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Abstract

This paper describes the dynamic tests of an underground pipe. A steel pipe of
60.5 m in length, and 14() mm in diameter was set in a trench which was refilled with
sand. The pipe was excited by two methods. First, waves were generated from the
shaking table. Secondly, an excitor was connected with the pipe. An axial strain of
about 15 x 10-% was measured in the test by the waves [rom the shaking table, In this
test, the accelerations of the ground and the pipe were both 5—10 gals, The strain
values might be explained by the wave propagation. The underground pipes strains

for small vibrations may be explained by waves propagation of the ground.
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Table 1 Relation between the underground pipe

damages and earthquakes
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excited in axial direction
measured in axial direction
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excited in transverse direction
measured in transverse direction
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v bbb RATOBECHITARED,
HHFTE & AVE L 5.
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- —— u-dcomponent In axial extitaticn V,=100m & LT, 2o\ TCO>WTIDkh
- u~d component in u-d excitation %}E&’)Z) A 10 Hz It 0.24 Lich , 5Hz It
/\ | \\\ 0.13127%. V, offips V, OfEE-3E & =
gal
L 7&5 e oy X pichx 7 3 JE
ﬂHZW@ o MH;——_'*—F—E] HREbimpaich o 28R LTl
THD.
<\g J° >\\ 1 wic, g E R ORCT 0 avE Ul
L EOTEE L HMTERTRUAE LT LEE
/\¥ B 125 BRI EEL LR DDTHIER T & R
o o B. DT f AHRAERYS D o BkEE), L
/\ N . PR (L=2zV,/e) L LT, WMELEFME
s [ w1 pwsenorsens.
Jg f) L
f X NN P “= ES(4x g ) 0=#<3
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mer T 39 KS " 4
e N ]50 :\‘ 150
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lg. p owWn vipration maodes

excited in spdown direetion ) gy, BRNZALED 2 YEAM, T2 1 KB
DFw Lic/aiiicied. chbolNeEATS
ix, WORHEE AT Ui il S v, IRBHAL S EET 5 8 o M M i,
B RS D, EEFEoME, MIEFREE v Va3, hREATEZE T 7
R Ut lbh s, CoERE0%E, BT8.2m o SHEHE 230 m/sec o Bicfr
L, HEREREROHI00m/sec DEFICHLE o TWB. T & A G o A7 M S
FRDDBOEKERE L. RS, NEEHEE, SR ER 2 mba B R okEo
(LMD, B X UEBORE L F2 o (D e TS Ui & 203, R 6 i
fofrdfi s & HHIAEE o b olES S D, RBHCI2 A7 v+ kE
Ve TDXITEAF YA ULRRE LCERECA UCwW5IRE2, K6,7,8 105
IIRKRECHED oD, DEVCHRSD 7o LT—HT o b2 bRhE. LiL
B OB E — FEELHEEC S 0 X 5 CfRTED, MLk, TELT,
SHROBGIHREE LTES. 7ok, Sm L BmilibdoEEOHIEFLEALRLCSHD, E
HlefEbHbhizn s 1.
Wiz DB FCE U oRAEER, V, 47 4 -5 B, REBRFICHEL L D
DEFE LT, COEYHETADEHWERIZEA) A ThD, BIED fZKkOX 5 E
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F 5 FHEACHIEEES & SR AL R & ST R
Table 5 DPhase velocitics calculated and measured
a b } c d e ‘ f | g h
smels | smol | smom | G507 | smon | smom | GEL D
IHEIRENE & O 41 S it . i Z oA
| HE ;‘ TEE RN | B (n.p) e

175 | — ‘ ax10 L2 | 1%6mpst| 4xi00  — -
5.25 125m/s — — — - — -

5.5 143 16.2 4.8 34.7 17.9 r 62.2m/s
5.75 250 16.3 5.6 47.5 16. 4 6.7 56. 5
6.0 250 12,4 3.0 32.0 17.5 3.7 28.0
6.25 125 5.7 2.0 14.6 3.1 4,2 | 1725
6.5 100 4.8 3.0 76.5 5.1 2.6 62.4
8.75 67 12,5 2.8 24.5 4.3 4.8 1316
7.0 67 10.9 6.6 63.8 | 13.0 1.4 te.2
7.25 83 16.8 4.0 26.1 | 10.2 L5 161
7.5 &3 15.6 8.1 55.1 13.6 2.6 20.3
7.75 67 16.6 10.7 66. 1 14.1 2.8 20,4
8.0 77 16.2 10. 4 63.8 15.8 4.2 26.4
8.25 83 11.7 11.0 60.6 5.0 6.0  115.7
8.5 71 12.2 12.7 91.4 11.8 6.4 50.7
8.75 83 12.6 14.0 101.0 9.2 9.0 88.9
9.0 Vi 18.7 14.2 67.1 17.8 12.1 60.1
9.25 77 14.4 10.5 62,7 16.8 11.6 59.
9.5 77 11.3 11.5 83.0 3.2 6.7 | 175.4

6 MBS LEEEENLETLDWT

Table 6 Maximum strains decided by the phase velocities under buried conditions

ik B & Vs=50 m/s | Vs=100m/s | Vs=150m/s | Vs=300m/s | Vs=1,000m/s

0.25 246 x 107° ‘ 492 % 107° 739%10-5 | 1,478x10°% | 4,928 x 10-¢
0.5 123 x 10-° 246 369 739 2, 464
0.75 82x 10-° 164 246 492 1,642
1.0 61x10-° 122 185 369 1,232
2.0 31x10-° 62 92 184 616
3.0 21x 10-¢ 11 61 123 410
4.0 15 x 10-° 30 46 92 308
5:0 12 x 10-9 24 37 74 246
6.0 10 x 10-¢ 20 31 61 205
7.0 8.8x10-% 17.6 26 52 176
8.0 7.7%107% 15.4 23 16 154
2.0 6.8x 1078 13.6 20 41 136

10,0 6.1x10® 12.2 18 37 122
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BAEELTRDTH 5.

a @ BEEGE, 0.5

p : OB ERTER, 1.8t/m’

h o+ 0, 50cm

TA IR i 45 g/em® ThHH, Im Y Zkg/em THD.
CAmLEETSE, WEShAELNET 51212 100 m/sec L EoEFRESBHETL D,
5m > 16m HEDIENbOEERETL LS. L LL56m & 15m ofEOHI D
T EFL LTHE, (SR 300 m/sec~800 m/sec izt » T L& 5. L LS
A A EE ISR L 150m/sec fii & HCw A, Moz Lan S 5 L ISEAE
%, 80m/sec~250m/sec - £x bh, TORTCRIKEHTHELLEE L BN B LvL
Sm & 35 mHEnBENEANTIER U & W MEE R T oo 2 &b i
Bhoo WA SR B 2%, RSO A d D RIE B R EE 16 X107 A Ui &
T 5L, HEERETIIE 600k oAU b, T X S I AMERT
BTk oMBRERSJERCRE { (B 10kg/em® 2 X DfE), WEOEMMI Y A -
Wi tHh s 0ERDY, bRl .

TR ORERE L s LB oM R WL EORERCIHEE SR L2, HT
B cA T OLENIEECLOCI oL 50, FRoEESE S B O < imilas
KEREHY T TERERITCETHEL O oo, ZIITEGEES Ak o iR o)
WG Chd o tofed s, WS EMREORMOEVZ L VRS- EFELLRDY, 45
EHIEFFLGEF M I uEls binu.

2T, EHAEROERS LEBROMBEC O TRKOL IR EE®T LD,

(1) MEEFoERT CihErElT 3.

(2) HREOEBECTHD EMBORIIKRE LS.

(3) Bl = oW BN R % F

TEOLERSHD.
(4) HELHBEOHMNS LOFH
LA B 2 R8I 5 TR ‘O &3ty
B.
6. EiREEREREOBKR

(i) RIEHETEOEE

T RSO  Ei, EREO
Wl oD BB R < RS E G 02 Bl 31 ST RS b+ v SR
Bic A, ERlhEZE ST ok Fig. 31 Outline of the rocking vibration

ey . excited in axial direction
~RIEDE R ISR s T . ©

Gl:@Eﬁﬁm
G, : AmEFLMLA

E*Eng/



T BV E O REIRER DL C— AR

MEEBRARE LTlE, 2o InEE LM LA ERTRLTW 5. fINEEOR L ipe
HEER - T Bied, SIRICRT LIS Er v # v 7 Lo FRAESY LT 40
EHEEIND.

BEEZ S EERD & ERTORBIEATECELEALS, Ehnie v+ v ZRES
LTnad. FRETAREREDE & LFOMEIR LA, &, THMEEHIRIED &
gD [HiFoe vy /dil] XENEE AL, S 120em~80cm DFHZS 5 & i
EERD.

DAL DED A v F v 7RE), BICETEHOMELHHLCRBLK0X 51tk
5O,

D ACE R hy=5.6x10*kg/cm
H#E MR % he=1.8x10°kg-cm

MlESE L CRIREER  m=1.7 kg-sec’/cm
HEOE D DT — 2 v b 1 1=2.38%10° kg-cm-sec® hy, he MR Lo ME v i,
VAR s TG B e KA AV TEBE Lz, chbhb

1&kowe v 7 iEH i=0,/27=25Hz

1kor v+ v /i@ (Rohs) Z,=114cm

2D ey & FEHH fi=e,/27=50Hz

2RO wy v SRR (FO2H) Z,=-11.6cm

1%, 2ROMFTERE® M, M, L35k, BREIEIKOL STk s.

v =Mym=1.16, & = M,/m=11.46
BIRMES Ho, WAMKEZHET5E, AEOKERIADY 510D,

T

b BB D
M_mw12{(1+z1)(1+21 5111) 1TZz llzz £\, Fy
Fy= ! j=12
i @\ o, [ o

1—(@7) +2th(?}_)

ST ATEBHEERTHS. Hy=40cm, H=26cm, L 35L uitknk 5icic 5.

il Siut
Pe™ (1,497, +0.06F,) = L2

ay mw,”

U=

1.42F,

FERTIL, BiEE— 4 v+ d0kg-cm TH B0 HINER T

d= 00—
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Table 7 Calculated and measured vibrations excited horizontally

mipg | 0Hz | 1| 12 B3 | M4 | 15 | 16 ‘ 7 | 13 19H

StE{f |24.4gal| 36.4 53.5 75.9 | 106.7 | 146.3 | 197.4 | 262.5 ' 344.4 | 443.8
FEEafl 19.2 27.2 } 38.8 49.4 64.0 | 103.7 | 157.1| 189.8 l 284.2 —

Efeh. T I=03 LT LTRDI-dTHS.
W L TRECS S T, Mo T4k A =8.42x 10 kg/cm, HIETHIL fi=0)/
27=34.THz L7t b, ETEMv ikl 5icd

Pgimt _ _—ei_ﬁ _
"= ) ) ()

AR L E Ul — 2 v b A0kgeem THAHLLETFMEEZE VRO L i b,

#Z812h=0.22 L ET L CitE L0 &, ERNEETHS.

*® 8 RS ETIRE

Table 8 Calculated and measured vibrations excited up-down

R | 10H4‘ 1 12 RE 14 15 ‘ ‘

FEfE 61.3 | 79.9 ‘ 102. 9 131.0
HEER(E 97.5 | 17.5 ] 1500 195.0

8.6 gal
10.0

125 17.9 | 21| 31.5| 6.3
149 241 ‘ 35.5| 52.5| 75.0

By & v 2 T LGN L AKCE B o VBB 28 ) i o R M T e Ok
EhocOETR T MBRE X RA Tl o ictew, Tic B FRIEROFEMEIVNE D51
DIk by wREL ARl FELLRS.

(i) BHEBFORECPWT

RO MR E DTN COREIC DWTF 252 213 26m Mg biz b A L
ORENE BT, BUTH/DIWT & THHMUETOREITFEIT LR TEIR » % v 7T
L5 BT A omES S B AR TH D, TihE L A AER I EEEZ N oM
KEchh, LTPAHRARETE EFAROMTRE th 5. Z 0k 5 nER TR
AU GRMoREAmn o 2 @ATELEF LR LY.

FEZE R O BT D IREN A e, 15 Hz B0 BoE EEA DR T8
100 gal, 5 m ®Ff=# 30gal, 15 m OFfc# dgal TH - -, Mo bliEERO K FEnho

.



T HRREAE O fREN BRI oL TS

LEDORLIABRIL=3a/48TH V. Bidky B/AET, ky \ZAKTHUBEGHRE, B RA
FiE (14em) tHD. ZoOREZOBCERTS.

hp=1kg/cm® 7 r 5=0.008/cm ¢, L=2%cm k5.

kp=2kgem?® 72}, $=0,0095/cm C, L=247cm &7 %. 5m © &l 5 3.8 m B
RRTTH D, ROFO 13 EEDERFFE TSI LD LRCTFHIBRH by 25 1kg/cm® X
D¢ém%®&ﬁﬁ§ha.
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Fig. 32 Vibrations and strains induced by earthquakes
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Fig. 33 vibrations and stzains induced by earthquakes
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Fig. 35 wibrations and strains induced by earthquakes
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