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ON THE UPLIFT RESISTANCE TO BREAKING
OUT OF MUSHROOM FOUNDATIONS

by Minoru MATSUO

Synopsis

In this paper, a new calculation method of the uplift resistance of mushroom
foundations is proposed. After this, results of labolatory model tests and of field tests
by proto-type model foundations are compared with results obtained by this new method.

Special differentiae between this new method and usual methods are as follows; (1)
the assumption that the sliding surface consists of a continuous curve of a logalithmic
spiral and a straight line, (2) determination of the sliding surface by drawing and (3)
calculation of the resultant shearing resistance acting on the sliding surface. Agreement

between results obtained by this new method and model test results in sandy soils is
very closed.
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Table 1 Model dimensions

? ‘ \ | |
ot b [w v fw Do | d
2B, (cm) 18 24 30 24 24 | 24 24 :
d (cm) 6 6 6 6 6 6 6 X
H (cm) 65 | 65 65 65 65 65 , 65
A (cm) 1 1 1 1 1 1 1 B
6 © ol o 0 15 | 30 45 60
199 ,
65 07 27 ]
‘ o7
@ @
®
® 8‘3
T 3¢ 66
!_ 100
) €]
B
— ) - Side view
£ levalion ggjj/’z{; ©® PLV?rag/ ”9@& );I;/I'nm @@P;erlggu%e
® Dial gage @ Foundation @ Mounling post
Fig. 11 Laboratory test apparatus
Table 2 Sand used at labolatory test
W rgemd | e e(g/cm?)
Air dry sand (1) ! 0.5 1.36 i 37.5 0
Air dry sand (2) 0.5 1.51 ‘ 42.5 8
Wet sand 3 ‘ 3.3 1.39 ' 34.5 | 10
Wet sand (4) | 3.3 1.54 37.5 | 20
D50 cm
De40cm

CEINRdE 78200 0;

FIETELY

Photo. 1 Shape of the breaking out earth

mass

D=30cm

2B, =24 em

%
Fig. 12 Sliding surfaces of the breaking out
earth body obtained by observation




146 HRBFR TS RmE 6 5 (18.38.7)
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BEFROEEN D —FE BT Do FBEOHELC LB TNDEL, FBETRIEE I HDOT3

2 ECEEAVNE (2) , (b)) OHE (EROEETIIERA S TH iR ERCHTIE IO
FTHEEOBRETH D) CIV—BERL T %0 ¥z A, Balla OFXDEIL (¢), (d) DRVWHAKIE
e X BOT5D, SMCKEOTNVELD SRUCAD T B L5 THBo BEDZ LD
3, OBOKEEDOBHAIT D MROBEAEZRL TV %0

(b) BRG] & LFEHIIICOWT

EEHARADERIERIC OV TN B MERE | X LTI, 51 & LI H~%T Lo B s 5 BR5| ¥ 1
FHOC L THBo Table 2 KR LB L THED—EORRIER, #%, A. Balla XU JEC

DI TRDIE BB b OWCEREC T 55 BMEO Y —EL € Table 3 KR Lo 7a¥k5[& EFH
T RCEBGOHELRV D DTH b

%4 Air dry sand (D) DBEWC DOV THTHh D, Table 3 THLMR X 51, EEDOFEL IO TRDI-
HEEITEREIIEFEIC L { —F& L T\ %o Table 3 ICESWTHEMAPERECH LT ry FLELD
2% Fig. 14 TH Do XPEBITWH L 45° 2 TERTH D, FEOHAMIT LA L ZOER KOS T

Fig. 13 Comparison of sliding surfaces
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%o ¥7- A. Balla 10 JEC O EENERECHE L THBCKRZLRIDIIROEHELSLDL
B5o ThbbAHELIOTE LR ATV EO—~fEFRTE Fig. 156 DX OEKL. O LIBE A,
Balla O3y @EE, THEOFHEC LD TRDITADECKET 5 & 270 ) NI ADTL BT Ebib
Do DI LIIEEOERDANTRTOBPFLLNILZ ETHb. ITID L 5T HBIOER
BEIZEZOSEA LD /NI bbb bT, ZOHEMENFFEICAE (20T ECEMT
57 E LTV NORESHDOZEERL, 20 VK HIDOERITH ST ECEE L IORES
BEEL D15 TH Do FlxiE Fig. 16 OBH, EFHOHFERCIZ LTV LROERIL 73.4kg T

Table 3 Summary of test results

Air dry sand (1)

dli\:lr?gr?-l fail?ul')éifltoa d Computed failure load (kg) \ Ratio of computed load to
(om [ (ke Author \ A. Balla ’ JEC ‘ measured load
B./D| @ R | R | R | RA Re/Q | Ri/Q
18 | 20 14.7 15.8 22.3 20.6 1.07 1.52 1.40
18 | 30 32.0 31.8 52.5 44.9 0.99 1.64 1.40
18 | 40 53.5 53.7 99.1 82.6 1.00 1.85 1.54
18 | 50 87.5 85.9 161.5 136.0 0.98 1.85 1.56
24 | 20 29.4 | 26.8 — 29.4 0.91 — 1.00
24 | 30 52.0 | 47.6 | 67.2 60.3 0.92 1.29 1.16
24 | 40 78.2 78.1 124.3 106.2 1.00 1.59 1.36
24 | 50 128.5 128.4 200.5 169.3 1.00 1.56 1.32
30 | 20 38.0 36.7 — 39.9 0.97 — 1.05
30 | 30 63.6 65.0 89. 4 78.1 1.02 1.41 1.23
30 | 50 94.6 95. 4 151.5 132.8 1.01 1.60 1.40
30 | 50 148.6 155.3 243.0 206.2 1.04 1.64 1.39
\ Average \ 0.99 | 1.60 ] 1.32
Air dry sand (2)
8. (0| @ R | Rs R, | RQ | Re@ | R
18 | 20 21.3 32.7 34.6 22.9 1.53 1.62 1.07
18 | 30 53.4 64.9 177.6 49.8 1.21 1.45 0.93
18 | 40 123.9 112.3 139.0 91.6 0.91 1.12 0.74
18 50\ 201.9 195.4 223.0 151.0 0.97 1.10 0.75
24 | 20 30.4 | 45.0 — 32.7 1.48 — 1.08
24 |30 80.3 84.3 96.8 66.9 1.05 1.21 ] 0.83
24 l40! 182 | 1413 174.0 117.8 0.95 1.17 0.79
24 |50, 245.2 | 227.8 274.0 188.0 0.93 1.12 \ 0.77
30 |20 0.7 69.2 — 44.4 1.70 — 1.09
30 |30 96.4 112.4 123.6 86.7 1.17 1.28 0.90
30 |40 190.7 178.3 208.0 147.5 0.94 1.09 0.77
30 (50! 2842 280.8 398.5 229.0 0.99 1.15 0.81
i Average 1.15 1.22 0.88
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Wet sand (3)

2B: D Q R Rp Ry R/Q | R=s/Q Rs/Q
18 | 20 25.5 23.8 — 21.1 0.93 — 0.83
18 | 30 61.0 59.9 73.5 45.9 0.98 1.21 0.75
18 | 40 104.5 103.3 127.1 84.4 0.99 1.22 0.81
18 | 50 172.6 160.6 206.0 139.0 0.93 1.19 0.81
18 | 60 238.0 240.8 302.5 213.0 1.01 1.27 0.90
24 |20 39.8 40.8 — 30.1 1.02 — 0.76
24 | 30 79.5 84.8 92.8 61.6 1.07 1.17 0.77
24 | 40 125.5 115.9 161.0 108.5 0.92 1.28 0.86
24 | 50 205.6 197.3 253.0 173.0 0.96 1.23 0.84
24 | 60 304.4 304.6 364.0 257.5 1.00 1.20 0.85
30 | 20 51.8 58.2 — 40.8 1.12 — 0.79
30 | 30 101.8 97.0 — 79.8 0.95 — 0.78
30 | 40 164.0 167.2 194.0 135.8 1.02 1.18 0.83
30 | 50 233.8 220.6 298.0 210.8 | 0.94 1.28 | 0.90
30 | 60 331.3 — 428.0 307.0 | — 1.29 0.93
Average 0.99 ’ 1.22 1 0.83

Wet sand (4)

2B |D| @ | R Rz R;  RQ | RsQ R7/Q
18 ([20 33.5 57.0 49.2 23.3 ‘ 1.70 1.47 ‘ 0.70
18 |30 83.2 81.4 102.2 50.8 0.98 1.23 0.61
18 | 40 162.4 152.4 178.3 93.5 | 0.94 | 1.10 | 0.58
18 | 50 275.8 248.6 277.5 154.0 0.90 1.0l | 0.56
18 | 60 433.9 412.1 402.5 236.0 | 0.9 | 0.93 | 0.54
24 | 20 61.9 65.8 — 33.3 1.06 — 0.54
24 | 30 129.7 125.2 125.6 68.2 | 0.97 | 0.97 0.52
24 40 192.2 194.4 217.0 120.3 | 1.0l 1.13 0.63
24 | 50 319.2 288.8 337.0 191.8 0.91 1.06 | 0.60
24 | 60 477.7 455.9 486.0 285.5 0.96 | 1.02 | 0.60
30 lzo 65.7 79.3 — 45.3 1.21 | — ‘ 0.69
30 | 30 137.4 155.4 159.5 88.4 1.11 1.14 0.63
30 | 40 226.2 233.0 254.5 150.5 | 1.03 | 1.13 | 0.67
30 ‘ 50 358.2 338.4 401.0 233.5 0.95 ‘ 112 . 0.65
30 | 60 548.5 510.2 569.0 340.5 0.93 | 1.04 0.62

Average ‘ 1.04 1.10 0.61

BBHE VIR EHAGHORES 12 —8.4kg (LR X)E785 2 &2 53| & LFEHINE 65.0kg (RRME
12 63.6kg) Liho ZHICKL A. Balla OBAIIL, T)LMOERE 563kg L MUAIS %
A, FTROECIEAT S eV HOMES NDOZAEEZ TWbbihs 33.1kg (FRE) Linh, £IK
L 89.4kg ETsho LT DEAITEPRUESNKE L LB EHBL B0, Fig. 14 TH
A BEER DR EHAMOEREN HORTRIRE B ¥ JEC 0B43, BAMEKoT 4
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14 DPARTHARB L EREL D OX TN DN IeD T Do ZHULTRYE IEAT D Rad o
HENORES NIKEEER I VEHERAIE I ORES DT, ZORMEIFEFIKEL, L
1D THREDOLRES TN T HEENAEBE DO LIRS LMW N XL B0 b THD. Eho JEC
X BENPNEL THDXTNYERIEAT AEI T2 ERL T 20 b TH S,
RIGEMRI DWW TR b0 FEOHETILTD) HDRESRRLEME THe O BRI D WEPD
BETOWTEHBOERDOER, SMEOROBOH b ZELIRT 60° LTI\ LMol (b i
FEirh 55°<0,<65° DREICAVD) DT, TRTOERICOWT 6,=60° L LTHEL, ZhEERE
CHLTT ey vT52 Fig. 19 DL 37D, ZORICIIERA TS FIC taper DOWICHBADHERL &
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Fig. 20 Displacement vs. time curves
obtained by load control test
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ment to determine yield values

W 0 BEREY IR Lo, it —igo 1 gic
BIARII~e X s BEREAM LD DT TIRE
B35, EMEROMEBUL Air dry sand (1), (2) &
DT DHESTIeDNee MM ARII—ERMEE 4 AR &
ENZtco BRBEBRM S LTk b B LR L oRM%
#RELUIc—BH Fig. 20 TH D, ZORICLBE KL
I O ERMC X 2 25K0 L) BOB%H B4k

CCWBA, EHIFOBIEME L DBRACHEAL TS TORIRIEDNT 2 Y ~ 7HIRTH B Ikik
30FbH B 1 30 DD A A BENCER E Rl L, 2OER% Lo TEBMHECN LTS =y T3
& Fig. 21 DX 57t B. ZDORIZIE Air dry sand (2) OEL T ey P LTHbB. ZORILLHLN
X SR EBEEITEIVNIVGETIUELAL 0 TH DY, HHAWMELXEE L TAHMCHAL W5, B
DHE, BRECELTIBROL\LIATHELN, 05| EFXEFEMCOVTUL Fig. 21 KRLE
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Falare foad CkG)

BRI X AT AW EY SO THBOBRRE L T5 2 EX—2D RN HETH D EELBhB, £ T
DL O L TRD-BIRE (Fig. 21 Tl 38kg, 123kg &700T\3) HITUEENERA L 7 5008
MEELTH & Fig. 22 X575, ORI OHADBRNIGITERBERE AT LATE,
KEBROBAW DB (Air dry sand (1)) TIXARIEIZBEBEHEOMA0%, HdEDI-E (Air dry sand
(2)) TIXHIB0% L7 DT\ Do L L ZDOER L ORERK, #HDEDERE, SKEiII>THRE
RO BEDTHY, SHERIHELIET 5T ETH o LR EMERIC X D HEHEL TLIRO
MRS E EF e/ L Cifi< & Fig. 23 0 X 52/ b, MEORIITZ LA EEDRWT ERbh b K
RERIIERA 45° OEBRTH B,
(d) BEfEA 5 71T taper DDOWTW5EE

HEBPER 7 71T taper Ol 7o ERIEENT Table 1
o Airdrysand (1) D-40cm WRLTHB LI AR TH Do £ L THDRLUYE

o AirdrySand (2) D=#0wn
© Wet sand (3) D-40am XH30FEIT0cem & LT, ELEHRIC Lo TREY

e Wet sand @ D-30m
S~ o fiieotco Z OB LR LHICRIRG | & BISERN
/"\' % taper OERHA 0 KL THC & Fig. 24 DX
Sl ho CORKILIN0DHEL Ty PLTH
% Bo COREDDLEMFIE BT 0 kD BBY
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slabs B 55 &+~ EE 0=15° DBAE b IMIC T
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2B =24cm  D=30em

Fig. 25 Sliding surfaces at meridian section

Fig. 26 Directions of earth pressures
of the breaking out earth body
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FHETHE, ERTROMI D SPRMOM—FHETDEC L Tide— 2 v MRLTH D HHROFDL &
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Fig. 27 The proto-type model used at Fig. 28 Garin size distribution curves

field tests
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X RIFAEE, EEAOGRICER 45cm ORFHT, HEHE 30cm OV 7Y — b AL ARFTHRAZRE
B L, COTEMIEABRCED AL 7 VI —=FA RO T eF v v AL EDRIRF A ALY+ v
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2, —EETTRBEY LicZ EThH D, T2 TRREBT B,
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BEBEBRTELUL, Lrd ThE2ERIRCRS 5 7EE SO TN EIERT 5 & VBRI O%BES
NIHEELILZETH Do FRIOHECIDTHELLESDE LSRN T oo BRERORSE & IE
WX C—FKEHREDZ LBR LI, SOREMFHOICOOELE, BREKR SOVl fihi,
T3 BAE E CRALDLERITNTHE LT L O THHH, St es-+ 5 Rkom, %
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