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CHAPTER 1 GENERAL

Jatibarang Multipurpose Dam planned on Kreo River is located in the southwest of Semarang
City at about 13 km upstream from the confluence of Garang River. It will primarily function

flood control, public water supply of Semarang City and hydropower generation.

Detailed discussion on selection of dam type has been given in VOLUME I Main _Repoﬂ. Based

* on the technical appraisal as well as construction cost, the center core rockfill type was found

the most suitable for Jatibarang Multipurpose Dam. It was discussed between JICA Study Team - -
and Indonesian Govcmmenl and accepted by Indonesian Govemmcnt in the Mectmg held on 23

February 1999 in Jakarta.

This report (VOLUME m Dcsign Notes) presents the structural calcula(ion for the detailed

design of Jallbarang Multiputpose Dam in accordance with the design criteria, Whlch contain

- the codes/design standards formulas, properties of structural materials, safety faclors to be

adopted for stab:hly analysis 'md structural details.
The features are summarized hereinafter.

(1) Dam and Reservoir

S
Catchment Area R © 53.0km?
Reservoir Surface Area i OLI0km®
Maximum Water Surface : EL. 155300 m
Surcharge Water Surface -+ . ;- EL. 151.800m -
Ndrmal Water Surface | D EL 148‘900 m -
Low Water Surface ; : EL. 136.000 m
Gross Storagc Capacnty IR 20,400,000 m’
Effeclive Storage Capacny o .' . 1.3_,600,0{}0 m’

_ Flood Conteo! Capac;ty SRR o 3,100,000 m’ -

- Water Use Capacity " " o '10,500,0_00 m’

- Sediment Capacity © 6,800,000 m’



Pam

Dam Height above Foundation
Crest Elevation

Foundation Elevation - |

Crest Length

Crest Width
UpstreainSloPe |

| Downstream Slope

Spillway

Design Flood
Probable Maximum Flbod
i()O-year Probability

) Des;gn Discharge for Energy Dissipater

Design Discharge for Sidewall Height -

Overflow Crest (Sefvic_e Spiliway)
Crest Elevation
~ Crest Length
Overflow Crest (Emergency Spillway)
' Crest Elevation
Total Crest Length
" Total Length of Spillway
Stilling Basin
Spillway Bridge (PC Girder Type)

Qutlet Facilities -

Maxfmum Design Dischargé o
Minimum Design Dlscharge -
Intake Structure -

Bulkhead Gate

Emergenéy Ga_le e

Steel Outlet Pipe

Com_rol Gate

77.0m

EL. 157.000 m
EL. 80.000 m
200.0 m

D 100m
] 26
: 1:18

1,600 m*s (inflow into the reservoir)
290 m¥s (inflow inte the reservoir) .
340 m¥/s (100-year probable flood) _

1 1,310 mYs (PMF outflow from reser'\_fdir) '

EL.148900m

15.0m

EL. 151.800 m

60..0 mn

307m

24.0 m wide x 60.0 m loﬁg :
5.0mwide x 23.94 m long e --t '

6.0mYs - -

02605 - }
' ':_ Inclined 'I‘ype _
: Clear Span 20mx Clear He:ghl 1l4m

Clear Span 2.0 m x Clcar Helghl 14m

393 miongx 1 4 mdia,

650 and 250 mm dia.

O



(4) Diversion Facilities

Design Discharge
Tunnel Section

~ Longitudinal Gradient
Tunnel Length
Tunnel Inlet Elevatiqn
Crest of Main Cofferdam

(5} Hydropower Generation

Maximum Plant Discharge
Maximum Gioss head '

Instalted Capacity

* Number of Generator at Future Stage

Annual Energy Production -

(6) Dam Management Complex

Dam Adwinistration Building

' Staff House 1 (Guest House) -

' Staff House 2
Mushola

) Hydmpowef Station Complex

'Hydropower Station Buildig
Garage -

Guard' Hoﬁse

280 m/s (25-year probable flood)
Horseshoe with the diameter of 5.6 m
1130

441 m

EL. 98.500 m

EL. 113.000 m

3.0mYs
65.5m
1,560 kW
No extension
6,020 MWh

: 5.94.010m2,73 story

: 74.416 W0, L story

: 49.110 m? x 4 units, 1 story
D 72.300 m?, 1 story

: 389.640 m?, 2 story

183.600 m?, | story
14.275 m?, 1 story
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2.1 General

This chapter presents results of structural design of Jatibarang Multipurpose Dam and its related

facilities.

The studied facilities are mentioned hereunder,

(a) | Dam Embankment
(b) Gallery

(c) Spillway

{d) Diversion Tunnel
{e) Intake Struclurc

()  Gate Structure

S 2e1
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2.2 g Dam Embankment
2.2.1 Slope smhi{i&;{ualysis of Dam Embankment

Lgadmg glgngmgn fo be Considered ‘

. The varieties and combmauon of loads to be 001151dered in embankment stabihty against slldmg

fallure shall be determined in accord:mw mth the reservo:r waler surface and seismic condmon

I pnnc;ple self welght hydroslahc prcssure pore precsure and selsmlc body force shall be

: conmdcrcd

Load to be c01151dered and the requnred saf‘ety factor for each condﬂmn of the dam arc tabulatcd

* Loads '

Ly Self Weight: e

‘ ’_below
- e e . ! Required

Case Condition of Dam  Combination of Loads -

S - SR Safety Factor

e T Self weight ; :

' Reservoir water level is at Normal Hydcostatic pressure
1 A PR E T . 1.20
| Water Surface and seepage is steady. | Pore pressure : :
- I B 100 % of seismic body force-
i el - | Selfweight =~ ' _

- | Reservoir water level is at Normal - | Hydrostatic preswre Cyen

2 ) . . - 1.50
: Water Surface and seepage is steady. | Pore pressure <. )
R ' : 0 % of seismic body force
B TRV S Self weight " ' : _
. Reservoir water level is at Maximum | Hydrostatic pressure '
3 . 1.20
Water Surfacc Pore pressure e
' 0 % of seismic body force
Re:,ervmr waler leve! is bemg rapldly Self weight _

g drawn down from Normal Water - Hydrostatic pressure . 410
. | Surface to Low Water Suiface and Residual pore pressure N .
©57 ] théré is residual pore pressure 100 % of seismic body force

o+ | Reservoir water level is being rapidly | Self weight ¢ L C

5 - | drawn down from Normal Water Hydrostatic pressure 125

e Surface to Low Water Surface and Residual pore pressure - P
o there is resadual pore pressure 0 % of seismic body forcc

. At the end of' construction, lhere is Self weight ST ,' S

.6 re51 idinal ore res‘aure 1 Porgepressure .. - - ‘ 1.20

g P p So%ofselsnucbody force '

- Self_' weig;h_f for é.qaiyzihg the sa.fety 'of-_‘ the dam at the end of constru'cti_o'n: is galpulated

s 2_2,1 :




based on the wet deﬁsily of materials. Thus, those at the Maximum Water Surface and
Low Water Surface of reservoir are estimated on the wet density and saturated density

used for the portion above and below the secpage water line _rcspeetively. ‘

Self weight will be calculated by following equélion: o

G=W.V ” . o , | :
~ Where, _ '
G - self welght (lf)
Two wet or saturated densily (tﬂ’m3)

V :  volumeof dam body (m) L
@ juydros'&aﬁa'presgqfa‘

H) droslahe pressure acts pe:pendlcularly on lhe surl‘ace of the embankment and its

E value w1|l be dctennmed using the fo]lowmg equahon
| P “Wehoo

Where, Sl , R AT

‘P L ; hydrostallc pressure (tﬁfm’)
- "_Wo : unit welght of water(l Orﬂfm3)
| h o depih of water (m)

(3) P_efe Pressuf:re

- Pore preseure is assumed 1o act perpendlcularly on shdmg faces and honzontal]y on the - |
sides of a shce ln relatlon to the condmon of the dam three cases are consldered in the
.ca!culahon of pore pressure At the end of construchon pore pressure IS conSIdered | .

_ whlch will be estnnated by usmg 50 % of the self‘ we;ght above the poml of the shdmg N
. face At lhe Norma] Water Surface pore pressure that develops by seepage IS -
consndered (free surface of lhe seepage ﬂow is cxplamed m the next sub elause) A( |

faPld drawdown resndual pore pressurels con51dered SR e e '_ B " o é}
@) 'Seismie Body Foree | : .5 '
'For ihe' seismic hOd.)’rforce” the Vi‘i|.l.lc.bf weigh‘t of the e:hﬁankrhent multiplied by'ﬁ :
: selsmic cceﬂ' cient is applled and treated to act honzontally The force can be caleulated B

* as follows: "!_‘: '



’ Gk =Gk

Where,

"o Gy seismic body foree (1f)
G oself weight (t) '
"k @ seismic coefficient

Seepage Flow in Dam Body

The pore pressures that exist within the impervious zone at any time are considered to be

generated by gravity seepage flow. The secpage flow is estimated by Casagfando’s'nletllod to

- clarify the pore pressure distribution in the impervious zone.

0301 : ) ESTIMAYED FREE SURFACE OF SEEPAGE FLOW ~

yo=of2oyexcty’

o =

LI - honzontal dtstance between B and L (m) .
L.’l o honzontal dlslanee between B and A (m)
o A : toe of downsiream slope on pemous pomou o
A origin of coordmate whlch is yolz downstream from A
B e mtersechon of waterlevel and upstream slope

| .'V‘B, FRR _the pomt located at 0 3 LI upstream ﬁom B

' ['ree Surfaee of S page F lg\

. Accordmg to A Casagrzmde the free surface of seepage ﬂow (hereaftcr top ﬂow ]me) in the o

“dam body {to bc adequate dustanee from both upstream and downstream slopes) eomades wﬂh

2230



standard parabola developed by ).S. Kozeny for a dam with downstream slope at 30° degree to

the horizontal.

As shown in the figure, this parabola starts at point B,, slightly upstream of point B, while C, is
obtained from the intersection of parabola with the dowuslrcam slope locates slightly higher
than C. the actual breakout pomt of seepage on the do“nstream slope. The standard parabola

- concerned with the top flow line is as follou.s

Y ~¥a

D
. ), = \’2),'0‘\_-%_ ),02

" Ya - h?+d? —d

. ._\..Vhe-ir.e, - _ o .
~h | D o \emcal distance bemeen A and B (im) .
d .o honmntal dlslancc bet\\ ecn B, and A (m)
X verhcal dlslance f'romA(m)
S' S | horizontal distance from A(m)
.yo I \a!ue esumated from h and g

However, to detennine the top ﬂow lme some correcllons 10 lhe parabola obtamcd n the above _ '

manner must be made One the entrance pomt to dam body, is at nght anglc fo upslrcam slope

'lhat is snmultancously an equnpotcntlal line. Olhcr the breakout point 50 as the pa_rabola. does _

not appear outside of the slopc

The top flow line (B C A) is obtamed by correchons lo (hc fundamcntal parabo]a (B C,, Ad for s

which the enirance pom( is as descnbed above and C is lowcred lo Co wnh slope of Aa. ['he Aa

N exhibits a d:fterent value accordmg to the angle of slope on the dlscha:gc face (at breakout

poml) and can be found by ihc foliowmg equahon

Y

a+ha = V

o leosx

Whére, '
a s R slopc dlstance belwecn pomtA andC(m)
CAa ' slope dlstancc betwccn pmntC andC(m)

S04




o slope angle on discharge face {degree)

Yo value estimated from h and d

In the case of o < 30 degree, a can be obtained by the following equation.

é | ' : a=1!hz+d2—_\/d2-hzcot2a

The calculation results are given as follows and the estimated free surface of the secpage flow is

shown in next page.

Symbol ' Uit - Normal Water Surface Maximum Water Surface
Upstream EL. m C o 148900 - - 155300
Downstream | EL. m C - 80.000 - , ~ 80.000
h - m o © 68900 - 75300
o Co | degree i 78.690 78.690
L1 ..~ - m : 13.780 ' 15.060
L2 . m E i 20_660____‘ : - 19380
0311 m ST 4134 - 4.518
d_ m 24794 o 023398
Yo _m 48431 . - 25.103
§ - R m 24216 - - 27.552
€ o oL latda m 60.247 - 68.516
SERRER T Aa m © 16869 . 19.193
a - m 43378 .. . - L 49353
€ - m Lo 42,535 ' : 48.395
ElevationC - { EL.m o k22835 : - 128395

i, .. N ..
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Method of Stabilify Anal

The stability analysis is carried out by slip circle method using the effective stress. The safety

factor agamst slldmg for an assumed crrcle is examined by the followmg equatlon:

z{c =L + (N U - Ne )+ tan ¢}

SF =
- 2(T +Te)

Where,

h Sf*‘ : safety factor _

N normal force actmg on shp cnrcle (tf/m)

N tangentlal force actmg on shp circle (tﬂ’m)

| U -:. -:Jporo pressure actmg on shp crrcle (tﬁ‘m) 7
' Ne r-nonnal force of earthquake load actmg on shp cnrcle (tﬁ’m)

Te : tangenttal force of eaﬂhquake Ioad actmg on sl1p c1rclo (tf/m) S
' o’ : eﬂectwo mterml fnctlon angle on shp c1rcle (’ ) o
N C’ -: eﬂectne coheston on shp crrcle (tf/m)

L :arc length ofshp cm,le (m)

&n Values of Eaeh LoJ

The desrgn values of matenals to be used in staorhty analysrs are adopted from the lnmted test
' results on smaller samples Cohes1on artd mtemal frlctlon angle in terms of effectwe stresses are
: drrectly detennmed from lhe test results Wet densrty and saturated den51ty obtamed from lhe :
labomtory tesls can be conveﬂed mto the deslgn values consrdenng a conteut ratro of a gr’nel_
- coarser Ihau the maxlmum srze (19 O mm) of samples m the labomtory l:,stlmated deslgn values

* are given hereunder
(D lrnoer\'ious Zon_e '

Resultmg from the laboratory tests the desrgn values of the 1mperv|ous zone are "

estlmatcd as follows

e



No. ' Item Unit Design Value
1 Average Specific Gravity (Gs) L 272
2 Average Natural Moisture Conlent (W) Yo 12.6
3 . | DryDensity(y) . ot Wm* | . . 187
[ 4 | Wet Density (1) o tfm® 21
h] Saturated Density (Y.,) R T 2.9
6 Effective Internal Friction Angle (¢} e - 250
7 Effective Coheston (C’ ) : : thm? _ 10

{2) Semi-pervious Zone

_Resu!tmg from the Iaboratory le:,ts the design \ralucs of the semi-pervious zone are

esmnaled as follow

- S Design Value
No. o ltem oo ) Unit g o0 Down-siream Down-stream
_ R =+ | Upstream .
: o : . . ‘ {fine) : (coarse)
I .1 Specific Gravity (Gs) - | tfm® | = 256 . | «* 258 ° 254
| Natural Water Content or _ e
2 [ owy - Tl %ol o200 o] 0 G100
3 - | Dry Densuy(y@ : ifm* |~ 208 186 [ o 192
47 | WetDensityr) - | om* | 210 | 190 [ 104
5 . | Saturated Density (v,,) | tf/m* | 227 . . 214 - U216 '
R R IR |45 0<o’ 5 26) ' 6
o |mmemes L e [GGeesey| 0 ©
: iction Ang ol e ] | 37(63<0'):
7 - | Effective Cohesion (C*) | 1f/m? 0.0 Q0 o e 00
- (3) _Pcn'iqu;s Zo_ne
In genera] rocI\ matenals for thc perwous zone have hlgh fnchon angle at low stress
o -le\re!s The upper envelope of‘ the cnrcles on a Mohr dlagram is lyplcally concave'
' dommrard wnh a slope ihal |s steepest m lhe lo\\ er range of nonnal strcss lhat decreases'
‘ gradua]ly wnth mcreasmg stress .
For the rock matenals for outer pemous zonc three {3} ﬁxed values of fncllon angle e
dcpendmg on s{ress levcls are adopted Intema] fnchon angle of them m mner perwous
zone is reduccd by about 5 % because the soft rocks f'rom the rcquu'ed excavanona S '. @

which have less des:rable pmpcrhes and are more enanc are. a]lowed to be mmed in

this zone

' 'The dcsigji \falués of the pervious zone are estinnafcd as fo}lo_ws.'

228



| ' . Design Value
No. ' ftem Unit Inner Zone Outer Zone
I | Specific Gravity (Gs) | ot 2.54 2.54
2 | Natural Water Content (W) Yo o o 1O i.0
3 | VoidRatio = - 0.325 0.325
4 | Dry Density (vg) - ) e - 192 192
5| Wet Density (r) e 1.94 K
. 6 Saturaled Density ('ym) R L0 206 D 216
a2 ., - |43 (0<o <2.6) | 45(0<¢’ <2.6)
e *E re | IF t :
7 Aﬁjf;';;;wma 'f'° o | 40 (2.6<0’ < 6.3) | 42 (266" <6.3)
‘ A 35(6.3<0’) - |37(63<0)
§ | Effective Cohesion (C) R L0 - 0.0 C 00
\'otes G Eﬂ‘ecuve normal s!ress aclmg onlhe f‘allurc surface {kgﬂcm) o
: R'es'ults of Slépe _Stahﬂi!yA@ﬁi& |
: Vln accordance w1th the aforesald dlscussmns slope stablhty analyms is executed The fi gurcs
:and tables of results are glveu m lhe f'ollowmn pagcs and tha most crmcal rcsults are shmm
ibelow ' ' ' ' S
- ol PR e o e | Radius of Sliding | _* Safety Factor
B - |Case| Reservoir Water Surface | Eathquake | Slope Circle (m) Calculated] Required
: L TR oo “100% | WIS . 285004 ¢ - 1,22 -
f : . - . : -
L. |Nommal Waler Surface -~ | y—o13 ["pys | Tioesoo | T 123 | 200K
: o o 0% L US| 189105 2.61
T : S FUSL e .
2 [Nomal Waler Surface | 00 [Drs | 15364z | is3 | 00K
RN 0% - | US| - 285004 | 262
3 Mammum Water Surface =00 | D/S 106500 1.80 1.20--0K
N Rapld Drawdown toLow| 100% u/s 285004 | 122 1.16--0K
. fWater Surface - | k=018 | D/S - 153.642 12
5" Rapid Drawdownto Low | . 0% -~ | U/S 139104 ] - 239 léS--OK
. |\Water Surface - o k=00 D/S. - 153642 . ] U183 T
P Sl 50% | US - 285.004 2.05 : .
§ I:nd ofConsf!_rucltqq - =000 [ D/S|T 136500 49 1.20--0K

i\ibt_é: _U/sf= .LIp-S_t'féém (1:2.6); DIS =D_'m§'ni st;éaﬁ; (151}3) i

From these resulls lt is concluded thal des:gned slopcs of thc dam embankmcnt sahsfy the

- requnred safety factor

.



Calculated Safety Factor by E.aclz_Ciis.g el E

1

' Case 2 3 4 5 6
s ; ‘ : C Rapid .| Rapid | _
Reservoir | Normal | Nomnal | Maximum | Drawdown | Drawdown | . . of
- Water -} Water | Water | - Water “toLow f " to Low Coh;tmc{iori
. Surface Surface Surface Surface © Water " Water - ] o
: . [ EREEN B : Surface | ~ Surface .
Earthquake | 100% | ~ 0% 0% 100% -| 0% ¢ | 50%
Required L T T T
Safety 1.20 150} 120 1.10 125 L 120 -
- Factor ' AEE : ‘ D B
11 123 | - 2.66 2.67 1.25 255 | 216
2] 12 2.62 2.62 1218 | 262 12,05
3] 126 | o267 278 | 125 o[ 248 | 206 .
4] 46 ] 344 13.96 5136 | 2810 [ no222 ]
“Up . 15| 138 3.02 3.41 ‘134 | 258 - 217
Stream | 6| © 1.27 - 261 2.85 -1.34 - 241 2212
Slope=[7| 123 "} 265 | 265 123 265 | 207 °
126 |g| - 128 282 2.82 1.27 2.74 2219
oole] 1as - | 2 2.7 ¢ 1.25 . 273 1202
EITIEREE 2.91 3.18 1,24 249 ) 206 ¢
1| 128 | 24 2.95 ©1.222 239 | 208 ¢
oo 2] 128 2.72 . 2.84 1129 - 249 | 213 ¢
Minimum S S : RN ST SRR
Safety. | 122 | 261 262 122 239 | 205
- Factor N SR . AR
1} 128 1.89 | - 1.89 1.28 - 1.89 154
|21 124 1.83 1.83 : 1.24 183 | 149 ¢
3] 128 1.92 - 1.87 1.28 . 1.92 150 -
4] 129 ) 200 ¢ 187 1.33 206 | 157
Down 15| 134 ] 202 1.94 - 1.34 2,02 . 1.55 ¢
Stream | 6 1.29 1.91 1.91 1.29 2191 | 154 ¢
Slope= 17| - 1.28 1.90 1.90 128 |- 190 | 1.54
LIS 18| 134 | 201 2.01 1.34 201 | 162 ¢
SRR KN IR V) 1,96 1.96 1,32 196 [ 159
10] 123 1.92 1.80 1.28 200 - | 154
11| - 128 1.96 1.87 130 - 1.99 - | 153
. 12| 134 2.01 1.98 1.34 " 2,01 ©1.56
Minimum T oo T SR il
 Safety 123 1.83 1.80 124 | 183 ] . 149 .
Pactor . _ N : DA
2-2-10 o

@

e
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I{G-LHN-U-Ne)ltag] . N: Narmal Force Acting on S% Circls {tf/m) C: Effectve Coherion on Sfip Circle (H/m2)

5= E(T¢Ted T: Tangertsl Force Acting on 5% Cutle (d/m) © Lz Ase Length of Sfp Circls {m)
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of | rt et b x y G § tadp|THTTY THeTTe U L] T WY U H T e Iz [Th I+ 3
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