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1 INTRODUCTION

The Panel B Consultants Joint Venture (CJV) has been appointed by Eskom
Enterprises to carry out the civil design of the water license structures for the Kusile
Power Station.

This report details the design of the Station Dirty Dams Settling Tanks (SDD ST).

1.1 Background

Eskom is the principal supplier of electricity in South Africa. In order to meet the
growing need for electricity, and in support of the growth and development strategy of
the national government, Eskom has embarked on an expansion program to build
new power stations. Part of this expansion program includes the construction of two
large coal-fired power stations.

Located near Witbank and Kendal Power Station in the Mpumalanga province, Kusile
Power Station will be a 4,800 MW coal-fired power plant. Kusile Power Station is
currently under construction with a target commissioning date of June 2014 for the
first of its six units.

1.2 Scope

Panel B CJV is responsible for the engineering design and construction drawings for
the Pollution Control Dams (PCDs) at Kusile Power Station. This is the detailed
design report for the SDD ST. It addresses all client requirements, as well as all
relevant South African regulatory requirements. These include:

e The National Water Act, No. 36 of 1998.

e Section 117(c)(i) of the National Water Act, 1998, relating to dams with a
safety risk.

e Government Notice No. 704, Regulations on use of water for mining and
related activities aimed at the protection of water resources, in terms of the
National Water Act (Act 36 of 1998)

e SANS 1200: Standardised Specifications for Civil Engineering Construction
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1.3 Client User Requirement Specification

The design criteria for the CSY ST satisfy the requirements of the Eskom User
Requirement Specification (URS) as detailed in Section 5.2.2: Water Management.

1.4 Drawings

All SDD ST detailed design drawings are listed below. Those that are relevant to the
water use license application are marked with an asterisk and are provided in
Appendix A.

*K5452-80-033: Settling Tanks: Typical Details Sheet 1 of 2;

*K5452-80-034: Settling Tanks: Typical Details Sheet 2 of 2;

*K5452-80-035: SDD Settling Tanks: General Arrangement;

*K5452-80-036: SDD Settling Tanks: Typical Sections and Details;

*K5452-80-037: SDD Settling Tanks: Surface Bed Layout and Detalils;

*K5452-80-038: SDD Settling Tanks: Energy Dissipator — GA and Details;

*K5452-80-039: SDD Settling Tanks: Outlet — GA and Details;

K5452-80-061: Settling Tanks Floor Reinforcement Details Sheet 1;

K5452-80-062: Settling Tanks Floor Reinforcement Details Sheet 2;

K5452-80-063: Settling Tanks Wall Reinforcement Details;

K5452-80-064: Settling Tanks Inlet Reinforcement Details;

K5452-80-065: Settling Tanks Outlet Reinforcement Details;

K5452-80-066: SDD Settling Tanks: Dissipator Reinforcement Details;

K5452-80-068: Settling Tanks Typical Reinforcement Detalils;

*K5452-80-071: SDD Settling Tanks Inlet and Outlet Pipeworks: General

Arrangement;

e *K5452-80-072: SDD Settling Tanks Inlet and Outlet Pipeworks: Sections and
Details;

e *K5452-80-100: SDD Settling Tanks Inlet and Outlet Pipeworks: Sections;

e K5452-80-103: SDD Settling Tanks Junction Box Details: GA, Sections and
Reinforcement JBK9A;

e K5452-80-104: SDD Settling Tanks Junction Box Details: Reinforcement
Sections, Elevations, and Schedules JBK9A,;

e K5452-80-105: SDD Settling Tanks Junction Box Details: GA, Sections and
Reinforcement JBK9B;

o Kb5452-80-106: SDD Settling Tanks Junction Box Details: Reinforcement
Sections, Elevations, and Schedules JBK9B;

e Kb5452-80-107: SDD Settling Tanks Junction Box Details: GA, Sections and
Reinforcement JBK10;

o K5452-80-108: SDD Settling Tanks Junction Box Details: Reinforcement
Sections, Elevations, and Schedules JBK10;

e K5452-80-109: SDD Settling Tanks Junction Box Details: GA, Sections and
Reinforcement JBK11,;

o Kb5452-80-111: SDD Settling Tanks Junction Box Details: Reinforcement
Sections, Elevations, and Schedules JBK11;

e K5452-80-112: SDD Settling Tanks Junction Box Details: GA, Sections and

Slab Reinforcement JBK12;
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e K5452-80-113: SDD Settling Tanks Junction Box Details: Sections and Walls
Reinforcement JBK12;

e K5452-80-114: SDD Settling Tanks Junction Box Details: GA, Sections and
Slab Reinforcement JBK13;

e K5452-80-115: SDD Settling Tanks Junction Box Details: Sections and Walls
Reinforcement JBK13;

o Kb5452-80-116: SDD Settling Tanks Junction Box Details: GA, Sections and
Reinforcement JBK14;

o Kb5452-80-117: SDD Settling Tanks Junction Box Details: Reinforcement
Sections, Elevations, and Schedules JBK14;

o Kb5452-80-118: SDD Settling Tanks Junction Box Details: Reinforcement
Bending Schedules JBK12;

o Kb5452-80-119: SDD Settling Tanks Junction Box Details: Reinforcement
Bending Schedules JBK13;
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2.1

2.2

221

2.2.2

SDD SETTLING TANKS DESIGN

Overview

The Station Dirty Dams Settling Tanks (SDD ST) are located to the north-west of the
main power block, and south-east of the Station Dirty Dams (SDD).

All potentially contaminated water on the Kusile Power Station is managed in a closed
system.

The SDD ST consists of two equal capacity concrete basins that clarify contaminated
water from the power station terrace before it travels by gravity pipeline to the Station
Dirty Dams (SDD). The SDD ST will receive dirty water inflows from the main power
station terrace, via the Black and Veatch pipeline that terminates at JB 509. At JB
509, Knight Piesold continues the pipeline design to the SDD ST and ultimately to the
SDD.

The SDD ST general arrangement and typical sections are provided on Drawings
K5452-80-035 and K5452-80-036.

Design Parameters

The SDD ST was designed to meet the following location and capacity requirements:
Location and Size

The SDD ST will receive gravity discharges of dirty water from the power station
terrace. The overall site layout dictated an optimal location north-west of the power
station terrace, and south-east of the SDD. This position is down-gradient of the
power station terrace and in close proximity to the SDD.

The SDD ST terrace is at elevation 1462.5 masl. The two compartments of the
settling tank are partially excavated into the natural ground and partially built in a fill
terrace. The terrace elevation was carefully planned in conjunction with the inlet and
outlet pipe hydraulic requirements. Refer to Appendix B: Calculation Records for inlet
and outlet pipeworks calculations.

The layout of the SDD ST is shown on K5406-80-035. The structure was designed
with the exact same geometrical parameters as the Coal Stockyard Settling Tanks
(CSY ST) for consistency and reduced costs in terms of design and construction
efforts. Refer to 5452/80/009 Revl: Coal Stockyard Settling Tanks — Detailed Design
Report for reference.

Capacity
Government Notice Regulation 704 specifies that a dirty water system may not spill
into a clean water system more than once in 50 years, and that 800 mm freeboard be

supplied above the maximum operating level.

The plant terrace hydrology calculations were performed by Black and Veatch and
yielded a 1:50 year, peak instantaneous storm inflow of 10.8 m%s. The SDD ST
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2.3

hydraulic design, including gate sizing, freeboard checks, and flow velocities was
performed based on the Black and Veatch hydrology. The calculations are presented
in Appendix B: Calculation Records.

The SDD ST is designed to pass all of the dirty water runoff from its inflow sources for
the 1:50 year, peak instantaneous storm event. The SDD ST is designed with an
emergency spillway to accommodate larger events, as indicated in schematic on
Figure 2-2.

SDD ST Terrace (1462.5m)

l 0.9 m Freeboard

0.5m Concrete Spillway

| ¥ 1461.6m 1:50Yearinstantaneous
T — Flood Level

Concrete Spillway 1458.1t01457.7m

Concrete Slab

Figure 2-2: SDD ST Operating Levels

The SDD ST is designed with two equal capacity compartments which can each pass
6.55 m®/s. The water enters each compartment of the SDD ST via four sluice gates,
1.75 m square (K5452-80-036). Having two compartments allows for occasional
maintenance and inspection access (preferably during the dry season) without
interrupting the functionality of the structure under normal circumstances.

Operation

Normally the gates to both compartments of the SDD ST will be open, and each
compartment will receive half of the total inflow. Except during maintenance, the SDD
ST settling chambers will be full at all times due to the presence of the overflow wall
at the outlet end of the tanks. A compartment can be emptied by first closing the
gates at the entrance, and then installing a submersible pump that discharges to the
outlet chamber.

The settling efficiency is at its highest with very low inflows, because the detention
time of the impounded water is large. As flow increases towards the design inflow
event, the detention time decreases and the particle size that can be settled
increases. Section 2.3 describes the patrticle size settling calculations.

Particle Size Settlement Calculations

The particle size settling calculations are based on standard industry theory for
viscous fluids. The tank parameters used for calculating particle settling are
presented in Table 2-1. Note that although the main settling chamber is 125 m long,
the effective settling length has been reduced by 10 percent to account for turbulence
at the inlet and outlet ends of the tank. This is considered to be a conservative
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design approach. The effective width accounts for the average equivalent rectangular

shape of the trapezoidal tank.

Figure 2-1 indicates the particle size settling characteristics for various inflow rates to
one compartment of the SDD ST, as per the tank geometry presented in Table 2-1.
These calculations are based on an assumed water temperature of 15°C, a particle
specific gravity of 1.5 and a particle shape factor of 0.9. Appendix B: Calculation

Records contains all the relevant particle settling calculations.

Table 2-1 : Settling Compartment Parameters

Settling Compartment Parameters
Effective Width (m) 16.0
Length (m) 125.0
Effective Length (m) 112.5
Depth (m) 2.0
Length/Width Ratio 7.8
Storage Volume (m?) 3987.5
Cross Sectional Area (m?) 31.9
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Figure 2-3: Particle Size Settled vs. Inflow Rate

2.4 Concrete Works

0.00 1.00 2.00 3.00 4.00 5.00 6.C0 7.00

The SDD ST are required to be fully concrete structures due to the maintenance
equipment that will be used to clean the floors. The structures consist of 250 mm
thick base and side wall slabs and maintenance access ramps, concrete cantilever
end walls, overflow walls, and central dividing wall, and a concrete energy dissipator
at the inlet end. The structural reinforcement design is included in Appendix B:

Calculation Records.

SDD Settling Tanks Detail Design Report 5452-80-009 6
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2.5

2.6

The concrete reinforcing drawings for the SDD ST are K5452-80-

Geotechnical Conditions

The SDD ST will be excavated into a terrace built primarily above the natural ground
level. However, in some areas, the floor of the tank will be below natural ground
level.

The geotechnical information supplied by Partridge Maud and Associates, report
reference number 1-6/07 entitled Project Bravo - Report on Geotechnical
Investigations Undertaken at the Power Station Site indicates the overall geotechnical
conditions of the plant site.

It is anticipated that poor geotechnical conditions could be encountered in the area of
the SDD ST. This could include organic material underlain by saturated decomposed
diabase.

Foundation preparations will depend on the geotechnical conditions encountered, and
will likely include the complete removal of organics and decomposed diabase in the
vicinity of the SDD ST, down to refusal on competent bedrock, or a minimum bearing
capacity of 300 kPa. Selected backfill will then be placed in 200 mm lifts and
compacted to 96% Mod. AASHTO.

The possibility of a high water table necessitates the installation of groundwater finger
drains beneath the concrete to prevent possible uplift forces. The configuration of the
groundwater finger drains is shown on K5452-80-035.

The drains will be formed by excavating a 500 mm deep, trapezoidal trench. A
160 mm diameter HDPE flexible slotted drainage pipe (Drainex or similar approved)
will be installed, the trench filled with 19 mm washed stone and the pipe and stone
wrapped in a non-woven needled punched geofabric (Bidim A4 or similar approved)
with a minimum overlap of 300 mm. (Refer to K5452-80-023 for details). The drains
will conform to the bottom slope of the SDD ST. Where the drains exit from beneath
the footprint of the structure, the perforated pipe will change to an un-perforated 160
mm OD PVC-U class 12 outlet pipe. The outlet pipe will daylight to a groundwater
finger drain outlet structure at a 1 percent grade. Refer to Drawing K5452-80-033 for
the finger drain outlet structure details.

Inlet Details

Inflow to the SDD ST will be through one 1,950 mm ND Class 100D concrete pipe
(Rocla or similar), as indicated on Drawing K5452-80-071. The inflow will impact an
energy dissipator that prevents damage to the SDD ST. The energy dissipator has
been sized to handle the 1:50 year, design instantaneous inflow of 10.8 m%s. The
energy dissipator is detailed on Drawing K5452-80-038.
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2.7

2.8

2.9

2.10

2.11

Oil/Water Separation

At the end of the settling chambers of the SDD ST, water spills over a wall and into
the oil/water separation chamber. A Drizit TPCS300 oil/water separator with floating
weir skimmer and process pump (or equally approved equipment) will extract oils and
other floating contaminants before the water exits the chamber through a submerged
4m x 1m opening.

Outlet Details

At the north end of the SDD ST, the water spills over a wall and into the outlet
chamber. The outlet chamber has a 1950 ND Class 100D Rocla (or similar) outlet
pipe that is the start of the long pipeline to the SDD. Drawing K5452-80-039 details
the outlet configuration.

Emergency Spillway

A 5 m wide, 500 mm deep trapezoidal spillway is provided at the west side of the
SDD ST to protect the SDD ST terrace in flood events that exceed the 1:50 year,
instantaneous discharge event. The spillway is detailed on Drawing K5452-80-037.

Inlet and Outlet Pipes and Junction Boxes

Drawings K5452-50-071, K5452-80-072, and K5452-80-100 show the arrangement
and detalils for the inlet and outlet pipes of the SDD ST and the SDD. Dirty water inlet
pipes have been designed with a minimum of 2% gradient when possible to ensure
they are self cleaning of sludge or grit that may be in the water. In some instances,
pipe battery limits and required invert levels along the pipeline required a shallower
gradient. Calculations for pipe capacities are included in Appendix B: Calculation
Records.

Drawings K5452-80-103 through K5452-80-119 (except drawing K5452-80-110)
detail the junction boxes along the inlet and outlet pipelines of the SDD and SDD ST.
The structural reinforcement design calculations are included in Appendix B:
Calculation Records.

Perimeter Access Road

The SDD ST perimeter access roads willl be 5 m wide. The road layer works will
comprise a base, sub-base and wearing course layers. The layer specifications are
summarised in Table 2-1.

SDD Settling Tanks Detail Design Report 5452-80-009 8 May 2010
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Table 2-2: Access Road Layer Specifications

Layer name Thickness (mm) Type
Base 150 G3
Upper Sub-Base 150 G4
Lower Sub-Base 150 G7
Upper Selected 150 G9
Lower Selected/Sub-Grade 150 G10

2.12 Construction

All construction activities are to comply with the terms of SANS 1200, Standard

Specifications for Civil

Engineering Construction.

Particular attention to the

foundation preparation (removal of organics and weathered diabase, compaction of
selected granular backfill) must be paid in order to ensure the stability of the structure.

SDD Settling Tanks Detail Design Report 5452-80-009
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APPENDIX A

DRAWINGS

K5452-80-033: Settling Tanks: Typical Details Sheet 1 of 2;
K5452-80-034: Settling Tanks: Typical Details Sheet 2 of 2;
K5452-80-035: SDD Settling Tanks: General Arrangement;
K5452-80-036: SDD Settling Tanks: Typical Sections and Details;
K5452-80-037: SDD Settling Tanks: Surface Bed Layout and Details;
K5452-80-038: SDD Settling Tanks: Energy Dissipator — GA and Detalils;
K5452-80-039: SDD Settling Tanks: Outlet — GA and Details;

K5452-80-071: SDD Settling Tanks Inlet and Outlet Pipeworks: General
Arrangement;

K5452-80-072: SDD Settling Tanks Inlet and Outlet Pipeworks: Sections and
Details;

K5452-80-100: SDD Settling Tanks Inlet and Outlet Pipeworks: Sections;



w | $0v2/06°0

L e
EN TN "
L £00-08—Z5¥S Y 'oN "oua oy
2/} 133HS STVLIA VOIdAL il
SYMNVL ONINLLIS £
e e e 53 ('r'0) 3d407S A3NITONI NO Savis ('r'0) 3d01S AINITONI NO Savis ('r'0) sav1S JO0Td NI LNIOP ('r'0’s) sav1s 40014 NI LNIOr
NOIVLS d43mod ;H;_mmvgﬂm "0O0 14 NI LNIOF NOILONYLISNOD TVOIdAL ¥0O0 T4 NI LNIOF NOILONYLSNOD TVOIdAL NOILONYLSNOD TVOIdAL ({INO-MVS) NOILOVELINOD TVOIdAL
- e [l | oo :
el (q3Luno
oo - swa 38 AVA) dOLSHILVM
vo - Hwa NS IYNYILX3 30IM 002 7
”I.i;“ B h T T T -
e d || = g d [ —— g P s
24 B IR i N RS 43 -
W h 9/5 WWOge 9/0 wwi
00 aN o i /| ¥ STM000LO0 Lo oY dor 7 // 9/5 wwpge ¥IN0D wuwigg /| W ﬂ\usooowwno ¥IN0D wuwigg 8 7 Nor 115 A wiae
£19 334 HSIN— word QIZININ 38 oL £19 43 HSIN— word ¥ STIMOG0I0 NOLLOG GNY dOL ONIJYOANIZY- ! p—— NOLLOG GNY dOL ONIJYOANIZY- word IR0 501 TV
SINIOM NOLLONYLSNOD QIZINININ 38 Toﬁn_ OL SINIO NOLLINAUISNOD SNOH0INEY AW ¥3A00 NVIE0 QIZINIXYN
L O sinor zo_s_.ﬁmh.8|'_[v_ —— e OL G30A0dd 38 1SN $1001S 38 OL SINIOF NOILOVINOD
| } | ISERSTE] 1SV9 NOD3S ISERST] 1SVD ONOJ3S T30
1SYD 1S¥l4 1SYD aNOJ3S
HSINLY TIMOML IS 1371.N0O (NOILJ3OYILNI ¥ILYMANNOYO ¥O4)
ﬁ%@%&%%ﬁ N, NIVYa 93 LYMANNOYD NO NYId VOIdAL 93N 93ANN - 1IVLIA NIvad 1VOIdAL
SION - FULX3L039

UVINIS ¥O ¥V WidiE

3NOLS Q3HSYM wwel

NOYdY 313¥ONOD OodN ST 1/ YVIINIS ¥O X3NIVHA
MIOMAOIE wwozz w\
\ 3

S¢:L WIS

00¥

18

*(03¥IND3Y A1) J9YNVAA HONIML
¥04 Q3I03dS SV
NI SINIOF N3dO MOTV N

uw gi

|

I

|
- | 3

! T 1

|||||||||||| L D
@‘I e o B I@ ] EaElY oNanng

1 | 3

| @ N\

TI4NI 3134ONOD - / N
¥0 114 0L 100 SYOME 8| 3 3 \vam g
/ - 7 N
w/
GZ'L IVOS
(NOILJIONILNI H3LYMANNOND ¥04)
avS d3dNN - T1IVL3d NIVAd 439NId TVOIdAL
- g s RRES -
0SZ2 ke
HUM ¥VIINS %0 XGNWIQ R A O VS A g i, STy

02z | A Q3LVH03d Q3LVONNI0D 8091 ANOLS QIHSYM WWE| “TINONAdY WINIS

Y0 O6NL-YO XITVY T33LS NOSWVO

s

A1 ONIONITE Tt

67/0L 30V wigg ] e e
NIvEa-A EALERY /Ia\% SSY10 ILRIONCO
008 QIONOINIZY NHL W00z
061 31v0S
v1i3d
0005
052 005 0522
0Ll 3OS
(wg) avod a3ov4uNs ALVOIADOY TVIIdAL

1V13A SHHOMHEIAVT

OLHSW Q3I4IGON %06 ¥O 39¥SN ¥IAVT (38I¥ISI¥d ¥3d SV ALISNIA ‘SSINMOIHL

¥IAV1 40 £/2 3ZIS WIWIXYN ‘OLHSWY Q30N %£60 %S = ¥EO WINININ A NAREES SRR RS RARA RS
(U0S/T3V9) TTD —f———mmm 0 D D QA0S (g
0 ozt +xe OLHSW QILIGON %001 © %G'L TIIMS WONDYI 0L + w9 M0 Zh |0 0 OO D D0 O 4301
_— > X3ONI ALIQUSY1d ‘39YSN ¥3AYT 3EINOSIYd ¥3d SV ALISNIQ ‘SSINMOIHL ~ T 7]
NOILVAZT3 YAV 40 £/Z 37IS WOWIXYW ‘OLHSWY GIJIGON %56 © %L = ¥80 WNININI R s B - Thox 1 = PN
(U0s/T3nv40) B | addn |
s2/o1 3000 s +or OLHSW GIIQON %001 © %G'L TEMS WANXVA 01 + ssNOF 40 —— g
ZL > X3ONI_ALOLSY1d 39YSN ¥3AY] 038MOS3Md ¥3d SV ALSNIA SSINXOIHL L 3oveans |
¥3AVT 40 €/Z 3ZIS WIWIXYA ‘OLHSWY Q3HIQON %86 © %Gl = ¥EO WNNININ < Sl B
(llos/13Av49) T
‘8 OL VND3 O NYHL SSI1 X3IANI ALOISYId ILIUOTVO H04 OLHSWY I5vaans |
Q3IGON %001 © %Z'0 TIIMS WNNIXVA ‘9 > X3ANI ALOLSYId ‘OLHSWY G3LIGON \3ddn |8
%001 =86 ‘WWG'L§ 3ZIS WINIXY ‘OLHSWY a_hm_ﬁ_oz %86 © %08 — ¥E) ..s..w_z_z
(TIAVHO WHNIYN 40 GIHSN¥O) O |77~ LTS
9 > X3ANI ALIOISYId SINIA TI0S ‘OIHSW G3LIGON %001-86 |¢h¢\wf 0/ \\ \\\\\ Yo 7 S 3sve |3
“wwg'/g 3715 ANWIXYW 430NIE 10S ONY 3NOLS Q3Qwia—3sNaa |~~~ /- A
(INOLS Q3HSN¥O Q3avY9) T3 A RETEL RIS
Qv0d Q3HSINI4

NVL ONNLLES
3

ozz "oz Toalm sz oz




L] S0¥Z/06'0 [wonsy )| |
o [t o
L1 $£0—08—ZGYG Y ON ‘040 | Fovidinn | lamnl g £\ oozt 3wes
B, - .
e e T ey G @ mw_._ um«omw \3/ NOLLO3S
w Tnimgs| NOILO3 N 1OVANOORY ONY di¥
M S N3HL V3¥v Q3LWNOISIA LY FTUdHI0LS ANV

2 3@
-1-1%
-1g

¥ - S Nz wr | w

ov/vo/n

ZOWM.WME mugmm ..ud._mmv#_“ o o é@%\/f% \\&l/ _U0SAOL ANV NOLLYLI93A dilS wuwioog

N

¥2 - S vuas |
¥3ITI0¥ 1004 SdIFHS V ONISN INO %Z/L—
Lv ALISN3Q_¥01008d QLS %96 OL G3LOVdNOD
001} '00G}

—
008297 1= 7 000°29% 1=

WY04LV1d 40 dOL T3A3 AVMTIIdS

S¥3AVT 3S00T WWOOs XY NI LONYISNOD

000$ ! 0095 00204 ! oozel S3IVA

! SIVA oozg 00904 00¥£2

000¥ZF 1

00Z:1L 3W3S
AVIINIS ON L + 44O 'ON |
SYMNVL ONITLLIS INVA ALYIA NOILVLS AVMTIIAS 40 NV1d

” 001'8G¥ e
D 001:1 3W3S D 001:l 31¥OS ” W W
\@’/ NOILO3S &/ NOILD3S | | |
Y3AVT ONIONNE Y3AVT ONIONNE | | |
wwe|/VdNGL 5 wwib VNS | W | 3
| e 5| lz B
| | |
i |

00¥£T

oz [T osez ! 000% ™ ogcz 1| 05z oose
0006 0006 005°29% L
Y\ oot 3wos =N\ ookl 7wos ,
| _
\Q/ NOILD3S sy oo \Y/ NOILI3S =y mowe , g
= ] Jovio wuwigs 8 |
218 v S g — o . _— ) | NOLOVADE 0
ol [® : fia St .. = [
wm @S AAININ \\ g L x T & |
7t 2 C g & Q3OS WANININ - |
00S9L¥ L INOLS Wgl. % W 0052971 INOLS Wil %l W | . 00029v) - "
L | L | , :
o5z [ oszz ! 000LL ™ oszz 4 osz [ oszz ! 000L1 ™ osze 4 | m
00091 0009} ”
| p—
0011 3OS 0011 FV0S i @| J@ \
—_— —_— I _
MNVL ONITLLIS QHVAMOOLS TVOD 1V J010VHLX3 10 40 NV1d MNVL ONITLLIS NVA ALYId NOILVLS 1V J010VdlX3 110 40 NV1d : 000s _
| W o
| .+ 000Z9¥L ¢ S
t _ } N — I — 005°29% 1
- | —
I
- I3 - N 7
00£'9L¥1=00L 00£29%1=00L i
- < I e ~
+00G°LG¥ 05G°LGPLe *055°LGY L 00G'LGPLe 3 +00°L9¥L 05G"LopLe 055" LovL 005" 19¥ L+ N W _n. 2 B
Tva v m Tvi v m ”
0£5'LSPLe .085'LSYL . 085" L9vLe 025" 19¥L . I
2= Sev'LSyL —_ sav'iovl sy Lot —_— |
I
e o N | o 1 Moo 5
50 oW 30 o 00 [ Joost 0005 00H| | oos 3
gy g W ) ] £ qonv g ¥ ) 2
@I e Lo 2 74l N7, S L N 74l =
\ e avis 0y \;Z& avis 0y
HOLOVIX3 110 HOLOVIX3 110 @| |@<
SYY'LSYL Svv'LSYL — Syv'Lovl Sty 19yl — 1
225 LSh1e 225197 1e
& N § R N B
anns W Vczvion 00G'LGh 1. cTyLChLd | anns L Veczviont 006°19¥ 1 czy1ovLd P L o
005%005—~ < S 005005 dnns s
005X00G 3 00GX005: 8
05z oszz ! 005¥ ™00z ! 00SY ™ oszz 0sz 05z oszz ! 005¥ ™00z ! 005¥ LI 77 0sz
00091 0009}




w |

90¥2/06'0 |WoXs3

GE0—08—2GHS )| "oN ‘oua -

PIoSoId 1Sy

NOILVLS ¥3IMOd I1

ISOY ] ||

ANINIONVHYEY TVHINIO kel

SHNVL ONINLLIS

NVa ALdId NOILVLS -r

HEHHE

dav.

‘SONMYIO J0NGRAS o0 v

3008
s[a[af8
MEIEE

il

e DEERE

MOIHL
wwsg/ NVHL SS31 10N ‘3L3YINOO ONIONE
Wwpl/OdNGL 40 L3d¥YO NOILYANNO4-8NS

V NO Q3LONULSNOD 39 TIVHS SIYNLONMLS TV “LL
“3LIS NO
Q3NYIINOD 38 OL SNOISNIWNIQ TTY
J3MIND3Y SV VINALYN NLIS™NI
30V1d3y ANV 3AOW3Y "d3dINO3Y SI TI0S
AN3L3dNOD NO PdXM00f 40 3¥NSS3dd
ONIYY38 NOLYANNO4 I18VMOTIV NV _ 6

30IION SINOH
2 WNWINIA) 3L3YONOD 40 ONI¥NOd
OL ¥ORId ¥IINIONI ONISIA¥IANS
A8 Q3X03HO 39 OL MdOM TV '8
"SNONNILNOD 38 LSNN
3L3¥ONOO 40 ONUSYO  "Q3AIOAY 38
OL 3L34ONOO 40 ONIdY3IH 'Q3LvddiA
ATY3d0¥d 38 OL SI 3LIYONOD TV L
"SNOLLYOI4I03dS 0021 savs
LNVATI3Y 3HL HLIM 3ONVAJO0INOD
NI LNO Q31¥Y¥Y0 38 OL MdOM TV "9
"ONNOdWOD ONINND G3LNIWOID JLIHM
g3sve XYM S,NOSWVS ONISN 3NOd 38
OL S30V4dNS 3ILIYONOD 1TV 40 ONRIND  °G
‘03LVOIONI SY “LN3W3OHO4NIZY OL d3A00 v
‘L SSYT0 9001 SAVS HLIM
3ONVQY¥OJDV NI 38 OL S3IONVYII0L ¢

°$3903 Q3S0dX3

TIV OL S13TNI4 ¥INYOO WwGgXse ¢°C

'SavIs any

STIVM 40 SdOL Ol LvOT4a00M 2°C

'S3ais

Q3¥3LLNHS TV OL HSINI4 HLOOWS 12
‘ONIHSINIY 2

MYOM 3LIJONOD

40 LN3IW3ON3IWNOD OL ¥OINd TVAONdIY

¥O4 ¥33NION3 3HL OL Q3LLINGNS

38 OL 3L3¥ONOO ¥04 SNOIS3IA XIN
'61/S¢ 3Qv¥O 38 OL 3LIIONOD L

‘SJLON 4134ONOD

LNV1d S! wayshs 83pulpio—0y -

‘9004INS PAYSIUY O} 8D PIIDOIPUL S|9AD| IV
*USAID SUOISUBWIP WOJ) IO S[9A9| puD

sjulod peypinqo} Wwoy oq [joys no Bbunzes |y
‘Aluo sasodind

9A1}d|IOSap JOJ UBAID 84D SBNDA JNOYUOD

8661 POPUSWD SO — O 00ZL SEVS UMM
90UDPJOIID U] JNO PILLIDD 3Q 0} SHIOM IV

‘S3LON

S )

-

16'€¥S0!
99'£G50
89°£GS0

1LY 904990

LY 90°6990

809990

806990
90'¥990
90°6990
9990

6990

37" 10L0)

3¥°8690

9£°G¥90

61LLS

BLL

'90L!

CeLf 3¥°8690
BLYS

969

6998

88'1£90
8¥'££50

9¥'£€50

981790

9£°£S9

98"} 1L

SRR [S|S|@

A ]
SIS

981 1L

-LSNOD

Q¥009-3 Q¥00I-N LNIOd

SYNVL ONITLLIS NVad ALYIQ NOILYLS

Qo INV1d
1SI7 31VNIGYOO0D

££0-08-2S¥SH M0
0L ¥3i3y
V30 NIVNG TI0S 8ns

LOVANOO3Y ANV diy
N3HL V3V Q3LYNDISIO IV FTUdNO0LS ONV
v\‘ TI0SJOL NV NOLYIIO3A diLS wuio0g

SN LN Z/AN

\.\\.

005°297L=
NY041¥1d 40 dOL

Loy Ek\k\b\k\k\k\ LY L L0

0

(N

0S¢:L 3IVas

\3/ NOILO3S 13Vvd

INITIS OAdN 6 007 300N
| =2 | ‘ONL0OJ HONOWHL 3did N

B St

'ALISN3Q OLHSWY O %96 OL NOLOVANOD ONY
TVINAVA (¥3L138 ¥0) L9 Q3LOFTIS HUM Q3TIIMOVE 38
OL SI NOILVAYOX3 ¥3A0 3HL "ALOVAYO ONINV3E NOLLYONNOS
2U/NA 00C V IAJIHOV OL ¥3ININ3 JHL A8 Q3LOA

SV ¥0 WWO0S 40 Hid3a WNNININ ¥ OL GALVAVOX3 ¥3AO

38 OL VI¥3LYN NOLLYONNO4 ‘ONNOYD TVINLWN OINI LND

005°28pL=

- TWM 40 dOL

WY04IV1d 40 dOL

g 0gkY

oozel

3A3TS OAM @ 002 3ANONd
‘ONLLO04 HONOYHL 3did NVYQ

06LISP

005729¥L=
WY04LV1d 40 dOL

[

0000}

v
ANVL .wz_._._._um

0SZ:1 3OS

(N

05621

¥/ NOILDO3S

SIIAVA

oozel 00851

'AUSN3Q OLHSYY QOW %96 OL NOLLOVANOD ONV
TVY3LVA (Y3138 ¥0) L9 GILOITIS HUM QITIIHOVE 38
OL SI NOUVAYOX3 ¥3A0 FHL "ALIOVAVO ONINVIE NOLLYONNO4
/N4 00V 3AJHOV OL ¥3INIONI 3HL A8 Q3LOIMIQ

SV ¥0 WW0OS 40 HLA3Q WNININ ¥ OL GIIVAYOX3 ¥3A0
38 0L VALY NOLLYONNOS ‘ONNOY¥O TVHNLWN OINI 1nD

@ 00rgsyL
Lm

009°08% 1

J/AN—
005°Z9% 1=

g

V130 30N34
HOLY3A ONV OV18 Ol ¥343y

££0-08-TSYSH M0
0L y343y
TVI3A NIV¥a TI0S 8ns

Lo
Ve o4
_3did_13NI 20561

00€'6SY L

WH0ALYId 0 dObEIN ONIVHONYH MNITHIUNI SLNIW
UYNYILTY-
"NOIHONVLS ¥3d SLT08 WYY 891 ‘ON 2

v Tv4

V0¥ $5300V
3

“Q3A0¥ddV HVIINIS ¥O 06WL-VO X3 VY T3ILS NOBUVO

§

(SIN) 00oszt

00G:L 31vOS

(SIN) 00vLYL

SHUNV.L ONITLLIS SINVA ALHIA NOILVLS 40

LINIWIONVHHEY TVHINTIO

¥3TION 1004 SAIIHS V ONISN N0 %2/1~
LV ALISN3Q OLHSW QON %96 OL d3LOVdNOD
SY¥IAV] 35001 WWQOoE XYW NI LONYLSNOD

VI3Q 30N34

HOLV3A ONV YOV18 OL ¥343y

8 ~10 718
/520
g/

SUVL3Q 3LV¥O # 3ON34 ¥04

91BES=XANO=BCBIYL "ON 940

HOLVIA ® YOv18 Ol ¥343y

-10 618

N

N —10 518

0000LF

gL 8- 3

FINGER DRAINS

AN

AL

3A337S OAdN @ 00T 3AINONd
‘ONILOOS HONOYHL 3did NIVdQ

-

05621 _

X

00LEL

NIVYQXI1S138V,

|00l

'00001¥|

££0-08-25¥S% 9¥a
0L ¥3i3¥ NWiQ
¥3IVMONNOYD OL 39¥VHOSIO

GEIVH03d—ND

[

\
—<
/

//

L5p1

9svL

AVMTIIS 313¥ONOD

%

3NM3did G3RNE 1D310¥d
0L T3NNVHO G3HOLd 3NOLS

oo

00vLYL

N —10 518

Ge9 8- 3




z [ W . .
A L0¥2/06'0 |wioxs3 @ e
4 o oud | e e
- 9C0—08—2GHG )| "ON ‘0¥a | riswid sy [Tl e
= e 1OVANOO3Y ONV o o
SIVIT0 % SNOWDTS TvolaaL [t o Tl NIHL VIUY GIINOISIA 1Y TII00LS, ONY @ 05z 3W0S
SHNVL ONIMLLIS o T10SdOL ANV NOILVIIO3A dRILS wwioe //m\ Z O_ hlomw GE0-08-ZGKSH 980 OL ¥343y
SWVA AL¥Id NOILVLS BN o e— (WOIAL)ONINTE V130 NIVHQ 30V3HNS-8NS
NOILVLIS d¥3MOd uq_MDEM ....... Pt G, _ A% ; Zﬁ/ S o &\a%@\/\
T A ) ey 7777 \ T e N ..»v,(d.//\\/éw;\
o ODnE i & = W = R A R .%\ o, . s
SEE _ 7 _— EEEE A i
w | @ | 20 cvonsa [ovssam | 2 8 i n S—
= = e »
AN —
- ~G&T [ 00623¥ 1=
2%%“%%“8&;%%%&%&%%%”? b € waodvid 4o dol WH04IV1d 40 doL
SYIAV] 35001 WWQOE XYM NI LONYISNOD |
STEA 7 STWA
0005 00851 00251 05621 05621 00251 00251
00050F 0518C , 0518C 00050F
00FTS
HINVL ONMLL3S
3
_ . LOVINODTH ONV oy
> 06l 3OS E,.P__F VI %hz,ﬁo_omwa mwm\, uﬁv_mom Em% S¢0 0Gz:L 3Tv0S
_ . & < Y /. JosdoL 6£0-08-25¥5) 940 OL ¥4
) 0L TVOS /Fb\ NOILD3S o %/ﬂ \&% //‘\%/A //A / A o \ , JER— /(ﬁ_\ NOILD3S L3O NIVHO OvAnS NS
ZQ/ NOILDO3S | i N N N oD i i
\ \ J B = P e e = ~ — N\ //“, NN N
- 005 | 005 | 005 \\: \ \N. e i ..N\%W\ A \] N
- OLLISY\F  Borgeyt g, S R S S R e A e .?w QA .
oo s ] : 2 . Sorost TS 7 . \%\n \\ . »\\& .
= g Mo Sy =7 e — =T \ B I o S <=y
5 oNIONTE G . e e & ¥3TI0N 1004 SAIIHS ¥ ONISN ONO %Z/1— CorzaT= 0057971= CC0-08-26vS QLT = S Tva | v —©
g /7O N g . IR R 1V ALISN3Q ¥0100¥d QLS %96 OL G3LOVANOD TIVM 40 doL TVM 40 dOL 7 ‘oN 980 OL ¥343Y 4 TIVM 40 dOL 3 051
4 N | R SYIAVT 35001 WWOOS XYW NI LONHISNOD | VIS ‘S0 VY $5300%
— = C— — — o /A/ E)
_ g ] 0c8'9sv1 2 ¢ NN V 00ZL =0009 SIVA 7 SIRVA 0009 00zL 052 008 (4
S Lt A\
T W“ - — 005 00zE T 06621 056z 00Z51 005 ' pogt 0006
oozLsyL S| oorrst 00GZTF 0895 f [ 0062CF
’ 0088
R A S DEE——— NVL o.,w._.._._m
- I NS I
. ;
o I8 ) (550 oou:t 3wos
8 51
| . ! S| P gl =S | \2Q/ NOILO3S
s ~ 0009 0021 0059
! 5 - |2 (VIADONIONTE SAY3E ONNOY9 0004 X 00S
7]
; oressvL ; Z Z =
TR Z | 18
e == OIETGH _ _ 1%
. B E osrIshL . L8 ISV!
TETIS 008297 1= e SIS
WY04IV1d 40 dOL TIVM 40 dOL m \““““\u\n\uu\\ //u,”ww”nu”,
e ! orosH TS g
22 AINO TVM NI AINO TIVM NI -
=1 P sy | 3 e
.m_u“m“\“\m\umuu\\ OGIN ONTINEONIH SNRIN SINGH LY 7 E ,/Hulu,u/u/u,u/u«__“"
(\_ost Twos 0L TS C 1T T [ T T T T T 71 e e § \(/ , wwml 1 1 [ [ T T T T T T 71
&9/ NOILD3S NOILO3S ) D D SN SN D SN S S | oo T T T 1T 1T 1 1 1 1 1
00251 bod 0021 0021 bod 002sT
[ oaw.m
ONIONIE I/ 005 @ 003 MNVL ONMLLIS
K}
NN S R N
IR I S NN g
— S0\ 0oLl IWOS
1O S L //e NOILD3S $£0-08-ZS¥SH 940 OL ¥3i3y
" = (¥OIJAL)ONIONIIE VI3Q NIV 30VRINS-BNS
N _ i L1 G SHY3E GNNO¥O 000 X 005 7
‘ coraeis | |y I _ _ _ _ g
N . v , —
\if HI
NN X g (e 7 _ @ ,
N . KA 4 AT ONCAS RNC EE AENVRE o, s X
1y - [N A
— | 4 oo m | S
STV ' | m , , < 3
- — | N
g |5 g - - S
< » s- m ‘. < g AINO TVM NI | | AINO TVM NI
L Vs &Y 3 WG — | — ﬂ 3 wwgz s
' & | / 1 = .m.
' < &mu‘ L S
L \W 2 R \ % :
| i -
N7 ! & N 2 , , , | 1 I I IS S W
. \\ G 1 1 1 1 T wioavd Jo dor W%%%,ﬁ | *\uﬂu,* | *\W,* ﬂ *\ ,* | *\W,* | *\ ,* | *\ ,* “ | | 1 [ | [ [ [ |
——— L ~ g @ “03A0YddY AVIINIS _ _ _ _ _ _ _ | _ _ _ _ _ _ _ @ “QIN0YdAY AVTINIS
0052971= ooeTve | 40 0BNL-YO XITIVY T3S NOBYVD 0008 1~ 06z 1T 0sZb 1T 0sZb 1T 0sZb 1T oosZb 1T 0sZb - 1o0zk 7 00zi I~ oSzt © osk ' osZk 1 osZk ' oosZk ' osZi ool ¥0 0BAL-VO XIVY TIAUS NOBYVO
WH04IVId 40 doL TIVM 40 dOL o _ s |
T T 00251 005 [} R 00221 005 00zEL
oonﬂm
i YNVL ONMLLIS
| K}
0001




L[ ] 80+2/06'0 |wWojs o [ame
o / SO = — | SILON 3L390N0D 804
L | ££0-08-2GYG ) ‘oN o¥a | iy [Tl gt — ! G£0-08-2G¥S "98d 0L ¥34Y
Sl s =
STv13a ® LNOAV1 @38 3ovauns [~ el % % % #/ﬁ D\ A I\ STV13Q INIOP TVOIdAL 404
SYNVL ONILLIS S E = = A Y = £60—08-¢5yG "ONA 0L ¥343y
NVQ ALdIQ NOILVLS o [so/e0/1s TLHS
NOILYLS ¥3IMOd 5%:#@ .+. [ AU %03 a3Lumo 3on3i|
SONNVHO0 J0NGIN o | | o | A e e o oogoL ®
——— | w | = avrm| © P o o -

= L )

it B N N oA N G D S D G G S G S S G S 0 W S S G W O

/ N
o s o g N
g H0I9%i 110 o e 0002 50007 50007 50002 o0V
u \ _ _ _ _ _ = _ _ _ _ _ _ _ _ _ © _ 4 _
| — 009G 00£S 0085 Isj 000¥| /48' 000¥ 000¥ 000 000 000 000¥ 000¥ 000 000 000 000 000¥ 000 1‘%# 000¥ 000¥ 000¥ 000 000 000¥ 000¥ 000¥ 000 000 009 N
] T T pp— i = w—y
6L1S4 _-W ...................................... —_—t—— = — b ocls V
< | i = i ! i i i i i i i ! i i i i i i i i ! i ™~
L8 LYl i | b 5 | I | i I i b I I 7_ I _f I o i : i ot i | i &
=ooL i i i i i i i i i i i i i i i i ] i
— ‘Y S O R U . U R SN QUG E JE VEDURIDY EPRNDUN DS N S g P RS L SO By SR o IS — e — i — { B NP N .5 RN L. 0 AN . 1 S U N . SO IR NSO cYQ 9 IO . 2% Y RN QR EOR I RO S RN R 3 EPON G 2 PO Py — |
L e _Tn ! T i HTT A _ - _ A i T 1T i _r, ! A i i —j—ooeisn=oo _
| P b , L L L L L 1 Y T | N gl |
b , ! | ! i ! I ! ! o e i ! gl ! _, ! o ! il I !
|A = +o—p— ] e otl W1 S (7 S b I He— e o b o - l,i_.!_.ci_.- i i = -.r!ﬁmq_ ...... I == He— e o — T He— e + [ I
oLz P . /| _ b I i |0 i i Lo PoNE i | P _ v . / 5
| =o0L i W “ “ i _W i i W_ i vl i i i [ i i |G i I i i W_ i _W i ” g
b I I I ! I L oo v I I I I I I
! , - SNERNR O 8 O S U R O A - R OO O S O ” %/
| === | w..,mw ! HE ! ! ! ! T ! oo ! ! ! ! [T B i |
| N N R D D i R B i o o | Il
A | [ b doopm— -.\4.\le4._1\.H.H.WW.\...\.-_TM.H.L.ﬂr!lir!l.riiL..s‘L.‘lﬁ.+.N.H.\LN\i\.H_lﬁH.HA!\Ul\.ﬁ.wi.+ ..... TS ) S S T SNV O SO L A [ T [
, | e T T T [[—oerisyl ! ; ! ! ! ! ! ! i ! ! ! ! ! ! ! (&m0 e , 2
| oS | L [ e A A S S S O i _ N, | g
B N L] I Lo L. LSS N T Lo odo |___ Lo do oo b o T ,
— b |s i ! R e e e e e T [ eokaaa sl
// | g I | ! _ ! : ! i ! ! ! ! ! ! ! ! 1 ! ! <L snvba w3ond waivmanhowo | ! | dn ou0 oL wams| |2
N | S ,!\\ I et S | R S — \_\ — _\\ B f— \l_q I S RS S S S S S ,7\\\—\\ —— e S — A _ - I___.m i
— I~ =] ™0 T
N | e , Hh
T =< = —— . _ . _ . e
334 310 LAY [ , _| _ _ _ . T e
-~ 7 R e e e i i s e e et Eeh S i s e e T P e o B e e S B S : T
“___ [ H o e i i ! ! ! ! ! ! + il ! ! T SNIVRO M3ON wEImONpONO I I HoLvdissia g1 T
SIVI30 Mom3did f31uno | | 0SLLSyL i —ro6LLsYL | i i _ i i i ! i } i H— AQ¥IN I~
¥ 540 oL ea [ T [ A P [ i m |||||| [ T | T [ s N N
! H i i i i ! ! ! e ! ! ! ie ! ! ! 1 !
! - i e | A A N R _ g _ _ _ L _ _ _ K oE
| W !,l.l.l.ﬂ.l, ||||| |.L,' ..... == ,—|.|.|,T4.w|\.I\.H_.\Iqwl.ql.mlﬂil.'..Iilrl.l._ﬂ.\l\.lﬂ.dﬂ.\l.HM\I_.\I\.I\.\I\_“.H.HHIM\I\.I\.#\ .......... — = Z
N i i i i T o
| [ i i joorgayt | 1 001°86%1 ' , | | i i | i L 008'25¥1=001
oo ; L gels, |_&¥2lsS Hil i ] L ] ! ] F
, , T i 4 i i 1 i i
____ ] [ | | | ! ! i ! | !
| , W P! | i [ ! ! | Ho I
| i | | o i _
! | o (i i et 55 Tk A SRSttt o ekl R Rttt Bt b Rt n it Attt At i o=
[ [ i ; i i i
A [ p— | Lo b ” , _ [
! | locsesyl , [ i b i | , i i
| 0L = ST (i T T (7 /St Aty i kit ki Rt il o Rkl A ks R it ek St R =T B Ontin il it atd
| : il [ , o , " "
| [ ! I ' 5 ! !
| | |
___ 0 geap—— = :

('r"2) 3dO1S AANITONI NO SavIs {'r'0) 3d01S A3NITONI NO Savis ('r'0) sav1s ¥007Td NI LNIOF ('r'9's) sav1S 400714 NI LNIOT
............. J0O074 NI LNIOF NOILONYLSNOD TVOIdAL Y0014 NI LNIOF NOILDONYLSNOD TVOIdAL NOILONYLSNOD TVOIdAL (LN2-MVS) NOILOVYLINOD TVIIdAL

011 IS

. _(_ | JOISYIIVM (@awno aivi3a
< L 38 AVA) dOLSHILYM
2 005l 0005 0051 J0M 007 TWNEILG 30IM 002
b |
v R g V- JV.- v . T IS
............. o o ..N T - T i v o . O ¥ hd b v
+ B . _ R . . R
||||||||||||| v v I - T b N / s . ). 44 T
— HINOD Wwpg \ o/> wiwige IO W \ o/> wuwoge 3
108 ONV dOL 7 1v STH000L30 108 ONV dOL ¥IN0D uiui0S 1¥ STIMOT0LOO ¥IN0D wuiog INIOP 1N WS WwieXg
£19 434 HSIN— aed QZINNIN 38 0L £19 434 HSIN— Nrd 1V STIN0T0L20 OLLOB OGNV dOL ONIOONEY | TN 38 NOLLOB ONV dOL ONIOONEY-! D V04 001 "
SINIOM NOILONYLSNOD Q3ZINININ 38 _lll_ OL SINIOM NOILONYLSNOD BNDYOINIY HIR 93A0D NIVIEO
oot OL SINIOF NOLIONHISNO9 oot O (30R0Yd 38~ TSN STO0TS o
| | — — | 38 0L SINIOP NOLOVAINGD
I 1SVO LSHu ™ISV aNooas' 1SV0 15914 15V9 ONOJ3S 1SV0 15914 1SVO ANOJ3S IO




w |

|
e |
|

60¥2/06'0

WSy )

] 8£0—08—CGYS )| "oN 0¥a | diossid iy
STIVL3IA ® INIAIONVHNY TVYINIO
YOLVdISSIA AO¥INI — SHNVL ONIMLLIS
SWNYQ ALYIQ NOLLYLS

| s W |

HHE

i

NOILVLS d3IMOd u.__mzvﬁ_l

avo

vo - swa

A8
runv |
r
e

s[s]g
HE

S0us ‘auL - S

i

-I- §|§§|§sssg§= F

0szh

=

0G:1 3IVOS

B/ NOILD3S

T

0SL

0gL_IV0S
1vi3a

000z

00SE

000°€9¥ 1
00S

“MOIHL
wwg/ NVHL SS31 LON ‘3LIYONOD ONIANIE
WweL/OdNGL 40 13d¥VO NOILYANNO4—8NS

“3LIS NO

Q3INYIANOD 38 OL SNOISNIWIO TIV
‘gIINOIY SV TVINALYW NLIS NI
30¥1d3¥ ONY IAONIY "Q3INO3IY SI TI0S
1N3L3dN0D NO DJY00E 40 3UNSSId
ONI¥V3E8 NOILYANNO4 F18YMOTIV NV
"3OILON S¥NOH

¥Z WAWININ) 3L3YONOD 40 ONIINOd

OL ¥Oldd ¥IININI ONISAYIINS

A8 G3%03HO 38 OL YoM 11V
"SNONNILNOD 38 LSNW

3L3¥ONOD 40 INILSYD  °G3AIOAV 38
OL 3LFYONOD 4O ONIdVIH "QILVYEIA
A783d0¥d 38 OL S| ALIYONOD TV
'SNOILYOI4I03dS 0021 S8vS

LNVATT3Y 3HL HLIM 3ONVJOINOO

NI LNO Q31¥¥vD 38 0L MNOM TV
*ONNOJNOD ONINND QILNINOID ALIHM
Q3sve XVM S,NOSAVS ONISN 3NOd 38
OL S3OVANS ILIVONOD TV 40 ININND
*Q3LVOIONI SV :INIW3OHOANIZY OL ¥3A0D
‘L SSY10 9007 SAVS HLIM
3DNVA¥000V NI 38 OL SIONVHIIOL
'S3903 43S0dX3

TIV OL SLITIS ¥3INNOD WWGZXSZ €7
'SEVIS ANV

STIVM 40 SJOL OL LVO14000M 2
'S30IS

Q3YILLNHS TIV OL HSINIA HLOONS L'Z
“ONIHSINLI

SMOM LINONOD

40 LNIWIONIWNOD OL HOI¥d TYAOHddY
304 ¥3INIONI 3HL OL G3LLINENS

39 OL 3L3YONOO ¥O4 SNOIS3A XIW
'61/S€ 3QvM9 39 OL ALIHONOD

¥V NO Q3LONALSNOO 38 TIVHS SIINLONYLS TV °

‘oL

L

-S3LON J1340NOD

005°29% 1=
N¥O4LYTd 40 dOL

=)

ONIONME

=)

00L:L 3IVis

\1/ NOILO3S

i -/ /

30Vay3L 40 doL

(2

0011 3IV3S

A/ NOILO3S

4 9

00G'¢9¥ 1=

e

=)

00l:l 3OS

\#/ NOILD3S

oSt

. 086E

(WOIdAL)ONIONNE

D2

[E—4Y
00G°C9vL=

&
303l 40 doL h
i

ONIIVYANVH

[CTN

0061
005

0029

0009
(WIdAL)ONIONNE

_ _ SAV3E ONNO¥O

0009
da3ppO0 X005

0029

005°29¥L=

00¢6SY 1

S3UINID 00L}

LV ONIN3dO 3did /

80GL 440 ON ¢

Y004 ANV TIVM NI
M3 wweg

N¥O4LYTd 40 dOL

3STINNIS 91N SI108 ONIXIS
(a3a13m 9n1d) SONNY 0z¢

8X0G STVOLLNIA ONV SdOOH
SLV14 01XG9 SYIONWLS
¥300V1 VO

Q3SINVATVO 03ddi0 1OH

0G:l 3IVOS

I/ NOILD3S

005t

000°g8¥ |

I
|
|
UVAYILVM m._:mi 3YINID

M3 wwez

TN

¥0014 ONY TIVM NI m

0025

L

096 (g

00¢ 0652 0652 00€

05¢ 096

06N ONMIVYANYH NNIILNI SIIN3N
ALYNYELTY

“NOIHONVLS ¥3d SL108 MW 991 ON 2
*03A0¥ddY

UVINIS ¥O 0BAL-YO XIIWY T33LS NOBEVO

05621

05621

— (OIdAL)ONIONNIE

MNVL ONMLLIS

D

- 001:L 31V3S

/ NOILD3S

0¥0-08-2S¥SY O¥Q OL ¥3i3y

V130 NIV¥Q 3OVRINS-8nS

009°65¥ 1

SNANT0D 8NIS NOILNERILSIa MO

088 g7 576 gz 9V6 gz S¥6 0oz SV ogz V6 0oz 96 oz V6 pgz 876 oz 816 gz L0V

|
==

,

|

I

G207 0oz 676 oz 576 g 676 oz 16 gz 876 ngg 816 ggz 816 pgg 676 ogz S16 pgg 068

0021

00S

0021 tToor

O6LN ONINIVYANVH YNMYIINI SININ
ALYNGANY
'NOIHONVLS ¥3d SL108 v 931 "ON Z—
“03A0¥ddY
AUYIINIS ¥O 0BAL-YD XINVY T33LS NOBEVO

$£0-08-2G¥SN O¥0 33

ALNYVTO 304 NOLO3S SIHL NO

Q3LUNO NIVYA 30VANS 8nS

)

00l:L 3IVOS

{2’/ NoILo3

002y

NOILVI393A di¥LS wwoog

0001
005

0051
&

006

005°29%1=
N¥041V1d 40 dOL

0011
00%

\ SRINIO 00LL
1V ONIN3dO 3did
6051 440 N ¢

0582

ad

LOVANOJ3Y ANV diy
N3HL V3dV (3IVNOIS3A LV
JTIdMOO0LS ANV 110SdOL ANV

m 3did TN

e

T

A w—
000°¢9¥L

0oLy

00lg

00l:l 3IVOS

00ZL

AJOLVdISSIA ADYUINT LIATINI NO NV1d

%

,
|
[
|
[
|
[
3 wwgg—H-
i
|

o—oocsyl i

oLzl

‘Oogl‘

052L

056¢

4‘
[
,
[
,
[
,
[
s
[
[
[
[
[
[
\0‘*
,

[
L
[

,

,

[
L
[

,

oorgsyl] g !

+— SAV38 ONNOYO de9pOQ0LX00S

¢ @

=1

/’...( ALSN3Q ¥0LO0¥d QIS %96

¥ITION 1004

SdIIHS V ONISN ONO %2/L-

OL Q3LOVdNOO S¥3AV1 3S001
wwoog XYW NI LONYISNOD

00904

T |

H oo1'85v}]

0021

‘m“

056¢

0SZL

&
f

00L

ooL”

008

|
|
|
1
|
e ] s Sttt e

obz [ ] {00
005

0o¢

056 00¥

L

052
00zL

QSLL "00L

06N ONMIVYANYH NNIILNI SIIN3N
AIVNEELY

“"NOIHONVLS ¥3d SL108 TMVY @91 ON Z
“03A0¥ddY

——UVIINIS ¥0 0BWL-VO X3V T33LS NOBAVD

T33LS SSTINVIS 9N SI108 INIXII
(a313m 5Md) SONN¥ 0Z9

SIV14 8X0S STVOUN3IA ONV SJOOH
SLY13 0169 SYIINNILS

¥IAVT 1¥D

QISINVAVO Q3ddid 10H

00901




0£89G%!

€

O

oige

I 01¥2/060 |wons3 @[ = |
wae | so/s/oz| WAy
| —08- “oN * o
L 6£0—-08—2G+S Y "N “oua e Lol 2 N\ oovt Twos
SUVLIA ® ININIONVNNY Tv¥aNzo [ |l W //n_\ NOILD3S 05:1 TWOS 0S'L 3OS
131UN0 '~ SANVL ONMLL3S =
SAYQ ALNIQ NOILVLS — [ NOILD3S NOILD3S
NOILVLS ¥3IMOd uq_MDV_H_H_lM_ 005, 005, )
SONNVHO INRESY | he | ke | Al r nu.ﬂl!ﬁ! avo [asu|ool 0082 0082 1 0082
o oo $ $ h“ [T . _ _ (VOIJALYONIONNE — _ 0052 00SZ
SNOUDIS dAlL — SINVL. -~ " 7 LU
v o0~ ot B
+ ul. ONIONNE
L \,
X
_
00Z15vh m R 3
0) m & m
N\
N ! T33IS SSTINMIS 9L SLI08 ONIXIS
7 (3qT3M 9NMd) SONNY 029 N
SIV14 8X05 STYOULNIA ONY SdOOH RN
| SIV14 01XG9 SYIONRILS
pm—. FE) .
0052av1= ¥
T aS\I v*_ QISNVATYD 3ddia 10H ; L e XK
06IN ONMIVIONVH YNNI SUNGN” 005 ) 05621 00 R §
“AIVNYILY
NOKONNLS ¥3d S1108 W $51 N ¢ o065z 7 7
WIS 4O 0BAL-YO XATVY TIILS NOBYYD WL iz 505 3 o
0G:1 39S
NOILO3S N\ oovt Twos
(IVOIdAL)ONIONIE é\ NOILO3S 600-08-2645) 940 OL Y243 00Z:1 IWOS
o = V30 NVHO uQ«ux_._mlm_._wl/
=0

FUNLONYULS 137LNO NO NV1d

MOIHL
wuwG/ NVHL SS31 LON ‘3L3¥ONOD ONIONIE
WweL/OdNSL 40 13d¥VO NOLLYANNO4—8NS

V NO Q3LONYLSNOD 38 TIVHS SIUNLONYLS TV
‘LIS NO

a3M¥INO3Y SV IWIRIALYA NLIS NI
30V1d3y ANV 3AOW3Y 'd3¥IND3Y SI 1I0S
AIN3LIdNOD NO PdM00E 40 J¥NSSIdd
ONIRIY3IE NOILYONNO4 318VMOTIV NY
“3OLLON S¥NOH

2 WNWININ) 3L38ONOD 40 9NRINOd

OL ¥OI¥d ¥3IINIONI ONISINYINS

A8 @3X03HO 38 OL Myom TV
‘SNONNILNOD 38 LSNN

3L340NOD 40 ONLSYO  "Q3QIoAY 39
OL 3L3¥ONOO 40 ONIdY3IH "Q3LvydiA
ATN¥3d0¥d 38 OL SI 3LIWONOD TV
‘SNOILVOI4I03dS 0021 Savs

LNVAIT3Y 3HL HLIM 3ONVAYOINOD

NI LNO Q31¥¥VO 38 OL Mdom TIv
"ONNOdNOD ONIIND G3LN3NOId ILIHM
a3sva XYM S.NOSWYS ONISN 3NOQ 38
0L S30V4YNS 3LIYONOD TIV 40 ONRIND
"Q3LVOIONI SV *LNIW3D¥0JNI3Y OL ¥3A0D
L SSV10 900ZL S8VS HLM
3ONVQY¥0OOV NI 38 OL S3ONVY3T0L
°'S3903 Q3S0dX3

TIV OL SL3ITNJ ¥3INYOD WWGZxSZ €T
‘SaviIs ANy

STIVM 40 SdOL Ol LYO14000M T°T
'S3aIs

Q3¥3LLNHS TV OL HSINI4 HLOOWS 1'T
*ONIHSINIS

MYOM 3ILIYONOO

40 LN3W3ON3IWNOD OL dORId TYAO¥ddY
¥O4 Y¥3INIONI 3HL OL Q3LLINENS

38 0L 313¥ONOD ¥04 SNOIS3A XIW
'61/G¢ 3Av¥O 38 OL 3ILIYONOD

J3NYIINOD 38 OL SNOISNIWIQ TV ‘Ol

ESEINCINEETIENOIN00)

'03AO¥ddY
YYINIS ¥O 0BAL-VO XITVY T33LS NOBYVO

1
1
B [ [
O6IN ONITVHONVH INIH3INI SUNIW i
- VNIV NOIHONYLS |
— ¥3d SLI08 MV #9} "N Z | |
“QINOUY AVIINIS I |
o ¥0 0BNL-YO XIIVY TILUS NOBYVD | W |
005297 1= }
TIVM 40 doL = : W W
~
SECIT ! 0007 ! (732 7008 (732 ! 000% ! SEElT S , - i
|
I
02468 I ” |
I
MNVL ONMLLIS TIILS SSTINVLS OLN SII08 ONIXI3 — , I ,
K} (Q3073M 9N1d) SONNY 026 | | |
w b W g I .m.. , S_Sv—_”
¥30V1 1v0 1 | | ,
QISINVATYO 03ddid 1OH I , +
| | |
S£0-08-ZSYSY OY OL ¥ I ” | I
IVLIQ NVHQ uo<&_._m-m_._m|/ % . W | 0GL'LGY} i !
4 NENNR —r——— T e || pp— S———
7 AN i I H 1 06L°LSYL
——— g I |
T , , , m
oeLLShL 5
23 | |
a |
@l | | |
—t | | H +—1
005297 1= i I e e o S | I S
WH04LVId 40 dOL | | | -
[ W | &
L I
3did_13uno. —4d — — — ——
40561 o} : , & &
| | |
005297 1= | | I &
TIVM 40 dOL | W) i
0081 0081 [ Rt 1
L N ” W u ” <
! g [ e i g
NVL mn_Eum | | |
i | H —t 062571
| I [ i a —H T
‘6 S£0 00L:L 3IVOS | W 0L LGk I |
| | |
9/ NOILD3S g | | |
W - W - -
8 : : I = ! 00185y
G£0-08-ZSYS) 94 | | | & | |
AUMYIO ¥04 NOILO3S SHL NO GILLINO NIVYO 30V4¥NS 8ns i | |
(OIdAL)ONIGNE I | I
L LOVAN0D3Y ANV did I I | i
N3HL V3NV QUYNISIA LV T1IdNOOLS ANV | I I I I
T0Sd0L ONV NOLVIIOIA diLS WWwoog N NN | I | I I
. \ % N [
° — 5 [ Swvag W | ,
S ONNOWD d93pO00LX00S f I I
— pAN— | | I |
s MdEwo ____ e g ooy T T T T I o T [ , , [ |
h ———— T T CTIITTS b % ISR % NN 7 IO | i | , ,
- | | | | i
c | I I
| | |
T— . +
T
34075 ueml\ T — = ! ,
¥3UN0’ GAVIIOI = ﬁ W
] == Sl
T —~5eTT A — T
¥ITION 1004 SAZ3HS ¥ ONISN OMO e mxx%»&wwnmﬁv_l\ skt 005Z9vI= 0067 | " 00E"dos 000z T 0o | [ 00¢
%2/1- 1V OLHSW QON %96 OL G3LOVANOD R R W¥04IVId 40 dOL < R
SYIAV] 35007 WWIO0E XV NI LONMISNOD | |
" ! 0005 ooz oog| 0008 (T 0008 00y 001GH 00w ” |
O6IN ONMIVYONVH YNITHZINI SININ I
v Wz (> @9 |
"NOIHONVLS ¥3d SI08 MV 991 “ON T |
I




L[ ov] Trv2/060 |wos3 @
R e
! — on - s fs0/vo/ce 3did LNIOr ONIMOOTHILNI 3134ONOD 0S OL LON 3IVOS OL LON
=] o A et NOILJ3S TVOIdAL NOILO3S Idid ILIPONOD — NOIDIS TVIIAL
ININIFONVERY TVHINZO STVL30 XO8 NOLONM® ¥O4 0L0—08-ZSHSHM OL ¥3434
e IoN e
b
NOLLVLS ¥3MOd JTISN R — § e
- = Seccors £cy 5900 £ HLONTT | 135008 | SsaNvoIHL ¥313Rvia | ¥313Wvia |4atanvia|ssvo 3did
R A 5679078 T ¢ TYNINON | 3aisNI |  TivM | 3a1SLno | 3GISNI_| TVNINON
e B £o0'tio8 ZE02650 o SNOISNANIQ 3did 3LFHONOD e 5 .
— : 55850 @‘ \@
$95°9048 196°20S0 Ve
o 3LVNIGY00D—3 | 3ILVNIGH00—N 3SNVN_LNIOd
i SALYNIQ¥O—0O X089 NOLONNP . I
- L
e averss T T R i aaiva @"OS
[ S1vNIGN005—3 | SIVNIGNO0O-N | _3AVN LNiod | o—o -
.
SALVYNIQH0—0D SLINM AN3LLYE NOYS3/TI0S3Id LHOIND i <
A
000L : |
NV1d
=z, B3 z z
Iz 5 3 % 2 5
g g g mo@@w g
P
7
G€0—08—CS¥SH ONIMYYA 33S 3did ILTHONGD ~

SYNVL ONMLLIS aas

aoot

L¥3A0 3did 3A08Y WS'0_ONONITIY
A8 Q@3SIVY 38 O1 T3A31 ANQOY¥O

SSYT0 AN 0g6l

0S8 3

120—08—2S+SM ONIMVYA 335
\\ WVQ ALYI NOLLYLS

2L0—-08-CSHSH ONMVNQ 335
STV13A TUNOVE ANV ONIHONIL ¥Od

3did) ALFONOD

\\noo— SSV(10\ ON 0§22

3did 3L3¥ONOD
SSY10 AN 0g61

[N1E

, 1] d
%afﬁll’/ —G50r S G

3did 3L3HONOD 1
ool SSV10 aN 0561

(uiw) ¥3A0D wWwoo8 JUNSNI
OL 3did ¥3A0 Wy38 Tid

3did 3L3YONOD
@00l SSV10 ON 0S6L

3did_3L3IHONOD
Q0oL SSV10 ON 0S6L

1460

0s/8 3

00S8 3

1433,

T

1446,

1445,

L

N 3dld_3L340NO0D
Qo0L SSV10 ON 0SZe

© L TaNNvYHo Avaus

0gzse 3

0SZLEN

0S20L N




z [ ov ] £¥72/060  |WolsH s

R , e = o) i
- CL0—0L—CSYS )| *oN "oua N :,:E ”“@z e [so/eo/al ol %%_»%MMIWM zww_ﬂow_h«‘ Mom._ I%Oﬁx@...mwmﬂ-_‘uﬂﬁo zuo_.oew 3v0S OL LON
L O s o
oeSlviaa any snouass oo podiebet BN MOTIE ATVILEVd 3did — NOIDIS DIVIIFDS
YL SNML s s il SAYS NI GILYINdLS SV ONIGG38 3did ¥04 SISNVIO Flavao ONIAG3E
NOILVLS ¥3IMOd FNSAN | o lome— T e ANVASTERE TV HL 410D TIVHS oloyeoo 2 WA N G35VANGS ONY G3oVid G5 30 oo
S ‘S3IO0N IVREALYA HYINNVYO Q3L0T13S SNONNLLNOD WLLINI

av | e | e
S | viny | awo | Am

SL1

ava [nayfoq

el A
v 039 0 SSV D 7 'L

ONIdd3d9 3dld — NOILO3S OILVNIHOS

IVRELYN YYVINNVYO g [ Iy
@3L0313S 40 ONNOW B 2did ¥3A0
SNONNILNOD TVLLINI AILO3MIA NOLOVANOD LHON
~ 30 1004 Sasake v ‘oI
LY3ANI ONIQG38 7= ALISN3Q ¥0L00Nd QIS %96 OL
Ly3ANI LU THONOO B R QLOVANOD SHAAV] 35001
LHIANI 3did N wwoos XY NI LONYLSNOD
— 0062
404 Tdid 40 SIAS HLOB NO SHae] WOS OL LoN
WHOAINN NI GELOVANOD NV G30V1d TON 3A08V 3dld — NOILO3S JILVWIHOS

IVRIELYN ¥VINNYYO Q3LO3 T3S
dymen s
NYO4INN NI 3LOVANOD ANV d30V1d _‘ SNONNLLNOD VILINI

7 3dld 40 S3AIS HLO8 NO S¥YIUV1

IVINEALYA ¥VINNVHO d3L0313S
=

MHW 008 ao oo8
N 77 > 7 7 7 ~
R, e ' \\ =
OLHSYV QOW %S6
3did ¥3A0
OL T4 Q3LOVdNOD ALO3UI0 NOLLOVANOD LHOM
HLIM SLd4 wWwpog XVA NI

LATNNOSINA G3LIVANOD 3dld ¥3A0

oog

‘13¥NVIE TI4 @aLo33S ALO3MIQ NOILOVAWOD LHOM
= ¥3TI08 d3AQMddV ¥3HLO
¥O 1004 Sd3I3IHS V ONISN
ALISNIQ ¥0LO0M¥d QLS %96 OL
J3LOVdNOD S¥3AYT 3S00T
wwpoog "XYN NI LONYLSNOD

$¢ F B 3 P |BEF E R OE R OB OE B E OE B EF R E B PR o
o 18 23 2 2 2 o8 & 8 ] 3 2 © & g (e =2 8 i < o (-1 2 S
FR R F & % |RRE R R B B B & & & F5 & 5 8 8 8 & 3 LIAN 21380N00
2 <9 2 > © ¢ 98 2 > 2 S N < & 3 e 8 = 2 i 2 (3 n &
PR OR F o® R (RREE R OB OB OB B & 5 & & & 5 8 & &8 & & B LA 30
o 8 N & = & a8 8 o B IS 4 o 8 3 B (= B < = 3 & 2 N
N N N N N N NN NN = = = = 4 red (= (= = = N (= [ (4 N ==
BR B B B B P88 & B B B B B B OB B B = B £ B B B B P JOVNIVHO
8 8 4
sevt SEVE NNLVa
1243 ovvL
.
PY-ST Svhl
ogrt — T e—— e ——— e — I{osr
N N T |
svl JM» s
o8 yIvary ciEry osvt
T5599%8 3did ALWON0D 001 SSVO ON 0522 , 3did 3L3WON0D 001 SSVO ON 0522 ,
sla'zeoll
Z LN3NLYYJNOD aas OL LI3NI
: R ® 3 & & & 3 3 > > > = = & I I > I > > > > = 2l & |3 x =
58 8 B & & . - I g g g & g & & ¢ B OB B RBEEE Z Y Lowowms
i @ [ 8 2 & S [ S IS [ S B2 & S [ 2 I N IS 8 8 S 8z |& o &
Y re Y re Y > > > Y Y > > > 2 = > »
58 8 & & & £ £ 2 2 g & gp@e @ @ @ @ g @ B B BEHEE E Y sewanow
8 8 2 o ] & 3 8 3 o 3 3 8 R o 3 [ 3 3 3 3 & 3 8 8 8 |= 4 2
23 = 3z = = = = = ~ = ~ = & |[® N N N N > > X x N F > =
tg %2 R R OB ﬁ S 8 8 s 2 2 gl@ & & & & & & & & EB& G & & & LYIANI 3did
o & 2 & & ] B > & & 8 & I | & 3 3 8 ] & 3 3 8 ¥l o (8 g o
” » » Ery N N o o = ool = = = © ~ 3 u N N =
@ 3 & 8 s = 4 IS g 8 3 a S = 3 s 2 I 23 2 5 ¢ ey B 2 o FOVNIVHO
ovve > |8 i
ov¥L WNLVA
v v
A
I N o e e —— — [V oshL
ccn T~ — LT T T e e e T e ey pp——— I = ssvl
»SbL N BB — T — [
oswl oswl
sovl czany | SovL
(72 4%
cIiara Ziary Lery oLyt
7960978 3did 3L3HINOO QOOL SSVIO N 0SZZ 3did LIMONOD 000} SSVTO ON 0S61 $95°9028

L9¥°10£01
| LNINLYVJNOD OGS OL L3NI SYNVL ONMLLIS ads Wodd L3N0

6192¢0LL




INLET TO SDD SETTLING TANK INLET

Rev,

[

[ a0

®€Eskom| 0.90/2472

he/os/08] kv

oRANN
By
scae

4 g
O v
= =
<< ,Q
= xE (=3
nza (O
o -
®o 2|l
w2h5 | 8
ZgsG | |
£3|O ol |
Qg |«
g:%),,8% |O
ulel3s|d m!_:, ¥
o 2 |2
HEE 3 = &
o n o n 4
$eggeg 5
o ‘ 5 3
% .
| =z £
¢ . cLZvv[62 ISYL] OV IGYLIS60GY L R
! OFv | 151571 I IGYL[S6 0671
I g g |6
! (A P EES D s[E1° A L
! RIS
1‘ S |°8|5E
| A2 A A Eig
I
!
! O [ISTISHI[ZEIShI|SIIShT
|
|
! 2 A E N A
|
!
! 06F [v9'IGvL[Sh IGPL|8ZIGVE
|
w !
: ! 08 [IL1G¥I[eG 1GvI|GEIGhT
B 1
E I
g ! OLE |ZL1SvI[851GvT| WiGhT
8 |
g
S (o S B S AR
g 0S€ (267 1SPI[TLIGPI|GEIGvE
2
3
a T S A
0SC  [G0°2S1[Se ISPI|8TIShE
5 028 [212sv1[26 1GPL|SLIGhE
[
0I [Brzgvi|ge iGwi|1gicrl
008 [cceari|G02art|8eicrt
062 [cc2avi|2reart|Seisnt
° 08 [652SHI[02ZSHI|COZTHT
& ¥9°1LT 8025l
S 072
69'L92 G
092 (k478
-
z 0SZ | OLEShI|1672SPI|cLeevE
122 KA AN XA
057 [SSEeviSeeart|ZIeevl
& o
£ 022 9L TShI|acsart T
e m
g e
2 2 0ic |66CSvil6LTSwI[19°SwE o
o
+ 3] [
ha a o
°e 538 g 8 A 4757 Lk Y
segees p 2
= T 3 i S
U 061 [SroSvIceISrE
- 2 ]
P TV ¥al [PS 60V [CE6CY1|aI6arT 3
@ o8l oz6swT 2 081 [SobSvIlSrvart
8 2 g
Suw B
w S
gg i [J2} X528 (VAR R4 LRZ TN IR 4
T 4
% \ o &
§§ 091 [0L°6571 IS 6CY L [vE 6571 ] 091 [OUGSvl|I6WSPI[CLVarT
Ié? 1
1
< m
] oSt ov 6571 2 / OSI |SEGGP)|PIGarI[967GrT
& ) . — 3 o66vL [¢h'SSy bz SSrL|a0SSrL
e Sesvl cresyl ﬂ o ; o1v1 |ovoovi|iz-asvileoashl
M5 28 08 65T 1]
obl [r8-6SvL =z OFl | W9SvI[2e 9571 [FO9GFT
! >
! OF1 [97°09%F L0971 (6009} < 0%t (4578
é‘ I = A
!
| o
f 071 [1£°0971[25097 1 [ve 09w T =z ozt X578
|
=
Ol [96°09%F[ZZ709¥F (650971 7 ol G
|
a |
001 | 12197120 1971 [v808v 1| 2 f 001 |80°ZSv1[68°95¥ 1| IL°9G¥T
]
w |
g e !
w J 06 |9% ISvI|ZZTovi[60°To%T f 06 |vZLSvISOLSvI|Le95vT
w [e)] w |
& ! 8 T f
g CE DAL G A @ B ! 08 | W IShIge LSVI[vOZEhT
-
8 (5 Sh
e g ‘
2 <[ 0L |96°1SVI|ZZTo¥I[6CI9%T B ; [T Y GNAS T EAAL
< |
3 | 2 e !
2 T [o9 [weawtfeoeari[vEiant| 0 g ! 09 (VL LSVISSLGPI|LTLShE
o 1 - |
o
ol 4 : |
! 05 [0V eovi|LTTavt|60TarT| 3 ; f CE S RS A
] 3 i
| - ‘r
! T AT AT XA f oF [rzewy]
| |
! :'
0F  [96°CoVI[ZLToVI[6STIvT| f [ A o IR
|
:‘
07 [IZCovi[eocovirazart ; 07 | weshIjgz ey I[voasyl
i
OF [ovEovi|ITeovi[eocart I e s A
90 _|oscovL|iceovi|syeort 90 |szmovi|acgcyifocacyl
0~ [ce'covi[ogcort|shreavl L G A CE e
o n o )
¥ . SR RN .
- I -
2 — z ¥ 2 - z v
<+ o z <+ o z
- I - - I B R
2l 22| %5 | 3 2l 22| %5 | 3
< w < w
< o z o < a =z o
ol 3| & 8 ] of 3| & 8 b




PANEL B CONSULTANTS JOINT VENTURE
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COMSULTING » DESIGN + MANAGEMENT A DHY COMPANY CONSULTING

PANEL B CONSULTANTS JOINT VENTURE
Calculation Record

Client Name: ESKOM Page: 1 of 10

Project Name: Kusile Power Station Job No: 303-00098/06

Calculation Title: Hydraulic Calculations : Station Dirty Dam Settling Tank

Calculation No./File No.:

Calculation is: O  Preliminary Final
Objective: Detailed hydraulic design of the Station Dirty Dam Settling Tank, including energy

Dissipators, baffle walls, spillways and sluice gates.

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date

None

This section applies to computer generated calculations

Program Name/Number: N/A Version:

Program Name/Number: N/A Version:

Evidence of or reference to computer program verification, if applicable:

Bases or reference thereto supporting application of the computer program to the physical problem:

Review and approval

Rev Prepared by Date Verified by Date Approved by Date

0 Nicholas Pilz Mar 10




PANEL B Client: ESKOM Computed by:  Nicholas Pilz
CONSULTANTS  Project:  Kusile Power Station Component: SDDST Date: March 2010
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Station Dirty Dam Settling Tank Date:

Page: 2 of 10
1. PURPOSE:

To calculate the size of various hydraulic structures involved in Station Dirty Dam settling tanks. The detailed

calculations include energy dissipators, the overspill sections, submerged openings and the sizing of the

isolating sluice gates.

2. REFERENCES:

1. | SETTLING TANKS TYPICAL DETAILS SHEET 1 5452-80-033 | Rev
2 | SETTLING TANKS TYPICAL DETAILS SHEET 2 5452-80-034 | Rev
3. | SDD SETTLING TANKS - GENERAL ARRANGEMENT 5452-80-035 | Rev
4. | SDD SETTLING TANKS - TYPICAL SECTIONS & DETAILS 5452-80-036 | Rev
5. | SDD SETTLING TANKS -SURFACE BED LAYOUT & DETAILS 5452-80-037 | Rev
6. | SDD SETTLING TANKS ENERGY DISSIPATOR GA & DETAILS 5452-80-038 | Rev
7 | SDD SETTLING TANKS OUTLET GA & DETAILS 5452-80-039 | Rev
8. | SETTLING TANKS - FLOOR REINFORCING DETAILS SHEET 1 5452-80-061 | Rev
9. | SETTLING TANKS - FLOOR REINFORCING DETAILS SHEET 2 5452-80-062 | Rev
10. | SETTLING TANKS - WALL REINFORCING DETAILS SHEET 1 5452-80-063 | Rev
11. | SETTLING TANKS - TYPICAL REINFORCING DETAILS SHEET 1 5452-80-068 | Rev
12. | SDD SETTLING TANKS INLET & OUTLET PIPEWORKS - GA 5452-70-071 | Rev
13. | SDD SETTLING TANKS INLET & OUTLET PIPEWORKS - SECTIONS & Rev
14. | SDD SETTLING TANKS INLET & OUTLET PIPEWORKS SECTIONS 5452-80-100 | Rev

3. ASSUMPTIONS

Density of water =
Acceleration due to gravity =

1000kg/m®
9.81m/s?

Additional assumptions are listed in the detailed hydraulic calculations, where applicable.

4. HYDRAULIC CALCULATIONS

APPENDICES
Appendix A— Energy Dissipator Design Calculations
Appendix B —  Sluice Gate Design
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CONSULTANTS  Project: _ Kusile Power Station Component: SDDST Date: March 2010
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Station Dirty Dam Settling Tank Date:
Page: 3 of 10
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PANEL B Client: ESKOM Computed by:  Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: SDDST Date: March 2010
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VENTURE Title: Hydraulic Calculations : Station Dirty Dam Settling Tank Date:
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PANEL B Client: ESKOM Computed by:  Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: SDDST Date: March 2010
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Station Dirty Dam Settling Tank Date:

Page: 5 of 10

APPENDIX A

Energy Dissipator Design Calculations



PANEL B Client: ESKOM Computed by:  Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: CSY Hydraulics _ Date: September 2009
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Coal Stock Yard Settling Tank Date:

Page: 6 of 10

Inlet flow from Plant Terrace

Q= 10.78m°/s
Area Culvert 19500 = 3.976m?
V= 2.71m/s
Yo = (A/2)"2 = 1.409m
Fr=u/~gL= 0.729

Ho = ye + V?/2g = 1.783m

From Figure 8-C-2,

3.0

5

H, W

1.0 /

/

l:'ll.ﬂ 20 3.0 4.0 5.0 &0 7.0 8.0 8.0
=y 12
F =V, gy}
Figure 8-C-2. Design Curve - Baffle Wall Dissipator
Ho/W = 0.4053
W= 4.88m

The energy dissipator has the following dimensions based on Figure 8-C-1 :

hy = 3.70m Wy = 1.00m

= 6.50m ts = 0.30m
hy = 1.80m to= 0.30m
h; = 0.80m ti = 0.25m
L= 2.75m ty = 0.30m
L, = 3.75m ts = 0.15m

hy = 2.00m wq = 0.40m



PANEL B Client: ESKOM Computed by:  Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: CSY Hydraulics _ Date: September 2009 ptember 2009
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Coal Stock Yard Settling Tank Date:
Page: 7 of 10
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Figure §-C-1. Baffle - Wall Energy Dissipator - USBR Type W1



PANEL B Client: ESKOM Computed by:  Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: CSY Hydraulics _ Date: September 2009
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Coal Stock Yard Settling Tank Date:

Page: 8 of 10

APPENDIX B

Sluice Gate Design



PANEL B Client: ESKOM Computed by: Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: CSY Hydraulics _ Date: February 2009
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Coal Stock Yard Settling Tank Date:

Page: 9 of 10

Technical | kemno;i,

G.A. Sketch No. | Q28T /1.
Opening width x height (wxh)  mm | 1500 x 1500
Invert to top ofwall  (X) Fr 4400
Map. Unbalanced haad on gate (Hm) m 2,50
Max Operating head (Ha) m | 2.50
Diiraction of flow Off-aaating
Typa of lnvert Flush
Spinde type Rising
Spindle diameter e 45
Operating gear Manual
Hamndwheel diameler fmim 600
Gearbox ratio (Twin ngut) 3587:1
Force to raise gate M 92
Elaciric achuator IMiA

Materials of copstruction

Gata and Frame ICR12
Seals __EPDM.
Padacstal F Brackot I aCR12 i
Wall bracket | aCcR1Z
Spinde 85 (304) |
Spinde guide BRONZE
Caver tubs PERSPEX
Handwhes! ALLUMINILM
Fasteners and ar Anchor bolts SIS (304)




PANEL B Client: ESKOM Computed by: Nicholas Pilz

CONSULTANTS  Project: _ Kusile Power Station Component: CSY Hydraulics _ Date: February 2009
JOINT Jobno.:  303-00098/06 File no.: Checked by:
VENTURE Title: Hydraulic Calculations : Coal Stock Yard Settling Tank Date:

Page: 10 of 10

35/:{ Gearbox &
(powhlE Terur)
§
",
-~
i I

150
i |
g

Wall-mounted Siujce Gate
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COMSULTING » DESIGN + MANAGEMENT A DHY COMPANY CONSULTING

PANEL B CONSULTANTS JOINT VENTURE
Calculation Record

Client Name: ESKOM Page: 1 of 5

Project Name: Kusile Power Station Job No: 303-00098/06

Calculation Title: Particle Settling Calculations : SDD Settling Tanks

Calculation No./File No.:

Calculation is: O  Preliminary Final
Objective: Particle Settling calculations for the CSY Settling Tanks to quantify the size of particle

that can be removed in the tank.

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date

None

This section applies to computer generated calculations

Program Name/Number: N/A Version:

Program Name/Number: N/A Version:

Evidence of or reference to computer program verification, if applicable:

Bases or reference thereto supporting application of the computer program to the physical problem:

Review and approval

Rev Prepared by Date Verified by Date Approved by Date

0 Scott Rees Mar 10 JRW Mar 10




PANEL B Client: ESKOM Computed by: Scott Rees

CONSULTANTS  Project:  Kusile Power Station Component: CSY ST Date: March 2010
JOINT Jobno.:  303-00098/06 File no.: Checked by: JRW
VENTURE Title: Particle Settling : SDD Settling Tanks Date: March 2010

Page: 2 of 5
1. PURPOSE:

To calculate the size of particle that can be settled for the design inflow rate.

2. REFERENCES:

1. | SDD SETTLING TANKS GENERAL ARRANGEMENT 5452/80/035 | Rev

3. ASSUMPTIONS

Density of water = 1000kg/m?
Acceleration due to gravity = 9.81m/s’

Additional assumptions are listed in the detailed hydraulic calculations, where applicable.
4. HYDRAULIC CALCULATIONS
APPENDICES

None




PANEL B Client: ESKOM Computed by: Scott Rees

CONSULTANTS  Project: _ Kusile Power Station Component: CSY ST Date: March 2010

JOINT Jobno.:  303-00098/06 File no.: Checked by: JRW

VENTURE Title: Particle Settling : SDD Settling Tanks Date: March 2010
Page: 3 of 5

Calculations

Settling Compartment Parameters
Effective Width (m) 16.0
Length (m) 125.0
Effective Length (m) 112.5
Depth (m) 2.0
Length/Width Ratio 7.8
Storage Volume (m?) 3987.5
Cross Sectional Area (m?) 31.9

o Width is the average rectangular section representing the trapezoidal shape of the
settling tank cross section

UNHINDERED PARTICLE SETTLING

Parameters Variable Units Input
Specific Gravity of Solids Ss Dimensionless 1.5
Specific Gravity of Fluid St Dimensionless 1.0
Kinematic Viscosity of Fluid v mz/s 1.141E-06
Gravity g m/s? 9.81
Particle Diameter D m 9.212E-05
Particle Shape Factor St Dimensionless 0.90

Terminal Velocity of Settling Particles , Vr

V=S * Y * [V *g*(s, -S>
where

Y=0.0556 *X*, ifX<4 (Laminar Flow / Stokes' Law),
Y=0.21*X, ifd<X<70 (Transitional Flow /Allen'sLaw)

Y=1739*X%, ifX>70 (TurbulentFlow /Newton's Law)

and

X=[(S;-S) *g/ V1> *D




PANEL B Client:

CONSULTANTS  Project:
JOINT Job no.:

VENTURE Title:

ESKOM Computed by: Scott Rees

Kusile Power Station Component: CSY ST Date: March 2010

303-00098/06 File no.: Checked by: JRW

Particle Settling : SDD Settling Tanks Date: March 2010
Page: 4 of 5

Drag Coefficient, Cp

Cb=24 /Re,, if Laminar Flow
Co=14/ Re,,°'5 , if Transitional Flow

Cp =0.44, if Turbulent Flow

TERMINAL SETTLING VELOCITY OF PARTICLES

X= 1.433

Y= 0.114

= 0.000

= 0.000
lv= 0.114 |

Impoundment Time (s): 1095.802
Impoundment Time

(min): 18.26
Impoundment time (hrs): 0.30
Settling Velocity V1 (m/s): 1.83E-03
Time Required to Settle

Selected Particles (s): 1095.70
Distance Required to Settle

Selected Particles (m): 112.49

Required Settling Achieved? -




PANEL B Client: ESKOM Computed by: Scott Rees

CONSULTANTS  Project: _ Kusile Power Station Component: CSY ST Date: March 2010

JOINT Jobno.:  303-00098/06 File no.: Checked by: JRW

VENTURE Title: Particle Settling : SDD Settling Tanks Date: March 2010
Page: 5 of 5

Figure illustrating particle size settled versus inflow rate to the settling tank (note as inflow rate increases the
particle size settled becomes larger, ie. The tank becomes less effective due to shorter retention time)

0.00014000

Particle Size Settled vs Inflow

0.00012000

0.00010000

0.00008000

0.00006000

0.00004000

Particle Size Settled {m)

0.00002000

0.00000000 ~ . . T . . .
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Inflow Rate {m3/s)
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CONSULTING + DESIGN » MANAGEMENT A DHY COMPANY CAMNENLYLNG

PANEL B CONSULTANTS JOINT VENTURE
Calculation Record

Client Name: ESKOM Page: 1 of 28

Project Name: SDD SETTLING TANKS Job No: K5452-80-035

Calculation Title: INLET & OUTLET WALLS

Calculation No./File No.: K5452-80-035 R2 (REPORT 1 OF 3)

Calculation is: O  Preliminary X Final
Objective: Determine concrete sizes and required reinforcement areas for ULS & SLS on retaining
walls

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date
1 | Fluid density — 10kN/m® KG 01/08/2009
2 | Soil pressure (see “Annexure A”) KG 01/08/2009
3 | Founding on non-yielding material KG 01/08/2009
See page _ of this calculation for additional assumptions.

This section applies to computer generated calculations

Program Autodesk Robot Structural Version: V23.0.1.3128
Name/Number: Analysis 2010

Program Autodesk Revit Structure 2010  Version: V2010
Name/Number:

Evidence of or reference to computer program verification, if applicable:
See “Annexure B”

Bases or reference thereto supporting application of the computer program to the
physical problem:

Finite element analysis (FEA) method can be implemented with acceptable standards to
South Africa

Review and approval

Rev | Prepared by Date Verified by Date Approved by Date

1 C Vorster 01/08/09 | AR Gorman PrEng | 01/08 | K Georgala PrEng | 05/08




PANEL B Client: ESKOM Computed by: CV

CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009

Structural design calculations and reports Page: 2 of 28
1. PURPOSE:

Determination of structure dimensions and required reinforcement under specified load.

2. REFERENCES:

1. Concrete layout drawing K5452-80-035 Rev R2

2. Rev

3. LOAD CASES AND COMBINATIONS

Load Cases:
1. Self Weight
2. Soil Pressure

Load Combinations:
10. Self+Soil-ULS
11. Self+Soil-SLS

4. APPLICATIONS:

INLET WALLS:
STRUCTURAL MODEL VIEW:




PANEL B Client: ESKOM Computed by: CV
CONSULTANTS Project:  Kusile Power Station Component: Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009

Structural design calculations and reports Page: 3 of 28
Note:

A 25mm expansion joint (in walls only), present at gridlines 2 & 3.

Concrete sizes & Reinforcement:

-Side walls on gridline A, between gridlines 1-3 & 3-4:

300,00

5700, 00

2250.00

o

o.fnp.

T
f=]
TE0

42350.00

Reinforcement area diagram:

(o]

R

24

_t_f_ . _ _a.



PANEL B Client: ESKOM Computed by: CV
CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009
Structural design calculations and reports Page: 4 of 28
Y 16@250
SC 37
Y 16@250
SC 37
Y 16@250
DISTRIBUTION STEEL
IN BASE & WALL -
Y12@300 IN 750mm
NIB
Y20@125
SC38  Y20@125 SC 38
Y16@250 3C 38
SUB-SOIL DRAIN 500
U Y 12@250 NSYZO LONGITUDINAL
SC 55 BARS

300




PANEL B Client: ESKOM Computed by: CV

CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009

JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG

VENTURE Title: SDD SETTLING TANK Date: 01/07/2009
Structural design calculations and reports Page: 5 of 28

-Inlet box walls between gridlines 2 & 3, excluding baffle wall:

200,00

5700,00

2300003 I:I.*EID .

23200,00

Reinforcement area diagram:

[cmi/m]



PANEL B Client: ESKOM Computed by: CV
CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009
Structural design calculations and reports Page: 6 of 28
Suggested reinforcement:
Y 16@250
SC 37
Y16@250 Il
SC 37
Y 16@250
DISTRIBUTION STEEL
IN BASE & WALL -
Y 12@300 IN 1250mm
NIB
SC38  Y16@125 vis@1zs
L Y16@250 oo ag
SUB-SOIL DRAIN N i5oo
U Y12@150
SC55
00
Wall corner details:
500
-
-
e
<
= =
w z
=] [}
W rl
Y16@125 IN BOTTOM HALF g
& Y16@250 IN TOP HALF uél
Y26—'¥20 45

[=)
<
0,

o

500

Y16@250 IN BOTTOM HALF
& Y16@250 IN TOP HALF

Y16@125 IN BOTTOM HALF
& Y186@250 IN TOP HALF

Y16@250 IN BOTTOM HALF
& Y18@250 IN TOP HALF

t
]_ R10@250 |

250

Y20 Y20 SC 60

BAFFLE WALL




PANEL B Client: ESKOM Computed by: CV

CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009
Structural design calculations and reports Page: 7 of 28
OUTLET WALLS:

STRUCTURAL MODEL VIEW:




PANEL B
CONSULTANTS
JOINT
VENTURE

Client: ESKOM

Project: _ Kusile Power Station Component: WALLS
Job no.: 5452-80-040 File no.: 5452
Title: SDD SETTLING TANK
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5. PROCEDURE/METHODOLOGY OF DESIGN:

5.1 The Robot Retaining wall module has been applied for this analysis
5.2 2 Load cases and 2 Load combinations have been analyzed, as indicated in “Annexure A”

6. ASSUMPTIONS:

6.1 Assumptions requiring verification will be listed on the cover sheet

7. DEFINITION OF UNITS AND CONSTANTS:

Refer to “Annexure A”

8. ANALYSIS/SOLUTION:(see body of calculation for analysis and solutions)
Note: Detailed calculations output data to be provided on request.

9. METHOD OF RESULTS GENERATION:

All loads and load combinations are defined as load cases within Robot Structural Analysis,
combinations have the addition of factors applied as explained on pages 14-28 of this document,
and are governed by ULS or SLS criteria.

The results displayed in this document, represents the worst cases of all possible cases, where
each case has been analyzed individually as well as specified in combination cases.

10. APPENDICES TO CALCULATIONS:

10.1 Appendix A — Calculations
10.2 Appendix B — Autodesk Robot Structural Analysis 2010 verification report
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8.1 SDD WALL DESIGN

Structural design calculations and reports

ESKOM

Kusile Power Station
5452-80-040

SDD SETTLING TANK

Client:
Job no.:
Title:

CONSULTANTS  Project:
STRUCTURE VIEW:
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VENTURE

PANEL B

o m

0o0'm

BS 8110 - CONCRETE DESIGN

BS8004 / PN-83/B-03010 — SOIL CODE

SABS 1060 — CODE COMBINATIONS
PN-B-03264(2002) — RETAINING WALL DESIGN

CALCULATION NOTE
Code preferences:
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Retaining wall : SIDE WALL
1. Calculation parameters:
MATERIAL:
. CONCRETE: class B 30, fck = 30.00 (MN/m2),
unit weight = 24.00 (kN/m3)
. STEEL: class A - I, fyk = 450.00 (MN/m2)
OPTIONS:
e (Calculations according to:  concrete code: BS8110
soil code: BS8004
e Cover:c1 =50.0 (mm), c2 = 50.0 (mm)
e Exposure: X0
e Retainig wall design according to:
- Capacity m = 0.810 g =2.000
- Sliding m =0.720 g =2.000
- Overturning m = 0.720 g =2.000

e Retainig wall verification according to:
- Average settlement:
Sgop = 100.00 (mm)
- Settlement differences:
DSgop = 50.00 (mm)
¢ Reduction factors for:
- - Soil cohesion 100.000 %

- - Soil frictions 0.000 %

- - Wall passive pressure 50.000 %

- Key passive pressure 100.000 %
e Wall/soil friction angle:

.- Passive pressure for cohesive soils -1/3x¢

- - Cohesive soil pressure 1/2x0

.- Passive pressure for non-cohesive soils -1/3x¢

- Pressure for non-cohesive soils 1/2x0

2. Geometry:

500.00

5700, 00

TQCIJUU

3250.00  sgo.fanp.o

4250.00
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3. Soil:
e Soil parameter selection - method: B
e Backfill Soil depth (behind the wall) Ho = 3000.00 (mm)
e Original layers:
Description:
No. Soil name Level [mm] Thickness |Consolidation| Moisture I/l
[mm] type type
1. clayey fine sands 500.00 - - - 0.000
Parameters:
Cohesion | Friction |Unit weight
No. [k\/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/mZ2]|
1. 67.03 18.00 21.21 29.65 29.65
[mm|
1000.00
- 000
¢ Soils (behind the wall):
Description:
No. Soil name Level* [mm] Thickness |Consolidation| Moisture Ip/l,
[mm] type type
1 well graded gravels 500.00 500.00 - - 0.000
* With respect to the lower right footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/m2]|
1 0.00 42.00 21.99 199.50 199.50
e Soils (before the wall):
Description:
. N Thickness [Consolidation| Moisture
No. Soil name Level* [mm]| [mm] type type Ip/l,
1 well graded gravels 5700.00 5700.00 - - 0.000

* With resnect to the lower left footina noint
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Parameters:
Cohesion | Friction |Unit weight
No. | “unmar |an gle [Deg]| [k/m3] M [MN/m2] Mo [MN/m2]
1 0.00 42.00 21.99 199.50 199.50
()

4. Loads
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e Load report
5. Results (soils)
PRESSURES
Soil pressure and passive pressure : according to wall displacements
Factors for pressures and passive pressures for soils:
Average backfill slope angle € = 0.00 (Deg)
Wall inclination angle B = 0.00 (Deg)
2
cos”-(p—
K (B~9)
sin(@+9,) -sin(@— &
cos” B-cos(B+5,) | 1+ (9+0,)-sin(g &)
cos(B+9,) -cos(f—¢)
2
cos”-(p+
K, B -0 — :
sin(¢ — -sin(@+ &
cos’ B-cos(f+0,)-|1- (9 =0,)sin(@+)
cos(f+9,) -cos(f—¢)
o |4
KU = X = —
o, 1-v
K,<K,<K,
Soils (behind the wall):
. Friction
No. Soil name Level [mm] angle [Deg] Ka Ko Kp
1. well graded gravels 500.00 42.00 0.183 0.331 9.569
e Generalized limit displacements
passive pressure 0.132
pressure 0.013
Soils (before the wall):
. Friction
Soil name Level [mm] angle [Deg] Ka Ko Kp
1. well graded gravels 0.00 42.00 0.528 0.691 1.894
2. well graded gravels 5700.00 42.00 0.198 0.331 5.045
e Generalized limit displacements
passive pressure 0.117

pressure 0.012
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CAPACITY

Soil type under footing: not layered
Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-372.82 (kN/m) My=286.76 (kN*m) Fx=213.00 (kN/m)
Equivalent footing dimension: A =2467.02 (mm)
Coefficient of load capacity and influence of load inclination:

Ng = 0.745
NG = 11.768
Np = 4.419

Soil limit pressure: Qf = 1049.17 (kN/m)
Safety factor: Qf *m/Nr=2.279 > 2.000

SETTLEMENT

Soil type under foundation: not layered
Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W
Reduced design load:

N=-407.17 (kN/m) My=348.60 (kN*m) Fx=218.72 (kN/m)
Unit load of total loads: g = 0.10 (MN/m2)
Thickness of the actively settling soil: z = 3000.00 (mm)
Stress on the level z:

- additional: szd = 0.01 (MN/m2)
- caused by soil weight: szg = 0.08 (MN/m2)

Settlement: S = 3.29 (mm) < Sdop = 100.00 (mm)

OVERTURNING

SLIDING

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-372.82 (kN/m) My=286.76 (kN*m) Fx=213.00 (kN/m)
Overturning moment: Mo= 187.38 (kN*m)
Moment preventing foundation overturning: M, = 1311.98 (KN*m)

Safety factor: M; *m /M, =5.041 > 2.000

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-372.82 (kN/m) My=286.76 (kN*'m) Fx=213.00 (kN/m)
Equivalent footing dimension: A =4250.00 (mm)
Friction coefficient:

- of sail (on the settlement level):

Soil cohesion reduction factor = 100.000 %
Cohesion: C = 7.10 (kN/m2)
Sliding force value: Q, =213.00 (kN/m)
Value of force preventing wall sliding:
Qi=N*p+C*A
- on the foundation level: Qy = 42.91 (kN/m)
Safety factor: Q;*m/Q,=1.768 < 2.000

ig = 0.059
ic = 0.266
ip = 0.442

i =0.034
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OVERTURNING ANGLES

e Soil type under foundation: not layered
e Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W
e Reduced design load:

e Maximum unit stresses from total loads:
gmax = 0.20 (MN/m2)
e Minimum unit stresses from total loads:
gmin = 0.00 (MN/m2)

e Overturning angle:

ro = -0.13 (Deg)

e Coordinates of wall rotation point:

X =237.28 (mm)
Z=
e Safety factor: 5.544 > 2.000

0.00 (mm)

6. Results of RC design

N=-407.17 (kN/m) My=348.60 (kN*m) Fx=218.72 (kN/m)

e Moments
L)
P
L= [ [ | %14
(kM¥m]
Value | Position N
El Moments . Combination
ement [kN*m] [mm]
. 0.900*PM + 1.100*P'a +
Wall maximum 0.00 5700.00 0.900*Pa + 1.000*W
. 0.900*PM + 1.100*P'a +
Wall minimum -268.67 | 500.00 1.320*Pa + 1.000*W
. . 1.100*PM + 1.100*P'a +
Footing maximum 24.14 | 3750.00 1.320*Pa + 1.000*W
. - 0.900*PM + 1.100*P'a +
Footing minimum -266.58 | 3250.00 1.320*Pa + 1.000*W
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Retaining wall : INLET BOX WALLS

1. Calculation parameters:

MATERIAL:
o CONCRETE: class B 30, fck = 30.00 (MN/m2),
unit weight = 24.00 (kN/m3)
o STEEL: class A - I, fyk = 450.00 (MN/m2)
OPTIONS:
e (Calculations according to:  concrete code: BS8110
soil code: BS8004

e Cover:c1 =50.0 (mm), c2 = 50.0 (mm)
e Exposure: X0
e Retainig wall design according to:

- Capacity m = 0.810 g =2.000
- Sliding m =0.720 g =12.000
- Overturning m = 0.720 g =2.000

e Retainig wall verification according to:
- Average settlement:
Sgop = 100.00 (mm)
- Settlement differences:
DSgop = 50.00 (mm)
e Reduction factors for:
- - Soil cohesion 100.000 %

- - Sail frictions 0.000 %

- - Wall passive pressure 50.000 %

- Key passive pressure 100.000 %
e Wall/soil friction angle:

- - Passive pressure for cohesive soils -1/3x¢

- - Cohesive soil pressure 1/2x¢

- - Passive pressure for non-cohesive soils -1/3x¢

.- Pressure for non-cohesive soils 1/2x¢

2. Geometry:

S00.00

5700, 00

5?0. [al)

2500005 D.b]]]:l.

1g5d.00

3500.00
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3. Soil:
e Soil parameter selection - method: B
e Backfill Soil depth (behind the wall) Ho = 3000.00 (mm)
e Original layers:
Description:
No. Soil name Level [mm] Thickness |Consolidation| Moisture I/l
[mm] type type
1. clayey fine sands 500.00 - - - 0.000
Parameters:
Cohesion | Friction |Unit weight
No. | “n/mz] |angle [Deg]| [k/mg) | M IMN/m2] Mo [MN/mZ]
1. 67.03 18.00 21.21 29.65 29.65
[mm]
100000
- 000
¢ Soils (behind the wall):
Description:
. N Thickness |Consolidation| Moisture
No. Soil name Level* [mm)], [mm] type type Ip/1,
1 well graded gravels 500.00 500.00 - - 0.000
* With respect to the lower right footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/m2]|
1 0.00 42.00 21.99 199.50 199.50
e Soils (before the wall):
Description:
No. Soil name Level* [mm] Thickness |Consolidation| Moisture Ip/l,
[mm] type type
1 well graded gravels 5200.00 5200.00 - - 0.000

* With respect to the lower left footing point
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Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/mZ2]|
1 0.00 42.00 21.99 199.50 199.50
(mm|

4. Loads




PANEL B Client: ~_ESKOM Computed by: cv
CONSULTANTS Project:  Kusile Power Station Component: WALLS Date: 01/08/2009
JOINT Jobno.: 5452-80-040 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 01/07/2009
Structural design calculations and reports Page: 25 of 28
e Load report
5. Results (soils)
PRESSURES
Soil pressure and passive pressure : according to wall displacements
Factors for pressures and passive pressures for soils:
Average backfill slope angle € = 0.00 (Deg)
Wall inclination angle B = 0.00 (Deg)
2
cos“-(p—
K (B~9)
sin(@+9,) -sin(@— &
cos’ B-cos(B+5,)| 1+ (9+0,) sin(@ &)
cos(B+3,) -cos(f—¢)
2
cos”-(p+
K, B -0 — :
sin(¢ — -sin(@+ &
cos’ B-cos(f+0,)-|1- (9 =0,)sin(@+)
cos(f+9,) -cos(f—¢)
o |4
KU = X = —
o, 1-v
K,<K,<K,
Soils (behind the wall):
. Friction
No. Soil name Level [mm] angle [Deg] Ka Ko Kp
1. well graded gravels 500.00 42.00 0.183 0.331 9.569
e Generalized limit displacements
passive pressure 0.132
pressure 0.013
Soils (before the wall):
. Friction
Soil name Level [mm] angle [Deg] Ka Ko Kp
1. well graded gravels 0.00 42.00 0.528 0.691 1.894
2. well graded gravels 5200.00 42.00 0.198 0.331 5.045
e Generalized limit displacements
passive pressure 0.117

pressure 0.012
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CAPACITY

Soil type under footing: not layered
Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-288.30 (kN/m) My=171.33 (kN*m) Fx=208.95 (kN/m)
Equivalent footing dimension: A =1963.77 (mm)
Coefficient of load capacity and influence of load inclination:

Ng = 0.745
NG = 11.768
Np = 4.419

Soil limit pressure: Qf = 816.41 (kN/m)
Safety factor: Qf *m/Nr=2.294 > 2.000

SETTLEMENT

Soil type under foundation: not layered
Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W
Reduced design load:

N=-311.92 (kN/m) My=205.45 (kN*m) Fx=214.09 (kN/m)
Unit load of total loads: g = 0.10 (MN/m2)
Thickness of the actively settling soil: z = 2625.00 (mm)
Stress on the level z:

- additional: szd = 0.01 (MN/m2)
- caused by soil weight: szg = 0.08 (MN/m2)

Settlement: S = 2.54 (mm) < Sdop = 100.00 (mm)

OVERTURNING

SLIDING

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-288.30 (kN/m) My=171.33 (kN*m) Fx=208.95 (kN/m)
Overturning moment: Mo= 152.37 (kKN*m)
Moment preventing foundation overturning: M = 878.36 (kN*m)

Safety factor: M;*m /M, =4.150 > 2.000

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-288.30 (kN/m) My=171.33 (kN*'m) Fx=208.95 (kN/m)
Equivalent footing dimension: A =3500.00 (mm)
Friction coefficient:

- of sail (on the settlement level):

Soil cohesion reduction factor = 100.000 %
Cohesion: C = 8.62 (kN/m2)
Sliding force value: Q, = 208.95 (kN/m)
Value of force preventing wall sliding:
Qi=N*p+C*A
- on the foundation level: Qy = 42.13 (kN/m)
Safety factor: Qi *m/Q,=1.895< 2.000

ig = 0.059
ic = 0.266
ip = 0.442

i =0.042
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OVERTURNING ANGLES

e Soil type under foundation: not layered
e Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W

e Reduced design load:
N=-311.92 (kN/m) My=205.45 (kN*m) Fx=214.09 (kN/m)
e Maximum unit stresses from total loads:

gmax = 0.20 (MN/m2)

e Minimum unit stresses from total loads:

gmin = 0.00 (MN/m2)
e Overturning angle:

ro = -0.14 (Deg)

e Coordinates of wall rotation point:
X =303.59 (mm)
Z =0.00 (mm)

e Safety factor: 6.368 > 2.000

6. Results of RC design

e Moments
157 i
1|9?'B|'3{ EHE
(kM¥m]
Value | Position N
El Moments . Combination
ement [kN*m] [mm]
. 1.100*PM + 0.765*P'a +
Wall maximum 0.00 5200.00 1.320*Pa + 1.000*W
. 0.900*PM + 1.100*P'a +
Wall minimum -197.86 | 500.00 1.320*Pa + 1.000*W
. . 1.100*PM + 1.100*P'a +
Footing maximum 22.98 | 3000.00 1.320*Pa + 1.000*W
. - 0.900*PM + 1.100*P'a +
Footing minimum -159.20 | 2500.00 1.320*Pa + 1.000*W
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VERIFICATION EXAMPLE 1
- Column subjected to axial load and biaxial bending

DESCRIPTION OF THE EXAMPLE:

Following example illustrates the procedure of dimensioning of biaxial bending of column, which is
non-sway in one direction, whereas sway in the other. The results of the program are accompanied by
the ,manual” calculations.

1. SECTION DIMENSIONS

1
7
X ¥
2. MATERIALS
Concrete : C20 feu = 20.00 (MPa)
Longitudinal reinforcement T fy = 460.00 (MPa)
Transversal reinforcement 'R fy = 250.00 (MPa)
3. BUCKLING MODEL
— Direction '
I~ o
Shucture—————— .
% MNor-sway - fﬁ:ﬂ
C swap Faled
T
Ly~ [200 m 2
By= |10
— Direction £
I~ o
c Mz z
tructure I.-"\‘.r;y
—  Mon-sway T +
{* Sway
—" L = ¥
o (400 m
f= |1ao

As can be seen the sway column is assumed for Z direction, and the non-sway column for Y direction.
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4. LOADS
Ho| mya | myB | myc | mza | mzB | mzc
fo.| Case fature | Group | ey [ erm) | (kti'my | getirm) | ktvm) | getirmy | getrmy| ¥
1 |oCt dead load 1 | 400.00[ 15000 3000| 10200] 2000 3000 5000] 1.40
2 |LL Live 1 [ 15000[ 12000 3000 8400 1000 2000 4000 160
*

NOTE: Let us assume, the moments in Y direction are linearly distributed along the height of the
column. Thus, we define only the ends’ moments for Y direction. In Z direction however, we assume
the mid-height moment is not a result of the linear distribution. For such a case, Robot let the user

define the moments in the mid-section explicitly.

5. CALCULATED REINFORCEMENT:

Program generates the reinforcement 14 ¢ 20.

6. RESULTS OF THE SECTION CALCULATIONS:

The dimensioning combination is 1.4DL1+1.6LL1
The dimensioning section (where the most unfavorable set of forces is found) is for that combination

the section in the mid-height of the column (marked as (C)).
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]Intersectiun
~ Load twpes
& Pasic £ tecidental
. H My
Description {kH) {kH'm} (kH*m)

1.40001+1 60OLLT (&)

g0o.0o

1.4000L1+1 BGOLL1T 12

1.40001+1 BOLLT (B)

g0o.0o

71.04
161.04
101.04

1 400011 (&) £60.00 224 93 4693
1 400011 () £60.00 17267 55493
1 40011 () £60.00 5693 093
1.000L1 +1 BOLLT (&) g40.00 35907 57 B3
100001 +1 BOLL () g40.00 27053 135 63
100001 +1 BOLL (B g40.00 9507 8353

Rd / Sd 1.00 = [108

MRd f MSd 1.00 = [10s5

MRd J MSd 1.00 = [178

Cloze

Help |

Since the column is found as slender, in both direction the second-order effects are taken into

account.

In parallel the other sections (at the ends of the column) are checked for all combinations of loads.
All the results of total forces for each combination and each section of the column may be seen in the
table “Intersection” at the Column-results layout.

7. CALCULATIONS OF TOTAL MOMENT:

7.1. LOADS

For the dimensioning combination, the loads are:

Case N MyA MyB MyC MZA MzB MzC
(kN) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (KN*m)
1 DL1 400 | 150 30 102 20 30 50*
2 LL1 150 | 120 30 84 10 20 40*
Dimensioning | 4 4y 1496111 | 800 | 402 90 2772 44 74 134
combination

.where A, B and C denote upper, lower and mid-height sections of the column respectively.
* - the values are written “by hand” by the user (see point 4 — Loads)

Issue 3.2, March 2009

page 26/ 29



Autodesk Robot Structural Analysis - Verification Manual for Steel Members Design

7.2. THE INFLUENCE OF SLENDERNESS

Two independent calculations of the total moment for both directions are carried out.

Slenderness analysis acc. to 3.8.1.3:
|, /h=13.33 <15 (non-sway for Y direction)

l,/b=13.0 >10 (sway for Z direction)

Since the ratio |, / b exceeds the limit, the column is found as slender.

Y DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-h;0.02m) = 0.02 (m)
M ., = N-e,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have:

M, =0.4-M, +0.6-M, =277.2 (kNm) > 0.4- M, = 160.8 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.053 (m)

1 (I
=——|-=|=0.088
Pe zooo(h)

. [ N,—-N
K= mln(—uZ ;1j
Nuz - Nbal

2 fcu fy
N, = =—A +— A, =4060.18 (kN)
37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N —N
K= —%—|= - thus, K = 1 was assumed
N, — N

uz

Calculation of second-order moment Magq

M = N-a,=42.67 (kNm)
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NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Muyq is added for the mid-height section, while 0.5 Myqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment My :
M y = M, + M, =319.87 (kNm) > 16.00 (kNm) = M .

Z DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-b;0.02m) = 0.02 (m)
M i = N-€,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have the moment fixed directly by the user:

M, = 134 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.034 (m)

1 (I
= ———| =% |=0.0845
Pe 2ooo(bj

) N_ —N
K=mln[“z—;1j
Nuz_NbaI

f
_2fq A +—L A_ =4060.18 (kN)

37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N_-—N
K= (”Z—J: - thus, K = 1 was assumed
Nuz - NbaJ
Calculation of second-order moment Magq

Madd =N -Q,=27.04 (kNm)

NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Myyqis added for the mid-height section, while 0.5 Maqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
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= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment Mz :
M,=M, + Madd =161.04 (kNm) > 16.00 (kNm) = M .

7.3. FINAL RESULT
M, = 320 (kNm)
M =161 (kNm)
8. CONCLUSIONS

The algorithm of calculations of the total moments (i.e. slenderness effects) in non-sway/sway column
has been presented. The results obtained with the program (see point 6 — Results of the Section
Calculations) are in agreement with the manual calculations (see point 7.3 — Final Result)

LITERATURE

[1] British Standard BS 8110: 1985. Structural use of concrete. British Standard Institution, 1985.
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PANEL B CONSULTANTS JOINT VENTURE
Calculation Record

Client Name: ESKOM Page: 1 of 24

Project Name: SDD SETTLING TANK Job No: K5452-035

Calculation Title: INTERNAL WALLS

Calculation No./File No.: K5452-035 R1d (REPORT 2 OF 3)

Calculation is: O  Preliminary X Final
Objective: Determine concrete sizes and required reinforcement areas for ULS & SLS on retaining
walls

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date
1 | Fluid density — 10kN/m® KG 18/06/2009
2 | Soil pressure (see “Annexure A”) KG 18/06/2009
3 | Founding on non-yielding material KG 18/06/2009
See page _ of this calculation for additional assumptions.

This section applies to computer generated calculations

Program Autodesk Robot Structural Version: V23.0.1.3128
Name/Number: Analysis 2010

Program Autodesk Revit Structure 2010  Version: V2010
Name/Number:

Evidence of or reference to computer program verification, if applicable:
See “Annexure B”

Bases or reference thereto supporting application of the computer program to the
physical problem:

Finite element analysis (FEA) method can be implemented with acceptable standards to
South Africa

Review and approval

Rev | Prepared by Date Verified by Date Approved by Date

1 C Vorster 18/06/09 | AR Gorman PrEng K Georgala PrEng
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1. PURPOSE:

Determination of structure dimensions and required reinforcement under specified load.

2. REFERENCES:

1. Concrete layout drawing K5452-035 Rev  P1

2. Rev

3. LOAD CASES AND COMBINATIONS

Load Cases:

1. Self Weight

2. Water Pressure
3. Soil Pressure

Load Combinations:

4. ULS
5. SLS

4. APPLICATIONS:

KEY PLAN:




PANEL B Client: ESKOM Computed by: CV

CONSULTANTS Project:  Kusile Power Station Component: Internal walls Date: 18/06/2009
JOINT Jobno.: 5452/35 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 29/06/2009

Structural design calculations and reports Page: 3 of 24
REINFORCING:

RETAINING WALL ON GRIDLINE 3:
*NOTE: REFER TO APPENDIX A FOR DESIGN CALCULATION (PAGE 10-24)

S00.00

]

4300, 00

ulx}

2250.00 5 EI.EIEI 2250.00

300,

2000.00

L
[ /m)

REINFORCEMENT AREA DIAGRAM
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INTERPRETATION:

The diagram indicates required reinforcement in the retaining wall as follows:

wall from the left:
Required reinf. area
144.4 cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm? — (Vertical)

wall from the left (h/3):
Required reinf. area
82.1 cm2/m
Provided reinf. area
Y12 every 300.00 mm =377mm?2 — (Horizontal)

wall from the left (h/2):
Required reinf. area
82.1 cm2/m
Provided reinf. area
Y12 every 300.00 mm =377mm?2 — (Horizontal)

wall from the right:
Required reinf. area
0.00 (Use minimum reinforcement) cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm? — (Vertical)

footing (+):
Required reinf. area
82.1 cm2/m
Provided reinf. area
Y12 every 250.00 mm =452mm?2 — (Main bars Top & Bot)

footing (-):
Required reinf. area
82.1 cm2/m
Provided reinf. area
Y12 every 250.00 mm =452mm? - (Distribution bars Top & Bot)
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Computed by:
Date:

Checked by:
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Page: 5
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RETAINING WALL ON GRIDLINES C & D:
*NOTE: REFER TO APPENDIX A FOR DESIGN CALCULATION (PAGES 10-24)

400,00
E WATER SOIL
23200,00 4 III.I.J[III 2300,00
S000,.00
214 8.2
' W /]
WA}
E:.E% 121 /
[z )

REINFORCEMENT AREA DIAGRAM
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INTERPRETATION:

wall from the left:
Required reinf. area
7.14 cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm? — (Vertical)

wall from the left (h/3):
Required reinf. area
7.14 cm2/m
Provided reinf. area
Y12 every 250.00 mm =452mm?2 — (Horizontal)

wall from the left (h/2):
Required reinf. area
7.14 cm2/m
Provided reinf. area
Y12 every 250.00 mm =452mm?2 — (Horizontal)

wall from the right
Required reinf. area
0.00 (Use minimum required reinforcement) cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm? — (Vertical)

footing (-):
Required reinf. area
8.21 cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm?2 m - (Distribution bars Top & Bot)

footing (+):
Required reinf. area
8.21 cm2/m
Provided reinf. area
Y16 every 250.00 mm =804mm?2 — (Main bars Top & Bot)
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TYPICAL REINFORCEMENT LAYOUT OF WALL ON GRIDLINE 3:

500
| Y12@300
M o G A Db A G ;
UEN I RE-BULE VWA | ERBAK } Y12@300
IN EXPANSION JOINTS ™ DISTRIBUTION STEEL
HEIGHT = 200N I ———
R A 2 e } VWALL -
| Y12@250 IN BASE
i
o |
L] |
= \
&l |
P |
e |
e L Y16@250
o [
< |
3
|
i ‘ I
o |
3| |
T L . J
i “of (I
i B ) ,L%
@ AR =l Y12@250
M~ i
;SUB-SOIL DRAIN—"" \ /
o A [ —
B 4000 _

JOINT LAYOUT:

Provide expansion joints through base of wall on gridline 3 at 40m c/c, and expansion joints at 20m c/c in wall.
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5. PROCEDURE/METHODOLOGY OF DESIGN:

4.1  The Robot Retaining wall module has been applied for this analysis
4.2 3 Load cases and 2 Load combinations have been analyzed, as indicated in “Annexure A”

6. ASSUMPTIONS:
5.1 Assumptions requiring verification will be listed on the cover sheet
7. DEFINITION OF UNITS AND CONSTANTS:

Refer to “Annexure A”
7. ANALYSIS/SOLUTION:(see body of calculation for analysis and solutions)
Note: Detailed calculations output data to be provided on request.

8. METHOD OF RESULTS GENERATION:

All loads and load combinations are defined as load cases within Robot Structural Analysis,
combinations have the addition of factors applied as explained on pages 8-24 of this document,
and are governed by ULS or SLS criteria.

The results displayed in this document, represents the worst cases of all possible cases, where
each case has been analyzed individually as well as specified in combination cases.

9. APPENDICES TO CALCULATIONS:

9.1 Appendix A — Calculations
9.2 Appendix B — Autodesk Robot Structural Analysis 2010 verification report
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7.1.1 SDD SETTLING TANK WALL DESIGN

STRUCTURE VIEW

CALCULATION NOTE

Code preferences:
e BS 8110 and PN-B-03264(2002) — Reinforced concrete design
e PN-83/B-03010 — Soil Code
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1. Calculation parameters for retaining wall on gridline 3:
MATERIAL:
o CONCRETE: class B 30, fck = 30.00 (MN/m2),
Unit weight = 24.00 (kN/m3)
. STEEL: class A - llIN, fyk = 450.00 (MN/m2)
OPTIONS:
e (Calculations according to:  concrete code: PN-B-03264(2002)
soil code: PN-83/B-03010
e Cover:c1=50.0 (mm), c2 =50.0 (mm)
e Exposure: X0
e Retainig wall design according to:
- Capacity m = 0.810 g =12.000
- Sliding m = 1.000 g =12.000
- Overturning m = 0.720 g =2.000

¢ Retainig wall verification according to:
- Average settlement:
Sgop = 100.00 (mm)
- Settlement differences:
DSgop = 50.00 (mm)
- Wall top displacements:

fo=0.015

f;=0.010

f,=0.006

f3=0.004

e Wall/soil friction angle:

- - Passive pressure for cohesive soils -1/3x¢
- - Cohesive soil pressure 1/2x¢
- - Passive pressure for non-cohesive soils -1/3x0
.- Pressure for non-cohesive soils 1/2x¢

2. Geometry:

4200, 00

230000 5 D.dD 2250.00

S000.00
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3. Soil:
e Soil parameter selection - method: A
e Backfill Soil depth (behind the wall) Ho = 3000.00 (mm)
e Original layers:
Description:
No. Soil name Level [mm] Thickness |Consolidation| Moisture I/l
[mm] type type
1. silty fine sands 500.00 - - - 0.000
Parameters:
Cohesion | Friction |Unit weight
No. | “n/mz] |angle [Deg)| [kt/mg) | M IMN/m2] Mo [MN/m2]
1. 67.03 18.00 21.99 29.65 29.65
[mm|
400000
0000
200000
100000
T il
¢ Soils (behind the wall):
Description:
No. Soil name Level* [mm] Thickness |Consolidation| Moisture Ip/l,
[mm] type type
1 silty fine sands 500.00 500.00 - - 0.000
* With respect to the lower right footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/m2]|
1 67.03 18.00 21.99 29.65 29.65
e Soils (before the wall):
Description:
. . Thickness [Consolidation| Moisture
No. Soil name Level* [mm]| [mm] type type Ip/l,
1 poorly graded sands 500.00 500.00 - - 0.000

* With resnect to the lower left footina noint
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Parameters:

Cohesion | Friction |Unit weight

No. | “\/mz] |angle [Deg)| [kt/mg) | M IMN/m2] Mo [MN/m2]
1 0.00 37.00 19.64 121.82 121.82
(mm)

4. Loads

e Load report

1 concentrated on wall

. al live z =250.00 (mm) V =0.00 (kN)
-1.00 (kN) M =0.00 (kN*m)

5. Results (soils)

PRESSURES

H =
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Factors for pressures and passive pressures for soils:
Average backfill slope angle € = 0.00 (Deg)
Wall inclination angle B = 0.00 (Deg)
2
cos”-(p—
K - (B-9) 2
sin(@+0,) -sin(¢— &
cos® B-cos(f+6,)| 1+ (9+0,)5in(g - €)
cos(B+9,) -cos(f—¢)
2
cos”-(p+
K - B “0) — :
sin(¢ — -sin(@+ &
cos’> B-cos(f+5,)|1- (9 =0,)sin(@+)
cos(f+9,) -cos(f—¢)
o |4
Ko = X = —
o, l-v
K,<K,<K,
Soils (behind the wall):
. Friction
No. Soil name Level [mm] angle [Deg] Ka Ko Kp
1. silty fine sands 500.00 18.00 0.483 0.691 2.190
e Generalized limit displacements
passive pressure 0.134
pressure 0.013
Soils (before the wall):
. Friction
Soil name Level [mm] angle [Deg] Ka Ko Kp
1. poorly graded sands 0.00 37.00 0.528 0.691 1.894
2. poorly graded sands 500.00 37.00 0.249 0.398 4.023
3. poorly graded sands 4400.00 37.00 1.000 1.000 1.000
e Generalized limit displacements
passive pressure 0.131

pressure 0.013

CAPACITY

e Soil type under footing: not layered
e Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*C + 1.000*W + 1.300*a1
¢ Reduced design load:
N=-88.33 (kN/m) My=-6.91 (kN*m) Fx=178.20 (kN/m)
e Equivalent footing dimension: A =2826.15 (mm)
Coefficient of load capacity and influence of load inclination:

Ng = 0.745 i = 0.059
NG = 11.768 i = 0.266
Np = 4.419 ip = 0.442

e Soil limit pressure: Qf = 615.99 (kN/m)
e Safety factor: Qf *m/Nr =5.649 > 2.000
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SETTLEMENT

Soil type under foundation: not layered
Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*C + 1.000*W + 1.000*a1
Reduced design load:
N=-88.33 (kN/m) My=-5.23 (kN*m) Fx=178.50 (kN/m)
Unit load of total loads: g = 0.02 (MN/m2)
Thickness of the actively settling soil: z= 1000.00 (mm)
Stress on the level z:

- additional: szd = 0.01 (MN/m2)
- caused by soil weight: szg = 0.03 (MN/m2)

Settlement: S = 0.22 (mm) < Sdop = 100.00 (mm)

OVERTURNING

SLIDING

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*C + 1.000*W
Reduced design load:

N=-88.33 (kN/m) My=-1.51 (kN*m) Fx=176.90 (kN/m)
Overturning moment: Mo= 200.39 (kN*m)
Moment preventing foundation overturning: M, =511.16 (kN*m)
Safety factor: My *m /M, =1.837 < 2.000

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*C + 1.000*"W
Reduced design load:

N=-88.33 (kN/m) My=-1.51 (kN*m) Fx=176.90 (kN/m)
Equivalent footing dimension: A =5000.00 (mm)
Friction coefficient:

- of sail (on the settlement level): u=0.039

SLIDING

Soil cohesion reduction factor = 100.000 %
Cohesion: C = 60.33 (kN/m2)
Sliding force value: Q, = 176.90 (kN/m)
Value of force preventing wall sliding:
Qi=N*p+C*A
- on the foundation level: Qy = 305.06 (kN/m)
Safety factor: Qi *m/Q,=1.725< 2.000

Soil type under foundation: not layered

Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*C + 1.000*W + 1.000*a1
Thickness of soil cooperating with foundation: z = 2282.84 (mm)

Wedge length: la = 707.11 (mm)

Sliding:

fo =-21.04 (mm)

f1 =-5.59 (mm)

f2 =-1.57 (mm)

f3=-13.88 (mm)

Safety factor:
3.493 > 1.000



PANEL B Client: ESKOM Computed by: CV
CONSULTANTS Project: Kusile Power Station Component: Internal walls Date: 18/06/2009
JOINT Jobno.: 5452/35 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 29/06/2009

Structural design calculations and reports Page: of 24
OVERTURNING ANGLES

Soil type under foundation: not layered

Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*C + 1.000*W + 1.000*a1

Reduced design load:

N=-88.33 (kN/m) My=-5.23 (kN*m) Fx=178.50 (kN/m)

Maximum unit stresses from total loads:
gmax = 0.04 (MN/m2)

Minimum unit stresses from total loads:
gmin = 0.00 (MN/m2)

Overturning angle: ro =-0.02 (Deg)

Coordinates of wall rotation point:

X =709.12 (mm)

Z =0.00 (mm)

Safety factor: 36.280 > 2.000

6. Results of RC design

Moments

(kM

102 3% 19]]

ement

El

Moments

Value
[kN*m]

Position
[mm]

Combination

Wall

maximum

0.00

4650.00

1.100*PM + 1.100*P'a +
1.320"Pa + 1.100*C + 1.000*W +
1.300*a1

Wall

minimum

-102.38

500.00

1.100*PM + 1.100*P'a +
1.320*Pa + 1.100*C + 1.000*W +
1.300*a1

Footing

maximum

78.43

2700.00

1.100*PM + 0.765*P'a +
0.900*Pa + 0.900*C + 1.000*W +
1.300*ai

Footing

minimum

-31.08

2300.00

0.900*PM + 0.765*P'a +
0.900*Pa + 0.900*C + 1.000"W +
1.300*ai
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1. Calculation parameters for retaining walls on gridlines C & D:
MATERIAL:
o CONCRETE: class B 30, fck = 30.00 (MN/m2),
unit weight = 24.00 (kN/m3)
o STEEL: class A - I, fyk = 450.00 (MN/m2)
OPTIONS:
e Calculations according to:  concrete code: PN-B-03264(2002)
soil code: PN-83/B-03010
e Cover:c1=50.0 (mm), c2 =50.0 (mm)
e Exposure: X0
e Retainig wall design according to:
- Capacity m =0.810 g =2.000
- Sliding m =0.720 g =2.000
- Overturning m = 0.720 g =2.000

e Retainig wall verification according to:
- Average settlement:
Sgop = 100.00 (mm)
- Settlement differences:
DSgop = 50.00 (mm)
¢ Reduction factors for:
- - Soil cohesion 100.000 %
- - Soil frictions 0.000 %
- - Wall passive pressure
- Key passive pressure
e Wall/soil friction angle:
.- Passive pressure for cohesive soils
- - Cohesive soil pressure
- - Passive pressure for non-cohesive soils
.- Pressure for non-cohesive soils

50.000 %
100.000 %

-1/3x0
1/2x0
-1/3x¢
1/2x0
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2. Geometry:
400,00
2300.00 49040 230000 ﬁ
S000.00
3. Soil:

¢ Soil parameter selection - method: B

e Backfill Soil depth (behind the wall) Ho = 3000.00 (mm)

e Original layers:
Description:

. Thickness [Consolidation| Moisture
No. Soil name Level [mm] [mm] type type I/l
1. clayey fine sands 500.00 - - - 0.000
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] _|angle [Deg]| [kN/m3] M [MN/m2] (Mo [MN/m2]
1. 67.03 18.00 21.21 29.65 29.65
[mm|

100000
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¢ Soils (behind the wall):
Description:
No. Soil name Level* [mm] Thickness |Consolidation| Moisture Ip/l,
[mm] type type
1 well graded gravels 500.00 500.00 - - 0.000
* With respect to the lower right footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/m2]|
1 0.00 42.00 21.99 199.50 199.50
e Soils (before the wall):
Description:
. . Thickness |Consolidation| Moisture
No. Soil name Level* [mm]| [mm] type type Ip/l,
1 well graded gravels 500.00 500.00 - - 0.000
* With respect to the lower left footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/mZ2]|
1 0.00 42.00 21.99 199.50 199.50

)
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4. Loads
e Load report

1 concentrated on wall

al live z =0.00 (mm) V =0.00 (kN)

H =1.00 (kN) M = 0.00 (kN*m)

5. Results (soils)

PRESSURES

Soil pressure and passive pressure : according to wall displacements
Factors for pressures and passive pressures for soils:

Average backfill slope angle € = 0.00 (Deg)
Wall inclination angle = 0.00 (Deg)

K

COoS

“(B-9)

a

cos’ B-cos(B+6,) | 1+

sin(@+ J,) - sin(¢@ — €)
cos(fB+9,)-cos(f—¢)

cos’- (B +¢)

:

cos’ B-cos(f+5,)|1

sin(¢—9J,) -sin(@ + €)

_\/cos(,b’+52)-cos(,b’—6)

:

o Vv
Ko = X =
o, 1-v
K,<K,<K,
Soils (behind the wall):
. Friction
No. Soil name Level [mm] angle [Deg] Ka Ko Kp




PANEL B Client: ESKOM Computed by: (9%
CONSULTANTS Project:  Kusile Power Station Component: Internal walls Date: 18/06/2009
JOINT Jobno.: 5452/35 File no.: 5452 Checked by: KG & ARG
VENTURE Title: SDD SETTLING TANK Date: 29/06/2009
Structural design calculations and reports Page: 21 of 24
e Generalized limit displacements
passive pressure 0.132
pressure 0.013
Soils (before the wall):
. Friction
Soil name Level [mm] angle [Deg] Ka Ko Kp
1. well graded gravels 0.00 42.00 0.528 0.691 1.894
2. well graded gravels 500.00 42.00 0.198 0.331 5.045
3. well graded gravels 3150.00 42.00 1.000 1.000 1.000
e Generalized limit displacements
passive pressure 0.131
pressure 0.013
CAPACITY
e Soil type under footing: not layered
e Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
e Reduced design load:
N=-77.45 (kN/m) My=5.05 (kN*m) Fx=68.94 (kN/m)
e Equivalent footing dimension: A =4240.24 (mm)
e Coefficient of load capacity and influence of load inclination:
Ng = 0.745 ig = 0.059
Ng =11.768 ic=0.266
Np = 4.419 ip=0.442
e Soil limit pressure: Qf = 953.64 (kN/m)
e Safety factor: Qf *m/Nr=9.974 > 2.000
SETTLEMENT
e Soil type under foundation: not layered
¢ Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W + 1.000*af
e Reduced design load:
N=-77.06 (kN/m) My=9.03 (kN*m) Fx=69.00 (kN/m)
e Unit load of total loads: g = 0.02 (MN/m2)
¢ Thickness of the actively settling soil: z = 1000.00 (mm)
e Stress on the level z:
- additional: szd = -0.00 (MN/m2)
- caused by soil weight: szg = 0.04 (MN/m2)
e Settlement: S =0.00 (mm) < Sdop = 100.00 (mm)
OVERTURNING

Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
Reduced design load:

N=-77.45 (kN/m) My=5.05 (kN*m) Fx=68.94 (kN/m)
Overturning moment: Mo= 139.81 (kN*m)
Moment preventing foundation overturning: M,; = 362.85 (kN*m)

Safety factor: M, *m/M,=1.869 < 2.000
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SLIDING
e Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W
e Reduced design load:
N=-77.45 (kN/m) My=5.05 (kN*m) Fx=68.94 (kN/m)
e Equivalent footing dimension: A =5000.00 (mm)
e Friction coefficient:
- of soil (on the settlement level): u=0.058

e  Soil cohesion reduction factor = 100.000 %

e Cohesion: C = 12.05 (kN/m2)

e Sliding force value: Q = 68.94 (kN/m)

e Value of force preventing wall sliding:

i Qi=N*u+C*A

. - on the foundation level: Q; = 64.76 (KN/m)

e Safety factor: Q;*m/Q,=0.676 < 2.000

OVERTURNING ANGLES

Soil type under foundation: not layered
Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W
Reduced design load:
N=-77.07 (kN/m) My=6.33 (kN*m) Fx=69.96 (kN/m)

Maximum unit stresses from total loads:

gmax = 0.02 (MN/m2)
Minimum unit stresses from total loads:

gmin = 0.01 (MN/m2)
Overturning angle: ro =-0.01 (Deg)
Coordinates of wall rotation point:
X =-3104.26 (mm)
Z =0.00 (mm)
Safety factor: 109.823 > 2.000

6. Results of RC design

Moments

253
113

(kN
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Value | Position s
Element Moments [kN*m] [mm] Combination
. 1.100*PM + 1.100*P'a +
Wall maximum 0.45 2635.18 1.320*Pa + 1.000*W + 1.300*a1
Wall minimum | -30.43 | 500.00 1 ouga
Footing maximum | 36.77 | 2700.00 ! } %%cl)i'\él;J '11 880@3 *
Footing minimum | -5.09 | 2300.00 0'?%02?\;';1 ! 8805\,3 *
¢ Reinforcement
-
a2 [ D
L
RN 111
|
[crd/m]
- Required reinf. . Provided reinf.
Position | "o remz/m] Bars Spacing [mm] | "5 10n emz/m)
wall from
the left 7.14 12.0 every 150.00 7.54
wall from
the left (h/3) 7.14 12.0 every 150.00 7.54
wall from
the left (h/2) 7.14 12.0 every 150.00 7.54
wall from
the right 7.14 12.0 every 150.00 7.54
left f(‘jr‘;“”g 8.21 160 |every|  200.00 10.05
left fo‘;t'”g - 8.21 160 |every|  200.00 10.05
right {f’)o““g 8.21 160 |every|  200.00 10.05
right (‘:f’)o“”g 0.00 16.0  |every 200.00 10.05
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VERIFICATION EXAMPLE 1
- Column subjected to axial load and biaxial bending

DESCRIPTION OF THE EXAMPLE:

Following example illustrates the procedure of dimensioning of biaxial bending of column, which is
non-sway in one direction, whereas sway in the other. The results of the program are accompanied by
the ,manual” calculations.

1. SECTION DIMENSIONS

1
7
X ¥
2. MATERIALS
Concrete : C20 feu = 20.00 (MPa)
Longitudinal reinforcement T fy = 460.00 (MPa)
Transversal reinforcement 'R fy = 250.00 (MPa)
3. BUCKLING MODEL
— Direction '
I~ o
Shucture—————— .
% MNor-sway - fﬁ:ﬂ
C swap Faled
T
Ly~ [200 m 2
By= |10
— Direction £
I~ o
c Mz z
tructure I.-"\‘.r;y
—  Mon-sway T +
{* Sway
—" L = ¥
o (400 m
f= |1ao

As can be seen the sway column is assumed for Z direction, and the non-sway column for Y direction.
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4. LOADS
Ho| mya | myB | myc | mza | mzB | mzc
fo.| Case fature | Group | ey [ erm) | (kti'my | getirm) | ktvm) | getirmy | getrmy| ¥
1 |oCt dead load 1 | 400.00[ 15000 3000| 10200] 2000 3000 5000] 1.40
2 |LL Live 1 [ 15000[ 12000 3000 8400 1000 2000 4000 160
*

NOTE: Let us assume, the moments in Y direction are linearly distributed along the height of the
column. Thus, we define only the ends’ moments for Y direction. In Z direction however, we assume
the mid-height moment is not a result of the linear distribution. For such a case, Robot let the user

define the moments in the mid-section explicitly.

5. CALCULATED REINFORCEMENT:

Program generates the reinforcement 14 ¢ 20.

6. RESULTS OF THE SECTION CALCULATIONS:

The dimensioning combination is 1.4DL1+1.6LL1
The dimensioning section (where the most unfavorable set of forces is found) is for that combination

the section in the mid-height of the column (marked as (C)).
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]Intersectiun
~ Load twpes
& Pasic £ tecidental
. H My
Description {kH) {kH'm} (kH*m)

1.40001+1 60OLLT (&)

g0o.0o

1.4000L1+1 BGOLL1T 12

1.40001+1 BOLLT (B)

g0o.0o

71.04
161.04
101.04

1 400011 (&) £60.00 224 93 4693
1 400011 () £60.00 17267 55493
1 40011 () £60.00 5693 093
1.000L1 +1 BOLLT (&) g40.00 35907 57 B3
100001 +1 BOLL () g40.00 27053 135 63
100001 +1 BOLL (B g40.00 9507 8353

Rd / Sd 1.00 = [108

MRd f MSd 1.00 = [10s5

MRd J MSd 1.00 = [178

Cloze

Help |

Since the column is found as slender, in both direction the second-order effects are taken into

account.

In parallel the other sections (at the ends of the column) are checked for all combinations of loads.
All the results of total forces for each combination and each section of the column may be seen in the
table “Intersection” at the Column-results layout.

7. CALCULATIONS OF TOTAL MOMENT:

7.1. LOADS

For the dimensioning combination, the loads are:

Case N MyA MyB MyC MZA MzB MzC
(kN) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (KN*m)
1 DL1 400 | 150 30 102 20 30 50*
2 LL1 150 | 120 30 84 10 20 40*
Dimensioning | 4 4y 1496111 | 800 | 402 90 2772 44 74 134
combination

.where A, B and C denote upper, lower and mid-height sections of the column respectively.
* - the values are written “by hand” by the user (see point 4 — Loads)
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7.2. THE INFLUENCE OF SLENDERNESS

Two independent calculations of the total moment for both directions are carried out.

Slenderness analysis acc. to 3.8.1.3:
|, /h=13.33 <15 (non-sway for Y direction)

l,/b=13.0 >10 (sway for Z direction)

Since the ratio |, / b exceeds the limit, the column is found as slender.

Y DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-h;0.02m) = 0.02 (m)
M ., = N-e,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have:

M, =0.4-M, +0.6-M, =277.2 (kNm) > 0.4- M, = 160.8 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.053 (m)

1 (I
=——|-=|=0.088
Pe zooo(h)

. [ N,—-N
K= mln(—uZ ;1j
Nuz - Nbal

2 fcu fy
N, = =—A +— A, =4060.18 (kN)
37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N —N
K= —%—|= - thus, K = 1 was assumed
N, — N

uz

Calculation of second-order moment Magq

M = N-a,=42.67 (kNm)
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NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Muyq is added for the mid-height section, while 0.5 Myqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment My :
M y = M, + M, =319.87 (kNm) > 16.00 (kNm) = M .

Z DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-b;0.02m) = 0.02 (m)
M i = N-€,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have the moment fixed directly by the user:

M, = 134 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.034 (m)

1 (I
= ———| =% |=0.0845
Pe 2ooo(bj

) N_ —N
K=mln[“z—;1j
Nuz_NbaI

f
_2fq A +—L A_ =4060.18 (kN)

37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N_-—N
K= (”Z—J: - thus, K = 1 was assumed
Nuz - NbaJ
Calculation of second-order moment Magq

Madd =N -Q,=27.04 (kNm)

NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Myyqis added for the mid-height section, while 0.5 Maqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
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= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment Mz :
M,=M, + Madd =161.04 (kNm) > 16.00 (kNm) = M .

7.3. FINAL RESULT
M, = 320 (kNm)
M =161 (kNm)
8. CONCLUSIONS

The algorithm of calculations of the total moments (i.e. slenderness effects) in non-sway/sway column
has been presented. The results obtained with the program (see point 6 — Results of the Section
Calculations) are in agreement with the manual calculations (see point 7.3 — Final Result)

LITERATURE

[1] British Standard BS 8110: 1985. Structural use of concrete. British Standard Institution, 1985.
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PANEL B CONSULTANTS JOINT VENTURE
Calculation Record

Client Name: ESKOM Page: 1 of 18
Project Name: Kusile Power Station Job No: K5452-038
Calculation Title: SDD Inlet Baffle Wall
Calculation No./File No.: K5452-038 R1b (REPORT 3 OF 3)
Calculation is: O  Preliminary X Final
Objective: Determine required reinforcement areas for ULS & SLS
Unverified assumptions requiring subsequent verification
No. Assumption Verified by Date
1 | Fluid density — 10kN/m® KG 16/07/2009
2 | Soil pressure (see “Annexure A”) KG 16/07/2009
3 | Founding on non-yielding material KG 16/07/2009
See page of this calculation for additional assumptions.
This section applies to computer generated calculations
Program Autodesk Robot Structural Version: V23.0.1.3128
Name/Number: Analysis 2010
Program Autodesk Revit Structure 2010  Version: V2010
Name/Number:

Evidence of or reference to computer program verification, if applicable:

See “Annexure B”

Bases or reference thereto supporting application of the computer program to the

physical problem:

Autodesk Expert Retaining Wall 2010 — ver 23.0

Review and approval
Rev | Prepared Date Verified by Date Approved by Date
by
1 C Vorster 17/07/09 | AR Gorman PrEng | 20/07/09 | K Georgala PrEng | 20/07/2009
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1. PURPOSE:

Determination of structure dimensions and required reinforcement under specified load.

2. REFERENCES:

1. Concrete layout drawing K5406-038 Rev P1

2. Rev

3. LOAD CASES AND COMBINATIONS
Load Cases:
1. Own Weight

2. Live load
3. Water load

4. APPLICATIONS:

STRUCTURE

6200.00
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Required reinforcement:

Position Required reinf. Bars Spacing [mm] Provided reinf.
area [cm2/m] P 9 area [cm2/m]
wall from
the left 7.14 10.0 every 100.00 7.85
wall from
the left (h/3) 7.14 12.0 every 150.00 7.54
wall from
the left (h/2) 7.14 12.0 every 150.00 7.54
wall from
the right 7.14 10.0 every 100.00 7.85
shelf 1 (+) 7.14 10.0 every 100.00 7.85
left foc)’“”g - 8.21 120 |every 130.00 8.70
”ght(ff)m'”g 8.21 120 |every 130.00 8.70
left f(‘f)’“”g 0.00 120 |every 130.00 8.70
Note:

Due to openings in the wall, reinforcement is suggested as displayed in figures 1 to 5 as
indicated below, with the addition of ground beams for stability of wall.
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Figure 1 — Front elevation of baffle wall:

SETTLING TANK
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BAFFLE WALL REBAR

Note:
Y20 bars to lap 1200mm MIN
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Figure 2 — Typical section of baffle wall:
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SECTION A-A SECTION B-B

Figure 3 — Positions of ground beams:
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Figure 4 — Typical sections of ground beams (sizes):
Inlet wall Baffle wall
500 3000 400
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Figure 5 — Typical sections of ground beams (reinforcement layout):
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Figure 8 — Sections on walkway slab:
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5. PROCEDURE/METHODOLOGY OF DESIGN:

5.1 The finite element design method has been applied for this analysis
5.2 3 Load cases and 2 Load combinations have been analyzed, as indicated in “Annexure A”

6. ASSUMPTIONS:
6.1 Assumptions requiring verification will be listed on the cover sheet
7. DEFINITION OF UNITS AND CONSTANTS:

Refer to “Annexure A”
8. ANALYSIS/SOLUTION: (see body of calculation for analysis and solutions)

Note: Detailed calculations output data to be provided on request.
9. METHOD OF RESULTS GENERATION:

All loads and load combinations are defined as load cases within Robot Structural Analysis,
combinations have the addition of factors applied as explained on page 9-16 of this document,
and are governed by ULS or SLS criteria.

The results displayed in this document, represents the worst cases of all possible cases, where
each case has been analyzed individually as well as specified in combination cases.

10. APPENDICES TO CALCULATIONS:

10.1 Appendix A — Calculations
10.2 Appendix B — Autodesk Robot Structural Analysis 2010 verification report



PANEL B
CONSULTANTS
JOINT
VENTURE

Client:

Project:

Job no.:

Title:

ESKOM Computed by:

Kusile Power Station Component: SDD Settling Date:
Dam
5452/38 File no.: 5452 Checked by:
SDD Inlet baffle wall design Date:
Structural design calculations and reports Page: 10

Cv

16/07/2009

KG & ARG
16/07/2009

of 18

APPENDIX A

CALCULATIONS



PANEL B Client: ESKOM

Computed by:

CONSULTANTS Project:  Kusile Power Station Component: SDD Settling Date:
JOINT Dam
VENTURE Jobno.: 5452/38 File no.: 5452 Checked by:
Title: SDD Inlet baffle wall design Date:
Structural design calculations and reports Page: 11

CV
16/07/2009

KG & ARG

_16/07/2009

of 18

8.1.1 SDD Baffle Wall Design

STRUCTURE VIEW
[

S7F00.00

R

o

1. Calculation parameters:

MATERIAL:
. CONCRETE: class B 30, fck = 30.00 (MN/m2),
unit weight = 24.00 (kN/m3)
o STEEL: class A - lll, fyk = 450.00 (MN/m2)
OPTIONS:
e (Calculations according to:  concrete code: PN-B-03264(2002)

soil code: PN-83/B-03010

e Cover:c1=50.0 (mm), c2 = 50.0 (mm)
e Exposure: X0
e Retainig wall design according to:

- Capacity m = 0.810
- Sliding m = 0.720
- Overturning m = 0.720

e Retainig wall verification according to:
- Average settlement:
Sgop = 100.00 (mm)
- Settlement differences:
DSgqp = 50.00 (mm)
e  Wall/soil friction angle:
.- Passive pressure for cohesive soils
- - Cohesive soil pressure
.- Passive pressure for non-cohesive soils
.- Pressure for non-cohesive soils

-1/3x¢
1/2x0
-1/3x¢
1/2x0
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2. Geometry:
400,00
3. Soil:
e Soil parameter selection - method: B
e Backfill Soil depth (behind the wall) Ho = 6200.00 (mm)
e Original layers:
Description:
. Thickness [Consolidation| Moisture
No. Soil name Level [mm] [mm] type type Ip/l,
1. clayey fine sands 0.00 - - - 0.000
Parameters:
Cohesion | Friction |Unit weight
No. | “nnymz] |angle [Degl| [kvm3p | M IMN/m2] Mo [MN/m2]
1. 67.03 18.00 21.21 29.65 29.65

n
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Soils (behind the wall):
Description:
No. Soil name Level* [mm] Thickness |Consolidation| Moisture I/l
[mm] type type
1 |wellgraded gravel - sand) 5 55 | 500,00 : : 0.000
mixtures
* With respect to the lower right footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] |angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/mZ2]|
1 0.00 38.00 21.99 199.50 199.50
¢ Soils (before the wall):
Description:
No. Soil name Level* [mm] Thickness [Consolidation| Moisture I/l
[mm] type type
1 |wellgraded gravel - sand) 5 55 | 500,00 : : 0.000
mixtures
* With respect to the lower left footing point
Parameters:
Cohesion | Friction |Unit weight
No. [kN/m2] _|angle [Deg]| [kN/m3] M [MN/m2] Mo [MN/mZ2]|
1 0.00 38.00 21.99 199.50 199.50
()
(=]
[=]
o
=]
|'H.\
1]
RO0O0 A00.00
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4. Loads

e Load report
1 distributed

- at live x1 =0.00 (m) x2 =1.00 (m) P =
-3.00 (kN/m2)

5. Results (soils)

PRESSURES

Soil pressure and passive pressure : static
Factors for pressures and passive pressures for soils:

Average backfill slope angle € = 0.00 (Deg)
Wall inclination angle = 0.00 (Deg)

cos’-(B-9)
K, = 5
2 ‘ sin(@ + 0, ) -sin(g— €)
cos” fB-cos(f+9,) (1+\/c0s(ﬂ+52)-cos(,3—8)J
2
K, = cos™ (B +9) :
2 1, sin(¢—J,) -sin(@ + €)
cos” f-cos(B+7,) (1 \/COS(,B+52)-COS(,B—€)J
K %oV
o, 1-v
K,<K,<K,
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Soils (behind the wall):

. Friction
No. Soil name Level [mm] angle [Deg] Ka Ko Kp
1, [wellgraded gravel - sand| - 5 55 | 3500 0.238 0.384 4.204
mixtures
2. 3000.00 1.000 1.000 1.000

e Generalized limit displacements
passive pressure 0.132
pressure 0.013
Soils (before the wall):

. Friction
Soil name Level [mm] angle [Deg] Ka Ko Kp
1, [wellgraded gravel - sand| 5 55 | 3500 0.217 0.384 7.007
mixtures

e Generalized limit displacements
passive pressure 0.132
pressure 0.013

Simple cases

No. Case x (m) y (m) (kz;(m) (kzym) Description
1. PM 0.75 1.66 0.00 | -78.48 Self-weight of a retaining wall
2. P'a 0.00 0.17 1.03 0.23 Soil pressure (before the wall)
3. Pa 0.46 0.17 -0.67 0.00 Soil pressure (behind the wall)
4. W 0.60 1.00 -44.15 7.36 Hydrostatic pressure
5. af 0.46 1.61 0.00 0.00 Live load
CAPACITY

e Soil type under footing: not layered
e Design combination: 1.000*PM + 0.850*P'a + 1.200*Pa + 1.000*W + 1.200*a1
e Reduced design load:
N=-70.93 (kN/m) My=17.44 (kN*m) Fx=-44.07 (kN/m)
e Equivalent footing dimension: A =286.76 (mm)
¢ Coefficient of load capacity and influence of load inclination:

Ng = 0.745 ip = 0.059
NG = 11.768 ic = 0.266
Np = 4.419 ip = 0.442

e Soil limit pressure: Qf = 59.67 (kN/m)
e Safety factor: Qf *m /Nr= Qf *m/Nr=0.682 < 1.000

SETTLEMENT

e Soil type under foundation: not layered
e Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W + 1.000*a1
e Reduced design load:
N=-70.89 (kN/m) My=17.52 (kN*m) Fx=-43.78 (kN/m)

e Unit load of total loads: g = 0.16 (MN/m2)
¢ Thickness of the actively settling soil: z = 3000.00 (mm)
e Stress on the level z:

- additional: szd = 0.01 (MN/m2)

- caused by soil weight: szg = 0.06 (MN/m2)
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e Settlement: S =5.04 (mm) < Sdop = 100.00 (mm)
‘OVERTURNING
e Design combination: 1.000*"PM + 0.850*P'a + 1.200*Pa + 1.000*W + 1.200*a1
e Reduced design load:
N=-70.93 (kN/m) My=17.44 (kKN*m) Fx=-44.07 (kN/m)
e Overturning moment: Mo= 66.35 (kN*m)
e Moment preventing foundation overturning: M, = 76.52 (kN*m)
e Safety factor: My *m /M, =0.830 < 1.000
SLIDING
e Design combination: 1.000*"PM + 0.850*P'a + 1.200*Pa + 1.000*W + 1.200*a1
e Reduced design load:
N=-70.93 (kN/m) My=17.44 (kKN*m) Fx=-44.07 (kN/m)
e Equivalent footing dimension: A =1500.00 (mm)
e Friction coefficient:
- of soil (on the settlement level): u=0.000
e  Soil cohesion reduction factor = 100.000 %
e Cohesion: C = 60.33 (kN/m2)
e Sliding force value: Q = 44.07 (kN/m)
e Value of force preventing wall sliding:
i Qi=N*u+C*A
. - on the foundation level: Qy = 90.49 (kN/m)
e Safety factor: Q;*m/Q,=1.479 > 1.000
OVERTURNING ANGLES
e Soil type under foundation: not layered
e Design combination: 1.000*PM + 1.000*P'a + 1.000*Pa + 1.000*W + 1.000*a1
e Reduced design load:

N=-70.89 (kN/m) My=17.52 (KN*m) Fx=-43.78 (kN/m)

Maximum unit stresses from total loads:

gmax = 0.33 (MN/m2)
Minimum unit stresses from total loads:

gmin = 0.00 (MN/m2)
Overturning angle: ro = 1.44 (Deg)
Coordinates of wall rotation point:
X =432.39 (mm)
Z =0.00 (mm)
Safety factor: 4.600 > 1.000
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6. Results of RC design

e Moments

!
4
221
(kN
ement El Moments [‘,’(Z'i‘rg] Pc;;i:;})n Combination
Wall maximum | 22.95 | 500.00 |o g 00 TV x0T
Wall minimum 347 | 3000.00 |, g0 T LI00TAY
Footing maximum 26.34 500.00 1_32%%2??40585\??|13.‘22+0*a1
Footing minimum -2.20 900.00 1_321().J|92T$/_|0JE)(;;\1/\(I)T|13.‘22+0*a1
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VERIFICATION EXAMPLE 1
- Column subjected to axial load and biaxial bending

DESCRIPTION OF THE EXAMPLE:

Following example illustrates the procedure of dimensioning of biaxial bending of column, which is
non-sway in one direction, whereas sway in the other. The results of the program are accompanied by
the ,manual” calculations.

1. SECTION DIMENSIONS

1
7
X ¥
2. MATERIALS
Concrete : C20 feu = 20.00 (MPa)
Longitudinal reinforcement T fy = 460.00 (MPa)
Transversal reinforcement 'R fy = 250.00 (MPa)
3. BUCKLING MODEL
— Direction '
I~ o
Shucture—————— .
% MNor-sway - fﬁ:ﬂ
C swap Faled
T
Ly~ [200 m 2
By= |10
— Direction £
I~ o
c Mz z
tructure I.-"\‘.r;y
—  Mon-sway T +
{* Sway
—" L = ¥
o (400 m
f= |1ao

As can be seen the sway column is assumed for Z direction, and the non-sway column for Y direction.
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4. LOADS
Ho| mya | myB | myc | mza | mzB | mzc
fo.| Case fature | Group | ey [ erm) | (kti'my | getirm) | ktvm) | getirmy | getrmy| ¥
1 |oCt dead load 1 | 400.00[ 15000 3000| 10200] 2000 3000 5000] 1.40
2 |LL Live 1 [ 15000[ 12000 3000 8400 1000 2000 4000 160
*

NOTE: Let us assume, the moments in Y direction are linearly distributed along the height of the
column. Thus, we define only the ends’ moments for Y direction. In Z direction however, we assume
the mid-height moment is not a result of the linear distribution. For such a case, Robot let the user

define the moments in the mid-section explicitly.

5. CALCULATED REINFORCEMENT:

Program generates the reinforcement 14 ¢ 20.

6. RESULTS OF THE SECTION CALCULATIONS:

The dimensioning combination is 1.4DL1+1.6LL1
The dimensioning section (where the most unfavorable set of forces is found) is for that combination

the section in the mid-height of the column (marked as (C)).
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]Intersectiun
~ Load twpes
& Pasic £ tecidental
. H My
Description {kH) {kH'm} (kH*m)

1.40001+1 60OLLT (&)

g0o.0o

1.4000L1+1 BGOLL1T 12

1.40001+1 BOLLT (B)

g0o.0o

71.04
161.04
101.04

1 400011 (&) £60.00 224 93 4693
1 400011 () £60.00 17267 55493
1 40011 () £60.00 5693 093
1.000L1 +1 BOLLT (&) g40.00 35907 57 B3
100001 +1 BOLL () g40.00 27053 135 63
100001 +1 BOLL (B g40.00 9507 8353

Rd / Sd 1.00 = [108

MRd f MSd 1.00 = [10s5

MRd J MSd 1.00 = [178

Cloze

Help |

Since the column is found as slender, in both direction the second-order effects are taken into

account.

In parallel the other sections (at the ends of the column) are checked for all combinations of loads.
All the results of total forces for each combination and each section of the column may be seen in the
table “Intersection” at the Column-results layout.

7. CALCULATIONS OF TOTAL MOMENT:

7.1. LOADS

For the dimensioning combination, the loads are:

Case N MyA MyB MyC MZA MzB MzC
(kN) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (kN*m) | (KN*m)
1 DL1 400 | 150 30 102 20 30 50*
2 LL1 150 | 120 30 84 10 20 40*
Dimensioning | 4 4y 1496111 | 800 | 402 90 2772 44 74 134
combination

.where A, B and C denote upper, lower and mid-height sections of the column respectively.
* - the values are written “by hand” by the user (see point 4 — Loads)
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7.2. THE INFLUENCE OF SLENDERNESS

Two independent calculations of the total moment for both directions are carried out.

Slenderness analysis acc. to 3.8.1.3:
|, /h=13.33 <15 (non-sway for Y direction)

l,/b=13.0 >10 (sway for Z direction)

Since the ratio |, / b exceeds the limit, the column is found as slender.

Y DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-h;0.02m) = 0.02 (m)
M ., = N-e,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have:

M, =0.4-M, +0.6-M, =277.2 (kNm) > 0.4- M, = 160.8 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.053 (m)

1 (I
=——|-=|=0.088
Pe zooo(h)

. [ N,—-N
K= mln(—uZ ;1j
Nuz - Nbal

2 fcu fy
N, = =—A +— A, =4060.18 (kN)
37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N —N
K= —%—|= - thus, K = 1 was assumed
N, — N

uz

Calculation of second-order moment Magq

M = N-a,=42.67 (kNm)
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NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Muyq is added for the mid-height section, while 0.5 Myqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment My :
M y = M, + M, =319.87 (kNm) > 16.00 (kNm) = M .

Z DIRECTION

Calculation of minimum eccentricity eni, and minimum moment My,,— 3.8.2.4

€., = min(0.05-b;0.02m) = 0.02 (m)
M i = N-€,,=16.0 (kNm)

Calculation of initial moment M;— eq. 36
For the mid-height section, we have the moment fixed directly by the user:

M, = 134 (kNm)

Calculation of second-order eccentricity a,— eq. 32

a, = ,Kh=0.034 (m)

1 (I
= ———| =% |=0.0845
Pe 2ooo(bj

) N_ —N
K=mln[“z—;1j
Nuz_NbaI

f
_2fq A +—L A_ =4060.18 (kN)

37 Vs
A, =0.24 (m?)
A, =43.98 (cm’)
N, =1222.64 (kN) — note that this value is calculated in detail for the state

equilibrium in a section. Using the approximated code formula one would obtain
N,, =1173.33 (kN)

N_-—N
K= (”Z—J: - thus, K = 1 was assumed
Nuz - NbaJ
Calculation of second-order moment Magq

Madd =N -Q,=27.04 (kNm)

NOTE: The second-order effects in Robot are taken into account dependent upon the section
and upon the parameter sway/non sway in a following way:
= in non-sway structures, Myyqis added for the mid-height section, while 0.5 Maqqis added
for the end sections. Such addition is carried out disregarding the distribution of the
first-order moment.
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= in sway structures, Myyq is added to each of three sections of column. Such addition is
carried out disregarding the distribution of the first-order moment.

The total moment Mz :
M,=M, + Madd =161.04 (kNm) > 16.00 (kNm) = M .

7.3. FINAL RESULT
M, = 320 (kNm)
M =161 (kNm)
8. CONCLUSIONS

The algorithm of calculations of the total moments (i.e. slenderness effects) in non-sway/sway column
has been presented. The results obtained with the program (see point 6 — Results of the Section
Calculations) are in agreement with the manual calculations (see point 7.3 — Final Result)

LITERATURE

[1] British Standard BS 8110: 1985. Structural use of concrete. British Standard Institution, 1985.
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Calculation Record

Client Name: ESKOM Page: 1 of 31

Project Name: SDD SETTLING TANKS Job No: K5452-80-071

Calculation Title: Junction Boxes - Typical

Calculation No./File No.: K5452-80-071 R1

Calculationis:  gpreliminary O Final
Objective: Determine required reinforcement areas for ULS & SLS

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date

1 Fluid density — 10kN/m?® K. Georgala 05/04/2010
2 Soil pressure (see “Annexure A”) K. Georgala 05/04/2010
3 Founding on non-yielding material K. Georgala 05/04/2010

This section applies to computer generated calculations

Program Autodesk Robot Structural Version: V23.0.1.3128
Name/Number: Analysis 2010

Program Autodesk Revit Structure Version: V2010
Name/Number: 2010

Evidence of or reference to computer program verification, if applicable:
See “Annexure B”

Bases or reference thereto supporting application of the computer program to the
physical problem:

Finite element analysis (FEA) method can be implemented with acceptable standards to South

Africa
Review and approval
Rev | Prepared Date Verified by Date Approved by Date
by
1 S. Wilding | 03/05/2010 | T. Tjia 03/05/2010 | K Georgala 04/05/2010
PrEng
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1. PURPOSE:

Determination of structure dimensions and required reinforcement under specified load

2. REFERENCES:

1. Concrete layout drawing K5452-80-103t0 109 & 111 to 117

2. Reinforcement detail K5452-80-103 to 109 & 111 to 117

3. LOAD CASES AND COMBINATIONS:

Load Cases:

Self Weight

Soil Pressure

Soil Water Pressure
Water Pressure

PpwNE

Load Combinations:

10.0wn Weight + Soil Pressure + Soil Water Pressure (ULS)
20.0wn Weight + Soil Pressure + Soil Water Pressure (SLS)

4. APPLICATIONS:

STRUCTURE VIEW (SQUARE & RECTANGULAR SHAPED JUNCTION BOXES)

FRoNy |4
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STRUCTURE VIEW (PENTAGON SHAPED JUNCTION BOXES)
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REINFORCING (SQUARE AND RECTANGULAR SHAPED JUNCTION BOXES):

(Horizontal inside face required reinforcement & minimum reinforcement)

(Horizontal outside face required reinforcement & minimum reinforcement)

390.000
1200.000
1200.000
1200.000

1200.000

200.000
Buo 0oo 390000

390.000

rEZE

PZ KN
1451420
1375.000
B 155 000
1125.000
1000.000
B 575000
B 750 000
625.000
500.000
375.000
250.000
125.000
1,000
[-]Ax Main, (mm2/m)

Sy
FRoNy |9

"

1446.890
1375.000
B 1550 000
1125.000
1000.000
B 375000
B 750 000
625.000
500.000
375.000
250.000
125000
1,000
[+]Ax Main, (mm2/m)

390.000

1200000
1200000

390000
3908000

1200.000

'00.000

390.000

252
FRopy 14"

9.000

-PZ kN

1350.000
1100.000
1000.000
900.000
B 500000
700.000
600.000
500.000
400.000
300.000
200.000
100.000
1.000
[-]JAmin Main, (mmZ2/m)

1350.000
B 1700 000
I 00000
900.000
B 200000
B 700,000
600,000
500.000
400.000
300.000
200.000
100.000
1.000
[+]Amin Main, (mm2/m)




PANEL B Client: ESKOM Computed by: SwW

CONSULTANTS  Project:  Kusile Power Station Component: Junction Boxes Date: 03/05/2010

JOINT Job no.: K5452-80 File no.: 5452-80-071 R1  Checked by: KG

VENTURE Title: SDD Settling Tanks Junction Boxes Date: 04/05/2010
Structural design calculations and reports Page: 5 of 31

(Vertical inside face required reinforcement & minimum reinforcement)

T r =
FRONy 14 FRONT |4

9 o T 1
£0.000
390000 390.000

390,000 \ i 390.000
390.000 390,000 PO 390.000 390.000
19.843 390,000 390.0¢

50, 390.000 390.000
390000 | 82,022 , . 390.04

}90 000 390.000

390.000

390.000

390.000

390.000

390.000

1458430 1350.000
1375.000 1100.000
B 1550 000 B 500,000
1125.000 900.000
1000.000 800.000
|| 875.000 [ | 700.000
750.000 600.000
625.000 500.000
500.000 400.000
375.000 300.000
250.000 200.000
125.000 100.000
1.000 1.000
[-JAy Perpendicular, (mm2/m) [-JAmin Perpendicular, (mm2/m)
——
(Vertical outside face required reinforcement & minimum reinforcement)
- T
FRONy |4 FRONY | 4
. ) I’
12
gu 2
7 0.000 390.000 390.000 i
= 390.00p 390.00p
390.000 90000 31693 390.000
390.00p 390.00p
.000 390.000 390.000 I
390.000 390.00p 90,000 390900
9p.000 390.000
390.000 ssoo00 N 390,900 390.000 _— 390/p00
390.000 390000 oo 390400 390.000 SZZH:;ZU e 390¢00
390000 390000 o 390.00p 7 ' 390.000 90fp00
390,000
%0009 %0000 1200.000 39::':200 1200.000
1200.000  1200.000 1200000 1200.000
300000 1999000 390000 300000 390000 390.000
1478.230 =000t 1350.000
so0000 p= 1200000 1375.000 390000 1. 1200000 33000038 B ;100,000
1380.000 12 1250.000 ooo  390.000 12 || 1000.000
| B 1155000 900.000
3g0000  1350.000 1000.000 1350.000 800.000
| 875.000 f 000 || 700.000
5~M390m 8- B 750 000 600.000
ey s 625.000 ol 500.000
4450.72 - 0.197 390000 | |5 500.000 78 400.000
S 375.000 300.000
390.000 0000 250.000 200.000
390.000"==358] 125.000 100.000
1.000 1.000
[+]Ay Perpendicular, (mm2/m) [+]Amin Perpendicular, (mm2/m)

INTERPRETATION:

A reinforcement area of 1340mm2/m will be sufficient to withstand the worst load combination
scenario, Self Weight + Soil Pressure in the side walls.

Y16@150mm centre-to-centre = 1340mm32/m.

A reinforcement area of 754mm2/m will be sufficient to withstand the worst load combination
scenario, Self Weight + Soil pressure in the top slab. The vertical reinforcement, Y15 @150mm,
must act as starter bars of the top face slab reinforcement.

Y12@150mm centre-to-centre = 754mmz2/m.
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REINFORCING (PENTAGON SHAPED JUNCTION BOXES):

(Horizontal inside face required reinforcement & minimum reinforcement)

Mgy | ol gy | gl

151.991 —“2

f 1200 008
1 1 -259 1200.000

325.000
1200000 325000

325.000
1200.00f
»

63260 12
1200.000 ===y

151.991 agu,nuf

1 |1 ! 259 1200000

49192 325000 1200.000 325.000

120000 390.090

>
1200.000 1200.000 12008p0

1 PO

¢ }
12 ‘l

po

1350.000 1350.000

Wl B ;100000 B 1100.000
1000.000 1000.000

o Il 990,000 B 500000

800.000 800.000
700.000 700.000
600.000 600.000
500.000 500.000
400.000 400.000
300.000 300.000
200.000 200.000
100.000 100.000
1.000 1.000
[-]Ax Main, (mm2/m) [-]JAmin Main, (mmZ2/m)

(Horizontal outside face required reinforcement & minimum reinforcement)

Hgyy 1 gt er o

1200.000

1350.000 L 1350.000
B 1100 000 B 1100000
[ | o I

1000.000 1000.000
B 500000 B 900000

800.000
700.000
600.000
500.000
400.000
300.000
200.000
100.000 100.000
1.000 1.000
[+]Ax Main, (mmZ2/m) [+]JAmin Main, (mm2/m)

800.000
700.000
600.000
500.000
400.000
300.000
200.000
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(Vertical inside face required reinforcement & minimum reinforcement)

390.000
390.000

47§31
205828 300.0@0 390.000
2654 390.000 390.000

300000 135 350.000

i
R0
9621300 390000 1350.000

3016 325.000
ZEE50 325000
1350.000 325.000

325000 325.000

120635 __4350.000

03663 1350 '{n

8350035080

o
1200.000 — 390.000
13500 /q' L 13500p0
1208000 1200.000 EERARR
2239 =
htboo 1o 390000 . 0000 390000 M
12000 1200.00 "’
L oo Woco 264.925
3 ¢ 4 ; JeRjo00
15.54 12004 41,641 ddd. 7468
s [ 4 401683 390.000
, L J 5 200.000
A% 0
E o 1146694 7

2032.760
1925000
1750.000
B 1575000

RO 1400 000

L

5 1225.000
1050.000
875.000
700.000
525.000
350.000
175.000
1.000

[-]Ay Perpendicular, (mm2/m)

ooo 13500000 1350.000

390.000 390
390.000

390,000 1350.000

325.000
325.000

325.000 390.000
325.000

1350.000

325.000
325.000

390.000
390.000
390.000
390.000
390.000

kNs=0.000

Mgy | it

1350.000

o H 1100000

1000.000
900.000
800.000
700.000
600.000
500.000
400.000
300.000
200.000
100.000
1.000

[-JAmin Perpendicular, (mm2/m)

(Vertical outside face required reinforcement & minimum reinforcement)

325.000

390.000 4730
390.000 390.000

390.000

34 390.000
200.000 39
006

Mgy | gof

1458 720
B 1375000
1250.000
1125.000

375.000
250.000
125.000
1.000

[+]Ay Perpendicular, (mm2/m)

INTERPRETATION:

325000 390000  390.000

390.000
390.000 390.000
390000

39,” 390.000
390.000

1200.000 390,000

390.000

1200.000

Wiy |

1350.000
1100.000
B 1500 000
B 50 000

300.000
200.000
100.000
1.000

[+]Amin Perpendicular, (mm2/m)

A reinforcement area of 1340mm2/m will be sufficient to withstand the worst load combination
scenario, Self Weight + Soil Pressure, in the side walls
Y16@150mm centre-to-centre = 1340mm32/m.
A reinforcement area of 2094mm2/m will be sufficient to withstand the worst load combination
scenario, Self Weight + Soil Pressure as the vertical reinforcement on the outside face of the

longer wall.

Y20@150mm centre-to-centre = 2094mm32/m.
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5. PROCEDURE/METHODOLOGY OF DESIGN:

5.1. The finite element design method has been applied for this analysis, as well as mathematical
design procedures to SABS 0100, BS 8110 and ACI 318

5.2. Four load cases and two load combinations have been analyzed, as indicated in “Annexure A”

6. ASSUMPTIONS:
Assumptions requiring verification will be listed on the cover sheet

7. DEFINITION OF UNITS AND CONSTANTS:
Refer to “Annexure A”

8. ANALYSIS/SOLUTION: (see body of calculation for analysis and solutions)
Note: Detailed calculations output data to be provided on request.

9. METHOD OF RESULTS GENERATION:

All loads and load combinations are defined as load cases within Robot Structural Analysis,
combinations have the addition of factors applied as explained on page 11 to 21 of this document,
and are governed by ULS or SLS criteria.

The results displayed in this document, represents the worst cases of all possible cases, where
each case has been analyzed individually as well as specified in combination cases.

10. APPENDICES TO CALCULATIONS:

10.1 Appendix A — Calculations.
10.2 Appendix B — Prokon Structural Analysis verification report — Side walls
10.3 Appendix C — Prokon Structural Analysis verification report — Top slab
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APPENDIX A

CALCULATIONS
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SDD Junction Box Design
SQUARE & RECTANGULAR SHAPED JUNCTION BOXES
STRUCTURE VIEW

A A

CALCULATION NOTE

Code preferences:

e BS 8004 — Soil Code

e SABS 1060 — Code Combinations
e BS 8110 — Concrete Design
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Structure centre of gravity coordinates:

X = 2.425 (m)
Y = 2.425 (m)
Z =3.808 (m)

Structure central moments of inertia:
Lx = 1244524.873 (kg.m?2)

Ly = 1226735.499 (kg.m?2)

Lz = 660942.734 (kg.m2)

Mass = 120248.968 (kg)

LOADS & LOAD COMBINATIONS:

Table of load cases / analysis types

Casel : OWN WEIGHT
Analysis type: Static — Linear

Case?2 : SOIL PRESSURE
Analysis type: Static — Linear

p 3pX=(128.00,128.00,0.0 )

p 3pY=(128.00,128.00,00 ) —

p 3pY=(-128.00,-128.00,0.0 )
i

e

e

= p 3pX=(-128.00,-128.00,00 )
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Case 3 : WATER PRESSURE

Analysis type: Static - Linear

phyd=(0.0 ,-10.00)

,-10.00) =

| phyd=(0.0 ,10.00)

phyd=(0.0 ,10.00) ==
N

Case 4 LIVE LOAD
Analysis type: Static — Linear

A
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Case 10 : SELF WEIGHT + SOIL PRESSURE (ULS)
Analysis type: Linear combination

Case 20 : SELF WEIGHT + SOIL PRESSURE (SLS)
Analysis type: Linear combination

SOIL PRESSURE

Geometrical data

Soil level (2) =7.1(m)
Soil inclination (alpha) = 0.0 (Deg)
Wall inclination (beta) = 0.0 (Deg)
Soil
Underground water level =7.10 (m)
Soil layers:
No. Soil name Level Unit Unit weight
weight of solid
(m) (kg/m3) (kg/m3)
1 Well graded gravel 7.10 2242.58 2702.31

- sand mixtures

Limit and static pressure factors for soil layers taken into account during calculations:

No. Soil name Level Friction angle Ka Ko Kp
(m) (Deg)
1 well graded gravel 6.20 38.0 0.238 0.384 4.204

- sand mixtures

Soil pressure and passive pressure:
Limit displacement factor: =0.00
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LOADS
Case Load type List | Load values
1:DL1 self-weight 1to6 | ' PZ Negative Factor=1.00
' PX2=0.00(kN/m2) PX3=118.00(kN/m2) N1X=0.300(m)
N1Y=4.550(m) N1Z=7.300(m) N2X=0.300(m)
N2Y=0.300(m) N2Z=7.300(m) N3X=0.300(m)
2:Soil load (FE) planar N3Y=0.300(m) N3Z=0.0(m)
' PY2=118.00(kN/m2) PY3=118.00(kN/m2)
N1X=0.300(m) N1Y=0.300(m) N1Z=7.300(m)
N2X=0.300(m) N2Y=0.300(m) N2Z=0.0(m)
2:Soil load (FE) planar N3X=4.550(m) N3Y=0.300(m) N3Z=0.0(m)
' PX2=0.00(kN/m2) PX3=-118.00(kN/m2) N1X=0.300(m)
N1Y=4.550(m) N1Z=7.300(m) N2X=0.300(m)
N2Y=0.300(m) N2Z=7.300(m) N3X=0.300(m)
2:Soil load (FE) planar N3Y=0.300(m) N3Z=0.0(m)
' PX2=0.00(kN/m2) PY3=-118.00(kN/m2) N1X=0.300(m)
N1Y=4.550(m) N1Z=7.300(m) N2X=0.300(m)
N2Y=0.300(m) N2Z=7.300(m) N3X=0.300(m)
2:Soil load (FE) planar N3Y=0.300(m) N3Z=0.0(m)
3:Live Load (FE) uniform ' PZ=-1.50(kN/m2)
3:Live Load (FE) uniform 6 ' PZ=-1.50(kN/m2)
' PX1=-128.00(kN/m2) PX2=-128.00(kN/m2)
N1X=4.550(m) N1Y=0.300(m) N1Z=0.0(m)
N2X=4.550(m) N2Y=4.550(m) N2Z=0.0(m)
2:Soil load (FE) planar 5 N3X=4.550(m) N3Y=2.425(m) N3Z=7.865(m)
' PY1=128.00(kN/m2) PY2=128.00(kN/m2)
N1X=0.300(m) N1Y=0.300(m) N1Z=0.0(m)
N2X=4.550(m) N2Y=0.300(m) N2Z=0.0(m)
2:Soil load (FE) planar 4 N3X=2.425(m) N3Y=0.300(m) N3Z=7.865(m)
' PX1=128.00(kN/m2) PX2=128.00(kN/m2)
N1X=0.300(m) N1Y=4.550(m) N1Z=0.0(m)
N2X=0.300(m) N2Y=0.300(m) N2Z=0.0(m)
2:Soil load (FE) planar 3 N3X=0.300(m) N3Y=2.425(m) N3Z=7.865(m)
' PY1=-128.00(kN/m2) PY2=-128.00(kN/m2)
N1X=4.550(m) N1Y=4.550(m) N1Z=0.0(m)
N2X=0.300(m) N2Y=4.550(m) N2Z=0.0(m)
2:Soil load (FE) planar 2 N3X=2.425(m) N3Y=4.550(m) N3Z=7.865(m)
4:Water (FE) hydrostatic
Pressure pressure 25 | 'GAMMA=10.00(kN/m3) H=7.050(m) NDIR=-Z
4:Water (FE) hydrostatic
Pressure pressure 34 | 'GAMMA=-10.00(kN/m3) H=7.050(m) NDIR=-Z
COMBINATIONS
Combination Case
Combinations Name Analysis type nature nature Definition
Linear
10 (C) COMB1 | Combination ULS dead 1*1.20+(2+3)*1.60
Linear
20 (C) COMB2 | Combination SLS dead 1*1.10+(2+3)*1.00
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REINFORCEMENT PARAMETERS

GENERAL

Concrete as in the structure model

Lightweight concrete: NO

ADDITIONAL INFO

Reinforcement check (cracking): YES

Maximum cracking value: 0.3 mm

Exposure: mild

LONGITUDINAL REINFORCEMENT

Steel characteristic strength: 450.00 MPa

The same bar diameter in both directions: YES

Diameters of reinforcing bars
- Top/along b:

- Bottom/along h:

Cover

- Clear cover:

- To axis:

TRANSVERSAL REINFORCEMENT

Steel characteristic strength:
Stirrups

- Bar diameter:

- Number of legs:

- Number of reinforced. sections:
Modularity of spacing:

For final reinforcement refer to reinforcement detail drawings.

12 mm to 20 mm
12 mm to 32 mm

50 mm to 70 mm
58 mm

450.00 MPa

12 mm to 20 mm
2

3

20 mm
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PENTAGON SHAPED JUNCTION BOXES
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CALCULATION NOTE

Code preferences:

e BS 8004 — Soil Code

e SABS 1060 — Code Combinations
e BS 8110 — Concrete Design
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Structure centre of gravity coordinates:

X = 3.372 (m)
Y = 3.981 (m)
Z=2.967 (m)

Structure central moments of inertia:
Lx = 1964416.926 (kg.m?)

Ly = 1877775.884 (kg.m?)

Lz = 1923736.791 (kg.m?)

Mass = 166093.661 (kg)

LOADS & LOAD COMBINATIONS:

Table of load cases / analysis types

Casel : OWN WEIGHT
Analysis type: Static — Linear

Case?2 : SOIL PRESSURE
Analysis type: Static — Linear

p 3pZ(loc)=(0.0 ,-101.00,-101.00)

p 3pX(loc)=(0.0 ,0.00,00 )

=
Esezuoc)ﬂ%vo/ ,-101.00,-101.00)

4 : : - == p 3pZ(loc)=(0.0 ,101.00,101.00)
= et
3 o
\ ///
T

p 3pZ(loc)=(0.0 ,101.00,101.00) &= p 3pX(loc)=(0.0 000,00 )

p 3pZ(loc)=(0.0 ,-101.00,-101.00)

Case3 : WATER PRESSURE
Analysis type: Static - Linear

phyd=(0.0 ,10.00) phyd=(0.0 ,10.00)
= phyd=(00 -10.00)

hid—-I0.0 10.00) A
hyd=(0.0 ,-10.00
HEEAE )
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Case 4 LIVE LOAD

Analysis type: Static — Linear

pZ=-150

Case 10 : SELF WEIGHT + SOIL PRESSURE (ULS)
Analysis type: Linear combination

Case 20 : SELF WEIGHT + SOIL PRESSURE (SLS)
Analysis type: Linear combination

SOIL PRESSURE

Geometrical data

Soil level (2) =7.1(m)
Soil inclination (alpha) = 0.0 (Deg)
Wall inclination (beta) = 0.0 (Deg)
Soil
Underground water level =7.10 (m)
Soil layers:
No. Soil name Level Unit Unit weight
weight of solid
(m) (kg/m3) (kg/m3)
1 Well graded gravel 7.10 2242.58 2702.31

- sand mixtures
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Limit and static pressure factors for soil layers taken into account during calculations:

No. Soil name Level Friction angle
(m)
1 well graded gravel 6.20 38.0

- sand mixtures

Soil pressure and passive pressure:
Limit displacement factor: =0.00

Ka Ko Kp
(Deg)

0.238 0.384 4.204
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LOADS
Case Load type List | Load values
2
1.DL1 self-weight 4t09 | ' PZ Negative Factor=1.00
' PX2=0.00(kN/m2) PX3=-118.00(kN/m2) N1X=0.300(m)
N1Y=4.550(m) N1Z=7.300(m) N2X=0.300(m)
N2Y=0.300(m) N2Z=7.300(m) N3X=0.300(m)
2:Soil load (FE) planar N3Y=0.300(m) N3Z=0.0(m)
3:Live Load (FE) uniform ' PZ=-1.50(kN/m2)
3:Live Load (FE) uniform 9 ' PZ=-1.50(kN/m2)
' PX2=0.00(kN/m2) PZ2=101.00(kN/m2)
PZ3=101.00(kN/m2) local N1X=0.425(m) N1Y=3.920(m)
N1Z=6.275(m) N2X=0.425(m) N2Y=7.414(m) N2Z=0.0(m)
2:Soil load (FE) planar 5 N3X=0.425(m) N3Y=0.425(m) N3Z=0.0(m)
' PZ2=101.00(kN/m2) PZ3=101.00(kN/m2) local
N1X=2.582(m) N1Y=0.425(m) N1Z=6.275(m)
N2X=0.425(m) N2Y=0.425(m) N2Z=0.0(m) N3X=4.738(m)
2:Solil load (FE) planar 2 N3Y=0.425(m) N3Z=0.0(m)
' PX2=0.00(kN/m2) PZ2=-101.00(kN/m2) PZ3=-
101.00(kN/m2) local N1X=6.224(m) N1Y=6.159(m)
N1Z=6.275(m) N2X=7.869(m) N2Y=4.903(m) N2Z=0.0(m)
2:Soil load (FE) planar 7 N3X=4.579(m) N3Y=7.414(m) N3Z=0.0(m)
' PX2=0.00(kN/m2) PZ2=-101.00(kN/m2) PZ3=-
101.00(kN/m2) local N1X=2.502(m) N1Y=7.414(m)
N1Z=6.275(m) N2X=4.579(m) N2Y=7.414(m) N2Z=0.0(m)
2:Soil load (FE) planar 4 N3X=0.425(m) N3Y=7.414(m) N3Z=0.0(m)
' PZ2=-101.00(kN/m2) PZ3=-101.00(kN/m2) local
N1X=6.303(m) N1Y=2.664(m) N1Z=6.275(m)
N2X=4.738(m) N2Y=0.425(m) N2Z=0.0(m) N3X=7.869(m)
2:Soil load (FE) planar 6 N3Y=4.903(m) N3Z=0.0(m)
4:Water (FE) hydrostatic
Pressure pressure 9 ' GAMMA=10.00(kN/m3) H=6.000(m) NDIR=-Z
4:Water (FE) hydrostatic
Pressure pressure 5 ' GAMMA=-10.00(kN/m3) H=6.000(m) NDIR=-Z
4:Water (FE) hydrostatic
Pressure pressure 2 ' GAMMA=-10.00(kN/m3) H=6.000(m) NDIR=-Z
4:Water (FE) hydrostatic 46
Pressure pressure 7 ' GAMMA=10.00(kN/m3) H=6.000(m) NDIR=-Z
4:Water
Pressure (FE) uniform 8 ' PZ=-60.00(kN/m2)

COMBINATIONS

Combination Case
Combinations | Name | Analysis type nature nature Definition
Linear
10 (C) COMB1 | Combination ULS dead 1*1.20+(2+3)*1.60
Linear
20 (C) COMB2 | Combination SLS dead 1*1.10+(2+3)*1.00
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REINFORCEMENT PARAMETERS

GENERAL

Concrete as in the structure model

Lightweight concrete: NO

ADDITIONAL INFO

Reinforcement check (cracking): YES

Maximum cracking value: 0.3 mm

Exposure: mild

LONGITUDINAL REINFORCEMENT

Steel characteristic strength: 450.00 MPa

The same bar diameter in both directions: YES

Diameters of reinforcing bars
- Top/along b:

- Bottom/along h:

Cover

- Clear cover:

- To axis:

TRANSVERSAL REINFORCEMENT

Steel characteristic strength:
Stirrups

- Bar diameter:

- Number of legs:

- Number of reinforced. sections:
Modularity of spacing:

For final reinforcement refer to reinforcement detail drawings.

12 mm to 20 mm
12 mm to 32 mm

50 mm to 70 mm
58 mm

450.00 MPa

12 mm to 20 mm
2

3

20 mm
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uLT Job Title
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Knight Piesold Consulting (Pty) Ltdf~icr

Eskom

Internet: http://www.knightpiesold.qrg

Date
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1000x300 Wall (code of Practice : SABS 0100 - 2000)
2010/05/10 11:22:37 AM co1

Input Tables
Fcu (MPa) 30
Fy (MPa) 450
Fyv (MPa) 250
% Redistribution 0
Downward/Optimized redistr. D
Cover to centre top steel(mm) 70
Cover to centre bot.steel(mm) 70
Dead Load Factor 1.2
Live Load Factor 1.6
Density of concrete (KN/m3) 24
% Live load permanent 25
@ (Creep coefficient) 2
Ecs (Free shrinkage strain) 300E-6
Sec Bw D Bf-top Hf-top Bf-bot Hf-bot | Y-offset | Web Flange
No. (mm) (mm) (mm) (mm) (mm) (mm) (mm) offset offset
1 1000 300
Span Section Sec No Sec No
No Length(m) | Left Right
1 6.55 1 1
Sup Code | Column Below Code | Column above Code
No. 1CF  omm)  |Bmm)  |Hm) FP o Ipmm) [Bmm) [Hm) FP
F
2 F
Case Span Wileft Wright a b P a M a
D,L (kN/m) | (kN/m) | (m) (m) (kN) (m) (kNm) | (m)
D 1 16.9 0 4
L 3 0 4
Span M left M right
(kNm) | (kNm)

-

V=4
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Input Tables
Fcu (MPa) 30
Fy (MPa) 450
Fyv (MPa) 250
% Redistribution 0
Downward/Optimized redistr. D
Cover to centre top steel(mm) 50
Cover to centre bot.steel(mm) 50
Dead Load Factor 12
Live Load Factor 1.6
Density of concrete (KN/m3) 24
% Live load permanent 25
@ (Creep coefficient) 2
Ecs (Free shrinkage strain) 300E-6
Sec Bw D Bf-top Hf-top Bf-bot Hf-bot | Y-offset | Web Flange
No. (mm) (mm) (mm) (mm) (mm) (mm) (mm) offset offset
1 1000 250
Span Section Sec No Sec No
No Length(m) | Left Right
1 8.72 1 1
Sup | Code |Column Below Code | Column above Code
No. 1CF  omm)  |Bmm)  |Hm) FP o Ipmm) [Bmm) [Hm) FP
F
2 F
Case Span Wileft Wright a b P a M a
D,L (kN/m) | (kN/m) | (m) (m) (kN) (m) (kNm) | (m)
D
L 3
Span M left M right
(kNm) | (kNm)

-

V=4
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Calculation Record

Client Name: ESKOM Page: 1 of 6

Project Name: Kusile Power Station Job No: 303-00098/06

Calculation Title:  Pipe Hydraulic Calculations : SDD Settling Tanks

Calculation No./File No.:

Calculation is: O  Preliminary Final
Objective: Hydraulic design of the SDD and SDD Settling Tanks inlet and outlet pipes.

Unverified assumptions requiring subsequent verification

No. Assumption Verified by Date

None

This section applies to computer generated calculations

Program Name/Number: N/A Version:

Program Name/Number: N/A Version:

Evidence of or reference to computer program verification, if applicable:

Bases or reference thereto supporting application of the computer program to the physical problem:

Review and approval

Rev Prepared by Date Verified by Date Approved by Date

0 Scott Rees Oct 09
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1. PURPOSE
To calculate the size/capacity of the SDD and SDD ST inlet and outlet pipes.
2. REFERENCES

SDD SETTLING TANKS INLET & OUTLET PIPEWORKS GENERAL
1. ARRANGEMENT 5452/80/071 | Rev
5 SDD SETTLING TANKS INLET & OUTLET PIPEWORKS SECTIONS & 5452/50/072 | Rev

DETAILS
3. SDD SETTLING TANKS INLET & OUTLET PIPEWORKS SECTIONS 5452/80/100 | Rev

3. ASSUMPTIONS

Density of water = 1000kg/m?

Accel

eration due to gravity = 9.81m/s?

Additional assumptions are listed in the detailed hydraulic calculations, where applicable.

4. HYDRAULIC CALCULATIONS

APPENDICES

None
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