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RESOURCES

World use of materials: what mankind makes every year
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forests 1.5 times the size of India.

Mass Volume CO, emissions

Submitted to Nature Climate Communications Slide courtesy of F Zunino,
UC Berkeley

Bl UNIVERSITY OF CAPE TOWN CONCRETE
| ‘ !COMSlRH SOCIETY (%) —— 3

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ENGINEERING & THE BUILT ENVIRONMENT OF SOUTHERN AFRICA




Engineers and scientists are called to action

Global building floor area
is expected to double by 2060.

Difference between solid and
translucent circles represent estimated
current building floor deficit

© Architecture 2030. All Rights Reserved.
Data Sources: Global ABC, Global Status Report 2017

Slide courtesy of F Zunino,
UC Berkeley
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Use of cement-based materials: availability and reactivity

Availability argument Reactivity argument
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Distribution of kaolinitic (1:1) clay resources

Slide courtesy of F Zunino,
UC Berkeley
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LIMESTONE DEPOSITS

IN AFRICA

Slide courtesy of V Adeoye,
CoMSIRU, UCT
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Limestone Deposits in Africa
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DEFINITIONS

“LOW-CARBON BINDERS AND CONCRETES, WITH A VIEW TO THEIR DURABILITY AND
ADOPTION IN CONSTRUCTION PRACTICE"

DEFINITIONS:

“Durability”: "the ability of a structure or component
to withstand the design environment over the design
life, without undue loss of serviceability or need for
major repair” (ASTM E632-82 1988).

THUS: Durability

* relates to the concept of material
performance; not a purely intrinsic property.

 relates to the dominant deterioration
mechanism and exposure environment.
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“Low-carbon binders”: binders with
significantly lower carbon footprint than
traditional PC, achieved via use of SCMs
(incl. LC3), other alternative binders, AAM
etc.

(Caveat: must have a total lower carbon
footprint in the finished product!)

CONCRETE

universiTy OF cape TOWN | S COMSIRU
>

x AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

SOCIETY &Y —— O




Raw material

/ extraction

'
&
Diversion of construction

and demolition waste for
reuse and recycling

CIRCULAR ECONOMY DEFINITION:

supporting practices and activities.

“The circular economy is a multi-level resource use system that stipulates the
complete closure of all resource loops. Recycling and other means that optimize the
scale and direction of resource flows contribute to the circular economy and its

In its conceptual perfect form, all resource loops will be fully closed.
In its realistic imperfect form, some use of virgin resources is inevitable.”
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Diversion of construction

and demolition waste for
reuse and recycling

Raw material

/ extraction

b Low-carbon
. economy &
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Construction and Crushing and processing

o o o Circular demolition waste of minoral wasts
construction l

m u.lh.
Deconstruction or demolition

Infrastructure at end of service life
construction

Recycled aggregate
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Beneficiation & use
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MOTIVATION AND BACKGROUND

150
>
=
Low-carbon binders oY 125
NP
 Not actually 'new’, e.g. slag cements in 5 .
i O o]
Europe, SA etc. used for 60+ yrs (Eg. Fulton ";‘Q
1969; work of Mills and others.) gg L
* Highly extended cements (e.g. slag > 70%) s 5o
&
used, provided properties understood. @ E"
. . . ¥ § 25
Have in many instances shown admirable gg | Cured at F3° E
- O O ‘
durability. Sy .
Concrete is, in reality, a low-carbon material! Age days
Eg c. 90-200 kg Coze/ton)- Stee| 2735 kg Coze/ton. Fi1G. 7.7.—Effect of Cement Type on the Compressive Strength of Concrete.

Source: Fulton’s Concrete Technology, 4™ edn (1969)

BUT: for 'novel’ binders, essential information Slags and FAs slowly being phased out

Is needed on properties and use. in the medium-term.
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MOTIVATION AND BACKGROUND

Q KEY QUESTIONS:

w» What are the essential challenges in getting
5 new information and applications of low-
carbon cements/concretes into practice?

®
c‘} What actions are needed in this area?
What will be the effect of climate change?
Higher temps, lower RHs, greater rates of

deterioration?
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MOTIVATION AND BACKGROUND

SUGGESTED PATHWAYS =

2.8 M NaCl Solution

Importance of fundamental research

. 4
Need to carry out work on concrete, not just pastes and
mortars

Field applications — need for demonstration projects that
‘prove’ the viability of the systems

A 4
Policies & Standards: e.g. materials and construction
specifications and appropriate standard test methods

Others, e.g. academic / industry collaborations
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DURABILITY AND LOW-CARBON BINDERS

WHAT DURABILITY ISSUES MIGHT BE
EXPECTED WITH LOW-CARBON BINDERS /
CONCRETES?

« Rapid carbonation — but this is not per se a
durability problem!

« microstructural changes with time, e.g. from
ingress of agents, effect of environment; changes of
phase assemblages, etc.

 Issues where alkalinity residual is essential, e.g.
carbonation, soft water attack, ....

» Early strength issues Exposure solution Congeane

« Non-robust systems of
» etc. etc.

Durability both
durability and physical durability:

requires chemical
i.e.
understanding of chemistry and physics, in
relation to transport properties:

« impenetrability (‘tightness’) of microstructure;

changes in microstructure with aging and
effects such as carbonation, and
with

hydration; e.g. 'buffering’ aspects for CO, and

« chemical interactions products  of

chlorides; lower alkalinity; lower CH residual;
soft water; sulphates

« 'Competition’ between these two aspects

CONCRETE
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DURABILITY: CONSIDER THE CONCRETE - EXPOSURE SYSTEM

The concrete system Aggressiveness of the exposure

environment

Intrinsic factors Extrinsic factors Physical attack Chemical attack

e Abrasion e Nature and

CEMENT HYDRATION AND LOW CARBON CEMENTS:
All the early-age (and later) reactions and interactions in the ‘newer’ low carbon

cements have long-term consequences at the engineering and structural level!

admixtures, etc environment)
® Design mix e Early-age temperature

due to loading or constituents)
thermal/hygral effects e Coupling with effects

proportioning history of temperature and
relative humidity
Source: Fulton’s Concrete Technology, 10t edn (2021)
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DURABILITY: CONSIDER THE CONCRETE - EXPOSURE SYSTEM

The concrete system Aggressiveness of the exposure

environment
Intrinsic factors Extrinsic factors Physical attack Chemical attack
e Concrete penetrability e Production and/ e Abrasion e Nature and
e Binder type or construction e Erosion concentration of
. iﬂn?er l<}:f:)r(1jt¢c_~nt . plrogesses e.g. Ip:iix:pg, Durability ¥ IEa\\;fi‘catitc'nv.ln ?%gresslivi aggntls
e Water:binder ratio placing, consolidation f * Freeze-thaw e Internal chemica
e Other constituents: e Curing (temperature ° e Salt crystallisation instability (incompatibility
aggregates and moisture Concrete Effects of cracking between mix
admixtures, etc environment) due to loading or constituents)

® Design mix e Early-age temperature

thermal/hygral effects e Coupling with effects
proportioning history

of temperature and
relative humidity

Source: Fulton’s Concrete Technology, 10t edn (2021)
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CORROSION OF RC STRUCTURES

T . i BULK CONCRETE
- rrf"m e e oy 3 (Mechanical prc_:perties_.

determine design)
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Presenter Notes
Presentation Notes
Importance of cover layer, trade off: quality versus quantity.  Importance of construction processes. 


CORROSION OF RC STRUCTURES

* This is the overriding concern.
» August 2018 Morandi Bridge collapse in Genoa

CORROSION OF REINFORCING STEEL u N

* In PC systems: 2 C“fingoif;ecﬁed_i

— Generally high alkalinity reserve, which may be depleted E o
with time (e.g. carbonation) 8

Possible poor 3

quality near-surface

— Has limited binding abilities for certain ions (e.g. CI") Biiocisieurtane

affects quality

— And, lower resistivity can be a factor concrete. 8
:  BULK CONCRETE
* Inlow-carbon systems: Ingress of > . (Mechanical properties
aggre§sive ) 2 g h determine design)
— May be less robust, i.e. more sensitive to processing aﬂfgfsé;j 6.~ COVER CONCRETE

! | (Typical 30-50mm)  :
techniques and environment, e.g. temp.

— May offer better resistance to aggressive ions

— Generally lower alkalinity - may be an advantage (e.g. AAR)
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Presenter Notes
Presentation Notes
Importance of cover layer, trade off: quality versus quantity.  Importance of construction processes. 


DURABILITY: CORROSION /| DAMAGE PROGRESSION

n
>

Level of damage

- Ingress of contaminants:

CO,, CI

- No corrosion signs, BUT
depassiv. of reinf.

POSSIBLE LIMIT STATES

(Unacceptable) Performance limit

Corrosion with
minor cracking

Spalling

- e e e e - ——————— - -

Limit states:

1. Depassivation of
reinforcement
Crack formation

3. Concrete spalling

Macro-cracking and
concrete cover-cracking

Loss of steel cross-section

[
>

P
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Initiation period J Propagation period
)

2CoMSIRU

v

Possible collapse
via bond failure or
reduction of steel
cross-section
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Presenter Notes
Presentation Notes
And now let’s talk about the service life of reinforced concrete structures

Service life is the duration over which a structure may be used for its intended purpose with reasonable maintenance but without undue need for repair and rehabilitation. The graph presents the steel corrosion damage model, which is typically divided into two phases namely the initiation phase and the propagation phase. The initiation period is the time taken for depassivation of steel to occur. During this time, chloride ions or carbon dioxide gas penetrate through the concrete cover to reach the steel surface. There are no signs of corrosion at this stage.
The propagation phase is the period of time between corrosion initiation and the occurrence
of unacceptable corrosion induced damage. 

During the first part of the propagation period, corrosion products in the form of rust accumulate in the interfacial transition zone between the steel and concrete or precipitate in the concrete pores creating expansive stresses. The stress eventually leads to minor cracking of the concrete cover.
During the last part of the propagation period the corrosion rate increases rapidly due to the increased availability of corrosion sustaining agents though cracks and spalls. This part is sometimes referred to as the acceleration phase in 3 phase corrosion damage models. At this stage, the corrosion-induced damage is clearly visible, and the steel is no longer protected by the concrete cover. There is severe loss of steel cross-section that may result in loss of structural capacity of the structure.


Time to chloride-induced

LOW-CARBON BINDERS: a) CHLORIDES

Chlorides: In general, low-carbon binders give improved chloride resistance: improved
microstructure (physical impenetrability) and appropriate hydrates for binding.

120 2,0E-12 ® air borne _
50% GGBS 1\ 1 8E-12 o )
’ A splash/spra
100 1,6E-12 -p bray
? \ T 14512 = tidal )
(O]
=% \ € 1,2E-12 Osubmerged -
4= 30% FA ~
2 60 I\ - 1,0E-12
: \ \\ S 8,0E-13
g 40 « 6,0E-13
3 Q 40E-13
2 2,0E-13
0 CEM , 0,0E+00
0.30 0.40 0.50 0.60 0.70 PC BS FA

water/binder ratio

Source: Fulton’s Concrete Technology, 10t edn (2021) Source: PhD Thesis, Heiyantuduwa, UCT 2021

universiTy of cape TowN | JCoMSIRU CONCRETE 20
>

R mE AT T SOCIETY &

ENGINEERING & THE BUILT ENVIRONMENT OF SOUTHERN AFRICA




CRITIQUE OF CHLORIDE-INGRESS MODELLING
LONG-TERM CHLORIDE DATA, REAL STRUCTURES

6 Port Nolloth, deck soffit, splash/spray, 4,5 Walvis Bay, splash/spray, 40 years
5‘2 70 years 4
= 45 A g 3° ~— — =g
E 4 B g 3 A
@ 35 —e—C § 2.5 B
5 3 e
E 2 ——F = 18 =
£ 15 T
o Lack of correspondence between ‘real’ site data and lab data ™"
0,5
0
0 Very high variability, even when different samples are tested
from the same (or neighbouring) element(s)
7,5
= Based on the observed scatter, reliable chloride prediction is @™
_ e very-difficult impossible? A
= 55
E 5 . . . . . . B
g 43 Limitations of chloride ingress modelling? "
? 35
é 2; E; . - ™ mean
© 1; g 1
. 0,5
0,5
0 0]
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Port Nolloth, deck soffit, splash/spray, 70 years
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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LONG-TERM CHLORIDE DATA, REAL STRUCTURES

6 Port Nolloth, deck soffit, splash/spray, 45 Walvis Bay, splash/spray, 40 years
o 70 years 4
= ‘ A
g 4 B = 3
8 33 ——C 8 25 B
5 3 S 5
& 8 2 —e—C
@ 25 e —oE <
£ 2 1.5 D
2 q.F S
i_'; 1’? ——G O 1 mean
05 mean 0,5
0 0
0 10 20 30 40 50 0 10 20 30 40
Depth (mm) Depth (mm)
7.5 i 45 .
7 e e e A Cape Town, tidal, 40 years
6,5 A 4
6 A
— == 3,5
s 55 B £
E 5 = 3
3 4,5 mean Q
5 4 5 2% —e—cC
8 35 B 2
£ 3 k= mean
=
= 25 < 1.5
= 2 25
© 15 o 1
1 0,5
0,5
0 0
0 10 20 30 40 50 0 10 20 30 40 50
Depth (mm) Depth (mm)

a

8 UNIVERSITY OF CAPE TOWN J CONCRETE
............................................ = CoMSIerJ SOCIETY &

OF SOUTHERN AFRICA

ENGINEERING & THE BUILT ENVIRONMENT




Chart1

		5		5		5		5		5

		15		15		15		15		15

		25		25		25		25		25

		35		35		35		35		35



A

B

C

D

mean

Depth (mm)

Cl (% mass of cement)

Walvis Bay, splash/spray, 40 years

3.35

3.86

3.39

2.61

3.3025

3.4

2.93

3.47

2.53

3.0825

3.55

3.16

3.42

2.01

3.035

2.92

2.09

3.34

1.72

2.5175



Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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Sheet1

		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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		Structure:		Cliffside wall, Sea Point

		Age:		45 years (estimated)

		Exposure:		Air-borne (low tide), splash/spray (high tide)

				5		15		25		35		45

		A		3.5		3		2.2		2.1		1.5

		B		3.9		1.8		1.2		0.8

		mean		3.7		2.4		1.7		1.45

		Structure:		Caisson Launching Bay, Port of Durban

		Age:		15 years (estimated)

		Exposure:		Air-borne /spray

				5		15		25		35

		A		1.86		1.83		0.06		0.07

		B		1.45		1.81		0.11		0.07

		C		2.1		1.81		0.09		0.07

		D

		mean		1.80		1.82		0.09		0.07

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		air /spray, above water, below deck, no wind, sheltered

				5		15		25		35		45

		A		1.25		1.46		1.29		0.89		0.72

		B		0.6		1		1		0.53		0.54

		C		0.8		0.4		0.4		0.2		0.18

		D

		E		2.3		1.6		0.96		0.7		0.95

		mean		1.24		1.12		0.91		0.58		0.60

		Structure:		Synchrolift Jetty, Walvis Bay

		Age:		35 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.42		2.94		1.98		2.62		2.18

		B		2.05		1.6		1.25		1.43		1.42

																																		Tidal zone, w/b = 0.40

																																				age		5		15		25		35		45

																																		Small Craft Harbour, Walvis Bay		45		3.28		2.68		2.19		1.73

		mean		3.24		2.27		1.62		2.03		1.80																						Port Nolloth Jetty		70		3.61		3.27		3.00		2.99		2.61

																																		Walvis Bay, Tanker Berth, Piles		50		4.44		3.3		2.86		2.2525		1.805

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		3.31		2.59		2.21		1.65

		B		3.2		2.33		1.79		1.41

		C		3.2		2.88		2.04		1.63

		D		3.63		3.28		2.65		2.02

		E		2.77		2.62		2.23		1.53

		F		2.57		2.26		1.88		1.93

		G		4.31		2.78		2.55		1.91

		mean		3.28		2.68		2.19		1.73

		Structure:		Small Craft Harbour, Walvis Bay

		Age:		40 years (estimated)																														Splash/spray, w/b = 0.40

																																				age		5		15		25		35		45

		Exposure:		splash/spray																														Cliffside wall, Sea Point		45		3.70		2.40		1.70		1.45

																																		Small Craft Harbour, Walvis Bay		40		3.30		3.08		3.04		2.52

				5		15		25		35		45																						Port Nolloth Jetty, slab		70		4.33		3.06		2.86		2.81		2.66

		A		3.35		3.4		3.55		2.92																								Port Nolloth Jetty, beams		70		4.42		3.16		3.16		2.22		2.02

		B		3.86		2.93		3.16		2.09																								Cape Town Harbour, Tanker Basis		50		2.29		1.75		1.20		0.83

		C		3.39		3.47		3.42		3.34

		D		2.61		2.53		2.01		1.72

		E

		F

		G

		mean		3.30		3.08		3.04		2.52

		Structure:		Salt River Bridge, Cape Town, abutment walls

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		5.85		7.07		5.48		3.79		4.04

		B		3.76		3.94		2.85		2.02		1.76

		C

		D

		E

		F

		G

		mean		4.81		5.51		4.17		2.91		2.90

		Structure:		Salt River Bridge, Cape Town, piers

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		1.9		2.33		2.17		2.13		1.79

		B		2.52		2.73		2.27		1.73		1.72

		C		1.36		1.44		1.91		1.24		1.16

		D

		E

		F

		G

		mean		1.93		2.17		2.12		1.70		1.56

		Structure:		Salt River Bridge, Cape Town, deck soffit

		Age:		50 years (estimated)

		Exposure:		splash/spray

				5		15		25		35		45

		A		3.6		1.93		0.97		0.54		0.4

		B		1.96		2.44		2.1		1.47		0.95

		C		2.64		3.23		2.66		1.05

		D

		E

		F

		G

		mean		2.73		2.53		1.91		1.02		0.68

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (deck soffit)

				5		15		25		35		45

		A		3.07		2.33		2.51		2.69		2.9

		B		5.01		3.76		2.95		3.16		3.19

		C		4.65		3.96		4.32		2.84		3.84

		D		5.23		3.26		3.26		3.12		2.3

		E		4.06		2.36		1.87		2.4		2.08

		F		3.04		2.52		1.82		2.34		2.01

		G		5.23		3.26		3.26		3.12		2.3

		mean		4.33		3.06		2.86		2.81		2.66

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		tidal (piles)

				5		15		25		35		45

		A		2.96		2.13		2.24		2.36		2.05

		B		2.69		3.33		3.26		2.94		2.55

		C		4.77		3.29		2.96		3.62		2.85

		D		3.52		2.87		2.44		2.53		2.02

		E		4.11		4.75		4.11		3.5		3.56

		mean		3.61		3.27		3.00		2.99		2.61

		Structure:		Port Nolloth Jetty

		Age:		70 years

		Exposure:		splash/spray (beams below deck)

				5		15		25		35		45

		A		5.84		3.33		3.95		2.05		2.72

		B		2.68		2.15		2.7		1.9		1.88

		C		4.26		4.08		3.11		2.43		1.84

		D		4.91		3.08		2.89		2.48		1.63

		mean		4.42		3.16		3.16		2.22		2.02

		Structure:		Cape Town Harbour, Tanker Basis

		Age:		50 years

		Exposure:		splash/spray/tidal

				5		15		25		35		45

		A		1.84		1.01		0.62		0.42

		B		2.72		1.94		1.28		0.74

		C		4.15		3		1.62		0.97

		D		2.38		1.69		1.47		1.02

		E		1.58		1.4		1.05		0.77

		F		1.42		1.79		1.51		1.14

		G		2.43		1.97		1.24		1.08

		H		1.81		1.19		0.77		0.52

		mean		2.29		1.75		1.20		0.83

		STDV		0.8755477877		0.6136410654		0.3579704697		0.2646156242

		Structure:		Walvis Bay, Tanker Berth, Piles

		Age:		50 years (estimated)

		Exposure:		tidal

				5		15		25		35		45

		A		4.32		3.42		3.2		2.72		2.1

		B		4.19		3.41		2.48		2.26		1.98

		C		4.67		3.5		3.04		1.99		1.23

		D		4.58		2.87		2.72		2.04		1.91

		mean		4.44		3.30		2.86		2.25		1.81
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LOW-CARBON BINDERS: b) CARBONATION

Carbonation
* In PC systems:

— Before carbonation: high CH content: 'buffer’

— Carbonated concrete layer

against CO, ingress.

— After carbonation: calcium carbonate

|~ Uncarbonated concrete

precipitation: porosity reduction and pore

refinement (but depends on w/c ratio).

* Inlow-carbon systems:

— Before carbonation, lower critical and threshold pore diameters, i.e. refined pore structure;

pozzolanic space-filling reactions.
— After carbonation: coarsened pore structure, higher connectivity, reduced interaction of

transporting media with pore surfaces. What effects? Resistivity? See next slide.
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LOW-CARBON BINDERS: ISSUE OF RESISTIVITY

Carbonation: PC systems vs low-carbon systems: resistivity of carbonated vs uncarbonated binders
Details: 3% CO,, 60% RH, 27 °C, 6 mth — 'fully’ carbonated mortars, accelerated carbonation.

a) b)
OPC-NC O PC-C

i Carbonated
Non Carbonated | pr.nc s PF-C
~ 20 & PS-NC 20 ¢
5 ALC3-NC 5 :
S 90 | 0 CC-NC G 15 |
_é\ \‘\\Q é’ L
S ~
2 60 AL . Z 10
wn < e [75)
o o
30 Qe A.\\_ "> 5
! x\__g ----------- Q) i
0 I B_I 1 1 D 1 I 1 D 1 0 1 1 1 1 1 1 1 1 1 1 1
035 04 045 05 055 0.6 0.65 035 04 045 05 055 06 0.65
w/b ratio w/b ratio

Lupesh PhD Thesis, 2025 @ IIT Delhi under Prof. Shashank Bishnoi
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Presenter Notes
Presentation Notes
Samples were carbonated at 3% CO2, 60% RH, 27 degree Celsius for a duration of 6 months
PC at all w/b ratios was partially carbonated, with sample being 30 - 60%  carbonated  in terms of depth.  
PF at w/b - 0.4 and PS at w/b - 0.5 had around 80% of sample depth carbonated.
Rest all the compositions were fully carbonated 
Complete details can be found in Chapter 4, Section 4.1, and Figure 4.3.
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®CEM| @PH-HCL @PH-LG1 BPH-LG2 Carbonation: PC systems & low-carbon
systems: resistivity of carbonated vs
uncarbonated binders (LC3)

Carbonation of concrete, 6 months
of exposure

Unsheltered Sheltered .
Exposure Environment Limestone (L): CaCO; content:

= CEM | = PH-HCL HCL ~ 89% Clay kaolinite content:

~ o
= (o]

Evolution of concrete surface
resistivity with carbonation exposure
(6 months)

ou 6U 0S 6S

Age of exposure (months): U - Unsheltered & S -
Sheltered environment

Kilumile PhD Thesis, 2025 @ UCT under Prof. Mark Alexander
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FURTHER RESISTIVITY RESULTS — LC3 CONCRETES
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ENGINEERING & THE BUILT ENVIRONMENT




LONG-TERM CARBONATION DATA, REAL STRUCTURES

Overview of carbonation data a) Cape Peninsula, unsheltered.
Concrete strength grades: 20, 30 and 40. Plain PC
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		REGRESSION  ANALYSIS

		Region: Cape Peninsula

		Structures: Bridges

																										Overview

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		Years		dc

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		0.3		0.3

		Khayelitsha																								6		9

		Pedestrian		6		Abutment (S)		exposed		NF		56.5						9						Along N2		6		13

		Bridge		6		Abutment (S)		exposed		NF		56.5*						13		8.98				1995		11		5

																										11		11

		Swartklip																								15		7

		Interchange		11		Parapet (W)		exposed		EF		68.5						5						Along N2		15		7

		Ramp B		11		Parapet (W)		exposed		WF		68.5*						11		10.1				1990		16		4

																										16		7

		Frans Coradie																								17		3

		Overpass		15		Parapet (S)		exposed		SF		59						7						Along R300		17		6

		(South)		15		Parapet (N)		exposed		NF								7						1986		17		9

																										17		10

		Stellenberg		16		Parapet (S)		exposed		SF		52.5						4								17		8

		Ramp F		16		Parapet (S)		exposed		NF		41.5						7						Along R300		17		7

																								1985		17		4

				17		Parapet (S)		exposed		NF:u		60						3								17		8

		Sir Lowry's		17		Parapet (S)		exposed		NF:c								6						Along N2		17		5

		Pass Viaduct		17		Pier 46 (S)		exposed				53						9						1984		17		4

				17		Pier 46 (S)		exposed				53*						10		9.96						17		4

																										17		4

				17		Parapet (S)		exposed		NF		56						8								20		4

				17		Parapet (S)		exposed		NF		56*						7		9.39						20		5

				17		Ear Wall (S)		exposed		EA		43.5*						4						Along R300		20		9

		Sarepta Road		17		Ear Wall (S)		exposed		EA		43.5						8						1984		20		8

		(Rail Bridge)		17		Ear Wall (N)		exposed		EA		53.5*						5		9.44						20		6

				17		Ear Wall (N)		exposed		EA		53.5						4								20		7

				17		Pier 1, Col. 1(N)		exposed										4		10.37						20		10

				17		Pier 1, Col. 1(N)		exposed										4								22		8

				20		Parapet (W)		exposed		EF		54*						4								22		8

				20		Parapet (W)		exposed		EF		54						5								22		15

		Old Paarl		20		Ear Wall (W)		exposed		NA		64.5						9						Along R300		22		18

		Interchange		20		Ear Wall (W)		exposed		NA		64.5*						8		8.59				1981		22		4

		(South)		20		Pier 6, Col. 1(W)		sheltered				51						6								22		2

				20		Pier 6, Col. 3(E)		sheltered				51.0*						7		9.29						25		4

				20		Pier 6, Col. 3(E)		sheltered				47.5						10								25		3

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		28		8

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		32		15

				22		Parapet (E)		exposed		WF		55*						8								33		8

				22		Parapet (E)		exposed		WF		55						8								33		10

		Bottelary		22		Parapet (W)		exposed		EF		52*						15		10.02				Along R300		33		18

		Underpass		22		Parapet (W)		exposed		EF		52						18						1979		33		8

				22		Pier 1 (W)		sheltered				55						4						[with gabions]		33		9

				22		Pier 1 (W)		sheltered				55*						2						[with gabions]		33		5

																										33		6

		Steenbras		25		Ear Wall (S)		exposed		EA								4						Along N2		33		9

		River		25		Ear Wall (S)		exposed		WA		45.5						3						1976		33		17

																										33		10

																										33		13

		Modderdam		28		Parapet (N)		exposed		SF		69.2						8						Belhar		33		19

		Road																						1973		34		9

																										34		10

		Elsies																						Sunny Cove		34		11

		River		32		Soffit		sheltered										15						1969		34		15

																										34		6

				33		Parapet (E)		exposed		EF		49.5						8								39		10

		Eersterivier		33		Pier 1, Col. 1(W)		exposed				42						10						Along N2		39		9

		Interchange		33		Pier 1, Col. 1(W)		exposed				42*						18		8.77				1968		39		10

				33		Pier 2, Col. 3(E)		exposed				51						8						Road Bridge		39		8

				33		Pier 2, Col. 3(E)		exposed				51*						9		10.09						40		13

																										40		20

				33		Parapet (W)		exposed		EF								5		8.83 (55)						40		23

				33		Parapet (W)		exposed		WF		49						6						Along N2		40		40

		Macassar		33		Parapet (W)		exposed		WF		49*						9		9.89(42)				1968		40		23

		Beach		33		Pier 1, Col. 1(S)		exposed				36.5*						17		9.57(50)						40		16

		Underpass		33		Pier 1, Col. 1(S)		exposed				36.5						10								41		7

				33		Pier 3, Col. 2(N)		exposed				58.5						13								41		29

				33		Pier 3, Col. 2(N)		exposed				58.5*						19		8.87(40)						42		12

																										42		10

				34		Abutment (W)		exposed		N		46						9								42		6

		Helderberg		34		Abutment (W)		exposed		N		46*						10		8.36(25)				Along N2		42		17

		Road		34		Abutment (W)		exposed		S		48						11						1967		42		7

		(over rail)		34		Abutment (W)		exposed		S		48*						15		7.89(29)						42		11

				34		Pier 1, Col. 1(S)		sheltered										6		9.56(45)						42		20

																										42		27

				39		Abutment (S)		sheltered		NF		57.1*						10								42		16

		Woodstock		39		Abutment (S)		sheltered		NF		57.1						9						Woodstock		42		56

		Flyover		39		Beam (N)		sheltered		SF								10						1964		42		26

				39		Beam (S)		sheltered		NF		51.8						8		8.96				Rail bridge		43		12

																										43		20

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		43		21

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		44		12

		Victoria		40		Parapet (S)		exposed		NF								13		9.51				Road over Rail		44		13

		Road		40		Pier 1		sheltered		EF								20						Ottery		45		25

				40		Pier 3		sheltered		WF		55.3						23						1963		45		8

																										45		7

		Van der		40		Parapet (W)		exposed		EF		39.4						40						Road over Rail		45		6

		Stel		40		Parapet (E)		exposed		WF								23		9.11				Van der Stel		45		17

				40		Abutment (N)		exposed		EF		46.9						16						1961		47		9

																										47		18

		Conradie		41		Parapet (S)		exposed		NF		51.4						7						Road over Rail		47		42

		Drive		41		Pier 1		exposed		WF								29						Mutual (1960)		47		44

																										47		10

		Maitland		42		Abutment (W)		exposed		EF		42.5						12						Rail over Rail		47		21

		A		42		Beam 1		sheltered		NF		52.4						10						Maitland		67		11

				42		Beam 2		sheltered		NF		46.8						6						1961		67		19

																										67		22

		Maitland		42		Abutment (W)		exposed		EF								17		9.11				Rail over Rail		75		13

		B		42		End Block (NW)		exposed		SF		46.8						7						Maitland		76		12

				42		End Block (SW)		exposed		NF								11		9.36				1961

		Prestige		42		Parapet (E)		expose		SF		43.8						20						Road over Rail

		Drive A		42		Abutment (N)		expose		SF		31.1						27						Maitland

				42		Pier 1		expose		NF		40.1						16						1959

		Prestige		42		Wing Wall(SE)		exposed		NF								56						Road over Rail

		Drive B		42		Abutment (N)		exposed		SF		38.7						26						Maitland (1959)

		Halt Road		43		Parapet (E)		exposed		WF		49.2						12						Road over Rail

				43		Parapet (W)		exposed		EF								20		8.94				Vasco

				43		Pier 3		sheltered		SF								21		8.5				1958

		Palmiet		44		Ear Wall (N)		exposed				40.5*						12		9.97(26)				River Bridge

		River		44		Ear Wall (N)		exposed				40.5						13						Palmiet (1957)

		Turfhall		45		Parapet (S)		exposed		NF		34.4						25						Road over Rail

		Road		45		Abutment (W)		exposed		NF								8						Lansdown

				45		Pier 3		exposed		NF								7		8.95				1958

		De La Rey		45		Parapet (E)		exposed		WF		48.3						6						Road over rail/canal

				45		Parapet (W)		exposed		EF								17		9.13				Parow (1956)

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)

				47		Return Wall		exposed		NF		30.4						9

				47		Abutment (NW)		exposed		NF								18		9.14				Road over Rail

		Wetton		47		Pier4 Col 1		sheltered		NF								42						Kenilworth-Wynberg

		Road		47		Pier4 Col 1		sheltered		WF								44						1956

				47		Pier8 Col 1		exposed		NF								10

				47		Pier 13		exposed		NF								21		9.27				Columns deteriorating

		Plumstead		67		Abutment (E)		exposed		NF		39.8						11						Road over Rail

				67		Pier 10		exposed		NF								19						Plumstead

				67		Pier 10		exposed		SF								22						1936

		Silvermine																						Rail over River

		River		75		Side of Deck		exposed										13						Clovelly (1926)

		Kalkbaai																						Viaduct at Sea

		Viaduct		76		Pier 2		sheltered		SF								12						Kalkbaai (1926)

		CAPE PENINSULA

		Classification of Bridges

		1. Road Bridges (with elements directly expose to vehicular traffic)																								Road bridges

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		Years		dc

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		0.01		0.1

		Khayelitsha																								6		9																						Time		Road		Rail		River

		Pedestrian		6		Abutment (S)		exposed		NF		56.5		0.4739		47.2		9						Along N2		6		13																						(Years)		dc = 1.559t0.571		dc = 1.393t0.607		dc = 1.164t0.547

		Bridge		6		Abutment (S)		exposed		NF		56.5*		0.4739		47.2		13		8.98				1995		11		5																						0		0		0		0

																										11		11																						10		6		6		4

		Swartklip																								15		7																						20		9		9		6

		Interchange		11		Parapet (W)		exposed		EF		68.5		0.3703		60		5						Along N2		15		7																						30		11		11		7

		Ramp B		11		Parapet (W)		exposed		WF		68.5*		0.3703		60		11		10.1				1990		16		4																						40		13		13		9

																										16		7																						50		15		15		10

		Frans Coradie																								17		8																						60		16		17		11

		Overpass		15		Parapet (S)		exposed		SF		59		0.4504		49.4		7						Along R300		17		7																						70		18		18		12

		(South)		15		Parapet (N)		exposed		NF		59*		0.4504		49.4		7						1986		17		4																						80		19		20		13

																										17		8																						90		20		21		14

		Stellenberg		16		Parapet (S)		exposed		SF		52.5		0.5128		42.5		4						Along R300		17		5																						100		22		23		14

		Ramp F		16		Parapet (S)		exposed		NF		41.5		0.625		32.2		7						1985		17		4

																										20		4

		Sarepta Road		17		Parapet (S)		exposed		NF		56		0.4761		46.38		8								20		5

		(Rail Bridge)		17		Parapet (S)		exposed		NF		56*		0.4761		46.38		7		9.39						20		9

				17		Ear Wall (S)		exposed		EA		43.5*		0.6024		34.16		4						Along R300		20		8

				17		Ear Wall (S)		exposed		EA		43.5		0.6024		34.16		8						1984		22		8

				17		Ear Wall (N)		exposed		EA		53.5*		0.5		43.8		5		9.44						22		8

				17		Ear Wall (N)		exposed		EA		53.5		0.5		43.8		4								22		15

																										22		18

		Old Paarl		20		Parapet (W)		exposed		EF		54*		0.495		44.4		4								28		8

		Interchange		20		Parapet (W)		exposed		EF		54		0.495		44.4		5						Along R300		33		8

		(South)		20		Ear Wall (W)		exposed		NA		64.5		0.4032		55.5		9						1981		33		10

				20		Ear Wall (W)		exposed		NA		64.5*		0.4032		55.5		8		8.59						33		18

																										33		8

				22		Parapet (E)		exposed		WF		55*		0.4878		45		8								33		9

		Bottelary		22		Parapet (E)		exposed		WF		55		0.4878		45		8						Along R300		33		5

		Underpass		22		Parapet (W)		exposed		EF		52*		0.5181		41.6		15		10.02				1979		33		6

				22		Parapet (W)		exposed		EF		52		0.5181		41.6		18								33		9

																										33		17

																										33		10

		CAPE PENINSULA (Cont')																								33		13

																										33		19

		Classification of Bridges																								40		13

																										40		40

		1. Road Bridges (with elements directly expose to vehicular traffic)																								40		23

																										41		7

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		42		20

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		42		56

																								Belhar		43		12

		Modderdam		28		Parapet (N)		exposed		SF		69.2		0.3649		60.5		8						1973		43		20

		Road																						Road over Rail		45		25

																										45		6

				33		Parapet (E)		exposed		EF		49.5		0.5434		39.4		8								45		17

		Eersterivier		33		Pier 1, Col. 1(W)		exposed				42		0.625		32.2		10						Along N2		67		11

		Interchange		33		Pier 1, Col. 1(W)		exposed				42*		0.625		32.2		18		8.77				1968

				33		Pier 2, Col. 3(E)		exposed				51		0.5319		40.5		8						Road over River

				33		Pier 2, Col. 3(E)		exposed				51*		0.5319		40.5		9		10.09

				33		Parapet (W)		exposed		EF								5		8.83 (55)

				33		Parapet (W)		exposed		WF		49		0.5464		39.16		6						Along N2

		Macassar		33		Parapet (W)		exposed		WF		49*		0.5464		39.16		9		9.89(42)				1968

		Beach		33		Pier 1, Col. 1(S)		exposed				36.5*		0.6849		27.7		17		9.57(50)

		Underpass		33		Pier 1, Col. 1(S)		exposed				36.5		0.6849		27.7		10

				33		Pier 3, Col. 2(N)		exposed				58.5		0.4545		48.8		13

				33		Pier 3, Col. 2(N)		exposed				58.5*		0.4545		48.8		19		8.87(40)

		Victoria																						Ottery

		Road		40		Parapet (S)		exposed		NF								13		9.51				1963

																								Road over Rail

		Van der		40		Parapet (W)		exposed		EF		39.4		0.6493		30		40						Van der Stel

		Stel		40		Parapet (E)		exposed		WF								23		9.11				1961

																								Road over Rail

		Conradie																						Mutual

		Drive		41		Parapet (S)		exposed		NF		51.4		0.5235		41.6		7						1960

																								Road over Rail

		CAPE PENINSULA (Cont')

		Classification of Bridges

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)

		Prestige

		Drive A		42		Parapet (E)		exposed		SF		43.8		0.6024		34.4		20						Maitland

																								1959

		Prestige																						Road over Rail

		Drive B		42		Wing Wall (SE)		exposed		NF		34.9*		0.7042		26.6		56

		Halt Road		43		Parapet (E)		exposed		WF		49.2		0.5434		39.4		12						Vasco

				43		Parapet (W)		exposed		EF								20		8.94				1958

																								Road over Rail

		Turfhall																						Lansdown

		Road		45		Parapet (S)		exposed		NF		34.4		0.7142		26.1		25						1958

																								Road ovr Rail

		De La Rey		45		Parapet (E)		exposed		WF		48.3		0.5555		38.3		6						Parow

				45		Parapet (W)		exposed		EF								17		9.13				1956

																								Road over rail/canal

																								[very less traffic]

		Plumstead		67		Abutment (E)		exposed		NF		39.8		0.6451		31.1		11						Plumstead(1936)

																								Road over Rail

		CAPE PENINSULA (Cont')

		Classification of Bridges

		2. Rail Bridges (with elements directly expose to both diesel and electricity trains)

																										Rail Bridges

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		Years		dc

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		0.01		0.1

		Sir Lowry's		17		Pier 46 (S)		exposed				53		0.505		43.3		9						Along N2		17		9

		Pass Viaduct		17		Pier 46 (S)		exposed				53*		0.505		43.3		10		9.96				1984		17		10

																										17		4

		Sarepta		17		Pier1  Col1 (N)		exposed										4						Along R300		17		4

		Road		17		Pier1  Col1 (N)		exposed										4						1984		34		9

																										34		10

				34		Abutment (W)		exposed		N		46		0.5813		36.1		9								34		11

		Helderberg		34		Abutment (W)		exposed		N		46*		0.5813		36.1		10		8.36(25)				Along N2		34		15

		Road		34		Abutment (W)		exposed		S		48		0.5555		38.3		11						1967		34		6

				34		Abutment (W)		exposed		S		48*		0.5555		38.3		15		7.89(29)						39		10

				34		Pier 1, Col. 1(S)		exposed										6		9.56(45)						39		9

																										39		10

				39		Abutment (S)		sheltered		NF		57.1*		0.4672		47.5		10								39		8

		Woodstock		39		Abutment (S)		sheltered		NF		57.1		0.4672		47.5		9						Woodstock		40		20

		Flyover		39		Beam (N)		sheltered		SF								10						1964		40		23

				39		Beam (S)		sheltered		NF		51.8		0.5208		41.6		8		8.96				Rail over Rail		40		16

																										41		29

		Victoria		40		Pier 1		sheltered		EF								20						Ottery		42		12

		Road		40		Pier 3		sheltered		WF		55.3		0.4878		45		23						1963		42		10

																										42		6

		Van der Stel		40		Abutment (N)		exposed		EF		46.9		0.5714		36.94		16						Van der Stel (1961)		42		17

																										42		7

		Conradie Dr		41		Pier 1		exposed		NF								29						Mutual (1960)		42		11

																										42		27

		Maitland		42		Abutment (W)		exposed		EF		42.5		0.6097		33.3		12						Rail over Rail		42		16

		A		42		Beam 1		sheltered		NF		52.4		0.5128		42.5		10						Maitland		42		26

				42		Beam 2		sheltered		NF		46.8		0.5714		36.94		6						1961		43		21

																										45		8

		Maitland		42		Abutment (W)		exposed		EF								17		9.11				Rail over Rail		45		7

		B		42		End Block (NW)		exposed		SF		46.8		0.5714		36.94		7						Maitland		47		9

				42		End Block (SW)		exposed		NF								11		9.36				1961		47		18

																										47		42

																										47		44

		CAPE PENINSULA (Cont')																								47		10

																										47		21

		Classification of Bridges																								67		19

																										67		22

		2. Rail Bridges (with elements directly expose to both diesel and electricity trains)

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)

		Prestige		42		Abutment (N)		exposed		SF		31.1		0.7692		23.1		27						Maitland

		Drive A		42		Pier 1		exposed		NF		40.1		0.6452		30.83		16						1959

		Prestige																						Maitland

		Drive B		42		Abutment (N)		exposed		SF		38.7		0.6578		30		26						1959

		Halt Road		43		Pier 3		sheltered		SF								21		8.5				Vasco (1958)

		Turfhall		45		Abutment (W)		exposed		NF								8						Lansdown

		Road		45		Pier 3		exposed		NF								7		8.95				1958

				47		Return Wall		exposed		NF		30.4		0.7751		22.5		9

				47		Abutment (NW)		exposed		NF								18		9.14

		Wetton		47		Pier4 Col 1		sheltered		NF								42						Kenilworth-Wynberg

		Road		47		Pier4 Col 1		sheltered		WF								44						1956

				47		Pier8 Col 1		exposed		NF								10

				47		Pier 13		exposed		NF								21		9.27

		Plumstead		67		Pier 10		exposed		NF								19						Plumstead

				67		Pier 10		exposed		SF								22						1936

		CAPE PENINSULA

		Classification of Bridges

		3. River Bridges (with elements directly expose to river)																								River Bridges

																										Years		dc

		Bridge		Age		Element		Exposure		Facing		Grade		w/c		Grade		dc		OPI		OPI		Remarks		0.01		0.1

		(-)		(Years)		(-)		(-)		(-)		(at Test)		(-)		(at 28 days)		(mm)		at Test		at 28 days		(-)		25		4

		Steenbras		25		Ear Wall (S)		exposed		EA		45.5*		0.5813		35.6		4						Along N2		25		3

		River		25		Ear Wall (S)		exposed		WA		45.5		0.5813		35.6		3						1976		32		15

																										44		12

		Elsies River		32		Deck Soffit		sheltered										15						Sunny Cove (1969)		44		13

																										75		13

		Palmiet		44		Ear Wall (N)		exposed				40.5*		0.6452		30.83		12		9.97				Palmiet		76		12

		River		44		Ear Wall (N)		exposed				40.5*		0.6452		30.83		13						1957

		Silvermine																						Clovelly

		River		75		Side of Deck		exposed										13						1926

		Kalkbaai																						Kalkbaai

		Viaduct		76		Pier 2		sheltered		SF								12						1926
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n-Profile

		CAPE PENINSULA REGION

		Comparison Between Prediction Models

		Time		Model 1		Model 2		Model 3		Model 4		Model 5		Model 6

		(t)		Overview		Road		Rail		River		Parapet		Parapet

		(Years)		(mm)		(mm)		(mm)		(mm)		(30-40)		(41-50)

		(-)		dc=0.9253t0.7054		dc=1.1085t0.6746		dc=0.6925t0.7981		dc=0.6516t0.703		dc=0.7665t0.7304		dc=0.7922t0.7438

		0		0.0		0.0		0.0		0.0		0.0		0.0

		5		2.9		3.3		2.5		2.0		2.5		2.6

		10		4.7		5.2		4.4		3.3		4.1		4.4

		15		6.3		6.9		6.0		4.4		5.5		5.9

		20		7.7		8.4		7.6		5.4		6.8		7.4

		25		9.0		9.7		9.0		6.3		8.0		8.7

		30		10.2		11.0		10.5		7.1		9.2		9.9

		35		11.4		12.2		11.8		7.9		10.3		11.2

		40		12.5		13.4		13.2		8.7		11.3		12.3

		45		13.6		14.5		14.4		9.5		12.4		13.4

		50		14.6		15.5		15.7		10.2		13.4		14.5

		55		15.6		16.5		17.0		10.9		14.3		15.6

		60		16.6		17.5		18.2		11.6		15.3		16.7

		65		17.6		18.5		19.4		12.3		16.2		17.7

		70		18.5		19.5		20.6		12.9		17.1		18.7

		75		19.5		20.4		21.7		13.6		18.0		19.7

		80		20.4		21.3		22.9		14.2		18.8		20.6

		85		21.2		22.2		24.0		14.8		19.7		21.6

		90		22.1		23.1		25.1		15.4		20.5		22.5

		95		23.0		23.9		26.2		16.0		21.3		23.4

		100		23.8		24.8		27.3		16.6		22.2		24.3

		CAPE PENINSULA REGION

		Comparison Between Prediction Models (Cont')

		Exposed Elements

		Time		Model 7		Model 8		Model 9

		(t)		Grade21-30		Grade31-40		Grade41-50

		(Years)		Nominal G25		Nominal G35		Nominal G45

		(-)		dc=0.8588t0.7992		dc=0.6737t0.7677		dc=1.1924t0.6361

		0		0.0		0.0		0.0		0

		5		3.1		2.3		3.3		2.5262932342

		10		5.4		3.9		5.2		4.2646345173

		15		7.5		5.4		6.7		5.7929683375

		20		9.4		6.7		8.0		7.1991276861

		25		11.3		8.0		9.2		8.5209045465

		30		13.0		9.2		10.4		9.7791073477

		35		14.7		10.3		11.4		10.9867898698

		40		16.4		11.4		12.5		12.1528443367

		45		18.0		12.5		13.4		13.2836844529

		50		19.6		13.6		14.4		14.3841352837

		55		21.1		14.6		15.3		15.4579462677

		60		22.7		15.6		16.1		16.5081068888

		65		24.2		16.6		17.0		17.5370510946

		70		25.6		17.6		17.8		18.5467952325

		75		27.1		18.5		18.6		19.5390343353

		80		28.5		19.5		19.4		20.5152112743

		85		29.9		20.4		20.1		21.4765676424

		90		31.3		21.3		20.9		22.4241819859

		95		32.7		22.2		21.6		23.3589990569

		100		34.1		23.1		22.3		24.2818525579





n = 0.1

		CAPE PENINSULA

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Parapets

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

								0.3				0.3

		11		60		5		45		26.1		25

		11		60		11		0.3				0.3

		15		49.4		7		40		30		40

		15		49.4		7		67		31.1		11

		16		42.5		4		16		32.5		7

		16		32.5		7		42		34.4		20

		17		46.38		8		45		38.3		6

		17		46.38		7		33		39.16		6

		20		44.4		4		33		39.16		9

		20		44.4		5		33		39.4		8

		22		45		8		43		39.4		12

		22		45		8		0.3				0.3

		22		41.6		15		22		41.6		15

		22		41.6		18		22		41.6		18

		28		60.5		8		41		41.6		7

		33		39.4		8		16		42.5		4

		33		39.16		6		20		44.4		4

		33		39.16		9		20		44.4		5

		40		30		40		22		45		8

		41		41.6		7		22		45		8

		42		34.4		20		17		46.38		8

		43		39.4		12		17		46.38		7

		45		26.1		25		15		49.4		7

		45		38.3		6		15		49.4		7

		67		31.1		11		0.3				0.3

								11		60		5

								11		60		11

								28		60.5		8

		CAPE PENINSULA (Cont')

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Abutments & Wingwalls & Earwalls

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

		6		47.2		9		0.3				0.3

		6		47.2		13		42		26.6		56

		17		34.16		4		0.3				0.3

		17		34.16		8		67		31.1		11

		17		43.8		5		17		34.16		4

		17		43.8		4		17		34.16		8

		20		55.5		9		0.3				0.3

		20		55.5		8		17		43.8		5

		42		26.6		56		17		43.8		4

		67		31.1		11		6		47.2		9

								6		47.2		13

								0.3				0.3

								20		55.5		9

								20		55.5		8

		CAPE PENINSULA (Cont')

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Piers &Columns

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

		33		32.2		10		33		27.7		17

		33		32.2		18		33		27.7		10

		33		40.5		8		33		32.2		10

		33		40.5		9		33		32.2		18

		33		27.7		17		33		40.5		8

		33		27.7		10		33		40.5		9

		33		48.8		13		33		48.8		13

		33		48.8		19		33		48.8		19

		Grade of concrete vs Age

		Age		Grade		dc

		0.3				0.3

		6		47.2		9

		6		47.2		13

		11		60		5

		11		60		11

		15		49.4		7

		15		49.4		7

		16		32.2		7

		16		42.5		4

		17		34.16		4

		17		34.16		8

		17		35		4

		17		35		4

		17		46.38		8

		17		46.38		7

		17		43.8		5

		17		43.8		4

		17		43.3		9

		20		44.4		4

		20		44.4		5

		22		45		8

		22		45		8

		22		41.6		15

		22		41.6		18

		28		60.5		8

		33		27.7		17

		33		27.7		10

		33		39.4		8

		33		32.2		10

		33		32.2		18

		33		39.16		5

		33		39.16		6

		33		39.16		9

		33		40.5		8

		33		40.5		9

		33		48.8		13

		33		48.8		19

		34		36.1		9

		34		36.1		10

		34		38.3		11

		34		38.3		15

		34		35		6

		40		30		40

		40		30		23

		40		35		13

		40		36.94		16

		41		35		29

		41		41.6		7

		42		26.6		56

		42		23.1		27

		42		30		26

		42		34.4		20

		42		35		17

		42		36.94		7

		42		35		11

		42		30.83		16

		43		39.4		12

		43		35		20

		45		26.1		25

		45		30		8

		45		30		7

		45		38.3		6

		45		35		17

		47		22.5		9

		47		30		18

		47		30		10

		47		30		21

		67		30		19

		67		30		22

		67		31.1		11





n = 0.1
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n = 0.2

		0.3		0.3		0.3		0.3

		42		67		17		20
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				17		6
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Abutment(Grade 25-30)

Abutment(Grade31-40)

Abutment(Grade41-50)

Abutment(Grade51-60)

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Road Bridges

0.3

0.3

0.3

0.3

56

11

5

9

4

4

8

8

9

13



n = 0.28

		



Bridge Element

Age of Element (Years)

Compressive Strength at 28 days (MPa)

CAPE PENINSULA BRIDGES
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n = 0.3

		CAPE PENINSULA BRIDGES

		Regression Analysis on Road and Rail Bridges																										Residuals' Plot

																												A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																								Regression Analysis on Road and Rail Bridges																										Residuals' Plot																										Regression Analysis on Road and Rail Bridges																										Residuals' Plot

		A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																																												A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																				A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

																												A1. Grade 21-30 MPa at 28 Days																								A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																				A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

		A1. Grade 21-30 MPa at 28 Days																																																																												A1. Grade 21-30 MPa at 28 Days (After 1st Outlier Elimination)																																																				A1. Grade 21-30 MPa at 28 Days (After 2nd Outlier Elimination)

																												Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.														A1. Grade 21-30 MPa at 28 Days (After 1st Outlier Elimination)																																																				A1. Grade 21-30 MPa at 28 Days (After 2nd Outlier Elimination)

				Age		Grade		dc																				0.3		0.3																																																Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																																										Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.

				0.3				0.3																				33		17		14.0		3.0		8.74		0.21																Age		Grade		dc																				0.3		0.3																										Age		Grade		dc																				0.3		0.3

				33		27.7*		17																				33		10		14.0		-4.0		16.35		-0.29																0.3				0.3																				33		17		13.0		4.0		15.74		0.39																		0.3				0.3																				33		17		12.2		4.8		22.90		0.62

				33		27.7		10																				40		40		16.4		23.6		558.00		1.67																33		27.7*		17																				33		10		13.0		-3.0		9.20		-0.30																		33		27.7*		17																				33		10		12.2		-2.2		4.90		-0.29

				40		30		40																				40		23		16.4		6.6		43.85		0.47																33		27.7		10																				40		40		15.2		24.8		616.87		2.46																		33		27.7		10																				40		23		14.2		8.8		77.65		1.14

				40		30*		23																				42		56		17.0		39.0		1518.73		2.75																40		30		40																				40		23		15.2		7.8		61.42		0.78																		40		30*		23																				45		25		15.6		9.4		89.29		1.22

				42		26.6*		56																				45		25		18.0		7.0		49.08		0.49																40		30*		23																				45		25		16.6		8.4		69.96		0.83																		45		26.1		25																				42		27		14.7		12.3		150.38		1.58

				45		26.1		25																				42		27		17.0		10.0		99.42		0.70																45		26.1		25																				42		27		15.8		11.2		126.41		1.12																		42		23.1		27																				42		26		14.7		11.3		126.85		1.45

				42		23.1		27																				42		26		17.0		9.0		80.48		0.63																42		23.1		27																				42		26		15.8		10.2		104.93		1.02																		42		30		26																				45		8		15.6		-7.6		57.01		-0.97

				42		30		26																				45		8		18.0		-10.0		99.89		-0.71																42		30		26																				45		8		16.6		-8.6		74.58		-0.86																		45		30*		8																				45		7		15.6		-8.6		73.11		-1.10

				45		30*		8																				45		7		18.0		-11.0		120.88		-0.78																45		30*		8																				45		7		16.6		-9.6		92.85		-0.96																		45		30*		7																				47		9		16.1		-7.1		50.21		-0.91

				45		30*		7																				47		9		18.6		-9.6		92.75		-0.68																45		30*		7																				47		9		17.2		-8.2		67.49		-0.81																		47		22.5		9																				47		18		16.1		1.9		3.66		0.25

				47		22.5		9																				47		18		18.6		-0.6		0.40		-0.04																47		22.5		9																				47		18		17.2		0.8		0.62		0.08																		47		30*		18																				47		10		16.1		-6.1		37.04		-0.78

				47		30*		18																				47		10		18.6		-8.6		74.49		-0.61																47		30*		18																				47		10		17.2		-7.2		52.06		-0.72																		47		30*		10																				47		21		16.1		4.9		24.15		0.63

				47		30*		10																				47		21		18.6		2.4		5.61		0.17																47		30*		10																				47		21		17.2		3.8		14.33		0.38																		47		30*		21																				67		19		21.2		-2.2		4.84		-0.28

				47		30*		21																				67		19		24.7		-5.7		32.88		-0.40																47		30*		21																				67		19		22.8		-3.8		14.10		-0.37																		67		30*		19																				67		22		21.2		0.8		0.64		0.10

				67		30*		19																				67		22		24.7		-2.7		7.47		-0.19																67		30*		19																				67		22		22.8		-0.8		0.57		-0.07																		67		30*		22																										Summation		722.63

				67		30*		22																										Summation		2809.02																		67		30*		22																										Summation		1321.11																																																		Std. Sq.		60.22

																																		Std. Sq.		200.6443164608																																																Std. Sq.		101.62

				No. of Bridges: 7 bridges																																																		No. of Elements: 15																																																				No. of Data: 14																								No. of Data: 14

				No. of Elements: 16

		CAPE PENINSULA BRIDGES																										Residuals' Plot																								Regression Analysis on Road and Rail Bridges																										Residuals' Plot																												Regression Analysis on Road and Rail Bridges

																												A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																		A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

		Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																		A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

																												A2. Grade 31-40 MPa at 28 Days																																																		A2. Grade 31-40 MPa at 28 Days (After 1st Outlier Elimination)

		A2. Grade 31-40 MPa at 28 Days																																																		A2. Grade 31-40 MPa at 28 Days (After 1st Outlier Elimination)

																												Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																																								Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.

				Age		Grade		dc																				0.3		0.3																								Age		Grade		dc																				0.3		0.3

				0.3				0.3																				16		7		5.7		1.3		1.79		0.23																0.3				0.3																				16		7		5.5		1.5		2.17		0.34

				16		32.2		7																				17		4		5.9		-1.9		3.73		-0.34																16		32.2		7																				17		4		5.8		-1.8		3.19		-0.41

				17		34.16*		4																				17		8		5.9		2.1		4.28		0.36																17		34.16*		4																				17		8		5.8		2.2		4.90		0.50

				17		34.16		8																				33		8		9.9		-1.9		3.49		-0.33																17		34.16		8																				33		8		9.5		-1.5		2.38		-0.35

				33		39.4		8																				33		10		9.9		0.1		0.02		0.02																33		39.4		8																				33		10		9.5		0.5		0.21		0.10

				33		32.2		10																				33		18		9.9		8.1		66.13		1.42																33		32.2		10																				33		18		9.5		8.5		71.53		1.93

				33		32.2*		18																				33		5		9.9		-4.9		23.70		-0.85																33		32.2*		18																				33		5		9.5		-4.5		20.63		-1.04

				33		39.16*		5																				33		6		9.9		-3.9		14.96		-0.68																33		39.16*		5																				33		6		9.5		-3.5		12.55		-0.81

				33		39.16		6																				33		9		9.9		-0.9		0.75		-0.15																33		39.16		6																				33		9		9.5		-0.5		0.29		-0.12

				33		39.16*		9																				40		13		11.4		1.6		2.44		0.27																33		39.16*		9																				40		13		11.0		2.0		3.87		0.45

				40		35*		13																				42		20		11.9		8.1		66.01		1.42																40		35*		13																				42		20		11.4		8.6		73.18		1.95

				42		34.4		20																				43		12		12.1		-0.1		0.01		-0.02																42		34.4		20																				43		12		11.7		0.3		0.12		0.08

				43		39.4		12																				43		20		12.1		7.9		62.54		1.38																43		39.4		12																				43		20		11.7		8.3		69.71		1.90

				43		35*		20																				45		6		12.5		-6.5		42.52		-1.14																43		35*		20																				45		6		12.1		-6.1		36.69		-1.38

				45		38.3		6																				45		17		12.5		4.5		20.06		0.78																45		38.3		6																				45		17		12.1		4.9		24.43		1.13

				45		35		17																				67		11		17.0		-6.0		35.95		-1.05																45		35		17																				67		11		16.3		-5.3		27.85		-1.20

				67		31.1		11																				17		4		5.9		-1.9		3.73		-0.34																67		31.1		11																				17		4		5.8		-1.8		3.19		-0.41

				17		35*		4																				17		4		5.9		-1.9		3.73		-0.34																17		35*		4																				17		4		5.8		-1.8		3.19		-0.41

				17		35*		4																				34		9		10.1		-1.1		1.20		-0.19																17		35*		4																				34		9		9.8		-0.8		0.58		-0.17

				34		36.1		9																				34		10		10.1		-0.1		0.01		-0.02																34		36.1		9																				34		10		9.8		0.2		0.06		0.05

				34		36.1		10																				34		11		10.1		0.9		0.82		0.16																34		36.1		10																				34		11		9.8		1.2		1.54		0.28

				34		38.3		11																				34		15		10.1		4.9		24.04		0.86																34		38.3		11																				34		15		9.8		5.2		27.46		1.19

				34		38.3*		15																				34		6		10.1		-4.1		16.78		-0.71																34		38.3*		15																				34		6		9.8		-3.8		14.14		-0.86

				34		35*		6																				40		16		11.4		4.6		20.81		0.80																34		35*		6																				40		16		11.0		5.0		24.68		1.13

				40		36.94		16																				41		29		11.7		17.3		300.77		3.03																40		36.94		16				Mean Strength																42		17		11.4		5.6		30.85		1.27

				41		35*		29		No. of Elements: 29																		42		17		11.9		5.1		26.27		0.89																42		35*		17				35.658125																42		7		11.4		-4.4		19.76		-1.01

				42		35*		17																				42		7		11.9		-4.9		23.77		-0.85																42		36.94		7																				42		11		11.4		-0.4		0.20		-0.10

				42		36.94		7																				42		11		11.9		-0.9		0.77		-0.15																42		35*		11																				42		16		11.4		4.6		20.74		1.04

				42		35*		11																				42		16		11.9		4.1		17.02		0.72																42		30.83		16																										Summation		500.10

				42		30.83		16																										Summation		788.09																																										No. of Elements: 28						Std. Sq.		19.23

																												No. of Elements: 29						Std Sq		32.84																		No. of Elements: 28

		CAPE PENINSULA BRIDGES																										Residuals' Plot																																																																																																																																																										Residuals' Plot																																																				Residuals' Plot																																																				Residuals' Plot

																												A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																								Regression Analysis on Road and Rail Bridges																										Residuals' Plot																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										Residuals' Plot																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																										A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

		Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																																												A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																				A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

																												A2. Grade 41-50 MPa at 28 Days																								A. Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)																																																				A3. Grade 41-50 MPa at 28 Days (After 2nd Outlier Elimination)																																																				A3. Grade 41-50 MPa at 28 Days (After 3rd Outlier Elimination)																										A3. Grade 41-50 MPa at 28 Days (After 3rd Outlier Elimination)																										A3. Grade 41-50 MPa at 28 Days (After 4th Outlier Elimination)																										A3. Grade 41-50 MPa at 28 Days (After 4th Outlier Elimination)																										A3. Grade 41-50 MPa at 28 Days (After 5th Outlier Elimination)																										A3. Grade 41-50 MPa at 28 Days (After 5th Outlier Elimination)

		A3. Grade 41-50 MPa at 28 Days																																																																												A3. Grade 41-50 MPa at 28 Days (After 1st Outlier Elimination)																																																				A3. Grade 41-50 MPa at 28 Days (After 2nd Outlier Elimination)

																												Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.														A3. Grade 41-50 MPa at 28 Days (After 1st Outlier Elimination)																																																								Age		Grade		dc																																														Age		Grade		dc																				Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																		Age		Grade		dc																				Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																		Age		Grade		dc																				Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.

				Age		Grade		dc																				0.3		0.3																																																Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																				Age		Grade		dc																		Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.																		0.3				0.3																				0.3		0.3																										0.3				0.3																				0.3		0.3																										0.3				0.3																				0.3		0.3

				0.3				0.3																				6		9		3.7		5.3		27.80		1.13																Age		Grade		dc																				0.3		0.3																												0.3				0.3																		0.3		0.3																										6		47.2		9																				6		9		3.2		5.8		33.96		1.83																		6		47.2		9																				6		9		3.1		5.9		34.94		2.26																		15		49.4		7																				15		7		5.245795673		1.754204327		3.077232821		0.7868456506

				6		47.2		9																				6		13		3.7		9.3		85.98		1.99																0.3				0.3																				6		9		3.6		5.4		28.74		1.27																				6		47.2		9																		6		9		3.2		5.8		33.59		1.54																		15		49.4		7																				15		7		5.8		1.2		1.37		0.37																		15		49.4		7																				15		7		5.6		1.4		1.92		0.53																		15		49.4*		7																				15		7		5.245795673		1.754204327		3.077232821		0.7868456506

				6		47.2*		13																				15		7		6.7		0.3		0.10		0.07																6		47.2		9																				6		13		3.6		9.4		87.62		2.21																				15		49.4		7																		15		7		6.0		1.0		0.97		0.26																		15		49.4*		7																				15		7		5.8		1.2		1.37		0.37																		15		49.4*		7																				15		7		5.6		1.4		1.92		0.53																		16		42.5		4																				16		4		5.4916918304		-1.4916918304		2.2251445169		-0.6690960743

				15		49.4		7																				15		7		6.7		0.3		0.10		0.07																6		47.2*		13																				15		7		6.4		0.6		0.31		0.13																				15		49.4*		7																		15		7		6.0		1.0		0.97		0.26																		16		42.5		4																				16		4		6.1		-2.1		4.35		-0.66																		16		42.5		4																				16		4		5.9		-1.9		3.44		-0.71																		17		46.38		8																				17		8		5.7331649781		2.2668350219		5.1385410163		1.0167853597

				15		49.4*		7																				16		4		7.0		-3.0		8.74		-0.63																15		49.4		7																				15		7		6.4		0.6		0.31		0.13																				16		42.5		4																		16		4		6.3		-2.3		5.23		-0.61																		17		46.38		8																				17		8		6.3		1.7		2.77		0.52																		17		46.38		8																				17		8		6.1		1.9		3.64		0.73																		17		46.38*		7																				17		7		5.7331649781		1.2668350219		1.6048709726		0.568236899

				16		42.5		4																				17		8		7.2		0.8		0.59		0.17																15		49.4*		7																				16		4		6.7		-2.7		7.35		-0.64																				17		46.38		8																		17		8		6.6		1.4		2.09		0.38																		17		46.38*		7																				17		7		6.3		0.7		0.44		0.21																		17		46.38*		7																				17		7		6.1		0.9		0.83		0.35																		17		43.8*		5																				17		5		5.7331649781		-0.7331649781		0.5375308852		-0.3288600224

				17		46.38		8																				17		7		7.2		-0.2		0.05		-0.05																16		42.5		4																				17		8		7.0		1.0		1.06		0.24																				17		46.38*		7																		17		7		6.6		0.4		0.20		0.12																		17		43.8*		5																				17		5		6.3		-1.3		1.79		-0.42																		17		43.8*		5																				17		5		6.1		-1.1		1.19		-0.42																		17		43.8		4																				17		4		5.7331649781		-1.7331649781		3.0038608414		-0.777408483

				17		46.38*		7																				17		5		7.2		-2.2		4.97		-0.48																17		46.38		8																				17		7		7.0		0.0		0.00		0.01																				17		43.8*		5																		17		5		6.6		-1.6		2.42		-0.41																		17		43.8		4																				17		4		6.3		-2.3		5.46		-0.73																		17		43.8		4																				17		4		6.1		-2.1		4.37		-0.80																		20		44.4*		4																				20		4		6.4341752503		-2.4341752503		5.9252091491		-1.0918455615

				17		43.8*		5																				17		4		7.2		-3.2		10.43		-0.69																17		46.38*		7																				17		5		7.0		-2.0		3.88		-0.47																				17		43.8		4																		17		4		6.6		-2.6		6.53		-0.68																		20		44.4*		4																				20		4		7.1		-3.1		9.36		-0.96																		20		44.4*		4																				20		4		6.8		-2.8		7.68		-1.06																		20		44.4		5																				20		5		6.4341752503		-1.4341752503		2.0568586485		-0.6432971009

				17		43.8		4																				20		4		8.0		-4.0		16.14		-0.86																17		43.8*		5																				17		4		7.0		-3.0		8.82		-0.70																				20		44.4*		4																		20		4		7.3		-3.3		11.09		-0.89																		20		44.4		5																				20		5		7.1		-2.1		4.24		-0.65																		20		44.4		5																				20		5		6.8		-1.8		3.14		-0.68																		22		45*		8																				22		8		6.8845160018		1.1154839982		1.2443045502		0.5003486303

				20		44.4*		4																				20		5		8.0		-3.0		9.10		-0.65																17		43.8		4																				20		4		7.7		-3.7		13.79		-0.88																				20		44.4		5																		20		5		7.3		-2.3		5.43		-0.62																		22		45*		8																				22		8		7.5		0.5		0.23		0.15																		22		45*		8																				22		8		7.2		0.8		0.63		0.30																		22		45		8																				22		8		6.8845160018		1.1154839982		1.2443045502		0.5003486303

				20		44.4		5																				22		8		8.5		-0.5		0.27		-0.11																20		44.4*		4																				20		5		7.7		-2.7		7.37		-0.64																				22		45*		8																		22		8		7.8		0.2		0.03		0.05																		22		45		8																				22		8		7.5		0.5		0.23		0.15																		22		45		8																				22		8		7.2		0.8		0.63		0.30																		33		40.5		8																				33		8		9.180429279		-1.180429279		1.3934132828		-0.529479736

				22		45*		8																				22		8		8.5		-0.5		0.27		-0.11																20		44.4		5																				22		8		8.2		-0.2		0.03		-0.04																				22		45		8																		22		8		7.8		0.2		0.03		0.05																		22		41.6*		15																				22		15		7.5		7.5		55.94		2.35																		33		40.5		8																				33		8		9.4		-1.4		1.92		-0.53																		33		40.5		9																				33		9		9.180429279		-0.180429279		0.0325547247		-0.0809312754

				22		45		8																				22		15		8.5		6.5		42.02		1.39																22		45*		8																				22		8		8.2		-0.2		0.03		-0.04																				22		41.6*		15																		22		15		7.8		7.2		51.46		1.91																		33		40.5		8																				33		8		9.8		-1.8		3.41		-0.58																		33		40.5		9																				33		9		9.4		-0.4		0.15		-0.15																		33		48.8		13																				33		13		9.180429279		3.819570721		14.5891204926		1.7132625673

				22		41.6*		15																				22		18		8.5		9.5		89.91		2.04																22		45		8																				22		15		8.2		6.8		46.42		1.61																				33		40.5		8																		33		8		10.3		-2.3		5.48		-0.62																		33		40.5		9																				33		9		9.8		-0.8		0.72		-0.27																		33		48.8		13																				33		13		9.4		3.6		13.05		1.38																		41		41.6		7																				41		7		10.7096622903		-3.7096622903		13.7615943081		-1.66396331

				22		41.6		18																				33		8		11.0		-3.0		9.15		-0.65																22		41.6*		15																				33		8		10.5		-2.5		6.47		-0.60																				33		40.5		9																		33		9		10.3		-1.3		1.80		-0.36																		33		48.8		13																				33		13		9.8		3.2		9.95		0.99																		41		41.6		7																				41		7		10.8		-3.8		14.55		-1.46																		17		43.3		9																				17		9		5.7331649781		3.2668350219		10.6722110601		1.4653338203

				33		40.5		8																				33		9		11.0		-2.0		4.10		-0.43																33		40.5		8																				33		9		10.5		-1.5		2.38		-0.36																				33		48.8		13																		33		13		10.3		2.7		7.07		0.71																		41		41.6		7																				41		7		11.4		-4.4		19.12		-1.38																		17		43.3		9																				17		9		6.1		2.9		8.46		1.11																				44.1981818182																												Summation		69.5839846407

				33		40.5		9																				33		13		11.0		2.0		3.90		0.42																33		40.5		9																				33		13		10.5		2.5		6.03		0.58																				33		48.8*		19																		33		19		10.3		8.7		74.97		2.30																		17		43.3		9																				17		9		6.3		2.7		7.09		0.84																																																Summation		102.48																																																		Std. Sq.		4.9702846172

				33		48.8		13																				33		19		11.0		8.0		63.61		1.71																33		48.8		13																				33		19		10.5		8.5		71.51		2.00																				41		41.6		7																		41		7		12.0		-5.0		25.05		-1.33																																																Summation		161.79																																																		Std. Sq.		6.83

				33		48.8*		19																				41		7		12.7		-5.7		32.00		-1.21																33		48.8*		19																				41		7		12.1		-5.1		25.74		-1.20																				17		43.3		9																		17		9		6.6		2.4		5.98		0.65																																																Std. Sq.		10.1120356561

				41		41.6		7																				17		9		7.2		1.8		3.13		0.38																41		41.6		7																				17		9		7.0		2.0		4.12		0.48																																																Summation		240.39																																												No. of Elements: 18

				17		43.3		9																										Summation		412.37																		17		43.3		9																										Summation		321.9946032519																																																		Std. Sq.		14.14

																																		Std. Sq.		21.70																																																Std. Sq.		17.8885890696																																												No. of Elements: 19

																																																																														No. of Elements: 20																																																																																No. of Elements: 18																																																				No. of Elements: 17																								No. of Elements: 17																												No. of Elements: 16																								No. of Elements: 16

				No. of Elements: 21																																																																																																								No. of Elements: 19

																																																						No. of Elements: 20

		CAPE PENINSULA BRIDGES

		Exposed Elements (Parapets, Abutments, Wingwalls, End Blocks and Piers)

		A4. Grade 51-60 MPa at 28 Days

				Age		Grade		dc

				0.3				0.3

				11		60		5

				11		60*		11

				28		60.5		8

				No. of Elements: 3

		Carbonation Prediction Models for Different Grades of Concrete

		Time		Predicted Depth of Carbonation, dc, in mm

		(t)		Grade 25		Grade 35		Grade 45

		(Years)		dc = 0.803t0.78		dc = 0.683t0.75		dc = 0.767t0.71

		0		0.0		0.0		0.0

		5		2.8		2.3		2.4

		10		4.8		3.8		3.9

		15		6.6		5.2		5.2

		20		8.3		6.5		6.4

		25		9.9		7.6		7.5

		30		11.4		8.8		8.6

		35		12.9		9.8		9.6

		40		14.3		10.9		10.5

		45		15.6		11.9		11.4

		50		17.0		12.8		12.3

		55		18.3		13.8		13.2

		60		19.6		14.7		14.0

		65		20.8		15.6		14.9

		70		22.1		16.5		15.7

		75		23.3		17.4		16.4

		80		24.5		18.3		17.2

		85		25.7		19.1		18.0

		90		26.9		20.0		18.7

		95		28.0		20.8		19.5

		100		29.2		21.6		20.2

		JRM Model (for Exposed Elements)

		Time		Predicted Depth of Carbonation, dc, in mm

		(t)		Grade 25		Grade 35		Grade 45

		(Years)		dc = 6.30t0.33		dc = 4.63t0.33		dc = 3.63t0.33

		0		0.0		0.0		0.0

		5		10.7		7.9		6.2

		10		13.5		9.9		7.8

		15		15.4		11.3		8.9

		20		16.9		12.4		9.8

		25		18.2		13.4		10.5

		30		19.4		14.2		11.2

		35		20.4		15.0		11.7

		40		21.3		15.6		12.3

		45		22.1		16.3		12.7

		50		22.9		16.8		13.2

		55		23.6		17.4		13.6

		60		24.3		17.9		14.0

		65		25.0		18.4		14.4

		70		25.6		18.8		14.7

		75		26.2		19.2		15.1

		80		26.8		19.7		15.4

		85		27.3		20.1		15.7

		90		27.8		20.4		16.0

		95		28.3		20.8		16.3

		100		28.8		21.2		16.6
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Grade 21-30

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
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Grade 31-40

Age of Elements (Years)

Depth of Carboantion (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
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Grade 41-50

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements



n =0.36

		



Grade 51-60

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed elements
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Grade 21-30

Predicted Depth of Carbonation (mm)

Residuals

CAPE PENINSULA BRIDGES
Residuals Analysis



n = 0.4

		



Grade 31-40

Predicted depth of Carbonation (mm)

Residuals

CAPE PENINSULA BRIDGES
Residual Analysis



n = 0.5

		



Grade 41-50

Predicted Depth of Carbonation (mm)

Residuals

CAPE PENINSULA BRIDGES



n = 0.6

		



Grade 21-30

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements (After 1st Outlier Elimination)

dc = 0.8317t0.787
R2 = 0.7867



n = 0.7

		



Grade 21-30

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis
(After 1st Outlier Elimination)



n = 0.78

		



Grade 21-30

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements ( After 2nd Outlier Elimination)

dc = 0.803t0.7785
R2 = 0.8274



n = 0.8

		



Grade 21-30

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis 
(After 2nd Outlier Elimination)
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Grade 31-40

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements 
(After 1st Outlier Elimination)

dc = 0.6832t0.7541
R2 = 0.774



		



Grade 31-40

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residual Analysis
(After 1st Outlier Elimination)



		



Grade 41-50

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
(After 1st Outlier Elimination)

dc = 1.1897t0.624
R2 = 0.6041



		



Grade 41-50

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PNINSULA BRIDGES
Residual Analysis
(After 1st Outlier Elimination)



		



Grade 41-50

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
(After 2nd Outlier Elimination)

dc = 0.9352t0.6873
R2 = 0.7252



		



Grade 41-50

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residual Analysis
(After 2nd Outlier Elimination)



		



Grade 41-50

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
(After 3 rd Outlier Elimination)



		



Grade 41-50

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residual Analysis
(After 3rd Outlier Elimination)



		



Grade 41-50

Age of Elements (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
(After 4th Outlier Elimination)



		



Grade 41-50

Predicted Depth of Carbonation (mm)

Residuals (mm)

CAPE PENINSULA BRIDGES
Residual Analysis
(After 4th Outlier Elimination)



		



Grade 41-50

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Exposed Elements
(After 5th Outlier Elimination)



		



Grade 25

Grade 35

Grade 45

Grade 25(JRM)

Grade 35(JRM)

Grade 45(JRM)

Time of Exposure (Years)

Predicted Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Carbonation Prediction Model for
Exposed Elements



		CAPE PENINSULA BRIDGES

		Method 2														K

								Average K		0.89						(mm/year0.78)

		Exposed Elements						Stdev K		0.386				50%		0.847

								R2		0.975				80%		1.300

		A1. Grade 25

				dc = Kt0.78

		Age		Grade		dc		K				Ordered K		N		P<D		NormDist		Residual

		(Years)		(MPa)		(mm)		(mm/year0.78)				(mm/year0.78)

		33		27.7*		17		1.11				0.36		1		0.069		0.086		-0.017

		33		27.7		10		0.65				0.41		2		0.138		0.109		0.029

		40		30*		23		1.29				0.45		3		0.207		0.128		0.079

		45		26.1		25		1.28				0.50		4		0.276		0.156		0.119

		42		23.1		27		1.46				0.65		5		0.345		0.274		0.071

		42		30		26		1.41				0.72		6		0.414		0.329		0.085

		45		30*		8		0.41				0.83		7		0.483		0.440		0.043

		45		30*		7		0.36				0.89		8		0.552		0.507		0.044

		47		22.5		9		0.45				1.04		9		0.621		0.657		-0.036

		47		30*		18		0.89				1.11		10		0.690		0.720		-0.031

		47		30*		10		0.50				1.28		11		0.759		0.848		-0.089

		47		30*		21		1.04				1.29		12		0.828		0.855		-0.027

		67		30*		19		0.72				1.41		13		0.897		0.912		-0.015

		67		30*		22		0.83				1.46		14		0.966		0.932		0.033

		CAPE PENINSULA BRIDGES

		Method 2

		Exposed Elements						Average K		0.74						K

		A2. Grade 35						Stdev of K		0.279						(mm/year0.75)

								R2		0.976				50%		0.714

				dc = Kt0.75										80%		1

		Age		Grade		dc		K				Ordered K		N		P<D		NormDist		Residual

		(Years)		(MPa)		(mm)		(mm/year0.75)				(mm/year0.75)

		16		32.2		7		0.88				0.35		1		0.035		0.078		-0.043

		17		34.16*		4		0.48				0.36		2		0.070		0.088		-0.017

		17		34.16		8		0.96				0.42		3		0.105		0.128		-0.022

		33		39.4		8		0.58				0.43		4		0.140		0.129		0.011

		33		32.2		10		0.73				0.44		5		0.175		0.137		0.039

		33		32.2*		18		1.31				0.47		6		0.211		0.165		0.046

		33		39.16*		5		0.36				0.48		7		0.246		0.172		0.073

		33		39.16		6		0.44				0.48		8		0.281		0.172		0.109

		33		39.16*		9		0.65				0.48		9		0.316		0.172		0.144

		40		35*		13		0.82				0.58		10		0.351		0.282		0.069

		42		34.4		20		1.21				0.64		11		0.386		0.356		0.030

		43		39.4		12		0.71				0.65		12		0.421		0.376		0.045

		43		35*		20		1.19				0.67		13		0.456		0.394		0.062

		45		38.3		6		0.35				0.71		14		0.491		0.455		0.037

		45		35		17		0.98				0.71		15		0.526		0.461		0.065

		67		31.1		11		0.47				0.73		16		0.561		0.477		0.084

		17		35*		4		0.48				0.78		17		0.596		0.556		0.041

		17		35*		4		0.48				0.82		18		0.632		0.606		0.025

		34		36.1		9		0.64				0.88		19		0.667		0.683		-0.016

		34		36.1		10		0.71				0.96		20		0.702		0.777		-0.076

		34		38.3		11		0.78				0.97		21		0.737		0.792		-0.056

		34		38.3*		15		1.07				0.98		22		0.772		0.801		-0.029

		34		35*		6		0.43				1.01		23		0.807		0.827		-0.020

		40		36.94		16		1.01				1.03		24		0.842		0.849		-0.007

		42		35*		17		1.03				1.07		25		0.877		0.876		0.001

		42		36.94		7		0.42				1.19		26		0.912		0.946		-0.034

		42		35*		11		0.67				1.21		27		0.947		0.954		-0.006

		42		30.83		16		0.97				1.31		28		0.982		0.978		0.004

		CAPE PENINSULA BRIDGES

		Method 2

																K

		Exposed Elements						Average K		0.70						(mm/year0.71)

		A2. Grade 45						Stdev of K		0.212				50%		0.644

								R2		0.960				80%		0.919

				dc = Kt0.71

		Age		Grade		dc		K				Ordered K		N		P<D		NormDist		Residual

		(Years)		(MPa)		(mm)		(mm/year0.71)				(mm/year0.71)

		15		49.4		7		0.92				0.42		1		0.065		0.097		-0.033

		15		49.4*		7		0.92				0.43		2		0.129		0.105		0.024

		16		42.5		4		0.50				0.48		3		0.194		0.149		0.044

		17		46.38		8		0.96				0.50		4		0.258		0.175		0.083

		17		46.38*		7		0.84				0.53		5		0.323		0.212		0.110

		17		43.8*		5		0.60				0.58		6		0.387		0.290		0.097

		17		43.8		4		0.48				0.60		7		0.452		0.317		0.135

		20		44.4*		4		0.42				0.65		8		0.516		0.417		0.099

		20		44.4		5		0.53				0.79		9		0.581		0.663		-0.083

		22		45*		8		0.79				0.79		10		0.645		0.663		-0.018

		22		45		8		0.79				0.84		11		0.710		0.742		-0.033

		33		40.5		8		0.58				0.92		12		0.774		0.851		-0.076

		33		40.5		9		0.65				0.92		13		0.839		0.851		-0.012

		41		41.6		7		0.43				0.96		14		0.903		0.888		0.016

		17		43.3		9		1.07				1.07		15		0.968		0.962		0.005
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		CAPE PENINSULA BRIDGES

		Regression Analysis on Road and Rail Bridges

		B. Sheltered Elements

		Age		Type of Element		Grade		dc

		(Years)		(-)		(at 28 days)		(mm)

		6		Abutment		47.2		9

		6		Abutment		47.2*		13

		39		Abutment		47.5*		10

		39		Abutment		47.5*		9

		39		Beam		41.6*		10

		39		Beam		41.6		8

		40		Pier		45*		20

		40		Pier		45		23

		41		Pier		35*		29

		42		Beam		42.5		10

		42		Beam		36.94		6

		43		Pier		35*		21

		47		Pier		30*		42

		47		Pier		30*		44

		CAPE PENINSULA BRIDGES																								Residuals' Plot

																										B. Sheltered Elements

		Regression Analysis on Road and Rail Bridges

																										B1. Grade 30-40 MPa at 28 Days

		B. Sheltered Elements

																										Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.

		B1. Grade 35 (fc between 30-40 MPa at 28 days)																								0.3		0.3

																										41		29		22.0		7.0		49.56		0.39

		Age		Grade		dc																				42		6		22.4		-16.4		269.93		-0.90

		(Years)		(MPa)		(mm)																				43		21		22.9		-1.9		3.60		-0.10

		0.3				0.3																				47		42		24.8		17.2		297.32		0.95

		41		35*		29																				47		44		24.8		19.2		370.29		1.06

		42		36.94		6																										Summation		990.70

		43		35*		21																										Std. Sq.		330.23

		47		30*		42

		47		30*		44

																										No. of Data = 5

		No. of Data = 5

		CAPE PENINSULA BRIDGES																								Residuals' Plot

																										B. Sheltered Elements

		Regression Analysis on Road and Rail Bridges

																										B2. Grade 41-50 MPa at 28 Days

		B. Sheltered Elements

																										Age		Obsered		Predicted		Residual		Resid. Sq.		Std Resid.

		B2. Grade 45 (fc between 41-50 MPa at 28 days)																								0.3		0.3

																										6		9		4.2		4.8		23.04		0.71

		Age		Grade		dc																				6		13		4.2		8.8		77.44		1.30

		(Years)		(MPa)		(mm)																				39		10		13.9		-3.9		14.84		-0.57

		0.3				0.3																				39		9		13.9		-4.9		23.55		-0.71

		6		47.2		9																				39		10		13.9		-3.9		14.84		-0.57

		6		47.2*		13																				39		8		13.9		-5.9		34.25		-0.86

		39		47.5*		10																				40		20		14.1		5.9		35.07		0.87

		39		47.5*		9																				40		23		14.1		8.9		79.60		1.31

		39		41.6*		10																				42		10		14.5		-4.5		20.46		-0.67

		39		41.6		8																										Summation		323.10

		40		45*		20																										Std. Sq.		46.16

		40		45		23

		42		42.5		10																				No. of data = 9

		No. of Data = 9

		CAPE PENINSULA BRIDGES

		B. Sheltered Elements

		Carbonation Prediction Model for Different Grades of Concrete

		Time		Predicted Depth of Carbonation, dc, in mm

		(t)		Grade 35		Grade 45

		(Years)		dc = 0.843t0.88		dc = 1.340t0.64

		0		0.0		0.0

		5		3.5		3.8

		10		6.4		5.8

		15		9.1		7.6

		20		11.8		9.1

		25		14.3		10.5

		30		16.8		11.8

		35		19.3		13.0

		40		21.7		14.2

		45		24.0		15.3

		50		26.4		16.4

		55		28.7		17.4

		60		30.9		18.4

		65		33.2		19.4

		70		35.4		20.3

		75		37.7		21.2

		80		39.9		22.1

		85		42.0		23.0

		90		44.2		23.9

		95		46.4		24.7

		100		48.5		25.5
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		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Profile of n values																				Profile of n values (Without Outliers)

		Time		n = 0.1		n = 0.2		n = 0.3		n = 0.4		n = 0.5		n = 0.6		n = 0.7		n = 0.78		n = 0.8		n = 0.1		n = 0.2		n = 0.28		n = 0.3		n = 0.4		n = 0.5		n = 0.6		n = 0.7		n = 0.78		n = 0.8

		(Years)		k = 14.43		k =9.84		k = 6.71		k = 4.56		k = 3.10		k = 2.11		k = 1.43		k = 1.05		k = 0.97		k = 11.81		k =8.06		k = 5.93		k = 5.49		k = 3.74		k = 2.54		k = 1.72		k = 1.17		k = 0.86		k = 0.79

		0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		0.0		r2 = 661.8		r2 = 658.0		r2= 657.3		r2 = 657.5		r2 = 660.3		r2 = 666.5		r2 = 676.3		r2 = 689.6		r2 = 702.9		r2 = 706.6

		5		16.9		13.6		10.9		8.7		6.9		5.5		4.4		3.7		3.5

		10		18.2		15.6		13.4		11.5		9.8		8.4		7.2		6.3		6.1		n		r2

		15		18.9		16.9		15.1		13.5		12.0		10.7		9.5		8.7		8.5		0.1		661.8

		20		19.5		17.9		16.5		15.1		13.9		12.7		11.6		10.9		10.7		0.2		658

		25		19.9		18.7		17.6		16.5		15.5		14.6		13.6		12.9		12.7		0.28		657.3

		30		20.3		19.4		18.6		17.8		17.0		16.2		15.5		14.9		14.7		0.3		657.5

		35		20.6		20.0		19.5		18.9		18.3		17.8		17.2		16.8		16.7		0.4		660.3

		40		20.9		20.6		20.3		19.9		19.6		19.3		18.9		18.7		18.6		0.5		666.5

		45		21.1		21.1		21.0		20.9		20.8		20.7		20.5		20.5		20.4		0.6		676.3

		50		21.3		21.5		21.7		21.8		21.9		22.1		22.1		22.2		22.2		0.7		689.6

		55		21.5		21.9		22.3		22.7		23.0		23.4		23.6		23.9		23.9		0.78		702.9

		60		21.7		22.3		22.9		23.5		24.0		24.6		25.1		25.6		25.7		0.8		706.6

		65		21.9		22.7		23.5		24.2		25.0		25.8		26.6		27.2		27.4

		70		22.1		23.0		24.0		24.9		25.9		27.0		28.0		28.9		29.0

		75		22.2		23.3		24.5		25.6		26.8		28.1		29.4		30.5		30.7

		80		22.4		23.6		25.0		26.3		27.7		29.3		30.7		32.0		32.3

		85		22.5		23.9		25.4		27.0		28.6		30.3		32.1		33.6		33.9

		90		22.6		24.2		25.9		27.6		29.4		31.4		33.4		35.1		35.5

		95		22.8		24.5		26.3		28.2		30.2		32.4		34.7		36.6		37.1

		100		22.9		24.7		26.7		28.8		31.0		33.4		35.9		38.1		38.6
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		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.1				dc = Kt0.1														n		0.1				dc = Kt0.1		(After 1st Elimination of Outlier)												n		0.1				dc = Kt0.1		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.1		t0.2		dci ti0.1		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.1		t0.2		dci ti0.1		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.1		t0.2		dci ti0.1		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		1.42		2.01		24.12		20.5		-3.5		12.0		-0.27		33		27.7*		17		1.42		2.01		24.12		18.2		-1.2		1.5		-0.13		33		27.7*		17		1.42		2.01		24.12		16.8		0.2		0.1		0.03

		33		27.7		10		1.42		2.01		14.19		20.5		-10.5		109.5		-0.82		33		27.7		10		1.42		2.01		14.19		18.2		-8.2		67.5		-0.91		33		27.7		10		1.42		2.01		14.19		16.8		-6.8		45.6		-0.95

		40		30		40		1.45		2.09		57.85		20.9		19.1		366.2		1.49		40		30		40		1.45		2.09		57.85		18.6		21.4		459.2		2.36		40		30*		23		1.45		2.09		33.26		17.1		5.9		35.1		0.83

		40		30*		23		1.45		2.09		33.26		20.9		2.1		4.6		0.17		40		30*		23		1.45		2.09		33.26		18.6		4.4		19.6		0.49		45		26.1		25		1.46		2.14		36.58		17.3		7.7		59.6		1.08

		42		26.6*		56		1.45		2.11		81.38		21.0		35.0		1227.5		2.74		45		26.1		25		1.46		2.14		36.58		18.8		6.2		38.5		0.68		42		23.1		27		1.45		2.11		39.24		17.2		9.8		96.8		1.38

		45		26.1		25		1.46		2.14		36.58		21.1		3.9		15.1		0.30		42		23.1		27		1.45		2.11		39.24		18.7		8.3		69.5		0.92		42		30		26		1.45		2.11		37.78		17.2		8.8		78.1		1.24

		42		23.1		27		1.45		2.11		39.24		21.0		6.0		36.4		0.47		42		30		26		1.45		2.11		37.78		18.7		7.3		53.8		0.81		45		30*		8		1.46		2.14		11.71		17.3		-9.3		86.2		-1.30

		42		30		26		1.45		2.11		37.78		21.0		5.0		25.4		0.39		45		30*		8		1.46		2.14		11.71		18.8		-10.8		116.5		-1.19		45		30*		7		1.46		2.14		10.24		17.3		-10.3		105.7		-1.44

		45		30*		8		1.46		2.14		11.71		21.1		-13.1		171.9		-1.02		45		30*		7		1.46		2.14		10.24		18.8		-11.8		139.0		-1.30		47		22.5		9		1.47		2.16		13.23		17.4		-8.4		69.8		-1.17

		45		30*		7		1.46		2.14		10.24		21.1		-14.1		199.1		-1.10		47		22.5		9		1.47		2.16		13.23		18.9		-9.9		97.5		-1.09		47		30*		18		1.47		2.16		26.45		17.4		0.6		0.4		0.09

		47		22.5		9		1.47		2.16		13.23		21.2		-12.2		148.9		-0.95		47		30*		18		1.47		2.16		26.45		18.9		-0.9		0.8		-0.10		47		30*		10		1.47		2.16		14.70		17.4		-7.4		54.1		-1.03

		47		30*		18		1.47		2.16		26.45		21.2		-3.2		10.3		-0.25		47		30*		10		1.47		2.16		14.70		18.9		-8.9		78.7		-0.98		47		30*		21		1.47		2.16		30.86		17.4		3.6		13.3		0.51

		47		30*		10		1.47		2.16		14.70		21.2		-11.2		125.5		-0.87		47		30*		21		1.47		2.16		30.86		18.9		2.1		4.5		0.23		67		30*		19		1.52		2.32		28.93		18.0		1.0		1.0		0.14

		47		30*		21		1.47		2.16		30.86		21.2		-0.2		0.0		-0.02		67		30*		19		1.52		2.32		28.93		19.6		-0.6		0.3		-0.06		67		30*		22		1.52		2.32		33.50		18.0		4.0		16.1		0.56

		67		30*		19		1.52		2.32		28.93		22.0		-3.0		8.8		-0.23		67		30*		22		1.52		2.32		33.50		19.6		2.4		6.0		0.27								Sum		30.039		354.78						661.8

		67		30*		22		1.52		2.32		33.50		22.0		0.0		0.0		0.00								Sum		32.131		412.63						1153.0																		Std. Sq.		50.911202753

								Sum		34.242		494.004954684						2461.1358728502																		Std. Sq.		82.3571712769

																Std. Sq.		164.0757248567

																																K		12.84																		K		11.81

		No. of Elements: 16										K		14.43

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.2				dc = Kt0.2														n		0.2				dc = Kt0.2		(After 1st Elimination of Outlier)												n		0.26646				dc = Kt0.2		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		2.01		4.05		34.21		19.8		-2.8		7.9		-0.21		33		27.7*		17		2.01		4.05		34.21		17.6		-0.6		0.4		-0.07		33		27.7*		17		2.54		6.45		43.16		15.9		1.1		1.3		0.16

		33		27.7		10		2.01		4.05		20.12		19.8		-9.8		96.1		-0.74		33		27.7		10		2.01		4.05		20.12		17.6		-7.6		58.3		-0.84		33		27.7		10		2.54		6.45		25.39		15.9		-5.9		34.4		-0.82

		40		30		40		2.09		4.37		83.65		20.6		19.4		377.1		1.46		40		30		40		2.09		4.37		83.65		18.3		21.7		469.8		2.38		40		30*		23		2.67		7.14		61.46		16.7		6.3		39.7		0.89

		40		30*		23		2.09		4.37		48.10		20.6		2.4		5.9		0.18		40		30*		23		2.09		4.37		48.10		18.3		4.7		21.9		0.51		45		26.1		25		2.76		7.60		68.94		17.2		7.8		60.4		1.09

		42		26.6*		56		2.11		4.46		118.26		20.8		35.2		1240.3		2.65		45		26.1		25		2.14		4.58		53.53		18.8		6.2		38.9		0.69		42		23.1		27		2.71		7.33		73.10		16.9		10.1		101.7		1.42

		45		26.1		25		2.14		4.58		53.53		21.1		3.9		15.4		0.30		42		23.1		27		2.11		4.46		57.02		18.5		8.5		72.2		0.93		42		30		26		2.71		7.33		70.39		16.9		9.1		82.5		1.28

		42		23.1		27		2.11		4.46		57.02		20.8		6.2		38.7		0.47		42		30		26		2.11		4.46		54.91		18.5		7.5		56.2		0.82		45		30*		8		2.76		7.60		22.06		17.2		-9.2		85.2		-1.30

		42		30		26		2.11		4.46		54.91		20.8		5.2		27.2		0.39		45		30*		8		2.14		4.58		17.13		18.8		-10.8		115.8		-1.18		45		30*		7		2.76		7.60		19.30		17.2		-10.2		104.7		-1.44

		45		30*		8		2.14		4.58		17.13		21.1		-13.1		170.9		-0.98		45		30*		7		2.14		4.58		14.99		18.8		-11.8		138.3		-1.29		47		22.5		9		2.79		7.78		25.11		17.4		-8.4		71.1		-1.19

		45		30*		7		2.14		4.58		14.99		21.1		-14.1		198.0		-1.06		47		22.5		9		2.16		4.66		19.44		18.9		-9.9		98.5		-1.09		47		30*		18		2.79		7.78		50.21		17.4		0.6		0.3		0.08

		47		22.5		9		2.16		4.66		19.44		21.3		-12.3		150.2		-0.92		47		30*		18		2.16		4.66		38.88		18.9		-0.9		0.9		-0.10		47		30*		10		2.79		7.78		27.90		17.4		-7.4		55.2		-1.05

		47		30*		18		2.16		4.66		38.88		21.3		-3.3		10.6		-0.24		47		30*		10		2.16		4.66		21.60		18.9		-8.9		79.7		-0.98		47		30*		21		2.79		7.78		58.58		17.4		3.6		12.7		0.50

		47		30*		10		2.16		4.66		21.60		21.3		-11.3		126.7		-0.85		47		30*		21		2.16		4.66		45.36		18.9		2.1		4.3		0.23		67		30*		19		3.07		9.40		58.25		19.2		-0.2		0.0		-0.02

		47		30*		21		2.16		4.66		45.36		21.3		-0.3		0.1		-0.02		67		30*		19		2.32		5.38		44.05		20.3		-1.3		1.7		-0.14		67		30*		22		3.07		9.40		67.45		19.2		2.8		8.1		0.40

		67		30*		19		2.32		5.38		44.05		22.8		-3.8		14.6		-0.29		67		30*		22		2.32		5.38		51.01		20.3		1.7		2.8		0.19								Sum		107.431		671.30						657.3

		67		30*		22		2.32		5.38		51.01		22.8		-0.8		0.7		-0.06								Sum		68.929		603.98						1159.7																		Std. Sq.		50.5592968638

								Sum		73.389		722.2440465672						2480.1620239696																		Std. Sq.		82.8332700399

																Std. Sq.		177.1544302835

																Stdev		12.8584559283														K		8.76																		K		6.25

		No. of Elements: 16										K		9.84

																						No. of Elements: 15																				No. of Elements: 14

																																										Age		n= 0.26646		n=0.3		n=0.4		n=0.5

																																										0		0		0		0		0

																																										5		9.6		8.9		7.1		5.7

																																										10		11.5		11.0		9.4		8.0

																																										15		12.9		12.4		11.0		9.8

																																										20		13.9		13.5		12.4		11.4

																																										25		14.7		14.4		13.6		12.7

																																										30		15.5		15.2		14.6		13.9

																																										35		16.1		16.0		15.5		15.0

																																										40		16.7		16.6		16.4		16.1

																																										45		17.2		17.2		17.1		17.0

																																										50		17.7		17.8		17.9		18.0

																																										55		18.2		18.3		18.6		18.8

																																										60		18.6		18.8		19.2		19.7

																																										65		19.0		19.2		19.9		20.5

																																										70		19.4		19.6		20.5		21.3

																																										75		19.7		20.0		21.0		22.0

																																										80		20.1		20.4		21.6		22.7

																																										85		20.4		20.8		22.1		23.4

																																										90		20.7		21.2		22.6		24.1

																																										95		21.0		21.5		23.1		24.8

																																										100		21.3		21.9		23.6		25.4





		



n=0.2264

n=0.3

n=0.4

n=0.5

Time of Exposure (Years)

Predicted Depth of Carboantion (mm)

Comparison of Carbonation Prediction Models with Different n Values



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.28				dc = Kt0.28														n		0.28				dc = Kt0.28		(After 1st Elimination of Outlier)												n		0.28				dc = Kt0.28		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.28		t0.56		dci ti0.28		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.28		t0.56		dci ti0.28		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.28		t0.56		dci ti0.28		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		2.66		7.09		45.25		19.3		-2.3		5.2		-0.17		33		27.7*		17		2.66		7.09		45.25		17.2		-0.2		0.0		-0.02		33		27.7*		17		2.66		7.09		45.25		15.8		1.2		1.5		0.17

		33		27.7		10		2.66		7.09		26.62		19.3		-9.3		86.0		-0.69		33		27.7		10		2.66		7.09		26.62		17.2		-7.2		51.3		-0.78		33		27.7		10		2.66		7.09		26.62		15.8		-5.8		33.5		-0.81

		40		30		40		2.81		7.89		112.37		20.3		19.7		386.5		1.47		40		30		40		2.81		7.89		112.37		18.1		21.9		479.0		2.40		40		30*		23		2.81		7.89		64.61		16.7		6.3		40.1		0.89

		40		30*		23		2.81		7.89		64.61		20.3		2.7		7.1		0.20		40		30*		23		2.81		7.89		64.61		18.1		4.9		23.9		0.53		45		26.1		25		2.90		8.43		72.58		17.2		7.8		60.5		1.09

		42		26.6*		56		2.85		8.11		159.48		20.6		35.4		1251.7		2.65		45		26.1		25		2.90		8.43		72.58		18.7		6.3		39.4		0.69		42		23.1		27		2.85		8.11		76.89		16.9		10.1		102.1		1.42

		45		26.1		25		2.90		8.43		72.58		21.0		4.0		15.8		0.30		42		23.1		27		2.85		8.11		76.89		18.4		8.6		74.6		0.95		42		30		26		2.85		8.11		74.04		16.9		9.1		82.9		1.28

		42		23.1		27		2.85		8.11		76.89		20.6		6.4		40.7		0.48		42		30		26		2.85		8.11		74.04		18.4		7.6		58.3		0.84		45		30*		8		2.90		8.43		23.23		17.2		-9.2		85.1		-1.30

		42		30		26		2.85		8.11		74.04		20.6		5.4		28.9		0.40		45		30*		8		2.90		8.43		23.23		18.7		-10.7		115.0		-1.17		45		30*		7		2.90		8.43		20.32		17.2		-10.2		104.5		-1.44

		45		30*		8		2.90		8.43		23.23		21.0		-13.0		169.6		-0.97		45		30*		7		2.90		8.43		20.32		18.7		-11.7		137.4		-1.28		47		22.5		9		2.94		8.64		26.45		17.4		-8.4		71.1		-1.19

		45		30*		7		2.90		8.43		20.32		21.0		-14.0		196.7		-1.05		47		22.5		9		2.94		8.64		26.45		19.0		-10.0		99.0		-1.09		47		30*		18		2.94		8.64		52.90		17.4		0.6		0.3		0.08

		47		22.5		9		2.94		8.64		26.45		21.3		-12.3		150.8		-0.92		47		30*		18		2.94		8.64		52.90		19.0		-1.0		0.9		-0.10		47		30*		10		2.94		8.64		29.39		17.4		-7.4		55.3		-1.05

		47		30*		18		2.94		8.64		52.90		21.3		-3.3		10.8		-0.25		47		30*		10		2.94		8.64		29.39		19.0		-9.0		80.1		-0.98		47		30*		21		2.94		8.64		61.72		17.4		3.6		12.7		0.50

		47		30*		10		2.94		8.64		29.39		21.3		-11.3		127.3		-0.84		47		30*		21		2.94		8.64		61.72		19.0		2.0		4.2		0.22		67		30*		19		3.25		10.53		61.67		19.3		-0.3		0.1		-0.04

		47		30*		21		2.94		8.64		61.72		21.3		-0.3		0.1		-0.02		67		30*		19		3.25		10.53		61.67		20.9		-1.9		3.7		-0.21		67		30*		22		3.25		10.53		71.40		19.3		2.7		7.5		0.39

		67		30*		19		3.25		10.53		61.67		23.5		-4.5		20.3		-0.34		67		30*		22		3.25		10.53		71.40		20.9		1.1		1.1		0.12								Sum		119.188		707.08						657.3

		67		30*		22		3.25		10.53		71.40		23.5		-1.5		2.3		-0.11								Sum		127.079		819.44						1168.0																		Std. Sq.		50.561509326

								Sum		135.189		978.9203101929						2499.5335888386																		Std. Sq.		83.4284526299

																Std. Sq.		178.5381134885

																																K		6.45																		K		5.93

		No. of Elements: 16										K		7.24

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.3				dc = Kt0.30														n		0.3				dc = Kt0.3		(After 1st Elimination of Outlier)												n		0.3				dc = Kt0.3		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.32		t0.64		dci ti0.32		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		2.85		8.15		48.53		19.1		-2.1		4.6		-0.16		33		27.7*		17		2.85		8.15		48.53		17.0		-0.0		0.0		-0.01		33		27.7*		17		2.85		8.15		48.53		15.7		1.3		1.7		0.19

		33		27.7		10		2.85		8.15		28.55		19.1		-9.1		83.6		-0.68		33		27.7		10		2.85		8.15		28.55		17.0		-7.0		49.7		-0.77		33		27.7		10		2.85		8.15		28.55		15.7		-5.7		32.3		-0.80

		40		30		40		3.02		9.15		120.97		20.3		19.7		388.9		1.47		40		30		40		3.02		9.15		120.97		18.1		21.9		481.4		2.40		40		30*		23		3.02		9.15		69.56		16.6		6.4		40.8		0.90

		40		30*		23		3.02		9.15		69.56		20.3		2.7		7.4		0.20		40		30*		23		3.02		9.15		69.56		18.1		4.9		24.4		0.54		45		26.1		25		3.13		9.82		78.33		17.2		7.8		60.6		1.09

		42		26.6*		56		3.07		9.42		171.86		20.6		35.4		1254.7		2.65		45		26.1		25		3.13		9.82		78.33		18.7		6.3		39.6		0.69		42		23.1		27		3.07		9.42		82.86		16.9		10.1		102.8		1.43

		45		26.1		25		3.13		9.82		78.33		21.0		4.0		15.9		0.30		42		23.1		27		3.07		9.42		82.86		18.3		8.7		75.2		0.95		42		30		26		3.07		9.42		79.79		16.9		9.1		83.5		1.29

		42		23.1		27		3.07		9.42		82.86		20.6		6.4		41.2		0.48		42		30		26		3.07		9.42		79.79		18.3		7.7		58.9		0.84		45		30*		8		3.13		9.82		25.06		17.2		-9.2		84.9		-1.30

		42		30		26		3.07		9.42		79.79		20.6		5.4		29.4		0.41		45		30*		8		3.13		9.82		25.06		18.7		-10.7		114.7		-1.17		45		30*		7		3.13		9.82		21.93		17.2		-10.2		104.3		-1.44

		45		30*		8		3.13		9.82		25.06		21.0		-13.0		169.2		-0.97		45		30*		7		3.13		9.82		21.93		18.7		-11.7		137.1		-1.28		47		22.5		9		3.17		10.08		28.57		17.4		-8.4		71.2		-1.19

		45		30*		7		3.13		9.82		21.93		21.0		-14.0		196.3		-1.05		47		22.5		9		3.17		10.08		28.57		19.0		-10.0		99.1		-1.09		47		30*		18		3.17		10.08		57.13		17.4		0.6		0.3		0.08

		47		22.5		9		3.17		10.08		28.57		21.3		-12.3		150.9		-0.92		47		30*		18		3.17		10.08		57.13		19.0		-1.0		0.9		-0.10		47		30*		10		3.17		10.08		31.74		17.4		-7.4		55.3		-1.05

		47		30*		18		3.17		10.08		57.13		21.3		-3.3		10.8		-0.25		47		30*		10		3.17		10.08		31.74		19.0		-9.0		80.2		-0.98		47		30*		21		3.17		10.08		66.66		17.4		3.6		12.7		0.50

		47		30*		10		3.17		10.08		31.74		21.3		-11.3		127.3		-0.84		47		30*		21		3.17		10.08		66.66		19.0		2.0		4.2		0.22		67		30*		19		3.53		12.46		67.08		19.4		-0.4		0.2		-0.06

		47		30*		21		3.17		10.08		66.66		21.3		-0.3		0.1		-0.02		67		30*		19		3.53		12.46		67.08		21.1		-2.1		4.3		-0.23		67		30*		22		3.53		12.46		77.67		19.4		2.6		6.8		0.37

		67		30*		19		3.53		12.46		67.08		23.7		-4.7		21.8		-0.35		67		30*		22		3.53		12.46		77.67		21.1		0.9		0.8		0.10								Sum		138.956		763.45						657.5

		67		30*		22		3.53		12.46		77.67		23.7		-1.7		2.8		-0.13								Sum		148.102		884.42						1170.5																		Std. Sq.		50.5734213828

								Sum		157.520		1056.2760332504						2504.961277464																		Std. Sq.		83.6075027687

																Std. Sq.		178.9258055331

																																K		5.97																		K		5.49

		No. of Elements: 16										K		6.71

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.32				dc = Kt0.32														n		0.32				dc = Kt0.32		(After 1st Elimination of Outlier)												n		0.32				dc = Kt0.32		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.32		t0.64		dci ti0.32		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.32		t0.64		dci ti0.32		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.32		t0.64		dci ti0.32		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		3.06		9.37		52.04		19.0		-2.0		4.0		-0.15		33		27.7*		17		3.06		9.37		52.04		16.9		0.1		0.0		0.01		33		27.7*		17		3.06		9.37		52.04		15.6		1.4		2.0		0.20

		33		27.7		10		3.06		9.37		30.61		19.0		-9.0		81.2		-0.67		33		27.7		10		3.06		9.37		30.61		16.9		-6.9		48.0		-0.76		33		27.7		10		3.06		9.37		30.61		15.6		-5.6		31.1		-0.78

		40		30		40		3.26		10.60		130.23		20.2		19.8		391.4		1.48		40		30		40		3.26		10.60		130.23		18.0		22.0		483.8		2.40		40		30*		23		3.26		10.60		74.88		16.6		6.4		41.4		0.90

		40		30*		23		3.26		10.60		74.88		20.2		2.8		7.7		0.21		40		30*		23		3.26		10.60		74.88		18.0		5.0		25.0		0.55		45		26.1		25		3.38		11.43		84.52		17.2		7.8		60.8		1.10

		42		26.6*		56		3.31		10.94		185.19		20.5		35.5		1257.8		2.65		45		26.1		25		3.38		11.43		84.52		18.7		6.3		39.7		0.69		42		23.1		27		3.31		10.94		89.29		16.8		10.2		103.5		1.43

		45		26.1		25		3.38		11.43		84.52		21.0		4.0		16.1		0.30		42		23.1		27		3.31		10.94		89.29		18.3		8.7		75.9		0.95		42		30		26		3.31		10.94		85.98		16.8		9.2		84.2		1.29

		42		23.1		27		3.31		10.94		89.29		20.5		6.5		41.8		0.48		42		30		26		3.31		10.94		85.98		18.3		7.7		59.5		0.84		45		30*		8		3.38		11.43		27.05		17.2		-9.2		84.7		-1.29

		42		30		26		3.31		10.94		85.98		20.5		5.5		29.9		0.41		45		30*		8		3.38		11.43		27.05		18.7		-10.7		114.4		-1.17		45		30*		7		3.38		11.43		23.67		17.2		-10.2		104.1		-1.43

		45		30*		8		3.38		11.43		27.05		21.0		-13.0		168.8		-0.97		45		30*		7		3.38		11.43		23.67		18.7		-11.7		136.8		-1.28		47		22.5		9		3.43		11.75		30.85		17.4		-8.4		71.3		-1.19

		45		30*		7		3.38		11.43		23.67		21.0		-14.0		195.8		-1.04		47		22.5		9		3.43		11.75		30.85		19.0		-10.0		99.2		-1.09		47		30*		18		3.43		11.75		61.71		17.4		0.6		0.3		0.08

		47		22.5		9		3.43		11.75		30.85		21.3		-12.3		151.0		-0.92		47		30*		18		3.43		11.75		61.71		19.0		-1.0		0.9		-0.10		47		30*		10		3.43		11.75		34.28		17.4		-7.4		55.4		-1.05

		47		30*		18		3.43		11.75		61.71		21.3		-3.3		10.8		-0.25		47		30*		10		3.43		11.75		34.28		19.0		-9.0		80.3		-0.98		47		30*		21		3.43		11.75		71.99		17.4		3.6		12.7		0.50

		47		30*		10		3.43		11.75		34.28		21.3		-11.3		127.4		-0.84		47		30*		21		3.43		11.75		71.99		19.0		2.0		4.2		0.22		67		30*		19		3.84		14.75		72.96		19.5		-0.5		0.3		-0.08

		47		30*		21		3.43		11.75		71.99		21.3		-0.3		0.1		-0.02		67		30*		19		3.84		14.75		72.96		21.2		-2.2		5.0		-0.24		67		30*		22		3.84		14.75		84.48		19.5		2.5		6.1		0.35

		67		30*		19		3.84		14.75		72.96		23.8		-4.8		23.5		-0.36		67		30*		22		3.84		14.75		84.48		21.2		0.8		0.6		0.08								Sum		162.013		824.33						657.7

		67		30*		22		3.84		14.75		84.48		23.8		-1.8		3.4		-0.14								Sum		172.613		954.57						1173.2																		Std. Sq.		50.5956899904

								Sum		183.550		1139.7595895119						2510.6247635115																		Std. Sq.		83.7987660607

																Std. Sq.		179.3303402508

																																K		5.53																		K		5.09

		No. of Elements: 16										K		6.21

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.34				dc = Kt0.34														n		0.34				dc = Kt0.34		(After 1st Elimination of Outlier)												n		0.34				dc = Kt0.34		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.34		t0.68		dci ti0.34		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.34		t0.68		dci ti0.34		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.34		t0.68		dci ti0.34		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		3.28		10.78		55.81		18.9		-1.9		3.5		-0.14		33		27.7*		17		3.28		10.78		55.81		16.8		0.2		0.0		0.02		33		27.7*		17		3.28		10.78		55.81		15.5		1.5		2.3		0.22

		33		27.7		10		3.28		10.78		32.83		18.9		-8.9		78.8		-0.66		33		27.7		10		3.28		10.78		32.83		16.8		-6.8		46.4		-0.74		33		27.7		10		3.28		10.78		32.83		15.5		-5.5		29.9		-0.77

		40		30		40		3.51		12.29		140.20		20.2		19.8		393.9		1.48		40		30		40		3.51		12.29		140.20		17.9		22.1		486.2		2.41		40		30*		23		3.51		12.29		80.62		16.5		6.5		42.1		0.91

		40		30*		23		3.51		12.29		80.62		20.2		2.8		8.1		0.21		40		30*		23		3.51		12.29		80.62		17.9		5.1		25.5		0.55		45		26.1		25		3.65		13.31		91.21		17.2		7.8		61.0		1.10

		42		26.6*		56		3.56		12.70		199.57		20.5		35.5		1260.9		2.65		45		26.1		25		3.65		13.31		91.21		18.7		6.3		39.9		0.69		42		23.1		27		3.56		12.70		96.22		16.8		10.2		104.2		1.43

		45		26.1		25		3.65		13.31		91.21		21.0		4.0		16.2		0.30		42		23.1		27		3.56		12.70		96.22		18.2		8.8		76.6		0.95		42		30		26		3.56		12.70		92.66		16.8		9.2		84.8		1.29

		42		23.1		27		3.56		12.70		96.22		20.5		6.5		42.4		0.49		42		30		26		3.56		12.70		92.66		18.2		7.8		60.1		0.85		45		30*		8		3.65		13.31		29.19		17.2		-9.2		84.5		-1.29

		42		30		26		3.56		12.70		92.66		20.5		5.5		30.4		0.41		45		30*		8		3.65		13.31		29.19		18.7		-10.7		114.1		-1.17		45		30*		7		3.65		13.31		25.54		17.2		-10.2		103.8		-1.43

		45		30*		8		3.65		13.31		29.19		21.0		-13.0		168.4		-0.97		45		30*		7		3.65		13.31		25.54		18.7		-11.7		136.5		-1.27		47		22.5		9		3.70		13.71		33.32		17.4		-8.4		71.3		-1.19

		45		30*		7		3.65		13.31		25.54		21.0		-14.0		195.4		-1.04		47		22.5		9		3.70		13.71		33.32		19.0		-10.0		99.2		-1.09		47		30*		18		3.70		13.71		66.65		17.4		0.6		0.3		0.08

		47		22.5		9		3.70		13.71		33.32		21.3		-12.3		151.0		-0.92		47		30*		18		3.70		13.71		66.65		19.0		-1.0		0.9		-0.10		47		30*		10		3.70		13.71		37.03		17.4		-7.4		55.4		-1.05

		47		30*		18		3.70		13.71		66.65		21.3		-3.3		10.8		-0.25		47		30*		10		3.70		13.71		37.03		19.0		-9.0		80.3		-0.98		47		30*		21		3.70		13.71		77.76		17.4		3.6		12.6		0.50

		47		30*		10		3.70		13.71		37.03		21.3		-11.3		127.5		-0.84		47		30*		21		3.70		13.71		77.76		19.0		2.0		4.2		0.22		67		30*		19		4.18		17.45		79.36		19.7		-0.7		0.5		-0.10

		47		30*		21		3.70		13.71		77.76		21.3		-0.3		0.1		-0.02		67		30*		19		4.18		17.45		79.36		21.4		-2.4		5.7		-0.26		67		30*		22		4.18		17.45		91.89		19.7		2.3		5.4		0.33

		67		30*		19		4.18		17.45		79.36		24.0		-5.0		25.2		-0.37		67		30*		22		4.18		17.45		91.89		21.4		0.6		0.4		0.07								Sum		188.909		890.08						658.2

		67		30*		22		4.18		17.45		91.89		24.0		-2.0		4.1		-0.15								Sum		201.194		1030.29						1176.0																		Std. Sq.		50.6283675517

								Sum		213.895		1229.857655179						2516.524944371																		Std. Sq.		84.0022959637

																Std. Sq.		179.7517817408

																																K		5.12																		K		4.71

		No. of Elements: 16										K		5.75

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.36				dc = Kt0.36														n		0.36				dc = Kt0.36		(After 1st Elimination of Outlier)												n		0.36				dc = Kt0.36		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.36		t0.72		dci ti0.36		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.36		t0.72		dci ti0.36		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.36		t0.72		dci ti0.36		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		3.52		12.40		59.86		18.7		-1.7		3.0		-0.13		33		27.7*		17		3.52		12.40		59.86		16.7		0.3		0.1		0.03		33		27.7*		17		3.52		12.40		59.86		15.4		1.6		2.7		0.23

		33		27.7		10		3.52		12.40		35.21		18.7		-8.7		76.5		-0.65		33		27.7		10		3.52		12.40		35.21		16.7		-6.7		44.8		-0.73		33		27.7		10		3.52		12.40		35.21		15.4		-5.4		28.8		-0.75

		40		30		40		3.77		14.24		150.94		20.1		19.9		396.4		1.48		40		30		40		3.77		14.24		150.94		17.9		22.1		488.7		2.41		40		30*		23		3.77		14.24		86.79		16.5		6.5		42.7		0.92

		40		30*		23		3.77		14.24		86.79		20.1		2.9		8.5		0.22		40		30*		23		3.77		14.24		86.79		17.9		5.1		26.1		0.56		45		26.1		25		3.94		15.50		98.42		17.2		7.8		61.2		1.10

		42		26.6*		56		3.84		14.75		215.06		20.4		35.6		1264.1		2.65		45		26.1		25		3.94		15.50		98.42		18.7		6.3		40.1		0.69		42		23.1		27		3.84		14.75		103.69		16.8		10.2		105.0		1.44

		45		26.1		25		3.94		15.50		98.42		21.0		4.0		16.3		0.30		42		23.1		27		3.84		14.75		103.69		18.2		8.8		77.3		0.96		42		30		26		3.84		14.75		99.85		16.8		9.2		85.5		1.30

		42		23.1		27		3.84		14.75		103.69		20.4		6.6		43.0		0.49		42		30		26		3.84		14.75		99.85		18.2		7.8		60.7		0.85		45		30*		8		3.94		15.50		31.50		17.2		-9.2		84.2		-1.29

		42		30		26		3.84		14.75		99.85		20.4		5.6		30.9		0.41		45		30*		8		3.94		15.50		31.50		18.7		-10.7		113.8		-1.16		45		30*		7		3.94		15.50		27.56		17.2		-10.2		103.6		-1.43

		45		30*		8		3.94		15.50		31.50		21.0		-13.0		168.0		-0.97		45		30*		7		3.94		15.50		27.56		18.7		-11.7		136.1		-1.27		47		22.5		9		4.00		15.99		35.99		17.4		-8.4		71.4		-1.19

		45		30*		7		3.94		15.50		27.56		21.0		-14.0		194.9		-1.04		47		22.5		9		4.00		15.99		35.99		19.0		-10.0		99.2		-1.09		47		30*		18		4.00		15.99		71.98		17.4		0.6		0.3		0.08

		47		22.5		9		4.00		15.99		35.99		21.3		-12.3		151.1		-0.92		47		30*		18		4.00		15.99		71.98		19.0		-1.0		0.9		-0.10		47		30*		10		4.00		15.99		39.99		17.4		-7.4		55.5		-1.05

		47		30*		18		4.00		15.99		71.98		21.3		-3.3		10.8		-0.25		47		30*		10		4.00		15.99		39.99		19.0		-9.0		80.3		-0.98		47		30*		21		4.00		15.99		83.98		17.4		3.6		12.6		0.50

		47		30*		10		4.00		15.99		39.99		21.3		-11.3		127.5		-0.84		47		30*		21		4.00		15.99		83.98		19.0		2.0		4.2		0.22		67		30*		19		4.54		20.64		86.33		19.8		-0.8		0.7		-0.12

		47		30*		21		4.00		15.99		83.98		21.3		-0.3		0.1		-0.02		67		30*		19		4.54		20.64		86.33		21.5		-2.5		6.5		-0.28		67		30*		22		4.54		20.64		99.96		19.8		2.2		4.7		0.31

		67		30*		19		4.54		20.64		86.33		24.2		-5.2		26.9		-0.39		67		30*		22		4.54		20.64		99.96		21.5		0.5		0.2		0.05								Sum		220.284		961.10						658.7

		67		30*		22		4.54		20.64		99.96		24.2		-2.2		4.8		-0.16								Sum		234.523		1112.04						1179.1																		Std. Sq.		50.6715053489

								Sum		249.271		1327.0956627331						2522.6626918561																		Std. Sq.		84.218144578

																Std. Sq.		180.1901922754

																																K		4.74																		K		4.36

		No. of Elements: 16										K		5.32

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.38				dc = Kt0.38														n		0.38				dc = Kt0.38		(After 1st Elimination of Outlier)												n		0.38				dc = Kt0.38		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.38		t0.76		dci ti0.38		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.38		t0.76		dci ti0.38		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.38		t0.76		dci ti0.38		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		3.78		14.26		64.19		18.6		-1.6		2.6		-0.12		33		27.7*		17		3.78		14.26		64.19		16.6		0.4		0.2		0.05		33		27.7*		17		3.78		14.26		64.19		15.3		1.7		3.0		0.25

		33		27.7		10		3.78		14.26		37.76		18.6		-8.6		74.2		-0.64		33		27.7		10		3.78		14.26		37.76		16.6		-6.6		43.3		-0.72		33		27.7		10		3.78		14.26		37.76		15.3		-5.3		27.6		-0.74

		40		30		40		4.06		16.50		162.50		20.0		20.0		399.0		1.49		40		30		40		4.06		16.50		162.50		17.8		22.2		491.3		2.41		40		30*		23		4.06		16.50		93.44		16.4		6.6		43.4		0.93

		40		30*		23		4.06		16.50		93.44		20.0		3.0		8.9		0.22		40		30*		23		4.06		16.50		93.44		17.8		5.2		26.7		0.56		45		26.1		25		4.25		18.05		106.21		17.2		7.8		61.4		1.10

		42		26.6*		56		4.14		17.13		231.75		20.4		35.6		1267.4		2.65		45		26.1		25		4.25		18.05		106.21		18.7		6.3		40.3		0.69		42		23.1		27		4.14		17.13		111.74		16.7		10.3		105.7		1.44

		45		26.1		25		4.25		18.05		106.21		20.9		4.1		16.5		0.30		42		23.1		27		4.14		17.13		111.74		18.2		8.8		78.0		0.96		42		30		26		4.14		17.13		107.60		16.7		9.3		86.1		1.30

		42		23.1		27		4.14		17.13		111.74		20.4		6.6		43.6		0.49		42		30		26		4.14		17.13		107.60		18.2		7.8		61.3		0.85		45		30*		8		4.25		18.05		33.99		17.2		-9.2		84.0		-1.29

		42		30		26		4.14		17.13		107.60		20.4		5.6		31.4		0.42		45		30*		8		4.25		18.05		33.99		18.7		-10.7		113.5		-1.16		45		30*		7		4.25		18.05		29.74		17.2		-10.2		103.3		-1.43

		45		30*		8		4.25		18.05		33.99		20.9		-12.9		167.5		-0.96		45		30*		7		4.25		18.05		29.74		18.7		-11.7		135.8		-1.27		47		22.5		9		4.32		18.65		38.87		17.4		-8.4		71.4		-1.19

		45		30*		7		4.25		18.05		29.74		20.9		-13.9		194.4		-1.04		47		22.5		9		4.32		18.65		38.87		19.0		-10.0		99.3		-1.08		47		30*		18		4.32		18.65		77.74		17.4		0.6		0.3		0.08

		47		22.5		9		4.32		18.65		38.87		21.3		-12.3		151.1		-0.91		47		30*		18		4.32		18.65		77.74		19.0		-1.0		0.9		-0.10		47		30*		10		4.32		18.65		43.19		17.4		-7.4		55.5		-1.05

		47		30*		18		4.32		18.65		77.74		21.3		-3.3		10.8		-0.24		47		30*		10		4.32		18.65		43.19		19.0		-9.0		80.3		-0.98		47		30*		21		4.32		18.65		90.70		17.4		3.6		12.6		0.50

		47		30*		10		4.32		18.65		43.19		21.3		-11.3		127.5		-0.84		47		30*		21		4.32		18.65		90.70		19.0		2.0		4.2		0.22		67		30*		19		4.94		24.42		93.90		20.0		-1.0		0.9		-0.14

		47		30*		21		4.32		18.65		90.70		21.3		-0.3		0.1		-0.02		67		30*		19		4.94		24.42		93.90		21.7		-2.7		7.3		-0.29		67		30*		22		4.94		24.42		108.73		20.0		2.0		4.1		0.29

		67		30*		19		4.94		24.42		93.90		24.4		-5.4		28.7		-0.40		67		30*		22		4.94		24.42		108.73		21.7		0.3		0.1		0.03								Sum		256.886		1037.79						659.4

		67		30*		22		4.94		24.42		108.73		24.4		-2.4		5.6		-0.18								Sum		273.389		1200.29						1182.2																		Std. Sq.		50.7251534976

								Sum		290.516		1432.0408959526						2529.0388511434																		Std. Sq.		84.4463625909

																Std. Sq.		180.6456322245

																																K		4.39																		K		4.04

		No. of Elements: 16										K		4.93

																						No. of Elements: 15																				No. of Elements: 14





		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		(n = 0.4)				dc = Kt0.4																n		0.4				dc = Kt0.4		(After 1st Elimination of Outlier)												n		0.4				dc = Kt0.4		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		4.05		16.40		68.84		18.5		-1.5		2.2		-0.11		33		27.7*		17		4.05		16.40		68.84		16.5		0.5		0.3		0.06		33		27.7*		17		4.05		16.40		68.84		15.1		1.9		3.4		0.26

		33		27.7		10		4.05		16.40		40.50		18.5		-8.5		71.9		-0.63		33		27.7		10		4.05		16.40		40.50		16.5		-6.5		41.7		-0.70		33		27.7		10		4.05		16.40		40.50		15.1		-5.1		26.5		-0.72

		40		30		40		4.37		19.13		174.94		20.0		20.0		401.6		1.49		40		30		40		4.37		19.13		174.94		17.8		22.2		493.8		2.41		40		30*		23		4.37		19.13		100.59		16.4		6.6		44.1		0.93

		40		30*		23		4.37		19.13		100.59		20.0		3.0		9.2		0.23		40		30*		23		4.37		19.13		100.59		17.8		5.2		27.3		0.57		45		26.1		25		4.58		21.02		114.61		17.1		7.9		61.7		1.10

		42		26.6*		56		4.46		19.89		249.74		20.4		35.6		1270.7		2.65		45		26.1		25		4.58		21.02		114.61		18.6		6.4		40.5		0.69		42		23.1		27		4.46		19.89		120.41		16.7		10.3		106.5		1.45

		45		26.1		25		4.58		21.02		114.61		20.9		4.1		16.6		0.30		42		23.1		27		4.46		19.89		120.41		18.1		8.9		78.7		0.96		42		30		26		4.46		19.89		115.95		16.7		9.3		86.8		1.31

		42		23.1		27		4.46		19.89		120.41		20.4		6.6		44.2		0.49		42		30		26		4.46		19.89		115.95		18.1		7.9		62.0		0.86		45		30*		8		4.58		21.02		36.68		17.1		-9.1		83.7		-1.28

		42		30		26		4.46		19.89		115.95		20.4		5.6		31.9		0.42		45		30*		8		4.58		21.02		36.68		18.6		-10.6		113.1		-1.16		45		30*		7		4.58		21.02		32.09		17.1		-10.1		103.0		-1.42

		45		30*		8		4.58		21.02		36.68		20.9		-12.9		167.0		-0.96		45		30*		7		4.58		21.02		32.09		18.6		-11.6		135.4		-1.26		47		22.5		9		4.66		21.76		41.98		17.4		-8.4		71.4		-1.19

		45		30*		7		4.58		21.02		32.09		20.9		-13.9		193.8		-1.03		47		22.5		9		4.66		21.76		41.98		19.0		-10.0		99.2		-1.08		47		30*		18		4.66		21.76		83.97		17.4		0.6		0.3		0.08

		47		22.5		9		4.66		21.76		41.98		21.3		-12.3		151.0		-0.91		47		30*		18		4.66		21.76		83.97		19.0		-1.0		0.9		-0.10		47		30*		10		4.66		21.76		46.65		17.4		-7.4		55.5		-1.05

		47		30*		18		4.66		21.76		83.97		21.3		-3.3		10.8		-0.24		47		30*		10		4.66		21.76		46.65		19.0		-9.0		80.3		-0.97		47		30*		21		4.66		21.76		97.96		17.4		3.6		12.6		0.50

		47		30*		10		4.66		21.76		46.65		21.3		-11.3		127.4		-0.84		47		30*		21		4.66		21.76		97.96		19.0		2.0		4.2		0.22		67		30*		19		5.38		28.90		102.14		20.1		-1.1		1.2		-0.16

		47		30*		21		4.66		21.76		97.96		21.3		-0.3		0.1		-0.02		67		30*		19		5.38		28.90		102.14		21.9		-2.9		8.1		-0.31		67		30*		22		5.38		28.90		118.26		20.1		1.9		3.6		0.27

		67		30*		19		5.38		28.90		102.14		24.5		-5.5		30.6		-0.41		67		30*		22		5.38		28.90		118.26		21.9		0.1		0.0		0.02								Sum		299.591		1120.63						660.3

		67		30*		22		5.38		28.90		118.26		24.5		-2.5		6.4		-0.19								Sum		318.718		1295.57						1185.6																		Std. Sq.		50.7893608997

								Sum		338.607		1545.3058328156						2535.6542397014																		Std. Sq.		84.6869992193

																Std. Sq.		181.1181599787

																																K		4.06																		K		3.74

		No. of Elements: 16										K		4.56

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.5				dc = Kt0.5														n		0.5				dc = Kt0.5		(After 1st Elimination of Outlier)												n		0.5				dc = Kt0.5		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.5		t		dci ti0.5		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		5.74		33.00		97.66		17.8		-0.8		0.7		-0.06		33		27.7*		17		5.74		33.00		97.66		15.9		1.1		1.3		0.12		33		27.7*		17		5.74		33.00		97.66		14.6		2.4		5.7		0.33

		33		27.7		10		5.74		33.00		57.45		17.8		-7.8		61.2		-0.58		33		27.7		10		5.74		33.00		57.45		15.9		-5.9		34.5		-0.63		33		27.7		10		5.74		33.00		57.45		14.6		-4.6		21.3		-0.64

		40		30		40		6.32		40.00		252.98		19.6		20.4		415.3		1.50		40		30		40		6.32		40.00		252.98		17.5		22.5		507.2		2.43		40		30*		23		6.32		40.00		145.46		16.1		6.9		47.8		0.97

		40		30*		23		6.32		40.00		145.46		19.6		3.4		11.4		0.25		40		30*		23		6.32		40.00		145.46		17.5		5.5		30.5		0.60		45		26.1		25		6.71		45.00		167.71		17.1		7.9		63.0		1.11

		42		26.6*		56		6.48		42.00		362.92		20.1		35.9		1288.5		2.65		45		26.1		25		6.71		45.00		167.71		18.5		6.5		41.7		0.70		42		23.1		27		6.48		42.00		174.98		16.5		10.5		110.6		1.47

		45		26.1		25		6.71		45.00		167.71		20.8		4.2		17.6		0.31		42		23.1		27		6.48		42.00		174.98		17.9		9.1		82.6		0.98		42		30		26		6.48		42.00		168.50		16.5		9.5		90.6		1.33

		42		23.1		27		6.48		42.00		174.98		20.1		6.9		47.5		0.51		42		30		26		6.48		42.00		168.50		17.9		8.1		65.4		0.87		45		30*		8		6.71		45.00		53.67		17.1		-9.1		82.1		-1.27

		42		30		26		6.48		42.00		168.50		20.1		5.9		34.8		0.43		45		30*		8		6.71		45.00		53.67		18.5		-10.5		111.1		-1.14		45		30*		7		6.71		45.00		46.96		17.1		-10.1		101.2		-1.41

		45		30*		8		6.71		45.00		53.67		20.8		-12.8		164.1		-0.95		45		30*		7		6.71		45.00		46.96		18.5		-11.5		133.1		-1.24		47		22.5		9		6.86		47.00		61.70		17.4		-8.4		71.2		-1.18

		45		30*		7		6.71		45.00		46.96		20.8		-13.8		190.7		-1.02		47		22.5		9		6.86		47.00		61.70		18.9		-9.9		98.9		-1.07		47		30*		18		6.86		47.00		123.40		17.4		0.6		0.3		0.08

		47		22.5		9		6.86		47.00		61.70		21.3		-12.3		150.5		-0.91		47		30*		18		6.86		47.00		123.40		18.9		-0.9		0.9		-0.10		47		30*		10		6.86		47.00		68.56		17.4		-7.4		55.3		-1.04

		47		30*		18		6.86		47.00		123.40		21.3		-3.3		10.7		-0.24		47		30*		10		6.86		47.00		68.56		18.9		-8.9		80.0		-0.96		47		30*		21		6.86		47.00		143.97		17.4		3.6		12.7		0.50

		47		30*		10		6.86		47.00		68.56		21.3		-11.3		127.0		-0.83		47		30*		21		6.86		47.00		143.97		18.9		2.1		4.2		0.22		67		30*		19		8.19		67.00		155.52		20.8		-1.8		3.3		-0.25

		47		30*		21		6.86		47.00		143.97		21.3		-0.3		0.1		-0.02		67		30*		19		8.19		67.00		155.52		22.6		-3.6		13.1		-0.39		67		30*		22		8.19		67.00		180.08		20.8		1.2		1.4		0.16

		67		30*		19		8.19		67.00		155.52		25.4		-6.4		40.9		-0.47		67		30*		22		8.19		67.00		180.08		22.6		-0.6		0.4		-0.07								Sum		647.000		1645.60						666.5

		67		30*		22		8.19		67.00		180.08		25.4		-3.4		11.5		-0.25								Sum		687.000		1898.59						1205.1																		Std. Sq.		51.2704073588

								Sum		729.000		2261.5065005342						2572.3461564356																		Std. Sq.		86.0780740722

																Std. Sq.		183.739011174

																																K		2.76																		K		2.54

		No. of Elements: 16										K		3.10

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.6				dc = Kt0.6														n		0.6				dc = Kt0.6		(After 1st Elimination of Outlier)												n		0.6				dc = Kt0.6		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		8.15		66.41		138.53		17.2		-0.2		0.0		-0.01		33		27.7*		17		8.15		66.41		138.53		15.3		1.7		2.9		0.18		33		27.7*		17		8.15		66.41		138.53		14.1		2.9		8.6		0.41

		33		27.7		10		8.15		66.41		81.49		17.2		-7.2		51.3		-0.52		33		27.7		10		8.15		66.41		81.49		15.3		-5.3		28.0		-0.56		33		27.7		10		8.15		66.41		81.49		14.1		-4.1		16.6		-0.57

		40		30		40		9.15		83.65		365.84		19.3		20.7		430.0		1.52		40		30		40		9.15		83.65		365.84		17.2		22.8		521.5		2.44		40		30*		23		9.15		83.65		210.36		15.8		7.2		51.9		1.00

		40		30*		23		9.15		83.65		210.36		19.3		3.7		14.0		0.27		40		30*		23		9.15		83.65		210.36		17.2		5.8		34.1		0.62		45		26.1		25		9.82		96.35		245.40		17.0		8.0		64.7		1.12

		42		26.6*		56		9.42		88.70		527.40		19.8		36.2		1307.9		2.65		45		26.1		25		9.82		96.35		245.40		18.4		6.6		43.3		0.70		42		23.1		27		9.42		88.70		254.28		16.3		10.7		115.2		1.49

		45		26.1		25		9.82		96.35		245.40		20.7		4.3		18.7		0.32		42		23.1		27		9.42		88.70		254.28		17.7		9.3		87.0		1.00		42		30		26		9.42		88.70		244.86		16.3		9.7		94.7		1.35

		42		23.1		27		9.42		88.70		254.28		19.8		7.2		51.3		0.52		42		30		26		9.42		88.70		244.86		17.7		8.3		69.3		0.89		45		30*		8		9.82		96.35		78.53		17.0		-9.0		80.2		-1.24

		42		30		26		9.42		88.70		244.86		19.8		6.2		38.0		0.45		45		30*		8		9.82		96.35		78.53		18.4		-10.4		108.6		-1.11		45		30*		7		9.82		96.35		68.71		17.0		-10.0		99.1		-1.38

		45		30*		8		9.82		96.35		78.53		20.7		-12.7		160.6		-0.93		45		30*		7		9.82		96.35		68.71		18.4		-11.4		130.4		-1.22		47		22.5		9		10.08		101.51		90.68		17.4		-8.4		70.6		-1.16

		45		30*		7		9.82		96.35		68.71		20.7		-13.7		187.0		-1.00		47		22.5		9		10.08		101.51		90.68		18.9		-9.9		98.1		-1.06		47		30*		18		10.08		101.51		181.36		17.4		0.6		0.4		0.08

		47		22.5		9		10.08		101.51		90.68		21.2		-12.2		149.3		-0.89		47		30*		18		10.08		101.51		181.36		18.9		-0.9		0.8		-0.10		47		30*		10		10.08		101.51		100.75		17.4		-7.4		54.8		-1.03

		47		30*		18		10.08		101.51		181.36		21.2		-3.2		10.4		-0.24		47		30*		10		10.08		101.51		100.75		18.9		-8.9		79.3		-0.95		47		30*		21		10.08		101.51		211.58		17.4		3.6		12.9		0.50

		47		30*		10		10.08		101.51		100.75		21.2		-11.2		125.9		-0.82		47		30*		21		10.08		101.51		211.58		18.9		2.1		4.4		0.22		67		30*		19		12.46		155.34		236.81		21.5		-2.5		6.4		-0.35

		47		30*		21		10.08		101.51		211.58		21.2		-0.2		0.0		-0.02		67		30*		19		12.46		155.34		236.81		23.4		-4.4		19.3		-0.47		67		30*		22		12.46		155.34		274.20		21.5		0.5		0.2		0.07

		67		30*		19		12.46		155.34		236.81		26.2		-7.2		52.6		-0.53		67		30*		22		12.46		155.34		274.20		23.4		-1.4		1.9		-0.15								Sum		1399.641		2417.54						676.3

		67		30*		22		12.46		155.34		274.20		26.2		-4.2		18.1		-0.31								Sum		1483.292		2783.38						1229.0																		Std. Sq.		52.0219892749

								Sum		1571.987		3310.7811139803						2615.1235792049																		Std. Sq.		87.7860508242

																Std. Sq.		186.7945413718

																																K		1.88																		K		1.73

		No. of Elements: 16										K		2.11

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.7				dc = Kt0.7														n		0.7				dc = Kt0.7		(After 1st Elimination of Outlier)												n		0.7				dc = Kt0.7		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.7		t1.4		dci ti0.7		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.7		t1.4		dci ti0.7		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.7		t1.4		dci ti0.7		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		11.56		133.63		196.52		16.5		0.5		0.2		0.04		33		27.7*		17		11.56		133.63		196.52		14.7		2.3		5.2		0.24		33		27.7*		17		11.56		133.63		196.52		13.5		3.5		12.0		0.47

		33		27.7		10		11.56		133.63		115.60		16.5		-6.5		42.4		-0.47		33		27.7		10		11.56		133.63		115.60		14.7		-4.7		22.2		-0.50		33		27.7		10		11.56		133.63		115.60		13.5		-3.5		12.5		-0.49

		40		30		40		13.23		174.94		529.06		18.9		21.1		445.7		1.53		40		30		40		13.23		174.94		529.06		16.8		23.2		536.8		2.44		40		30*		23		13.23		174.94		304.21		15.5		7.5		56.3		1.03

		40		30*		23		13.23		174.94		304.21		18.9		4.1		16.9		0.30		40		30*		23		13.23		174.94		304.21		16.8		6.2		38.1		0.65		45		26.1		25		14.36		206.30		359.08		16.8		8.2		66.8		1.12

		42		26.6*		56		13.69		187.30		766.41		19.5		36.5		1329.0		2.64		45		26.1		25		14.36		206.30		359.08		18.3		6.7		45.2		0.71		42		23.1		27		13.69		187.30		369.52		16.0		11.0		120.3		1.51

		45		26.1		25		14.36		206.30		359.08		20.5		4.5		20.2		0.33		42		23.1		27		13.69		187.30		369.52		17.4		9.6		91.9		1.01		42		30		26		13.69		187.30		355.83		16.0		10.0		99.3		1.37

		42		23.1		27		13.69		187.30		369.52		19.5		7.5		55.6		0.54		42		30		26		13.69		187.30		355.83		17.4		8.6		73.7		0.91		45		30*		8		14.36		206.30		114.90		16.8		-8.8		77.9		-1.21

		42		30		26		13.69		187.30		355.83		19.5		6.5		41.7		0.47		45		30*		8		14.36		206.30		114.90		18.3		-10.3		105.6		-1.08		45		30*		7		14.36		206.30		100.54		16.8		-9.8		96.5		-1.35

		45		30*		8		14.36		206.30		114.90		20.5		-12.5		156.5		-0.91		45		30*		7		14.36		206.30		100.54		18.3		-11.3		127.2		-1.19		47		22.5		9		14.81		219.25		133.26		17.3		-8.3		69.7		-1.15

		45		30*		7		14.36		206.30		100.54		20.5		-13.5		182.5		-0.98		47		22.5		9		14.81		219.25		133.26		18.8		-9.8		96.9		-1.04		47		30*		18		14.81		219.25		266.53		17.3		0.7		0.4		0.09

		47		22.5		9		14.81		219.25		133.26		21.1		-12.1		147.5		-0.88		47		30*		18		14.81		219.25		266.53		18.8		-0.8		0.7		-0.09		47		30*		10		14.81		219.25		148.07		17.3		-7.3		54.0		-1.01

		47		30*		18		14.81		219.25		266.53		21.1		-3.1		9.9		-0.23		47		30*		10		14.81		219.25		148.07		18.8		-8.8		78.2		-0.93		47		30*		21		14.81		219.25		310.95		17.3		3.7		13.4		0.50

		47		30*		10		14.81		219.25		148.07		21.1		-11.1		124.2		-0.81		47		30*		21		14.81		219.25		310.95		18.8		2.2		4.7		0.23		67		30*		19		18.98		360.17		360.58		22.2		-3.2		10.4		-0.44

		47		30*		21		14.81		219.25		310.95		21.1		-0.1		0.0		-0.01		67		30*		19		18.98		360.17		360.58		24.1		-5.1		26.5		-0.54		67		30*		22		18.98		360.17		417.52		22.2		-0.2		0.1		-0.03

		67		30*		19		18.98		360.17		360.58		27.1		-8.1		65.6		-0.59		67		30*		22		18.98		360.17		417.52		24.1		-2.1		4.6		-0.23								Sum		3033.045		3553.12						689.6

		67		30*		22		18.98		360.17		417.52		27.1		-5.1		26.0		-0.37								Sum		3207.983		4082.17						1257.4																		Std. Sq.		53.0485667806

								Sum		3395.288		4848.5872729435						2664.0509118579																		Std. Sq.		89.8150804274

																Std. Sq.		190.289350847

																																K		1.27																		K		1.17

		No. of Elements: 16										K		1.43

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.78				dc = Kt0.78														n		0.78				dc = Kt0.78		(After 1st Elimination of Outlier)												n		0.78				dc = Kt0.78		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.78		t1.4		dci ti0.78		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.78		t1.56		dci ti0.78		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.78		t1.56		dci ti0.78		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		15.29		233.82		259.95		16.0		1.0		1.0		0.07		33		27.7*		17		15.29		233.82		259.95		14.2		2.8		7.6		0.29		33		27.7*		17		15.29		233.82		259.95		13.1		3.9		15.1		0.53

		33		27.7		10		15.29		233.82		152.91		16.0		-6.0		35.8		-0.43		33		27.7		10		15.29		233.82		152.91		14.2		-4.2		18.0		-0.44		33		27.7		10		15.29		233.82		152.91		13.1		-3.1		9.7		-0.42

		40		30		40		17.77		315.66		710.67		18.6		21.4		459.0		1.54		40		30		40		17.77		315.66		710.67		16.6		23.4		549.7		2.45		40		30*		23		17.77		315.66		408.63		15.2		7.8		60.2		1.06

		40		30*		23		17.77		315.66		408.63		18.6		4.4		19.6		0.32		40		30*		23		17.77		315.66		408.63		16.6		6.4		41.5		0.67		45		26.1		25		19.48		379.33		486.91		16.7		8.3		68.8		1.13

		42		26.6*		56		18.46		340.62		1033.53		19.3		36.7		1347.2		2.64		45		26.1		25		19.48		379.33		486.91		18.1		6.9		47.0		0.72		42		23.1		27		18.46		340.62		498.31		15.8		11.2		124.7		1.52

		45		26.1		25		19.48		379.33		486.91		20.4		4.6		21.5		0.33		42		23.1		27		18.46		340.62		498.31		17.2		9.8		96.1		1.02		42		30		26		18.46		340.62		479.85		15.8		10.2		103.4		1.38

		42		23.1		27		18.46		340.62		498.31		19.3		7.7		59.3		0.55		42		30		26		18.46		340.62		479.85		17.2		8.8		77.5		0.92		45		30*		8		19.48		379.33		155.81		16.7		-8.7		75.8		-1.18

		42		30		26		18.46		340.62		479.85		19.3		6.7		44.9		0.48		45		30*		8		19.48		379.33		155.81		18.1		-10.1		103.0		-1.06		45		30*		7		19.48		379.33		136.33		16.7		-9.7		94.2		-1.32

		45		30*		8		19.48		379.33		155.81		20.4		-12.4		152.8		-0.89		45		30*		7		19.48		379.33		136.33		18.1		-11.1		124.3		-1.16		47		22.5		9		20.15		405.95		181.33		17.3		-8.3		68.6		-1.13

		45		30*		7		19.48		379.33		136.33		20.4		-13.4		178.6		-0.96		47		22.5		9		20.15		405.95		181.33		18.8		-9.8		95.5		-1.02		47		30*		18		20.15		405.95		362.67		17.3		0.7		0.5		0.10

		47		22.5		9		20.15		405.95		181.33		21.1		-12.1		145.6		-0.87		47		30*		18		20.15		405.95		362.67		18.8		-0.8		0.6		-0.08		47		30*		10		20.15		405.95		201.48		17.3		-7.3		53.1		-0.99

		47		30*		18		20.15		405.95		362.67		21.1		-3.1		9.4		-0.22		47		30*		10		20.15		405.95		201.48		18.8		-8.8		77.0		-0.92		47		30*		21		20.15		405.95		423.11		17.3		3.7		13.8		0.51

		47		30*		10		20.15		405.95		201.48		21.1		-11.1		122.4		-0.80		47		30*		21		20.15		405.95		423.11		18.8		2.2		5.0		0.23		67		30*		19		26.57		705.79		504.77		22.8		-3.8		14.4		-0.52

		47		30*		21		20.15		405.95		423.11		21.1		-0.1		0.0		-0.00		67		30*		19		26.57		705.79		504.77		24.8		-5.8		33.1		-0.60		67		30*		22		26.57		705.79		584.47		22.8		-0.8		0.6		-0.11

		67		30*		19		26.57		705.79		504.77		27.8		-8.8		77.0		-0.63		67		30*		22		26.57		705.79		584.47		24.8		-2.8		7.6		-0.29								Sum		5637.893		4836.54						702.9

		67		30*		22		26.57		705.79		584.47		27.8		-5.8		33.4		-0.42								Sum		5953.549		5547.21						1283.4																		Std. Sq.		54.0701123146

								Sum		6294.168		6580.7364796486						2707.6477151175																		Std. Sq.		91.6713914797

																Std. Sq.		193.4034082227

																																K		0.93																		K		0.86

		No. of Elements: 16										K		1.05

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES																				CAPE PENINSULA BRIDGES

		Method of Least Squares																				Method of Least Squares																				Method of Least Squares

		n		0.8				dc = Kt0.8														n		0.8				dc = Kt0.8		(After 1st Elimination of Outlier)												n		0.8				dc = Kt0.8		(After 2nd Elimination of Outlier)

		Exposed Elements																				Exposed Elements																				Exposed Elements

		Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)																				Grade 25 (Compressive Strengths: 21 - 30 MPa)

		Age (t)		Grade		dc		t0.8		t1.6		dci ti0.8		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.8		t1.6		dci ti0.8		Predicted		Residual		Residual2		Std. Residual		Age (t)		Grade		dc		t0.8		t1.6		dci ti0.8		Predicted		Residual		Residual2		Std. Residual

		0.3				0.3																0.3				0.3																0.3				0.3

		33		27.7*		17		16.40		268.92		278.78		15.9		1.1		1.3		0.08		33		27.7*		17		16.40		268.92		278.78		14.1		2.9		8.2		0.30		33		27.7*		17		16.40		268.92		278.78		13.0		4.0		15.9		0.54

		33		27.7		10		16.40		268.92		163.99		15.9		-5.9		34.3		-0.42		33		27.7		10		16.40		268.92		163.99		14.1		-4.1		17.1		-0.43		33		27.7		10		16.40		268.92		163.99		13.0		-3.0		9.1		-0.41

		40		30		40		19.13		365.84		765.08		18.5		21.5		462.4		1.54		40		30		40		19.13		365.84		765.08		16.5		23.5		553.0		2.45		40		30*		23		19.13		365.84		439.92		15.2		7.8		61.2		1.06

		40		30*		23		19.13		365.84		439.92		18.5		4.5		20.3		0.32		40		30*		23		19.13		365.84		439.92		16.5		6.5		42.5		0.68		45		26.1		25		21.02		441.71		525.42		16.7		8.3		69.3		1.13

		42		26.6*		56		19.89		395.55		1113.75		19.2		36.8		1351.9		2.64		45		26.1		25		21.02		441.71		525.42		18.1		6.9		47.4		0.72		42		23.1		27		19.89		395.55		536.99		15.8		11.2		125.9		1.52

		45		26.1		25		21.02		441.71		525.42		20.3		4.7		21.9		0.34		42		23.1		27		19.89		395.55		536.99		17.1		9.9		97.2		1.03		42		30		26		19.89		395.55		517.10		15.8		10.2		104.4		1.39

		42		23.1		27		19.89		395.55		536.99		19.2		7.8		60.3		0.56		42		30		26		19.89		395.55		517.10		17.1		8.9		78.5		0.92		45		30*		8		21.02		441.71		168.14		16.7		-8.7		75.3		-1.18

		42		30		26		19.89		395.55		517.10		19.2		6.8		45.8		0.49		45		30*		8		21.02		441.71		168.14		18.1		-10.1		102.3		-1.05		45		30*		7		21.02		441.71		147.12		16.7		-9.7		93.6		-1.31

		45		30*		8		21.02		441.71		168.14		20.3		-12.3		151.9		-0.88		45		30*		7		21.02		441.71		147.12		18.1		-11.1		123.5		-1.16		47		22.5		9		21.76		473.54		195.85		17.3		-8.3		68.3		-1.12

		45		30*		7		21.02		441.71		147.12		20.3		-13.3		177.5		-0.96		47		22.5		9		21.76		473.54		195.85		18.8		-9.8		95.1		-1.02		47		30*		18		21.76		473.54		391.70		17.3		0.7		0.5		0.10

		47		22.5		9		21.76		473.54		195.85		21.0		-12.0		145.0		-0.86		47		30*		18		21.76		473.54		391.70		18.8		-0.8		0.6		-0.08		47		30*		10		21.76		473.54		217.61		17.3		-7.3		52.8		-0.99

		47		30*		18		21.76		473.54		391.70		21.0		-3.0		9.3		-0.22		47		30*		10		21.76		473.54		217.61		18.8		-8.8		76.6		-0.91		47		30*		21		21.76		473.54		456.98		17.3		3.7		13.9		0.51

		47		30*		10		21.76		473.54		217.61		21.0		-11.0		121.9		-0.79		47		30*		21		21.76		473.54		456.98		18.8		2.2		5.0		0.23		67		30*		19		28.90		835.06		549.05		22.9		-3.9		15.4		-0.53

		47		30*		21		21.76		473.54		456.98		21.0		-0.0		0.0		-0.00		67		30*		19		28.90		835.06		549.05		24.9		-5.9		34.9		-0.61		67		30*		22		28.90		835.06		635.74		22.9		-0.9		0.9		-0.13

		67		30*		19		28.90		835.06		549.05		27.9		-8.9		80.0		-0.64		67		30*		22		28.90		835.06		635.74		24.9		-2.9		8.4		-0.30								Sum		6584.204		5224.38						706.6

		67		30*		22		28.90		835.06		635.74		27.9		-5.9		35.3		-0.43								Sum		6950.048		5989.47						1290.4																		Std. Sq.		54.3534811427

								Sum		7345.596		7103.2156601213						2719.166923127																		Std. Sq.		92.1679593684

																Std. Sq.		194.2262087948

																																K		0.86																		K		0.79

		No. of Elements: 16										K		0.97

																						No. of Elements: 15																				No. of Elements: 14





		



Grade 25

Predicted Depth of Carbonation (mm)

Residual (mm)

CAPE PENINSULA BRIDGES
Residuals Analysis



		CAPE PENINSULA

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Parapets

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

								0.3				0.3

		11		60		5		45		26.1		25

		11		60		11		0.3				0.3

		15		49.4		7		40		30		40

		15		49.4		7		67		31.1		11

		16		42.5		4		16		32.5		7

		16		32.5		7		42		34.4		20

		17		46.38		8		45		38.3		6

		17		46.38		7		33		39.16		6

		20		44.4		4		33		39.16		9

		20		44.4		5		33		39.4		8

		22		45		8		43		39.4		12

		22		45		8		0.3				0.3

		22		41.6		15		22		41.6		15

		22		41.6		18		22		41.6		18

		28		60.5		8		41		41.6		7

		33		39.4		8		16		42.5		4

		33		39.16		6		20		44.4		4

		33		39.16		9		20		44.4		5

		40		30		40		22		45		8

		41		41.6		7		22		45		8

		42		34.4		20		17		46.38		8

		43		39.4		12		17		46.38		7

		45		26.1		25		15		49.4		7

		45		38.3		6		15		49.4		7

		67		31.1		11		0.3				0.3

								11		60		5

								11		60		11

								28		60.5		8

		CAPE PENINSULA (Cont')

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Abutments & Wingwalls & Earwalls

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

		6		47.2		9		0.3				0.3

		6		47.2		13		42		26.6		56

		17		34.16		4		0.3				0.3

		17		34.16		8		67		31.1		11

		17		43.8		5		17		34.16		4

		17		43.8		4		17		34.16		8

		20		55.5		9		0.3				0.3

		20		55.5		8		17		43.8		5

		42		26.6		56		17		43.8		4

		67		31.1		11		6		47.2		9

								6		47.2		13

								0.3				0.3

								20		55.5		9

								20		55.5		8

		CAPE PENINSULA (Cont')

		Estimation of Grade of Concrete

		1. Road Bridges (with elements directly expose to vehicular traffic)

		Piers &Columns

		Age		Grade		dc		Age		Grade		dc

		(Years)		at 28d		(mm)		(Years)		Order		(mm)

		33		32.2		10		33		27.7		17

		33		32.2		18		33		27.7		10

		33		40.5		8		33		32.2		10

		33		40.5		9		33		32.2		18

		33		27.7		17		33		40.5		8

		33		27.7		10		33		40.5		9

		33		48.8		13		33		48.8		13

		33		48.8		19		33		48.8		19





		



Parapet (Grade30-40)

Parapet (Grade 41-50)

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES

Parapet(Grade 30-40)
y = 0.7665x0.7304
R2 = 0.8021

Parapet(Grade41-50)
y = 0.7922x0.7438
R2 = 0.8074



		



Abutment(Grade 25-30)

Abutment(Grade31-40)

Abutment(Grade41-50)

Abutment(Grade51-60)

Age of Element (Years)

Depth of Carbonation (mm)

CAPE PENINSULA BRIDGES
Road Bridges




LONG-TERM CARBONATION DATA, REAL STRUCTURES

Overview of carbonation data b) Johannesburg, unsheltered.

Concrete strength grades: 30 and 35. Plain PC
60

RILEM TC 281- CCC (RILEM Letters, June 2025):

“In the review it is reported that there are many cases from engineering practice
where carbonation of the cementitious matrix surrounding the steel did not lead to
noticeable corrosion or to corrosion-related damage at the level of a structure.”
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Bridge Element

Age (Years)

Depth of Carbonation (mm)
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		BRIDGES OF JOHANNESBURG

		Overview (I.e. All grades, exposed & sheltered)

		Age		dc

		(Years)		(mm)

		30		15

		30		34

		30		35

		30		18

		27		14

		27		10

		27		18

		27		2

		26		20

		26		28

		26		14

		26		10

		26		16

		26		15

		24		9

		24		11

		24		12

		24		11

		24		12

		24		2

		24		15

		24		4

		24		3

		24		20

		24		30

		24		41

		24		35

		24		20

		24		20

		24		35

		24		25

		24		20

		24		19

		21		13

		21		17

		21		20

		21		15

		20		8

		20		20

		20		24

		20		23

		19		30

		19		19

		19		19

		19		17

		22		14.67

		23		14.33

		23		14.67

		23		9

		23		8

		23		14

		23		28.67

		23		22.5

		28		22

		28		24.4

		23		16

		23		16

		28		18.5

		28		20

		23		19

		23		21.75

		23		17.67

		23		13.33

		23		23

		23		21

		22		27.17

		23		22.57

		23		21

		23		17

		23		18.4

		23		19.8

		23		22.8

		23		25.5

		23		22.67

		23		24.17

		23		16.5

		23		13.5

		23		13.4

		23		17.5

		23		18.4

		23		17.75

		22		25.7

		23		22.75

		23		23.63

		23		26.2

		23		24.92

		23		23.67

		23		22.36

		23		22.13

		28		30.83

		28		23.33

		23		17.75

		28		30.33

		28		25.67

		23		10.5

		23		13.17

		23		17.5

		23		20.5

		23		19

		22		23

		23		18.67

		23		11

		23		23

		23		10

		23		23

		23		15

		23		20.5

		28		14.17

		28		12

		23		17.33

		23		11

		28		14.5

		28		16.5

		23		20

		23		15.33

		23		15

		23		7.33

		23		20.67

		23		17.67

		22		18.3

		23		21

		23		14.33

		23		19

		23		25

		23		24.33

		23		18.25

		23		12.67

		23		18

		22		18.7

		23		7.33

		23		10.5

		23		25.2

		23		8.33

		23		21.33

		23		20.67

		28		14

		28		17

		23		16.67

		23		10

		28		15.5

		28		17.17

		23		22

		23		21

		23		17

		23		10

		23		19.33

		23		17.67
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Bridge Element

Age of Element (Years)

Depth of Carbonation (mm)

BRIDGES OF JOHANNESBURG
Overview



G35e

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		19		30		1.80		3.25		54.06		19.1		10.9		118.71				19		30		1.80		3.25		54.06		19.1		10.9		119.47				19		30		1.80		3.25		54.06		19.4		10.6		112.60				19		30		1.80		3.25		54.06		18.9		11.1		123.76

		19		19		1.80		3.25		34.24		19.1		-0.1		0.01				19		19		1.80		3.25		34.24		19.1		-0.1		0.00				19		19		1.80		3.25		34.24		19.4		-0.4		0.15				19		19		1.80		3.25		34.24		18.9		0.1		0.02

		19		19		1.80		3.25		34.24		19.1		-0.1		0.01				19		19		1.80		3.25		34.24		19.1		-0.1		0.00				19		19		1.80		3.25		34.24		19.4		-0.4		0.15				19		19		1.80		3.25		34.24		18.9		0.1		0.02

		19		17		1.80		3.25		30.63		19.1		-2.1		4.43				19		17		1.80		3.25		30.63		19.1		-2.1		4.28				19		17		1.80		3.25		30.63		19.4		-2.4		5.71				19		17		1.80		3.25		30.63		18.9		-1.9		3.52

		20		8		1.82		3.31		14.56		19.3		-11.3		127.72				20		8		1.82		3.31		14.56		19.3		-11.3		126.94				20		8		1.82		3.31		14.56		19.6		-11.6		134.30				20		8		1.82		3.31		14.56		19.1		-11.1		122.54

		20		20		1.82		3.31		36.41		19.3		0.7		0.49				20		20		1.82		3.31		36.41		19.3		0.7		0.54				20		20		1.82		3.31		36.41		19.6		0.4		0.17				20		20		1.82		3.31		36.41		19.1		0.9		0.86

		20		24		1.82		3.31		43.69		19.3		4.7		22.08				20		24		1.82		3.31		43.69		19.3		4.7		22.41				20		24		1.82		3.31		43.69		19.6		4.4		19.46				20		24		1.82		3.31		43.69		19.1		4.9		24.31

		20		23		1.82		3.31		41.87		19.3		3.7		13.68				20		23		1.82		3.31		41.87		19.3		3.7		13.94				20		23		1.82		3.31		41.87		19.6		3.4		11.64				20		23		1.82		3.31		41.87		19.1		3.9		15.45

		21		13		1.84		3.38		23.90		19.5		-6.5		42.13				21		13		1.84		3.38		23.90		19.5		-6.5		41.67				21		13		1.84		3.38		23.90		19.8		-6.8		45.98				21		13		1.84		3.38		23.90		19.3		-6.3		39.15

		21		15		1.84		3.38		27.58		19.5		-4.5		20.17				21		15		1.84		3.38		27.58		19.5		-4.5		19.85				21		15		1.84		3.38		27.58		19.8		-4.8		22.86				21		15		1.84		3.38		27.58		19.3		-4.3		18.12

		22		25.7		1.86		3.44		47.69		19.7		6.0		36.33				22		25.7		1.86		3.44		47.69		19.6		6.1		36.76				22		25.7		1.86		3.44		47.69		20.0		5.7		32.88				22		25.7		1.86		3.44		47.69		19.4		6.3		39.23

		22		18.3		1.86		3.44		33.96		19.7		-1.4		1.88				22		18.3		1.86		3.44		33.96		19.6		-1.3		1.79				22		18.3		1.86		3.44		33.96		20.0		-1.7		2.77				22		18.3		1.86		3.44		33.96		19.4		-1.1		1.29

		23		22.75		1.87		3.51		42.59		19.8		2.9		8.42				23		22.75		1.87		3.51		42.59		19.8		2.9		8.63				23		22.75		1.87		3.51		42.59		20.1		2.6		6.79				23		22.75		1.87		3.51		42.59		19.6		3.1		9.86

		23		23.63		1.87		3.51		44.24		19.8		3.8		14.30				23		23.63		1.87		3.51		44.24		19.8		3.8		14.57				23		23.63		1.87		3.51		44.24		20.1		3.5		12.15				23		23.63		1.87		3.51		44.24		19.6		4.0		16.16

		23		26.2		1.87		3.51		49.05		19.8		6.4		40.34				23		26.2		1.87		3.51		49.05		19.8		6.4		40.80				23		26.2		1.87		3.51		49.05		20.1		6.1		36.67				23		26.2		1.87		3.51		49.05		19.6		6.6		43.42

		23		24.92		1.87		3.51		46.65		19.8		5.1		25.72				23		24.92		1.87		3.51		46.65		19.8		5.1		26.08				23		24.92		1.87		3.51		46.65		20.1		4.8		22.81				23		24.92		1.87		3.51		46.65		19.6		5.3		28.19

		23		23.67		1.87		3.51		44.31		19.8		3.8		14.60				23		23.67		1.87		3.51		44.31		19.8		3.9		14.88				23		23.67		1.87		3.51		44.31		20.1		3.5		12.43				23		23.67		1.87		3.51		44.31		19.6		4.1		16.48

		23		22.36		1.87		3.51		41.86		19.8		2.5		6.31				23		22.36		1.87		3.51		41.86		19.8		2.5		6.49				23		22.36		1.87		3.51		41.86		20.1		2.2		4.91				23		22.36		1.87		3.51		41.86		19.6		2.7		7.56

		23		22.13		1.87		3.51		41.43		19.8		2.3		5.21				23		22.13		1.87		3.51		41.43		19.8		2.3		5.37				23		22.13		1.87		3.51		41.43		20.1		2.0		3.94				23		22.13		1.87		3.51		41.43		19.6		2.5		6.35

		23		17.75		1.87		3.51		33.23		19.8		-2.1		4.40				23		17.75		1.87		3.51		33.23		19.8		-2.1		4.25				23		17.75		1.87		3.51		33.23		20.1		-2.4		5.73				23		17.75		1.87		3.51		33.23		19.6		-1.9		3.46

		23		10.5		1.87		3.51		19.66		19.8		-9.3		87.39				23		10.5		1.87		3.51		19.66		19.8		-9.3		86.73				23		10.5		1.87		3.51		19.66		20.1		-9.6		93.01				23		10.5		1.87		3.51		19.66		19.6		-9.1		83.00

		23		13.17		1.87		3.51		24.66		19.8		-6.7		44.60				23		13.17		1.87		3.51		24.66		19.8		-6.6		44.13				23		13.17		1.87		3.51		24.66		20.1		-7.0		48.64				23		13.17		1.87		3.51		24.66		19.6		-6.4		41.48

		23		17.5		1.87		3.51		32.76		19.8		-2.3		5.52				23		17.5		1.87		3.51		32.76		19.8		-2.3		5.35				23		17.5		1.87		3.51		32.76		20.1		-2.6		6.99				23		17.5		1.87		3.51		32.76		19.6		-2.1		4.45

		23		20.5		1.87		3.51		38.38		19.8		0.7		0.42				23		20.5		1.87		3.51		38.38		19.8		0.7		0.47				23		20.5		1.87		3.51		38.38		20.1		0.4		0.13				23		20.5		1.87		3.51		38.38		19.6		0.9		0.79

		23		19		1.87		3.51		35.57		19.8		-0.8		0.72				23		19		1.87		3.51		35.57		19.8		-0.8		0.66				23		19		1.87		3.51		35.57		20.1		-1.1		1.31				23		19		1.87		3.51		35.57		19.6		-0.6		0.37

		23		21		1.87		3.51		39.32		19.8		1.2		1.33				23		21		1.87		3.51		39.32		19.8		1.2		1.41				23		21		1.87		3.51		39.32		20.1		0.9		0.73				23		21		1.87		3.51		39.32		19.6		1.4		1.93

		23		14.33		1.87		3.51		26.83		19.8		-5.5		30.45				23		14.33		1.87		3.51		26.83		19.8		-5.5		30.06				23		14.33		1.87		3.51		26.83		20.1		-5.8		33.80				23		14.33		1.87		3.51		26.83		19.6		-5.3		27.88

		23		19		1.87		3.51		35.57		19.8		-0.8		0.72				23		19		1.87		3.51		35.57		19.8		-0.8		0.66				23		19		1.87		3.51		35.57		20.1		-1.1		1.31				23		19		1.87		3.51		35.57		19.6		-0.6		0.37

		23		25		1.87		3.51		46.80		19.8		5.2		26.54				23		25		1.87		3.51		46.80		19.8		5.2		26.91				23		25		1.87		3.51		46.80		20.1		4.9		23.58				23		25		1.87		3.51		46.80		19.6		5.4		29.05

		23		24.33		1.87		3.51		45.55		19.8		4.5		20.08				23		24.33		1.87		3.51		45.55		19.8		4.5		20.41				23		24.33		1.87		3.51		45.55		20.1		4.2		17.52				23		24.33		1.87		3.51		45.55		19.6		4.7		22.27

		23		18.25		1.87		3.51		34.17		19.8		-1.6		2.56				23		18.25		1.87		3.51		34.17		19.8		-1.6		2.44				23		18.25		1.87		3.51		34.17		20.1		-1.9		3.59				23		18.25		1.87		3.51		34.17		19.6		-1.4		1.85

		23		12.67		1.87		3.51		23.72		19.8		-7.2		51.53				23		12.67		1.87		3.51		23.72		19.8		-7.1		51.02				23		12.67		1.87		3.51		23.72		20.1		-7.5		55.86				23		12.67		1.87		3.51		23.72		19.6		-6.9		48.17

		23		18		1.87		3.51		33.70		19.8		-1.8		3.42				23		18		1.87		3.51		33.70		19.8		-1.8		3.29				23		18		1.87		3.51		33.70		20.1		-2.1		4.60				23		18		1.87		3.51		33.70		19.6		-1.6		2.59

		24		15		1.89		3.57		28.32		20.0		-5.0		25.18				24		15		1.89		3.57		28.32		20.0		-5.0		24.82				24		15		1.89		3.57		28.32		20.3		-5.3		28.26				24		15		1.89		3.57		28.32		19.8		-4.8		22.83

		24		4		1.89		3.57		7.55		20.0		-16.0		256.58				24		4		1.89		3.57		7.55		20.0		-16.0		255.43				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		3		1.89		3.57		5.66		20.0		-17.0		289.62				24		3		1.89		3.57		5.66		20.0		-17.0		288.39				24		30		1.89		3.57		56.65		20.3		9.7		93.78				24		30		1.89		3.57		56.65		19.8		10.2		104.49

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				24		20		1.89		3.57		37.76		20.0		0.0		0.00				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		30		1.89		3.57		56.65		20.0		10.0		99.64				24		30		1.89		3.57		56.65		20.0		10.0		100.36				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		41		1.89		3.57		77.42		20.0		21.0		440.24				24		35		1.89		3.57		66.09		20.0		15.0		225.54				26		20		1.92		3.68		38.37		20.6		-0.6		0.41				26		20		1.92		3.68		38.37		20.1		-0.1		0.01

		24		35		1.89		3.57		66.09		20.0		15.0		224.45				24		20		1.89		3.57		37.76		20.0		0.0		0.00				26		28		1.92		3.68		53.72		20.6		7.4		54.11				26		28		1.92		3.68		53.72		20.1		7.9		62.45

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				24		20		1.89		3.57		37.76		20.0		0.0		0.00				26		14		1.92		3.68		26.86		20.6		-6.6		44.14				26		14		1.92		3.68		26.86		20.1		-6.1		37.18

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				26		20		1.92		3.68		38.37		20.3		-0.3		0.09				26		10		1.92		3.68		19.19		20.6		-10.6		113.30				26		10		1.92		3.68		19.19		20.1		-10.1		101.96

		26		20		1.92		3.68		38.37		20.3		-0.3		0.12				26		28		1.92		3.68		53.72		20.3		7.7		59.22				26		16		1.92		3.68		30.70		20.6		-4.6		21.57				26		16		1.92		3.68		30.70		20.1		-4.1		16.79

		26		28		1.92		3.68		53.72		20.3		7.7		58.66				26		14		1.92		3.68		26.86		20.3		-6.3		39.75				26		15		1.92		3.68		28.78		20.6		-5.6		31.86				26		15		1.92		3.68		28.78		20.1		-5.1		25.98

		26		14		1.92		3.68		26.86		20.3		-6.3		40.21				26		10		1.92		3.68		19.19		20.3		-10.3		106.18				27		14		1.93		3.74		27.06		20.8		-6.8		46.25				27		14		1.93		3.74		27.06		20.2		-6.2		39.06

		26		10		1.92		3.68		19.19		20.3		-10.3		106.94				26		16		1.92		3.68		30.70		20.3		-4.3		18.53				27		10		1.93		3.74		19.33		20.8		-10.8		116.65				27		10		1.93		3.74		19.33		20.2		-10.2		105.05

		26		16		1.92		3.68		30.70		20.3		-4.3		18.85				26		15		1.92		3.68		28.78		20.3		-5.3		28.14				27		18		1.93		3.74		34.80		20.8		-2.8		7.84				27		18		1.93		3.74		34.80		20.2		-2.2		5.06

		26		15		1.92		3.68		28.78		20.3		-5.3		28.53				27		14		1.93		3.74		27.06		20.5		-6.5		41.71				28		30.83		1.95		3.79		60.04		21.0		9.9		97.57				28		30.83		1.95		3.79		60.04		20.4		10.4		108.84

		27		14		1.93		3.74		27.06		20.5		-6.5		42.19				27		10		1.93		3.74		19.33		20.5		-10.5		109.38				28		23.33		1.95		3.79		45.43		21.0		2.4		5.65				28		23.33		1.95		3.79		45.43		20.4		2.9		8.60

		27		10		1.93		3.74		19.33		20.5		-10.5		110.15				27		18		1.93		3.74		34.80		20.5		-2.5		6.04				28		30.33		1.95		3.79		59.06		21.0		9.4		87.94				28		30.33		1.95		3.79		59.06		20.4		9.9		98.66

		27		18		1.93		3.74		34.80		20.5		-2.5		6.23				28		30.83		1.95		3.79		60.04		20.6		10.2		104.49				28		25.67		1.95		3.79		49.99		21.0		4.7		22.26				28		25.67		1.95		3.79		49.99		20.4		5.3		27.80

		27		2		1.93		3.74		3.87		20.5		-18.5		342.08				28		23.33		1.95		3.79		45.43		20.6		2.7		7.41				30		15		1.97		3.90		29.62		21.2		-6.2		38.98				30		15		1.97		3.90		29.62		20.7		-5.7		32.27

		28		30.83		1.95		3.79		60.04		20.6		10.2		103.74				28		30.33		1.95		3.79		59.06		20.6		9.7		94.52				30		34		1.97		3.90		67.13		21.2		12.8		162.73								Sum		183.69		1924.09		Mean		0.0

		28		23.33		1.95		3.79		45.43		20.6		2.7		7.21				28		25.67		1.95		3.79		49.99		20.6		5.1		25.63				30		35		1.97		3.90		69.10		21.2		13.8		189.24														Stdev		5.6

		28		30.33		1.95		3.79		59.06		20.6		9.7		93.80				30		15		1.97		3.90		29.62		20.9		-5.9		34.74								Sum		191.48		2060.32		Mean		-0.0										k		10.475				2x Stdev		11.1

		28		25.67		1.95		3.79		49.99		20.6		5.0		25.25				30		34		1.97		3.90		67.13		20.9		13.1		171.77														Stdev		6.1																2x -Stdev		-11.1

		30		15		1.97		3.90		29.62		20.9		-5.9		35.19				30		35		1.97		3.90		69.10		20.9		14.1		198.98								k		10.760				2x Stdev		12.1										Sum of Residuals2				1581.12

		30		34		1.97		3.90		67.13		20.9		13.1		170.78								Sum		202.18		2139.63		Mean		-0.0																2x -Stdev		-12.1

		30		35		1.97		3.90		69.10		20.9		14.1		197.91														Stdev		7.0										Sum of Residuals2				1948.01

						Sum		209.48		2220.91		Mean		-0.0										k		10.583				2x Stdev		13.9

												Stdev		7.8																2x -Stdev		-13.9

						k		10.602				2x Stdev		15.5										Sum of Residuals2				2723.36

												2x -Stdev		-15.5

						Sum of Residuals2				3505.75

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		19		30		2.42		5.85		72.57		18.7		11.3		128.18				19		30		2.42		5.85		72.57		19.2		10.8		116.28				19		30		2.42		5.85		72.57		18.7		11.3		127.36				19		30		2.42		5.85		72.57		18.5		11.5		132.91				19		19		2.42		5.85		45.96		18.3		0.7		0.53

		19		19		2.42		5.85		45.96		18.7		0.3		0.10				19		19		2.42		5.85		45.96		19.2		-0.2		0.05				19		19		2.42		5.85		45.96		18.7		0.3		0.08				19		19		2.42		5.85		45.96		18.5		0.5		0.28				19		19		2.42		5.85		45.96		18.3		0.7		0.53

		19		19		2.42		5.85		45.96		18.7		0.3		0.10				19		19		2.42		5.85		45.96		19.2		-0.2		0.05				19		19		2.42		5.85		45.96		18.7		0.3		0.08				19		19		2.42		5.85		45.96		18.5		0.5		0.28				19		17		2.42		5.85		41.12		18.3		-1.3		1.62

		19		17		2.42		5.85		41.12		18.7		-1.7		2.82				19		17		2.42		5.85		41.12		19.2		-2.2		4.91				19		17		2.42		5.85		41.12		18.7		-1.7		2.94				19		17		2.42		5.85		41.12		18.5		-1.5		2.16				20		8		2.46		6.03		19.65		18.6		-10.6		111.43

		20		8		2.46		6.03		19.65		19.0		-11.0		120.30				20		8		2.46		6.03		19.65		19.5		-11.5		132.59				20		8		2.46		6.03		19.65		19.0		-11.0		121.11				20		8		2.46		6.03		19.65		18.8		-10.8		115.73				20		20		2.46		6.03		49.13		18.6		1.4		2.09

		20		20		2.46		6.03		49.13		19.0		1.0		1.07				20		20		2.46		6.03		49.13		19.5		0.5		0.24				20		20		2.46		6.03		49.13		19.0		1.0		0.99				20		20		2.46		6.03		49.13		18.8		1.2		1.54				20		24		2.46		6.03		58.95		18.6		5.4		29.64

		20		24		2.46		6.03		58.95		19.0		5.0		25.32				20		24		2.46		6.03		58.95		19.5		4.5		20.12				20		24		2.46		6.03		58.95		19.0		5.0		24.95				20		24		2.46		6.03		58.95		18.8		5.2		27.48				20		23		2.46		6.03		56.50		18.6		4.4		19.75

		20		23		2.46		6.03		56.50		19.0		4.0		16.26				20		23		2.46		6.03		56.50		19.5		3.5		12.15				20		23		2.46		6.03		56.50		19.0		4.0		15.96				20		23		2.46		6.03		56.50		18.8		4.2		18.00				21		13		2.49		6.21		32.40		18.8		-5.8		33.98

		21		13		2.49		6.21		32.40		19.2		-6.2		39.03				21		13		2.49		6.21		32.40		19.8		-6.8		46.27				21		13		2.49		6.21		32.40		19.3		-6.3		39.50				21		13		2.49		6.21		32.40		19.0		-6.0		36.41				21		15		2.49		6.21		37.39		18.8		-3.8		14.67

		21		15		2.49		6.21		37.39		19.2		-4.2		18.04				21		15		2.49		6.21		37.39		19.8		-4.8		23.06				21		15		2.49		6.21		37.39		19.3		-4.3		18.36				21		15		2.49		6.21		37.39		19.0		-4.0		16.28				22		25.7		2.53		6.39		64.96		19.1		6.6		43.64

		22		25.7		2.53		6.39		64.96		19.5		6.2		38.21				22		25.7		2.53		6.39		64.96		20.1		5.6		31.58				22		25.7		2.53		6.39		64.96		19.6		6.1		37.75				22		25.7		2.53		6.39		64.96		19.3		6.4		40.94				22		18.3		2.53		6.39		46.26		19.1		-0.8		0.63

		22		18.3		2.53		6.39		46.26		19.5		-1.2		1.48				22		18.3		2.53		6.39		46.26		20.1		-1.8		3.17				22		18.3		2.53		6.39		46.26		19.6		-1.3		1.58				22		18.3		2.53		6.39		46.26		19.3		-1.0		1.00				23		22.75		2.56		6.56		58.28		19.4		3.4		11.56

		23		22.75		2.56		6.56		58.28		19.8		3.0		8.82				23		22.75		2.56		6.56		58.28		20.4		2.4		5.76				23		22.75		2.56		6.56		58.28		19.8		2.9		8.59				23		22.75		2.56		6.56		58.28		19.6		3.2		10.17				23		23.63		2.56		6.56		60.53		19.4		4.3		18.31

		23		23.63		2.56		6.56		60.53		19.8		3.8		14.82				23		23.63		2.56		6.56		60.53		20.4		3.3		10.76				23		23.63		2.56		6.56		60.53		19.8		3.8		14.53				23		23.63		2.56		6.56		60.53		19.6		4.1		16.56				23		26.2		2.56		6.56		67.12		19.4		6.8		46.91

		23		26.2		2.56		6.56		67.12		19.8		6.4		41.21				23		26.2		2.56		6.56		67.12		20.4		5.8		34.22				23		26.2		2.56		6.56		67.12		19.8		6.4		40.72				23		26.2		2.56		6.56		67.12		19.6		6.6		44.08				23		24.92		2.56		6.56		63.84		19.4		5.6		31.02

		23		24.92		2.56		6.56		63.84		19.8		5.1		26.42				23		24.92		2.56		6.56		63.84		20.4		4.6		20.88				23		24.92		2.56		6.56		63.84		19.8		5.1		26.02				23		24.92		2.56		6.56		63.84		19.6		5.4		28.72				23		23.67		2.56		6.56		60.63		19.4		4.3		18.66

		23		23.67		2.56		6.56		60.63		19.8		3.9		15.13				23		23.67		2.56		6.56		60.63		20.4		3.3		11.02				23		23.67		2.56		6.56		60.63		19.8		3.9		14.83				23		23.67		2.56		6.56		60.63		19.6		4.1		16.88				23		22.36		2.56		6.56		57.28		19.4		3.0		9.06

		23		22.36		2.56		6.56		57.28		19.8		2.6		6.66				23		22.36		2.56		6.56		57.28		20.4		2.0		4.04				23		22.36		2.56		6.56		57.28		19.8		2.5		6.46				23		22.36		2.56		6.56		57.28		19.6		2.8		7.84				23		22.13		2.56		6.56		56.69		19.4		2.8		7.73

		23		22.13		2.56		6.56		56.69		19.8		2.3		5.52				23		22.13		2.56		6.56		56.69		20.4		1.8		3.17				23		22.13		2.56		6.56		56.69		19.8		2.3		5.34				23		22.13		2.56		6.56		56.69		19.6		2.6		6.60				23		17.75		2.56		6.56		45.47		19.4		-1.6		2.56

		23		17.75		2.56		6.56		45.47		19.8		-2.0		4.12				23		17.75		2.56		6.56		45.47		20.4		-2.6		6.76				23		17.75		2.56		6.56		45.47		19.8		-2.1		4.28				23		17.75		2.56		6.56		45.47		19.6		-1.8		3.28				23		10.5		2.56		6.56		26.90		19.4		-8.9		78.33

		23		10.5		2.56		6.56		26.90		19.8		-9.3		86.12				23		10.5		2.56		6.56		26.90		20.4		-9.9		97.03				23		10.5		2.56		6.56		26.90		19.8		-9.3		86.84				23		10.5		2.56		6.56		26.90		19.6		-9.1		82.10				23		13.17		2.56		6.56		33.74		19.4		-6.2		38.20

		23		13.17		2.56		6.56		33.74		19.8		-6.6		43.69				23		13.17		2.56		6.56		33.74		20.4		-7.2		51.56				23		13.17		2.56		6.56		33.74		19.8		-6.6		44.21				23		13.17		2.56		6.56		33.74		19.6		-6.4		40.84				23		17.5		2.56		6.56		44.83		19.4		-1.9		3.42

		23		17.5		2.56		6.56		44.83		19.8		-2.3		5.20				23		17.5		2.56		6.56		44.83		20.4		-2.9		8.12				23		17.5		2.56		6.56		44.83		19.8		-2.3		5.38				23		17.5		2.56		6.56		44.83		19.6		-2.1		4.25				23		20.5		2.56		6.56		52.51		19.4		1.1		1.32

		23		20.5		2.56		6.56		52.51		19.8		0.7		0.52				23		20.5		2.56		6.56		52.51		20.4		0.1		0.02				23		20.5		2.56		6.56		52.51		19.8		0.7		0.46				23		20.5		2.56		6.56		52.51		19.6		0.9		0.88				23		19		2.56		6.56		48.67		19.4		-0.4		0.12

		23		19		2.56		6.56		48.67		19.8		-0.8		0.61				23		19		2.56		6.56		48.67		20.4		-1.4		1.82				23		19		2.56		6.56		48.67		19.8		-0.8		0.67				23		19		2.56		6.56		48.67		19.6		-0.6		0.31				23		21		2.56		6.56		53.79		19.4		1.6		2.72

		23		21		2.56		6.56		53.79		19.8		1.2		1.49				23		21		2.56		6.56		53.79		20.4		0.6		0.42				23		21		2.56		6.56		53.79		19.8		1.2		1.40				23		21		2.56		6.56		53.79		19.6		1.4		2.07				23		14.33		2.56		6.56		36.71		19.4		-5.0		25.21

		23		14.33		2.56		6.56		36.71		19.8		-5.5		29.70				23		14.33		2.56		6.56		36.71		20.4		-6.0		36.24				23		14.33		2.56		6.56		36.71		19.8		-5.5		30.13				23		14.33		2.56		6.56		36.71		19.6		-5.2		27.36				23		19		2.56		6.56		48.67		19.4		-0.4		0.12

		23		19		2.56		6.56		48.67		19.8		-0.8		0.61				23		19		2.56		6.56		48.67		20.4		-1.4		1.82				23		19		2.56		6.56		48.67		19.8		-0.8		0.67				23		19		2.56		6.56		48.67		19.6		-0.6		0.31				23		25		2.56		6.56		64.04		19.4		5.6		31.92

		23		25		2.56		6.56		64.04		19.8		5.2		27.25				23		25		2.56		6.56		64.04		20.4		4.6		21.62				23		25		2.56		6.56		64.04		19.8		5.2		26.85				23		25		2.56		6.56		64.04		19.6		5.4		29.58				23		24.33		2.56		6.56		62.32		19.4		5.0		24.79

		23		24.33		2.56		6.56		62.32		19.8		4.5		20.70				23		24.33		2.56		6.56		62.32		20.4		4.0		15.84				23		24.33		2.56		6.56		62.32		19.8		4.5		20.35				23		24.33		2.56		6.56		62.32		19.6		4.8		22.74				23		18.25		2.56		6.56		46.75		19.4		-1.1		1.21

		23		18.25		2.56		6.56		46.75		19.8		-1.5		2.34				23		18.25		2.56		6.56		46.75		20.4		-2.1		4.41				23		18.25		2.56		6.56		46.75		19.8		-1.6		2.46				23		18.25		2.56		6.56		46.75		19.6		-1.3		1.72				23		12.67		2.56		6.56		32.46		19.4		-6.7		44.63

		23		12.67		2.56		6.56		32.46		19.8		-7.1		50.56				23		12.67		2.56		6.56		32.46		20.4		-7.7		58.99				23		12.67		2.56		6.56		32.46		19.8		-7.1		51.10				23		12.67		2.56		6.56		32.46		19.6		-6.9		47.48				23		18		2.56		6.56		46.11		19.4		-1.4		1.82

		23		18		2.56		6.56		46.11		19.8		-1.8		3.17				23		18		2.56		6.56		46.11		20.4		-2.4		5.52				23		18		2.56		6.56		46.11		19.8		-1.8		3.31				23		18		2.56		6.56		46.11		19.6		-1.6		2.44				24		15		2.59		6.73		38.92		19.6		-4.6		21.15

		24		15		2.59		6.73		38.92		20.0		-5.0		25.35				24		15		2.59		6.73		38.92		20.6		-5.6		31.49				24		15		2.59		6.73		38.92		20.1		-5.1		25.74				24		15		2.59		6.73		38.92		19.8		-4.8		23.16				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		4		2.59		6.73		10.38		20.0		-16.0		257.10				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				24		30		2.59		6.73		77.84		19.6		10.4		108.18

		24		3		2.59		6.73		7.78		20.0		-17.0		290.17				24		30		2.59		6.73		77.84		20.6		9.4		88.14				24		30		2.59		6.73		77.84		20.1		9.9		98.54				24		30		2.59		6.73		77.84		19.8		10.2		103.79				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				24		35		2.59		6.73		90.81		20.6		14.4		207.02				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		30		2.59		6.73		77.84		20.0		10.0		99.31				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				26		20		2.66		7.06		53.15		20.1		-0.1		0.01

		24		41		2.59		6.73		106.38		20.0		21.0		439.56				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				26		20		2.66		7.06		53.15		20.6		-0.6		0.32				26		20		2.66		7.06		53.15		20.3		-0.3		0.09				26		28		2.66		7.06		74.41		20.1		7.9		62.80

		24		35		2.59		6.73		90.81		20.0		15.0		223.97				26		20		2.66		7.06		53.15		21.1		-1.1		1.24				26		28		2.66		7.06		74.41		20.6		7.4		55.33				26		28		2.66		7.06		74.41		20.3		7.7		59.39				26		14		2.66		7.06		37.21		20.1		-6.1		36.91

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				26		28		2.66		7.06		74.41		21.1		6.9		47.43				26		14		2.66		7.06		37.21		20.6		-6.6		43.05				26		14		2.66		7.06		37.21		20.3		-6.3		39.61				26		10		2.66		7.06		26.58		20.1		-10.1		101.52

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				26		14		2.66		7.06		37.21		21.1		-7.1		50.59				26		10		2.66		7.06		26.58		20.6		-10.6		111.54				26		10		2.66		7.06		26.58		20.3		-10.3		105.96				26		16		2.66		7.06		42.52		20.1		-4.1		16.61

		26		20		2.66		7.06		53.15		20.5		-0.5		0.27				26		10		2.66		7.06		26.58		21.1		-11.1		123.49				26		16		2.66		7.06		42.52		20.6		-4.6		20.81				26		16		2.66		7.06		42.52		20.3		-4.3		18.44				26		15		2.66		7.06		39.86		20.1		-5.1		25.76

		26		28		2.66		7.06		74.41		20.5		7.5		55.93				26		16		2.66		7.06		42.52		21.1		-5.1		26.14				26		15		2.66		7.06		39.86		20.6		-5.6		30.93				26		15		2.66		7.06		39.86		20.3		-5.3		28.02				27		14		2.69		7.22		37.63		20.3		-6.3		39.74

		26		14		2.66		7.06		37.21		20.5		-6.5		42.53				26		15		2.66		7.06		39.86		21.1		-6.1		37.37				27		14		2.69		7.22		37.63		20.8		-6.8		46.18				27		14		2.69		7.22		37.63		20.5		-6.5		42.57				27		10		2.69		7.22		26.88		20.3		-10.3		106.17

		26		10		2.66		7.06		26.58		20.5		-10.5		110.70				27		14		2.69		7.22		37.63		21.4		-7.4		54.07				27		10		2.69		7.22		26.88		20.8		-10.8		116.54				27		10		2.69		7.22		26.88		20.5		-10.5		110.77				27		18		2.69		7.22		48.38		20.3		-2.3		5.31

		26		16		2.66		7.06		42.52		20.5		-4.5		20.44				27		10		2.69		7.22		26.88		21.4		-11.4		128.89				27		18		2.69		7.22		48.38		20.8		-2.8		7.81				27		18		2.69		7.22		48.38		20.5		-2.5		6.37				28		30.83		2.72		7.38		83.78		20.5		10.3		106.15

		26		15		2.66		7.06		39.86		20.5		-5.5		30.48				27		18		2.69		7.22		48.38		21.4		-3.4		11.24				28		30.83		2.72		7.38		83.78		21.0		9.8		96.17				28		30.83		2.72		7.38		83.78		20.7		10.1		101.61				28		23.33		2.72		7.38		63.40		20.5		2.8		7.86

		27		14		2.69		7.22		37.63		20.8		-6.8		45.63				28		30.83		2.72		7.38		83.78		21.6		9.2		85.43				28		23.33		2.72		7.38		63.40		21.0		2.3		5.32				28		23.33		2.72		7.38		63.40		20.7		2.6		6.66				28		30.33		2.72		7.38		82.42		20.5		9.8		96.10

		27		10		2.69		7.22		26.88		20.8		-10.8		115.67				28		23.33		2.72		7.38		63.40		21.6		1.7		3.04				28		30.33		2.72		7.38		82.42		21.0		9.3		86.61				28		30.33		2.72		7.38		82.42		20.7		9.6		91.78				28		25.67		2.72		7.38		69.75		20.5		5.1		26.45

		27		18		2.69		7.22		48.38		20.8		-2.8		7.59				28		30.33		2.72		7.38		82.42		21.6		8.7		76.43				28		25.67		2.72		7.38		69.75		21.0		4.6		21.59				28		25.67		2.72		7.38		69.75		20.7		4.9		24.21				30		15		2.77		7.70		41.61		21.0		-6.0		35.48

		27		2		2.69		7.22		5.38		20.8		-18.8		351.75				28		25.67		2.72		7.38		69.75		21.6		4.1		16.67				30		15		2.77		7.70		41.61		21.5		-6.5		41.77				30		15		2.77		7.70		41.61		21.2		-6.2		38.24								Sum		339.64		2565.63		Mean		0.0

		28		30.83		2.72		7.38		83.78		21.0		9.8		96.97				30		15		2.77		7.70		41.61		22.0		-7.0		49.55				30		34		2.77		7.70		94.32		21.5		12.5		157.17								Sum		345.49		2638.20		Mean		0.0																Stdev		5.4

		28		23.33		2.72		7.38		63.40		21.0		2.3		5.51				30		34		2.77		7.70		94.32		22.0		12.0		143.07								Sum		353.19		2732.53		Mean		-0.0																Stdev		5.6										k		7.554				2x Stdev		10.8

		28		30.33		2.72		7.38		82.42		21.0		9.3		87.37				30		35		2.77		7.70		97.10		22.0		13.0		167.99														Stdev		5.8										k		7.636				2x Stdev		11.2																2x -Stdev		-10.8

		28		25.67		2.72		7.38		69.75		21.0		4.7		21.97								Sum		367.62		2920.43		Mean		-0.0										k		7.737				2x Stdev		11.6																2x -Stdev		-11.2										Sum of Residuals2				1454.81

		30		15		2.77		7.70		41.61		21.4		-6.4		41.24														Stdev		6.3																2x -Stdev		-11.6										Sum of Residuals2				1590.01

		30		34		2.77		7.70		94.32		21.4		12.6		158.22								k		7.944				2x Stdev		12.6										Sum of Residuals2				1750.68

		30		35		2.77		7.70		97.10		21.4		13.6		184.38														2x -Stdev		-12.6

						Sum		395.04		3050.35		Mean		-0.0										Sum of Residuals2				2140.90

												Stdev		7.8

						k		7.722				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3497.68

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		19		30		3.25		10.54		97.41		18.3		11.7		137.95				19		30		3.25		10.54		97.41		18.8		11.2		125.66				19		30		3.25		10.54		97.41		18.5		11.5		131.20				19		30		3.25		10.54		97.41		18.3		11.7		136.81				19		30		3.25		10.54		97.41		18.1		11.9		142.34				19		19		3.25		10.54		61.70		17.9		1.1		1.27

		19		19		3.25		10.54		61.70		18.3		0.7		0.56				19		19		3.25		10.54		61.70		18.8		0.2		0.04				19		19		3.25		10.54		61.70		18.5		0.5		0.21				19		19		3.25		10.54		61.70		18.3		0.7		0.49				19		19		3.25		10.54		61.70		18.1		0.9		0.87				19		19		3.25		10.54		61.70		17.9		1.1		1.27

		19		19		3.25		10.54		61.70		18.3		0.7		0.56				19		19		3.25		10.54		61.70		18.8		0.2		0.04				19		19		3.25		10.54		61.70		18.5		0.5		0.21				19		19		3.25		10.54		61.70		18.3		0.7		0.49				19		19		3.25		10.54		61.70		18.1		0.9		0.87				19		17		3.25		10.54		55.20		17.9		-0.9		0.76

		19		17		3.25		10.54		55.20		18.3		-1.3		1.57				19		17		3.25		10.54		55.20		18.8		-1.8		3.20				19		17		3.25		10.54		55.20		18.5		-1.5		2.39				19		17		3.25		10.54		55.20		18.3		-1.3		1.70				19		17		3.25		10.54		55.20		18.1		-1.1		1.14				20		8		3.31		10.99		26.52		18.2		-10.2		104.92

		20		8		3.31		10.99		26.52		18.6		-10.6		113.07				20		8		3.31		10.99		26.52		19.2		-11.2		124.99				20		8		3.31		10.99		26.52		18.9		-10.9		119.47				20		8		3.31		10.99		26.52		18.7		-10.7		114.12				20		8		3.31		10.99		26.52		18.4		-10.4		109.07				20		20		3.31		10.99		66.29		18.2		1.8		3.09

		20		20		3.31		10.99		66.29		18.6		1.4		1.87				20		20		3.31		10.99		66.29		19.2		0.8		0.67				20		20		3.31		10.99		66.29		18.9		1.1		1.14				20		20		3.31		10.99		66.29		18.7		1.3		1.73				20		20		3.31		10.99		66.29		18.4		1.6		2.42				20		24		3.31		10.99		79.55		18.2		5.8		33.14

		20		24		3.31		10.99		79.55		18.6		5.4		28.80				20		24		3.31		10.99		79.55		19.2		4.8		23.24				20		24		3.31		10.99		79.55		18.9		5.1		25.70				20		24		3.31		10.99		79.55		18.7		5.3		28.27				20		24		3.31		10.99		79.55		18.4		5.6		30.87				20		23		3.31		10.99		76.23		18.2		4.8		22.63

		20		23		3.31		10.99		76.23		18.6		4.4		19.07				20		23		3.31		10.99		76.23		19.2		3.8		14.59				20		23		3.31		10.99		76.23		18.9		4.1		16.56				20		23		3.31		10.99		76.23		18.7		4.3		18.64				20		23		3.31		10.99		76.23		18.4		4.6		20.76				21		13		3.38		11.42		43.94		18.6		-5.6		31.39

		21		13		3.38		11.42		43.94		19.0		-6.0		36.01				21		13		3.38		11.42		43.94		19.6		-6.6		43.00				21		13		3.38		11.42		43.94		19.3		-6.3		39.73				21		13		3.38		11.42		43.94		19.1		-6.1		36.62				21		13		3.38		11.42		43.94		18.8		-5.8		33.73				21		15		3.38		11.42		50.70		18.6		-3.6		12.98

		21		15		3.38		11.42		50.70		19.0		-4.0		16.00				21		15		3.38		11.42		50.70		19.6		-4.6		20.77				21		15		3.38		11.42		50.70		19.3		-4.3		18.52				21		15		3.38		11.42		50.70		19.1		-4.1		16.41				21		15		3.38		11.42		50.70		18.8		-3.8		14.50				22		25.7		3.44		11.86		88.49		19.0		6.7		45.54

		22		25.7		3.44		11.86		88.49		19.4		6.3		40.23				22		25.7		3.44		11.86		88.49		19.9		5.8		33.35				22		25.7		3.44		11.86		88.49		19.7		6.0		36.41				22		25.7		3.44		11.86		88.49		19.4		6.3		39.58				22		25.7		3.44		11.86		88.49		19.2		6.5		42.76				22		18.3		3.44		11.86		63.01		19.0		-0.7		0.43

		22		18.3		3.44		11.86		63.01		19.4		-1.1		1.12				22		18.3		3.44		11.86		63.01		19.9		-1.6		2.64				22		18.3		3.44		11.86		63.01		19.7		-1.4		1.87				22		18.3		3.44		11.86		63.01		19.4		-1.1		1.23				22		18.3		3.44		11.86		63.01		19.2		-0.9		0.74				23		22.75		3.51		12.29		79.74		19.3		3.5		11.96

		23		22.75		3.51		12.29		79.74		19.7		3.0		9.27				23		22.75		3.51		12.29		79.74		20.3		2.5		6.09				23		22.75		3.51		12.29		79.74		20.0		2.7		7.46				23		22.75		3.51		12.29		79.74		19.8		3.0		8.96				23		22.75		3.51		12.29		79.74		19.5		3.2		10.53				23		23.63		3.51		12.29		82.82		19.3		4.3		18.82

		23		23.63		3.51		12.29		82.82		19.7		3.9		15.41				23		23.63		3.51		12.29		82.82		20.3		3.3		11.21				23		23.63		3.51		12.29		82.82		20.0		3.6		13.04				23		23.63		3.51		12.29		82.82		19.8		3.9		15.00				23		23.63		3.51		12.29		82.82		19.5		4.1		17.02				23		26.2		3.51		12.29		91.83		19.3		6.9		47.72

		23		26.2		3.51		12.29		91.83		19.7		6.5		42.19				23		26.2		3.51		12.29		91.83		20.3		5.9		35.02				23		26.2		3.51		12.29		91.83		20.0		6.2		38.21				23		26.2		3.51		12.29		91.83		19.8		6.4		41.51				23		26.2		3.51		12.29		91.83		19.5		6.7		44.83				23		24.92		3.51		12.29		87.35		19.3		5.6		31.67

		23		24.92		3.51		12.29		87.35		19.7		5.2		27.20				23		24.92		3.51		12.29		87.35		20.3		4.6		21.51				23		24.92		3.51		12.29		87.35		20.0		4.9		24.02				23		24.92		3.51		12.29		87.35		19.8		5.2		26.66				23		24.92		3.51		12.29		87.35		19.5		5.4		29.33				23		23.67		3.51		12.29		82.96		19.3		4.4		19.17

		23		23.67		3.51		12.29		82.96		19.7		4.0		15.72				23		23.67		3.51		12.29		82.96		20.3		3.4		11.48				23		23.67		3.51		12.29		82.96		20.0		3.7		13.33				23		23.67		3.51		12.29		82.96		19.8		3.9		15.31				23		23.67		3.51		12.29		82.96		19.5		4.2		17.35				23		22.36		3.51		12.29		78.37		19.3		3.1		9.41

		23		22.36		3.51		12.29		78.37		19.7		2.7		7.05				23		22.36		3.51		12.29		78.37		20.3		2.1		4.32				23		22.36		3.51		12.29		78.37		20.0		2.3		5.48				23		22.36		3.51		12.29		78.37		19.8		2.6		6.78				23		22.36		3.51		12.29		78.37		19.5		2.9		8.15				23		22.13		3.51		12.29		77.57		19.3		2.8		8.05

		23		22.13		3.51		12.29		77.57		19.7		2.4		5.88				23		22.13		3.51		12.29		77.57		20.3		1.8		3.41				23		22.13		3.51		12.29		77.57		20.0		2.1		4.46				23		22.13		3.51		12.29		77.57		19.8		2.4		5.63				23		22.13		3.51		12.29		77.57		19.5		2.6		6.89				23		17.75		3.51		12.29		62.21		19.3		-1.5		2.38

		23		17.75		3.51		12.29		62.21		19.7		-2.0		3.82				23		17.75		3.51		12.29		62.21		20.3		-2.5		6.41				23		17.75		3.51		12.29		62.21		20.0		-2.3		5.15				23		17.75		3.51		12.29		62.21		19.8		-2.0		4.03				23		17.75		3.51		12.29		62.21		19.5		-1.8		3.08				23		10.5		3.51		12.29		36.80		19.3		-8.8		77.30

		23		10.5		3.51		12.29		36.80		19.7		-9.2		84.73				23		10.5		3.51		12.29		36.80		20.3		-9.8		95.70				23		10.5		3.51		12.29		36.80		20.0		-9.5		90.60				23		10.5		3.51		12.29		36.80		19.8		-9.3		85.69				23		10.5		3.51		12.29		36.80		19.5		-9.0		81.08				23		13.17		3.51		12.29		46.16		19.3		-6.1		37.48

		23		13.17		3.51		12.29		46.16		19.7		-6.5		42.70				23		13.17		3.51		12.29		46.16		20.3		-7.1		50.59				23		13.17		3.51		12.29		46.16		20.0		-6.8		46.90				23		13.17		3.51		12.29		46.16		19.8		-6.6		43.39				23		13.17		3.51		12.29		46.16		19.5		-6.3		40.12				23		17.5		3.51		12.29		61.34		19.3		-1.8		3.21

		23		17.5		3.51		12.29		61.34		19.7		-2.2		4.86				23		17.5		3.51		12.29		61.34		20.3		-2.8		7.74				23		17.5		3.51		12.29		61.34		20.0		-2.5		6.34				23		17.5		3.51		12.29		61.34		19.8		-2.3		5.09				23		17.5		3.51		12.29		61.34		19.5		-2.0		4.02				23		20.5		3.51		12.29		71.85		19.3		1.2		1.46

		23		20.5		3.51		12.29		71.85		19.7		0.8		0.63				23		20.5		3.51		12.29		71.85		20.3		0.2		0.05				23		20.5		3.51		12.29		71.85		20.0		0.5		0.23				23		20.5		3.51		12.29		71.85		19.8		0.7		0.55				23		20.5		3.51		12.29		71.85		19.5		1.0		0.99				23		19		3.51		12.29		66.60		19.3		-0.3		0.09

		23		19		3.51		12.29		66.60		19.7		-0.7		0.50				23		19		3.51		12.29		66.60		20.3		-1.3		1.64				23		19		3.51		12.29		66.60		20.0		-1.0		1.04				23		19		3.51		12.29		66.60		19.8		-0.8		0.57				23		19		3.51		12.29		66.60		19.5		-0.5		0.25				23		21		3.51		12.29		73.61		19.3		1.7		2.92

		23		21		3.51		12.29		73.61		19.7		1.3		1.68				23		21		3.51		12.29		73.61		20.3		0.7		0.51				23		21		3.51		12.29		73.61		20.0		1.0		0.96				23		21		3.51		12.29		73.61		19.8		1.2		1.54				23		21		3.51		12.29		73.61		19.5		1.5		2.24				23		14.33		3.51		12.29		50.23		19.3		-5.0		24.62

		23		14.33		3.51		12.29		50.23		19.7		-5.4		28.89				23		14.33		3.51		12.29		50.23		20.3		-6.0		35.43				23		14.33		3.51		12.29		50.23		20.0		-5.7		32.36				23		14.33		3.51		12.29		50.23		19.8		-5.4		29.45				23		14.33		3.51		12.29		50.23		19.5		-5.2		26.77				23		19		3.51		12.29		66.60		19.3		-0.3		0.09

		23		19		3.51		12.29		66.60		19.7		-0.7		0.50				23		19		3.51		12.29		66.60		20.3		-1.3		1.64				23		19		3.51		12.29		66.60		20.0		-1.0		1.04				23		19		3.51		12.29		66.60		19.8		-0.8		0.57				23		19		3.51		12.29		66.60		19.5		-0.5		0.25				23		25		3.51		12.29		87.63		19.3		5.7		32.58

		23		25		3.51		12.29		87.63		19.7		5.3		28.04				23		25		3.51		12.29		87.63		20.3		4.7		22.25				23		25		3.51		12.29		87.63		20.0		5.0		24.81				23		25		3.51		12.29		87.63		19.8		5.2		27.49				23		25		3.51		12.29		87.63		19.5		5.5		30.20				23		24.33		3.51		12.29		85.28		19.3		5.0		25.38

		23		24.33		3.51		12.29		85.28		19.7		4.6		21.39				23		24.33		3.51		12.29		85.28		20.3		4.0		16.38				23		24.33		3.51		12.29		85.28		20.0		4.3		18.59				23		24.33		3.51		12.29		85.28		19.8		4.6		20.91				23		24.33		3.51		12.29		85.28		19.5		4.8		23.29				23		18.25		3.51		12.29		63.97		19.3		-1.0		1.09

		23		18.25		3.51		12.29		63.97		19.7		-1.5		2.12				23		18.25		3.51		12.29		63.97		20.3		-2.0		4.13				23		18.25		3.51		12.29		63.97		20.0		-1.8		3.13				23		18.25		3.51		12.29		63.97		19.8		-1.5		2.27				23		18.25		3.51		12.29		63.97		19.5		-1.3		1.57				23		12.67		3.51		12.29		44.41		19.3		-6.6		43.85

		23		12.67		3.51		12.29		44.41		19.7		-7.0		49.49				23		12.67		3.51		12.29		44.41		20.3		-7.6		57.95				23		12.67		3.51		12.29		44.41		20.0		-7.3		54.00				23		12.67		3.51		12.29		44.41		19.8		-7.1		50.23				23		12.67		3.51		12.29		44.41		19.5		-6.8		46.71				23		18		3.51		12.29		63.09		19.3		-1.3		1.67

		23		18		3.51		12.29		63.09		19.7		-1.7		2.91				23		18		3.51		12.29		63.09		20.3		-2.3		5.21				23		18		3.51		12.29		63.09		20.0		-2.0		4.07				23		18		3.51		12.29		63.09		19.8		-1.8		3.09				23		18		3.51		12.29		63.09		19.5		-1.5		2.26				24		15		3.57		12.71		53.48		19.6		-4.6		21.37

		24		15		3.57		12.71		53.48		20.0		-5.0		25.43				24		15		3.57		12.71		53.48		20.6		-5.6		31.71				24		15		3.57		12.71		53.48		20.4		-5.4		28.75				24		15		3.57		12.71		53.48		20.1		-5.1		25.97				24		15		3.57		12.71		53.48		19.8		-4.8		23.42				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		4		3.57		12.71		14.26		20.0		-16.0		257.38				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				24		30		3.57		12.71		106.96		19.6		10.4		107.68

		24		3		3.57		12.71		10.70		20.0		-17.0		290.46				24		30		3.57		12.71		106.96		20.6		9.4		87.78				24		30		3.57		12.71		106.96		20.4		9.6		92.88				24		30		3.57		12.71		106.96		20.1		9.9		98.08				24		30		3.57		12.71		106.96		19.8		10.2		103.24				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				24		35		3.57		12.71		124.78		20.6		14.4		206.48				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		30		3.57		12.71		106.96		20.0		10.0		99.14				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				26		20		3.68		13.55		73.62		20.3		-0.3		0.07

		24		41		3.57		12.71		146.17		20.0		21.0		439.20				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				26		20		3.68		13.55		73.62		21.0		-1.0		1.05				26		20		3.68		13.55		73.62		20.8		-0.8		0.56				26		20		3.68		13.55		73.62		20.5		-0.5		0.23				26		28		3.68		13.55		103.07		20.3		7.7		59.88

		24		35		3.57		12.71		124.78		20.0		15.0		223.71				26		20		3.68		13.55		73.62		21.3		-1.3		1.70				26		28		3.68		13.55		103.07		21.0		7.0		48.65				26		28		3.68		13.55		103.07		20.8		7.2		52.56				26		28		3.68		13.55		103.07		20.5		7.5		56.48				26		14		3.68		13.55		51.54		20.3		-6.3		39.21

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				26		28		3.68		13.55		103.07		21.3		6.7		44.86				26		14		3.68		13.55		51.54		21.0		-7.0		49.35				26		14		3.68		13.55		51.54		20.8		-6.8		45.56				26		14		3.68		13.55		51.54		20.5		-6.5		42.05				26		10		3.68		13.55		36.81		20.3		-10.3		105.30

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				26		14		3.68		13.55		51.54		21.3		-7.3		53.32				26		10		3.68		13.55		36.81		21.0		-11.0		121.55				26		10		3.68		13.55		36.81		20.8		-10.8		115.57				26		10		3.68		13.55		36.81		20.5		-10.5		109.93				26		16		3.68		13.55		58.90		20.3		-4.3		18.16

		26		20		3.68		13.55		73.62		20.7		-0.7		0.48				26		10		3.68		13.55		36.81		21.3		-11.3		127.73				26		16		3.68		13.55		58.90		21.0		-5.0		25.25				26		16		3.68		13.55		58.90		20.8		-4.8		22.56				26		16		3.68		13.55		58.90		20.5		-4.5		20.11				26		15		3.68		13.55		55.22		20.3		-5.3		27.69

		26		28		3.68		13.55		103.07		20.7		7.3		53.36				26		16		3.68		13.55		58.90		21.3		-5.3		28.11				26		15		3.68		13.55		55.22		21.0		-6.0		36.30				26		15		3.68		13.55		55.22		20.8		-5.8		33.06				26		15		3.68		13.55		55.22		20.5		-5.5		30.08				27		14		3.74		13.97		52.32		20.6		-6.6		43.16

		26		14		3.68		13.55		51.54		20.7		-6.7		44.82				26		15		3.68		13.55		55.22		21.3		-6.3		39.71				27		14		3.74		13.97		52.32		21.3		-7.3		53.94				27		14		3.74		13.97		52.32		21.1		-7.1		49.92				27		14		3.74		13.97		52.32		20.8		-6.8		46.19				27		10		3.74		13.97		37.37		20.6		-10.6		111.72

		26		10		3.68		13.55		36.81		20.7		-10.7		114.38				27		14		3.74		13.97		52.32		21.6		-7.6		58.16				27		10		3.74		13.97		37.37		21.3		-11.3		128.70				27		10		3.74		13.97		37.37		21.1		-11.1		122.45				27		10		3.74		13.97		37.37		20.8		-10.8		116.56				27		18		3.74		13.97		67.27		20.6		-2.6		6.60

		26		16		3.68		13.55		58.90		20.7		-4.7		22.04				27		10		3.74		13.97		37.37		21.6		-11.6		135.16				27		18		3.74		13.97		67.27		21.3		-3.3		11.19				27		18		3.74		13.97		67.27		21.1		-3.1		9.40				27		18		3.74		13.97		67.27		20.8		-2.8		7.82				28		30.83		3.79		14.38		116.91		20.9		10.0		99.18

		26		15		3.68		13.55		55.22		20.7		-5.7		32.43				27		18		3.74		13.97		67.27		21.6		-3.6		13.15				28		30.83		3.79		14.38		116.91		21.7		9.2		84.14				28		30.83		3.79		14.38		116.91		21.4		9.5		89.41				28		30.83		3.79		14.38		116.91		21.1		9.7		94.65				28		23.33		3.79		14.38		88.47		20.9		2.5		6.05

		27		14		3.74		13.97		52.32		21.0		-7.0		49.14				28		30.83		3.79		14.38		116.91		21.9		8.9		78.98				28		23.33		3.79		14.38		88.47		21.7		1.7		2.80				28		23.33		3.79		14.38		88.47		21.4		2.0		3.82				28		23.33		3.79		14.38		88.47		21.1		2.2		4.97				28		30.33		3.79		14.38		115.01		20.9		9.5		89.47

		27		10		3.74		13.97		37.37		21.0		-11.0		121.22				28		23.33		3.79		14.38		88.47		21.9		1.4		1.92				28		30.33		3.79		14.38		115.01		21.7		8.7		75.21				28		30.33		3.79		14.38		115.01		21.4		9.0		80.20				28		30.33		3.79		14.38		115.01		21.1		9.2		85.17				28		25.67		3.79		14.38		97.34		20.9		4.8		23.03

		27		18		3.74		13.97		67.27		21.0		-3.0		9.06				28		30.33		3.79		14.38		115.01		21.9		8.4		70.34				28		25.67		3.79		14.38		97.34		21.7		4.0		16.10				28		25.67		3.79		14.38		97.34		21.4		4.3		18.45				28		25.67		3.79		14.38		97.34		21.1		4.6		20.88				30		15		3.90		15.19		58.47		21.5		-6.5		41.67

		27		2		3.74		13.97		7.47		21.0		-19.0		361.37				28		25.67		3.79		14.38		97.34		21.9		3.7		13.89				30		15		3.90		15.19		58.47		22.3		-7.3		52.76				30		15		3.90		15.19		58.47		22.0		-7.0		48.62				30		15		3.90		15.19		58.47		21.7		-6.7		44.78								Sum		639.59		3520.38		Mean		0.0

		28		30.83		3.79		14.38		116.91		21.3		9.5		90.48				30		15		3.90		15.19		58.47		22.6		-7.6		57.11				30		34		3.90		15.19		132.53		22.3		11.7		137.75				30		34		3.90		15.19		132.53		22.0		12.0		144.66								Sum		650.14		3617.80		Mean		0.0																Stdev		5.4

		28		23.33		3.79		14.38		88.47		21.3		2.0		4.05				30		34		3.90		15.19		132.53		22.6		11.4		130.95				30		35		3.90		15.19		136.43		22.3		12.7		162.22								Sum		665.33		3750.33		Mean		0.0																Stdev		5.6										k		5.504				2x Stdev		10.8

		28		30.33		3.79		14.38		115.01		21.3		9.0		81.22				30		35		3.90		15.19		136.43		22.6		12.4		154.83								Sum		680.53		3886.76		Mean		-0.0																Stdev		5.8										k		5.565				2x Stdev		11.2																2x -Stdev		-10.8

		28		25.67		3.79		14.38		97.34		21.3		4.4		18.94								Sum		693.24		4011.54		Mean		-0.0																Stdev		6.0										k		5.637				2x Stdev		11.6																2x -Stdev		-11.2										Sum of Residuals2				1458.98

		30		15		3.90		15.19		58.47		21.9		-6.9		47.81														Stdev		6.3										k		5.711				2x Stdev		12.0																2x -Stdev		-11.6										Sum of Residuals2				1603.67

		30		34		3.90		15.19		132.53		21.9		12.1		146.07								k		5.787				2x Stdev		12.6																2x -Stdev		-12.0										Sum of Residuals2				1751.71

		30		35		3.90		15.19		136.43		21.9		13.1		171.24														2x -Stdev		-12.6										Sum of Residuals2				1917.64

						Sum		745.34		4190.15		Mean		0.0										Sum of Residuals2				2127.97

												Stdev		7.8

						k		5.622				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3495.22

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.5								Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2				Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		19		30		4.36		19.00		130.77		17.8		12.2		148.01				19		30		4.36		19.00		130.77		18.4		11.6		135.35

		19		19		4.36		19.00		82.82		17.8		1.2		1.36				19		19		4.36		19.00		82.82		18.4		0.6		0.40

		19		19		4.36		19.00		82.82		17.8		1.2		1.36				19		19		4.36		19.00		82.82		18.4		0.6		0.40

		19		17		4.36		19.00		74.10		17.8		-0.8		0.70				19		17		4.36		19.00		74.10		18.4		-1.4		1.87

		20		8		4.47		20.00		35.78		18.3		-10.3		106.04				20		8		4.47		20.00		35.78		18.8		-10.8		117.57

		20		20		4.47		20.00		89.44		18.3		1.7		2.90				20		20		4.47		20.00		89.44		18.8		1.2		1.34

		20		24		4.47		20.00		107.33		18.3		5.7		32.52				20		24		4.47		20.00		107.33		18.8		5.2		26.60

		20		23		4.47		20.00		102.86		18.3		4.7		22.11				20		23		4.47		20.00		102.86		18.8		4.2		17.28

		21		13		4.58		21.00		59.57		18.7		-5.7		33.06				21		13		4.58		21.00		59.57		19.3		-6.3		39.79

		21		15		4.58		21.00		68.74		18.7		-3.7		14.06				21		15		4.58		21.00		68.74		19.3		-4.3		18.56

		22		25.7		4.69		22.00		120.54		19.2		6.5		42.37				22		25.7		4.69		22.00		120.54		19.8		5.9		35.25

		22		18.3		4.69		22.00		85.83		19.2		-0.9		0.79				22		18.3		4.69		22.00		85.83		19.8		-1.5		2.14

		23		22.75		4.80		23.00		109.11		19.6		3.1		9.78				23		22.75		4.80		23.00		109.11		20.2		2.5		6.47

		23		23.63		4.80		23.00		113.33		19.6		4.0		16.06				23		23.63		4.80		23.00		113.33		20.2		3.4		11.72

		23		26.2		4.80		23.00		125.65		19.6		6.6		43.27				23		26.2		4.80		23.00		125.65		20.2		6.0		35.92

		23		24.92		4.80		23.00		119.51		19.6		5.3		28.07				23		24.92		4.80		23.00		119.51		20.2		4.7		22.21

		23		23.67		4.80		23.00		113.52		19.6		4.0		16.39				23		23.67		4.80		23.00		113.52		20.2		3.5		11.99

		23		22.36		4.80		23.00		107.23		19.6		2.7		7.50				23		22.36		4.80		23.00		107.23		20.2		2.2		4.64

		23		22.13		4.80		23.00		106.13		19.6		2.5		6.29				23		22.13		4.80		23.00		106.13		20.2		1.9		3.70

		23		17.75		4.80		23.00		85.13		19.6		-1.9		3.50				23		17.75		4.80		23.00		85.13		20.2		-2.5		6.04

		23		10.5		4.80		23.00		50.36		19.6		-9.1		83.21				23		10.5		4.80		23.00		50.36		20.2		-9.7		94.22

		23		13.17		4.80		23.00		63.16		19.6		-6.5		41.63				23		13.17		4.80		23.00		63.16		20.2		-7.0		49.52

		23		17.5		4.80		23.00		83.93		19.6		-2.1		4.50				23		17.5		4.80		23.00		83.93		20.2		-2.7		7.33

		23		20.5		4.80		23.00		98.31		19.6		0.9		0.77				23		20.5		4.80		23.00		98.31		20.2		0.3		0.09

		23		19		4.80		23.00		91.12		19.6		-0.6		0.39				23		19		4.80		23.00		91.12		20.2		-1.2		1.46

		23		21		4.80		23.00		100.71		19.6		1.4		1.90				23		21		4.80		23.00		100.71		20.2		0.8		0.63

		23		14.33		4.80		23.00		68.72		19.6		-5.3		28.00				23		14.33		4.80		23.00		68.72		20.2		-5.9		34.54

		23		19		4.80		23.00		91.12		19.6		-0.6		0.39				23		19		4.80		23.00		91.12		20.2		-1.2		1.46

		23		25		4.80		23.00		119.90		19.6		5.4		28.92				23		25		4.80		23.00		119.90		20.2		4.8		22.98

		23		24.33		4.80		23.00		116.68		19.6		4.7		22.17				23		24.33		4.80		23.00		116.68		20.2		4.1		17.00

		23		18.25		4.80		23.00		87.52		19.6		-1.4		1.88				23		18.25		4.80		23.00		87.52		20.2		-2.0		3.83

		23		12.67		4.80		23.00		60.76		19.6		-7.0		48.33				23		12.67		4.80		23.00		60.76		20.2		-7.5		56.80

		23		18		4.80		23.00		86.32		19.6		-1.6		2.63				23		18		4.80		23.00		86.32		20.2		-2.2		4.87

		24		15		4.90		24.00		73.48		20.0		-5.0		25.44				24		15		4.90		24.00		73.48		20.6		-5.6		31.83

		24		4		4.90		24.00		19.60		20.0		-16.0		257.41				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		3		4.90		24.00		14.70		20.0		-17.0		290.50				24		30		4.90		24.00		146.97		20.6		9.4		87.58

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				24		35		4.90		24.00		171.46		20.6		14.4		206.17

		24		30		4.90		24.00		146.97		20.0		10.0		99.12				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		41		4.90		24.00		200.86		20.0		21.0		439.16				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		35		4.90		24.00		171.46		20.0		15.0		223.68				26		20		5.10		26.00		101.98		21.5		-1.5		2.20

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				26		28		5.10		26.00		142.77		21.5		6.5		42.46

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				26		14		5.10		26.00		71.39		21.5		-7.5		56.01

		26		20		5.10		26.00		101.98		20.9		-0.9		0.74				26		10		5.10		26.00		50.99		21.5		-11.5		131.89

		26		28		5.10		26.00		142.77		20.9		7.1		50.95				26		16		5.10		26.00		81.58		21.5		-5.5		30.08

		26		14		5.10		26.00		71.39		20.9		-6.9		47.09				26		15		5.10		26.00		76.49		21.5		-6.5		42.05

		26		10		5.10		26.00		50.99		20.9		-10.9		117.99				27		14		5.20		27.00		72.75		21.9		-7.9		62.31

		26		16		5.10		26.00		81.58		20.9		-4.9		23.64				27		10		5.20		27.00		51.96		21.9		-11.9		141.46

		26		15		5.10		26.00		76.49		20.9		-5.9		34.37				27		18		5.20		27.00		93.53		21.9		-3.9		15.16

		27		14		5.20		27.00		72.75		21.3		-7.3		52.70				28		30.83		5.29		28.00		163.14		22.3		8.5		72.84

		27		10		5.20		27.00		51.96		21.3		-11.3		126.78				28		23.33		5.29		28.00		123.45		22.3		1.0		1.07

		27		18		5.20		27.00		93.53		21.3		-3.3		10.63				28		30.33		5.29		28.00		160.49		22.3		8.0		64.56

		27		2		5.20		27.00		10.39		21.3		-19.3		370.94				28		25.67		5.29		28.00		135.83		22.3		3.4		11.39

		28		30.83		5.29		28.00		163.14		21.6		9.2		84.27				30		15		5.48		30.00		82.16		23.1		-8.1		65.25

		28		23.33		5.29		28.00		123.45		21.6		1.7		2.82				30		34		5.48		30.00		186.23		23.1		10.9		119.30

		28		30.33		5.29		28.00		160.49		21.6		8.7		75.34				30		35		5.48		30.00		191.70		23.1		11.9		142.14

		28		25.67		5.29		28.00		135.83		21.6		4.0		16.16								Sum		1308.00		5511.13		Mean		-0.0

		30		15		5.48		30.00		82.16		22.4		-7.4		54.91														Stdev		6.3

		30		34		5.48		30.00		186.23		22.4		11.6		134.33								k		4.213				2x Stdev		12.5

		30		35		5.48		30.00		191.70		22.4		12.6		158.51														2x -Stdev		-12.5

						Sum		1407.00		5756.67		Mean		0.0										Sum of Residuals2				2120.91

												Stdev		7.8

						k		4.091				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3498.36

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.6								Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2				Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		19		30		5.85		34.24		175.54		17.4		12.6		158.34				19		30		5.85		34.24		175.54		17.9		12.1		145.35

		19		19		5.85		34.24		111.17		17.4		1.6		2.51				19		19		5.85		34.24		111.17		17.9		1.1		1.12

		19		19		5.85		34.24		111.17		17.4		1.6		2.51				19		19		5.85		34.24		111.17		17.9		1.1		1.12

		19		17		5.85		34.24		99.47		17.4		-0.4		0.17				19		17		5.85		34.24		99.47		17.9		-0.9		0.89

		20		8		6.03		36.41		48.27		18.0		-10.0		99.22				20		8		6.03		36.41		48.27		18.5		-10.5		110.35

		20		20		6.03		36.41		120.68		18.0		2.0		4.16				20		20		6.03		36.41		120.68		18.5		1.5		2.24

		20		24		6.03		36.41		144.82		18.0		6.0		36.47				20		24		6.03		36.41		144.82		18.5		5.5		30.20

		20		23		6.03		36.41		138.79		18.0		5.0		25.39				20		23		6.03		36.41		138.79		18.5		4.5		20.21

		21		13		6.21		38.61		80.77		18.5		-5.5		30.19				21		13		6.21		38.61		80.77		19.1		-6.1		36.65

		21		15		6.21		38.61		93.20		18.5		-3.5		12.21				21		15		6.21		38.61		93.20		19.1		-4.1		16.44

		22		25.7		6.39		40.82		164.21		19.0		6.7		44.65				22		25.7		6.39		40.82		164.21		19.6		6.1		37.29

		22		18.3		6.39		40.82		116.92		19.0		-0.7		0.52				22		18.3		6.39		40.82		116.92		19.6		-1.3		1.67

		23		22.75		6.56		43.06		149.29		19.5		3.2		10.35				23		22.75		6.56		43.06		149.29		20.1		2.6		6.90

		23		23.63		6.56		43.06		155.06		19.5		4.1		16.79				23		23.63		6.56		43.06		155.06		20.1		3.5		12.30

		23		26.2		6.56		43.06		171.92		19.5		6.7		44.46				23		26.2		6.56		43.06		171.92		20.1		6.1		36.93

		23		24.92		6.56		43.06		163.53		19.5		5.4		29.03				23		24.92		6.56		43.06		163.53		20.1		4.8		23.01

		23		23.67		6.56		43.06		155.32		19.5		4.1		17.12				23		23.67		6.56		43.06		155.32		20.1		3.5		12.58

		23		22.36		6.56		43.06		146.73		19.5		2.8		8.00				23		22.36		6.56		43.06		146.73		20.1		2.2		5.00

		23		22.13		6.56		43.06		145.22		19.5		2.6		6.75				23		22.13		6.56		43.06		145.22		20.1		2.0		4.03

		23		17.75		6.56		43.06		116.48		19.5		-1.8		3.18				23		17.75		6.56		43.06		116.48		20.1		-2.4		5.63

		23		10.5		6.56		43.06		68.90		19.5		-9.0		81.58				23		10.5		6.56		43.06		68.90		20.1		-9.6		92.61

		23		13.17		6.56		43.06		86.42		19.5		-6.4		40.48				23		13.17		6.56		43.06		86.42		20.1		-7.0		48.35

		23		17.5		6.56		43.06		114.84		19.5		-2.0		4.13				23		17.5		6.56		43.06		114.84		20.1		-2.6		6.88

		23		20.5		6.56		43.06		134.52		19.5		1.0		0.94				23		20.5		6.56		43.06		134.52		20.1		0.4		0.14

		23		19		6.56		43.06		124.68		19.5		-0.5		0.28				23		19		6.56		43.06		124.68		20.1		-1.1		1.26

		23		21		6.56		43.06		137.80		19.5		1.5		2.15				23		21		6.56		43.06		137.80		20.1		0.9		0.77

		23		14.33		6.56		43.06		94.03		19.5		-5.2		27.06				23		14.33		6.56		43.06		94.03		20.1		-5.8		33.56

		23		19		6.56		43.06		124.68		19.5		-0.5		0.28				23		19		6.56		43.06		124.68		20.1		-1.1		1.26

		23		25		6.56		43.06		164.05		19.5		5.5		29.90				23		25		6.56		43.06		164.05		20.1		4.9		23.78

		23		24.33		6.56		43.06		159.65		19.5		4.8		23.02				23		24.33		6.56		43.06		159.65		20.1		4.2		17.70

		23		18.25		6.56		43.06		119.76		19.5		-1.3		1.64				23		18.25		6.56		43.06		119.76		20.1		-1.9		3.51

		23		12.67		6.56		43.06		83.14		19.5		-6.9		47.09				23		12.67		6.56		43.06		83.14		20.1		-7.5		55.55

		23		18		6.56		43.06		118.12		19.5		-1.5		2.35				23		18		6.56		43.06		118.12		20.1		-2.1		4.51

		24		15		6.73		45.32		100.98		20.0		-5.0		25.37				24		15		6.73		45.32		100.98		20.6		-5.6		31.85

		24		4		6.73		45.32		26.93		20.0		-16.0		257.19				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		3		6.73		45.32		20.20		20.0		-17.0		290.27				24		30		6.73		45.32		201.95		20.6		9.4		87.54

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				24		35		6.73		45.32		235.61		20.6		14.4		206.10

		24		30		6.73		45.32		201.95		20.0		10.0		99.26				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		41		6.73		45.32		276.00		20.0		21.0		439.44				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		35		6.73		45.32		235.61		20.0		15.0		223.88				26		20		7.06		49.88		141.26		21.7		-1.7		2.75

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				26		28		7.06		49.88		197.76		21.7		6.3		40.20

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				26		14		7.06		49.88		98.88		21.7		-7.7		58.67

		26		20		7.06		49.88		141.26		21.0		-1.0		1.05				26		10		7.06		49.88		70.63		21.7		-11.7		135.94

		26		28		7.06		49.88		197.76		21.0		7.0		48.68				26		16		7.06		49.88		113.01		21.7		-5.7		32.03

		26		14		7.06		49.88		98.88		21.0		-7.0		49.32				26		15		7.06		49.88		105.94		21.7		-6.7		44.35

		26		10		7.06		49.88		70.63		21.0		-11.0		121.51				27		14		7.22		52.20		101.15		22.2		-8.2		66.51

		26		16		7.06		49.88		113.01		21.0		-5.0		25.23				27		10		7.22		52.20		72.25		22.2		-12.2		147.75

		26		15		7.06		49.88		105.94		21.0		-6.0		36.28				27		18		7.22		52.20		130.04		22.2		-4.2		17.27

		27		14		7.22		52.20		101.15		21.5		-7.5		56.32				28		30.83		7.38		54.52		227.65		22.6		8.2		67.01

		27		10		7.22		52.20		72.25		21.5		-11.5		132.35				28		23.33		7.38		54.52		172.27		22.6		0.7		0.47

		27		18		7.22		52.20		130.04		21.5		-3.5		12.28				28		30.33		7.38		54.52		223.96		22.6		7.7		59.07

		27		2		7.22		52.20		14.45		21.5		-19.5		380.43				28		25.67		7.38		54.52		189.55		22.6		3.0		9.16

		28		30.83		7.38		54.52		227.65		22.0		8.9		78.34				30		15		7.70		59.23		115.44		23.6		-8.6		73.98

		28		23.33		7.38		54.52		172.27		22.0		1.4		1.83				30		34		7.70		59.23		261.67		23.6		10.4		108.14

		28		30.33		7.38		54.52		223.96		22.0		8.4		69.74				30		35		7.70		59.23		269.36		23.6		11.4		129.93

		28		25.67		7.38		54.52		189.55		22.0		3.7		13.62								Sum		2469.30		7572.42		Mean		0.0

		30		15		7.70		59.23		115.44		22.9		-7.9		62.53														Stdev		6.3

		30		34		7.70		59.23		261.67		22.9		11.1		123.04								k		3.067				2x Stdev		12.5

		30		35		7.70		59.23		269.36		22.9		12.1		146.22														2x -Stdev		-12.5

						Sum		2657.44		7909.99		Mean		0.0										Sum of Residuals2				2119.73

												Stdev		7.8

						k		2.977				2x Stdev		15.6

												2x -Stdev		-15.6

						Sum of Residuals2				3507.10

		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		10.602		3505.75

								0.3		7.722		3497.68

								0.4		5.622		3495.22

								0.5		4.091		3498.36

								0.6		2.977		3507.10

								e2 = Sum of Residuals2
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Nominal Grade 35

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Exposed Elements
Determination of Best Fit n-Value



G45e

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		22		23		1.86		3.44		42.68		16.0		7.0		49.01

		22		18.7		1.86		3.44		34.70		16.0		2.7		7.29

		23		18.67		1.87		3.51		34.95		16.1		2.5		6.39

		23		11		1.87		3.51		20.59		16.1		-5.1		26.44

		23		23		1.87		3.51		43.06		16.1		6.9		47.03

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		23		1.87		3.51		43.06		16.1		6.9		47.03

		23		15		1.87		3.51		28.08		16.1		-1.1		1.30

		23		20.5		1.87		3.51		38.38		16.1		4.4		18.99

		23		17.33		1.87		3.51		32.44		16.1		1.2		1.41

		23		11		1.87		3.51		20.59		16.1		-5.1		26.44

		23		20		1.87		3.51		37.44		16.1		3.9		14.88

		23		15.33		1.87		3.51		28.70		16.1		-0.8		0.66

		23		15		1.87		3.51		28.08		16.1		-1.1		1.30

		23		7.33		1.87		3.51		13.72		16.1		-8.8		77.66

		23		20.67		1.87		3.51		38.70		16.1		4.5		20.50

		23		17.67		1.87		3.51		33.08		16.1		1.5		2.33

		23		7.33		1.87		3.51		13.72		16.1		-8.8		77.66

		23		10.5		1.87		3.51		19.66		16.1		-5.6		31.83

		23		25.2		1.87		3.51		47.18		16.1		9.1		82.04

		23		8.33		1.87		3.51		15.60		16.1		-7.8		61.03

		23		21.33		1.87		3.51		39.93		16.1		5.2		26.91

		23		20.67		1.87		3.51		38.70		16.1		4.5		20.50

		23		16.67		1.87		3.51		31.21		16.1		0.5		0.28

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		22		1.87		3.51		41.19		16.1		5.9		34.31

		23		21		1.87		3.51		39.32		16.1		4.9		23.60

		23		17		1.87		3.51		31.83		16.1		0.9		0.74

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		19.33		1.87		3.51		36.19		16.1		3.2		10.16

		23		17.67		1.87		3.51		33.08		16.1		1.5		2.33

		28		14.17		1.95		3.79		27.59		16.8		-2.6		6.86

		28		12		1.95		3.79		23.37		16.8		-4.8		22.94

		28		14.5		1.95		3.79		28.24		16.8		-2.3		5.24

		28		16.5		1.95		3.79		32.13		16.8		-0.3		0.08

		28		14		1.95		3.79		27.26		16.8		-2.8		7.78

		28		17		1.95		3.79		33.10		16.8		0.2		0.04

		28		15.5		1.95		3.79		30.18		16.8		-1.3		1.66

		28		17.17		1.95		3.79		33.44		16.8		0.4		0.14

						Sum		138.87		1197.35		Mean		0.0

												Stdev		4.8

						k		8.622				2x Stdev		9.6

												2x -Stdev		-9.6

						Sum of Residuals2				878.03

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		22		23		2.53		6.39		58.14		15.9		7.1		51.07

		22		18.7		2.53		6.39		47.27		15.9		2.8		8.10

		23		18.67		2.56		6.56		47.83		16.1		2.6		6.78

		23		11		2.56		6.56		28.18		16.1		-5.1		25.67

		23		23		2.56		6.56		58.92		16.1		6.9		48.07

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		23		2.56		6.56		58.92		16.1		6.9		48.07

		23		15		2.56		6.56		38.42		16.1		-1.1		1.14

		23		20.5		2.56		6.56		52.51		16.1		4.4		19.65

		23		17.33		2.56		6.56		44.39		16.1		1.3		1.60

		23		11		2.56		6.56		28.18		16.1		-5.1		25.67

		23		20		2.56		6.56		51.23		16.1		3.9		15.47

		23		15.33		2.56		6.56		39.27		16.1		-0.7		0.54

		23		15		2.56		6.56		38.42		16.1		-1.1		1.14

		23		7.33		2.56		6.56		18.78		16.1		-8.7		76.33

		23		20.67		2.56		6.56		52.95		16.1		4.6		21.19

		23		17.67		2.56		6.56		45.26		16.1		1.6		2.57

		23		7.33		2.56		6.56		18.78		16.1		-8.7		76.33

		23		10.5		2.56		6.56		26.90		16.1		-5.6		30.99

		23		25.2		2.56		6.56		64.55		16.1		9.1		83.41

		23		8.33		2.56		6.56		21.34		16.1		-7.7		59.86

		23		21.33		2.56		6.56		54.64		16.1		5.3		27.70

		23		20.67		2.56		6.56		52.95		16.1		4.6		21.19

		23		16.67		2.56		6.56		42.70		16.1		0.6		0.36

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		22		2.56		6.56		56.36		16.1		5.9		35.20

		23		21		2.56		6.56		53.79		16.1		4.9		24.34

		23		17		2.56		6.56		43.55		16.1		0.9		0.87

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		19.33		2.56		6.56		49.52		16.1		3.3		10.65

		23		17.67		2.56		6.56		45.26		16.1		1.6		2.57

		28		14.17		2.72		7.38		38.51		17.0		-2.9		8.26

		28		12		2.72		7.38		32.61		17.0		-5.0		25.44

		28		14.5		2.72		7.38		39.40		17.0		-2.5		6.47

		28		16.5		2.72		7.38		44.84		17.0		-0.5		0.30

		28		14		2.72		7.38		38.04		17.0		-3.0		9.26

		28		17		2.72		7.38		46.20		17.0		-0.0		0.00

		28		15.5		2.72		7.38		42.12		17.0		-1.5		2.38

		28		17.17		2.72		7.38		46.66		17.0		0.1		0.02

						Sum		262.15		1644.22		Mean		0.0

												Stdev		4.8

						k		6.272				2x Stdev		9.7

												2x -Stdev		-9.7

						Sum of Residuals2				889.07

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		22		23		3.44		11.86		79.19		15.7		7.3		53.19

		22		18.7		3.44		11.86		64.39		15.7		3.0		8.96

		23		18.67		3.51		12.29		65.44		16.0		2.7		7.19

		23		11		3.51		12.29		38.56		16.0		-5.0		24.88

		23		23		3.51		12.29		80.62		16.0		7.0		49.16

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		23		3.51		12.29		80.62		16.0		7.0		49.16

		23		15		3.51		12.29		52.58		16.0		-1.0		0.98

		23		20.5		3.51		12.29		71.85		16.0		4.5		20.35

		23		17.33		3.51		12.29		60.74		16.0		1.3		1.80

		23		11		3.51		12.29		38.56		16.0		-5.0		24.88

		23		20		3.51		12.29		70.10		16.0		4.0		16.09

		23		15.33		3.51		12.29		53.73		16.0		-0.7		0.43

		23		15		3.51		12.29		52.58		16.0		-1.0		0.98

		23		7.33		3.51		12.29		25.69		16.0		-8.7		74.97

		23		20.67		3.51		12.29		72.45		16.0		4.7		21.92

		23		17.67		3.51		12.29		61.93		16.0		1.7		2.83

		23		7.33		3.51		12.29		25.69		16.0		-8.7		74.97

		23		10.5		3.51		12.29		36.80		16.0		-5.5		30.12

		23		25.2		3.51		12.29		88.33		16.0		9.2		84.85

		23		8.33		3.51		12.29		29.20		16.0		-7.7		58.65

		23		21.33		3.51		12.29		74.76		16.0		5.3		28.53

		23		20.67		3.51		12.29		72.45		16.0		4.7		21.92

		23		16.67		3.51		12.29		58.43		16.0		0.7		0.46

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		22		3.51		12.29		77.11		16.0		6.0		36.14

		23		21		3.51		12.29		73.61		16.0		5.0		25.12

		23		17		3.51		12.29		59.59		16.0		1.0		1.02

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		19.33		3.51		12.29		67.75		16.0		3.3		11.17

		23		17.67		3.51		12.29		61.93		16.0		1.7		2.83

		28		14.17		3.79		14.38		53.73		17.3		-3.1		9.78

		28		12		3.79		14.38		45.50		17.3		-5.3		28.06

		28		14.5		3.79		14.38		54.98		17.3		-2.8		7.82

		28		16.5		3.79		14.38		62.57		17.3		-0.8		0.64

		28		14		3.79		14.38		53.09		17.3		-3.3		10.87

		28		17		3.79		14.38		64.46		17.3		-0.3		0.09

		28		15.5		3.79		14.38		58.78		17.3		-1.8		3.23

		28		17.17		3.79		14.38		65.11		17.3		-0.1		0.02

						Sum		495.01		2258.03		Mean		0.0

												Stdev		4.9

						k		4.562				2x Stdev		9.7

												2x -Stdev		-9.7

						Sum of Residuals2				901.66

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		22		23		4.69		22.00		107.88		15.6		7.4		55.40

		22		18.7		4.69		22.00		87.71		15.6		3.1		9.88

		23		18.67		4.80		23.00		89.54		15.9		2.8		7.64

		23		11		4.80		23.00		52.75		15.9		-4.9		24.08

		23		23		4.80		23.00		110.30		15.9		7.1		50.31

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		23		4.80		23.00		110.30		15.9		7.1		50.31

		23		15		4.80		23.00		71.94		15.9		-0.9		0.82

		23		20.5		4.80		23.00		98.31		15.9		4.6		21.10

		23		17.33		4.80		23.00		83.11		15.9		1.4		2.03

		23		11		4.80		23.00		52.75		15.9		-4.9		24.08

		23		20		4.80		23.00		95.92		15.9		4.1		16.75

		23		15.33		4.80		23.00		73.52		15.9		-0.6		0.33

		23		15		4.80		23.00		71.94		15.9		-0.9		0.82

		23		7.33		4.80		23.00		35.15		15.9		-8.6		73.56

		23		20.67		4.80		23.00		99.13		15.9		4.8		22.69

		23		17.67		4.80		23.00		84.74		15.9		1.8		3.11

		23		7.33		4.80		23.00		35.15		15.9		-8.6		73.56

		23		10.5		4.80		23.00		50.36		15.9		-5.4		29.23

		23		25.2		4.80		23.00		120.85		15.9		9.3		86.37

		23		8.33		4.80		23.00		39.95		15.9		-7.6		57.41

		23		21.33		4.80		23.00		102.30		15.9		5.4		29.41

		23		20.67		4.80		23.00		99.13		15.9		4.8		22.69

		23		16.67		4.80		23.00		79.95		15.9		0.8		0.58

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		22		4.80		23.00		105.51		15.9		6.1		37.13

		23		21		4.80		23.00		100.71		15.9		5.1		25.94

		23		17		4.80		23.00		81.53		15.9		1.1		1.20

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		19.33		4.80		23.00		92.70		15.9		3.4		11.72

		23		17.67		4.80		23.00		84.74		15.9		1.8		3.11

		28		14.17		5.29		28.00		74.98		17.6		-3.4		11.43

		28		12		5.29		28.00		63.50		17.6		-5.6		30.81

		28		14.5		5.29		28.00		76.73		17.6		-3.1		9.31

		28		16.5		5.29		28.00		87.31		17.6		-1.1		1.10

		28		14		5.29		28.00		74.08		17.6		-3.6		12.61

		28		17		5.29		28.00		89.96		17.6		-0.6		0.30

		28		15.5		5.29		28.00		82.02		17.6		-2.1		4.21

		28		17.17		5.29		28.00		90.86		17.6		-0.4		0.14

						Sum		935.00		3101.19		Mean		0.1

												Stdev		4.9

						k		3.317				2x Stdev		9.8

												2x -Stdev		-9.8

						Sum of Residuals2				915.83

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		22		23		6.39		40.82		146.95		15.4		7.6		57.68

		22		18.7		6.39		40.82		119.48		15.4		3.3		10.85

		23		18.67		6.56		43.06		122.51		15.8		2.8		8.11

		23		11		6.56		43.06		72.18		15.8		-4.8		23.25

		23		23		6.56		43.06		150.93		15.8		7.2		51.52

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		23		6.56		43.06		150.93		15.8		7.2		51.52

		23		15		6.56		43.06		98.43		15.8		-0.8		0.68

		23		20.5		6.56		43.06		134.52		15.8		4.7		21.88

		23		17.33		6.56		43.06		113.72		15.8		1.5		2.27

		23		11		6.56		43.06		72.18		15.8		-4.8		23.25

		23		20		6.56		43.06		131.24		15.8		4.2		17.46

		23		15.33		6.56		43.06		100.60		15.8		-0.5		0.24

		23		15		6.56		43.06		98.43		15.8		-0.8		0.68

		23		7.33		6.56		43.06		48.10		15.8		-8.5		72.11

		23		20.67		6.56		43.06		135.64		15.8		4.8		23.50

		23		17.67		6.56		43.06		115.95		15.8		1.8		3.42

		23		7.33		6.56		43.06		48.10		15.8		-8.5		72.11

		23		10.5		6.56		43.06		68.90		15.8		-5.3		28.32

		23		25.2		6.56		43.06		165.36		15.8		9.4		87.95

		23		8.33		6.56		43.06		54.66		15.8		-7.5		56.13

		23		21.33		6.56		43.06		139.97		15.8		5.5		30.34

		23		20.67		6.56		43.06		135.64		15.8		4.8		23.50

		23		16.67		6.56		43.06		109.39		15.8		0.8		0.72

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		22		6.56		43.06		144.36		15.8		6.2		38.17

		23		21		6.56		43.06		137.80		15.8		5.2		26.81

		23		17		6.56		43.06		111.55		15.8		1.2		1.39

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		19.33		6.56		43.06		126.84		15.8		3.5		12.31

		23		17.67		6.56		43.06		115.95		15.8		1.8		3.42

		28		14.17		7.38		54.52		104.63		17.8		-3.6		13.21

		28		12		7.38		54.52		88.61		17.8		-5.8		33.69

		28		14.5		7.38		54.52		107.07		17.8		-3.3		10.92

		28		16.5		7.38		54.52		121.84		17.8		-1.3		1.70

		28		14		7.38		54.52		103.38		17.8		-3.8		14.47

		28		17		7.38		54.52		125.53		17.8		-0.8		0.65

		28		15.5		7.38		54.52		114.45		17.8		-2.3		5.31

		28		17.17		7.38		54.52		126.78		17.8		-0.6		0.40

						Sum		1766.58		4259.47		Mean		0.1

												Stdev		5.0

						k		2.411				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				931.62

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		8.622		878.03

								0.3		6.272		889.07

								0.4		4.562		901.66

								0.5		3.317		915.83

								0.6		2.411		931.62

								e2 = Sum of Residuals2





G45e

		



Nominal Grade 45

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Exposed Elements
Determination of Best Fit n-Value



G35s

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		21		17		1.84		3.38		31.25		17.8		-0.8		0.71				21		17		1.84		3.38		31.25		17.8		-0.8		0.69

		21		20		1.84		3.38		36.77		17.8		2.2		4.65				21		20		1.84		3.38		36.77		17.8		2.2		4.70

		22		27.17		1.86		3.44		50.42		18.0		9.2		83.88				22		27.17		1.86		3.44		50.42		18.0		9.2		84.11

		23		22.57		1.87		3.51		42.25		18.2		4.4		19.34				23		22.57		1.87		3.51		42.25		18.2		4.4		19.45

		23		21		1.87		3.51		39.32		18.2		2.8		8.00				23		21		1.87		3.51		39.32		18.2		2.8		8.07

		23		17		1.87		3.51		31.83		18.2		-1.2		1.37				23		17		1.87		3.51		31.83		18.2		-1.2		1.34

		23		18.4		1.87		3.51		34.45		18.2		0.2		0.05				23		18.4		1.87		3.51		34.45		18.2		0.2		0.06

		23		19.8		1.87		3.51		37.07		18.2		1.6		2.65				23		19.8		1.87		3.51		37.07		18.2		1.6		2.69

		23		22.8		1.87		3.51		42.69		18.2		4.6		21.41				23		22.8		1.87		3.51		42.69		18.2		4.6		21.53

		23		25.5		1.87		3.51		47.74		18.2		7.3		53.69				23		25.5		1.87		3.51		47.74		18.2		7.3		53.88

		23		22.67		1.87		3.51		42.44		18.2		4.5		20.23				23		22.67		1.87		3.51		42.44		18.2		4.5		20.34

		23		24.17		1.87		3.51		45.25		18.2		6.0		35.97				23		24.17		1.87		3.51		45.25		18.2		6.0		36.12

		23		16.5		1.87		3.51		30.89		18.2		-1.7		2.80				23		16.5		1.87		3.51		30.89		18.2		-1.7		2.75

		23		13.5		1.87		3.51		25.27		18.2		-4.7		21.83				23		13.5		1.87		3.51		25.27		18.2		-4.7		21.71

		23		13.4		1.87		3.51		25.09		18.2		-4.8		22.78				23		13.4		1.87		3.51		25.09		18.2		-4.8		22.65

		23		17.5		1.87		3.51		32.76		18.2		-0.7		0.45				23		17.5		1.87		3.51		32.76		18.2		-0.7		0.44

		23		18.4		1.87		3.51		34.45		18.2		0.2		0.05				23		18.4		1.87		3.51		34.45		18.2		0.2		0.06

		23		17.75		1.87		3.51		33.23		18.2		-0.4		0.18				23		17.75		1.87		3.51		33.23		18.2		-0.4		0.17

		24		9		1.89		3.57		16.99		18.3		-9.3		87.01				24		9		1.89		3.57		16.99		18.3		-9.3		86.77

		24		11		1.89		3.57		20.77		18.3		-7.3		53.70				24		11		1.89		3.57		20.77		18.3		-7.3		53.51

		24		12		1.89		3.57		22.66		18.3		-6.3		40.04				24		12		1.89		3.57		22.66		18.3		-6.3		39.88

		24		11		1.89		3.57		20.77		18.3		-7.3		53.70				24		11		1.89		3.57		20.77		18.3		-7.3		53.51

		24		12		1.89		3.57		22.66		18.3		-6.3		40.04				24		12		1.89		3.57		22.66		18.3		-6.3		39.88

		24		2		1.89		3.57		3.78		18.3		-16.3		266.60				24		25		1.89		3.57		47.20		18.3		6.7		44.69

		24		35		1.89		3.57		66.09		18.3		16.7		277.96				24		20		1.89		3.57		37.76		18.3		1.7		2.84

		24		25		1.89		3.57		47.20		18.3		6.7		44.52				24		19		1.89		3.57		35.88		18.3		0.7		0.47

		24		20		1.89		3.57		37.76		18.3		1.7		2.80				30		18		1.97		3.90		35.54		19.2		-1.2		1.32

		24		19		1.89		3.57		35.88		18.3		0.7		0.45								Sum		95.20		923.40		Mean		0.0

		30		18		1.97		3.90		35.54		19.2		-1.2		1.36														Stdev		4.9

						Sum		102.33		993.26		Mean		0.0										k		9.700				2x Stdev		9.8

												Stdev		6.5																2x -Stdev		-9.8

						k		9.707				2x Stdev		12.9										Sum of Residuals2				623.64

												2x -Stdev		-12.9

						Sum of Residuals2				1168.20

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		21		17		2.49		6.21		42.38		17.6		-0.6		0.42				21		17		2.49		6.21		42.38		17.6		-0.6		0.40

		21		20		2.49		6.21		49.85		17.6		2.4		5.55				21		20		2.49		6.21		49.85		17.6		2.4		5.59

		22		27.17		2.53		6.39		68.68		17.9		9.3		86.07				22		27.17		2.53		6.39		68.68		17.9		9.3		86.25

		23		22.57		2.56		6.56		57.82		18.1		4.4		19.69				23		22.57		2.56		6.56		57.82		18.1		4.4		19.78

		23		21		2.56		6.56		53.79		18.1		2.9		8.22				23		21		2.56		6.56		53.79		18.1		2.9		8.28

		23		17		2.56		6.56		43.55		18.1		-1.1		1.28				23		17		2.56		6.56		43.55		18.1		-1.1		1.26

		23		18.4		2.56		6.56		47.13		18.1		0.3		0.07				23		18.4		2.56		6.56		47.13		18.1		0.3		0.08

		23		19.8		2.56		6.56		50.72		18.1		1.7		2.78				23		19.8		2.56		6.56		50.72		18.1		1.7		2.81

		23		22.8		2.56		6.56		58.41		18.1		4.7		21.78				23		22.8		2.56		6.56		58.41		18.1		4.7		21.88

		23		25.5		2.56		6.56		65.32		18.1		7.4		54.28				23		25.5		2.56		6.56		65.32		18.1		7.4		54.42

		23		22.67		2.56		6.56		58.07		18.1		4.5		20.59				23		22.67		2.56		6.56		58.07		18.1		4.5		20.68

		23		24.17		2.56		6.56		61.91		18.1		6.0		36.45				23		24.17		2.56		6.56		61.91		18.1		6.0		36.57

		23		16.5		2.56		6.56		42.27		18.1		-1.6		2.67				23		16.5		2.56		6.56		42.27		18.1		-1.6		2.63

		23		13.5		2.56		6.56		34.58		18.1		-4.6		21.46				23		13.5		2.56		6.56		34.58		18.1		-4.6		21.37

		23		13.4		2.56		6.56		34.33		18.1		-4.7		22.40				23		13.4		2.56		6.56		34.33		18.1		-4.7		22.31

		23		17.5		2.56		6.56		44.83		18.1		-0.6		0.40				23		17.5		2.56		6.56		44.83		18.1		-0.6		0.39

		23		18.4		2.56		6.56		47.13		18.1		0.3		0.07				23		18.4		2.56		6.56		47.13		18.1		0.3		0.08

		23		17.75		2.56		6.56		45.47		18.1		-0.4		0.15				23		17.75		2.56		6.56		45.47		18.1		-0.4		0.14

		24		9		2.59		6.73		23.35		18.4		-9.4		87.72				24		9		2.59		6.73		23.35		18.4		-9.4		87.53

		24		11		2.59		6.73		28.54		18.4		-7.4		54.26				24		11		2.59		6.73		28.54		18.4		-7.4		54.11

		24		12		2.59		6.73		31.13		18.4		-6.4		40.52				24		12		2.59		6.73		31.13		18.4		-6.4		40.40

		24		11		2.59		6.73		28.54		18.4		-7.4		54.26				24		11		2.59		6.73		28.54		18.4		-7.4		54.11

		24		12		2.59		6.73		31.13		18.4		-6.4		40.52				24		12		2.59		6.73		31.13		18.4		-6.4		40.40

		24		2		2.59		6.73		5.19		18.4		-16.4		267.84				24		25		2.59		6.73		64.86		18.4		6.6		44.15

		24		35		2.59		6.73		90.81		18.4		16.6		276.70				24		20		2.59		6.73		51.89		18.4		1.6		2.70

		24		25		2.59		6.73		64.86		18.4		6.6		44.01				24		19		2.59		6.73		49.30		18.4		0.6		0.42

		24		20		2.59		6.73		51.89		18.4		1.6		2.67				30		18		2.77		7.70		49.94		19.6		-1.6		2.65

		24		19		2.59		6.73		49.30		18.4		0.6		0.40								Sum		178.80		1264.93		Mean		0.0

		30		18		2.77		7.70		49.94		19.6		-1.6		2.68														Stdev		4.9

						Sum		192.26		1360.93		Mean		0.0										k		7.075				2x Stdev		9.9

												Stdev		6.5																2x -Stdev		-9.9

						k		7.079				2x Stdev		13.0										Sum of Residuals2				631.36

												2x -Stdev		-13.0

						Sum of Residuals2				1175.89

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		21		17		3.38		11.42		57.46		17.4		-0.4		0.20				21		17		3.38		11.42		57.46		17.4		-0.4		0.19

		21		20		3.38		11.42		67.60		17.4		2.6		6.53				21		20		3.38		11.42		67.60		17.4		2.6		6.57

		22		27.17		3.44		11.86		93.55		17.8		9.4		88.31				22		27.17		3.44		11.86		93.55		17.8		9.4		88.45

		23		22.57		3.51		12.29		79.11		18.1		4.5		20.06				23		22.57		3.51		12.29		79.11		18.1		4.5		20.12

		23		21		3.51		12.29		73.61		18.1		2.9		8.46				23		21		3.51		12.29		73.61		18.1		2.9		8.50

		23		17		3.51		12.29		59.59		18.1		-1.1		1.19				23		17		3.51		12.29		59.59		18.1		-1.1		1.18

		23		18.4		3.51		12.29		64.49		18.1		0.3		0.10				23		18.4		3.51		12.29		64.49		18.1		0.3		0.10

		23		19.8		3.51		12.29		69.40		18.1		1.7		2.92				23		19.8		3.51		12.29		69.40		18.1		1.7		2.94

		23		22.8		3.51		12.29		79.91		18.1		4.7		22.17				23		22.8		3.51		12.29		79.91		18.1		4.7		22.24

		23		25.5		3.51		12.29		89.38		18.1		7.4		54.89				23		25.5		3.51		12.29		89.38		18.1		7.4		55.00

		23		22.67		3.51		12.29		79.46		18.1		4.6		20.96				23		22.67		3.51		12.29		79.46		18.1		4.6		21.03

		23		24.17		3.51		12.29		84.72		18.1		6.1		36.95				23		24.17		3.51		12.29		84.72		18.1		6.1		37.04

		23		16.5		3.51		12.29		57.83		18.1		-1.6		2.53				23		16.5		3.51		12.29		57.83		18.1		-1.6		2.51

		23		13.5		3.51		12.29		47.32		18.1		-4.6		21.08				23		13.5		3.51		12.29		47.32		18.1		-4.6		21.01

		23		13.4		3.51		12.29		46.97		18.1		-4.7		22.01				23		13.4		3.51		12.29		46.97		18.1		-4.7		21.94

		23		17.5		3.51		12.29		61.34		18.1		-0.6		0.35				23		17.5		3.51		12.29		61.34		18.1		-0.6		0.34

		23		18.4		3.51		12.29		64.49		18.1		0.3		0.10				23		18.4		3.51		12.29		64.49		18.1		0.3		0.10

		23		17.75		3.51		12.29		62.21		18.1		-0.3		0.12				23		17.75		3.51		12.29		62.21		18.1		-0.3		0.11

		24		9		3.57		12.71		32.09		18.4		-9.4		88.40				24		9		3.57		12.71		32.09		18.4		-9.4		88.26

		24		11		3.57		12.71		39.22		18.4		-7.4		54.79				24		11		3.57		12.71		39.22		18.4		-7.4		54.68

		24		12		3.57		12.71		42.78		18.4		-6.4		40.98				24		12		3.57		12.71		42.78		18.4		-6.4		40.89

		24		11		3.57		12.71		39.22		18.4		-7.4		54.79				24		11		3.57		12.71		39.22		18.4		-7.4		54.68

		24		12		3.57		12.71		42.78		18.4		-6.4		40.98				24		12		3.57		12.71		42.78		18.4		-6.4		40.89

		24		2		3.57		12.71		7.13		18.4		-16.4		269.02				24		25		3.57		12.71		89.13		18.4		6.6		43.63

		24		35		3.57		12.71		124.78		18.4		16.6		275.50				24		20		3.57		12.71		71.30		18.4		1.6		2.58

		24		25		3.57		12.71		89.13		18.4		6.6		43.53				24		19		3.57		12.71		67.74		18.4		0.6		0.37

		24		20		3.57		12.71		71.30		18.4		1.6		2.55				30		18		3.90		15.19		70.17		20.1		-2.1		4.46

		24		19		3.57		12.71		67.74		18.4		0.6		0.36								Sum		335.86		1732.85		Mean		0.0

		30		18		3.90		15.19		70.17		20.1		-2.1		4.49														Stdev		5.0

						Sum		361.28		1864.76		Mean		0.0										k		5.159				2x Stdev		9.9

												Stdev		6.5																2x -Stdev		-9.9

						k		5.162				2x Stdev		13.0										Sum of Residuals2				639.80

												2x -Stdev		-13.0

						Sum of Residuals2				1184.33

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.5								Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.5		t1.0		dci ti0.4		Predicted		Residual		Residual2

		21		17		4.58		21.00		77.90		17.2		-0.2		0.06				21		17		4.58		21.00		77.90		17.2		-0.2		0.06

		21		20		4.58		21.00		91.65		17.2		2.8		7.59				21		20		4.58		21.00		91.65		17.2		2.8		7.61

		22		27.17		4.69		22.00		127.44		17.7		9.5		90.61				22		27.17		4.69		22.00		127.44		17.6		9.5		90.70

		23		22.57		4.80		23.00		108.24		18.0		4.5		20.45				23		22.57		4.80		23.00		108.24		18.0		4.5		20.49

		23		21		4.80		23.00		100.71		18.0		3.0		8.72				23		21		4.80		23.00		100.71		18.0		3.0		8.74

		23		17		4.80		23.00		81.53		18.0		-1.0		1.10				23		17		4.80		23.00		81.53		18.0		-1.0		1.09

		23		18.4		4.80		23.00		88.24		18.0		0.4		0.12				23		18.4		4.80		23.00		88.24		18.0		0.4		0.13

		23		19.8		4.80		23.00		94.96		18.0		1.8		3.07				23		19.8		4.80		23.00		94.96		18.0		1.8		3.09

		23		22.8		4.80		23.00		109.34		18.0		4.8		22.58				23		22.8		4.80		23.00		109.34		18.0		4.8		22.63

		23		25.5		4.80		23.00		122.29		18.0		7.5		55.54				23		25.5		4.80		23.00		122.29		18.0		7.5		55.61

		23		22.67		4.80		23.00		108.72		18.0		4.6		21.37				23		22.67		4.80		23.00		108.72		18.0		4.6		21.41

		23		24.17		4.80		23.00		115.92		18.0		6.1		37.48				23		24.17		4.80		23.00		115.92		18.0		6.1		37.54

		23		16.5		4.80		23.00		79.13		18.0		-1.5		2.40				23		16.5		4.80		23.00		79.13		18.0		-1.5		2.38

		23		13.5		4.80		23.00		64.74		18.0		-4.5		20.68				23		13.5		4.80		23.00		64.74		18.0		-4.5		20.64

		23		13.4		4.80		23.00		64.26		18.0		-4.6		21.60				23		13.4		4.80		23.00		64.26		18.0		-4.6		21.56

		23		17.5		4.80		23.00		83.93		18.0		-0.5		0.30				23		17.5		4.80		23.00		83.93		18.0		-0.5		0.29

		23		18.4		4.80		23.00		88.24		18.0		0.4		0.12				23		18.4		4.80		23.00		88.24		18.0		0.4		0.13

		23		17.75		4.80		23.00		85.13		18.0		-0.3		0.09				23		17.75		4.80		23.00		85.13		18.0		-0.3		0.09

		24		9		4.90		24.00		44.09		18.4		-9.4		89.04				24		9		4.90		24.00		44.09		18.4		-9.4		88.94

		24		11		4.90		24.00		53.89		18.4		-7.4		55.29				24		11		4.90		24.00		53.89		18.4		-7.4		55.22

		24		12		4.90		24.00		58.79		18.4		-6.4		41.42				24		12		4.90		24.00		58.79		18.4		-6.4		41.36

		24		11		4.90		24.00		53.89		18.4		-7.4		55.29				24		11		4.90		24.00		53.89		18.4		-7.4		55.22

		24		12		4.90		24.00		58.79		18.4		-6.4		41.42				24		12		4.90		24.00		58.79		18.4		-6.4		41.36

		24		2		4.90		24.00		9.80		18.4		-16.4		270.14				24		25		4.90		24.00		122.47		18.4		6.6		43.15

		24		35		4.90		24.00		171.46		18.4		16.6		274.37				24		20		4.90		24.00		97.98		18.4		1.6		2.46

		24		25		4.90		24.00		122.47		18.4		6.6		43.09				24		19		4.90		24.00		93.08		18.4		0.6		0.32

		24		20		4.90		24.00		97.98		18.4		1.6		2.45				30		18		5.48		30.00		98.59		20.6		-2.6		6.79

		24		19		4.90		24.00		93.08		18.4		0.6		0.32								Sum		631.00		2373.96		Mean		0.0

		30		18		5.48		30.00		98.59		20.6		-2.6		6.82														Stdev		5.0

						Sum		679.00		2555.22		Mean		0.0										k		3.762				2x Stdev		10.0

												Stdev		6.5																2x -Stdev		-10.0

						k		3.763				2x Stdev		13.1										Sum of Residuals2				649.02

												2x -Stdev		-13.1

						Sum of Residuals2				1193.52

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.6								Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.6		t1.2		dci ti0.4		Predicted		Residual		Residual2

		21		17		6.21		38.61		105.63		17.0		-0.0		0.00				21		17		6.21		38.61		105.63		17.0		-0.0		0.00

		21		20		6.21		38.61		124.27		17.0		3.0		8.73				21		20		6.21		38.61		124.27		17.0		3.0		8.74

		22		27.17		6.39		40.82		173.60		17.5		9.6		92.96				22		27.17		6.39		40.82		173.60		17.5		9.6		93.01

		23		22.57		6.56		43.06		148.10		18.0		4.6		20.87				23		22.57		6.56		43.06		148.10		18.0		4.6		20.89

		23		21		6.56		43.06		137.80		18.0		3.0		8.99				23		21		6.56		43.06		137.80		18.0		3.0		9.00

		23		17		6.56		43.06		111.55		18.0		-1.0		1.00				23		17		6.56		43.06		111.55		18.0		-1.0		1.00

		23		18.4		6.56		43.06		120.74		18.0		0.4		0.16				23		18.4		6.56		43.06		120.74		18.0		0.4		0.16

		23		19.8		6.56		43.06		129.93		18.0		1.8		3.23				23		19.8		6.56		43.06		129.93		18.0		1.8		3.24

		23		22.8		6.56		43.06		149.61		18.0		4.8		23.02				23		22.8		6.56		43.06		149.61		18.0		4.8		23.04

		23		25.5		6.56		43.06		167.33		18.0		7.5		56.22				23		25.5		6.56		43.06		167.33		18.0		7.5		56.25

		23		22.67		6.56		43.06		148.76		18.0		4.7		21.79				23		22.67		6.56		43.06		148.76		18.0		4.7		21.81

		23		24.17		6.56		43.06		158.60		18.0		6.2		38.04				23		24.17		6.56		43.06		158.60		18.0		6.2		38.07

		23		16.5		6.56		43.06		108.27		18.0		-1.5		2.26				23		16.5		6.56		43.06		108.27		18.0		-1.5		2.25

		23		13.5		6.56		43.06		88.59		18.0		-4.5		20.27				23		13.5		6.56		43.06		88.59		18.0		-4.5		20.25

		23		13.4		6.56		43.06		87.93		18.0		-4.6		21.18				23		13.4		6.56		43.06		87.93		18.0		-4.6		21.16

		23		17.5		6.56		43.06		114.84		18.0		-0.5		0.25				23		17.5		6.56		43.06		114.84		18.0		-0.5		0.25

		23		18.4		6.56		43.06		120.74		18.0		0.4		0.16				23		18.4		6.56		43.06		120.74		18.0		0.4		0.16

		23		17.75		6.56		43.06		116.48		18.0		-0.3		0.06				23		17.75		6.56		43.06		116.48		18.0		-0.2		0.06

		24		9		6.73		45.32		60.59		18.5		-9.5		89.64				24		9		6.73		45.32		60.59		18.5		-9.5		89.59

		24		11		6.73		45.32		74.05		18.5		-7.5		55.77				24		11		6.73		45.32		74.05		18.5		-7.5		55.73

		24		12		6.73		45.32		80.78		18.5		-6.5		41.83				24		12		6.73		45.32		80.78		18.5		-6.5		41.80

		24		11		6.73		45.32		74.05		18.5		-7.5		55.77				24		11		6.73		45.32		74.05		18.5		-7.5		55.73

		24		12		6.73		45.32		80.78		18.5		-6.5		41.83				24		12		6.73		45.32		80.78		18.5		-6.5		41.80

		24		2		6.73		45.32		13.46		18.5		-16.5		271.19				24		25		6.73		45.32		168.29		18.5		6.5		42.70

		24		35		6.73		45.32		235.61		18.5		16.5		273.32				24		20		6.73		45.32		134.63		18.5		1.5		2.36

		24		25		6.73		45.32		168.29		18.5		6.5		42.67				24		19		6.73		45.32		127.90		18.5		0.5		0.29

		24		20		6.73		45.32		134.63		18.5		1.5		2.35				30		18		7.70		59.23		138.53		21.1		-3.1		9.68

		24		19		6.73		45.32		127.90		18.5		0.5		0.28								Sum		1185.70		3252.38		Mean		0.1

		30		18		7.70		59.23		138.53		21.1		-3.1		9.69														Stdev		5.0

						Sum		1276.33		3501.46		Mean		0.1										k		2.743				2x Stdev		10.1

												Stdev		6.6																2x -Stdev		-10.1

						k		2.743				2x Stdev		13.1										Sum of Residuals2				659.02

												2x -Stdev		-13.1

						Sum of Residuals2				1203.52

		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		9.707		1168.20

								0.3		7.079		1175.89

								0.4		5.162		1184.33

								0.5		3.763		1193.52

								0.6		2.743		1203.52

								e2 = Sum of Residuals2





G35s

		



Nominal Grade 35

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Sheltered Elements
Determination of Best Fit n-Value



G45s

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		22		14.67		1.86		3.44		27.22		17.7		-3.0		8.91

		23		14.33		1.87		3.51		26.83		17.8		-3.5		12.13

		23		14.67		1.87		3.51		27.46		17.8		-3.1		9.87

		23		9		1.87		3.51		16.85		17.8		-8.8		77.66

		23		8		1.87		3.51		14.98		17.8		-9.8		96.28

		23		14		1.87		3.51		26.21		17.8		-3.8		14.53

		23		28.67		1.87		3.51		53.68		17.8		10.9		117.89

		23		22.5		1.87		3.51		42.12		17.8		4.7		21.97

		23		16		1.87		3.51		29.95		17.8		-1.8		3.28

		23		16		1.87		3.51		29.95		17.8		-1.8		3.28

		23		19		1.87		3.51		35.57		17.8		1.2		1.41

		23		21.75		1.87		3.51		40.72		17.8		3.9		15.50

		23		17.67		1.87		3.51		33.08		17.8		-0.1		0.02

		23		13.33		1.87		3.51		24.96		17.8		-4.5		20.09

		23		23		1.87		3.51		43.06		17.8		5.2		26.91

		23		21		1.87		3.51		39.32		17.8		3.2		10.16

		28		22		1.95		3.79		42.84		18.5		3.5		12.06

		28		24.4		1.95		3.79		47.51		18.5		5.9		34.49

		28		18.5		1.95		3.79		36.02		18.5		-0.0		0.00

		28		20		1.95		3.79		38.95		18.5		1.5		2.17

						Sum		71.19		677.29		Mean		-0.0

												Stdev		5.1

						k		9.514				2x Stdev		10.1

												2x -Stdev		-10.1

						Sum of Residuals2				488.64

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		22		14.67		2.53		6.39		37.08		17.5		-2.8		8.10

		23		14.33		2.56		6.56		36.71		17.8		-3.4		11.71

		23		14.67		2.56		6.56		37.58		17.8		-3.1		9.50

		23		9		2.56		6.56		23.05		17.8		-8.8		76.59

		23		8		2.56		6.56		20.49		17.8		-9.8		95.09

		23		14		2.56		6.56		35.86		17.8		-3.8		14.07

		23		28.67		2.56		6.56		73.44		17.8		10.9		119.22

		23		22.5		2.56		6.56		57.64		17.8		4.7		22.55

		23		16		2.56		6.56		40.99		17.8		-1.8		3.07

		23		16		2.56		6.56		40.99		17.8		-1.8		3.07

		23		19		2.56		6.56		48.67		17.8		1.2		1.56

		23		21.75		2.56		6.56		55.72		17.8		4.0		15.99

		23		17.67		2.56		6.56		45.26		17.8		-0.1		0.01

		23		13.33		2.56		6.56		34.15		17.8		-4.4		19.55

		23		23		2.56		6.56		58.92		17.8		5.2		27.55

		23		21		2.56		6.56		53.79		17.8		3.2		10.55

		28		22		2.72		7.38		59.78		18.8		3.2		10.05

		28		24.4		2.72		7.38		66.30		18.8		5.6		31.02

		28		18.5		2.72		7.38		50.27		18.8		-0.3		0.11

		28		20		2.72		7.38		54.35		18.8		1.2		1.37

						Sum		134.36		931.05		Mean		-0.0

												Stdev		5.0

						k		6.930				2x Stdev		10.1

												2x -Stdev		-10.1

						Sum of Residuals2				480.70

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		22		14.67		3.44		11.86		50.51		17.4		-2.7		7.32

		23		14.33		3.51		12.29		50.23		17.7		-3.4		11.27

		23		14.67		3.51		12.29		51.42		17.7		-3.0		9.10

		23		9		3.51		12.29		31.55		17.7		-8.7		75.47

		23		8		3.51		12.29		28.04		17.7		-9.7		93.84

		23		14		3.51		12.29		49.07		17.7		-3.7		13.59

		23		28.67		3.51		12.29		100.49		17.7		11.0		120.62

		23		22.5		3.51		12.29		78.86		17.7		4.8		23.16

		23		16		3.51		12.29		56.08		17.7		-1.7		2.85

		23		16		3.51		12.29		56.08		17.7		-1.7		2.85

		23		19		3.51		12.29		66.60		17.7		1.3		1.72

		23		21.75		3.51		12.29		76.23		17.7		4.1		16.51

		23		17.67		3.51		12.29		61.93		17.7		-0.0		0.00

		23		13.33		3.51		12.29		46.72		17.7		-4.4		18.98

		23		23		3.51		12.29		80.62		17.7		5.3		28.23

		23		21		3.51		12.29		73.61		17.7		3.3		10.98

		28		22		3.79		14.38		83.42		19.1		2.9		8.21

		28		24.4		3.79		14.38		92.52		19.1		5.3		27.72

		28		18.5		3.79		14.38		70.15		19.1		-0.6		0.40

		28		20		3.79		14.38		75.84		19.1		0.9		0.75

						Sum		253.65		1279.97		Mean		-0.0

												Stdev		5.0

						k		5.046				2x Stdev		10.0

												2x -Stdev		-10.0

						Sum of Residuals2				473.57

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		22		14.67		4.69		22.00		68.81		17.2		-2.6		6.56

		23		14.33		4.80		23.00		68.72		17.6		-3.3		10.82

		23		14.67		4.80		23.00		70.35		17.6		-2.9		8.70

		23		9		4.80		23.00		43.16		17.6		-8.6		74.29

		23		8		4.80		23.00		38.37		17.6		-9.6		92.53

		23		14		4.80		23.00		67.14		17.6		-3.6		13.10

		23		28.67		4.80		23.00		137.50		17.6		11.1		122.12

		23		22.5		4.80		23.00		107.91		17.6		4.9		23.82

		23		16		4.80		23.00		76.73		17.6		-1.6		2.62

		23		16		4.80		23.00		76.73		17.6		-1.6		2.62

		23		19		4.80		23.00		91.12		17.6		1.4		1.91

		23		21.75		4.80		23.00		104.31		17.6		4.1		17.06

		23		17.67		4.80		23.00		84.74		17.6		0.1		0.00

		23		13.33		4.80		23.00		63.93		17.6		-4.3		18.40

		23		23		4.80		23.00		110.30		17.6		5.4		28.95

		23		21		4.80		23.00		100.71		17.6		3.4		11.43

		28		22		5.29		28.00		116.41		19.4		2.6		6.55

		28		24.4		5.29		28.00		129.11		19.4		5.0		24.60

		28		18.5		5.29		28.00		97.89		19.4		-0.9		0.88

		28		20		5.29		28.00		105.83		19.4		0.6		0.31

						Sum		479.00		1759.79		Mean		-0.0

												Stdev		5.0

						k		3.674				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				467.29

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		22		14.67		6.39		40.82		93.73		17.1		-2.4		5.84

		23		14.33		6.56		43.06		94.03		17.5		-3.2		10.36

		23		14.67		6.56		43.06		96.26		17.5		-2.9		8.28

		23		9		6.56		43.06		59.06		17.5		-8.5		73.07

		23		8		6.56		43.06		52.50		17.5		-9.5		91.17

		23		14		6.56		43.06		91.87		17.5		-3.5		12.59

		23		28.67		6.56		43.06		188.13		17.5		11.1		123.70

		23		22.5		6.56		43.06		147.65		17.5		5.0		24.52

		23		16		6.56		43.06		104.99		17.5		-1.5		2.40

		23		16		6.56		43.06		104.99		17.5		-1.5		2.40

		23		19		6.56		43.06		124.68		17.5		1.5		2.11

		23		21.75		6.56		43.06		142.72		17.5		4.2		17.66

		23		17.67		6.56		43.06		115.95		17.5		0.1		0.01

		23		13.33		6.56		43.06		87.47		17.5		-4.2		17.79

		23		23		6.56		43.06		150.93		17.5		5.5		29.72

		23		21		6.56		43.06		137.80		17.5		3.5		11.92

		28		22		7.38		54.52		162.45		19.7		2.3		5.08

		28		24.4		7.38		54.52		180.17		19.7		4.7		21.66

		28		18.5		7.38		54.52		136.60		19.7		-1.2		1.55

		28		20		7.38		54.52		147.68		19.7		0.3		0.06

						Sum		904.82		2419.67		Mean		-0.0

												Stdev		4.9

						k		2.674				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				461.88

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		9.514		488.64

								0.3		6.930		480.70

								0.4		5.046		473.57

								0.5		3.674		467.29

								0.6		2.674		461.88

								e2 = Sum of Residuals2
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LONG-TERM CARBONATION DATA, REAL STRUCTURES

Overview of carbonation data b) Johannesburg, unsheltered.
Concrete strength grades: 30 and 35. Plain PC
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		BRIDGES OF JOHANNESBURG

		Overview (I.e. All grades, exposed & sheltered)

		Age		dc

		(Years)		(mm)
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Overview



G35e

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		19		30		1.80		3.25		54.06		19.1		10.9		118.71				19		30		1.80		3.25		54.06		19.1		10.9		119.47				19		30		1.80		3.25		54.06		19.4		10.6		112.60				19		30		1.80		3.25		54.06		18.9		11.1		123.76

		19		19		1.80		3.25		34.24		19.1		-0.1		0.01				19		19		1.80		3.25		34.24		19.1		-0.1		0.00				19		19		1.80		3.25		34.24		19.4		-0.4		0.15				19		19		1.80		3.25		34.24		18.9		0.1		0.02

		19		19		1.80		3.25		34.24		19.1		-0.1		0.01				19		19		1.80		3.25		34.24		19.1		-0.1		0.00				19		19		1.80		3.25		34.24		19.4		-0.4		0.15				19		19		1.80		3.25		34.24		18.9		0.1		0.02

		19		17		1.80		3.25		30.63		19.1		-2.1		4.43				19		17		1.80		3.25		30.63		19.1		-2.1		4.28				19		17		1.80		3.25		30.63		19.4		-2.4		5.71				19		17		1.80		3.25		30.63		18.9		-1.9		3.52

		20		8		1.82		3.31		14.56		19.3		-11.3		127.72				20		8		1.82		3.31		14.56		19.3		-11.3		126.94				20		8		1.82		3.31		14.56		19.6		-11.6		134.30				20		8		1.82		3.31		14.56		19.1		-11.1		122.54

		20		20		1.82		3.31		36.41		19.3		0.7		0.49				20		20		1.82		3.31		36.41		19.3		0.7		0.54				20		20		1.82		3.31		36.41		19.6		0.4		0.17				20		20		1.82		3.31		36.41		19.1		0.9		0.86

		20		24		1.82		3.31		43.69		19.3		4.7		22.08				20		24		1.82		3.31		43.69		19.3		4.7		22.41				20		24		1.82		3.31		43.69		19.6		4.4		19.46				20		24		1.82		3.31		43.69		19.1		4.9		24.31

		20		23		1.82		3.31		41.87		19.3		3.7		13.68				20		23		1.82		3.31		41.87		19.3		3.7		13.94				20		23		1.82		3.31		41.87		19.6		3.4		11.64				20		23		1.82		3.31		41.87		19.1		3.9		15.45

		21		13		1.84		3.38		23.90		19.5		-6.5		42.13				21		13		1.84		3.38		23.90		19.5		-6.5		41.67				21		13		1.84		3.38		23.90		19.8		-6.8		45.98				21		13		1.84		3.38		23.90		19.3		-6.3		39.15

		21		15		1.84		3.38		27.58		19.5		-4.5		20.17				21		15		1.84		3.38		27.58		19.5		-4.5		19.85				21		15		1.84		3.38		27.58		19.8		-4.8		22.86				21		15		1.84		3.38		27.58		19.3		-4.3		18.12

		22		25.7		1.86		3.44		47.69		19.7		6.0		36.33				22		25.7		1.86		3.44		47.69		19.6		6.1		36.76				22		25.7		1.86		3.44		47.69		20.0		5.7		32.88				22		25.7		1.86		3.44		47.69		19.4		6.3		39.23

		22		18.3		1.86		3.44		33.96		19.7		-1.4		1.88				22		18.3		1.86		3.44		33.96		19.6		-1.3		1.79				22		18.3		1.86		3.44		33.96		20.0		-1.7		2.77				22		18.3		1.86		3.44		33.96		19.4		-1.1		1.29

		23		22.75		1.87		3.51		42.59		19.8		2.9		8.42				23		22.75		1.87		3.51		42.59		19.8		2.9		8.63				23		22.75		1.87		3.51		42.59		20.1		2.6		6.79				23		22.75		1.87		3.51		42.59		19.6		3.1		9.86

		23		23.63		1.87		3.51		44.24		19.8		3.8		14.30				23		23.63		1.87		3.51		44.24		19.8		3.8		14.57				23		23.63		1.87		3.51		44.24		20.1		3.5		12.15				23		23.63		1.87		3.51		44.24		19.6		4.0		16.16

		23		26.2		1.87		3.51		49.05		19.8		6.4		40.34				23		26.2		1.87		3.51		49.05		19.8		6.4		40.80				23		26.2		1.87		3.51		49.05		20.1		6.1		36.67				23		26.2		1.87		3.51		49.05		19.6		6.6		43.42

		23		24.92		1.87		3.51		46.65		19.8		5.1		25.72				23		24.92		1.87		3.51		46.65		19.8		5.1		26.08				23		24.92		1.87		3.51		46.65		20.1		4.8		22.81				23		24.92		1.87		3.51		46.65		19.6		5.3		28.19

		23		23.67		1.87		3.51		44.31		19.8		3.8		14.60				23		23.67		1.87		3.51		44.31		19.8		3.9		14.88				23		23.67		1.87		3.51		44.31		20.1		3.5		12.43				23		23.67		1.87		3.51		44.31		19.6		4.1		16.48

		23		22.36		1.87		3.51		41.86		19.8		2.5		6.31				23		22.36		1.87		3.51		41.86		19.8		2.5		6.49				23		22.36		1.87		3.51		41.86		20.1		2.2		4.91				23		22.36		1.87		3.51		41.86		19.6		2.7		7.56

		23		22.13		1.87		3.51		41.43		19.8		2.3		5.21				23		22.13		1.87		3.51		41.43		19.8		2.3		5.37				23		22.13		1.87		3.51		41.43		20.1		2.0		3.94				23		22.13		1.87		3.51		41.43		19.6		2.5		6.35

		23		17.75		1.87		3.51		33.23		19.8		-2.1		4.40				23		17.75		1.87		3.51		33.23		19.8		-2.1		4.25				23		17.75		1.87		3.51		33.23		20.1		-2.4		5.73				23		17.75		1.87		3.51		33.23		19.6		-1.9		3.46

		23		10.5		1.87		3.51		19.66		19.8		-9.3		87.39				23		10.5		1.87		3.51		19.66		19.8		-9.3		86.73				23		10.5		1.87		3.51		19.66		20.1		-9.6		93.01				23		10.5		1.87		3.51		19.66		19.6		-9.1		83.00

		23		13.17		1.87		3.51		24.66		19.8		-6.7		44.60				23		13.17		1.87		3.51		24.66		19.8		-6.6		44.13				23		13.17		1.87		3.51		24.66		20.1		-7.0		48.64				23		13.17		1.87		3.51		24.66		19.6		-6.4		41.48

		23		17.5		1.87		3.51		32.76		19.8		-2.3		5.52				23		17.5		1.87		3.51		32.76		19.8		-2.3		5.35				23		17.5		1.87		3.51		32.76		20.1		-2.6		6.99				23		17.5		1.87		3.51		32.76		19.6		-2.1		4.45

		23		20.5		1.87		3.51		38.38		19.8		0.7		0.42				23		20.5		1.87		3.51		38.38		19.8		0.7		0.47				23		20.5		1.87		3.51		38.38		20.1		0.4		0.13				23		20.5		1.87		3.51		38.38		19.6		0.9		0.79

		23		19		1.87		3.51		35.57		19.8		-0.8		0.72				23		19		1.87		3.51		35.57		19.8		-0.8		0.66				23		19		1.87		3.51		35.57		20.1		-1.1		1.31				23		19		1.87		3.51		35.57		19.6		-0.6		0.37

		23		21		1.87		3.51		39.32		19.8		1.2		1.33				23		21		1.87		3.51		39.32		19.8		1.2		1.41				23		21		1.87		3.51		39.32		20.1		0.9		0.73				23		21		1.87		3.51		39.32		19.6		1.4		1.93

		23		14.33		1.87		3.51		26.83		19.8		-5.5		30.45				23		14.33		1.87		3.51		26.83		19.8		-5.5		30.06				23		14.33		1.87		3.51		26.83		20.1		-5.8		33.80				23		14.33		1.87		3.51		26.83		19.6		-5.3		27.88

		23		19		1.87		3.51		35.57		19.8		-0.8		0.72				23		19		1.87		3.51		35.57		19.8		-0.8		0.66				23		19		1.87		3.51		35.57		20.1		-1.1		1.31				23		19		1.87		3.51		35.57		19.6		-0.6		0.37

		23		25		1.87		3.51		46.80		19.8		5.2		26.54				23		25		1.87		3.51		46.80		19.8		5.2		26.91				23		25		1.87		3.51		46.80		20.1		4.9		23.58				23		25		1.87		3.51		46.80		19.6		5.4		29.05

		23		24.33		1.87		3.51		45.55		19.8		4.5		20.08				23		24.33		1.87		3.51		45.55		19.8		4.5		20.41				23		24.33		1.87		3.51		45.55		20.1		4.2		17.52				23		24.33		1.87		3.51		45.55		19.6		4.7		22.27

		23		18.25		1.87		3.51		34.17		19.8		-1.6		2.56				23		18.25		1.87		3.51		34.17		19.8		-1.6		2.44				23		18.25		1.87		3.51		34.17		20.1		-1.9		3.59				23		18.25		1.87		3.51		34.17		19.6		-1.4		1.85

		23		12.67		1.87		3.51		23.72		19.8		-7.2		51.53				23		12.67		1.87		3.51		23.72		19.8		-7.1		51.02				23		12.67		1.87		3.51		23.72		20.1		-7.5		55.86				23		12.67		1.87		3.51		23.72		19.6		-6.9		48.17

		23		18		1.87		3.51		33.70		19.8		-1.8		3.42				23		18		1.87		3.51		33.70		19.8		-1.8		3.29				23		18		1.87		3.51		33.70		20.1		-2.1		4.60				23		18		1.87		3.51		33.70		19.6		-1.6		2.59

		24		15		1.89		3.57		28.32		20.0		-5.0		25.18				24		15		1.89		3.57		28.32		20.0		-5.0		24.82				24		15		1.89		3.57		28.32		20.3		-5.3		28.26				24		15		1.89		3.57		28.32		19.8		-4.8		22.83

		24		4		1.89		3.57		7.55		20.0		-16.0		256.58				24		4		1.89		3.57		7.55		20.0		-16.0		255.43				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		3		1.89		3.57		5.66		20.0		-17.0		289.62				24		3		1.89		3.57		5.66		20.0		-17.0		288.39				24		30		1.89		3.57		56.65		20.3		9.7		93.78				24		30		1.89		3.57		56.65		19.8		10.2		104.49

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				24		20		1.89		3.57		37.76		20.0		0.0		0.00				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		30		1.89		3.57		56.65		20.0		10.0		99.64				24		30		1.89		3.57		56.65		20.0		10.0		100.36				24		20		1.89		3.57		37.76		20.3		-0.3		0.10				24		20		1.89		3.57		37.76		19.8		0.2		0.05

		24		41		1.89		3.57		77.42		20.0		21.0		440.24				24		35		1.89		3.57		66.09		20.0		15.0		225.54				26		20		1.92		3.68		38.37		20.6		-0.6		0.41				26		20		1.92		3.68		38.37		20.1		-0.1		0.01

		24		35		1.89		3.57		66.09		20.0		15.0		224.45				24		20		1.89		3.57		37.76		20.0		0.0		0.00				26		28		1.92		3.68		53.72		20.6		7.4		54.11				26		28		1.92		3.68		53.72		20.1		7.9		62.45

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				24		20		1.89		3.57		37.76		20.0		0.0		0.00				26		14		1.92		3.68		26.86		20.6		-6.6		44.14				26		14		1.92		3.68		26.86		20.1		-6.1		37.18

		24		20		1.89		3.57		37.76		20.0		-0.0		0.00				26		20		1.92		3.68		38.37		20.3		-0.3		0.09				26		10		1.92		3.68		19.19		20.6		-10.6		113.30				26		10		1.92		3.68		19.19		20.1		-10.1		101.96

		26		20		1.92		3.68		38.37		20.3		-0.3		0.12				26		28		1.92		3.68		53.72		20.3		7.7		59.22				26		16		1.92		3.68		30.70		20.6		-4.6		21.57				26		16		1.92		3.68		30.70		20.1		-4.1		16.79

		26		28		1.92		3.68		53.72		20.3		7.7		58.66				26		14		1.92		3.68		26.86		20.3		-6.3		39.75				26		15		1.92		3.68		28.78		20.6		-5.6		31.86				26		15		1.92		3.68		28.78		20.1		-5.1		25.98

		26		14		1.92		3.68		26.86		20.3		-6.3		40.21				26		10		1.92		3.68		19.19		20.3		-10.3		106.18				27		14		1.93		3.74		27.06		20.8		-6.8		46.25				27		14		1.93		3.74		27.06		20.2		-6.2		39.06

		26		10		1.92		3.68		19.19		20.3		-10.3		106.94				26		16		1.92		3.68		30.70		20.3		-4.3		18.53				27		10		1.93		3.74		19.33		20.8		-10.8		116.65				27		10		1.93		3.74		19.33		20.2		-10.2		105.05

		26		16		1.92		3.68		30.70		20.3		-4.3		18.85				26		15		1.92		3.68		28.78		20.3		-5.3		28.14				27		18		1.93		3.74		34.80		20.8		-2.8		7.84				27		18		1.93		3.74		34.80		20.2		-2.2		5.06

		26		15		1.92		3.68		28.78		20.3		-5.3		28.53				27		14		1.93		3.74		27.06		20.5		-6.5		41.71				28		30.83		1.95		3.79		60.04		21.0		9.9		97.57				28		30.83		1.95		3.79		60.04		20.4		10.4		108.84

		27		14		1.93		3.74		27.06		20.5		-6.5		42.19				27		10		1.93		3.74		19.33		20.5		-10.5		109.38				28		23.33		1.95		3.79		45.43		21.0		2.4		5.65				28		23.33		1.95		3.79		45.43		20.4		2.9		8.60

		27		10		1.93		3.74		19.33		20.5		-10.5		110.15				27		18		1.93		3.74		34.80		20.5		-2.5		6.04				28		30.33		1.95		3.79		59.06		21.0		9.4		87.94				28		30.33		1.95		3.79		59.06		20.4		9.9		98.66

		27		18		1.93		3.74		34.80		20.5		-2.5		6.23				28		30.83		1.95		3.79		60.04		20.6		10.2		104.49				28		25.67		1.95		3.79		49.99		21.0		4.7		22.26				28		25.67		1.95		3.79		49.99		20.4		5.3		27.80

		27		2		1.93		3.74		3.87		20.5		-18.5		342.08				28		23.33		1.95		3.79		45.43		20.6		2.7		7.41				30		15		1.97		3.90		29.62		21.2		-6.2		38.98				30		15		1.97		3.90		29.62		20.7		-5.7		32.27

		28		30.83		1.95		3.79		60.04		20.6		10.2		103.74				28		30.33		1.95		3.79		59.06		20.6		9.7		94.52				30		34		1.97		3.90		67.13		21.2		12.8		162.73								Sum		183.69		1924.09		Mean		0.0

		28		23.33		1.95		3.79		45.43		20.6		2.7		7.21				28		25.67		1.95		3.79		49.99		20.6		5.1		25.63				30		35		1.97		3.90		69.10		21.2		13.8		189.24														Stdev		5.6

		28		30.33		1.95		3.79		59.06		20.6		9.7		93.80				30		15		1.97		3.90		29.62		20.9		-5.9		34.74								Sum		191.48		2060.32		Mean		-0.0										k		10.475				2x Stdev		11.1

		28		25.67		1.95		3.79		49.99		20.6		5.0		25.25				30		34		1.97		3.90		67.13		20.9		13.1		171.77														Stdev		6.1																2x -Stdev		-11.1

		30		15		1.97		3.90		29.62		20.9		-5.9		35.19				30		35		1.97		3.90		69.10		20.9		14.1		198.98								k		10.760				2x Stdev		12.1										Sum of Residuals2				1581.12

		30		34		1.97		3.90		67.13		20.9		13.1		170.78								Sum		202.18		2139.63		Mean		-0.0																2x -Stdev		-12.1

		30		35		1.97		3.90		69.10		20.9		14.1		197.91														Stdev		7.0										Sum of Residuals2				1948.01

						Sum		209.48		2220.91		Mean		-0.0										k		10.583				2x Stdev		13.9

												Stdev		7.8																2x -Stdev		-13.9

						k		10.602				2x Stdev		15.5										Sum of Residuals2				2723.36

												2x -Stdev		-15.5

						Sum of Residuals2				3505.75

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		19		30		2.42		5.85		72.57		18.7		11.3		128.18				19		30		2.42		5.85		72.57		19.2		10.8		116.28				19		30		2.42		5.85		72.57		18.7		11.3		127.36				19		30		2.42		5.85		72.57		18.5		11.5		132.91				19		19		2.42		5.85		45.96		18.3		0.7		0.53

		19		19		2.42		5.85		45.96		18.7		0.3		0.10				19		19		2.42		5.85		45.96		19.2		-0.2		0.05				19		19		2.42		5.85		45.96		18.7		0.3		0.08				19		19		2.42		5.85		45.96		18.5		0.5		0.28				19		19		2.42		5.85		45.96		18.3		0.7		0.53

		19		19		2.42		5.85		45.96		18.7		0.3		0.10				19		19		2.42		5.85		45.96		19.2		-0.2		0.05				19		19		2.42		5.85		45.96		18.7		0.3		0.08				19		19		2.42		5.85		45.96		18.5		0.5		0.28				19		17		2.42		5.85		41.12		18.3		-1.3		1.62

		19		17		2.42		5.85		41.12		18.7		-1.7		2.82				19		17		2.42		5.85		41.12		19.2		-2.2		4.91				19		17		2.42		5.85		41.12		18.7		-1.7		2.94				19		17		2.42		5.85		41.12		18.5		-1.5		2.16				20		8		2.46		6.03		19.65		18.6		-10.6		111.43

		20		8		2.46		6.03		19.65		19.0		-11.0		120.30				20		8		2.46		6.03		19.65		19.5		-11.5		132.59				20		8		2.46		6.03		19.65		19.0		-11.0		121.11				20		8		2.46		6.03		19.65		18.8		-10.8		115.73				20		20		2.46		6.03		49.13		18.6		1.4		2.09

		20		20		2.46		6.03		49.13		19.0		1.0		1.07				20		20		2.46		6.03		49.13		19.5		0.5		0.24				20		20		2.46		6.03		49.13		19.0		1.0		0.99				20		20		2.46		6.03		49.13		18.8		1.2		1.54				20		24		2.46		6.03		58.95		18.6		5.4		29.64

		20		24		2.46		6.03		58.95		19.0		5.0		25.32				20		24		2.46		6.03		58.95		19.5		4.5		20.12				20		24		2.46		6.03		58.95		19.0		5.0		24.95				20		24		2.46		6.03		58.95		18.8		5.2		27.48				20		23		2.46		6.03		56.50		18.6		4.4		19.75

		20		23		2.46		6.03		56.50		19.0		4.0		16.26				20		23		2.46		6.03		56.50		19.5		3.5		12.15				20		23		2.46		6.03		56.50		19.0		4.0		15.96				20		23		2.46		6.03		56.50		18.8		4.2		18.00				21		13		2.49		6.21		32.40		18.8		-5.8		33.98

		21		13		2.49		6.21		32.40		19.2		-6.2		39.03				21		13		2.49		6.21		32.40		19.8		-6.8		46.27				21		13		2.49		6.21		32.40		19.3		-6.3		39.50				21		13		2.49		6.21		32.40		19.0		-6.0		36.41				21		15		2.49		6.21		37.39		18.8		-3.8		14.67

		21		15		2.49		6.21		37.39		19.2		-4.2		18.04				21		15		2.49		6.21		37.39		19.8		-4.8		23.06				21		15		2.49		6.21		37.39		19.3		-4.3		18.36				21		15		2.49		6.21		37.39		19.0		-4.0		16.28				22		25.7		2.53		6.39		64.96		19.1		6.6		43.64

		22		25.7		2.53		6.39		64.96		19.5		6.2		38.21				22		25.7		2.53		6.39		64.96		20.1		5.6		31.58				22		25.7		2.53		6.39		64.96		19.6		6.1		37.75				22		25.7		2.53		6.39		64.96		19.3		6.4		40.94				22		18.3		2.53		6.39		46.26		19.1		-0.8		0.63

		22		18.3		2.53		6.39		46.26		19.5		-1.2		1.48				22		18.3		2.53		6.39		46.26		20.1		-1.8		3.17				22		18.3		2.53		6.39		46.26		19.6		-1.3		1.58				22		18.3		2.53		6.39		46.26		19.3		-1.0		1.00				23		22.75		2.56		6.56		58.28		19.4		3.4		11.56

		23		22.75		2.56		6.56		58.28		19.8		3.0		8.82				23		22.75		2.56		6.56		58.28		20.4		2.4		5.76				23		22.75		2.56		6.56		58.28		19.8		2.9		8.59				23		22.75		2.56		6.56		58.28		19.6		3.2		10.17				23		23.63		2.56		6.56		60.53		19.4		4.3		18.31

		23		23.63		2.56		6.56		60.53		19.8		3.8		14.82				23		23.63		2.56		6.56		60.53		20.4		3.3		10.76				23		23.63		2.56		6.56		60.53		19.8		3.8		14.53				23		23.63		2.56		6.56		60.53		19.6		4.1		16.56				23		26.2		2.56		6.56		67.12		19.4		6.8		46.91

		23		26.2		2.56		6.56		67.12		19.8		6.4		41.21				23		26.2		2.56		6.56		67.12		20.4		5.8		34.22				23		26.2		2.56		6.56		67.12		19.8		6.4		40.72				23		26.2		2.56		6.56		67.12		19.6		6.6		44.08				23		24.92		2.56		6.56		63.84		19.4		5.6		31.02

		23		24.92		2.56		6.56		63.84		19.8		5.1		26.42				23		24.92		2.56		6.56		63.84		20.4		4.6		20.88				23		24.92		2.56		6.56		63.84		19.8		5.1		26.02				23		24.92		2.56		6.56		63.84		19.6		5.4		28.72				23		23.67		2.56		6.56		60.63		19.4		4.3		18.66

		23		23.67		2.56		6.56		60.63		19.8		3.9		15.13				23		23.67		2.56		6.56		60.63		20.4		3.3		11.02				23		23.67		2.56		6.56		60.63		19.8		3.9		14.83				23		23.67		2.56		6.56		60.63		19.6		4.1		16.88				23		22.36		2.56		6.56		57.28		19.4		3.0		9.06

		23		22.36		2.56		6.56		57.28		19.8		2.6		6.66				23		22.36		2.56		6.56		57.28		20.4		2.0		4.04				23		22.36		2.56		6.56		57.28		19.8		2.5		6.46				23		22.36		2.56		6.56		57.28		19.6		2.8		7.84				23		22.13		2.56		6.56		56.69		19.4		2.8		7.73

		23		22.13		2.56		6.56		56.69		19.8		2.3		5.52				23		22.13		2.56		6.56		56.69		20.4		1.8		3.17				23		22.13		2.56		6.56		56.69		19.8		2.3		5.34				23		22.13		2.56		6.56		56.69		19.6		2.6		6.60				23		17.75		2.56		6.56		45.47		19.4		-1.6		2.56

		23		17.75		2.56		6.56		45.47		19.8		-2.0		4.12				23		17.75		2.56		6.56		45.47		20.4		-2.6		6.76				23		17.75		2.56		6.56		45.47		19.8		-2.1		4.28				23		17.75		2.56		6.56		45.47		19.6		-1.8		3.28				23		10.5		2.56		6.56		26.90		19.4		-8.9		78.33

		23		10.5		2.56		6.56		26.90		19.8		-9.3		86.12				23		10.5		2.56		6.56		26.90		20.4		-9.9		97.03				23		10.5		2.56		6.56		26.90		19.8		-9.3		86.84				23		10.5		2.56		6.56		26.90		19.6		-9.1		82.10				23		13.17		2.56		6.56		33.74		19.4		-6.2		38.20

		23		13.17		2.56		6.56		33.74		19.8		-6.6		43.69				23		13.17		2.56		6.56		33.74		20.4		-7.2		51.56				23		13.17		2.56		6.56		33.74		19.8		-6.6		44.21				23		13.17		2.56		6.56		33.74		19.6		-6.4		40.84				23		17.5		2.56		6.56		44.83		19.4		-1.9		3.42

		23		17.5		2.56		6.56		44.83		19.8		-2.3		5.20				23		17.5		2.56		6.56		44.83		20.4		-2.9		8.12				23		17.5		2.56		6.56		44.83		19.8		-2.3		5.38				23		17.5		2.56		6.56		44.83		19.6		-2.1		4.25				23		20.5		2.56		6.56		52.51		19.4		1.1		1.32

		23		20.5		2.56		6.56		52.51		19.8		0.7		0.52				23		20.5		2.56		6.56		52.51		20.4		0.1		0.02				23		20.5		2.56		6.56		52.51		19.8		0.7		0.46				23		20.5		2.56		6.56		52.51		19.6		0.9		0.88				23		19		2.56		6.56		48.67		19.4		-0.4		0.12

		23		19		2.56		6.56		48.67		19.8		-0.8		0.61				23		19		2.56		6.56		48.67		20.4		-1.4		1.82				23		19		2.56		6.56		48.67		19.8		-0.8		0.67				23		19		2.56		6.56		48.67		19.6		-0.6		0.31				23		21		2.56		6.56		53.79		19.4		1.6		2.72

		23		21		2.56		6.56		53.79		19.8		1.2		1.49				23		21		2.56		6.56		53.79		20.4		0.6		0.42				23		21		2.56		6.56		53.79		19.8		1.2		1.40				23		21		2.56		6.56		53.79		19.6		1.4		2.07				23		14.33		2.56		6.56		36.71		19.4		-5.0		25.21

		23		14.33		2.56		6.56		36.71		19.8		-5.5		29.70				23		14.33		2.56		6.56		36.71		20.4		-6.0		36.24				23		14.33		2.56		6.56		36.71		19.8		-5.5		30.13				23		14.33		2.56		6.56		36.71		19.6		-5.2		27.36				23		19		2.56		6.56		48.67		19.4		-0.4		0.12

		23		19		2.56		6.56		48.67		19.8		-0.8		0.61				23		19		2.56		6.56		48.67		20.4		-1.4		1.82				23		19		2.56		6.56		48.67		19.8		-0.8		0.67				23		19		2.56		6.56		48.67		19.6		-0.6		0.31				23		25		2.56		6.56		64.04		19.4		5.6		31.92

		23		25		2.56		6.56		64.04		19.8		5.2		27.25				23		25		2.56		6.56		64.04		20.4		4.6		21.62				23		25		2.56		6.56		64.04		19.8		5.2		26.85				23		25		2.56		6.56		64.04		19.6		5.4		29.58				23		24.33		2.56		6.56		62.32		19.4		5.0		24.79

		23		24.33		2.56		6.56		62.32		19.8		4.5		20.70				23		24.33		2.56		6.56		62.32		20.4		4.0		15.84				23		24.33		2.56		6.56		62.32		19.8		4.5		20.35				23		24.33		2.56		6.56		62.32		19.6		4.8		22.74				23		18.25		2.56		6.56		46.75		19.4		-1.1		1.21

		23		18.25		2.56		6.56		46.75		19.8		-1.5		2.34				23		18.25		2.56		6.56		46.75		20.4		-2.1		4.41				23		18.25		2.56		6.56		46.75		19.8		-1.6		2.46				23		18.25		2.56		6.56		46.75		19.6		-1.3		1.72				23		12.67		2.56		6.56		32.46		19.4		-6.7		44.63

		23		12.67		2.56		6.56		32.46		19.8		-7.1		50.56				23		12.67		2.56		6.56		32.46		20.4		-7.7		58.99				23		12.67		2.56		6.56		32.46		19.8		-7.1		51.10				23		12.67		2.56		6.56		32.46		19.6		-6.9		47.48				23		18		2.56		6.56		46.11		19.4		-1.4		1.82

		23		18		2.56		6.56		46.11		19.8		-1.8		3.17				23		18		2.56		6.56		46.11		20.4		-2.4		5.52				23		18		2.56		6.56		46.11		19.8		-1.8		3.31				23		18		2.56		6.56		46.11		19.6		-1.6		2.44				24		15		2.59		6.73		38.92		19.6		-4.6		21.15

		24		15		2.59		6.73		38.92		20.0		-5.0		25.35				24		15		2.59		6.73		38.92		20.6		-5.6		31.49				24		15		2.59		6.73		38.92		20.1		-5.1		25.74				24		15		2.59		6.73		38.92		19.8		-4.8		23.16				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		4		2.59		6.73		10.38		20.0		-16.0		257.10				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				24		30		2.59		6.73		77.84		19.6		10.4		108.18

		24		3		2.59		6.73		7.78		20.0		-17.0		290.17				24		30		2.59		6.73		77.84		20.6		9.4		88.14				24		30		2.59		6.73		77.84		20.1		9.9		98.54				24		30		2.59		6.73		77.84		19.8		10.2		103.79				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				24		35		2.59		6.73		90.81		20.6		14.4		207.02				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				24		20		2.59		6.73		51.89		19.6		0.4		0.16

		24		30		2.59		6.73		77.84		20.0		10.0		99.31				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				24		20		2.59		6.73		51.89		20.1		-0.1		0.01				24		20		2.59		6.73		51.89		19.8		0.2		0.04				26		20		2.66		7.06		53.15		20.1		-0.1		0.01

		24		41		2.59		6.73		106.38		20.0		21.0		439.56				24		20		2.59		6.73		51.89		20.6		-0.6		0.37				26		20		2.66		7.06		53.15		20.6		-0.6		0.32				26		20		2.66		7.06		53.15		20.3		-0.3		0.09				26		28		2.66		7.06		74.41		20.1		7.9		62.80

		24		35		2.59		6.73		90.81		20.0		15.0		223.97				26		20		2.66		7.06		53.15		21.1		-1.1		1.24				26		28		2.66		7.06		74.41		20.6		7.4		55.33				26		28		2.66		7.06		74.41		20.3		7.7		59.39				26		14		2.66		7.06		37.21		20.1		-6.1		36.91

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				26		28		2.66		7.06		74.41		21.1		6.9		47.43				26		14		2.66		7.06		37.21		20.6		-6.6		43.05				26		14		2.66		7.06		37.21		20.3		-6.3		39.61				26		10		2.66		7.06		26.58		20.1		-10.1		101.52

		24		20		2.59		6.73		51.89		20.0		-0.0		0.00				26		14		2.66		7.06		37.21		21.1		-7.1		50.59				26		10		2.66		7.06		26.58		20.6		-10.6		111.54				26		10		2.66		7.06		26.58		20.3		-10.3		105.96				26		16		2.66		7.06		42.52		20.1		-4.1		16.61

		26		20		2.66		7.06		53.15		20.5		-0.5		0.27				26		10		2.66		7.06		26.58		21.1		-11.1		123.49				26		16		2.66		7.06		42.52		20.6		-4.6		20.81				26		16		2.66		7.06		42.52		20.3		-4.3		18.44				26		15		2.66		7.06		39.86		20.1		-5.1		25.76

		26		28		2.66		7.06		74.41		20.5		7.5		55.93				26		16		2.66		7.06		42.52		21.1		-5.1		26.14				26		15		2.66		7.06		39.86		20.6		-5.6		30.93				26		15		2.66		7.06		39.86		20.3		-5.3		28.02				27		14		2.69		7.22		37.63		20.3		-6.3		39.74

		26		14		2.66		7.06		37.21		20.5		-6.5		42.53				26		15		2.66		7.06		39.86		21.1		-6.1		37.37				27		14		2.69		7.22		37.63		20.8		-6.8		46.18				27		14		2.69		7.22		37.63		20.5		-6.5		42.57				27		10		2.69		7.22		26.88		20.3		-10.3		106.17

		26		10		2.66		7.06		26.58		20.5		-10.5		110.70				27		14		2.69		7.22		37.63		21.4		-7.4		54.07				27		10		2.69		7.22		26.88		20.8		-10.8		116.54				27		10		2.69		7.22		26.88		20.5		-10.5		110.77				27		18		2.69		7.22		48.38		20.3		-2.3		5.31

		26		16		2.66		7.06		42.52		20.5		-4.5		20.44				27		10		2.69		7.22		26.88		21.4		-11.4		128.89				27		18		2.69		7.22		48.38		20.8		-2.8		7.81				27		18		2.69		7.22		48.38		20.5		-2.5		6.37				28		30.83		2.72		7.38		83.78		20.5		10.3		106.15

		26		15		2.66		7.06		39.86		20.5		-5.5		30.48				27		18		2.69		7.22		48.38		21.4		-3.4		11.24				28		30.83		2.72		7.38		83.78		21.0		9.8		96.17				28		30.83		2.72		7.38		83.78		20.7		10.1		101.61				28		23.33		2.72		7.38		63.40		20.5		2.8		7.86

		27		14		2.69		7.22		37.63		20.8		-6.8		45.63				28		30.83		2.72		7.38		83.78		21.6		9.2		85.43				28		23.33		2.72		7.38		63.40		21.0		2.3		5.32				28		23.33		2.72		7.38		63.40		20.7		2.6		6.66				28		30.33		2.72		7.38		82.42		20.5		9.8		96.10

		27		10		2.69		7.22		26.88		20.8		-10.8		115.67				28		23.33		2.72		7.38		63.40		21.6		1.7		3.04				28		30.33		2.72		7.38		82.42		21.0		9.3		86.61				28		30.33		2.72		7.38		82.42		20.7		9.6		91.78				28		25.67		2.72		7.38		69.75		20.5		5.1		26.45

		27		18		2.69		7.22		48.38		20.8		-2.8		7.59				28		30.33		2.72		7.38		82.42		21.6		8.7		76.43				28		25.67		2.72		7.38		69.75		21.0		4.6		21.59				28		25.67		2.72		7.38		69.75		20.7		4.9		24.21				30		15		2.77		7.70		41.61		21.0		-6.0		35.48

		27		2		2.69		7.22		5.38		20.8		-18.8		351.75				28		25.67		2.72		7.38		69.75		21.6		4.1		16.67				30		15		2.77		7.70		41.61		21.5		-6.5		41.77				30		15		2.77		7.70		41.61		21.2		-6.2		38.24								Sum		339.64		2565.63		Mean		0.0

		28		30.83		2.72		7.38		83.78		21.0		9.8		96.97				30		15		2.77		7.70		41.61		22.0		-7.0		49.55				30		34		2.77		7.70		94.32		21.5		12.5		157.17								Sum		345.49		2638.20		Mean		0.0																Stdev		5.4

		28		23.33		2.72		7.38		63.40		21.0		2.3		5.51				30		34		2.77		7.70		94.32		22.0		12.0		143.07								Sum		353.19		2732.53		Mean		-0.0																Stdev		5.6										k		7.554				2x Stdev		10.8

		28		30.33		2.72		7.38		82.42		21.0		9.3		87.37				30		35		2.77		7.70		97.10		22.0		13.0		167.99														Stdev		5.8										k		7.636				2x Stdev		11.2																2x -Stdev		-10.8

		28		25.67		2.72		7.38		69.75		21.0		4.7		21.97								Sum		367.62		2920.43		Mean		-0.0										k		7.737				2x Stdev		11.6																2x -Stdev		-11.2										Sum of Residuals2				1454.81

		30		15		2.77		7.70		41.61		21.4		-6.4		41.24														Stdev		6.3																2x -Stdev		-11.6										Sum of Residuals2				1590.01

		30		34		2.77		7.70		94.32		21.4		12.6		158.22								k		7.944				2x Stdev		12.6										Sum of Residuals2				1750.68

		30		35		2.77		7.70		97.10		21.4		13.6		184.38														2x -Stdev		-12.6

						Sum		395.04		3050.35		Mean		-0.0										Sum of Residuals2				2140.90

												Stdev		7.8

						k		7.722				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3497.68

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		19		30		3.25		10.54		97.41		18.3		11.7		137.95				19		30		3.25		10.54		97.41		18.8		11.2		125.66				19		30		3.25		10.54		97.41		18.5		11.5		131.20				19		30		3.25		10.54		97.41		18.3		11.7		136.81				19		30		3.25		10.54		97.41		18.1		11.9		142.34				19		19		3.25		10.54		61.70		17.9		1.1		1.27

		19		19		3.25		10.54		61.70		18.3		0.7		0.56				19		19		3.25		10.54		61.70		18.8		0.2		0.04				19		19		3.25		10.54		61.70		18.5		0.5		0.21				19		19		3.25		10.54		61.70		18.3		0.7		0.49				19		19		3.25		10.54		61.70		18.1		0.9		0.87				19		19		3.25		10.54		61.70		17.9		1.1		1.27

		19		19		3.25		10.54		61.70		18.3		0.7		0.56				19		19		3.25		10.54		61.70		18.8		0.2		0.04				19		19		3.25		10.54		61.70		18.5		0.5		0.21				19		19		3.25		10.54		61.70		18.3		0.7		0.49				19		19		3.25		10.54		61.70		18.1		0.9		0.87				19		17		3.25		10.54		55.20		17.9		-0.9		0.76

		19		17		3.25		10.54		55.20		18.3		-1.3		1.57				19		17		3.25		10.54		55.20		18.8		-1.8		3.20				19		17		3.25		10.54		55.20		18.5		-1.5		2.39				19		17		3.25		10.54		55.20		18.3		-1.3		1.70				19		17		3.25		10.54		55.20		18.1		-1.1		1.14				20		8		3.31		10.99		26.52		18.2		-10.2		104.92

		20		8		3.31		10.99		26.52		18.6		-10.6		113.07				20		8		3.31		10.99		26.52		19.2		-11.2		124.99				20		8		3.31		10.99		26.52		18.9		-10.9		119.47				20		8		3.31		10.99		26.52		18.7		-10.7		114.12				20		8		3.31		10.99		26.52		18.4		-10.4		109.07				20		20		3.31		10.99		66.29		18.2		1.8		3.09

		20		20		3.31		10.99		66.29		18.6		1.4		1.87				20		20		3.31		10.99		66.29		19.2		0.8		0.67				20		20		3.31		10.99		66.29		18.9		1.1		1.14				20		20		3.31		10.99		66.29		18.7		1.3		1.73				20		20		3.31		10.99		66.29		18.4		1.6		2.42				20		24		3.31		10.99		79.55		18.2		5.8		33.14

		20		24		3.31		10.99		79.55		18.6		5.4		28.80				20		24		3.31		10.99		79.55		19.2		4.8		23.24				20		24		3.31		10.99		79.55		18.9		5.1		25.70				20		24		3.31		10.99		79.55		18.7		5.3		28.27				20		24		3.31		10.99		79.55		18.4		5.6		30.87				20		23		3.31		10.99		76.23		18.2		4.8		22.63

		20		23		3.31		10.99		76.23		18.6		4.4		19.07				20		23		3.31		10.99		76.23		19.2		3.8		14.59				20		23		3.31		10.99		76.23		18.9		4.1		16.56				20		23		3.31		10.99		76.23		18.7		4.3		18.64				20		23		3.31		10.99		76.23		18.4		4.6		20.76				21		13		3.38		11.42		43.94		18.6		-5.6		31.39

		21		13		3.38		11.42		43.94		19.0		-6.0		36.01				21		13		3.38		11.42		43.94		19.6		-6.6		43.00				21		13		3.38		11.42		43.94		19.3		-6.3		39.73				21		13		3.38		11.42		43.94		19.1		-6.1		36.62				21		13		3.38		11.42		43.94		18.8		-5.8		33.73				21		15		3.38		11.42		50.70		18.6		-3.6		12.98

		21		15		3.38		11.42		50.70		19.0		-4.0		16.00				21		15		3.38		11.42		50.70		19.6		-4.6		20.77				21		15		3.38		11.42		50.70		19.3		-4.3		18.52				21		15		3.38		11.42		50.70		19.1		-4.1		16.41				21		15		3.38		11.42		50.70		18.8		-3.8		14.50				22		25.7		3.44		11.86		88.49		19.0		6.7		45.54

		22		25.7		3.44		11.86		88.49		19.4		6.3		40.23				22		25.7		3.44		11.86		88.49		19.9		5.8		33.35				22		25.7		3.44		11.86		88.49		19.7		6.0		36.41				22		25.7		3.44		11.86		88.49		19.4		6.3		39.58				22		25.7		3.44		11.86		88.49		19.2		6.5		42.76				22		18.3		3.44		11.86		63.01		19.0		-0.7		0.43

		22		18.3		3.44		11.86		63.01		19.4		-1.1		1.12				22		18.3		3.44		11.86		63.01		19.9		-1.6		2.64				22		18.3		3.44		11.86		63.01		19.7		-1.4		1.87				22		18.3		3.44		11.86		63.01		19.4		-1.1		1.23				22		18.3		3.44		11.86		63.01		19.2		-0.9		0.74				23		22.75		3.51		12.29		79.74		19.3		3.5		11.96

		23		22.75		3.51		12.29		79.74		19.7		3.0		9.27				23		22.75		3.51		12.29		79.74		20.3		2.5		6.09				23		22.75		3.51		12.29		79.74		20.0		2.7		7.46				23		22.75		3.51		12.29		79.74		19.8		3.0		8.96				23		22.75		3.51		12.29		79.74		19.5		3.2		10.53				23		23.63		3.51		12.29		82.82		19.3		4.3		18.82

		23		23.63		3.51		12.29		82.82		19.7		3.9		15.41				23		23.63		3.51		12.29		82.82		20.3		3.3		11.21				23		23.63		3.51		12.29		82.82		20.0		3.6		13.04				23		23.63		3.51		12.29		82.82		19.8		3.9		15.00				23		23.63		3.51		12.29		82.82		19.5		4.1		17.02				23		26.2		3.51		12.29		91.83		19.3		6.9		47.72

		23		26.2		3.51		12.29		91.83		19.7		6.5		42.19				23		26.2		3.51		12.29		91.83		20.3		5.9		35.02				23		26.2		3.51		12.29		91.83		20.0		6.2		38.21				23		26.2		3.51		12.29		91.83		19.8		6.4		41.51				23		26.2		3.51		12.29		91.83		19.5		6.7		44.83				23		24.92		3.51		12.29		87.35		19.3		5.6		31.67

		23		24.92		3.51		12.29		87.35		19.7		5.2		27.20				23		24.92		3.51		12.29		87.35		20.3		4.6		21.51				23		24.92		3.51		12.29		87.35		20.0		4.9		24.02				23		24.92		3.51		12.29		87.35		19.8		5.2		26.66				23		24.92		3.51		12.29		87.35		19.5		5.4		29.33				23		23.67		3.51		12.29		82.96		19.3		4.4		19.17

		23		23.67		3.51		12.29		82.96		19.7		4.0		15.72				23		23.67		3.51		12.29		82.96		20.3		3.4		11.48				23		23.67		3.51		12.29		82.96		20.0		3.7		13.33				23		23.67		3.51		12.29		82.96		19.8		3.9		15.31				23		23.67		3.51		12.29		82.96		19.5		4.2		17.35				23		22.36		3.51		12.29		78.37		19.3		3.1		9.41

		23		22.36		3.51		12.29		78.37		19.7		2.7		7.05				23		22.36		3.51		12.29		78.37		20.3		2.1		4.32				23		22.36		3.51		12.29		78.37		20.0		2.3		5.48				23		22.36		3.51		12.29		78.37		19.8		2.6		6.78				23		22.36		3.51		12.29		78.37		19.5		2.9		8.15				23		22.13		3.51		12.29		77.57		19.3		2.8		8.05

		23		22.13		3.51		12.29		77.57		19.7		2.4		5.88				23		22.13		3.51		12.29		77.57		20.3		1.8		3.41				23		22.13		3.51		12.29		77.57		20.0		2.1		4.46				23		22.13		3.51		12.29		77.57		19.8		2.4		5.63				23		22.13		3.51		12.29		77.57		19.5		2.6		6.89				23		17.75		3.51		12.29		62.21		19.3		-1.5		2.38

		23		17.75		3.51		12.29		62.21		19.7		-2.0		3.82				23		17.75		3.51		12.29		62.21		20.3		-2.5		6.41				23		17.75		3.51		12.29		62.21		20.0		-2.3		5.15				23		17.75		3.51		12.29		62.21		19.8		-2.0		4.03				23		17.75		3.51		12.29		62.21		19.5		-1.8		3.08				23		10.5		3.51		12.29		36.80		19.3		-8.8		77.30

		23		10.5		3.51		12.29		36.80		19.7		-9.2		84.73				23		10.5		3.51		12.29		36.80		20.3		-9.8		95.70				23		10.5		3.51		12.29		36.80		20.0		-9.5		90.60				23		10.5		3.51		12.29		36.80		19.8		-9.3		85.69				23		10.5		3.51		12.29		36.80		19.5		-9.0		81.08				23		13.17		3.51		12.29		46.16		19.3		-6.1		37.48

		23		13.17		3.51		12.29		46.16		19.7		-6.5		42.70				23		13.17		3.51		12.29		46.16		20.3		-7.1		50.59				23		13.17		3.51		12.29		46.16		20.0		-6.8		46.90				23		13.17		3.51		12.29		46.16		19.8		-6.6		43.39				23		13.17		3.51		12.29		46.16		19.5		-6.3		40.12				23		17.5		3.51		12.29		61.34		19.3		-1.8		3.21

		23		17.5		3.51		12.29		61.34		19.7		-2.2		4.86				23		17.5		3.51		12.29		61.34		20.3		-2.8		7.74				23		17.5		3.51		12.29		61.34		20.0		-2.5		6.34				23		17.5		3.51		12.29		61.34		19.8		-2.3		5.09				23		17.5		3.51		12.29		61.34		19.5		-2.0		4.02				23		20.5		3.51		12.29		71.85		19.3		1.2		1.46

		23		20.5		3.51		12.29		71.85		19.7		0.8		0.63				23		20.5		3.51		12.29		71.85		20.3		0.2		0.05				23		20.5		3.51		12.29		71.85		20.0		0.5		0.23				23		20.5		3.51		12.29		71.85		19.8		0.7		0.55				23		20.5		3.51		12.29		71.85		19.5		1.0		0.99				23		19		3.51		12.29		66.60		19.3		-0.3		0.09

		23		19		3.51		12.29		66.60		19.7		-0.7		0.50				23		19		3.51		12.29		66.60		20.3		-1.3		1.64				23		19		3.51		12.29		66.60		20.0		-1.0		1.04				23		19		3.51		12.29		66.60		19.8		-0.8		0.57				23		19		3.51		12.29		66.60		19.5		-0.5		0.25				23		21		3.51		12.29		73.61		19.3		1.7		2.92

		23		21		3.51		12.29		73.61		19.7		1.3		1.68				23		21		3.51		12.29		73.61		20.3		0.7		0.51				23		21		3.51		12.29		73.61		20.0		1.0		0.96				23		21		3.51		12.29		73.61		19.8		1.2		1.54				23		21		3.51		12.29		73.61		19.5		1.5		2.24				23		14.33		3.51		12.29		50.23		19.3		-5.0		24.62

		23		14.33		3.51		12.29		50.23		19.7		-5.4		28.89				23		14.33		3.51		12.29		50.23		20.3		-6.0		35.43				23		14.33		3.51		12.29		50.23		20.0		-5.7		32.36				23		14.33		3.51		12.29		50.23		19.8		-5.4		29.45				23		14.33		3.51		12.29		50.23		19.5		-5.2		26.77				23		19		3.51		12.29		66.60		19.3		-0.3		0.09

		23		19		3.51		12.29		66.60		19.7		-0.7		0.50				23		19		3.51		12.29		66.60		20.3		-1.3		1.64				23		19		3.51		12.29		66.60		20.0		-1.0		1.04				23		19		3.51		12.29		66.60		19.8		-0.8		0.57				23		19		3.51		12.29		66.60		19.5		-0.5		0.25				23		25		3.51		12.29		87.63		19.3		5.7		32.58

		23		25		3.51		12.29		87.63		19.7		5.3		28.04				23		25		3.51		12.29		87.63		20.3		4.7		22.25				23		25		3.51		12.29		87.63		20.0		5.0		24.81				23		25		3.51		12.29		87.63		19.8		5.2		27.49				23		25		3.51		12.29		87.63		19.5		5.5		30.20				23		24.33		3.51		12.29		85.28		19.3		5.0		25.38

		23		24.33		3.51		12.29		85.28		19.7		4.6		21.39				23		24.33		3.51		12.29		85.28		20.3		4.0		16.38				23		24.33		3.51		12.29		85.28		20.0		4.3		18.59				23		24.33		3.51		12.29		85.28		19.8		4.6		20.91				23		24.33		3.51		12.29		85.28		19.5		4.8		23.29				23		18.25		3.51		12.29		63.97		19.3		-1.0		1.09

		23		18.25		3.51		12.29		63.97		19.7		-1.5		2.12				23		18.25		3.51		12.29		63.97		20.3		-2.0		4.13				23		18.25		3.51		12.29		63.97		20.0		-1.8		3.13				23		18.25		3.51		12.29		63.97		19.8		-1.5		2.27				23		18.25		3.51		12.29		63.97		19.5		-1.3		1.57				23		12.67		3.51		12.29		44.41		19.3		-6.6		43.85

		23		12.67		3.51		12.29		44.41		19.7		-7.0		49.49				23		12.67		3.51		12.29		44.41		20.3		-7.6		57.95				23		12.67		3.51		12.29		44.41		20.0		-7.3		54.00				23		12.67		3.51		12.29		44.41		19.8		-7.1		50.23				23		12.67		3.51		12.29		44.41		19.5		-6.8		46.71				23		18		3.51		12.29		63.09		19.3		-1.3		1.67

		23		18		3.51		12.29		63.09		19.7		-1.7		2.91				23		18		3.51		12.29		63.09		20.3		-2.3		5.21				23		18		3.51		12.29		63.09		20.0		-2.0		4.07				23		18		3.51		12.29		63.09		19.8		-1.8		3.09				23		18		3.51		12.29		63.09		19.5		-1.5		2.26				24		15		3.57		12.71		53.48		19.6		-4.6		21.37

		24		15		3.57		12.71		53.48		20.0		-5.0		25.43				24		15		3.57		12.71		53.48		20.6		-5.6		31.71				24		15		3.57		12.71		53.48		20.4		-5.4		28.75				24		15		3.57		12.71		53.48		20.1		-5.1		25.97				24		15		3.57		12.71		53.48		19.8		-4.8		23.42				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		4		3.57		12.71		14.26		20.0		-16.0		257.38				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				24		30		3.57		12.71		106.96		19.6		10.4		107.68

		24		3		3.57		12.71		10.70		20.0		-17.0		290.46				24		30		3.57		12.71		106.96		20.6		9.4		87.78				24		30		3.57		12.71		106.96		20.4		9.6		92.88				24		30		3.57		12.71		106.96		20.1		9.9		98.08				24		30		3.57		12.71		106.96		19.8		10.2		103.24				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				24		35		3.57		12.71		124.78		20.6		14.4		206.48				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				24		20		3.57		12.71		71.30		19.6		0.4		0.14

		24		30		3.57		12.71		106.96		20.0		10.0		99.14				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				24		20		3.57		12.71		71.30		20.4		-0.4		0.13				24		20		3.57		12.71		71.30		20.1		-0.1		0.01				24		20		3.57		12.71		71.30		19.8		0.2		0.03				26		20		3.68		13.55		73.62		20.3		-0.3		0.07

		24		41		3.57		12.71		146.17		20.0		21.0		439.20				24		20		3.57		12.71		71.30		20.6		-0.6		0.40				26		20		3.68		13.55		73.62		21.0		-1.0		1.05				26		20		3.68		13.55		73.62		20.8		-0.8		0.56				26		20		3.68		13.55		73.62		20.5		-0.5		0.23				26		28		3.68		13.55		103.07		20.3		7.7		59.88

		24		35		3.57		12.71		124.78		20.0		15.0		223.71				26		20		3.68		13.55		73.62		21.3		-1.3		1.70				26		28		3.68		13.55		103.07		21.0		7.0		48.65				26		28		3.68		13.55		103.07		20.8		7.2		52.56				26		28		3.68		13.55		103.07		20.5		7.5		56.48				26		14		3.68		13.55		51.54		20.3		-6.3		39.21

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				26		28		3.68		13.55		103.07		21.3		6.7		44.86				26		14		3.68		13.55		51.54		21.0		-7.0		49.35				26		14		3.68		13.55		51.54		20.8		-6.8		45.56				26		14		3.68		13.55		51.54		20.5		-6.5		42.05				26		10		3.68		13.55		36.81		20.3		-10.3		105.30

		24		20		3.57		12.71		71.30		20.0		-0.0		0.00				26		14		3.68		13.55		51.54		21.3		-7.3		53.32				26		10		3.68		13.55		36.81		21.0		-11.0		121.55				26		10		3.68		13.55		36.81		20.8		-10.8		115.57				26		10		3.68		13.55		36.81		20.5		-10.5		109.93				26		16		3.68		13.55		58.90		20.3		-4.3		18.16

		26		20		3.68		13.55		73.62		20.7		-0.7		0.48				26		10		3.68		13.55		36.81		21.3		-11.3		127.73				26		16		3.68		13.55		58.90		21.0		-5.0		25.25				26		16		3.68		13.55		58.90		20.8		-4.8		22.56				26		16		3.68		13.55		58.90		20.5		-4.5		20.11				26		15		3.68		13.55		55.22		20.3		-5.3		27.69

		26		28		3.68		13.55		103.07		20.7		7.3		53.36				26		16		3.68		13.55		58.90		21.3		-5.3		28.11				26		15		3.68		13.55		55.22		21.0		-6.0		36.30				26		15		3.68		13.55		55.22		20.8		-5.8		33.06				26		15		3.68		13.55		55.22		20.5		-5.5		30.08				27		14		3.74		13.97		52.32		20.6		-6.6		43.16

		26		14		3.68		13.55		51.54		20.7		-6.7		44.82				26		15		3.68		13.55		55.22		21.3		-6.3		39.71				27		14		3.74		13.97		52.32		21.3		-7.3		53.94				27		14		3.74		13.97		52.32		21.1		-7.1		49.92				27		14		3.74		13.97		52.32		20.8		-6.8		46.19				27		10		3.74		13.97		37.37		20.6		-10.6		111.72

		26		10		3.68		13.55		36.81		20.7		-10.7		114.38				27		14		3.74		13.97		52.32		21.6		-7.6		58.16				27		10		3.74		13.97		37.37		21.3		-11.3		128.70				27		10		3.74		13.97		37.37		21.1		-11.1		122.45				27		10		3.74		13.97		37.37		20.8		-10.8		116.56				27		18		3.74		13.97		67.27		20.6		-2.6		6.60

		26		16		3.68		13.55		58.90		20.7		-4.7		22.04				27		10		3.74		13.97		37.37		21.6		-11.6		135.16				27		18		3.74		13.97		67.27		21.3		-3.3		11.19				27		18		3.74		13.97		67.27		21.1		-3.1		9.40				27		18		3.74		13.97		67.27		20.8		-2.8		7.82				28		30.83		3.79		14.38		116.91		20.9		10.0		99.18

		26		15		3.68		13.55		55.22		20.7		-5.7		32.43				27		18		3.74		13.97		67.27		21.6		-3.6		13.15				28		30.83		3.79		14.38		116.91		21.7		9.2		84.14				28		30.83		3.79		14.38		116.91		21.4		9.5		89.41				28		30.83		3.79		14.38		116.91		21.1		9.7		94.65				28		23.33		3.79		14.38		88.47		20.9		2.5		6.05

		27		14		3.74		13.97		52.32		21.0		-7.0		49.14				28		30.83		3.79		14.38		116.91		21.9		8.9		78.98				28		23.33		3.79		14.38		88.47		21.7		1.7		2.80				28		23.33		3.79		14.38		88.47		21.4		2.0		3.82				28		23.33		3.79		14.38		88.47		21.1		2.2		4.97				28		30.33		3.79		14.38		115.01		20.9		9.5		89.47

		27		10		3.74		13.97		37.37		21.0		-11.0		121.22				28		23.33		3.79		14.38		88.47		21.9		1.4		1.92				28		30.33		3.79		14.38		115.01		21.7		8.7		75.21				28		30.33		3.79		14.38		115.01		21.4		9.0		80.20				28		30.33		3.79		14.38		115.01		21.1		9.2		85.17				28		25.67		3.79		14.38		97.34		20.9		4.8		23.03

		27		18		3.74		13.97		67.27		21.0		-3.0		9.06				28		30.33		3.79		14.38		115.01		21.9		8.4		70.34				28		25.67		3.79		14.38		97.34		21.7		4.0		16.10				28		25.67		3.79		14.38		97.34		21.4		4.3		18.45				28		25.67		3.79		14.38		97.34		21.1		4.6		20.88				30		15		3.90		15.19		58.47		21.5		-6.5		41.67

		27		2		3.74		13.97		7.47		21.0		-19.0		361.37				28		25.67		3.79		14.38		97.34		21.9		3.7		13.89				30		15		3.90		15.19		58.47		22.3		-7.3		52.76				30		15		3.90		15.19		58.47		22.0		-7.0		48.62				30		15		3.90		15.19		58.47		21.7		-6.7		44.78								Sum		639.59		3520.38		Mean		0.0

		28		30.83		3.79		14.38		116.91		21.3		9.5		90.48				30		15		3.90		15.19		58.47		22.6		-7.6		57.11				30		34		3.90		15.19		132.53		22.3		11.7		137.75				30		34		3.90		15.19		132.53		22.0		12.0		144.66								Sum		650.14		3617.80		Mean		0.0																Stdev		5.4

		28		23.33		3.79		14.38		88.47		21.3		2.0		4.05				30		34		3.90		15.19		132.53		22.6		11.4		130.95				30		35		3.90		15.19		136.43		22.3		12.7		162.22								Sum		665.33		3750.33		Mean		0.0																Stdev		5.6										k		5.504				2x Stdev		10.8

		28		30.33		3.79		14.38		115.01		21.3		9.0		81.22				30		35		3.90		15.19		136.43		22.6		12.4		154.83								Sum		680.53		3886.76		Mean		-0.0																Stdev		5.8										k		5.565				2x Stdev		11.2																2x -Stdev		-10.8

		28		25.67		3.79		14.38		97.34		21.3		4.4		18.94								Sum		693.24		4011.54		Mean		-0.0																Stdev		6.0										k		5.637				2x Stdev		11.6																2x -Stdev		-11.2										Sum of Residuals2				1458.98

		30		15		3.90		15.19		58.47		21.9		-6.9		47.81														Stdev		6.3										k		5.711				2x Stdev		12.0																2x -Stdev		-11.6										Sum of Residuals2				1603.67

		30		34		3.90		15.19		132.53		21.9		12.1		146.07								k		5.787				2x Stdev		12.6																2x -Stdev		-12.0										Sum of Residuals2				1751.71

		30		35		3.90		15.19		136.43		21.9		13.1		171.24														2x -Stdev		-12.6										Sum of Residuals2				1917.64

						Sum		745.34		4190.15		Mean		0.0										Sum of Residuals2				2127.97

												Stdev		7.8

						k		5.622				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3495.22

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.5								Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2				Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		19		30		4.36		19.00		130.77		17.8		12.2		148.01				19		30		4.36		19.00		130.77		18.4		11.6		135.35

		19		19		4.36		19.00		82.82		17.8		1.2		1.36				19		19		4.36		19.00		82.82		18.4		0.6		0.40

		19		19		4.36		19.00		82.82		17.8		1.2		1.36				19		19		4.36		19.00		82.82		18.4		0.6		0.40

		19		17		4.36		19.00		74.10		17.8		-0.8		0.70				19		17		4.36		19.00		74.10		18.4		-1.4		1.87

		20		8		4.47		20.00		35.78		18.3		-10.3		106.04				20		8		4.47		20.00		35.78		18.8		-10.8		117.57

		20		20		4.47		20.00		89.44		18.3		1.7		2.90				20		20		4.47		20.00		89.44		18.8		1.2		1.34

		20		24		4.47		20.00		107.33		18.3		5.7		32.52				20		24		4.47		20.00		107.33		18.8		5.2		26.60

		20		23		4.47		20.00		102.86		18.3		4.7		22.11				20		23		4.47		20.00		102.86		18.8		4.2		17.28

		21		13		4.58		21.00		59.57		18.7		-5.7		33.06				21		13		4.58		21.00		59.57		19.3		-6.3		39.79

		21		15		4.58		21.00		68.74		18.7		-3.7		14.06				21		15		4.58		21.00		68.74		19.3		-4.3		18.56

		22		25.7		4.69		22.00		120.54		19.2		6.5		42.37				22		25.7		4.69		22.00		120.54		19.8		5.9		35.25

		22		18.3		4.69		22.00		85.83		19.2		-0.9		0.79				22		18.3		4.69		22.00		85.83		19.8		-1.5		2.14

		23		22.75		4.80		23.00		109.11		19.6		3.1		9.78				23		22.75		4.80		23.00		109.11		20.2		2.5		6.47

		23		23.63		4.80		23.00		113.33		19.6		4.0		16.06				23		23.63		4.80		23.00		113.33		20.2		3.4		11.72

		23		26.2		4.80		23.00		125.65		19.6		6.6		43.27				23		26.2		4.80		23.00		125.65		20.2		6.0		35.92

		23		24.92		4.80		23.00		119.51		19.6		5.3		28.07				23		24.92		4.80		23.00		119.51		20.2		4.7		22.21

		23		23.67		4.80		23.00		113.52		19.6		4.0		16.39				23		23.67		4.80		23.00		113.52		20.2		3.5		11.99

		23		22.36		4.80		23.00		107.23		19.6		2.7		7.50				23		22.36		4.80		23.00		107.23		20.2		2.2		4.64

		23		22.13		4.80		23.00		106.13		19.6		2.5		6.29				23		22.13		4.80		23.00		106.13		20.2		1.9		3.70

		23		17.75		4.80		23.00		85.13		19.6		-1.9		3.50				23		17.75		4.80		23.00		85.13		20.2		-2.5		6.04

		23		10.5		4.80		23.00		50.36		19.6		-9.1		83.21				23		10.5		4.80		23.00		50.36		20.2		-9.7		94.22

		23		13.17		4.80		23.00		63.16		19.6		-6.5		41.63				23		13.17		4.80		23.00		63.16		20.2		-7.0		49.52

		23		17.5		4.80		23.00		83.93		19.6		-2.1		4.50				23		17.5		4.80		23.00		83.93		20.2		-2.7		7.33

		23		20.5		4.80		23.00		98.31		19.6		0.9		0.77				23		20.5		4.80		23.00		98.31		20.2		0.3		0.09

		23		19		4.80		23.00		91.12		19.6		-0.6		0.39				23		19		4.80		23.00		91.12		20.2		-1.2		1.46

		23		21		4.80		23.00		100.71		19.6		1.4		1.90				23		21		4.80		23.00		100.71		20.2		0.8		0.63

		23		14.33		4.80		23.00		68.72		19.6		-5.3		28.00				23		14.33		4.80		23.00		68.72		20.2		-5.9		34.54

		23		19		4.80		23.00		91.12		19.6		-0.6		0.39				23		19		4.80		23.00		91.12		20.2		-1.2		1.46

		23		25		4.80		23.00		119.90		19.6		5.4		28.92				23		25		4.80		23.00		119.90		20.2		4.8		22.98

		23		24.33		4.80		23.00		116.68		19.6		4.7		22.17				23		24.33		4.80		23.00		116.68		20.2		4.1		17.00

		23		18.25		4.80		23.00		87.52		19.6		-1.4		1.88				23		18.25		4.80		23.00		87.52		20.2		-2.0		3.83

		23		12.67		4.80		23.00		60.76		19.6		-7.0		48.33				23		12.67		4.80		23.00		60.76		20.2		-7.5		56.80

		23		18		4.80		23.00		86.32		19.6		-1.6		2.63				23		18		4.80		23.00		86.32		20.2		-2.2		4.87

		24		15		4.90		24.00		73.48		20.0		-5.0		25.44				24		15		4.90		24.00		73.48		20.6		-5.6		31.83

		24		4		4.90		24.00		19.60		20.0		-16.0		257.41				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		3		4.90		24.00		14.70		20.0		-17.0		290.50				24		30		4.90		24.00		146.97		20.6		9.4		87.58

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				24		35		4.90		24.00		171.46		20.6		14.4		206.17

		24		30		4.90		24.00		146.97		20.0		10.0		99.12				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		41		4.90		24.00		200.86		20.0		21.0		439.16				24		20		4.90		24.00		97.98		20.6		-0.6		0.41

		24		35		4.90		24.00		171.46		20.0		15.0		223.68				26		20		5.10		26.00		101.98		21.5		-1.5		2.20

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				26		28		5.10		26.00		142.77		21.5		6.5		42.46

		24		20		4.90		24.00		97.98		20.0		-0.0		0.00				26		14		5.10		26.00		71.39		21.5		-7.5		56.01

		26		20		5.10		26.00		101.98		20.9		-0.9		0.74				26		10		5.10		26.00		50.99		21.5		-11.5		131.89

		26		28		5.10		26.00		142.77		20.9		7.1		50.95				26		16		5.10		26.00		81.58		21.5		-5.5		30.08

		26		14		5.10		26.00		71.39		20.9		-6.9		47.09				26		15		5.10		26.00		76.49		21.5		-6.5		42.05

		26		10		5.10		26.00		50.99		20.9		-10.9		117.99				27		14		5.20		27.00		72.75		21.9		-7.9		62.31

		26		16		5.10		26.00		81.58		20.9		-4.9		23.64				27		10		5.20		27.00		51.96		21.9		-11.9		141.46

		26		15		5.10		26.00		76.49		20.9		-5.9		34.37				27		18		5.20		27.00		93.53		21.9		-3.9		15.16

		27		14		5.20		27.00		72.75		21.3		-7.3		52.70				28		30.83		5.29		28.00		163.14		22.3		8.5		72.84

		27		10		5.20		27.00		51.96		21.3		-11.3		126.78				28		23.33		5.29		28.00		123.45		22.3		1.0		1.07

		27		18		5.20		27.00		93.53		21.3		-3.3		10.63				28		30.33		5.29		28.00		160.49		22.3		8.0		64.56

		27		2		5.20		27.00		10.39		21.3		-19.3		370.94				28		25.67		5.29		28.00		135.83		22.3		3.4		11.39

		28		30.83		5.29		28.00		163.14		21.6		9.2		84.27				30		15		5.48		30.00		82.16		23.1		-8.1		65.25

		28		23.33		5.29		28.00		123.45		21.6		1.7		2.82				30		34		5.48		30.00		186.23		23.1		10.9		119.30

		28		30.33		5.29		28.00		160.49		21.6		8.7		75.34				30		35		5.48		30.00		191.70		23.1		11.9		142.14

		28		25.67		5.29		28.00		135.83		21.6		4.0		16.16								Sum		1308.00		5511.13		Mean		-0.0

		30		15		5.48		30.00		82.16		22.4		-7.4		54.91														Stdev		6.3

		30		34		5.48		30.00		186.23		22.4		11.6		134.33								k		4.213				2x Stdev		12.5

		30		35		5.48		30.00		191.70		22.4		12.6		158.51														2x -Stdev		-12.5

						Sum		1407.00		5756.67		Mean		0.0										Sum of Residuals2				2120.91

												Stdev		7.8

						k		4.091				2x Stdev		15.5

												2x -Stdev		-15.5

						Sum of Residuals2				3498.36

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed)																		Nominal Grade 35 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.6								Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2				Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		19		30		5.85		34.24		175.54		17.4		12.6		158.34				19		30		5.85		34.24		175.54		17.9		12.1		145.35

		19		19		5.85		34.24		111.17		17.4		1.6		2.51				19		19		5.85		34.24		111.17		17.9		1.1		1.12

		19		19		5.85		34.24		111.17		17.4		1.6		2.51				19		19		5.85		34.24		111.17		17.9		1.1		1.12

		19		17		5.85		34.24		99.47		17.4		-0.4		0.17				19		17		5.85		34.24		99.47		17.9		-0.9		0.89

		20		8		6.03		36.41		48.27		18.0		-10.0		99.22				20		8		6.03		36.41		48.27		18.5		-10.5		110.35

		20		20		6.03		36.41		120.68		18.0		2.0		4.16				20		20		6.03		36.41		120.68		18.5		1.5		2.24

		20		24		6.03		36.41		144.82		18.0		6.0		36.47				20		24		6.03		36.41		144.82		18.5		5.5		30.20

		20		23		6.03		36.41		138.79		18.0		5.0		25.39				20		23		6.03		36.41		138.79		18.5		4.5		20.21

		21		13		6.21		38.61		80.77		18.5		-5.5		30.19				21		13		6.21		38.61		80.77		19.1		-6.1		36.65

		21		15		6.21		38.61		93.20		18.5		-3.5		12.21				21		15		6.21		38.61		93.20		19.1		-4.1		16.44

		22		25.7		6.39		40.82		164.21		19.0		6.7		44.65				22		25.7		6.39		40.82		164.21		19.6		6.1		37.29

		22		18.3		6.39		40.82		116.92		19.0		-0.7		0.52				22		18.3		6.39		40.82		116.92		19.6		-1.3		1.67

		23		22.75		6.56		43.06		149.29		19.5		3.2		10.35				23		22.75		6.56		43.06		149.29		20.1		2.6		6.90

		23		23.63		6.56		43.06		155.06		19.5		4.1		16.79				23		23.63		6.56		43.06		155.06		20.1		3.5		12.30

		23		26.2		6.56		43.06		171.92		19.5		6.7		44.46				23		26.2		6.56		43.06		171.92		20.1		6.1		36.93

		23		24.92		6.56		43.06		163.53		19.5		5.4		29.03				23		24.92		6.56		43.06		163.53		20.1		4.8		23.01

		23		23.67		6.56		43.06		155.32		19.5		4.1		17.12				23		23.67		6.56		43.06		155.32		20.1		3.5		12.58

		23		22.36		6.56		43.06		146.73		19.5		2.8		8.00				23		22.36		6.56		43.06		146.73		20.1		2.2		5.00

		23		22.13		6.56		43.06		145.22		19.5		2.6		6.75				23		22.13		6.56		43.06		145.22		20.1		2.0		4.03

		23		17.75		6.56		43.06		116.48		19.5		-1.8		3.18				23		17.75		6.56		43.06		116.48		20.1		-2.4		5.63

		23		10.5		6.56		43.06		68.90		19.5		-9.0		81.58				23		10.5		6.56		43.06		68.90		20.1		-9.6		92.61

		23		13.17		6.56		43.06		86.42		19.5		-6.4		40.48				23		13.17		6.56		43.06		86.42		20.1		-7.0		48.35

		23		17.5		6.56		43.06		114.84		19.5		-2.0		4.13				23		17.5		6.56		43.06		114.84		20.1		-2.6		6.88

		23		20.5		6.56		43.06		134.52		19.5		1.0		0.94				23		20.5		6.56		43.06		134.52		20.1		0.4		0.14

		23		19		6.56		43.06		124.68		19.5		-0.5		0.28				23		19		6.56		43.06		124.68		20.1		-1.1		1.26

		23		21		6.56		43.06		137.80		19.5		1.5		2.15				23		21		6.56		43.06		137.80		20.1		0.9		0.77

		23		14.33		6.56		43.06		94.03		19.5		-5.2		27.06				23		14.33		6.56		43.06		94.03		20.1		-5.8		33.56

		23		19		6.56		43.06		124.68		19.5		-0.5		0.28				23		19		6.56		43.06		124.68		20.1		-1.1		1.26

		23		25		6.56		43.06		164.05		19.5		5.5		29.90				23		25		6.56		43.06		164.05		20.1		4.9		23.78

		23		24.33		6.56		43.06		159.65		19.5		4.8		23.02				23		24.33		6.56		43.06		159.65		20.1		4.2		17.70

		23		18.25		6.56		43.06		119.76		19.5		-1.3		1.64				23		18.25		6.56		43.06		119.76		20.1		-1.9		3.51

		23		12.67		6.56		43.06		83.14		19.5		-6.9		47.09				23		12.67		6.56		43.06		83.14		20.1		-7.5		55.55

		23		18		6.56		43.06		118.12		19.5		-1.5		2.35				23		18		6.56		43.06		118.12		20.1		-2.1		4.51

		24		15		6.73		45.32		100.98		20.0		-5.0		25.37				24		15		6.73		45.32		100.98		20.6		-5.6		31.85

		24		4		6.73		45.32		26.93		20.0		-16.0		257.19				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		3		6.73		45.32		20.20		20.0		-17.0		290.27				24		30		6.73		45.32		201.95		20.6		9.4		87.54

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				24		35		6.73		45.32		235.61		20.6		14.4		206.10

		24		30		6.73		45.32		201.95		20.0		10.0		99.26				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		41		6.73		45.32		276.00		20.0		21.0		439.44				24		20		6.73		45.32		134.63		20.6		-0.6		0.41

		24		35		6.73		45.32		235.61		20.0		15.0		223.88				26		20		7.06		49.88		141.26		21.7		-1.7		2.75

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				26		28		7.06		49.88		197.76		21.7		6.3		40.20

		24		20		6.73		45.32		134.63		20.0		-0.0		0.00				26		14		7.06		49.88		98.88		21.7		-7.7		58.67

		26		20		7.06		49.88		141.26		21.0		-1.0		1.05				26		10		7.06		49.88		70.63		21.7		-11.7		135.94

		26		28		7.06		49.88		197.76		21.0		7.0		48.68				26		16		7.06		49.88		113.01		21.7		-5.7		32.03

		26		14		7.06		49.88		98.88		21.0		-7.0		49.32				26		15		7.06		49.88		105.94		21.7		-6.7		44.35

		26		10		7.06		49.88		70.63		21.0		-11.0		121.51				27		14		7.22		52.20		101.15		22.2		-8.2		66.51

		26		16		7.06		49.88		113.01		21.0		-5.0		25.23				27		10		7.22		52.20		72.25		22.2		-12.2		147.75

		26		15		7.06		49.88		105.94		21.0		-6.0		36.28				27		18		7.22		52.20		130.04		22.2		-4.2		17.27

		27		14		7.22		52.20		101.15		21.5		-7.5		56.32				28		30.83		7.38		54.52		227.65		22.6		8.2		67.01

		27		10		7.22		52.20		72.25		21.5		-11.5		132.35				28		23.33		7.38		54.52		172.27		22.6		0.7		0.47

		27		18		7.22		52.20		130.04		21.5		-3.5		12.28				28		30.33		7.38		54.52		223.96		22.6		7.7		59.07

		27		2		7.22		52.20		14.45		21.5		-19.5		380.43				28		25.67		7.38		54.52		189.55		22.6		3.0		9.16

		28		30.83		7.38		54.52		227.65		22.0		8.9		78.34				30		15		7.70		59.23		115.44		23.6		-8.6		73.98

		28		23.33		7.38		54.52		172.27		22.0		1.4		1.83				30		34		7.70		59.23		261.67		23.6		10.4		108.14

		28		30.33		7.38		54.52		223.96		22.0		8.4		69.74				30		35		7.70		59.23		269.36		23.6		11.4		129.93

		28		25.67		7.38		54.52		189.55		22.0		3.7		13.62								Sum		2469.30		7572.42		Mean		0.0

		30		15		7.70		59.23		115.44		22.9		-7.9		62.53														Stdev		6.3

		30		34		7.70		59.23		261.67		22.9		11.1		123.04								k		3.067				2x Stdev		12.5

		30		35		7.70		59.23		269.36		22.9		12.1		146.22														2x -Stdev		-12.5

						Sum		2657.44		7909.99		Mean		0.0										Sum of Residuals2				2119.73

												Stdev		7.8

						k		2.977				2x Stdev		15.6

												2x -Stdev		-15.6

						Sum of Residuals2				3507.10

		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Exposed Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		10.602		3505.75

								0.3		7.722		3497.68

								0.4		5.622		3495.22

								0.5		4.091		3498.36

								0.6		2.977		3507.10

								e2 = Sum of Residuals2





G35e

		



Nominal Grade 35

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Exposed Elements
Determination of Best Fit n-Value



G45e

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		22		23		1.86		3.44		42.68		16.0		7.0		49.01

		22		18.7		1.86		3.44		34.70		16.0		2.7		7.29

		23		18.67		1.87		3.51		34.95		16.1		2.5		6.39

		23		11		1.87		3.51		20.59		16.1		-5.1		26.44

		23		23		1.87		3.51		43.06		16.1		6.9		47.03

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		23		1.87		3.51		43.06		16.1		6.9		47.03

		23		15		1.87		3.51		28.08		16.1		-1.1		1.30

		23		20.5		1.87		3.51		38.38		16.1		4.4		18.99

		23		17.33		1.87		3.51		32.44		16.1		1.2		1.41

		23		11		1.87		3.51		20.59		16.1		-5.1		26.44

		23		20		1.87		3.51		37.44		16.1		3.9		14.88

		23		15.33		1.87		3.51		28.70		16.1		-0.8		0.66

		23		15		1.87		3.51		28.08		16.1		-1.1		1.30

		23		7.33		1.87		3.51		13.72		16.1		-8.8		77.66

		23		20.67		1.87		3.51		38.70		16.1		4.5		20.50

		23		17.67		1.87		3.51		33.08		16.1		1.5		2.33

		23		7.33		1.87		3.51		13.72		16.1		-8.8		77.66

		23		10.5		1.87		3.51		19.66		16.1		-5.6		31.83

		23		25.2		1.87		3.51		47.18		16.1		9.1		82.04

		23		8.33		1.87		3.51		15.60		16.1		-7.8		61.03

		23		21.33		1.87		3.51		39.93		16.1		5.2		26.91

		23		20.67		1.87		3.51		38.70		16.1		4.5		20.50

		23		16.67		1.87		3.51		31.21		16.1		0.5		0.28

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		22		1.87		3.51		41.19		16.1		5.9		34.31

		23		21		1.87		3.51		39.32		16.1		4.9		23.60

		23		17		1.87		3.51		31.83		16.1		0.9		0.74

		23		10		1.87		3.51		18.72		16.1		-6.1		37.73

		23		19.33		1.87		3.51		36.19		16.1		3.2		10.16

		23		17.67		1.87		3.51		33.08		16.1		1.5		2.33

		28		14.17		1.95		3.79		27.59		16.8		-2.6		6.86

		28		12		1.95		3.79		23.37		16.8		-4.8		22.94

		28		14.5		1.95		3.79		28.24		16.8		-2.3		5.24

		28		16.5		1.95		3.79		32.13		16.8		-0.3		0.08

		28		14		1.95		3.79		27.26		16.8		-2.8		7.78

		28		17		1.95		3.79		33.10		16.8		0.2		0.04

		28		15.5		1.95		3.79		30.18		16.8		-1.3		1.66

		28		17.17		1.95		3.79		33.44		16.8		0.4		0.14

						Sum		138.87		1197.35		Mean		0.0

												Stdev		4.8

						k		8.622				2x Stdev		9.6

												2x -Stdev		-9.6

						Sum of Residuals2				878.03

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		22		23		2.53		6.39		58.14		15.9		7.1		51.07

		22		18.7		2.53		6.39		47.27		15.9		2.8		8.10

		23		18.67		2.56		6.56		47.83		16.1		2.6		6.78

		23		11		2.56		6.56		28.18		16.1		-5.1		25.67

		23		23		2.56		6.56		58.92		16.1		6.9		48.07

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		23		2.56		6.56		58.92		16.1		6.9		48.07

		23		15		2.56		6.56		38.42		16.1		-1.1		1.14

		23		20.5		2.56		6.56		52.51		16.1		4.4		19.65

		23		17.33		2.56		6.56		44.39		16.1		1.3		1.60

		23		11		2.56		6.56		28.18		16.1		-5.1		25.67

		23		20		2.56		6.56		51.23		16.1		3.9		15.47

		23		15.33		2.56		6.56		39.27		16.1		-0.7		0.54

		23		15		2.56		6.56		38.42		16.1		-1.1		1.14

		23		7.33		2.56		6.56		18.78		16.1		-8.7		76.33

		23		20.67		2.56		6.56		52.95		16.1		4.6		21.19

		23		17.67		2.56		6.56		45.26		16.1		1.6		2.57

		23		7.33		2.56		6.56		18.78		16.1		-8.7		76.33

		23		10.5		2.56		6.56		26.90		16.1		-5.6		30.99

		23		25.2		2.56		6.56		64.55		16.1		9.1		83.41

		23		8.33		2.56		6.56		21.34		16.1		-7.7		59.86

		23		21.33		2.56		6.56		54.64		16.1		5.3		27.70

		23		20.67		2.56		6.56		52.95		16.1		4.6		21.19

		23		16.67		2.56		6.56		42.70		16.1		0.6		0.36

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		22		2.56		6.56		56.36		16.1		5.9		35.20

		23		21		2.56		6.56		53.79		16.1		4.9		24.34

		23		17		2.56		6.56		43.55		16.1		0.9		0.87

		23		10		2.56		6.56		25.62		16.1		-6.1		36.81

		23		19.33		2.56		6.56		49.52		16.1		3.3		10.65

		23		17.67		2.56		6.56		45.26		16.1		1.6		2.57

		28		14.17		2.72		7.38		38.51		17.0		-2.9		8.26

		28		12		2.72		7.38		32.61		17.0		-5.0		25.44

		28		14.5		2.72		7.38		39.40		17.0		-2.5		6.47

		28		16.5		2.72		7.38		44.84		17.0		-0.5		0.30

		28		14		2.72		7.38		38.04		17.0		-3.0		9.26

		28		17		2.72		7.38		46.20		17.0		-0.0		0.00

		28		15.5		2.72		7.38		42.12		17.0		-1.5		2.38

		28		17.17		2.72		7.38		46.66		17.0		0.1		0.02

						Sum		262.15		1644.22		Mean		0.0

												Stdev		4.8

						k		6.272				2x Stdev		9.7

												2x -Stdev		-9.7

						Sum of Residuals2				889.07

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		22		23		3.44		11.86		79.19		15.7		7.3		53.19

		22		18.7		3.44		11.86		64.39		15.7		3.0		8.96

		23		18.67		3.51		12.29		65.44		16.0		2.7		7.19

		23		11		3.51		12.29		38.56		16.0		-5.0		24.88

		23		23		3.51		12.29		80.62		16.0		7.0		49.16

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		23		3.51		12.29		80.62		16.0		7.0		49.16

		23		15		3.51		12.29		52.58		16.0		-1.0		0.98

		23		20.5		3.51		12.29		71.85		16.0		4.5		20.35

		23		17.33		3.51		12.29		60.74		16.0		1.3		1.80

		23		11		3.51		12.29		38.56		16.0		-5.0		24.88

		23		20		3.51		12.29		70.10		16.0		4.0		16.09

		23		15.33		3.51		12.29		53.73		16.0		-0.7		0.43

		23		15		3.51		12.29		52.58		16.0		-1.0		0.98

		23		7.33		3.51		12.29		25.69		16.0		-8.7		74.97

		23		20.67		3.51		12.29		72.45		16.0		4.7		21.92

		23		17.67		3.51		12.29		61.93		16.0		1.7		2.83

		23		7.33		3.51		12.29		25.69		16.0		-8.7		74.97

		23		10.5		3.51		12.29		36.80		16.0		-5.5		30.12

		23		25.2		3.51		12.29		88.33		16.0		9.2		84.85

		23		8.33		3.51		12.29		29.20		16.0		-7.7		58.65

		23		21.33		3.51		12.29		74.76		16.0		5.3		28.53

		23		20.67		3.51		12.29		72.45		16.0		4.7		21.92

		23		16.67		3.51		12.29		58.43		16.0		0.7		0.46

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		22		3.51		12.29		77.11		16.0		6.0		36.14

		23		21		3.51		12.29		73.61		16.0		5.0		25.12

		23		17		3.51		12.29		59.59		16.0		1.0		1.02

		23		10		3.51		12.29		35.05		16.0		-6.0		35.86

		23		19.33		3.51		12.29		67.75		16.0		3.3		11.17

		23		17.67		3.51		12.29		61.93		16.0		1.7		2.83

		28		14.17		3.79		14.38		53.73		17.3		-3.1		9.78

		28		12		3.79		14.38		45.50		17.3		-5.3		28.06

		28		14.5		3.79		14.38		54.98		17.3		-2.8		7.82

		28		16.5		3.79		14.38		62.57		17.3		-0.8		0.64

		28		14		3.79		14.38		53.09		17.3		-3.3		10.87

		28		17		3.79		14.38		64.46		17.3		-0.3		0.09

		28		15.5		3.79		14.38		58.78		17.3		-1.8		3.23

		28		17.17		3.79		14.38		65.11		17.3		-0.1		0.02

						Sum		495.01		2258.03		Mean		0.0

												Stdev		4.9

						k		4.562				2x Stdev		9.7

												2x -Stdev		-9.7

						Sum of Residuals2				901.66

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		22		23		4.69		22.00		107.88		15.6		7.4		55.40

		22		18.7		4.69		22.00		87.71		15.6		3.1		9.88

		23		18.67		4.80		23.00		89.54		15.9		2.8		7.64

		23		11		4.80		23.00		52.75		15.9		-4.9		24.08

		23		23		4.80		23.00		110.30		15.9		7.1		50.31

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		23		4.80		23.00		110.30		15.9		7.1		50.31

		23		15		4.80		23.00		71.94		15.9		-0.9		0.82

		23		20.5		4.80		23.00		98.31		15.9		4.6		21.10

		23		17.33		4.80		23.00		83.11		15.9		1.4		2.03

		23		11		4.80		23.00		52.75		15.9		-4.9		24.08

		23		20		4.80		23.00		95.92		15.9		4.1		16.75

		23		15.33		4.80		23.00		73.52		15.9		-0.6		0.33

		23		15		4.80		23.00		71.94		15.9		-0.9		0.82

		23		7.33		4.80		23.00		35.15		15.9		-8.6		73.56

		23		20.67		4.80		23.00		99.13		15.9		4.8		22.69

		23		17.67		4.80		23.00		84.74		15.9		1.8		3.11

		23		7.33		4.80		23.00		35.15		15.9		-8.6		73.56

		23		10.5		4.80		23.00		50.36		15.9		-5.4		29.23

		23		25.2		4.80		23.00		120.85		15.9		9.3		86.37

		23		8.33		4.80		23.00		39.95		15.9		-7.6		57.41

		23		21.33		4.80		23.00		102.30		15.9		5.4		29.41

		23		20.67		4.80		23.00		99.13		15.9		4.8		22.69

		23		16.67		4.80		23.00		79.95		15.9		0.8		0.58

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		22		4.80		23.00		105.51		15.9		6.1		37.13

		23		21		4.80		23.00		100.71		15.9		5.1		25.94

		23		17		4.80		23.00		81.53		15.9		1.1		1.20

		23		10		4.80		23.00		47.96		15.9		-5.9		34.89

		23		19.33		4.80		23.00		92.70		15.9		3.4		11.72

		23		17.67		4.80		23.00		84.74		15.9		1.8		3.11

		28		14.17		5.29		28.00		74.98		17.6		-3.4		11.43

		28		12		5.29		28.00		63.50		17.6		-5.6		30.81

		28		14.5		5.29		28.00		76.73		17.6		-3.1		9.31

		28		16.5		5.29		28.00		87.31		17.6		-1.1		1.10

		28		14		5.29		28.00		74.08		17.6		-3.6		12.61

		28		17		5.29		28.00		89.96		17.6		-0.6		0.30

		28		15.5		5.29		28.00		82.02		17.6		-2.1		4.21

		28		17.17		5.29		28.00		90.86		17.6		-0.4		0.14

						Sum		935.00		3101.19		Mean		0.1

												Stdev		4.9

						k		3.317				2x Stdev		9.8

												2x -Stdev		-9.8

						Sum of Residuals2				915.83

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed)

		Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		22		23		6.39		40.82		146.95		15.4		7.6		57.68

		22		18.7		6.39		40.82		119.48		15.4		3.3		10.85

		23		18.67		6.56		43.06		122.51		15.8		2.8		8.11

		23		11		6.56		43.06		72.18		15.8		-4.8		23.25

		23		23		6.56		43.06		150.93		15.8		7.2		51.52

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		23		6.56		43.06		150.93		15.8		7.2		51.52

		23		15		6.56		43.06		98.43		15.8		-0.8		0.68

		23		20.5		6.56		43.06		134.52		15.8		4.7		21.88

		23		17.33		6.56		43.06		113.72		15.8		1.5		2.27

		23		11		6.56		43.06		72.18		15.8		-4.8		23.25

		23		20		6.56		43.06		131.24		15.8		4.2		17.46

		23		15.33		6.56		43.06		100.60		15.8		-0.5		0.24

		23		15		6.56		43.06		98.43		15.8		-0.8		0.68

		23		7.33		6.56		43.06		48.10		15.8		-8.5		72.11

		23		20.67		6.56		43.06		135.64		15.8		4.8		23.50

		23		17.67		6.56		43.06		115.95		15.8		1.8		3.42

		23		7.33		6.56		43.06		48.10		15.8		-8.5		72.11

		23		10.5		6.56		43.06		68.90		15.8		-5.3		28.32

		23		25.2		6.56		43.06		165.36		15.8		9.4		87.95

		23		8.33		6.56		43.06		54.66		15.8		-7.5		56.13

		23		21.33		6.56		43.06		139.97		15.8		5.5		30.34

		23		20.67		6.56		43.06		135.64		15.8		4.8		23.50

		23		16.67		6.56		43.06		109.39		15.8		0.8		0.72

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		22		6.56		43.06		144.36		15.8		6.2		38.17

		23		21		6.56		43.06		137.80		15.8		5.2		26.81

		23		17		6.56		43.06		111.55		15.8		1.2		1.39

		23		10		6.56		43.06		65.62		15.8		-5.8		33.89

		23		19.33		6.56		43.06		126.84		15.8		3.5		12.31

		23		17.67		6.56		43.06		115.95		15.8		1.8		3.42

		28		14.17		7.38		54.52		104.63		17.8		-3.6		13.21

		28		12		7.38		54.52		88.61		17.8		-5.8		33.69

		28		14.5		7.38		54.52		107.07		17.8		-3.3		10.92

		28		16.5		7.38		54.52		121.84		17.8		-1.3		1.70

		28		14		7.38		54.52		103.38		17.8		-3.8		14.47

		28		17		7.38		54.52		125.53		17.8		-0.8		0.65

		28		15.5		7.38		54.52		114.45		17.8		-2.3		5.31

		28		17.17		7.38		54.52		126.78		17.8		-0.6		0.40

						Sum		1766.58		4259.47		Mean		0.1

												Stdev		5.0

						k		2.411				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				931.62

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Exposed Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		8.622		878.03

								0.3		6.272		889.07

								0.4		4.562		901.66

								0.5		3.317		915.83

								0.6		2.411		931.62

								e2 = Sum of Residuals2





G45e

		



Nominal Grade 45

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Exposed Elements
Determination of Best Fit n-Value



G35s

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.2								Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2				Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		21		17		1.84		3.38		31.25		17.8		-0.8		0.71				21		17		1.84		3.38		31.25		17.8		-0.8		0.69

		21		20		1.84		3.38		36.77		17.8		2.2		4.65				21		20		1.84		3.38		36.77		17.8		2.2		4.70

		22		27.17		1.86		3.44		50.42		18.0		9.2		83.88				22		27.17		1.86		3.44		50.42		18.0		9.2		84.11

		23		22.57		1.87		3.51		42.25		18.2		4.4		19.34				23		22.57		1.87		3.51		42.25		18.2		4.4		19.45

		23		21		1.87		3.51		39.32		18.2		2.8		8.00				23		21		1.87		3.51		39.32		18.2		2.8		8.07

		23		17		1.87		3.51		31.83		18.2		-1.2		1.37				23		17		1.87		3.51		31.83		18.2		-1.2		1.34

		23		18.4		1.87		3.51		34.45		18.2		0.2		0.05				23		18.4		1.87		3.51		34.45		18.2		0.2		0.06

		23		19.8		1.87		3.51		37.07		18.2		1.6		2.65				23		19.8		1.87		3.51		37.07		18.2		1.6		2.69

		23		22.8		1.87		3.51		42.69		18.2		4.6		21.41				23		22.8		1.87		3.51		42.69		18.2		4.6		21.53

		23		25.5		1.87		3.51		47.74		18.2		7.3		53.69				23		25.5		1.87		3.51		47.74		18.2		7.3		53.88

		23		22.67		1.87		3.51		42.44		18.2		4.5		20.23				23		22.67		1.87		3.51		42.44		18.2		4.5		20.34

		23		24.17		1.87		3.51		45.25		18.2		6.0		35.97				23		24.17		1.87		3.51		45.25		18.2		6.0		36.12

		23		16.5		1.87		3.51		30.89		18.2		-1.7		2.80				23		16.5		1.87		3.51		30.89		18.2		-1.7		2.75

		23		13.5		1.87		3.51		25.27		18.2		-4.7		21.83				23		13.5		1.87		3.51		25.27		18.2		-4.7		21.71

		23		13.4		1.87		3.51		25.09		18.2		-4.8		22.78				23		13.4		1.87		3.51		25.09		18.2		-4.8		22.65

		23		17.5		1.87		3.51		32.76		18.2		-0.7		0.45				23		17.5		1.87		3.51		32.76		18.2		-0.7		0.44

		23		18.4		1.87		3.51		34.45		18.2		0.2		0.05				23		18.4		1.87		3.51		34.45		18.2		0.2		0.06

		23		17.75		1.87		3.51		33.23		18.2		-0.4		0.18				23		17.75		1.87		3.51		33.23		18.2		-0.4		0.17

		24		9		1.89		3.57		16.99		18.3		-9.3		87.01				24		9		1.89		3.57		16.99		18.3		-9.3		86.77

		24		11		1.89		3.57		20.77		18.3		-7.3		53.70				24		11		1.89		3.57		20.77		18.3		-7.3		53.51

		24		12		1.89		3.57		22.66		18.3		-6.3		40.04				24		12		1.89		3.57		22.66		18.3		-6.3		39.88

		24		11		1.89		3.57		20.77		18.3		-7.3		53.70				24		11		1.89		3.57		20.77		18.3		-7.3		53.51

		24		12		1.89		3.57		22.66		18.3		-6.3		40.04				24		12		1.89		3.57		22.66		18.3		-6.3		39.88

		24		2		1.89		3.57		3.78		18.3		-16.3		266.60				24		25		1.89		3.57		47.20		18.3		6.7		44.69

		24		35		1.89		3.57		66.09		18.3		16.7		277.96				24		20		1.89		3.57		37.76		18.3		1.7		2.84

		24		25		1.89		3.57		47.20		18.3		6.7		44.52				24		19		1.89		3.57		35.88		18.3		0.7		0.47

		24		20		1.89		3.57		37.76		18.3		1.7		2.80				30		18		1.97		3.90		35.54		19.2		-1.2		1.32

		24		19		1.89		3.57		35.88		18.3		0.7		0.45								Sum		95.20		923.40		Mean		0.0

		30		18		1.97		3.90		35.54		19.2		-1.2		1.36														Stdev		4.9

						Sum		102.33		993.26		Mean		0.0										k		9.700				2x Stdev		9.8

												Stdev		6.5																2x -Stdev		-9.8

						k		9.707				2x Stdev		12.9										Sum of Residuals2				623.64

												2x -Stdev		-12.9

						Sum of Residuals2				1168.20

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.3								Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2				Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		21		17		2.49		6.21		42.38		17.6		-0.6		0.42				21		17		2.49		6.21		42.38		17.6		-0.6		0.40

		21		20		2.49		6.21		49.85		17.6		2.4		5.55				21		20		2.49		6.21		49.85		17.6		2.4		5.59

		22		27.17		2.53		6.39		68.68		17.9		9.3		86.07				22		27.17		2.53		6.39		68.68		17.9		9.3		86.25

		23		22.57		2.56		6.56		57.82		18.1		4.4		19.69				23		22.57		2.56		6.56		57.82		18.1		4.4		19.78

		23		21		2.56		6.56		53.79		18.1		2.9		8.22				23		21		2.56		6.56		53.79		18.1		2.9		8.28

		23		17		2.56		6.56		43.55		18.1		-1.1		1.28				23		17		2.56		6.56		43.55		18.1		-1.1		1.26

		23		18.4		2.56		6.56		47.13		18.1		0.3		0.07				23		18.4		2.56		6.56		47.13		18.1		0.3		0.08

		23		19.8		2.56		6.56		50.72		18.1		1.7		2.78				23		19.8		2.56		6.56		50.72		18.1		1.7		2.81

		23		22.8		2.56		6.56		58.41		18.1		4.7		21.78				23		22.8		2.56		6.56		58.41		18.1		4.7		21.88

		23		25.5		2.56		6.56		65.32		18.1		7.4		54.28				23		25.5		2.56		6.56		65.32		18.1		7.4		54.42

		23		22.67		2.56		6.56		58.07		18.1		4.5		20.59				23		22.67		2.56		6.56		58.07		18.1		4.5		20.68

		23		24.17		2.56		6.56		61.91		18.1		6.0		36.45				23		24.17		2.56		6.56		61.91		18.1		6.0		36.57

		23		16.5		2.56		6.56		42.27		18.1		-1.6		2.67				23		16.5		2.56		6.56		42.27		18.1		-1.6		2.63

		23		13.5		2.56		6.56		34.58		18.1		-4.6		21.46				23		13.5		2.56		6.56		34.58		18.1		-4.6		21.37

		23		13.4		2.56		6.56		34.33		18.1		-4.7		22.40				23		13.4		2.56		6.56		34.33		18.1		-4.7		22.31

		23		17.5		2.56		6.56		44.83		18.1		-0.6		0.40				23		17.5		2.56		6.56		44.83		18.1		-0.6		0.39

		23		18.4		2.56		6.56		47.13		18.1		0.3		0.07				23		18.4		2.56		6.56		47.13		18.1		0.3		0.08

		23		17.75		2.56		6.56		45.47		18.1		-0.4		0.15				23		17.75		2.56		6.56		45.47		18.1		-0.4		0.14

		24		9		2.59		6.73		23.35		18.4		-9.4		87.72				24		9		2.59		6.73		23.35		18.4		-9.4		87.53

		24		11		2.59		6.73		28.54		18.4		-7.4		54.26				24		11		2.59		6.73		28.54		18.4		-7.4		54.11

		24		12		2.59		6.73		31.13		18.4		-6.4		40.52				24		12		2.59		6.73		31.13		18.4		-6.4		40.40

		24		11		2.59		6.73		28.54		18.4		-7.4		54.26				24		11		2.59		6.73		28.54		18.4		-7.4		54.11

		24		12		2.59		6.73		31.13		18.4		-6.4		40.52				24		12		2.59		6.73		31.13		18.4		-6.4		40.40

		24		2		2.59		6.73		5.19		18.4		-16.4		267.84				24		25		2.59		6.73		64.86		18.4		6.6		44.15

		24		35		2.59		6.73		90.81		18.4		16.6		276.70				24		20		2.59		6.73		51.89		18.4		1.6		2.70

		24		25		2.59		6.73		64.86		18.4		6.6		44.01				24		19		2.59		6.73		49.30		18.4		0.6		0.42

		24		20		2.59		6.73		51.89		18.4		1.6		2.67				30		18		2.77		7.70		49.94		19.6		-1.6		2.65

		24		19		2.59		6.73		49.30		18.4		0.6		0.40								Sum		178.80		1264.93		Mean		0.0

		30		18		2.77		7.70		49.94		19.6		-1.6		2.68														Stdev		4.9

						Sum		192.26		1360.93		Mean		0.0										k		7.075				2x Stdev		9.9

												Stdev		6.5																2x -Stdev		-9.9

						k		7.079				2x Stdev		13.0										Sum of Residuals2				631.36

												2x -Stdev		-13.0

						Sum of Residuals2				1175.89

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.4								Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		21		17		3.38		11.42		57.46		17.4		-0.4		0.20				21		17		3.38		11.42		57.46		17.4		-0.4		0.19

		21		20		3.38		11.42		67.60		17.4		2.6		6.53				21		20		3.38		11.42		67.60		17.4		2.6		6.57

		22		27.17		3.44		11.86		93.55		17.8		9.4		88.31				22		27.17		3.44		11.86		93.55		17.8		9.4		88.45

		23		22.57		3.51		12.29		79.11		18.1		4.5		20.06				23		22.57		3.51		12.29		79.11		18.1		4.5		20.12

		23		21		3.51		12.29		73.61		18.1		2.9		8.46				23		21		3.51		12.29		73.61		18.1		2.9		8.50

		23		17		3.51		12.29		59.59		18.1		-1.1		1.19				23		17		3.51		12.29		59.59		18.1		-1.1		1.18

		23		18.4		3.51		12.29		64.49		18.1		0.3		0.10				23		18.4		3.51		12.29		64.49		18.1		0.3		0.10

		23		19.8		3.51		12.29		69.40		18.1		1.7		2.92				23		19.8		3.51		12.29		69.40		18.1		1.7		2.94

		23		22.8		3.51		12.29		79.91		18.1		4.7		22.17				23		22.8		3.51		12.29		79.91		18.1		4.7		22.24

		23		25.5		3.51		12.29		89.38		18.1		7.4		54.89				23		25.5		3.51		12.29		89.38		18.1		7.4		55.00

		23		22.67		3.51		12.29		79.46		18.1		4.6		20.96				23		22.67		3.51		12.29		79.46		18.1		4.6		21.03

		23		24.17		3.51		12.29		84.72		18.1		6.1		36.95				23		24.17		3.51		12.29		84.72		18.1		6.1		37.04

		23		16.5		3.51		12.29		57.83		18.1		-1.6		2.53				23		16.5		3.51		12.29		57.83		18.1		-1.6		2.51

		23		13.5		3.51		12.29		47.32		18.1		-4.6		21.08				23		13.5		3.51		12.29		47.32		18.1		-4.6		21.01

		23		13.4		3.51		12.29		46.97		18.1		-4.7		22.01				23		13.4		3.51		12.29		46.97		18.1		-4.7		21.94

		23		17.5		3.51		12.29		61.34		18.1		-0.6		0.35				23		17.5		3.51		12.29		61.34		18.1		-0.6		0.34

		23		18.4		3.51		12.29		64.49		18.1		0.3		0.10				23		18.4		3.51		12.29		64.49		18.1		0.3		0.10

		23		17.75		3.51		12.29		62.21		18.1		-0.3		0.12				23		17.75		3.51		12.29		62.21		18.1		-0.3		0.11

		24		9		3.57		12.71		32.09		18.4		-9.4		88.40				24		9		3.57		12.71		32.09		18.4		-9.4		88.26

		24		11		3.57		12.71		39.22		18.4		-7.4		54.79				24		11		3.57		12.71		39.22		18.4		-7.4		54.68

		24		12		3.57		12.71		42.78		18.4		-6.4		40.98				24		12		3.57		12.71		42.78		18.4		-6.4		40.89

		24		11		3.57		12.71		39.22		18.4		-7.4		54.79				24		11		3.57		12.71		39.22		18.4		-7.4		54.68

		24		12		3.57		12.71		42.78		18.4		-6.4		40.98				24		12		3.57		12.71		42.78		18.4		-6.4		40.89

		24		2		3.57		12.71		7.13		18.4		-16.4		269.02				24		25		3.57		12.71		89.13		18.4		6.6		43.63

		24		35		3.57		12.71		124.78		18.4		16.6		275.50				24		20		3.57		12.71		71.30		18.4		1.6		2.58

		24		25		3.57		12.71		89.13		18.4		6.6		43.53				24		19		3.57		12.71		67.74		18.4		0.6		0.37

		24		20		3.57		12.71		71.30		18.4		1.6		2.55				30		18		3.90		15.19		70.17		20.1		-2.1		4.46

		24		19		3.57		12.71		67.74		18.4		0.6		0.36								Sum		335.86		1732.85		Mean		0.0

		30		18		3.90		15.19		70.17		20.1		-2.1		4.49														Stdev		5.0

						Sum		361.28		1864.76		Mean		0.0										k		5.159				2x Stdev		9.9

												Stdev		6.5																2x -Stdev		-9.9

						k		5.162				2x Stdev		13.0										Sum of Residuals2				639.80

												2x -Stdev		-13.0

						Sum of Residuals2				1184.33

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.5								Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.5		t1.0		dci ti0.4		Predicted		Residual		Residual2

		21		17		4.58		21.00		77.90		17.2		-0.2		0.06				21		17		4.58		21.00		77.90		17.2		-0.2		0.06

		21		20		4.58		21.00		91.65		17.2		2.8		7.59				21		20		4.58		21.00		91.65		17.2		2.8		7.61

		22		27.17		4.69		22.00		127.44		17.7		9.5		90.61				22		27.17		4.69		22.00		127.44		17.6		9.5		90.70

		23		22.57		4.80		23.00		108.24		18.0		4.5		20.45				23		22.57		4.80		23.00		108.24		18.0		4.5		20.49

		23		21		4.80		23.00		100.71		18.0		3.0		8.72				23		21		4.80		23.00		100.71		18.0		3.0		8.74

		23		17		4.80		23.00		81.53		18.0		-1.0		1.10				23		17		4.80		23.00		81.53		18.0		-1.0		1.09

		23		18.4		4.80		23.00		88.24		18.0		0.4		0.12				23		18.4		4.80		23.00		88.24		18.0		0.4		0.13

		23		19.8		4.80		23.00		94.96		18.0		1.8		3.07				23		19.8		4.80		23.00		94.96		18.0		1.8		3.09

		23		22.8		4.80		23.00		109.34		18.0		4.8		22.58				23		22.8		4.80		23.00		109.34		18.0		4.8		22.63

		23		25.5		4.80		23.00		122.29		18.0		7.5		55.54				23		25.5		4.80		23.00		122.29		18.0		7.5		55.61

		23		22.67		4.80		23.00		108.72		18.0		4.6		21.37				23		22.67		4.80		23.00		108.72		18.0		4.6		21.41

		23		24.17		4.80		23.00		115.92		18.0		6.1		37.48				23		24.17		4.80		23.00		115.92		18.0		6.1		37.54

		23		16.5		4.80		23.00		79.13		18.0		-1.5		2.40				23		16.5		4.80		23.00		79.13		18.0		-1.5		2.38

		23		13.5		4.80		23.00		64.74		18.0		-4.5		20.68				23		13.5		4.80		23.00		64.74		18.0		-4.5		20.64

		23		13.4		4.80		23.00		64.26		18.0		-4.6		21.60				23		13.4		4.80		23.00		64.26		18.0		-4.6		21.56

		23		17.5		4.80		23.00		83.93		18.0		-0.5		0.30				23		17.5		4.80		23.00		83.93		18.0		-0.5		0.29

		23		18.4		4.80		23.00		88.24		18.0		0.4		0.12				23		18.4		4.80		23.00		88.24		18.0		0.4		0.13

		23		17.75		4.80		23.00		85.13		18.0		-0.3		0.09				23		17.75		4.80		23.00		85.13		18.0		-0.3		0.09

		24		9		4.90		24.00		44.09		18.4		-9.4		89.04				24		9		4.90		24.00		44.09		18.4		-9.4		88.94

		24		11		4.90		24.00		53.89		18.4		-7.4		55.29				24		11		4.90		24.00		53.89		18.4		-7.4		55.22

		24		12		4.90		24.00		58.79		18.4		-6.4		41.42				24		12		4.90		24.00		58.79		18.4		-6.4		41.36

		24		11		4.90		24.00		53.89		18.4		-7.4		55.29				24		11		4.90		24.00		53.89		18.4		-7.4		55.22

		24		12		4.90		24.00		58.79		18.4		-6.4		41.42				24		12		4.90		24.00		58.79		18.4		-6.4		41.36

		24		2		4.90		24.00		9.80		18.4		-16.4		270.14				24		25		4.90		24.00		122.47		18.4		6.6		43.15

		24		35		4.90		24.00		171.46		18.4		16.6		274.37				24		20		4.90		24.00		97.98		18.4		1.6		2.46

		24		25		4.90		24.00		122.47		18.4		6.6		43.09				24		19		4.90		24.00		93.08		18.4		0.6		0.32

		24		20		4.90		24.00		97.98		18.4		1.6		2.45				30		18		5.48		30.00		98.59		20.6		-2.6		6.79

		24		19		4.90		24.00		93.08		18.4		0.6		0.32								Sum		631.00		2373.96		Mean		0.0

		30		18		5.48		30.00		98.59		20.6		-2.6		6.82														Stdev		5.0

						Sum		679.00		2555.22		Mean		0.0										k		3.762				2x Stdev		10.0

												Stdev		6.5																2x -Stdev		-10.0

						k		3.763				2x Stdev		13.1										Sum of Residuals2				649.02

												2x -Stdev		-13.1

						Sum of Residuals2				1193.52

		BRIDGES OF JOHANNESBURG																		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered)																		Nominal Grade 35 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.6								Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.4		Predicted		Residual		Residual2				Age (t)		dc		t0.6		t1.2		dci ti0.4		Predicted		Residual		Residual2

		21		17		6.21		38.61		105.63		17.0		-0.0		0.00				21		17		6.21		38.61		105.63		17.0		-0.0		0.00

		21		20		6.21		38.61		124.27		17.0		3.0		8.73				21		20		6.21		38.61		124.27		17.0		3.0		8.74

		22		27.17		6.39		40.82		173.60		17.5		9.6		92.96				22		27.17		6.39		40.82		173.60		17.5		9.6		93.01

		23		22.57		6.56		43.06		148.10		18.0		4.6		20.87				23		22.57		6.56		43.06		148.10		18.0		4.6		20.89

		23		21		6.56		43.06		137.80		18.0		3.0		8.99				23		21		6.56		43.06		137.80		18.0		3.0		9.00

		23		17		6.56		43.06		111.55		18.0		-1.0		1.00				23		17		6.56		43.06		111.55		18.0		-1.0		1.00

		23		18.4		6.56		43.06		120.74		18.0		0.4		0.16				23		18.4		6.56		43.06		120.74		18.0		0.4		0.16

		23		19.8		6.56		43.06		129.93		18.0		1.8		3.23				23		19.8		6.56		43.06		129.93		18.0		1.8		3.24

		23		22.8		6.56		43.06		149.61		18.0		4.8		23.02				23		22.8		6.56		43.06		149.61		18.0		4.8		23.04

		23		25.5		6.56		43.06		167.33		18.0		7.5		56.22				23		25.5		6.56		43.06		167.33		18.0		7.5		56.25

		23		22.67		6.56		43.06		148.76		18.0		4.7		21.79				23		22.67		6.56		43.06		148.76		18.0		4.7		21.81

		23		24.17		6.56		43.06		158.60		18.0		6.2		38.04				23		24.17		6.56		43.06		158.60		18.0		6.2		38.07

		23		16.5		6.56		43.06		108.27		18.0		-1.5		2.26				23		16.5		6.56		43.06		108.27		18.0		-1.5		2.25

		23		13.5		6.56		43.06		88.59		18.0		-4.5		20.27				23		13.5		6.56		43.06		88.59		18.0		-4.5		20.25

		23		13.4		6.56		43.06		87.93		18.0		-4.6		21.18				23		13.4		6.56		43.06		87.93		18.0		-4.6		21.16

		23		17.5		6.56		43.06		114.84		18.0		-0.5		0.25				23		17.5		6.56		43.06		114.84		18.0		-0.5		0.25

		23		18.4		6.56		43.06		120.74		18.0		0.4		0.16				23		18.4		6.56		43.06		120.74		18.0		0.4		0.16

		23		17.75		6.56		43.06		116.48		18.0		-0.3		0.06				23		17.75		6.56		43.06		116.48		18.0		-0.2		0.06

		24		9		6.73		45.32		60.59		18.5		-9.5		89.64				24		9		6.73		45.32		60.59		18.5		-9.5		89.59

		24		11		6.73		45.32		74.05		18.5		-7.5		55.77				24		11		6.73		45.32		74.05		18.5		-7.5		55.73

		24		12		6.73		45.32		80.78		18.5		-6.5		41.83				24		12		6.73		45.32		80.78		18.5		-6.5		41.80

		24		11		6.73		45.32		74.05		18.5		-7.5		55.77				24		11		6.73		45.32		74.05		18.5		-7.5		55.73

		24		12		6.73		45.32		80.78		18.5		-6.5		41.83				24		12		6.73		45.32		80.78		18.5		-6.5		41.80

		24		2		6.73		45.32		13.46		18.5		-16.5		271.19				24		25		6.73		45.32		168.29		18.5		6.5		42.70

		24		35		6.73		45.32		235.61		18.5		16.5		273.32				24		20		6.73		45.32		134.63		18.5		1.5		2.36

		24		25		6.73		45.32		168.29		18.5		6.5		42.67				24		19		6.73		45.32		127.90		18.5		0.5		0.29

		24		20		6.73		45.32		134.63		18.5		1.5		2.35				30		18		7.70		59.23		138.53		21.1		-3.1		9.68

		24		19		6.73		45.32		127.90		18.5		0.5		0.28								Sum		1185.70		3252.38		Mean		0.1

		30		18		7.70		59.23		138.53		21.1		-3.1		9.69														Stdev		5.0

						Sum		1276.33		3501.46		Mean		0.1										k		2.743				2x Stdev		10.1

												Stdev		6.6																2x -Stdev		-10.1

						k		2.743				2x Stdev		13.1										Sum of Residuals2				659.02

												2x -Stdev		-13.1

						Sum of Residuals2				1203.52

		BRIDGES OF JOHANNESBURG

		Nominal Grade 35 (Sheltered Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		9.707		1168.20

								0.3		7.079		1175.89

								0.4		5.162		1184.33

								0.5		3.763		1193.52

								0.6		2.743		1203.52

								e2 = Sum of Residuals2





G35s

		



Nominal Grade 35

n-Value

Sum of Residuals2

BRIDGES OF JOHANNESBURG
Sheltered Elements
Determination of Best Fit n-Value



G45s

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.2

		Age (t)		dc		t0.2		t0.4		dci ti0.2		Predicted		Residual		Residual2

		22		14.67		1.86		3.44		27.22		17.7		-3.0		8.91

		23		14.33		1.87		3.51		26.83		17.8		-3.5		12.13

		23		14.67		1.87		3.51		27.46		17.8		-3.1		9.87

		23		9		1.87		3.51		16.85		17.8		-8.8		77.66

		23		8		1.87		3.51		14.98		17.8		-9.8		96.28

		23		14		1.87		3.51		26.21		17.8		-3.8		14.53

		23		28.67		1.87		3.51		53.68		17.8		10.9		117.89

		23		22.5		1.87		3.51		42.12		17.8		4.7		21.97

		23		16		1.87		3.51		29.95		17.8		-1.8		3.28

		23		16		1.87		3.51		29.95		17.8		-1.8		3.28

		23		19		1.87		3.51		35.57		17.8		1.2		1.41

		23		21.75		1.87		3.51		40.72		17.8		3.9		15.50

		23		17.67		1.87		3.51		33.08		17.8		-0.1		0.02

		23		13.33		1.87		3.51		24.96		17.8		-4.5		20.09

		23		23		1.87		3.51		43.06		17.8		5.2		26.91

		23		21		1.87		3.51		39.32		17.8		3.2		10.16

		28		22		1.95		3.79		42.84		18.5		3.5		12.06

		28		24.4		1.95		3.79		47.51		18.5		5.9		34.49

		28		18.5		1.95		3.79		36.02		18.5		-0.0		0.00

		28		20		1.95		3.79		38.95		18.5		1.5		2.17

						Sum		71.19		677.29		Mean		-0.0

												Stdev		5.1

						k		9.514				2x Stdev		10.1

												2x -Stdev		-10.1

						Sum of Residuals2				488.64

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.3

		Age (t)		dc		t0.3		t0.6		dci ti0.3		Predicted		Residual		Residual2

		22		14.67		2.53		6.39		37.08		17.5		-2.8		8.10

		23		14.33		2.56		6.56		36.71		17.8		-3.4		11.71

		23		14.67		2.56		6.56		37.58		17.8		-3.1		9.50

		23		9		2.56		6.56		23.05		17.8		-8.8		76.59

		23		8		2.56		6.56		20.49		17.8		-9.8		95.09

		23		14		2.56		6.56		35.86		17.8		-3.8		14.07

		23		28.67		2.56		6.56		73.44		17.8		10.9		119.22

		23		22.5		2.56		6.56		57.64		17.8		4.7		22.55

		23		16		2.56		6.56		40.99		17.8		-1.8		3.07

		23		16		2.56		6.56		40.99		17.8		-1.8		3.07

		23		19		2.56		6.56		48.67		17.8		1.2		1.56

		23		21.75		2.56		6.56		55.72		17.8		4.0		15.99

		23		17.67		2.56		6.56		45.26		17.8		-0.1		0.01

		23		13.33		2.56		6.56		34.15		17.8		-4.4		19.55

		23		23		2.56		6.56		58.92		17.8		5.2		27.55

		23		21		2.56		6.56		53.79		17.8		3.2		10.55

		28		22		2.72		7.38		59.78		18.8		3.2		10.05

		28		24.4		2.72		7.38		66.30		18.8		5.6		31.02

		28		18.5		2.72		7.38		50.27		18.8		-0.3		0.11

		28		20		2.72		7.38		54.35		18.8		1.2		1.37

						Sum		134.36		931.05		Mean		-0.0

												Stdev		5.0

						k		6.930				2x Stdev		10.1

												2x -Stdev		-10.1

						Sum of Residuals2				480.70

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.4

		Age (t)		dc		t0.4		t0.8		dci ti0.4		Predicted		Residual		Residual2

		22		14.67		3.44		11.86		50.51		17.4		-2.7		7.32

		23		14.33		3.51		12.29		50.23		17.7		-3.4		11.27

		23		14.67		3.51		12.29		51.42		17.7		-3.0		9.10

		23		9		3.51		12.29		31.55		17.7		-8.7		75.47

		23		8		3.51		12.29		28.04		17.7		-9.7		93.84

		23		14		3.51		12.29		49.07		17.7		-3.7		13.59

		23		28.67		3.51		12.29		100.49		17.7		11.0		120.62

		23		22.5		3.51		12.29		78.86		17.7		4.8		23.16

		23		16		3.51		12.29		56.08		17.7		-1.7		2.85

		23		16		3.51		12.29		56.08		17.7		-1.7		2.85

		23		19		3.51		12.29		66.60		17.7		1.3		1.72

		23		21.75		3.51		12.29		76.23		17.7		4.1		16.51

		23		17.67		3.51		12.29		61.93		17.7		-0.0		0.00

		23		13.33		3.51		12.29		46.72		17.7		-4.4		18.98

		23		23		3.51		12.29		80.62		17.7		5.3		28.23

		23		21		3.51		12.29		73.61		17.7		3.3		10.98

		28		22		3.79		14.38		83.42		19.1		2.9		8.21

		28		24.4		3.79		14.38		92.52		19.1		5.3		27.72

		28		18.5		3.79		14.38		70.15		19.1		-0.6		0.40

		28		20		3.79		14.38		75.84		19.1		0.9		0.75

						Sum		253.65		1279.97		Mean		-0.0

												Stdev		5.0

						k		5.046				2x Stdev		10.0

												2x -Stdev		-10.0

						Sum of Residuals2				473.57

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.5

		Age (t)		dc		t0.5		t1.0		dci ti0.5		Predicted		Residual		Residual2

		22		14.67		4.69		22.00		68.81		17.2		-2.6		6.56

		23		14.33		4.80		23.00		68.72		17.6		-3.3		10.82

		23		14.67		4.80		23.00		70.35		17.6		-2.9		8.70

		23		9		4.80		23.00		43.16		17.6		-8.6		74.29

		23		8		4.80		23.00		38.37		17.6		-9.6		92.53

		23		14		4.80		23.00		67.14		17.6		-3.6		13.10

		23		28.67		4.80		23.00		137.50		17.6		11.1		122.12

		23		22.5		4.80		23.00		107.91		17.6		4.9		23.82

		23		16		4.80		23.00		76.73		17.6		-1.6		2.62

		23		16		4.80		23.00		76.73		17.6		-1.6		2.62

		23		19		4.80		23.00		91.12		17.6		1.4		1.91

		23		21.75		4.80		23.00		104.31		17.6		4.1		17.06

		23		17.67		4.80		23.00		84.74		17.6		0.1		0.00

		23		13.33		4.80		23.00		63.93		17.6		-4.3		18.40

		23		23		4.80		23.00		110.30		17.6		5.4		28.95

		23		21		4.80		23.00		100.71		17.6		3.4		11.43

		28		22		5.29		28.00		116.41		19.4		2.6		6.55

		28		24.4		5.29		28.00		129.11		19.4		5.0		24.60

		28		18.5		5.29		28.00		97.89		19.4		-0.9		0.88

		28		20		5.29		28.00		105.83		19.4		0.6		0.31

						Sum		479.00		1759.79		Mean		-0.0

												Stdev		5.0

						k		3.674				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				467.29

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered)

		Method of Analysis: Method of Least Squares								n		0.6

		Age (t)		dc		t0.6		t1.2		dci ti0.6		Predicted		Residual		Residual2

		22		14.67		6.39		40.82		93.73		17.1		-2.4		5.84

		23		14.33		6.56		43.06		94.03		17.5		-3.2		10.36

		23		14.67		6.56		43.06		96.26		17.5		-2.9		8.28

		23		9		6.56		43.06		59.06		17.5		-8.5		73.07

		23		8		6.56		43.06		52.50		17.5		-9.5		91.17

		23		14		6.56		43.06		91.87		17.5		-3.5		12.59

		23		28.67		6.56		43.06		188.13		17.5		11.1		123.70

		23		22.5		6.56		43.06		147.65		17.5		5.0		24.52

		23		16		6.56		43.06		104.99		17.5		-1.5		2.40

		23		16		6.56		43.06		104.99		17.5		-1.5		2.40

		23		19		6.56		43.06		124.68		17.5		1.5		2.11

		23		21.75		6.56		43.06		142.72		17.5		4.2		17.66

		23		17.67		6.56		43.06		115.95		17.5		0.1		0.01

		23		13.33		6.56		43.06		87.47		17.5		-4.2		17.79

		23		23		6.56		43.06		150.93		17.5		5.5		29.72

		23		21		6.56		43.06		137.80		17.5		3.5		11.92

		28		22		7.38		54.52		162.45		19.7		2.3		5.08

		28		24.4		7.38		54.52		180.17		19.7		4.7		21.66

		28		18.5		7.38		54.52		136.60		19.7		-1.2		1.55

		28		20		7.38		54.52		147.68		19.7		0.3		0.06

						Sum		904.82		2419.67		Mean		-0.0

												Stdev		4.9

						k		2.674				2x Stdev		9.9

												2x -Stdev		-9.9

						Sum of Residuals2				461.88

		BRIDGES OF JOHANNESBURG

		Nominal Grade 45 (Sheltered Elements)

		Method of Analysis: Method of Least Squares

		Determination of Best Fit n-Value

								n		k		e2

								0.2		9.514		488.64

								0.3		6.930		480.70

								0.4		5.046		473.57

								0.5		3.674		467.29

								0.6		2.674		461.88

								e2 = Sum of Residuals2
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STANDARDS AND POLICY TO FACILITATE ADOPTION OF
LOW-CARBON BINDERS

Engineers work to codes of ° Importance of standards and codes — not something researchers

practice, specifications etc like to do! If appropriate ‘standards’ are absent, uptake will be

limited and sketchy.

Prescriptive vs performance- Need to move from prescriptive specs to performance specs —

based specifications only way to handle rapid new developments!
« Specifications can be:
— Materials specifications

— Mix Design specifications

— Construction specifications

» Prescriptive vs Performance Specs — see next slides
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CONCRETE SPECIFICATIONS
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Current Prescriptive approaches = x ) A
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Research has run well ahead of practical implementation — problem! 0 50 60 70 80
Compressive strength (MPa)

Move to ‘performance-based’ specifications is gathering momentum — /S N A N N P Y P
ref. NRMCA P2P; CSA A23.1; SA DI approach; Spanish and Swedish

approaches, etc.
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CONCRETE SPECIFICATIONS

Current Prescriptive approaches
« Deterministic, single-value answers
* No possibility for rational design

« Disadvantages are well-documented

« Strength still regarded as main ‘durability-

related’ parameter; inadequate proxy
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Compressive strength (MPa)

Comparison of OPIl and compressive strength (Nganga et al., 2012)
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CONCRETE SPECIFICATIONS

Performance-based approach m\ Outlines

* Risk and perfqrmaan
. . . o] eqe requtrements
» Quantification of environmental loads and responsibility 1
dominant deterioration mechanism(s) allocation Maintenance

» Performance criteria for the structure, e.q.
definition of end-of-service life

Durable

YV VvV

Prediction models for rate of deterioration Concrete jl;’;Ll{;f?ural Design
Means of considering variability e.g. L2l G consultant

probabilistic, partial factors /

> Appropriate specifications

i
) : |
and QA systems to verify compliance Material : Material
with required performance Supply of properties : specifications
. /5 \ % concrete ;
DX mix

\ Concrete /
producer
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STANDARDS AND POLICY TO FACILITATE ADOPTION OF
LOW-CARBON BINDERS

In addition to codes of practice,
specifications, policy and regulations are
also important.

In the future, expect policies, standards
etc. to require a ‘sustainability’ metric, e.g.
max. CO,,.

N 206:2013

Concrete — Specification,
performance, production and
conformitv

Policy and standards needed at a broad (national, regional, international)
level to drive changes; incentives need to be provided.

Hooton stresses:

« Lack of knowledge of performance specifications, including
performance parameters and tests.

» Lack of appropriate specifications.

« Importance of defining roles and responsibilities in performance specs
(owner, designer, contractor etc.). CSA A23.1 lays this out helpfully.

Need for ‘demonstration’ projects, i.e. live projects that show the efficacy of
the applications in practice.
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STANDARDS AND POLICY TO FACILITATE ADOPTION OF

Progress???

i = [ ) |
leg;-_—r—
" 4

CEB-FIP | A
| P i S, ; -
7 A o 3
| ; T T 7 3
i L’t -

| . (

fib MC(2020) complementary
guidance on concrete durability

Technical report

2CoMSIRU

LOW-CARBON BINDERS

YWdTT 9T9F IS 18189 : 2023
Indian Standard

wHe — faforte

Portland Calcined Clay Limestone
Cement — Specification .
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STANDARDS AND POLICY TO FACILITATE ADOPTION OF
LOW-CARBON BINDERS

Progress??? « Current EN206 does not include explicit performance

| o parameters / tests
” « fib MC 2020 "toys’ with these aspects

« Performance-based specifications do exist: e.g. CSA
A23.1 (Mats & Constr), COTO (SA); PerfDub (France);
GB/T50476 (China); Swiss SIA 262

5 MO « "Portland Calcined Clay Limestone Cement —

Specification. IS (LC3)"; IS 18189 : 2023.

guidance on concrete durability

Technical report

« ASTM (C595: Std. Spec. for Blended Hydraulic Cements
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CONCLUDING REMARKS

« Low carbon cements/concretes: used successfully for decades,
e.g. high replacement level slag and FA cements.

Imperative in order to embrace a sustainability paradigm. =
- Newer low carbon cements: still untested in many instances— =~

L C110TANI.

SCRIVENER:

“Making cement (s simple.
Making cement simple is very difficult!”
| St s

these cements.

——— - - e

« A comprehensive suite of performance specifications is needed
to drive use forward. Ditto re policies and regulations.

* In many cases, ‘durability’ issues such as carbonation can be
mitigated by suitable structural design and mix selection.
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CONCLUDING REMARKS

« Low carbon cements/concretes: used successfully for decades,
e.g. high replacement level slag and FA cements.

Imperative in order to embrace a sustainability paradigm. e
* Newer low carbon cements: still untested in many instances —

FULTON:
“"Making good quality concrete (s not difficult.
Making good quality concrete consistently (s very difficult!”

- with associated challenges for low carbon systems
these cements.

« A comprehensive suite of performance specifications is needed
to drive use forward. Ditto re policies and regulations.

* In many cases, ‘durability’ issues such as carbonation can be
mitigated by suitable structural design and mix selection.
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CONCLUDING REMARKS

Low carbon cements/concretes: used successfully for decades, S
e.g. high replacement level slag and FA cements.

Imperative in order to embrace a sustainability paradigm.
Newer low carbon cements: still untested in many instances- =~ . =%
need proper field trials and longer-term verification, also in B B T =
aggressive environments.

Service life models for these newer materials are useful, but
unlikely to be any more accurate than the existing models.

Fundamental research still needed, including on production of
these cements.

A comprehensive suite of performance specifications is needed
to drive use forward. Ditto re policies and regulations.

In many cases, ‘durability’ issues such as carbonation can be
mitigated by suitable structural design and mix selection.
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THANK YOU - ENKOSI — DANKIE
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