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CHAPTER 1 GENERAL

1.1 Introduction

The Structural Design Criteria are prepared to serve for the detailed design of structures subject
“ to both the river improvernent works of West Ftoodway/Garang'.R.iver and the. urttan drainage
“syslem tmprovement in Semarang Clty The criteria contain the adopted code/design standards,
properttes of structural matenals to be used; applicable des:gn parameters such as loads,
a]lowable stress of matenals safety factors for stabrhty ana!ys:s and structural detatls whtch

are to be consrdered in desngmng

In demgmng the objectwe structures the IndoneSIan gutdelmes and local condittons in
' Semarang area are considered as much as possrble The ninor engmeenng assumpttons and -
Judgment of de31gn which are not mentloned in‘the cntena will be consrdered and decided by

each desrgn engmeer dunng the cletatled desxgn work

14 Objective Strusctures
 'The Design Criteria will be applied to the detailed design of the following structures. . -
| (1) _West'Floodwanyarang Ri\'fer'frn'protternen_t“ R
-"New Stmongan Welr consnstmg of ﬂood dwersron and sedtment control gates,

‘intake: structures, protectlon works for. rwer bank and rwerbed mamtenance

- _bndge and control/management offtce butldmgs ' _

. Eanh dike and floodwal! (concrete type and wet masonry type)

.. _ Ly B Rtpanan structures such as revetment grom and ground s1ll
:_Ratsmg works for Rallway Bndge and thetr related works,
. .Waterfront facrltttes and o
. Duinage oulet vorks
: (2) - .L_Irb.an DrainageFSj{Stent.Irupr:_o\tement
ETU Pumpmg facthttes conslstmgot’ mlet struetures dramage nurnps outlet‘structures

. river bank and rlverbed protectton works, and operattonlcontrol house buttdm

S Water gate consrstmg of foundatton stmcture, eoncrete pter steei gate side walls,

.0perat|on deck and room and mamtenance bndge

_ Varlous types of revetment,



+  Drainage outlets (box culvert and pipe),
~ «  Concrete gravity type dike, and

+  Roads and bridges.
1.2 “Code aod Standards '

Thie design and computat:on are based on mtcmatlonally acceptcd codcs standards as well as .. %

conformnty with Indones:an codes, standards and pracnce '

Thé following codes and standards_ a.fé prin'cipally use'd in cstabli'shing dcsign condi.t-i:on_s- of each

. structures.

L _ Standar Industi Indonesm (SII) 1986 (Indonesmn Industnal Standa:d)

- 'Peraturan Beton Benulang Indonesia PBBI 71-N1-2 1971 (Indones‘.lan Guldehne for
' Remforced Concrcte)

- Pembaebanan Rencana Rumah dan Gedung, SNI 1727—1989F (Buildmg D651gn Load '
Code) :

o Pedoman Perencanaan Pembebanan Jalam dan J embatan 1989 (Guidelme for nghway
: and Bndge Desxgn Loads SN1-1725 1989) L

- Peratuxan Perencanaan Bangunan Baja Indonesa, 1984 ([ndonesmn Steel Structures
- Lode) A '

i Peraturan Bangunan Nasmnal dan Pelengkap (Reguianon of Natlonal Bu1Idmg and
- Flmshcs 1978) S |

- Pedoman Perencanaan Kctahanan Gempa Untuk Rumah dan Gedung (Gu1delme for _'
- Earthquake Resmtant Bulldmg Deszgn, SNI- 1726 1989)

- Pedoman Perencanaan Tahan Gempa Untuk Jembatan Jalan Raya, 1986 (Gmde]me for -
' Earthquake Resmtant nghway Bndgc De51gn) ‘ -

- Flood Control Manual Mmlstry of Pubhc Works Govemment of Indonesm

- Standar Perencanaan Ingasn Departcmen Pekcr_;aan Umum 1986 (Des1gn Standards of -
- Irrigation, Mams’ﬂy of Publlc Works, Govemment of Indonesm)

- Peraturan Perencanaan Teknik Jembatan May 1992 BINAMARGA (BMS) (Bndge - N ?
E Design Code) . - S :

. 'Deslgn Manual December 1992 BINAMARGA

12 :



In addition, the following standards/specifications are used to supplement the design

codes/standards mentioned above.
Japanese Standards
- Technical Standards for River and Sabo Works, River Association of Japan.
- Spéciﬁcations for D_esign and Construction of Road Bridge, Japan Road Association.
g. | - Design _Spéciﬁ_caﬁohs for River Gate, River Association of Japan. |

- Specifications for Highway Bridges, Part-1 Common Specifications, Part-11 Concrete
Bridges, Part-IV Substructures, Highway Association of Japan '

. Japanese Industrial Standard (J1S), Japanese Standards Association. . -







Chapter 2 Hydraulic Design Criteria

CHAPTER 2  HYDRAULIC DESIGN CRITERIA
2.1 Calculation of Water Level of River Channel )
(1) Uniform Flew Caicuiation )

In pnnclple the de31gn hlgh water - level profile is set based on the umf.orm ﬂow :

'calculatlon ThlS method is commoniy applled for the river stretch of wluch water
- level is not affected by ude As a umform flow calcula‘aon mcthod the foIIowmg,

Mannmg s Formula is used

0-L NN R2/3

o de31gn dlscharge (m /s)

'n: Manning’s rouglmess coeﬁiclent
SV S gradlent_of river bed -

_R : :hydraulio radius (m)

A  flow area (mzj e

v} - Non Unifoﬁﬁ Flow Calculation.. .

For the nver channel where water level is mﬂuenced by the downstream water level |
N non«umform ﬂow method 1s employed to compute the water surface proﬂle The

calculatlon equanon is presentedasfoilows : S
o =h, "
{_Hz-l..?g( ” { 2 }, .

LN Q
h L + 2 xAX
¢ 2{,4, R;‘”_ AR R"”}

i ] Usmg Ilda E Fomlula, coeﬁiclents D N and R are expressed below

=(Z 4 0.!13 dé _:N_-[ h df R¥[LJ-B}15!3)3!2
e Y ‘[h’ﬂd‘é’ \dd
- U #.::fg) A e C

where

CH elevatlon of water leve! (m)
ke s differeficé i m water level between two sectxons
g accelerahon of grav1ty (9 8 m!s )

2l



Chapter 2 Hydraulic Dest'gn Criteria

: discharge (m’/s) .
: flow area (m ) _
AX : distance between two cross sectlons (m)

O

: coefficient for correct:on o

* equivalent roughness coefficient for the whole Cross sectlone :
~: equivalent hydrauhc depth for the whole cross sectlons
: Mannmg s roughness cocﬂiclcnt for each cross sectlon

 energy coefficient (1.0)
: nver wndth subjcct to computatlon

;Uc-;': SRS

Suffix denotes the number of cross sections from downstream to upstream,

Width B wqur Depth H, Flow Area Ay

" CHANNEL CROSS SECTION =

(3) Rise in Water Léve] Due to Bridgc"P.i:cr
Bndge pier can be an obsrrucﬁon idl the ﬂow of river ohanncl Due to thxs water level - '

in the upstrcam channel of bndge pler will bc raJsed I' he amount of rlse in water stage L

is esnmated by the followmg D’ Aubuisson s fonnula '

Ah:Q —— L 7T zl 0 ' o '
. 2'g C 'b2 '(Hl-Ah) bl ‘Hl - ‘j :: - S 7 - ) i . . %
where, |
Ah amount of water rise due to bndge pier (m)
: dlscharge (m’ !s) ; RS
: coefficient detemnned by. the cross sectlonal shape of pler '

by ' :.w:dth of channel in the upstrcam of pler (m)
b, :_b;«—b,-—Et - : :



g@@

Chapter 2 Hydraulic Design Criteria -

¢ : width of one pier (m) _
H, water depth of channel in the upstream of‘ p1er

Cocffic1ent Cis bwen as shown in the following ﬁgures dependmg on the cross

sectional shape of pror

3 qse3 c_‘f T 1,238 é;': 1.184 ’ I:'z 4456 -1-2 1.563
4 = 7 > (44 , ¢
_m_f-t m A
L \41

e @) e

2.2 Discharge Calcula_ﬁorr
() Dischérge Ovér Steel Roller Gate
: Dlscharge ﬂowmg over the steel roller gate 1§ esnmated by assuming that the shape of
steel roller gate is- equwalcnt toa sharp crested weir, and the formula shown below is
© used.” ' ' L
Q: C- B..H:‘lfz
| Where,
0 drscharge (m !s) _
O drscharge coefficient of sharp crested welr (C— 8%2 O)
B
H

_  effective wrdth of gate (m)
" overflow depth (m)

TP ITTTTITITTTIT e



Chapter 2 Hydraulic Design Criteria

(2) Discharge Below Vertical Slide/Roller Gate

Discharge flowing under a steel islid.é!follar gate is estimated based on the following

formulas

O abC,I?.ghl

' where : _
: djs_chargc (mals)

Q.
a dpé’ning height of gate (m)
b - :widthof gate (m)

g

- accelctatlon of grawty (9.8 /s )

=]

hl  :water depth in front of the gate {m)
C diécharge coe_fﬁcient 'thained as shown below: -

' Wh’en flow uhder the gate is free efﬂux, Cis gi\_?cn as follows:

e fre e ;:;r} '

_ where Cc shrmkage factor (0 6).

thn submcrged flow occurs the follomng equatlons are used

F(c):A-C_‘4+B-C2 +D=0 -

.Whére,
a 1 m) M W m
=2 S D g
(}?] _Cc2 aJ a (h2 C, aJ

| TTTTITIITITI T /////////// /////// S

2.4




Chapter 2 Hydraulic Design Criteria

(3} Flow on Riverbed in the Step Form

When the lower end portion of river channel forms step like the following figure, the
river flow changes its flow pattem from tranquil flow to critical flow and the step
portion will play a role of weir. The dlschargc at thls pomon can be est;mated by the

followmg formula.

'w-'

. 7’////////////// ///////////////////a

‘ 77//// FIIIS S /// FAL A

Q=C:B:h™,  C=g(h ) h,)"

L

7 .
o
s

where, : 3
' : overﬂow voiume (rnjfs)

0
- C dlscharge coefficient (mm/s) ..
B iwidth of ¢hanncl (m)
he cntlcal depth (m)
B water dcpth at the step (m) .
; L. : distance between the step and point of crmcal depth (m)
Hf : 'energy head at the step pOI'thIl (m)

Flgure below shows the relatlon among C hf/ h H/ hf L/ h

o 4 ¥ Fahg min 6 456

150 - 078 ———
¢ .1 Rouse .

RS -\. Lo Hoox Sauthwell* Voisy 5 : 154
1..49— . ?.76 \ \ i °oNMeore = 5
148} '0.74Q\. g NP 4. 52

EE e b (| hithe 4

= 3N S ©

T oL47b 072 K _ - A3 {50

% a ; : ¢ )
LA6F D70 A o - e 2 4.8
. : [ ‘h \ IR [T
R« wiitc o ERE o e B
1:451 O.GST ~ . - 1 L6
0005 0010, 0015 --0020 0,025 0030

' f:__i_ A
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2.3 Hydraulic Design of Weir and Ground Sill

(1) Lengthof Apron

Rlverbeds of the nnmedlato upstream and downstream of hydrauhc drop struclure are
subjcct to the dlrect nnpact of‘ water and ﬂowmg stones, Therefore those nverbeds

shaﬂ be weil protected by concrete aprons The length of concrete aprom is estimated

: by applying the following formula. -
(RAND’S formula)

CWID=43-(h 1 D)™

‘.where, _ T
W length of apron (m) .
D :  difference in elevation (m) C
‘B critical depth (m) SRR
: 01—_ : T
o -] S
PR }’/ //////7

- L . LMJ -‘.h‘2:) .hc-t-D

0.84
W/D 4 3{hc/D)

'(2)  Thickuess ofA'pron

Apron shall have enough thickness so that the: stabxhty agamst uphﬂ can be fulﬁlIed.._'

The foliowmg formu.la is used to decrde the thlckness of apron

e A
| I Ty

where, - -
L : thlckness of apron (m)

C Uy : maxxmum uphﬁ actmg on apron (tf/m )
e unit weight of concrete (2.35 to_2.45 tfm? )
Fs  : safety factor (generally 4/3 is used for Fs)




Chapter 2 Hvdraulic Design Criteria

(3)  Uplift Acting on Weir

When impcrvioos sheet piles are driven into the pervious layer, uplift acting on the

weir is calculated with the formula below.

S,
.z;

Up.\‘ = ( h2 ,

where, = L :
U uphft at any pomt ot ﬂoor slab (tf/m )
Ak dlfference in water level (hz—hl) (m)
oy o : length of path of percolanon from uppermost end (m)
Xl total length of path of percolation (m) |
W, unit welght of water (tflm y o
d o tluckness of ﬂoor slab at any point (m)

NORMAL WATER LEVEL

h4
ha S

=
= gL.wL
1 - /ii L . dz <
4y . : d3” - -
- Ly : . Ly - - @ - -
- w T < Ly . ® s ;
ol AR — 2." w o . \\ R
RET.: SR ‘ S RPN i & : ) : \__IMPERVIOUS
Sl e g s it e e s 0 L0 SHEET Pine

o 2.4 Floﬁ'ing Force and Rive_rbed_Protecﬁon
(Y St_abil.ity'of; Riverbed Protection ageillst Flowing Force =

' Footfﬁ\?erbed .pro'teotions are c'i'e.st.royed,-"'i'f " the' o'ctlﬁg ﬂowmg force .e.xceeds the
jresmmg force of proteotion “works such as concrete blook and gabmn The major
_pattems of destructlon are slldlng, and - over tummg of blocks To stabilize the
foot/rwerbed protectlon f’mdmg the proper shape welght and arrangement of blocks
E are nnponant The followmg formula 18 proposed to decxde the shape and welght of '

coucrete blocks :
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) 3 6
ronle) 34
\Py=Pul & NP

where,

W

Auw

: weight of conerete block '(tﬂ.’l.nJ)

: density of water (1.0 t/m”).

- density of concrete block (t/m’)
: typical velocity of flow (m/s)
o acceleratiot_l of gravity (9.8 /s?)

@, coefficient of coniorate block ( @=045~12, #=1.4~2.8)

CFLOW e FLOWH

- TURNING UPJ‘
o P

- MOVEMENT
Werreoorswmwrswasey 7777 . F7 77777272 777 777 7777777777777 7

FRICTION .~

) Stabi!ity ofRiprap agaiﬁ_st Trzietiire 'F.'orce et

' When assessmg the stablhty of nprap agamst tractwe force of ﬂow the foIlowmg s '

o formula whlch has been proposed to estlmate the dlameter of stone 18 employed

‘where,

B
SO

Wy

B average diameter of stone (m)
: coefﬁment of strength of ﬂow dasturbance (O 86~1 2)
: den31ty of stone (t/m y ' s
- densnty_ o_f water (1.0 ym?) o
: typicat Velo’city of _ﬂow(fﬁ_[s) e
o acceleraﬁ_on of g_rayity (98m/is?)

@




o

@)
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FLOW
MOVEMENT - S - o
S <:%=: TRACTIVE FORCE 3

Cén.d_itions'of Hydfaulic Calculaﬁon

:Roughness Coefﬁc_ieﬁt

For the umform and non—umform ﬂow calculatton the followmg Mannmg s

ronghness cocfﬁclent are used based on the recommended ﬁgures n “F lood Control

. Manual”;
Low Water Channel (excavated) ~ .| - 0030
‘Low Water Channel (existing) - S 0.033
Flood Plain (excavated)*] ~ |~ 0035 .
‘Flood Plain (existing) - == 0,040
Channel with Lining (narrow channel) - |. T0.025

*1. The flood plain here is referred to the bottom portmn of
hlgh water charmel .

Design_ 'fida} Lé_wel at Rivér Mouth o

| The demgn tldal levels at the ‘Tiver mouth are detennmed based on the ndal data'
- observed at Semarang Harbor Smce ;hc tldal data observed in the past have been

: .affected by land: sub31dence m the low 1y1ng arca1 thc most recent data of April 1997

to August 1997 whlch are consudered less affected are used for the tidal analy51s

Kind of Water Level S © Elevation (TTG)

Hsghest High Water Level (HHWL) -~ EL. +0.45m
Mean High Water Level (MHWL) - - EL.40.25m
Mean Sea Level (MSL) ~ = = - .~ EL.-0.23m
_ { Mean Low Water Level (MLWL) - |: EL.-0.70m
- { Lowest Low Water Lével (LLWL)' B EL.-0.90m

For the non—umform ﬂow calculation in the cvent of ﬂoodmg, the mean h:gh water

level of EL +0. 250 m is used as the startmg water 1eve1 at the rwer mouth
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(2)

Super Critical Flow

Super critical flow arises at the channel of Simongan Weir, when the gates are totally

. opened. And the water depth of this ﬂow will inﬂuence. the water level of the

upslream channel. So, '1ssum1ng that the chalmel Cross sectlon is equwaient to the

trapc:rmd'll shape, the cntlcal ﬂow depth is gwen as follow o

, :(a-Q“J_'(mz-m-hc)“

\ g (b+m-h,)
where, :
A, : depth of super crmcal flow (m)
O > d1scharge (m3/s) '
e k encrgy coefficient (—l O)
b _;: width of nverbed (m)
Sm s side slope ' S
g :acceleratlonofgrawty (98mfs) o

5210 S
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