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A FUNDAMENTAL STUDY ON PORE WATER
PRESSUE DURING VIBRATIONS

By Tojiro ISHIHARA and Masaru OJIMA

Synopsis

In this paper, the properties of pore water pressure in saturated sand deposits subjected
to continuous vibratory force are investigated theoretically and experimentally.

First, the situation when liquefaction occurs, in particular the process of dissipation
after liquefaction is considered and analyzed under the assumption that the sand deposits
settle down only vertically by the action of the vibratory force. On the basis of that
result, the factores which affect the value of pore water pressure and profile of distribution
of it are examind.

Then, several results of vibratory experiment using a rectangular sand container are

discussed and compared with the theoretical values.
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Table 1 Theoretical values of Coefficient @
ho=10m, l=10m

2o 0.5 0.4 0.3

k| (ca/sec)
J’/X 0.001 | 0.010 | 0.100 | 1.000 | 0.001 ’ 0.010 { 0.100 | 1.000 | 0.001 | 0.010 | 0.100 | 1.000

0.045 | 0.019 | 0.038 | 0.044 ; 0.045
070 0.071 | 0.024 | 0.058 | 0.070 | 0.071
0.084 | 0.021 | 0.065| 0.083 | 0. 084
094 0.095} 0.021 | 0.071 | 0.094 | 0. 095

=
S

0.9 | 0.013| 0.029 | 0.044 | 0.045 | 0.015| 0.033
0.8 | 0.015( 0.041 | 0.069 | 0.071 | 0.019 | 0.048
0.7 | 0.012| 0.041| 0.081 | 0.084 | 0.016 | 0.051
0.6 | 0.013| 0.043 | 0.092 | 0.095 | 0.016 | 0.054

&

0.2 | 0.5 [ 0.014| 0.044 | 0.100| 0.104 | 0.017 | 0.057 103! 0.104 | 0.023 | 0.076 | 0.104 | 0. 104
(sec)] 0.4 | 0.013| 0.043| 0.104 | 0.108 | 0.016 | 0.056 107 | 0.108 | 0.022 | 0.077 | 0.108 | 0.108
0.3 | 0.013| 0.042 | 0.107 | 0.112 | 0.016 | 0.055 110| 0.112 | 0.021| 0.077 | 0.111 | 0. 112

0.2 | 0.014| 0.043| 0.110| 0.115 | 0.017 | 0.056 113| 0.115| 0.022 | 0.079 | 0.115| 0.115

0.1 | 0.013|0.042| 0.111| 0.116 | 0.017 | 0.056 | 0.114| 0.116 | 0.022 | 0.079 | 0.116 | 0.116

0.0 | 0.012| 0.041| 0.111| 0.116 | 0.016 | 0.055 114| 0.116 | 0.021 | 0.078 | 0.115| 0.116

0.9 | 0.015; 0.032 | 0.044 | 0.045| 0.018 | 0.036 | 0.044 | 0.045| 0.022 | 0.041 | 0.045 | 0.045

0.8 | 0.018| 0.047 | 0.070 | 0.071{ 0.022 | 0.055| 0.070 | 0.071 | 0.029| 0.063 | 0.071 | 0.071

0.7 {0.015| 0.050 | 0.083 | 0.084 0.019 | 0.061 083 | 0.084 | 0.027 | 0.073 | 0.084 | 0.084

0.6 |0.016} 0.053| 0.093| 0.095| 0.020 | 0.066| 0.094 | 0.095| 0.027 | 0.081| 0.095 | 0.095

0.3 05 |0.017 0.056 | 0. 102 0.104 | 0.021 0.070 103 | 0.104 | 0.028 | 0.088 | 0.104 | 0.104
0.4 | 0.016] 0.055| 0.106 | 0.108 | 0.020 | 0.071 108 | 0.108 | 0.026 | 0.090 | 0.108 | 0.108

0.3 [ 0.015| 0.054 ) 0.109 | 0.112| 0.019| 0.071 1111 0.112| 0.026 | 0.091 | 0.111 | 0.112

0.2 |0.017| 0.055| 0.113| 0.115| 0.021 | 0.072 114 | 0.115| 0.027 | 0.094 | 0.115}0. 115

0.1 | 0.016 | 0.055| 0.114 | 0.116 | 0.020 | 0.072 115| 0.116| 0.027 | 0.094 | 0.116 | 0.116

0.0 | 0.015| 0.054| 0.113 | 0.116| 0.019 0.071 115| 0.116 | 0.026 | 0.094 | 0.115 0. 116

0.9 | 0.017| 0.035 | 0.044 | 0.045| 0.020 0.039
0.8 | 0.0210.052| 0.070| 0.071 | 0.026 | 0.059
0.7 |0.018| 0.057 | 0.083 | 0.084 | 0.023 | 0.067
0.6 |0.018| 0.061| 0.094 | 0.095| 0.023 | 0.074

044 0.0451 0.024 | 0.042 | 0.045| 0. 045
071 0.071| 0.032 | 0.066 | 0.071 | 0.071
083 0.084| 0.031| 0.077 | 0.084 | 0. 084
095| 0.095| 0.031 | 0.086 | 0.095| 0.095

e R R e - RN R R e

0.4 0.5 [ 0.019| 0.065| 0.103 | 0.104 | 0.024 | 0.080 104 | 0.104| 0.032 | 0.094 | 0.104 | 0.104
0.4 | 0.018) 0.065| 0.107 | 0.108 | 0.023 | 0.081 108 | 0.108| 0.031| 0.096 | 0.108 | 0.108
0.3 {0.018}0.065! 0.110| 0.112| 0.022 | 0.082 111| 0.112} 0.030 | 0.099 | 0.111 | 0.112
0.2 |0.0190.066| 0.114 | 0.115 | 0.024 | 0.084 115| 0.115] 0.031 | 0.102 | 0.115| 0. 115
0.1 | 0.019]{0.066 0.115| 0.116 | 0.023 | 0.084 116 | 0.116| 0.031 | 0.102 | 0.116| 0.116
0.0 |0.018|0.065| 0.114 | 0.116 | 0.022 | 0.083 115| 0.116| 0.030| 0.102 | 0.115{0.116
0.9 | 0.018 | 0.037| 0.044 | 0.045 | 0.022 | 0.040 | 0.045 | 0.045 | 0.026 | 0.043 | 0.045 | 0. 045
0.8 | 0.023| 0.056| 0.071| 0.071 | 0.028 | 0.062 071 | 0.071| 0.035 | 0.068 | 0.071 | 0.071
0.7 |0.020| 0.062 | 0.083 | 0.084 | 0.026 | 0.072 083 | 0.084 | 0.034 | 0.079| 0.084 | 0.084
0.6 | 0.020| 0.068| 0.094 | 0.095| 0.026 | 0.080 | 0.095| 0.095| 0.035| 0.089 | 0.095 | 0. 095
0.5 | 0-5|0.022] 0.072| 0. 103 | 0.104 | 0.027 | 0.086 104 | 0.104 | 0.036 | 0.097 | 0.104 | 0.104
0.4 | 0.020| 0.073| 0.108 | 0.108 | 0.026 | 0.088 108 | 0.108 | 0.035| 0.100 | 0.108 | 0.108
0.3 [0.020| 0.073| 0.111 | 0.112| 0.025 | 0.089 111/ 0.112| 0.034 | 0.103 ] 0.111 | 0.112
0.2 [0.021} 0.075| 0.114 | 0.115| 0.026 | 0. 092 115( 0.115| 0.035| 0.106 | 0.115 | 0. 115
0.1 | 0.021{0.075| 0.115| 0.116 | 0.026 | 0.092 1161 0.116 | 0.034 | 0.107 | 0.116 { 0.116
0.0 | 0.020| 0.074| 0.115| 0.116{ 0.025 | 0.091 115| 0.116 | 0.034 | 0.106 | 0.116 | 0.116

__9_
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T=0.2sec, A,=0.5
k, = 0.001°2¢

——————— 0.01

-

Fig. 4 Distribution of maximum dynamic pore water pressure
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¥ LOEREKE % b OB A OBIKEL S % % Brahtz & Heilblon OfEP % HEDDICRLTH %,

CORER, ¥ LML 5T,

i) Table 1, Fig. 4 bbbtk h, WHERI LKEDL I/h BT LA, Q bRELKSD
A% ZO¥RIE, Brahtz & Heilbron OBIKEMRR E 3 —FK L Tb, LaL, I=h=5m, I=h=10m
DFEEEZNEL, AL I/h DECLHLY, BREEVNEIVEE, Q DEDHENKREL LTS
Z i bnd. Tickhd, BAREEIVNRABETIE, WEBOREHINLAXIOEENBEECEbhLZ L
i h, Liehto THEMEDSBALI oW & &i2it 5,

i) SHTEKRBEAE L, ZTOfEL 0.1cm/sec BE X WA duE, M EEIKEOCMHEL, Mk
DBEDFRLITTHELLD, Lad, I/h Ofin2~3L ELThhiE, Westergaard DE)KIE L D%
Rz LA 5,

iii) L2L7eath, ST, BAREES 0.1cm/sec L D/NIWZ LI HFELLNEND,
REEOMT X BIKEIX, Westergaard OfHL D 27e /&b, Lt ZoBacid, BFER, RKE
AEDEIZ L - T, ZTOELFTRL-TL 5,
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iv) RFEBRKEDHEIARE RBoTh Westergaard OfFTIWL D, EAER /5 it ES
HEY 300gal LEELTH 2EIBETH 5,

BIREFIRT EKE 0z oW TUL, (20) Rick b, WEES 5m, BAFKK 0.01, 0.1, 1.0cm/sec
FIFE®R 0.45, 0.43 252 THMEFELTOV, FORREERE LI,

Fig. 5 i3, ZOHESMOBMGRBLTRLICLOTHSD, Bl 1=0 TRAMBILAECY, o
EOEIR Ydo 520500, BRREORKRS 37 —A LSOO 0, DY, EET 480 g/cm? b4
Lve ELWEHELR S TRLBLRENL, YREAEhOYr —ATRIEBHITTH DA, ZORTIHE
hhxicw. ¥l ZORIEHERELIL, TLHBLEOM AL 4D oy OBKECHTEEEY S 2T
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Fig. 5 Distributions of dynamic excess pore water pressure when complete
lequefaction_occurs
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Fig. 6 Dissipation behaviours of dynamic excess pore water pressure to
hydrostatic pressure
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Fig. 7 Dissipation process of dynamic excess pore water pressure
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Fig. 6 1%, 0y OREZIZHKEXYMLTERLELI LD TH B,

Fig. 7%, BE% A7 2 -4, LT, oy OFROBFFERLICLDTHD, ZhbHDFERND,

) BRREAVNE e B3 E, BEEMARLRD, Lichi-> THBOREBIRE,N R L.

i) BBz o B—EEEHEOHENEL, Lo THBORENTR L LB EEFL TV
SBSEZHBLTHDEVZ IS,

iii) PR XR%E 0.45, 0.43 L LCEHEL, KL, MFEROERCIHPEBIERTES
I5ThHbB,

iv) BEERT X KECHBKECKH T A, Fig. 5, Fig. 6 TR 35I &<, MITFEXEHKECL BN
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4. EITERKECHYT ZRRHOER

KROBRNT, 2. THECELUERBORI SR, MIFEAEERCRETHEOAE ZOME,
iy & AKHE & IRBHE - $RIB - IREDINERE & OHBIE, M 2 KEDORHIE L, BDOWENEEC L PE
REROWTHRHTAZ LD B,

1) ZBERBIUERAX

EE&ECOR WL, Fig. 8 KRTI57ERL727 V54 PO ES 20mm, (§ 300mm, &I
900 mm, EX 300mm THH, XBLET7 VT4 MRYBARACEIATIZ LR LD, KX 290mm,
590 mm, 750 mm WRKZEZ 5T EMTED, NBLER X HEOBEHIIE N LEZ DI DL, FRlODIC
EW2rfiicy vy o viERbIELTH D, ETRERIIREE~NOBEEDI DI 2B L THDH, EIIEER
BUBIRIR L X 5 W ERGR, E2b 1, 5 10, 15cm OfEth 3,

. 340 900
P 300 L 29 290 280 20 14020 130,120

3040 50 50,
L
420

Fig. 8 Dimension of sand container

IREE L LT, BERIRERBRE UBC-10A BERvi,

FREOFIEE L TE, KPEREEB LABEVETOREZ S B TEB TR HL0H5B, LD
BrEEYAEL, PERCEDHHELND, ROTOBUGRERYENL, FIiELPRTFOR
HED, WEOTFENIHIES ZRE R,

IEFE, REBEEFEOMC Licth, LESMEEIEONSXS RIELHEARE L THE, 50~
400 gal DOINEEFE T 5 BRI OW TERET L, SRS T 3 ~1040HIRB ki X ¢, WT
NEEAERT LIt RInEh B X 5o Thh, DEDEMALEAL,

REIS ORI X EORERIL, MEIA 7 ¥ — v ERD ik sy — oRENFH (Fig. 9 2w,
AKEC X BZERMOVOTLEESACIND T & L bic, BRERMT EKEDORLRET 5 -HRENG
D - BE & RO DBERIC e DR 2, 3, dmm D~/ 2 — 2 WO, FOKIERYTE
BT X TRIE Lz,

IEES RS X0 4 DDESHORSHL, €2/ 5 7iEFERe, ElE LCHREmEERER, 10, 20,
30, 60, 120, 1808V DEE% & o7=p%, MEMEIE CB AL 2BEORSY Lo, Th EFARICHE
DL TFELBEL T 5,
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Fig. 9 Dimension of pressure gauge fixed on sand container
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PowEHE A B A:HED B:EREED

BEEX 1, 2 ;1 :/=29cm, 2:7/=59cm

HEE X S1, S2 ;S1 :dy=12cm, S2:d,=24cm

X E W1, W2;W1:}j=12cm, W2: h=24cm
Tichb, SETTL - ERFRTL, Table 2 RLcE B D TH 5,

fols, HED (A) TR 0.59~1.19mm, HHE 2.64 THH, HIFEE% 0.4 &1L T Kozeny &
R X VBARBBAFETIUEW L lem/sec L7c5, FEED (B) 1L, FfE 0.08~0.1mm, EEE
2.65 THY, BAREEIH 1.1x102cm/sec L5,

Table 2 Experimental cases

1 2

A S1w1 S1W1 SIW1 S1W1

B S2 w2 S2'w2 52 w2 S2'w2

2) EREREZOEER

SEIORB T EKECREICENG L~ 7 2 =2 — L&,

WEMESRE T TN RWB R, </ 4 —2 —OKM ERIXAZBRT, EGORSIHKE#EZPLEL
TRPNEEWILHMELZ VELTw5, ChaMFEBIKETH S, —7F5, WEMERECISEEL, BE
DBWILIETFRADRB L LD, =/ A— 2 —DKARRLERL, HHE— 7 HELILOBRFET 5,
Z DL X DEJIFOREE, T OERMEN TR, %@ﬁtﬁ'ﬁ'}ﬁﬂﬁ’ﬂf;iéﬁ% XYEL, BEoERL LD
CEied EONBR D &) RN E S VBT, COBBROTREBREIKEDHEINMCL5L0THS &
FExuE, Thhid Lt LM EETORTHMLAHE-H LT B T ENLBIATE %,

=/ A=2—% AR 2 3 4mm DLOXFUEIRFE L LOEREEE LY, BROKIOFE
Phieb B Y, B E ERKLEL, Bk IhbREV, Lad IhboET, WIhbENE
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Fig. 10 Comparison of dynamic excess pore water pressure measured by
electric pressure gauge and by manometer
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Fig. 11 Correlation between vibratory acceleration and dynamic pore water pressure
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Fig. 12 Unsteady behaviour of dynamic pore water pressure when liquefaction occurs
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Fig. 13 Comparison with theoreticul and experimental distribution of dynamic pore
water pressure
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Fig. 14 Relationship of dynamic excess pore water pressure and surface settlement
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