOHe h OKpyncaiomea ropHoii n o p o x e , a  la io c e  

b o t k o j i o t o M h njioTHoft ropHOił n o p o x e  -  m o jk h o  onpeAejiHTb KaK Tojimtmy h n p o n -  

HOCTb SeTOHHOtt KpenH, TaK H flaJIBHOCTb OTKOJia ropHOił nopOAH. Pe3yjIbTaTH  

yjtb ipa3B yK O B oro HonuraHHH a j i h  n a x iH o B  Kpenn b  BeHTHJimiHOHHOM ciBOJie B h o h -  

TKOy m axiH  XaHflay a  K cuH riaH , cJiexyiouH e: cpexHHH TOJiąHHa maxiHofl Kpena  

2 5 6 ,9  m m ,  cpexHHH npoHHOCib CeiOHa 2 8 ,5 7  Mila} 96% x p en a  x o cT a rjio  h j i h  

npeB3omJio 3anpoexTHpoBaHHyio n poaH O ciB , a  cpexH an  xaJiBH ocib o t x o j i o t o B ropHoft 

n op oflu  co ciaB J iaeT  5 4 3 ,7  m .
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