TECHNICAL NOTE

A C 5 Smith and T Vadron

The durability of
Reinforced Earth
reinforcing strips in
Southern Africa

Synopsis

This note describes the results of the monitoring of steel reinforcing strips placed in
13 Reinforced Earth™ projects constructed in Southern Africa before 1952, The
results confirm that Reinforced Earth structures will meet their required service
lives provided that the backfill complies with Heinforced Earth specifications.
Drurability problems were encountered on three projects. These problems are bricfly

discussed im an addendum.

Samcvallins

Hierdie nota beskryf die vitslag van die kontrolering van metaalversterkings-
bande in 13 Gewapende Grond™™ -projekte wat in Suid-Afrika voor 1982
gebou is, Die uitslae bevestiy dat Gewapende Grond- projekte die vereiste dienstyd-
perk sal bereik mits die apvulling aan die Gewapende Grond-spesifikasies voldoen.
Duursaamheidsprobleme is op drie projekte teggekom, Hierdic probleme word kort-

liks in ‘n addendum uiteengesit.
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Introduction

Remforced Earth was introduced inte Southern Africa in 1973, As at
Decernber 1991 190 projects had been completed, comprising over 420
structures and over 200 000 m® of facing aren,

All reinforcing strips have been either black or galvanized steel, These
have been buried ina wide variety of Southern African backfill materials,
Since 1978 all Reinforced Earth structures have included special test strips
installed for the purpose of maonitoring the evolution of corrosion of
the strips,

Service life design philosophy

Without an impressed cathadic protection system it is not possible 1o
stop the on-going corrosion of metals buried in the ground. Toe ensure that
the structure meets its required service life, the loss of strength of the metal
through corresion in the particular backfill over the service life of the struc-
tare is estimated and a sacrificial thickness of metal is provided,

Research on the durability of Reinforced Earth reinforcing strips

This is documented in the reference given. The resulls of the research
have led to the formulation of specifications for Reinfarced Earth backfill
(Fig 1) and reinforcing strips, as well as envelopes for the corrosion rates of
galvanized steel reinforcing strips in Reinforced Earth backfill.

These envelopes are as follows:

Dry land structures: P = 25 7 7° m
Structures in fresh water; P = 50 T % (2)

where I = loss of thickness of zine and steel per side in microns and T =
time in years,

The loss of thickness and the loss of strength are related by the
following cquation:
T =Tofl -KAek) (3}
where To = e, bor (4}

Te = inatial tensile strength
T = tensile strength remaining

£, = initial thickness
Ae = average total thickness of steel and zinc lost on both sides)
K =constant = 1 for perfectly uniform corrosion
= 1 for galvanized steel
b width of reinforcing strip

a r = ultimate stress
The design purposes nominal sacrificial thicknesses, factors of safety

and load factors are specified.
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Trm = masimum allowed design force
¥f = load factor equal to 1,35 for dead loads and 1,6 for live loads and be-
tween these two values for combinations of dead and live load

% =additional factor of safety for high security structures
¢, = nominal sacrificial thickness for design purposes
Example

A bridge with the following criteria:

* Service hife 100 years

+ Dry structure

¢ High security structure

* 60 mm x5 mm high adherence reinforcing strips; o r = 360 MN/mm?*; b =
6l mm; ¢, = 5 mm; zinc thickness = 80 microns

From the guidelines ¢, = 1,5 mm

To =360 x 60 x5 x 107% = 108,0 kN
Po=25% 100" = 05 mm

A =2 x 05 = 2 x 008 = 0,84 mm

T =1080 (1 — 2 x 0,84/50) = 717 kN

SAICE Journal/SAISI-joernaal 23



Chemical requirements
Chat of wiler I water Ol of icaler I water
Resistivity  (Ohmumm) > 1hong = 3 ono Sulphates  (ppm) < 1000 < Sy
pH 51010 5o 10 Sulphides  (ppm) < 300 < 100
Chlerides  (ppm) < 200 <100
The resistivity shall be determined in accordance with the method prescribed by the patentec
Material suitable in Reinforced Earth structures
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1 - Fa0 . Since 1980 the special monitoring strips have been cut from a length of
T = —— (5.0 = 1,5) 60 x x 107 = 339 kN " . . el e £ " . e
1% 135 15 reinforcing strip that is analysed for all mechanical and geometric proper-

The factor of safely at the end of the service life assuming the most
aggressive Reinforced Earth backfill (upper envelope) is the ratio of T to
Ter, In this case it is 71,7/33.% = 212

Monitoring of Reinforced Earth structures
With regard to monitoring, two basic categories of Reinforced Earth
structures have been built in Southern Africa:

1. Those that do not include monitering strips - constructed prior to
1978,

2. Thuose that include special monitoring strips - constructed after
1978,

Special quality contral procedures for monitoring both categories
include the preparation of test strips and the testing thereof after theie
removal from structures. The initial mechanical and geometric properties
are estimated for the first category and are known for the second
calegory.
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ties, This is done in order to give an accurate estimate of the initial strength
of the placed strip,

Sufficient strips are installed in the structures to allow regular testing
over the service life of the structure, Fig 2 illustrates the detal for installa-
tion of special monitoring strips for Reinforced Earth structures with con-
crete cladding elements. Figs 3(a), (b} and () show the installation and
extraction of the monitoring strip.

Where test strips have not been included in a structure, it becomes
necessary to cub outa sechion of an actual reinforcing stripand then replace
this section,

The testing of the samples is underaken by the SABS in accordance
with Reinforced Earth procedures.

Results obtained from the monitoring of 13 Southern African projects
The project details as well asthe monitoring results for each project arc
setoutin Table 1. A graphical illustration of the results is given in Figs 4, 5
and 6.
The maximum loss of thickness of any strip monitored during this serics
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SECTION A&

Fig 2: Details of special monitor-
ing steips



() (] fc)

Fig 3: The installation and extraction of a monitoring strip
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1 Connaught Drurhan 1931 3 Ret walls+ 2 Bl 2 x5 i 145 i 835 nil 0 ot Dwyka Ciranular to 5.0 - 3250-4500¢ 17- | -
Interchanpe | Natal false abutments 225 it 75.5 il Semow Tillite mtermediale [ 78 37
10 bridge n
12 Virginia Virginia 1980 2 RE abuiments 9 z 60x3 1489 i I855 ail g 200 Dumiprock Giranular 1250-3250 Ti- b
Road over QFS. to biridae ii 256 i 1s3 ail from Mine -
Raiul Quartzite 159
bridre 4
13 Hoedspruit Hocdspruit 1979 & Retaiming 10 1 40x5 4 Fi] nil [] 18,3 Weathered Granular 5.9- 1830-5500( 51 G6-
Adr force Trangvaal walls Y% Crranite 78 70
Base
14 Geldenhuis Germiston 1981 | Retaining wall 9 I ADx3 153 67,75 1,33 1] 34 Sandstone Ciranular 1o 42- 20000-3004 51 618
Smging Transvasl Rolling intermediate | 5,1
Yard [Tolcrance
15¢ | Vanguard Cape Town 19812 7 Retaining 3% 1 A0x5 (29 i 778 nil o 26 Cape dune Granular 96 12300 26- | 36-
152 | Drive Cape Prav walls i 126 i 8.5 nil Sand a3 72
16 East-West Bellville 19801 4 Retmining 4 1 4053 | 454 76 il 01 225 | Capedune Granular 3 10000- 4- -
Bypass Cape Prov walls Sand 8,95 40000 3.9
17 SirLowry's | Cape Prov. 1951 1 Retaining wall 8 1 (3% Not 1265 nil L] 3 Sandstone - - = - -
Pass Done
18 Police Johannesburg 1980 2 RE Abutments mn ] s 1.7 197 nil & 25 Sandstone Intermediate | 5.5 20000 - -
Bridges TRansvaal
Diepkloof
19 Bridgeover | Near 1932 2 RE Abutments 8 ] 40x3 &1 11335 nil 0 27 Not kapwn Granylar 58 FA000 17 -
Caimnspruit Nelspruit
Transvaal
20 | Georges Near Tzaneen 1980 3 Retaimmg 10 [ 40%5 ! 2.5 il 0 23 Coarse Gramular 6.5 40000~ = -
Valley Transvaal walls River sand 6.4 100300
21 Georges Near Tzaneen 1978 2 Retaining 12 1 80x3 326 7.8 nil 1] 252 Commercial Mainly 475 - 22400~ - -
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2 Quarry Rd Pinetown 1982 1 Retaining wall 9 1 40xF | 450 1027 nil I 22 Decompesed | Granular to A6+ §000-10000 [7- | 210
Naal Tillite Intermedine | 6,35 87 |-
249
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Venda iii 11 iii 80 il 27.5
24 Dunswart Bokshurg / 1987 2 Retaining 5 1 A0S I8 864 mil 2 2 Slag from Granular 82- B00- 7 432
Bridge Benant walls Dunswarg 12.4 3000 28 -
ivon & steel 122
9
Naotton Zimbabwe 198283 | Bridge approach 14, 1 40x5 11 313 nil 0 24 Taterite Silty 6.8 32500 7 30
28 Ramps 172 wranular
Girotegeluk Ellisrus 1977 Retaining 16 1 g0x3 | 0 9.5 nil 0 27 Acolian Silty a3 3575 e
26 Walls sand Granular
sand
Samidton Sandton 1982 Retaining Wall 11 1 60x3 [0 160 il 0 22 Decomposed | Intermediate | 5.2- 12667 35
27 City granite 5.9
Tombo Port | Transke: 1990 Retaining Walls 2 | GOl Black 262 mil NA 29 Weathered Granular 733 4700 25 28
28 St. Johns 12 1] Dolorite
29 Tweepad North West 1987 Retaining Walls 65 2 A40x5 7 927 ail 0 Dune Sand Fine- 89 G758 69 33
Suge 2 Cape 60x3 |5 1044 il o 225 medium
sand
Faerie Glen | Pretoria 1983 Retaining Wall 11 1 60x3 | 34 1529 nil 7 23 Blast eradiilar 0.7 1800 i 168
30 173 | Furnace slag 0
Remedial Krugersdorp 1978/79 | Rewining Wall 15 1 6055 10 146.4 il 0 235 | Sand- - - - -
1 works 122 0 Washed
decompased
“ETAniTe
3z Mabopane Pretonanorth 198081 Bridge 14 1 (31153 10 134.3 nit 1] 24 Sandy gravel | Cranular 6.4 16000
Brdge Abutments 172 0
Denegal Durbian 1981 Retainimg Wall 13 1 40x5 10 845 ni 0 244 Unknpwn - + 5 s R
33 | Road [}
OK Bazasrs | Empangeni 1482 3 Retaiming 12 I 4055 10 1oLe mi 1 202 | Sandy Granular 54 6500 41 31
34 Walls: 0 Gravel
Connaught Durban 1982 Retaining Walls 12 1 A0xs 16 46,7 nil 0 [3.2 | Unknown % - - - -
35 | Bridge & Abutment ]
Water Durban 1983 Retaining Wall H 1 60%5 12 {59:1 nil 0 20 Sandy Granular & 249200 17 216
3 Wonderland 0 Giravel
Elandsriver | Eastern 1984 2 Bridge 10 1 A0xs |2 922 nil 0 168 | Unknown - - - - -
a7 Bridae Iransyaal Abutments )
3 FPhoenix Durban 1983 2 Bridge 1 | AlxS 43 1284 nit 0 2356 | Sandy Granular - - - -
Bridge Abutments 0 Gravel
3% Umhfatuzan | Natal 1983 3 Retaining 1 I AlxS 13 1160 nil i 208 Unkaown - - - - -
a o Walls 0
Michondent
A0 Auchas | & | N.W. Cape 1989 Tip Wall to El 2 a0xs (0 1518 il 14 188 | Boulders Ciranular Not 3700 15 163
Auchas 2 90919 | Crusher |42 i) 1522 nil 1% 0.0 Remaining done
2 ana 19.2mm
screen
41 Kainguass W. Cape 1977 8 Retaining 7 L 60x3 | 2318 Lo nil 456 19.6 | Finesingle nil 731 65(/300 82 150
walls B0x3 2883 93.6 ml 8010 ) 150 | sizedsand Q
42 Fombo Fart- | Transkei 1990 Retniming Walls + 60 Riack L] nil NA 204 | Weathered Granular 75 4680 - -
St Johns Grid 172 x10 Dolarite
43 Tombo Port | Transket 1990 Retaining Walls 5 1 40x4 3 86.1 nil < 240 Unknown - 0 THI0 - -
StJohns Congrete
44 Middel fin Eastern 19%5 Road over Rail n L 40x5 | 5 96.2 nil ] 27 Dark Red Intermediate | 7.0 L5300 = =
Teangvaal Bridge 0 sand
45 Richards Watal 1951 4 Grid Walls 4 1 40x4 | 4 86.1 ail 0 26 Dume sand / CGranular ol 29750 2] 32
Bay 1] top sail
Minerals
46 Iscar Vanderbiflpar 1983 Storage slot & 12 | GOx3 0 149.2 mil 0 2 | Blast furnace | Granular B2 - 432
k wall 12 0 slag ]
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47 Wuleania Brakpan 1984 Bridge Abur. & 11 1 AxS B.15 1143 nil [} 1 Not knewn - 4 15000 ¥ o]
Link Road ) i wall 1]
4% | Savmore Mapumlanga 1996 2remmnmg walls | 5.5 1 A0xd | &2 100.10 ail ] 17 Not known Conditionall | 4.3 22500 4 kil
Colliery 1) v suitable
49 | Kromboom | Capetown 158334 | 4 Retaining | bl 1 60xs | 6:59 1704 ail 0 2] Cape Dune Granular T4 8000 1|43
Parkway Walls i) Sand
30 Salt River Cape 1983 /85 | 6 Relaining 12 1 B0x3 133 140.4 il 0 Bl Dune Sand Granular 7.0 8600 - -
Station Walls 1]
51 Du Cape 198586 | 7 Retaining 10 1 A0x5 1485 1272 nil [H] 21 Giritty sand Gramular 70 4200 - -
Toitsklvof Walls 0
52 Brdge Potgietersrus 1987 2 Abutments & F 1 40x5 518 11626 ml u 2 Not known - - - -
wing walls, ret 0
wall
33 Rietvlei Pretoria 1983 Retalning Wal 9 I dlxd EX T 88 ] ] 2435 Notkawn - - P = u
Dam
54 Dunswart Benani 1987 2 Retaining 11 | 4045 126 - - - - - - - -
Bridpe walls
35 | Arthur Withank 1992 Tratmng Wall T 1 40x4 | black 910 il 0 - Not known - -
Taylor 1}
colliery
% | Tombo Tombo  Port 1589 4 Culverts 12 [ 40x4 | 991 85,86 il (I 19.4 | Not known - - - - -
Culven &1, Johns a
ST | Tombo Tombo. Port 1583 & Retaining 18 i 4085 | 843 76 nil 1] 335 | Notknown - = = = =
Wall 4 St. Johns walls: Q
58 | Tombo ta | Tombo Port 1990 2 Black terra- 10 - 60x blzek 206 - - - - - - - =
Pon St | St Johns melRetaming 10
Johns. walls
59 Verwoerdb | Verwoerdbur 1984 Retaining walls 13 | 403 | 1396 116,26 nil Q 300 | Notknown - = - T -
uip Hridge | g 0 0
60 Muldersdnf | Muldersdrifi 980 4 Retining 13 1 A0y 714 3532 il 0 137 | Notknown - - - - -
1 Wall wills 0 5
61 | NIL
62 NIL
&3 Potgicter St | Prctoria 1988 Retairing Wall 15 1 40x4 16.87 06,48 nil 0 272 | Notknown - - - - -
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AVERAGE LOSS OF THICKNESS
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Fig 4: Loss of thickness - results of monitoring the structure out of water
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