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ll!,\DRAINED SHEAR STJ{ENGTH OF LIQUEFIED SANDS 

FOR STABILITY ANALYSISa 

Discussion h~ Fumio Talsuoka.1 

Eq. (7) is proposed to predict from SPT N values the undrained critical 
stren~th ,II, (critical I that controls postliqueLlction flow failure of a soil mass. 
Eq. (7) is based on man\' field data supplemented by cyclic undrained triaxial 
test data, assumin~ til,l! s,,(critlcal) he equal to the vidd strell~th s,,(yield, 
Nc ;:; 100). which is the cvdie shear stress amplitude s,,(vieid) that triggers 
liquefaction a1kr j()(1 or more cycles N, in uniform cyclIc undrained tests. 
I think that (7) grossly underestimates the s,,(critical) value of dense sands 
as shown next. 

Fig. 14 shows S,,( yield I/u,' ( (,,/2<r;.) defined for <I double amplitude axial 
strain of W(lr from tvpical test:;. It is seen that .II/yield, /\',;:; JOO) increases 
ollh slightly with the relative density Dc, while at smaller lV" s,,(yield) 
increases at a much lar~er rate with Dr. A similar trend can he seen for 
curve I in Fig. 15, whicch represents s,,(yield)/cJ;. defined for a douhle-am­
plitude shear strain of 15(/(, at different /\', values from uniform cyclic un­
drained torsional shear tests (Tatsuoka et al. I c)S2) (note that all the results 
shown m Fig. 15 are for isotropically consolidated hollow cylindrical spec­
imens, and they should he corrected when applied to K" conditions). Fig. 
15 also shows other stren~ths (divided hy (T;): for curve 2, the maximum 
single-amplitude "hcar stress of two sets of irregular cvclic stresses that 
induced a maximum double-amplitude shear strain "y (DA)"", of 150(. (Tat­
suoka et al. 1(00) (the irrL'~ular cyclic stresses werl~ frum two acceleration 
time histories recorded on the ground during a major earthquake): for curve 
3, the peak strength from monotonic drained tests (Fig. 16): and for curve 
4, the maximum shear stress until an arhitrarily selected shear strain "I of 

"November, 1992. \01. 1j S, No. 11, bv Timothv D. Stark and GhoLlmreza Mesri 
(Paper 2013). " 
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FIG. 14. Cyclic Undrained Triaxial Test Results (Tatsuoka et al. 1988) 
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15 'X) was induced in two monotonic undr:!ined test (FIg. 16). The points A 
and B correspond to those in Fig. 16. These results suggest that in this case, 
for D, larger than about 40%. s,,(yield. lV, Co; 1(0) is smaller than s,,(critical). 

Eq. (4) is proposed to predict the yield strengtb ,I,,(yield, mob), which 
controls the triggering of liquefaction for M = 7.5. For (N1)",,-u less than 
about 24 ..I,,(critical) [(7)J = O.'i ..qyield, mob) [(4)) By correcting for the 
difference between uniform and random ioadlf1g. 0.65 times "sJyield) for 
the relation ot curve 2 in Fig. 15" corresponds to s,,(yield, mob) [~4)1. As 
assumed in the paper. 0.65 . "s,.(yield) for the relation of curve 2" is similar 
to "s.,(yield, Nc = 15) for the relations of curve 1." Then, for D, larger 
than about 40%, "5,,( critical) as estimated from the relation of curve 4" is 
substantially larger than these s,,(yield) values as opposite to that suggested 
by (4) and (7) 
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Closure by Timothy D. Stark" and Ghoiamreza Mesri' 

The writers wish to thank Tatsuoka for his interest in the paper. and for 
his test results periaining to the undrained cfil ical strengtl~ of dense sands. 
Eq. (7) relates undrained critical strength ratio to SPT j\'-values and was 
developed for loose or liquefiable sands. This corresponds to soiis with a 
(NI )6[I- n less than or equal to 2U as was stated lor (4). A value oj (N, j"o n 

equal to 20 corresponds to a relative density (D,) of approximately 65'1;. 
It is encouraging to note that the yield strength ratio at D, = 6Wic ex­

trapolated to l\!c c- 100 in fig. 14 and vield strength r~lt:os fm il/,. = J()() 

and relative densities of 65, 50. 40. and 30% in Fif.!. 15 orovide estimate, 
of s,,(critical)/c<,(1 close to those estimated bv (7) :~, sho\m in Fig. 17. I: 
should be noted that the curve for lV. = IUU in Fie. l'i \\',b extrapolated te, 
D, = 3()r;(. A more detailed respor;se 10 T atsuo].,a·s remarks ~()ncefl1ing 
"relations 2 and .:\ in FIg. 15" i~ not pnssibk because Ilcitha the meaning 
nor the discusser's interpret,l:ioIl of ,. rdat ions 2 and -+" is ciea!' to the Wrller~. 
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