
 
 
 



1 (215A3)

2 (217A3)

3 (218A3)

 
 
 



(b) Successful recovery of a solid block of stabilized material from the lower stabilized subbase layer. Note
smooth interfaces between the layers.

Stabilized subbase layers
(weathered granite)

PLATE 1:
MARIANNHILL, N3/1: EXCAVATION OF A TEST PIT PRIOR TO HVS TESTING. NOTE THE TWO YELLOW-
BROWN STABILIZED WEATHERED GRANITIC SUBBASES UNDERNEATH THE ASPHALT LAYER.

 
 
 



(a) General view of HVS test at
Mariannhill, Section 3
(218A3).

(b) HVS test 1 (215A3): Note
the water inlet pipes on the
front part of the test
section. The white paint
indicates the fatigue
cracking of the asphalt
during the wet test. The
uncracked section at the
back, is an indication of the
surface during dry test
conditions. E80s on dry test
section: 21 x 106

•

(c) 21 mm of permanent deformation (rut) on wet
section. E80s on wet test section: 0,8 x 106•

(d) Water seepage from the bottom of the asphalt
layer, approximately 30 m from the actual
HVS test section, during the wet test. The
horizontal slope of the top of the subbase
layers runs diagonally from the top right to the
bottom left of the photograph.

PLATE 2:
HVS TESTS AT MARIANNHILL ON SECTION 1 (215A3) AND SECTION 3 (218A3).

 
 
 



(a) Rutting of Section 1 during wet conditions. (Upper subbase
saturated)

(b) Pumping from upper subbase during
the wet test.

(c) Maximum rut of 80 mm on MDD12. Note the fatigue cracking of the asphalt layer. E80s on wet test
section: 6,8 x 106

PLATE 3:
GENERAL VIEW OF THE BEHAVIOUR OF SECTION 1 (215A3), DURING THE WET TEST.

 
 
 



(c) Recovered granulated upper subbase material within the trafficked area. Note blocks of the same
material recovered from the untrafficked area.

PLATE 4:
EXCAVATED TRENCH ACROSS SECTION 1 AFTER THE WET TEST.

 
 
 



Recovered lower stabilized
subbase layer

(a) Recovered cracked lower stabilized subbase layer within the trafficked area after the test. (Blocks on
top of asphalt)

~
Recovered lower stabilized
subbase layer

(b) Printed crack pattern of the bottom of the lower stabilized subbase on the top of the unexcavated
selected subgrade layer.

PLATE 5:
EXCAVATED LOWER STABILIZED SUBBASE LAYER ON SECTION 1 AFTER THE WET TEST.

 
 
 



(b) Maximum rut of 20 mm on top of the asphalt layer. Rut originated from the asphalt surfacing and base
layer only. (32 x 10· E80s)

PLATE 6:
VIEW OF THE SURFACE CONDITION ON SECTION 2 (217A3), AFTER THE HVS TEST IN THE DRY STATE.
(NORMAL ENVIRONMENTAL CONDITIONS)
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PAD:-

Stabilize.d subbase
layers'

(a) Trench across the test section at the point of maximum rut (20 mm). Note the relatively perfect
condition of the stabilized subbase layers, although cracked. (32 x 106 E80s)

PLATE 7:
EXCAVATED TRENCH ACROSS SECTION 2 (217A3) AFTER TH E DRY TEST.

 
 
 



(a) General view of the surface of the test section after 32 000 actual repetitions with the single wheel load
at 150kN. (Contact pressure: 1445kPa)

(b) Trench across test section after test. Note the excessive asphalt deformation, and the minimum
amount of rut on top of the upper stabilized subbase. (No carbonation within stabilized subbase
layers.)

PLATE 8:
HIGH SINGLE WHEEL LOAD TEST ON SECTION 3 (218A3) IN THE DRY STATE.

 
 
 



(a) General view of the recovered blocks of subbase material. Upper subbase on the right, lower subbase
on the left.

(b) Note the relatively smaller blocks of recovered upper stabilized subbase material, due to fatique
cracking and fracturing. The lower stabilized subbase experienced only fatigue cracking, hence the
bigger blocks of material.

PLATE 9:
EXCAVATED TRENCH ACROSS TEST SECTION 3 (218A3), AFTER THE HIGH SINGLE WHEEL LOAD
TEST.

 
 
 



1 (223 A3)

2 (224 A3)

 
 
 



(a) View of HVS site on the fast lane of
the south bound carriageway. Note
the settlement cracks.

(b) General view of test on SECTION 1. Note the water inlet pipes on
the side of the test section.

(d) Maximum permanent deformation of
17 mm after 520 000 repetitions of a
100kN dual wheel load (20 ME80s).

PLATE 1: FIGTREE, N2/24: General view of the HVS site and test sections. Note the longitudinal settlement cracks on both
the site and test sections.
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(a) Maximum permanent deformation of
38 mm at the crack after water
introduction.

 
 
 



(a) Pore pressure release through nuclear moisture and density
measuring hole, next to the HVS test section.

PLATE 3: Pumping of fines from the upper lime-stabilized subbase
layer (weathered Granite) on SECTION 1.

 
 
 



(a) Excavated test pit across the crack indicating that the ciack exists
in all the layers of the road structure.

(b) Relative low pH zone at the position of the crack (dark red colour -
high pH zone), determined with Phenolthalien.

 
 
 



(a) Face of the test pit, indicating the moisture regime at the position
of the crack (point 1,0 on straight-edge). The light brown colour is
the well-stabilized weathered Granite subbase layers.

(b) Relative low pH zone at the position of the crack and the bottom of
the lower subbase layer. This zone was carbonated, determined
with HCL solution. The dark red area is the relative high pH zone.

 
 
 



 
 
 



(b) Recovered upper subbase after 20,6 ME80s. (Semi-saturated).
Note the position of the longitudinal crack. The other cracks are
traffic associated. (Measuring points 3 to 4).

(c) Recovered lower subbase after 20,6 ME80s (Semi-saturated.) The
two cracks are non-traffic associated. This layer was partially
carbonated. (Measuring points 3 to 4).

(a) General view of section positions of the
two trenches on section 1 and the
recovered subbase material.

 
 
 



(a) Recovered upper subbase after 20,6
ME80s on SECTION 1 (saturated).
Layer cracked and fractured
(Measuring points 11 to 12).

(c) General view of recovered subbase
layers on SECTION 2.

(b) Recovered lower subbase layer after
20,6 ME80s on SECTION 1 (saturated)
at measuring points 11 to 12.

(dl Recovered upper and lower subbase layers from SECTION 2,
measuring points 3 to 4, after 280494 E80s. Note, only non-traffic
associated cracks in the blocks.

 
 
 



(a) Upper subbase layer cracked and fractured after 17 255
repetitions with 150 kN single wheel load.

(b) Few blocks recovered from the lower subbase layer. The rest of
the layer was soft, granulated and carbonated. Repetitions 17 255
with 150 kN single wheel load.

PLATE 9: Recovered subbase layers between measuring points 18 and 19 on SECTION 2 after 150 kN
test during the "dry" conditions.

 
 
 



1 (227A3)

2 (259A3)

 
 
 



(c) Surface condition of Section 2 after Excess Pore Water Pressure
(EPWP) state.

PLATE 1: Berea Red Sand at Umgababa and the surface condition of
Section 2.

 
 
 



(b) Pumping on Section 2 through
MDD hole at measuring point
12 and longitudinal cracks.

(a) Surface condition of Section 1
atter the EPWP state, (62 mID
rut after 2067 repetitions at
(lOOkN) Note the white water
inlet pipes both sides of the
Section.

(c) Overhaul view of Section 2 after
testing in the EPWP state.

(d) Pumping through longitudinal
tatigue crack on Section 2.

 
 
 



(b) Sideways (horizontal) pumping
(erosion) of the lime treated Berea
Red upper subbase at the bottom of
the heaved asphalt on Section 1.

(a) Cross Profiles made across Section 1
after HVS trafficking. NOTE the
deformation and recovered stabilized
Berea Red subbase material (cracked).

(c) White markers indicate top of upper subbase
on Section 1. Above white markers is the
soft pumped layer.

(d) Phenoltalien indication
of relative high pH on
the top of the upper
subbase and the pumped
layer.

 
 
 



(a) Cross profile across the test Section 1. Note the heaving of
the asphalt as a result of the erosion action inside the
trafficked area during the EPWP state.

(b) Cross profile on Section 2 after the dry state.
No deformation recorded on road surface.

Cross profiles on Section 1 and 2 after the EPWP and dry
states, respectlvely.

 
 
 



(a) Cross profile after EPWP on Section 2. Note the thinner
subbase inside the trafficked area.

(b) Recovered upper subbase material from Section 2.
Note the thinner subbase inside the traf±lcked area.

(c) Phenolthalien indicatlon of continious relative high pH
within both the upper and lower stabilized subbase layers.

 
 
 



(a) Fatigue cracking at the bottom of the asphalt base layer after
the EPWP state on Section 2.

(b) Real road failure next to
Section 2 in the normal
trafficked lane during the
time of HVS testing on
Section 2.

(c) Typical specimen of
Berea Red material
(recovered at Umgababa) ,
atter testing in the new
Erosion test at NITRR.

 
 
 



1 (233A3)

2 (234A3)

3 (235A3)

 
 
 



PLATE 1: Slope instabilities on National Route N3, at Van Reenens Pass. Note the crack width and the
horisontal permanent deformation showed by the yellow line in photograph B.

 
 
 



PLATE 2: Upper and lower subbase material recovered from the test pit at Section 1 before any HVS tra-
fficking. Note the white spots'of badly mixed stabiliging agent in the upper subbase. The lower
subbase show better cementing.

 
 
 



PLATE 3: A. Fatigue cracks on the surface of Section 1 after 279795 actual repetitions of a 70 kN dual
wheel load.

B. Closing of cracks at the surface after high temperatures applied to the road surface. Note
the permanent deformation on the upper right of the photograph on the test section. The
final actual repetitions of a 70 kN dual wheel load was 370 000, and the rut was 20 mm.
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PLATE 4: A. Chemical phenol-test indicate well stabilized lower subbase, and poor stabilized upper
subbase on Section 1.

B. Cross section profile on Section 1 after HVS test. Note the irregularities at the layer inter-
faces, and also the two recycled asphalt layers above the upper subbase.

C. Temperature rut at measuring point 8 on HVS Test Section 1. Note that most of the defor-
mation was caused in the wearing course and not in the recycled asphalt base layer.

 
 
 



B. Sudden crack appearance on the surface after 100000 repetitions of a 70 kN, and
201 488 repetitions of a 100 kN dual wheel load on Section 2.

 
 
 



PLATE 6: A. Further increase in crack growth after 330 945 total repetitions. Surface water introduced
at 330 945.

B. Crack pattern after 396 979 total repetitions. Note zero rut increase from 330 945 to
396 979 total repetitions, under wet surface conditions.

 
 
 



A. Water fed-pipes for subsurface water, both sides of the lower end of the test section. Inlet-
depth 440 mm.

 
 
 



B. Longitudinal cracks on edge of Test Section 2 at point 9, where a local rut of 89 mm was
formed.

C. Stripping and total failure of the upper recycled asphalt base layer, where poor aggregates
was used.

 
 
 



A. Final crack pattern on Section 2. Note the different block sizes of the cracks on the two halves of the test section.
Note also the markers on the local rut areas.

B. Final crack pattern where surface and subsurface water was introduced (big and small blocks). Note the end test pit
on the top of the photograph.

 
 
 



PLATE 10: A. Final crack pattern at the MOD at measuring point 8. On the left only
surface water, and on the right surface and subsurface water was
added.

C. Local rut of 89 mm at measuring point 9 (surface and subsurface
water). Note the big blocks.

 
 
 



PLATE 11: A. Note the three layers in the asphalt. From top to bottom is the 40 mm wearing course and
the two 50 mm recycled base layers. Note the middle layer of lighter colour. This is the
weak zone in the base layer because of poor aggregates.

B. Fines pumped horisontally into the end test pit. Note the horisontal crack in the weak as-
phalt layer. Fines was pumped out of this horisontal crack as well as between the upper
subbase and base, and between the two subbases.

 
 
 



A. Cross profile on Section 2 at the end of the HVS test showing the vertical cracks from top
to bottom where fines was pumped out to the surface. Note the stripping in the base layer
on the left.

B. Weak zone start to fail forming smaller block sizes. The bottom of the base layer was not
cracked and no fines allowed to migrate to the surface.

 
 
 



INPUT PROGRAM TO PLOT THE THREE DIMENSIONAL
BEHAVIOURAL MODEL

 
 
 



In order to plot the behavioural model in three dimensions,
the computer program, DISSPLA, available at the computer
Centre at CSIR, was used. This progrm needs an input program
(data) in a certain printout of the program MODEL is given in
the following section. The parameters XX, YY and ZZ referred
to Radius of Curvature, (RC), Elastic Modulus, (E) and Road
Surface Deflection, (RSD), respectively. In the program
equations 3.2 and 3.3 (see Section 3.2.14) are used to calcu-
late the elastic modulus and road surface deflection, using
the radius of curvature as input starting from 50 m to 940 m
in steps of 10 m.

 
 
 



P~OG~A~ ~OD~l 7411'0 OPT:l.~~U~O= AI 51 ~/-O.-05 FTN '.1.'01 ~"Ol/l'. 01.AI.04
OO=-lONG/-~"'~G=-CO~~ONI-FI'£O.C5. U5EP/-FI'EO.O~.-'8/-5A/-~l/-E~/-ln/- •• D/-5' ••l.'0000
~TN~.I~~OD~L.L·L.

"'''''EI6•• 001
"PIlNTF=,O
'''~O.
DO 10 l=l.~DU~'~

"III = ~.'21el'3A.' .2.'10lIE-n~ ••• I
•• 111 = I
llitt. 1.054. 13FOOO.'. t.~fi'~-04 .']~OOO/X.l)'OOO/.
wPI'~I&.'101 "'111.11ITI.17111": •• 1."

10 CO"'I~UF

caLL CaLC~.ININC".·P2Afi7·.101
C.· call ,wA1141131

CALL UNIT~f'~~"
call ~ll'lFI'l/CSTO'."'1
C.All ••• 2-. ••.Ff·!iTAIlIO·.·.·,
calL P.Gf 110n •• 210.1
call ''1''"5
CALL O~Y5~~flO •• 10.1
CALL '~FA'(jf2.0 •• 200 ••
( .•.L L )l'''!OJ' •••t:: f'. ~•.0 t 'J S ~ ~ C 'J I:' V • T IJ 0 r: • Q C • , •.• , t' ,t f) n •
caLL '.'••••F:I·.FF"FCTlvE ElA<'ICE ",:\Ol'lIJSI"'P/a,,·oI~O'
CALL 1~Jil.I'~""·.~OAC C;Uwrat:E urF'LECTln"'.tJ~Ot/ll''''I·.lOOt
CALL VnL~)nft •• 7.~.2.1
CALL "",l6Sf)('f.,-.?1 •• 13.J
CAll GP'~lOIO •• 200 •• 1000 ••0 ••500 •• 1~OO •• O •• 2co •• 20no.,
calL CUQ\lJO,.".YY.7Z.ND ••••.TF..O'

C )fY-\l'L"fC'
CALL (':QF' 1 Tit t) •• O •• 0. ,1 •• 0 •• o. , 0, ,1.,0. I
CALL AQFA1C'ft.,7.51
calL ~P.F.O •• ~OO.,lOOO •• O •• ~Oo.,?~On.1
CALL cu~V~ ••• ,yv.~P'J~T~.OI
calL r"03r,"IOI

C V'-VL A"
caLL CoQFITllo •• O •• O •• O •• l •• 0 •• 0 •• 1 •• 1.1
CALL APF.'~Of7.~.2.1
(ALL ~QAFlo •• ~nO •• 7~nO •• C •• lOO •• 2000.1
CALL (UD~rfYY.2l.~PU~T~.OI
( Al L ~ ~O ) GR f 0 ,

C '7-lIlAW
rall GQ~ITt'O •• O •• n.,l •• 0 •• ~ •• 1 •• n •• 1.1
CALL AQ£A2011 •• 2.1
CALL r.o4~fO •• 200 •• 1000 •• 0 ••200 ••2000.1
CALL C,JQ~~.v •• ll.~PU~TF.nl
'CalL r"'03G"IOI

c: 7-"IGTT~G
COLl 5FTCLQI'PEO'1
no 20 I = I.N"""l'~·.t;

("'ll "lIlEC31'"lrl .y ••.III.O •••• III.' ••.III .71111 .01
20 corv'T "'l'E

 
 
 



C V-RIGTING
CALL SfTCLPI'GAfEN"
DO 30 I •• l,~PUNTE,~

CALL ALVEC31~~II"O.,llII"~~II"vVII,,llII',O'
30 CONTINUE

C X-RIGTING
CALL SETCLRI'BLUE',
00 40 I •• l,NPU~T~,~

CALL IOLVEC 31 0, , VV' I' ,1111' ,~ ~ I I' ,Y V II' ,1111' .0'
40 C"~TII\lU~

CALL'SfVCLIOI'WHITE"
CALL OLV~C)'O ••O ••2000 ••0••7500 ••2000 ••01
CALL OLV£C3C1000.,O •• 2000.,O.,O.,2000 •• 0J
CALL RLVeCJltoOO.,O,,2000 •• 1000.,7~OO.,2000 •• 0'
CALL RLVfC311000.,7500.,2000.,1000.,"7500.,O.,O,
CALL IOLVfCl'tOOO •• 7~00,.2000.,O •• 7500.,ZOOO •• 01
CALL DLVEC3fJOOO •• O •• 2000.,tOOO.,O.,O •• OI
CALL DASH
CALL qLV~C3'0 •• 0 •• 0 •• 0 •• 1~OQ •• O •• OJ
CALL qLVECJfO.,"OO"O •• O •• "OO"ZOOO •• O,
CALL ALVfC3t" •• "OO •• O •• lOOO.,?500.,O.,O'
CALL ""oPLIOI
CALL O""eIlL
STOP

gOO F~~MAT'·1·".1W.·.'.14 •• ·V'.14 •• ·Z·'
!10 F"~~.'11F15.~,

1'''0

~5t7R
"'It 111
'15 t ,,,.
5~t&1l

' •..•TfCiF"q
1"'''01'10'''''EGF''
""AL

AREA20 2 SUIlIOOUTJNE ••·t.LF Z SUBROUTINECALC~P 3 SURROU'JNF ~'2ALF Z SUBROUTINE
CURVE 4 SUBROUTJNE PAGE Z SUBAOUTINE
CUAVJO ~ SUIl""UTI~E PHVSOR Z SUIIROUTINEDASH 0 ~;UIIRnUTI"F RLVEC3 "7 SUIIAOUTINE
OONEPL 0 SUIlPOUTINE ~ETCL'" 1 SUIt"OUTINEENOPL t SU8POUTINE lINITS 1 SUBAOUTJNE
END3G" 1 SUIlAOUTJNE VOL"3o , SUB"OUTINEGAAF • ~UIlROUTINE VU.lIS J SUIIADUTINEORAF3D 'I ~UII"nU'IHF .1 •••••" 2 SUPAOUTUIEOAFITI 'I SUIlRnUTJ~E V3N""E Z SUaROUTI"EINTA~S 0 SUII"OUTI"'E l,'NA"" Z SUIIROUTI"'E

"EAL
AEAL
"EAL

'11
III
III

 
 
 



INACTlvr
INACTIVE
INACTIVE

OO-T[II"
DO-TEll"
OO-TEIIM

~1I0GIIAM-UNIT lENGTH
C" ~TO"'GI'USED
COM"ILF TIM"

552 ••,.. 2'00
61000" = 250 ••
0.30' "lECONoS

••0
'00no

INIoCTIVI!
"4211
34111

nO-TEA"
FoA ••IoT
FOA"IoT

 
 
 



RC (m) E(MPa) RSD (),Un)

" T Z
50.00000 "~2.66934 16'3.'72608
60.00000 340.'70.34 1551.3206'
'70.00000 3".20;136 143!l.46641
.0.00000 45'.2'546 1326.1.300
.0.00000 511.641!'H 1220.08336

100.00000 5', •• 1"4 113 ••45152
110.00000 630.43994 10El.2'!Hi5
120.00000 699.4921. 992.21356
130.00000 '7~1.04646 .31.1026'7
140.00000 123.10261 "6.66'10
1'50.00000 '85.6'111 62',"'34
160.00000 94'.72160 784.24125
1'70.00000 1012.2.406 ,••••,66ll0
110.00000 1076.34~55 '701•• ,640
1.0.00000 1140 •• 1510 616.3.543
200.00000 120 ••••••36. 6••6.622 ••
210.00000 1271.5 ••430 61 •• 31"1
220.00000 1337.62691 594.1'412
230.00000 140".20166 5'71.0020;6
240.00000 14'71.2'7•• 3 549.53256
2'50.00000 153~.lo;'722 51!l.1018 ••
260.00000 1606.93.06 511.0525.
2'70.00000 11''75.520.3 "'3.'74753
2.0.00000 114 •• 60565 41'7.56671
290.00000 1'1".19281 462.40517
300.00000 1 •••• 2.112 •••• 11011
310.00000 19~4.''7?'" 434.7'79.,
320.00000 2025.96595 .22.1620 ••
330.00000 20ll7.56106 .10.251.3
340.00000 2169.65625 39 •• 99200
350.00000 22"2.25'746 368.330"4
360.00000 2315.35112 31 •• 221 ••
310.00000 2366.96201 368.623"1
360.00000 2.63.06735 35 •• 49 •• 6
390.00000 2531.67473 350.'1312
.00.00000 2612.16416 3.2.535"2
410.00000 2611.39562 33 •• 63164
420.00000 2164.50.13 321.0.634
430.00000 2'"1.124''' 31'.'15'53
.40.00000 2'11.2"221 312,"4"
450.00000 2"5.86190 301.374"
460.00000 30.,3. 9.356 300.03160
410.00000 3152.60"29 293.'5'52
4.0.00000 3231 •.,3305 2".11141
490.00000 3311.36065 2.2.50344
500.00000 3391.490"0 277.104.1
510.00000 3472.1225. 271.90156
520.00000 3553.25651 266 •• 0161
530.00000 363".69241 262.0"631
5"0.00000 371".03049 257.42207
550.00000 3799.6.,054 21S2,'2'.7
560.00000 3662.11263 24 •• 5916.
570.00000 3966.45677 "44.39'49
510.00000 4050.60295 2411.34612
5'0.00000 4135.25117 236.42461
600.00000 4220 •• 0143 232.62.21
610.00000 43C6.0537" 228.9533.
620.00000 4392.;:>0809 220;.39171
630.00000 4.76.864"7 221.'3911
640.00000 4566.02291 2t6.59052
650.00000 406"'.~'336 215.34134
660.00000 4741.6"569 212.1'7226')~.ODO.oil ~·'JO.•51.~"5 209.1240.,
680.00000 •..•11.677-11lS 206.14600

6'0.00000 5009.34569 203.20;0;36
'700.00000 50.1.51637 200.44266
'710.00000 5190.18.10 1"7.70672
720.00000 5261.36366 195.04436
'730.00000 5373.041167 1!12.4"2~8
740.00000 5465.21952 169.'2'92
750.00000 ~5'57.!I00.2 1.7.47043
7&0.00000 5651.0~335 165.07471
7"0.00000 5'744.76633 162.73'41
'760.00000 513e.95535 1.0.4~225
7.0.00000 5'~3.64441 171.24111
eoo.OOOOO 6026.83551 176.073.3
610.00000 &124.52.66 17~.!l58'"
120.00000 6220.72364 1"1.'.361
630.00000 63i7.42107 169.'7725
140.00000 &414.62034 16'7.90742
''!'O.OOOOO 6512.32166 165 •• 1272
660.00000 6610.52501 164.10162
''10.00000 670 •• 2!O41 16~.26264
160.00000 660e.437'5 160.46440
1.0.00000 6906.14733 158.70556
'00.00000 7001.35.65 1'56.114~3
.10.00000 7109.07242 15'5.30100
920.00000 "210.26602 153.652'6
930.00000 7312.00567 15".03~35
940.00000 7414.22536 150.45t34
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