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L. INTRODUCTION

Ccmprehensive field instrumentation financed under Project wm.I,.
632115, D-4-93, titleq "Earthwork Reinforcement Techniques" was

through July 1973.

The final report for that research project (T.I, 632115, D-4-93)
was published in November 1974, 1t bresented the data Observeqd
through June 1973. A Separate Type ngn study was then Proposed
(T.L, 632166, D-4-143) to continue monitoring the rielq
instrumentation in order to monitor the long-term prerformance
of the Rte. 39 reinforced earth fiil, The pProposal was initiated
in January 1975 and was approved by FHWA on Marech 25, 1975. Four
mnore sets or readings of the field instrumentation have been
obtalned from November 1974 through June 1977. The additional
data indicates that the south wing of the reinforced earth wall
has moveqd continuously ocutward. The Strain Measurements on some
of the steel Strips have also increased continuously and now
eXceed:' their broportional 1imit of 35,000 pounds per square ineh
(241,317 xN/m?),

1. Deposition of 8lide debris on top ©f and behind the wall

2. The originail deslgn thlckness of the south wing wall section

was reduced during construction to 1imit the eéxcavatlon into the

rock slope, In addition, the end portions of the steel reinforcements
were bent up along the rock 8lope. This construction revision may
have reduceg the stability to some extent.

i
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3. Seepage forces may have developed behind the wall and the
embankment during winter storms as a result of possible disruption
of portions'of the subsurface drainage system during the large
vertical settlements and horizontal movements of the slide debris
foundation.

L, Portions of the toe berm for the north wing of the rein-
forced earth wall and the embankment slope below the wall have
been eroded by several winter storms, the most severe of which
occurred during September 1976.

The results of a stablillty analysis using recent surveyed Cross—
sections, has led to the recommendations that the toe berm be ralsed
at least 5 feet (1.53 m) and the embankment be flattened from the
badly eroded existing 1.5 on 1.0 to 1.75 on 1.0 in order to enhance
the stability of the north wing wall. Additional remedial measures
have also been recommended to intercept and divert surface runoff
behind the wall into the existing crossdrain and to remove portions
Aof the slide debris atop and behind the wall. "A11 of the recommended
remedial work will pe carried out by District O7.

It was also proposed to continue monltoring the fileld instrumentatlon
for an additional two years to evaluate the effectiveness of the
remedial measures and to study the long term performance of the
reinforced earth wall under the above overstressed conditions. To
accomplish this work it was also proposed to change the existing

Type "B" study to 2 Type "A" project. A revised work plan for the
accomplishment of these objectlves was approved by FHWA in December
1977.

This interim report presents the field data observed from
November 1974 through June 1977, and concludes the Type ngn
study. o s
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IX, CONCLUSIONS

The large increase in horizontal movements of the south wing
wall and the excessive strains of the steel relnforcement were
probably due to:

1. Additional overburden load from the cbntinuing deposilt of
slide debris atop and behind the wall.

2. Reduced thickness of the reinforéed earth wall section along
the south wing alignment after revision during construction to minimize
excavation into the rock slope.

3. Seepage pressure behind the wall durlng winter storms caused by
probable rupture of the underdrailn collector system as a result of
large vertical and horizontal movement of the foundation slide
debris and percolation of surface runoff from behind the wall
directly through the fill rather than the crossdrain.

4, Erosion of the toe berm at the base of the wall and erosion of
the down slope embankment below the south wing wall.

5. Possible creép of the steel strips or the wire of the strain
gages when the steel straln 1s beyond its proportional limit.

Even though the strains of some of the steel reilnforcements now
exceed the proportional limit and excessive horilzontal movements
have occurred along the south wing wall, the entire relnforced
earth wall maintalins its integrity without local failure. The
stability of the entire reinforced earth wall, whilch was constructed
over a slide debris foundation, 1s probably due to the monolithic
nature and flexibility of the reinforced soll mass. The reinforced
earth wall was bullt in three cords along a circular arc and the
skin plates were contilnuously linked together. If the facllity

had been constructed with concrete facilng, severe cracking of

the concrete members would probably have occurred.
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IlT. RECOMMENDATIONS

The remedial measures outlined in the i1ntroduction should be
accomplished as soon as possible to enhance the stability of the
reinforced earth wall. Continuous monlitoring of the existing field
instrumentation for an additlonal two years after completion of fhe
remedial work is also recommended. This would allow study of the

long term perférﬁanée of the reinforced earth wall under overstressed
conditions.
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IV. DISCUSSION

The Rte. 39 reilnforced earth wall was built between August 1 and
October 18, 1972. Figure 1 shows the plan and section of the
reinforced earth wall and the embankment., Figure 2 shows the
instrumentation sections. All of the field instruments were
read during and after construction between August 1972 and

July 1973 for the preceeding research project entitled
"Earthwork Reinforcement Techniques". The final report of

that project(l) presented the state-of-the-art of reinforced
earth, the basic theory, the design information, the construc-
tion operation, the instrumentation program, and the field

data. Theoretical analysis by finite element method was also
Included in the final report. Subsequently, several articles
were written by Chang and Forsyth(2,3,4,5) and Romstad, et al,
(6,7) to provide additional ihterpretation of the Information
contained in the final.report.

The field data conﬁinuouSly monitored frém December 1873 through
July 1977 are presented and discussed as follows:

A, Horizontal and Vertical Movement of Reilnforced Earth Wall

Flgure 3, shows the cross-section of the reinforced earth wall

and the location of the Series "A" and Series "Q" survey monuments
on the berm along the toe of the wall and at the top of wall,
respectively. The fleld data of horizontal movements are shown
in Table 1 and Figures 4 and 5 for the Series "A" and Series "C"
monuments, respectively. Horilzontal movements totallng as much

as 7.8 inches (198 mm) and 11.3 inches (287 mm) were observed

at the toe berm and at the top of wall, respectlvely, from the
initial readings during conétruction te July 1977.

The maximum change in horizontal movement was about 4.3 inches
(109 mm) and 2.5 inches (64 mm), respectively, at the top and

ClihPDF - www .fastio.com
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“pottom of the wall from December 1973 through July 1977; and
0.92 inches (23 mm) and 1.08 inches (27 mm) respectively, from
September 1976 through July 1977. As shown in Pigures 4 and §
and Table 1, the greatest movement occurred at the south wing
wall.

Vertical settlements measured on Series "A" and "C" monuments
are shown in Figures 6 and 7, respectively. The maximum settle-
ment was approximately L.6 feet (0.49 m) at both level A and C,
from the initial readings after embankment placement to July
1977. The maximum increase in settlement, about 0.45 foot

(0.14 m) and 0.3 foot (0.09 m), respectively, on the top and
bottom of wall at the center chord, ocecurred between September
1973 and July 1977. TheSe leng—term settlements probably
represent'the creep behavior of the soll mass.

B. Settlements Within Reinforced Earth Fill

Settlements measured from the settlement platforms installed
within the reinforced earth fill are shown by Figures 8 and ¢
for Station 550+25, and Figures 10 and 11l for Station K51+75.
Almost every settlement platform has continued to show addi-
tional settlement for the period between 1973 and 1975.
Settlement platform SP 20 has settled about 0.75 foot (0.23 m)
since 1973 (Figure 8). Other platforms have settled between
0.25 and 0.50 foot (0. 08 and 0. 15 m) durlng the same period.
From 1975 to 1977, most of_the settlement platforms show very
little additional'settlement except for platform SP-17, where
additional settlement of 0.9 foot (0.27 m) was measured between
1975 and 1977.

| At Station 551+75, the readout gauges for the level A settlement
platforms were destroyed 1ln 1973. Only those settlement platforms
on Level B and Level C were observed. The settlements between
1973 and 19?5-are in the range of 0.25 to 0.35 foot {0.08 to
0.11 m). From 1975 to 1977, settlement was almost nil.

ClibPD www fastio.com
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" C. Internal Movement of Embankment

The internal horizontal movements of the embankment measured

by slope indicators SI-1, SI-2, and SI-3, are shown in Figures
12 through 17. Slope indicator SI-1, located on the slope of
the toe buttress of the embankment, indicates a small movement
in the south-west direction (Figures 12 t¢ 13). Silope indicator
SI~2, located at the top of the embankment toe buttress, moved
in the south-west direction (Figures 14 and 15); whereas SI~3,
located on the embankment slope, moved Slightly to the north-
west direction (Figures 16 and 17).

D. Stresses and Strains of Soil

The vertical and horizontal 801l stresses measured by soil
Pressure cells at both Station 550+25 ang 551+75 are sShown

in Tables 2 and 3, At Station 550+25, the distribution of
vertical and horizontal S0ll stresses on the horigzonta] Plane

are shown in Figures 18 and 19, respectively; and on the vertical
sections in Figures 20 and" 21, éspectively. At Station 551+75,
the distribution of vertical and horizontal soil S8tresses on the
horizontal bPlane are shown in Figures 22 and 23, Tespectively; on
the vertical sections in Figures 24 ang 25, respectively, The
average axial steel stresses measured by strain gages on the
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The distribution patterns of sbtresses oOn vertical sections
also indicate similarity for 1973 and 1977. Both vertical and
horizontal soil stresses increased from the upper level to the
1ower level. The rate of increase in stress 1s much larger
betweén level B and A than between level C and B.

The distributions of steel stresses on both the horizontal plane
and the vertical section are not compatible with the vertical
so0il stresses as shown in Figures 18, 20, 22, and 24, This 1is

due to the compleX geometry of the facility, and also to the
foundation conditions at the slite.

Horizontal soll strains reglstered by extensometer installations
are shown in Table 4., Distribubion of horizonbal strains are

shon in Figures 26 and 27, respectively, for Station 550+25 and
551+75. In Figures 26 and 27, distributions of steel stralns

are also shown for comparison. Figure 26 shows an lncrease at
station 550+25 in pboth soll stralns and steel stralns between

1973 and 1977. However, the steel strains exhibited larger
increases than did the soill strains. At Station 551+75, the soil
strains increased slightly, while the steel stralns agaln exhibited
a considerable lncrease petween 1973 and 1977 (Figure 27).

E. Stress-Strain Relationship of Reinforcing Steel Strip

In order to determine the physical properties of the galvanized
reinforcing steel strip imported from PFrance, a standard laboratory

"tension test was conducted 1n 1971 on a sample of the steel strip.

The stress—strain curve obtained from that test 1s shown in

Figure 28. The test results indicate a Youngs modulus of elas%icity
of 30.3 x 10° psi (209 x 105 wN/m?), a proportional limit of

30,000 psi (206,843 \n/m?), & yield strength of 37,000 psi (255,108
a/m?), and an ultimate strength of 50,000 psi (344,T7HO KN/m?) .
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For the purpose of determining Polsson's ratio, another standard
tension test was conducted in 1972 using strain gages installed

on the steel strip specimen to measure the longltudinal and

lateral strains. This test was conducted wlth a tensile load up

to 9,000 pounds (4082 kg) corresponding to a stress of approximately
33,000 psi (227,528 kN/m%). The stress-straln curve obtained from
this test 1is also shown in Figure 28. The results of this test
indicates a Young's modulus of elastlcity of 28.5 x 106 psl (196

X 106 kN/ma) and a Polsson's ratio of 0.28.

Four additional standard tension tests were conducted in 1977

to define the stress-strain relétionship in the plastic range.

A typical stress—-strain curve obtained from these four tests

is also shown 1n Filgure 28, A summary of all test results of

Young's modulus of elastlecity, yleld strength, and ultlmate

strength are shown in Table 5. The typical stress-straln curves
obtailned from the four tests in 1977 were utilized for interpreting
the field stresses 1in the steel strip, based on field astraln measure-
ments as described in the subsequent section.

F. stresses in Steel Strips

The stresses in the steel strips were determined from strain 4
measurements made between December 1973 and November 1977 utilizing
the typical stress—-strain relatlon curve obtailned from standard
tensile tests conducted in 1977 (Figure 28). The results of steel
strains are shown in Table 6 and results of stresses in Table 7,
for both Stations 550+25 and 551+75. Flgures 29, 30, and 31 show
the dally hilstory of stresses and strailng in steel strip for

Levels A, B, and C, respectively, at Station 550+25. In Flgures

29 through 31, The scale at the left shows steel stresses in

kxips per square inch up to the proportional 1imlt only. The scale
at the right shows the steel strain in micro inches per inch.

It can be seen from these plots that the steel strain contilnuously
increases from 1973 through 1977. Most of the steel strips have
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section at Statiop 550+25 (Figures 35 through 37) and at Station
551+75 (Figures 38 through oy, The proportiona; limit is alseo
shown in these filgures, At Statién'550+25, the steel Strips atg
one foot (0.305 m) from the wall facé.(Figure 35) exhibit higher
strain on the upper level (level ¢) than those on the lower level
(levels & and B). The steel Strips at 15 feet (4.6 m) from the
wall face have almost‘equal'straih‘dﬁ B'angd ¢ level, ang less
Strain on the 2 level (Figure 36). The Steel strips at 25 feet
(7.6 m) from wall face exhibit much hiéher Strain on A level than
those at B ang ¢ level (Figure 37).

1, 5, and 9 measure Strains on the front face in the axiaj
direction; Gages 3, 75 and 11 Measure strains on the inner
face 1in the axlal dlrection; Gages 2, 6, and 10 measure the
circumferential 8train on the front Tface; and Gages 4, 8, ana

10
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550+25 and 551+75 are shown in Tables 8 and 9, Tespectively,
Figures 41, 42, and 43 show the daily history of Stresses and
strains on levels A, B, and C, respectively, at Station 552+25,
At Station 552+25, all three skin elements No. 4§ (level 4),

No. 57 (level B), and No. 69 (level cy, developed tensile axial
stresses ang bending circumferential Stresses with tension on
outer face ang compression on inner face, On Station 551+75

the stresses ang strains of the Skin plate are shown in Figures
44 through u4¢, Skin element No., 8§ (level 4) shows compressive
axial stresses and tensile circumferential stresses on the outer
face ang compressive circumferential‘stresses on the inner face,
The tensiile and compressive circumferential Stresses are almost
Symmetrical (Figure 44y, From the cilrcumferentia] Stress pattern
developed in skin element No. 8, it ¢an be concluded that the

locations,

11
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TARLE 1:

TOTAL HORIZONTAL MOVEMENT IN INCHES ON LEVELS A AND C

CM:)PI);

FEVEL A: Along Bottom of Wall LEVEL C: Along Top of Wall on
on the Berm the Fill
Sta. DATE READ DATE READ
12-17-73{11-20-74|6-5-75]|9-22-76|7-1-77 12;17-73 11-20-74|6-5-75|9-22-76|7-1-77
10+84 - - - - - 3.24 - - h,841 5.28
11+00 - - - - - 3.60 5.50] 5.50 6.20] 6.36
11+25 2.76] 3.84 3.96] 3.96 3.96! - - - - -
11+50 2.28| 3.48 3.48( 3,48 3.48] - - - - -
11+75 - - - - - 2.28 - - 3.88F -~
12400 0.48] - - 1.32 1.92 - - - - -
12+75 3.12( 3.36 5.16| 5.16 5.28 - - - - -
13+00 5.521 7.08 7.08} 7.68 7.80| 4.20 5.80 - 7.30| 7.68
13+25 -~ - - - - 7.32 9.02] 9.12 | 10.42[10.56
18400 4,08 5.40 5.76| 5.76 6.60| 6.96 8.36| 8.76 | 10.36(11.28
14475 1.92] 3.36 3.361 3.36 4,44 - - - - -
HOTE: 1 inch = 25.4 mm

- www.fastio.com

13



http://www.fastio.com/

el 6905 = Ted T
W GUETO = 3005 T EICH

crgz| c'cz| cone| orwel o0'9z] 078z |6 | ogfes|sn)aL] o€ 9t

cnel c'ce| crze| ¢r1e| S'€el oSz cc | crct| crot| orot| sat| ooit] crer| iz

c-¢t| o'gtl ot6t| 0°LT{ 0'02| C'0E T | o6 | oot| ¢'o1| oot} gret| orety Lt 0
cogel ope| ornel oteg| o wEl o°heE L c61o0g |owg |og |oor]ertr 1

¢ra1] gret| 6ret| otex) rnt| it on | o-gz| o'zl ov4z| o0'Lz| o'ge| 0toff  TH

¢'1cl g tel g oEl ot0E| 0'nE| 0°GE | £e Gepel| G*Ge| 0*9e| SrGe| G°8e 0°'0E ¢

c6z| zree| g ze} oee] grne| oot st 1 ovszl srzzl sree| sreel ane| ovge| T &
0°€5| 074G} 0°nS| 0 ns| 0°4G| S*9S 8 0°2T| 9°2t| 6 1T| 0'TT| O°€T| G'wr| 8

orcel oc9e | arne| €| otnE| G79€ v | gren] oty orTh| ovon| orTu| S Enf  Tn

Gonl G on| 0°LE| 0°LE| G*6E| O°ONK £e 0°gEl 0°L€| 0°gE| 0°LE] G°gt 0'6¢ Le

- | owi|o069] 0vg9f otoLf 0vl9| LT | 68T orgez| ¢ Lz| o-Lz| o'ge| Stog| 8T v
ovzi| ort2| 0vor| 0vos| ores]| sroL| s citl eoat| orst] ovut| stet| ote| 2
L 1-2-9l100-22-6|aL-81-11 15 4- G -0 | vroz-ules- 12t {(33) eoed L2-2-9 |92-22-6)51-81-UH|GL - -9 |br02-u|eL-LI-aif 43) 3Bd

TTEM WO — TTeMUWOLH
dvad =Hivd 9ouB3E1L( aym HLvd souByST(Q .
ag8en : a82pn| TIATI

SL+TSG NOILVLS

424055 NOILVLS

(ISd) HONI FHVNDS ¥Ad SANNOd NI SHSSWMIS TIOS TVIIZHAA 7 FIHVL

1

T

.

ChihPDF - www.fastio.com


http://www.fastio.com/

ZW/NM 68°'9 = Tsd T
W G0EL"0 = 300 T :ZN
- S <Tl o*wt| o'wT| 0'9T| o0°5T 9t - - - S'of vt | 6¢ 13
0°02| Gil} 0°cz| 0'6T| o'12| 0°'TZ 0¢ 0°9 | 69 | 0°9 | 0S| 0L | o°g Gz
: 0
C'6T| 06Ty S'gT)] 0'LT| 0°6T| 0'6T ST o' | 0 [ ow | 0oz 66 g¢ 61
69 G*¢ 59 GG 6L G L g 0°'T 4§40 G*0 6*0 g-¢ 0y t
G*O0T| G'CT| o°TT| S'01| S T1] & 1T G 0°T | &0 |02 06T | 0°€| oy g€
0'oe| L°6T)] S'6T| §°9T| &'02| S'oz € 0'IT{ 070T| O°TEt| 0°0T{ $°TT] o‘'eT 82
_ g
C*we| 0°€e| c°tel 0'2z| 0°we| 0z 61 §'9 | 79 | s*9 | &S| g4 | 0°g 91
0'€T| 02t szt G et| 0°¢r| & o1 9 o't | ot ] ot | G'E| 0°g | 0°¢ 9
0'6 G*6 g8 4°'g m‘.m §'0T 9f G'ET| GE€T| &1 C*ET| 0'9T] G°'g1 LE
SeT| S'€tf o€t g'e1| oretr! g6t 19 0*HT{ G"E€T| S*TI{ 0°CT| 0°'wI} 0T he
v
STlz| Stlzy St9e| StGz) 0°ge| S92 8T 0°€T| S'e1| S €1| o*ttl o'zt| ¢*e1 9T
D' Ly .o.mn G gn| 0°Gh( 0Ly .o.mm 9 ¢z 61 0*'}/T{ S*0 0'z 28 f
LL-3-9(92-22-6{S2-81-4}[GL-G -9 |v2-02-HIg2-1i-21{ (33 ) s0mfzs-2-9 94-22-6|GL-81-14 6L -G -9\ bL02-EL- -2 97) a0y
TTBM woay .sz WO I
Qv HLvd a0uB] £ ava =@Lvg [souess1q
edey s8en| TIATT

GL+TSS NOILVLS

G2+05S NOILVIS

(ISd) HONI mUVYADS Y4 SUKAOd MI SHSSHHLS TIOS TYLNOZIHOH s g "IV

15

www . fastio.com

ClibhPDF -


http://www.fastio.com/

G.+16S NOILVLS

G2 +0G6G.. NOI1VLS

ww g2 = your | :3LON
2 St Gl b i ! L
0 2 2 b } | cP
— 8 8 ] ] ) ze 6 6 6 ol g L ce
— 2 ¢ 2 2 2 L2 2 2 2 ¢ Z 2 82 0
¢ v t g ¢ ¢ ¢l b b L L ¢ ¢ 2h
gz | 2 1 ot ol 6 L — - - = =1 - 8
8 S 9 G g b L
¢ 2 2 2 2 2 ¢t
¢ 2 2 "2 2 -2 2¢ o]} 6 o]} 8 8 8 ¢e
2 ¢ ¢ 2 2 ¢ 12 € 2 ¢ 0 2 2 62 g
2 ¢ b ¢ ¢ ¢ ol 9 S S 9 g b 2
g 8 6 8 8 2 3! 6 8 8 8 ] 9 8
2! 22 12 02 6 Gl 9v
t € ¢ ¢ ¢ 2 €v
2 0 0 1=1' 0 - 2¢ ol L2 9z | 92 22 | 8 €€
s | — | o© e L L2 2 g e | ¥ 2 | @ 82 v
2 0 | l ) 0 h b 0 0 b 0 = 21
S 2 2 2 2 ! g o 6 6 8 8 8 8
11-17-9|02- 22-6l5 2-81-eL - -9 be-0z-tjeL-2i-2 (1 4) 30v4 11-12-9192-22-6GL-81-1|S1- G -9 [b2-02-W|EL-11-2H () 3y 3074
7TvM WOYA TYM WOY4
gv3ay 3Lva AONVY1SIO av3y 3Lva - 30NVLSIC q3A37
39V9 | 39Y9

p-0t X HONI d3d HONI NI NIVHLS 710S TVLNOZIMOH v 378Vl

16

ClibPD

www fastio.com


http://www.fastio.com/

UM pGZ & YOul T

ZW/N 6879 =

IS 1
"ISX §Z°GT 30 89T 00°6 ©3 dn pEOT STFSUSI YITM Z/G] UF PIIONPUOD 3ISBL  :FION

_ B LL6T
0'8y -- L°Lz - 68° €€ 1
005 -- c0T%L° 67 9°9% LE* Ty z
- - € LL6T
0°05 -- ¢OTXL* 67 9°9% Le° 2y 1 .
0°0§ “- c0TXLCT 69°9% 68° €€ (4
z L LL6T
0°05 -- c0TX[*SZ 69°9% 68°€¢ 1
0°0§ -- c0TX0° ST £€° G 68° €€ z
0°0S -- £0TX050¢ $8° Yy 00°5€ 1 1 LL6T
- - c0T¥6° 87 - - 1 T S TL6T
8° 6% -- ¢0T%52° 0€ 0ST°LE 0°0¢ 1 1 1461
(184) | 9°01 X WF/UT | (ISW)ALIOLISVIA(ISM)HIONAYLS| (ISX) IINIT|  ua9WaN| uA9HON | FIVa
HIONSMLS FLVWILTA NIVHELS FIVAT 40 SOTINAOW ~ @TFIA| TIVNOLIN¥OJO¥d| INOGVEN|  ISHL Isal

SJI¥LS TIALS 40 SHILYAJONd TVOISAH 40 SIINSHY ISHL AYOLVHOHVT A0 Z¥VIHAS

T VL

www . fastio.com

ClibhPDF -


http://www.fastio.com/

6 Li2T EE699 88 QTTT |L6°€04T [68°SHTT |19 0G6T JLE ET6T [LT050T |84 °TT8 Ll=2-1T
€+L12T kE*ToS [6£790T {92°86T [89°€LOT WG *OELT |6 " 96LT 0L 06T |0L°089 LL=2-9
0L 0KOT R TOS |[LE*L9L |GL'TQET |2h' 948 | GS2T [T 0LET|0E"6EGT [6E 4L G 9L-22-6
0'€0L [t6°GgE [92°41S |wz'Lo6 |G9°6TL |on'Teg |wh*LLoT|t1€°ioeT|22'gée | SL-gT-TT| S4+188
0°26G |.8'8RE [E0'TSH |SS°6E8 [16°QT.L mo.mha. €8 LG0T [LG°2ETT |of *69T Gl-G-9
06°26E |6g°L62 |GG T0E | £°88S [Th 929 [6L°TEh |£0°G68 |TL"990T|G2*LST | fl-0e-TI
€0l [eece g*l- [16°€g2 |g0°gEn |L8°€0z |gL*68S |on°T9L f[T0°le- | EL-AiT~ET
TG'62ST [2L 46T |6 2Eh [9676LL o [9T'E4S [Ly*26h |69°2GAT [hETLLTT | Zi-8~TT
feG ThyT |9L"6TLT [62°1ST [82°2TL [09°8EHT [T6°49E Jel'Lgh | 2 8enT |TE°960T | ~ Li=gwg
16°€02T g2 252t | 0v02- {L0°89S |h8*9EL [gG°TSh [SL'T8E {EE°E6S |86°2S9 | 9l~zE+E
Th*'hil }L0°268 [£G°29- | 0°69% |Th'L9E [E6°G9E [L6°TTE [EE79EE [26°GLE | %-4TTT| 6z+056
0°999 |sL°qog 8976~ | 9766k |ser6nE [nEgLT |got062 |LG°SSE gT"06T GL-5=
ShGly [elt6én9 [w6°65- |9Lvwew [99°nGe Jle'RLT | 0°22Z | 8'OTE (2T ELE 4 L=0ESET .
9€*2€z |L2°96E 66°02T- hm.mmm 26°9TT Li*hh €9°h8T S8 °98T . mwmma £L-LT-2T
P i T | @ | e« | « Gz - 1. \
LEEE NI FOVd TIVM LAHd NI HOVd TIVM ammw_zH momm qwmz , 3
WOMd HONVISICQ HOVD WOHd HONVISIA EDVH WOUd HONVLSIO =PYD ALY NOTIVLS
v THATT a4 TEAW] 0 TAAHT

mlv

>

_OTX ‘HONT ¥dd HONT NI SdTHIS THELS NI NIVMLIS *§ TTavL

. : *s1qe], uf PoIEOTpUT SE 3093 mw mo pealsul 3993 0¢ ST g6 ©IS IT 20UBISTP 28e8 3s98uor 9yl »mﬁoz_

CIIhPDF - www fastio.com


http://www.fastio.com/

Nﬁxwﬁ 68°9 =ISM I ‘B GOE*0 = *3F T :JION
97L& | 0702 §°€C | 0°€y | ¥HE 6°97 | 6°wy | 0°S% | €°vT |LiL-T-T1
€9¢ | 6°41 soe| 61y | 0°tE v | sow | 6w | 20z |ei-Lz-9
1°1€ | 0°61 0'cz| 6768 | L°StT €°Le | 9°66 | S'ev | 0°LT PL-Tz-6
607 | <11 ¢'s1] ez | gz 94z | €z | 0°9¢ | 6°8 [s4-81-T1 SLH1SS
9°LT | §°11 ¥ET| 9°%T | S°1C zvi| 9°1e | 8°¢€ | 0°¢ | SL-5-9
#°0T | 6°8 6°8 9°LT | 9°81 ¢'zi| 69z | 6°1€ | L% |wL-02-11
0°2 0°0 0°0 '8 1°€1 0°9 | 9°£1 | 6°2Z | 9°0- |eL-LT1-21
w'ew | 6ty | LUTT v'¢g | “d°N T°9T| 9°%1 | €°%% | €°S€ | LL-2-T1
0°Ty | 0'%% | w'H- 1z | 01w 0'TT| 991 | 6'0v | s'z€ |eL-Liz-9
t'se | s°se | sco- 6°91T | L'12 w'eT| €11 | 9°41 | €°61. [|9L-T2-6
o€z | L9z | L'1- ¢vl | 6°01 6°0T| €°6 201 | €°T1T |SL-81-T1 “
0°0z | 0°%¢ | 8°z- 641 | %°01 %°¢ | 9°8 Lot | 9°s | §4-5-9 S Z+05S
€'vT | w61 | L°1- ¢zl | §°L 0°s | $°9 z°6 €9 |v-0z-11
L9 6°T1 | S°¢- 9°8 VAR 1°1 | ¢°S 9°s §'¢ |eL-L1-C1
2 <1 1 4 ST 1 14 <1 1 )
1344 NI EOVd TIVM IaAd NI EOVA 13gd NI mova| 34V | NOLLVIS
WO¥d AONVISIA FOVD | TIVM WONA FONVISIQ 3OVD [TIVM WOud FONVISIQ FOVD
V TIATT € TAATT 0 T3ATT

*a1qer uy muumnﬂwﬁﬂ S8 3997 Gz JO pEdIsSuT 1933 0f 8T G/+IG6 "®lg um_moawumwv 28e8 3s98uotf 9yl FION
18X NI SdI¥IS THALS NI SISSHULS L TIGVL .

19

ClibhPDF -

www . fastio.com


http://www.fastio.com/

ClibPDF -\

TABLE 8:

STRESSES IN SKIN PLATE IN KSI

STATION 550425 STATION 551+75
SKIN DATE READ SKIN DATE READ
Lever | SASE 1g ement ELEMENT
NUMBER| \ umMBER NUMBER
12-1773{1-2474 11-18-75]9-22-76 |6-27-77 12417-73{1-24 741118 -75(9-22-76|6-27-77
1 0.1 3.2 1-06 |[-06 | 0.2 -97 [-59 {-6.2 |-44 |-32
3 14| 37] 15| 27 | 5.8 -05 | —25 {~4.5 |—3.6 |-75
2 9.2 | 12.7]12.2 1145 [16.4 24 30.5 | 30.0 | 31.3 [ 31.4
)| -9.8 [-8.6[—11.0 [-1.9 [-2.3 -22.7 [~20.0 |-22.0 {~23.3 |-26.0
5 8.9 9.0 80] 6.5 | 4.2 ~-33| 04]-14] 06| 07
A 7 ug 8.9 9.0] 95110 9.0 g [-1.6] 20]-08] 121 1.6
6 66 | 119 72| 9.0]10.2 -243| 29.0| 26.0 | 28.0 | 27.3
3 -7.4|-251-331 1.7 |-009 —28.0 |[-23.4 |-27.1 |-27.2 |-27.0
9 92| 8.4] 80| 7.7 83 -42|-06-381-33 |- 3.2
11 8.0| 9.5 156 | 23.4 | 25.0 -19] t5]-18} 0 1.6
10 77| 12.2] 78] 104 ] 10.2 66| 19.9| 17.0] 18.8 | 185
12 -100[—65[-8.6 21| 3.9 —191 [~14.4[-17.5 |-16.4 |-16.6
1 8.01] 61] 6.8 57| 43 —04[-29(-18}-7.21-11.2
3 60| 221 123] 30.2] 39.4 —06|—-45[-22|-78[-50
2 63| 123 89| 116 14.9 124 21.2] 230} 30.4] 324
i -68|—02] 39| 39| 25.0 -13.1[-130{—15.2|] 1.4] 234
5 50] 36] 35| 36| 0. 29 15] 23]-19]- &
A 7 57 47| 35| 5.3( 10.0] 154 25 35] 25{ 47| 22| 05
6 14.7] 195] 12.6| 14.0] 15.9 95| 199] 232 328 35.0
3 —13,6{-10.3 [—14.6 [—12.5 |-10.2 —11.5|~-11.0|-26.1 |~27.1 |-26.7
9 4.0{ 2.9] 16| 16(—1.0 6.1] 4.4] 56| 13[|—29
11 330 29| 61| 11.4] 185 59] 4.2] 55| 1.3[—16
10 93{ 15.6{ 9.2] 49| 128 126 204 21.2] 29.0] 287
12 - 94{-83]-10.4]-59] 0.7 -18.5[-13.3] 7.5] 88| 269
1 7.2] 75 75| 6.3] 55 38| 371 e8] 25| 1.3
3 65| 4.7) 71| 71.7] 72 29 24| 55| 0.9 14
2 20] 66! 1.2] 3.0 81 -04| 27!-37[-02] 17
Y -42]=17]-34]-11] 0.8 —-15] 3141 10| 69} t25
5 38] 43| 29| 38] 38 46 |~-13.6 |-30.1 [-45.0]-44.7
. 7| 6q 1.7] 11]—-0.3] 18] 14 43 4.2 |-13.7-29.5|-42.2{-44.0
& 50 96] 4.2] 7.0] 93 - 52]—18.8[-41.3|-44.2]-45.0
o — 23| 50| 67| 93| 100 —20l-15[-36.3]-42.5]-44.0
9 341 57] 35 21 5.0 441—15.3|-31.5|-43.0|-45.0
11 20| — o8| 04| 29| 22 2.9/-16.4 [—31.8[—42.5[-44.5
in 41| 60[|-33] 25| 33 -6.5[-20.3[-44.0|-44.5[-45.1
12 -53]-33]-50] 4t 74 ~1.4|—13.7|—33.5 [—38.3 [-42.0
NOTE: 1 KSI = 6.89 MN/m2
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TABLE 9: STRAIN IN SKIN PLATE.IN INCHES PER INCH X10—6

STATION 550+25 .. STATION 551+75
SKIN DATE READ SKIN DATE. READ
LEVEL NS&%‘ER [ELEMENT {ELEMENT

NUMBER ko 1773112474 11-18-75q9-22-76|6-27-?7 NUMBER l1o_17.73|11-24-7|11-18-75{9- 2276 )6-27-77

1 4 112 =28 —29] 14 —333 [-197]—214]|—=151|-112

3 49| 133] so| 99| 197 — 21| -84]-147]-116[-253

2 312| 428| 407| 485] 554 804 | 1018|1014 1061 [ 1046

b —-330|-291[-368|-234| ~77 —-761|-674|-744[-778|-870

5 295| 302 270 257| 144 —109] 18] =53] 21| 28
A 7 | us 295| 305] 323] 370 309| 8 [ —s56] e7| —39]. a2] 56l
6 221 404l 2391 302| 344 811]| 968] 870| 957 905
3 -249] -88[-105[ 60]—365 —933[-786[-909]-907]-905|

9 305| 288] 274| 261] 109 — 144 —28|-130|—112|-105

11 270| 319| 526| 788} 835 — 67| 49]— 60 0] 53

10 256| 407| 260| 337| 340 554| 663| 568] 626] 618

12 . [=333]-218|-288|- 70| 130 —635|-481|-583|— 546 |- 554

7 [ 267| 204] 225] 190] 144 — 14| —98| — 60|—239|-372

3 200] 74l 411} 1008|1361 — 21 |=151| =74[-2591—168

2 211 411| 295| 386| 498 404| 705| 768| 1014|1081

1 -225] -7] 130] 130[ 832 —435[-432]-505| 48] 779

= 168] 117| 116] 120 4 98| 49] 77{ —-62[|~-200

3 7 | 57 158] 116] 175] 333| 512] o5 16| 84| 158| 74| 18
6 491| 649] 421 466| 530 316] 663 772]|1094] 1168

g —453|-344|-4881~415|-340 —383[-365|-870|-902|—891

9 133] 95| 53| s52|—32 204| 147| 186] 42] —95

11 109] 95| 204] 380| 618 197] 140| 183| 43| —53

10 309| 519] 305] 162| 428 421| 681 709| 965] 958

10 -312]-275)-345|—198] 24 ~6181—442] 2491 292] 898

1 239[ 249 249] 209[ 183 126 123| 225| 84| 4¢

3 218] 158] 235| 258 239 98] 70| 183 29| 35

2 70| 221 39 99[ 270 —14] 91|=123] —5| 56

4 —140| -56|—112| —38| 28 — 49| 102| 32| 203 418

5 126] 144 98] 1271 1261 154 1-45311004[1959|-1895
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