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Abstract  

This case study h ighl ights  the impor tance  of geotechnical  inves t iga t ions  in the site select ion,  design and ma in tenance  of l i fe-l ine structures in 
mul t ip le  hazard prone areas. 

The Boar River  Pipel ine ,  carrying part of Kingston 's  water  supply, was damaged  by a debr is  flow o r ig ina t ing  on the eastern slope of Bromley 
Hill,  fo l lowing the passage of hurr icane Gilber t  over Jamaica  on September  12, 1988. Regional  and s i t e - spec i f i c  geotechnical  inves t iga t ions  
indicate that landsl ides  are ubiqui tous  in the region, espec ia l ly  on eas t - fac ing  slopes,  and that the s l ide which damaged  the pipel ine is a re la t ively  
shal low failure. The slide may s tabi l ize  i tself  in the due course of t ime provided there are no ext reme wea the r  events.  Art i f icial  measures of 
slope s tabi l iza t ion are r ecommended  as a short- term solution.  However ,  since the entire slope is involved in s l id ing  and favourahle condi t ions  
for future fai lures exis t  in the area, the better approach would be to avoid  the failed slope a l together  and relocate  the pipeline.  

Rdsumd 

L 'exemple  trait6 dans cet art icle met en dvidence l ' impor tance  des dtudes g,5otechniques pour te choix  des  s i tes  dest inds '3. recevoir  des structures 
durables ,  ainsi  que pour leur concept ion  mgeme et leur entretien.  

La conduite  de la Boar River  qui achemine  une partie de I ' approv i s ionnement  en eau de Kingston,  a dtd endommagde  par une coulee de &Sbris 
qui s 'es t  ddclenchde sur la pente or ienta le  de la Bromley Hill,  suite au passage du cyclone  Gilber t  sur la Jama'ique le 12 septembre 1988. Des 
etudes g~otechniques  .~ l 'dehe l le  de la rdgion et du site montrent  que les g t i ssements  de terrain sont tr~:s r6pandus dans la rdgion, en par t icul ier  
sur les pentes or ientdes  vers l 'Est ,  et que le g l i s sement  qui a endommag6  la condui te  est re la t ivement  superf ic ie l .  Le g l i s sement  pourrait  se 
s tabi t i ser  de lu i -meme avec Ie temps  pourvu qu ' i l  ne se produise  pas d 'dv6nements  m~t~orologiques  ex t remes .  Des mesures  de s tabiI isa t ion de 
pente sont recommand,5.es cnmme solut ion "h court  terme. Cependant ,  eomme la pente tout enti~re est affeetde de g l i s sements  et que des condi t ions  
favorables  au d~.clenchement de nouvel les  ruptures exis tent  dans tout le secteur,  la mei l leure  solut ion sera i t  d 'dv i t e r  I ' ensemble  de la pente et 
de rdimplanter  la condui te  dans un autre site. 

1. Introduct ion  

A section of the Boar River Water Pipeline, an impor- 
tant contributor to the water supply of the city of King- 
ston, was damaged by a landslide in the wake of 
infamous hurricane Gilbert which devastated the island 
of Jamaica on September 12, 1988. This, 609.6 mm 
diameter, pipeline was laid in 1965 to convey surface 
water from a number of rivers rising on the western 
slopes of Mount Telegraph, situated at a height of 
1 275 m in the northern part of the parish of St. An- 
drew, to the Constant Spring Water Treatment Plant, 
Kingston, operated by the National Water Commission 
of Jamaica (N.W.C.). 

The complete alignment of  the pipeline is not available 
to us, however, it cuts across the highly rugged central 
mountain ranges of the island and is located within a 
major fault zone (Fig. 1). It has a capacity of some 41 
million L/day. Minimum flows are as low as 4.5 million 
L/day but the pipeline is at all times an important 
source for domestic water which was disrupted when 
an exposed section of the pipeline was damaged in the 
Bromley Hill area (Fig. 2). In view of the said impor- 
tance of the pipeline, we were asked by the 
U.S.A.I.D./N.W.C. Hurricane Reconstruction Project to 
carry out geotechnical investigations in the Bromley 
Hill area to determine the nature and causes of the dam- 
age and suggest protective measures. These investiga- 
tions were undertaken during May 1989-August 1990 
and included drilling of 4 boreholes in the vicinity of 
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Fig. 2 : A. Northern section of the damaged pipeline at Bromlev Hill. 
B. A detailed view of the damage in the foreground of the photograph in A. The diameter of /he pipe is 24 inches (609.6 mm). 

the damage.  Our study addressed  the fol lowing impor-  
tant issues that must be taken into considerat ion in the 
design and maintenance  of  l i fe- l ine structures in mul- 
t iple hazard prone a reas :  

A. Ascer ta in  to what extent  geo logic - tec ton ic -  
geotechnical  condi t ions  in the area were related to 
damage  to the structure,  

B. Whether  these be of  such a nature that recurrent  
problems with maintenance  and repair  would l ikely 
to cont inue into the future, and 

C. Make recommenda t ions  concerning  the poss ib i l i ty  
of  carrying out remedia l  measures  which would pre- 
vent future structural damage,  or if it were not 
possible,  the need for re -a l igning  the structure. 

We present  here the results of  this study and show that 
the structure was damaged  due to a debris  flow ( s e n s u  
Etten e t  al . ,  i988)  t r iggered by heavy rainfal l  as- 
soc ia ted  with the hurricane.  The responsibi l i ty  of  writ- 
ring this paper  l ies with the senior  author R.A.).  

2. Hurricane Gilbert 

The passage of  Hurr icane Gi lber t  over  Jamaica  on Sep- 
tember  12, 1988 resulted in a widespread  landsl ide ac- 
t ivi ty which severe ly  disrupted the l ife-l ine structures 

on the island (ODP and W M O .  1988). Manning et  al. 
(1988) mapped  a total of 478 landsl ides  along 108 km 
of  road sect ions in the Lawrence  Tavern - Above  Rocks  
area located to the west  of  Bromley Hill (Fig.  1). 
Among  these landsl ides ,  debr i s  f lows were most  abun- 
dant,  however,  rock falls, t ransla t ional  sl ides and con> 
plex rotat ional  s l ides were  also reported.  These  slope 
fai lures were ini t ia ted by excess ive  prec ip i ta t ion  during 
the per iod Sep tember  10-12, 1988 

Gi lber t  had its or igin in a t ropical  wave which, due to 
a high - pressnre sys tem over  the Car ibbean grew into 
one of  the most powerfu l  and devas t ing  storms ever  
recorded (category 5 on Saf f i r -S impson  Scale)  with an 
ex t r eme ly  low barometr ic  pressures  of  885 mbar  in its 
eye.  The center  of  the hur r icane  reached the eas tern-  
most  point  o f  the island, Morant  Point,  at about  11 : 00 
a.m. on Sep tember  i2,  a c c o m p a n i e d  by gusts  at 51.I 
m/s. the max imum rainfal l  intensi ty was o f  the order  
of  86.1 mm and the m a x i m u m  24 hour rainfal l  was re- 
corded  at 450.7 mm (ODP and WMO,  1988). Eastern 
and central  sect ions  of  the island rece ived  extens ive  
rainfal l  during Sep t ember  10-15 and it appears  that 
> 500 mm rainfal l  was loca l i sed  along an a lmost  E-W 
axis that co inc ides  with the central  o rographic  trend of  
the island. Northern St. Andrew area where Bromley  
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Hill is located (Fig. 1) received the largest amount of 
five-day rainfall, with the two rainfall stations in the 
parish at Langley recording 793.99 mm of rainfall and 
Hermitage 661.9 mm (ODP and WMO, 1988). 

3. Regional Geological and Geotechnical 
framework 

The damage site is located within the Wagwater Fault 
Zone (Fig. 1), which is an area of major tectonic dis- 
turbance in eastern Jamaica (Lewis and Draper, 1990). 
This setting has important implications for the pipeline 
alignment. The fault zone, over 750 m wide, has jux- 
taposed a sequence of interbedded conglomerates, sand- 
stones, and shales (Wagwater Formation) against a 
coarse-grained, granodiorite pluton known as the Above 
Rocks Granodiorite. The sedimentary rocks of the Wag- 
water Formation are thrust over the granodiorite, a re- 
lationship which can be seen on the Junction Road 
(Fig. 1), where a major landslide, popularly known as 
Money Corner Landslide, marks the contact. Fracturing 
and hydrothermal alteration of the rocks of the Wag- 
water Formation, in and near the Fault Zone, are per- 
vasive, and our observations suggest that sections of 
the pipeline route are within this zone, including the 
section where damage has occurred. The region is 
marked by a high relief and steep slopes. The major 
physiographic features in the area are controlled by the 
underlying geology and tectonic structures. High level 
river terraces suggest recent, probably continuing, 
uplift of the region. The valley slopes have been cleared 
for agricultural use, and this together with some degree 
of urbanization, has made many of the slopes unstable. 
Bedding discontinuities within the Wagwater Formation 
are subparallel to the trend of the ridges. Therefore, 
when slope vegetation is cleared, or interfered with, the 
incidence of slope instability is dramatically increased. 
The material underlying the slopes is deeply weathered 
for the most part, due to its inherent chemical com- 
position. The depth of the weathered zone ranges up 
to as much as 9 m, sometimes more. Extreme climatic 
events, such as the passage of hurricane Gilbert have 
had a marked impact on the area. Landslides (debris 
flows and debris avalanches) were triggered along a 
majority of slopes by Gilbert. The debris flow which 
damaged the Boar River pipeline resulted from high 
precipitation associated with the hurricane, in an area 
where soil moisture was already at the saturation level. 

Most of the water courses in this region follow fault- 
controlled valleys, and the valley slopes themselves are 
marked by active mass wasting. The damaged section 
of pipeline, on the eastern slope of Bromtey Hill, lies 
in a zone where the ridge and valley system is underlain 
completely by sedimentary rocks of the Wagwater For- 
mation; which are extensively dissected by NNW-SSE 
trending fractures, subparallel to the main Wagwater 
Fault (Fig. 3). The sedimentary units consist of dark 
red and purple conglomerate, sandstone and shale, with 
occasional limestone beds. The sequence is massive to 
thinly layered, and is characterised by silt to boulder 

size clasts of andesitic tufts, granodiorite, hornfels. 
limestone and mafic rocks, set in a fine matrix of sim- 
ilar material. Cement is ferruginous to calcitic in com- 
position. Several different kinds of discontinuities have 
been noted. In order of abundance, these are : 

Bedding - a pervasive feature, developed on a milli- 
metre to metre scale, and is inclined towards the NE 
and E, at angles ranging between 55 ~ to 5". 

Joints - these are mm to cm spaced brittle fractures. 
also pervasive, occurring in at least three sets, inclined 
at a high angle to the bedding, in some cases even sub- 
parallel to it. 

Veins - calcite-filled extension joints are common in 
regions close to the major faults. 

Faults - besides the major NNW-SSE trending faults 
mentioned already, there are many faults which occur 
at high angles and subparallel to the bedding. 

The Wagwater Fault Zone has a complex history of 
movements, with the earliest ones dating back to as 
early as Palaeocene (about 60 million years B.R). It is 
a seismically active fault zone, and during the last five 
years a number of shallow seismic events have been 
reported from within the area (Personal Communica- 
tion, Seismic Research Unit, Mona). The preceeding 
discussion of the regional geology provides perspec- 
tives pertinent to problems which may be encountered 
in the area when planning for any future engineering 
works related to readjustment of the damaged pipeline. 

4. Geotechnical background at the damaged 
site 

The damaged section of the pipeline is located on the 
eastern slope of Bromley Hill (Fig. 4), which is made 
up of a thinly bedded sequence of alternating mud- 
stones and coarse, gravelly sandstones belonging to the 
geological unit known as the Wagwater Formation. 
Mount Dakin River, which flows along a northwest to 
southeast trending valley controlled by faulting and 
possibly bedding, marks the eastern boundary of the 
area (Fig. 3 and 4). 

Physiography : The mapped area is outlined on Figures 
3 and 4. The ridge crest of Bromley Hill is at a height 
of 325 m and the slope profile, which is uneven, ends 
at 228 m in the Mount Dakin River. The ridge has a 
general north-south orientation, and two major land- 
slides have been identified along the eastern slope, 
which is drained by the main, north-flowing, Mount 
Dakin River. The narrow Mount Dakin River valley is 
fault controlled, and a large landslide has been mapped 
along its eastern tributary (Fig. 3). The regional 
drainage pattern is dendritic, with a high drainage den- 
sity. The perennial, fast flowing Mount Dakin River is 
about 3 m wide and the fiver bed is strewn with boulder 
to silt sized material. The channel profile is v-shaped 
with steep valley walls. During peak discharge the 
water level of the river rises as high as 2 m above low 
flow levels and there are abundant signs of rapid bank 
erosion and slope undercutting. Dense vegetation, con- 
sisting of guinea grass, scrub, trees and fruit trees, is 
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common along the valley slopes. The slopes with land- 
slides are generally sparsely vegetated, The damaged 
section of  the pipeline (Fig. 2) is located on an active 
landslide (debris flow) on the eastern slope of  Bromley 
Hill. The pipeline is aligned north-south and is located 
midway along the slope at 246 m. The main scarp of  
the slide is at 264 m and many minor scarps have been 
mapped along the length of  the slide. The toe of  the 
slide is Located at the confluence of  two east-flowing 
~,treams, which deIineate the northern and southern 
t]anks o f  the slide. Water seepage zones are characteris- 
tic of  the toe region, and are shown, together with other 

morphological  features, on the geotechnical  map and 
cross-section (Fig. 4 and 5). 

Lithology and Soils : Bedrock exposures are rare and 
much of  the area is underlain by residual soils (en- 
gineering soil terminology).  Where bedrock has been 
mapped, it consists of  alternating beds. ranging in 
thickness from 2 cm to about 1 m, of  red-purple con- 
glomerate, sandstone, breccia, and shale, which may 
often be greyish-brown. Sandstone beds are frequently 
massive and are up to 1.5-3 m thick. The sedimentary 
sequence throughout the area dips uniformly to the 
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northeast  (050") at angles  ranging from 35 ~ to 55 ~ . The 
regional  strike is more or less para l le l  to the trend of  
s lopes through the region (Fig.  3). Al though de~ep 
weather ing is character is t ic  for all the rocks,  the mas- 
sive sandstone and cong lomera tes  are re la t ive ly  more 

resistant .  Med ium to coarse  g ra ined  sands tones  domi-  
nate the sequence,  and cons is t  of  clasts  of  p lag ioc lase .  
rock fragments ,  quartz ,  with mud matrix and fer- 
ruginous,  and/or  ca lc i t ic  cemen t .  Two types of  soil are 
common (Fig. 4)"  
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a) Coarse grained soils (predominant) - are sandy to 
gravelly, less commonly silty and moderately 
weathered. Grains are generally angular, partly 
stratified to non-stratified. These soils are moist. 
b) Fine grained soils - are silty clays, plastic and 
highly weathered, and stiff" they are inorganic and fis- 
sured. They are saturated, and ponding of water in clays 
is common. Vegetation cover does not allow the pre- 
paration of an accurate superficial deposit map for the 
whole area. but the extent of soils and bedrock within 
the immediate area of the pipeline is shown in the geo- 
logical map (Fig. 4). 

S t r u c t u r e ~ D i s c o n t i n u i t i e s  

Bedding, joints, faults, and minor calcite filled exten- 
sion joints are prominent in the area. Measurements of 
typical orientations are presented as stereographic pro- 
jections in Figure 6. 

B e d d i n g .  - Defined by lithological variations, with al- 
ternating thicknesses. It is a pervasive feature. Beds are 
consistenly oriented throughout the area, as noted 
above. 

�9 Poies to bedding 

les to joints 

Fig. 6 :  Equal area stereoplot of bedding and joints at localities 
around the damaged pipeline. 

Jo in t s .  - Five joint directions have been identified, j l- 
j5, with spacing generally varying between 25 mm and 
30 cm. Of these, only j t and j2 are important and well 
developed, and have been included in the stereogram. 

j l  a n d  j 2 .  - strike northeast-southwest and dip respec- 
tively, at about 80 ~ to the northwest and southeast. 

j 3 .  - very minor development, trends at 300 ~ vertical 
dip and at low angles to the bedding. 

j 4 .  - also very minor, trends north-south, almost ver- 
tically, and at high angles to the bedding. 

j 5 .  - minor, has the same trend as j3, but dips at 40 ~ 
to the southwest. 

F a u h s .  - Two major faults have been mapped in the 
area (Fig. 3). Mount Dakin River flows along a WNW- 
ESE trending fault. The other NW-SE trending fault is 
visible on the aerial photographs along the eastern slope 
of Bromley Hill. 

5. Landsl ide  at the site 

Figure 5 is a cross-section through the eastern slope of 
Bromley Hill at the location of the damaged pipeline. 
The damage is a consequence of a landslide which 
developed near the crest of the ridge, upslope of the 
pipeline. Following Varnes (1978) this landslide would 
be classified as a complex slide, involving debris flow 
and avalanching, however, we prefer to describe this 
slide as a debris flow ( S e n s u  Ellen et  al., 1988). The 
main type of displaced material is debris, derived from 
a thick cover of residual soils, overlying the highly 
weathered bedrock. The damaged sections of the pipe- 
line suffered considerable displacement because of de- 
bris flows and avalanching related to the slide. The toe 
region is located within the confluence of the two east 
flowing streams, which define the northern and south- 
ern flanks of the slide (Fig. 4). Water seepage was ob- 
served in the toe region of the slide and along possible 
failure planes (Fig. 4 and 5). That the slide is active 
can be seen from several secondary slides which have 
developed on the flanks of, and within the main body 
of the failure. 
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OFFICE BOflEHOLE LOG 1 
BORE HOLE S H E E T _ _  C)F 

pROJECT..I~QAR RIVER PIPELINE TYPE oF .OR,NG 
.OLLOW STeM *UGS~ [] ROTARY DRILUN~ [] 

LOCATION DAMAGE SITE. BROMLEY HILL 
CONE PENETRATION [ ]  WASH 6081NG [] 

OATEJULY/~GUSTI99~RF*CE ~LEV*T,ONS20ft (249..94m) TESV P,V [] CONTINUOUS 

mA. o~ eOR,NG 3 i n c h e s  
LABORATORY 
TESTS 
PERFORMkO 

OESCRIPTION O F S T R A T A  

STIFF DARK BROWN CLAYEY SILT 

VERY STIFF DARK BROWN CLAYEY 
SILT WITH PIECES OF SHALE 

VERY STIFF DARK BROWN CLAYEY 
SILT AND DECOMPOSED SHALE 

DENSE DARK BROWN DECO~OSED 
SHALE 

END OF BOREHOLE 

SYSOILM8oLS ~ "~IEOROCKERE 0 ~ . . . .  ~ - - ~  ~ERAGTA:IRc5 ~ CLAY ~ T ~  . . . .  ~ S A N O  ~ G . . . . .  ~ . . . . . . .  ~ :~q~LLS ~ bk . . . . . .  OHC~C 

SAJI~LE CO~tX11OIN ,TdUI~LE TYPE 
0 - DiSTURaEO SS - SPLIT SPOON 
L -- LOST TW -- THIN WALL  SHELBY 
F -- FAIR ~ -  l A G  SAMPLE 
G -- ~ 0  (UNOISTURBEDI t4%t5 -- WASH SAMPLE 

RC -- ROCK CORE 

LABORATORY TEST SYMBOLS OTHER S Y u B o L S  | 

1 
A -- A'TTI~BBEIqG LIMITS M -- MECH. ANALYSIS V WATER 
C -- CONSOLIDATION S -- SHEAR ."'7"" LEVEL 
O -- DENSITY T -- T R I A X I A L  

}t -- I tYOROMETER 

HILL.BETTY IENGINEERSi LTD .  
37 BURLINGTON AVENUE 

KINGSTON. JAMAICA. 

Fig. 7:  Borehole log standard penetration test data and N-value graph for Borehole No. 1. The location for all the boreholes, which ,.,..'ere 
drilled and logged by Hill-Betty (Engineers) Ltd" Kingston, is given in Fig. 4. 

Our field data and cross-sect ion  across the length of  
the landslide (Fig. 5) indicated that the slip-surface 
would be expected to be shal low,  less  than 9 m be low 
the surface. Therefore,  in order to confirm the depth 
to the base of  the slide, 4 boreholes  were drilled in the 
vicinity of  the pipeline.  Borehole  #1 to #3, drilled to 
a depth of 12.2 m, were located across the width of 

the slide,  above the pipeline at an e levat ion of  about 
250 m, whereas  hole #4 was drilled to a depth o f  7.6 m 
and was located below the pipel ine,  in the central part 
of  the slide at about 247 m (see  Figure 4 for borehole 
locat ions) .  Standard Penetration Test (SPT) data, N 
values,  core samples  analysis  and borehole  logs  are 
given in Figures 7 to 10. this data was supplied by the 
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Fig. 8 : Borchole log standard penetration test data and N-value graph t'or Borehole No.  2. 

consulting engineers, Hill-Betty (engineers) Ltd., King- 
ston, Jamaica. 

A significant increase in the drilling pressure was en- 
countered at a depth of  6-7.6 m in boreholes #1 to 3 
with the corresponding N-values ranging between 20-46 
(Fig. 7 to 9). This suggests the presence of  relativelv 

compact strata (bedrock ?) at this depth and is sup- 
ported by the presence of  well indurated sandstone frag- 
ments in the core samples.  The data from borehole #4 
(Fig. 10) show similar material properties at a depth 
of  5.6 m. Based on above, it is suggested that the slip- 
surface for the slide is localed approximately 6 m 
below the present level of  the pipeline and is in support 
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3 
B~ORE HOLE _ _ S H E E T  O F _ _  

TYPE OF BORING 

HOLLOW STEM AUGER [ ]  ROTARY GRILLING [ ]  

CONE PENETRATION [ ]  WASH BORING [ ]  

,EST P,T [] CONTINUOUS [] 

OlA. oF aORiNG 3in 
LABORATOR~ 
TESTS 
PERFORMED 

DESCRIPTION OF S T R A T A  

STIFF TO VERY STIFF DARK 
BROWN CLAYEY SILT laND FINE 
SAND WITH PIECES OF SHALE 

COMPACT DARK BROWN DECOMPOSEDI 
SHALE AND FINE SAND 

COMPACT TO DENSE DARK BROWN 
DECOMPOSED SHALE 

END OF BOREHOLE 

SOI LsyMBOLS ~ SHATTERED~oI~OCK ~ F I L L  ~ * ~  ;E~TAO?C.S ~ CLAY ~ SiLT ~ S A N O  ~ GRAVEL ~ . . . . . . .  ~ ' ~  :~4~LLS ~ 50 . . . .  
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SAIt,fLE COISO4TI(~tl SAMPLE TYPE 

D - DISTURBEO SS -- SPLIT SPOON 
L -- LI~k~T TW -- THIN WALL SHELBY 

SS- RAG SAMPLE f -- FAIR 
G -- G O 0 0  IUNOiSTURDED) V%~ -- WASH S A B L E  

RC - ROCK CORE 

LAJSORATORY TEST SYMBOI~ QTHEf l  SYME~LS 
A -- ATTERBERG LIMITS M -- MECH. ANALYSIS WATER m 

C -- CONSOLIOATION S -- SHEAR - -  LEVEL 
D -- OEN.~ITY T - TR IAX iAL  

)t - i tYDROMETER 

H4LL-BETTY |ENGINEERS| LTD.. 

37 BURLINGTON AVENUE 

KINC~ TON, JAMAICA. 

Fig .  9 : B o r e h o l e  log standard penetration test data and N-value graph for  B o r c h o l e  No.  3. 

of  our pre-drill ing analysis.  It appears to us that the 
weathered zone  in the area of  invest igation is at least 
6 m thick and most of  the storm triggered debris f lows 
are confined to this zone.  This information may be used 
in designing and construction o f  foundation structures 
in the area. 

6.  C o n c l u s i o n s  

The heavy rains which preceded Gilbert were re- 
sponsible for increasing the so i l -moisture  content in the 
weathered bedrock. The resulting downslope movement 
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BORE HOLE 4 S N E E T ~  OF 

T~CPE OF BORING 

HOLLOW STEM A U G E R  [ ]  ROTARY D R I L L I N G  [ ]  
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o,A. OF BORING 3 i n  

DESCRIPTION OF S T R A T A  

STIFF D I ~ K  BROWN CLAYEY SILT 

WITH FINE SAND AND PIECES OF 

S I t A I ~  

LABORATORY 
TESTS 

PERFORMED 

COMPACT TO DENSE DECOMPOSED 
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RC -- ROCK CORE 

L A B O R A T O R Y  TEST $YMIIOL.S OTHER SYIMBOLS l 

1 
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C -- CONSOLIDATION S -- SHEAR ~ L E V E L  

D -- DENSITY .  T -- T R I A X I A L  

H H Y D R O M E T E R  

HILL*BETTY IENGINEERS) LTD.. 

37 OURLINGTON AVENUE 

KINGSTON, JAMAICA,  

Fig. 10: Borehole log sta, ndard penetration test data and N-;alue graph for Borchole No. 4 

PIPELINE REINFORCING 
METAL STRIPS 

CONCRETE PANEL i I :.. i ~  ,:~ ~:~..~.;. 
, ~ BACKFILL ~ ~ . - ~ j " ~ ' t l - -  

I 

RANDOM BACKFILL - -  

FREE DRAINING _ _  

ROCK MAT ~ -  

RANDOM BACKFILL 

[ WEATHERED ZONE 
I 

PARTIALLY WEATHERED ZONE 

- SOLID BEDROCK 
i 

Fig. l l : A suggested shematic procedure for the remedy of  the landslide using reinforced earth block and select backfill. 

involved flow in clays and drilling results suggest that 
the slide is shallow with the slip-surface located at a 
depth of approximately 6 m below the surface. Slope 
failure at the site appears to be related to drainage con- 
ditions along the slope. Soil stratification, mimicking 
the stratification in the bedrock, is likely, and if present 

below the surface, will increase the instability of the 
slope as a whole. It appears that the toe is continually 
being eroded by streams, and, during heavy rainfall, ac- 
tive removal of the toe will continue to take place, re- 
moving support ~k)r the slide materials and thus leading 
to further, continuing downslope movements. This 
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movement  will only cease if the slope (and slidel mate- 
rials can be stabilized on the slope itself, or when the 
unconsolidated material on the slope has all been con- 
sumed via erosion of the toe of the slide, however, 
without stabilization, potentially unstable debris will 
continue to be generated on the slope. We are of the 
opinion that the best long term solution to the problem 
would be to reroute the pipeline altogether. The shortest 
safe route would be around the toe of the present slide, 
along the far bank of the stream. Another possibility 
would be to bridge the slide by suspending the pipeline 
from stable supports on the flanks of the slide. If the 
pipeline has to remain in its present position, then it 
is suggested that a block of the slide surrounding the 
pipeline supports be taken out and replaced with a com- 
pact, granular fill of sharp gravel/sand as suggested in 
Figure 11. This should be done in conjunction with a 
scheme to improve the drainage of the entire slope, 
using contour drains and paying special attention to the 
crown of the slide and the places where seepage has 
been observed, and with a programme to plant vegeta- 
tion on the slope to assist in binding slope materials 
and controlling runoff. 
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