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29. INTERPRETATION OF CIU TEST
29.1 INTRODUCTION
The procedure is to determine peak effective friction angle (¢’) and apparent cohesion (c¢’) from
the CIU test (Isotropically Consolidated Undrained Triaxial Test) results.
29.2  DEFINITIONS
e o/ = major principal effective stress
e o3 = minor principal effective stress
* O3 = major principal total stress (Cell Pressure)
e u = pore water pressure
29.3 PROCEDURE
(1) Usually three CIU tests are carried out at different pre-consolidation stresses (c3’) for an

)

3)
(4)

(5)

undisturbed sample at a particular depth.

Select a suitable criterion used to define the occurrence of failure of the test samples. The

following criteria are commonly used:

e Maximum deviator stress (¢, — 63"),

e Maximum principal stress ratio (c;' / 63") — can be used in which the deviator stress
continues to increase at large strains.

Based on the selected criteria in step (2), obtain the stress points at failure, ie. values of

c,’ and o3’ when deviator stress or principal stress ratio is maximum, for each test.

If values of 5;’ and o3’ are not available in the laboratory datasheet, the respective values

can be computed as follows:

e Deviator stress (o;' — 03’) = Axial load / Area

e o3 = Cell Pressure

e o4 = Deviator stress + Cell Pressure — Pore Pressure

e o3 = Cell Pressure — Pore Pressure

The shear strength parameters (¢’, ¢’) can be interpreted using effective stress Mohr circle

or effective stress path plots (MIT plot or Cambridge plot).

e  Mohr circle: T against ¢'
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e MIT plot (t-s plot): (o1 — 03)/2 against (o1’ + 63")/2

t= (0’1 —0’3)/2

—
-

S = (0'1’ + 03')/2

e Cambridge plot (g-p plot): (o1’ - o3") against (1" + 2 63')/3

p’=(oi +203)/3

(6) Select type of the plot to be employed, ie. MIT plot or Cambridge Plot. Compute
coordinates (x,y) for all the stress points obtained in step (5), depends on the type of plot.
e For MIT plot: x-value is (5" + 63')/2 and y-value is (o, — c3')/2.

e For Cambridge plot: x-value is (o, + 2 ¢3")/3 and y-value is (o1’ - 63').

(7) To establish more representative parameters for similar soil type at a site, plot all the
points in a single graph. Plot only the points without showing a line. Important: The x-
axis and y-axis in the graph should be plotted with same scale (1:1).

(8) From scatter points, draw the upper bound line and lower bound line. For lower bound, y-
axis intercept (a) is normally taken as 0.

(9) Draw a design line, which is considered as a moderately conservative line (best fitted line,
or a line below about 2/3 of total nos. of points).

..« UPPER BOUND
”
torqQ A -

< DESIGN LINE

-~ LOWER BOUND

sorp

(10) Calculate the gradient (m) and y-axis intercept (a) of the design line.
(11) Use the following equations to calculate values of ¢’ and c’:
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a) t-s Plot/MIT Plot

e ¢'=sinm ... Eq. (1)

e c'=a/(cos ¢) ... Eq. (2)
b) g-p Plot/ Cambridge Plot

e m=6sin ¢/ (3-sin¢) ... Eq. (3)

e Cc'=atan¢/m ... Eq. (4)

294  WORKED EXAMPLE

i. ‘Maximum stress ratio’ is used as failure criteria in this example.
i. Referring to sample datasheet in Appendix A, a stress point at failure (o, c3') is
obtained, in which its principal stress ratio is maximum.
Maximum o4’ / o3’ = 3.101
61 = 172.71 kN/m?
o3 = 55.7 kN/m’
iii. Repeat step (ii) for other set of CIU test results.

MIT PLOT
iv. The stress points obtained in steps (ii) and (iii) are plotted in MIT plot, as shown in
Figure Al. The plot includes the stress points from CIU tests for the undisturbed
samples at different boreholes. Coordinates (x;, y;) are computed, for example by
using the values in step (ii):
X, = (o1 +03)/2 = 114.505 kN/m”
y1= (o1’ - 63)/2 = 58.505 kN/m?
V. The upper bound and lower bound lines are first drawn on the plot and then a design
line is also drawn, as shown in Figure Al.
Vi. The gradient (m) and y-axis intercept (a) of the design line are calculated as follows:
m= 52-5 =0.47
100
a=5kN/m?
Vii. The values of ¢’ and ¢’ are computed using Eqg. (1) and (2):
¢'=sin m=sin"(0.47)=28°
. a 5

= - ~ 6kN /m?
cos¢' c0s28

CAMBRIDGE PLOT
viii. The stress points obtained in steps (ii) and (iii) are plotted in Cambridge plot, as
shown in Figure A2. Coordinates (x;, ;) are computed, for example by using the
values in step (ii):
X, = (o1 + 263")/3 = 94.7 KN/m?
y1= (o1 - o3") =117 KN/m?
ix.  The gradient (m) and y-axis intercept (a) of the design line are calculated as follows:
_122-12
100

a=12kN /m?
X. The values of ¢’ and ¢’ are computed using Eq. (3) and (4):
¢'=sin1[3(1.1) /(6 +1.1)] = 28°
_ 12tan 28°
11

=11

~ 6kN / m?

¢ =28%¢c =6 kN/m?are adopted as design values.
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HOLE Mo BH-24 EPECIMEM Mo 1
SAMPLE No. Mz=a INITEAL HEIGHT OF SPECIMEN (o H 14,000
; DERTH (m) 2.00-10.00 INITIAL DIAMETER OF SPEGIMEN (cm) 7.000
DATE OF TEST -l SPECIMEN HEIGHT AFTER CONS. (cmj) 13749
TEST Ho, - SPEGIMEN ARCA AFTER GONS, (sq.6m) ar e
TYPE OF TEST ciy (Single Stage) WET MASS (g) ¥ Q07406
GELL PRES. (khug.m) an DAY MASS (g} H LEXRT
BACK PRES. (kMisq m) 200 PROVING RING COMSTANT (ki) 0.0079
LAl PORAE PORE
GAUGE STRAIM| AREA | PROVING| AXIAL | DEVIATOR| PRESSUR| PRESSUR| SIGMA I | SIGMA 1 P E o] PRINCIPAL]
HEADING HING LOAD | STHESS | READING | CHANGE BAR HARL BAR BAR STRERS
w007 em (%) {sq.em} | HEALNNG|  (kN) (kNfsg.m) | (kNfsg.m) | (kMisg.m) | (kMisg.m) | (kNisq.m) __[_kN"-""l- mj | (kMsq.m) | (kMjsg.m) RATIO
i} .00 a7.118 0.0 0.000 0,000 0 B1.000 50.000 50,000 SL0n0 0,000 100160
5 004 a7 152 a5 [0 20212 28 BY.200 107.412 00106 §7.306 10,106 1232
10 0.07 47146 15,4 0145 30,133 37 B4,300 RES R R 109,566 104 Bt 19,5064 1464
15 (VAR 37.150 246 Lot L2300 ua B 1,600 133.000 116150 07,750 24,1540 1.641
a0 015 a7 28,6 0.226 60,781 111 TH.A00 119,681 120,351 108.281 30,391 1770
o5 (.18 37186 Jaz D.262 70532 13.2 5,800 147.332 125.286 147 DRR 35,956 1.818
an 0.2z a7.200 30.0 0.204 TG.AG2 15.1 Ta.800 161,352 128,220 113126 0,220 a1
as 028 vz 8.6 Q305 .24 17 T3.000 154,544 130852 113.578 40.972 2123
4l 0.29 a7.227 1.3 0,320 O7.644 18.6 71400 168,044 133,022 116.222 43,022 2220
a5 .33 ar.2an 436 0,244 ax491 a0.4 ELLE00 162.091 134,240 110848 A6, 2406 23729
50 .36 a7 2 410 0,256 03,426 224 G7.600 163,020 a1 47,718 &aip
G0 0.4 ar.281 A6.6 0,365 BETT 24.5 B3.700 164447 139.373 1I5.07TS 49.373 2303
To [hirl Bl A2 [IRELE) 102,063 P63 B3, 700 165,763 RERRIEG] 114701 G101 2602
B0 [F=T] aF. A 491 [T} 03B LR E1.800 165792 | 141.046 [ 113846 51.046 2678
ag 085 ArUED H0.0 0.345 105.719 26.2 40.000 166.518 142.880 | 113600 42, HEn 273y
100 (s} ] ar.3o0 H0.8 0.4m 107.332 an.4 59,600 166,032 143,666 113.266 53,686 280
125 0.1 A7 408 52,6 0.416 110,832 AR 50.200 169.132 144,466 113,665 b 456 2006
140 1,08 a7 537 0.424 113,044 32,6 57,200 170,244 146,022 113.722 6,527 2876
175 1.2 avhuy 545 043 114.517 336 5G.400 170,947 147,259 113.659 &7.250 a0
200 145 A7, GG ah,0 0.435 115,305 1.8 56,200 171,655 147,607 113.877 1677 3,053
285 1.64 ar.7as 55,7 0.440 116,506 34 56.000 172.588 148,293 114203 48 2a0 2082
250 1682 A7 604G 60,4 [Lad? TBE10 34,2 85,000 172610 TAE.406 114.205 SH.A406 3.003
274 2400 d7.6vE b 0443 117.011 a4 55 70N 172711 145.505 114.205 SH.505 3101
a0 218 37.046 66.3 0445 H7.210 a4 H6.000 173,210 | 140,605 114,600 50.005 .00
3245 236 as.o7 B4 046 TI7.200 a7 56.300 173.500 148600 114,300 G5B.800 3082
A5 205 35,086 6.5 O.A46 17188 33,3 BE,FO0 173.809 140.594 116,284 50,504 S087
973 273 38.158 0.6 0,447 n7ATT sl 7000 174 17T 148.583 115,589 oH.5HY 3,058
A0 am .2m 56,7 0.448 17163 az.5 57.500 174.665 | 148502 | 110.002 AH. e 3008
430 .27 35,374 6.8 0449 116932 1.8 S0.400 174.332 148,466 116,066 AB.466 3002
500 464 as.518 56.0 0.450 116.657 30.6 50.200 175807 | 148840 | 117.540 L. 4l 2,971
550 400 a8, 665 7.0 0,450 116,461 a0 60.000 176,461 148,241 118,231 58.231 =541
GO0 4,356 au.a2 571 0.451 116,224 29.5 50.500 176724 144,112 118612 SH.112 2829
630 473 38,960 i7.2 0,452 115,885 8.5 61,500 177,483 147,492 115.452 37.092 2HER
00 5.08 S0 ar.a 0.453 112,744 27.8 G2.200 177.944 147,072 120,072 57.87¢ 28461
750 5.45 1R 7.4 0,453 115502 ar 63,000 178,602 147,751 120.751 7,781 2,830
HEX) 5.02 30412 57.5 0.454 115.258 2263 263 63700 1rsahe 147.620 121329 L] 2.A00
(i} G148 39,564 5.6 0.455 116,012 2685 265 4,504 179,612 147,506 1200006 57,506 2783
a00 65.55 J9.TiE 57.7 0456 114,766 2246 246 65.400 160166 147.383 122,783 57383 2756
950 iR HER O] 1A [{EHT 14017 2an 218 66,200 160717 17200 123.450 §7.269 273
1000 727 40.030 S7.8 0.A57 114.070 2228 228 E7.100 181,170 147.030 124,135 97035 2700
1100 e Al H] ALY 13170 222 212 ] 6O.R00 101975 MES8T | 125,007 56,507 2645
1200 BT3 A0.658 57.8 0457 12,2280 213.8 19.8 T0.200 1EZ.400 146140 176,340 56.140 2559
1340 wag 40,095 578 0.457 (R 2182 182 T80 3106 145.603 17480 55.602 2,551
1400 10,18 41,376 ar.g 0437 110491 2167 167 73.200 183.7m 145,245 128,545 ha.245 2a507

APPENDIXA SAMPLE DATASHEET
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3 |2 | BH 1 {daps 4.5 | 4.95m; CL: 01 47, Sl 18, Snc M, Gr 1) HHH i
340 H BH 2 {depth 3 - 345m: CLSM; CI; 17, Sk 25, S 50: Gr B | T
1 u | I BH B (depth 1.5 7 1.78m; BM: CI 6 Si: 26, Sn: 67. G 1) ¥ H
oo | BH 7 {depth 3. 3.48m; CH, CI 48, 5i: 37, Sn 11, Gr 3) L
3 T L BH A1 (depl) 1.5+ 185m; CLISM, CE 3, 842, Sn: 39, Gro 16 |1
aoo =4 |11 BH 1A (dapth 1.5 -1 95n SM CI: 13, Sit 20, Sn 57, Gr 1)
E A | BH 1A {dopih 3 - 3 45m: SM; CF 20, 51 24, 5nc 57, G 2) i
280 = A | B 1A (depth 4.5-4.85m: SM; CL 16, Si 25, Sn. 47, G 12) I
g1 e BH 1A (depth & - 6.45m: BM: CI 15, 8- 28 Sr 84 Gr 1) I
260 —) ] BH 24 (dapth 3 am 0L Gl 1881 3T, Sl e, G 4] I
[ gt} | BH 27 (depth 8 - 10m; 56| G120, |80 28, Snl 50, Grl ) |
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FIGURE A2 g-p Plot



