


























































































































































9.2.2. Loading Schedule 

As shown in Figure 3.1, the foundation clay was divided into five zones corresponding 

to "virgin, clay (Zone 1), consolidation under the geotechnical berm (Zone 2), 

consolidation under the side slopes of the hydraulic berm (Zones 3 and 4) and consolidation 

,.. under the central crest of the breakwater (Zone 5). Table 3.1 shows the loading schedules 

for Zones 2 to 5. Those for Zones 2, 3 and 4 are required for the stability analyses 

tlilil presented in Progress Report No. 7, whereas the loading schedule for Zone 5 is needed to 

predict the settlement behavior of the SD and MS markers along the crest of the 

breakwater. The consolidation analyses for Zone 5 completed the geotechnical berm in 

early 1991 =50 kPa), applied Stage 2 in mid-march 1991 = 149 kPa), applied 

Stages 3A and 3B1 in late April or May 1992 = 161 and 169 kPa, respectively) and 

applied Stage 3B2 either in mid-July 1992 or in early November 1992 = 188 kPa). 

9.2.3. Predicted Consolidation and Settlement Behavior 

Table 4.1 summarizes the scope of the finite element consolidation analyses and lists 

values of the final consolidation settlement for each Zone and loading step. Plots of 

predicted settlement during construction of the Redesign for the different Zones are 

presented in Figure 5.1. These one-dimensional settlements should be increased by about 

15% to ac;count for the effect of horizontal displacement that occurs due to construction of 

the hydraulic berm. 

Important conclusions from Section 5 include the following observations: 

• The predicted decrease in excess pore pressure is less than 10 kPa over a period of one 

year after completion of the geotechnical berm. For this reason, and because of other 

complications, it is not possible to backcalculate reliable field values of the coefficient of 

consolidation from the piezometer data at QM2, 3 and 4. 

• interpretation of the finite element settlement data after the Stage 3B2 

loading gives values of cv(s) very close to the cv(NC) = 4.0)(1Q-3m2/day 

obtained from the input values (Part C of Table 5.1). 

• However, the same approach applied to the Stage 2 settlement data gives higher initial 

values of cv(s), which is probably caused by the fact that the middle of the clay layer is 

slightly overconsolidated at the start of Stage 2 consolidation (Part B of Table 5.1 ). 

According to Comar {1991, Ref. No.6), the 1986 Tender Design assumed that "rest" 

periods of up to three months .would produce significant consolidation and strengthening of 

the clay beneath the geotechnical berm. In contrast, the MIT consolidation analyses 
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predict about 50% dissipation of excess pore pressure near the center of the clay during a 

rest period of 8 to 10 months. This corresponds to an average degree-~! consolidation of 

only U ~ 10 to 15%. An additional period of at l~ast two to three years would be required 

to achieve U ~ 90%. 

9.3. MEASURED VERSUS PREDICTED SETTLEMENT BEHAVIOR OF THE CREST 

9.3.1. Measured Settlements and Settlement Rates 

Table 6.1 summarizes measured settlements of the SD markers (centerline) and of the 

MS marks (m =seaside and t = landside) at the end of the Stage 2 consolidation 

(March 31, 1992) and about one week after the final Stage 3B2loading (varies from early 

July 1992 to late October 1992). Excluding Stations 6 and 8 (due to prior failure, etc.), the 

SD markers recorded settlement of 55 em = lOSD and 70 em = 12SD at these two times. 

Tables 6.2 and 6.3 summarize measured settlement rates during Stage 2 and Stage 3B2 

consolidation, respectively, and Section 6:1.2 summarizes measured rates after the Stage 3A 

and 3B1loadings. Prior to the final loading, the seaside MS markers had the highest 

settlement rates and the landside markers had the lowest settlement rates. For Stages 2 

and 3B2, the average rate from the MS markers was close to the mean rate from the SD 

markers. 

9.3.2. Comparison of Measured vs. Predicted Settlement Rates 

Table 6.4 compares the mean measured settlement rates for the SD (centerline) markers 

at various time intervals after the different loading stages to those predicted by the finite 

element consolidation analyses. (Note: since the average degree of consolidation is always 

less than 60%, the settlement rate should be independent of clay thickness according to 

Terzaghi theory.) The predicted values have been increased by 15% to account for the 

estimated effect of the horizontal displacement caused by lateral deformations within the 

foundation clay as explained in Section 6.2.3 (Note: Section 6.2.3 also shows a very 

consistent relationship between increasing settlement and increasing horizontal 

displacement at QM2 and 3 during Stage 2 consolidation and during Stage 3 construction). 

The results in Table 6.4 show: 

• Excellent agreement between measured and predicted settlement rates ( s) during 

Stage 2 consolidation, wherein s decreased from about 1.65 mm/ day two months after 

loading to 0. 7 mm/ day about one year after loading. This overall agreement is further 
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illustrated in Figure 6.1 by the plot of settlement rate vs. time for the individual SD 

markers. 

• Similar good agreement during consolidation after the Stage 3A and 3B1loadings, 

although this is somewhat surprising due to uncertainty in the applied stresses caused 

by the 'irregular" loading (see Figure 3.3). 

• Measured settlement rates during the first and second months after the final Stage 3B2 

loading that are about 25% higher than predicted for reasons than remain uncl~ar. 

However, there is close agreement during the third month. 

The overall agreement between measured and predicted settlement rates (especially for 

Stage 2 which had the best-defined loading condition) suggests that the consolidation 

parameters selected for the finite element consolidation analyses are quite reasonable. This 

conclusion lends confidence to the predicted consolidation stress profiles used for stability 

analyses of the Reinder failure (Progress Report No.5) and of the Redesign (Progress 

Report No. 7). It also lends confidence to conclusions regarding application of the Asaoka 

technique (Section 9~4) and to predictions of long-term settlements (Section 9.5). 

9.4. APPLICATION OF ASAOKA TECHNIQUE 

9.4.1. Scope of Asaoka Analyses 

Section 7.1 describes application of the Asaoka (1978, Ref. No. 8) technique for 

analyzing settlement data in order to obtain estimates of the final consolidation settlement 

and of the coefficient of consolidation. The technique was applied to theoretical predictions 

of settlement vs. time from the finite element consolidation analyses in order to: 1) assess 

its reliability for evaluating field settlement data recorded during Stage 2 consolidation; 

and 2) develop criteria for evaluating field settlement data collected after completion of the 

breakwater. 

9.4.2. Results of Asaoka Analyses for Stage 2 Consolidation 

Table 7.1 summarizes application of Asaoka to the finite element Stage 2 settlement 

data and led to the following conclusions: 

~ 1) Analyses using data obtained during 6- to 9-month periods after loading produce serious 

underestimates of the final settlement and serious overestimates of the coefficient of 

consolidation. 
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2) Analyses of the last 3 to 6 months' data obtained over a period of 13 months after 

loading underpredicted the final settlement by about 20 to 25% and overpredicted 

cv(NC) by a factor of 1. 7 :l: 0.2. 

Based on MIT's recommendation, Geoprojetos (Ref. No. 15) performed Asaoka anal~ses 

on Stage 2 settlement data· measured over a period of 9 to 13 months after loadings. The 

results are summarized in Section 7.2.3 and predict a mean final settlement under the 

Stage 2loading of sr = 100 em. This estimate may be too low by about 20 to 25%. And 

the derived values of c~(NC) are probably too high by about 50%. 

9.4.3. Results of Asaoka Analyses for Stage 3 Consolidation 

Application of Asaoka to the finite element Stage 3B2 settlement data give the results 

summarized in Table 7.2, which indicate that the technique should give reliable estimates 

of final settlement when applied to data collected one year after completion of the 

breakwater. Section 7.3.2 recommends a range for the frequency and length of settlement 

readings, e.g., at one- to two-month intervals over the period from June 1993 to June 1995. 

9.5. ESTIMATES OF FINAL CREST ELEVATION 

Section 8 describes the two methods that were used to predict the long-term post­

construction settlement that will occur due to application of the Stage 2 loading ( ~s2) and 

due to application of the Stage 3loading (~sa). One method is mainly based on Asaoka 

predictions and the other method is mainly based on MIT 's finite element consolidation 

analyses adjusted for the effect of horizontal displacements. The breakwater was 

constructed to El. +5.25 m and has a final design grade of El. +4.5 m. The allowable post­

construction settlement is therefore equal to ~s = 0.75 m = 75 em. 

The following summarizes predicted post-construction settlements that were presented 

in Section 8.2 

Analysis method ~82 (em) ~83 (em) ~s (em) 

1) Asaoka 38 :l: 9 12 =2 50=10 7 r, J /,", ~ ,, 
2) Adjusted Asaoka 

.· \ () ~ .• 

58 =11 12 =2 ( 60:t:1Q .. ·· 
·.... ~· --~ 

. 3) Adjusted finite element 73.5= 3 11.5:1:2 85:1: 3 

These results show that the greatest uncertainty lies in the predicted settlement (~s2) due 

to the Stage 2loading. The results also indicate that the final crest elevation should be 

very close to the design value of El. +4.5 m. 
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The above estimates do not include long-term settlement caused by secondary 

compression (drained creep) because they are not expected to start until after the year 

2000. 
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APPENDIX A 

LIST OF DOCUMENTS SENT TO MIT BY GEOPROJETOS 
TERMINAL PORTUARIO DE SERGIPE- BB.EAKW ATER 

FIRST DHL: 30/DEC/91 
1. Geotechnic81 Briefing - Report without number (Dec/91) 
2. Let C023/91 - 27/DEC/91 
3. Let C024Z91 - 28ZDECZ91 
4. Let C025/91 - 39/DEC/91 

5. Fax F270192- 27/JAN/92- Prelim version of RL137-411 
-------------------------------------------
SECOND DHL: 29lJAN/92 {Headed by Lett.CLOl/92} 
6. Blue prints of FEM results (from report R.l37-23) 
7. Rpt RL137-411- FD Analysis QM3 
8. Rpt RL137-412- Water content and limits 
9. Rpt RL137-413- Best consolidation tests 
10. Rpt RL137-414- Vane tests 
11. Rpt RL137-415 - Construction sequence of Hyd Berm 
NOTE: plus extra copy of Geotechnical Briefing 

.12. Fax 3/FEB/92- Prelim version of RL137-Q6 
-------------------------------------------
TmRD DHL: 6/FEB/92 
13. Rpt RL137-Q6- Spencer limit equil circuits 
14. Rpt RL137-417- FEM u1 and rxy values 
-------------------------------------------
15. Fax 6/FEB /92 - Specifications for lab tests 
---~---------------------------------------
FOURTH DHL: 14./FEB/92 (Headed by Lett CL02/92) 
16. Rpt RL137-Q8- Vert & horiz displmts at QM2, 3 and 4 
17. Rpt RL137-Q9- "Complete11 sections at QM2, 3 and 4 
18. Rpt RL137-10 -Settlements with Asaoka's method 

19. Fax 15lFEB/92- Lett. CL03/92: Precons. Press. with strain energy, Janbu & 
Spencer backanalyses, Suggestions 

-------------------------------------------
20. Fax 17/FEB/92- Letter CL04/92: Sublayers of clay layer 

FIFTH DBL: 24/FEB/92 (Headed by Lett CL05/92) 
21. Rpt RL137-11- Piezocone tests in virgin ground 
22. Rpt RL137-12 -Instrumentation up to failure -------------------------------------------
23. Fax 27/FEB/92- Lett. CL06/92: Correction Yoman/89 vanes -------------------------------------------
SIXTH DHL: 12/MAR/92 (Headed by Lett CL07/92) 
24. Rpt RL137-13 - FD analyses QMl and QM2 
25. Rpt RL137-14 -Tests below elev. -21m 
26. Rp~ RL137-15- Detailed piezocone results, virgin clay 
27. Rpt RL137-16- Response tests in piezome~ers 
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NOTES: (a) per(orated pages with corrections to RL137-04 
(b) perforated page with correction to RL137-07 

-------------------------------------------28. Fax 16/MAR/92- Lett. CL08/92: Finite difference o£ QM3 with PZ1 as boundary 
conditton 

29. DHL 8/APR/92- Lett. CL09/92: Displacement behavior of breakwater (settlements 
& displacements) and COPPE CRS tests 

-------------------------------------------30. DHL 15/ APR/92 -Results of COPPE CRS and conventional tests 
~ -------------------------------------------31. Fax 17/ APR/92 - Information requested in CCL ~pril 17, 1992 fax 

NOTE: Remaining listing is not complete and has been 
assigned arbitrary numbers .. 

40. Fax 12-13/MAY /92- Studies for next placement stage (4p) 

41. Fax 25/SEPT/92- Comments on MIT Progress Report No.4 (8p) 

42. Fax 2/DEC/92- Reply to CCL Nov. 25, 1992 £ax (included description o£ rock A and 
infonna~ion on loading schedule for 10/89 failure) · _____________________________ ._.. ____________ _ 

43. DHL 12/JAN/93- Information r~uested by CCL Nov. 25 and Dec. 14, 1992 
(tncluded cross-tections of 10/89 failure, settlement data for 1991, 
inclinometer data since 8/92 and piezometer data since 4/92). 
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APPENDIXB 

CALCULATION OF STRESS INCREMENTS FOR 
ZONE 5 CONSOLIDATION ANALYSES 

Sheet Description 

B1,2 Calculations 
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APPENDIXC 

SELECTED RESULTS FROM LARGE STRAIN FINITE ELEMENT 
CONSOLIDATION ANALYSES 

Description 

El. vs. Excess Pore Pressure and Consolidation Stress: Zone 2 

El. vs. Excess Pore Pressure and Consolidation Stress: Zone 3 

El. vs. Excess Pore Pressure and Consolidation Stress: Zone 4 

Settlement and Settlement Rate vs. Time for Zone 5: t = 0 .... 4500 days 

Settlement and Settlement Rate vs. Time for Zone 5: After Stage 2 

Settlement and Settlement Rate vs. Time for Zone 5: After Stages 3A and 3Bl 

Settlement and Settlement Rate vs. Time for Zone 5: After Stage 3Bl (Zone 5B) 

Settlement and Settlement Rate vs. Time for Zone 5: After Stage 3B2 (Zone 5A) 

Settlement and Settlement Rate vs. Time for Zone 5: After. Stage 3B2 (Zone 5B) 

El. vs. Excess Pore Pressure and Consolidation Stress: Zone 5A, Stage 2 

--. Clla,b El. vs. Excess Pore Pressure and Consolidation Stress: Zone SA, Stage 3 

C12a, b Backcalculated Coefficient of Consolidation from Zone 5 Settlement Data after 
Stage 2 and Stage 3B2 

C13a,b,c Tabulated Settlement Data for Zone 5B (Complete) and for Zone 5A (Only 3B2) 
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APPENDIXD 

SETTLEMENT AND LATERAL DISPLACEMENT DATA 

Description 

Construction Day vs. Date 

Linear Regression on Stage 2 Settlement Data at ~t = 2 and 4 months: SDO, 
MS11, SD19, MS25 and SD27 

Linear Regression on Stage 2 Settlement Data at End of 1991: SDO, 3, 11, 19 and 
27, MS15, 21, 23 and 25 

Settlement Rates at End of 1991 vs. Time after Stage 2 Loading 

Settlement Rate vs. Station at End of Stage 2 Consolidation 

Settlement Rate vs. Station during Stage 3B2 Consolidation 

Settlement Rate vs. Time during Stage 3B2 Consolidation 

Comparison of CNO and MIT Settlement Rates for Stage 3B2 

Linear Regression on Stage 3B2 Settlement Data: SD27 

Settlement Rate vs. Station during Stage 3A2 Consolidation 

Linear Regression on Stage 3A2 Settlement Data: SDO, 3, 11, 19 and 27 

Settlement Rate vs. Station during Stage 3B1 Consolidation 

Linear Regression on Stage 3A2 Settlement Data: SD11 and 19 

·Horizontal Displacement vs. Depth: QM2 

Horizontal Displacement vs. Depth: QM3 

Max. Horizontal Displacement vs. SD Settlement for Stage 2: QM2 and 3 

Max. Horizontal Displacement vs. SD Settlement for Stage 3: QM2 and 3 

Estimated Effect of Lateral Displacement on Measured Centerline Settlements 
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3. ASAOKA TECHNIQUE 

3.1 Analysis of Pore Pressure Data 
For conditions following Terzaghi theory and for T > 0.1, the following 

approximation can be used to predict the rate of pore pressure dissipation 

~0 -:- ~sin(; Z) e - .tT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.1 

where u=excess pore pressure, u0 =initial eicess pore pressure, Z = z/Hd and T=cvt/Hd2• 

Taking the log of Eq. 3.1 shows that one should obtain a linear plot of log u vs. t. More­
over, the slope of this plot can be used (without knowing u0 or when the load was applied · 

or the value of Z, Orleach 1983) to compute cv( u) as follows for a known value of Hd 

. . ' . . . . .• . . . . . • . . . . . ..........•.. 3.2 

.Appendix B presents-plots-oUos-urvs. t thal-werEHised-te-GGmpllte e,(u) via a cemputet 
presram wrritteu: &y MIT. 

Illog u vs. t is not linear, then the technique does not apply since one or more of the 
following conditions occur: change in cv, change in loading, change in boundary conditions, 
time factor less than 0.1, etc. 

3.2 Analysis of Settlement Data 
For conditions following Terzaghi theory and for T > 0.1, the following 

approximation can be used to predict the rate of settlement: 
. -w2 

:~ = U = 1 - ~ e T T . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 3.3 

where Sc = consolidation settlement = s - st, Scf = final consolidation settlement = Sf- st, 
Si = initi_al settlement. Because St is difficult to estimate and because Sf is not known, 
Asaoka (1978) developed a technique to circumvent these problems as follows: 
1) Plot total settlement s vs. time t 
2) Select~ constant time interval dt = tntl- tn 
3} Determine values of sh s2, .... Sn at time intervals t., t2; .... tn. 
4) Plot Sn•t (s at t = tn+J)·vs. Sn (s at t = tn) 



ClL 7/18lt1J 

The 'above plot of Sn+t vs. Sn should be linear and can be expressed as (see'derivation 

belowl) 

Sntl = m + DSn ••.••.•.•••.•••••••••. • ••.•••••••••••••••• 3.4 

Moreover, 

Sf = Scf + Si = m/(1-n) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.5 

and 
_-4 lld2 Inn 

Cv( S) - 7r 2 at ................. • ................... 3.6 

. tDerivation: 
D = d~u! = Sf- Sn+l = Scf + Si- Sntl = 1 :_. l(sn+l - StJlscd 

Sn sr-sn Scf + Si - Sn 1 - (sn- si) Sed · 

n . 1 - Sen•j/Scf. = 1 - U n +I and using Eq. 3.3 and T = Cvt 
. 1- Sen Scf 1 _ Un Jldi 

-?r
2

Cv ( ) 
4Hd2 tn+l-4n r2 c 

n = e . Therefore Inn= -4 Hdt dt 

5h(<fEt6 
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(,CL l/19/9!) 
Span = 6 Months. (363 to S43 Days) ; dt = 5 Days 

...................... j ....................... ! ....................... ; ....................... , ....................... +-···· 

tJt ~ 1oo~ 1so dt~ys l I I 
30 

25 ~ ~ . : l 

20 ....................... ... ... ... ........... ... ... . . ......................... . 

lS .......... · .. · .... · · · ... ; · .,. · · ······· · ···r ... · · · r· · · · ··· · r 
After Stage~ And Before jStage 3 j 

10 .. ~·=··'" ....... 0~9~23"""''"···· ........ l .................... ;. ·j ...... .. 
~= 0.9~58 em ~ l ... Fv. =? ........ l.<S~?-3 ........ (~. Q.oql.~~m/~ay). t ... .. 
~f= 62.~9 em ~ l 

Line~ Regressi~ Using the ~t 16 Po~ts 
0~------~--------~--------~--------------------------~~ 0 s 10 IS 20 2S 30 

Sn(cm) 

Span =;r 6 Months (363 to 543 Days) ; dt a S Days 
.~ 

30 ........................ i. ••••.••••••••••••••••.••. .; •••.••••••••••••••.••••••. ; .......................... ~ ••••••.•••••••••••••••.••• i ......................... .;, ...... . 
l l l l l ~ 

25 ........................ [ ... ~~ .~.~~.-:! r..a..o.. -~~Y~ ..... [. ................ .... .. ..... .... .. .. .. ... .... , ......................... ! .... . 
20 · · · · ......... "i' .. .. · · · ..... ·r .. · r ... · ........ ·J· ....... · .......... r .... · ............. r .. .. 
15 ........................ 1 ....................... '1" ............... ·1 .................. 1 ....................... l ....................... j" .. .. 

1 L.· lAfter Stage ~And Before jStage 3 j 
. . ··~. ~... .. . . .. . . . . . . . . . . . 10 ........................ i ................ : .. · ·· ~-=·············o~91s2 ................... r························r ...... . 
. L..-··· ~ =- 1.031 em· l ~ 

····_· ... ; ......................... ~················ .. F.v.~ ......... ~.l~~l ......... (~.Q,oql.IP.~rnld.-y>.~ .... .'.-. 
j l ~f • 57.72 em 1 l 
j j Lin~ Regressio~ Using the ~t 24 Poin~s 

0~------~--------~--------._------~--------~--------~~ 
0 5 10 IS 20 2S 30 

Sn(cm) 



... 

,.. 

CCL 7/18/tJ 
Span= 9 Months (363 to 633 Days) ; dt = S Days 

3S . . . . ················ "tii~··";l;:·;;~~~~ .. ·~··········· .. ··!····· .. ········ ............... , ....... .. 

30 ·············· ... ·········. :···· .J..R1 .. . 

··-·· ........ ··•······ .. 

··················· ································ .. . . . . ~ .................... _ r . . . . . . . 
. . . . . . . . 
; : . . . . . . . . 
~ : lS ....................................... : ................... . · · ·· ·· ·· ·· · · · Aitfr.sia&e. i'~d· set or~· ·sia&e .. 3 .. ·-r· ·· ·· ·· · · · · ·· · 

n =1 0.991 1 ~ 
: : : : .+1' 

~n·~· · · ...... o)~ .. · ·ciri .. ·f......... f 

Cv ~ 9.27J (x 0.~1 m*m/d~y) 
st·+·· · · .... so~6~ ....... cni· ·j ................ ·~·· .. 

Linear ~egression ¥sing the ~t 12 Pbints 

s 10 15 20 

Sn(cm) 

Span= 9 Months (363 to 633 Days) ; dt s 5 Days 

3S ···················•····~·+·~··;~~:··~·;~~~~·········<·····················•··············· · ··-:--················ 

30 ................... l ..................... f ..................... ~.... . ......... ( ................... l.................. .. ..... LR ...... j_ ....... ; ...... . 

: : 

2S .. ... ............................... ................. ..... :·····················!·· ··················~·············· 

20 ·················r···············r······· ·· ·· !····················r···················,················l ........... . 

IS ................. "1"" ................ l ................. r·············Mtr·siiige·itnifBet~··siiige"J··l············· 

: ;. : n =: 0.9894 : : 
10 .................. +-........ :::.-··· ... ! .................... r .... ·· ··11i~ ............ <[72~~r .... cm ..... ~ ................... + ............ . 

: .+ : : : : 

s 
...... ··{··"'·· Cv ~ 9.93~ (x 0.~1 m*m/d~y) 

s 

· ·1 ..... · · · · · · .. ·~ .. ·· · st·~ ........... ,8.3! .......... cm .... l' ............... .. ( ... .. 

10 

1 Linear ~egression ¥sing the ~t 16 Points 

15 20 

Sn(cm) 

25 30' 35 



Span= 13 Months (363 to 7'3 Days); dt =- ~ Days 

: :· ·:::: ::::r:::: ·~i·=·:3lo:;r;o:;;~ ....... :.:·:•r:::::•:::::::: ·:::::::::: ::r • ::::·:: :···· ·················: 
3s ....... ····+········ ..... ; .. . . . . +· . ··· · j .... · · · · · · r · · · ·· ··· :::::::·::::::.: . .:::::::.·.:::··:J::::::····::::J 

: •••••• H I• . . . :: •• : ~ i ... ~. ... . . ... .. . ...... ·I I 

............... , ................ ]. ··········· ·•·············· :····~~~~:~~·2~~·~~J·~:~l···············1 

················:· .. ········ = . .. ... --- ~ ~ .... r····ti993~···---- ...... i .................. (' ··· r 

OHH ••• ! .. OH ••• ,.-- ~:· ••••••••••• L. . ....... i Ill;::; L. .. Q,S~~··· <;Ill. L ......... .::: ........... j 

. . . ··~ + "' Cv = ! 6.20~ (x o.?o 1 m•rn(day) 
... ...... ....... . Sf= ·+-----9~.8~······· ~-·+· .. ·············~······--··· ··---~· 

Linear Resression ~sbtg the ~t 1~ Points ! 
s 10 15 20 ~ 30 40 

• Sn(cm) 

~pan= 13 Months (363 to 753 Days) ; dt =- ~ Days . 
4S .... H .. H H .. r ............ l ............. T ... H .... i ............... T........... ·r· ........... T ............... r .............. r 
40 .... · ........ r ......... ~~·~ ... ~ .. ;~+~ ~·~)~;~ .... · · r.. · · .................. r............. . ................ '~' 
3~ ................ , ................. j .................. ~ ................. j .................. : .................................................... , ................. <. 

I i I : I . I ~ I 
30 ................ : ................. ; .................. : ................ ; .................. =···........... .. ............... ~ .................. ; ................. ~. 

~ ~ ; ~ ~ ~ ~ ~ 

1 ~ l l l . ~ ~ 1 
2~ ................ i ................. r ................ -~ ................. 1.............. . ................ 1 ................. r ................. ! ................. r 

l 1 l l l ~ 1 1 
20 ................ 1 ................. r ................. 1.............. l .................. r ................ r .... _. ........... 1 .................. 1 ................. r 

~ j ~ · \ Mter ~tage 2 J\nd Befor~ Stage ~ j •s ................ l ................. 1............... ····r·--~-~- ··r-.... <>~992;7 .............. r ............... l ................. r 
10 ................ i ........... lfo .... -~:· ... :· ............. ~ ................ .J.. ... m.~ .... L ..... 9.~~ ...... ~ ... J ................. .i ................. l. 

l ......... ·· l l ~ Cv = ~ 6.68~ (x O.(M>l m•m/day) l 
...... ·:.~...... l .. ··· .. ····1······· · ·l Sf=.f.··92.s~ .... CJii ... ~ ............... ~ .... H •••• ·l s 

l j j Lipear Re&fession qsing the ~t ~Points 1 

10 15 20 ~ 30 3~ 40 4~ 

Sn(cm) 



((1.., 7/1&/fl Span= 13 Months (363 to /';j,j Days); dt = 5 oays 

45 ••••••••••••••••• ~- 0 ••• 0 ••••• 0 •••• '·;.. • •• ' ••• -~ •• 0. 0. 0. 0. 

~ ~ 
. . 

40 

35 

30 

. . ... ~t~··:Zw!~~?O dlly$ ·r-·n ... . . . n• . . 
··············. (···············:·············· ···················:-················r·········· .. :···~·~······ :···············j· 

. : : : ~ .... ~ .. ''"( .......... t .. ... t ...... ......... ~ .... .. 

. . : : - ..-. s 25 • ••••. #o o o • o o o • oo o o 

.._, 
·~ 

~ 20 fl) ••••••••• 0. 0 •••••••• ••• •••••••••• ~ •••••••••••••••• ·;· •••••.•••••• .............. ··;··················t·· 

15 

. . . . 

~~~~.~~~~~ .. ~.~~.~~~~r~ .. ~!~~~ ~ .. 
. n = ) 0.992~ j j . 

~ ~ 

10 .................. +· ................. i. ................. !.. ... m .. ~ .... L .. J>.~(:?~~P. ...... ~m .. J ................. L ................ l. 
.· j l ~ Cv = j 7.1~ (x 0.~1 m*m{day) 1 

s .... + ......... ·! . Sf=··+· ... 90.4~ ....... em .. ~ .......... · ·i· · · .......... ~ 

0 
L~ear Re~ession ~sing the ~ast Jq Points j 

0 s 10 IS 20 2S 30 3S 40 

Sn(cm) 

Span= 13 Months (363 to 753 Days) ; dt = S D~ys 

. 45. • •••.•.......•. ·? ..•• ••••·····•·· ·!·· ················? ................. !•• ........ ········~·· •.•......... ···!·· ...... ·········~················· ·: ...... ·········· ·~· 
: : : : : : : : : 
: : ~ : : : : : 
: : : : : : : ! 
: : : : : : : : 

40 

35 

: : : : : : . : ............... , ............. ~r~-~-;~l ~-~~ ~=~·r············ .. l·············r······ ················r 
: : ! ; -.,..., : : : : 

................ ; ................. ; .................. ; •.....••••...••.• ; .••..•............ ; ••.•.•••••..•••.•• ;.... ...... ...... • ................. j ................. ~. 
~ ~ ~ ~ ~ ; ~ ; ~ 

30 .............. [ ................. : ................ .l....... ... .. ....... ~.............. ~ .. J.R.: ........... J. .............. J 
i .._, 2S ........ i······ ........ , :--····· .... !••·· ............. , ....... . 
.... 
~ 20 rJ) 

IS 

~ 1 l l j j j 
···············"!················r · ··········l· ~~~~~~,e·~-l~~e;~r~~~J···············r 
................ 1 ................. 1" ........... , ...... "·••j• ···~·~· .. ··t··"(i99i~ ............... j" ................ l ................. l. 

l ~... l j m = l 0.641l em l l ~ ................ ) ................... ( .................. >·················1·· ................ ; .................. , ................. ~ .................. , ................. < • 

. J. •.. ··"'··· j l l Cv = l 7.569: (x .0.9<>1 m•m{day) 1 
s ............... : .............. ) ................. ~ ................ j. ···Sfm.) ...... ss~rf: ..... em.) ............... .) ......... : ..... ). 

I ! I L~ear Re~ession ~sing the~ 3~ Points I 
s 10 15 20 2S 30 3S 40 4S 

Sn(cm) 

,.. 



Span= 24Months (848 to 1S68Days); dt = S Days 

.; .............. ·····~············· .... =······· ......... =······· ........... -··················· 
: : : : 

. . . . 
·······~tt ··;~~=·i2~·~4y,X · ········· ·~···················:······· ······ 3S 

30 ................. .. r.. . .... r................ ................... . .................................... .. 

2S .... ············· ... ··············· t······· ···········t·· ···················:- ... ···········r·················· 

. . . . 
....... ···············.. ··•············ ··············· ······· ········ . . . . . . . . . . . . . . . . . . . . . . 

15 ....................................................... . ; .............. ···zOne ·sA·· ·After· Stage·-!J .................. j ................. .. 
: : t : : : 

l nj= 0.~957 j j 
10 ................................... ~ ................... 1 ................. n1·:··· ......... 0~~447"""C~ ................... l ................. .. 

~ j qv =. 3.~84 (xlO.OOl in•sPtday) 
= .................... ~ ................... i ................. sr·=···· .. ·····t11~6 ........ cn~: .................. j ................. .. 

Lineari Regressi9n Using. ~e Last 3l Points 

s 10 15 20 30 3S 40 

Sn(cm) 

Span= 24 Months (848 to 1S68Days) ; dt • ~ Days 
40 .................. : .................... : ................... ~ .................... ; .................... : ................... ,;. ............... : ... : .................... :. 

! ! i ! l ! . i ! 
35 

............. r· . ···~fJ;~~ ;;~~~~ ·r· . . ..... . r· .. . .. r············ ~··· ··············r 

: :: : ::::::::::::r:::: :::: ::::::::,::::::: ::: : : ::r :::: :u: :r: ::: : ::·::: .T :: :::: :· ::. r:·:·:::·:·:·:: :::i::::::::::::::::::::r 

l l . i . l l l 

:: .:::::::.·:::::.:r: .. :::::::::::::::r::::::::::::: :u c::.:.:::::: .. ~ ~~.:l~~~g~[:::::·:::::.::r.::::::::::.::::::t 
· · · n·- 099SS · · · 

10 ················!················· : .................. t ................ ~: .......... o:~~······cJ·················i····················i· 
l ~ ~ qv = 3.~77 (x;O.OOl m•sPtday) [ 
~ .................. t .................. i ................. sr·= ........... l~9;9 ........ coi· .................. l .................... f. 
~ [ 1 Lineati Regressi~ Using ~e Last 7~ Points l 

s 10 lS 

Sn(cm) 



Span= 48 Months (848 to 2288Days) ; dt a S Day~ 

60 ........................ T ....................... :···· .............. ·····r· ········· .......... T .............. ········T·············· ........ . 

so : . . . ········· ··············r··if~··;;·;;r;~·~·~~·;~r· · ····· · ······ · ···r······ ·· ······ · · 
i 1 ~ ~ 

~ .............. , ............... , ....... . ····················:······················ ··­

,... 
: ::::::::::::.:··::::::·:·::·························•················ ••••••••••••••• •••••••••••• : •••• 0 ••••••••••• - •••• - •••• ~- •••• •••••• •••••••••••••••• . . . . . . . . . . . . . . . . . . . . . . . . 

zOne SA, Mter Stage 3 1 . ~F ............. <i99~t··· ........ r. 
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Table 3.1 

Loading Schedules Used for ABAQUS Finite Element Consolidation Analyses 

~ ~ ~ 
ABAQUS Aunlis:d §l,ess (kP&) 

Cl}* t (dDJs) Zpne 2 Zone 3 zone 4 Zone 5 

1 lA: GB El. -6.5 m 3/15/90 -168 0 35 35 35 35 

2 lB: GB El. -5.1 m 1/15/91 136· 304 50 50 50 50 

3 2: HB El. +3.0 m 3/15/91 195 363 50 85 120 149 

4 3A: HB El. +3.9 m 4/23/92 600 768 50 85 120 161 

5 3Bl: Seaside 5/28/92 635 803 50 85 120 169 
HB El. +5.25 m 

6A 3B2: 'Early'' HB 7/12/92 680 848 50 85 120 188 
or completion 

6B 3B2: "Late, HB 9/5/92 735 903 50 85 120 188 
completion 

*CD= construction day (zero= 9/1/90) 
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