eers  Project Managers  Censtructicn Managers

Consulting Engi

CONTRACT NO.: TNPA 722

PROFESSIONAL SERVICES TO UNDERTAKE THE INSPECTION OF BERTH
4 OF ISLAND VIEW FOR THE PORT OF DURBAN

ENGINEERING REVIEW
| REPORT

TRANSNETN

r

national ports
authority



EST. 2015

EMANN

REG. NO.: 2015 440 459 07 VAT NO.: 4400 2784 06 CSD NO.: MAAA 03566

HEAD OFFICE:

Suite 301 Wheeler House, 112 Mathews Meyiwa Road, Morningside, Durban, 4001
T: 031 826 9850 F: 0864 1616 48 E: info@odemann.co.za

SATELLITE OFFICES:
¢ Midrand, Gauteng
« Nelspruit, Mpumalanga

» Cape Town, Western Cape

Approvals Table:

Name

Mhlengi Madiba
(PrCPM. No: D/2404/2017)

Bazi Dukhan
(Pr. No: 20070210)

Role Signature Date

Project

Manager J /Z//Z/bﬂ
Structural

Engineer 4 . = /2//2/ Zolf

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY — REVC

Port of Durban

2



TABLE OF CONTENTS

1.

BACKGROUND AND CONTEXT .........ccooctiiimiimmimmiinieniiiniminissnssiissssnesssessasssesssesssesessssssnsssnssons

SITELOCATION ...ttt sees e s sasrassnreene s

METHODS OF DATA AQUISITION...........cocooimimmiiiniiininien i

8.1. Study of existing data and documentation related to the structure

8.2, INSPECHIONS ......oooeiiiriiiire e
8.3. Material Testing ..............ooooeeriiiiiiieic e

TYPES OF CONCRETE DEFECTS.........c.coovviiniiniiiiiinincnies

9.1. Spalling..........ccoovieiiii,
9.2.  Abrasion By Wave ACHIONS ............ccooviiiiiiiiiiiiiiinieiniienriiinssiss s sssnsessne s semesresseeeseaneans

9.3. Cracking...............ocoevrevriirneesrinnee e

10.

1.

12.

13.

9.4,  HONGYCOMDBING.............oeveiiieieiiiiee ettt e s ae e as s e ss e se g e e e s e e s as e aa b e e anab e

11.1.  Oxygen Permeability Test..............coonrviniinii,
11.2.  Chloride Conductivity Test.............cccccoreiniiiiiniiiiin,

11.3.  Water Penetration / Sorptivity Test ............c.cocccireviiiiiiiiniiiiicns

13.1.  Chemical Composition of Sea Water...................ccccciiiiii e

Port of Durban

DURABILITY OF CONCRETE ............cccooiiiiiiiiiiiiiiiinie et

DURABILITY INDEX TESTING...........cooooiiviiiiininiivinsiieininsrenvisessnesaestessesss s sese s sns s

COMPRESSIVE STRENGTH TESTING ..........coovvvrriiiiiiniimniciciiec
STRUCTURAL DETERIORATION IN MARINE ENVIRONMENTS ...............



13.2.  Temperature of SEaWAter..................cccociviiiiiiieirics et 26
13.3. EXPOSUIE ZONES .......ooovvveenvieiireeeiiiieee ettt ettt et e saee s ve e ate s stseseteeesttesaraesatenesaeas 26
13.4,  Maring FOUlING.............cocoiviireniiiiicinctce et et re s esaens 28
13.5.  Chemical AHACK ..............ccoooiviiiiiiiiiic e s 29
13.6. Damages Attributable to Operations...................cccccooeviiieii i 29
14.  STRUCTURAL CONFIGURATION OF BERTH 4............ccooiiiiiiniiiieieiiiecceceteie et 31
14.1. Berth Design Criteria..............ccccovivriiiiiiiieccir e see st ser e e s 31
14.2.  New Portion of Berth 4 (1986).............ccoceviiiiriiniiinriiiiiienne e esieeesiresiee e 31
15,  SCOPEOF WORKS ........coooviiieirieinreiiinenneenneentresreesteresmeessaneseeeenesesmneesmnesssesesnessaseenns 35
15.1.  Site Investigation and Methodology.................ccccovviiviminniinicii 35
15.2. SAMPHNG ... e e s s e ne s 36

16.  PRELIMINARY FINDINGS FROM VISUAL INSPECTIONS AND ANALYSIS OF DIVE FOOTAGE..39

16.1.  Topside of Concrete DECK..........c..covvervrecriirenreeer et s 4]
16.2. Underside of the Concrete Deck...............coceerieiniieieieninni e, 4]
16.3.  Piles (Mooring Dolphin) ..........ccocooveriiniiiiiiiii e, 42
16.4.  Concrete Quay Wall and Spine Beams...................cccoveeiiiiiiiiinn i s 43

17.  RESULTS AND INTERPRETATION OF CORE SAMPLE TESTS ...........cccoooiiiiiiiniiinnninnennn 43

17.1.  Compressive Strength..............cccccoiviiiiiicii e 44
17005 ANALYSIS..ceeieeireeen oo e TSR RS S O TR s r oo e mme e nanesenaavrne 46
17.2.  Durability Index (DI) TeSting.........cc.cccooviiriiiimiiiiiiii i 47
17.2.1.  Water Sorptivity and Oxygen Permeability Testing Result .............cccoocviiiiiciiiiinnns 47
17.2.2.  Analysis — Oxygen Permeability TestS ..., 51

17.2.3.  Analysis — Water SOrptivity TEStS.......c.civiioiiiiiiiiimeieiiiissee e 93
17.3.1.  Chloride Conductivity Testing ReSUIL............cccecvreiiiieriiiiiiiiiiiis e 99
17.3.2.  ANBlYSIS.cicumvuiisaiioin sivviemisvs sas iodnesis d0s e s o H AR S STV TR 008 58
18. PROPOSED REMEDIAL WORKS OPTIONS AVAILABLETO TNPA .............cooiviniiiininieinnens 59

18.1. Option 1 =Do NOthING .........c.ocovireriiiiiiiiiieisi et OF

Port of Durban 4



18.2. OPtiON 2 = REPAIIS...........eoiiiiiiiieic ettt et er b st rb s st saeessbseeens 60
18.3.  Option 3—RebUIld...............coorvviriiiiniiieiiiiie it sts e saseeserssernesssesnes 60
19.  MULTI-CRITERIA ANALYSIS .........cccoiiriiiiimiiiiinreenieiiinsiicitssssirnesisie s sa s srssnens 60
19.1.  Analysis of the Multi-Criteria Analysis.................cccoovviviriiiiiiie e, 61
20.  RECOMMENDATIONS ..ottt sttt e see s 62
21.  SPECIFICATION FOR REPAIRS TO UNDERWATER REINFORCED CONCRETE STRUCTURES ...463
22.  SPECIFICATION FOR REPAIRS TO ABOVE WATER REINFORCED CONCRETE STRUCTURES ... 465
22.1. SPalled CONCIEte...........cc.oeeiiiiiiiiiiieeree et e et e e e sbbeesbbne s e rnenes 65
20,11, SUrface Preparation.........ccccoieeeiiiiie it rre e s e e re s s saee e s e et 65
20.1.2.  Steel ReINfOrCEMENT ........ueirviiriiiiiee ettt st e sns e sabe e sane s 66
20.1.3.  Corrosion Protection .........cccooviiiiiiiniiiniiiiiiiicsiesssiisiiecss s sss s sessnssinssnnesinens 06
20.1.4.  BONAING PrIMEr.......cooiiiiiiiiiiiiiiciiiiiiseiseise it sinesassnsanisnsssssnesinesaness 06
20.1.5.  ReEPaIr MO . .viiiiiiics et e e s et 66
20.1.6.  Corrosion Inhibiting Impregnation Paint ............cccccociiiiiiiinininmnnen 87
20.1.7.  Silane Based Water Repellent Impregnation Cream ............ccccciiviinisiiniiininininn 67
22.2. Crack Repairs ........... om0/
22.3.  Minor HoneycomBbing .............ocooieiimiiiniiiies e sar b srb s s sbbs s s sasaenine oo 68
23.  METHOD STATEMENT FOR CONCRETE REPAIRS REQUIRING DIVING WORKS. ..................... 68
23.1.  Introduction................cansnasnisaniinsanrsissssisisasissssisssss e 08
23.2, EQUIPMENt USEd.............cooiiiiiiiiiiiiine e siere e rsecisissaesieiasnsbnsssassorosnssssisssssnaiacio s 097
23.3.  Establishing Operational Readiness of the Equipment .......................covimiiiiiniinin 69
23.4.  Composition of the Dive Team .................ccocoeeinmiiinniiiiiniisvsiisissninisesissssinscinn / 2
23.5. Site Establishment Requirements ..................cccociiiiiiini e, 72
23.6. EXGCUION.......cooiieiiereere et s s e 73
23.6.1. Demolish Defective Under Deck Areas............cccvvmeiiviiiiniiiiiiiiisiiiine e 73
23.6.2. Demolition of Defective Pile Areas............coccveviiiciiiniiniinniis e s 73

23.6.3.  ROINOIEING ... srasmmmsspmsssnnsissemsossarsssssn- . 4

Port of Durban 5



23.6.4.  GIOUTING ..ceiuiieririeeireite ettt ettt s see e s s bt sae b s e s e s eaeenesbensebseasenenensenes 74
23.6.5.  Completion POlISh ..........c.ooviiiiiiicrieieciie e ee v eves e sisesasennsssnsennssnnnens 74
T (T - 4 OSSO 74
2371 Land Safety ,uimassmscsssmssimmimssssismms s s s s s s s s 74
23.7.2. Assessment of Significant Risks for Tasks ........ccoccviviiiiiiiiiiiiniinniiie i 75
23.7.3.  Personal Protective EQUIPMENT.........cc.cieiiiaieinrieiiircrrecie e sieeesereeeeresrae s 75
23.7.4.  EMErgency ProtoCol........coooviiiiiriiiiiiirii et e e e s srara e e 75

24, RECOMMENDED REPAIR PRODUCT - REINFORCED CONCRETE STRUCTURES BELOW WATER
76

241, INtrOAUCTION ... e e e s e e e s e s tbtrbaeas e s eaar it 76
24.2, Data Sheet — Rapid Setting Cementitious Mortar for Underwater Applications ............ 76

25. RECOMMENDED REPAIR PRODUCTS - REINFORCED CONCRETE STRUCTURES LOCATED
ABOVE WATER AND IN THE TIDAL ZONE ..........ccoooviiiiriniiiiiini it 78

25.1.  INtrodUCtion ..........ocoiiiiiiiie e s 78
25.2. Data Sheet=ZinC Primer.............c.c.cociiiiiiimiiniiiniii e 79
25.3. Data Sheet— Repair Mortar .................ccocoiiiiiiiiiin e 82
25.4.  Data Sheet — Corrosion Inhibitor ...............cccocvvviiinniiininc 85
26.1.  FEL4 Preliminary Budget SUMmMary ..............c.ccocviieiiiiieeecice e im0 87
26.2. Pretiminary FEL4 Cashflow .................ccccocviviiinciiiiie i incnciniie 2 |

29.1. Dive SUIVEY REPOTL ... ....cooiiiee ettt bbb e 92

Port of Durban 6



TABLE OF FIGURES

Figure 1: Spalling of concrete on quay Wall..........cccrvneninnininieee e s eaens 10
Figure 2: Underdeck concrete SPalling ..cecisssseissesissssssiisaasssssssinssianssisnisasisiossassiisindssissnso 10
Figure 3: Arial view of Berth 4 within Island View facility ........cccoeciniiiniiiiniiinnsiniriieinnnn 11
Figure 4: Berth 4 and surrounding infrastructure.........coooccccveiinericccessecresee s asceraenens 12
Figure 5: Progression to spalled CONCIEte.......cuviieriseeiniicrsinerice e sssee e seessessenesesnens 16
Figure 6: Example of a spalled concrete StrUCLUIE .......c.ccveveveereriniiseesesnessseeesaeressessasassnssens 17
Figure 7: Abrasive damage to concrete structure by wave actions........ccceeevevsiveirieecriseiennns 17
Figure 8: Example of honeycombing in concrete StruCture.........ccovevnreeierscsiesmssescesnsseeseeinnens 19
Figure 9: Concrete core samples retrieved from the berth's deck and piles.....c..ccevcveerceeiernens 21
Figure 10: Preparation of samples retrieved from the site structural elements ...................... 21
Figure 11: Schematic of Oxygen Permeability test......ccoorvvircnnnnnrcnrnrr e 22
Figure 12: Schematic of Chloride Conductivity test........cocorvrcrcrnrrnnn i, 23
Figure 13: Water Sorptivity test sSChematicC......vovievceererrer e 24
Figure 14: Parameters affecting structural performance of concrete in a marine environment
.................................................................................................................................................. 25
Figure 15: Marine exposure zones of concrete StrUCtUreS ... e 26
Figure 16: Corrosion rates of steel in marine exposure ZoNes ..., 28
Figure 17: Types of Marine Growth ... e 29
Figure 18: Precast deck slab elements in plan and section through the deck...........c.ccorevruuncns 32
Figure 19: Section AA through the berth and piled dolphins..........ccoviiiininiinnninieniene 33
Figure 20: Arial view showing old and new portions of the berth ... 34
Figure 21: East eleVatioN..........ccoco e iinsesisusssssssssassssssssssasusssisssonssrsasiasresaisssnnsdaiadas siiassndainiansi 35
Figure 22: Pile differentiation by colour CoOdiNg .....cceecciiiiimninricsriin s 37
Figure 23: Plan view showing old and new portions of the berth as well as the precast pile

g TS0 T=T w3 =T [ TP PSP 38
Figure 24: Positions of the cores taken from the precast piles.........cccvviiniiinierinnicnnceesianns 39
Figure 25: Summary defects table........cocriii 40

Figure 26: Typical spalling below soffit of old section (1952). Major spalling of concrete and
depassivation of reinforcement ... 41

Figure 27: Typical precast deck supported by primary 1000x500 insitu downstand beams....42

Port of Durban 7



Figure 28: Impact damage on Quay Wall..........coeiieiiniiiiininiiieeisis st ensssssaseiaenes 43
Figure 29: Compressive Strength reSUItS ......ccoiieceninicsense s snese s renens 45
Figure 30: Graph of core sample compressive Strength .........oecvcvniicincnccinenncnnens 47

Figure 31: Water Sorptivity and Oxygen Permeability laboratory test results.........cccrieviiennnn. 50

Figure 32: Graph of OPl FeSUILS ...ecueveee ettt es e e e sb e st 52
Figure 33: Durability Index Acceptance Criterion.......c.ccoeeevieriermrssmnmnsnsnnsess e 53
Figure 34: Graph of Water Sorptivity reSUlts .....cocvevmrrrsssns s s 54
Figure 35: Laboratory results for Chloride Conductivity tests ......cccuiimiiicrnicinniiiciceniinna. 57
Figure 36: Graph of Chloride Conductivity results ..o, 59
Figure 37: Multi-criteria analysis..........cuummmrmmm 61

Figure 38: Rotary pneumatic grinder used to prepare underwater concrete and steel surfaces

FOT PEPAILS 1urermeercenaraneneanen issisemisisimtossinsoismvisssab ooy olis oo dod s oV s s s s Ao GG svabiisasiiaieas 64
Figure 39: Preparation of underwater concrete Structure ........cocvveriiininiicinicicniinnienes 64
Figure 40: DIve Platform ....c..oecrc et sssssssasasass s saass 73
Figure 41: Underwater cutting of corroded rebar ..o 74

Port of Durban 8



LIST

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Port of Durban

OF TABLES

Pile 10CatioN SUMMAIY.....cccciciereimrecieieeiriesieses s ssesesenass e sessssasssasseasssasassnssensses 37
Piles distributed along SECHIONS .....cccucvriivcniiriiiiin s iesssssesesensass 42
SaMPIE 1 OPl = RESUIE......civevievieiieriieireeesaraessiaraesesessessssesessesesarsesssnssenassssesasassensensans 51
SaMPIE 2 OPl = RESUIL .......ccocviriereeiiiseiaisieseesissassssassesssesessessnnssassssasasssnsssssesssnsssssses 5
SamPle 3 OPl — RESUIL ........coveererireeiceie e csren et sncseeseesas e e e snse s eaessennssesseseenssneees 51
Sample 1 Water Sorptivity — RESUIL .......cceevierierieeriece i same s enesaeens 53
Sample 2 Water Sorptivity — RESUIL ..ot cssneseens 54
Chloride Conductivity - Test Results = Disk 1-4.........cccociiimiriminnininsnnsnianesnnenns 58
Chloride Conductivity - Test Results - Disks 5-8 .......cooiieieminnrnnsssssnisnnnessescesnnas 58



SECTION 1
1. BACKGROUND AND CONTEXT

Berth 4 at the Island View Precinct is a chemical berth and was constructed by the joining
of two mooring dolphins (built in the 1950’s) via a pile supported concrete deck structure
(built in 1986). The overall structure is thus over 65years old and is exhibiting some signs
of deterioration (refer figure 1 and figure 2 below) on both the founding and deck
structures. The impact of this deterioration on the structural integrity of the overall structure
has not been assessed and hence, Transnet National Ports Authority (TNPA) have procured
the services of a Consultant (Lodemann Holdings) to undertake a structural condition
assessment of the structure.

Figure 2: Underdeck concrete spalling
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2. INTRODUCTION

TNPA have procured the services of Lodemann Holdings, a professional engineering and
project management services provider, to undertake the structural condition assessment
of Berth 4 at the Island View facility. In order to conclude a professional opinion on the
structural integrity of the berth, Lodemann undertook the following activities:

e Visual inspection of the above water concrete structures
o Diving inspection of the underwater concrete structures
o Surface diving inspection of concrete structures in the splash zone

o Extraction of concrete cores on the deck and pile structures, laboratory testing of
cores and analysis of test results

3. SITE LOCATION

The site is located within the Island View facility at the chemical berth, Berth 4.

Figure 3: Arial view of Berth 4 within Island View facility

Berth 4 is located west of Berth 3 and East of Berth 5 in the inner entrance channel along
the Bluff south walls within the Island View Channel and turning basin. It is surrounded by
quay walls and sea walls from Island view berths 1 to 9 and along the Navy boundary
adjacent to Island View. Figure 3 shows the aerial view of Berth 4. Figure 4 is a close up
view of Berth 4 which shows the berth and the surrounding infrastructure.

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY - REVC
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Figure 4: Berth 4 and surrounding infrastructure

A steel pipe rack is located to the south of the berth. This runs parallel to Wharfside Road.
The revetment sea walls on either side of the berth consists of gabion walls that have
overturned resulting in the hand stone being dislodged from the gabion baskets. A canopy
structure houses a series of discharge manifolds supplying various chemicals to the ships
docking at Berth 4. The structure is located more towards the western side of the concrete
deck.

4. PREVAILING SITE CONDITIONS

e Altitude: At sea level

¢ Ambient temperature: 15-25 °C

e Relative humidity: Frequently 100%

o Air Quality: heavily saline; industrial and locomotive fumes;
¢ General wind velocities: Up to 60 km/h

e Storm wind velocities: Up to 180 km/h
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5. APPLICABLE STANDARDS

The latest editions and/or revisions of the following are applicable:

BS: British Standards
ISO: International Standards Organisation

SANS: South African National Standards

6. CODES

The latest editions and/or revisions of the following are applicable:

BS 8007 — Water Retaining Structures

SANS 1200 A - General

SANS 1200 AH - General (Structural)

SANS 1200 G - Concrete

SANS 1200 H - Structural Steel

SANS 2001-CC1 - Construction works — Part CC1: Concrete Works (Structural)
SANS 2001-CS1 - Construction works — Part CS1: Structural Steelwork

SANS 10100-1 - The structural use of concrete Part 1: Design

SANS 10100-2 — The structural use of concrete Part 2: Materials and execution of
work

SANS 10144 - Detailing of steel reinforcement for concrete

SANS 10160 - Basis of structural design and actions for buildings and industrial
structures

SANS 10162-1 — The structural use of steel Part 1: Limit-states design of hot-rolled
steelwork

SANS 10162-2 — The structural use of steel Part 2: Cold-formed steel structures
SANS 10400 - The application of the National Building Regulations

7. OBJECTIVES OF STRUCTURAL ASSESSMENTS

Structural assessment is initiated, when there has been a change in resistance, such as
structural deterioration due to time-depending processes (e.g. corrosion, fatigue) or
structural damage by accidental actions. Also when there will be a change in loading or an
extension of the design working life. In general, structural assessment is a process to
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determine, how reliable the existing structure is able to carry current and future loads and
to fulfil its task for a given time period.

There are two main objectives when conducting assessments of existing structures:

e Assurance of structural safety and serviceability — The main task of the structural
safety assessment is to ensure that the structure or parts of the structure do not
fail under loading. A reduction of serviceability may lead to a limitation of use.

e Minimisation of costs — Systems for managing structures have been developed for
minimising the overall cost by optimising inspection, maintenance and repair work.

8. METHODS OF DATA AQUISITION

While a wide range of methods exist, they vary in respect of expense and accuracy. TNPA
have specified the following methods:

e Study of existing data and documentation related to the structure}
e Inspections

e Material testing

8.1. Study of existing data and documentation related to the structure

This method involves the review of documents from design and construction processes as
well as inspection and maintenance reports and is in general the quickest way of gathering
data about the structure to be assessed. It has to be assured that the reviewed documents
are correct.

The Berth 4 original design loads were stipulated on the original drawings supplied by TNPA
and have been reproduced in 14.1 below. Resistance properties like material and structural
properties and dimension can be obtained from codes, drawings and other design
specifications (e.g. static calculations, subsoil condition report), from construction
documents (e.g. material delivery documentation) and from reports of earlier inspection
and maintenance.

At the project kick-off Lodemann requested to be supplied with all existing reports and
drawings for the structure. TNPA advised that it was not in possession of any previous
reports but it did supply a few drawings of the structure.
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Inspections are usually conducted as one of the means to estimate the in-situ investigation
of load and resistance parameters. There are a large variety of methods, starting with
simple visual inspection and ending with several high-end non-destructive techniques.
Inspections are especially important for the detection and investigation of deterioration
processes like corrosion and fatigue and for detection of changes in the structural systems.
Therefore, it is necessary to conduct inspections, especially simple visual inspections,
regularly. Visual inspections are usually used to identify surface defects such as reinforced
concrete cracks, spalling and corrosion.

8.2. Inspections

Lodemann conducted site visual assessments as required by TNPA.

8.3. Material Testing

Material tests are sometimes done for determining strength parameters of the reinforced
concrete material. The tests can be destructive and non-destructive. They are usually
conducted in a controlled laboratory environment.

Parameters to be investigated and corresponding investigation methods are:

e Cross sectional and longitudinal geometry changes (damages) from overloading
(e.g. cracks, ruptures) and from deterioration processes (e.g. corrosion, spalling,
fatigue cracks) using laser, ultrasonic devices, slide gauge, electronic gauges, etc.

e structural integrity (e.g. for hidden damage or inhomogeneity) using for instance
impact echo testing

e material strength using tension and compression tests on samples, sclerometer
method, pull-out tests, pull-off tests, etc.

o parameter, influencing the dead load and the superimposed dead load

e duration influencing parameters of the structure (e.g. environmental conditions,
carbonation and chloride content of concrete) using pH-test, phenolphthalein test,
quantitative chloride analysis on samples, etc.

Lodemann procured the services of a SANAS approved materials testing laboratory to
conduct the specific tests required by TNPA.

Port of Durban 15



Sy
=
B
s

9. TYPES OF CONCRETE DEFECTS

9.1. Spalling

Spalling is a term used to describe areas of concrete which have cracked and delaminated
from the substrate. There are a number of reasons why spalling occurs including freeze
thaw cycling, the expansive effects of Alkali Silica Reaction or exposure to fire. However,
the most common cause of spalling is the corrosion of embedded steel reinforcement bars
or steel sections. Corroding steel can expand up to ten times its original volume, exerting
stress on the surrounding concrete.

When steel is cast into concrete, the naturally high alkalinity helps to protect the embedded
steel from corrosion. However, the protection afforded by high alkalinity can be
compromised by the ingress of acidic atmospheric gases, a process normally referred to
as carbonation, or by the presence of salts in the concrete, typically from marine
environments. Combine these contaminants with oxygen and water and we have the key
ingredients for corrosion. The reason some concrete structures exhibit widespread spalling
whilst others appear to be in a sound condition is down to a combination of age,
maintenance, concrete quality, the depth of concrete cover and local environmental
conditions.

If left unchecked spalling tends to accelerate and spread to an extent that results in the
instability of the structure.

.Q‘ "-,

Before Build-up of Further Corrosion:  Eventual Spalling,
Corrosion Corrosion Products Surface Cracks, Corroded Bar
Stains Exposed

Figure 5: Progression to spalled concrete
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Figure 6: Example of a spalled concrete structure

9.2. Abrasion by Wave Actions

Marine concrete is subject to some of the harshest conditions on the planet, usually in the
most critical of applications. Not only does the concrete face chemical attack from seawater
but it is also affected by continual impact from waves and the abrasive action of wave born
sand and shingle with the ebb and flow of the tide. This impact and abrasion can be very
severe leading to spalling of the concrete and corrosion of conventional reinforcement such
as steel.

Figure 7: Abrasive damage to concrete structure by wave actions

ENGINEERING REVIEW REFORT RUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY
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9.3. Cracking

There are several causes of cracks in concrete. Cracks caused before hardening are due
to constructional movement, settlement shrinkage, and setting shrinkage. Cracks caused
after hardening are due to chemical reactions, physical movement, thermal changes, stress
concentrations, structural design, and accidents. Many elements in a concrete mix can
greatly influence the concrete’s vulnerability to cracking. Water is one of the most
significant. It has been found that the more water used, the greater the cracking tendency.
This is due to the increase in shrinkage and resulting decrease in strength that is caused
by the water content in a mix. The amount of cement is also important; in general, the
richer concretes crack more. The mineral composition, shape, surface texture, and grading
of aggregate variously affect the required proportions, thermal coefficient, drying
shrinkage, stiffness, creep, and strength of concrete. Some admixtures may also affect
cracking because of their effects on such contributory factors as rate of hardening,
shrinkage, and creep.

9.4. Honeycombing

Honeycombing is the term used to describe areas of the surface that are coarse and stony.
It may be caused by insufficient fine material in the mix, perhaps due to incorrect aggregate
grading or poor mixing. This can be corrected by increasing the sand and cement content
of the mix and by proper mixing, placing and compaction. Alternatively, honeycombing may
be caused by leakage of grout or mortar fraction from the concrete at construction or
formwork joints. The obvious solution here is to ensure that joints are well sealed and leak-
free.

Small, shallow areas of honeycombing are cosmetic. However, deeper areas will lead to a
local reduction in the protection to the reinforcement from the concrete cover and hence
resulting in durability problems.
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Figure 8: Example of honeycombing in concrete structure

DURABILITY OF CONCRETE

Durability is the ability to last a long time without significant deterioration. A durable material
helps the environment by conserving resources and reducing wastes and the
environmental impacts of repair and replacement. The production of replacement building
materials depletes natural resources and can produce air and water pollution.

Concrete resists weathering action, chemical attack, and abrasion while maintaining its
desired engineering properties. Different concretes require different degrees of durability
depending on the exposure environment and the properties desired. Concrete ingredients,
their proportioning, interactions between them, placing and curing practices, and the
service environment determine the ultimate durability and life of the concrete.

Durability of concrete may be defined as the ability of concrete to resist weathering action,
chemical attack, and abrasion while maintaining its desired engineering properties.
Different concretes require different degrees of durability depending on the exposure
environment and properties desired. For example, concrete exposed to tidal seawater will
have different requirements than an indoor concrete floor.

Concrete has been used in seawater exposures for decades with excellent performance.
However, special care in mix design and material selection is necessary for these severe
environments. A structure exposed to seawater or seawater spray is most vulnerable in the
tidal or splash zone where there are repeated cycles of wetting and drying and/or freezing
and thawing. Sulphates and chlorides in seawater require the use of low permeability
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concrete to minimize steel corrosion and sulphate attack. A cement resistant to sulphate
exposure is helpful. Proper concrete cover over reinforcing steel must be provided, and
the water-cementitious ratio should not exceed 0.40

Chlorides present in plain concrete (that which does not contain reinforcing steel) is
generally not a durability concern. In reinforced concrete, the paste protects embedded
steel from corrosion through its highly alkaline nature. The high pH environment in concrete
(usually (greater than 12.5) causes a passive protective oxide film to form on steel.
However, the presence of chloride ions from seawater can destroy or penetrate the film.
Once the chloride corrosion threshold is reached, an electrochemical current is formed
along the steel or between steel bars and the process of corrosion begins.

Concrete has a high resistance to chloride, however, for severe environments it can be
increased by using a low water-cement ratio of approximately 0.40. Increasing the concrete
cover over the steel also helps slow down the migration of chlorides. Other methods of
reducing steel corrosion include the use of corrosion inhibiting admixtures, epoxy-coated
reinforcing steel, surface treatments, concrete overlays, and cathodic protection.

DURABILITY INDEX TESTING

The South African Durability Index (Dl) tests comprise oxygen permeability, chloride
conductivity and water sorptivity tests. The durability indices obtained with these test
methods have been related empirically to service life prediction models. Index value, test
results can be used as the input parameters of service life models, together with other
variables such as steel cover and environmental class, in order to determine rational design
life. Limiting index values can be used in construction specifications to provide the
necessary concrete quality for a required life and environment. Thus, a framework has
been put in place for a performance-based approach to both design and specification.

The test specimens considered in this method are circular discs prepared from the cores
extracted from the deck at above water conditions and from the piles at underwater
conditions. The cores for the upper deck were 90 mm in diameter by 300 mm in length.
The cores retrieved from the piles were 70 mm in diameter by 152 mm in length. Figure
2 shows the cores retrieved from the site.
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Figure 9: Concrete core samples retrieved from the berth's deck and piles

The details of preparation of the cores retrieved from the site structural elements is shown

in the figure 10 below.
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Figure 10: Preparation of samples retrieved from the site structural elements
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11.1. Oxygen Permeability Test

Permeation is the process of movement of fluids or gases through the concrete pore
structure under an externally applied pressure whilst the pores are saturated with the
particular fluid or gas. Permeability is therefore a measure of the capacity for concrete to
transfer fluids or gases by permeation. The permeability of concrete is dependent on
microstructure, moisture condition of the material, and characteristics of the permeating
agent. For the testing of concrete properties, permeation characteristics are commonly
identified measuring gaseous flow through a specimen under an externally applied
pressure gradient. In terms of durability specifications, gas permeability characteristics are
used in predicting the ingress of carbon dioxide into concrete members.

The South African Oxygen Permeability Index (OPI) test method comprises measuring the
pressure decay of oxygen passed through a concrete disk (typically 68 mm diameter by 25
mm thick) placed in a falling head permeameter. A pressure gradient is applied across the
test specimen and subsequently the pressure decay in the pressure cell is monitored over
time (figure 9). Prior to testing, samples are preconditioned by oven drying at 50 °C for a
period of seven days.

Pressure cell

Concrete sample
Initial pressure p,;

4
Measure pressure

decay in cell OP] test
[ =i

Pressure loss
through saniple
under decaving pressure

Gas inlet closed atter test conwnencenment

Figure 11: Schematic of Oxygen Permeability test

11.2. Chloride Conductivity Test

Chiorides are able to enter the concrete microstructure in three main ways, namely capillary
absorption, permeation, and diffusion. Of these, diffusion is the primary means of ingress
and might easily allow ions to reach the level of the reinforcing steel within the life span of
the structure. Diffusion is the process by which liquid, gas or ions move through a porous
material under the action of a concentration gradient. It occurs in partially or fully saturated
concrete and is an important internal transport mechanism for most concrete structures
exposed to salts, for example in the marine environment. High surface salt concentrations
are initially developed by absorption, and the salt migrates by diffusion towards the low
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concentrations of the internal material. This salt migration process can be seen as diffusion
of chloride ions. As diffusion is a slow process, rapid chloride tests have been developed
to accelerate the diffusion process. Most of these methods rely on electrical acceleration
of the ions.

The South African Chloride Conductivity test involves the measurement of a sample’s
electric conductivity. A concrete specimen (typically 68 mm diameter by 25 mm thick) is
dried in an oven and vacuum pre-saturated with a 5 M NaCl solution. A conduction cell is
used, in which the sample is placed between two cells containing 5 M NaCl solution. A
potential difference is applied across the sample, causing a movement of chloride ions, the
corresponding current is used to calculate the concrete’s conductivity, which in turn can
be related to the concrete’s resistance to chloride ingress. This procedure gives an instant
reading.

0] paswer source

Rubiber
colla

Figure 12: Schematic of Chloride Conductivity test

11.3. Water Penetration / Sorptivity Test

Absorption is the process whereby fluid is drawn into a porous, unsaturated material under
the action of capillary forces. Water absorption caused by wetting and drying at the
concrete surface is an important transport mechanism in near-surface regions. The rate of
movement of a wetting front through a porous material under the action of capillary forces
is defined as sorptivity.
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The South African Water Sorptivity Index test is based on measuring the unidirectional
ingress of water into a preconditioned concrete sample. For this, the concrete samples are
sealed on the circumferential surfaces and exposed to a few millimetres of water with the
test surface facing downwards. This method measures the mass change of the specimens
over time, determining the amount of water absorbed into the concrete.

In the water sorptivity index method, the porosity of the sample is considered in the analysis
to establish the rate of water sorption, that is, the speed at which water is absorbed into a
certain depth of the member, resulting in the unit (mm/vh). The South African test
effectively normalises the results for porosity, and at the same time provides a useful
measure of concrete porosity.

Vacuum gauge

Water trap
Valve 77 ) &valve

Sample Vacuum Pressure
contalner pump vessel
Drg.1008b

Figure 13: Water Sorptivity test schematic

COMPRESSIVE STRENGTH TESTING

Compressive strength testing on drilled concrete cores is required to determine the
strength of hardened concrete in structure. The results achieved via testing are then
compared with expected normative values. Large discrepancies between the strength test
results and expected values may thus point to inherent defects within the concrete.

STRUCTURAL DETERIORATION IN MARINE ENVIRONMENTS

The transformation of materials into a successful marine structure is a multidisciplinary
endeavour (Figure 14) that includes a design stage and a manufacturing stage.
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Figure 14: Parameters affecting concrete in a marine environment

In the design stage, the usual engineering goal is to plan a structure which when fabricated
will function in the manner intended, be economical to produce and maintain, be durable,
and be reliable. The main design functions to assure these characteristics involve
determining overall structural configuration, operating stress levels, local stress levels and
stress concentrations, material selection, and selection of fabrication processes and
finishes.

The use of modern numerical methods for calculating static and dynamic stresses and the
development of fracture mechanics for subcritical crack growth in fatigue, corrosion
fatigue, and stress corrosion cracking (SCC) provide a means to evaluate and design for
defect tolerance. The materials selected for fabrication and the processes used to convert
the mill products into the structure during fabrication play a significant role in the success
of the structure. This is especially true for marine structures because of the strong effects
of the marine environment on the performance of materials. Such factors as chemistry,
microstructure, heat treatment, effects of welding, surface finish, and protective finish are
important parameters. All of these factors relate in an interactive way to the performance
of the structure in the physical and loading environments imposed on the structure during
its lifetime.

13.1. Chemical Composition of Sea Water

The salinity of sea water is generally about 3.5% of inorganic salts, the principal compounds
being sodium chloride and magnesium sulphate.
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The concentration of dissolved oxygen in sea water varies with temperature, depth and
turbulence of the sea. It is approximately 10 ppm at the surface, decreasing to about 3
ppm at 100 m depth. In comparison, the oxygen concentration in air is about 210 ppm.

13.2. Temperature of Sea Water

The temperature of sea water has an important influence on the durability of concrete; high
temperatures generally accelerate the deterioration process, not only owing to their direct
influence, but also to faster drying and salt accumulation caused by rapid evaporation in
the splash zone. In cold oceans, such as the Arctic, surface temperatures of the sea water
can be reduced due to atmospheric temperatures of below -50 °C, whereas water below
the ice line remains at around 0 °C. In temperate climates such as the North Sea,
temperatures vary from about 16 °C near the surface in late summer to 6 °C in winter. In
deeper water, below 50 m, the temperature variation is much smaller, in the range 6-9 °C
for all seasons. Warm oceans in the tropics can reach temperatures of nearly 30 °C in the
surface zones, the temperature decreasing with depth to about 12 °C at 200 m depth.

13.3. Exposure Zones

Concrete in a marine environment undergoes different deterioration processes depending
on its position with respect to the tidal levels. From this standpoint, the marine environment
can be divided into three principal zones as shown in Figure 15.

Figure 15: Marine exposure zones of concrete structures

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY - REVC
Port of Durban 26



Atmospheric Zone

Deposition of sea mist and sea salt occurs on materials exposed in marine atmospheres.
The salts are deleterious to most common alloys, promoting localized attack; their
hygroscopic nature and sea mist provide an electrolyte that is necessary for the attack to
occur, while the anions in the salt promote film breakdown on passive metal surfaces. The
mere presence of the deposits also may promote the formation of differential aeration cells.

The salt deposition process is a function of many variables, including wind and wave
conditions, height above the sea, distance from the shore, panel orientation, degree of
sheltering, and the amount of rain and distribution during a given time period. In general,
those factors which promote salt build-up and prevent rainfall from removing the salt
promote the most severe corrosion. Thus, the bottom sides of panels or those panels
which are sheltered from the rain are generally more severely attacked.

Fungi and mould also may deposit on metal surfaces in marine atmospheres. These
organisms may promote corrosion by the formation of differential aeration cells and by
holding moisture on the metal surface.

Splash Zone

The zone exposed to the atmosphere above high tide level. The concrete is exposed to salt
spray and cycles of wetting and drying. This zone is most prone to chloride-induced
reinforcement corrosion resulting in cracking and spalling of the concrete cover.

Tidal Zone

This is the zone between the low and high tide levels. The concrete undergoes wet and dry
cycles of sea water exposure. Chloride induced corrosion of reinforcement can cause
cracking and spalling. Mechanical action of the waves with sand and gravel causes
abrasion, resulting in loss of material. Chemical decomposition of Portland cement hydrate
is also likely in this zone.

Submerged Zone

The part of the structure below the low tide level, which is always submerged in sea water,
is primarily vulnerable to chemical attack by the salts in sea water on the products of
hydration of Portland cement. This can result in strength reduction and loss of material.
Sea water in this zone lacks dissolved oxygen to fuel corrosion of reinforcement and frost
attack is also not a problem in this zone. The hydrostatic pressure caused by the depth of
sea water, however, is likely to result in rapid diffusion of chloride into concrete.
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Figure 16: Corrosion rates of steel in marine exposure zones

13.4. Marine Fouling

Concrete structures in a marine environment are normally covered with marine growth, the
constitution and thickness of which depend on sea water composition, temperature and
depth. Marine fouling causes degradation of the concrete surface and impedes subsequent
repairs to the structure. Marine organisms can be characterized into two broad categories,
namely soft and hard fouling organisms. Examples of soft organisms are sponges, sea
squirts and sea weed. Hard fouling organisms include barnacles, mussels and tube worms.
Growth of these organisms is influenced by light intensity, water temperature, dissolved
oxygen concentration, depth, age of structural installation in the sea, geographical location,
season, current velocities and surface characteristics of structures.

The effect of marine growth on concrete durability appears to be insignificant. In fact, the
sealing of the concrete surface by marine growth may act as a barrier to the diffusion of
oxygen and chemical ions through the concrete cover, thereby preventing deterioration.
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Figure 17: Types of Marine Growth

13.5. Chemical Attack

A reinforced concrete structure in the submerged zone of the marine environment is
vulnerable to chemical reactions between sea water and the products of hydration of
cement, which can result in material loss and strength reduction. Deterioration is also likely
due to impact, abrasion and scour caused by floating ice and waves containing sand and
gravel particles. The main products of hydration of Portland cement are vulnerable to
decomposition by the aggressive components of sea water such as C0,, MgCl; and MgS0..
These products are formed by hydration of the dicalcium silicate (C.S) and tricalcium
silicate (CsS) compounds of Portland cement which produce the two crystalline hydrates
calcium hydroxide,

13.6. Damages Attributable to Operations

These can be attributed to the following factors: ship impact forces exceeding design
values, effects of cargo handling and hauling systems, ship propeller induced scour which

Port of Durban 29



1 &

may threaten to undermine the berth structure, or a combination of all of these. Physical
damage to the berth structure caused by a vessel can be generally categorized as either
accidental or attributed to the method of ship handling. Accidental loadings by their very
nature are a short-duration, one-time event. These loadings can generate stresses higher
than the strength of the structure, resulting in localized or general failure. Determination of
whether accidental loading caused damage to a structure requires knowledge of the events
preceding discovery of the damage. Usually, damage due to accidental loading is easy to
diagnose.

Visual examination will usually show damaged steel and spalling or cracking of concrete
that has been subjected to accidental loadings.

Accidental loadings by their very nature cannot be prevented. The accidental damage to
the berth structure is usually attributed to ship mechanical problems such as power loss
or poor weather conditions. At times poor coordination of berthing/unberthing operations
creates an accidental situation when a ship approaches or leaves the berth at an
unacceptable angle or with unacceptable velocity.

Ship-structure collision under these conditions sometimes results in damage to the
structure or its elements such as the fender system, piling, and others, and/or to the ship.

At times quite substantial damages to the berth structure caused by power failure,
mechanical problems, or by errors in berthing of ships literally of all sizes, but mainly by
large vessels with bulbous bows, have been reported. A bulbous bow is ideal for piercing
holes in sheet pile bulkheads and in thin-walled concrete structures, damaging gravity type
vertical walls and catching the piling under piled platforms and all types of piled dolphins.
Experience indicates that the damage to the structure caused by bulbous bows usually
occurs in the outer row of piles nearest the face of the wharf. Very often these piles were
centred as close as 0.3 to 0.5 m from the face of the berth. In some incidents other support
piling, and the second row in particular, were damaged but not to the extent or frequency
of the outer row.

The damage to the structure usually occurred when the vessel had been approaching the
wharf at an angle that exceeded 10 to 15° and/or with an unacceptable velocity from the
fender system energy absorbing capacity point of view. Hard docking may be affected by
weather conditions, for example, heavy wind or high waves. On occasion additional tugs
may be required to combat the force of the winds to ensure safe docking of a ship with a
large sailing area. Hard docking, absence of, or inadequate fendering may result in greater
wear and tear on dock walls. Lack of a proper fender system and errors in berthing may
also result in removal of mooring bollards and hand rails by flared bows. Flared bows have
been responsible in a number of accidents involving cargo handling equipment, for
example, container cranes.
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14. STRUCTURAL CONFIGURATION OF BERTH 4

Several historical drawings for the berth structure comprising the deck and the mooring
piled dolphins were received from TNPA. These drawings are relevant for Berth 2 and
Berth 3. Many of the drawings are not legible due to the microfilming process.

14.1. Berth Design Criteria
The design criteria for the berth is shown in drawing no. 62 214/402.

LOAD DESCRIPTION VALUE UNIT
Lateral fender load 100 kN
Lateral bollard load 100 kN
Lateral load caused by vessel impact while berthing 100 kN
Imposed distributed load on the deck 10 kN
Wind loading 0.6 kN/m?

14.2. New Portion of Berth 4 (1986)

Drawing No. 62 214/401 shows that the berth was 51,810 m in length, which implies that
the older portion of the deck is less than or equal to 40,69 m. From the diving footage, the
configuration of this newer deck is slightly different from the older piles and pile caps.

The figure below is based on site measurements and agreement with the appointed Divers
from Katlantic. The approximate position of the “infill” deck constructed during 1986 is
reproduced.
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ELAN: LAYOUT PRECAST DECK SLAB ELEMENTS

Figure 18: Precast deck slab elements in plan and section through the deck

The majority of the precast piles are spaced equally at 4.265 m with the exception of the
end piles which are spaced at 3,895 m.

The precast piles used for this section are shown in drawing 62 214/402. The precast
square piles are 450 mm square and reinforced with 4 no. Y25 rebar and 4 no. Y12 main
reinforcing bars. The pile shaft lengths are typically 15 m, 17 m or 19 m. The lower and
upper 1,5m of the piled shaft is reinforced with secondary R8 helical links with a pitch of
75 mm with the central portion typically with a pitch of 150 mm. The lifting positions were
typically 0.21 L from either ends.

The concrete cube strength for the precast piles were 45 MPa at 28 days. Cover to
reinforcement for piles was specified as a minimum of 60 mm.

The figure below shows a section through the new section of the deck and piles and the
approximate Cope level. The Quay Wall, 80 ton bollards and tyre fenders located on site
are illustrated in the forthcoming figures.
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Figure 19: Section AA through the berth and piled dolphins

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY ~ REVC
Port of Durban 33

§L




€

RO ATLCTION

Ty
-4
9' -
-
i
= s
3
—
3
(&}

1984

¥ 's-__,

T ol

LT TN

I
i - S b

Figure 20: Arial view showing old and new portions of the berth
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Figure 21: East elevation

SCOPE OF WORKS

15.1. Site Investigation and Methodology

An above water and under-water dive inspection was undertaken in order to assess the
existing condition of the berth’s concrete structures.

The durability of concrete is a vital factor influencing the in-service life of any reinforced
concrete structure. Elements of a marine structure that interface with water are subject to
a wide range of aggressive environmental conditions. This generally leads to accelerated
deterioration, and consequentially maintenance becomes an important factor in the service
life of the structure.

As structures age, the construction materials will degenerate and this, combined with
external factors, such as overloading and impact damage, will further detract from the
integrity of the structure, leading to a possible downgrading of the facility. ~Above the
waterline, deterioration is readily apparent and remedial measures can be taken to protect
the structure. As is the case of the Berth 4 deck and piles, the structure is partially
submerged and therefore deterioration or damage is not immediately apparent. More often
than not the problem is not detected until the structure has reached an advanced state of
distress. Underwater inspection is therefore of great importance.

Port of Durban 35




o

| A

In order to assist with the underwater and above-water visual inspections below the deck,
the Professional Structural Engineer, PR Eng., accompanied the team of Specialist Divers
from Katlantic.

An 8 m Rigid Hull Inflatable boat with trailer was used to facilitate the diving operations.
Agreement with regard to the notation and recording information was discussed between
the Structural Engineer and the Diving Manager prior to diving operations.

The initial above water structural visual survey was used to identify the six pile cores to be
extracted above and below the tidal /splash zones.

The CCTV visual survey was undertaken using an SSDE system 4251 high resolution
camera. This provided high quality footage for the underwater mooring dolphin piles at
depth. Audio Commentary was also included in the final footage received from Subtech
Group.

Other equipment used included a hydraulic power pack, a 100 m Hydraulic line, a 100 m
water line hose and a core drill.

The strategy for the inspection comprised of the following combined staged programme:
¢ Preliminary Inspection (ldentification of problem areas)
e Detailed inspection (to quantify deterioration)
e Appraisal of the situation
e Repair

¢ Monitoring

The preliminary inspection comprised of the above water and under-water visual survey
aimed at recording anomalies and identification of problem areas for detailed inspection.
The detailed inspection comprised of the extraction of cores at selected positions on the
piles and deck. The subsequent sections of this report will discuss the evaluation of the
results and recommend methods of repair and monitoring.

15.2. Sampling

The preliminary underwater and above water survey conducted by the diving crew formed
the most important stage in the programme as it allowed for a subsequent detailed
inspection to be undertaken and the selection of the cores to be made. Figure 22 shows
the piles that were labelled according to the agreed grids.
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Atotal of 132 piles were visually inspected. Based on the drawings for the piles constructed
during 1986, there are 63 No piles in this area. The remaining 68 No piles are piles
constructed in 1952,

Table 1 below is a summary of the piles in the different areas.

Table 1: Pile location summary

SECTION ~ AREA EAST AREA NEW AREA WEST
NO OF PILES 38 63 31
YEAR OF CONSTRUCTION 1952 1986 1952
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Figure 22: Pile differentiation by colour coding
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Figure 23: Plan view showing old and new portions of the berth as well as the precast pile inspected

Defects were noted on 6 of the 132 piles that were inspected. The cores for the piles have
been selected as follows:

e On the East side (piles constructed in 1952)
e (-0 taken at tidal and facing North
e B-0 piles taken 5m below water surface

e B-2 - sample taken at tidal

All cores taken from piles were 75 mm in diameter and approximately 152 mm in height.
These cores were tested for mechanical and chemical properties.
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Figure 24: Positions of the cores taken from the precast piles

16. PRELIMINARY FINDINGS FROM VISUAL INSPECTIONS AND
ANALYSIS OF DIVE FOOTAGE

Figures 15 and 16 will be used when referring to the various components of the marine
structural elements (viz Deck (Berth), Piles (mooring dolphins) and the stiffeners/web
beams). Although the requested assessment was predominantly for the deck and piles,
we have requested the divers to comment on the stiffeners or “concrete spine” beams
wherever they were encountered and to note any major cracks on the surface.

#NOTE: Figure 25 below is a summary of the deterioration on the piles, deck and spine
beams that were discussed with the divers and reassessed in structural deterioration
terminology related to concrete structures.
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Slab Severity of
Gridline Pile No| Spine Beam underside Pile Pile depth defect Description Comment
No structural
A 1 no defects defects N/A Minor cosmetic Minor
A 17 no defects nodefects | Minor overspill 7m and 4m Minor overspill
Honeycombing| Capimpact | assumedat 650mmL | 740mmbxtismm
B 0,1 no defects underslab damage interface Xx80mmD south D North
545mmx65mm | 660mmx85mm
B 1,1 no defects no defects spalling 4m North West
Honeycombing spalling
[spallingof | Nostructural between BRC4-| areaof 1,5m x.
B 1,2 no defects toncrete defects 2m 2m
Defectson spalling. spalling
B 13 no defects slabs between 8 line between B3 and | dreacfémx2m
No structural
B 2,1 no defects  |Honeycombing defects
No structural
B 2,2 no defects  |Honeycombing defects
No structural
B 2,3 nodefects  |Honeycombing defects
No structural
B 3,1 no defects  |Honeycombing defects
|miner No structural
B 4,1 no defects | delamination defects
crackline- | No structural
B 51 no defects unkpown defects
No structural
B 6,2 no defects  |Honeycombing defects
grackline- | No structural
B 7,1 no defects unknown defects
crackline crack line -
B 11,2 no defects unknown | unknown depth
No structural
C 1,1 no defects defects
Spallingand | No structural
C 2,2 no defects .éxpcsﬁre of defects
spalling due to
c 19,1 nodefects | Minorspalling| corrosion of
No structural
C 20,1 nodefects [ Minorspalling defects
_ No structural
C 21,1 no defects | Minorspalling defects
No structural
21,2 nodefects | Minorspalling defects
No structural
22,2 nodefects | Minorspalling|  defects
Minor no infrasructure
231 nodefects  |honeycombing| Base of pile  |top and bottom of
Minor possible
23,2 no defects honeycombing] minor spalling replacement pile
24,1 no defects nodefects | minorspalling
Figure 25: Summary defects table
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16.1. Topside of Concrete Deck

No photographs were allowed as per the rules of the facility. However, the concrete
structure was generally found to be in good condition with no major structural defects
noted. Minor cracks caused by operational wear and tear were found in some areas. These
are mainly cosmetic in nature and can be easily addressed on site with a repair contractor
and the engineer. Some broken concrete was found around the bollards, these are
cosmetic damages and do not have any effect on the load bearing capacity of the bollard
i.e. the bollards are still firmly anchored in their original foundations.

16.2. Underside of the Concrete Deck

Based on the visual inspection of particularly the soffit of the deck supported by the 1952
piles on the eastern and portions of the western side, severe concrete spalling with exposed
corrosion. Figure 26 shows a typical section where major spalling was noted. The “Green
cells” in the table above show those areas that were areas of the underside of the deck.

It should be noted that the Subtech report shows the affected deck area within the vicinity
of the referenced pile number.

Based on Condition Index for all underdeck deterioration a Cl of 40 to 54 is given for Zone
2 i.e. Fair: Moderate deterioration. Function is still adequate. Severity levels of
corrosion of reinforcement is 5 where loss of section >20% was noted. Spalling of
concrete has a severity level of 3 with spalling 1/3d to 1/2d in depth, where d is concrete
cover.

1952 moaring dolpin pies

rear rotaining wall with
tpine betms

Figure 26: Typical spalling below soffit of old section (1952). Major spalling of concrete and
depassivation of reinforcement
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Concrete cover to exposed rebar was in the order of 30mm which is not suitable for
aggressive exposure conditions according to SANS101

00.

16.3. Piles (Mooring Dolphin)

Refer to “Summary Defects Table” figure 22 above.

Figure 27: Typical precast deck supported by primary 1000x500 insitu downstand beams

Table 2 below provides a summary of the identified piles distributed along sections.

Table 2: Piles distributed along sections

SECTION  AREAEAST  AREA NEW AREA WEST
NO OF PILES . 38 63 31
YEAR OF CONSTRUCTION 1952 1986 1952
AFFECTED IDENTIFIED PILES 2 1 3

Pile €23.1 was completely detached from the pile cap and a replacement pile was noted
by the divers.

ENGINEERING REVIEW REPORT: STRUGTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIFW FACILITY ~ REVC
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16.4. Concrete Quay Wall and Spine Beams

Two precast concrete Quay walls were damaged due to impact load from berthing forces
of a 1000 Ton ship. There is extensive exposure of reinforcement and concrete damage
as shown in figure 28 below.

Figure 28: Impact damage on Quay Wall

To undertake further evaluation, the Durability Index Testing is undertaken in accordance
with SANS 3001-C03-1:2015, SANS 3001-C03-2:2015 and SANS 3001-C03-3:2015. The
cores have been sent to the laboratory for testing. As soon as this becomes available, we
will report on it and update the assessment.

17. RESULTS AND INTERPRETATION OF CORE SAMPLE TESTS

Concrete core samples were extracted on the berth’s deck and pile structures as per
TNPA's requirements. The cores were subjected to Durability Index tests viz; Water
Sorptivity, Chloride Conductivity and Oxygen Permeability and crushing tests to determine
the concrete strengths. All testing was undertaken at ROADLAB, a SANAS approved Civil
Engineering and Material Sciences laboratory.

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY — REVC
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17.1. Compressive Strength

The table below is a summary of the test results received from the labs. Laboratory sample
no C0169 and C0173 were extracted from the precast concrete piles. The remaining cores
were extracted from the concrete deck.
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Figure 29: Compressive Strength results
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17.1.1.
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Analysis

The concrete cube strength specified at 28 days for the precast concrete piles
was 45 MPa. (Drawing No. 62214/401 dated 7/10 1985.). The specified concrete
cube strength at 28 days for the concrete deck was 40 MPa. Although the
specified target strengths were given for the 1986 portion of the berth structure,
the same concrete cube strengths were specified for the older 1952 sections of
the berth structure.

The test method for the cores was as follows: (SANS 5865-1994)

1. The cores were immediately tested after it was removed from the water
whilst still wet. Cores with cracked or loose caps were disregarded. Surface
water, grit and projecting fins was removed, and for each core under test,
the length of the ground core or of the capped core was determined to the
nearest 1 mm,

2. The compression plates were wiped clean and positioned so that the core in
the machine and axis of the core was aligned with the centre of thrust of the
spherically seated platen.

3. The compression load was applied without shock and was increased at a
uniform rate of 0,3 MPa/s until the specimen fails. The load at failure P, in
Newtons was thus reported

The figure below plots the compressive strength data for the concrete deck.
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Figure 30: Graph of core sample compressive strength

The mean value for the compressive strength is 62.525 MPa.
deviation is 16.22 MPa. The concrete cube strength at 28 days for the concrete
deck was 40 MPa. The results are higher than the specified strength for the
concrete deck and is acceptable.

The cores (C0169 and C0173) have a compressive strength of 48.6 MPa and 47.5
MPa which are greater than the concrete cube strength at 28 days for the precast

concrete piles which were 45 MPa. These results are thus acceptable.

17.2. Durability Index (DI) Testing

17.2.1. Water Sorptivity and Oxygen Permeability Testing Result

Port of Durban

61,4

The standard

In the figures that follow, the laboratory results received for the Water Sorptivity
and Oxygen Permeability tests are given.
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17.2.2.
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Analysis — Oxygen Permeability Tests

Table 3: Sample 1 OPI - Result

Disk Number k(m/s) OPI
1 3,71535E-11 10,43
2 2,63027E-11 10,58
3 2,45471E-11 10,61
4 2,5704E-11 10,59
Mean 2,84268E-11 10,56
S.D. 5,86326E-12 0.083
Table 4: Sample 2 OPI — Result
Disk Number k(m/s) OPI
1 2,63027E-10 9,58
2 4,16869E-10 9,38
3 3,63078E-10 9,44
4 3,98107E-10 9,4
Mean 3,6027E-10 9,45
S.D. 6,85548E-11 0,09
Table 5: Sample 3 OPI - Result
Disk Number k(m/s) OPI
1 3,71535E-11 10,46
2 2,63027E-11 10,57
3 2,45471E-11 10,48
4 2,5704E-11 10,49
Mean 2,84268E-11 10,50
S.D. 5,86326E-12 0,083
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OPI- calculated oxygen permeability of the specimen

k-coefficient of permeability of the test specimen in meters per second (m/s)

OPI test data

11
10,8

10,6 e p————9

10,4 "/

10,2

10 =®—Sample 1 - OPlresult
98 Sample 2 - OP) result

—&— Sample 3 - OPl result
9,6

9,4

9,2

(0] 1 2 3 4 5
Disk Number

Figure 32: Graph of OPI results

Based on the Plot of the OPI values that were plotted on a log scale from the
laboratory results on the Cores from the piles and deck, all core specimens tested
fall within the accepted range >9.4 in figure 33. The minimum value is 9.38 which
is the Conditional Acceptance range of 9.0 to 9.4. A maximum value of 10.61 was
attained. This OPI value is greater than 9.4 and a full acceptance criterion of this
range is given as in figure 33 below.

Based on the above values for the concrete durability indexes, the concrete has
thus withstood the service conditions that the open berth structure was designed
for.

The OPI is evaluated according to the following Durability class:
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0PI Sorptivity Conductrvity
Acceptance Criterion (log scale) (/) (mS/em)
Laboratory concrete =10 <26 <0.75
Full acceptance =94 <9 <21.00
. Conditional acceptance | 9.0to 9.4 9to 12 1.00t0 1.50
-g % Remedial measures 8751090 121015 1.50t0 2.50
% £ [ Repction <875 -15 2250

Figure 33: Durability Index Acceptance Criterion

17.2.3. Analysis — Water Sorptivity Tests

Port of Durban

Table 6: Sample 1 Water Sorptivity — Result

Disk Number Sorptivity (mm/hr®®)
1 5.81
2 4,71
3 6.59
4 3.70
Mean 5.2
S.D. 1.26

Based on the results analysed for the OPI, it is concluded that the Acceptance
Criterion is Full Acceptance on As-built structures
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Table 7: Sample 2 Water Sorptivity - Result

Disk Number Sorptivity (mm/hr®%)
1 5.87
2 6.42
3 7.75
4 7.18
Mean 6.8
S.D. 0.82

Water Sorptivity test data

5 6
-]
£
£5
Z
a
° 4 —@—Sample 1 - WS test data
(7]
§ Sample 2 - WS test data
©
23

2

1

0

0 1 2 3 4 5
Disk Number

Figure 34: Graph of Water Sorptivity results

Based on the Plot of the Water sorptivity values that were plotted on a log scale
from the laboratory results on the cores from the piles and deck, all core
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3 &

specimens tested fall within the accepted range of less than 9 in figure 33. The
minimum value is 3.7 and the maximum value is 7.75.

The water sorptivity value is less than 9 and the Acceptance criterion is Full
Acceptance. Based on the above values for the concrete durability indexes, the
concrete has thus withstood the service conditions that the open berth structure
was designed for over the prolonged periods.

Chloride Conductivity Testing Result

Below are the laboratory results received for the Chloride Conductivity tests.
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Centre of Product Excellence Laboratory - Roodepoort

AfriSam

Test Results for Chloride Conductivity Test

Project: ROADLAB
Sample Reference ID No.: JO8 1157-18-A
Date of Test: 27-5ep-18

Test Operator: Linda

chloride conductivity: 0.20 mS/cm
EAST-B-E-O-30 EAST-C-0-52 WEST-TIDALC-LINE-54 WEST-B-UNE-56
Diameter {mm) 67.13 Diameter (mm) 57.54 Diameter (mm)  68.00 Diameter (mm) &7.53
Diameter (mm) 67.17 Diameter (mm)  67.92 Diameter (mm)} 68.04 Diameter [mm] 67.51
Ave Diameter {mm) 67.15 Diameter (mm) 67.93 Diameter (mm) 68.02 Diameter (mm) 67.52

Thickness imm)| 31.06 Thickness [mm)| 30.30 Thickness i(mm}| 30.82 Thickness (mm]{ 29.82

Thickness {mm)| 29.37 Thickness {mm)| 30.16 Thickness (mm)| 31.45 | Thickness {mm)| 29.96

Thickness {mmj| 3047 Thickness (mm)| 31.04 Thickness {mm}| 32.05 Thickness [mm]| 28.79

Thickness {(mm)| 3134 Thickness (mm)| 30.36 Thickness (mm}| 31.43 Thickness ([mm}| 29.54

Ave Diameter (mm) 30.56 Thickness (mm)  30.47 Thickness (mm} 31.44 Thickness (mm] 29.78

Area 35.4177 Area 36.213 36.34112 Area 35.7772
volts 739 wolts 7.58 volts  7.62 volts 6.96
Amps 14.2000 Amps 1B.0000 Amps 19.600(‘ Amps 185000

Conductivity 0.165797 conductivity 0199774 Conductivity 0.222511 Conductivity 0.22123
Average Conductivity value 0.2023 m&/cm

All testing was conducied at Afrisam Centre of Product Excellence Laboratory and carried out in accordance with
test procedure as laid out by Research Monograph No 4. Collaborative research by the University of Cape Town
and the University of the Witwatersrand

Manager Centre of Product Excellence: M. McDonald /

Afrisam Roodepoort - Tel: 011- 758 6000 & Fax 011- 758 6091

Port of Durban
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Centre of Product Excellence Laboratory - Roodepoort

NfriSam

Test Results for Chloride Conductivity Test

Project: ROADLAB
sampie Reference 1D No.: JOB 1157-18-8
Date of Test: 27-5ep-18

Test Operator: Linda

Chloride conductivity: 0.18 mS/cm
WEST-TIDAL-B-LINE-G#2-54 N1-E-152mm-60 M2-155mm-64 N3-70
Diameter (mm) 68.10 Diameter (mm) 68.089 Diameter [mm) 68.17 Diameter (mm] 65.87
Diameter (mm) 68.10 Diameter (mm) 68.09 Dizmeter (mm) 68.19 Diameter (mm] 655.84
Ave Diameter (mm) 68.10 Diameter (mm) 68.09 Diameter (mm) 68.18 Diameter (mm] 65.86

Thickness {(mm)| 3092 Thickness [mm)| 33.62 Thickness {[mm}| 30.35 Thicknass (mm}| 29.62
Thickness (mm}| 30.64 Thickness {mm)| 32.97 Thickness {mm)| 29.99 | Thickness {mm)| 30.87
Thickness {mm)| 30.52 Thickness {mm)| 32.43 Thickness {mm)| 29.71 | Thickness (mm]| 31.86
Thickness (mm)| 3095 Thickness (mm)| 33.11 Thickness {mm}| 29.64 Thickness (mm]| 29.84
Ave Diameter (mm) 30.76 Thickness [mm) 33.03 Thickness {mm} 29.92 Thickness (mm] 30.55

Area 36.40524 Area 36.3945 36.50153| Area 34.029
Volts 1.72 Volts 717 Volts 5.94 volts 7.21
Amps  16.50008 Amps 17_8000 Amps 14.7000 Amps 12.5000

Conductivity 0.180573 Conductivity 0225323 Conductivity 0.20287 Conductivity 0.15563
Average Conductivity Value: 0.1911 m5/cm

All testing was conducted at Afrisam Centre of Product Excellence Laboratory and carried out in accordance with
test procedure as laid out by Research Monograph No 4. Collaborative research by the University of Cape Town
and the University of the Witwatersrand

bt s |

|'|'5 'l " wr

Manager Centre of Product Excellence: M. McDonald

Afrisam Roodepoort - Tel: 011- 758 6000 & Fax D11- 758 6091

Figure 35: Laboratory results for Chloride Conductivity tests
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Analysis

Table 8: Chloride Conductivity - Test Results - Disk 1-4

Disk Number Conductivity (mS/cm)
1 0,181
2 0,225
3 0,202
4 0,156
Mean 0,1909075
S.D. 0,029597312

Table 9: Chloride Conductivity - Test Results - Disks 5-8

Disk Number Conductivity (mS/cm)
5 0.166
6 0,199
7 0,223
8 0,221
Mean 0,214333333
S.D. 0,01331666

The tabular results are summarised in the graph below,
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Figure 36: Graph of Chloride Conductivity results

Based on the graphical Plot of the Chloride Conductivity values on the Cores from
the piles and deck, all core specimens tested fall within the accepted range of less
than 1 in Table 2. The minimum value is 0.15563 mS/cm and the maximum value
is 0.225 mS/cm and the Acceptance Criteria (figure 33) for as-built structures is
“Full acceptance”.

Based on the above values for the concrete conductivity results, the concrete has
thus withstood the service conditions that the open berth structure was designed
for. Chlorite attack is not the direct underlying contributing factor to the corrosion
of reinforcement noted.

18. PROPOSED REMEDIAL WORKS OPTIONS AVAILABLE TO TNPA

Based on the results/outcomes of the detailed inspections and testing undertaken on Berth
4 Island View, Lodemann proposes the following three options for the Works:

18.1. Option 1 - Do Nothing

This option involves maintenance of the current status quo. It is however clear from the
inspections completed, that the berth structure is beginning to show localised deterioration.
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As much as the deterioration noted in this study remains largely cosmetic in nature and
does not pose a major structural risk to the berth, if left unattended the localised
deterioration shall progressively worsen to the point of affecting the berth’s structural
capacity. Repairs that may possibly be carried out at some stage in the future (on the
premise that no remedial actions are taken now) will likely be much more significant in
respect of longer time for completion, complexity of the repairs and the consequentially
negative effects to berth operations.

18.2. Option 2 - Repairs

The visual inspection and laboratory testing results mesh well with each other and point to
the existence of localised deterioration and defects that require localised repairs. It appears
that the timing of the assessment was fortuitous, as the damage noted has not progressed
to levels where they are having an effect on the structural integrity of the berth. With
suitable repairs, the berth deterioration can be acceptably addressed.

18.3. Option 3 - Rebuild

Considering the extents of the defects noted, it is unlikely that a rebuild of the deck shall
be necessary.

19. MULTI-CRITERIA ANALYSIS

The three options described in Section 18 above were consolidated into a matrix structure
to allow for their comparison against predefined associative criteria. Weighted numerical
scores were applied, with the summation of the individual scores resulting in the preferred
option.

The critical project factors are described below as follows:

o Effect on Operations — means how significantly will the option impact the daily
operations of the berth

o Duration for Completion of the Works — means how long (in months) will it take to
complete the full scope of the work

o Expected Lifespan Following the Completion of the Works — means how long is the
berth structure expected to last without experiencing a major structural failure

o Constructability — is a measure of the complexity associated with completing the works
to a satisfactory level of fabrication quality

e Maintenance Costs Within the First 10 years Following Completion of the Works -
means how much will the expected maintenance costs be
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e Cost of the Works — means how much will the works cost to complete

IV4 Multi-Criteria Analysis

1. Effect on berth operations
0=Total shut down of Berth operations; 3= Partial Shutdown; 5= No effect on Berth operations

2. Duration for completion of the work
(= >12months; 1= 9-12months; 2= 6-9month; 3= 4-6months; 4= 1-3months; 5= Omonths

3. Expected lifespan following completion of works
(=<5years; 1= 5-10years; 2= 10-20years, 3= 20-30years, 4= 30-50years; 5= >50years

4. Constructability
(0= Highly complex construction incorporating very specialised construction techniques ; 5= Low complexity with standard construction techniques

5. Maintenance costs within the first 10 years following completion of the works
(=>20mil; 1=10-20mil; 2= 5-10mil; 3= 2-5mil; 4= 1-2mil; 5= 0-1mil

16. Cost of Works
(1= 100-300mit; 1= 50-100mil; 2= 20-50mil; 3= 10-20mil; 4= 0-10mil; 5= Omil

Note: In the table below, the highest total represents the preferred option

CRITERIA
Maintenance
Duration for EI;;Z:C?: ScEtptintg
OPTIONS Effect on berth a Constructability| first 10 years TOTAL
completion of following 4 Cost of Works
operatlons th following
e work completion of 5
T completion of
the works
1. Do Nothing 5 5 1 5 1 5 22
2. Repairs 3 3 3 5 3 3 20
3. Demolish and Rebuild 0 0 5 0 5 0 10

Figure 37: Multi-criteria analysis

19.1. Analysis of the Multi-Criteria Analysis

Though the 'Do Nothing' option scored the highest, it is not a reasonable option as the
berth has already been found to be in a deteriorating condition. This deterioration is
certainly time dependant with the structure constantly subjected to the abrasive actions of
the tidal movements meaning that the current deteriorated state shall only worsen over
time. Areas where spalling and honeycombing were found will also deteriorate further due
to chloride and sulphate attacks. Though the deterioration of the structure is currently
considered primarily cosmetic, it is a certainty that doing nothing will eventually affect the
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Serviceability and Ultimate Limit States of the structure. This is likely to result in diminished
structural load bearing capacity which will negatively impact future berthing operations.

As mentioned in the previous paragraph, the structural deterioration currently noted on the
berth structures is classified as cosmetic and having no major impact on the structural
capacity of the berth. Hence, the ‘Demolition and Rebuild’ of the berth is not considered
to be necessary. For parity however, this option has had the critical project factors applied
to it, in order to give an indication of the effect on operations, time, cost and complexity
that would be associated with this option.

The findings of the various assessment techniques employed to establish the structural
condition of the berth have been found to be largely congruous, with the outcomes pointing
to structurally repairable defects at different locations on the berth structure. Through the
application of the various critical project factors to the ‘Repair’ option, repairs have been
found to be both a logical and viable option.

20. RECOMMENDATIONS

The visual inspection survey both above water, in the splash zone and below water revealed
only isolated areas of damage to the berth’s reinforced concrete structures. In all instances,
the classification of the damages fell into the typical ranges of reinforced concrete
deterioration classes i.e. cracks, spalling, abrasion and honeycombing. The extent of the
damages identified, at their current stage of inspection, is largely classified as ‘cosmetic’
type deterioration which means that the ultimate limit state of the structure has not been
affected. Further, due to the intact Ultimate Limit State of the structure, it remains in a ‘Fit
for Purpose’ operational condition. The results of the laboratory testing i.e. Compressive
Strength Testing and Durability Index Testing of the concrete cores extracted from varied
locations on the berth structure corroborates the findings of the visual assessments.

The reinforced concrete cores that were crushed all revealed breaking/crushing strengths
exceeding 40 MPa, meaning that the original concrete mix design was adequate and suited
to the application. This resulted in concrete that has suitably cured in its marine
environment since it was first installed.

The results of the individual tests that comprise Durability Index testing i.e.: Water
Sorptivity, Oxygen Permeability and Chloride Conductivity all produced results classified as
‘Full Acceptance’, meaning that the concrete at a microstructure level has not been
compromised or significantly affected by the saline, high chloride marine environment.

We have thus concluded that the specific structural defects noted in the condition
assessment are repairable, the repairs must follow the applicable specification rigidly.

Port of Durban 62



3 o

Repairs to all affected concrete structures comprising the berth, as per the specifications
and requirements as discussed in Sections 21, 22, 23 and 24 below, are thus
recommended.

21. SPECIFICATION FOR REPAIRS TO UNDERWATER REINFORCED
CONCRETE STRUCTURES

Repairs or remediation to the underwater concrete structures shall be in accordance with
the following specifications:

« Completely remove all loose, delaminated and weak concrete, oil, grease, laitance
and other contaminants. Prepare concrete using acceptable mechanical means and
concrete cleaners or degreasers as necessary to obtain clean, sound and rough
concrete surfaces exposing coarse aggregate.

o Where surfaces are not underwater or are in tidal zones, pre-soak concrete surfaces
thoroughly for a minimum of eight hours with potable water. Concrete shall be
saturated and free of standing water at time of placement.

e Where reinforcement is exposed, mechanically prepare surfaces to remove all rust,
scaling, oxidation, marine growth and other contaminants. Where a delay in grouting
may occur, coat reinforcement with a suitable corrosion inhibitor or coating.
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Figure 38: Rotary pneumatic grinder used to prepare underwater concrete and steel surfaces
for repairs

Figure 39: Preparation of underwater concrete structure

o All repair / grouting should be done at a minimum 25 mm thick to a maximum of
150 mm. Larger/deeper placements may be accomplished by extending grout with
a clean washed coarse aggregate to Engineers specification.

e We recommend that all underwater grouting be dry-packed. It must be noted that
dry-pack placement should be limited to small application areas. However, should
we discover excessive structural damage after the dredging process alternative
methods like underwater pouring or pumping should be adopted where it is not
practical for dry-pack placement.

e A dry-pack consistency is achieved when the mixed grout can be squeezed into a
ball by hand without crumbling. Only enough water should come to the surface to
moisten the hands.

e Use a ram with a square cut end and hammer to evenly compact the grout against
solidly braced backing boards, combining each layer (approximately 12mm thick) to
the previously placed layer over its entire surface.

e Each placed layer shall be visually inspected for placement uniformity.

e Striking force should be sufficient for compaction of the grout without affecting plate
alignment.

¢ Placement shall be continuous until grouting is complete.
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e The contractor must follow all processes specified on the material data sheets when
preparing the repair areas.

e The applicator must apply the repair mortar to the repair area as per the
requirements of the supplier's material data sheet.

22. SPECIFICATION FOR REPAIRS TO ABOVE WATER REINFORCED
CONCRETE STRUCTURES

22.1. Spalled Concrete

Spalled concrete that is visible on some concrete elements must be repaired in following

way:

20.1.1.

Port of Durban

Surface Preparation

Mark out all of the defective areas of concrete to be removed. These shall be
agreed with the Supervisor and recorded before proceeding with the repair works.

The concrete surfaces to be repaired must be free from dust, loose or friable
materials, surface contaminants and any other materials which could reduce the
bond of the repair materials.

All delaminated, weak, damaged and deteriorated concrete and where necessary
sound concrete, shall be removed by suitable mechanical means or very high
pressure water techniques (Up to 110 MPa). Tie-wire fragments, nails and any
other metal debris embedded in the concrete must also be removed.

The edges of areas where concrete is removed shall be cut to an angle of more
than 90° to avoid undercutting but not more than 135° to reduce the possibility of
shrinkage / debonding / cracking at the adjacent sound concrete interface. These
areas shall be roughened sufficiently to provide a mechanical key between the
original concrete and the repair mortar.

Where the repair depth corresponds to the depth of concrete cover and the
concrete removal exposes steel reinforcement; the breaking out shall continue to
expose the full circumference of the steel, plus a further 20 mm behind the bars.
Breaking out shall continue along the reinforcement until non-corroded steel is
reached. Care must be taken to ensure that any reinforcement exposed is not cut
or damaged.
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20.1.2.

20.1.3.

20.1.4.

20.1.5.
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Rust, millscale, mortar, concrete, dust and other loose and deleterious material
which could reduce bond, or contribute to corrosion, shall be removed. The steel
surfaces shall be prepared to a minimum standard equivalent to SA 2 %2 according
to ISO 8501-1. The steel surfaces shall be prepared using abrasive blast cleaning
or high pressure water techniques (Up to 60 MPa). Where exposed reinforcement
is contaminated with chlorides or other materials which could cause corrosion,
the reinforcement shall also be cleaned by low pressure water jetting techniques
(Up to 18 MPa).

Steel Reinforcement

Corrosion Protection

Apply the anti-corrosion protective coating by brush or by spray onto the prepared
reinforcement. Care must be taken to ensure complete application behind the
reinforcement. Two coats must be applied and sufficient time must be allowed for
first coat to harden before applying the second coat.

Bonding Primer

Apply the bonding primer into the substrate with a stiff brush, filling all of the
profile. The subsequent application of the repair mortar shall then be done ‘wet
on wet'.

Repair Mortar

The repair work can either be hand placed or can be poured with a free-flowing
structural repair concrete whichever is the most practical.

Ensure that the bonding primer is still ‘tacky’ when the repair material is applied
using ‘wet on wet’ techniques.

Hand Placement — Apply a wet sprayed / hand placed fibre reinforced repair mortar
or high build repair and profiling mortar depending on depth by hand using
traditional techniques, or mechanically using ‘wet’ spray equipment. When the
repair depth exceeds the maximum allowable thickness of the repair material, it
shall be applied in several layers. The previous layer must have hardened
sufficiently, so as not to be disturbed by the subsequent application. The first layer
must not be smoothened in order to provide a mechanical key and ensure a good
mechanical bond for the subsequent layer.

Repair Grout — Fix the formwork prior to the mixing of the material and seal grout
tight. Different ways of grouting are applicable, such as pouring from the top as
well as pumping from the bottom. Care must be taken that air can escape. The
use of a rod will assist in releasing entrapped air. Slight knocking on the formwork

66



o

might be of help to avoid air pockets. Place the free-flowing structural repair
concrete directly after mixing ensuring that any displaced air is not allowed to
escape. A sufficient hydrostatic head must be maintained to keep the product
flowing. The repaired area must be protected from rain until initial set has been
achieved. The repair grout must be cured by keeping wet to avoid rapid loss of
water. Normal curing practices should be applied as for any other cementitious
material.

-

20.1.6. Corrosion Inhibiting Impregnation Paint

Apply 3 coats of the corrosion inhibiting impregnation paint to saturation by brush,
roller, low pressure or airless spray equipment.

After the application of the last coat, as soon as the surface becomes mat, do a
low pressure water cleaning (water hose).

The day after application, the treated surfaces shall be cleaned by pressure
washing (10 MPa) to remove any traces of soluble salts that may have deposited
at the surface.

20.1.7. Silane Based Water Repellent Impregnation Cream

Apply one coat of the Silane Based Water Repellent Impregnation Cream using a
brush, roller or airless spray.

22.2. Crack Repairs

The surface over the entire length of the crack should be wire brushed to remove laitance
from the concrete. If the surface of the concrete is unsound chase a “V” cut at least 10
mm deep and 20 mm wide into the crack. All debris should be removed.

Drill into the crack using the 6 mm bit. Drill at least 50 mm deep. Ensure that the crack lies
within the sides of the hole.

Using a fine stiff wire, scratch out the debris/dust that may block the crack in the sides of
the hole.

Holes should be between 250 mm and 300 mm centres, the finer the crack the less the
centre spacing.

Seal the grease nipples into the holes with a collar of a two-component repair epoxy mortar.
Cover the head of the nipple with a short length of rubber or plastic tubing to ensure the
inlet is kept free of epoxy. Also ensure that the outlet is kept free of epoxy.

Having sealed the nipples into the crack, seal the entire face of the crack applying about 3
mm thick and approximately 50 mm wide. Where the crack is chased out the chase should
be filled and finished flush with the concrete surface.
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Allow to cure overnight.
After curing (24hrs), open the non-return ball valves of the nipples by forcing in pins.
Fill the injection gun with correctly mixed low viscosity injection liquid.

Starting at the lowest point of the crack or at one end, if the crack runs horizontally, pump
in liquid resin. Continue pumping until resin exudes from the next nipple. Remove pin and
carry on pumping for a few more strokes of the gun.

Disconnect gun from inlet and attach it to the nipple from which resin exuded.

Continue this sequence working either up or along the crack. After about 30 minutes return
to the first nipple that was filled, re-open the ball valves with pins and try to pump in further
resin. This can usually be done as the resin may have seeped away into finer cracks or
pockets of honeycomb. If foamy resin extrudes continue filling until clear resin is evident.

Once injection of crack has commenced, work must continue until the crack has been filled.

Before injection work starts, a rough calculation should be made as to the amount of resin
that will be needed to fill the crack. This need to be approved by the Supervisor before the
contractor continues with the work.

Twenty-four hours after injection, the surface seal and protruding nipples may be cut off
with a grinding wheel.

22.3. Minor Honeycombing

The concrete surface should be sound, clean, properly cured, free from oils, grease or
surface contaminants. All loose materials and surface laitance must be removed by high
pressure jet blasting or similar mechanical means. The prepared surface should be
thoroughly soaked with clean water until uniformly saturated, leaving no standing water.

Apply the cementitious pore sealer and levelling mortar by trowel to the pre-wetted
substrate. As soon as the mortar has started to set, it can be rubbed down with a wooden
or plastic float or sponge finished. Extra water should not be added to improve workability
once setting has started.

23. METHOD STATEMENT FOR CONCRETE REPAIRS REQUIRING
DIVING WORKS

23.1. Introduction

This method describes how underwater repairs to berth’s reinforced concrete structures
will be executed by a commercial diving entity.
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23.2. Equipment Used

The following equipment will be used:

Surface Supply System
o Video camera and recorder
o 2-way communication system from diver to surface
o One-way and Non-return valves
o Gauges
o Main gas supply system
o HP back up gas
o Kirby-Morgan dive helmets
Hydraulic Equipment
o Hydraulic Power pack, piping and valves
o Hydraulic Grinder
o Hydraulic Breaker
BROCO Oxy-Arc Underwater Cutting Equipment
Support Vessels

Support Vehicles

23.3. Establishing Operational Readiness of the Equipment

Surface Supply System

The video camera and recorder will be tested
2-way communication between diver and surface will be tested
The non-return valves will be tested
The one way valves will be tested
The gauges will be tested
The main gas will be tested
o LP compressor
o Oil level will be checked
o Pig will be visually inspected

o Water will be drained out of pig
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The air quality of the main gas will be tested
The HP backup gas will be tested
The Kirby Morgan diving helmets will be tested

Hydraulic Equipment

Check that the hydraulic power pack has got oil in the motor
Check that the hydraulic power pack has got fuel in the tank
Start the hydraulic power pack see if there is any leaks

Test the hydraulic pipes by connecting them up to the hydraulic power pack and to
each other complicating a loop

Run the motor and stop see what the hydraulic oil level is if low top it up
Testing the grinder
o See firstly if the blade is secure
o See if the guard is in place and if it does not interfere with the cutting end

o Test the power handle and see whether it gets stuck, the ease of use if too
much force needed to operate, then see whether it can be adjusted but also
on no force

o See whether the blade has any play on it
o Test the grinder and see whether it rotates at the correct speed

o Test the grinder on a piece of steel in the workshop

BROCO Oxy-Arc Underwater Cutting Equipment

Get the BROCO cutter tested to make sure there are no leaks in the pipes from the
oxygen cylinder

Test the welder that will power it and see that the welder is in working order
Invert polarity on DC welder, making positive terminal the earth,

Test the clamp

Test the stick

See if the O-rings in the stick are still in good working order if not replace them
Test the knife switch

o It should open and close with ease
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If it gets stuck in any way replace the knife switch

Support Vessels

Check that the fuel tank is full or has ample fuel for the journey

Check that the motors start

Check that the vessel has a capsized container

Check that the vessel has got electrical power to all the instruments (VHF, GPS,
Depth sounder)

Check that the bungs are in.

Check that the fire extinguishers are in date and have got the correct pressure

reading

Check that all emergency equipment is board

o}

O

O

o}
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2 rocket flares

2 hand held flares

1 orange smoke grenade

First aid kit

2 space blankets

1 sound signaling device

1 orange sheet 2m-2m

1 waterproof torch + spare battery’s and bulb
Check that the steering magnetic compass
Check that the grab lines are secure
Check that the tiller arm is on board

Check that the vessel has six life jackets that are marked and in working
condition

Check that the vessel has spare parts and tools if emergency repairs are
needed to be made

Check that the vessel has 1 litre of clean drinking water per person on board
Check that the pontoons are inflated

Check that there is an air bellow pump on board and also a pontoon repair
kit

Check that the vessel has got no deformities or abnormalities
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o Check the paper work for the vessel:

» The LGSC

= The Radio station license

= Skippers COC
= Radio Operator COC
» Buoyancy certificate

= Proof of induction

Support Vehicles Check

23.5.

License disk in date
Road worthy
Maintenance schedule
Daily inspection list
Spare wheel

Tyre pressure

Jack

. Composition of the Dive Team

1 x commercial diving supervisor
4 x commercial divers/line tenders
1 x first aider

1 x skipper

1 x deck hand

Site Establishment Requirements

Site office container

Port of Durban
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23.6. Execution

23.6.1.

23.6.2.

Port of Durban

Demolish Defective Under Deck Areas

A small mobile pontoon based floating platform will be towed to the site using the work
boat. It will be equipped to accommodate up to 3 divers. It will have a draft requirement
of 300mm or less which will minimise the impact of tidal variance.

On low tide it will be pulled under the deck allowing divers to work from. Once the
defective areas are marked the divers will use the hydraulic / pneumatic breakers to
demolish the weathered concrete till sound concrete is obtained.

Figure 40: Dive platform

Demolition of Defective Pile Areas

The defective pile areas will be identified and marked. The diver, using a hydraulic drill,
will install pigtails on either side of each repair area. The pigtails will be used for the diver
to attach a nylon safety harness enabling a secure anchoring point for the diver to tie
himself to.

Once the diver is secure he will commence with demolishing the defective area using a
hydraulic / pneumatic breaker. All weathered concrete will be removed till sound concrete
is obtained.
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23.6.3. Reinforcing

The corroded steel reinforcing will be cut away using the hydraulic grinder or BROCO in
restricted spaces. New bars will be chemically dowelled as required into the demolished
area for reinstatement.

Figure 41: Underwater cutting of corroded rebar

23.6.4. Grouting

Refer Section 24 for repair products.

23.6.5. Completion Polish

After the grout is given time to set the diver will polish the repaired surfaces using the
hydraulic grinder with a stone sand cup.

23.7. Safety
23.7.1. Land Safety

o All personnel are to fulfil PPE requirements

o All personnel to be certified medically fit for duty
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23.7.2.

23.7.3.

23.7.4.

Port of Durban
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Assessment of Significant Risks for Tasks

Daily safety checklists will be completed, including hazard identification

» Daily Toolbox talks to be completed, highlighting safety concerns

o Method Statements will be read and explained to the pertinent operatives
o Risk Assessment to be discussed with workers

o Safety talks to take place daily before work commences

e Foreman/supervisor to fill out Daily HIRA highlighting job specific hazards, all
employees to sign @ the back of form

o All employees and operators must be medically fit and be inducted

Operators to fill out daily checklist on machinery

Personal Protective Equipment

o All personnel will wear safety boots, hard hats, reflective vests, safety glasses,
overalls and gloves

Emergency Protocol

o The site designated first aiders will administer first aid treatment.
e Emergency evacuation procedures will be on display.

o All relevant signage will be displayed

o All certification will be on hand.

e Toolbox Talks will be conducted daily prior to work.

e Emergency Contact Numbers will be distributed and displayed on notice boards
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24. RECOMMENDED REPAIR PRODUCT - REINFORCED CONCRETE
STRUCTURES BELOW WATER

24.1. Introduction

Where there are identified areas displaying damage to below water concrete structures,
the following product is used:

¢ Repair Mortar

As the presence of atmospheric oxygen is mostly diminished below water, damaged areas
of the structure can be repaired by the direct application of cementitious mortars.

24,2, Data Sheet - Rapid Setting Cementitious Mortar for Underwater Applications

Below is given the data sheet for a repair mortar for use in marine environments. The
product should be applied directly to the damaged areas.
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We creats chemistry

MasterEmaco® S 902

Rapid setting cementitious repair mortar for underwater applications

DESCRIFTION

MasterEmaco § 302 |s a ready 10 use, Tast setting,
cament bassd marne monar It was specificaly
developed far underwater repalr and restor@ion

S

RECOMMENDED USES
¢« Repainng eroded concrebe of $mder plles, sea
walls, wharves

* Repaling leaks or joints In manne siuchures,
concrete neservoirs, EMmming poals, pipelines,
well 2.

FEATURES AND BENEFITS
Rapid satting - Quick, effclent repalrs 1o areas
exXposed 1o wWave and Yige actan

Excsllent adhsslon - Hgh bono strengih fo
clean concrete and IMber SLITaces

Eaay to use - aopiled by hand

Densa antl wash out mottar - resistant to
w3ve action durtng placing

Sultable for constant Immersion - resistant o
sulphurous ground watars

Waterproof - provides 3 watertignt seal when
used to repar keaks or s2al joints

PERFORMANCE DATA
Compressive of SOmm cubes af
MastarEmaco 3 902 placed at 21°C are
Lge Compraessive Strength
1 day 10 MPa
3 days 15 MPa
28 days 27 MPa

APPLICATION
Praparation
Al unsound mabterial, odust, din, &ic. must be
removed from sufaces 10 De resiored. Pre-dampen
ary surfaces to aliminate suction.
Mixing
Mix MasterEmaco § 902 with fresh water only.

Waker regquirements varny depencing on lemperature
Fnd humidity, bt In moR c3ses three volumes of

MasterEmaco § S02 require approomansly one
voiume of water.

Place MasterEmaco § 302 Into container and ada
halt the water, mix guickly wath 3 short hangled
frowes, 3dd exira water as raquirsd. (Mix only smal
patches at one time, MasterEmaco § 902 mus! be
paced within § minues of mixing).

Promptly acd the remainder of the water and mix
thoroughly unill po white sireaks are present. The
mix Is ready for use.

For nane applcation MasterEmaco § 302 shoud
e made Into @ pully-ike cansistency and shaped
quickly Into balls of about cncket il size.

Do not retenper mabertal which has begun o siifen
- ®acard matenal wivch nas fost its plasticny.

Application

wWhen aoplying MastsrEmaco § 302 1o eroded
plles, all or pat of MasterEmace § 902 “tal
should be cantred In the cavity firmy, and quickly
smoothad ol from the centre 1o the sides with both
hands, using “forward and sdeways" peessure,
mouwding to approprizie shape and ticknass.
When appiying underwates, piace freshly-mixed
“balis” of MasterEmaco § 502 Into 3 wire basket
and Iower steadily to dlver. Where ihere is wave
action or wbuence In the water, 11 ks atvisaole 1o
press the MasterEmaco § 902 frmly In prace for a
moment or o befone smeothing it cut 1o shape.
Spray appecation can be usad for the repar of plles
above the water-ing and in the wave wash waler-
line.

Timbar plie rastoration

1. Remowve mafine growth ard unsound Umines by
square cutling Into sound wooc 3pove and
pelow Lo the depth of furthermast dateroration
and then remove the unsound saction by hand
of wHh alr nammars.

2. In c3ses of deep deterioraton, make up a
reinforcing cage Dy using eight No. 12mm
diameter rods 20% shorer than the haight of
the cutout. Drive these 7008 Into counter-oored
noies In the top and bottom of the cut surfacas
at four equicesiam pomis ano spilce adiacent
mos. WRp &-gauge galvanisad wire spiraly
arpund the cage at 10Qmem centralines.

MASTER"
» BUILDERS

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY — REVC
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MasterEmaco® S 902

3. Below water, apply MasterEmaco § 302 oy
nand after mixing with water 1o 3 putty-like
consistency. This operation must be camed out
quickly as MasterEmsaco § 302 takes Iis itz
s2t within S minutes. Above waler, aoply 2ither
by hand o pneumatic gue.

4. Incases of shaiow deterioration only, 20-gauge
gavaniseg chicken wire shoulg be |ashed amd
slapled to the plie and 3 2mm thick coat of
MaaterEmaco § 902 Is bulit up In stages.

Concrete plie  reatoration, honeycombed
concrets rapair.

1. Remove deteforated concrete, rust and scale
from reinforcing steel by chipoing andior sang-
blasting.

2. Care should b= 1ake {0 square up or, preferably,
under-cut or "dovetal” the eoges of those
sactions where deterorated concrete has been
removed

3. It reinforcing sheel s extensively exposed,
where possible wrap 8-gauge gavanised wire
spirally around expesad longltudinals at 100mm
cemralines.

4. Apply MasterEmaco § 502 unoer waler oy
nand, and 3oove water elther by hand or by
pneumatic gun, untll asdequate covenng
thickness ts bullt up of restoned.

When repaifing cracks of holes In leaking lanks
open up the crack of hole to at least 15mm wide ang
1Smm deep and dwert water If necessary with 3
plastic e, Mbx and ball up montar, mmMmIng in and
halding untk Initial set. The off water dhversion.

ESTMATING DATA

Xkg of MasterEmace 3 S0Q mized in 3ccordance
wih recommended application dwections wik yield
11.20 (0.0112m*}) of mostar,

MasterEmaco § 802 |s packaged In 2049 moisture
resistant bags.

SHELF LIFE

MasterEmacn $ 902 has 3 shelf life of 12 months.
Store out of (frect sunkighd, clear of ihe ground on
paliets profectad from raintail.

PRECAUTIONS

For the ful heaith and eafety hazard Infarmaticn and
Naw 10 s3tely handie and use this proguct, pleasa
make sure thal you obtain 3 copy of the BASF
Material Safely Data Shest (MSDS) from our offic
O O ‘wedslbe,

|

25. RECOMMENDED REPAIR PRODUCTS -~ REINFORCED CONCRETE
STRUCTURES LOCATED ABOVE WATER AND IN THE TIDAL ZONE

25.1. Introduction

Where there are identified areas displaying damage to the above water and tidal zone based
concrete structures, a combination of the following three products is used:

e Zinc based primer
e Repair mortar

¢ Silane based corrosion inhibitor

ENGINEERING REVIEW REPORT: STRUCTURAL CONDITION ASSESSMENT OF BERTH 4 AT ISLAND VIEW FACILITY - REVC
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These products are required in combination due the presence and effect of atmospheric
oxygen on the reinforced concrete structure above water and falling within the tidal zone.

25.2. Data Sheet - Zinc Primer

Below is given the data sheet for a zinc based primer specific for use in marine
environments. The product should be applied directly to the freshly blasted steel rebar.
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We create chamistry

MasterEmaco® 8100 AP

Single component epoxy based zinc rich primer for stasl

The sizel surfaces shoud be gm biasted or wire
EEST N .. reroe il iroes of comosion. Ensure

v Asa coating 1o sieel reinforchyg bars I p
I“W rg nforcng x%_’mamsmﬂ,qmm

. AS 3 primerfor stest SUDSYHES PrOT IO SUTIDIE  etenaietion of | prepistins 1o mevent iy
ted o prepared

bop coaling. coriaminaion. Do not isave blas
shest uncoated.
» Prowdes posmve proecton o seel [N
o S R Do MasterEmaco® 8100 AP shoud De thorugnly
» Easy o use single component material prior o 398 )
%! Bt sk s i pppucanon |
s Short overcoating me .
Brush the MasterEmaco® 6100 AP onto the
s, g S .
COverage, pamiculany on fhe back face of
mm&mrsr;ﬂmmmmm reinforcement. Repar momars ¢an be applied 3
system, suppied in 1 itre units. 000 35 the MasterEmaco™ 8100 AP |g dry.
S
MasterEmaco® 8100 AP Is nct designed 3 3
thick grey liquid finished Although on 10 the shesl
Specitc gravty: 2203 25°C wil b2 Tor some Bme,
Tack free time: 20mins st 25°C ba camed OUE 35 500N 35 possibia, particularty in
kma;pmnahe) $mins at 40°C aQgressive emironmems
S hours at 25°C

2hours 3 40°C
TlC lnDFT H‘N'ﬁ o S T=
D.F.T. per coat =50 microns MagtarEmaco® 8100 AP wil cover 165 Inear
Application min 10°C metres of 16mm diameter oar per ooal and pro
lemperatune: rnax. 40°C rata or 7.5afinreionat

i
:

Tools showd be caaned with Memyt Etnyi Ketone
Immadiately afer use.
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‘Wa creute chanvwstry

MasterEmaco® 8100 AP

mmumumam
e product must be stored In an dr-condtioned
anvironment. Shelfl ite s at least 12 momhs from
date of mamracture when stored 35 above.

Falurz o comply Wi e recommendsd slorage
condtions may resufl In premaune dessroration of

mwgmemuwmammammwm&
mouth, skin and foodshu™s. Traat splashes 10 eyes
ana skin Immedlately, If accldenialy Ingested, seek
immediate medica afention. Resed contanes
FNer use.

Fleki service, where orowoed, doss not constile
supanisony responsbillty. For aodionss Indamation
cOmiact YOuF (003 BASF represantative. BASF shal
not be i3kie for bachnical advice provided.

BASF resenyes the ngnt bo have the true cause of
any diMcuty cetemined Dy accepted test methods.
Undertaking such tesis Is not, and shal nod De
deemad o De, an admission of labiity or an
assumption of any nsk, loss, damage of ladilty,
GUALITY AND RESPOMSIBLE CARE

Al products ongnatng fom BASF Construction
Chemicds South A%ica @ mamfactured under
3 management syslam  Independantly ceﬂiﬂed
0 confom %o the fequrements the
qualfy (IS0 “001), wmn'emal and
occupationa health A safely stansaros.

~ Froparies | niexd wre bemsed on b ordory corkoled lewis

@'M#ﬁhHSF%mmm i
o il wnd WppEceton aducn grves in this HASE putcwios we beed on B steserd stem of

ETATEMENT pp O oo sciertifc weel practon kaorwiede  As B rfucelion heres ks of & perane nelits, S0 evastTEELn Cas be
RESINSHSELITY rreds wh 80w producTs solibity for ¥ pertculer cne of spRication Wnd NC weTerty B ¥ i eTurecy, sedabilty o
coTpivleress other sxjressed o impled N ghven oBer Bt hoee egured by ww  The cxer m epontie Sor
checkng he sibesbty of products for Beil isended use

Faid ssrvics whap provided dosm nol cowbhsis mupsvisory Suggeed mudm by
HALF elfktar sxuly o » Wiiing mmy be fotowed, rmudiied o immciad by e ena, ecginmw o coTRNciol Nece

NOTE
Ty wred mad UAHF  wre resgomalbie for canylng oul procedores spertgeiete in o specBic spplosfion

HASE Coaalixtion Charecwis Yoo Atk || L
LAY Sriemrih Howd, Madre

PU Bax 2801 Hettewy MHouss, 1H43

Tet «2F 11200320078 Fmx 12171 032U
W rreder bt erescsiors bl co g

Howmine, Usnte 28040704 ¢
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Below is given the data sheet for a high strength, rapid setting, shrinkage compensated,
fibre reinforced, structural repair mortar with an active corrosion inhibitor specific for use
in marine environments. The product should be applied on top of the previously blasted
and primed structural rebar embedded in the concrete structures.

&y
Je

25.3. Data Sheet - Repair Mortar
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We create chamisley

MasterEmaco® S 5410 ClI

maortar with active corrosion inhibition

MactsrEmsoc® & G410 Cl I3 3 singe componant,
extra  high-strength, high modulus, shiinkage
compensated suchural repair mortar that meets the
reguinements af the nevw European hiamn EN | 504 -
3 clasz RM. MacterEmaoco £ 6410 Gl contains
Fortiang cement, graded sands, seiected polymer
fibres and special additves 3 sigrnficantly meduce
the= =k and Incldence of shinkags oracking. When
mixed with waier, i forms a Mghtly thixotropic motar
that can masily ba spray or trowel appliad,

MactarEmaco® 2 5410 1 is used for the shruchaa
repalr of conorede efemems auch as

+  Columns, plers and cross beams of all brioges

»  Cooling towers and chimneys and other indusirial
emironments

+  Tunnels, pipes, outfsils and all below ground

conziruction especialy In harsh ground
condltions

FEATLUWRER AND BEMEFAITS

+  Vercatile — Can o= apoiied In sxiremsa
envdronments where active commosion Inhibiion iz
required.

+  Shrinkage compencat on cystemne and Nbre
rainforoamant — Minimize crack $=ndency.

+  Highly thixotroplo — Can be appiled up to 50
mm without the need of secondary reirforcemeant,

+  High sarly and ultimate ctrengéhc — Matches
nigh strength concrete found in Structures.,

+  Outcianding workablllity — Easy placng and
finizhing for appilcators.

+  High moduluc and anceSant achasion —
Ensuring ioad transfer In structurs repar,

+ Mo primer reguired - Alcws rapid applcation at
reducedcost.

v Visry low psrrneablilty to water and ohlorides
= Protection of reinforcing steel

High-strength, rapid setting. shrinkage compensated, fibre reinforced, structural repair

TYPICAL PROPERTIER*
Typloal properilac when bacted ot 2.81 waler20kg
powdar

s Lilwy comeim
Appicabon Tickness 105 min Amym)
Cvmhsur? Maa ol racn then

SnrAsyer
D rslly Aoren D2 g

bty waler pmi 20k Ly
W kg Brrm

Ayptoaion Tempe eue
faugunt end tnele ]

Tumpemss sie gt £ 180

Aopraa 24 -2 8 iven
Sptray S vinutes
EbuPrvmmn +4 aiwd +35°C

- ol 3 lous 15 MPY

- witwr | day 1530 M

-« witer 7 camyn = 40 Mm

- ol 3 Gy 280 M
E-Mudulus |34 deye] EM1S04-3 2 X1 Glw
Acthvemion | 25 derym) £ 15043 T I Mi*a
Acttvamion afler FimacalThew EH 1504-3] 22 MM
Actrens i) afler Thurnde Shorwer EN z2Mle
15085

Lctvami:n sl Aullhweion wile) iy B

cuchmy EN 15iM-4 e
Laptmdy stavorden — E M 15057 <G5 apwm)"®
Fm s civkorinle (o eomallly Aeprea M0 coulorma
ASTM C Y0212 Doty L]

Surface pre - Corcrete izt De fuly cured
Wil a minimumn direct tenzile strength of 1.5 MFa. All
|ooze Iraxces of concrete of mortar, dust, grease o, &ic.
must b repnavedd. Carnaged of cortaminabed Cononebe
shall be removed 10 cotain a keyed aggregate exposed
surface. Non-impact / vioratng cleaning methoos, 2.9,
grit or high presmire ‘aalker DIasing ane rEcommenced.
Cut the sdges of the mepair vertically t2 a2 minimem
deptih of 10 mm. Cean af exposed meirforoement 10 2
bright stesi condition and apply MatterEmace B100 AF
Zine fch pimer b =2xposed ceaned shoei and Al W
dry. Emsure concrete subsiraie Is free of dust and pre-
saturated for & miniveem of £ Rours pror o commencing
with the rshalistion

all
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We create chamistey

MasterEmaco® S 5410 ClI

Mixing - T:miy il bags are mixad Damapsd or
openscd bags sShould not be uzed AMx
MactsrEmaoc® 8 &410 Gl In 3 forced acson pan
mixer, or with & hefcal padds attachiad 1o a low
zpead | Z00-S0Crpmi mixer for 2 minutes untl 3 iump
free, plastc consistency = achieved. Oniy use clean
water, Mixing water ne=dged: 2.4 o 25 Itnes per
bag dependng upon | Consiency
required. Allow e madtar to rest for 2 - 2 minubes
and then remix bDriefly, adusting the consisiency
when  required, without svcesding the maximum
water demand.
Priming Conorets - No special primer is regulred
Thoroughly saturate the surface of the concrete 1o
provide a salursted urdce diy  conditon.
Foor gusity concrebs may reguire soaking for s
significam length of Hme.  Any surface waber
shouwd DbDe removed uzng an o free compreszed
antest
Miortar application - The TR
temperatures MuSt be  mantaned  during
apoication and for atleast 24 nours ther=asfer for
optmum ouing of the product. The prepareg
substrate shoud be pre-soaked, preferably for
24 hours, bt a3l k=ast 2 hours before  appiying
MacterEnwoo® 3 6410 Ci. The surface must be
satumbed surface ory, but without standing waber,
MocterEmaoo® $ 6410 CI can be spray or hand
appiied. Apply mieed product directly to e
prepared damp subsirste. Comping the misera
with the neceszary presaure Wil ensue good
adhesion of ™e matenal. A thin scraper coat o
cortact layer before bulidng up to the regquired
thickness, wet on wet wil improwe  adhesion
especially In cxse of hand appiication. Apgiy to the
desired layer thickness of 0 to max 50 mm and
eyl uzing & screacing bar, trowe| or wonden board,
Can be appiied In thicker layers In smaler palches
or whers addliors reirforcemett s present
Smoothing with a trowel or finishing Ly float
or zoonp= can be done as zoon as the modtar
Fras bepun Vo siffen

The foliowing curing methods are advsea
Fotyethytene fiim, danp cloths, MacberKure® curing
SPEMS.

Cne 20kg bag wil yisd spproxmately 10 iitres of
moriar. Appmx. 2.2 kg of mixed product per Y per
mm layer thickness This consumption = theoretical

SHELF-LIFE

Cior= 1 conl and dry wanchouse conditions.
Sheff Ife in these condiions s 12 momhs from
dab= of rawiacture In unopened ofgny bags.

PRECAUTIONS

For the full hasith and =afety hazard information and
how to safsly handis ang uoe this produc, pliease
make sur= that you obtain 3 oooy of the BADF
Matarial Safety Data Chest (MSDT) from our oMoe,

MASTER"
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25.4. Data Sheet - Corrosion Inhibitor

Below is given the data sheet for a Silane based corrosion inhibitor specific for use in
marine environments. The product should be applied on top of the repair mortar that had
previously been applied to the damaged concrete areas.
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We create chemistry

MasterProtect” 8000 Cl

Advanced Organao functional Sllane based Corrosion Inhititor

1 s syt sfet 0 s

53ts and vehicular FaMc.
MasterProtect® 8000 ClI s a S;ﬁ EMMI"W““MM

%rgmat mﬁ Iwﬂm# = Chemicaly Doncs 10 sbesf, cament paste ana

of penetatve sliane meaiments for e conwol Jaach g wettng m_' i cyces
advanced ongano functiond comosion inhiditon. o Simpie andeasy tnuse.

+ Doeg not discolour of change 3opeaance of
FELDE OF APPLICATION ol

MasterProtect® 8000 CI Is sprayed directy omo +  Breamanie vapolr pemestie veatment.
g:ﬂmmmmw + Fepss furher Ingress oy chiondss and waler,

{Léum' ’mi - :a:m%?uwpumem g MasterProtect® 8000 I Is supplied I 20 ire
neinfioneed conorste, containers,

It fs partcutany sutsd for e protection of TYPICAL PROPERTIES
« Bridge 0Scks, DIrs COMIMNS 3nd beams
«  Mut-Storey Car Parks, bulkding facades ang Appemrwrc Clew Liqsa
Bakones . -
« Marine jettes and sinichunes Fash Sent E3C
Wiscosiy 1,26 mPas

MasterProtect® 8000 C1 can be used as pan

O W W coromucsoa
Wcmwsmng DA
¥
possiolity of “ring anode® Induced soaling at a
tater ote. | TESTMETHOO |

Equaly MasterProtect* 8000 CI can be used a6 aporoved appication mEle onto standand jest
a cost effeclive preveriatlve measure Defore specimens where the concrete (WOC ratio 0.47)
the onsat of cormusion INAuced PrODIEMS QCCL. had been dellberately oracked along the lengh

Contact the Technical Depanment of your local ire expefiences of ianswerse o deck
BASF Conswuction Chemicals for further mmmmm#m

concnese shaed nelmforcement. mmﬂmsmm
« Feduces COMUGION In CHDONEEd neinfons=o 43  cyciic salt water ponding {15% salt
cononeta soiumon]

v Works & the molecuar level to effectively High Reiative Humidties 70-30%
Inhibi MEcTocsd (Tebar 10 rebar) and mismos Blevanad temperatures: 37°C
{on e same renar) comoskon.

» Proven long term eflectvensss In | 30raiory
and fleid trids > 10 years & proven periemance
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We create chemastry

MasterProtect” 8000 ClI

12.5mm, 32mm, S0mm and 68 mm.

Comro MatterProtect® S009

1 fraabsd
12 24 [T 12 24 48
weeks | wesks | wesks | wesss | wesks | wesss
0,703 (0861 |90 |<0DoT (oo |-0oor
034 |0g22 |m&5 | <0007 |-<0.007 |00y
om> |032ss |0mss |<0007 |-<0007 |-0007
<0007 (0040 |oos0  |<0lDOf |<0.007 |-D.007

" Chiorgas massursd accomiing o ASTM 1152

s brat s

mnesnmhedyamdwu
ramove 3l frages of moud ol curing
compounds, drl, dust eforescence, mouid,
B s oy s T e
prevent penstration.

Acceplabie  ceaning methods  Inciude
shothiasting. high pressure waler Dlasing, OF

All gelaminaiad, loose or concnele must
be removed and repalred with an approwved
fom e MasterEmaco® or other

approved Concrate Repair range.

MasterProtect® 8000 Cl can, 35 an aoditional
protecive measure, bs appied dreclly 10
exposed redar Defore repalr work commences.

Non mwving shaliow shinkage cracks with na
structwral signifcance are simply freated with
mm::rmmofw

Cther aracks or falle joim sealants shoukd oe
roued ciean and freated with MasterProtect®
8000C! before Deing flied wih suitable joint
sexan! %om he MasterSaal® mnge or simla

areds, WUEINg |ow Dressure D@y equIDMent 'anh
3 sutabe fan nozzle

A tofal appication of SIDMUNY s wsualy
required apglled In two of  three
separate keFmons (e Honzontal
appiications 2 x 300m wt%e vaitical ang
overnead 3 x 200mi) . Aliow 3 minimum of 15
MiMESs Detween cos (O LNt visiby ary).

APPLICATION WATCHPOINTS

In casas whers e temosraiune s Delow 5°C
and 3oove 35°C, please contact BASF Technical
Senices f0r guidance. The conciete sUMaces
shoukd be surface dry after haavy ran of
with walsr before

a 3pplying

Donot 3pply If rain ks expacied within 4 hours.
Do not ater or dihee the materad 3 suppliad.
COVERAGE

E00mi'ny appdad In two o three coats Homzoma!

sifaces. 2 codis @ 300mim®  Vermcal or
overiesd siaces: 3 Ot & 200mim*
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We create chemistry

MasterProtect® 8000 ClI

15°C and 30°C

Keep conlanars closed when nol In use and
away from naked flames, hex sourmss and
Sparks.

MasterProtect* 8000 Cl nas a shelf Itle of 12
maonths from date of manufaciune wihen stored in

undamaged, Lnopenad containers.

constitube  supendsory  responsibliny. For
agdtonal information contact your local BACF
represenidive. BASF shal not b llable for
technical advice provioed.

BASF resarves the nght to have the Tue cause
of an cetarmined 125
my Mmmmsumgmw:rﬁ
shall not pe deemed Y D&, an admission of
liaolity or an Issumption of any nsk loss,
gamage or iabiky.

QLA ITY AND RESPONSIGLE CARE

Al products onginating fom BASF Corstrucion
Chamicas South Afca are  manufachred

urcker t

o T 3 e
qualty (S0 3001), envioomenta  and
cccupationa heath & safely stancands.

” (soperies huisd e bamed on leboruiory consdimlee testy

@} = Negmursl meacaman of e TAST-Group I msmy Soumrs.
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27.

a. Tsinker G. Handbook Of Port And Harbor Engineering. 1997.
b. Carl A. Thoresen (Institution of Civil Engineers |. Port Designer's Handbook.

28.

CONCLUSION

Berth 4 is located within the Island View Precinct, a National Key Point, and is of
significant operational and strategic significance to TNPA as well as the greater
shipping industry and the South African economy. Due to the criticality of the berth
operations, it is required that the berth be continuously available. This justifies the
regular planned maintenance of the berth.

Unfortunately, this condition assessment, while a step in the right direction in
respect of ‘Asset Care’ has revealed some evidence of the application of
constrained maintenance, at best, being applied to the berth. It is fortuitous, that
this assessment was undertaken as the damage and deterioration noted was
found to still be at a fully repairable state, with no damages noted that provide
evidence of a potential structural failure state. However, the damages that have
been highlighted during this condition assessment, if not addressed immediately,
certainly possess the potential to affect the Ultimate Limit State of the structure
and hence its structural load bearing capacity.

As outcomes from the condition assessment, Lodemann has proposed three
possible remedial options available to TNPA.

Lodemann has recommended the ‘Repairs’ option.

TNPA must choose amongst the proposed options.
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